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Physiological Activity in Doenjang Added with Various Mushrooms
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Abstract

The study was carried out to evaluate the radical scavenging activity, and antimutagenic and anticancer
effects in Korean soybean paste(doenjang) added with various mushrooms. Ganoderma lucidum doenjang(GI-TD)
showed significant inhibitory activity against the 1,1-diphenyl-2-picrylhydrazyl(DPPH) radical, with an ICs value
of 245.g/ml. In contrast, the other doenjang varieties appeared to have weaker antioxidant activity. Four kinds
of doenjang didn’t have any antimutagenic activity against N-methyl-N’-nitro-N-nitrosoguanidineMNNG) by
adding of Smg/plate, but exhibited a strong inhibitory effect(55~70%) against aflatoxin Bi(AFB:). Especially
Phellinus linteus doenjang(PI-TD) inhibited more than 70% of the mutagenicity induced by AFB,; in Salmonella
typhimurium TA100. On the other hand, the mushroom doenjang varieties showed relatively weak activity
toward MNNG in SOS chromotest, their inhibitory rate ranging from 23% to 33%. Methanol extracts of GI-TD
and PI-TD inhibited by 91~92% the growth of AGS gastric cancer cells in a concentration of 100ug/ml.
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9 HEF, AAY FY HAEE Agse &30}
Hojur] dEe AQZFEEH Fgozx go] ol&FH
o] gt°. = BIWMA, SAMA, AHIEHA, F
AR SAM FFY 37 v Raggon”
FEHAT FEddo]l ade A E tie g
Fgol M FF Aoz rug: Ao WAl
A dEg ZgE 7z BEAE UgiUr BEEHYe
H o5 AAEE FAPHoz FFHIERY sF
o] WA &5t AAGHL ZIAAA F
28 Yehdoa sgut?. B8 ZasAds &4
g4 2l lentinano] F4AEES JeRAH, AW
A thgdRel o] A EEA7/ &
Zg8e Vehitin a3 QoH?.
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o] &HI e FAWAF FFHAE F7tstA A
&% @730l DPPH Stz £2AZH, 4] &
A g7 9 GAE AE dAEE FESIoE
2 o]2 BustaA ok
. M= X g

1. E& A9 MxX

Aol AHER 32 AR Z2 oz Ax
g2 = ez Azxd WFE FYa
WEet S 149 HEE Y3 42FE 4o €9
EFEE Be 172 53tk o] o A8 &5 A
4Es 197 2@ty grE M AoYoh EH
A%, ARANEE 2 FEHADFE 9F 13kg,
&g dkgoll distqd AF Axste 7MR2 9 232
W Al(Lentinus  edodes) 600g, B AW A (Ganoderma
lucidum) 600g3} WA (Phellinus liteus) 60ge 3
7vste] A xsPer Alxd AFE 292 A 5€9F
7HA 37043 Folglol] gol F2oA FgA AT

olgA Azxd FFE TEAXI F vEESE F
&5t A ALEsATh

2. DPPH 2lCjge 27s &3

WA @3] 1,1-diphenyl-2-picrylhydrazyl(DPPH) &}
gz tE &4 e Hawno 59 Y7o w
ot BRSSP ASEE &35S AR 1004t DPPH
L9 60uM-EZ microwello]] @0} 23514 vortexsty
AgolA 3087 wXg F  Microplate Reader
(ELx800, Bio-Tek Imstruments, INC. USA)Z 540nmo]|
A FBEE 543t DPPH #HZ e && A st
At 4 Al59] g4rslel2 log-dose inhibition curve
2 Alstd 1Cs(50%7+A] DPPH #rZre] JH &
Asfsked 2o miY g BE)02 YehiAT

3. Ames test

5 : "= A EYol st Ames WALERFH
A B2 Salmonella typhimurium TAI0E FF2 A
ol Argstgdon Adsty] A histidine 274,
deep rough(rfu) EA¥ol], uwrB EHWHol, R factor &
9 FAFAE gl

SHo) )/ 4ok ¢ Aflatoxin B, (AFB)& "%
Sigma ZAFel A FYU5HA] dimethylsulfoxide(DMSO)
o mao AP AME3H 3, N-methyl-N’-nitro-N-
nittosoguanidine(MMNNG)=  1)32  Aldrich 3)Ah2 2
FAEA EFEol oM AL

S22 882 A208 435(2004)

S9 mixture ZA} : Maron =9 W% uwg
Sprague-Dawley rat®] 7+2 FHZE3lo $9& HESR
om o] S9 fraction(10%)& MgCLKCl salts(2%),
IM glucose-6-phosphate(0.5%), IM NADP(4%), 0.2M
phosphate buffer(pH 7.4) % Wd59t &8ao S9
mixture® A 3+ o},

FEade] AY : AWl Ages] A e 5
4 ARe Faa S0 Yeux @ A9 W
A NEY RS AFHAT

S9 mix 0.5mi(Z+E 4wl A & AN &
39 05mUAY EAIR @%—), S N
F2(1~2x10°cells/ml) 0.1m!
F-2E-2 50uE ice bathd) %‘*ZJ cap tubeoﬂ a5 7}
WA vortex® F 37TolA 3087F ow) wlgaich
45C9] top agar 2mi¥E Z+ tubed] BEY 3%7F
vortex3}a] minimal glucose agar plateo] =&l 37
Tol A 48217 &<t wigdt & EAEAH Y =4
g A%sag”.

4. SOS chromotest

TF . AFEE T2 Escherichia coli GC443690 A
" E coli PQ37/plasmid pKMI101(PQ37)E 90%
glycerol®t L wlFR(F/FS 1,000m/, bacto trypton
10g, bacto yeast extract 5g, NaCl 5g& 4jo] @3
Z) A SR WS F#H S 112 23k 20
Tol 2@AstRcr #5858 /dritt A= Sv8td
o anultt wrB EAWel, rfa EQ¥el9 PHO
FAAS  constitutivity 2 sfiAilacZ  fusion]
inducibilityE A A}5F 4 o}

FEQde] AY :  Quillad 5F Baik 59
BAL o] &ste] SOS chromotestE PR WE
HEE PQ37 ¢ S0uE Smi L Wi HE5toA
37CAA &% A7 wjddt F o7& vhA] 5m/ L
sjealo] GEetol 37CAA 660nmol S FBE
03~047F 2 w74 2AF A= g st
ol Polx FAL L wjgaAs] /102 Hste] 7t
FEEE FHE AR EdHoAE 3 Al
0uE mE BFstd £ 96 well platedd] 100u% £
Fatath olAE 907 37T ZEsted SOSHHE-
S FEF & o= B-galactosidase(B-G) o) &4 &3
2 935k o-nitrophenyl-B-D-galactopyranoside(ONPG)
1000/E, T2 Z:o]x alkaline phosphatase(A-P)2]
g4 =437 9135t9 p-nivophenyl phosphate
disodium(PNPP) 10041& H7}stgch @8 A7HL 5
B(EFFT) B 20&0OMSO)ez2 stgen B-Ge=
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1.5M Na,COs; 1002 A-P+ IM HCl 502 F 49
% A vgE FAAZTE 5E £ A-PFo] 50
9] 2M tris buffer® FH7}sle] HClE Z3A]7] B
FHA A2 20mmolA FHE=E 2459 Millerd
242w} enzyme unitBu)zke T
Eu = (1000xA420)/t(min)

5. ot

D HAIE 9wk

AFESY] AEAER] AGSE FFAEXTFIPIANE
)Lz HE FEguto} incubatoroll A wj et A A
ol A& T

100units/m/9] penicilin-K-streptomycin¥} fetal bovine
serum(FBS) 10%7} &3¥ Dulbeco’s modified Eagle’s
medium(DMEM, Gibco Co., USA)S A}&3}] flasko)
GAEE oAl & 5% COF EFFHE 37C
humidified incubatorel] 4] i ZFstH Tt 5] 2~3
3] feedingslxl 6~7Q who] PBSE A HF & 0.05%
rypsinEDTAZ 28 AZE Belsh] Adsiat
93‘]:]_23»26).

2) MTT assay

e QAN EE 96 well plated] 1x10°cells/wello]
HA 180w FEFsha 43 v=9 AEE 20 3
7yata 37T, 5% CO; siF7lol A 12417 B9+ wi
stttk ol AE AT A Hol Smgmio FEZ
A Z3  3-(4,5-dimethylthiazol)-2,5-diphenyl  tetrazolium
bromide(MTT) & 2002 FH7}ste] 37CoNA] 4A17+
o wjFstAt o1& 2,000rpmel A 1023 94 ¥
stod A= e A A, ZF well & DMSOE 1501
7Vsked 3087 ksl § ELISA reader® 540nmol) A
FB=E 2P

Bz279 FI=AEAITY F3=

Cytotoxicity(%)= WzT7e 23T %100
az o

m. 23 ¥ nE

1. DPPH 2iCige 47 &3t
Table 12 WAH7IEZY DPPH ZtjZeo] oish
2A &23E vepd Aojth dut AR #FE H
7FelEg o ICsoe 500pg/miclglor, EIHARZF
7 FEMAEZL ICso ghol 242 444pg/mise} 469u
g miE Uehdo] dutdgAdy 2 HolE YehiA
Forek v GAMAANDFES ICo ghol 2451
gmiE vehlo] 2 o] ulste] DPPH gtz
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o] AAfgAol X e AL & F YAtk

Lee 570] 21 RAE F71E29 DPPH )
Zo] A ANgHe Aury oA szAsY
28 ICso kol 27k 93ug/mie} 9dug/ml, AR 74
Z 9 @gol 100ugmiE Jehfo] B ARdA A}
£3 WAANEARD 297 =4 Uehdt o):
274 #rtE A9 =/ d2E2 §HE YR
e oa ReEst gloy g3 g, & 59 @
53 olg Vel EIHAT FgHAe At
=94 DPPH #dzZe &4 3= 92 AL
2 AZEc. a8y dANAERY ICo e gyt
279 Fv Fxolnz s adst JlgEch

2. Ames testOi| 2|8t &=H0| &1}

Salmonella typhimurium TA100 FFo o3+ Lyt
28 2 B3adH, ZE88A, dANAENEEY
MNNG| A& EdwHolfE JA &S AHE 2
F= Table 29} 2l A5 FZE 1Img/plates}
Smg/plate2 St S W HE9 Z71o] @ MNNGY
EdRo] FEEE It Aoy & a9 ¢
ERf A gt

2989 F=E plaed Imgd Smgo 2 JI7IStR &
) MNNG2] Eduio] & AA gASHA £t
L1} AFB9] EdRolEL H4Ed AdAde A&
E 7 AYATHFg 1. 4utEZe] F$ Smgplate F
7}2 AFBo| 95 Fdd SAMoIYE 55% A
RI FWA, FAHMA F FIEHAFEEELS 60
~70%2 ANEHE eI FIFANEEL
Smg/plate F7t2 AFB 9 EA®OIFLE 70%7HA]
JAtR e E& BEE B W F4E3WAY It
ol EIWAFL FAHANY /109 FolASol=
E7sta 4714 @7 Jhed dEdde] a3 7t
& e verskth

Table 1. ICs Values of various doengjang against the
DPPH radical

Sarnples ICsy (Ug/md)
TD" 500
Le-TD? 444
PFTDY 469
GFTDY 245

TD  : Traditional doenjang.
2Le-TD : Traditional doenjang prepared by adding
Lentinus edodes.
: Traditional doenjang prepared by adding
Phellinus linteus.
“GI-TD : Traditional doenjang prepared by adding
Ganoderma lucidum.

SPLTD
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Table 2. Inhibitory effect of various doenjang on the
mutagenicity induced by N-methyl-N"-nitro-N-nitrosoguanidine
(MNNG 0.35pi/plate) in Salmonella typhimurium TA100

Concentration Revertants/plate
. (mg/plate)
Treatments 1 5
Spontaneous 139+ 7
MNNG(Control) 966124
MNNG + TD" 1290+14 993+ 4
+ Le-TD? 1361+44 1117466
+ PLTD” 1417+12 108278
+ GL-TD" 129460 1069+13
“ID  : Traditional doenjang.
2Le-TD : Traditional doenjang prepared by adding
Lentinus edodes.
pLTD : Traditional doenjang prepared by adding
Phellinus linteus.
YGI-TD : Traditional doenjang prepared by adding

Ganoderma lucidum.

Ji %o Agw Aol Sal typhimurium TA98%}

TAI00 #3Fo] tsl MNNG, 4-NQO, Trp-p-l %
B@P9 Edwo] fig AA Asidvta HIIEF

on ZHAE,
A8 7HA AL

FEAAE 9 HAGAE FBAA
UTHIL BTSSR

3. SOS chromotest0l 2|8t =giti0| &3}

SOS chromotest= E. coli PQ37¢ genotome] 8
&to] DNAG| &4& FA =™ SOS whgo] #4¢5
Hx A5 B-galactosidase®] BHE WA Fo)
o DNAZ}F ¥olgd] &4uts RS F4ste &
g o] T,

FE=dAuo] AFL 5l7] Hol| carcinogen MNNGE
dose response® & om I ZAF ONPG/PNPPY &
Ao 30802 393 dosedl] whE SOS chromotest
A#RzRe HAZF FEQ TOngassays TSIt A
A A7 ¥A FreEe Ay A @7 HlE

2

Revertant/plate, x10
EN

AFB1+TD

Spon. AFBI

AFBl+Le-TD AFBI+PFTD AFBI+GI-TD

Fig. 1. Effect of methanol extracts from various kinds of

mushroom added traditional doenjang on  the

mutagenicity induced by aflatoxin Bi(AFB,, 0.5ug/plate)

in Salmonella typhimurium TA100.

TD  : Traditional doenjang.

Le-TD : Traditional doenjang prepared by adding Lentinus
edodes.

: Traditional doenjang prepared by adding Phellinus
linteus.

: Traditional doenjang prepared by adding Ganoderma
lucidum.

*IMeans with the different letters are significantly different
(p<0.05) by Duncan’s multiple range test.

PI-TD

GI-TD

A gol Eghen, 531 FAHA FVtAEH 38
WA 27 A AL A7 6%, 53%2 EAHNL
A7k @l Hel £e S0S W JAETE B
% THTable 3).

FH AZe MNNGo Hd SOS uhg A E ol
W3 AFoAY gk AP B> REH HZ
o 36%< FEdWol JA T JAJAT viA,
e @ AZAARZY B9l 55~59%9 FE
Wol &S JERARTT ST

Table 3. SOS response of methanol extracts(250jg/assay) from various kinds of mushroom added traditional
doen]ang against N-methyl-N’-nitro-N-nitrosoguanidine(MNNG, 70ng/assay) in E. coli PQ37

 B-Galactosidase(D) Alkaline phosphatasa(a) Inhibition

Breagmenss ODaxo Unit ODuzo Unit bra rate(%)
Spontaneous 0.690+0.050 23.0 0.691+0.010 23.0 1.0 -
Control(MNNG) 1.353+0.032 45.1 0.670+0.006 223 2.02 -
TD" 1.061+0.045 35.4 0.687+0.017 22.9 1.54 46
Le-TD? 1.018+0.037 339 0.666+0.024 222 1.53 48
PI-TD? 0.992+0.026 33.1 0.673+0.019 22.4 1.47 53
GI-TD? 0.913+0.032 30.4 0.678+0.025 22.6 1.35 66
YTD  : Traditional doenjang.
31¢-TD : Traditional doenjang prepared by adding Lentinus edodes.
YpLTD : Traditional doenjang prepared by adding Phellinus linteus.
9GI-TD : Traditional doenjang prepared by adding Ganoderma lucidum.
Stz 7eh s A A204d A 45.(2004) - 368 -
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4. MTT AEAIGIMS] in vitro Et& 3}

AE AXY FLZEo 9six MIT7E = o
formazan crystal2 IA T = FEE FFEZ 223G
o2H EAEY AME Ee F4 94 F=E 2F
Eia= /~1§jtﬂ—r§o] MIT A8A A o= HAA7 &
ZAEE AGS A JAAEE o) 83l in vitrooﬂfﬂ
:‘%‘?}@‘é% st A4 @8 uls) uviA H
7FE ol o 2 UEHE UL 575
ARAS A7 93% JEaes Ve 827
AT AEES A A S HEE FEFES
100ug F71et9 S W 42 92% 9 91%9 B A
AEHFE deEALH Soug F7HA AT 84%%
82%9 F2 A& UERH AThTable 4).

mabx A fgo] AR Qs FEAHEI%
FEAEo g, A7 2 Gd B9 Frhe 9
A F&o] 0 F5d 5% 7158 98] 2
Ao g AZtEth

orlooﬂ,

i

V. 29 U

rHu

FaHA, FFHA = AWML F7hete] A
4 ez Azxd BN LAsl, FEAWl
4 FEFHE 4Rt DPPH #Hzdg &~As
e GANANEZY ICo7t 245mg/miz Ayt
dgET o 26) F= ol wgovt EuM A
FEHANE F7HE 982 QurdF Y ICo vlsst

4

i s

Table 4. Effect of methanol extracts from traditional
doenjang added with various mushrooms on growth
inhibitiob by MTT assay in AGS human gastric cancer
cells

Treatmenis ODsyo
{mgfml) 0.05 0.1
Control(PBS) 0.618+0.013" 0.619+0.003°
TD" 0.243+0.009°(61)”  0.148+0.011°(76)
Le-TD? 0.208+0.004°66)  0.106=0.006°(83)
PLTD? 0.112+0008%82)  0.055:0.001%(91)
GI-TD? 0.098+0.007°(84)  0.050+0.006°(92)

“TD  : Traditional doenjang.

?Le-TD : Traditional doenjang prepared by adding
Lentinus edodes.

. Traditional doenjang prepared by adding
Phellinus linteus.

: Traditional doenjang prepared by adding
Ganoderma lucidum.

N __ODsy of control —ODsy of sample
Tnhibition rate(%)= ODso of control

*“Means with the different letters in the same column are
significantly different(p <0.05) by Duncan’s multiple range
test.

dPITD

GI-TD

%100
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o]&3| - gAY 35
Ak Ames test] 9% FEAMo] Bge €Y g_—
Img/plate®} Smgplate?] FEZ ATISIHS of S
typhimurium TA100¢] tgt MNNGE] & o] %BE
He Adse ade A Yehbd @on 73

EdWolE] AFBi19 EAWO] 2 55~70%7HA]

gA AUt 53 FEHAED G Smgplated] F7t
2 AFBi8] EQM] #¥¢E 70% AdAst =AW
o] &I ZAd HAegE Ykt EF SOS

chromoteste]] 23l dEdAWHo] ZFLE AR 05% 3
7A] 23~33%9 &4e Yo GXAHARE
o] 7bg ¥ &4< YA MIT A @A oA
HAE BE JAE S 2 dnAHANETES
v £3le BAHZIER S 25 A €48 YEY
Reow o] yhgd FFHATH FANAEGLE 100ug
fassaye] H7IE 91~92%¢9 A ERE AAELS Y
Bt e wetA B3, 48 4 FAWAE AL

of Az Al VAL Fs, AW HE o
A AL D IAE FJEAF LS AL Y= A
o2 HIE A
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