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Abstract

Antimutagenic and in vitro anticancer effects of doenjangs added with green tea extract and/or using bamboo
salt were studied by Ames test using Salmonella enterica serovar Typhimurium (Salmonella Typhimurium)
TA100 and 3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium bromide (MTT) assay on PC-3 and DU145 human
prostate cancer cells, respectively. At the 1.25 mg/plate concentration, 1% green tea extract (GTE) added
doenjang exhibited 85% antimutagenicity against aflatoxin B1 (AFB1), while the control doenjang revealed
63% antimutagenicity, showing increased antimutagenic effect by the addition of green tea extract during
doenjang fermentation. GTE added doenjang also increased antimutagenic effect against MNNG. The inhibition
rate of the control doenjang showed 34% at 0.625 mg/plate, while 1% and 2% GTE added doenjangs inhibited
by 56% and 73% at the 0.625 and 1.25 mg/plate, respectively (p<0.05). In MTT assay, GTE added doenjangs

caused 70% ~77% inhibition on the proliferation of PC
the control doenjang exhibited 46% inhibition. However,

-3 human prostate cancer cells at 0.5 mg/mL while

2% GTE added doenjang showed 91% inhibition at

1.0 mg/mL. The trend of the inhibition rate was similar in DU145 human prostate adenocarcinoma cells. When
bamboo salt was used instead of natural sea salt, the antimutagenicity against MNNG and in vitro anticancer
effect on the prostate cancer cells greatly increased. From these results, it can be concluded that green tea
extract addition to doenjang and the use of bamboo salt during doenjang preparation increased the
antimutagenic and in vitro anticancer activities of the doenjang and showed a synergistic effect.
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< zte] Azt 3], g e 8 AR flavonols,
flavandiols, flavonoid, phenolic acid® F %3 polyphenol®-
giata glol 73 34k S Jehdict olejdt EAE
% Zeko oF 30%E A3 522 353} polyphe-
nol§-= catechin® 24 &2}l flavanolf-olth. 2 714 %
£3F =29 catechin® (-)-epigallocatechin 3-O-gallate
(ECGC), (-)-epigallocatechin (EGC), (-)-epicatechin 3-
O-gallate(ECG), (-)-epicatechin(EC), (+)-gallocatechin
(GC), (+)—catechin(C) Fo)1u(7), Fx}o] A@FJ a2
shota st gHatsla e njwtas Fo] A Qlek8-12).
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AFdHE BXAFEES HIleho on% A zsta ““GJ
AR Az F9 Heang vt in vitrool 4 Ames
testZ o]-8-3}¢] aflatoxin Bi(AFB1)¥} N-methyl-N'-nitro-
N-nitrosoguanidine(MNNG)ell o3& 3-Edue] &5 2 <
A AYALALE gt et 23] 2 E 2 At » i)

Mz 2 LN
HE o FE=22 M=
Az T 1A AFE A 2 A8k 1599

E(15°C)el 12417 A=A }37— w| 7] & stsdch. o] & wvle]HA
o ghol mr = F7](1.0~15 kg/em®)ollA] 604 -t FA15}
o] 50°CE Y23t ch. ‘@ ?ﬂ' o LA (Asp. oryzae, &
Zutg AhE i FA9 02%F AF3Ie 30°C in-
cubatorell 4] 36A17F W& A7) F 55°CollA] AFA =zl F-
| F5 Azt o]gA Alxd WFE 33, &~F 12,
2 559 v &2 Egsta A7) sAFEES 44 1, 2%
A7ksted 30°C incubatoroll 4 60U 7t &, A A Zch. &
dFA FAHA Az H/HEREA AR FAFEFES
(polyphenol 40% o)A &, =349L 85% TAH-S ]
& 71ZE Buhe (FEFE SR A
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ol L3ty AFS ALA(F)S-
2EFY, 13 5D AH83ich
FZ2E9 Az BErt B ARE FAAXE F v
slod A=l 2080 (w/v)] WEhE-2 Hrlste] 12417 TRk
33] ukEg F o Hale] FAH A Z7(EYELA, Tokyo
Rikakikai Co., Japan)® F%3to] v ut-23% F (methanol
extract)}S gt} o5 FEEEL dimethyl sulfoxide

(DMSO)ell 8 4sted Aol 2145}

ddh) FH4(F)

A3s

&

ou}

Ames =98i0| 7 x| AH

Ay aF ;l Edwe] §utEA: Salmonella Typhi-
murium LT-29] histidine 3 F8F4 < Salmonella Ty~
phimurium TA100-2 A& =4 histidine £74, deep rough
(rfa) Bd9o], yr Edwe], R factor 59 A4S
galsle] Alg-siedch EQWe] FUY LR aflatoxin By
(AFB))# N-methyl-N’-nitro-N-nitrosoguanidine(MNNG)
S ol&3lgd e, 73 Sdwelddel AFBi Sigma
Chemical Co.(USA)elA F4i3te} 243l 2, dime-
thylsulfoxide(DMSO)ell Hojx] Agol A3k, A&
“w o)l el MNNGE Aldrich Chemical Co.(USA)Z5-¥
TFolsle] B FF5el o] Ao AE-ssAr)

gEodwio] FHAF: FEAwel A3 preincubation
mutagenicity test® o|-83stch vle]l Ad FF A7 glass
cap tubeell S9 mix 05 mL(ZHAH Ed o]l A5), 5%
wjoFEl FF(1~2x10° cells/mL) 0.1 mL, 3]4% A &(50
uL)<} £°4“4°] 52 (50 pL)& ice bathel 3] cap
tubedl] B2 7PE A vortex®t F 37°Coll 4] 308-7F ofv] wi<f
e}, 45°CY) top agar 2 mLA 2 7+ tubeell X1 3z%7F
vortex3hed minimal glucose agar platedll =23} 37°Cel| 4]
48A17F whekgt F EFEdwo] £RIE Algahal oh18-20).

Eaiwle] A &34} A Z(inhibition rate)= oF 2]l
o8] AAbslgich

Inhibition rate (%6)=100x% [{a—b)/(a—c)]

714 ar Edwe]dd o8 FxE BHSA™]S,
b ARE Asgde o] BAEdH| L oy, o
Edwo] U3} A&7}t 98 A5 Atd B Edol
o]tk

ol MMeEMetMzel ME XMallzn)

Ao QA AHAGAEPC-3 ¥ DUL45 human
prostate carcinoma cells)= =FA| 2523 (A 29 ) 2.
F-E] Fopitol wiokstaA] Ao ARE-stA T Ao A2
100 units/mL2] penicillin-streptomycin® 10%2] FBS
7} -2 RPMI 16404 AH8-3te 37°C, 5% COz incubator
ol A ufj ekahed ok

wlopel Zhzke] A e dFE U] 2~33] refeedingdh i
6~ 7°‘——l“}°ﬂ PBSE A& 3 F 0.06% trypsin-0.02% EDTA
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SAFEE Y S AT 97 FEAWel B in vitro FIEY FHES 3
of WAE P2 ANOL PAES TF FANER A AL dFE AR A 2T T FHFEES
EFsho] 6~72vhch Apaabaa Adol Agatsdch 1% mE 268 Ak w YD AA F9E A8

Al el %A passage number7} 103] o] wj= A2 <t 3L E5AE 1% A74e dFE el 42 25 B E A Z
AEE QAL L Fazie Aol o] wjekste] Ag st aeln Alge] WEHE3EES o)43le] AFBel diE 3
St ulo] A4S bl B IcH(Table 1). ol o %A3:%% 47}

MTT assay: W= AZE 96 well platee] welld rrE 7 71e o] 88 JF (224 10 mg/mouse 5
1x10" cells/mL7} F1 22 seedingt s Al RS TrHa A Sl EFE paelvhy ste] B AR 32 5 A3
7h o5, 37°C, 5% CO; incubatoroll 4] wiekstdet. 7242 are gataied 195 W 2% 2 Arbsiech S9wold AFB;
% 3-(4,5-dimethyl thiazol-2-y1)-2,5-diphenyltetrazolium o 3] AurE AL 0625 mg/plate?) EET A2 8L o
bromide(MTT) 20 L= H7Feha 4414k Sk o} Wb F 53000] Zedto] oA aste malel wia), F34& 1% 37t
A2 formazan 24 DMSO] 21 S0 nmelH FHE @ 549 o4 xohe 10%2 271549 Z(p<0.05), 2%F

S SRS, A7he Do) FEAHo) Bahe 7% ARAE FE
EAEA 1.25 mg/platecl A= =25 A7lshA] 42 A, 1% 2 2%
2w} 2} Al g a2nE o AR E(n-3)Z3E] ANOVA Hob AL 2b7 63%, 85%, 87%9] FEdo] AE B

% 9 ¥ Duncan’s multiple range test® ol &3t BAF A %2 Alel &3 o] oprort 196 2% B7hel

A a)sdet. A 2 Ael7} A,

AFBol i3l & 53k 1%9} 2% H7bre) #4353

ot gl nE 2E25 1% A7)elT A3 Yo YA g 3

Sdde] A% FoA 2|7t EE A FrtEAE &

SAFEE MY FEe EEogol E1t obr =3t Arbe 1% A7l A AFBiell Wl -Edd
Aol H25:255 7S o dEdHe] A 7| o] A3E vt & o & AUk

Table 1. Effect of methanol extract from doenjangs added with green tea extract and/or using bamboo salt on the mutagenicity
induced by aflatoxin B: (AFB:, 0.6 ug/plate) in Salmonella Typhimurium TA100

Revertants/plate
Treatment (mg/plate) 065 195 25
Spontaneous 89114 . 89+14 89+14
AFB; (Control) 1098+ 11234) 1098 £112* 1098+112°
NSS" +doenjang 566-:90" (53)” 466 +97° (63) 391 +74" (70)
NSS+green tea extract? (1%) added doenjang 389-+59° (70) 245+ 25° (85) 204+ 25° (89)
NSS+green tea extract (2%) added doenjang 375£10° (72) 224+11°(87) 167+21¢ (92)
BS” +green tea extract (1%) added doenjang 343+9° (75) 210£17° (83) 225+21° (87)

UNSS: natural sea salt.

YGreen tea extract: polyphenol 40%, Taepyungyang Co.

¥BS: bamboo salt.

“Means with the different letters in the same column are significantly different (p<0.05) by Duncan’s multiple range test.
S)Inhibition rate (%):[(Ncontrol_Nsample)/ (Ncontrol_Nspomaneous)] % 100.

Table 2. Effect of methanol extract from doenjangs added with green tea extract and/or using bamboo salt on the mutagenicity
induced by N-methyl-N’-nitro-N-nitrosoguanidine (MNNG, 0.4 png/plate) in Salmonella Typhimurium TA100

Revertants/plate

Treatment (mg/plate) 065 195 o5
Spontaneous 7619 76+19 76+19
MNNG (Control) 103415 1034+15° 1034+ 152
NSS"+doenjang 704 +54" (34)° 531+15° (53) 307+8° (76)
NSS+green tea extract” (1%) added doenjang 494 +32° (56) 336+4° (73) 147+6°(93)
NSS+green tea extract (2%) added doenjang 550 £60° (51) 354£25°(71) 98174 (98)
BSY+green tea extract (196) added doenjang 311374 (75) 229+819 (84) 144+32° (93)

UNSS: natural sea salt.

PGreen tea extract: polyphenol 40%, Taepyungyang Co.

¥BS: bamboo salt.

“Means with the different letters in the same column are significantly different (p<0.05) by Duncan’s multiple range test. -
5>Iﬂhibiti01’l rate (%)= [(Ncontrol_Nsample)/ (Ncontrol_Nspomaneous)] X100
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Table 2= 25559 A71EH &35 283 Az
g HA o] w55 o] 83} MNNGe thgh s
We| A7E vws| £ ZAo|r} Z2be] A1RE 0625 mg/
plate A2 L o 2T kAL 34%9] FA S e
Wiz, 1969} 2% =3} FrlE-& 2H2 56%, 51%9] A&
el g o v (p<0.05), o2& 7 32 1.25 mg/plate 2] =+
N & slrpx] oA dlzFol] 53%] o] A ax)
5 293, 1% 2 2%9] Arbs=edA 27 73%, 71%9
E77F 9ot 89 25 mg/plate?] A ExE FEA =
247k 93%, 98%9] ¥ FEdue] ARE Hvh MNNG
S o83 AHAE I3} 1%9) 2% A7t FEAA AsE
el & Aol U FHdAGo] HAe] Aol v
A7 9A43] FohA oH(p<0.05). 06252 1.25 mg/plate A
B oA = Ak Aol Eo] 2%E Fsele Ad S
ALS3S e FEduo] FAo] wolx|A] ekt HAh
1% A7t 98 AR AlsTe] 848 A Eof
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Table 3. Growth inhibitory effect of methanol extract from doenjangs added with green tea extract and/or using bamboo
salt against PC-3 human prostate adenocarcinoma cells in 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide

(MTT) assay

ODs4o

Treatment (mg/mL)

0.5 1

Control

0.537 +0.008"" 0.537+0.008°

NSSY + doenjang

NSS+green tea extract” (1%) added doenjang
NSS+green tea extract (2%) added doenjang
BS? +green tea extract (1%) added doenjang

0.292+0.017" (46)° 0.200+0.014" (63)
0.160£0.006° (70) 0.123%0.010° (77)
0.126+0.011¢ (77) 0.051+0.0167 (91)
0.098+0.005° (82) 0.030+0.014% (94)

UNSS: natural sea salt.
YGreen tea extract: polyphenol 40%, Taepyungyang Co.
¥BS: bamboo salt.

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

ODs49 of control—QODssg of sample
ODsyo of control

Fnhibition rate (%)= X 100
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Table 4. Growth inhibitory effect of methanol extract from doenjangs added with green tea extract and/or using bamboo
salt against DU145 human prostate adenocarcinoma cells in 3-(4,5-dimethyl-thiazol-2-y1)-2,5~-diphenyltetrazolium bromide

(MTT) assay

Treatment (mg/mL)

ODsyg

0.5 1

Control

0523+0.036*" 0.523£0.036

NssV+ doenjang

NSS+green tea extract’ (1%) added doenjang
NSS+green tea extract (2%) added doenjang

BS? +green tea extract (19) added doenjang

0.267%0.030° (49)” 0.173+0.018° (67)
0.15720.007° (70) 0.130=0.006° (75)
0.118%0.009° (77) 0.042+0.017¢ (92)
0.098+0.005% (81) 0.024%0.007* (95)

II)NSSI natural sea salt.
PGreen tea extract: polyphenol 40%, Taepyungyang Co.
YBS: bamboo salt.

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

ODs4g of control—ODsyw of sample
ODs4 of control

nhibition rate (%)=

gl vlate] s25EEE 1% A8 A8 E 70%, 2% H7kt
A E3E T7%2] PC-3 1A AGAHA *Eixisﬂﬁalﬂ %
E}Lﬂf’i A7bE=rt —ﬂéfrﬁ AES AES T AT
T sk | mg/mL A=l FTedAds Hrbszed net
52}%‘%*30] vl F7hE l"—z} £ 1%E /IR A5
A= 77%, 2% F A7FE A BellA e 91%2] FhdAde vt
bl oh(p<0.05). o] ZHE 3AHE Arlste] dAE &2 7
$7F At Aol vl dAES] AAE o ZA AT
& 5 AT E 54 1% A7 H95 AHEE de
AL I A aAesRdA dEaddAd st 20 77t
+ AgAEAE BE, =L AYrkodAE oA HETE
o} AA3] FobA (p<0.05), F2e £9& T AT A
+ #2424 A IAE HebAd
= o}l E ol A AYPAIGAES DUIASE o] 43 &elas
A (Table 4l = FAFEE] Artsert VM5
FE wjEH g 3Alo] Eoldl 0.5 mg/mLllA WHET
o] gotAaAr} 9%l =25 A7 1%, 2% H 74kl wa
2 BT} 0%, T1%2 FA =02, 1 mg/mLe] FEol4]
= dubE o] 67%9] & AE Rl v, 2 75%,
2% AddBAE Bk F9E AT FAFEE 1%
A7reAe A 53 2% A ERdAEgE 2
A4S 2o Forh 13] S99 A2 FAe| AbgEE
Hke 2 Fo|n in vitro FREAE FAAA = vk Ak
=242] 8ot A k= Oguni 5(32)0] o LA =3 54
e} FAE zto} £ o] FHE w2 HAS 2] AA3IA
o}, Han# Xu(33)= FHollA A EdE FHAA A AEHE
Aol gt At o B EH oF S0l JAlEHE Bkl
o Wang 5(34)2 #elA benzo(a)pyrene(BP) =+
N-nitrosodiethylamine(NDEA)l| <] 3] € *’E°‘°ﬂ 2
3 =3p &N oA A EFHE B sty L, Yamane
2(3518& MNNGel & 2% A9 4sko] EGCG 549!

}m n:E
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x 100

of o3 Rz 2o A= JAHASS Budgrt E
H27E9} 7L 2E A7FE 232 AGS AA fdAE
of &t M"”ﬁﬂa‘% S7HA A3 FYoi(15). ol & A+
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