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Abstract

Increased antimutagenic and in vitro anticancer effects were observed by the fermentation process during Kochujang
manufacturing. In order to confirm the increased functionality, wheat grain, first fermented wheat grains (FFWG),
second fermented wheat grains (SFWG), final fermented wheat grains (FiIFWG), red pepper powder (RPP), and
commercial Kochujang (CK) were prepared. Kochujang manufactured with final fermented wheat grains and red
pepper powder were further fermented for 15 days and 30 days. The antimutagenic effects were determined by
counting the number of revertants in Salmonella Typhimurium TA100 against N-methyl-N'-nitro-nitrosoguanidine
(MNNG, 1.0mg/mL). The final fermented wheat grains (52% inhibition) showed higher antimutagenic effects than
the wheat grain (34%), and the commercial Kochujang showed the highest antimutagenic effects (55%). We tested
the inhibitory effect on the growth of HT-29 human colon carcinoma cells and AGS human gastric adenocarcinoma
cells by using MTT (3-(4,5-dimethyl-thiazol)-2,5-diphenyltetrazolium bromide) assay. The results showed that increased
fermentation process continually increased the growth inhibitory effect on both cancer cells. The further fermentation
for 15 days of the Kochujang product also increased inhibitory growth of the AGS cancer cells. In conclusion,
the methanol extract from fermented wheat grains and commercial Kochujang showed sequentially increased
antimutagenic and in vitro anticancer activity, and thus the final commercial Kochujang revealed the highest effect.
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Fig. 1. The preparation of fermented wheat grains and Kochujang
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(first fermented wheat grains, FFWG)E_ A orymeE 353
U7FE FAto] FAkgt D3 A, F45 H7lste] 35T
A 397 2EAZ] Aoz, 2xpEE U (second fermented
wheat grains, SFWG)2 lx}t”'}_{”‘ Al Z rouxii= HZ3t1
&3 (in tank 1, 30T, 7)) ZAo|w ZF2a Y (final
fermented wheat grains, FIFWG)-2 221 82 & o] 53 &
T2 3Kin tank 11, 30~40%) o] FEAIZ] Aolth 7] 4]
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FEAe] F gt 75 AP fEIM BE AEE
AAZE A7 2 wpfisilh A&l 208 (wiv)e] HIEE
< A7kt 12413 wRkS 33 WHEg & ofTlale] 3172
7212 %27](EYELA, Tokyo Rikakikai Co., Japan)= %23}
o] W &F2-F2 E(methanol extract) S AJTH9). ol & F=
EE 2 dimethyl sulfoxide(DMSO; Sigma-Aldrich Chemical

Co., USA)°ll 3]Asto] 3] AF&-at3iTt.

AleF & 717
A=A H o] Y2l N-methyl-N’-nitro-N-nitrosoguanidine

(MNNG)+= Sigma-Aldrich Chemical Co.(USA)oIA <43}
o] ZHgo]| HZoda ALE-351I T D-Biotin, L-histidine *
HCl(monohydrate), D-glucose-6-phosphate(mono sodium salt),
NADP(sodium salt)+= Sigma Chemical Co.ol|A] 71 3}52
™, Bacto nutrient broth(dehydrated)£} Bitek agar+= Difco
Laboratories(Detroit, MI, USA)ZFEH FU43IAH.  Sal
Typhimurium LT-2 histidine % %8.7/3<] Sal Typhimurium
TA100-> 7]= 2] £ o} t)ste] Ames BN. AR HE
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oH13).

o

S¢igio] &of

2 Ao F2 o] 83 preincubation testt
phosphate buffer saline 0.5 mL, 3}545F vl e TF3(1~2x10°
cells/mL) 0.1 mL, S|4 A|E(50 Lo} o] F4E2
(50 pL)= cap tubeoll ¥ 7PHA vortexdFATh 45T
top agar 2 mL¥ S Z} tubedl] 1L 3% 7t vortexste] m]E]
<=H] g+ minimal glucose agar plate®l] ="23}31 37 Cl|A] 48
AR w ket & BEHEARo] 2akE Algsiit g A
Aol AHEH A58 SAWe] FEEH] v dHAE
(dose response 2 54T S Bt A3 TE EAW
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MTT assay
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Table 1. Antimutagenic effect of methanol extract from wheat
grain, other fermented products and Kochujang against
N-methyl-N- nitro-nitrosoguanidine (MNNG, 0.5 ugfassay) in
Salmonella Typhimurium TA100

Concentration (mg/plate)

Treatment
25 5
Spontaneous 122249
Control (MNNG) 933176"
Wheat grain 655474°(34)" 624276°(38)
FFWG" 539+34%49) 503:18(53)
SFWG? 501£18°(53) 472+ 9%57)
FiIFWG” 511£2752) 457+28(59)
RPPY 558+3146) 482+41%56)
cK? 490+ 5'(55) 405£29'(63)

UFirst fermented wheat grains (with A oryzae).

)
Second fermented wheat grains (with Z rows for 7 days).
)
)

© o

Final fermented wheat grain (more fermented for 30~40 days).

Red pepper powder.

Commercial Kochujang H. Co.

'The values are mean of 3 replicates+SD.

'The values in parentheses are the inhibition rates (%).

“Means with the different letters in the same column are significantly different (p<0.05)
by Duncan’s multiple range test.
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olA A= D@5%, 55%) L57FF68%, 83%)ECh et
BI7F ko wR vt He s = A Ft Ald Dol
Z7h e Aoz Jehdth 0.5 mgmLE A2latg S o
AP EEFFWG)S Ha s ] 2 Wroh 7} 10%4 <t
T3t FRHAEE FE) o go] ® 220 E U (SFWG)

7} HFREYFEFWG)S I E3p7) 47} 65%, 11%=
gt g3t o SHE e 132719} FFWGE | 2H
2FFE 71%2] FLEIE YA THp<0.05). 1 mg/mL
TEE AP YE WE ¥]Sek A ako] JERGTh Lee(13)9}
Kong(14)¢] A7lA 428" 1543 /44 &
nFgS e A S nFogo] QA A

AA A A E S} wh-220] A& &t 5"“1]301]/\1
%—8— 87 Al &S vepdlo] EaAY o] Fad JUE
7keRlo R B nakitt. Seo (23) BEA A B
ot o] gy A &S HEE o 65~78% ©]
o] #& HIE A S AT webA & AT A
o] BHEHA YAE TINES| Fad SPYEL
2A FAEAE e Z 02 AtgEo] An] HEAA S
AXAA BELE BN ol 13T F ] Bl g v
Eol| Bo| AEA 13| g7 eH e XA

3 Azkee] At}

N

m¢£L¢mm

Table 2. Inhibitory effect of methanol extract from Kochujang
and its raw materials and the fermented products on the growth
of HT-29 human colon carcinoma cells in MTT [3-(4,5-dimethyl-
thiazol)-2,5-diphenyltetrazoliumbromide] assay

Treatment (mg/mL) ODsa
05 1

Control 0.486+0,009*9 0.485+0,009°
Wheat grain 0.266+0.006°45)" 0.220+0.002%(55)
FFWG" 0.225+0.009°(54) 0.167£0.009°(65)
SFWG? 0.172+0.010%65) 0.1350.006%(72)
FFWG” 0.1410.006'(71) 0.108+0.003(78)
RPPY 0.154+0.006°(68) 0.084:0.009°(83)
cK? 0.142+0.008(71) 0.086+0.005(82)

UFirst fermented wheat grains (with A oryze).

Second fermented wheat grains (with Z rowsi for 7 days).

Final fermented wheat grain (more fermented for 30~40 days).

“Red pepper powder.

ICommercial Kochujang : H. Co.

The values are mean of 3 replicates+SD.

7).The values in parentheses are the inhibition rates (%).

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

Table 3°14= AGS QA LM EE o] &3] A FHES
MIT assay2 AA|gH 232 HolFa Qivk A4t A X
A Axpel vH|=gA 97 D 05%9 1.0% s
ANA 247t 48%, 62% H =] FULEHE VeI ET B
get ZHE A8 76%, 91%2] A2 o] At
A Boh Y Ee @9t 84S dE 2thp<0.05). Lee(13)
= sarcoma-180 cells= ©]-8-3F A FuF7e] nhg-FoF

ARl A A s)&el “‘Eﬂ w2 HePe 28 uFo]
33%°] FFFEIHNE W 1FFQT%) T B LFF(T%)E
o o =3vha sieleh B3 Kong(14)2 & A€ 1574
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Aoll= T4 7H/\’E‘ A%k 23 tjz27e] 31871¢]
Zolyllrof] Hlel AEuFA] 7S 242t Eroa] =k
M4 52, 66712 79%, 84%01] o2& E& Mool
HEHJTIL e TE 9]611 TR T2}
lﬂdﬁi}\i Ag‘ﬂﬁ—/ﬂo] E{—,[r =2 Exo ] ‘:01 X]q:L_
stlth o] SRS WRE7HE H7F gl A ‘:'L}.Tn-ﬂr"q
Z rutin®] aglycone?] quercetin®] o] 718t o= &
stk w3k "o F9o XA EQ] ferulic acid7} E7.9
2h-g-o o8] AeleAdo] g dE 4-vinylguaiacol 2 -3 =]
= T Y B2 9] phenolic flavor compoundsE AJ4tel=H
ZedlEe] & ool dElA sl met & A
A 2z drgE dol g gdrt =& o|f7F  phenolic
compounds”} o] A E o S Ee] S AAlst= &
I7F vepd Ao m AzhEo] X1vh22,26,27).
AETHRE G o] wta HITREAE u3THE
S 7R WA T30l 74%, RBE A I B0l
7Fg stk 3ol A w2 Bt YRl E2 <] capsaicin
< HT-29 QA M EZelA AMPK &4 3latod
apoptosisE =3t B 1% o] 9lth24). Park 5(25)<
]. o= o] <l /dzg oﬂ /\1 capsaicinol A owﬂ H o]
papiloma®] S JA 3= A-S A2 CapsaicinS
AdET g 9 HE AP = B tigh AA e}
leukemia$} -2 FA| 3ol A] apoptosis f+E=&2HE UERY
o] Ha%o] 9Jth28-30). ufetA] E Ao A capsaicin
DE7FR e AESRE o Ao Qs HELER

Table 3. Inhibitory effect of methanol extract from Kochujang
and its raw materials and the fermented products on the growth
of AGS human gastric cancer cells in MTT assay

Treatment (mg/mL) ODso
05 1

Control 0.482+0,005*9

Wheat grain 0.2530.009°(48)” 0.18520.005°(62)
FFWG" 0.224:+0,006°(54) 0.1140.004%(77)
SFWG? 0.1700.007°(65) 0.07520.005'(85)
FiFWG” 0.118+0.003'(76) 0.044£0.003'91)
RPPY 0.131+0.003(73) 0.063+0.00687)
CK? 0.127£0.002%(74) 0.04120.00292)

I
2
3

First fermented wheat grains (with A oryzao).

Second fermented wheat grains (with Z rows for 7 days).

Final fermented wheat grain (more fermented for 30~40 days).

'Red pepper powder.

'Commercial Kochujang : H. Co.

The values are mean of 3 replicatestSD.

"The values in parentheses are the inhibition rates (%).

“Means with the different letters in the same column are significantly different (p<0.05)
by Duncan’s multiple range test.
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< TS WleU# mzz:a 1+ Sele L7
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@7nel EAshe AR Kol A4 e gk A%
d et 33 A9 dasita sl

m\ru

0.6
a
05 | mm 01 mg/ml
I W 2.5mg/mi
04 | |—
b
E 0.3
o U - C
o in i
0.2 | [l d
BT e =
0.1 [T
o [ , , = .
Control 0 days 15 days 30 days

Fermentation period (days)

Fig. 2. Inhibitory effect of methanol extract from Kochujang
prepared and fermented more for 15 and 30 days at 30C on the
growth of AGS human gastric cancer cells in MTT assay.

“Means with the different letters on the bars are significantly different (p<0.05) by
Duncan’s multiple range test.
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in vitro AL E I 1= GEFS Felslr] )
Az Az 45 H, 1xdad, 22y HEaay,
137t AEFEUE Alxd 15749 S/ Typhimurium
TA100< ©]-8-3F Ames testES A AISF] MNNGel| gt 3=
Avle] a7E A Ko, HT-29 AA tigdA e}
AGS A fItM o] 478 AA ZE ARk AF
o Ax 97 g 2Ry 2t agU e H5ug
o] wgrlgde] met Ha} S318 gFEAio] 319} in
vitro Y4 E 7 e om H3EaE Y 337 RE A
z¥ :F7o] 7 =Tt 15, 309 WEAZ] FA o]
LA e FFEY ¥ & Fad vEsth
wpeba] B E I (717he] nFge] dEAe] g2} 3
dE el FaHA T Qlthal & § glom] uFge]
FAES 13719 capsaicin, HJEFR1CS} B-carotene 52
Z-grto] opd WollA & wbg &4 Fof Hol FAH
| AE TaEa wge ot A e SgEH] J=EA
Holo} ghek gajo] #AF S vt 3Tk
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