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Anticancer Effects of Black Soybean Doenjang in HT-29
Human Colon Cancer Cells

Eui Seong Parkl, Jae-Yang Lee2, and Kun-Young Park’

!Department of Food Science and Nutrition, Pusan National University
“Insan Inc.

ABSTRACT In vitro anticancer effects of black soybean doenjang on HT-29 human colon cancer cells were studied.
SD (soybean doenjang prepared with nine-time baked bamboo salt) and BD (black soybean doenjang prepared with
nine-time baked bamboo salt) were compared with CD (commercial doenjang). There were no significant differences
between experimental groups in terms of pH, amino-type nitrogen, and ammonia-type nitrogen levels of the doenjang
samples. BD showed the highest antioxidative effect, followed by SD and CD in that order. BD also showed the
highest total polyphenol concentration of all samples. CD, SD, and BD extracts showed no toxic effects on normal
RAW 264.7 cells at a concentration ranging from 0.1 to 0.5 mg/mL. BD exhibited anticancer effect on HT-29 cells
by MTT assay. Also, BD manipulated mRNA expressions in certain factors; it suppressed pro-inflammatory cytokines
such as TNF-a, IL-6, and COX-2, promoted cell-cycle-related genes of p21, and p53, suppressed expression of cyclin
DI, and suppressed anti-apoptotic Bcl-2; such manipulation by BD was the strongest, followed by SD and CD in
order. From the results above, BD exhibited the highest anticancer effects by inhibiting growth of HT-29 cells, probably
by regulating pro-inflammatory cytokines, cell cycling related genes, etc. These results might be due to using black
soybeans containing high levels of polyphenol, including anthocyanins.
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HT-29 1A gt AxolA AA-AF 9742 in vitro & &3
FEA SgtH ol A ksl gyt 5o A EA] o) o] AM-505-Kit(Asan Parmaceuticals, Hwaseong, Korea)
=2 AHow A Jor(1h), AAFT Ty dE =TT H o] 93 Indophenolg .2 =43FAH19)
t} @2 anthocyanine 33t o] =& aksl(16)
A7) S e AeE dHA Z EzlHs 54
2 A9E AT wATHA, %1‘?} H4E o]gsh 7y7y fde] & ZE9E %2 Dewanto 5(20)9]
of pH, §tEUobe] A B opm| el A4 FHF 9l 3Hitkst ol we} Folin-Ciocalteu reagent”} Al &2] Z2]#=4 3}
7 RAW 264.7 cellsoll A | =59 574 g1, HT- FE o3 S A7 EEjad JAo R wAst= RS
29 QA HFLAEE o] &3ste] dME A A 53, Y2 SA. 54 Az 2H7e] ¥7-5 1.0 mg/mL
RT-PCRE o] &3] th#E<et9] inflammation & #2411}k FEE 3A3 A5 2 mLel 2% Na,COs €9 2 mLE 7}
TNF-a, IL-6, iINOS, COX-29} A 2] cell cycleol 3 & 2R 7F A2 WXttt 18] 50% Folin—-Cio—
Akl p21, p53, cyclin D13} apoptosis calteu reagent(Sigma—-Aldrich Co., St. Louis, MO, USA)
AEL AR gt 2 mLE 713 § 30% & A2(20~25°C)¢ll A A5}
k8-S A|Ft) WkS- 5 UV-VIS spectrophotometer(Jasco
Tokyo, Japan)E ©]-&38F4 750 nmollA 3% &S 54
P o, XFEAZ gallic acidd AF&3ste] EFEIAS
2kt & ZEdE e AlE LY mg gallic acid
equivalent(GAE)Z YEFY LT
HYsto] FEE5 Axs
24 A sE T
Kelie)

Q1A Bel-2¢] 2d
EH
=
gs9

T
Pl v A H olatst

O =Z 1. O
dEFs T 74
)

=
=2 | HI=
=
‘V’] }\]doﬂ ZOHH(W/V)-/] uﬂ%ee i HO]'O:]

Pratt¥} Birac(21)9]
Attt JAFAS =4 AFXAN 3 A
sk At § o eta, 108 (w/v)e] Ml
71(EYELA,

HEol]
I 5 sidlof g
o
Ay FHAS- Bestan e 9348 R 3lolg] EPo].
|83t AFAo= Az
=343)H %(commermal
v} E (Hamyang, Korea)oll A + 3}
Jakoict. g
(%)= JERNATH22)
85t in vitro B & O]

o]

o} A
M=
4 M=
B Gto = (5)9 2 7HHamyang, Korea)oll A w
& o]&3lo] WEHow Ax ¥ 1dS Tasta 93 ¢
o] A7t =#F(NYFT)E F(soybean doenjang, SD)Z}
A7 F- (A2 H)¥ F(black soybean doenjang BD)S A&
stk 4zt ¥4 F& AFsta B F JhupEol A .9
FAER o A Baske] dAe 2719 SHA 23 o 7MEE T
kg, 10x15%20 cm)®] wlF& Az § HAS ZolE A 24A3F kS 3§
g sto] = = tH40°0). HF= A3 —?_F 60 o] B8-S E3kete] 24413 wikS gt
) E2 AR AFg & 93] 54 FE2AE AU FEIAS WA AFEFH
(Insanga, Hamyang, Korea)S #H7}3F 20%2] AT El Tokyo Rikakikai Co., Tokyo, Japan)® %3 FEES
)ol vl &= ol wokt) 4709 ¥ 7 Ao, o] &5 dimethylsulfoxide(DMSO, Kanto Chem~-
3 1d ical Co., Tokyo, Japan)ell &3&lsle] A3 F== 3|43
= 14ds T 7 Al A&kt
DPPH radical &7 g1} &3
ke 2 &3 8)4¢ 150 uM DPPH(1,1-diphenyl-2-
picrylhydrazyl) €< 100 pL& =¥ 2 #H" A& 100
uLoll 7Fate] 96-well plated] Z33)] 3087F 220 A 1t
SA1Z1 5, UV-VIS spectrophotometer(Jasco)Z 537 nm
< 100 pLE 2T oz
A .

’
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o
o] 7kd ARk
3ko] Ao
218 DMEM

pH, OO|-E
AG, Schwerzenbach, Switzerland)ZE ©]
2 1040 34 €1 A
=gkt obung A 3 =S 98 108 A6
e
sel pH 8.47h 1 wW7x 445
formolH o2
o]
v} o) e A

: == = I~
, BT
172 Al 5 mLoll 54 formalin €9 5 mLE

7F E A Z T
wastil ZAS
doenjang, CD)< &3
Atk
o|s}etA Agol AMgH w2 T4
f3ld=d A8 E -80°C, vacuum gauge 10(Sanwon
Freezing Engineering Co., Busan, Korea)?] Z7o|A «
FU 54 Axe v st MRE v A F A &
A-&-3FH3A T gto] FF= AolE
A 2 tmL[otel HA g =3 RAW 2647 CHAMIEZ(ZHMIE)E O
pHE SevenEasy pH meter(8603, Mettler-Toledo Elg FEE9 =M =3
£ o] &3t 54383 o A L5723 (Seoul, Korea)oll Al RAW 264.7 Al
£ AHEE] A2 A ool Ade] ARESIGITE AE wgE §18
3] A 3} medium(GIBCO, Grand Island, NY, USA)ell 100 unit/mL
9] penicillin-streptomycin, 10%2] fetal bovine serum
(FBS)o| i3 WX & AF&3slo] 37°C, 5% CO; incubator
(Model 3154, Forma Scientific Inc., Marietta, OH, USA)
1A v eFst i), mi A= 24A3mbc) wgke A A5
1abe Agol ALgsgith A v

o
= o;
=3
0.1 N NaOHZ o] &
Jw 2H]¥ 0.1 N NaOH €99 ml, &
B A S A TH18)
Yol A =2 10v] gAg I Al E o]83)
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218} 96 well platedl] welld 2.0x10* cells/mLE 33}
3L, 24413 5 uiAlE WAl samples 94 sEE 348t
o] 48413t &<t 37°C, 5% COq incubatorol A vl &3} t).
48A17F 3 ¥iA]E 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide(MTT) &S 5 mg/mL<]
TR 3% I welld 100 uLE #7lste] Ak 2710
2 4A7F &< O incubatorel] i the-, DMSO] A
¥ formazang =94 ELISA reader(model 680, Bio-
Rad, Tokyo, Japan)® 540 nmoll A EF =5 SA3 o
(23).

HT—-29 QIX| CHEIUMIZO|A L] in vitro &Y S X

MTT assay: e+ A EF-23o| A HT-29 1A
AEZE Egitol Ao Ab&ssint hAlE wds Sl
RPMI 1640 medium(GIBCO)oll 100 unit/mL2] penicillin—
streptomycin, 10%2] FBS7} g% X & Al-&38}o] 37
°C, 5% COz incubator(Model 3154, Forma Scientific
Inc.)oll A wi&Fakaiet.

ket A EE= 96 well plated] welld 2.0x10* cells/
mLE 538130tk 24417 & 8| X] & A A F samples
U F=2 34 T 484 F<F 37°C, 5% CO2 in-
cubatoroll A wi&Falgict wigeo] Eud WA & 5 mg/mL
o] MTT €98 71E9] A= A A 3 welld 100 pL=
A7keth AES AEE iR 2doA 443 5T in-
cubatorel A H]3F )&, DMSOE 100 uL #7183k
MTTZ celld]l A% formazans DMSOZ ¢ RS
w7 gk % ELISA reader(model 680, Bio-Rad)Z 540 nm
N FFE=E 53 TH23).

RT-PCR% ©] &3 TNF-e, IL-6, iNOS, COX-2, p21,
p53, cyclin D1, Bcl-22] mRNA 238 £4: HT-29 <1
HGAAEE S0k TL3 i o w2 wjdate] 6 well plate

o welld 1.5x10° cells/mL& BFat1 ¥4
Aol dA FEE FAlste] hAlazel A gt =
Fo}l YAE2E7](1,200 rpm, 3 min, 4°C)E A E &} vjA =
23513t} 6 well plateo] F-2r% M ¥ <= Trizol reagent
(Invitrogen Co., Carlsbad, CA, USA)E o] &3sle] A ZA}
o] Wil whe} ettt EElE RNAE A= $ Oligo
dT primer(Invitrogen Co.)2} AMV reverse transcrip—
taseE ©]-83}4] 2 nge] RNAZE reverse transcription(%
ZAAR) 3te] sscDNAZE WFEQITH "HEolZl cDNAE F3 2
2 0]83}e] TNF-q, IL-6, INOS, COX-2, p21, p53, cy—
clin D1, Bcl-2 #+#4A= polymerase chain reaction
(PCR) o= B4 FHA 95 %330}, Internal
control housekeeping 2% GAPDH(glyceral de-
hyde-3-phosphate dehydrogenase)Z ©]-&3}o] o]&9]
e AL-E v wsldar, z2F 54 2e] primer sequence:
Table 1o %718} th. PCR2 automatic Bioneer ther-
mocycler(Bioneer, Daejeon, Korea) 2 S A7), £%
¥ DNA 2H2E8 2% agarose gels ©]-83}o] 717]9 53}
3l ethidium bromide(EtBr, Sigma-Aldrich Co.)E ©]-&3}
o] Galgk & UV sl A &lskgitt

SAXM

gz 7t ASE25E 42 Ay A9E9] FoA
43t7] f1ske] EAHEA(ANOVA)S gk & 7X0.05
ol 1 Duncan's multiple range test® AA|&R oW, 1
= 3 (mean)+ %+ XK (standard deviation, SD)Z
A&t BE BA £48 SPSS(v18.0, SPSS Inc., Chi-
cago, IL, USA) TAZ RIS o]&3to] A3t Pt
o] 5% W o] frojdo] ki wA ST

4y 0
B o N

Table 1. Primer sequences of inflammation, cell cycle and apoptosis related genes used for RT-PCR in HT-29 cells

Gene name Sequence
INE. Forward 5-CGGAGTCCGTCCGGGCAGGT-3'
a Reverse 5-GCTGGGTAGAGAATGGATGAACA-3'
L6 Forward 5-CTGCAAGAGACTTCCATCCAGTT-3'
Reverse 5-AGGGAAGGCCGGTGGTTGT-3'
COX2 Forward 5-GAATCATTCACCAGGCAAATTG-3'
. Reverse 5 TCTGTACTGCGGGTGGAACA-3'
)1 Forward 5-CTCAGAGGAGGCGCCATG-3'
p Reverse 5-GGGCGGATTAGGGCTTCC-3'
53 Forward 5-GCTCTGACTGTACCACCATCC-3'
p Reverse 5-CTCTCGGAACATCTCGAAGCG-3'
Cvclin DI Forward 5-GAGGAGCAGCTCGCCAA-3'
ye Reverse 5.CTGTCAAGGTCCGGCCAGCG-3'
Belo Forward 5-CAGCTGCACCTGACG-3'
¢ Reverse 5-GCTGGGTAGGTGCAT-3'
GAPDH Forward 5-TGACGCTGGACCAATCAG-3

Reverse

5'-ACCTCATTGGACTGCATAGC-3'
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Table 2. pH, amino-type nitrogen, and ammonium nitrogen contents in doenjang samples

cp” SD BD
pH 5.6+0.1" 5.2+0.1° 5.6+0.1°
Amino type nitrogen (mg%) 754.1£11.3° 833.5+18.6" 1,022.0+2.8"
Ammonium nitrogen (mg%) 1.4+0.0° 6.5+0.1° 6.4+0.2°

CD: commercial doenjang, SD: soybean doenjang, BD: black soybean doenjang.
Means with the different letters (a-c) in the same row are significantly different (P<0.05) by Duncan's multiple range test.

7=IE|. =y 30 -

= = = Total polyphenol

n
&

1Zto| &t £E4
pH, opn| e ¥ gty ole] A& e Table 2014 B
Hhe} Zro] pHE CDw 3 BDwo] 5.640.10]1 4L, SD*
5.220.15 YERIT ®E pHE Ta7|ite] e ejds
ol X =4 ®a7]zke] wol 2o} x| gkol CDw =}
BDi* 7+e] zlolE HolA eFgkt). shA|uk

I

N
o
L
L

oo rr

Total polyphenol (mg/L)
o

e a7 |

Yol SDIE 5.25 HERlEH], ol= dube]l A%l

pHel Mouhd o W= 448 F2 Juls woltn o " ”

3 2= 9t} 4

& T A )] Sere o Fig. 1. Total polyphenol contents in doenjang samples. CD,
opvlimef A o] 75 CDol 754.1+£11.3 mg%, commercial doenjang; SD, soybean doenjang; BD, black soybean

SD++o] 833.5+18.6 mg%, BD-°] 1,0224+2.8 mg/%= 1} doenjang. Means with the different letters (a-c) above the bars are

BRI}, Kim S(24)0] ATo] o ab opulwg) A% shepe significantly different (P<0.05) by Duncan's multiple range test.

o 2 B 488 Al 463 mgBE UERNATHAL o)

HETAG 0 obvler] A2 PP FAL 160 me%  DPPH A7 E1t £

oFo|nE HE Alse AAgt FAS VAL Qe w1 ®#¢] DPPH 47 &3¢ A7+E Fig. 20] Yehd vle}

2t} 357t 2718k wel DPPH &7 842 271819

. =
dryole] A4 sHEFo] 79 CDT2 1.440.0 mg%, SD o, E— Alg oA datsl 84S B3 1% BDo)
T+ 654+0.1 mg%, BDTE 6.4+0.2 mg%z L}EFTH RE LA 74 2o 3aks @48 BYtH0.5 mg/
Kim %< 25),1 Aol wrEw 147Fx 9] Al DAS 2A}E mL: 12.241.2%, 1 mg/mL: 26.44+0.4%, 1.5 mg/mL: 30.9

ot Ha TS 1 11~29.25 mg% = YE%: +1.1%, 2 mg/mL: 48.4£0.8%). 1.5 mg/mL &=A A

. A Nl ol FRE 400 mg%  ® VA4S CDU SDHT} ke 5HE A4NE Aow e
o) AE nAT W BE Any 44T FAS AAn  HEK0.05). AT B 149 DS} SDE vl
gtk Az, A3bE Vel

AFE PSR FEAAL U UF Lol st Bh

FUO

[ - 60 OCD mSD mBD
A7) = ZEuE 3% =4 A7 Fig. 19 2t} CD DPPH

9] 19.7£0.6 mg/L, SD 1‘0] 18.4£0.8 mg/L, BD+-9]
26.6£0.4 mg/LE YERNA . BDw o] CD ¥} SD H.th
Fo FedE §32 Ui, ot 24T $99

a
b
a c
F AEneE Fol wdy Fue F Awsg Fud g% . W
wol o] g3k A7k Lhe B0 AZLATHIE). EF 0|2l 201 ] ° :
% AEsgEe] Fow A6 7 Agni g2 giks 0] 2t
ot A4S 1Y Ao AHn. F HaAFede gallic ﬂ
0
0.5 2

acid, protocatechin, catechin 5¢] #H&33Eo] = A

50

40

Scavenging activity (%)

o7 AdHA A3(26), AAFE FY o= anthocyanin, gal- Concentration (mg/mL)
lic acid, protocatechin, catechin 52| g&o] =gk Fig. 2. DPPH scavenging activities of doenjang extracted sam-
v 2o Aow Adex] JqrH(15,16). ples. CD, commercial doenjang; SD, soybean doenjang; BD,

black soybean doenjang. Means with the different letters (a-c)
above the bars are significantly different (P<0.05) in the same
concentration by Duncan's multiple range test.
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EFAE, dEi ololAEetE J diF 2 S/ 5o w8
o oate] AAFE olniih, HEfolE ARE, 181 &
% #H=313E3 melanoidin F7¢] #4tst E4o] 1o
= AoR dEA Jon(?), 1 FE2ELS S 7R
T 27t Aok @), wEkA 83 F&5E9°] DPPH 274 &
I5 Wk & ¢ glon, oA @%‘5& L= S
& uj BDwo] £ ZE9E §%& 23Ua ebA BDo|

7b& 32 DPPH &7 245 Hl o= AzbEn.

HAME(RAW 264.7 cell)E 0|25t EHE OEtE FEE2|
in vitro 58 &3

HY FE2E w5 54S 2
T} RAW 264.7 cells *4
W 2 o] &E = AE
mg/mLe] FZ=71A]= RAW 264.7 cells9]
gttt AW 1 mg/mLe] FEolA+= CDwo] 81+£3.2%,
SD2 7.420.4%, BD2 7.320.5%9] cells®t Aol
o}, wakA 0.1~0.5 mg/mLe] FZ=7A & F3AMxed 5
g AE vAA FE o FEH.

HT-29 QIX| cH=ret MZO|M in vitro & S0t =X
MTT assay: ¥ 5559 5T IdAX A% oA

A 1407 OCD mSD mBD

120 s NS NS

T L

< 100{ L
X
~ a
2 801
()]
£ 60
>
z
S 404
w

201 b b

0 ‘ ‘

0.1 0.25 0.5 1

Concentration (mg/mL)

B 100 OCD OsSD mBD

80 a @

a

— a
X 601 a a
~ ab b
[} b b
T 40 a
c
k]
£ 204
2
<

0 : : :

0.1 0.25 0.5 1
-20
b

-40 -
Concentration (mg/mL)
Fig. 3. Anti-proliferative activities of doenjang extracted sam-
ples on normal RAW 264.7 (A) and HT-29 human cancer cells
(B). CD, commercial doenjang; SD, soybean doenjang; BD, black
soybean doenjang. Means with the different letters (a,b) above
the bars are significantly different (P<0.05) in the same concen-
tration by Duncan's multiple range test. NS: not significant.

7= Fig. 37 2t} CDw9 0.1 mg/mL 55 Al
RE AR sEAA oget Al A& gAs)
iy 0] 0.1 mg/mL &%= 38.8414.7%, 0.25 mg/
mL &EA 43.7£9.2%, 0.5 mg/mL &= A 65.5+2.4
%, 1 mg/mL XA 78.3£0.9%2] JA &= A& 5 7}
A o A A g3 KR},

SD< 0.1 mg/mL =0 A 32. 1+4.5%, 0.25 mg/mL
oA 38.4£8.6%, 0.5 mg/mL FXA 60.4%£1.0%,
mg/mL FXNA 77.32£0.9%2] A &2 BDwHEY 2+
2 AAAA 2345 Bov FAAA F982 vERY
.

] %%

CD %% 0.1 mg/mL F%olA -13.847.7%, 0.25 mg/
mL FEoA 30.3£10.8%, 0.5 mg/mL E=lA 37.9+
5.7%, 1 mg/mL XA 38.7£5.3%= 71 & A
A B35 BATHP<.05). 0.5 mg/mLe] XA vlust
ul BD9} SDE &37F AA % v)523 A3gkS B, CD
= EARom »o FAE BIYTHP<.05).

SDi-¢] - CDwoll HlE] & Ze|v)i5e] 3 A3

DPPH 4&2A @ oA+ vz =45 Yegigloy MTT
assay°l Al CDoll Hl8] %2 3

=
o
1

kS

N

e

N

Fob avks vehigl=d,

ol HA& AHEst] BE @kl "R o® e nis).
CD ol 45 AA9S ol&ste] Ads H3k=1 Yoon
(28)e] ATollM = g Az Al AR o] Sl whet

o S9& M7k wgel

QAL golA] wvbe w2y
/K

H2
e SHEANT & HmalgtEel ol o) we oA
= W Ao AZETHI4),
RT-PCR%E o] &3+ TNF a, IL-6, COX-29] mRNA
Wby BA: TNF-q, IL-69F COX-29] mRNA &#dS =4
3} tHFig. 4). BD#*& Conw ¥} CD, SD+el ]3] TNF-
a, [IL-69F COX-29 mRNA #do| fo&oz 7HAsglth
(p<o 05) EHx}ol— /pﬂioﬂ Zr.od o7 u]-E E]X}-.Q. ﬂg]g]_oﬂg.
o o2 Ago® vhE el vl tidet AES] TNF-q,
IL-69F COX-29] & o] oJAld AL & = AH5). ol¥
g ztol= 4] MUlE F K, Mn, Fe, Po] 3ol 4A4
I g el vlal wol o]2] gk cytokines kS|
FEs = Aoz AZETH29). EE??} QFEAJOlAL inflam-
= 4R UkE0). 1
BD¢] Conw-o]L}
Az E 9AE

AG & Yes o

.1

matory pathways Z43sl= Ao
B2 TNF-q, IL-69] @& #AE
CD, SDaell vl 454 Atol =7kl
zdato] o5 Ale| BRI S o
St}

et wEol A COX-2+= w5
= AR, COX-25 A =
W azoxymethane &2 5% rat2] ¢35 (aberrant
o] P dFE F= Aer &

I, %0,

!
crypt foci ACF)™ =9

0
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Con CD SD BD

TNF-a

1.2 7 TNF-a

0.6

0.4 A

0.2

mRNA expression (fold ratio)
o
o [o2]
L
_ :

Con Ccb MD SD
1.2 9 COX-2
a
—_ a T
g 1 =
Y
ko]
£ 0.8 b
C
e}
2 0.6 -
o
g
o 04 -
< c
Z
% N l
0
Con cb SD BD

A QTH31). A A A AFe] EFFR, TNF-q, lipopoly-
saccharide®} 2 A= 95 959 HA1A1 NF-kB
=S ZA3A7IH, 2 A3k COX-25 LHA|A nitric oxide
9} PGE,E AAdste] 458 doF1th(32). 3 COX-2&
AF A=l o3l Aol freEo] HAE, AFE3
obgfell A T u o] YAAME, DM E Fo SAEE a4
2 AF TF UE T #Ho] Z2 AR dHA U,
o] & Q& dFolA THH= o3 #

E}(33) wrgh A BDwo] Coniott

D, SDdl H]&) &

9 FAA B dAS 2dete] IAFVSS oA T 5

AeS oulshe, digetel Sadstkslel @AY 4 kil
w3k 4= 9tk

oidehs ket Ao A 28T d9E AHAAS well

kgl vl diidzAe A COX-29 &3S A=

Hl(34), 7T SGEAIICR g o] & A s= Ao

2 B EJATH15).

RT-PCRS o] &3 p21, p53, cyclin D1, Bcl-29]
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Fig. 4. mRNA expression levels of doenjang extracted samples
on TNF-a, IL-6, and COX-2 in HT-29 cancer cells (0.5 mg/mL)
by the treatment of different kinds of doenjangs. CD, commer-
cial doenjang; SD, soybean doenjang; BD, black soybean doenjang.
Fold ratio: Gene expression/ GAPDH X control numerical value
(Control fold ratio=1). Means with the different letters (a-d)
above the bars are significantly different (P<0.05) by Duncan's
multiple range test.
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Fig. 5. mRNA expression levels of doenjang extracted samples on p21, p53, cyclin D1, and Bcl-2 in HT-29 cancer cells (0.5 mg/
mL) by the treatment of different kinds of doenjangs. CD, commercial doenjang; SD, soybean doenjang; BD, black soybean doenjang.
Fold ratio: Gene expression/ GAPDH X control numerical value (Control fold ratio=1). Means with the different letters (a-d) above
bars are significantly different (P<0.05) by Duncan's multiple range test.
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