J Korean Soc Food Sci Nutr
44(4), 524 ~531(2015)

SEREEDEREE
http://dx.doi.org/10.3746/jk{n.2015.44.4.524

SHEZY ittt A HT-29 LMEUAM in vitro &2t =1t
AFat - gojd! - ZoIM? - i
"RANHEII A F Y st
sy

Antioxidative and Anticancer Effects of Doenjang Prepared with
Bamboo Salt in HT-29 Human Colon Cancer Cells

Jung-Ha Shim', Eui Seong Park!, In-Suk Kim? and Kun-Young Park’

!Department of Food Science and Nutrition, Pusan National University
?Sambo Food Corporation

ABSTRACT

Antioxidant activities and in vitro anticancer effects of bamboo salt doenjang on HT-29 human colon

cancer cells were studied. 3Y3B-D (three-year fermentation using three-time baked bamboo salt doenjang), 3Y9B-D
(three-year fermentation using nine-time baked bamboo salt doenjang), 6Y3B-D (six-year fermentation using three-time
baked bamboo salt doenjang), and 6Y9B-D (six-year fermentation using nine-time baked bamboo salt doenjang) were
compared to C-D (commercial doenjang) and 3B-S (cooked soy beans prepared using three-time baked bamboo salt).
There were no differences between experimental groups in pH, amino-type nitrogen, or ammonia-type nitrogen levels.
6Y9B-D showed the highest antioxidative effect, followed by 6Y3B-D, 3Y9B-D, and 3Y3B-D, in order. 6Y9B-D
showed the highest total polyphenol concentration. 6Y9B-D showed the highest anticancer effect, as determined by
MTT assay, as well as levels of the pro-inflammatory cytokines including TNF-o, IL-6, iNOS, and COX-2, followed
by 6Y3B-D, 3Y9B-D, and 3Y3B-D, in order. From the results above, 6Y9B-D showed the highest antioxidative and
anticancer effects, followed by 6Y3B-D, 3Y9B-D, 3Y3B-D, C-D, and 3B-S.
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=98 "re 39 Haed, 33 e £9E o83 64
HaRd, 93] 2 59 o) &3 6d TaRHES o] &3
o] o] Al59] pH, gt Yote] A F oln|g ZA 3
ol rE 54 2 kst a3, HT-29 Q1A dAMEE o]&-
sl MEZ A oA a3 12]3 pro-inflammatory cy-
tokines(TNF-q, IL-6) % 95¥## fFd2GNOS, COX-2)

WS AR

4 M=

2 AFoA AEE SFHEEFTL ()R EH Jeonbuk,
Korea)oll A #l|&-1ko} AL-&3190t), & 3\d Washsla 33
9SS ¥ "IA(3 year-3xXbamboo salt-doenjang,
3Y3B-D), 3 %& 93] 3 year-9xbamboo salt-
doenjang, 3Y9B-D), 611 2& 33] FIAHH(6 years-3%
bamboo salt-doenjang, 6Y3B-D), 613 && 93] =I5 %
(6 years—9xbamboo salt-doenjang, 6YOB-D)2] 47}4]

o] AHgE o, HWE 93 33] & £9S HUhe
e F(3B-S, @9 9% 13%% 5Y), EfALEA(C-D,
AAGY HIdF A, 1d E&59 9% Nonghyup,
Jeonbuk, Korea)s AF&-3}ith.

pH, OBl RA 2 otmLjofe) TA =M

pH+ SevenEasy pH(8603, Mettler-Toledo AG,
Schwerzenbach, Switzerland)& ©]-&3to] SA33 oM,
FRER 109 4% B RS ol Lo Sal
At

obu| ] A4 T ZS fI9 108 sAg B A=
5 mLol| T4 formalin € 5 mLE 7}3F ¥, 0.1 N NaOH
£ o|-&3te] pH 8.47F & wj7hA] A3ttt olw] AnlE
0.1 N NaOH & ¢] mL & formol§ &.& #A4tste] o
= da S JEdT10).

AEUote] A ke 108 A% FF AIEE o] &3
o] AM-505-K(Asan Parmaceuticals, Hwaseong, Korea)
o 938t IndophenolH o2 =A3FUtH(11).

£ Eoilzs &3

Zvzy A & Zeuls %8 Dewanto 5(12)¢] W
| @2} Folin—Ciocalteu reagent7} A1 29 Z 294
SHaol o3 39E Ay Eajpd Yoz WA= 7
Y= S48t 54 dxd 449 9745 1.0 mg/mL

2

(

mlo A,‘i' rE

=5 /] ESRTS /\]EE 2 mLell 2% NaCO3 £ 2 mLE
A7 ek & 287k A2 vrx)eg ). 18] 50% Folin-

Ciocalteu reagent 2 mLE 7}3F & 30% FoF A(20~25
°C)oll A W8k Wb-&-S AlF Y. Hk-g- & UV-VIS spec-
trophotometer(Jasco, Tokyo, Japan)& ©]£3}%] 750 nm

A FHE #e FHsA o, BFEHRE gallic acidE

2 e a3 525

ARSSte] XETAA S AU F EEHE g
L9 mg gallic acid equivalent(GAE)=® YE AT}

A8

= Azxd I3 A1 55 vHsta
Algol 208l (w/v)] HgreS E38te] 24A17F WS T
H Age 5 el FEAE A AFFFHT
(EYELA, Tokyo Rikakikai Co., Tokyo, Japan)® %33
FEES den, oS dimethly sulfoxide(DMSO,
Kanto Chemical Co., Tokyo, Japan)o| &3|te] 23t
Fee A% & 7F AFel AFE-SHTHIA).

In vitro 84tst S0 £H

DPPH radical &7 &3 W22 &3] 843 150
um DPPH(1,1-diphenyl-2-picrylhydrazyl) &< 100 uL
= e F8)9 AlE 100 plel 7Fste] 96-well platedl]
&3ka) 3081 A2 A vk-g-A1Z] H, UV-VIS spectro-
photometer(Jasco)® 540 nmol A S3 == S43F% ).
HERE 200 uLE X0 E 3to] FHFE Afol& WiEE
(%)% YERATHIA).

Hydroxyl radical &7 &3}: Chung 5(15)9] WHo=w
400 pym FeSO4-7H20-ethylenediaminetetra acetic acid
disodium salt(EDTA) 6 mMB] 2-deoxyribose9} &%
Ha Algd 200 uLE 83 & 400 um ascorbic acid®t
3 mM2] Hy0.8 #H7Fete] 37°Cell A 1A17F &<t vH-3-A1 3
t}. o] &3] 2.8% trichloroacetic acid(TCA) 1.0 mL<}
1.0% thiobarbituric acid(TBA) 1.0 mL& #7}sle] 100°C
o A 251 WEEAIT & Ao R WAAT ths UV-VIS
spectrophotometer(Shimadzu UV-2401PC, Kyoto, Ja-
pan)& ©]&3t4 520 nmolA FFEE SA43ISITh
HT-29 ©IX| CcHEAMIZOIAM L] in vitro Y St EH

MTT assay: =AM L5723 (Seoul, Korea)d A HT-
29 QUA| A EE EFRtol Aol ARSIt Al
kS 98] RPMI 1640 medium(GIBCO, Grand Island,
NY, USA)ell 100 unit/mL¢] penicillin-streptomycin,
10%2] FBS7} e WA = AFg&3}e] 37°C, 5% COs in-
cubator(Model 3154, Forma Scientific Inc., Marietta,
OH, USA)°ll A v Falct. six]= 24 A1 2kvfet alkal 5=rd A
Attt A sjgs A Ao ARgsksith oA
Hl kS 213 96 well platedl] welld 1.5x10" cells/mL
2 BFsta, 24417 3 X E HE]al sampleS 9F FE
34 sled 48A13F Fot 37°C, 5% COg incubatorol| A vl %
kvt 48417F F wi A= MTT &5 5 mg/mLo| 5%
3|48k & welld 100 L& H7bste] Ak 2704 44]
7F &9t o incubatorell B]%Fst thg-, DMSO° A H for—
mazang 594 ELISA reader(model 680, Bio-Rad,
Tokyo, Japan)Z 540 nmol A &3 E=E =439 tH16).
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RT-PCR% ©] 43 TNF- e, IL-63} iNOS, COX-2 $
79 A HT-29 OA FAALE 99 5L3

b e o e

of Mgt & S ds ol YA EF71(1,200 rpm, 3
min, 4°C)% AlEe} viAE 2|35t 6 well plateol] F
Z% N EE trizol(Invitrogen Co., Carlsbad, CA, USA)&
ol-gsto] Y7 & Rot = AE 9} T total RNAE
=28t #eld RNAE AZ3s ¥ Oligo dT primer
(Invitrogen Co.)¢} AMV reverse transcriptaseS ©]-&3}
o] 2 ug® RNAZE reverse transcription(& AL 8to ss
cDNAZ RHEQIth ¥HE50l7]l cDNAE FE o= o] g3}
TNF-a, IL-6, iINOS, COX-2 A= polymerase chain
reaction(PCR) o2 54 42 ¥-95 SZ3194.
olw] internal control® housekeeping A A= glycer—
aldehyde-3-phosphate dehydrogenase(GAPDH)E A}
3tk 2 54129 primer sequences TNF-a9 &%
S 98] 5'-CGGAGTCCGTCCGGGCAGGT-3'(forward),
5'-GCTGGGTAGAGAATGGATGAACA-3'(reverse),
IL-69] 522 93] 5'-CTGCAAGAGACTTCCATCCA-
GTT-3'(forward), 5'-AGGGAAGGCCGGTGGTTGT-3'
(reverse)E AF&3laz, INOSe FZ& 93] 5'-GCAG-
CTGGGCTGTACAAA-3'(foward), 5'-AGCGTTTCGG-
GATCTGAAT-3'(reverse), COX-2 %< $late] 5'-
GAATCATTCACCAGGCAAATTG-3'(forward), 5'-TC-
TGTACTGCGGGTGGAACA-3'(reverse), GAPDH 3%
S 9138 5'-TGACGCTGGACCAATCAG-3'(forward), 5'-
ACCTCATTGGACTGCATAGC-3'(reverse)& A3} ).

PCR(Bioneer, Daejeon, Korea) ¥ Z §4AE5L 2%
agarose gelg o|-&3}o] H7] 9dE3}al ethidium bromide
(EtBr, Sigma-Aldrich Co., St. Louis, MO, USA)E o]-&3}
o gk & UV light stellA E18FATHIT).
SHAEM

A3 Ao oS AFsr] S8 AHEA (ANOVA)
S AP 1 3 /X0.05 4= A Duncan's multiple
range testE AA|SIHTH RE AY A5 HA+EFA

A2 FAER o, TAEA S SPSS(v18.0, SPSS Inc.,

Q14w

Chicago, IL, USA) B4 ZTE1WE o]&3to] B39}

7E41|- al T1xb

ElEo| Ws EY

pH, opv]:xel] A4 9 R Vole] A& WS T
oM HlFE WHEa Higo® & 5 dA
oA =&t} ®go] s gd net B4 o, 9
AEo] 288 ol ofg] 71x] I, B3R fUlAeR
A= o] A= g S7FA 71 dde] HAS Aolgtal Ats
Hu A 7|7ke] S HE 45 pHE Solths Halel 2
S B1Y(18). o] A F WA Bacillus subtilis,
Bacillus natto &2 M+to] ¥H]&}= protease”} wWlF<]
S-S ThEits AlA ofn|wmAte] frE| il 58] S 5%
sko] A E o] ¥ Efo] Frg nho] A E A FTH(18).
ey dAgAzre] A B ARt el Al2H QL B as
7t #sta s HAA 7] AL, deaminase”} o} 4kS Erot
W AlA o] =7] 7} bR uolR A BHE tH(19). whebA] pH
oF opnl g, R UolEE Fgste] @ 4 A=}
F4 WstE et 59 "o @39 Har|te] uE
pHE 28l 7]2F a7 Wae ol pH7F A4k 4
< YERTHTable 1). &7} 5% & 3x59 #H7F ah2
F(3B-9)2 A3t BE oA pH 7.0 o]&te] AyE Au
B odslen, o 77 wavt @aHE <l 6Y3B-D,
6Y9B-De] pHi= 4.7£0.13 5.2+0.12 A3 A3}
(/X0.05).

o e A= C-DE HIE ARE 7t & Apol=
A tH(Table 1). HE A k& 3B-S(&F
7.6mg/%= YEFEARE, o] & A9 BE
26.1~1,173.5£17 mg%2| o] =¥ 249 s SAHT
T AT

R o} E
= QIR o}e)
C-DellA A

Al ]}
ol S7behe S e, &

oFyole] A2(97.0+3.5 mgh) S =
A ¢ dRen, F99%4 3Y3B-DAAE 83.8%£1.9
mg%, 3Y9B-Doll A 94.6+3.6 mg%, 6Y3B-DolA 89.2+
2.5 mg%, 6YIB-DolA 96.3+1.1 mghz AU

(Table 1). SFEUote) A2 o] & ARe F4 &2
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Table 1. pH, amino-type nitrogen and ammonium nitrogen contents in doenjangs prepared with different baked bamboo salts and

fermentation period

3B-s" C-D 3Y3B-D 3Y9B-D 6Y3B-D 6Y9B-D

pH 8.9£0.2° 5.6i0.lbb 5.540.1° 5.6£0.1° 4.7+0.1° 5.2£0.1°

Amino type nitrogen (mg%) ~ 145.6+7.6. 1,128.4+7.3"  1,058.5426.1°  1,173.5+17" 1,060.7¢61.b9c 1,087.7+45.8™
Ammonium nitrogen (mg%) 8.1+1.9 97.0+3.5" 83.8+1.9° 94.6+3.6" 89.242.5 96.3+1.1°

Y3B-S: boiled soy beans prepared with 3-time baked bamboo salt, C-D: commercial doenjang, 3Y3B-D: 3 years fermented doenjang
prepared with 3 Xbaked bamboo salt, 3Y9B-D: 3 years fermented doenjang prepared with 9 Xbaked bamboo salt, 6Y3B-D: 6
years fermented doenjang prepared with 3 Xbaked bamboo salt, 6Y9IB-D: 6 years fermented doenjang prepared with 9 Xbaked

bamboo salt.

“UMeans with the different letters in the same row are significantly different (P<0.05) by Duncan's multiple range test.
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Table 2. Total polyphenol contents in doenjang with different baked bamboo salts and fermentation period (unit: mg/mL)
Groups 3B-s" C-D 3Y3B-D 3Y9B-D 6Y3B-D 6Y9B-D
Total polyphenol 6.8£0.2° 22.8+0.5° 26.940.6° 27.7£1.9° 42.9+1.9° 47.2+0.6"

" Abbreviations are same as shown in Table 1.
“*Means with the different letters in the row are significantly different (P<0.05) by Duncan's multiple range test.

AR AT F 9ot AEFH 4] 400 mg% ©)s) 20.3+0.7%, 3Y3B-D¥ 24.841.5%, 3Y9B-D¥ 31.2+
el AL vigoz B Ao dRY oty A g 1.0%, 6Y3B-D¥ 34.1+0.4%, 6Y9B-D¥ 38.2+£2.5%9]
Aol JeFE nH = o] ofd Ao AR E¥E yeldon, odl 7|7t dad 59 9wl 27

s
D, 6Y9B-DollA] C-D<} 3Y3B-D, 3Y9B-Dol| H|3] pH<} =20l = ofo]AETE ZE«] FGiksl o] o= A

z‘% o
b HEvhy $ W WskR Qls) 4] 54€ 6Y3B- E7F FERTHIXKO.05). BEE TR FEesls o L
FE
opm g T1e]aL qhEYobE] At 593 wA S o7 dA gloem2D), 1 FEwE S Tiv=

i =

o
T 8 4= gla, wEbA A7 402 23 HAge] E32 RBa7t Ho] tH22). Lee 5(23)2 F713F <44 W7ol
Wslel= o] o] glvkal & <+ itk A T8 A B4 = setEel A FUkEE As
& AdA, 6d 54 S FlAM = C-De 39 A
Z s 54 1R =2 584 49 EQY dE sstEEo] wol
H4de] F EY9s &% 54 A= Table 29 2o ] & DPPH free radical 274 &3E ®Beltta & $
A717r %49 93] Fgo R A% 6d HEHIF6YIB- ALt Jeong 5(2)2 AFY THE S 239 V54
D)o] 47.240.6 mg/mLE 7 = JeH(X0.05). A% Az} polofl A S H7Ee Dol 7 =2 free radical
H0e wta 27 s B dE StEEo] £ H o 27%E AT 7 dAeH, AAD v& 592 Ca,
E kst EA4E vERE Ziﬁli ALEETH19). Jo & Mg, K, Fe 59 323 7|g} Aggdd gdito] F73(7)
(20)¢] ATl o3tH LHE A G WY a1t 4 e wrgrt oy 2 A= AS & F AU ol2g
717ro] Q| Aol A isoflavoned} GABAS] &&Fo| Z+ Avtel ZQHGI G| S e 84 AW
7} 48.1 mg/kgol A4l 101.2 mg/keg, 24.9 mg/kgoll 4 1,938.7 B4, fE 3EE9] s Aolet AUz 449 ¥4, a7
mg/kgl B Z7tEQutn Bttt T FA o] wi Ho 3 93] 4 AR 5o ksl TE S wole A%E YE
uet FAE T mMEA FejelA A W F5E7 o] &E ot AzbEnt 93] 9 A5 33 599 O g
9 A7 0] & v A el daidzein¥} genis- 235 33 e olALRE 13 ikl Edo] debhnt
teino 2 AdE AL g = ANoW(3,4), T 2 A i g QdTHE2d).
TE B3 A7 49 9 F ZelvE d9ke] w2 Hydroxyl radical &4 &3 &%: =95 H7bsk 9%
A3 A =] sy, 9] hydroxyl radical &7 &2 A3k @i}—‘f Fig. 137
2t} 0.5 mg/mL =14 3B-S& 33.0£2.6%, C-Di=
In vitro A tst s X 64.9+2.1%, 3Y3B-D+ 71.5+0.6%, 3Y9B-D+ 76.9%
DPPH 47 &3 =A: 99739 DPPH free radical 0.5%, 6Y3B-D+ 80.8+0.9%, 6Y9B-D+= 86.2+2.0%9]
2 @3+ Fig. 13 2t} 05 mg/ml 52 9% F55 27 23E Ye A, hydroxyl radical &7 &3 =4

9] free radical 274 &3+ 3B-S+= 3.410.4%, C-D+ ol = 6YIB-Doll A radical &2A%°] Feldo=z 713 §-

507 DPPH free radical (0.5 mg/mL) 1007 Hydroxyl radical (0.5 mg/mL)
a
a b .

—~ 40 80 4 c -
g b 1 < . d i
.‘i‘ ¢ : —L
> —L =
= 30 A d > 60 4
S ©
g ©
£ e 2
8 20 + g 40 4 f
> >
g 3
3 7]

10 4 20

f
0 T T T T T | 0 T T T T T |
3B-S C-D 3Y3B-D 3Y9B-D 6Y3B-D 6Y9B-D 3B-S C-D 3Y3B-D 3Y9B-D 6Y3B-D 6Y9B-D

Fig. 1. DPPH and hydroxyl radical scavenging activities of doenjangs with different baked bamboo salts. Abbreviations are same
as shown in Table 1. Means with the different letters (a-f) on bars are significantly different (P<0.05) by Duncan's multiple range
test.
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FBFATHX0.05). FH2 &6 B FEAR] 3255
7HAH, S92 AR AA A ET Ca, Fe, Mn
e}

o
-
T
o ¥
4

P, K 59 F71&d¢ =Fo
E£3] Mn2 Mn-SODe| FAA &

def A AEHT).

AA A F3gt free

radicals AA3H, Ag Ao+ Ax e AAAksrt
S7kgto] BauE ), e o] AlZEH OHY| 7} ©ol
o] olgo] datsl A4S =Arta 3FTH26). whEk

A F el Fr1Ede kst g3 ® @Al o)FA #
|8 AoE F5HH(24), 4 s
A B A a3 GA =A yEbd Aew AzhE.
HT-29 QIx| EH’“°* d=ZoflM2| in vitro 2 &1
MTT assay: &a7|+s @23 S84 HT-2
FAAE A a5 HEA3 A7E Fig. 2%
mg/mL igxl—,] CQ.’ ]z /Hx]— cqzﬂ EJ,}
#} 3B-S& 10.9+0.6%, C-D& 12.6+2.5%, 3Y3
25.9+1.4%, 3Y9B-D+ 28.8+3.1%, 6Y3B-D+ 36.
3.4%, 6Y9B-D+= 58.71£0.3%= UAHE Y JAE&ES Y
Bl e, 0.25 mg/mL ¥=2 49 SAE A oA
232 SAHI 23 3B-S& 20.6+2.2%, C-De 32.9+
0.6%, 3Y3B-D+ 42.7+£2.3%, 3Y9B-D+= 53.8%£1.3%,
6Y3B-D+= 65.942.4%, 6YIB-D+= 72.8£1.7%% 1 %
A A JAES dER T Kwon? Shon(5)2 1,
2, 3d 94 AuE FEE59 = %Q%& 7hA] AL Q1A
H A E F 2 s
EHE At “ﬁi 2 47 srHEH
%]xo]—o] o]—,q]_L }dz]—o 7].% O_IJ
th Yoon(27)¢] AFellA+=
FHol wet hAlE A oA
A7rgE ANA Fel AR Aol
AT e A g
71578 0] S7HATHT). & AT A= 6YIB-D
M GAE A oAl EIE AAgom DY
42 Bt ARH C-DS REHA BE 3B-S

S I

o_.>i
o

f
U:J
U
i’rlrmHEM

707 MTT assay (0.1 mg/mL)

60 - a
50
40 1

30 A

TEHWH

Inhibition rate (%)

3B-S C-D 3Y3B-D 3Y9B-D 6Y3B-D

6Y9B-D

olg} AR MTT assayol A=
7F 9 &adrt -3

TNF- e, IL-63 iNOS, COX-2 3 #} %3 4
4 g Ak Ao gigetel o]E ThsAdo] dRiqlrT)
30 =2 BoE HAHATHZY). AEHA d52 d
o) &) M| 3 7} #-9]3}+= pro-inflammatory cytokine®] 4=
< Folal, A AlEY d52 US o3l EARIolE
zZ kA Frt olwf AFE FARO|HEEL apoptosis7t
HEstA o] FoX|A] S A9 upgd o wHEHA )
ol#l P=ukgo] dojd w] =A== pro-inflammatory
cytokine®] ARl QIAEL o] AFES 53 o] ¥
A A 25 7 tiEA Q] 1A TNF-a, IL-6°]7
(29), o] 1254 RT-PCRE &3 SAH A

B9 FEES HT-29 A didSAIEA 0.25 mg/mL
o FEE AP, A dd A= Flg 33 2}
TNF—a, IL-6 A} 2dl BoFell A fro] 29l Afo] = 6Y9IB-
D7} 7bd w@ekar, AU 434 %;Q-OE]T—I aea 33
ARG 93] FAEGo] Fo]4Ql AfolE YEH mRNA
o] ¥ oko] 7+ tH(/X0.05). Hwang(9)S &4 %3]
IRt gn & FEAH] JA a3E e} 53
a1, Qo] mul kel xfo]= &) o]# cytokine %1

1

ZrE ol SR TH(24). B

H

i

c

O:

i

(¢3

=3 Agste] Az "
C-D$} &7} ¥x] @e 3B-SHtt 7] &4 =994
6Y9B-D, 6Y3B-DellA &4
tokines?] mRNA #& & Ay E 4= AATH/X0.05).
el 9lo} COX-2¢] 3} ¥tel &g-e st A%, wHY
SolA gol #FEE 4 g9lom, ojHl &
oAt Az T2 FX B W
Ada YA, IR A& I A
A A#E Few HaEe] 9TH30). NO9 A aidd

FE o}if

2 pro-inflammatory cy-

T,
AFS- apoptosisE

“
et
J 2

807 MTT assay (0.25 mg/mL) a
b —I
T

. 60 - c
g N
Q d
o
.5 40 4 e
5
E f

20 -

0 ‘ ‘ ‘ ‘
3B-S C-D  3Y3BD 3Y9B-D 6Y3B-D 6Y9B-D

Fig. 2. Antiproliferative activities of doenjang prepared with different baked bamboo salts on HT-29 human cancer cells (0.5 mg/mL).
Abbreviations are same as shown in Table 1. Means with the different letters (a-f) on bars are significantly different (P<0.05)

by Duncan's multiple range test.
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Fig. 3. mRNA expression levels of doenjang with bamboo salts on TNF-a, IL-6, COX-2, and iNOS, in HT-29 cancer cells (0.25
mg/mL) by the treatment of different kinds of doenjangs. Abbreviations are same as shown in Table 1. Means with the different
letters (a-g) on bars are significantly different (P<0.05) by Duncan's multiple range test.
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