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Abstract

Gochujang, a traditional Korean food, is fermented by mixing red pepper powder, various grain, meju and salt.
Changes in the kind of ingredients and fermentation method could increase health functionalities. In this study,
in vivo anti-colitis effects of gochujang prepared with mixed grains, bamboo salt baked 3 times and meju starters
on DSS-induced colitis in C57BL/6 mice were studied. We prepared gochujang prepared with mixed grains (MG),
bamboo salt, and Aspergillus oryzae (A) and Baccillus subtilis (B) mixed starters (MG-AB) and gochujang prepared
with MG, bamboo salt and A, B and Lactobacillus plantarum (L) mixed starters (MG-ABL). MG-AB and MG-ABL
significantly increased body weight and colon length compared to the control (p<0.05). MG-ABL showed significantly
decreased interleukin-6 (IL-6) expression in serum compared to the control and MG-AB group (p<0.05). MG-ABL
also regulated mRNA and protein levels of pro-apoptotic Bel-2-associated X protein (Bax) and anti-apoptotic B-cell
lymphoma-2 (Bcl-2) in the mice colon tissue (p<0.05). Therefore, MG-ABL exhibited the increased anticolitis effects
by inhibiting damage of colon tissue, probably by regulating a pro-inflammatory cytokine of IL-6 and regulated
apoptosis related genes. These results indicated that gochujang changed with good ingredients and starters had
colitis preventive effects and might be due to active compounds in mixed grain and bamboo salt, and produced

by L during the fermentation of gochujang.

Key words :

M B

*Corresponding author. E-mail : kunypark@cha.ac.kr

Phone : 82-31-881-7159, Fax : 82-31-881-7219

Received 20 November 2017; Revised 7 December 2017,
Accepted 8 December 2017.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

Gochujang, Lactobacillus plantarum, dextran sulfate sodium (DSS), colitis, CS7BL/6 mice

N e
ofelieite] 7, R

= Sl
ok, 2l w2l ko] 2315 o] fo] S ER2
gro] Yehp o] 2 Qlaf gh=xqlo] Musl=

2R 52 AREETHD). g 54 A7 s HAA
PHNH34), FEAH(G5), F@), Fitske) 52 BHE



Improvement of colitis preventive effects of Gochujang by addition of Lactobacillus plantarum on C57BLJ/6 mice 1189

‘gell ZFo] 7 ERSETHO). 157 WE Aldle AT E
U F1H(A, By & shed], 233 drkske vsE
LEATE Wl wet vl W Bt skt 5o 2R
2802 74% g, 37|, AZo] GEA|E FoR Ky

F4<¢l
1t Aspergillus oryzaeA), Bacillus subtilis(B), Lactobacillus
Plantarum(L)2 58 WFE o] &3t 15375 72U
t}. AlEEE #Z3 F Ee|e dF oA dextran sulfate
sodium(DSS) 2 F=g HS AAlehe 2o ® Hay
R3I(10), TF FEE2 St 4 FAT Tt e
Aoz deA Aok, E3 712 v 2l &)
o9 o] Tl w2 st a3E Yehle
Aoz g uf 9lek(12). 92 Feluete] Ao
2 7Fge Ago® AT AL vlal Fatsk(13),
(147 Hold Ao g HuEol gtk WFE HE
Al W o g e vFe} e WA ow FHE JESH
of HFE g vhgol detl(), A% B 22 S0 HE
sto] WFE At g2 Fare] A4S dAst o
50| FAHFol Hol vlFe] Fdo| dH, 15
kel 9 gk g% Srkelhe 23S Bl vt Ak1s).
a2]a A, B 2 Lactococeus lactis S F6ke] WFE
Azshd 71 AEAR W Hla =& I EHE
Yellle o2 Yeldthi16). £ ATellA F3HA, B, L)
o= HEFS o T AHAXANA EEE  Lactobacillus
plantarum(L)& 32434(17), LR IH(18)7} Holt Ao
Huso] =3 4, Lo] A7Hd T2 &2 1570
719 a5 vg o =2 g 295 JEid Ao
2 7= Aok g o]l AFllA FE e, 7 717
I =4, FHEA, B, D= HFT VTR Fe 137G
ARk Ql A A, Fato]l HEHA ¥ WF7HF
£ o] &g nFFe Hla FHAFETE, pH, ot =,
A ) zto]7} glom, WsA o7 TS glo] §-38k 3o
2 Yeh}19) AA dEozMe] JIR = 83 Ao
A ZHETH(19).

AJ7HA 9 157 A= FHNE), FHE), FAske)
£ THoE A9t A=A e, IS, 53] in vivell
A el tigk A= A9 fith webA 2 A5 DSS
2 i3S FEe vhezoA JF33 9, TS HE
A7 23 AR F, vhe2e] Al dige] Aol
pro-inflammatory cytokine$! interleukin-6(IL-6), apoptosis
T 9141 Bel-2-associated X protein(Bax), B-cell lymphoma-
2(Bcl-2)9] TS FAFete] W& Al L H7tel| o) tig4d

Hi

AA At oS SHHEAE AT BT
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H 1z « M=
& AFelAE 201584 7l s R, 7l f71E
71783 A7 5L @ZEvHS(Seoul, Korea, http:/fwww.
choroc.com))ol| Al 1, F4otlth U2 91 & 54
© 2 (214N Hamyang, Korea)ol| 4] A g1} A& o]
£33tk 11571F(Yeonggwang ted pepper powder,
Haesnimma-eul, Yeonggwang, Korea)= L-"}E(Busan,
Korea)o| A 15738 i1& 157FF= sttt vlF<e
W FEE 12417F FeF A F 121l A 30E B &2
= 50-60C7F 2 wi7bAl 431 v, A2 Fl A,
0.2%(15), B, 10° CFU/g(15)% &3gata 30Tl A 484 7F
S FEA AL HEE Foll L, 10° CFU/g0)S &3¢t
T 37CollA 2443t B REAA WFE A Zota, wF
© 5A1x F BdsA u3 Az E dEd AS-3]
AT F=E Y, 7, 7D WFE o] &8 13 A
= Park 5(19)¢] WHo R A 3513

A SE F|

C57BL/6 t}-$-2~(6 week old, Samtaco Bio Korea, Osan,
Korea)© 1243} dark-light cycle® A 3F 24 o] A
gt micro ventilation cage system(2% 23+2T, F%
50+5%) oA B3} Als e 53 &S FF8te] ANt
At} 157Y 3 EFALE(SAM #3 mouse diet, Samtaco, Osan,
Korea) & A3t A-3A171 & FAE S43ta o=
ZF T 10mA UolA A g (normal), T ET
(control), MG- ABT (3, 9, A, B= TIAIZ vF&
o]-§-g 157, MG-ABLT (=, 54, A, B, L) ZEAI7]
HFE o] &8 a5 o m st A A3
th 2 A2 Bty FEaE Y98 ke e
T AP th(sU M S PNU-2013-0455).

o 1 AM—""1y
Al AR FE 25 Bt 13 AR A V1L
2 4 glkg®] ¥%& phosphate buffer saline(PBS)°ll 3]4] 5}
7AT-Fo 2 FF3F9 1, normal®} controlit< PBSY 34
St A A2S 25% dextran sulfate sodium
salt(DSS)(Reagent grade, M.W. 36,000-50,000, MP Biomedicals,
LLC, Ilikirch, France)& &0l BHA| 2 Aol 15731 wh-2-
ANA FoIgk & AT 2l). PH-2~E S & S
A Zoto] dolot FAIE S ota, AL AHH & AAME

2](3,000 rpm, 15 min)3F TH2, serumS A FH dFar 22} -80C
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F4 1Y % H(ELISA MAX Deluxe Sets, Biolegend,
San Diego, CA, USA)S o] &-3lo] np9-~ &3 9] 1L-62
F= S5kt AAgE A S A 2ARe] ZREF|

e} 7 e a2 Tha).

Apoptosis & X &4

RT-PCRS ©|-&3} Bax, Bcl-29] mRNA 23 £ 7t
2] 7225 trizol reagent(Invitrogen Co., Carlsbad, CA,
USA)< ©]-&3lo] RNAE #]3ISlth o] % RNAE 4 &3t
% Oligo dT primer(Invitrogen Co.)E ©]-8-3}°] 2 g2 RNA
£ ssSRNAE THE11, reverse transcription(] Z AP She]
cDNAZ THEUTE THE01%] cDNAE FEo & o]§-3}o
Bax, Bcl-2 f-71A& polymerase chain reaction(PCR) % 2.
2 54§42 915 S5k 7 fAke] 4l A=
= housekeeping A1 glyceral dehyde-3- phosphate
dehydrogenase(GAPDH) & °©]-§-3to] vl 331, 2t 3
ZFe] primer sequence= Bax; F:5’-AAGCTGAGCGAGT
GTCTCCGGCG-3’, R:5’-CAGATGCCGGTTCAGGTACTC
AGTC-3’, Bcl-2; F:5’-CAGCTGCACCTGACG-3’, R:5’-GCT
GGGTAGGTGCAT-3’, GAPDH; F:5’-TGACGCTGGACC
AATCAG-3’, R:5’-ACCTCATTGGACTGCATAGC-3’°]t}.
PCR- Automatic Bioneer Thermocycler(Bioneer, Daejeon,
Korea) 2 52 A]7]11, 52 DNA 2HeE-5 2% agarose
gel S ©]&-3le] 7] E 3}l ethidium bromide(Sigma, St.
Louis, MO, USA)E ©]&3to] @213k 5 UvalelA &<ls}
ATH15). =¥ mRNA Image J(https://imagej.nih.govfij/)
Z 23S o] §3to] GAPDHS} LA LS Hlwste] g
sk

Western blot2 0|88t Bax, Bcl-22| CHHZE whsl By

7} o] )3 %22 RIPA buffer(Sigma Aldrich)el] -8l
A2, 12,000 rpmell A 15383 A4l Ee] Bto] 5]
e TS FEsth. A S bradford assay S E31
ekl o2 532 Laemmli sample buffer(Bio-Rad)2} &
ek T 85T oA 5431 wHE-A|Z T SDS-polyacrylamide gel
A7|9dE o g B3t I, transfer bufferS ©]-&3}o]
nitrocellulose membrane(Bio-Rad) 2.2 ©]5A|Z]T}. Membrane
< 10% skim milk®l|] 4 CollA] over night A|7] 3 PBS-TZ
Al #3133t} ©] % Bax, Bel-2, actin(Santa Cruz Biotechnology,
Inc., Dallas, TX, USA)2| 12} A S X 2]|sle] 4CollA]
overnight A|7] T3 PBS-TZ Al 3}aL, *2]€ 13} &4
gk= 22} &4 (Santa Cruz Biotechnology, Inc.)E AF-&-5}<]
2ol A 4587 HESAIZ] & PBS-TZ Al A sttt A4
3 Ez West Lumi(ATTO Co., Tokyo, Japan)2 2] 3} t}-&

X-ray filmol| 7-4A17 Bax, Bcl-2, actinth] 2 o] &S
St th15). EdE A2 Image J(https://image;.
nih.gov/ij)) ZZI1HZ ©]-&3}] actin? L FS vl s}
o] A&t

SAHX=

2wy 72t A RE25E 4 A48 2959 fo8S
ARetr] flste] AR S 3 T p<0.05 FollA
Duncan’s multiple range testg AA|etH o™, Ad= ot
(Mean)+ 3 5% 2 (standard deviation, SD)= ¥ A8}tk =
E 57 #2412 SPSS(v18.0 SPSS Inc, Chicago, IL, USA)
SAZRaYE o] g8t EAEA, p $-2 5% P
W frejdol lvka #g skt

¢

i g nE
opAo| HF, cHatzo| U FAH/ciEZo| vl

A8 A1z A vk ZE E7ke] Al o)l 2jol 7}
YUehtA] esit) Ad Fado] npg-xo FAES #E3
ZA3KTable 1) normal & 204£10 go & 7P 58 FA 2
YERNA AL, control T2 17.1£2.5 g 2 normalT-l| H]3|
oA o 7 7FAsH thp<0.05). 128vF MG-ABT-< 19.3
+04 g, MG-ABLT-S 192404 g0 & 115342 Foi3l 7}
9] A|FL normalT 3 FAFSHAl UEFST}. Aliakbarpour
5(22)9] ATl et 3782 © Gl A Bacillus subtilisSt
lactic acid bacteria?} £ AR E A 5H S i, Ho]
E AFT S 2o mAES 92 AR E B2 79
Aol F7FskaL, th7de] goblet celle] =2} F71, villuse]
Aol7} S48 Aoz Yepgt) et uF:4-S Fodt
T2 157go H7heE B Lol oJa] AollA] g gFae] A
&8 Z71A]7] 1, intestinal mucosal cell®] =22 £713}]
controlel H]3|| A|Fo] F7lE Aoz AztE )

&kl 4dol= normalT2 7.5£0.4 cm®] il controli<-
5.4+0.5 cm=z, e Zo|7t felA oz Folx DSSE
gde] f=d AL A3 tH(Table 1)(p<0.05).

MG-ABT< 6.0+0.4 cm, MG-ABLTZ 6.140.5 cm® &
(A, B, L)o] AEH n34S 433 252 digd
/%ol gatdl AL #EAE 4 St MG-ABT#
MG-ABLT-Z t)&e] Zo]7} controli @} B mate] &0 A
o 71 Ao g Yehdthp<0.05). - oAl Aol
o] Zke normald 21.8+1.6 mg/emell B]&l, controlit-<
34.0+3.1 mg/em .2 normalol| Hlal] A2 =& 3k
S JERAATHp<0.05). MG-ABTS 31.7+32 mg/em,
MG-ABL-< 27.7+4.1 mg/em S & 115373 A# 3 n}-$-
29| oA Fho] i A& Fel & 5 it
E3MG-ABLT2 controliel] Hl&l Zke] fred o2 A

ol
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sto] AFuEo] AAE A& 18 thp<0.05). ]2 gt
A= 457 =9, THA, B, D2 J53 1372 7=
% Bl FE3(10), Tk 71789 daksk(11,12) Z3e}
=99 FAF13) AR A& S AT A=
A 7t=™, ©] &-0] MG-ABLT2 MG-AB-°] H]3l] t1%4<
AA g2t Hojt Aoz s =), o]= ABLUlo|
7Ve Lab. plantarum®] TE 2 Q13 W EEo| 33}
(17) % 3 JA23)E v SAAZ] 23eta shal

Table 1. Effects of Gochujang prepared with mixed grains,
bamboo salt and Meju starters on the changes of body weight,
colon length and colon weight/length mice with DSS-induced colitis

Groups”  Final body weight (g) Colon length (cm) Colon length/weight

(mgfem)

Normal 204£1.0% 75404° 21.8+1.6°
Control b c a
DSS) 17.1£2.5 54405 34.043.1
MG-AB 19.3+0.4° 6.0+04° 317432
MG-ABL 192404 6.1+0.5° 27.7+4.1°

"Normal, no treatment; control 2.5% DSS administration; MG-AB, 2.5%
DSS+Gochujang prepared with mixed grain, bamboo salt and Mgy starters (Asp.
oryzae+Bac. subtifis) administration; MG-ABL, 2.5% DSS+Gochujang prepared with
mixed grain, bamboo salt and Mg starters (Asp. oryze+Bac. subtilis+Lab. plantarun).

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

S|

M¥E Ato|EFLRI IL-62] E=t
A IL-6 TE=+E controli< 90.5t3.4 pg/mL=
normali9] 38.3+0.8 pg/mLel vl ¥ =2 IL-69] T=5

YERH At (Fig. 1)(p<0.05). 12yt 1572 A3 3 MG-

100 ¢
90 |
80 |
6
60 | b

50 F ¢
40
30
20 F
10
9 1 1 1

Control MG-AB MG-ABL

H

11.-6 (pg/mL)
>

Normal

Fig. 1. Effects of Gochujang prepared with mixed grains, bamboo
salt and Meju starters on serum pro-inflammatory cytokine(IL-6)
in mice with DSS-induced colitis in mice.

Normal, no treatment; control 2.5% DSS administration; MG-AB, 2.5% DSS+Gochujang
prepared with mixed grain, bamboo salt and My starters (Asp. oryze+Bac. subtilis)
administration; MG-ABL, 2.5% DSS+Gochujang prepared with mixed grain, bamboo
salt and Meju starters (Asp. oryzaetBac. subtilis+Lab. plantarun).

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

ABT-& 52.5%1.5 pg/mL, MG-ABL-& 44.4+0.5 pg/mL=
controlw-el] Bl&l] fre]d o=z e gk vEhlo] a3
=4, TS ATH UFE T2 1530 dSRksS 9
Azl= A2 YEFITHp<0.05). Jeong 5:(24)2] ol A
=93 FHS JAFI WFE G Do) Luk WFE
T gl vlal gatsl F oy A &t =gk,
B oA s uFAE v BREel =930}
o o) olefgt E¥UF e oz AZET. 59
MG-ABLS MG-ABo|| Hl&] folzlog 1o 1.6 3k
Yehfo] MG-ABLe| %2 935S YeRfAtt
(p<0.05). IL-6= NF-kB9} $HA| 9HS Z2A)7]& QA Afo|H,
gl digdoz wAed o a3 T QA= 4y
Z ATH25). Liu4)2] Aol ©JahH mh--229] azoxymethane
(AOM)/DSS=Z gt tf7get Bdof A m137fo] mhg-2
Ao IL-69 o ALaAZ AR Yeiged, o=
a5 o g e 130 Fiije]al B M FARE
2 Q8 A= AR A= A7tEHQe6), & AT
o] A¥% fAHA Uehd A& AlsHY TS JF
gt v ARk vl vl ksl E3k(15)7)F SR,
AOM/DSSE =gt nh-g-20] et Bl A IL-69] 4
T HEAAUS), WFe T T Ao] 53] Lab
plantarum®. = S L ELHE 9 g 27 o] Wl o)
MG-ABL°] MG-ABwol| H|3l| && 3495 245 U
W ez Azt

CH&E=Z|ofA apoptosis &H FHA Bax, Bel-29
mRNA % cheia gibs

g o] Yol /E FHA, B, e A A 1=
AF5 =W Bax9} Bel29] mRNA 23S 24

2~9] Uz oA apoptosisE fr=sk= o= YET
(Fig. 2A). 53] MG-ABLT2 Bax2] mRNARHE 0| control
Tof| Blaf 2u) o]/ WE = 1, MG-ABell HlSIM = #-<]
2 0 7 Z7}8}aL(p<0.05), Bal2& o2 o2 A AT
(p<0.05). THula ¥te] F-X oA BaxE controlTol H]a|
1S AFE TMG-AB, MG-ABL)©| 28] ©|/ £o}A]
11, Bel-2& MG-AB©] tha: Z713) 2, MG-ABLT<
A4 # % o] controlT 2} MG-ABwe H]&l] frelzoz v
olM thFig. 2B). webA JNEE 1574 53] Lab. plantarum
o] A7txle] MEHE 1S AAF s =W Bel29] HA
< FelF oz ZHAAA apoptosisE FFEIHE A= LEL
T} Fukata 5(27)2 DSSZ <49 intestinal mucosal
injury- proliferation®] %7}kl apoptosis”} A48k A
o2 Huslgith A5RE-go] TASHA toll-like receptor
4TLR4)E %743}, prostaglandin E2(PGE2)7} %7}% o]
WA ES] S5 Bl Y27]31, apoptosisE Al A
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qqﬂ— q} 7\11_/] O]—:er 15l= o

(2527). ¥ AFod e 13 *é"‘ ok npg-20] gz
2]l ] Bax, Bcl-29] mRNA 2 ©hid Wdo] 25l
d], Kim 5(26)2] g 23k capsalcmO] LPSE %
macrophage®] HEHHS-S AAlsh= A2 Yelygon, gt
H AOM/DSSE thF e FEAIZ w27 13345 A
F P IL-69} Bal2Z 7H2A17) 1, BaxE 57 A 452
A5}l apoptosisE 3 Ao 2 HIEJTh4). T3
AOM/DSSE 74 FEAIZ vhg-27F SHO3)S

deE A

14

A.

Normal Centrol MG-AB MG-ABL

[N .

mRNA expression (fold ratio)

il

£3}3]2] A2498 AE. (2017)

o ok
hd =

DSSZ adS =3 C57BLY6 vH-2~ol| Al #H (e,
7, 71PH3 4, FWAB, ABL)= HFe vFE whE
1F4E A A AT MG-ABS MG-ABLS 4133 nl-$-
2= controlol] Bl el el Zol= —7:7}/\]7]_1‘ A2

olH] &2 HAAIA UlFde dSHreS JdAAATL
MG-ABL2 @7l IL-62] &&8Z controlZ} MG-AB©]|
vlg)] felH oz ZFAA|Z] a1, apoptosis T 21211 Bax

[

Bax Bel-2
a a

ab
I be
H |

> o o o
g 8 5 -

mRNA expression (fold ratio)
< %3

Normal

Normal Control MG-AB MG-ABL

. Bax

w

5}

TS

=3

ull

Control MG-AB  MG-ABL Normal Control MG-AB  MG-ABL

Bax Bel-2

&
w

r 54 -
P T S I

ol a

=3

Protein expression (fold ratio)

Normal

- Actin

Protein expression (fold ratio)

Control MG-AB MG-ABL Normal Control MG-AB  MG-ABL

Fig. 2. Effects of Gochujang prepared with mixed grains, bamboo salt and Meju starters on colon tissue’s mRNA (A) and protein (B)

expression level of Bax, Bcl-2 in DSS-induced colitis in mice.

Normal, no treatment; Control 2.5% DSS administration; MG-AB, 2.5% DSS+Gochujang prepared with mixed grain, bamboo salt and My starters (Asp. oryzetBic. subtilis)
administration; MG-ABL, 2.5% DSS+Gochujang prepared with mixed grain, bamboo salt and Mgy starters (Asp. oryze+Bac. subtilis+Lab. plantarum.

Fold ratio: Gene expressio/GAPDH or ActinxNormal numerical value.
(Normal fold ratio=1)

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

A8k Baxo] WS S7HA7] 3 Bal29] WS 714
oM (13), Lt 2o X Asp. oryze, Bac. subtilisZ.
LA vl Gy HSel] vlel U =2 BeR
R 59k, Hebd o] Aol e 134E Dss
2 damageE Y- HAAEY] ASWe= —Jﬂo}l’ &%
H A = apoptosisE 21310, NFH S A=
T} e Aoz A7H o] 9 tEo MG ABT-°
H|3l MG-ABLw-9] thd<d oA 2371 6 SHA=
|, ©| Lab. plantarums FTHA, B, L) 2.2 HEste] 115
7 Azl ARSSIER frikt 2pA 9] g Bk} fraktol
Age A 715 SEAE v g =L U9
A B vehd Ao m A7 ET SRR N oA Akt
o] o gt L EAJE probiotic HEE 13l o]t Az}
S el el A%E A7) dag Aew Az
=3

ul

[‘

9} Bel29] -2 2 38ke] apoptosisE =5t o). whek
Al MG-ABL2 & A] A7V Lab. plantarum=. <13 ™7
ZA 9] £42 AAIEt HAFH Abel E7FRIF} apoptosis
T QA 2AEY QG JAskE Aoz JEy:
=3
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