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Physiological Activity of Submerged Culture-Hot Pepper Ferments with
Bacillus subtilis Isolated from Pepper Fermented Food
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ABSTRACT

To enhance the usability of hot pepper as food materials, unpungent liquid ferments were prepared using Bacillus subtilis
isolated from pepper fermented foods and evaluated antioxidant and cancer cell anti-proliferating activities on culture time to
investigate effects on physiological activities of hot pepper during fermentation. Polyphenol increased from 48 hrs of fermentation
and reached 0.83 mg GAE/mL, 1.2-times the non-fermented control at 96 hrs, and flavonoid was 0.097 mg CE/mL up to 96
hrs, 1.7-times higher than the control. ABTS radical scavenging activity also increased by 3.4 times (2.1 mg AEAC/mL) at 96
hrs compared to the control. Since the submerged culture of hot pepper by B. subtilis reduced a spicy capsaicin and capsaicin
is known to be an anticancer ingredient, anti-proliferation against gastric, breast, lung and colon cancer cell lines (MKN45,
MCF7, NCH-H460 and HCT116, respectively) were investigated on culture time. Hot pepper ferments showed higher
anti-proliferating activity than the non-fermented control with 75% inhibition after 96 hrs in MKN45, the other cancer cell lines
showed similar inhibitory activity as the control. In conclusion, B. subtilis-liquid pepper ferments showed unpungent, but their
physiological activities were maintained, suggesting the possibility of being utilized as materials for functional foods.
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1. Azt 75 i

% Aol A AHE-H Bacillus subtilise= 105-2] 1F2E A
A F 10 g} A2l B 90 mLE FH3FY skim milk agar
(2%, BD Difco, Sparks, MD, USA) Hi=|oll =@3}11, 37C ol
A 48AZE vl kgt & vl A] o] UERE colony 719t 2 & 3
9] gAof| w2} £ F basal medium(glucose 2%, peptone
1%, MgSO4 + 7TH,0 0.05%, not adjusted - pH 6.75, 30TC) 300
mLol capsaicinoid W¥Z4 3=
capsaicin EFEZ(Sigma-Aldrich, St. Louis, MO, USA)<
&3 3 30ColA vigFst (X" 4% 200 rpm, Vision
Scientific Co. Ltd., Seoul, Korea), capsaicinoid %2 HPLC
(Hewlett Packard, Palo Alto, CA, USA)E &30 ZH
capsaicinoid E3l%5-0] 3 #F=2 AHH T, 16S rRNA
FAA A71-E B4E A& Genome Research Center

(Seoul, Korea)oll 2]=|3t] HF FA3A

Q1 capsaicin®} dihydro-

2. DHRSH0| MAUSKE B, subtilis MY DFHSE H=X

FHI21C, 1588 & A

% A B. subtilis 775
LB Ml X|(yeast extract 5 g, tryptone 10 g, NaCl 5 g, water 1
L)E 4313 30T, 16/ 15 2AEdo) JYEHAE
5% VU= A [Na,HPO, - 12H,0 9.0 g, KH,POs 1.5 g,
(NH,),S04 1 g, CaCl, - 2H,0 0.05 g/L19} 1% P34 &
[H;BO; 0.3 g, CoCl, - 6H,0 02 g ZnSO4 - 7HO 0.1 g,
MnSO, - 5H,0 0.03 g, (NH;)sMo70,4 + 4H,0 0.03 g, NiCl, -
6H,0 0.02 g, CuSO; - 5H,0 0.01 g/L]& H7}sta, 433
7 2%5 HE8H 30C ol A 96AI17F WA SFHA] 2447k
O ARE 5t aFEa R TS HESAL

3. OHRL0| XMAUst=E B subtilis UMY NSO
A

B. subtilis®] HA|FS o] &3 1FAFE g &

= 7:]/\]240] &Aksl HBRS %x 371 Y38k I;H:zﬂo]
polyphenol &}3E ¥ Folin-Ciocalteu reagent(Sigma-
Aldrich Co.)7} &2Ze] oA 1153 TaH 2| polyphenol
4 SRl o8 $UP A, kol y Zelnd P4
o WS A Hgste] BAIIAKS).
0~96AIZ7HA] HEE st 24130k A1 H o
343 2 HEE 100 pLoll &2 =1 FA57] HUP
2% Na,CO; €4 2 mLE 713 & 382 3]

Ciocalteu reagent 100 uLE 713} 30% % ‘ﬂ%"“ TH=
25 720 nmol A SA3R L, EFELDE 0.1% gallic acid
(Sigma-Aldrich Co.)8] A& st 1L aES] &
polyphenol &2 mg gallic acid equivalent(GAE)/A] S mL
2 YT =3 yFEEEe] = 02 g8 dikst
ARl F EefRo|E 32 Stankovicd] Wl wel A
ABFATH9). HEE 250 pL E== 0.02% (+)-catechin(Sigma
Chemical Co., USA) EF&Ho| FFF 1.25 mLe 5%
sodium nitrate(NaNOz) 75 pL 2 10% aluminium chloride
(AICL; - 6H,0) 150 pLE z+zb H7heke] 583F w88 213

3tal, £t 1 M sodium hydroxide(NaOH) 500 L& 7}t
% 510 nmoll Al W& 0] FRE ghe SA3HA 21 catechin
FEEH Ui HFAES A F 1FEREY T SR
wol= S AASIATHmg catechin equivalent(CE)/ Al S
mL].

4. DH2SI0| XMUSHE B. subtilis AMEHY IFLES0|
sitst gy

& F2 B. subtilis A FE=C Y FE T AA]
ZQl Wrg o] ks B4 Re 5(10)9] ABTS[2,2'-azino-
bis-(3-ethylbenzothiazoline-6-sulphonic acid), Sigma-Aldrich
Co.] cation decolorization assay *'H-& T W E3lo] A8
3T ABTS 7.4 mM3¥} potassium persulphate 2.6 mM—o‘
12A1ZF o) Aol WHX|ste] S0 2] ABTS radical=
A7 o1, ©]2 3 radical stock solution= 734 nmol| A g—%
= %ol 1571 HEF & F3A19(e = 1.6 x 10* mol 'em ™)
2 o|lg3le] 2RS4 M T M aE 50 uLe ke &
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W& 59| DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich
Co.) radical = ©]8-3F &4 %59] g4k} &AL Leong F(11)
o S WF st Al =, DPPH radical -84(0.2
mM)ol] BEESH 50 uLE 715 & 200l A 60% X5k wE
TR FFE ¥sE SAsUTE EFEZLEE ABTS &
Oz &2A%3 upR7ER2 5 mM ascorbic acidS ©]-8-3}<]
FEIAE AH T AA vES Zol TF HubsIia,
ABTS®} DPPH &% 4A%2 &5 33] whaste] Jast
Aom, olefgt gt AA ol o7t ks B2 ofefo] 2
ol 2J3l AlAF=E]ST) $HH, ascorbic acid equivalent antioxidant
capacity(AEAC)= I FHtaEol islds =539l
ascorbic acid®} H|n-4FESH #HS2 mg AEAC/AIE mLE
HERH ATt

AEAC = (AA / AAy) % Ca

AA: IFTEES Y-S W] 734 nmoll A 9] F3= 7t
o] W3}

AA,: DFTEE 4] ascorbic acid7} 5% 7 Al 734
nmol| Ao F3% ghe] W3}t

Caa: L-ascorbic acid T892 ¥ %(mg/mL)

5. IH20| AUSHE B subtilis HHHY DEUFSO)
UMIT 4 ol &Y

b M EZFMCF7(74%), NCI-H460(H &), MKN45(21$h),
HCT116(SHED1ol thek v-2ute] AZ38lE B, subtilis HASF
IFUEES] M F2A A DAL 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide(MTT, Sigma-Aldrich
Co.) assay 'HHO 2 2431 th12). Z2he] SAIZEE 10%
FBS, penicillin(100 units/mL)3} streptomycin(50 pg/mL)< %
718 RPMI medium 1640 B} XA 37°C, 5% CO, o2
HjoFslg om, e MM EE trypsin/EDTA(I mM) &<
< 7Kt T-flask HFHOE2HE cell& 94438 Zelsto]
RPMI #i Ao A-&a3tqct. AME 47} 1.5 x 10%/mL(NCI-
H460), 2 x 10YmL(MCF7, HCT116) & 5 x 10%mL(MKN45)
7t HSE o AEF AL 2SA T, 0~9643F WE
T 24/ AAF e s dgE aFdasd J—H}i
0.22 pm membrane filter2 HI}HHFS ¥ MTT assayS &
st AE AZ 5 ST dxvoze &
ZFdo] FFE HFHA F= HTEaES Y =
HE AR LA AR F ARgEi e, 1t EE
o] MZE S Al Ek= ofef o] 2ol ofs) AldtE AT

Cytotoxic activity(%)
=[1 — (AAFLEEY 550 nm 3%/ A<
THE)] x 100

Z9] 550 nm

6. SAXE

BEE A¥ ZIE HHX)ESD(standard deviation) = L}E}
%13, Statistial Package for the Social Science(SPSS V26,
SPSS Inc., Chicago, IL, USA)2| Student t-testE ©]-&3}o] 7
AHo R 3|53 vt EE 2Ty IFEEE NS 19
A& p<0.05 FFoNA AS3HE T
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EAQ]  capsaicinoid SHFEZA|
dihydrocapsaicin EFEZ T3HE J’}«] HH Ook—% % aff uf-st
AES AN FFE AL
subtilisE ©]-83t HFaF 747“”“«] A A “H & ii“’—
AzE 1FLEE g Y& HES] H8to
kel S48 AESTE |A, AEAd o0& 3t
ket A}l FEHlE E9E(13)9] Ba T AAAR
& W3}= Figure 1A] YERARITE 94, 5L S5
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SheFe W g %7] 0.68 mg GAE/mLE AlZHE o] 7247k

o 0.72 mg GAE/mLZ T4 F7}51t7F 96417l ThA] %2
7] FEOE Hashe BAEFE BIoW, FATH R wE
7h AREE sl FoHd AolE HolAls &dn

(Figure 1A-control). 12|y A FaF-2| B. subtilis A vl %
g E-L 244 7= 0.65 mg GAE/mMLE ThA A3}E %0
u, olF &tart 2ol wet nARWA G458 STt
3le] 33 g 96417l o]28) 1 gHEFo] 0.83 mg/mL7}
A FoH o g tE2TRT} 1.24] F7ehe AFE YERRRL
Th(Figure 1A-fermented pepper). =3k 21&9] &, A9} &

7] ol &1kt a5 Uedle SEER RiE SdE .
olE IIFHE(14)9] AFLEES AAHRI FF Ws=
Figure 1Bl Yett). Ee2]d= sgede g 2R
= 1/109] 92 S BHolon 53], HtE s
olxe Felds sigE 2l Ta Az §A 441X 7}
A 724~3F] 0.058 mg CE/mLlA] 0.038 mg CE/mLe] &2}
Hirolt s Kooyt 241 Fof| Wa %79 £F2
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A) Total polyphenol

—a— Control (non-fermented pepper)
—0— Fermented pepper
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B) Total flavonoid

0.12

—&— Control (non-fermented pepper)
—o— Fermented pepper

010 4§

0.08 4

0.06 4

Flavonoid content (mg CE/mL)

004 4

0.02 T T T T T
0 24 43 72 96

Fermentation Time (hr)

Figure 1. Comparison of anti-oxidant component content on fermentation time in submerged culture of

pepper by B. subtilis. GAE; gallic acid equivalent, CE; catechin equivalent.

" p<0.05; significant difference

between control (non-fermented pepper) and fermented pepper.

Z7Vele 43S YERSITHFigure 1B-control). i1
=5 s VRVIAIZ 4 3H A = B4 ZF
S1K0.056 mg CE/mL), ©]% 96AIZM7HA] F7fste] v

xRt 1.790(0.097 mg CE/mL)9] H& F5F& Ko

HE3 v A 2 v &sto] A 7ste nFdaEol 4
st Aol foHow Frlehe AdFE JUEhT
(Flgure 1B-fermented pepper). ¥R 0.2 A&E9] FE|H&
4 ZEfR ot BItELS AEA WA MEy ZE<
cellulose == 81T Y ATF} A Jej=2 A3}
7] W Eoll(15), HE} A B. subtilisZH-E] AYrrE = ThF
gt TS| a4 ol EEREH EFHEY EofHkolE
FIES FYAA YA FaEe kst AES SUHAZ
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=73k WA, ABTS 35 KoS,0,004 A=A 9
ABTS o2 g@Htz= 4431 & Taso osf 2tz
o] 2AHHA WA s= AEE FHT A= Figure 2A9]
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Figure 2. Comparison of radical scavenging activity on fermentation time in submerged culture of pepper by
B. subtilis. AEAC; ascorbic acid equivalent antioxidant capacity. = p<0.05; significant difference between control

(non-fermented pepper) and fermented pepper.
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z27] O R AT o] & ¥skE HolA| gol 24413k
o A7t APAR] Al Ao w A HATK(Figure 2A-
control). &3} &e] AFE R0 7-9-oll= 244744

b
© 3A H3tE Holx gt Ol—?— %@61 vﬂokﬂ El:s
9617kl 2.1 mg AEAC/mL2] &
ot 3.4u0)2] kst A F71e TJr% 141"*ﬂ(Flgure
2A-fermented pepper). 12t} E ThE 2] ZQ] DPPH 44
59 AFHFigure 2B)olA= HILE txT 4% 2441
ol 0.13 mg AEAC/mLE 0A17H0.23 mg AEAC/mL)=Et} 7+
237} S7kehs ARES Bolrle dtlo, 7] &4
fro]dQl zfolE Kol &= gk (Figure 2B-control), &
BEEL UE OANIHRE 72AREA] AL frARE 55021
~0.22 mg AEAC/mL)®] &4 Ho|t}7} 96AIZtell= 0.16
mg AEAC/mLEZ 7rAaste] #hgo) wie} tl2F R}t S4do)
7k ABTS 2it)Z 2753+ &8 DPPH &% &A%

o A= EaE AIRE Aol whe} th2<7(0.20 mg AEAC/mL)E.
o} 93|¥ ZAsh= HES R YTKFigure 2B-fermented
pepper). om]-;ﬁ o7 3Akg) Ao =RoA E ZE¥E
&9 ¥ ABTS 2tz &A%0] &2 4AdS v
Wi ok Bustar 9o v g(16), WS A7EA
B. subtilisi’/] A GO R AzH nFLEES] A

dE ZelRolCHT 2o o R HEaS 3

o 2
o L
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AEFESE HENL s SR ofet, BEE g 3
g SRS S oA o ® FTMAA tdd A EA
AZA Y F8AL Z7MA7]13Y(17), Kim 5(18)2 Thakat
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A) MKN 45 gastric cancer cell
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grakal A B3 8FAjo] Z7}3ko 24 gFaksl Ao BE
Ao| ZaabA Agata vkes AAE FduF FEHY
o] B. subtilis A G LHEE0] vLE 2THT F &
g9 7 ABTS 22 2A5S ooz Z1A]
A0 2 A7dazel dAsE 4FS B

° M N

2. DHRZH0| XZSHE B, subtilis UMY TFUSEO|

o] -8k K733 B subtilis HE F5-o WE vdg
st DA E ] 91SHMKNAS) T R HMCFT) A%
2194 4L Figure 30 YERIATE WA, $19HMKN45)
MEFo U DFDEE] AT FA QAR wtE
7o) A9 La 047kl 62%9] A& Hothr}
& A7tell me} O 2po)(41~60%)F HolrlE shg o,

96 A1 65%2] PAME A BHE B FoHo=m &
o) & KoK= ko), IFRF Eo| A= 0417 52%
9] A& 2447t O]F 2%= FVHIE B T AR
HAE FA8IEF 964170l 75%2] JA&-& YeElyo] &
71 2ol me} vt E g 2TEY SV 4SS B
Fout iz FoHd Aol HolA ekthFigure
3A). E3E FEYMCF7)ol thet A 59 =4 &3+ Figure
3Boll YERARL —~Eﬂ MCF7 Aﬂﬁz‘ﬂl et 75 HF3t
Al (control)F} B. subtilis
8 AAIZMHA] oA
)l zelE YERNA %2%*1 A Aol ZHATHOAI
7t 65%; control 35%; 1.5~ 18%) o]&oll= tha 7}
3He AT By o, 2a 96Tl §-27 Q1 2to] glo]

B) MCEF7 breast cancer cell
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—e— Control (non-fermented pepper)
—o— Fermented pepper

I~ @ @
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Fig. 3. Comparison of cytotoxicity on fermentation time in submerged culture of pepper by B. subtilis.

Cytotoxicity; inhibition ratio of cancer cell proliferation against sample by MTT assay.

" p<0.05; significant

difference between control (non-fermented pepper) and fermented pepper.
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ZoRo g Z4-S UERH A (control 43%; 1LFIE
ok Azl tigh S2] oA ax

SHH, #HH(NCI-H460) 2 WZW(HCTné) ANz F) gk
g T AN 45T Figure 40 YERASISE H
(NCI-H460) A|ZFol| Tt A EAolx= &EE 27| 4
ol WE FoHQl F7h= Holx| gkom, 24471 th
2 73k T ol g th 28 48417 ) 047 oA B4
(51%) 2.2 3] EF o] ZaM7F HAXTHI6AIZE 48%), Ta
59| 73$oll= 4847t l?— F53] 7rAaske] 96417 el 13%
o] oA &g Kol vdE dz2wd Hlwste] HY Az
Tl g S A Ao dAS] HATS JERHATH
(Figure 4A). tRA|EFo 2 T AHHCT116) AlEFo T B.
subtilis 15 HAALEES] M X FAGA &2 TE AL
of we} thAzEe] AfolE Holr|= st oL, 964Kt WA
F 52%2] QA SO = AR 47%°) Blaate] {24
2l F7He JER L, ¥ E d2E(57%) 59 SAHE
=2 94 84 JEP I TH(Figure 4B).

Yoon 5(19) 115 A2l FEo] wE 15 g
S5 0, H L okl tid SAE F24 JA
G AFoA & MEF| wEt 60~80%°] HS GAE

=2 A AS R3S ™, human endothelial cells
(ECV 304)2 o] &3} Richeux 5(20)9] Aol 130] F
A8l capsaicin®] 175 pmolol Al 50%2] LAIE A3 &3}
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Fig. 4. Comparison of cytotoxicity on fermentation time in submerged culture of pepper by B subtilis.

Cytotoxicity; inhibition ratio of cancer cell proliferation against sample by MTT assay.

" p<0.05; significant

difference between control (non-fermented pepper) and fermented pepper.
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AHo] 71584 F 2AZ &8 TFeAS AAEIH.
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