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AHEsto] ASHT WA Igo R FIH
s s Rt F HE5dFY F Sl wolE
T o] o 53 wixtA mxglyl dEFANA A £ $EE eSS Zelgtd AT}
A Azae}l A gyt JA gzt AFe nle) REFAAN 43 G413t g3 Yelhgton, 15 wzkay
szg)yt daFe] a9t 7 =T debsl a3 22 WA glxgyh dEES o838 MMP-1 Td
AYS 3 A9 5= 9EZH o2 MMP-1 mRNAS MMP—1 gulde] WS A5t} kdfol| & gly -
cation (G Ao A, szeEyl BdAFANA FHHOE anti—glycation EHZ HF FSHE
(advanced glycation end—products, AGEs) A4 A &Ado] Fof gikslaztel dHsh AAA-S Vel
o}, w3 Azl A FEZQ senescence—associated B —galactosidase (SA— B —gal) A4S AL Afof
A (HDF) & o] &3t A Ax, gl=g7l daFS A estdS u] o oJa) A" M=xe] 47} 1438}
o] ME9] senescenced JAsteE AL G T JUTH AEH SR, gxgvts AFET it o] &3
g Fo] 4kl axel gedl S50 $on, O Wit gzl taFo] 7P 43 atsle} &
3} 535S 7HH olF o] &3 ikl B disle] HA AAAR HEE F UE ASE AIRHY.
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Abstract: In this study, cosmetic materials were developed using a new method of making juice through the fermentation
of raw natural materials with microorganisms in order to supplement the advantages and disadvantages of an organic
solvent extraction method and a microbial fermentation method. The natural products were selected from two colors
(red, green) of paprika known to be rich in various colors and vitamins. The microorganisms used for fermentation were
fermented by inoculating paprika with lactic acid bacteria (Lactobacillus plantarum) having sugar-hydrolyzed ability.
First, we investigated the changes of physiologically active substances of two kinds of paprika juice and two kinds of
fermented paprika juice. Total phenols content and total flavonoids content were higher in the fermented paprika juice
than in the paprika juice, and especially in the fermented red paprika juice. Free radical scavenging effect and lipid
peroxidation inhibitory effect were also showed an excellent antioxidative effect on paprika fermented juice, among
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which the effect of red paprika fermentation juice was the highest. The expression of MMP-1 in fermented red paprika
juice with high antioxidant activity was inhibited by concentration-dependent expression of MMP-1 mRNA and MMP-1
protein. In the glycation experiments with aging, the anti-glycation effect of fermented paprika juice was highly inhibited

by the production of advanced glycation end-products (AGEs), which was closely related to the antioxidant effect. In

addition, the activity of senescence-associated /3 -galactosidase (SA- 3 -gal), an indicator of cell senescence, was meas-

ured using human dermal fibroblast (HDF). The results showed that the cell senescence was inhibited when the cells

were treated with fermented paprika juice. In conclusion, fermented paprika juice using lactic acid bacteria showed better

antioxidative and anti-aging effects than paprika juice. Among them, fermented red paprika juice has the best antioxidant

and anti-aging effect and can be applied as natural new material of antioxidant and anti-aging.

Keywords: Paprika, fermentation, anti-glycation, antioxidant, anti-aging
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A 9 HAF T FETFO] 900%™, ThEFsk A
’F3 vEllo] FHE Aoz 4R vyl 1F
Zof A= dFolth I (Capsicum) 2= Capsicum
annuum, C. chinense, C. frutescens, C. baccatum, aga
C. pubescens7} 121, 3} E] 7= o] F A5 (annuum)
o &3l= AEZ SHL Capsicum annuum L.©)TH2).
olgfgt FrEj7h= TPl E EFatal, AldolA
Aeishs HHOE 2006 28,145%, 2012+
50,642 00 A 201310l 62,622 E 0.2 2006\ K} oF
220 AAkEEo]l SV TH3] AFolle TAE BT
Tt o, 87 Eofdel wet 20079 F-E]
Foll A wae]7t Aol A E o], dA) Tk
zE 7t FAE st A URES At
= FAloltt. 15 &l L= AS S ol
3} 755 sl AR Z ¢#A oM, carotenoid,
capsaicinoid, phenolics 33, &t ol o] 11
715 e T8 AR dEA gt o] dAE F
capsaicine FHS 59 FH lipophillic alkaloid=,
15 & F baccaum©] FAFo| AHRFHolgtE ATE

ATH4]. 3 E]7H= capsanthin?} capsorubin® 3]
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H|7} 225, BIERT] AL} HIER] C o] &
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A1 400 mesh®= Az d MES YFARE AT
g o] AFEE A XA EEE FAE
(Lactobacillus plantarum, L. P)= MRS HJ| A](Lactobacilli
MRS broth, difco) 50 mLol|l &3] 37 C, 150 rpm S
2 24 h v A2 ARESHATE Wi FE ks 1t
7L WA 2 SA o] HFste] 37 C, 150 ipm o=
g & 9o ® F& Aol 400 mesh® A
HAA AES g7 dEF AEE ARESHST

221, & Eojn=

A& 0.2 mLell & 1.8 mLe} 2 N Folin-ciocalteu phe-
nol reagent 0.2 mLE E&3 5 A-20]4] 3 min RF&-A]
2 %, 7% NayCO; 0.4 mL9} & 1.4 mLE F7}ste] |
h 5 Ao WA FE4 EFE0] 44H
™ UV-VIS spectrophotometer (Evolution 201, Thermo
scientific, USA) 765 nmollA] A3t} A HEHZ &=
Gallic acidE AF&3F] 10, 100, 125, 250, 500, 1000
ppm= 765 nmell A SAE FroE FFFAE A4 o
A, ANEEe] #E st Control 2+ & 0.2 mL
£ AH&skaith

222 & E2fEL0|lE &

A& 1.5 mLell 2% AICL . 6H,0 1.5 mLE &35t
F2A4 10 min ¥HEAIZ] $, UV-VIS spectropho-
tometer (Evolution 201, Thermo scientific, USA) 367 nm
A =A3) A FEZZE= Querceting AE-3H] 27,
81, 242, 725 ppm= 367 nmol| A SAHH o2 TF
e e H, NESEY S A3kt Control 2
£ & 02 mLE AHE3Ith

2.2.3. DPPHO|| Qg ma|ztC|Zt A &1}

1,1-diphenyl-2-picrylhydrazyl (DPPH, Aldrich, USA)E
olgstel NEBEY ARSI 2ATAE Y
Blois'H-& 283t 3tsl A4S SHATHEL L3
oko] Al52} 3+ 0.1 mM DPPH methanol &2 %7}
3}e] vortex mixer2 TS & A294 10 min ¥HS-
NItk wrgo] 9B H & spectrophotometersS ©]-8-3}
o 565 nmolA FFEE SHSIA

224, X|HaAtsE A g0t

40 mM phosphate buffer (pH 7.4)° Linoleic acid
(2.85 mg/mL)9} Tween 20 (2.85 mg/mL)S Egahe] wt
714 % At s e 71E 89 AR
£ &3t 80 CollA 120 ipmeE 7 h ¥-SA|ATh
I qbsbeE Azl 2EgAIE fsl 3.6% BHASE 600
uL TBA-TCA -8&9(thiobarbituric acid, 15% trichloro-
acetic acid, 0.25 N HCl)= &3}] boiling water bath
ol 4 30 min ¥H-§- ¥ Y73l 0.6 mL chloroform= 7}
3ke] 3000 rppmOl Al 5 min YA B3 ASHLS 532
mmol| A FFEE FAste] AdALE} A adE =
A3 ATHI].

225, M= HiQf

AAYote] F92A oA 2] §F human dermal fibro-
blast (HDF)+= Modern Tissue Technology (MTT, Korea)
2HE FY3ted, DMEMFI12 (3 : 1) HiA]ell 10% FBS
(fetal bovine serum), 1% penicillin-streptomycin< 37}
ske] 37 C, 5% CO, 23}l wjFataint. Mgy <
trypsinization©. 2 At wjeFgk H 4-8 At AEZE A
ol o]-&-shT.

226, M= dE28 =H

MITT [3-(4,5-dimethylthiazol-2-y1)-2,5,-diphenyltetrazolium
bromide] & -2 Mosmann?] Y-S WSt AAS}
ATH10]. HDFZ 2 x 10* cells/well 552 96-well plate
9] welldll ZF A|EES H7F F CO, HIY7]9A 24 h
v Fatd Tt Zh welloll A WAl &5 A 78k MTT sol-
ution (5 mg/mL in PBS)E 3 7}8Fth 37 CollA 2 h
HES-A1Zl & MTT solutions A A3 Z+ wellell 100
uL®] dimethyl sulfoxide (DMSO)E 73t 15 - 20
min plate shaker® EE° & ¥ microplate reader
(Model ELX 800, BIO-TEK Instruments Inc, USA)Z. 570
mmoll X FFE=E S5

2.27. UVA ZAL L A22Q| X2

HDFZ 1.5 x 10° cellsymL2] F=Z 35 mm dishol] oF
80%2] confluencyell =2 wWj7}A] vl g} UVERAL
ol wjFaAE #AAG & PBSE A H st A Y
serumS A 71& 3 PBS el A 6.3 Jem® UVA (UVA
F15TSBLB, Sankyo Denki, Japan)E FA}SI3TE UVA
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ZAF Z vk A= FBSE A7}6HR] &L DMEM/F12
(3 : 1) iR ZF A RES Fo5te] 24 h vl T

2.2.8. MMP—1 2SiX5 SH(ELISAH)

HDFoll UVAE ZAF 3 AIEE A 8]8}e] 24 h vll%F
3k WA E 96 well plateol] &3} 4 CollA overnight
3k coating®FATF. PBS-T (phosphate buffered saline +
0.05% Tween 20)% 3% Al Z3}aL 3% BSA (bovine se-
rum albumin)/PBSZ 37 C, 2 h &<} blocking?t 3
monoclonal anti-MMP-1 (mouse)< 1 : 1000°-Z block-
ing solution (3% BSA)°l 3|Aste] 150 uL ¥ H7}skal
37 C, 2 h ¥H-3-AZ Tk Anti-mouse IgG alkaline phos-
phatase conjugateS 1 : 1000.2.2 blocking solution®l] 3
2335te] 150 uLA BF3kaL 37 C, 90 min HHEAIZ] &
PBS-TZ A &3} T3 diethanolamine buffer®l]l 1 mg/mL
pPNPP (p-nitrophenyl phosphate)E X33+ 7|28 150

uLE H7kste Ad2olA 30 min WHSAIZTE 3
NaOH 50 uL& F7lste] ¥he-& b3 A Az1 3‘?
microplate readerg AHE-3] 405 nmol A FBEE =

Bshee.

2.2.9. RNA 22| 2 RT-PCR

Total RNAFZ-2 RNeasy mini kit (Qiagen, Maryland,
Germany)2 ©|-83l4th. cDNAZAS 1 ugel total
RNAE oligo (dT)15 primer, dNTP (0.5 uM), 1 unit
RNase inhibitor ZZ2]3. 4 unit Omniscript reverse tran-
scriptase (Qiagen, Hilden, Germany)Z 37 T4 60
min, 93°ColA] 5 min heating A HFH-3-& FX|A|F T
Polymerase Chain Reaction (PCR) cDNAZH-E
MMP-1, GAPDHE S%3}7] 915t 1 uL cDNA, 0.5
uM2] 5'3} 3'primer, 10 X buffer (10 mM Tris-HCI, pH
8.3, 50 mM KCl, 0.1% Triton X-100), 200 uM dNTP, 25
mM MgCl,, 2.5 unit Tag polymerase (Qiagen, Hilden,
Germany)& 4111 distilled water= A& 25 uL = 9
U2 PCRES AAISHAE PCR 3 A ZES 1.5% agar-
ose gelol Al %719 53Fd MMP-13 GAPDH -1 412]
TS At

2.2.10, Collagen Glycation Assay (Glyceraldehyde)

Fe] 7tExdr]or S E e o] of Al A
ZY3HE(AGEs) 9] A4S gAletE &2 anti-gly-

thEkaladEeks] A, A 449 Al 2 &, 2018

neutrahzmg solution-= d7 F&t 50 -/] the collagen sol-
ution= 96 well black plate®l] B3} 37 CTollA 18 -
24 h ¢ AFEH YT = v kRt At 2]l 20
mM aminoguanidine solution< sample dilution buffer=
3 X3sta, 7k AlZEE-2 sample dilution buffer2 3]4]3}
1022 uMZ ZEZE 5 welloll 27 40 yL B33}
10 uL 500 mM glyceraldehyde solutions WRA| =0 2 7;
welloll 7}ste] &3} fluorescent microplate reader
2 370 nm$} 440 nmE B} ZA 30k 37 TollA 24
h Eo]. _37_ HHo]:7] oﬂ HHO]: 1;]_/\] —o‘;,ﬂ.l:f—L ZXJ:‘]_
of Wik A3 $of FJHE H]JJ_O]'Oq anti-glycation &
IE gl

03

_‘ (

2.2.11. Cell Senescence (SA beta—galactosidase)

A =3t 49 vlo]lenARl B -galactosidase S
o] &3k AMYHQ SA-f-gal assays F3 =SG5S
a1, ©]& $13ll senescence detection kit (sigma, USA)E

} 39t HDFZE 60 mm culture dishol] & Z3}] 24

Bt st PR Stsl] AlEE A2’ 24 h Wl
Jﬁkﬁt} e Alze #iAE AASHL 1 mL PBS
Z 13 AlE % 0.5 mL fixing solutionS 3 7}8}e] A2
A 15 min WXt nAFSIYGT 1D MEZE ]
mL PBSE 2% A& 3t ¥ staining solution mix (staining
solution 470 L, staining supplement 5 uL, 20 mg/mL
X-gal in dimethylformamide 25 uL)Z 0.5 mL% 7}3
3137 CollA 24 h EOJ S skt ddE AlEs
1 mL PBSZ A& & 1 mL 70% glycerolS 231 3334

1] 7 (Olympus, Japan)©. 2 G MEZ =5 =43}
o GAE Aol AL 7 plated] FLT S
At ARKIE ZPe &, A MEL ot o

x| +8 Aol AR

rQL‘ mlm o{i

23 A2 2N YU B 1I7dEI

Zt Ng¥ i TFHAK(Standard deviation, S.D)Z
%7189 1, @_fﬂtﬂOlFAL 223 AEAE 15 7H
Student’ t-testy 2 o] &3te] A &sAct. EAH 9
AL p valueZ} 0.05 v]REQI Ao 2 AAFITH
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Table 1. Total Polyphenols and Flavonoids Contents for Treatments Results are the mean + S.D. of triplicate samples. RP ; Red
paprika juice, FRP; Fermented red paprika juice, GP; Green paprika juice, FGP; Fermented green paprika juice

Treatment Total Polyphenols content (ug/mL) Total Flavonoids content (ug/mL)
RP 290 + 12.3 317 + 8.95
FRP 541 + 11.2 801 + 13.5
GP 224 + 1145 239 + 7.24
FGP 484 + 10.87 755 + 11.74
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Figure 1. Antioxidant activity for 4 paprika juices. (A) DPPH
radical scavenging effect ; EGCG was used as a positive
control, (B) lipid peroxidation inhibition ; EGCG was used as
a positive control. Results are the mean + S.D. of triplicate
samples. *p < 0.05 compared with control group. RP ; Red
paprika juice, FRP; Fermented red paprika juice, GP; Green
paprika juice, FGP; Fermented green paprika juice.
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HaFolA =2 FXE Yeillow, 135 WA 5
zg7} daFe] Feves FeR ol F ol
541, 801 ugmLE 7H¢ & S YeERlh 9
7} AEH HESHES v A F ZE s FFdAMe
w7k vz E)gl g o] AAFETE 188 =94, =
A gpzEly EEHS AFERT 2.1 & X5
EPSIT & St o) = ghefoll A WA war g
7} EFo) AFHET 2.54] SUI8IHAL, =4 whrg
7F 9 FEFO| AFHTE 328 F718HATHTable 1).
o] AZMER Kol w2y} AFHTE HaFoA F
ZEdE gy F SR wo|E e Aol Zvt
e & F ASTh

_Y‘i

32 Z2|2iC|Z AMSutet X|Rntitst x|zt
DPPH radical> WH-g- Al g o] A5 n] A A &
st AlE7F ZE= free radical®] 58S SAY 3

th B oM Fzests o] gdt Sy HaSE
o] gkl aE golry] 9 DPPH A S o] &
siath FHURToEE ks A gEA

EGCGE AH&3tth 1 A3 AF 23 RT HEF 2
FollA Zejgtr)d A G} Fohkon, 53] Wit
g7} dgFo] 2% XA 90% AEe =z}
Oz AAZNE et o SAH R {3 Aol
7} YER T

A Aol A A= Zeeitzde] 34
of IiksEES FAsH oA 7R TS =
gt} o3 A 9 JJr/‘Pﬁ‘r‘”XilE A7)
noleic acidE ©]&3 AHE T3l Fdzy} AF 2
w7t dasE 259 AFALIE A aRE
S thFigure 1). 1 A3, 2]y AFRT=
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Figure 2. Cell viability of 4 paprika juices under the 4
concentration. Results are the mean + S.D. of triplicate samples.
RP ; Red paprika juice, FRP; Fermented red paprika juice, GP;
Green paprika juice, FGP; Fermented green paprika juice.

kst oA E7HE welY. o] Anke
o) jol7} Vet

sAHoE §

3.3. ME=d Hot

AN7e| A=A S43 HEo] AP AHE T
M AAE 13 HDFE ©]-83 MTT assays Al
%tk HDFOlA hze]7} % 253} gtxe)yl HEH
2% NEFFE Rl A3 As BF 2% 5%
2 2] A HDF2] AEol Fo] gl 2o I
AA TH(Figure 2), A2 ZALZANAE 2%2] F Xl
A AdfrotAl ol YEFE Uehlo] olF d3dM= A
FrotlZol] FFS A k= 1%2] TERE AY

< 7183} th(data not shown).
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3.4. MMP—1 2¥oixiall St

UVAo°I &l M|3Eo|A] INK/p38 S =71 S7stal
ARIARRI activator protein-1 (AP-1)2] AT HAGHZ
3l MMP-1 T3-& S7HAA oA wdZ o
gete] 5 Frst Aol Fa3 Jde
H& Atk MMP-1¢] &é ol gt a3t
1S YeRd W3EA shze)z) da gl
o}® 312} HDFell 6.3 J/em’ UVAE %
| 7kske] 24 h iR & MMP-1 2
dA3 &FE  enzyme-linked immunosorbent assay
(ELISAE ©] 43l §34=E =439t o A3 vzt
A w7 BaEe 5 oEH o2 MMP-1 2d
A AHE JEYeH, 1% BE2 Ay Al
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MMP-1 expression (% of control)

FRP (%)

Figure 3. The effect of fermented red paprika juice on the
production of MMP-1 by the irradiated human dermal fibroblast.
The cells were treated with various concentration of the extract
for 24 h. The results were expressed as the average of triplicate
samples with S.D. *p < 0.05 compared with control group.

MMP-1

UVA
6.3J/cm? - + + T T

FRP (%)

Figure 4. The effect of fermented red paprika juice on MMP-1
mRNA expression in human dermal fibroblast irradiated with
UVA. Fibroblast cultures were treated with various concentration
of fermented red paprika juice 24 h. Total RNA extracted from
human dermal fibroblast was analyzed by RT-PCR.

MMP-1 Z3 A G 29%S YElton ok x
T2 EGCGE 10 uMONA] 43%2] MMP-1 T A &
= Ve A THFigure 3). WA 9}z e)zh Wk g Fol
HDFoll A UVA®] 23] &%= MMP-1 mRNA &&
of vX= PSS Folr7] 93 RT-PCRS ¢ 2,
il d BdAdel S TE X O E MMP-1
mRNA T8-S A3list= ASZ YeRgTh(Figure 4).

ol

3.5. Glycation &X| &1}
w7l AEH daFo] 3t HE ohlE WA

g FIFE Slstr] A8 As

g2 glycation®] HH FFEHo] FAH=T, ©]
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Fluorescence(370 nm/ 440 nm,
3
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(€]

Figure 5. Anti-glycation effects of 4 paprika juices on
glyceraldehyde derived AGE formation. Collagen gel was
incubated with glyceraldehydes in the absence (control) and
presence of various concentrations from 4 paprika juices and
aminoguanidine for 24 h, respectively. Aminoguanidine was used
as a positive control. Fluorescence of samples was measured at
Ex 370 nm and Em 440 nm. Results were expressed as the
average of triple determinations with S.D. *p < 0.05 compared
with control group. RP ; Red paprika juice, FRP; Fermented red
paprika juice, GP; Green paprika juice, FGP; Fermented green
paprika juice.

EZAS wjF 24 h Wik AEE % J3}te] glycation H =
5 Wrtshe Ao R AP A EE A8l FEAH
Z7 9.2 Aminoguanidine-S A]—%'G}E’\iﬂr AR g
g7t AFET daFoA HF F3tE(advanced
glycation end-products, AGEs) A4 SA| &4do] F71s)
© As 1T + A Th(Figure 5).

3.6. Senescence Associated [3—Galactosidase &4
S-EN

vze]7te) AEF BaEFo| AEstd] nA=
&S ERI317] 9138l SA- 3 -galactosidase assayS A
3 TE UVAS A} Al 3bA| 28] Bl8o] 2% A=
Skt om, AbdE A% #EEo| UVA7} HDF2
AES AAIZ ] FRIFAT A s A Al =3t
o] Hl&o] v& oEAHOFE A4Sl vzelzhe
AEI HEaFE BF UVAR QS AlZAdA oA =25
Bl HDFE H &3S SRlstitt. 15 it vlxe
7} dEaFo] /M =2 FAaES XYt Figure 6).

10

SA-B —Galactosidase positive cells (%)
=1

0
00

WA 6.3)/cn? + o4+ R

RP (%) FRP (%) &P (%) FGP (%)

02505 1
¥ o4+ s

Figure 6. Senescent cells were measured by HDF retreated with
4 paprika juices and indicated by percentage of decrease in
comparison with that of UVA-irradiated HDF a control. The
values are mean = S.D. *p < 0.05 compared with control group.
RP ; Red paprika juice, FRP; Fermented red paprika juice, GP;
Green paprika juice, FGP; Fermented green paprika juice.
4.2 E

el Wil & Azl opd s U Az
Mel FE A AL Ag el shelsh AFT 42

5 0|8 LaFS] Pus D et} T s sl
Gtk 7 Ash, el AERT GATE 1o
Lat gaxg)7t Baso] 7o Al Fatstel diest
A} A e shEelsl E FolHE il
A BE)slE ol 8% WEFIN % s FF & =
ghrol= gupo] ok, ARz A% A2
ksl A EIE TP =4 debeth Rk o,
WL Sz} BEFE ol AvE GuAA o
Add3 MMP-1 8 SA &I, S -galactosidase T
AAEHNE 7Y ' ASE e

Agx oz, ezt AFRtE $EF] Fo 9
Al Grtetel st G5o] kAl UEbaL, et
she} st EsolA /M we B vehd W
A w7 HEES kst diesle] ST U=

2 ol A8 4 2l Ao ARd

Acknowledgement

2 ATE A AR} kv Ez g ol
Adste BAAPREANESFHAGCE T8 o
ZA 79 THR0002894).

J. Soc. Cosmet. Sci. Korea, Vol. 44, No. 2, 2018



124

1.

6.

. 2013

References

T. Tsurumi, 1 day 1 juice diet, ed. K. M. Lee, 18,
Login, Seoul (2014).
Greenhouse  Status of Vegetables and
Vegetables Production, 77, Ministry of Agriculture,

Food and Rural Affairs, Sejong city (2014).

. A. R. Zimmer, B. Leonardi, D. Miron, E. Schapoval,

J. R. Oliveira, and G. Gosmann, Antioxidant and an-
ti-inflammatory properties of Capsicum baccatum:
from traditional use to scientific approach, J.
Ethnopharmacol., 139(1), 228 (2012).

. Safety evaluation of certain food additives, 60, 85,

WHO, Geneva (2009).

. J.S. Kim, J. Y. Ahn, T. Y. Ha, H. C. Rhee, and S.

N. Kim, Comparison of phytochemical and anti-
oxidant activities in different color stages and vari-
eties of paprika harvested in Korea, Korean J. Food
sci. Technol., 43(5), 564 (2011).

W. S. Cha, H. B. Kim, T. H. Lee, J. Y. Kim, K. R.

3ksl-Eska) %)) A 449 A 2 5, 2018

S REEER

7. D. B. Diep,

o2

Kim, and H. J. Shin, Nutritional analysis and cos-
metic application of Capsicum annuum var. ngulosum
Mill. extracts, Korean J. Biotechnol. Bioeng., 258
(2011).

F. Nes,

Characterization of the locus responsible for the bacter-

L. S. Hvarstein, and 1.

iocin production in Lactobacillus plantarum Cl11, J.
Bacteriol., 178(15), 4472 (1996).

8. M. S. Blois, Antioxidant determinations by the use of

a stable free radical, Nature, 181, 1199 (1958).

9. A. M. Romero, M. M. Doval, M. A. Sturla, and M.

A. Judis, Antioxidant properties of polyphenol-con-

taining extract from soybean fermented with
Saccharomyces cerevisia, Eur. J. Lipid Sci. Technol.,
106, 424 (2004).

10. T. Mosmann, Rapid colorimetric assay for the cel-
lular growth and survival : application to proliferation
and cytotoxic assay, J. Immunol. Methods, 65, 55

(1983).



