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2 % H Al IAAREXRY p-glucosidase MAYSI= Lactobacillus plantarum SM4E EE|5t0] 3] W&y @¢as
Fsta vl 2EAL 2IE 7= AYEd 37 A9 & EHe T %ﬂEiO]E o, Ak 4,
o|ZAY|o|= AT, FEtAYIo|R EAAS, A AdES £ d vEE YaEY & EYve
1.840.26 mg GAE/g DW& ¥5%E 21.410.67 mg GAE/g DWel ]3] 24 7t F7letelon 4te) &4
5 +4.7%2 49 F7Foblct. mlwa SEHA9 A Bl 2AIUoHA] B ZeAdo]= /g AIsHol Slof & WiE
E0] 87.9+4.73%%} 66.7+3.48%= FFEE0] HIS) 47 2.44et 1.54] F7Itt AAE EYich 9 WEY
BEY G5FEE9 AY4 A 2AE ¥ TSRS o, UVA(320 nm) Ae&o] 242t 64.7%%F 15.2%=2 7= of
U5y TaEo] d5FEEC] Hlel ¥ w2 2adE Ushol AA2RE B L. plantarum SM47} ABAsH=
-glucosidase® TRE &of HF v, FF FA, AJAA Ad 5 SHELS skt
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Abstract Lacrobacillus plantarum SM4, a strain producing #-glucosidase, was isolated from kimchi and
fermented with white Taraxacum coreanum to enhance the production of bioactive compounds. The
total polyphenol content(TPC), total flavonoid content(TFC), radical scavenging activity(RSA), tyrosinase
inhibitory activities(TIA), and collagenase inhibitory activities(CIA) were measured to evaluate the skin
whitening and anti-wrinkle effects of the fermented product. The TPC of fermented white 7. coreanum
was 41.8+0.26 mg GAE/g DW, which was approximately two times higher than the hot-water extraction
of 21.44+0.67 mg GAE/g DW. RSA, an indicator of antioxidant activity, was 65.6+4.7% in fermentation,
which is four times higher than that of the hot-water extract. TAI and CAl, which are indicators of the
whitening and anti-wrinkle effects, were 87.94+4.73% and 66.7+3.48%, respectively, which were 2.4 and
1.5 times higher than those of hot-water extraction. When comparing the UVA(320 nm) protection
effects of fermented and hot-water extraction, the fermented white 7. coreanum showed higher
protection with an absorption rate of 64.7% and 15.2%, respectively. The white 7. coreanum fermented
product showed higher bioactive properties and improved skin whitening, anti-wrinkle, and UV

protection effects through the production of g-glucosidase from L. plantarum SMA4.
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ol o] gl uet AA1sol stk B4
0B HE SEAH B39t F4jo] gaste] 9 A%
of that whge] AstEn PP fA F1a okt 9l
sEd|z0] HeksiAln 2ol gk P4l $7helo]
9% AEAL, WY, Al et gl FHHA &
e e @
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SoH1]. 5717 A S
B3 oA AR fIel ATt B 3o,
FEE AR 2~3%= 2 ASaEE ARA] Xot
setdog whg/do] &2 E4AT) HH o5
13-4 AAE E= A (reactive oxygen species,
ROS)olzt AtH2]. &4, 31514, 3754 a1l 9
off Egatago] it S Ee AA 712 g3l osh
AT ST EAAE S AA 8RR AE,
il DNA W4 9 Alxeto] mhy] 58 WAYAIA 7
T =9 A A, s9AsE 18, g, o
Hot ozt RASH 7] 4 2 e Z2 1
FLe3kE TAYAIZITH3IL

T Rul-g SHOA Al 3t 24 EE2 SR
AbdollA 2 S W Sl Wldet <91 =3t
5 gabagol s Zi&stEnta g#fA glof =3}
AAE Yl 44T AALt TEE A7 Ax Q)
Al AP QIrH4]. E4tagol o #H]9] 2+ Yy
A ZoN A= B4 APIEZIRIS Er7L S7tstar, A
1]9] H-Rot o= S8 FAA Edo] 9A
H 7]Ad} Sl B § A (matrix metallo-proteinases,
MMPs) &do] A %|o] MEe] 7| il (extracellular
matrix, ECM)2] 8 QIA}Q1 FeHlo] Eof=|1 X155
TF27F "= =3t WAYETH5-6]. et 119
AAS 5 71AA 20l EAot= WetdAxs et
150 H53t UVASH UVBel 2l A4 o] 714
st d2A Uo7l dEhd2 A gl gt
HREY IAE Qo YA =& Al Aol EX1E
=4, dahd M= QS Aot DRE Hook=
kS sHAYE dahd ATt AEstA FAEE™ 7],
ANA, FREEE 59 MARR] jlo] =, Hatd
ATEEY B4R Qe SAZE v RS fHE &
7|z qTHgl. 2 3FE dACIME 718 BAER
A& QFdAdo] 93t butylated hydroxy toluene(BHT),
butylated hydroxy anisol(BHA), prophylene
glycol(PG)2t 22 g FAIBHAIE AMgstar 9lot 3t
g gEolg= AHAY AR, Holdd, IEAS
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9 QA H402 A vdAE thAIstA Qrag
Fakst Do) w2 A A4S S 8 st
ATHIL

WEH(Taraxacum coreanum)= =35}3 WEH
of &ok= ofEoiilo] E2 He, o, £ 5 A& A4
ZFFolHt AR ARGE O B, A,
4 9 BA3Y 5ol <kart ok dHA[U, &
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EAl9) AZAE 2H2Ae FRot
S ohet 39F L YA
U7t BES FHAYIE SYFELS
2ol B4E oAstel
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A& SPE A4 AL A3
A g sy TEEE 08
9} wlBAA atof| digk A+
BESE AYoE B dFoMes & Wl
TAREL, we 2597 537t A
AAretarzt gtk ol s, A TAE A
L. plantarum SM4< £85lo] 3 ql&d
F4LL, Efo|ZAIH 012 Asfjot FEfAY| 0|2 Ao &4
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3] PEYE FIsheEx(Dongdaemoon Gu, Seoul)
oA F+sted 20209 8ol Frfiste] ARESIIT EF
ZAZ7I(FC 49, Lab house, pocheon, Korea)& ARE-
st} GOCE R ¥t gls wi7kx] Axsto]
Aol ARgsHT.
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gI517] 98] Difco MRS media(BD Biosciences,
Sparks, USAYE AM&ste] 1A|9F AAEIAE 2+t Al

stk MRSl 3 2%(w/v)S ol-85te] HoHjS
Axg &, FFEYE Hote] AAFIES 1/10022 3
Asta] 0.1 mLe MRS HHHjA|o] =Esto] 35T 3
7104 24417k vioFstoit. HEEjR|oA Y E2YE
Rl WFolE olgsto] MRS HAEIZ] 10 mLel
JEsto] 35C F27100A 48417 v
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At(Lactobacillus plantarum SM4)2] HAuF
< 9l MRSE 7]2H1A = ARSI o 1 M HCI# 1
M NaOHE °©l-§5to] uix9] 7] pHE 72 F45}al
50 mLE HiY¥ ZSetado] EFste] a¢E]
(SAC05060P, DaeHan Sci., Gangwon-do, Korea)°l
A 121CE 1583t Btstgieh. EotE iAo 12413
i S 1%E AEoto] JZeig71o14 35T A
150 rpmO& 24A17F vigstgict. 2840 PikS 9
A MZE SRAYO]AMHG-15A, DaeHan Sci,
Gangwon-do, Korea)= mstn GRS A5
RS J)oeote] 2HANOE ARGSIIT B4t H 2EA
HS 1 M HCI#} 1 M NaOHZ pHE 7= zAsta 4
s Fdat 10109 1WH|(w/v)E EFoto] 48
FAEAE Yot

EEAH A

s TS Folin-DenisHe H&5lo] &4
SFTH15]. & WIE8 &% 0.14 mLefl 0.2 N Folin-
Ciocalteu A|9F 0.7 mLE 37Fsto] 8&E7F WH-E-AIFTE
o]& 7.5% Na:COs8H 0.56 mL& H7}sto] 4204
1A7E HESAZ]aL B33 A(Optizen 2120UV, Klab.
Ltd., Daejeon, Korea)Z 765 nmolA SZ=E &3
sieltt. 8 RIEY #5289 & E9us T gallic
acid(Sigma, St. Louis, MO, USA)E EZFEHZ AMS
ofo] ¥E HAFAZ A mg GAE(gallic acid
equivalents)/g DW(dry weight)2 WEF A}

2.5 E2HL0|E Sk
EgE ot TS Mussatto 59 S 48

@stol ZAsieirtiol. € WEd 5= 0.5 mLof 0.1

=3
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M potassium acetate®} 10% aluminum chloride Zt
0.1 mLe} FF7 2.8 mL, 99.5% ethanol 1.5 mL& &
AH o7 H7lste] 2ol 3087t §RSAIX T 8
EAR 415 nmollA =S S5t Stk o]
Tt 3=k quercetin(Sigma, St. Louis, MO, USA)}&
BFEEAE olo] prEE BE APAS A4 § B9
Hyolt kS mg QE(quercetin equivalents)/g
DW(dry weight)® YeRHAT}

2.6 st 29 =F
g s FEE A 24 4L 79 g

Q1 DPPH(1,1-diphenyl-2-picryl hydrazyl) ]z
AASHE ARSI EH17]. DPPH(Sigma, St. Louis,
MO, USA) AlokS HghZE 3|Aoto] £330 TAE o]
85t 517 nmolA FB=E 1.02 27ste] DPPH 3]
AHAg Azstyrt. A WEY £ 0.25 mLol 34
3k DPPH Al°F 1.25 mLE 7Iste] @FaolA 2087 vt

Sata AR st B3 FEAR 517 nmolA ZLE
£ =l 22T} v|wste] ool T2 4] o]g
3 MEgs AMzsigich
A
RSA (%) = [1—§]><100
A FEE Y9 FE=
B: $&E FANFY 4=

2.7 EIO|ZA|H|0|= EHXsH X
Efo|ZAYlo]2 A £ Jo T WS ¥
oo ABSIATH18]. E5-8HC=E 50 mM potassium
phosphate(pH 6.5& ARgso] 7|4} 10 mM
L-3,4-dihydroxyphenylalanine(L-DOPA) 0.2 mL<}
125 unit/mL WA 3 Eto]2AH|0]=(Sigma, St.
Louis, MO, USA) 0.2 mL¥}+ 3 ¥1Ed $&E 0.2 mL
£ A71eRginh izl AR ti4l 745 0.2 mL
H7¥skal 25T oA 2083 BEGAIA EFFEAR 475
nmOlA SFEE S75I3It). Eo|ZAH|o]= &g A s)
(%) oFef9] Ao diYdsto] WMEERE AALtSIAT.
TIA (%) = [1- 2] < 100
A AE BV S8
B : A& 7o 8k

==



Lactobacillus plantarumel]l 93t 3 A& YR E] A5 9 Jies} A4 a7t

2.8 SHAH|0|= MK =H dZ Hole w71l 48 455 8 UEd aaEsE
FEHAle|= E/gAe] 5782 Wunshel Heindrich[19] A = AUkl 54 B AT 25E flste]
o g AgeL SE8eLe 01 M TreH) | F2EAH(Sungdone, Seoul, Koredl AREAS
9Fsto] BLASTN search®} CLUSTAL W Z2 73S

buffer(pH 7.5)°1 4-phenylazobenzyl oxycarbonyl-
Pro-Leu-Gly-Pro- D-Arg(0.4 mg/mL)& &35t 7|13
4 0125 mL % & 95 FEF= 0.05 mle
Clostridium histolyticum 3 &4 SeHAd|o]|=
(Sigma, St. Louis, MO, USAYE 7Fsto] 37C0lA 30
0 WA diRxdole ARt SR5E Vst
o 37COolA 30&7t BESAIZIAL 20% A4 0.5 mLE

7¥sto] Whe-& AX| A7), ethyl acetate 1.5 mLS &
7¥oto] ASAS Hof B wAR 320 nmolA &%
5 Skt ZEHAdlel2 EAE (%) o]
A& olgsto] AXtsHTt
CIA (%) = [1- 2] < 100
A AR F7HY] =
B : Alg FH7Y] S4=

2.9 XfQIM RIS
3 use 2age 424 e

=%

H71e e %

FEET ‘*ﬂﬁ/l AeHE FHoto] FTH,e) o
50~1008] 3|4 & EFFrAE ol-8sto] A Jﬂrﬂ
F9lel 200~4oo nm 5 AHEZS =5
UVA 3345 &4 A9l 320 nmol|A] AFdE&-& v]sk
At
2.10 SA43

E AFolA AEF= 33 e SHsto] FF +
HEHAHmean + S.D)E YERHIY, F4 @?3
X0.05 §2Z0f| 4] Microsoft Excel Vlsual Basic®Z o]
25}10] r~testZ Y5FTE

3. z&n % nE

3.1 o= 22| ¥ 38

3 uEy HRE 3 d5= JAZEE Eoto
MRS Hyufz|ollA] vifsly T F2Y FeHE Hol=
432 137) AEst API ZYM kit(BioMerieux,

Etoile, France)E ©]83}o] B-glucosidase 2] 187}14]
A4 A v|wstEtTable 1). o B-glucosidase &
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ARgSHe] SiEs 9 Q7IMET AE DAET =2
HEEZ7F9] 16S rRNA F44 A714ES H|wskelt)
16S rRNA gene ¥9L 2024 bpol @72 FAHo0]
90l L. plantarumell &3t FF2 gRI=0] HFHo

2 [. plantarum SM4Z HHsct.

Table 1. Determination of enzymatic activity of API
ZYM kit.

Enzyme 112

13

Control

Alkaline
phosphatas
e

Esterase

Esterase
Lipase

Lipase

Leucine
arylamidase

Valine
arylamidase

Crystine
arylamidase

Tripsin

al-chymotry
psin

Acid
phospatase

Naphtol-AS
-Bl-phosph
ohydrolase

a
-galactosida
sea

B
-glucuronid
ase

B
-glucosidase

a-
glucosidase

B
-glucosidase

N-acetyl-8
~glucosamin

idase

a
~mannosida
se

4
~fucosidase

Symbols: (+) = positive; (-) = negative; (v) = very weak positive
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AE/g DWom, 3 Q& daE9]
E 40 9+0.26 mg GAE/g DWZ 2Ql=]
of ¥EEI %Y—l]uﬂ AFo] FFEEHT oF 28] T
718 1% 4= AUSAHTable 2). EetE ot 3
| 3ol F4FE2004 5.05+0.18 mg QE/g DW
9l Wiy e aEofA 5.75+0.27 mg QE/g DW= &%
ol 1.14¥ 7k A3E A5tk & iﬂ‘ﬂll‘-‘/}
EFtHolE Y B FLFEEAME w2 AFS
Heou g E Bf gl oS S7HEe] ERIEIH.
ol [. plantarum SM4°IA A== T4 Eala4Ql
B-glucosidase®] 93l HiGAHZHE Fo] E = o] H]
FAS} =AY dEFREHAERE A} AEEAN)
ot Ag=o] AW EHeA E4o] vy Edfjol g
o 72 FEHE HEE] & Eulsd EgfEkolE
el F717 I ACE AtEE

Jl daEESRE 57449 RSA
£ Table 2°] YeFiglom 212} 16.3%2 65.6%% U
sholat 2 gloil;} L
plantarum SM4 ZAAN9 RSAS =435S W
2.18+0.09%% UHO ol 3] &y daE9 lﬁ‘\% ks
AlsE 42 3 RIEE ] aaEd] A o3t AL
2 ZRIE}ITY. OIHVQ—E EHE gdo|EARZY
015——3 B, 7HEX], EetE o] B9 22 Tttt &

ot et kst ks UEhdoh 2 Ad

U= 8o o3t FAE S 57 T

_‘1

ru H:1

1

Table 2. Comparison of TPC, TFC, and RSA from HWE
and fermented 7. coreanum.

Methods for producing bioactive substances
Assay
HWE FER SM4
TPC 1 1
(mg GAE/g DW) 21.4+0.67 41.842.6 0.87+0.071
TFC 2 2
.05+0. .75%0. .0410.
(mg QF/g DW) 5.05+0.18 5.75+0.27 0.04+0.002
RSA®%) 16.3£0.74° 65.6+4.7° 2.18+0.09

HWE = hot-water extraction: FER = fermented 7. coreanum by L.
plantarum SM4; SM4 = clude enzyme extract from L. plantarum
SM4: Significance = 'p<0.001, 2p=0.02, *p<0.001. Results of 3
repeated experiments (Mean * S.D.)
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WA GRS Bolas] osf f29 Eevle
ZalH0|=9] Z7)o] ulgl kS o] 271E S
Ao otEn F9 gIHEZo] ZEvs k= Zaid
L0]=9le 933} 4 Qlt}, o]} e Auf= ou}g} 3}
Ao okl Zalhs & EA3F B 34 93
on] Z W=y} St 0|E9] gtk gl /\AL
2 B EAE k= Kim 59 d7W83 dRsk=
Ao tH20].
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3.4 ELO|ZA|L|0|X & X{sh

Hepd-2 wHe} Wikol] Exst Qg F425to]
o 5e} HHS B ook A% ofx|v It Wabd2
A JEE doA 7v|et I 55 FLsHH Eol
EAYlo|= E4A8E Fofl Wetd A4S AAlst] A
S A 4 AoH21). v 29 S35 9
o & RIS FeFEET DRAEY Eol|ZAYo]2
A NE vl et A, aEO)A 87.9+4.73%=E &
FEEEONA 37.1+1.22%00 v 2.4 F71eF AR
219tk Table 3). 8 WIEE9 de52E3 ¥a =
oA HEF Bfo]2A|H|o]= E’*éxﬁﬂ 7]5°] ERl= ATk
ole} ARt ZFE Kiml22] 52 L. plantarums ©]
&3 & Eo] Jlol HE YEEY] o] ZAUo]= E/dA
St Oed‘/r\*’F%%‘)ﬂ vl J7RRitta Basiglom
Yoon[23] 52 thot¥] FEE9] A& FX o]
L. P/élﬂfﬂfumi o] &35t YRIt AL ELAT EHol2
Aldlo]z E/gAfslol]l &t Sl HRTth ol &9l

Y=Y aAREso] o5 Bel2AYo]2 &4 AsiE
,] }\ﬂ/\}-ol 57]—‘6‘14\:]-3]_ Oﬂ/\]—’ég- 10—] __] El] ‘Llﬂ Izﬂ-_g_
Bl Elo]EAIYlo]2 &4 AAE FS7HA HA Tl
W gy PR AR 282 4 Sleol ERlFTh

l‘)

m>4 rOl'

= m{ru

3.5 SEHALI0|= & dXaH

3 =99 deFEE Y8EY EAYeI2 &
AAe] adE vwgt An G52 daEA 44
45.4+1.5192}F 66.7+3.48%= Q1= o] HraFEof o5t
Asjarzt  1.5% =A  UeRtHTable 3). L
plantarum SM4ZEFE A4t & 2G4 H9] ZEHAY|o]
Z GYANE 4.4+£0.822 2 3 Hol Hago &
2 FFAYo|= A= L. plantarum SM4S] &
AN0] 77t obd § TS EofEo] o3t o= &
A=At o= AL oA olE £85 € H]
A =9 =2 A ZAof| o5 Efo|ZAYlo]=



Lactobacillus plantarumel]l 93t 3 A& YR E] A5 9 Jies} A4 a7t
o AZpAEYlo]2 YA} FAlol F7sto] AR Ho| & FHHE XIPL Rl IS AR wEch
3 3t ke Bl QX5 Adte|oh24]. whEbA
L. plantarum SM4E ©1-83 G4E6E] 93t & 1 1000
99 vgAstet FEMA g3t ABAdo] e Ao _
2 A=Y 3 9EY gaEo] miol ge 3435t E w0 —
4]
£ 35 M 7154 PR HA AAEA 28T 5 2 w0 7
=
e Ao Amdr g .
= a0 —
2
Table 3. Comparison of TIA and CIA from HWE and % 200 |
fermented 7. coreanum.
- 0.0
EXE;?S;?“erSeg“;’dS DPD HWE FER CcE
HWE FER SM4 Fig. 1. Effects of HWE of 7. coreanum and fermented
. 105! 473 ie176 T. coreanum by L. plantarum SM4 on ultraviolet
TIACH) 57.141.22 8794473 124317 absorption, DPD = Disodium  Phenyl
CIAG) 454+151° | 66.7+3.48> 4.440.82 Dibenzimidazole 100 ppm; HWE = hot-water
extraction of 7. coreanum; FTE = fermented 7.

HWE = hot-water extraction: FER = fermented 7. coreanum by
L. plantarum SM4; SM4 = clude enzyme extract of L. plantarum
SM4: Significance = 'p¢0.001, “p=0.002. Results of 3 repeated
experiments (Mean * S.D.)

3.6 XM xptE Tt

AA ALA A BIE 7 AAE JELE <
A E7IAR Wi, AR, U9, S, v 22
AE FEET o71E/MAE, 7, AE, of7lHd
AT 22 fRFE o8 HFe A7 AdET
ATH25]. 2 AFollA 3 fiEy deFEE TaEe
A4 A ga3E grishr] Yol wE QS &
st} DNA &4 9 S4kaES A4 dllo] He
A tisf deSEE3 dRaE9 UVA Adads
H|wstlth UVA 99l 320 mollA] et A8
Z1eYolots o, 35k AFelA ARl DPD(Disodium
Phenyl Dibenzimidazole)ollAl 97.6%2] &2 Xjctta
IE Bon deFEEN HaEA e 44 47.2%
o} 64.7% ArHEE Hol 8 s HaEo| AgaIt
1.4 Z718he HAtHFig. 1). o1& 59 & WEy
BE B9 UVA A9RI7t SR=Y olF AL At
2 AYAtol] Agol 7hs e ERIskT. Iml26] 59
Aol o5 & WIS FEE0] P FHT, T ¢
udf 50 g3tv} Qlckal BiE o] oy waES] 2
A A 9 FLest AR gk Aqte AR Aol
£ AgolA 3 visg daE2 AA At S &
L3} A a7t ot AAREE, 25 331 A &
I AREd 2y, daet aaxg 34 HH3E 59
ETHlE S0l AYA Aol F8 TS = FHE

Tas
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coreanum by L. plantarum SM4; CE = clude
enzyme of L. plantarum SM4.
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aArfds Bl AHSHEL AL
ZaMA o] 2 BA S UVA Xatay @ SAa9s
gRlstyict. 3 vEy daEe] HeddS Breti9e
o TPC 41.842.6 mg GAE/g DW, TFC 5.75+0.27
mg QE/g DW RSA 65.6+4.7%% EolE]o] d4
ZE0) vlol =2 FFS Bk E3F Bo|2A o] =9}
ZetAvlol=2 EAGNE HlEFS W, Aol 2=t
87.9+4.73%%} 66.7+£3.48%% ERIFT  UVA
64.7% Ak 8345 Kol 3] vEdY HaEo] oA &
oS 53 Bt A 21E 7= PR A EA
53 71648 Bt kbR et I | BE AY
A 3ol 28 YEd HaEA §9F 53} FRIEY
o &% [ plantarum SM49] ¥R} G4 A%
Asts Bof AT Fiest A Gt =2 st
TR 7154 SHEE A AAlo] s AoE Wt
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