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Anti-inflammatory and tyrosinase inhibitory effects of Prunella vulgaris
water extract fermented by a lactic acid bacterium isolated from kimchi

Youjin Jung’, Sangmin Shin', Daewon Kim and Hyungjae Lee’

Department of Food Engineering, Dankook University, Cheonan 31116, Korea

Abstract

This study investigated the anti-inflammatory and tyrosinase inhibitory activities of hot-water extracts of Prunella vulgaris fermented
with a kimchi-derived strain identified as Levilactobacillus brevis CCK1-43. To evaluate anti-inflammatory activity, extracts fermented
with L. brevis CCK1-43 for three days showed a significant inhibitory effect on nitric oxide (NO) production compared with the
non-fermented extract. Real-time PCR analysis demonstrated that the 3-day fermented extract also significantly suppressed TNF-¢
expression, showing a pattern similar to that of NO inhibition, thereby confirming the anti-inflammatory activity of the fermented
extract. In the tyrosinase inhibitory activity assay, extracts fermented with L. brevis CCK1-43 exhibited significantly greater inhibitory
activity than the non-fermented extract; however, no significant differences were observed among fermentation period. These results
indicate that P. vulgaris extracts fermented with a lactic acid bacterium isolated from kimchi exhibited both anti-inflammatory and
tyrosinase inhibitory activities after fermentation. Therefore, lactic acid bacterial fermentation was confirmed to enhance the
anti-inflammatory activity of P. vulgaris while simultaneously increasing tyrosinase inhibitory activity. Consequently, these findings
suggest the potential application of fermented P. vulgaris extracts as functional food materials.
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3! UK Dubois-Deruy et al., 2020). §F B+-3-2 Q& HAAY 2
Aoy &4 &4l tigs7] Rt A HAA Q] o] 7]H e
2, A A |Alo E4AQA IS 493K Beutler, 2004).
124 o] Rl HEgo] oAl AEEHAU HAA x| o) FF
/g cytokineo] 2|&2| 0w FH|E e, Q3] £A ST T
A= AEIE U3 4= lrh(Balkwill & Mantovani, 2001). FZ0|
|EEH kst F5 w7f AR (pro-inflammatory mediators)7} Aj
A=]H, tJFEA O F inducible nitric oxide synthase (iNOS)of| 23]
A== nitric oxide (NO)2} cyclooxygenase-2 (COX-2)°f Q]3] AJ
A== prostaglandin E2 (PGE2)7} Ut} o]2st BEAEL g5 vt
9] &3} Ao £93F IS FH(Ricciotti & FitzGerald,
2011; Férstermann & Sessa, 2012). £35|, 13534 M+9] <= -
A A8l lipopolysaccharide (LPS)= THAIA|E 2 1S SHA4]
3}oto] tumor necrosis factor-a (TNF-g), interleukin-18 (IL-14),
interleukin-6 (IL-6) 5] ¥=A4 cytokine®] AL Z7HA 7= A
o= A JrHMedzhitov, 2001). ©] & TNF-¢= %7| g% vt
S Freohs 78 w7 At A85h, o]F IL-6 59 Td
Z2)510] 4= HkS-S HL Z2EA)7|= 93RS $1TH Tanaka et al.,
2014). FePd2 =2 #3)9] 7|4 9 K Fjo] EAok= et
A zofA] A= 0], A U] e (melanosome)ofl Al THd%
o|% AAgHE WehdS HepdA| o] HEVIE B9l AT
AR R A=, ZPEF A2 o5 oA o i #H
o7 g} TR FAJof] Thofst(Cichorek et al., 2013; Videira
et al, 2013). Wehd A HFLS FeheF oM EzAl
(tyrosine)0| E]ZA|L}olA(tyrosinase)O]] 2J5] EIHDOPA)Z Z3H
= SAOIA AJAFE]H, ofojA] ETJJr-:Hl‘(dopalquinone)—oE Ao}
H} o]F d#H A5 AkS) W82 AA 5,6-dihydroxyindole
indole-5,6-quinone 59| S} AL, FSH o2 FT Uk
S 59 Hahd 1EAT A HETH Videira et al., 2013). o]2{gt d
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ol @210 2 9l Wahd9] AAjo] v|AAA O 2 ZV15HAY o5
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7 S3F 22 WA 22 FARS Qukek & “’4—(Cost1n & Hearing,
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o gy E2S YA #pPoz HolElthRezac et al.,
2018; Voidarou et al., 2021). £3] YA E 5] HojA =252 1
A g 27} 9 A o] 8E 3R} 59 ZAES AU, o] QI3

71578 37} Bt wl2A] HE@E 5= QItk(Shah et al., 2023). 24T
Fo Bl WA SERA, SSES M0 AL 5
g7Vt &3tk o] IO {74k B Tt thaRibEo]
e, ol AFY AS skl Bed F8s FIAIE
ot o} 7|54 ZX9|% 7]ostthLeroy & De Vuyst, 2004;

Quinto et al., 2014). S}1L&(Prunella vulgaris}+= E-ZTHLabiatac)

of &oh= thdA 22 AER, ofd 7= 4808 o§5H g
Wollde AFRE X3 FHz o2 ARSEh deAor ot
Mz ok, Y, ¥ R Y 5t Y a2 Ave Ao=w
A AH(Pan et al, 2022). 3}sHd JEROF L= ursolic acid,
caffeic acid, rutin, hyperosideE H|&3}o] H|EI, 7}2E|0|E, Bt
gl oeftt fl4te] HarEo] 9o, £35] Aol sterolit
37 ursane E oleanane AR triterpenoid SFeHE0] $H-Eo] Q)
CTHPan et al., 2022). T3}, quercetin, hyperoside, ethyl caffeic acid
S Z2 ST 0|E Yl TR sterold} A4 Aol £2, 5
= v} Qlth(Zholdasbayev et al., 2023). o]2|st A& FAJof 7|4t
slo] ShmRt P, BUS, YLA27] L FEo] 5 oy
3 g S L}E}lﬁh Z0F HYEI QIthMirza et al., 2024).
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= H SE

M=
SIAZ(P. vulgaris L.)= 2023U% AT A|2|4tol| A Aulisk
of 58 & A 73_551 h_é Tufste] *JQOW EJ%‘M *F‘l
Sttt AxH shalx
8310] 3027t B4 6104 21
200 gofl 32} BF 222 L % MH heating
100CoIA 1AIZE B 5 :
A}Rokﬂ IFES 111743} ou, ofzhg] FZHL2 887xgolx
ow_t;ao}oq J%‘Ol.‘% Slestqith 94—r~‘f4 g5 &
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A% 2229 AxHAT AR FZRE wilgaris L. extract
PVEYS A A7HA] 4TolA BSIT.

AZ Qi MRl 5H
1 Q7oA A 2 750 5 9I5te] 165 RNA £

AAF A7IME B4 S 6l 2 25 E genomic DNAE
QIAquick Gel Extraction Kit (QIAGEN, Hilden, Germany)E AR8-5}
o] Z&%t Z, universal primer?] 16S-F (5-AGA GTT TGA TCC
TGG CTC AG-3")2} 16S-R (5°-AAG GAG GTG ATC CAG CCG
CA-3)E A3l tHLee et al., 2009). 16S rRNA gene SZ2 2J3f|
PCR thermocycler (T-100; Bio-Rad, Hercules, CA, USA)E AR85
o 95T oAl 457F denaturation, 55C 4] 187t annealing, 72T 9]
A 9027} extensionS o= 7O = 30 cyclesE o1tk PCR
products £2]3t &, DNA sequencing[GH}0] 2.9 2 (Seoul, Korea)]
= B9 A714¥ES =451 AL, NCBI BLAST searchE ©]-8-6}
WINBE AT T B

brevis CCK1-43& A5}t H#5= MRS brotho] 4] 30T, 7]
& z7tsto] 28] A WFsto] B A3 MO B o] ARG
SEIH:. Bt A7 SEAA 10% shalx E5 5= 150 mLE
2ot 7 wigA(1x10" CFUmLE 5% (vv= 5T 7,
shaking incubator (30C, 80 rpm)°]lA] 347t HEE APolct. &
B Y 5 At HEE ZRIsP] sl YR ARE dl4ot
o] T 3]4 & MRS HuhjA]o] =Eolict. =T MRS HiA=
A71A 2200A 30T, 24417F vigsti o, A H=k2 Al
5}9q colony-forming unit (CFUYmLZ YEF QL. otz G4 3
& UaE] HAYE Yo dAEE 25 mLA 3]4=510] 50 mL
conical tubeo]] %7 Bl Speed vacg 0250 10A|7F B9 749
I S B5% shalx F4 5 YAES 60T deep
freezeroll Al 1241 52Xl & FZ7ZX7](Alpha 1-4, Martin
Christ, Germany)2 72417t 5<%t ZAxsto] IPEO] FAE &Hs}
At 5% 1PE Aol we 3% Bt SHRFE olEsto]
20,000 pg/mL SE2 ZA|5te] ARR5FT]

Ol

CHALMIEC BH Q¥

F tHAAEZR] RAW264.7 H|F-= Korea Cell Line Bank (Seoul,
Korea)Z5-8| R0} ARESIITE A2 Ado] ARG AloFo 2=
RPMI H}jA], non-heat-inactivated fetal bovine serum (FBS), penicillin
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—streptomycin, trypsin-EDTA 2 phosphate-buffered saline (PBS)<
Welgene (Gyeongsan, Korea)ol|A] 71519311, LPS+ Sigma-Aldrich
oA sttt MIE vikS Y8l 10% non-heat- inactivated fetal
bovine serum (FBS)¥} 1% penicillin-streptomycin®] 47} RPMI
HiA] (with phenol red)S AREGFSATE. A3 cell culture disho]] £
3t 5 37T, 5% CO, W ATHESE 95% Z719] incubatorofA] mono-
lyer® g w7 wigsisich. A 5 24 919 vk AL
£ PBSE 23] N2t %, trypsinEDTAZ AZ]5}o] A|ZE Eels}
At AZE 353t H, -3t 52 54510 hemocytometer
(Marienfeld Superior, Germany)E 0|83 HE & A5t

MNE MES

Stz 44 & FaE9 RAW2MT MZ BEE H7k=
Quanti-Max™ WST-8 Cell Viability Assay Kit (Biomax, Seoul,
Korea)E 0]85ta] 434519t} RAW264.7 Al ZE 1x10° cells/mL
2 96 well plated]] £5=5F &, 37C, 5% CO, Y AHSE 95% 24
o4 244171 HlQFStILE. o] WpAS AASKL, 1% FBS 2 1%
penicillin-streptomycin®] E3HH phenol red-free RPMI HJZ|O]] A
22 SrEs S5l Aesch AR A2 147 T, LPSE
H% B | pgnlst SES Aelshn 24417 27} vlersteict
slo} = WSTS Alkg AHzfsjo] 1417E WS AIZ] ), microplate
reader (SpectraMax iD3, Molecular Devices)E ©]-8-5}] 450 nmo]|
A FFEE St AE Y& d27 ] AR A2
o] FBEE 7o WMEE(%)E THiksto] YERQIT

_ Sample O.D

. ey —
Proliferation (%) Control 0.0 * 100

Nitric oxide (NO) &3

512 94 2% WEEO) RAW264T AJES] NO 2L Griess
Reagent System (Promega, Madison, WI, USA)O.& =759}
RAW264.7 AEZ 1x10° cells/mLE 96-well plateo] E335t &, 37C,
5% CO, W AFNETE 95% 7oA 24A17F BloFS1QITt. o] % HixS
AASIL, 1% FBS 2 1% penicillin-streptomycin®] 33H phenol
red-free RPMI BjX]0] ARE S s|4dslo] A2slsnt Ala
A 1A7E F, LPSE E 5 | ugml7}t HEE A2ska 2447k
F7} vieotgiet. Big & ASAE 2J4-510] Griess reagentS ¢4+
o7 HkS-AIZ] ], microplate reader (SpectraMax iD3, Molecular
Devices, USAYE 183191 540 nmolA FF=5 Z7J5I9Ik NO A
372 nitrite standardE- 0]-8510] JFOIHLY.
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RNA extraction % quantitative real-time PCR
(gQRT-PCR)

RAW264.7 A|3E0] AR} W BAS- Q3] A|EZS 24-well plate
o] 1x10° cellsymLZ 253 &, 37C, 5% CO, ¥ AtSE 95%
F20A 24A17E BiFBIA. o]F HiAE AASLAL, 1% FBS 9
1% penicillin-streptomycin®] 33 phenol red-free RPMI HJA]o]]
NEE SEER S|sto] Helslsith A2 A2l 1A T, LSS
% 55 | pgls SIS Aelskn 2047 27} vl

HjoF & AN|EZE PBSE A|ASH F TakaRa MiniBEST Universal
RNA extraction kit (Kusatsu, Japan)E ©]-85}9] total RNAS =
513t} RNAS] 59} <%= microplate reader (SpectraMax ABS
Plus, Molecular Devices)S ©]-835}0] 24319ict &% RNAE
High Capacity ¢cDNA Reverse Transcription Kit (Thermo Fisher
Scientific, Waltham, MA, USA)E ©|-85lo] cDNAZ $HJ5F3ich
FAS T AR B B4 Y5l PowerUp SYBR Green
Master Mix (Thermo Fisher Scientific, USA)2} forward % reverse
primer, cONAS EFSE WHg SRR F45k0] REPCRE 2
Foplh. Hks 22 95CoIA 283 27] M &, 95C 15%
2 60T 34329 RACRE 40 cyclesS £33}t AR LA
housekeeping geneSl B-acting 7]&0 =2 Afslsto] EA51T
B Ao A& primer sequence™= Table 10 LFERHRILY.

Mushroom tyrosinase inhibition activity
St% G4 =& UREY tyrosinase AT BAL Tyrosinase
inhibition assayS 7|HFO & Yagi et al. (1987)9] HHES I +4

Table 1. Primer sequences employed to investigate the impact on gene
expression related to anti-inflammatory effects

Gene Primer sequence (5'to 3') Accession no.

Forward: CCACAGCTGAGAGGGAAATC
Reverse: AAGGAAGGCTGGAAAAGAGC

Forward: AGTTGCCTTCTTGGGACTGA
IL-6 NM_031168.2
Reverse: CAGAATTGCCATTGCACAAC

Forward: GGGCCTCAAAGGAAAGAATC
IL-18 NM_008361.4
Reverse: TACCAGTTGGGGAACTCTGC

Forward: ATGAGCACAGAAAGCATGATC
TNF-a NM_013693.3
Reverse: TACAGGCTTGTCACTCGAATT

Forward: AGAAGGAAATGGCTGCATAA
COX-2 NM_011198.5
Reverse: GCTCGGCTTCCAGTATTGAG

B-Actin NM_007393.5

Forward: TTCCAGAATCCCTGGACAAG
iNOS NM_010927.4
Reverse: TGGTCAAACTCTTGGGGTTC
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sto] S7gskltt. 20,000 pg/ml FE2 A= AlES pH 6.8
ZA07 ZAot] AMESIATE 96-well plateo]] A& 50 pLe} 2
mM L-tyrosine €94 100 pLE E5510] &35 &, 400 unit/mL
mushroom tyrosinase (Sigma-Aldrich, St. Louis, MO, USA) 50 pL
£ Atk 9hE ERES 3704 3087 wREAIR H
microplate reader (SpectraMax ABS Plus, Molecular Devices; San
Jose, CA, USA)Z o|83lo] 475 nmo|A] SL=E =459k

Tyrosinase A3 &AL A|EE pH 6.8 A4 20,000 pg/mL
FL 2 ZAot] 4okt A& 50 ple} 8.33 mM L-DOPA &
ol = 2.0 mM L-tyrosine -89 100 pLE 96-well plateo] £5-5}
o &glot &, Z1ZF 200 E+= 400 unit/mL mushroom tyrosinase
(Sigma-Aldrich) 50 uLE 7P Bkg E9kEs 37CoA 2
ZF 208 = 3087 WREA)Z] § microplate reader (SpectraMax
ABS Plus, Molecular Devices)S ©]-85}9] 475 nmof|A] SZEE
Z7513Tt. Tyrosinase A3l 2442 A& A&7t FA8 tix
29 FHE Ao|2 Fvkow Aslgion], B AR A 4
3} E0] ot 14S B Slslel ZF A2 blankS 57
3jo] blank BT FHE FHS ol83}o] ARSI ATk &
YT RS WELOOZ LEhich

Residual tyrosinase activity (%) =

Sample O.D — Blank O.D «
Control O.D — Blank O.D

100

RE A8e 33 W Suelon], A BREERgE
. EA) 242 SPSS (version 27, SPSS Inc., Chicago, IL,
USA)E ©]83}9] one-way ANOVAE A9, ALF AHL
Tukey’s testS &3l TRt SAH FIS p<0.05 oA
wesklch

it das vt A4 249 7IsA FE A U

o ] E8H1 glom, FasPgoM AgEe #7149
TR HARES 71 AR g A Be AR 24 =

o] WAL Qo= Aoz A QUtileroy & De Vuyst,
2004; Quinto et al., 2014). oJof] & AFoA= X Faf ZAkF<l
L. brevis CCK1-43& o] 83l slalx G4 288 wgsty, o

Ho WE FAF ¥ tyrosinase A3 B4 WS FIISIA
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shiz 94 2229 YRS 99 48T WA 9 elas
CCK1-432 16S rRNA sequencinge 3l L. brevis 16S rRNA
gene sequence2} 99% AFsAS YERNO] L. brevis CCK1-430=
Yoot stz Was 3Y7E Ad¥ol L. brevis CCK1-439]
A 27935 A 19 Ajof] 8.27~8.35 log CFU/ML, 2 A}
8.15~8.26 log CFU/mL, 3 2}o] 8.13~8.21 log CFU/mLE Z4HA]
o2 F w3} glo] ¥a 7|7t Bt AR S Aokl Ha
712t &< A7t A frAlEE Aoz SRIE I ARk
o7 AE FEEde S 1 71 Awol ol o]
n) &0 S APA 7= A O R HI(Také et al., 2020) E o]
Ao, 2 A Ta yolA A 7 FA3] AaokA] A8k
ok o= stalx ARl ofs Ta 59 5ol AsiEA] 9kl
FAE Ze oni.

Su% g4 25 WEEY S Y
x5 FEE L 5 FE UEE A2 A RAWIAT A

I YELL Fig 1A0] UERATE AlE 500, 1,000 2 2,000 pg/mL
e Jeistglon], BE SEolA o oyl AE JEgo] &
QUEIICk o= M3t ARst RAW264.7 A T3 £:2Julh A
EEHE vehA 922 oIk, o]F AFelHE NO A A
o e Bk Sle) AEEHS vehiA] g Ak S

160 ¢ n

\’\;} 140
2 120
IS
5 100
T 80
(=
~ 60
2 40
£ 20
2 o
1 day 2 day 3 day
RPMI LPS NF CCK_EN 1-43
W2000 pg'mL E1000 pg/mL O500 pg/mL

30 ®)

25

20
—~
=
2 15
L b
g > b
£ 10 R
z

5

0

NF CCK _EN 1-43

m1 day B2 day O3 day

Fig. 1. Effects of fermented P. vulgaris L. extract on cell proliferation and
NO production in LPS-stimulated RAW264.7 cells. (A) Cell proliferation; (B)
NO production. NF: non—-fermented P. vuigaris L. extract; FPV: fermented
P. wvulgaris L. extract; a~c: Tukey's multiple range test suggests that
treatments exhibit significant differences with a significance level of {0.05.
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500 ngmLE A8tk

RAW264.7 A|2Zof|A] LPSE R NO /o] tigh stz d4=
= A= A 42 Fig 1BO] YR LPS (1 pg/mL)
TE A2 FollA NO AT 23.63+1.13 uMOZ SRIF|GItE A]
FE 500 pgml L2 ASE A} HE A shalx G5 FEE9)
NO AR 10.77+041 puMeloH, B Toj: 6.63+1.17~
10.85£0.56 uM HI1= LELE LPS A2t tiH] o808 ZHas
oS BRI = Ok W 194 E 29 2252 vl a7}
H|wste] FoJ4<Ql o7t ERIE|A] glokont, WUa 3UA; =55
A= NO A/dego] a5 Eg3t ohE )l Hlef fojdo
2 Zhoks A0F Uehyith Ua 7] @Ak NO A &3t
o fo4Q1 Wspt UehtA] gtod, Wa 7)7to] Aajte] wet
NO A4 A &/go] {94431 Aol Hehdlth. ]2t FALSHA L.
brevis 174A% Fa 5t W20 Paeoniae Radix Alba) 32550] LPSE
A= RAW264.7 AJZEOfA] NO A3/ o2t TNF-¢, IL-6, IL-1
B & iNOS WS a7l AoF BaE]o] lrkShakya et al,
2021). 3} L. plantarumC 2 a3t SZUT Caryopteris incana)
7} NO /33 3] TNF-a, IL-6 L IL-18 A4S AAShL B
=]o] QItKPark et al, 2018). o|2j3t Axk= 24kt WET} AE &
& A9 FAT LS T = U AR

RAW264.7 A|32of| 5lal% G4 & LRE(S00 ng/mL)= A
3 3, LPS (I pgml)E ¥Z §E5}a, IL-6, IL-18, TNF-q,
COX-2 ¥ iNOS9| I ¥ISLE RT-PCRS 9l 45t Fig.
2A-E). H]EE stk P4 2EE0] F9 IL-6, IL-15, COX-2 &
TNF-¢ &2 LPS A2 tjH] F7Foks AS B0H, iNOS
HHA2 fOHoR HAES FRIT & QUSITE WM, L brevis
CCK1-43 F32 Wast A8 LPS A2t tiy] IL-6, IL-14,
COX-29] o] F7Iglou, LPS A2t} vlda Alg tfy]
TNF-¢ H&S §o2og 7tarZth E3], L brevis CCK1-43
w59 392} G 2 WREONATE TNF-¢ U&o] LPS A2}+
9 HEE AR tH] fo¥ 0= HAsigitt SHH, iINOS A
UE AR BF HEE AR ] {9490 A mabrt e
&Th ol2ft Adks shalk d4 25 UaEo] B4 AR 24
oA F8 A5 FHA FHA F TNF-¢ Fdlol] gt Al oA
IS Uee, 5 9% A9 28 et 7158 AR &
29 754 AARHYE TNF-o= TiAA| 20 LPS A= 27]
SARIA B=A FAE= HEAQ] pro-inflammatory cytokine .
2 g#A 3lom, o]F IL-6, IL-18 % iNOSe} 22 &5 & <l
2] ES foks 8% A9 24 AR 283K Tanaka
et al,, 2014). & A4 sfalx G & LG EC| TNF-¢ &
< foHo= 7R AFk= =3 NO 434 A ait ofy

5
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Fig. 2. Effects of P. vulgaris L. extract fermented with CCK1-43 strain on inflammatory gene expression levels in LPS-stimulated RAW264.7. (A) IL-6;
(B) IL-18; (C) TNF-a; (D) COX-2; (E) iNOS. NF: non-fermented P. vuigaris L. extract; FPV: fermented P. vulgaris L. extract; a~c: Tukey's multiple range
test suggests that treatments exhibit significant differences with a significance level of £{0.05.

g, 9% Bk 27| B AHE 28T 71s4E AXRITE B9
TNF-g+= NF-¢B signaling pathway E/33}e} Ds1A A= o]
9o, o= iNOS ¥ COX-2 ¥ Z71= fEsto] =gt NO
A4 9 43 HhSS FEA7|= A 0=E B 1E o] QJrtHTanaka et
al, 2014). THA] 2 Q17014 2elE No 4 74 Ak TNF-

¢ F8 oAo] U 9F W 27 24 wale} e Row
b= $HH, k1% = rosmarinic acid, caffeic acid, flavonoid 2
triterpenoid A€ SRIES Saol= Zog dEA glor, olF3t
HRES A} % FUS TS Uehihe 202 BElol gtk

(Pan et al, 2022). A& &2 98 A7 F WA F5E0] TNF-
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@2 Oz} IL6, 1L-18 % NOS 5] L SAl] ke A
02 HE|QtkShakya et al., 2021). ¥, B gd7oAs EA A

ZZ0|lA TNF-¢ L& 2] 739, LPS tiH] ¥ i = HdFo|
S7HHOL 3 ST 247} ROPHOE Ueateh, iNOS
o] A%, vdaTe} 1, 29at a4 Lps tiE] FoJ29l I
Ba7} Uehtor, aaTe waze] f2)Hel Hole st
IL6, IL-18 % COX2914= 2140l o4 Faprh SIsix] ook
ok &5 Al QA A & ARE Al et AE oE g
S UERd 4= 10 (Ly et al, 2014; Aki et al., 2020), &
Aol EIE k= B4 Al 24004 stk g & 0

=

o)}
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A= FOZQl TNF-¢ HE A ol o Zx= i
4= Utk o2t Aol= ARE AE a4, R o E a1
oA BdEE HAMEES] Apolofl 711 4= itk whebA & A
A= XA BE]= L. brevis CCK1-43 #5F2 9ast stz
g S5 TaEo] & A9 2794 NO A4 9 TNF-¢ Td9]
tieh deaQl 24 as Yehiie, £4 95 A 282 9

2t 715 AR E8E TS AR

Stz d F= WSS9 Wt MM Xshis
Tyrosinasex= Wahd A TAoA tyrosineS L-DOPAZE 7
3FA7)31, ThA] dopaquinone O 2 AHTA|7 = HES-S 05t £
2% 8 A(rate-limiting enzyme)Z L&A 1K Chang, 2009). w2}
A tyrosinase 4 A= gt Hepd A4S TAR7]7] g
EZQ] n]w HFo g S8E| 7 QJtk(Pillaiyar et al., 2017). 3}l
% 95 35 U8EY) tyrosinase A5 BI}= Fig. 39 UERH.
7|4 &= L-DOPAL} L-tyrosines AR&-SHIT. WA SHA] 2 shal
Z 94 FEEY ZE tyrosinase EAL L-DOPAOJA] 82.09+
0.53%= UEton, E Fofl= 69.64+1.88~81.21+0.89% HYAE
SRIE|ILY. L. brevis CCK1-43 2 a3 G4 FE5E0A 2+
& tyrosinase L/J2 YR 2R} 3UA}; A=A B R AR
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Fig. 3. Residual tyrosinase activity of fermented P. vuigaris L. extract using
L-DOPA and L-tyrosine as a substrates. (A) L-DOPA; (B) L-tyrosine; NF:
non-fermented £, vulgaris L. extract; FPV: fermented P, wvuigaris L. extract;
a~b: Tukey's multiple range test suggests that treatments exhibit significant
differences with a significance level of 0.05.
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H| foJH 0= 7rAdk= 43S YEF o H(Fig. 3A), R 3YAt
Ago|A 71 S ZE tyrosinase E4d0] 2RIE| O] 7HE w2 A
8 BIE YePlt 2t BEof O3t tyrosinase A5f &4 St
= st AEA AAoA EaEo] thKim et al, 2017;
Makhamrueang et al., 2023). £3] At p-glucosidase?} 2
AAE AT A& 38 flavonoid & phenolic compound®)] HY
YA (glycoside) FEIE aglycone FE|= Mt 4= 3o, o]2f3t
Aeke A o} 83 ARiRAE AIE Ao A ot
(Zhang et al., 2025). & ALol|A] ZRIH tyrosinase A3l B/ S7}
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s EL By 40| 748 Z7ie} Tizio] UL Ao weke)
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