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2 ok B Ao M= PR (Ligustrum japonicum) Bl ¥rE EE0| & W FAst a5 HHE FEEY

Hln BEAstEch FuR dajo] wra e AlF A8 E(Chromis notata) WAINA B8t Latilactobacillus
curvatus (L, curvatus) R Weisella minor (W. minor) #35 o] &35t ow, 27t g =&E(LJF-LC
9 LIJF-WM)9Q] $82 40,5 ~ 46,0%= H¥ra 2ZE(LJF)Q 29.5% 2t} =7 YEyth. Lipopolysaccaride
(LPS)2 A}=+% RAW 264.7 A A EE 0]-&3} nitric oxide (NO) A A A Ad Ay, &g 2&E9
LIF-WMo| A2 =4 §lo] 5= o&F o2 NO9 AL AsjAl7l= &7t $4F-2 &Isk¢irt. ®3F DPPH

9 ABTS' iz 47 B4 AF AT WE 2220 sl 47 Bo] vLE 2EEI A ek
W 23R LIF-WME TS (L0)E S8 AE £4o] e AZEE TS Lo, Fm Qoo
Z Aol galidroside?] SHEFS HPLCE o]-&3}o] BA%t Aul vl 225 LJF-LCoA 15.6 mg/g, LIF-WM
o1 13.9 mg/go 2 BHelE|o] H[UE 2EB(12.0 me/p) BT} THo] B EAEY, oj4te] AT Ats
dlgto® UL olu) wraE 2B 3 U RS 5HE 2= WA HAE L2 BE AT Aol
At

Abstract: In this study, the anti-inflammatory and anti-oxidative activities were compared for the extracts of non-fermented
Ligustrum japonicum fruits (LJF) and fermented counterparts. Use of Latilactobacillus curvatus (L. curvatus) and Weissella
minor (W. minor), isolated from the Jeju Chromis notata, as fermented strains led to the extracts of LJF-LC and LIF-WM
in this experiment. The yield of each fermented extract (LJF-LC and LIJF-WM) was 40.5 ~ 46.0%, higher than 29.5%
of non-fermented extract (LJF). As a result of an activity experiment using RAW 264.7 macrophages stimulated by
lipopolysaccaride (LPS), it was confirmed that LJF-WM, a fermented extract, has an excellent effect of inhibiting NO production
in a concentration-dependent manner without cytotoxicity. Upon the screening of DPPH and ABTS' radical scavenging
activities, the fermented LJF-LC and LJF-WM showed comparable to the non-fermented LJF. In the study of cell protection
effect using HaCaT keratinocytes damaged by hydrogen peroxide (H20»), the fermented LJIF-WM indicated protective effect
against oxidative stress. In addition, quantitative analysis of a major constituent salidroside by HPLC indicated about
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15.6 mg/g for the LIF-LC and 13.9 mg/g for the LJF-WM, which were higher than that of non-fermented LJF (12.0
mg/g). Based on these results, it was suggested that the fermented extract from L. japonicum fruits could be used as

a natural cosmetics material with anti-inflammatory and anti-oxidative effects.

Keywords: Ligustrum japonicum, fermentation, anti-inflammation, anti-oxidation, cell protective effect
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A, v eSh f4F e Tort”ﬁm{l]
o A}4 2 (macrophage)= H5 BRSOl Wofsh=s =4 Al
2 YA Qo A5l keEEAY tﬂ‘?‘%/\ﬂiﬂol ]
Sh= AlRIE7IR(cytokine) Fofl sl B/dskem, H4Y =
710l nitric oxide (NO)2} AfR|E7IRlE AAksto] AR
of $83F A 2] 2y A5 AejollA HestA
AE NO= 95 vl 229 A 451 d5=
ofA7lE Aor dHA gloeus NO9| e =45t
L Bro o= AslS ouial 2 QItH3-s).

A Ed= Al Akl
Oy (superoxide anion radical), “OH (hydroxyl radical) S-©]
Aba gz, 'O, (singlet oxygen), HO, (hydrogen peroxide)
o e @ FRo| uetig Byt ofjeh K| Rt
WS04 G2l% ROO-(peroxyl radical), RO-(alkoxyl radical),
ROOH (hydroperoxide), NO (nitric oxide) 5] JtH6]. o]
B SALE] ABH AR olAls] Sl AR ol
7172+ superoxide dismutase (SOD), glutathione peroxidase
(GSH-px), catalase 52| 3H4lst a7t EAfste] Aol 3¢
WS FAIANA FANE AlSRA] AEF |2 ) e
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B2 A3 A2 £2 $g) S0l slod %31

HuElo] ghom, HAES] a3 e
TG AR 5
S AXHA HIsk= e A5k
B Z3YE] L Qlel10].

F - Ligustrum japonicum, L. japonicum)= EF2| V-
TKOleaceae)°]] &3h= B7 U2 A= Ei= ofg&olefal
sau, Agat 2] sich 9 AXH, Yt} ofgt 51
of Eaz3ith FFe| drflE ofgaloletal FEed 4
o7} 7 ~ 10 mm=z 1097 71gA ojem oy e 7l
S EEsH| Sk Hofo g & dEA Qloi1L,12]. 3
L dufjo] £ AES &= tyrosol, salidroside 5-2] Hl&=
A S}FET} ursolic acid, oleanolic acid®} 7-& TlEFo]
triterpenoids 2]l = secoiridoids, flavonoids & ©|5<] E]-O‘:
ok Al Ee] Harso] QIH12-14]. 3L Juhiet 5
ol  FEUTES AU ngusm
lucidumy= FrfolA Fefet /JE21 secoiridoids©] %
2=} oleanolic acid®] 33} a3l So] HiiElo] It}
[15,16].

uebd B Aol B dnle) i o W %
A S R0 B0z A wiefol] B 2]
E(Chromis notata)2] A48 YWRLo 2 He] Ha|st QA
Q1 Latilactobacillus curvatus (L. curvatus) 2 Weisella minor
(. minor) S o181] o} Qs WS, o 7}
5] IR o WA SRR SIS i Vi
Som AgEEH 1E WEAEY] 250 HTL ol
5 L of WS HEZ sl ofel Snel AE
o a4} S930) Al diol Wdden =

Pk B7) ol Bl WA Srolls T2 Badls
subtilis, Leuconostoc mesenteroides, Pediococcus halophilus "2
Sarcina litoralis S°] THE Ao Z d#jA QJi17]. AA
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drg A 2ol Al Bejsl= 24kt Latilactobacillus
Weissella <5 <A "DaAES] Aebe] vief o= AMEE]
o, 2125 WollA B3t =221 L curvatus X W, minor
= At 5 ZRHO|QEARA A3t U FE o]
£ 5= glon, dx) w2 At XA gk sirolH
B2 2 Ao ARSI L curvatus H W, minor 5=
gt PR dof U 250 I, R L Al
3 A5uE ERIsIlem, T df HE 2= 74
21 salidroside] TS WA FEE v Asto]
SHE YR 59 28 73S dopat siglck

21, A M=

B Qo] A T uiz 20204 1020] A5
GO AT ARE AR EAT A Korea) oA
FJsfo] AMgBITE AXE FR vl Bafsio] W
A nsheA KR8 st

22 3% 22 Y 5%

AR £elol AR AEE 20224 6] HAEA
BEKorea)olH S350 AMgSIgOn, AeBY Wy
2 Wi /191E WA AR F bufler 107 ~ 10705 3
Akgith. MRS RdHA]o] 100 uL 4 5= =6}l 30
CollA] 72 h wjeF F vhehd S colony % 5
colonyS 4% BBt 5 BT GARRES MRS F
o] HEsto] 30 ColA] 24 h R 4 T Wy
HUSIAA ARSIk ADSE FFO] 165 RNA gened
PR ALEorea)ol] AHES ASlo] Al sequencing)&
Fajo] HASIEOn, NCBI HoleHlol g olgsio] &
el @50} lojelulo) o] FEdHype swmin)te)
FAPinilarity, %)< SHI5t%ick

2.3. 4LIF gof 2= M=

Az W A R ) 200 63 40% MRS bl
(Difco, USA) 3 Loj| @31 121 Colld] 15 min E9F W3}
of T Guf vix|E FRlEkGIch o] ARt F
Aol WiR] S=F F L cwvatus D W minor 45 1%S 3
4t 735 Col] 66 h 52t wlasicy1s). i wjogel
< 121 Cof|A] 15 min Ft Hfst &, F24x 9 B
sfsto] Lk ) w W Ashc

=TIl
=5

o1 2 = U o) ) ey Ml 119

25 2 &4
251, M|IZ HHQF

Murine macrophage cell lineQl RAW 264.7 cellS
American Type Cell Culture (ATCC, USA)2HE] EoF o}
100 UmL penicillin, 100 ug/mL streptomycin (GIBCO Inc.,
USA) 2 10% fetal bovine serum (FBS, GIBCO Inc,, USA)
0] 3R8E Dulbecco’s modified Eagle’s medium (DMEM,
GIBCO Tnc., USA) HiAIE AM31o] 37 C, 5% CO, 8427
ol wieksli o, 2 ~ 3 ol gk ¥ Al ujeFsHict

2.5.2. NO dd x| &4

48 well plateo]] 1 x 10° cellsywell 2 A|ZS E3s}ar 37
C, 5% CO, 275}olA] 18 h vi%F &, wiAE AASIACE
100 ng/mL2] LPS (Sigma, USA)YS ¥35l= vjz|= wdh
T, ARE =R Z17) 371sto] 24 h vfjegsiglch o] %
AlszafjoF ASH 100 uLe} Griess AJ2H1% sulfanilamide,
0.1% naphthylethylenediamine in 2.5% phosphoric acid) 100
pLE 3315101 96 well plateol|4] 10 min St WES- A]7]
F 540 nmof|A SFE=E SA5IITE ABAE NO9| o=
Griess AJoFE o]-8ato] Alazufjefel ZFof EAsl= NOy 9
FE| = Z431991L, sodium nitrite (NaNO,)E standard = A}
-85to] A=gFsisict

253, M= A IKMTT Asaay)

3-(4,5- dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT, Biosesang, Korea) assay~= RAW 264.7 A& 48
well plateo]] 1 x 10° cellswell 2 E5=5}31 37 C, 5% CO, %
Azl 18 h ZufjoF 2, LPSE} A|EE HwHE FAo|
#2lsto] 24 h vk ©1%- 500 ugmlo] Fe2 MIT
£ A7slo] 37 Colli] 3 ~ 4 h FA ¥RAIRL &, MIT
M AASIAT of7]o] DMSOZ 7Fslo] Aol AE
o} ¥kgsto] 471 formazan =S §5hA171L 570 nmof]
A =S S5kl AlE BER(%)2 Altsisick
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2.6, Sitat &Y
2.6.1. DPPH 2iC|Zt A &M
2,2-Diphenyl-1-picrylhydrazyl (DPPH, Sigma, USA) =}t]Zt
27 4 AP Blois HH[191S 28351903 96 well
plateo] FEHE XS AR §H 20 pLot 02 mM
DPPH -84 180 uL& E75}o] 424 10 min 5t vt
SAIRL & 515 nmoflA| SRS SFsIIcE ZF AR
a7] ZX(scavenging activity) BHE-E(%)2 AXISIGOH,
kA tZH-O 2= butylated hydroxytoluene (BHT, Sigma,
USAYE AR&5H3ich

2.6.2. ABTS" 2iC|zZt A7 &4

2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS,
Sigma, USA) oFol-& gjt]zh 47 EHAL Re S-9] HIH[20]
2 $831%93, 74 mM ABTS2} 2.6 mM potassium
persulfate (Sigma, USA)E &35t0] A2 9 ¢FaollA] 16 h
B3 WESAIA ABTS' 2lt]zhe AAIFI) o] gole o
ke g 3|45l 700 nmol|A TY=7} 0.78 + 0.027} E=
= slo] ARl ARESIAATE 96 well plateo]] F=H= 54
Sl A2 8o 20 uLe} ABTS™ 890 180 uLE &3l3}o] A
20]A] 15 min “FF WESAIZ] &, 700 nmof|A] SFEE S
it ZF AlES] A S WEE (%S Aklet o,
W dixa-o 2= BHTE ARSI

27. NZES S}
271, M[& HHQF

Immortalised human keratinocyte cell lineQl HaCaT cell-S
ATCC (USA)ZEE] HoF Hlol 100 UmL penicillin, 100
ug/mL streptomycin ' 10% FBS7} 331 DMEM HjR|&
ARgBEe] 37 C, 5% CO, 32704l wigsti o, 3 o
of g+ A Al wjFstick

272 M= =M HIKMTT assay)

9 well plateo]] 1 x 10* cellswell 2 AN|ZE B3} 37
T, 5% CO, Z43}ollA] 24 h ZuljoF 3, x| S A|ASIS
ol FBS7} &R =2 vzl AleE w=d= 287t
A2fsto] 24 h vieF F, 500 ug/mle] FEE MITE 37}
3lof 37 CollA 3 ~ 4 h 2k HEGAIR] 5, MIT g4
AASIALE of7]oll DMSOE 7Iste] Abolgl= Ao} vt
Sste] A7 formazan FAES B2AIZ1AL 570 nmojlA]
FFEE SAsto] Al (%)= AkksIITE

) 3hsl43E a3 A, A49H A 2 5, 2023

A - A3 - ol E

273, IMSkrAR QEE M 240 st MEES
k=anl}

96 well plateo]] 1 x 10* cellswell 2 AN|ZE B} 37
C, 5% CO, 27310l 4] 24 h ZuleF &, wiz|E A|AH
th 6 mM Bk ZFFeh= HiA] 100 uLE w3s)
o] 30 min FF HiF F wiAE AASEL Dulbecco’s
phosphate-buffered saline (DPBS)= 2 3] A|&5t3c) FBS7H
SRFER] oF2 ROl AEE s 782 A2shal 24
h vjeFRt &, MIT assay = A3 AAEE(%)S Alkksto] 1k
ABlEAR fiE Al 4ol gk MRS auks o
Qlstoick

2.8, Salidroside Sizf 24

B o) ulEEe] Z450] salidroside (Sigma, USA)
o] SRS Folslr] 93l HPLC (Alliance, Waters Co.,
USA) 2 Kromasil 100-5-Cig (46 x 250 mm, AkzoNobel,
Netherlands) Z%& AMg3te] Ao B4l 2 558
I #FEE HghEol| =0 PTFE syringe filter® oj2}s}o]
FUBIGITE OREARS 01% ZEALL TS FFAE
i A2l o ELo|E(EH ByE AMEREom 542 1
mL/min, A 10 uL2 3193 HE7]= PDA detector
(2755 )= AE319cE 852 AL gradient mode® 15
min 2+ -8 BE 2 ~ 26.5%2] Hl&= WHIA7|HA &
SAAE TR A %3] salidroside®] peak S st
B9 WAALE 0|83t WIS APstel Aae

4

H
8
FAO] P ZES 099 ool gict.

] S
™
2.9. S &4

e ARE 3 3] wHg o= ojfojflon|, MY Aij=
P FFHERE UeER9ich E3F excel  software
(version 2022, Microsoft Corp., USA)9] student’s #test= =
Askd Sepde Agsink

Ypgollk] Eelet 9412 L cmvams (LIFLC) 2 W,
minor (UE-WM)E ol 831900, 7} Wi 5520 48
o] LIF-LCE 40.5%, LIFWMZ 46.0%= H¥a &5
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Table 1. Yield of Fermented and Non-fermented Extracts from L. japonicum Fruits

Condition of fermentation Sample (g) Extract (g) Yield (%)

. L. curvatus (LIJF-LC) 4.0 1.62 £+ 0.05 40.5 £ 1.1
Fermentation

W. minor (LJF-WM) 4.0 1.84 + 0.06 46.0 £ 14

Non-fermentation (LJF) 4.0 1.18 + 0.05 295 + 13

(29.5%) B} 7 UERES B1aHiTTable 1)

AT Qo 4 FEEC P B AR S A
SFEL RAW 2647 AR olgolol NO A o1 3
X9 A S Slslach T3 S A
S UiSAR A el LPSE CAAE i ol
= A=3)o] tumor necrosis factor (TNF)-q, interleukin
(IL}IB IL-69F Z2 dF W7l A|E7IRIES] #R1E

718k NOQ| the Aol ofstA Eo <s5=ofl 2|84
‘d AVE 2Rl deA QIu21]. Fuiy o Ha
2 H]“*ﬁ F==°f izt NO A4 oA &4 ¢ Al =

74 2, B EWE W minor R DAAI]
‘l‘ﬁ(UF‘WM)'O“ 200 pg/mL o5t FE=oflA AlZE =4
ROl NO9| e wke oA or A= a7t &
oS ERIskGink v E FEEUURY] B aE=(100
~ 200 wg/ml)of|A] AlE=rdo] YepANE Ha 25w
a FEES AEEoAE Al tigt
Ao r qRAZE SRlskct

E3|, W minor
=4 glo] No AAS

(Figure 1).

ok U ) U SEEe] PAls BS Skls
7] $I5) DPPH 8l ABTS' etz 4452 ujda 2%

uNO Production (%) mCell Viability (%)

>
S
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0

LPS (00 ng/ml) - + 4 4 4 4 4+ o+ o+ 4+
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LUF-LC LIF-t LUF

Sample (Wo/ml) -

Figure 1. Effects of fermented and non-fermented extract from L
japonicum  fruits on NO production and cell viability in
LPS-stimulated RAW 264.7 cells. The cells were stimulated with
100 ng/mL of LPS only, or with LPS plus fermented and
non-fermented extract from L. jgponicum fruits for 24 h. The data
represent the mean + SD of triplicate experiments. (p < 0.05,
“p < 0.01)

¥} vlwsigick 1 753} TR ujl wFE 2 EFLC

9 URWM)E hi ol ehejzh 27 o] 2l
i M SEELIRT S IS silstetc)

(Figure 2). AA7HA] B3] Sof Uz bt Aol 225
o] Bl AL HI-1080 AE W ROS &A%,
peroxynitrite 24| 7} 9 Fe¥* o] 20| that ghelgo] B
Eo] Jri12]. ole} AL IR dnf W dig 2259
s G50 SPAAE SPRAIAE 9 gzl o)
foldel 47 BTE 7L iy sRkEe] Fupe I
uH°ﬂ o] UERd A2 Helnk

Aol tiA} Ao ABAEALF ZRR)A W AEF A
oF 22 347 2lo] ofaA] o) AE IIaE

(A) &0

=25 pg/mL =
50 pg/mL
100 pg/mL

A @
S S
H

)

DPPH Radical Scavenging Activity (%)
3
]
¥
o

LJF-LC LJF-WM LJF BHT

®

=25 pg/mL
50 pg/mL
100 pg/mL

]
3

F

I ) @
S S S
—

H

ABTS' Radical Scavenging Activity (%)
N
3

LJF-WM

o

LJF-LC

Figme 2. DPPH (A) and ABTS'
activities of fermented and non-fermented extract from L.

(B) radical scavenging

japonicum fruits. The data are expressed as a percentage of
control and represent the mean + SD of triplicate experiments.
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100
g 100 g © N -
> 80 > . W
g I
2 40 § -
> —
= 3
8 0
0 H,0, (6 mM) - + + + + + + +
Sample (pg/ml) - 1.5 3.0 1.5 3.0 1.5 3.0 Sample (pgfnl) - - 1.5 3.0 1.5 3.0 1.5 3.0
LJF-LC LJF-i LJF LIF-LC LJF-tiM LJF

Figure 3. Cell viability of fermented and non-fermented extract
from L. japonicum fruits. HaCaT cells were treated with different
concentration of samples, and then cell toxicity was determined
by MTT assay. The data represent the mean + SD of triplicate

experiments.

Figure 4. Cell protective effects of fermented and non-fermented
extract from L japonicum fruits on HaCaT cells damaged by
H,0,. HaCaT cells were treated with different concentration of
fermented and non-fermented extract from L. japonicum fruits for
24 h after being exposed to oxidative stress. The data represent
the mean + SD of triplicate experiments. ("p < 0.05, “p < 0.01)

(A)

0.08-

0.06-

AU

0.04-

0.02

| ———=—=—"Salidroside - 10.454

8.00 12’00 1400

Minutes

3
8

Salidroside - 10.439

y 1000 1200 1400
Minutes

Salidroside - 10.41

8.00 10'00 12/00 14'00
Minutes

%sm« -10.456

Figure 5. HPLC chromatogram of standard salidroside (A), fermented
non-fermented extract (LJF, D) from L. japonicum fruits at 275.5 nm.

ekl el A, 41494 A 2 &, 2023

8.00 1000 12'00 1400
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extract with L curvatus (LJF-LC, B), W. minor (LJF-WM, C) and



U ) W FE

ol

AEuRE Faste] A ) vzo R EAfsi 4ole
o WS ThE S A AR £ o)
AIZIEE. A¥FE] $ARS fsHe BARe) SIS
QRF 2P AR HCaT AJzE0] At Al AE8
of WXL e BASANR) IEea He %
MIT assay FLp o W o uike 5520) Aﬂi
A4S BRIGORA AFe] AgE AR BE WS

AAEIIE 1.5 E 3.0 ug/ml oA Pt Ao wha
ol vjlg = 4 NEZ =4 37} Ak A= Y28o)

W 0% ol HERlolTiFigure 3).

JTJ—L]—U Oﬂuﬂ Elged tﬂ H]HP_—g_ zﬁo] o7} z 1103/\4;\1]
o BHS umxl R e Hols nigto g wAlsle
do| =% HaCaT Ajazof|d MjzzHs &t
= 24519 u} T A U ) el S EUR)
o] ME =L IIEA 6 mMS A3 control
(594%) tijH] 2716} Qigroly, Hha F&Eo] ME A
E82 30 pgmlo] FwolA Z7F LIFLCE 688% 2
LIFWMS 788%% AIZHE apt 9les sklsiact
E3], dha 325 LFWMS slkeAg GeE A
/ol tiste] 1.5 ugmLe] “s%=olA 13.0%, 3.0 ugmLo]
FEolA 194%0] M2HT b7t Q= Ao= BRIES]

). (Figure >
IR ) A 9 HEE 2580 2HRE ol

st7] Sl HP LC 248 319iom, 11 A7} salidroside”}
FQ "3z TRl Salidroside HlE viEA] £22
Sl 4] W AARE 805 o) bt
wmso] gk IR Al wE Y wpE 22E
salidroside 3=F B4 Ay}l Wg Z2Eo|A 3gfFo] H]
W 2% %7 yehde sklsic. S,
L. curvatus T8 Z50|| A salidroside®] 3HFS 15.6 mg/g
o2 7P =4 EX=E it Table 2, Figure 5). Salidroside
£ AR A=t ok B usiA Qs oo

L-tyrosine©| tyrosine decarboxylase (TDC)of| 2]3f tyramme
o8 H3E I tryamine oxidase (TYO) 2 alcohol

Table 2. Content of Salidroside from Fermented and Non-fermented
Extracts of L. japonicum Fruits

Condition of fermentation Salidroside (mg/g)

. L. curvatus (LJE-LC) 15.6 + 04
Fermentation

W. minor (LJF-WM) 139 + 0.3

Non-fermentation (LJF) 120 £ 0.3

9 % Aata 24 123

dehydrogenase (ADH)o]| 2J3}| salidroside®] aglycon?] tyrosol
o] /=], o]F glucosyltransferase (UGT)el 2J3f| trysol
o] salidroside= Ag== AO0=Z HAHYFZo| Halxo] Q)
tH26,27]. wetA] 2 A7t Aalof|a] Eao] <)) salidroside
9] o] =715t o| 8= L curvatus D W, minor w570]|
ot WAy 52t Salldr051d6—4 AR A RollA g5t
L oo gumsp] el o molu, ofe} pad
ARl diet A7 28 olsolHof 3 Ao gk
A

4. 2 E
el 7l Aoy o] E84ds A7
9Jo) 8T MRS ol W o] WS Tk Hof
oM 2=l 77 Set At 9 8=} gtk wEbA &
QoA HIR oS 2ol BT kg
curvatus D W, minor2 Waslo] W S50 3¢,
A5t 8% 9 salidroside®] RS B)ERE 2EET H)
ek 2 4ok 0 Fagel g0l dia
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