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Enhancement of the Antibacterial and Antioxidative Capacities of
Glehnia littoralis Extracts through Lactic Acid Bacteria Fermentation

Hyun Sol Jo, Sun Mee Hong'

Marine Industry Research institute for East sea rim (MIRE)

2 o 2 At oSt sigolM BHE L plantarum(Lp)T P acidilacticPayg ©1-&% HE YaE S,
GABA %3 P4s}, gt ¥ dEtd A4 858 RISt g At He FEE9 Lpo Pad 3R
(GLE_LpPa, GRE_LpPa)ollAl 8AMFS Z+zF 1.0E+113+ 1.5B+12 cfu/mL9 AALS Uehyz, Jd3t #ao
GABA 4ol GLE_LpPatx 16 %p, GRE_LpPax= 167 %p2 o] Eel=qict. 3w ¢ waEe DPPH &
Oz 27452 GLE_Lp 75.6%, GLE_Pa 79.2%% &2 A4St &4 ®Hou, e UaEQ GRE_Lp 20.9%,
GRE_Pa 23.2%% Z& Wch 3 43 #a dgE9] B16-F10 AE =4 A2 1,000 ug/mL 5= 724
A AZ7} bgd oz Jdshe Ao Yebdeh &t 24 WirES B16-F10 AlZojA] Hapbd g 50| &
ol Hglon, E3] fAkF Lpol 93t GLE_Lp9t GRE_Lp= ZF 71.3%%} 68.6%% Pa WaRT &2 dHald 9]
71%50] ERI=Jet. E3 Ha] ZujFEQA GRE_LpPax $EEQ GRERU: Xob-ad 2.28), X 2.58], o=
St 1.2549, £39] HEF SlolAE 1289 & 4 77 BRI ol Zite o2 PR H7t §lol
LpS} Pa7l HEH S WEL GABA Z%°| 7M50lal, GABAZ} Z3E fiS HFEL sl oty dt
d A as3t AE gAdo] EiElo] A& 9 SE Al fa AR g ML e Ao AlgHT

Abstract In this study, the effects of Lactobacillus plantarum (Lp) and Pediococcus acidilacitici (Pa) based
fermentation of Glehnia littoralis extracts on GABA levels and antioxidative, antibacterial, and
anti-melanin effects were investigated. Lp and Pa co-culture of G. /ittoralis leaf and root extracts
(GLE_LpPa, GRE_LpPa) led to bacterial growth rates of 1.0E+11 and 1.5E+12 cfu/mL, respectively. After
48 h of fermentation, the amounts of MSG and GABA produced were enhanced. In particular, GABA
levels in GLE_LpPa and GLE_LpPa were found to have increased by 16% and 167%, respectively.
Fermentation of GLE_Lp and GLE_Pa resulted in DPPH activity increases of 75.6% and 79.2%, indicating
that both fermented extracts had antioxidative activity. B16F10 cell assays showed GLE_Lp and GRE_Lp
inhibited melanin levels by 71.3% and 68.6%, respectively. Furthermore, GRE_LpPa showed enhanced
activities against bacterial species that cause dental caries (2.2-fold for Streptrococcus mutans, 2.5-fold
for Streptococcus sobrinus) and acne (1.25-fold for Propionibacterium acnes). Of note was a 12-fold
increase in activity against the dandruff bacterium Malassezia furfur. In conclusion, the study shows that
the antioxidative, antibacterial, and melanin-inhibiting effects and GABA levels in G. littoralis extracts
are enhanced by fermentation, in the absence of additional nutrients. These results support the use of
fermented Glehnia littoralis extracts as active ingredients in the food and cosmetics industries.
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1. M2

o] shobArol Aehe wukelat 129l SR

¥R Glehnia littoralis thaZz @32 halophyte) &
AE Ui =3 Sof Bxsii1]. dFE L o
2 Majeal okjatio] 9lo] TEY HEZ Fd,

E, A73E 59 A% A5 E Fldf oF AEE o-&F
31‘:]'[1] ol d €719 418 7HA7F =of A
AERE o] oY) FAEE(ETE, FEHt 4
Z(a/gF)ell A AEl &R 1 AE3} 7|E 75
d AFE Y 282 Aol S4 = Aol FHelA
T At A4 AHE B FR/dEC] HEE o
b =341, E]obM| D3 (polyacetylene), HIE
A EAHIE(8-sitostrerol), M2 €l(bergapten), 1t
A(coumarin) 59 FHSPEL 52 Elsta =84
I §718HR S5 Eest 249 4L e, 9,
Futol2l A, ot AT 59 &0l et A7 e

2 243

A0 clFT HYEE P 47 ddgay
B9 154 B9 fisol LA WA AB7Iure] 1
o} ol e Yk WAeh 59 )5 B B

B 940l FolA|3 9k,
o T

E5], Aste AEFAY
Z(Reactive Oxygen)s ZFEsl= A=
G407 FAHEZA] superoxide dismutase(SOD),
catalase, glutathione reductase®} T4 FASHAL
propyl gallate(PG), butylated hydroxyanisole(BHA),
butylated hydroxytoluene(BHT), @ H FALSIAIR]
phenol 3RB}E, flavone A, tocopherol, ascorbic
acid, carotenoids, glutathione, oF|%=At 5o T4
v Qith9l. EgE, b, AAET HEe] 1759
AAES HAo 2 EM(Effective Micro organisms)at
14' At BaE H835 AL I 59 715 &
5keH10,111.

] JEo| Bitol= vl of|lcAlQl GABA (r

-aminobutyric acid, GABA)= AFiAo| @] B3&s}

£ E4= 1585 FFABA AF[GEL 9A
7502 IHA QAtH12]. 53, ARelAE A3A, €
Hofl o} Yo, thFEES 9] o &5t
A73HE EAY ot EEF(acetylcholine)& J7H
A 715 E3 75 Yol= F4ksl, el ol 4
% 3EF 2 Fofoh= AR dA UrH13-16].
Rl gsiekey GABA 3ol B2 HAERE dv(4-8

5o] &EA Ut FH2of 246550]]/\1 de 2 gL

84

GABAS] o2& o 2R A7} Qlof 5=E F
Fopr] Aol PS5 J8e TS a4 g8 A

= HIET QJtH17,18]. GABAE HAEA A& 27
EMl(glutamine;  CsHioN203)&  E¥tAsSt HRS-

(decarboxylation reaction)& 53l Aoy, AAE
ol U= SFETY ol Wt GABA AJ4tgo] Ash
A Ao dHA QItH19,20]. wabA olHgt TAE
+E517] Y& mAE HAht(Lactic  Acid
Bacteria; LAB)S ©]-8-8F GABA A4t A+ E117} o]o]
A3 IEH21-23).

£ A sgolA Bt SR SiE FEE
< Hjgsto] GABA S| gRlT} o]d wE Fpiksiet
Hl 5+, oJE=E+t, SAet 50l Weh =t B16-F10 Al
ZojA9] "Hahd M AA| 5ItE EAsto] 490k 4

=3

Ao} SAE S9] thoket AQ] AREA Q] FHE JAF
T TEE9 7sAS AXSt BEE 7% golHE
A SFA B,
2. Mz 2 U
2.1 LS U&= M=
T ANEE LA 7140 A s o

(Glehnia littoralis Leaf; GL.; 30 ~ 40¢)3 H&]
(Glehnia littoralis Root GR.; 3 ~ 58)& AFst]
50 CollAl 48412 A% &, 20 T Husta Aol A
&olelet. sks daol AMSE e S AT
HAESEE, SFDoAA Bt sigolA  Eest
Lactobacillus plantarum _DSW(Lp; KCCM12299P)
&} Pediococcus acidilacticiPa; KCCM12472P) 2%
o7 FAUPEREAE 7gstar Aol AMESHA
oh fANE JEE g WA= g S5l S
T 59%(w/vE 9L 121 ToA 1SH7J dtote] oY
% A(GL Leaf Extract; GLE) ¥ ZFZE(GL Root
Extract; GRE)& £4]519 ot ‘_‘LIL“l—‘: 1x10° cfu/ml &
T2 1% FE3HL 30 + 1 CollA 24A17H59F vikstod
NS Y FANE URE(GLE_Lp, GRE_Lp, GLE_Pa,
GRE _Pa)¥ 38 E(GLE_LpPa, GRE_LpPa)Z Al

"“1_
H
[e}

Sk WA = FAAZSN] BAE AER A}&o}giu}
2.2 YT USEO| GABA 24
S A E 19 GABA AE-S B9lsly] Ys) oF



S

2 ot 320tE T 3(Thin Layer Chromatography,
TLC) B4& +otatH22]. sgS A3t e &5
(GLE, GRE), sii& <3 #9 2a=(GLE Lp,
GRE_Lp, GLE_Pa, GRE_Pa GLE_LpPa, GRE_LpPa)
A& 653 1% GABA(Sigma, USA; w/v), 9 0.2%
MSG(Mono sodium glutamate; Sigma, USA; w/n)S
TLC silica gel(Merck, USA)l Z+ 3 ul® HZ5tAT)
8 &2 n-HeE opNELL EE 5122 (v
Sigma, USA)S Ar&stglon, Zk A|RE Eefstal A%
¥, 0.2% ninhydrin €%(Sigma, USA)S 24+ &, &
Asto] GABA 59 spotg ERIskGirh

=22 GABA A% £42 91l Rat GABA ELISA
kit(ABIVA systems biology, USA)S ARESIHIL, A
ZF 232 999) lyophilized GABA (AVIVA, USA) 100
ng/mL& A& 2 A159] 1% (v/»9] 50 ulE
96 well plated] 55}, H}o] ¥ (Biotin)o] A&H
1x GABA complex 50 uLE ©sty, 37 TolA 60&
7t BA9 A whs &, 84S AASKL, 1x wash &
A 300 uLE 287 WhSSks GAE 33 HHESHIH
ghie 93] TMB(3,3'.5,5'-Tetramethylbenzidine)
20 90 uL Aot 37 CTolA 15~3087F 4A= &
of] B33 A (Ultra Spectrometer, Biochrom, USA)
£ ol8sto] 450 nmolA FFEE FHot AFAS
ol & GABAE Aot

2.3 DPPH 2{C|d AH &d 2AM

A5 Z)A(free radical)] a4l DPPH(2,2-diph
enyl-1-picrylhydrazy)E  ©l&ste]  Af=poZel
DPPH &7 &4<& BAsHATH2,91. £Hld 524d%
F TR EU2 Eat SR(distilled water)oll &
dfete] 1% s A ARE £H|ok, 1mM g
(MeOH; 100 mM Tris-HCl, pH 7.4)° DPPHE &3
st Agol= 100 uM wEE 345k ARSI
0.1% (v/% &= Z A= 10 uLE 100 uM DPPH &
Ayt E3toto] XF HH7t 100 ulZt HEE 96 well
plateo] o] A2oA 3087t vhEsta EFFTA
(UltraSpectrometer, Biochrom, USA)E ©]&3}o]
517 nmollA =5 S AR A7 73
7Ht9] F3gk(absorbance)E ©l-&sto] ok Eq. (1)
DPPH &dZ  4AAZJE(Superoxide
scavenging activity; %)& AAFSIAT

radical

85

Superoxide radical scavenging activity (%)

= (1 - Sample absorbance / Control absorbance)

x 100 )
24 HE =43t B2t oY &5 BN
k@A SAE(melanoma) AE([B16-F10; ATCC

CRL-6745)= DMEM(Dulbecco’s modified Eagle’s
Medim; GIBCO, USA) #iA|o] 10% (v/%) FBS(Fetal
Bovine Serum, GIBCO, USA), 1% (w/%) #lyA=-A
E#Ento]X(Penicillin-Streptomycin)S  A7F5H]
37 C, 5% CO, Mi%7101A 2 x 10° cells/mLE Big7t
N2E AR5ttt B16-F10 AlZE 24 well plate©]
2 x 10° cells/mL 2 B33}1 24 A7t wieFst, 2+ 1
mg, 100 ug, 10 ug, 1 ug/ml A|&EZ A5}l 24, 48
T 72 AZE ERE Histlth. AlzE A Sof AlEE
Ho} Cell counting kit-8(CCK-8, Korea)E ©]-8-3}<]
540 nm SF=E S5t FA L ] Alx JEE
(cell viability)& &35ttt o222 B16-F10 A=
o 100 ug/mL(0.1%; v/"2] Z} A=} FA tiRZEo
Z 0.1% Albutin (Sigma, UAS; v/%)& 2|5kl 484
2t o 10% (v/v) DMSO7} %35+ = 1 N NaOHel| &
sfetar 80 TollAl 1AIZE ¥l # 475 nmellA S3&E
E7sto] dehd ko] WHaks S5t 25].

N
ol

gRlE Yol AopeAldt AEFETAA
BE|S=A(Streptococcus sobrinus, ATCC33478),
At AEJEIAA FEA(Streptococcus mutans,
ATCC3065), =S¢ Zroydteele ofmyA
(Propionibacterium acnes, ATCC6919), B+ &
2| Aot MW (Malassezia furfur, ATCC14521) 4%
5] 4519t =S RCM (Reinforced Clostridial
Medium, Dibco) ¥iA|, B[S LNA(Leeming&
Notman Agar, MBcel)¥]Z](1% Olive oil add), &4]
o3 AopAd2  BHI(Brain  Heart Infusion,
Difco) 4 w0l HFstal 37 T w7104 24417k
AulF stRIc. thaC & 1% LB Agar HiA|o Huligzt
A3 200 ul¥ Z=2SE & 308 ARSHAH olF
HAE olgsto] A& FYE S(hole)s =L 1%

e
=
o

ABE 30 ul® B3k 24 ~ 72 A7HESt st
JA|IZKinhibition clear zone)?] 23S =43} Eq.

el wet Fatd/de SHHATH].



SHARSH/| &8585 R #1243 A2%, 2023

Inhibition zone (mm) =

(Clear circle diameter-Disc diameter)+2 (2)

2.6 EAX

SA32 W + EF A EHmean+ SEM)E
Alotlar, Ado] FAISHY B4 IBM SPSS Statistics
L2 o|goto] YURAREAHE AT &
A& 8-914€ Duncan's multiple range test® o]
0.05 m|¥tollA AT

3.1 R4S Ea=9 M=

Fatstel gt 59 7|5 331 aE Yol Bald dl
oA BEst 8AE 80 & WA (Escherichia

col)T}, A%5Ew(Staphylococcus aureus)©l| Wgt &
#716% 7He #F 2%  Lp(KCCM12299P)<}
Pa(KCCM12472P)E Adsl9itidata not shown).
Lp®t Pa @3 1.0 x 10° (1.0E + 6) cfu/mL SE&
A pre-culture)stal, zt fAFS Eod HLF
Q3 Bl 2250 0.1% (/M2 T E= 383101
v/vote] 30 T, 24 A7t vl &, g At 2 3
aEA9 ABAFE RASITHTable 1). siEF9]
o, FYt 4t 239 9 2 IS w2t oA
GLE_Lp, GRE_Lp, GLE_Pa, GRE_Pa, GLE_LpPa,
GRE_LpPa A&9| A5 fitet A% #iA<l MRS
Hjz| o} vl wstitt. Lp] B-9= MRS} a5 o, #

F2E AN =T fAF ARE B9, Pas
ML 9 FZEJME 6.0 x 10°6.0E + 9) cfu/mL
Aol Hgf g FejFEET R MRS HiA|
o= 2+ 5.0 x 10°5.0E + 5)¢F 1.0 x 10°(1.0E + 5)
cfu/mLoll Exsttt. T2, LaPa HidelA= i
g A3t e 257 22 MRS H#iA] 25 A
7t F7Fkal &39] of-E FE8°] MRS HiZ|Ql o
ZFHTE 7o) EQtH(Table 1). $El+= A4AY9(0.5%
yeast extract)?} BAYQY% UAEZA £IRA 7
SEMNE 7ol g ERIstlon Aady &
2 F7ISHA] 2 H27F 10 ~ 1008 47t &
Qtth(data not shown). °l& fWE YESIE 7.95
g/100g, A 3.94 ¢/100g)T Be|(SH31E 57.09

g/100g, T2 15.41 g/100g)2] U¥HdEo] fAkt
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Table 1. Viable cell counts in G. liitoralis extracts
with lactic acid bacteria isolated from sea
water during fermentation at 30C for 24

h.
Samples (log cfu/mL) Lp Pa LpPa
Leaf 4.0E+9 6.0E+9 1.5E+12
G. littoralis
Root 4.0B+10 5.0E+5 1.0E+11
MRS CONT 1.0E+9 1.0E+5 1.0E+10
* Lp, Lactobacillus plantarun{KCCM12299P); Pediococcus

acidilactic{KCCM12472P); LpPa, Lp and Pa co-culture. MRS De
Man, Rogasa and Sharpe media; CONT, control.

3.2 SIS HYS=9| GABA &4

T A} He] AHaEIA 9 GABA AR ERlst
7] 913 LpS} PaZ 48A17F =] tis TLCZ &
QI5l%TFig. 1). S Y} Hejo] FEECI4 GABAS}
MSGZ7F &9l =Hglon, Zajg o] & &4 25 FF
o= Z7F 9 Aol &Rl HYrh. TLC WEEE LT
d FEEHC g e HaES GABAZl H W2
RAOo2 Hott =2 GABA TR 7171 =212t 8917, 1817
uE dm By 2T MSG(monosodium
glutamate)?} GABAZ} &1 =[lon, &3t Lpe} Pa
FAFY] dEo] ofsf SiHEe] MSGYE f4kte] gRt

Zo]

Marker GLE GRE
M G No LpPa No LpPa
-
-
GABA . - .
Mmsc D - "' -
- -

Fig. 1. TLC analysis of y-aminobutyric acid (GABA)
in G. liitoralis extracts by co-culture with
Lp and Pa. M, MSG; G, GABA, LpPa, Lp
and Pa co-culture; No, No culture;
arrows, incresed MSG and GABA bands.



At 4(GAD; Glutamate decarboxylase) &uf 2-&
o2 GABAZF @43 HEo] fitetel s MSGE &
7 Zog wddd ols Akl 23f lactose,
trans oligosaccharide, MSG 5°] A4 = o|d A+
[19-23191M A" S5 Fiket TaolA MSGY| A4
I} TjEo] GABARY Aoz & F4 nF F7Hdol
ERI=E%IcHFig. 1). ol Lpet Pa ©uiefe] A=
FARl Aol= UAAR F719] P2 ZtrHdata not
shown).

TLC E4o2 elg dHo] 23t GABA 53] o

b AFEAS 9l ELISA 245 Adskith. s

St A

A 2%5 1% ti8f 0.75 ng/mL, B &5 1%=
0.49 ng/mLeE Hz]9] GABA 3HFo] AQItKTable
2). ¥& ¥ oA GABAE 0.87 ng/mL, = 1.31

ng/mL, 02 -2 16 %p, Flolxl= 167 %p7t 5%
H Aoz BRIEglon ol TLCY| Aol ZotchFig.
1 and Table 2). o]& 4t GAD &40 oI5t GABA
oz g HejolAe] &go] o 2 Aoz 3
=it wrao] Azt ﬁﬂrOﬂ w2h24 ~ 72 AIZH
MSG®eF GABAY] S ZRI=IT 96 A7kl GABA
9] oo] A= Aol TLC BX(sub data)o& &l
=lo] A&A ik 9igt AEZF Qs

ow=

Table 2. Concentration of v-aminobutyric acid (GABA)
in G liitoralis extracts fermented with
LpPa using ELISA kit

Sample GABA (ng/mL)
LAB GLE GRE
NO 0.75 £ 0.06 0.49 £ 0.03
LpPa 0.87 = 0.05 1.31 + 0.07
* Lp, Lactobacillus plantarum (KCCM12299P), Pediococcus

acidilaciti (KCCM12472P); No, No culture; LpPa, Lp and Pa
co-culture. CONT, control. Means + SEM (n=3, p<0.05)

3.3 oS US=9| st 7|5
2 A 3£ DPPH AL 56.5%0]1 LpEta

75.6%, Pa EE= 79.2%2 WE tﬂra} A} a5
% Z7MEUFg ). 1} Belo] A9 2EEe
20.8%, GRE_Lp®} GRE_Pa &+ 20.9%%} 23.2%= &
9010 oA Fx] it} ol= Gu S{9]9] FfHEE Eo]
¥ st gl ol Ut welo) WK%1 7t
84.7%, 25.0%% Hird At vwdt off, & Ao Yt
o) 328 BHo| W 2% © AL AR F2u A2
9lo] FH3 vo|ELHE, Eefuls 5O W Holo] I

AZ1ETH4,10,24]. 1=, 2 A0 AfofA]
ARSHA 9]t E291 ofAF 2HMKVitamin C)E
&l %“é FAEHAIRL BHTS] 73. 6% Rt &
H°1 Tr*l;# Has F9f dAlst 4}
o= AlgEch

Vfl“»ﬁ
9 oot fo
% % 1S

r

Ioodh Lo ok
e
X
=}
1

b &
1
olr
S
ok
rO

olr
i
N
R
s
4
x0
m{o

(% inhibition)

DPPH Radical scavening activity

NO Lp Pa NO Lp Pa BHT VitC

GRE CONT

Fig. 2. DPPH radical scavenging activity from G
liitoralis extracts fermented with each Lp
and Pa. GLE, G liitoralis leaf extract; GRE,
G. liitoralis root extract; No, No culture; Lp
and Pa, LAB used for fermentation; CONT,
control. Each sample is 1,000 ug/mL; Bar
values are means + SEM (n=3, *p<0.05).

3.4 LT Ue=o| HtH
WA, fEE FE2EY HaE2 o] dapd A A

1] {3 AZZ(B16-F10)°] 100 ug/mL HEE 72 Al
b BoE AEste] BAER oy AR AEE(cell
viability)& &QIstAtKFig. 3). 3 A7} He =
%ﬂ Z g E BF AE RS B2(100%) ] H]
2 RIS 49 At #e] 2ZE(GLE, GRE)T Ut
Tfﬂ W5 E(GLE_Lp, GLE_Pa, GRE_Lp, GRE_Pa) &

*
200 177.1

s @
=3 g

o
3

BIGF10 Cell viabillity (%)

NO Lp Pa ND Lp Pa
CONT GLE GRE

Fig. 3. Viability of B16-F10 cell of G. /iitoralis extracts
fermented with each Lp and Pa. Cells were
incubated with 100 ug/mL for 72 h. CONT, cells
in DMEM media non-treated; GLE, G [liitoralis
leaf extract; GRE, G. liitoralis root extract; NO,
No culture; Lp and Pa, LAB used for fermentation;
horizon line is basic growth of control cells; Bar
values are means + SEM (n=3, *p<0.05).
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= 128.6 ~ 177.1 %= AIE 57} 2716t ckFig. 3).
7z &5 dEE 9 5= 1 ~1,000 ug/mLe]l
ot 24 ~ 72A7F B AEES RARE A9 EF
100 % olAro = golE]9itidata not shown). °o]= 11
e A7 AZE Fol| SlojAZ Aol Ag%o]
gRl=lo] Ao gt Al B4 gl A= wdE

2092 B16-F10 Al29] Haltd Aol vjx]=
FFE B4 o S dut el FEEI UE
E 100 ug/mL (0.1%; v/%)9] L2 A3}l 48 A7t
ol gIgt 2}, g A FEE(GLEZ 90. 5%,
Lp ¥ 98 E(GLE_Lp) 71.3%, Pa & HEE(GLE_Pa)
81.5%% Z+ 19.2 %p2t 10 %p FXx Hhd AL <
A sttt SRE He] FEE(GREY Eehd oA &
T 89.2%% 2, Lp H& UAE(GRE_Lp) 68.6%,
a B AEE(GRE_Pa) 77.1%2 Alxy daid
7+ 20.6 %p2t 12.1 %p A=) Azhd JA] G%0]
A=AHFig. 4). YT 25 IR Wahd o4
52 Lp9] W) Pa a9 H9-Erh F4do] E9kch
= Hahd Aol Tofshs B ZAIUOH(tyrosinase)
24s Aotk AR 4EF 1% (vy EFEEY
55.8% 277} vl wf Lpojl o3t sig ozt Heo
g g depd oA 42 v AR s
gRIsttH25]. ol g F=ET Hlmel oA
Lpot Pa &a 25 dHehd A a3t gel=glon,
Bao] 2583 IgEo| 2F &2 dgd 4 a3
7+ Aoz FAEUHEIg. 4).

—J

[tk o

o

o

l

ol
AT

120

100 90.5 893

815

772

80 714

60 | 550
40

0

Mellanin content in B16F 10 cells (%)

NO ND

Arbutin

CONT

Pa Lp

GRE

Lp
GLE

Effects of melanin inhibition in B16-F10 cells
of G. liitoralis extracts fermented with each
Lp and Pa. Cells were incubated with 100
ug/mL (0.1%) for 72 h. CONT, cells treated
with 100 ug/mL (0.1%) albutin as positive
control; GLE, G. liitoralis leaf extract; GRE, G.
liitoralis root extract; No, No culture; Lp and
Pa, LAB used for fermentation; Bar values are
means + SEM (n=3, *p<0.05).

Fig. 4.
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3.5 SiHE US=o| A &d
AFETU FEE T T 8 FEES 4SS
A%, ofirE e FEE0] Aol Sreprococcus

sobrinus ; 0.4 mm), SAw(Streptococcus mutans,
0.2 mm), =S (Propinibacterium acnes, 0.4
mm)¥} 85 Mlassezia furfur; 0.1 mm)oI|X &
5 Ho] AFHF7F AA] 2ol 939 Fo] A=
dou, F o FE=9 BF, I BAE YHot=

A=A hottk(Table 3). 18 Lp, Pag 3%
T AFEEY A AEETH0.4 mm)olA et Fhol
Hoa By FZE9 UaE9 A% AoRARH0.9
m), $AF0.5 mm), HEEH0.5 mm) L HEF
(1.2 mm)ollA] FZ2ERT o 23t <t go] FRI=3
THTable 3). F& HEEY Tt At FEEHT
S ERITE 5= SISl E9] ofiEe] B &8
2 4 A5 25O o] 945 gt S48 e, A
oAl oF 2.2, A2 oF 2.54], JEF-Z <F
1.258, vl5oll olAl 128) &/30] =94t fANES
dte|g) @ Al(bacteriocin)@ @494 (short-chain
fatty acies) 59 YHFEL S Yiloto] HULF AL}
FAA AR A7t DSt 26]. fARFo] Akt
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Table 3. Evaluation of the antibacterial properties by
measuring inhibition zone diameter against
4 pathogenic bacteria by well diffusion agar

method.
Inhibition zone (mm)
GLE GRE
Pathogene No LpPa No LpPa*
streptococcus - - |0.40.05{0.9+0.03
sobrinus
Streptococcus mutna. - - 0.2+0.03 | 0.5+0.04
Propinibacterium _

- 0.4+0.02 | 0.4£0.04 | 0.5+£0.06

acnes
Malassezia - - ]0.1£0.02|1.240.08

furtur

* Lp, Lactobacillus plantarun{KCCM12299P); Pa, Pediococcus
acidilacititKCCM12472P); No, No culture; LpPa, Lp and Pa
co-culture. Means = SEM (n=3, *p<0.05).
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