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2 ok B ATL P BHS 2L AU 2AE AUS T PP wEARA HEL 98 AW, 2
SFA (disc diffusion method)2 Edl ¥X WYX 3 Z(Staphylococcus aureus, Escherichia coli (E. coll),
Pseudomonas aeruginosa)i} & X at(Candida albicans (C. albicans))o| 419 A dat &7 9 —7"—% AHM ST}
Inhibition zone A 7]& &43t A1}, ujA &5 (Rhus Semialata gall (Gallnut) extract), Zr}F 2z N
(Oak vinegar) 18|31 &&]2]4l(e—polylysine)> 10 mm O|4F O &2 T2 F&Fo| v|3] $3 J&4S eh ol
o}, WA 32T AR, ZHo|F(Aspergillus brasiliensis (A, brasiliensis)) oA & A4 = (minimum
bactericidal concentration, MBC)E 243t A1t Qujza} FE2E1 2} Bx NS 5 Fo] HAAF A 10
~ 20 mg/mL2} 20 ~ 40 mg/mL, E2| 2419 HL 7oA 0.5 ~ 2 mg/mLOE A4t Z-&-of o5t ham
E Z17F &5kt Checkerboard ¥ of wha} QHHZ} FEE FUF 5299, e 2E&ET 22419
53} v]&o W& Al A AT} (synergistic effect), F7} A3} (additive effect), FH(indifferent) 12| AF4
ﬁ#(antagomstlc effect) & H 715ttt 1 73_1,} gdEo 2 AFRS njH T} _‘?_HHZ]— Z2ZE3 2P 2Exol

B ELS F colii C albicans A. brasiliensisS, Qu|A} F&E531} Z2|g]Al B35S C albicans A, brasiliensis

2 4] e SEolA 99.0% olAlale] A AU ETE Selelelch, oA} R2ET R B Halme

S aureus®t P, aeruginosas 2 Wi W& oA A|s K7t vt glE et o] 24, v A B3k

2 W AUA B UL + ATE VSHE B ORI B B AASWE 22 A PR ALYOw
W SgEAA 8T + UAS A AL

Abstract: This study was attempted to investigate natural materials with antimicrobial activity and to apply as natural
preservatives in cosmetics. The disc diffusion method was used to search for nine species of natural antibacterial material
for three species of skin pathogenic bacteria (Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa) and Candida
albicans. As a result of measuring the size of inhibition zone, Rhus Semialata gall (Gallnut) extract, Oak vinegar, and
e-polylysine were showed strongest antibacterial activities (> 10 mm). The Minimum Bactericidal Concentration (MBC)
of gallnut and oak vinegar ranged from 10 to 20 mg/mL and from 20 to 40 mg/mL against five human skin pathogens.
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The MBC of e-polylysine ranged from 0.5 to 2 mg/mL in fungus. The synergic effect of gallnut extract/oak vinegar

mixture and gallnut extract/e-polylysine mixture were evaluated by checkerboard test. Compared to when used alone, the
MBC of gallnut extract/oak vinegar mixture were at 4 times lower concentration against E. coli, C. albicans, and A.

brasiliensis. Also Furthermore, the MBC of gallnut extract/s-polylysine mixture were at 4 times lower concentration against

C. albicans and A. brasiliensis. It was confirmed that the combination of gallnut extract with oak vinegar or e-polylysine

resulted in synergistic antibacterial effect against three human skin pathogens. Thus, it is expected that gallnut extract

and natural product mixture can not only demonstrate antibacterial synergies, but also be applied in cosmetics as a natural

preservative system with a wide antibacterial spectrum.

Keywords: anti-bacterial activity, synergic effect, rhus semialata gall (gallnut) extract, oak vinegar, e-polylysine
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WHom SRS R T A Lol A
SEFE] BE0R Aslo] TAE 25lel kil
Qo] Ralfet WL P Escherichia coli), =53
(Pseudomonas aeruginosa), S0 3E = AR5 Staphylococcus
aureus)s2| Altolr, URFO|ORE, TIORAY, AlEa} SE
oA BIHE E= HE 7% olskE AHEE ook FH2].
ngEe] LHE SRS FFloVd, WD), HEHs)
2A7rst 5o F4 Aot @S VrerdTh3). webA 3R
FO ¢ FAE HASH| fleto] AR HEAE AL
gafioF gtk

HEAE e S41 dAIshH, ARE el §
eSS APEAIA AlEY] #4845 HERItE ey 2T
P HEAC] WA wgk 59 fEAde] anRlelA
HEHAIE Sall AeAIL vl= FDA, =} AFojoREst
AR FolA vig tteE AR v QAo ==to] 9l
7] wizoll A Aol gt w2 At X8 Foll
AUCH4].

S|, okg AlEE FHA Al Hoks o okS it
ofte} e 7 & Aol EAsl
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o] SRR o|oldl FAE T FIph B3kl ol
o -0

_T_X] okl /_\_IYLE A= 5ok
Hiuey QIefs9]. e XIgk At 5ol 3 e
ABFARE 59 AF A8 A em At 1
A7 FAglo] /=L Qlrk A8l HA Al
il 25591 317 El2(Hinokitiol)}2- -8-3=7} Wil
o] WAIE 2= S E4= ARERIIel AlRtdo]
o, AFEATEE DF-100 1o 231 dHER
(benzethonium chloride) WhZo= A4 QITH3].
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B AT Qs EHA 9 3o WY #5850
ohet v B e AR Uil s uE
Sh, 4 7F G AUA NS Selgoy 1G G
A A=A TR e Selskas shck

2. M= & gY

21, N=2| &H|

2 AfoA AREE 7 FY FH AES SR wy
PAIE &3to] FYste] ARSI Table 1). 7 5] HA
& 100 gofl W& 3% oE-(DAEJUNG, Korea) 1,000 mL
2 7151o] 70 ‘CoA 4 h 54k 7 W2t S8 10 m
o) (Whatman, UK)= ofi}sto] fojxl ofdls 5=7]
(rotary evaporator NE-series, Eyela, Japan)S o]-85}to] 71t
553k o] F5ES 5471%7](Bondiro, Iishin, Korea)
£ o]&ste] -80 C, 48 higdt sAAXE AXfsto] £
AEE dck 2 BHARE 100 mgml s== GAl
o &aHgt % 0.45 pm (Whatman, UK)= o{23F 2 AR
2 ARSI

R B S AR ok, Bsfe o]

=
BEE 719 3718 Wil 53 RO, PYE

Table 1. List of Herb Medicines

Scientific name Part of plant used Local name
Rhus Semialata Gall L=}k
Morus Alba Bark LRB AT P
Agastache Rugosa Leaf wlj 2 3F
Pinus Densiflora Leaf ALpRES]
Sauvrurus Chinensis Whole plant LN
Scutellaria Baicalensis Root St
Thynus Vilgaris Leaf E}e]




S% gl tg oA A BaEe) YA it & 57

ZAI(Korea)ol|l 4] Al Qi ARES ARgslgch &
2] 2] A1 WA (Streptomyces albulus) 32 73714 Z)
oha|Ako 2 AlZslo]F(Korea)ol A TL4lBk] AR
ol PYRTS S HEAR ARERE T2 duleh]
(UENO, Japan)Z 4 mg/mL& 3|4Jslo] AR8-51Tk.

2.2, M8 75 3 HiX|

Pt DA Aol ARG s SRt A
AFAAME(KCTC, Korea)ol|A] 0F HIolth TIHMdto = 2
ALK Staphylococcus aureus (S. aureus) (KCTC1916)), 12
S50 2 Y Escherichia coli (E. coli) (KCTC2571))} =
“sH{(Pseudomonas aeruginosa (P. aeruginosa) (KCTC2513))S
o[-g5}al, Alat-& vliA|= Difco (USA) A tryptic soy broth
(TSB) &} tryptic soy agar (TSAYS ARESIITE 0t 2dolk=
& w.20] AT Candida albicans (C. albicans) (KCTCT965)2}
T30l St Aspergillus  brasiliensis (A brasiliensis)
(KCTC6196))= AHE3130m, Zlt-8- i A]s= Difco (USA) At
9] Potato Dextrose Broth (PDB) %! Potato Dextrose Agar (PDAYS
Mgk

23, 37 B4 5X

oH10]. viF7 oA uioRel FE Al 1 x 10° cells/mL,
AT 1 x 10 cellymLe] 52 3]4lsle] 100 ulX s}
of A wjx|o] &5 - FASHA =EsltE Bt 6
mm =719 paper disc (ADVANTEC, Japan)& w52 =%
3 viRlof] SPAL A|RE 20 plA] 550 A4l &
A2l 73537 C, 48 h viesislal, o] 4925 C,
72 h ujeFelsict vieF £ Rt Asiere] A7 A&
A2 Z7gste] =279 ut S-S vl

2.4, EAANHE=E(Minimal Bactericidal Concentration
Test, MBC)

Paper disc#lo]l SJato] o] 94gt Ao A%
53 39 A 20 AaAlRES elsh] Sistol
broth-dilution methodS ARESIITH11,12]. A RS
SHEE HEAR AR Z2dulepils ARgSIIch 7}
A8 AAE AR 2-fold dilution method 2 3]4]
3] well plateo]] 20 uL A 2jatich zHzke] d5e= 1 x
10° CFUMLO R 5w 2 Ago] Agaisc) 475
B4t w2 180 uLE 217o] wello] YET T Al
37 C incubator, 48 h, X152 25 C incubator, 72 h HjoFs}

ek ool 100 uLE IAMRRle] =ste] vk 5 A4
H colony 5 Alo] 27] HF wt=pol] vlsh APEE w7t
PI%E P Hd: w5 AR R ZASIITH13).

2.5. 84 A|HX| E2KHAntibacterial Synergy Effect)

Qup 23 i Bxo] Ex Befelle] v
A3 checkerboard B O & EHI5FITH14]. MBC assay
o} FAFHAl X1egstI AR, ZF wellel] 2 7] S22 34
03 20 4L TSIk ZH2ke] FE 1 x 10° CFUAIL
07 Feg gEo] HEoielom, At 37 C incubator,
48 h, %It 25 C incubator, 72 h vjFslGict o]%, HF
0] 9.9% oV AFEAIT = R4 FEo| Higl sk HlE
& otk e 5= AT o] W]tk
HE oA *s(fractional bactericidal concentration, FBC)2}
FBC Z|5(FBC index)E AAFSFITH14].

FBCA = I\/IBCA in combination / NJBCA
FBCs = MBCg in combination / MBCp
FBC index = FBCs + FBCp

FBC 4= 0.5 o]5k= AJUR] a)(synergistic effect), 0.5¢]]
A 1L.OAJo= 27} G o)additive effect), 1.00]A] 402 Bk}
(indifferent) 12]31 4.0 o]} 7L Akl A T antagonistic
effect) 0.2 FTH51TH14].

3.2 1

—

31, g 2y gt

At 4 Foll Histe] 21e] AlmollM el i
ot 7] 9J5}1e] paper disctHS ©]-851¢] inhibition zone %]
“8& S48I3aL ol whE 3= Table 29 WERHRICE
Disc Z=HHol] FAJE inhibition zone 270 W} +H+ (> 15
mm), + (= 15 mm and > 10 mm), + (= 10 mm and > 6
mm), ND. (£ 6 mm)& Uro] B7}a1Th15].

QU 228, FR BRAle 4 Fo| AY Rl =
+7 inhibition zoneg F/JoIACH, LHRF FEES S awreus
@} P aerouginosa w0l 3 ARl =2 HulepHlat
SARPAG A1 FERS ek 2 Bzole
QUR} =28 i8] C albicans TR0 953 PES
Uehfgit, BURAY 222 S arestt C albicans
ol Al inhibition zoneSr F/JSIAAL HIZRE AT,
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Az, B ERglollAl inhibition zoneo] - KA} W

E|X] kot Ee|ejAle S aureus T} P aerouginosa®t E.

Coli®k C. albicans w014 B 2 Fetes HIrh
2. E|AMESE(MBC)

Table 29| ot G4 H|wE Folo] AU QHiR SEE,
ZREE Exol Z212JR19] S aweus, E coli P aeruginosa,
C. albicans, A brasiliensis©]] ot AP EErE =45t
A Tabl 33} 0] Lslch WA, Q) FEE E
coli, P. aerouginosa®} C. albicans®l] gt Z|AAIES
10 mg/mL, S aureus@} A. brasiliensisOl A= 20 mg/mLO 2
U AU Baole] H4A L S ares, P
aerouginosa®}t C. albicansO| A= 20 mg/mlL, E. coli®} A
brasiliensis| A= 40 mg/mL= ERIE}Ic)E Ed] 28Xl

A

<huj -

e - QEF
o] ol A Blskic Tastepl vl
SRE A9 Bl C abicansd] dh), M} v
Sl 90.9% elAlshe] Fatelo] S4shA| Lehpgic
3.3. || _Q_J_KAntlbacterlaI Synergy Effect)
W] el ol ZH 9wl BAE A
Qi FEE WU Hzol, Zejelile] FEs A
22 uig B8 25| Y3l checkerboard assayS &
3 FBC An a7 A4 make TSt oue
2B 2R Bxol HSE.S Tk oFAWl E coli
Z29] C albicans, 5°5°]21 A. brasiliensis©| sl 3ot Al
uA) make welh Eak v 2EET el B
E2 C dlbicans?} A brasiliensis©l| T3l 3+ A|UA] &3}
Rk E3| 4 brasiliensiso| A _?_HHX} FZ5 5 mgmlL

S A
DR

[e)
==

C. albicansO| A= 0.5 mg/ml, A brasiliensisOl| A= 2 mg/mL 9} AT 220 25 mgmle A AME Aol
Table 2. Antimicrobial Activities of Several Natural Materials using Paper Disk Method
) Antimicrobial activity
Materials Co(rlni;:;it;on Gram(+) bacterial ?rm(-) bacterial . Yea-st
S aureus P. aerouginosa E coli C. albicans
Rhus Semialata gall extract 100 H +H+ ++ +
Oak vinegar 100 ++ ++ ++ ++
Morus Alba bark extract 100 ++ N.D. N.D. +
Agastache Rugosa extract 100 N.D. N.D. N.D. N.D.
Pinus Densiflora leaf extract 100 N.D. N.D. N.D. N.D.
Savrurus Chinensis extract 100 N.D. N.D. N.D. N.D.
Scutellaria Baicalensis extract 100 N.D. N.D. N.D. +
Thymus Vulgaris extract 100 N.D. N.D. N.D. N.D.
&-Polylysine 100 + + + +
Propylparaben 4 ++ ++ ++ ++
* +++ (> 15 mm), ++ (£ 15 mm and > 10 mm), + (£ 10 mm and > 6 mm), N.D. (£ 6 mm)
Table 3. Minimal Bactericidal Concentration (MBC) of Rhus Semialata Gall extract, Oak Vinegar, and e-Polylysine
MBC (mg/mL)
Materials Gram(+) bacterial Gram(-) bacterial Yeast Mold
S aureus P. aerouginosa E coli C. albicans A. brasiliensis
Rhus Semidlata gall extract 10 10 20 10 20
Oak vinegar 40 20 40 20 20
e-Polylysine > 40 > 40 > 40 0.5 2
Propylparaben” 1 1 1 1 1

* Propylparaben used as a control.

o) &b g-3E5k 3] %), A478 A 2 3, 2021
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FBC A4 0382 71 98t AUA] B3bg Uepiidleh 3 FBGun2} FBGug}0] 063 ~ 1.02] WA= LERdT: <)

(Figure 1), A} FEEI AU B2 4 SRS 1, HEOR
E. coli®} C. albicans®} A. brasiliensis©]| Q¥R 2=} ALESIES W) 2 vl W eroj|A] 2 F0] S AFHEA)

B B2olg g AGelAS U FBCUS AW B2 o g 2} w988 slsis

T}, FBGuin2} FBGrax@f0] 0.5 ~ 1.02] HZ LRIt Q) C. albicans®} A. brasiliensis®l| 28R} +&E3 Z2]2|4l

AF z?a—:'aﬁ mg/mL)} R %—;-‘—"—'.‘(1 mg/mL)Z -8 A = W& ARESISE Wl FBCIEE AXS 2 23, FBGun

SIS o, TO = ARGSIYLS wi ) 4 vl e o 1 9} FBGrx ko] 0.5 ~ 1.09] t”-‘?—li LRI @ufRt 25
3 Fte AFEAIR W FBCA|G== 0.5% AlUA| 4t 2t = EEils B8 ARSI o, o ARSI
FolE| AT}, S aureus, P. aerouginosal| A= @ BIRF 2250} S mHET 4 v W2 oA 2 TS AFEAIFHOH
TR B2 0] B8 AMGSIS W FBCEES Akl 2 2 FBCA|4= 0.52 AJHZA] gt axf ER1=| I (Figure 2).
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Figure 1. The synergistic antimicrobial effects of oak vinegar and Rhus Semialata gall extract against five human skin pathogens. (A) E
coli, (B) P. aeruginosa, (C) S. aureus, (D) C. dlbicans, (E) A brasiliensis. White wells mean no microbial growth and gray wells mean
microbial growth. The number in the well is the FBC index. Diagonal patterns indicate the synergistic effect (FBC index < 0.5) and
dotted patterns indicate an addition effect (0.5 < FBC index < 1).
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c—Polylysine
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Figure 2. The synergistic antimicrobial effects of e-polylysine and Rhus Semialata gall extract against fungus. (A) C. albicans, (B) A
brasiliensis. White wells mean no microbial growth and gray wells mean microbial growth. The number in the well is the FBC index.
Diagonal patterns indicate the synergistic effect (FBC index < 0.5) and dotted patterns indicate an addition effect (0.5 < FBC index < 1).
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2l S A=A QFHSIAL Q19l/do] A HY HEA
of| thet =07} S7IsFAA &t BRE 7R A R 24
-] Fasdo] S7IsIaL Sk 2 Atoll= M S
Pt RN 8- 7R ERIsE] sl T e datell
gt 9 F2] A 2] Fat IS Bk et S
ap Beldito & deiXl T1gh IR S awrens, TS
ol P. aerouginosa, E. coli F%21 C albicans, +°5°]21 4
brasiliensisS: o2 =439k

5 o) Bl BT BN Hold U BT 1}
Bh Sdjd 2EE AU BEel EejRlug TR 4
Az Agsigton, B aael Fae Alges ol
A 2ol Aol it AaArEEsL 10 ~ 20
mgmLE olad BS T BAS e, 1Rl 4
9 Eel2Alo] 05 ~ 2 mgiml. FFeio] 1 Selick
wEba] Aol Fofeh Al o] 45 euirt =255 %
ool FoRt AR A9 EelgilE Hrishke Zo] &
ofstek AT

2lejAle] HUNF 5 Bl et AuiA) P woke sl
o A 2E Ak Ag3ie] Wt P wukE Uehds

o7 AMS wjHrh 2 v W2 sEolA S aweus, P
aerouginosa’s 99.9% Al =t FrF akE el
th E coli C albicans, A brasiliensisol| A= TH=0 2 AL8SH
it AR st 4 v ZAEQIAL FBCEEo] 038 ~
052 G A EHE el Ea oupt 35
2 Eeile SEe® AR wjkot C abicans, A
brasiliensisdo| A ZaAPEEL7) 4 vl ZAEQ o FBC
o] 052 et F7h s Uehligich weba] ufrt
25 mgmL)T} T 210 mg/mL) £3}+e] 239t
2 AlFol A off 5 Fo} HYdtE B Alofsh]
of golohH, eHjAR} FEFE(S mgmbL)T} EH2]24l0.5
mg/mL) 2302 Ao et uf XotF7o] Hed v
=& Alofslrlel golsirhar et glck

o|e} L2 AME o] Qufir} FEET EE4l E
L oupt 2EEI FTRRY RS 5 Fo| oY
WA dTtol A T o s ARES nikct 2 ~ 4 v W2 5
oA B 43 gt AakE Holm AJYA| gt At
£ RIS webA 2R ujAdEe] oigk W) ok

o 33} 4E 8t 3) #), 478 Al 2 &, 2021

LS

= 9 Ay 2R 52 Amsiel 71z st nads
ShAlsks Ao A=A BFE ARl 8] THsE
Aom gk,
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