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Antimicrobial Activities of Licorice Extracts from Various Countries of Origin according to Extraction Conditions
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In this study, Glycyrrhiza uralensis and Glycyrmhiza glabra extracts, with their countries of origin as Korea (Jecheon), Uzbekistan and
China, were prepared under various extraction conditions. There were 8 extraction conditions which the licorice were subjected
to, and all conditions had different extraction solvents, temperatures and times. Antimicrobial activity on skin flora was evalu-
ated comparatively by a disc diffusion assay, broth macrodilution assay, and kill time curve assay. Based on the antimicrobial
activity of their extract confirmed by disc diffusion assay, we established optimal extraction conditions. The Korean licorice
extract (85% ethanol, 40°C, 12 h) showed the best activity amongst the samples examined. In particular, its antimicrobial activ-
ity against Propionibacterium acnes was the highest. Minimum inhibitory concentrations (MIC) and minimum bactericidal con-
centrations (MBC) of the licorice extracts revealed that the Korean licorice (156 ug/ml and 1,250 ug/ml) had better antimicrobial
activity than that of the Uzbekistani licorice (625 ug/ml and 2,500 ug/ml) and the Chinese licorice (625 ug/ml and 5,000 ug/ml).
Taken together, it was shown that Korean licorice extracted in group F (85% ethanol, 40°C, 12 h) had the highest antimicrobial
activity amongst the licorices from the other countries of origin. These results also suggest that the optimal extraction conditions
are 85% ethanol, 40°C, 12 h, and that licorice has a potential application as a natural preservative in cosmetics products,

thereby replacing synthetic preservatives.
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()& LS(Incheon, Korea)ol 4| A& 7;&% AH&8H
HxFEE9 Fo424 HuBA2A PFE TRA °1
methyl paraben MP)¥} 1,2-hexanediol> Sigma Chemical
Co. (St. Louis, MO, USA)o| A -3t A3t T3,
o ehZ(EtOH), DMSO= 2+ 81ll= )78 3t (Siheung-si,
Korea)®] A% 5 Ao A5ttt
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g"ﬂ"ﬂ AHEE AR 2= S H2(G. uralensis),
=4 Iz FIFAHG. uralensis) 4 2 =7 AEAHG.
glabra)olH, 2279 & FEE AR ARE| olv]
Bugk whe] wat AASHITH4]. &, £”H(30%, 85%
EtOH), 2%(40°C, 60°C) ¥ A]7H6 h, 12 h) 2§l & 87
TAH)Y & 27102 339 A Az E FE351Y9
% 29 FEES Axsto] A A& 87129
Z22ZAL ey Zoh AZ(30% EtOH, 40°C, 6 h), B&
(30% EtOH, 40°C, 12 h), CZ(30% EtOH, 60°C, 6 h),
DZ(30% EtOH, 60°C, 12 h), EZ(85% EtOH, 40°C, 6 h),
F£(85% EtOH, 40°C, 12 h), G+(85% EtOH, 60°C, 6 h),
HZ(85% EtOH, 60°C, 12 h).
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g7 "I Bt AEE FEZE B subtilis
ATCC19659, E. coli ATCC23736, P. acnes ATCC6919, P.
aeruginosa ATCC29336 % S. aqureus ATCC6538= 3=
n| A& HEZAE (KCCM, Seoul, Korea)o| A EoFdtotct. P.
acnes® HJXZ+ Reinforced -clostridial (RC) broth
(Merck, Darmstadt, Germany)S AME3}IH S0 4°Co|A] B
TotHA AY 48 h o] o] AN A +FF 3 vijA o
H#3t &, anaerobic jaro A Gaspack system (Merck
Anaerocult® Gaspack system, Darmstadt, Germany)<
AHE & W55t 37°C v 7)ol A 48 h Fet A7IA Wi
3t T Ao IEH ;,L_,_g Attt E. coli, P.
aeruginosa, B. subtilis @ S. aureus= Mueller-Hinton H}
A (Merck)E AHE3tG o, #& JFST F 37°C i F7] o
A 24 h sttt

Disc diffusion assay0f 2|gt &fF&tM &X
% 22 2740 U2 2389 FIVYE FHE AL
2 disc diffusion assay® ZA3t{th. WiU¥H #4F=
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1x 107 colony-forming units (CFU)/mle 2 ZA3 &
Aol ARgsElch BHujR|of vt 35 it HEs
o]-&5to] 100 WA =Tsto] FHISHHAL, AlRE disc F 0.5,
2.5 mg®] EEE paper disc (diameter 8 mm, Roshi kaisha.
Ltd., Tokyo, Japan)oll AA3| F4+A7 &, AxHHE A
A EME FEAFT 2479 A 27F F4F paper discE
Sgh Fakul ] Qo] RAIX A= wjgR & dise FH
o B4 As(clear zone, mm)Z S5t FABAS

EEAS S

o rx

Broth macrodilution assay0l| 2J§t &#&d &H

Disc diffusion assayS %3 3 &3S UJElH 2
A 2EE5E9 A3 2 A A5 5% (minimum inhibitory
concentration, MIC)2} X AAr %= (minimum bactericidal
concentration, MBC)E ZAF}7] 93l broth macrodilusion
assay® ALgEHel 2RHTH1. FRE HEHoz
5.4x10° CFUmIC 2 283 & B A Atgstgon,
AL FZADA, $2H7 254, 334 F272
23 dzgoss SaEd WRAZ ASHE MPE
DMSOE AH&-sto] 28] 3|4 02 3|4t} RC H=|o]
FEES APst AddES FUAA 37°Col|lA] 48 h ¢
@714 270 dstelct. Wi 7, opele) & 2k &
o2 Blo] P i AR APEE FAste 3TC
A 48 h B 714 2AL R wjFste st &
ol®l # & th2 logarithmic difference in population
(Log DP) FA]efl 7]23to] AAtE STt Log DPE oy 4
o2 FHI}

Log DP = Log (IN/Ny) = (Log N) — (Log No)

Ny 27] 3 48 lelasl M= 48 h 52 ke # 4

£ ofujge. MICE 27] & 47} S A 244715
=S Yulstal (Log DP < 0), H24d5E=MBO)= =
7] & £E 99.9% A A7 s EE 9u|gttt (Log DP < -3)
[14].
Time kill curve assay0l| 2|t &#&d =H

Broth macrodilution assayS 3 doj2 AIE Higto
2 24 558 Auste] YPAAL@IARDAL, 247
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2 verole] F & Wk A7kol wet Z4esct 54 A
2 Eoh WobE worale] F Sk Koo ghelo] 5
H7kR] A2 A2 5]Aste] 37°Co A 48 h Fet § 714
2702 Wil SISt
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9 S aureusol| W FALAHE 7] A disc
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coli, B. subtilis ¥ P. acneso] ARt 3#&4-& e oict
(Table 1). =3 4 Fof s 54 2A|* =
FEE0| % FHEHS UEdES

off tht FtBAoA Ftolld &3 =4t Z=27} 2.5 mg/

_%_
eI, th3 o 2= GRollA 2% S2H|7| A8 2
7} 2.5 mg/disco|A] clear zone®| 16.5 mmZ 3t 3+
A& Yetlth. B3 EFolA &8 =4 F27) 2.5 mg/
discol Al clear zone®] 15.0 mm, G| A &3 22A 7+
27} 2.5 mg/discol| A clear zone®| 15.0 mmZ ERH 4%]

¢} ZA"E 0.5 mg/disco| A YEFH clear zoneo] Z}Zt
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E;LO]W 3 A=A 2RI A A2 ST FHEA
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A 2355 F FolA 28 A4 2355
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Bl o, 0.5 mg/disco| A= E. coli, P. aeruginosaito] oF
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Table 1. Antimicrobial activities of G Uralensis, G. Glabra extracts, and positive control with extraction conditions (K: Korea, U:

Uzbekistan and C: China).

Size of clear zone (diameter, mm)

Stains B. subtilis E. coli P. acnes
Conc. (mg/disc) 0.5 0.5 2.5 0.5 25
Negative control DMSO -2 - - - -
» Methyl paraben - 11.0 10.0 18.0 - 14.0
Positive control -
1,2-Hexanediol - - - - -

A-K - - - 9.7 1.5

A-U - - - 10.5 13.7

A-C - - - 8.5 12.7

B-K - - - 9.0 13.0

B-U - - - 8.0 10.0

B-C - - - 8.5 13.0

C-K - - - 9.5 13.5

C-u - - - 11.0 16.0

Cc-C - - - 8.5 13.2

D-K - - - 9.0 12.0

D-U - - - 8.5 12.0

D-C - - - 8.5 1.5

Samples

E-K - - - 1.5 15.0

E-U 13.0 17.5 14.5 17.5 14.0 16.0

E-C - 10.5 13.0 10.7 14.0

F-K 12.0 15.0 12.5 15.5 16.0 19.0

F-U - 10.5 13.0 9.7 13.0

F-C - - - 9.7 13.7

G-K 12.0 15.0 14.5 17.5 11.0 14.5

G-U 13.0 15.0 125 17.0 13.5 16.5

G-C - 1.5 13.5 10.7 15.0

H-K 12.0 15.0 13.5 17.5 10.5 14.0

H-U - 11.0 14.0 10.0 13.0

H-C - - - 10.0 15.0

&No inhibition.

Uebd Fatoll Al &% ShAt @27} E. coli, B. subtilis,
P. acnesol| 3 FFEA oA MPH} 1,2-hexanediol®th A
WA o2 a9 FABAAES YEHES ISkt
Broth macrodilution assay0 2|t gkt
TRt FE2A0A FE2E dAAE 7
XS disc diffusion assay E38 H|2d AW}, ZE 2 A
A FET FESESP acnesoﬂ g3 FFSAHS YeEFRQ
3 AE ZANA &5 S EANAT E. coli®} B. subtilis
o tl AL Lehielr. olsh g AT Hgoz
P. acnes9) ta) 7} 535 FFEAL Ve =24 7
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A F(85% EtOH, 40°C, 12 hy2 Ag =4
a1, YARE 7 Pzzz‘j-«] broth macrodilution
Zi}E Fig. 19] Uehfgle,
disc diffusion assay2) @J—]-Q} o] dr=AF ZtrEEE 04
7V e FHEAESE YEE S Felstith MIC %Iﬂr
MBC gt& Log DP #toll osf gQlgt A}, gh=i4t 4z
ZEMIC 156 ug/ml, MBC 1,250 pg/ml)o] 714 L=} 3}
w+&/dS UEtES 54, O o2 27
EAHMIC 625 ug/ml, MBC 2,500 ug/ml)a}t ZZFAHMIC
625 pg/ml, MBC 5,000 pg/ml)o] F#&AS vjelyich
Positive control2A] A%t MP2 MIC7} 1,250 ug/mlo| it
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Uzbekistan

Log survivors (CFU/ml)

Z |

W39 778 ®156 312 =625 ¥1,250 2,500 * 5,000

Fig. 1. Effect of licorice extract with various origins on
cumulative changes against P. acnes population stored at
37°C for 48 h.

MBC7} 5,000 ug/mlo 2 RE QAR Y 7tz =250 H]3}
of W2 JAEAAS et SISt AAEY o]d o
Toll A 50% EtOH F&&of theh PAtAE MICE H] 23]
E o, F& 200A 53 A2FE580] 47 =4 dx
F2E(5,000 ug/ml)> 32v, L=2H|7| A4 2 FEE
(5,000 pg/ml)2 84l, F=4k 7F 2 FEE(10,000 ug/ml)->
16812 -3 3t B4e Yedle AS 5. 50%
EtOH F&&3 v A 2t} £& EtOHY H[ &9 F:&5+&
oA Gt o] B2 AR Hot 54 Y Y+ &
Qg0 2 ALE AFEY, AETY £ 2EoA
SAZE] &3 FY & 2ANA 34 E4S HEY
= AEE0l § Wo| F2H+= 2oE uddrh
Kill time curve assay0ll 2[5t &k&tA
Broth macrodilution assayS E3| P. acnes®] thsle 7}
e S Y =4k 222 ES MBC
HE 712 AYE APt YAAE HxFEES
MP9] &5 1,250 ug/mlo 2 2|3}l 48A17F 52 64|17+
ottt o 5 &elste] Ajzke] Aol @t P acnesoll tiEt
S A HIE glst i th(Fig. 2). T Z 3}, negative
control 24 FEE5 A2sHA| g2 Ao = 247 5
I 59 Wiz dAsIr) 244 7F o]3 & A7) X dro| w}
gt & F7F 28| St AS AT B HAbAE
AE)gt A3, 24X 2F o] Aol 27 & ol
v 3l ZHaste AgFs Uetith. 429 A=d datxd
e Fof tfste] 27] 6417 T IA &4
Z7] o 4= ol A P. acnesoll gt A
A== AL gRlstdtt. e=Hi 228 Sl o
.]
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—=&=Control

| =#-Korea

—a—Uzbekistan

| >China /

Log survivors (CFU/ml)
N w H (3] (<] ~ [} [{-]

0 6 12 18 24 30

Time (h)

36 42 48

Fig. 2. Time kill curve of licorice extract with various origins
at 1,250 pg/ml against P. acnes.
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