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Antimicrobial Activity, Quantification and Bactericidal Activities of Licorice Active Ingredients

Hye Jin Kim, Ha Na Jang, Jeong Yun Bae, Ji Hoon Ha, and Soo Nam Park*

Department of Fine Chemistry, Nanobiocosmetic Laboratory, and Cosmetic R&D Center, Seoul National University of Science
and Technology, Seoul 139-743, Republic of Korea

The present study was aimed at investigating the antimicrobial activities of licorice’s active ingredients. Four samples of licorice
ingredients (glycyrrhizin, liquiritin, liquiritigenin, and isoliquiritigenin) were evaluated for their antimicrobial activities against six
skin microorganisms. The bioassay applied for determining the antimicrobial effects employed a disc diffusion assay, the mini-
mum inhibitory concentration, and the challenge test. The ingredients showed antibacterial activities. Especially, isoliquiritigenin
has significant antimicrobial activities against two Gram-positive (Bacillus subtilis, Propionobacterium acnes) and two Gram-
negative (Escherichia coli, Pseudomonas aeruginosa) bacteria. These samples had much higher antimicrobial activities than
synthetic preservatives. Our results reveal that liquiritigenin and isoliquiritigenin could be useful compounds for the develop-
ment of antibacterial agents for the preservation of cosmetics and foods. The two flavonoids, liquiritigenin and isoliquiritigenin,
sourced from Korea, China, Uzbekistan, were quantified using HPLC. The results demonstrated that Korean licorice has two
flavonoids (liquiritigenin, isoliquiritigenin) in much higher quantities than was observed in the licorice obtained from the two
other countries. Thus, isoliquiritigenin and Korean licorice extract represent new candidates for antimicrobial agents.
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Table 1. Formulation of the cream containing 0.20% isoliquiritigenin.

Content (%)

Components . "
Negative control cream Positive control cream Sample cream

D.W Up to 100 Up to 100 Up to 100
Glycerine 7.0 7.0 7.0
1,3-BG 5.0 5.0 5.0
Xanthan gum (Keltrol-F) 0.1 0.1 0.1
TEA 0.2 0.2 0.2
Methyl paraben - 0.2 -
Ceto-stearyl alcohol (Lanette-o) 2.0 2.0 2.0
Stearic acid 1.0 1.0 1.0
PEG-100 stearate (Alracel #165) 1.5 1.5 1.5
Bees wax 1.0 1.0 1.0
Glyceryl monostearate (GMS-205) 1.0 1.0 1.0
Squalane (Pripure R 3795) 8.0 8.0 8.0
Caprylic capric triglyceride 5.0 5.0 5.0
Paraffin wax 25 2.5 25
Dimethicone (Si-200 / 100 CS) 0.3 0.3 0.3
EtOH : 1,3-BG (1 : 4) 1.0 1.0 1.0
Isoliquiritigenin - - 0.2
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Table 2. Antimicrobial activities of licorice ingredients against bacteria.

Size of clear zone (diameter, mm)

Strains Control Concentration. of licorice ingredients (mg/disc)
DMSO Glycyrrhizin Liquiritin Liquiritigenin Isoliquiritigenin
0.5 25 0.5 25 0.5 2.5 0.5 25

P, ovale ) - - - - - - -
Gram positive bacteria -
S. aureus - - - - - - - -
B. subtilis - - - - 11 13 24 26
P. acnes - - - - 12 14 17 22
Gram negative bacteria -
E. coli - 1 13 20 23 20 23 22 24
P. aeruginosa - - - - - - 21 22
DNo inhibition.

(o}
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FATH(S. aureus, B. subtilis, P. acnes), 22 1% SAF
(E. coli, P. aeruginosa)d ¥ 5t P. ovales &3 &
659 7ol taf AES AAFE e A= Table 29]
et Tk 29 X EAEQ glycyrrhizind} liquiriting

WA E. coliol AT FHEAEE UeeH
liquiritin®] glycyrrhizin 2.0} & o84S UebE S &9l

3ttt Liquiritin 20014 o] AAE FE2 liquiritigenin
2 B. subtilis, P. acnes, E. coli & 3592 #°| i3l IJ+&
AL YErY ot Isoliquiritigenine B. subtilis, P. acnes,
E. coli, P. aeruginosa & 4% 4ol tj3te J4EAS L}

w2 24359 tH(Table 3). Isoliquiritigenin®] 2| 4A 3l
L= B. subtilis (156 ug/ml), P. acnes (625 ug/ml), E. coli
(78 ug/ml), P. aeruginosa (312 ug/ml)E e AT
Liquiritigenin®] 485 %=+ B. subtilis (1,150 pg/ml),
P. acnes (2,300 ug/ml), E. coli (250 ug/ml)S YEFY AT
wg gehle] HAAS 5= B. subtilis (2,500 pg/ml), P.
acnes (2,500 ug/ml), E. coli (1,250 pug/ml), P. aeruginosa
(5,000 pg/ml) ojn T2 wietdlo] HAaAHFEE B
subtilis (625 pg/ml), P. acnes (625 ug/ml), E. coli (625 ug/
ml), P. aeruginosa (10,000 ug/mlyS UJEFATE t 272l ||
9 sebdl, 29 stepin AAARSES NaHEE
isoliquiritigenine ™|g utebdl Bk 44 o| B. subtilis
(16HY), P. acnes (48)), E. coli (16H)), P. aeruginosa (16H])

B A2 &S 57 2 FHEBA e & =55 sy, =2 syl Hos= 840l B.
o138ttt subtilis (49)), P. acnes (%), E. coli (88))), P. aeruginosa
(324) E5= FU3HH. Liquiritigenin® g o=hl 2
Z|AXBHSE (minimum inhibitory concentration, MIC) o &&/3¢] B. subtilis (2H), P. acnes (&%), E. coli (5
=X W) E9t, T2 ekl Bote E coli (2.54)9) Ag
7z FARAE disc diffusion assayollA] =& FA4EA 2 P EAS YRS & B. subtilis (281)2F P. acnes
S YEM Y isoliquiritigenini} liquiritigenin®] Z|4%] 3| B.79h9] A4S =29 gehdlo] liquiritigeninE o =& &
Table 3. Minimum inhibitory concentration (MIC, ug/ml) of isoliquiritigenin and liquiritigenin against bacteria.
MIC (ug/ml)
Strains Control Positive control Licorice ingredient
DMSO Methyl paraben Propyl paraben Isoliquiritigenin Liquiritigenin
B. subtilis - 2,500 625 156 1150
P. acnes - 2,500 625 625 2300
E. coli - 1,250 625 78 250
P. aeruginosa - 5,000 10,000 312 -
YNo inhibition.
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Fig. 1. HPLC profile of liquiritigenin (A) and isoliquiritigenin
(B).
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Fig. 2. HPLC profile of ethyl acetate fraction of the licoice cul-
tured in Korea. (A) liquiritigenin and (B) isoliquiritigenin.

Table 4. Content ratio of isoliquiritigenin and liquiritigenin
according to various licorice origins.

Origins Isoliquiritigenin (%) Liquiritigenin (%)

Korea 0.026 0.161

China 0.017 0.125
Uzbekistan 0.022 0.005

3}, isoliquiritigenine 30.23 min, liquiritigenin 13.85 min
of| A T =27} 1= S 1’/}(F'lg 1). B3t 2&E F isoliquiritigenin
3 liquiritigenin®] AF-E 98 YAAE Tx FE2E ofA
Ho|E 23& HPLCE EA3 3. g4t 4232 E
HotAH o] E £8 9] HPLC Z2vE 192 Fig. 20 4
Bt YFE 22E42E o9 Fis AHESY
isoliquiritigenin®} liquiritigening AFstch A= A
2% 7z £%F 9 isoliquiritigenin®] 3L SH2AF Zhz
7} 0.026%, E==AF 0.017%, 24| 7] ABHAF 0.022% 9 12,
liquiritigening 3+=+Ako] 0.161%, SAF 0.125% H $-=
W 7] A8AE 0.006% 2, 3= ZE ) isoliquiritigenind}
liquiritigenino| 7H Wol gfFHo Y= FAsA
(Table 4). wetA =4t 271 S 9D SL2H7] 28 4
zHTH & FHEEE YEHE 5 92S AARR

Isoliquiritigenin®] challenge test
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% isoliquiritigenin 3+ H 9 74 & =X H # £= %
7] it 4 B} 99.90% o4 Hasto] HEAY a4 4
off tigt Al ] H+f 2l CTFA H& 7]= = A
< Zelsket. shA ek wE gebilE ek 2 2
4 71 27 o & Bf 98.75% FASIF L HEA
SH2 32 YL 27| o T # 5 FAS
47 5ot 153 ittt o & 273191, isoliquiritigening
AR 2ol mE sl s e Y ET ATt ©E
o 79 Fasol F& FUsHATHFig. 3A).



Study of Antimicrobial Activity about Licorice Active Ingredients 391

A
S 2
g /)
S 4 -
)
S
= 31
c
=]
S 5
‘9 o
s + A
o T
e 1
-g T T
20 T T

0 1 2 3 4

Weeks
C
5

7 |
o 4
=)
L
e 3]
€
=]
S o .
[]
®
o
e 17
K]
5
& 0-

0 1 2 3 4

Weeks

B
g 1
é’4
E K T~ < —r > 3
R
=]
8
g 2 5
= _
o )
g 11
Q
[
g o . . 't A
0 1 2 3 4
Weeks
D

Aerobic plate count (CFU/g, log)

Weeks

Fig. 3. Changes in the viable count of mycota by type of antimicrobial agent added to cream. (A) B. subtilis, (B) P. acnes,

(C) E.coli, (D) P aeruginosa. —e— : control cream, —l— : cream containing 0.20% methyl paraben,
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= &% 2HL 237714 o 7L 5% Fass EAL,
3790 4Fo|HE Fo| Ael FANA Uttt o 2H
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3 Zgt RS vebdS st (Fig. 3B).

E. colol CtHEt challenge test: E. coli7} HFH
isoliquiritigenin $-4 3] 7Y & EAHH # $= =V #
o 2t 99.90% o] rasto] HEA Y fa4 S of
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Qstsch. EgebS T TYE 79 F F 27 2]
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2 3Ye 27 7 49 W% F 42 SAHAT 47
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290] methyl parabeng FE-FF TP BTk A7 TG F

: cream containing 0.20%

ol Fagol WU FE FAsHAcHFig. 30).

P. aeruginosadl| LHEt challenge test: P. aeruginosa
7} HZ49 isoliquiritigening 343t 3 9] 74 & =AH
T 5L 27] & § B} 99.90% oA ZAE 2t o
g gl S g3 392 7Y & P geruginosa 7t 27]
o o Hoh 98.71% #Aste] wE el 0.20% TR 2
YL P. aeruginosa®l t3te] CTFAY 7|&of dr= v
< UEA ZadSS ettt HEAE dArbetA &
< 3P 45 TN 27 o £ HIRE F FE FAGA
t}. o] 24 isoliquiritigenin®| 4 HEAQ WE wehd B
t} P. aeruginosadl taf R o] FHojd& FIstich(Fig.
3D).

ool BTHEE Foho] Az
fon, dQARE A2 FE2EG =, T, $2H7148) F
B 27 2 FEEL dei lolstE 4Re
isoliquiritigenin®} liquiritigenin TH O 2 o] JEEo] F
T4t S 27| AvkAE Bt wo] e o] §l3E gels
fth 2 Ao O 2 FEEY WA BEAEANY &
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