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Investigation of Antimicrobial Activity and Stability of
Ethanol Extracts of Licorice Root (Glycyrrhiza glabra)

Su-Jeong Kim, Jae-Yoon Shin', Yoon Moon Park’, Koo Min Chung®, Jong Hwa Lee?, and Dae-Hyuk Kweon"*
Daepyung Co., Ltd., Sangju, Kyungbuk
'Department of Genetic Engineering, Sungkyunkwan University
*Department of Food Science and Biotechnology, Andong National University

Abstract Conditions for extraction of antimicrobial materials from licorice root, Glycyrrhiza glabra, were optimized.
Among solvents tested, 95% ethanol gave highest antimicrobial activity, and was chosen as optimal extracting solvent.
Extraction temperature and time were optimal at room temperature and for 12hr, respectively. Minimal inhibitory
concentration (MIC) of 95% ethanol extracts was determined against 14 microorganisms. Reference microorganisms
included 6 Gram(-) bacteria, 4 Gram(+) bacteria, and 4 yeast strains. Ethanol extract exerted very strong growth inhibition
on Gram(+) bacteria, while was moderately effective for Gram(-) bacteria and yeasts. Treatment at 180°C for 30 min or
extreme pHs merely destroyed antimicrobial activity of ethanol extract. These findings suggest ethanol extract of G glabra

may be useful as natural preservative.
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A 5 AL B, S0 AE, AT 59 dEe F2EC] Gram
() B Gram(-) Ale 25l 38 e 7 glen g
¥ FEEL Listeria monocytogenes«] Z2& AT B
(13y7F Aok PR, &F, A, 2 55 FEgAel Yo
A Slt) T3, olF AAE FEEY d¥= it S
WAt BA7E 2ATH(14,15).
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FHEA l AR FFE AFY et Hed viAE
2 437 Gram(—), Gram(+) Ald#t E2E A0 THTable 1).
AEFF F Ml tryptic soy broth} agardl] X (Difco, USA)®I
HES 37°CoA HgSRT E2E YM brothsh agar2 25°C
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FEo AME BWE SFF, H4H99.5%), oHIE(95.0%), T
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Table 1. Reference microorganisms tested and their growth conditions

& 7 FF SlE Aristel ARelA 27 FET F o
A(Watman No. 2)& o]F3}3 T} ©]F rotary vacuum evaporator
(Byela N-INW, Rikakikai Co., Japan)& 50°CIM 255
Azl Fdp@d 2AH) AIRE ARSI &L 2] S
(500g)°ﬂ st AF A2 NE FF NELE Bt F
&2 2% AFEL fuld B HAPE TR 4**@ % g
&+ B4 Ao ARSI ©l3) e B, &%, Al o
£ F&2 7Y AL AX FPHUT oﬂ%}i«l TEE
50, 75, 95, 99.5%F ©|&sIRLH, L= 4, 20, 35, 50°coﬂA1
Ffatgdnh. FEA7HE 6, 12, 18, 24X710 2 ST

o

2 Z2=0

gdgol &4

AHBAL FA YIAE 23319l Agar diffusion method=
& 27L& ARSI, F2E o3 nAE A8 HA AR
5= (minimal inhibitory concentration, MIC)S- Z-g38l=d] o] &3}
Aok AA MY FEE 43 AR BK A3 BAE
BAFRoZ FHI=Y o] 85Tt

Agar diffusion methodi= o9} 722 HAE AX FPHULH
AR kel B AlEETE AA w2 W A
HlFStEA BT A uiRlol] FFSaL, 2487 WS
viFH-S 0.75% soft agarlA] 5mLell @471 5 x 10%-1 x 1070]
HEE 4ZEsled mle] £813 1.5% hard agarf Ao F3E815Ach
A3 22 A Yol X5 6mm filter paper disc(Whatman,
USAE €81 48 FE2702 A8 2123 4& &
25 A3 oW, & AFXEL IIJE TE 10mgml>
2 8 F 20pLq AUt ZF 79 H™uidzRol ] 244

ZF g & disc 999 A-&A 8| F(clear zone)2] A7|E FF
245 248 ol %—Uﬁﬂ gl vxe 238 HES

7) ) oIS 20,0 HHPE 2R ol TUT PPOR
Greg A3t £ 7:}7‘ et 22ES o =
Bl4ate] discoll HAT T vldste] clear zoneo] AR &=
AL 94 =2 SAsigoh

WA HMPE AR FEES AP BEL 9L %9 F
membrane filter® #AZ3+ tFS 27 A5k 7} FF=9] AA Wl
Aol 100, 50, 25 pg/ml7t HEE 0.1 mLAE BFat7 o7 ¥
Adsle BN NLFFE 0.1 mLy TI3 HEG
AT A7 o2 620 nmoIN FFEEA(UV-1202, Shimadzu,

Reference microorganisms Media Temperature (°C)

Escherichia coli KFRI 272 Tryptic soy agar 37

Escherichia coli BE 1182 Tryptic soy afar 37

Gram(-) Salmonella typhimurium SL1102 Tryptic soy agar 37
Salmonella paratyphi-A ATCC 11511 Tryptic soy agar 37

Salmonella enterotidis Tryptic soy agar 37

Shigella flexneri KFRI 445 Tryptic soy agar 37

Staphylococcus aureus KFRI 240 Tryptic soy agar 37

Gram(+) Listeria monocytogenes Tryptic soy agar 37
Bacillus subtilis KFR1 179 Tryptic soy agar 37

Streptococcus mutans KCTC 3065 Tryptic soy agar 37

Debaryomyces hansenii KFRI 912 YM agar 24

Yeast Candida albicans TFO 12732 YM agar 24
Candida lipolvtica KFRI 908 YM agar 24

Pichia anomala KCCM 50502

YM agar 24
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Table 2. Comparison of antibacterial activities of Glycyrrhiza glabra extracts prepared with various solvents

Microorganism

Solvents Yields"” (%)
E. coli S. typhimurium B. subtilus S. aureus

Water 16.3+0.559 =% - - -
Methanol 2.7+0.09 + + + +
Ethanol 24£0.10° + ++ + e
Acetone 1.6+0.14% + + + +
Ethy! acetate 22+0.11° ++ + +++ -+
n-Hexane 0.02 + 0.00° - - - -

"Data indicate means + SD.

2=Values with different superscript within in a column are significant difference (p <0.05) by Duncan’s multiple range test.

%-; no inhibition (6 mm).

+: weak inhibition (6-8 mm).

++: moderate inhibition (8-10 mm).
+++: strong inhibition (>10 mm).

Table 3. Comparison of the antibacterial activity of Glycyrrhiza glabra extracted with various concentrations of ethanol

Ethanol Conc. (%) Yields" (%)

Microorganism

E. coli S. typhimurium B. subtilus S. aureus
50 12.3+0.202 o) j B} -
75 89+023° - + + 4
95 2.6+0.12° ++ ot ++ ++
99.5 24£0.07° ++ - -+ ++

YData indicate means + SD.

22<Values with different superscript within in a column are significant difference (p < 0.05) by Duncan's multiple range test.

3_: no inhibition (6 mm).

+: weak inhibition (6-8 mm).

++: moderate inhibition (8-10 mm).
+++: strong inhibition (>10 mm).
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Table 4. Comparison of the antibacterial activity of Glycyrrhiza glabra extracted with 95% ethanol at various temperatures

. Microorganism
Extraction Temp. (°C) Yields" (%)
E coli S. typhimurium B. subtilus S. aureus
4 2.6 +0.302% ++9 + =+ ++
20 2.5+0.29 ++ +++ + A+
35 23+043" ++ + - =+
50 2.4 +0.54° + + ++ ++

YData indicate means = SD.

P*Values with different superscript within in a column are significant difference (p < 0.05) by Duncan's multiple range test.

9-: no inhibition (6 mm).

+: weak inhibition (6-8 mm).

++: moderate inhibition (8-10 mm).
+++: strong inhibition (>10 mm).

Table 5. Effect of extraction time on the antibacterial activity of Glycyrrhiza glabra extracted with 95% ethanol at room temperature

T

L. Microorganism
Extraction time (hr) Yields” (%)
E coli S. typhimurium B. subtilus S. aureus
6 1.9+ 0.192 +) 4 + +
12 24+ 017" + ++ ++ -+
18 2.5+£0.06" ++ ++ ++ R
24 2.5+039° ++ ++ +H+ =+

YData indicate means + SD.

22Values with different superscript within in a column are significant difference (p<0.05) by Duncan's multiple range test.

-; no inhibition (6 mm).

+: weak inhibition (6-8 mm).
++: moderate inhibition (8-10 mm).
+++: strong inhibition (>10 mm).

[E[-.% _'-:Eol 7ix-|
2o 22 fug Helg JEree] Exs 50 75, 95, 99.5%
2 3 Zhx 29 szt JA 71e o ALolA 2447 F
23l E coli, S. typhimurium, B. subtilus, S. aureus®l T3 &
4245 vlasie] HA e %EE A3l tH(Table 3). ol
e 5 95%e T
2.6, 2.4%)F -W*ow £ z}ole iolx] oront oeke Fx
75% ol3lellME o] IA ZAFHROR 50% FETAE
arEAde] A9 FEEA Bl ke FEE FE248L 9
©E Tt WoldrE Rk ] o= B9 & 78(163%)
ol 71E B WM AT §5 s¥sElth Ed AL o)
e 50% FEZME 7H 23] SolXL 2 olde F
ZoMe Yolgthe BNt 771A, B39, SuAk, E@YL]
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wolgrhe Ra22)eks YX|shs Felul, ujEhA 7.}394
T 4L 7HE 48 B 3294 g ARolElz A
FHT} 95% olghed Folggol vis) 7h xd 953 A
HIoZ 95% oBL 2 H&dE o] AAHo|alw FAdEc),

i
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Ag2ze} AZle] HE

2ol 95% ANehe-2 FFe) sHE 718 4, 20, 35, 50°ColA]

FEol] dFEFS #9138 23}, agar diffusion methodol] 213
EisTacie é% 435°CTA & Aol 7} %i"i_‘lmi 7} sFuke 50°Ce]]
M k7 7hAasks Aske B FEQ2326%0E & &
ol7} %*°iE}(Table 4).

A, FEAS 2YImA 25 e RN =49
Al £88 617 o] RE =715t AREk] 124]7F o)
ElE 24-25%2 A W37}k flo] 95% odleez 35 o 12

O

A7 ool FEe) thE
webd AAL Y o
A FEFE Rl MY F

12X e Aoz BATKTable 5).
BRE 95% NEEE 2ol 12
S AL=Z oA

#H= oElEg FE89| FTE
95% NTER FLoA 1247 FEslY ZAT 7z dEE
2255 agar diffusion methodS ©|-&3te] 1459 mAE] O
3 R8-S ST AR Gram(-)EY 2§ 250 ug/
mL odols e @S B o Gram(HFe) disise 25 py
mL FEAME FHBAE AT 2T 50-500 pg/mL Ato]o
A gEd weEt FFBAEE Hols HYw tsiETH(Table 6).
Ed e Tﬁﬂ‘o’] 5“&%‘33 £ o AFYog BMsaA 7=
g 53k A wiXolA F Fo] AXFFE Higsh A
243190, Gram()yd % B. subtilis, L. monocy-
togenes, S. aureus, S. mutans 5o BF 25 ug/mLAXN = Ao
AAHAHFig. 1). ol& TR 75% & FZE°] Gram() Al
@ % L monocytogenes©ll W3l st S Bl A3
(16)2k= A%}, Gram(-) M+ & E colis 100 ug/mLAA] =
AAEATL AU, S pphimurium WAL 25 pg/mioA
g A EAE E/"\ioﬂi 50 pg/mL o] FlXE AFEAE A
g g g AR A5 AEIHTHFig 2). B F C albicans,
P anomala®) N3AE 100 pgmLoM= + 32 94 a3t &
215193 th(data not shown).

AAeloke E3 B4 LI agar diffusion methodE ©1-8-3 A
T Y3 Gram(+) Aol dis) o9 e FH4EHES HA

Ao, Gram(-) Aol M= oFfg FHBEE, 2= &%
o gaie 8] E4€ HX 52 fé.“ﬂ%‘ F At
Gram(+) Aol tisfiAlE 25 ugml ©]&ke] FEoAE BlAdg<%
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Table 6. Antimicrobial activity of Glycyrrhiza glabra extracts prepared at the determined extraction condition on various microorganisms

. Concentrations (pg/mL)
Microorganism MIC? (ug/mL)
500 250 100 50 25

E. coli KFRI 272 +h + - - - 250
E. coli BE 1186 +++ ++ ++ - - 100
Salmonella typhimurium ++ ++ - - - 250
Salmonella paratyphi-A -+ ++ - - - 250
Salmonella enterotidis ++ - - - - 500
Shigella flexneri ++ + - - - 250
Staphylococcus aureus +++ +++ R +H+ ++ <25
Listeria monocytogenes +++ ++ +++ +++ ++ <25
Bacillus subtilis ot +++ +++ -+ ++ <25
Streptococcus mutans -+ +++ -+ +H+ ++ <25
Debaryomyces hansenii ++ + - - - 250
Candida albicans ++ ++ + - - 100
Candida lipolytica ++ + + + - 50
Pichia anomala ++ ++ RS ++ + <25

-: no inhibition (6 mm).

+: weak inhibition (6-8 mm).

++: moderate inhibition (8-10 mm).

+++: strong inhibition (>10 mm).

Iminimal inhibitory concentration.

T7F 110 ©l8l2 HAslgem, 29 S nphimuriuml i Gram(+) A& o183 BEAAESH dgef AR Wol 2

= 50 ug/mL FXolA oF 129 vAgAE T g B o ©)% chloramphenicol®] 27 F=7} 2030 pg/ml 4 T o

Bt E colidll disi e 100 ugml AR = A2 A EAE Hze] gk FEE FHEAol v HolEE & 5 AUrk

FolA] kgt 2E3 Ade AR LR s ARAL E coli

- (B)

0.D. (620 nm)

30 40 50

14 - 1.
©) 41 (D)
12 12
’é\ 1.0 1.0
8 0.8 08
8 | i
. 064 06
a
S 04 0.4
02 0.2
PNE——— ¢
0.0 ; S O - \ 00 7 A " O
0 10 20 30 40 50 0 10 20 30 40 50
Time (hr) Time (hr)

Fig. 1. Inhibitory effects of Glycyrrhiza glabra extracts on the growth of Bacillus subtilis (A), Listeria monocytogenes (B), Streptococcus

mutans, (C) and Staphylococcas aureus (D). @: control culture without the extracts, /: 25 ug/mL extracts, l: 50 pg/mL extracts, <: 100 pg/
mL extracts.
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Fig. 2. Inhibitory effects of Glycyrrhiza glabra extracts on the growth of Escherichia coli (A), Salmonella typhimurium (B), Candida
albicans (C), and Pichia anomala (D). @: Control culture without the extracts, V: 25 ug/mL extracts, ll: 50 ug/mL extracts, <>: 100 pg/mL

extracts.

OI57:H7, Aspergilius®; 9|, Hansenula anomala, Kloeckera
apiculata 5 T AR FHE Asfsler] Aol &, &
3| Aspergillus flavusSt Aspergillus parasiticus®] 335 a3}zog
A5k aflatoxin®] 932 AAFTIL LHA UTH23). & HE
o] Azt AAH o7 HYAQ dFEATo vlaE 7P &
O, E coli®] 73 250 pgmle] T oAehE FE2E w3l 7o
g YAleke dode 28] adFeRen, aRE u%
| A BAe Fohon®w, @A oA vl AR 4
o FA HAAA ke ZAog AmEn) G A9 1% &
14 S yphimurium®) 737¢0] AAEIL 5% FEAE Abds
A E colidlAE BA7} itk dth4). 2elu hx oe
9] A9 250 pg/mL =N S pphimuriumS APA8H
™, E. coli®ll &= 100-250 pg/mL FEoNA Aol ¥
98] HFEARonT oo PP R FHoljd AoE AEd
AT T FU AFY FH #AASl= Pseudomonas
Sfluorescens, Bacillus cereus, Bacillus subtilis, Lactobacillus plan-

>

2,

by

[o mio 32 M ML ol o
2!
W

o

tarum, Leuconostoc mesenteroides, Saccharomyces cerevisige 5-°l|
ek S Ve, o] FEEo] 7, ofF, iy, 7 5
of 7k Aoz dFaHAE vepdoir shi9,18), AEH7H
TR WA Fai e AZelth 7xe] vEgs: FEES
2mgmLe] SLEEolA A Ugo] A I ibretel of
3 AL Atk BREoUs), £ A7l oFtH ojg
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SRS T i o, gl 75% e el ¥
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< Z4SATTable 7A). 3 A2 oehg F5E59] pH g4
S 2AREP] S8 FE2EE pH 3, 5, 7, F HES @A B
FashrEFe g A2 F Gram(+) Al gk ASAe3he
24319 cHTable 7B).

7tz dEg F2E Gram(+) Aol e g e 2
AHBE R 120007 ASAT 279 Hals A9 §
o] ol ul$ M S ZHog BT o]k 7t JEe FHE
FFEE0] 60-120°C7HA] HAST= Baskw FAlslTh

7tz ek FEE9 @42 pH 3-7 A< AEs] bk
o2 el pH 99 4|2 HelEA AsAsEol
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J‘.?. oL,
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Table 7. Stability of the ethanol extracts against extreme heat (A) and pH treatment (B). Antibacterial activity was measured after heat/
pH treatment using agar diffusion method against 4 Gram(+) bacteria

(A
Microorganisms
Temp. (°C)
S. mutans S. aureus L. monocytogenes B. subtilis
80 +++D A ++ +++
100 +++ +++ +++ +++
120 +++ +H+ -+ RS
180 ++ /A ++ ++
(B)
Microorganisms
pH
S. mutans S. aureus L. monocytogenes B. subtilis
3 +++7 +++ +++ ek
5 +++ -+ - -+
7 - +++ -+ R
9 ++ ++ +H++ ++
Y-: No inhibition (6 mm).
+: Weak inhibition (6-8 mm).
++: Moderate inhibition (8-10 mm).
+++: Strong inhibition (>10 mm).
fujE FE3 T g7 FAL Ao EN s HA &= Korean J. Food Preserv. 10: 41-46 (2003)
Z g2 AL & Yt e Frds 2239S wE S. C}:IO M.H, Bae EK, Ha SD, Park J'Y. Application of natural anti-
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