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Abstract : Antimicrobial properties of Licorice(Glycyrrhizae radix L.) against food spoilage
microorganism, Bacillus subtilis KCTC 1021 was investigated. Antibacterial activity of the essential
oil was as equivalent as Potassium metabisulfite and myconazole. The licorice extracts was
fractionated to hexane, chloroform, ethyl acetate, butanol and water fraction. Chloroform fraction
showed the highest inhibitory effect on the Bacillus subtlis KCTC 1021. Chloroform fraction was
further fractionated by silica gel column chromatography and thin layer chromatography(TLC). The
antibacterial compound was isolated from their fractions and its chemical structures was identified
as (R)—glabridin by ESI-MS, 'H-NMR and “C-NMR.
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AEA 2R foldl HA=ZHL xte] A7zt
Agoz AMIE HA=ES ddlz ol§stAu
F&oto] REAR AREStE 2% vl=olAs o
£ generally recognized as safe(GRAS) list2 &
Fotol st glo] MAEHY MY o]
AFdY HEAY ARGo= QI RAGAI ZH
2 askE At Almage fue fon
M G e IS FEE 5 de F
& erolt[7]. sHATE o5 M AE HEA=
2o gt 8%t 0.1% oleta dgAe=a =
= g 2o aE 4 ol =EEHAE T
w45 Bollve S-S 7P ar, 559 A&
=291 WALt et BAHOoR ARG ©@e A
g AL o] WEAS IR FEUL
A B ASAE S Sl WRlo]l A er A
Wslolof T}

ool HAde=de AsHer Aol
A, Ax T Guh AEARA 9O 5, AE el
o drow ohid B9t gon e, =4
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A2 QtH8l. 55
Ao EAste dd=EE2 tFEo] alkaloid,
flavonoid, terpenoid, phenolic compound,
quinone, volatile oil 59 ©JxAL AtEO|AL
e 1 REASE g ATHOL wheba Q1zE
o] @eiEt HsHA MFste] gd A== H

LRl =g

B IAo] ¢tdsty FaEdo] =2 24 &
2] olgste= A7t 85| o]Folxa Qlrh
A=A B/ A== AR, s, T
kA 53t alkaloid, flavonoid, phytoalexin, &<
HefolE Fo| Kol QITH10, 11]. o]ee=
U4 Fila= ol AMH= A%, T F
o] Aol ot FHAgel gk A7t o]FolA
TH12-14].

Hx(Licorice, Glycyrrhizae radix+= F3o| 4
Sl A 22 AEE gto] gal Fo] §lomA

SRt 7182 ZHAAL Qlol oAl ol AEATY
of FHL] otA o]&xE|o] sirh o] AEY fEA
HOo 2L triterpenoidF2] glycyrrhizin, glycyrrhe-
tinic  acid, saponines,
glycyrrhetinic acid methyl ester®} flavonoid &2
liquiritin, liquiritigenin, isoliquiritin, isoliquiriti—
genin, neoliquiritin, isolicoflavonol 5©°] &2 E
uE QEH15] T F Ak Ao HArdE
Ql glycyrrhizin2 1 £29] glycyrrhetinic acid}
2 B2 glucuronic acidZ o]FolA glon] A
29 oF 200~3008(¢] ©UtE do] HAAM=
[16]= o-&=1 glom, FAF(17], FHlolz~
(1815l a7t Q= Ao=m I#A|L vk &
SF %9 liquiritigenind 22 A\ BHEAZ A
| 539], YAAZANA TS 7 AR
2l listeria monocytogenesol| Histo] A+ E3HE
7HE Aoz HIErH{19].

2 AFofM= Hx FEEEHE P AE
& Foto] AAAC de] ExEo] AES ¥
N7 2R A Bacillus subtilis KCTC
1021°] ol 7MY =2 P EFE H 29
og By FHEdS =9, AASte] ESI-MS,
'H-NMR and “C-NMR 5& olgslo 7
BNE Uell= 245 2, 545t

uralsaponin, licorice

.

o, FF
AUFREAZAY BEPSAl e 71x 2

B2 AAlstaAL ot

2. 4

21 A M2

2 Ao ARG HxE= (Glyeyrrhizae radix,
D2 20149 1090l A4S gheF Amsde]
A et & gAFEM-680W, HANIL Co.,
Wom Joo, Korea)2 E4f g+ & 40 mesh Aof
Wl ZEjogs WMol Yol -40°C deep freezer
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of HytslHA Abgolrt. fHx FEEQ] Az
Tz F7F] 1089 SHSe 9% ofehEE 7t
sto] FHRYPZI7I7F FRE FE7|E2 H[SHAA
ANZE FE FE5te] Whatman No 2o{ZA|=
A5t T o]l ] 50°CA 6X7F B3t F5
sto] B2 XSt -4T Ysalo] HyshHA
AHg-sHTt.

Z4 Al
(= |

o

&t #5=  AdA] 49 2=
sto] AEES WAANI|E FEA M Bacilus
subtlis KCTC 1021 +#F= potato dextrose
agar(PDA)oll AZste] T2hr HiFSE & Ado
AHESEATE & Aldg4d 32 iAol 72~84hr
HjeFet #FE 2% Fotel 58 v (agar
1.5%)°l &Fsto] 3 Al 24844 wiAE 24
g 3 wyiA]o] o8 WA AR filter paper
disc(@ 8mm, Advantec, Toyo Roshi Co)oll #z
FZ2E2 DMSO= 3|4ste] gz Aot
20, 30, 40, 50w HE3ske] 30°C incubatoro]
72~84hr BjFSt & Paper disc agar diffusion'
(2010l =sto] disc F=91ol A== clear zone
A7 )< S35kt ol dxd=As &
A HEeEtFoAEEI myconazoled AHES

k.

I

2.3 Chloroform E£&|0ZHE
=2

ot Aol 7 4% chloroform E2E&
A 553 5 Flash silica gel column chroma-
tographyE ©]-&3l9] CHCl;:MeOH Zg-guj&
100:10014 2:19] Hl&= A|Zsto] A0 &

S ZA3AA Column chromatographys 4
Aleta 2t 28Eof diste] g H7t 9
TLC(&™, chloroform : methanol = 2:1, v/v)
2 monitoring st $HH, S50 7P 4
2t 2RSS 55T F methanole §Wi= St
o] Sephadex LH-20 column chromatography&
5P ©o]E TLCE BASHY] #Hx 2552
e w2eg A ARbES AhFig. 1.
Column chromatography-% silica gel2 Kieselgel
60(70~230 mesh, Merck, Germany)& AHE5FS
11, Sephadex LH-20(GE Healthcare, Sweden)

oo

T8 EZ9

< AF8sH¥Th. Thin Layer chromatography
(TLO)+= Kiselgel 60 Fasss(Merck, German)& A}
Lo, Ao AFSe E AleR2 EFGAIRS

24 g3y 22 83

v HF A" gz 5=
Eo] gt AEL BI-MS¢ 'H(400 MHz), “C
(100 MHz) NMRZ Foto] &2 afstz24ko]
a4 9 gAaFAo]| gt JEE do] S4EFY
Fz252 =AYt ESI-MSS Hewlett—Packard
6890 GC& AFgsted, Columne HP5-MS
(30m X 250um < 0.25um), column &&= 1007C9
A 28 SANZ & 10TC/mine 2 525k
280C, 10 min A2 2 EA3}I}. Injector 2
L= 2807C, detector k= 2807, carrier gas
+ He(1.0mL/min)& AHgsHtt. NMR 24z
712 Varian model Ul 500 spectrometer(Varian
Inc., Melboume, America)E ©]83Fe] 400
MHzo| A &5t

ot

e
o
o
L
<
L

1.

AzxE AZAA EAt & 50% ethanolz F
3 AS 10%9] B2 3|4sta] 20~50ul7}1A]
WAoo = H7lsto] R nlfEo] w2 A
SA48 ®EI-E paper disc agar diffusionHef o
2t s Ao £-75 sk tH(Table 1). 2
z FE2E9 ¢ 40u/mLe] sZolA HErSot
SEAEE 30u/mLolAoll A 15molAre]  clear
zone®] FAEJ oY myconazoler: AHiFoz
50 wW/mL EEAEZE 15mmo]A 3Z7]19] clear
zonee PAEE Zom ARt B3], dix
To® AMH HERForMPEAES A 20w
/mL FEAE 12~15mo] &2 22| F4d
= AZ & &t Avdoez fAx &

=9 ¢ dzwtl vESorAbdE vt

FHEdE U myconazoleo| H|SHA =
dHA R /o] ¢t Ao UEhdTh
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Licorice extracts (250mL)

Diluted 10 times
Partitioned with hexane, chloroform,

W ethyl acetate, butanol

Chloroform layer

W

Silica gel column chromatography

CHCl3:MeOH = 100:1 ~2:1

W

Sephadex LH-20 column chromatography

MeOH
W

Semi—Preparative HPLC

ODS column, 10X 150mm
65~70% MeOH, 3mL/min

W
Compound KC

Fig. 1. Fractionation and isolation procedures of antimicrobial substance
from Glycyrrhizae radix L.

Table 1. Antimicrobial properties of Glycyrrhizae radix extract, potassium metabisulfite and
myconazole against microorganism using the paper disc diffusion method

Concentration (uf/mL)
Extract

20 30 40 50
Glycyrrhizae radix extract + ++ e+ e+
Potassium metabisulfite ++ +++ +++ A+
Myconazole + ++ ++ e+

Diameter of clear zone
(+; under 12mm, ++; 12~15mm, +++; over 15mm)
The diameter of the zone of inhibition includes the paper disc(8mm)
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F25(55, Brix)
250mLS 104] 3]A35}o] hexane, chloroform,
ethyl acetate, butanol 52| #7]&ujE o]435}to
Ao Jul S5kt Fig. 2004 B+ Hf
oF Zol I BAL  chloroform¥t  ethyl
acetate 23] ZofA YeElow chloroform &
o &4o] o A Aoz EAESGITh webA
Az Fo4 ZNE FEF SuiE=R d@Ed
chloroform =°] 7} 945t Aoz e
Uz gufjell e & 240 As AU of
gt Aoz yeigth olet T2 A= 7t &
=3 Al gufel] oE FRFE o] &l
Uehts Aog AtmEw 9], 7z g+ &
A2 chloroform Z&ofA Fuff wlzo] gk
FHAS clear zoned FAoh= oz Hol g
o =82 chloroforme] & gdfis= 24|
80l 7t Ao=m ABZtH

A7k Bargl Zxo] FAHE AldS =
F259 AS E coli, S. aureus, S. typhimu-
rium, P. aeruginosa®l|l WA F4EIE e
Ro™, methanol FE=9 ¢ He oA &
TS UEUH L B3 shelek21, 22]. SHA]
gt 71&9] olet AE Ane} ofEA 2 AdS
&35te] chloroform £8&E0] 244 UEHY
= AL IRIRtoRA Hxo 2L &k NY
olgie SHoA ZHE T & U AR AR
=

ot

1

™ 0

various

Fig. 2. Antimicrobial

activity  of
organic solvents extract of Glycyrrhizae
radix against microorganism.

3.3. Silica gel column chromatography2}
TLCOll ol &= =E9| 22

#z chloroform%a E8&E silica gel column
chromatography$t & TLC A7igt A3} fraction
45~50 Atolofl A wtg/do] 7HF ZsHAl yEkt
o, o] FFsto] ALKAQ HAAE FHSHAL
Zr BIE] digt silica gel TLCE ©o]&3lo
monitoring SFATE oFZ®] /41 fraction
45~50& =5t & methanole {2 5ol
Sephadex LH-20 column chromatography& 4=
3t ATt fraction 33~40 ApolofA ARt &4
= UE e Fig. 3). ool &/d==lQ] fraction
33~409] #eEo] thsto] analytical HPLC=
BASH & =% fraction 34, 35 65~70%
Hee-2 8% Swi2 preparative HPLC (ODS
column, 10 i.d. x 150mm, 3mL/min)& <435}
o] Z} a3 E 7FFste] 7t na9 JHEHE =
gotplom 11 AE Fig. 40 YERSIT Fig.
4o Urephd wRel Zro] 2®1 m Ao ATk gk &4
= UEhgom (12 249 = ¢ke] BE na s
2=H5te F53 Aolw, 3W2 281 mIa FH
BE maE EFste] 53 A9, 29 m=9
RS KCet o= PHsiarh

Fig. 3. Antimicrobial activity of each fractions
derived from Sephadex LH-20 column
chromatography.

St2zx2 Fusty]l 9ste] CDCLol mo] 'H
NMR, BC NMR, 'H-'H COSY 59 131 ¢
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Fig. 4. Preparative HPLC profile of fraction 34, 35(a) and antimicrobial activity of the

second peak(b).

229l NMR  spectrume Z7sto] sl 453t
KC 3}gES 'H NMR spectrums =43 2
3}, 6.8~5.5ppm Atolef| 77He] aromatic methine
proton®] IHEE|QIoH, 4.299F 3.95ppmollA gt
7Re] oxygenated asymmetric methylene, 3.40
ppmellA St 7HE] methine, 2.93, 2.75ppmellAl
2t 7ROl asymmetric methylene ¥ 1.36ppmoll4]
& 7€) methyl proton®] ¥EE| Tt

g BPC NMR spectrume 2437t Ay}, 2070
o AV WEELE & 156.7, 1559, 151.7,
149.7 ppmollAd 4l 7He] sp? oxygenated quate—
rnary carbon, 129.0, 128.4, 127.4, 116.8, 108.1,
106.3, 102.2 ppmellAl 7712] s methine carbon,
118.6, 114.8, 109.6 ppmold Al 7ol s
quaternary carbon, 75.2ppmellA sp oxygenated
quaternary carbon, 70.1ppmoll4]  oxygenated
methylene carbon, 31.7 ppmollAl s7° methine
carbon, 30.3ppmolA s methylene carbon,

26.6, 26.5ppmollA] & 7H] methyl carbono] 3
ZE et webA] o]e] Fls 915k mass 24
S 49 59120 ESI-mass spectrum< positive
modeoll Al £4% Ax}, [M+HI'7F m/z 3250014
TErElo] Exgko] 324902 & 4 AtHFig.
5). A NMR 2324 9 mass 240l ofs}
o Iz FEEAA 22T A S84
ez A9E + A9 HUE KCe @
N9 chiral centerE AUl Q3 HAA Ee]

£ glabridin2 (+)-glabridin & (R)-glabridin
o2 duA 23] & AoAE= °olE 9%
skAl gskout Az FEEOIA HEeERh Mo
glabridin®l A7 HAALE (9-glabridine] EH
17 e A FoRFH E2 SRPESE (R-
glabridin® 2 FAJs}ct.
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x10 2 |*ESI Scan (14.958-15.262 min, 75 scans) Frag=110.0V K&-Pos.d Subtract
14 126.1

0.84
Glabridin
0.6
0.4

0.2

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
Counts (%) vs. Mass-to-Charge (m/z)

Fig. 5. ESI - mass spectrum of KC compound.

= 3. gERNE 2o YT TR KC
stttz s stz CDCLel =o] 'H
NMR, “C NMR, 'H-'H COSY 52 12}

4,

my

e

2 AN E Hx FEEENEH dd=2E
1 13

&, AAske] ESI-MS, 'H-NMR#+ "C-NMR 2 % 229 NMR spectrum Z7sto]
& ol8sle] gt AIE UriE 2EE # 4 A FeHE KCe o 719 chiral

centerg AYI S= (R -glabridin® 2 &

= A

2], 573t shal.

1. 32 Met9l  Bacillus  subtilis KCTC
10219 gt FxFEE9 42 2T
o=z AMGE HErEoHEET vttt &
T&44E YEFHI myconazoled] H|S|A]
L Atjdoer Aol 45 Ao=r 1. N. T. Huang, C. T. Ho, and C. Y. Lee,
UERSITH Phenolic compounds in food and their

effects on health(Il): Antioxidants and

References

2. fx FEEO EYE IS EASM] cancer prevention, ACS Symp Series 507.
sl Fx FEEE hexane, chloroform, American  Chemical Society, Washington

ethyl acetate, butanol 59 F7]8mWE o]
a5t eapHor Buf &% A I
A &2 chloroform} ethyl acetate 2]
ZollA veboe, chloroform&e] Aol
o Rt Aoz EAETE oo Az
chloroform% 2222 H¥ JdadAdo] 7}
A Q231 fraction 45~502 3t F 0|2 =
%= o1l methanol& 82 3o Sephadex
LH-20 column chromatography®] 43&
S5l fraction 33~40 AtoJolA| 7Fet &S
ol BEES 25t analytical HPLC
2 BEAS T 4480 M ARt 29
1 [e)

=& KC2 fol= sttt

- 261 -

DC, 54-71 (1992).

2. R. M. Alonso—Salces, E. Korta, A.

Barranco, L. A. Burrueta, B. Gallo, and F.
Vicente, Pressurized liquid extraction for
the determination of polyphenols in apple,
J. Chromatogr A, 933(9), 37-43 (2001).

3. N. C. Cook, and S. Samman, Flavonoids—

chemistry,  metabolism,  cardioprotective
effects and dietary sources, J Nutr.
Biochem., 1(2), 66-76 (1996).

4. C. Rice—Evans, N. Miller, and G. Paganga,

Antioxidant ~ properties ~ of  phenolic
compounds, 7rend Plant Sci. Technol,
2(4), 152-159 (1997).



10.

11.

12.

13.

14.

. M. L Yoshimoto, S. Okuno, M. Yamaguchi,

and O. Yamakawa, Antimutagenicity of
deacylated anthocyanins in purple—fleshed
sweetpotato, Biosci., Biotechnol, Biochem.,
65(7), 1652-1655 (2001).

C. Proestosa, 1. S. Boziarisb, G-]. E.
Nychasb, and M. Komaitis, Analysis of

flavonoids and phenolic acids in Greek

aromatic plants: Investigation of their
antioxidant  capacity and antimicrobial
activity, Food Chem., 954), 664-671
(2006).

. J. H. Jung, and S. H. Cho, Effect of

steeping  treatment in  the  natural
antimicrobial agent solution on the quality
control of processed tofu, Korean J. Food
Preserv., 10(1), 41-46 (2003).

L. R. Beuchat, and D. A. Dolden,
Antimicrobials occurring naturally in foods.

Food Technol,, 43(1), 134-142 (1989).

. K. H. Lee, T. Ibuka, R. Y. Wu, and T. A.

Geissman,  Structure—antimicrobial — activity
relationships among the sesquiterpene lactones
and related compounds, Phyrochemistry.,
16(8), 1177-1181 (1997).

M. A. El-Shenawy, and E. H. Marth,
Inhibition of inactivation of Listeria mono—
cytogenes by sodium benzoate together
with some organic acids, /. Food. Protect.,
52(11), 768-832 (1989).

J. N Bizri, and I. A. Wahem, Citric acid
and antimicrobials affect microbiological
stability and quality of tomato juice, /.
Food. Sd., 59(1), 130-135 (1994).

E. J Kim, and M. S. Anh, Antioxidative
effect of ginger extracts. Korean J Soc
Food Sci., 9(1), 37-42 (1993).

H. J. Kwak, Y. J. Kwon, P. H. Jeong, J.
H. Kwon, and H. K. Kim, Physiological
activity and antioxidative effect of methanol
extract from onion(Alium cepa L.), J.
korean Soc Food Nutr., 29(2), 349-355
(2000).

P. H. Byun, W. J. Kim, and S. K. Yoon,
Effect of extraction conditions on the
functional extracts,

properties of garlic

15.

16.

17.

18.

19.

20.

21

22

- 262 -

LRl =g

Korean | Food Sci Technol, 33(5), 507—
513 (2001).

S. G. Kim, Comparison of major active
compounds in some crude drugs distri—
buted MS Thesis,
Daegu University, Gyeongsan, (2011).

E. J. Sohn, D. G. Kang, A. S. Lee, Y. M.
Lee, M. H. Yin, K. B. Yeum, S. Y. Noh,
and H. S. Lee, Antioxidant activities of
renal

in domestic markets,

Glycyrrhizin -+ and  its  effect on
expression of Na, K-ATPase in gentamicin—
induced acute renal failure rats, Korean J.
Oriental Physiology & Pathology, 17(2),
542-548 (2003).
S. Matsuia, H. Matsumotoc, Y. Sonodab,
K. Andob, E. Aizu—Yokotab, T. Satoc, and
T. Kasaharab, Glycyrrhizin and related
compounds down-regulate production of
inflammatory chemokines IL-8 and eotaxin
1 in a human lung fibroblast cell line, /nt.,
Immunopharmacology, 4(13), 1633-1644
(2004).
A. Wolkerstorfer, H. Kurz, N. Bachhofner,
and O. H. ]. Szolar, Glycyrrhizin inhibits
influenza a virus uptake into the cell,
Antiviral Res., 83(2), 171-178 (2009).
E. Y. Ahn, D. H. Shin, N. L. Baek, and J.
A. Oh, Isolation and Identification of anti—
microbial active substance from glycyrrhiza
uralensis  FISCH, Korean [ Food Sci
Technol., 30(3), 680-687 (1998).
M. S. Kim, D. C. Lee, J. E. Hong, K. S.
Chang, H. Y. Cho, Y. K. Kwon, and H.
Y. Kim, Antimicrobial effects of ethanol
extracts from Korean and Indonesian
plants Korean, /. Food Sci Technol, 32(4),
949-958 (2000).
H. J. Kim, H. N. Jang, J. Y. Bae, J. H.
Ha, and S. N. Park, Antimicrobial
Activity, Quantification and Bactericidal
Activities of Licorice Active Ingredients,
Korean J. Microbiol Biotechnol, 42(4),
386-392 (2014).
. J. Y. Bae, H. N. Jang, J. H. Ha, J. H.
Park, and S. N. Park, Antimicrobial

activities of licorice extracts from various



Vol. 33, No. 2 (2016)

countries of origin according to extraction
condition, Korean J. Microbiol Biotechnol.,

42(4), 361-366 (2014).

- 263 -

23. M. H. Kim, S. U. Kim, Y. U. Kim, and ]J.
H. Han, Absolute configurations of

(+)-glabridin enantiomers, Bull. Korean
Chem Soc., 30(2), 415-418 (2009).



