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Abstract

The ethanol extract and its chloroform fraction of Sophora flavescens Ait. exhibited growth inhibition on
some food poisoning bacteria. The minimum inhibitory concentration of the above extracts were 50~500 ppm
and below 50 ppm Listeria monocytogenes (ATCC 19111, 19112, 19113, 19114, 15313). By silica gel
column chromatography twice, antimicrobial active compound S-10-6 was isolated from chloroform fraction
of Sophora flavescens Ait. The fraction S§-10-6 showed strong growth inhibition at 10 ppm on 5 strains of L.
monocytogenes, Bacillus subtilis ATCC 14593 and Staphylococcus aureus KFCC 11764 but Esherichia coli
ATCC 25922 was not inhibited at 100 ppm and also confirmed bactericidal effect at 30 and 50 ppm on 5
strains of L. monocytogenes. The antimicrobial compound S-10-6 was identified as kushenol F, a kind of fla-
vanone compound, by EI/MS, 'H-NMR and “"C-NMR.
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AL RS FEES oA EYE] daEES #
A3 A3 22X F FHEo| P aIe} F80] ¥
o} o2 ¥e BYEAS Pelsloir) FEREE ¥
B E (21 g)%- silica gel (500 g, 70~230 mesh, Merck)o]
AL ool eo] B vl ek-8(20:3: 1, vV)E dE 3
A5 column (5.5x 46 cm)el| 4] ol dolAe|o] Eo} uijet
9 Hl4E BAM R A Do
o] :vlgb& =20:3:1—BhE, viv) step-wise £
Wo @ Halaled 157)(S-1~-S-15)2] &S Az o]
FollA A7} go] $ S 10602 5F 7 &
A AL Feskd. 8 S-10 3 g oAl il
oldolAelo] B ofEb-8(8:5:1, 6:5:1, vw)ErlAl R
silica gel column chromatography (150 g, 3.3xX31 cm)
3lo] & 97lle] A E (S-10-1~S-10-9)% dglLw] o]
FollA g a3t AR HEA 83 Ao}
g S-10-60] F2EF AL oW gElEES
TLC AHoll4] A7) & UV (254 nm, 365 nm)9] ¥
% AT A (15-20%) A ehhs Adel
ofell w2} %38t

=4 717|

IR-& Perkin Elmer 599BE A}-8-3}¢1 3 'H-NMR-&
ZEOL JNM-LA400 (400 MHz)%, "C-NMR-2 ZEOL
JNM-LA400 (100 MHz)& A}-8-3}12 CDCl,: CD,0OD=

}# A3} 673

5:1 & 42 aioich

A2 o|ME 9 BHX|
st A Al A1EgE vl E3 vlR]= Table
13} 7},

s 834 &Y

Al FFrt AEE bR e 1lFe]E sl
10 mL e x|l A F, 30°CollA] 24 Az} wfof A]7]
o 0.1 mLE thA] 10 mL dulR]el] & Fa}ed
30°Col| 4] 24 AZE WAl o] F3 k) 0.1 mL
£ ogk2-2 43 ¥ membrane filter (0.2 um)& |-
A7) 2+ ARE dAFE(ppm)E H7FRE A Al =]
AE3 F 30°ColA 72 AZHEE 48 AlZHESE wiek
3hA 24 AZH(EE 12 AZH) 2FH 22 620 nmellA]
E5 Hx 2 Al g5 vlwslyc). olof s}
== &0 A Y] a5 nllAlE] $lsle] BE A
L xels=et A3 ovkg whE AR oE

£ A8k

A7 BT A

2 F57h wforsl Aliuixlol 1l Fold s 10
mL Ao M, 30°CAH 24 A7t whesrdet,
o] wjokel 0.1 mLE HAH Bo] YYEER Wb
N Al ) of] HF5kA 30°CAA 72 A7 5t Wb
A 24 A7 A L2 BEHBLA vjebyel ofs) A
F45 ASstn 2w o FEmorl 01 mLe)
NFHE Asel 27 EFFE Tk A2l
5o BED kg g SR AE R T2 STk

dat 3 1@
olete =1t S0 2&EQ g7 B

A 75% o|ekg FEE-S 50, 100, 500 2 1000
ppm 0.2 X H7}8F & L. monocytogenesE-

Table 1. List of strains and media used for antimicrobial expriment

Microorganism tested Media used Incubation temperature (°C)
Listeria monocytogenes ATCC 19111
Listeria monocytogenes ATCC 19112
Listeria monocytogenes ATCC 19113 Tryptic soy broth & agar (Difco) 30
Listeria monocytogenes ATCC 19114
Listeria monocytogenes ATCC 15313
Bacillus subtilis ATCC 14593 30
Escherichia coli ATCC 25922  Tryptic soy broth & nutrient agar (Difco) 35
Staphylococcus aureus KFCC 11764 35
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Table 2. Minimum inhibitory concentration of ethanol extract and solvent fraction of Sophora flavescens Ait. on List-

eria monocytogenes

Minimum inhibitory concentration (ppm)

L. monocytogenes
EtOH extract

CHCI; fraction

EtOAc fraction BuOH fraction

ATCC 19111 50<M"<100 M<50 100<M 100<M
ATCC 19112 100<M<500 M<50 100<M 100<M
ATCC 19113 100<M<500 M<50 100<M 100<M
ATCC 19114 100<M<500 M<50 100<M 100<M
ATCC 15313 M<50 M<50 100<M 100<M
"Minimum inhibitory concentration(ppm)
wjeF A7l AaH(Table 2) A% d5ol W3t 4 54 Table 3. Minimum inhibitory concentration and yield
A %7} 50~500 ppm o]l Lul] 23 B2 AL of fraction obtained after silica gel column chromato-
raphy of chloroform fraction of Sophora flavescens
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28 FElsi] g 20 9 50 ppm $FOE
i Z]ol} 718+ F L. monocytogenes ATCC 191145
woFA) 7] A= Table 33} Z2eh. S E7e] 15:3: 1~
9:3:1¢] HooA &&9 S-5, S-6, S-7, S-8, S9 %
S-10 FE-E5-2 20 ppm FEoNA T F2]-§ HA3)
JAB T oA HESe] HrhE wAlE e ¥
TollA] dA Azk Fotut F AFHE Ho| A ujok
;71—‘%51 hz27ot 2L FA S vehreq A
3 FFol di Fa 249 A F=7} 50 ppm o]4Fd
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Ait. ethanol extract on L. monocytogenes ATCC 19114

Fraction Elution solvent MIC  Yield”
(hexane : EtOAc : MeOH) (ppm) (%)
§-1 20:3:1
S-2 2031 50<M”  0.073
S-3 15:3:1 50<M  0.016
S-4 15:3:1 50<M 0.118
S5 1531 50<M 0215
1231 M<20 0.020
§-6 12:3:1 M<20 0042
> b M<20  0.131
S-8 1031 M<20 0056
$:9 1034 M<20 0122
$-10 103:1 M<20 0428
o3 50<M 0.225
St 83 50<M 0.055
12 6:3:1 50<M 0.031
S-13 6:3:1 50<M 0.123
S-14 6:3:1 S0M 0.048
S-15 4:3:1, MeOH

"See footnote on Table 2
PFraction weight (g)/dried plant (g)x 100
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Table 4. Minimum inhibitory concentration and yield
of fraction obtained after silica gel column chromato-
graphy of G-10 isolated from chloroform fraction of
Sophora flavescens Ait. ethanol extract on L. monocyto-
genes ATCC 19114

Elution solvent MIC Yield”

Fraction (Hexane : EtOAc : BuOH) (ppm) (%)
$-10-1 8:5:1 30<M”  0.007
$-10-2 8:5:1 30<M  0.013
$-10-3 8:5:1 30<M  0.006
S-10-4 8:5:1 30<M 0018
$-10-5 8:5:1 30<M  0.090
S-10-6 8:5:1 10<M<30  0.058

6:5:1
S-10-7 6:5:1 M<10  0.026
$-10-8 6:5:1 30<M  0.009
S-10-9 6:5:1 30<M  0.026

YSee footnote on Table 2
ISee footnote on Table 3
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Fig. 1. Thin layer chromatogram of fraction of S-10

isolated from chloroform fraction of Sophora flavescens
AIT. ethanol extract (Hexane : EtOAc: MeOH=6:5:1).
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o] H4 ZA1YA 5 W7t 50~300 ppme] AL 7
Qbgtrtsd wAtellA] Hel¥l &4 28 F S-10-62 BE
AEZA L] o] & ZHA|7} FE3] vt AztEE A
A9 Pz tjge] FAlol vixe FAH
713l B3 A7 28F Zleg Azkdd.

2N 23 FE 5-10-62 & 53
'7’1‘3“.9.2—%E1 225 g4 438 E S-10-62 10 ppm
Foll = L. monocytogenes t)3}od -r\?:’?ﬂ- ZAl
Zﬂ EIE deplsir]el 4 H=E #als] 3t
o] 30 @ 50 ppmE o2 v o ArIgE F & w)
FATIRA FAel WSHE Wk 24 A2 vl
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Fig. 2. Growth inhibition by G-4-4 isolated from chloroform fraction of Sophora flavescens Ait. ethanol extract on
several strains of bacteria. C—: control, O—O: 10 ppm, A—A:: 30 ppm, T—{1: 50 ppm, +—+: 100 ppm

CFU/mL A% w57} A2 2A] b9 715
Aol AAtEIRl e FdEEe Ztx R EP B &
o} S senh

ole] A#E Fisind, 50 ppm FEANA 23
He| 52 % L. moncytogenes ATCC 19112 o3}
AFEI A e e £F Folme 7
F7} Z7F3ALHATCC 19113, 19114 2 15313) 53
g d99] Wbyl Jehdz] 9k(ATCC 19111y
Hhwof] 77AF B8]89l S-10-6& L. moncytogenes ATCC
191140 i3t AMFEF7} 71 S-=3hg] o0 wiekE
REAYFF| 47t FAshs AR S-10-69 A
a7 o B 5L AT + Aok

g

b

3Fo 2= =4

o2 HE FelH S-10-62 HatAel Big g}
Ab bR 218 A4S el MS spectrum
(Fig. 4)oll2] EA}o]-2(M") peak & H-z}afo] 4249 3}
FEYE ¢ 4 AUtk 'H-NMR (Fig. 5)oll4 7.22
(1H, d, J=8.5 Hz, H-6'), 6.33(1H, dd, J=8.5, 2.4 Hz, H-
5), 627 (1H, d, J=2.4 Hz, H-3') signal2%-€] ben-
zenedte] EA1E o 4 9l3, 6.0 (1H, s, HE), 5.50
(1H, dd, J=11.1, 5.0 Hz, H-2)Z4%-¥] flavanone &7 2]
2 Bk49) proton®] EAlE FAsl]a 490 (1H, t, J
=6.7 Hz, H-7" )& #¥E] o]-%ol] sJA} Ak&2] methylene
$ Zty o] 2% protone] EAE Fslgic). =3

koox
o



TAke) F A3

ATCC 19111
1.00EH2

1.00E+10
1.00E+408
1.00E406

1.00E404

Viable cell count (CFU/mL)

1.00E+02

1.00E+00 t t

0 24 48

ATCC 19113
1.00EH 2

72

1.00E+0

1.00E408

1.00E406 £

1.00E+404

1.00E+02

Viable cell count (CFU/mL)

1.00E400 s L

0 24 48
Time (hr) ‘

72

677

ANTCC 19112

—

O0E+12

00E+O |

.00E+08

-

.00E+06 ¢

.00E+04

—

.00E+02

00E+00 * :
0 24 48

ATCC 19114

72

Py

.00EH 2

-

O0EHO [

—_

.00E+08

—_—

.00E+06

—

.00E+04

—_

.00E+402

.y

.00E+00 -+ L
0 24 48

Time (hr)

72

Fig. 3. Bactericidal effect of G-4-4 isolated from chloroform fraction of Sophora flavescens Ait. ethanol extract on L.

monocytogenes. >—<: control, O—CO: 30 ppm, A—A: 50 ppm
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Fig. 4. E/MS spectrum of S-10-6 isolated from chloreform fraction of Sophora flavescensAit. ethanol extract.

H-y"

1§ 5"

H-10"

Ts ot

c-1" C-3"
c-5 b / |
| co5o| c-10
c-9 oo
e | ; c7 [ >
% ) } ) c8 C 2 !J P
c(’ (,‘{h ¢ E 75' I/] . 5"}
1 e
i ’ [|c10 - Sr:z
ca : [
/
\ A L i

a son

Fig. 5. '"H-NMR and "C-NMR spectrum of S-10-6 isolat-
ed from chloroform fraction of Sophora flavescens Ait.
ethanol extract (CDCl, : CD,0D=5:1).
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