J. Xorean Soc. Food Sci. Nutr.
32(7), 1059 ~1065(2003)

SERESDEL TR

Son=RE AZRD 0JME0 o5 7N SF 22 ¥ £3

Isolation and Identification of Antimicrobial Compound
from Mokdan Bark (Paeonia suffruticosa Anpr)

Jae-Sun Hwang' and Young-Sil Han*

Dept. of Food Styling and Tuable Decoration, Chungkang College of Cultural Industries, Gyeonggi 467-812, Korea
*Dept. of Food and Nutrition, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract

Antimicrobial activity of Mokdan bark (Paeonia suffruticosa Anpr) was investigated. Methanol extract of
dried Mokdan was fractionated to hexane, chloroform, ethylacetate, butanol and aqueous fraction. Ethylacetate
fraction among these fractions showed the highest inhibitory effect on the microorganisms such as L. monocytogenes,
and E. coli at 500 pg/disc. Ethylacetate fraction was further fractionated into 3 fractions by silica gel column
and thin layer chromatography (TLC). The results showed that ethylacetate fractions No. 1 and 2 had the highest
antimicrobial activity. They were mixed again, re—separated, and 3 fractions were obtained. Among them, No.
1 had the highest inhibitory effect on the microorganisms, No. 1 fraction was identified as isobutyl isopentanoate

by HPLC, and GC-MS.
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Dried and powdered sample

l
Take into Erlenmeyer flask (500~1000 mL)
and add MeOH

l
Extract on the water bath (80°C) for 3 hrs

4
Filter through cheese cloth
!

Repeat the above procedure 3 times
and combine the filterates

|

Concentrate under a vacuum rotary evaporator (60°C)

{
MeOH extract

Fig. 1. Extraction procedure of MeOH extract.

Dissolve 1 g of extract in MeOH (10 mL)
i

Add to each culture media with various concentrations

J
Inoculate 0.1 mL of suspension of the test microorganisms

l
Shaking vigorously

}
Incubate at 37°C for 24 hrs

!

Measure optical density at 660 nm
Fig. 2. Antimicrobial activity assay.

A 2E-9] flqlo] 5= Staphylococcus aureus KCTC 1916,
gram FAFo 2 Qo] X Fdo|HA] A Fe Esch-
erichia coli KCTC 2441, 18] 1 .94 F o2 A9 9
Tolu] A %8 ol © 71 = Vibrio parahaemolyticus KCTC
2471& AHg-3tA ). Wl A& B. subtilis, L. monocytogenes,
S. aureus 18] 1 E. coli+ tryptic soy broth(Difco)$t nu-
trient agar(Difco) & AH-838t91 32 V. parahaemolyticus= 9
o} 2 wlR]d] NaCl& 3% F7}sle] Ap-&stgdch,

Alet

%% 3} silica gel column chromatography -4 -& vl = ] ek
£ 15& AH8slgd 1 TLC platex MerkAre) 1.05715, 25
DC-platten kiesel gel 608 Fl3}o] A}1-8-3tdc).

A8 10kgo 24 QL wtg F2ES FFH50 A
gk % Fig. 35} 2to] n-hexane2 7}3lo] 28 & 5 of 3} 743t
S&ato] 28 E 937 ¢S dlch oo} Wy 2 2 chlo-
roform, ethylacetate, n-butanol & 52
A FAel 2 42 X222 A% £33t chloro-
form #3232 37.0 g, ethylacetate ¥8 % 273.6 g, butanol %
HE 2820 g 22l B R3E 6447 g2 Aot

P. suffruticosa (10 kg)
extd. with MeOH (reflux 3 times)

MeOH extd (33189 g)

Dissolve w1th H.0

Hexane

Hexane fra. (937 g) H:O

CHCI3

CHCl; fra. (370 g) H0

EtOAc

EtOAc fra. (2736 g H0

BuOH

] |
BuOH fra. (282.0 g) H20 fra. (6447 g)

Fig. 3. Fractionation procedure of the methanol extract from
P. suffruticosa.

SCHI) FES0| o) 2EY 7y A
AZE5 5o FFA 7 AL paper discH (D LE 3} L

o] A3 -4 H g vl x| = nutrient agar3 27 & A% 9cm
petridish®l] 15 mL# £33} clean benchol| 4] 3}&41F A=
AFIE 2 $fell ZF g2 w100 pLE A3 R
=l 24 S B35 28 500~2000 g/
discE 3tsith o] & 2749 disc(Z7 8 mm, Toyo Seisak-
usho Co Yol &, Az2AA 57 = 2= plate £ &
22 % 37°CY incubatorell 4] 244) 7k wjoFsle] disc 9
o A *é% clear zone¥] A% (mm)L & 37 FAL =243}

3] 9] ethylacetate fraction-g Fig. 49} #Fo] silica gel
chromatography(7 cm X 120 cm)&- ©1-8-3}9] (EtoAC : Hex-
ane =1:1)-MeOH %77 & methanol %% 0, 5, 10, 15,
20, 25, 30, 35, 40, 50, 60, 70, 100%7}A] step-wise W o2
L5832 TLCE & B8 &8 AMAA 3709 fraction
S Aol 3709 fractions A 5708 A|HFFE o] 43}
Aol EA el 1, 28 A fractione 3 A o} A
silica gel column chromatography(5 cm X 75 cm)$} TLCZ
#2l3te] 3709 fractions AL o] FellA sFH o] 7}
-k IHAE At

_B.ml

_l

HPLC : E<t3] 9] ethylacetate?] 2 A 1st fractiong %t
dRe]3sl7] 913t Table 18] =22 HPLCEA& AA
=g
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EtOAc fraction (44.327 g)

EtOAc
Silica gel column chromatography

|
fra.l (12.682 g)
I

|
fra.2 (10.974 g)

|

fra.3 (9.826 g)

EtOAc

Silica gel column chromatography

2nd fra.1 (7502 g) 2nd fra.2 (1.999 g)

|
2nd fra.3(1.037 g)

Fig. 4. Fractionation of ethylacetate extract from P. suyffruticosa by passing through a silica gel column chromatography.

Table 1. Operating conditions of HPLC for analysis of anti-
microbial compounds from P. suffruticosa

Requester Condition
‘nstrument Waters Associates
(Zolumn p-C18 bondapak
Tluent Water
Water : Acetonitrile (8:2, V/V)
Nave length 254 nm
Jetector Waters 441
njection volume 25 uL

GC-MSD : Mass spectrum{MS)-2 Hewlett-Packard 6890
Gas: Chromatography ¢} <34 % Hewlett-Packard 5973 MSD
£ }g-shqleh #4272 Table 29 %l Column-2 HP-
5S4 column(30 m < 0.25 mm X 0.25 ym)°]%.2.7 column
2I2E 40°Cell A 3% FA A F 10°C/mine 2 528}
320°C, 1 min 27 2.2 §4{3}gth Interface &=+ 280°C
417, injector 2%+ 250°C, ion source &= 230°CH 2.
electron energy+ 70 eVttt Carrier gass He(1.0 mL/
min)-& AH&-3kgic,

Table 2. Operating conditions of GC/MS for analysis of an~
timicrobial compounds from P. suffruticosa

_f equester

Condition

Hewlett-Packard 6890 GC
Hewlett -Packard 5973 MSD
Electron energy: 70 eV
Source temperature: 230°C
Trap current: 300 HA

I 1strument

EI condition

Column HP-55M (30 mx0.25 mmXx0.25 pm)
I1terface temp. 280°C

I1jector temp. 250°C

Column temp. 10°C/min

40°C (3 min) ----> 320°C (1 min)

__ Carrier gas He (1.0 mL/min)

N

¢ L e

Z

2]
o

% methanol® F&3¥+
500, 1,000, 1,500, 2,000 ug/mL*
sl AF R nAE FA] oA AfE AT A
Table 37 zth. 9] 2] methanol 352 1500 ng/mL
FX oA B subtilis, L. monocytogenes, V. parahaemoly-
ticus® 245 100% A3t en S aqureus?t E. coli®
2 FollA] 7zt 36.31%9 67.81%2] Al E#4-E Hich
=3 2000 ng/mL %ol A B. subtilis, S. aureus, L. mono-
cytogenes, V. parahaemolyticus® 218 100% < Al 3ke] 2.
o FE coli® 72 FEAA 91.60%2] A &35 Boch

odulxd © & gram 24 bacteria®.th gram %Al bacteria
o thate] A f Ad&Fo] WAF3HA wk-g-3ted gH o] WA
otz 271012 g2 B Aol M= gram 54 T F
ol V. parahaemolyticus TF2| A o = FEEo| 27FeHA|
F-&sle 78-S Bl Folvl upzba] Kim(4)9] -l o3}

A2 9] methanol % &0) gram %A 52t} gram
d @79 E. colizt U38HA vhg-shedvt asksl 2, Kim
5(12)9] 75 B carvacrol s Bl £3 8% A AL E
£ gram A4 #F) Vibrio vulnificusel 7V =17} &3
2 23l b gram %A W54 L monocytogenes©l| ©3}
o b4 2 AgAdE B I $4 A Ede 759
efoll of &) od3FS ety ##alslr] e o3 rha 3ot
w3 A2 E AR Y-S 243 Kim 5(13)8 o
Foll &= 8 mm paper disc.E clear zone2] 72 &3l
ol 8] FAFFol ke 0.25~0.75 g/mLe] MIC
EF Rol 2 AYY 5995 v 52 S bk

L
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>
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Table 3. Antimicrobial activity of methanol extract from P. suffruticosa against of food spoilage microorganisms

< : Conc. Antimicrobial activity (%)
;ampe MAME (g /mL) B. subtilis L. monocytogenes S. aureus V. parahaemolyticus E. coli
500 - 75.28 - 38.19 24.33
E. suffruti 1000 89.21 100.00 - 99.33 61.68
- SUITHREOsa 1500 100.00 100.00 36.31 100.00 67.81
2000 100.00 100.00 100.00 100.00 91.60
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Kim(5)2] w522} 2 7 o] 2] methanol % %< tg A+
oA vehd a3}t o & clear zoned Ve gl e}
2 Age Edur) o] G oA 37 EA9E B F
Aot A

i

b
anol FEES IdTA BZS g 5422 n-hexane,
oz A F4

chloroform, ethylacetate, n-butanol % T
£ Table 4¢i] Y&}
=

S Eojx] 23 5] 3}od }pg-Al-S 7 A4

Wl S99 ethylacetate 8 3
500 ng/disc®] FEellA] A% ¥ v Y& 5% 2 5o tjste]
clear zone s 34 3le] 7 & e et 53] L mono-
cytogenes$t E. coliztol] thallA] & 71 J& =x4l 500 ng/
discoll 4] clear zoneg e}l o w3l 2000 ug/disc 5
Zdl 4 L monocytogenes, V. parahaemolyticus, E. colix
Zkz} 18, 15, 14 mm®] clear zone s A& Gt aglzz
S]] g 395 & 4oy 2 Aty ¥ ethylacetate
Zo] 7V $-43} 5L 1 t}-&°] chloroform 22 2 2 v}&}
Wk Namd Yang(14)2 AF=9] chloroform #% 50|
subtilis®} V. parahaemolyticus®l| Wte] i &35 2=
o} 3 &9 2, Kim3} Han(15)2 AF%9] methanol 2% 5&
B. subtilis, S. aureus®t E. colill ti3}ed 1,000 pg/mL 5%
o A 23] FA] & oA 5le] L, Lee} Shin(l6)S -8 2

o)

2]9] chloroform 3 old &% £7E oty sttt
uleba], 2ot & ethylacetate £ 8 o|A] = =2 3 FAS

ES’{LL chloroform £33 & 745 ]—‘:— 7o 7 Ko}
7k S-vl] 25 2] $-ofof] we} ﬂi”é EA o] £e)Eof Lt
Aog Aztele} gt L g ARolr| i) ofg A
ol E3E] 9+ 7;1—1 Azt

Ethylacetate 2&&2| &4

h=e]

Ethylacetate % & & silica gel colum chromatograhpy

E

(7 cm < 1.2 cm)3F 3 thin layer chromatography(TLC)E A
A|3}o] Fig. 49} 7o) 370 ¢] ¥-2-& @l 3 1o gt A
2 Table 52} 7). ZF fraction®] =7} 1000 pg/disc7}t =

= paper discell A713 3~ 520 FATFTE AR &
ﬂ'"ﬂta: ZAAslgdct 3709 fraction % fra. 1, fra. 27} &
FA el 3k 500 ug/disc 5=l A clear zone-g 11~
HAstod FaAde] 84 vEhwdth 1000 pg/
disc FX A L monocytogenes®l 73%- fra. 13} fra. 27}
247+ 20, 21 mm®| clear zoned ¥ A8 B9, V. par-
ahaemolyticus® 73-% fra. 13} fra. 264 20.0, 16.5 mm¥]
clear zones & A 8ho] 74k 37 E & 1
e exolA fra. 15} fra. 27} 27} 165 mm, 14.0 mm<)
clear zone-g Vet dlcl w3 S aureuse fra. 13} fra. 20
A 212+ 150 mm 2719 clear zoneS XA B. subtilis=
fra. 13} fra. 27} 22 16.0 mm, 13.0 mm®] clear zoneg 2%

16 mm<

Q3 E coli 73%-%

Table 4. Antimicrobial activity of various solvent fractions from methanol extract of P. suffruticosa on the growth of various

microorganisms
. . Conc. Clear zone (mm)
Solvent fractions . — - ;
(ng/disc) B. subtilis S. aureus L. monocytogenes E. coli V. parahaemolyticus
500 10 8.1 85 85 -b
1000 11 85 10 10 10.5
Y
fethanol 1500 12 9 12 1 1
2000 14 10 14 13 12
500 10 85 85 85 -
H 1000 11 9.0 10 11 -
exane 1500 12 10 11 12 -
2000 13 12 12 125 10
200 11 10 9 85 10
1000 12 13 10 10 12
Chloroform 1500 15 14 12 1 14
2000 16 15 15 12 15
500 10 10 12 11 10
1000 11 11 14 12 12
Ethylacetate 1500 12 12 17 125 13
2000 14 13 18 13 15
500 11 85 - 10 -
Butanol 1000 12 10 11 -
utano 1500 13 12 9 12 11
2000 14 13 10 14 13
500 - 10 - - _
1000 - 11 - - -
7
Water 1500 B 13 _ _ B
2000 - 15 _ v _

"'~ not detected.
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Table 5. Antimicrobial activity of the first ethylacetate fractions from methanol extract of P. suffruticosa on the growth

of various microorganisms

Clear zone (mm)

Fraction No. Conc. (ug/disc)

o B. subtilis  S. aureus L. monocytogenes V. parahaemolyticus E. coli

250 12.0 12.0 10.0 13.0 12.0

1 500 13.0 13.0 12.0 155 13.0
750 14.0 14.0 17.0 18.0 145
1000 16.0 15.0 20.0 20.0 165
250 10.5 12.0 125 13.0 11.0

5 500 11.0 135 16.0 145 12.0
750 12.0 14.0 19.0 155 13.0
1000 13.0 150 21.0 165 14.0
250 - 85 - - -

3 500 85 9.0 9.5 10.0 -
750 9.0 10.0 11.0 11.0 -
1000 10.0 11.0 120 12.0 85

Y~ not detected.

Table 6. Antimicrobial activity of the second ethylacetate fractions from methanol extract of P. suffruticosa on the growtk

of various microorganisms

Fraction Conc. Clear zone (mm) .
o No. (ug/disc) B. subtilis S. aureus L. monocytogenes V. parahaemolyticus E. coli
250 16.0 12.0 12.0 14.0 11.0
1 500 21.0 130 15.0 16.0 12.0
750 23.0 14.0 17.0 17.0 13.0
1000 25.0 16.0 18.0 19.0 14.0
250 15.0 11.0 10.0 11.0 10.0
9 500 16.0 115 12.0 13.0 12.0
750 18.0 12.0 13.0 14.0 125
1000 19.0 13.0 14.0 15.0 13.0
250 10.0 9.0 -V 105 9.0
3 500 14.0 95 - 12.0 10.5
750 15.0 10.0 - 13.0 11.0
1000 16.0 11.0 85 14.0 12.0

-: not detected.

o} wpeba] oW fraction®el =2 &FH S Bl fra. 17
fra. 25 33 A t} A silica gel column chromatograpy(5 cm
X 75 cm)®k TLC plated ©]-8-3t%] 3782] #8& do] Wil
o} 370 9] £&off iyt g4 AP 3 A= Table 634
Z}. B, subtilis®] 739 1000 pg/disc %Xl 4 2nd fra. 1,
27} 742 25,19 mm 27] 2] clear zoneS 334 815d 22, 250 ug/
disc FX o4& 2nd fra. 1°] 16 mmE, 2nd fra. 27} 15 mm
9] clear zone¥ A 3}9al, V. parahaemolyticus o5+
2rd fra. 1°] 14 mm<} clear zone$ 2.9t} Gram 4 5
Ql E. coli®] 7% clear zone¥] Z7)7} 2nd fra. 1¢] 11 mm=
v etytc,

ol4e} ANE & uf Exty] chtylacetate & &2 B.
subtilis, S. aureus®} V. parahaemolvticus, L. monocyto-
genesell t3le] gt FAdo] Holdg B 5 9o 14 &
£ FZFoh 23 B8 £FEE0] clear zoned FA e}
1 & ztol7l e A LR v Fo] FFAde Fodst= &
- AAR-2] EAlo)Eir M) o) A FEo] E¢E &g

T:-Q
T

o
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ol
)

Az EAsE Aoz 479,

22|18 M Mo X 2™

2t 9] methanol FEEE4E ZF &o2 A F 235
3}o] E-2]3l ethylacetate #3822 %€ silica gel columr
chromatograpy 2} TLCE- 3¢ &S 2 2nd fra. 1€
AH-g ool 27| ¢l8te] HPLCE Fig. 59} #Fe] &}
peak VI, VI, VI, IX, Xl t}&} compound& GC-MSZE &4
stk GC-MSD(m/z)& #4138t A3} oh & peakdll M= &
FAH PaE B4 ¢ Fig. 63 3Fo] peak Xellx
molecular ion(m™¥)e] 1582 = o] peak Xol|AE iso-
butyl isopentancate”} $l+ A2 FA = o}

AF72] A" vlel o3l "Agr 12~18709) S5
Tpabgo] - aar) olekz 819dvh(17,18). w3 Kim(4:
A+ 2] hexadecanioc acid& 352 2 ¥ 73} 3 Song
(19)& Auldg =] gy} 3y 2L A5 3-
£ dFolzta Hasiidch

N

o ot rfo
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S. aureus, E. coli & & %o 4] 2+7} 36.31% %} 67.81%2]
oA E3E Bygoh 5999 ethylacetate 3 FEFEL2
& 324l 500 pg/disc®] FRolA AFE ¥ v E 5F
250} 8} clear zoned FA st FFH & e glc}.
E£3] L monocytogenes, E. coliztel] A= F& Fxal
500 ug/discll 41 Z+7+ 12 mm, 11 mm#) clear zone2 3 A3}
ot Bty 9] ethylacetate F&& -2 silica gel colum chro~
matograhpy(7 cm % 1.2 cm)& ¥ thin layer chromatogra-
phy(TLC)E A A8l a4 A3 S & A3 B subtilis®] 73
9 500 ug/disc ‘5 X9 4 2nd fra. 1¢] 21 mm, V. parahaem-
olyticus® 250 ug/disc FENA4 14 mmE J A3t B

9] methanol FE 25 € 2t £ HE AlF FE3le L
5 g} ethylacetate ¥3 2 2 %-¥] silica gel column chromato-
grapy$} TLCE &to] 3442 ¥ 2nd fra. 18] AEE <4
o} ¥.7] ]38t HPLCE dd¥2]dte] & peak Xol it
compound® GC-MSZ #413 A3} peak KA+ iso-
U butyl isopentanoate”} ¢l AL g FA =},

peakVl
) a2
peakVl
peakVk
peak X
—J 1%. 40

] 2028
] 2.¢0
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Fig. 5. HPLC spectrum of the 2nd fra. No.l of ethylacetate =) =l
fraction from P. suffruticosa. E =

o of 1. Ahn EY, Shin DH, Baek NI, Oh JA. 1998. Isolation and iden-
- - tification of antimicrobial active substance from Glycyrrhiza
uralensis FISCH. Korean J Food Sci Tech 30: 680-687.
2. Oh DH, Ham SS, Park BK, Ahn C, Yu JY. 1998. Antimicrobial
activities of natural medicinal herbs on the food spoilage

$2)ie} opabel A} 244 7% 4 ol T2

& o
2@

i =N B x 5t & 2. = = .
e A 17 248 F methanol?t of2] &0 2 53 or foodborne disease microorganisms. Korean J Food Sci
AlE FH A EL $A A AFHE H A4Sty 2 FaFEA Tech 30: 957-963.
& BA3El] g3 2o AnE 99} Eky] ) methanol 3. Ki.m YS, Shin DH. 2003. Reqserches on the Vqlatile anti-
2 =T 0 . L microbial compounds from edible plants and their food Ap-
FE =< 1500 ng/mL FEelA B subtilis, L. monocyto- plication. Korean J Food Sci Tech 35: 159-165.
genes, V. parahaemolyticus®) 22415 100% A A3} oo 4. Kim SI. 1997. Effect of wild plants on the microbial shelf-
Fulmce Scan 395 (8.054 mi) HYS713S D (-}
o ’T
8000 57
158
6000
4000;
as
2000 113
281
2 s e R e s m o  an
nz—> 20 30 40 S0 60 70 80 90 100110120 130140 150 160170 180 190 200 210 220 230 240 250 260 270 260 250 300 110 |

Fig. 6. GC-MS spectrum of the antimicrobial compound in peak IX from P. suffruticosa.
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