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Abstract

Soibithym(Portulace oleracea) was extracted by methanol and its antimicrobial activities against food spoilage
or foodborne disease microorganisms were investigated by the paper disc method. The microorganisms used in
this experiment included 5 species of bacteria(Escherichia coli, Pseudomonas aeruginosa, Salmonella
typhimurium, Klebsiella pneumnoniae, Staphylococcus aureus) and 3 species of fungi(Fusarium solani, Aspergillus
flavus, Penicillium citreonigrum). Soibithym showed high antimicrobial activites against P. citreonigrum, P.
aeruginosa and K. pneumoniae. Minimum inhibitory concentrations(MICs) on S. aureus, P. citreonigrum and K.
pneumoniae were 200, 200 and 250 mg/mL, respectively. In the methanol extracts from Soibirhym, 147 kinds
of compound were separated by GC/MS. The extraction yields of phenolics, furans, alcohols, acids and esters,
ketones, aldehydes, and miscellaneous compounds were 7.43%, 6.13%, 2.20%, 41.06%, 9.21%, 0.15% and
1.08%, respectively. Some antimicrobial compounds such as 2,3-dihydro-benzofuran, 4-hydroxy-3-methoxy-benzoic
acid, 4-hydroxy benzeneethanol were detected in the methanol extract.
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ARl AgF Hulge BT G T
gagen, FFANE P A8F FFE
Escherichia coli KCTC 1682, Pseudomonas aeruginosa

d=ze Be A A17A A65(2000)

e

T1

KCTC 1750, Salmonella typhimurium KCTC 2515,
Kiebsiella pneumoniae  KCTC 2001, Staphylococcus
aureus KCTC 1916, Fusarium solani KCTC 6636,
Aspergillus ~ flavus  KCTC 6633,
citreonigrum KCTC 692724 =387 &Q AEF
AL FAASFLRRE Edusith #2 A
o wiFEt] ARgstle™ Al nutrient Wi
(Difco, USAYE, #FHo]x= potato dextrose Hll A (Difco,
USA)Z AF83H5Th

Penicillium

2. F& 4y
Az" g A8 FA 20uf v @

7} A2oellA I3k FJ7t o] & filter paper(Toyo
No. 2)2 oAF#A71 £ A 7 3FFE71(Heidolph,
VV 2000, Germany)S o]&3le] 45CoAx ZgdsZH
stHTE  o]& T}A] syringe filter(cellulose acetate
membrane, pore size 20 ym Advantec Co, Japan)Z A

HHE dee F2E29 FFE8H AL paper
discg'e Fgste AXGGT Z FFE HF
A wiRe  HE3 o]  spectrophotometer(Beckman
DU-650, USA)E ©]-£35+¢] 600 nmol) Al §5§-E7} 0.3
o] & w7t vt Migd 458 A 1A
Hﬂz} o 150 iR FLI}A BFH 3 %&Q paper
disc(dia. 10 mm, Advantec Co, Japan)E wJj x| ol
=3 FEAE 60 widiscE: FYstach FUE F
E99 SWE FAAIFII 20CAAM 1AZF PG
T A2 37CHAA 24A12F B FFole 24Col
Al A8AIZE FF i gste] paper disc FHlol AP H
inhibition zone?] AA & APt =3 YRLo
2 4 ¥EEZ dy AMEHIT 9E benzoic acid
o ¥HEHE 99 22 oz 2 AT

4. F2MRHESE=(minimum inhibitory
concentration: MIC)
AulEo] gF AN GAHEEE Kudo 79
Hg s ZAF3dn FE2E AEE 99
& wyog Hzx3 & syringe filter® A FshL
A=l =7 80, 100, 150, 200, 250, 300 mg/mL7}
HEE 249 WA Z plaed] EFe SIAATH
Aylell #FE 150 44 EF3 & AF2 37C
/\1 24X 7F, FFol= 24°ColA] 48A1 7 &<t ) <Fst
MAEe Z4 oFE glsle AL KA E
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5. ££829| Gas chromatography/Mass
spectrometry(GC/MS) £4

AvlE Meg

9} G; glass filter

2 97 A¥E
g8 ARSI
o F&3 F ethyl ether
1 8% Ax ¥x3 gL filter paper 3353
t}. GC(GC 8000 series, CE Instruments Co.,
¢}  MS(Micromass
Co., UK)E ©] &34

o GC/MS BEAZ

FZ &g filter paper(Toyo No. 2)

o] g3te] A F ozl o

712 45°CollA BmFote] HE
o] Z t}A] ethyl etherZ o] &3}
Zo T4 NaSO4E& ¥

Italy)
Quattro [, Micromass Quattro
#8289 YEg BHAAL

A2 Table 17 2o}

AU Wgs FEE2 W FHEHE A
23z Table 29 Zrh HETo2Z AREH benzoic

acide 7+%,

FEFE=

59 HFel BEEAE ALE

Table 1. Operation conditions of gas chromatography/

mass spectrometry

Condition

<Gas chromatography>

Model
Column
Carrier gas
Programed

temperature

Injector temperature

CE Instruments GC 8000 series

(CE Instruments Co., Italy)
DB-17(50% phenyl/50% methyl silcon)
30m length x 0.25mm i.d. X 0.25um
(Film thickness)

He : 1 mL/mm

40°C held for 5 min

5°C/min to 120°C (1 min held)
10°C/min to 280°C (10 min held)
220°C

Condition

<Mass spectrometer>

Model

Column

Carrier gas
Programed
temperature

Injector temperature
Tonization
Ionization voltage
Ion source
temperature

Mass scan range
Injection mode

Micromass Quattro [I (Micromass
Quattro Co., UK)

DB-17(50% phenyl/50% methyl silcon)
30m length X 0.25mm i.d. X 0.25um
(Film thickness)

He : 1 mL/mm

40°C held for 5 min

5°C/min to 120°C (1 min held)
10°C/min to 280°C (10 min held)
220°C

ElL

70 ev

230°C

40-550 a.m.u.
splitless

- 567 -

=4 o AEA g 48 E(Portulace oleracea) W E& F&2 5

9 FFEIH JEEA 35

Table 2. Antimicrobial activities of methanol extracts
from Soibirhym against microorganisms

Inhibition zone

1

Microorganisms (mm) : -

Soibirhym Ben%mc

acid
Staphylococcus aureus KCTC 1916 16 17
Escherichia coli KCTC 1682 12 15
Pseudomonas aeruginosa KCTC 1750 15 22
Salmonella typhimurium KCTC 2515 12 15
Klebsiella pneumoniae KCTC 2001 16 16
Fusarium solani KCTC 6636 10 19
Penicillium citreonigrum KCTC 6927 27.5 17
Aspergillus flavus KCTC 6633 10 18

Ydiameter of paper disc : 10 mm

T3 Q=dl A niger, P. roqueforti, M. pusillus, S.
cerevisae, S. rouxii, P. membranaefaciens, B. sutilis, L.
mesenteroides, B. coagulans 59 o] sl &
gd& 7 O‘ﬁ‘r”’ BaH A’ B AgeaE
benzoic acid®] FFaEI= AF FF d& ZF
FHHAES 7}1]5’— Ae Aoz vt duE
Hee FE2E9 FAe 53| P citreonigrum oF
o 3 e =2 FHEHRE EHL
pneumoniae®l] = benzoic acido] &3 wgt FH4E
#E2 YyehAddet. E coli, P.  aeruginosa, S.
typhimurium, F. solanivl 34+ benzoic acidR.t}h
E 49 FFaRE BAFAY A 5% HuB
9 ggg4de B bk ed B AFoME 4
HE4Y Wegg FEE AEFFH 2 AF5Y 7
A dis] vny L2 FFEEE TP
Aoz vehgth mepd olE @Fol o 4%el
B 9 4%S0 LEH: 4% FARA 4
gl Ag Asde B 5 A

S. aureus, K.

01.‘:_

b

Is=

o

2. HE=Z F529| FLMEN
HHE H&e FE2EY H2A8Ads=EE &
Fet 2 Teble 35 2} Hulg WgE 5=
£ 200 mg/mL F=olA S. aureus$} P. citreonigrum
9 A&
preumoniae s
E colid AE&

0

AA A AR, 250 mgmlL BHEANA K
, 300 mg/mL &XolA P. aeruginosa®t
AR st th Paper disc8 S o] &3
A& 3 v s o paper discidoll A T ol
g A2 HLAAIdsE AZAdMEZ 300
mg/mL FEAA WA EY AGo] A=A g9k}
A EHEEQ] sodium benzoate”} 200 mg/mL
S. aureus® ZA L AAAATZ RaH b}
®, 018 B AgdA yehd HuE due
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Table 3. Minimum inhibitory concentration(MIC) of methanol extracts from Soibirhym against microorganisms

Microorganisms Concentration(mg/mL) MIC
& 80 100 150 200 250 300 (mg/mL)
Staphylococcus aureus KCTC 1916 ++ ++ ++ - - - 200
Escherichia coli KCTC 1682 ++ ++ ++ ++ + - 300
Pseudomonas aeruginosa KCTC 1750 ++ ++ ++ ++ + - 300
Salmonella typhimurium KCTC 2515 ++ ++ ++ ++ + + >300
Klebsiella pneumoniae KCTC 2001 ++ ++ + + - - 250
Fusarium solani KCTC 6636 ++ ++ +4+ ++ + + >300
Penicillium citreonigrum KCTC 6927 ++ ++ + - - - 200
Aspergillus flavus KCTC 6633 ++ ++ ++ ++ ++ + >300
++ : moderate growth
+ : slightly growth
- : no growth
9 ALAFAN =S vas] & o S aureuss}t P.
Citreonigrumoﬂ &l A &= sodium benzoateol] A2-5t= Table 5. Alcohols, acids and esters in the methanol
ALAGANSES BT Ge wgEd da)y e lom b
Peak R Area
= sodium benzoateX.T}= k7t H2 FHAA LA No min) (%) Compound Name
BTES HYoZH 4nEo] olF Hi L HFH Aleohols(2.20%)
A ngEe] s vnEd 53 HJAASAHN T 4 16.2 0.07 benze;neacetaldehyde
5 16.6 0.28  trans-2-nonenal
E 71X 1 9988 < £ Q) :
s M ASE & 5 IS 7 18.2 0.45  benzeneethanol
14 20.5 0.05  3,7-dimethyloct-1-en-3,7-diol
3. MHIE HEE FEE2 MR 24 35 264 0.81 benzyl formate
e Wags F2E9 GOMS EAZAE 37 267  0.19 7-methyl-4-octancl
Table 4, 5, 6 I Fig. 13 2t} AA 1477129 A 53 29.4 0.35 3-hydroxy-7,8-dihydro-8 -ionol
Rol A= ) E9o] A AQl ke )3 .
2ol AZFH Ao -01 9] AdiF] FFHE ; qa-iy Acids & Ester(d106%)
A3} phenold 3IEE] 743%, furan 3F}HFE] 8 18.5  0.17 monomethyl ester-butanedioic acid
6.13%, alcohol&7} 2.20%, acid ¥ ester&F7} 41.06%, 12 19.5  0.17 n-benzoyl-glycine
ketone®7} 9.21%, aldehydef7t 0.15%, = wrol 15206 Ol nonanoic acid

21 23.1 4.71  phenyl-propanedioic acid
22 23.3 171 2-(acetyloxy)-benzoic acid
Table 4. Phenols and furans in the methanol extract 28 24.8 0.19 methyl 10-undecenoaie

from Soibirhym monomethyl ester-1,2-benzenedicarboxylic

29 24.9 0.11

Peak RT” Arca Compound Name acid
No (min) (%) 36 26.6 0.27 methyl ester-9-dodecenoic acid
Phenolics(7.43%) 43 274 0.39  8-nonenoic acid
17 212 0.13  1,2-benzenediol 45 279 8.65 cyclohexyl 2 3-epoxypropanoate
24 24.0 0.22  1,4-benzenediol 47 28.4 0.29  myristic acid
32 25.5 1.14  2-hydroxy-benzaldehyde 48 28.5 0.77  docosanoic acid
33 25.8 1.36  butyl hydroxy toluene 51 29.1 1.57 azelaic acid
38 26.8 0.18  4-hydroxy-benzeneethanol 55 29.8 0.91 methyl hexadecanoate
44 27.5 0.35  3-methoxy-2,4,5-trimethyl-phenol 56 29.9 0.05 methyl nonanoate
49 28.7 1.42  4-hydroxy-3-methoxy-benzoic acid 60 30.6 4.69  palmitic acid
50 28.8 1.45  4-hydroxy-benzeneacetic acid 61 30.7 0.22  neopentyl para-aminobenzoate
58 30.1 0.16  4-hydroxy-3,5-dimethoxy-benzaldehyde 70 319 0.45 methyl (EE)-9,12-octadecadienoate
63 30.8 0.55  3-(3-hydroxyphenyl)-methyl-2-propenoate 72 324 2.44  octadecanoic acid
68 31.7 0.31  3-(4-hydroxyphenyl)-2-propenoic acid 73 326 0.96 methyl (EE)-9,12-octadecadienoate
69 31.8 0.16  3-(4-ydroxyphenyl)-2-propenoic acid 74 329 2.46 methyl (Z,2,2)-9,12,15-octadecatrienoate
77 335 0.21 butyl ester linoleic acid
Furans(6.13%) 86 355 1.68  N,N-dibenzylglycin
18 21.5 6.13  2,3-dihydro-benzofuran 98 39.5 7.88  (z)-9-octadecenamide
Y RT : retention time Y RT : retention time

stZzE Ae8 x A1TE A635.(2001) - 568 -
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Table 6. Ketones, aldehydes and miscellneous compounds
in the methanol extract from Soibirhym

Peak RT”  Area

No (min) (%) Compound Name

Ketones(9.21 %)

3 156  0.51 44A5,6,7,8-hexahydro-2(3H)-naphthalenone
10 19.1  0.19 1,2-diazabicyclo[2.2.2]octan-3-one
19 222 0.77 3-ethyl-4-methyl-pyrrole-2,5-dione
23 237  6.13 4-hydroxy-2-methylacetophenone
54 29.5 0.79 13-oxadispiro[5.0.5.1}tridecan-1-one
62 30.8 0.70 2-propyl-cyclohexanone
78 33.6  0.12 l-acetyl-8 -carboline

Aldehyde(0.15%)
2 15.1  0.15 4-nonenal

Miscellaneous compounds(1.08 %)
26 245  0.20 indolizine
66 313  0.36 1-ethoxycarbonyl-4-acetylaminobenzene
80 342  0.20 n-formyl-tyramine
2] 37.1  0.32 (2)-9-octadecenamide

" RT : retention time
miscellaneous 3}3H=o] 1.08% &ALl A Th
Acid 2 esterF7} 71E Bol &G o] =
cyclohexyl 2,3-epoxypropanoate®} (z)-9-octadecenamide
b A7 1% ol4e AA}L AU & 5
ATdA FrlHdE e Wag FE2E EA
2 otx HAaE acidsH 31 E<l octadecanoic
acid9} phenyl-propanedioic acid7} 2 239 41

00 =

@ 4 v F(Portulace oleracea) MBS FZFEY FFEYR HERA 37

2 Hegg FEEANANE 244%9 471% BE2HY

. FaFgHdo] i E# 3 phenol
e 743%2 HlmHy @ol $RH AU,
phenold SF¥EZ & 2-hydroxy-benzaldehyde, butyl
hydroxy toluene, 4-hydroxy-3-methoxy-benzoic acid,
4-hydroxy-benzeneacetic acid 9] 1% ©]4 &4 3H
th. 98 7}A phenol FHFEEC] FH4EHE 7HA
I At BuE Q=4 Anacardium occidental 2]
nut shell oilelA] 22 H 2-methyl-q,3-dibenzenediol 7
3-hydroxy-benzoic acid §< B. subtilis, E. coli 2 S.
cerevisiae ol o &t 0‘&%}% o] Atk HiH
3% Furan# 3P E=E= 2,3- -dihydro-benzofuran

go] paARASY oA FUAA B
6.13% 2 t]$ =& W)Y, Artemisia princepsSt
Cotoneaster  acutifolous| A 8|8 2,3-dihydro-

benzofuran®. S. aureus, E. coliv] TdEFE 71A
I goka Bagei? o] sqEe] duE T
AdE &S FI3E& ALZ AFEHUT Alcohol
Foll /\1% benzene-ethanol,  benzyl
formate, 7-methyl-4-octanol, 3-hydroxy-7,8-dihydro-g-
ionol Eo] EA5th KetoneFol A=
2-methylacetophenone©] 6.13% 2 7}3 @o] &A st
Qe 3-ethyl-4-methyl-pyrrole-2,5-dione, 13-oxadispiro

trans-2-nonenal,

4-hydroxy-

[5.0.5.1]tridecan-1-on, 2-propyl-cyclohexanone &% 0.7%
ol FEAstAth AldehydeH FHHEL H2d AA

Sean £1t
&3 TH

B 58t

o

L Ly

750 1008 | 1280 | 1860 | ATA0 | 2060 | 2ED

Terse | weo | 3280 | 3500 | 3740 | A0CR | 47455

Fone

Fig. 1. GC-MS spectrum of methanol extracts from Soibirhym.
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2 A8 H¥F e FEEdA g8 4-
hydroxy-3-methoxy-benzoic acid, 4-hydroxy benzenethanol
T2 HFEHEARZA LA doen Ad, FEol,
2o 22 vAEd FHEEE Yl AR
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pneumoniaed] ™8] = benzoic acidol] & st T
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mg/mL BXo)A S. aureusS} P. citreonigrum® AB-&-&
A 599 3L, 250 mgmL 5X oA K preumoniaed] A3
€ AAELeH, 300 mgmL EEdA P
aeruginosa®} E. coli®] AES At waha o}
E o7 ot AFY B 2 AF5 fElHe
A EY FHARA AuFE AR MeEE B 5 9
Atk dnjg wEe FEFEY 2MZAFH FA 14771
Z] AXBo] BAEAOH acid Y esterF7F 41.06% =
F2EY 717 2& FEE AA} Ut E=I

22 fAEd daEdg UE
Aoz RiFHo gle  23-dihydro-benzofuran,
4-hydroxy-3-methoxy-  benzoic  acid9}
benzeneethanol 59| d&E°] F&HUTH
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4-hydroxy
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