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Abstract

The antindcrobial activity of mugwort(Ariemisia asiatica Nakai) was investigated. The methanol extract
of dried mugwort was fractionated to hexane, chloroform, ethylacetate, butanol, and aqueous fractions. The
hexane fraction among these fractions showed the highest inhibitory effect on the growth of micreorganisms
such as Bacillus subtilis, Escherichia coli, Staphylococcus aureus and Lactobacilius plantarum. Bacillus
subtilis, Escherichia coli, and Staphylococcus gureus were completely inhibited at a concentration of 250,
500, and 7501e/ml respectively. The hexane fraction was further fractionated into 16 subfractions by silica
gel column and thin layer chromatography (TLC). The subfraction No. 8, 9, and 10 on TLC exhibited high
antimicrbial activity. At 3rd fractionation, subfraction No. 2 inhibited the growth of microorganisms at 500ng/
ml. Heptadecane, dodecamethy] cyclohexasiloxane, (E,E)-2,4-decadienal, dodecamethyl pentasiloxane, counarin,
5,6,7 Ta—tetrahydro-4,4,7a-trimethyl-2{4H)-benzofurancne, neophytadiene, tridecanoic acid, methyl ester, 2-
methyl-4,5-nonadiene, (Z,Z)-9,12-octadecadienoyl chloride, and bis(Z-ethylhexyl) phthalate were identified

from this antimicrobial fraction by GC-MS.
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INTRODUCTION

Herbs and spices have been used to extend the shelf
life of foods and their antimicrobial compound have
received much attention in recent times{1-9),

Mugwort{Artemisic asiatica Nakai) taxonomically
helong in the Carduaceae [amily as a perenmial plant
and is widely distributed in Japan, China and Europe
as well as Karea(10). In orental countries including
Korea, mugwort has been used as a therapeutic agent
in the treatment of nosebleeding and uterine hemorrhage,
an anodyne, phthisis, asthisis, chronic bronchitis and
chronic digestive ailments(11). Also, it has long been
used as a food additive of various [ood stuffs{12}. Fla-
vour compound or essential cil of mugwort, as other
spices, is known to have biclogical activity of an anti-
microhial and antitumoer, ete.{13). However, the active
compounds or mechanism as a food preservative are
not clearly evaluated. In this study, this spice is screened
with high antimicrobial effect, and chemical studies
carried ouf. to search for substance with inhibitory effect
for food spoilage microorganisms. After extraction, frac-
tionation and isclation of antimicrohial compounds by
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column chiromatography and TLC, identification of com-
pounds in antimicrobial fraction by GC-M5S was done.

MATERIALS AND METHODS

Exiraction and fractionation

Raw mugwort leaves were purchased at Susan, Kyung
Sang Nam-Do in June 1995. Dried and then pewdered
leaves(dkg) were extracted with MeOH at 80°C under
reflux for Shrs. After removal of the precipitate by filtera—
tion, it were concentrated with a vacuum rotary evap-
grater{Eyela N-N) at 70°C. The concentrated extract
(967 41g) was further fractionated into hexane({107 67g),
chloroform(26g), ethylacetate(43.2g}, butanal(131.19¢) and
aqueous(30B.20g) successively{Fig. 1)

Screening for antimicrobial activity

Bacillus subtilis ATCC 6633, Staphylocorcus aureus
ATCC 13301, Lactobacillus plantarum KCTC 3108 and
Escherichia coli ATCC 1129 were nsed as test organi-
SIS,
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Fig. 1. Solvent fractions from methanol extract of mug-—
wort{Artemisia asiatica Nakai)

Lactobacillus MRS broth and agar for L. plantarum
and tryptic sov broth and nutrient agar for other orga
nisms were used. The broth medium was dispensed
300ml guantities in 500m] flask and sterilized by auto-
claving at 121°C for 15min. Test tubes each containing
10ml of liguid culture were inoculated 1ml of suspen-
sion of the test organisms. The suspension was uniformly
spread over the mediurm using a glass rod. The inoculated

test tibes were then incubated at 37°C for 24hrs. The
suspension{10°CEFU/ml) was inoculated 0.1ml in each
fractionated extract at a various concentration of 250,
500, 750 and 1000ug/ml. After incubated at 37°C for
24hrs optical density(O.D.) was checked at 660mm with
a spectrophotometer.

Silica gel chromatography

The hexane fraction was further fractionated using
silica gel chromatography(Fig. 2). The sample(9%g)
was mixed with silica gel and placed on the column
1(10cm % 1m)} packed with silica gel(1.5kg). The sample
was eluted with hexane and ethylacetate and each
90mi of eluent was collected in each flask. After tes-
ting antimicrobial activity of eluent in each flask, eluents
that had high inhibitory eflects were combined, and
then refractionated by silica gel colurmm H{2.5cm = 60cm).

Thin layer chromatography

The fracticns collected {rom silica gel colutnn chro-
matography (column 11} showing antimicrobial activity
were further fractionated on TLC plate(Art. 5721, DC-
Fertigplatten Kieselgel 60). The plates were developed
with 80%¢ hexane solution(Hexane : EtOAc=3 : 2 v/v).

Separation and identification of compounds in
antimicrobial fraction by GC-MS

(GC-MS analysis of antimicrobial fraction was carried
out with a HIP-h988 mass spectrometer conmected with
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Fig. 2. Fractionation and isolation of hexane extract of mugwort(Artemisia asiatica Nakai}.
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HP-523801 Gas chromatography using a honded poly-
ethylene glveal fused silica capillary column(50m X
0.2mm > 0.11pm}. The mass spectra were recorded at
a electron energy of 70eV and the ion source temperature
was 150°C. The column was operated with a tempera-
ture program from 60°C te 300°C at 10°C/min. and then
held for 4 min at 300°C. Helium was used as a carrier
gas(0.0ml/min. splitless).

RESULTS AND DISCUSSION

Antimicrobial activity of extract fractions

The methanol extract was tested on four species of
food spoilage microorganisms Bacillus subtilis, Staph-
viococous aureus, Escherichia coli and Lactobacitius pian-
tartm at a vanous concentration of 250, 500, 750 and
1000ug/mi. The methanol extract showed camplete inhihi-
fion on the growth of B. subtilis and S. aureus at a con-
centration ol 2501g/ml and 8656% [or E. coli{Table 1),
It showed stronger inhibitory effect than that of sodium

propionate which has been used as a antimicrobial agent.
Sodium propionate showed complete inhibition on the
growth of B. subtilis, E. coli and S, aureus at 5% con-
centration. And L. plantarum was inhibited D0.87% at
the same concentration(Table 2). Methano! extract was
further fractionated into hexane, chloroform, ethylacetate,
butanol and agueous. The hexane fraction among these
[ractions showed the hiphest inhibition effect against
all four test strains. B. subtilis, E. coli, and S. aureus
were completely inhitated at 250, 500, and 750ug/ml
respectively and L. plantarum was inhihited 56.43%
at 1600ug/ml. Chloroform fraction completely inhibited
the growth of B. subtilis at 750ug/ml, E. coli and S.
aureus at 10000g/ml. Ethylacetate, butanel and aqueous
fraction did not show antimicrabial activity on three
test microcrgamsms except L plottarwn, This result is
in agreement with that of Kim et al.(13) who reported the
effect of hot water extract from mugwort on the growth
of E. coli. We suggest that the majar compound which
showed antimicrobial activity of mugwort is a nonpaolar

Table 1. Antimjcrobial activity of methanol extract and solvent fractions from methanol extract of mugwort on the
growth of B. subtilis, E. coli, L. plantarum and 5. aureus

. Concentration Antimicrobial effect!%)
Fractions :
{ug/mb B. subfilis E. coli L. plantarum S. aureus
1000 100 100 50.59 100
50 100 100 LL2Z 100
Methano! 500 100 99,16 50.34 90,56
250 100 86.65 45,65 09,20
1000 100 100 0b.43 100
Hexane 750 100 100 4950 100
500 100 100 47.01 9762
200 100 7609 4399 92 46
1000 100 100 76.93 100
Chloroform 750 100 100 a7.77 9341
500 99,79 100 5819 9821
250 48.88 98.20 55,49 100
1000 0 0 63.78 0
750 Q 0 61.18 0
Ethylacetate 500 0 o 805 N
250 0 0 64.95 ]
1000 0 0 75.45 0
750 D 0 03.56 0
Buthanol 500 0 0 6693 0
250 0 0 62.85 0
1000 0 0 80.80 13.49
Aqueous B0 n 0 850 714
200 0 0 52,88 6.11
250 0 0 65.17 357
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Table 2. Antlimicrobial activity of sodium propionate on the growth of B. subtilis, E. coli, L. plantarum and S.

aureus

Concentration Antimicrobial effect(34)
(%1 B. subtilis E. colf L. plantarum S aqureus
05 8.82 23.68 0.97 16.90
1.0 33.97 47.74 4.58 42.06
30 68.83 7119 889 9132
5.0 100 100 50.87 100

‘able 3. Antimicrobial activity of 3rd-fractions from hexane extract of mugwort on the growth of B. subfilis, E.

coli, L. plantarum and 5. aureus

Fraction Concentration
No. {tg/miy B, subrilis
1 500 100
250 0977
2 a00 100
250 100
3 a0a 100
250 100
4 500 100
250 96.26
5 500 100
260 97.17

Antimicrobial eflect{%a)

FE. coli L. plantarum S aureus
100 72.82 56.16
100 67.34 49,08
100 098.22 100

90,34 80.16 98.97
100 79.00 100
100 B6.37 233.81
100 8177 100
100 59.34 100
100 89.19 100
422] 71.17 96.33

Table 4. Compounds identified from antimicrobial fraction No. 2 of silica gel column chromategraphy of hexape

extract of mugwort by GC-MS

Retention Compounds
time{min.)
15627 Heptadecane
18,697 Dodecamethy! cyclohexasiloxane
19.091 (EE}-2,4-decadienal
21.366 Dodecamethyl pentasiloxane
21.501 Cournarin
22.836 56,7, 7Ta-tetrahydro-44, 7a-trimethyl
2{4H)—benzofuranane
26.375 Neophytadiene
26.804 Tridecanoic acid, methvl ester
28,936 Z-Methvl-4,5-nonadiene
20359 (Z,2)-9,12-octadecadienoy] chloride
36.961 Bis(2-ethythexyl) phthalate
compound.

Antimicrobial activity of hexane fraction

Further separation of the hexane fraction was car—
ried ouf using silica gel column chramatography and
thin layer chromatography{Fig, 2). In the first frac-
tionation, fraction No. 8 9 and 10 showed the strong
antimicrobial activity at b00ug/m!l. These fractions(8
~ 107 collected from the first fractionation, were com-

Molecular Area
welght Formular (%)
240 Ci7Hzs 2.65
444 C12H3506516 6.26
152 CoH1s0 2.36
384 CiaHz604515 367
145 CoHsO: 23.3
180 CitHie0x 234
278 Catls 2.33
228 CuHz0z 432
133 Cuollia 7.86
208 CisHxCIO 3.35
390 CaqHOy 403

hined, concentrated and then refractionated. Fraction
mamber 2 from the second fractination showed the mo-
st strong antimicrobial activity at S00ug/mil{data not
shown). No, 2{antimicrohial compound) was separated
from five fraction using TLC. Table 3 is the result
of the inhibitory effect of these five fraction. All five
fractions completely inhibited the growth of B. subtilis
and E. coli at a level of 500kg/ml. Na. 2 fraction among
these fractions had inhibitory effects on the growth of
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B, subtilis, F, coli, and 5. aureus. Growth was cormplete-
Iy inhibited at a level of 200ug/ml and L. plantarum
was inhibited 98.22% at 500ug/ml.

Fraction No. 2 was identified by GC-MS(Table 4).
Among these identified 11 compounds, coumarin was
the major constituent of the antimicrobial compounds
{23,39%), heptadecane, dodecamethy cyclohexasiloxane,
(E 12 4—-decadienal, dodecamethyl pentasiloxane, 5,6,
7 7a-tetrahydro-4,4,7a~trimethyl 2(4H)-benzotura-none,
neophytadiene, tridecancic acid, methyl ester, 2-methyl
-4 5-nonadiene, (Z,2)-912-~octadecadienoyl chloride,
and his{(Z-ethylhexylphthalate were found in small
quantities{?.34~7.86%). Frank et al{2) reporied that
the inhihitory effects of the oils were mamly due to
the mast ahundant components, Kim et al.(13) reported
that among the major volatile compounds(myrcene,
cineole, 2-pyrrolidinone, camphor, thujone, 1-acetyl-
piperidine, caryaphyllene, conmarin, and farnesol) iden-
tified from raw mugwort or mugwort tea, 1% ol cou-
marin showed high antimicrobial effect against E. coli.
Also, Vichkonova et al.(14) reported that natural cou-
marin have anlimicrobial activity and antiviral activity.
Therefore, we suppose that the major antimicrobial
compound of the mugwort’s essential oils 1s coumarin.
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