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Antimicrobial activity of Zanthoxylum piperitum was investigated against Streptococcus mutans that causes
dental caries. Although the methylene chloride extract of seeds exhibited higher antimicrobial activity
than other organic solvent extracts, including methanol, ethyl acetate, and hexane extracts.of _pericarps
or seeds of Z. piperitum, essential oils prepared from both seeds and pericarps possessed more potent
inhibitory activity than the methylene chloride extract of seeds. The minimal inhibitory concentrations
(MICs) of the essential oils of seeds and pericarps were 0.3 mg/ml and 4.0 mg/ml against S. mutans,
respectively. When the seed essential oil was further separated into seven fractions (CS-SD-A~CS-SD-G)
by thin layer chromatography (TLC), all fractions exhibited lower antimicrobial activity than the essential
oil. To understand the antimicrobial ingredients of Z. piperitum, seeds the gas chromatography-mass
spectrometry (GC-MS) data of the methylene chloride extract of seeds was compared with those of
the seed essential oil (CS-SD). Whereas the methylene chloride extract of seeds contained carvacrol
(0.24%), p-caryophyllene (1.72%), and a-humulene (0.88%), which were previously known to inhibit
growth of S. mutans, the seed essential oil contained sabinene (1.57%), linalool (1.55%), citronellal
(13.67%), terpinene4-ol (045%), citronellol (3.69%), geraniol (0.9%), linalyl acetate (1.35%), -
caryophyllene (1.35%), a-humulene (0.78%), and d-cadinene (0.67%) in this regard. These results indicate
that Z. piperitum seeds possess various inhibitory substances against S. mutans, and an effective method
to isolate the active ingredients from the seeds is to prepare the essential oil. These reslts also suggest
that the essential oil of Z. piperitium seeds may be applicable to preventing dental caries.
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Introduction

Streptococcus mutans is known to be one of the causative
agents of dental caries, which leads to tooth dysfunction,
periodontal lesions, and tooth loss [14,26]. Since S. mutans
produces the glucosyltransferase that forms a sticky poly-
saccharide dextran from sucrose, the growth of S. mutans
can mediate adherence of itself and other acid-forming bac-
teria on tooth surfaces as a thick layer called dental plaque
[31]. Sequentially, the acid-forming bacteria including
Lactobacillus sp, lower pH levels by secreting lactic acid and
thus increase the probability of decalcification of the tooth
enamel, which finally results in dental caries [1,28].

Many attempts have been made to eliminate S. mutans
from the oral microflora. Antibiotics including ampicillin,
chlorhexidine, erythromycin, penicillin, tetracycline and
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vancomycin, which control the bacterial growth, have been
very effective in preventing dental caries [19]. However, ex-
cessive use of these antibiotic drugs can cause a significant
alteration of the oral and intestinal microflora and thus pro-
vokes undesirable side effects including enhanced suscepti-
bility to pathogenic microorganisms, vomiting, and diarrhea
[9]. Natural products have recently been demonstrated as
an alternative to those antibiotics for the prevention of den-
tal caries [21,22]. Essential oils are among these important
natural products. Although essential oils have a long history
as traditional medicinal agents and are known to possess
several biological functions, including anticancer, antiviral,
antimutagenic and anti-inflammatory activities [2,29], some
essential oils are evaluated as ideal antibacterial agents,
which can exert inhibitory effect on a broad range of micro-
organisms, maintain activity at a low concentration, and are
applicable without side effects. In this context, several plant
derivatives of Lippia sidoides (verbenaceae), Myristica fragrans
(nutmeg), Cinnamomum verum (cinnamon), Melaleuca alter-
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nifolia (tea-tree), Leptospermum scoparium (manuka), Leptospermum
morrisonii (large-leaf yellow tea-tree), Arnica montana (arnica),
Eucalyptus radiata (eucalyptus), Citrus paradisi (grapefruit)
etc. have been evaluated for their antimicrobial activities
against S. mutans [9,13,27].

Fruits and other parts from an aromatic plant
Zanthoxylum piperitum and other species of Zanthoxylum
have been widely used for as a pungent condiment and
seasoning in north-eastern countries such as Korea and
Japan [4,8]. In addition, they have been employed as tradi-
tional herbal medicine for treatment of vomiting, diarrhea,
and abdominal pain [17]. It is of interest that nonvolatile
and volatile oils prepared from fruits of Z. piperitum could
reduce food consumption in rodents possibly due to caus-
ing very unpleasant and long lasing oral sensation [11,12].
The fruits of a plant belonging to Zanthoxylum genus have
been reported to exert analgesic effects on toothache [18].
In several studies, the composition of fruits of Z. piperitum
has been analyzed by the gas chromatography-mass spec-
trometry (GC-MS), and it appears to be chemically com-
plex and many of the ingredients are volatile. It has been
reported that the fruit of Z. piperitum contains limonene, o-
terpineol, linalool, citral, citronellal, cineol dipentene, and
geraniol as the major components [4,15,20]. However, the
inhibitory activity of organic solvent extracts as well as es-
sential oils prepared from Zanthoxylum piperitum against S.
mutans has been poorly understood.

In the present study, we have examined whether Z. piper-
itum can inhibit the growth of S. mutans and have compared
antimicrobial activities of methanol, methylene chloride,
ethyl acetate, and hexane extracts of pericarps or seeds with
those of essential oils prepared from pericaps or seeds of
Z. piperitum in order to determine the effective method to
isolate the antimicrobial ingredients from Z. piperitum. In
addition, to obtain an insight into the active ingredient (s)
responsible for antimicrobial activity, we analyzed the
chemical composition of methylene chloride extract as well
as essential oil of seed of Z. piperitum by GC-MS.

Materials and Methods

Microbial strain and medium

To determine antimicrobial activity of organic solvent ex-
tracts or essential oils of Zanthoxylum piperitum, a bacterial
strain Streptococcus mutans (ATCC 25175) were used. For the
cultivation of S. mutans, the Brain Heart Infusion (BHI) broth

was purchased from Becton Dickinson (Sparks, MD, USA).
To obtain exponentially growing culture of S. mutans, the
cells grown in the BHI broth at 37°C overnight were in-
oculated into 10 ml of the BHI broth and were incubated
at 37°C for 3 hr.

Organic solvent extraction from pericarps or seeds

Zanthoxylum piperitum were collected from GyeongSan,
Gyeongsangbuk-do, Korea and dried at room temperature.
The extract from each portions of Zanthoxylum piperitum pre-
pared and a voucher specimen of pericarps, seeds is pre-
served at the Department of Pharmacy, Catholic University
of Daegu, Korea. The dried pericarp of Z. piperitum (10 g)
were powdered and exhaustively extracted with 100 ml of
methanol at 25°C for 10 min. This procedure was repeated
three times. The ethyl acetate, hexane and methylene chlor-
ide extracts of pericarps were obtained by the same proce-
dure used for the methanol extract. The extracts of seed (10
g) were prepared by using following method, which was
extracted with 100 ml of each solvent at 30°C for 10 min,
three times.

Preparation of essential oils and TLC fractionation

To extract essential oils, either seeds or pericarps of Z.
piperitum were subjected to hydrodistillation using a dis-
tillation apparatus. Briefly, seed (30 g) or pericarps (30 g)
mixed with 300 ml of distilled water were added to a dis-
tillation apparatus, and then extracxtion was carried out at
130~150°C for 5 hr. To further fractionation of the essential
oil, the essential oil (1 g) dissolved in 2 ml of methylene
chloride were resolved by TLC on a silica get (No. 1.13895,
silicagel Fass 1 mm, 20x20 c¢m) using hexane-ethyl acetate
(10:1) as the solvent system. The seven fractions were vi-
sualized under UV light (UV-160A) at 254 nm and were elut-
ed with methanol.

Antimicrobial activity assay

The disc diffusion method was employed for the evalua-
tion of antimicrobial activity. Briefly, 15 pl of exponentially
growing culture of S. mutans was mixed with 3 ml of 0.7%
BHI agar medium were spread over 1.5% BHI agar plate.
The discs (7 mm in diameter) were impregnated with 30
pl of sample solution dissolved in dimethyl sulfoxide
(DMSOQ) at concnentrations of 33.3 mg/ml, 66.7 mg/ml, or
100 mg/ml, and then placed onto the inoculated agar plate.
The inoculated agar plates were incubated at 37°C for 24



hr. Antimicrobial activity was evaluated by measuring the
diameter of inhibition zone against Streptococcus mutans. In
order to determine the minimal inhibitory concentration
(MIC), 20 pl of exponentially growing culture of S. mutans
was inoculated into 20 ml of BHI broth containing various
concentrations of samples, and then cultured with shaking
at 37°C for 24 hr. Bacterial growth was measured using spec-
trophotometer at 600 nm and the lowest concentration of
sample which could inhibit a visible growth of bacteria was
determined as the MIC [3].

Analysis of mehtylene chloride extract and essential oil
by gas chromatography-mass spectrometry (GC-MS)

The gas chromatography-mass spectrometry (GC-MS)
analysis was conducted with Hewlett-Packard (HP) 6890 gas
chromatograph coupled to an HP5973N mass spectrometer.
A HP-5MS capillary column filled with 5% Phenyl Methyl
Siloxane was connected to the GC instrument. The GC ana-
lytical conditions were as follows: helium carrier gas flow
rate, 0.7 ml/min; oven temperature program, 60°C (hold for
15 min) rising to 280°C; and split ratio, 30:1. The MS instru-
ment was operated in the electron impact (EI) mode and
scanned at 70 eV in an m/z range of 50-800 mass unit.

Results and Discussion

Antimicrobial activity of organic solvent extracts
of Zanthoxylum piperitum against Streptococcus mutans

In many studies, natural products of plant origin ap-
peared -to .possess antimicrobial activity against an oral
pathogen Streptococcus mutans [16,21,27]. In order to inves-
tigate an inhibitory activity of Zanthoxylum piperitum
against S. mutans, seeds and other parts including peri-
carps, roots, stems, and leaves of the plant were extracted
with various organic solvents such as methanol, methylene
chloride, ethyl acetate, and hexane, and then the individual
extractions were tested for antimicrobial activity by the
disc diffusion method at concentrations of 10, 20, or 30
mg/disc. When diameters of inhibition zone of the in-
dividual extracts against the growth of S. mutans were
compared, the organic solvent extracts of pericarps, roots,
stems, or leaves exhibited no inhibition toward growth of
S. mutans (Table 1). Although the methanol extract, ethyl
acetate extract, or hexane extract of seeds showed anti-
microbial activity against S. mutans at a concentration of 3
mg/disc with the inhibition zones ranging from 11.6 to
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Table 1. Antimicrobial activity of the organic solvent extracts
from Zanthoxylum piperitum against S. mutans

Zone of inhibition (mm)
1 2 3 (mg/disc)
CR*-methanol - - -
CR-ethyl acetate - - -

CR-hexane - - -
CR-methylene chloride - - -

Extract

CST’-methanol - - -
CST-ethyl acetate - - -
CST-hexane - - -
CST-methylene chloride - - -

CL -methanol - - -
CL-ethyl acetate - - -
CL-hexane - - -
CL-methylene chloride - - -

CP*-methanol - - -
CP-ethyl acetate - - -
CP-hexane - - -
CP-methylene chloride - - -

CS’-methanol - - 116
CS-ethyl acetate - - 132
CS-hexane - - 15.6
CS-methylene chloride - 8.0 164

°Root of Zanthoxylum piperitum.
"Stem of Zanthoxylum piperitum.
‘Leave of Zanthoxylum piperitum.
*Pericarp of Zanthoxylum piperitum.
Seed of Zanthoxylum piperitum.

15.6 mm, they failed to inhibit the bacterial growth at a
concentration of 2 mg/disc. However, the methylene chlor-
ide extract of seeds was able to inhibit the growth of S,
mutans even at concentrations of 2 mg/disc and 3
mg/disc, but was unable to suppress the bacterial growth
at a concentration of 1 mg/disc. While the inhibition zone
for the concentration of 3 mg/disc was 164 mm, it was 8.0
mm for the 2 mg/disc concentration. These results indicate
that seeds of Z. piperitum have antimicrobial activity
against S. mutans, and suggest that the extraction of seeds
with methylene chloride might be an effective method to
isolate the antimicrobial ingredient(s) from the seeds.

Inhibitory effect of essential oils prepared from
pericarps or seeds of Z. piperitum on growth of S.
mutans

Since the antimicrobial activity assay for the organic sol-
vent extracts of various parts of Z. piperitum revealed that
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the presence of antimicrobial activity in organic solvent ex-
tracts of Z. piperitum seeds with a maximum activity in the
methylene chloride extract of seeds, we decided to exam-
ine the antimicrobial activity of essential oils of pericarps
and seeds of Z. piperitum, which were prepared by steam
distillation. When the inhibitory activity of the essential
oils against S. mutans was measured by a disc diffusion
method, the inhibition zones for the seed essential oil and
the pericarp essential oil at a concentration of 3 mg/disc
appeared to be 20.0 mm and 25.6 mm, respectively. This
indicated that the antimicrobial activities of both essential
oils were more potent than that of the methylene chloride
extract of seeds of Z. piperitum (Table 2). To compare fur-
ther the antimicrobial activity between the seed essential
oil and the pericarp essential oil, the minimal inhibitory
concentrations (MICs) of both essential oils against growth
of 5. mutans in the BHI broth were investigated. As shown
in Fig. 1 and 2, the MICs of the seed essential oil and peri-
carp essential oil were 0.3 mg/ml and 4 mg/ml, re-
spectively, demonstrating that the inhibitory activity of the
seed essential oil was significantly higher than that of the
pericarp essential oil.

Table 2. Antimicrobial activity of seed, pericarp oil from
Zanthoxylum piperitum against S. mutans

Zone of inhibition (mm)

Extract X

1 2 3 (mg/disc)
CP-SD* - - 200
Cs-sp® - 95 236

*Pericarp oil of Zanthoxylum piperitum by steam distillation,
*Seed oil of Zanthoxylum piperitum by steam distillation.
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Fig. 1. Inhibitory effect of the essential oils of Zanthoxylum pi-
peritum pericarps on the growth of Streptococcus mutans.
Inhibitory effect of the pericarp essential oil against S.
mutans was evaluated at various concentrations ranging
from 0 to 4 mg/ml for 24 hr.

Previously, it was reported that the MIC value of an
ethanol extract of leaves of Streblus asper against S. mutans
was 1.931+0.08 mg/ml [30]. It was also reported that the es-
sential oil prepared from Dracocephalum foetidum could ex-
ert a strong inhibition against S. mutans at a concentration
of 1.035 mg/ml [25]. It is noteworthy that, in the literature,
the MIC values for 1,8-cineol, menthol, and thymol, which
are known to comprise the commercial mouthwash prod-
ucts for preventing dental caries, appeared to be higher
than the MIC value of the seed essential oil of Z. piperitum
[9,32]. Recently Cha et al. have reported that the MIC val-
ues of the essential oils of Cryptomeria japonica and
Artemisia feddei against S. mutans are 0.1 mg/ml and 0.4
mg/ml, respectively [6,7]. It has also been shown that the
MIC value of the essential oil prepared from Origanum ma-
jorana L., which can be applicable as antimicrobial agent
against S. mutans in sausage, is 2.3 mg/ml [5]. These pre-
vious and current results suggest that the essential oil of
Z. piperitum seeds might be applicable to controlling S.
mutans.

To fractionate further the antimicrobial components con-
tained in the seed essential oil, the essential oil was sepa-
rated into seven fractions (CS-SD-A ~CS-SD-G) by thin lay-
er chromatography (TLC). When the antimicrobial activity
of the individual fractions against S. mutans were meas-
ured by the disc diffusion method, the fifth fraction
CS-SD-E exhibited the strongest inhibitory activity with the
inhibition zone of 18.9 mm at a concentration of 3 mg/disc
(Table 3). All fractions including CS-SD-E fraction, how-
ever, showed less antimicrobial activity than did the seed
essential oil. Consequently, these results suggest that the
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Fig. 2. Inhibitory effect of the essential oils of Zanthoxylum piper-
itum seeds on the growth of Streptococcus mutans.
Inhibitory effect of the seed essential oil against S. mutans
was evaluated with various concentrations ranging from
0 to 04 mg/ml for 24 hr.



Table 3. Antimicrobial activity of TLC fractions isolated from
Zanthoxylum piperitum against S. mutans

Journal of Life Science 2008, Vol, 18. No. 2 171

Table 4. The chemical composition of CS-methylene chloride
extract from Zanthoxylum piperitum seed

Zone of inhibition (mm)

Extract
3 (mg/disc)

CS-SD*-A 105
CSSD-B 13.8
CS-SD-C -

CS-SD-D 12.6
CS-SD-E 189
CSSD-F 15.0
CS-SD-G 9.0
CS-SD 244

*Seed oil of Zanthoxylum piperitum by steam distillation.

inhibitory effect of the seed essential oil on S. mutans
might be attributable to a mixture of active ingredients but
not to a single component.

Comparison of the chemical composition of the
methylene chloride extract of seeds with that of the
essential oil of seeds by GC-MS analysis

To identify the active ingredient (s) in seeds of Z. piper-
itum, the methylene chloride extract (CS-methylene chloride)
and essential oil of seeds, both of which appeared to possess
antimicrobial activity, were dissolved in DMSO and ana-
lyzed by the GC-MS. As shown in Table 4, a total of twenty
compounds were identified in the CS-methylene chloride,
representing 98.59% of the total composition. The main com-
ponents were neryl acetate (28.79%), geranyl acetate (22.5%),
and citronella (22.09%). Geranyl acetate was previously de-
tected as one of the main components of the essential oil
from Cymbopogon martini and was shown to inhibit
Escherichia coli with the MIC value of 0.5 mg/ml [10]. Among
the minor components, carvacrol (0.24%), B-caryophyllene
(1.72%), and a-humulene (0.88%) were reported to possess
the inhibitory activity against S. mutans with the MIC values
of 25 mg/ml [3], 1.6 mg/ml [7], and 0.8 mg/ml [23],
respectively. On the other hand, GC-MS analysis revealed
that the seed essential oil contained a total of forty-four com-
ponents (Table. 5). As the major components, y-terpinene
(21.41%), citronellal (13.67%), lavandulyl acetate (12.44%), 1-
B-pinene (840%) and citronellyl acetate (5.60%) were
detected. In addition, various minor components wetre also
detected including sabinene (1.57%), linalool (1.55%), cit-
ronellal (13.67%), terpinene-4-ol (0.45%), citronellol (3.69%),
geraniol (0.9%), linalyl acetate (1.35%), B-caryophyllene
(1.35%), a-humulene (0.78%), and §-cadinene (0.67%) which

Peak Compound b Peak )
no.’ area (%)
1 geranyl formate 6.93 290
2 meryl acetate 748 2879
3 linalyl formate 8.83 0.46
4 citronella 903 2209
5 p-menth-2-en-1-0l 9.44 0.14
6 Isopulegol 3 9.74 042
7  cryptone 9.94 224
8 cyclopentane, (2-methylpropylidene)- 10.13 013
9  p-citronellol 10.69 2,04
10 linalyl acetate 111 1.06
11 carvacrol 11.48 0.24
12 citronellyl 2-methylpropanoate 11.79 7.53
13  trans-sabinene hydrate acetate 12.21 047
14 geranyl acetate 1281 2250
15 y-cadinene 12.99 0.89
16 f-caryphyllene 13.54 1.72
17 a-humulene 13.96 0.88
18 f-caryphyllene oxide 15.40 0.26
19 1-heptadecene 16.54 3.76
20 citronellyl propionate 27.21 0.31

*Numbering refers to the elution order on a HP-5MS column.
"Retention index on a HP-5MS column.

‘Peak area (%) was related to total detected compounds by
GC-MS.

were previously reported for their antimicrobial activity
against S. mutans with the MIC values of 0.8 mg/ml [6],
16 mg/ml [23,24], 08 mg/ml [23], 1.6 mg/ml [6,7], 0.4
mg/ml [23], 0.4 mg/ml [23,24], 0.4 mg/ml [23], 1.6 mg/ml
[7.23], 0.8 mg/ml [7,23], and 0.8 mg/ml [7,23], respectively.
These results demonstrate that although Z. piperitum seeds
contain various antimicrobial components, which could be
isolated either by methylene chloride extraction or water dis-
tillation, the effective method to gain the antimicrobial in-
gredients from the seed is to prepare essential oils by water
distillation.

In summary, we have investigated for the first time the
antimicrobial activity of the essential oils prepared from
seeds of Z. piperitum against an oral pathogen S. mutans.
These results showed that the seed essential oil of Z. piper-
itum has a potential, as a natural product, for controlling
dental caries.
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from Zanthoxylum piperitum seed

Peak b Peak area
no Compound RI %)
1  sabinene 4.95 1.57
2 2-fp-pinene 5.57 0.34
3 1-p-pinene 5.76 8.40
4  y-phellandrene 5.98 0.90
5  y-terpinene 6.42 2141
6  trans-f-ocimene 6.61 3.14
7 terpinolene 7.37 213
8§  linalool 742 1.55
9  cis-p-2-methanol-1-ol 7.84 0.90
10  citronellal 8.36 13.67
11  isopulegol 851 1.01
12 12-cyclohexene-1-one 8.74 3.03
13 terpinene-4-ol 8.81 0.45
14 pHfenchyl alcohol 8.98 1.52
15  cis-piperitol 9.11 0.45
16  trans-carvenol 9.40 0.22
17 citronellol 9.62 3.69
18  cuminic aldehyde 9.66 0.67
19  piperitone 9.92 1.01
20 geraniol 10.02 0.90
21  linalyl acetate 1011 1.35
22 phellandral 10.33 224
23 benzene methanol 10.52 0.45
24 11,3-isobenzofurandione 11.28 0.89
25 citronellyl acetate 1171 5.60
26 neryl acetate 11.82 0.67
27 methyl cinnamate 11.98 0.56
28 lavandulyl acetate 12.23 1244
29  a-copaene 12.43 0.22
30  cyclotetradecane 12,60 0.01
31  3-ethoxyl-4-methyl exyphenol  12.76 0.22
32 p-caryophyllene 1312 1.35
33 a-humulene 13.62 0.78
34  y-cardinene 13.72 0.01
35  B-cubebene 14.00 0.45
36  caryophyllene oxide 1541 0.01
37  hexadecane 15.78 0.01
38  Jd-cadiene 16.20 0.67
39 T-muurolol 16.37 0.69
40  8-heptadecene 16.86 1.03
41  farnesyl acetate 18.73 0.01
42  naphthalene 20.08 0.01
43 14-(3,7,-dimethyl-6-0-octenyl) 20.97 1.58
4 (+,-)-(2)-dihydrofarnesal 2112 0.44

‘Numbering refers to the elution order on a HP-5MS column.
*Retention index on a HP-5MS column.
‘Peak area (%) was related to total detected compounds by

GC-MS.
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=28 : Zanthoxylum piperitum SX|9| X|0OFRAIR Streptococcus mutansOf Cist SEA
difd - Mzl -2t &' 2oy - 2gE

(AEvsE Adds s 4EAsy AAPERATY, WFABYA G e ot

Aoh¢ g o g G A Y& Streptococcus mutansol) vl 3k 2 3)(Zanthoxylum piperitum)e] F483& 2317
A, e, £7), 9, #9, 2281 F2 HEL methanol, ethyl acetate, hexane, methylene chioride% 2] #-7]-8-vj
2328 F 0328 YTEHE 13 mg/disc FEH NN SH3IGTE 1 2, SR A4 40
WEH 0.7 53] methylene chloride +&E4A Ml & Fa @Al AU 23FA 9 FFBA0l
TAY ARAES 2 BAE AFHEAE A 98 29%4 2 2992 A{AES 553
3 o594 S muta, ;o N FFEAHE SHHA olw) T HARAE EFE £ methylene chloride & &
20 9 43 g aAHE BA o] ARAEES S mutanso] B HAANFEMIC)E QAN E SHS
A3, 29T AR/AEY MICE 03 mg/ml 2, B3 293y JFAEe MICE 4 mg/mlz2 Yehygt S.
mutans] & FF 0] 713 A dehd F219] FRAES dEaznEad Yoz 74 £Eo=
ol I FFaAE ME Hla 2ARE A9, gANA 28(CSSD-E)Y i 84o] thE L5 FHEA
Ha) o Hezg sgtov, 8 Ao A{AR HisiMe BT Fr8Aol Rkt 29EA ] FFEHHES
27 8, 29 % 29| methylene chloride & &% 292 A /LS GCMSZ vl FA33th 9%
A}9] methylene chloride FZ &AM S. mutansoll )3 Fa&Ao] oju] ¥ EAZA carvacrol (0.24%),
p-caryphyllene (1.72%), a-humulene (0.88%)% ©] A& = 31, Z3FA AFAE A= sabinene (1.57%), linaloo}
(1.55%), citronellal (13.67%), terpinene-4-ol (0.45%), citronellol (3.69%), geraniol (0.9%), linalyl acetate (1.35%),
B-caryophyllene (1.35%), a-humulene (0.78%) 2 S-cadinene (0.67%) 50} S. mutansoll )3} A TAo] W H
i gle 2224 FAHY o4 d7ATE 2924 S mutansol B3] FHEFAE HAH, £57] FFHE
T3 FR3e TA FRAE 47} ol @ FAERE FEIE AFA PHUY S AAE o} g B AF
Ate 29FA FHo Lol S mutanso] o3 RS Xol¢-2e dwe] FEE § A& A



