NATURAL PRODUCT COMMUNICATIONS

An International Journal for Communications and Reviews Covering all
Aspects of Natural Products Research

IODIVERSI

IOSYNTHESI

Volume 5. Issue 7. Pages 993-1160. 2010
ISSN 1934-578X (printed); ISSN 1555-9475 (online)
www.naturalproduct.us



NPC B Natural Product Communications

EDITOR-IN-CHIEF

DR. PAWAN K AGRAWAL
Natural Product Inc.

7963, Anderson Park Lane,
Westerville, Ohio 43081, USA
agrawal@naturalproduct.us

EDITORS

PROFESSOR ALESSANDRA BRACA
Dipartimento di Chimica Bioorganicae Biofarmacia,
Universita di Pisa,

via Bonanno 33, 56126 Pisa, Italy
braca@yfarm.unipi.it

PROFESSOR DEAN GUO

State Key Laboratory of Natural and Biomimetic Drugs,
School of Pharmaceutical Sciences,

Peking University,

Beijing 100083, China

2da5958@163.com

PROFESSOR J. ALBERTO MARCO
Departamento de Quimica Organica,
Universidade de Valencia,

E-46100 Burjassot, Valencia, Spain
alberto.marco@uv.es

PROFESSOR YOSHIHIRO MIMAKI
School of Pharmacy,

Tokyo University of Pharmacy and Life Sciences,
Horinouchi 1432-1, Hachioji, Tokyo 192-0392, Japan
mimakiy@ps.toyaku.ac.jp

PROFESSOR STEPHEN G. PYNE
Department of Chemistry

University of Wollongong

Wollongong, New South Wales, 2522, Australia
spyne@uow.edu.au

PROFESSOR MANFRED G. REINECKE
Department of Chemistry,

Texas Christian University,

Forts Worth, TX 76129, USA
m.reinecke@tcu.edu

PROFESSOR WILLIAM N. SETZER
Department of Chemistry

The University of Alabama in Huntsville
Huntsville, AL 35809, USA
wsetzer@chemistry.uah.edu

PROFESSOR YASUHIRO TEZUKA

Institute of Natural Medicine

Institute of Natural Medicine, University of Toyama,
2630-Sugitani, Toyama 930-0194, Japan
tezuka@inm.u-toyama.ac.jp

PROFESSOR DAVID E. THURSTON

Department of Pharmaceutical and Biological Chemistry,
The School of Pharmacy,

University of London, 29-39 Brunswick Square,

London WCIN 14X, UK
david.thurston@pharmacy.ac.uk

Full details of how to submit a manuscript for publication in Natural Product Communications are given in Information for Authors on our Web site

http://www .naturalproduct.us.

Authors may reproduce/republish portions of their published contribution without seeking permission from NPC, provided that any such republication is
accompanied by an acknowledgment (original citation)-Reproduced by permission of Natural Product Communications. Any unauthorized reproduction,
transmission or storage may result in either civil or criminal liability.

The publication of each of the articles contained herein is protected by copyright. Except as allowed under national “fair use” laws, copying is not permitted by
any means or for any purpose, such as for distribution to any third party (whether by sale, loan, gift, or otherwise); as agent (express or implied) of any third
party; for purposes of advertising or promotion; or to create collective or derivative works. Such permission requests, or other inquiries, should be addressed
to the Natural Product Inc. (NPI). A photocopy license is available from the NPI for institutional subscribers that need to make multiple copies of single
articles for internal study or research purposes.

To Subscribe: Natural Product Communications is a journal published monthly. 2010 subscription price: US$1,695 (Print, ISSN# 1934-578X); US$1,695
(Web edition, ISSN# 1555-9475); US$2,095 (Print + single site online); US$595 (Personal online). Orders should be addressed to Subscription Department,
Natural Product Communications, Natural Product Inc., 7963 Anderson Park Lane, Westerville, Ohio 43081, USA. Subscriptions are renewed on an annual
basis. Claims for nonreceipt of issues will be honored if made within three months of publication of the issue. All issues are dispatched by airmail throughout

the world, excluding the USA and Canada.

HONORARY EDITOR

PROFESSOR GERALD BLUNDEN
The School of Pharmacy & Biomedical Sciences,

University of Portsmouth,

Portsmouth, PO1 2DT U.K.

axuf64@dsl.pipex.com

ADVISORY BOARD

Prof. Berhanu M. Abegaz
Gaborone, Botswana
Prof. Vigar Uddin Ahmad
Karachi, Pakistan

Prof. @yvind M. Andersen
Bergen, Norway

Prof. Giovanni Appendino
Novara, Italy

Prof. Yoshinori Asakawa
Tokushima, Japan

Prof. Lee Banting
Portsmouth, UK.

Prof. Julie Banerji
Kolkata, India

Prof. Anna R. Bilia
Florence, Italy

Prof. Maurizio Bruno
Palermo, Italy

Prof. Josep Coll
Barcelona, Spain

Prof. Geoffrey Cordell
Chicago, IL, USA

Prof. Cristina Gracia-Viguera
Murcia, Spain

Prof. Duvvuru Gunasekar
Tirupati, India

Prof. A.A. Leslie Gunatilaka
Tucson, AZ, USA

Prof. Kurt Hostettmann
Lausanne, Switzerland

Prof. Martin A. Iglesias Arteaga
Mexico, D. F, Mexico

Prof. Jerzy Jaroszewski
Copenhagen, Denmark

Prof. Leopold Jirovetz
Vienna, Austria

Prof. Teodoro Kaufman
Rosario, Argentina

Prof. Norbert De Kimpe
Gent, Belgium

INFORMATION FOR AUTHORS

Prof. Karsten Krohn
Paderborn, Germany

Prof. Hartmut Laatsch
Gottingen, Germany

Prof. Marie Lacaille-Dubois
Dijon, France

Prof. Shoei-Sheng Lee
Taipei, Taiwan

Prof. Francisco Macias
Cadiz, Spain

Prof. Imre Mathe

Szeged, Hungary

Prof. Joseph Michael
Johannesburg, South Afiica
Prof. Ermino Murano
Trieste, Italy

Prof. M. Soledade C. Pedras
Saskatoon, Cnada

Prof. Luc Pieters

Antwerp, Belgium

Prof. Om Prakash
Manhattan, KS, USA

Prof. Peter Proksch
Diisseldorf, Germany

Prof. Phila Raharivelomanana
Tahiti, French Plynesia
Prof. Satyajit Sarker
Wolverhampton, UK

Prof. Monique Simmonds
Richmond, UK

Prof. Valentin Stonik
Vladivostok, Russia

Prof. Winston F. Tinto
Barbados, West Indies

Prof. Karen Valant-Vetschera
Vienna, Austria

Prof. Peter G. Waterman
Lismore, Australia



NPC

Composition and Antimicrobial and Anti-wood-decay

Natural Product Communications

2010
Vol. 5

No. 7
1143 - 1146

Fungal Activities of the Leaf Essential Oils of

Machilus pseudolongifolia from Taiwan

Chen-Lung Ho*", Pei-Chun Liao®, Kuang-Ping Hsu?, Eugene I-Chen Wang?, Wei-Chih Dong®

and Yu-Chang Su®

*Division of Wood Cellulose, Taiwan Forestry Research Institute. 53, Nanhai Rd., Taipei, Taiwan 100
®Department of Forestry, National Chung Hsing University, 250 Kuo Kuang Rd., Taichung, Taiwan 402
“Institute of Biotechnology, National Ilan University, 1 Shen-Lung Rd., Ilan, Taiwan 260

yesu@nchu.edu.tw

Received: March 22", 2010; Accepted: May 5™, 2010

The hydrodistillated leaf essential oil of Machilus pseudolongifolia was analyzed to determine its composition and yield.
Seventy compounds were identified, the main components being -eudesmol (26.8%), a-cadinol (20.8%), viridiflorene (8.9%),
a-caryophyllene (5.3%), globulol (4.6%) and B-caryophyllene (4.2%). Oxygenated sesquiterpenes (60.1%) and sesquiterpene
hydrocarbons (31.4%) were the predominant groups of compounds. The leaf oil exhibited excellent antimicrobial and

anti-wood-decay fungal activities.

Keywords: Machilus pseudolongifolia, Lauraceae, essential oil, antimicrobial activity, anti-wood-decay fungal activity,

B-eudesmol, a-cadinol.

Machilus pseudolongifolia Hayata, (Lauraceae) is an
endemic species of Taiwan and grows at mountainous
regions at 600 to 1800 m elevations in the northern part
of the island and at 1400 to 2300 m elevations in the
southern part of the island [1]. There are no literature
reports on the chemical composition and biological
activities of the essential oils or other extractives from
this species. Therefore, we used hydrodistillation to
collect the leaf oil, which was analyzed by GC/FID and
GC/MS. In order to prevent the widespread in-hospital
infection, we selected 10 microbial strains for testing. In
addition, the warm and humid climate of Taiwan can
easily cause decay of wood product. Therefore in order
to prevent wood decay, we also applied the essential
oils to 4 strains of commonly found white rot fungi and
brown rot fungi in Taiwan to examine their interdiction
efficacies. As a consequence, the second part of the
study examined the antimicrobial and anti-wood-decay
fungal activities of the oil. The purpose of this study
was to establish a chemical basis for the effective
multipurpose utilization of the species.

Hydrodistillation of M. pseudolongifolia leaves gave a
yellow-colored oil with a yield of 2.13 + 0.04 mL/100 g,
based on the dry weight of leaves. The identified consti-
tuents are presented in Table 1, where all compounds

are listed in order of their elution from the DB-5 column.
Seventy components were identified, representing 100%
of the oil. Among the groups, oxygenated sesquiterpenes
predominated (60.1%), followed by, sesquiterpene
hydrocarbons (31.4%), monoterpene hydrocarbons
(4.3%), non-terpenoids (1.8%), oxygenated
monoterpenes (1.2%), and diterpenes (0.1%). Among
the oxygenated sesquiterpenes, B-eudesmol (26.8%),
a-cadinol (20.8%), and globulol (4.6%) were the major
compounds. Of the sesquiterpene hydrocarbons,
viridiflorene (8.9%), a-caryophyllene (5.3%) and
B-caryophyllene (4.2%) were the main components.

The essential oil of M. pseudolongifolia was tested
against three Gram-positive and five Gram-negative
bacteria, as well as two fungi. The results, presented in
Table 2, indicated that except for Aspergillus niger, a
medium to strong growth suppression activities were
observed for the other 8 bacteria and one yeast. The
most sensitive microorganisms were Bacillus cereus,
Staphylococcus aureus, S. epidermidis and C. albicans
with inhibition zones of 31 to 52 mm and MIC values
of 125 to 250 pg/mL, respectively. The essential oil
showed better suppressive activity toward the
Gram-positive bacteria than the Gram-negative bacteria
and the fungi. These observations were similar to those
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Table 1: Chemical composition of the leaf oil M. pseudolongifolia.

Constituents KI*® Conc.(%) Identification®
a-Thujene 930 t€ KI, MS, ST
a-Pinene 939 0.8 KI, MS, ST
Camphene 954 0.2 KI, MS, ST
B-Pinene 979 0.3 KI, MS, ST
Myrcene 991 0.1 KI, MS, ST
o-Phellandnene 1003 0.2 KI, MS, ST
a-Terpinene 1017 0.1 KI, MS, ST
p-Cymene 1025 0.3 KI, MS, ST
B-Phellandrene 1030 1.1 KI, MS, ST
1.8-Cineole 1031 0.2 KI, MS, ST
cis-Ocimene 1037 0.3 KI, MS, ST
trans-Ocimene 1050 0.8 KI, MS, ST
y-Terpinene 1060 t KI, MS, ST
Terpinolene 1089 t KI, MS, ST
Linalool 1097 0.7 KI, MS, ST
n-Nonanal 1101 t KI, MS, ST
a-Terpineol 1189 0.1 KI, MS, ST
Estragole 1195 0.2 KI, MS
n-Decanal 1202 0.9 KI, MS, ST
Citronellol 1226 0.1 KI, MS, ST
4-Elemene 1338 0.1 KI, MS
Citronellyl acetate 1353 t KI, MS
iso-Ledene 1376 0.3 KI, MS
a-Copaene 1377 0.7 KI, MS
B-Elemene 1391 0.2 KI, MS
Z-Trimenal 1398 0.3 KI, MS
Methyl eugenol 1404 0.4 KI, MS
a-Gurjunene 1410 0.9 KI, MS
B-Caryophyllene 1419 42 KI, MS, ST
B-Cedrene 1421 0.2 KI, MS
E-Trimenal 1421 0.2 KI, MS
B-Gurjunene 1434 0.1 KI, MS
v-Elemene 1437 0.2 KI, MS
Aromadendrene 1441 1.8 KI, MS, ST
cis-Muurola-3.5-diene 1450 0.3 KI, MS
trans-Muurola-3.5-diene 1454 0.3 KI, MS
a-Caryophyllene 1455 53 KI, MS, ST
allo-Aromadendne 1460 0.6 KI, MS, ST
v-Gurjunene 1477 3.1 KI, MS
a-Amorphene 1485 0.2 KI, MS
B-Selinene 1490 1.1 KI, MS
5-Selinene 1493 0.7 KI, MS
Viridiflorene 1497 8.9 KI, MS, ST
(E,E)-a-Farnesene 1506 0.2 KI, MS
S-Amorphene 1512 0.2 KI, MS
v-Cadinene 1514 0.2 KI, MS
5-Cadinene 1523 1.4 KI, MS
Zonarene 1530 0.1 KI, MS
a-Cadinene 1539 0.1 KI, MS
a-Calaconene 1546 0.1 KI, MS
Elemol 1550 0.5 KI, MS
Ledol 1569 0.3 KI, MS, ST
epi-Globulol 1570 1.8 KI, MS
Caryophyllene alcohol 1572 1.5 KI, MS, ST
Spathulenol 1578 0.3 KI, MS
Globulol 1585 4.6 KI, MS, ST
Guaiol 1601 14 KI, MS
B-Eudesmol 1651 26.8 KI, MS, ST
a-Cadinol 1654 20.8 KI, MS, ST
Bulnesol 1676 1.0 KI, MS
epi-a-Bisabolol 1685 t KI, MS
a-Bisabolol 1686 t KI, MS
Eudesma-7(11)-en-4-ol 1700 0.1 KI, MS
(2Z, 6E)-Farnesol 1701 0.8 KI, MS
(2E, 6Z)-Farnesol 1746 0.2 KI, MS
Phytol 1943 0.1 KI, MS
Monoterpene hydrocarbons (%) 43

Oxygenated monoterpenes (%) 1.2

Sesquiterpene hydrocarbons (%) 314

Oxygenated sesquiterpenes (%) 60.1

Diterpenes (%) 0.1

Others (%) 1.8

Qil Yield (mL/100 g) 2.13 +0.04

* Retention index on a DB-5 column with reference to n-alkanes [2].

 MS, NIST and Wiley library spectra and the literature; RI, Retention

index; ST, authentic standard compounds. “.trace < 0.1%

Ho et al.

of the literature [3-6]. Comparing the antimicrobial
activities of the essential oils from Cinnamomum
subavenium [3], Litsea. nakaii [4], L. kostermansii [5],
and L. laevigata [6], the leaf essential oil of M.
pseudolongifolia was superior. The results verify that
M. pseudolongifolia leaf oil has excellent antimicrobial
activity. However, in order to ascertain the source
compounds of antimicrobial activity from M.
pseudolongifolia, the main components were
individually tested for their antimicrobial activities. The
results indicated that the active source compounds were
B-eudesmol and a-cadinol. These results were similar to
those of Ho et al. [4,5]. There are also studies
supporting the contention that these compounds have
high activity in suppressing microbial growth [7-9].

The essential oil of M. pseudolongifolia was tested
against 2 white rot fungi (Trametes versicolor,
Phanerochaete chrysosporium) and 2 brown rot fungi
(Phaeolus schweinitzii, Lenzites sulphureu). The anti-
wood-decay fungal indices presented in Table 3 are a
clear demonstration of the excellent anti-wood-decay
fungal property of the oil. The growth of T. versicolor,
Phane. chrysosporium, Phaeo. schweintizii and L.
sulphureu was completely inhibited at concentrations of
75,75, 75, 25 pg/mL, respectively. Comparing the anti-
wood-decay fungal activities of the essential oils from
Chamaecyparis formosensis [10] and M. philippinensis
[11], the leaf oil of M. pseudolongifolia was superior.
The results verified that M. pseudolongifolia leaf oil has
excellent anti-wood-decay fungal activities.

Furthermore, in order to ascertain the source
compounds of the M. pseudolongifolia essential oil, we
also tested the anti-wood-decay fungal activities of its
major component compounds. The results indicated
that the sources of activities were also o-cadinol and
B-eudesmol. The ICsy values of the 2 compounds
(o-cadinol and B-eudesmol) against the 4 decay fungi
were 16 and 48 ppm against T. versicolor; 18 and 38
ppm against Phane. chrysosporium; 20 and 23 ppm
against Phaeo. Shweinitzii; and 18 and 20 ppm
against L. sulphureu, respectively. At a 50 pg/mL
concentration, a-cadinol showed total growth inhibition
against all white-rot and brown-rot fungi tested; while
B-eudesmol at 50 pg/mL concentration could
completely inhibit brown-rot fungi but partially inhibit
white-rot fungi. The results agree with those of Kondo
and Imamura [7] and Mori et al. [12]. Thus, the
excellent wood-decay-fungi  inhibitive  activities
exhibited by the M. pseudolongifolia leaf oil could well
be contributed by the presence of compounds such as a-
cadinol and B-eudesmol etc.

Experimental

Plant materials: Fresh leaves of M. pseudolongifolia
were collected in July 2008 from the Dahanshan at an
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elevation of 1200 m in southern Taiwan (N 23° 56" 38",
E 120° 53" 197, Pingtung County). The samples were
compared with specimen no. ou4393 from the
Herbarium of National Chung-Hsing University and
positively identified by Prof. Yen-Hsueh Tseng of
NCHU. The voucher specimen (CLH-004) has been
deposited in the NCHU herbarium. Leaves of the
species were collected for subsequent extraction and
analysis.

Isolation of the leaf essential oil: Leaves of M.
pseudolongifolia (1Kg) were placed in a round-bottom
flask and hydrodistilled for 8 h with 3 L of distilled
water. The essential oil removed was dried with
anhydrous sodium sulfate. The oil yield and all test data
are the average of triplicate analyses.

Essential oil analysis: The method of Su et al. [13] was
adopted. @A  Hewlett-Packard HP 6890 gas
chromatograph equipped with a DB-5 fused silica
capillary column (30 m x 0.25 mm x 0.25 um film
thickness, J&W Scientific) and a FID detector was used
for the quantitative determination of oil components.
Oven temperature was programmed as follows: 50°C for
2 min, rising to 250°C at 5°C/min. Injector temperature:
270°C. Carrier gas: He with a flow rate of 1 mL/min.
Detector temperature: 250°C split ratio: 1:10. One pL
sample was injected. Identification of the oil
components was based on their retention indices and
mass spectra, obtained from GC/MS analysis on a
Hewlett-Packard HP 6890/HP5973 equipped with a
DB-5 fused silica capillary column (30 m x 0.25 mm x
0.25 pm film thickness, J&W Scientific). The GC
analysis parameters listed above and the MS were
obtained (full scan mode: scan time: 0.3 s, mass range
was m/z 30-500) in the EI mode at 70 eV. All data were
the average of triplicate analyses.

Component identification: ldentification of the leaf
essential oil constituents was based on comparisons
of retention index (RI) [14], retention times (RT), and
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mass spectra with those obtained from authentic
standards and/or the NIST and Wiley libraries spectra,
and literature [2,15].

Antimicrobial activity: The in vitro antibacterial and
antifungal activities of the oil were evaluated by the
disc diffusion method using Mueller-Hinton agar for
bacteria and Sabouraud dextrose agar for fungi [16].
Discs containing 15 pL and 30 pL of the oil, which was
dissolved in dimethylsulphoxide (DMSO), were placed
on the inoculated plates with test microorganisms.
Growth inhibition zones (including disc diameter of 6
mm) were measured after 24 h and 48 h of incubation at
37°C and 24°C for bacteria and fungi, respectively.
Gentamicine and tetracycline for bacteria, and nystatine
for fungi were used as positive controls [4,5].

Microbial strains were obtained from the Culture
Collection and Research Center of the Food Industry
Research and Development Institute, Hsinchu City,
Taiwan. The microbial strains included 5 Gram-
negative bacteria: Escherichia coli (IFO 3301),
Enterobacter aerogenes (ATCC 13048), Klebsiella
pneumoniae (ATCC 4352), Pseudomonas aeruginosa
(IFO 3080), and Vibrio parahaemolyticus (ATCC
17803); 3 Gram-positive bacteria: B. cereus (ATCC
11778), S. aureus (ATCC 6538P), and S. epidermidis
(ATCC 12228); 1 fungus: A. niger (ATCC 16404) and 1
yeast: C. albicans (ATCC 10231). Minimum inhibitory
concentration (MIC) values were measured by the
microdilution broth susceptibility assay recommended
by NCCLS [17]. Stock solutions of the oil were
prepared in DMSO. Dilution series were prepared from
1000 pg/mL to 50 pg/mL in sterile distilled water in
micro-test tubes, from where they were transferred to
96-well microtitre plates. Bacteria grown in double-
strength Mueller-Hinton broth and fungi grown in
double-strength  Sabouraud dextrose broth were
standardized to 10° CFU/mL. The last row, containing
only the serial dilutions of sample without
microorganisms, was used as a negative control. Sterile

Table 2: Antimicrobial activity of the essential oil of M. pseudolongifolia.

. . M. pseudolongifolia Compounds Antibiotics
Microbial species 1 2 3 4 5 6 Tetracycline  Gentamicine Nystatine
1Z* MIC®° MIC MIC MIC MIC MIC MIC 1Z 1Z 1Z
Bacillus cereus 31+0.8 250 500 >1000 750 >1000 125 125 22+0.8 - nt
Staphylococcus aureus 39+04 125 250 1000 500 1000 62.5 62.5 21+04 - nt
Staphylococcus epidermidis 52+04 125 250 1000 500 1000 625 625 34+04 - nt
Escherichia coli 20+0.8 750 1000 >1000 >1000 >1000 750 500 - 22+0.8 nt
Enterobacter aerogenes 28+0.4 375 750  >1000 >1000 >1000 250 125 10+ 0.4 - nt
Klebsiella pneumoniae 26+0.8 375 750  >1000 >1000 >1000 250 125 - 21+0.8 nt
Pseudomonas aeruginosa 18+0.4 750 >1000 >1000 >1000 >1000 750 500 - 12+0.8 nt
Vibrio parahaemolyticus 16+0.8 1000 >1000 >1000 >1000 >1000 1000 1000 - 13+0.8 nt
Aspergillus niger 10+04 >1000 >1000 >1000 >1000 >1000 >1000 1000 nt nt 17+0.8
Candida albicans 32+0.8 250 250 >1000 >1000 >1000 125 125 nt nt 19+£0.8

* Inhibition zone diameter (mm), including diameter of sterile disk 6 mm; values are given as mean = SD.” Minimum inhibitory concentration values as pg/mL.
¢ 1. B-caryophyllene (> 98.5%), 2. globulol (> 98.5%), 3. a-caryophyllene (> 98%), 4. viridiflorene (> 98%), 5. a-cadinol (100%), 6. B-eudesmol (> 98%).
Compound 1 to 4 were purchased from the Fluka Co. (Milwaukee, USA), and Compound 6 was purchased from the Wako Co. (Tokyo, Japan), where as the
Compound 5 was from an isolate of the Ho et al. [19] study on Machilus philippinenesis essential oil.

Essential oil tested at 15 pL/disc for bacteria and 30 pL/disc for fungi.(-), Inactive; (7-14), moderately active; (>14), highly active; nt, not tested.
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Table 3: Anti-wood-decay fungal indices of leaf essential oil from M.
pseudolongifolia

Anti-wood-decay fungal index (%)

Dosage Trametes Phaneochaete Phaeolus Lenzites
(ng/mL) X ] R
versicolor  chrysosporium schweintizii sulphureu
12.5 46+33 26+33 29+33 68+3.3
25 69+ 6.6 48+33 49+33 100+ 0
50 91 £6.6 86+3.3 89+6.6 100+ 0
75 100+ 0 100£0 100£0 100£0
100 100+ 0 100+ 0 100+ 0 100+ 0

distilled water and medium served as a positive control
After incubation at 37°C for24 h and 24°C for 48 h, the
MIC values were determined. All experiments were
performed in triplicate.

Anti-wood-decay fungal assays: The method of Su et
al. [11] was adopted. The fungi used were 7. versicolor
(L. ex Fr.) Quel. (BCRC 35253), Phane. chrysosporium
Burdsall (BCRC 36200), Phaeo. schweinitzii (Fries)
Paterson (BCRC 35365) and L. sulphureus (B. ex Fr.)
Bond. (BCRC 35305). Microbial strains were obtained
from the Culture Collection and Research Center of the

Ho et al.

DDAC [ e e e e

G Trametes versicolor
a-caryophyllene Q Phancochacte chrysosporium
i O Phaeolus schweinitzii

globulol
p-car -

8 Laetiporus sulphureus

0 10 20 30 40 50 60 70 80 920 100

Anti-wood-decay fungal index (%)

Figure 1: Anti-wood-decay fungal indices of the six main compounds (50
ng/mL) of the leaf essential oil of M. pseudolongifolia

Food Industry Research and Development Institute,
Hsinchu City, Taiwan. Anti-wood-decay fungal assays
were carried out in triplicate and the data were
averaged. Different concentrations of the essential oil
(12.5~100 pg/mL) were added to sterilized potato
dextrose agar (PDA). The test plates were incubated at
27°C. When the mycelium of fungi reached the edge of
the control plate, the anti-wood-decay fungal index was
calculated as follows: Anti-wood-decay fungal index
(%)= (1-Da/Db) X 100, where Da is the diameter of the
growth zone in the experimental dish (cm) and Db is the
diameter of the growth zone in the control dish (cm).
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