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KEYWORDS Abstract The hydro distilled essential leaves and stems oils of Merremia borneensis were analysed
Merremia borneensis, by GC-MS. Sixty-nine compounds representing 96.81% and 89.89% of the leaves and stems oils,
Essential oil; respectively, were identified, of which chloromethyl propanoate (3.29% and 3.54%), methylcyclo-
Organic extracts; propanemethanol (1.29% and 1.03%), oxirane (1.41% and 1.05%), 1-penten-3-ol (1.33% and
Camphene; 1.12%), 1-(2-propenyloxy)-heptane (3.44% and 2.98%), camphene (4.11% and 3.65%), l-octen-
Neopentane; 3-ol (1.56% and 1.08%), a-pinene (2.98% and 2.12%), B-pinene (2.19% and 1.93%), 2-methyl-2-
2-Methyl-2-nitropropane; nitropropane (11.91% and 10.51%), bis(1,1-dimethylethyl)-diazene (1.25% and 1.71%), p-cymene

o-Humulene;
MIC;
Antibacterial activity

(2.23% and 2.11%), limonene (1.28% and 1.11%), neopentane (12.02% and 11.95%), cyclopropyl
methyl carbinol (2.19% and 1.99%), cis-2-octenal (1.29% and 1.13%), 4-undecanone (4.11% and
3.99%), menthone (1.99% and 1.73%), isomenthone (1.01% and 0.93%), methylchavicol (1.57%
and 2.22%), dodecane (1.01% and 0.72%), eugenol (3.12% and 3.09%), B-elemene (1.99% and
1.89%), methyleugenol (1.42% and 1.13%), B-carryophyllene (1.12% and 1.05%), o-humulene
(6.54% and 6.32%), tridecane (1.16% and 1.08%) were the major compounds. Thus, different types
of monoterpenes and sesquiterpenes were the predominant portions of the oils. Essential oils and
methanol extract of M. borneensis and the derived fractions of hexane, chloroform, and ethyl
acetate were tested for antibacterial activity, which was determined by disc diffusion and minimum
inhibitory concentration (MIC) determination methods. The oils, methanol extract and derived
fractions of methanol extract did not display any potential of antibacterial activity against the tested
10 phytopathogenic bacterial such as Enterobacter cloacae, Staphylococcus aureus, Escherichia coli,
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Bacillus cereus, Salmonella typhimurium, Salmonella biafra, Klebsiella pneumoniae, Vibrio cholerae
and Vibrio parahaemolyticus, in the range of 0% and minimum inhibitory concentration ranging

from 25 to 100 pg/ml.

© 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Plants have great potential sources for producing new drugs of
benefit to mankind. There are many approaches in the search
for new biologically active principles in higher plants (Abra-
mowize, 1990). Many efforts have been scientifically expended
to discover new antimicrobial compounds from various kinds
of sources such as soil, microorganisms, animals and plants.
One such resource is folk medicine and systematic screening
of these traditional herbs may result in the discovery of novel
effective compounds (Ahmad et al., 1998; Aswal et al., 1996;
Bauer et al., 1966).

Antibacterial properties of different parts of plant like
roots, stems, leaves, flowers, fruit and seeds have been well
documented for some of the medicinal plants for the past
two decades (Aswal et al., 1996; Mitscher et al., 1987; Mourey
and Canillac, 2002; Olah et al., 2003). Most of the medicinal
and aromatic plants and essences are rich sources in antibacte-
rial compounds which can be an alternative to combat bacte-
rial diseases (Bauer et al., 1966; Benson, 1990; Fong, 1973;
Fransworth and Loub, 1983; Janovska et al., 2003; Laven
et al., 1979; Nelson, 2007). In recent years antimicrobial prop-
erties of Bangladeshi medicinal plants have been increasingly
reported (Nelson, 2007; Samy et al., 1998; Schumutterer,
1990).

Chemical bactericides are known to be highly effective to
control the postharvest diseases in various vegetables and
fruits. Due to the health concerns associated with exposure
risks such as health and environmental hazards, residue persis-
tence, and development of tolerance they are not able to con-
sider as long-term solutions (Lingk, 1991; Radja Commare
et al., 2002). For the search of synthetic chemical bacteriocidal
alternatives, the increasing recognition and importance of bac-
terial infections and the difficulties encountered in their treat-
ment have stimulated. Recently, researchers have been very
much interested in biologically active compounds isolated
from plant species for the elimination of pathogenic microor-
ganisms because of the resistance that they have developed
to antibiotics (Hunter and Reeves, 2002). Essential oils are
made up of many different types of volatile compounds and
have been shown to possess antimicrobial and antibacterial
properties (Karmen et al., 2003; Ahmet et al., 2005). Essential
oils and organic plant extracts are gaining increasing interest
because of their relatively safe status, their wide acceptance
by consumers, and their exploitation for potential multi-pur-
pose functional uses (Sawamura, 2000; Ormancey et al.,
2001). So, essential oils and organic plant extracts are one of
the most promising groups of natural compounds for the
development of safer antibacterial agents.

Merremia borneensis is applied as a medicinal plant because
of the diuretic, antifungal and bacteriostatic properties of its
leaves (Prieto et al., 1999). Most of the scientific and academic
papers dealing with this subject refer these effects to the con-
tent of potassium, inositol and lipophilic flavones in M. borne-

ensis leaves (Schut and Zwaving, 1993; Schneider and Tan,
1973). In addition to the above-mentioned components, sapo-
nins, sterols, polyphenols, rosmarinic acid and ursolic acid and
essential oil have been also detected (Stecher, 1976; Tezuka
et al., 2000; Hossain et al., 2006; Guillen and Manzanos,
1998; Haznedaroglu et al., 2001; Jovanovic et al., 2005). The
leaves are suitable to be used as wrapper to the famous fer-
mented rice or fermented tapioca known in Malaysia as “Tap-
ai’. The medicinal plant creeps well and is very productive in
shady areas as well as open areas and are known to blanket
a wholesome tree or on any objects that it chooses to make
its habitat. The stem contains latex that is highly sticky and
the flowers are white in color. The Bilaran leaves, according
to natives in Sarawak, Malaysia, are used to relieve breast can-
cer (Prieto et al., 1999). In some cases, the essential oil is the
reason for diuretic effects of plant drugs, which has not yet
been described in detail. Based on preliminary analyses, how-
ever, there is no report available in the literature on the de-
tailed analyses of essential oil of M. borneensis and its
antibacterial property.

Therefore, the aim of this present study is (a) to examine the
chemical composition of the essential oils isolated from the
leaves and stems of M. borneensis by GC-MS; and (b) to eval-
uate the anti-bacterial activity of essential oils and methanolic
extract of M. borneensis and its derived fractions of hexane,
chloroform and ethyl acetate against certain important phyto-
pathogens causing severe diseases in the plants.

2. Materials and methods

2.1. Plant material

The leaves and stems of M. borneensis were collected from the
campus area at University Malaysia Sabah in Malaysia, in
November 2010 and initially identified by morphological fea-
tures and data base present in the library, School of Biology,
University Malaysia Sabah.

2.2. Sample collection

The fresh green leaves and stems of M. borneensis were col-
lected from the campus of Universiti Malaysia Sabah, Malay-
sia. The leaves of this plant were harvested during the month
of September 2010. The leaves and stems sample were col-
lected at 2:00 pm—3:00 pm on September 2, 2010 and packed
in polyethylene bags and stored at 4 °C until required. The
plant samples were initially identified by morphological fea-
tures and data base present in the library, School of Biology,
University Malaysia Sabah, Malaysia. About 50 g of leaves
were ground using a grinder (Blender 80115) for 20s. The
unfermented M. borneensis leaves and stems were kept in the
oven at 40 °C and put in a desiccator for at least 24 h prior
to analysis.
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2.3. Isolation of the essential oil

The air-dried plant material (100 g) was subjected to hydro dis-
tillation for 3 h using a Clevenger type apparatus. The essential
oil from leaves and stems samples were dried over anhydrous
sodium sulphate and preserved in a sealed vial at 4 °C until
further analysis.

2.4. Preparation of crude extracts

The small pieces of leaves were homogenised in a grinder for
3 min to 30-40 mesh size. The air-dried leaves were pulverized
into powdered form. The dried leaves powder (50 g) was ex-
tracted three times with 70% ethanol (3 X200 ml) at room
temperature and combined. The combined crude extracts were
evaporated by a vacuum rotary evaporator (Buchi Labortech
AG, model 1, R-215). The ethanol extract was (7.3 g) diluted
by water and extracted successively with hexane, chloroform,
ethyl acetate and butanol to give hexane (1.97 g), chloroform
(0.93 g), ethyl acetate (0.78 g) and butanol (0.391 g) and resid-
ual ethanol fractions (0.58 g), respectively. The extract was fil-
tered using Whatmann No. 41 filter paper to obtain particle
free extract. The residue was reextracted twice by solvent
and filtered. The extracts were pooled and then concentrated
and dried under vacuum pressure. The same extraction proce-
dure was followed for the other solvents such as hexane, ethyl
acetate, chloroform and butanol for antioxidant fractions
(Jovanovic et al., 2005; Kim and Shin, 2004; Mourey and
Canillac, 2002) and the extracts were used to explore their total
flavonoids and other biochemical screening. Solvents (analyti-
cal grade) for extraction were obtained from E-Merck.

2.5. GC-MS analysis

The GC-MS analysis of the essential oil from leaves and stems
were performed using a Perkin Elmer GC-MS (Model Perkin
Elmer Clarus 500, USA) equipped with a VF-5 MS fused silica
capillary column (30 m x 0.25 i.d., film thickness 0.25 pm). For
gas chromatography—mass spectroscopic detection, an electron
ionization system with ionization energy of 70 eV was used. In-
ert helium gas was used as a carrier gas at a constant flow rate
of 1 ml/min. Mass transfer line and Injector temperature were
set at 220 and 290 °C, respectively. The oven temperature was
programmed from 50 to 150 °C at 3 °C/min, then held isother-
mal for 10 min and finally raised to 250 °C at 10 °C/min. Di-
luted samples (1/100, v/v, in methanol) of 1 ul was manually
injected in the splitless mode. The relative percentage of the
essential oil constituents was expressed as percentage by peak
area normalization.

Identification of chemical compounds of the essential oil
was based on GC retention time on VF-5 capillary column,
computer matching of mass spectra with those of standards
(Mainlab, Replib and Tutorial data of GC-MS systems)
and, whenever possible, by co-injection with authentic com-
pounds (Adam, 2001).

2.6. Microorganisms

The bacterial strain cultures were obtained from the Biotech-
nology Research Institute (IPB), Universiti Malaysia Sabah,

Malaysia. Cultures of each bacterial species were maintained
on nutrient agar plate. The 10 bacterial species used in the
experiment were Enterobacter cloacae, Staphylococcus aureus,
Escherichia coli, Bacillus cereus, Salmonella typhimurium, Sal-
monella biafra, Klebsiella pneumoniae, Vibrio cholerae and Vib-
rio parahaemolyticus.

2.7. Preparation of solvent extractions

The dry leaves powder of plant materials (25 g) were filled
separately in the thimble and successively extracted with
150 ml each of methanol, ethanol, ethyl acetate and chloroform
using a Soxhlet extractor for 72 h. All the extracts were concen-
trated using rotary evaporator. After complete solvent evapora-
tion, each of these solvent extracts was weighed and preserved at
4 °C in airtight bottles until further use. 0.5 g of each dry crude
extract was dissolved in 5 ml of respective solvents, which were
used as the test extracts for antimicrobial activity assay.

2.7.1. Determination of antibacterial activity of essential oils and
crude extracts

Antibacterial activity of aqueous extract and solvent extracts;
methanol, ethanol, ethyl acetate and chloroform was deter-
mined by disc diffusion method on nutrient agar medium
(Anonymous, 1996). Whatmann filter discs (7.5 mm diameter)
were made in nutrient agar plate using sterile cork borer
(5 mm) and inoculums containing 53 CFU/ml of bacteria were
spread on the solid plates with a sterile swab moistened with the
bacterial suspension. Then 100 pl each of all aqueous and sol-
vent extracts was placed in the discs made in inoculated plates.
The treatments also included 100 pl of solvents served as con-
trol and chloromphenicol as a standard control. Plates were
incubated for 24 h at 37 °C and zone of inhibition if any around
the wells was measured in mm (millimeter). All treatment con-
sists of three replicates and repeated at twice. The determination
of minimum inhibitory concentration (MIC) as the lowest
concentration of M. borneensis plant extracts inhibiting the
growth of the organism, was determined based on the readings.

2.7.2. Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) of essential oils
and crude methanol extract and its derived fractions were
determined by a twofold dilution method against E. cloacae,
S. aureus, E. coli, B. cereus, S. typhimurium, S. biafra, K. pneu-
moniae, V. cholerae and V. parahaemolyticus (Murray et al.,
1995; Oumuzil et al., 2002; Pattnaik et al., 1997). The essential
oil and crude samples were dissolved in methanol according
to their respective known weights. The mother solutions were
serially diluted with methanol and were added to disc diffusion
method on nutrient agar medium to final concentrations of 25,
50 and 100 pl, respectively. The minimum inhibition concen-
tration (MIC) at which no visible growth was observed was de-
fined as the MIC, which was expressed in mm.

3. Results

3.1. Chemical composition of essential oil

The essential oils analysis by using GC-MS had led to the
identification of 69 different organic compounds, representing
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Table 1

stem oils of Merremia borneensis.

Percentage composition of the volatile leaves and

RI* Compounds Leaves (%) Stems (%)
780 Hexanal 0.87 0.78
826 trans-2-Hexanal 0.91 0.72
843 cis-3-Hexen-l-ol 0.43 0.68
856 Hexan-1-ol 0.15 0.05
861 Chloromethyl propanoate 3.29 3.54
878 Methylcyclopropanemethanol 1.29 1.03
884 Hexan-1-ol 0.09 0.02
885 Pentanal 0.23 0.19
887 Oxirane 1.41 1.05
888 Heptenal 0.91 0.43
889 1-Penten-3-ol 1.33 1.12
893 1-(2-propenyloxy)-heptane 3.44 2.98
894 2-Pentanone 0.75 0.33
895 Camphene 4.11 3.65
896 1-Octen-3-ol 1.56 1.08
897 a-Pinene 2.98 2.12
899 B-Pinene 2.19 1.93
901 2-Methyl-2-nitropropane 11.91 10.51
917 Diazene, bis(1,1-dimethylethyl)-  1.25 1.71
926 Ethanedioic acid, 0.54 0.31
bis(1-methylpropyl) ester
938  p-Cymene 2.23 2.11
955 1,8-Cineol 0.49 0.36
978 Limonene 1.28 1.11
987 Neopentane 12.02 11.95
991 3-Pentanone 0.12 0.09
1001  Cyclopropyl methyl carbinol 2.19 1.99
1003  Borinic acid, diethyl- 0.41 0.29
1005 Pentane, 2,2,4,4-tetramethyl- 0.09 0.05
1028  cis-2-Octenal 1.29 1.13
1029  Diborane 0.21 0.19
1034  4-Undecanone 4.11 3.99
1044  Carbonic acid, allyl butyl ester 0.71 0.23
1054 Linalool 0.44 0.41
1078  Perillen 0.12 0.15
1098  Camphor 0.97 0.67
1100  o-Terpineol 0.51 0.59
1103 Menthone 1.99 1.73
1148  Isomenthone 1.01 0.94
1178  Methylchavicol 1.57 2.22
1184  Borneol 0.21 0.17
1189 Decanal 0.78 0.67
1190 Dodecane 1.01 0.72
1205 Carvone 0.77 0.54
1235  trans-Anethol 0.11 0.09
1278  Safranal 0.18 0.13
1279  Tridecan 0.55 0.29
1298  y-Elemene 0.31 0.29
13.27 oa-Cubebene 0.91 0.79
13.44 Damascenone 0.72 0.42
13.69 o-Copaene 0.61 0.38
13.82  Eugenol 3.12 3.09
13.93 B-Elemene 1.99 1.89
14.70 Methyleugenol 1.42 1.13
15.08 cis-Caryophyllene 0.15 0.18
15.49 B-Carryophyllene 1.12 1.05
15.78 o-Humulene 6.54 6.32
15.92 B-lIonone 0.23 0.21
16.01 Germacrene D 0.09 0.04
16.32 a-Muuiolene 0.41 0.33
16.72 o-Cadinene 0.21 0.19
16.99 Germacrene B 0.11 0.23
17.39 Dehydroionone 0.39 0.31

Table 1 (continued)

RI* Compounds Leaves (%) Stems (%)
17.44 2-Nonanone 0.79 0.54
17.89 Tridecane 1.16 1.08
17.91 Octadecane 0.88 0.89
18.11 Decane 0.53 0.56
18.25 Undecane, 2,2-dimethyl- 0.48 0.28
18.72 Decane, 2,2-dimethyl- 0.14 0.13
18.88 n-Butyl ether 0.25 0.28
Total 96.81 89.89

# Retention index relative to n-alkanes on VF-5 capillary column.

96.81% and 89.89% of the total oils from leaves and stems
samples, respectively. The identified chemical compounds are
listed in Table 1 according to their elution order on a VF-5
capillary column. The essential oil contains a complex mixture
consisting of mainly oxygenated mono and sesquiterpene
hydrocarbons. The major organic compounds detected in the
leaves and stems oils, respectively, were chloromethyl propan-
oate (3.29% and 3.54%), methylcyclopropanemethanol
(1.29% and 1.03%), oxirane (1.41% and 1.05%), 1-penten-3-
ol (1.33% and 1.12%), 1-(2-propenyloxy)-heptane (3.44%
and 2.98%), camphene (4.11% and 3.65%), l-octen-3-ol
(1.56% and 1.08%), a-pinene (2.98% and 2.12%), B-pinene
(2.19% and 1.93%), 2-methyl-2-nitropropane (11.91% and
10.51%), bis(1,1-dimethylethyl)-diazene (1.25% and 1.71%),
p-cymene (2.23% and 2.11%), limonene (1.28% and 1.11%),
neopentane (12.02% and 11.95%), cyclopropyl methyl carbi-
nol (2.19% and 1.99%), cis-2-octenal (1.29% and 1.13%), 4-
undecanone (4.11% and 3.99%), menthone (1.99% and
1.73%), isomenthone (1.01% and 0.93%), methylchavicol
(1.57% and 2.22%), dodecane (1.01% and 0.72%), eugenol
(3.12% and 3.09%), B-elemene (1.99% and 1.89%), methyleu-
genol (1.42% and 1.13%), B-carryophyllene (1.12% and
1.05%), a-humulene (6.54% and 6.32%), tridecane (1.16%
and 1.08%) (Table 1). Mono- and sesquiterpene hydrocarbons
were the characteristic constituents of the oils of M. borneensis.
1,8-Cineol, borneol, camphor, eugenol, carbinol and c-terpin-
eol were also found to be the minor components of M. borne-
ensis leaves and stems oils in the present study.

3.2. Antibacterial activity of essential oils and crude extracts

The leaves and stems oils of M. borneensis did not show any
antibacterial activity against all the tested bacterial strains at
the three concentrations of 25, 50 and 100 pg/ml, as shown
in Table 2. Also, the crude methanol extract from the leaves
samples and its derived hexane, chloroform and ethyl acetate
fractions did not show disc diffusion method on nutrient agar
medium against all phytopathogens. According to the experi-
mental result given in Table 3, methanol extract and other or-
ganic extracts of M. borneensis also did not show any anti
bacterial effect may be due to low concentration of essential
oils and all organic extracts. So our next study will focus on
different concentrations of essential oils and all organic ex-
tracts and check the activity of all bacterial strains.
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Table 2 Antibacterial activity of essential oil of leaves and stems 5 pl (25, 50 and 100 pg/ml) of Merremia borneensis.

Bacterial strains Leaves essential oil

Stems essential oil

Growth inhibition®
25wl 50 pl

100 pl

MIC (pg/ml)

Growth Inhibition®
25 ul 50 wl

MIC (pg/ml)

100 pl

Enterobacter cloacae - - -
Staphylococcus aureus - - -
Escherichia coli - - -
Bacillus cereus - - -
Salmonella typhimurium - - -
Salmonella biafra - - -
Klebsiella pneumoniae - - -
Vibrio cholerae - - -
Vibrio parahaemolyticus - - -

—: No detection of antibacterial activity.
4 Values are represented as the mean + S.D. of three experiments.

Table 3 Antibacterial activity of methanol extract and its
derived fractions 10 pl (25, 50 and 100 pg/ml) of Merremia
borneensis.

Growth inhibition®
CME HAF EAF CHF

Bacterial strains

Enterobacter cloacae - = _ _
Staphylococcus aureus - = — _
Escherichia coli - - _ _
Bacillus cereus - = _ _
Salmonella typhimurium - - - -
Salmonella biafra - = _ _
Klebsiella pneumoniae - = - —
Vibrio cholerae - = _ _
Vibrio parahaemolyticus — = — -

CME: crude methanol extract; HAF: hexane fraction; EAF: ethyl
acetate fraction; CHF: chloroform fraction; — no detection of
antibacterial activity.

% Values are represented as
experiments.

the mean £ S.D. of three

3.3. Minimum inhibitory concentration (MIC)

According to the results given in Table 2, MIC of essential oils
and all organic extracts fraction did not show desirable results
against all the bacterial tested.

4. Discussion

Since pre-historic times, man has gone in different ways to
search for cures and relief from various diseases by using
numerous plants, plant products and plant-derived products.
Recently, there is a scientific interest and a certain popularity
with regard to screening essential oils and extracts from plants
used medicinally all over the world. Historically, many plants’
essential oils and crude extracts have been used as topical anti-
septics, or have been reported to have antimicrobial properties
(Hoffman, 1987; Lawless, 1995; Jovanovic et al., 2005; Kim
and Shin, 2004; Magwa et al., 2006; Marino et al., 2001;
Mitscher et al., 1987; Mourey and Canillac, 2002). It is very

important now-a-days to investigate scientifically those plants,
which have been used in traditional medicines as potential
sources of novel antimicrobial compounds (Mitscher et al.,
1987). Also, the resurgence of interest in natural control of
phytopathogens and increasing consumer demand for effec-
tive, safe, and natural products means that quantitative data
on plant oils and extracts are required. Various publications
have documented the anti-fungal and antibacterial activity of
essential oils and plant extracts including rosemary, pepper-
mint, bay, basil, tea tree, celery seed and fennel (Morris
et al., 1979; Yousef and Tawil, 1980).

The hydro distillation of the leaves and stems of M. borne-
ensis gave dark yellowish oils with the major components of
the oil having oxygenated mono and sesquiterpenes, and their
respective hydrocarbons. Recently several researchers have re-
ported that mono and sesquiterpene hydrocarbons and their
oxygenated derivatives are the major components of essential
oils of plant origin, which have enormous potential to strongly
inhibit microbial pathogens (Gudzic et al., 2002; Cakir et al.,
2004; Sacchetti et al., 2004; Sara, 2004; Shunying et al.,
2005; Sur et al., 1991). In general, the active antimicrobial
compounds of essential oils are terpenes, flavonoids which
are phenolic in nature, and it would seem reasonable that their
antimicrobial or antibacterial mode of action might be related
to that of other compounds.

The essential oils of M. borneensis did not show any anti-
bacterial effect against all the bacterial tested. Some earlier pa-
pers on the analysis and antibacterial properties of the essen-
tial oils of some species of various genera have shown that
they have a varying degree of growth inhibition effects against
some S. aureus, S. typhimurium and Fusarium species due to
their different chemical compositions (Alvarez-Castellanos
et al., 2001; Singh et al., 2002; Bouchra et al., 2003; Awale
et al., 2003; Azaz et al., 2002; Filipowicz et al., 2003). Bouchra
et al. recently reported that the essential oils of several Moroc-
can Labiatae, which consist mainly carvacrol, linalyl acetate
and tymol as major components, exhibited a complete disc dif-
fusion method on nutrient agar medium on the growth of B.
cinerea (Bouchra et al., 2003). In spite of this, most of these oils
are commercially available for purchase as whole oils or as a
part of pharmaceutical or cosmetic products, indicating that
toxic properties do not prohibit their use. However, our ongo-
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ing investigation of toxic or irritant properties is imperative,
especially when considering any new products for human
use, medicinal or otherwise.

Most of the plant extracts with their derived crude fractions
and phytochemicals act in many ways on various types of dis-
ease complex, and may be applied to the crops in the same way
as other agricultural chemicals. M. borneensis can also be used
as a leading factor in a wide range of activities against many
phytopathogens, where the pathogens have developed resis-
tance against the specific bactericides (Elad, 1991). In this
study, the essential oils and the different extracts did not show
any antibacterial activity against various plant pathogenic bac-
teria, which could be attributed due to low concentration of
essential oil and crude extracts. Therefore, it would also be
very interesting to study the effects of essential oils and crude
extracts of M. borneensis against important bacteria for devel-
oping new anti-bacterial agents to control serious fungal dis-
eases in plants as well as crude extracts, animals and human
beings. In this regard, we have started a program aimed at
the determination of antibacterial activity of essential oils
and methanol extract of M. borneensis and its derived crude
fractions of hexane, ethyl acetate and chloroform, in the hope
that we would findout new natural products to be used in bio-
control against the phytopathogens.

Thus, M. borneensis could become an alternative to syn-
thetic bactericides for use in agro industries and also to screen
and develop such novel types of selective and natural bacteri-
cides in the treatment of many microbial phytopathogens caus-
ing severe destruction to crops, vegetables and ornamental
plants.
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