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Abstract

Antimicrobial activities against reference Gram-positive
(Staphylococcus aureus, Enterococcus faecalis) and Gram-
negative (Escherichia coli, Pseudomonas aeruginosa)
bacteria and Candida albicans were tested on 191 plant
extracts obtained from more than 30 families of plants found
in the state of Sabah, Malaysia. The plant extracts were
tested by a disk-diffusion technique in which antimicrobial
activity was evaluated based on the ability of the plant
extracts to diffuse through agar to affect the target organisms.
The extracts of Callicarpa erioclona Schau. (Verbenaceae),
Callicarpa farinosa Roxb. (Verbenaceae), Sphonodesma fri-
flora Wright (Verbenaceae), and Homalium panayanum F
Villar (Flacourticeae) exhibited antimicrobial properties
worthy of further investigation.

Keywords: Antimicrobial activity, Callicarpa erioclona,
Callicarpa farinosa, Homalium panavanum, Malaysian
plants, Siphonodesma friflora, Verbenaceae.

Introduction

Plants have been used to treat various chronic and infectious
diseases in traditional medicine and are known to contain a
wide range of substances (Nimri et al., 1999). There are
numerous reports on the inhibitory effects of various plant
extracts on the growth of many bacteria and fungi in culture.
For example, ethanol extracts of Cassia alata L. leaves
exhibited high antimicrobial activities against various species
of dermatophytic fungi (Ibrahim & Osman, 1995) and
methanol extracts of Ceanothus americanus L. were active
against selected oral pathogens (Li et al., 1997). The emer-
gence of new and resistant strains of microbes has under-
mined the effectiveness of existing antimicrobial agents and

hence renewed interests in the discovery of new and novel
plant-derived antimicrobial compounds.

In the discovery of new bioactive compounds from plants,
several approaches to the selection of plants for pharmaco-
logical screening are known. First, the random approach,
which involves the collection of all plants found in the study
area. Second, phytochemical targeting, which entails the col-
lection of all members of a plant family known to be rich in
bioactive compounds, and finally, the ethno-directed sam-
pling approach, based on traditional medicinal use(s) of a
plant (Cotton, 1996; Khafagi & Dewedar, 2000; Perumal
Samy & Ignacimuthu, 2000; Fyhrquist et al., 2002).

In this study, we adopted the random approach in plant
collection and subjected the samples (191 samples covering
over 30 plant families) to antimicrobial screening using
selected microorganisms such as Staphylococcus aureus,
Escherichia coli, Enterococcus faecalis, Pseudomonas
aeruginosa, and Candida albicans, as these represent the
human pathogenic microorganisms. The main aim of this
study was to qualitatively identify plants that exhibited sig-
nificant antimicrobial activity for further bioassay-guided
isolation of active constituents.

Materials and Methods
Plant materials and preparation of extracts

Plant samples were collected from the state of Sabah,
Malaysia, with the voucher specimens deposited at the Forest
Research Center, Sepilok, Sandakan, Sabah. Different parts
of the plants were dried separately at 40°C. The dried
materials (100-200g) were powdered and extracted with
methanol (5 X sufficient volume of methanol to cover the
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plant materials in glass columns) using a percolation method
until the color faded. Methanol extracts were collected at 24,
48, 72, 120 and 168 h, filtered, evaporated at 40 °C in vacuo
and the residues freeze-dried. The dried residues were then
kept in sample bottles at =20 °C until use. Stock solutions of
the crude extracts were prepared by dissolving 50 mg of the
extract in 1 ml of methanol (50 mg/ml).

Test organisms and growth conditions

The microorganisms used were Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC 25922, Enterococcus
faecalis ATCC 29212, Pseudomonas aeruginosa ATCC
27853, and Candida albicans ATCC 90028, to represent
human pathogenic microorganisms. Cultures were prepared
from stock cultures by streaking onto nutrient agar (NA) for
bacteria and Sabouraud dextrose agar (SDA) for yeast. After
an overnight incubation, a single colony was used to inocu-
late the sterile broths, Nutrient broth (NB) and Sabouraud
dextrose broth (SDB) for bacteria and yeast, respectively. The
inoculated broths were then incubated overnight. The micro-
bial cultures were diluted 10-fold in either Mueller Hinton
broth (MHB) (for bacteria) or SDB (for yeast) to give a
turbidity of 0.5 McFarland (about 10° to 10’ CFU/ml) and
further incubated for another 15 min to allow the test organ-
isms to enter into early exponential growth phase (Jaki et al.,
1999).

Qualitative antimicrobial assay

Antimicrobial activity of the plant extracts was tested using
the disk-diffusion method with modifications. Suspensions
of microorganism (200 ul) were added and spread evenly on
20ml agar preset in 90-mm Petri dishes. Whatman AA
antibiotic disks (6-mm diameter) were impregnated with
20ul of plant extract stock solutions, dried under sterile
conditions, and placed on MHA and SDA for bacteria and
yeast, respectively. Standard disks of ampicillin (10ug;
AMP10), streptomycin (10ug; S10), and nystatin (100
units; NS100) were used as positive controls for Gram-
positive bacteria (S. aureus and E. faecalis), Gram-negative
bacteria (E. coli and P aeruginosa), and yeast (C. albicans),
respectively, whereas methanol-impregnated disks were
used as negative control. Prior to incubation at 37°C for
24h, the plates were kept at room temperature for 1h to
promote diffusion of the extracts into the agar (Rios et al.,
1988; Fyhrquist et al., 2002). Each treatment was carried out
in triplicate.

A clear zone of growth inhibition surrounding the disk
indicates the presence of antimicrobial substance in the
extracts. The inhibition zones were measured in triplicate and
recorded as the mean diameter (mm). Strength of activities
was arbitrarily classified as strong (+++) for inhibition zone
diameters of more than 15.0 mm, moderate (++) for diame-
ters between 10.0mm and 14.9 mm, and weak (+) for diam-
eters less than 9.5 mm.

Results and Discussion

The effects of the 191 extract toward the different strains of
bacteria and yeast varied as depicted in Table 1. The extracts
were mainly active against Staphylococcus aureus with inhi-
bition zone diameters ranging from 8.0 to 17.0mm as com-
pared with ampicillin 10 g, which gave readings from 27.0
to 35.0mm. These plant extracts also exhibited strong antimi-
crobial activities against methicillin-resistant Staphylococcus
aureus strains (MRSA) in a pilot study, with inhibition zone
diameters of 15.0mm to 22.0mm as compared to the inhibi-
tion zone diameters of approximately 12.0mm for van-
comycin 30-ug disks (results not shown). The results indicate
that the anti-MRSA activities of these plant extracts are high
in relation to vancomycin and as such may prove to be useful
for the treatment of infections by MRSA.

The hit rates of the plant extracts against different bacte-
rial strains and Candida are summarized in Table 2. Of the
extracts, 51.8% showed activity (high, moderate, and low
activities) against any of the test microorganisms. This is
similar to the 41.7% reported by Khafagi and Dewedar
(2000) for active plants collected by the random method but
lower than those for plants collected using the ethno-directed
approach. Although it yields a lower hit rate compared to the
ethno-directed approach, the random approach allows unex-
pected plants with desired activity to be identified, and this
is one of the main advantages of this approach. The results
also show that the plant extracts are mainly active on Staphy-
lococcus aureus (Gram-positive bacteria); about 51.8% of
the 191 plant extracts screened exhibited activity on Staphy-
lococcus aureus. Of this 51.8%, the majority, 42.4%, was
classified as weak antimicrobial activity, 7.9% as moderate,
and only 1.6% (3 plants) as highly active (Table 2). On Ente-
rococcus faecalis (Gram-positive bacteria), only 2.6% of the
plant extracts screened exhibited activity, and the strength
of antimicrobial activity of the active plant extracts is as
depicted in Table 2. However, the plant extracts did not
exhibit any activity on Escherichia coli and Pseudomonas
aeruginosa (Gram-negative bacteria) or on Candida albi-
cans. It is therefore conceivable that the plant extracts that
showed antimicrobial activity against Staphylococcus aureus
and Enterococcus faecalis probably interfered with the syn-
thesis of the peptidoglycan, which is more abundant in the
Gram-positive bacterial cell wall compared to the Gram-
negative bacterial wall. Unlike bacteria, the cell wall of
Candida albicans lacks peptidoglycan and instead consists
of highly branched alkali-insoluble B-glucans with a higher
proportion of (1-6)-B-linkages, which probably account for
it not being affected by the plant extracts.

The plant extracts, which exhibited high antibacterial
activity against Staphylococcus aureus, including methi-
cillin-resistant strains are Callicarpa erioclona Schau. Calli-
carpa farinosa Roxb. and Sphonodesma friflora Wright from
the Verbenaceae family. However, they did not show notable
activity against the other three test bacteria and Candida albi-
cans (Tables 1 and 3). Extracts of Homalium panayanum
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Table 2. Percentage of active extracts.

Active on one or
more bacteria

S. aureus E. coli P, aeruginosa E. faecalis C. albicans and yeast
Total samples tested 191 191 191 191 191 -
Percentage active, % 51.8 [99] 0 0 2.6 [5] 0 51.8
Highly active (+++), % 1.6 [3] 0 0 0.5 [1] 0 -
Moderately active (++), % 7.9 [15] 0 0 0.5[1] 0 -
Weakly active (+), % 42.4 [81] 0 0 1.6 [3] 0 -

[ ]: number of plant extracts.

Table 3. Summary of plants exhibiting high and moderate antimicrobial activities against S. aureus.

Antimicrobial activity

No. Voucher no. Family Species Part S. aureus
1 106702 Verbenaceae Callicarpa erioclona Bark +++
2 133850 Verbenaceae Callicarpa fulfuraceae Bark +++
3 143372 Verbenaceae Sphonodesma friflora Leaf +++
4 145365 Annonaceae Popowia odoardoi Leaf ++
5 145365 Annonaceae Popowia odoardoi Stem ++
6 143522 Burseraceae Canarium hirsutum Leaf ++
7 143394 Cornaceae Agelaea borneensis Bark ++
8 143381 Cornaceae Chionanthus laxiflorus Leaf ++
9 145388 Flacourticeae Homalium panavanum Leaf ++

10 143388 Leguminosae Dalbergia pseudo-sissoo Bark ++

11 143392 Meliaceae Aglaia affinis Bark ++

12 145367 Meliaceae Chisocheton macranthus Leaf ++

13 143355 Meliaceae Dysoxylum ramiflorum Bark ++

14 145397 Myrtaceae Decarspermum fruticosum Bark ++

15 145397 Myrtaceae Decarspermum fruticosum Leaf ++

16 145396 Oleaceae Chionanthus crispus Bark ++

17 145390 Rutaceae Melicope subunifoliata Leaf ++

18 143354 Urticaceae Dendrocnide stimulans Bark ++

++: inhibition diameter between 10.0 to 14.9 mm; +++: inhibition diameter of more than 15.0mm; disk diameter: 6 mm. Each extract
(1 mg/disk) was tested in triplicate.

Table 4. A summary of plants exhibiting high, moderate, and weak antimicrobial activities against E. faecalis.

Antimicrobial activity

No. Voucher no. Family Species Part E. faecalis
1 145388 Flacourticeae Homalium panavanum Leaf +++

2 145388 Flacourticeae Homalium panavanum Bark ++

3 143358 Annonaceae Eniscosanthum grandiflorum Bark +

4 143362 Annonaceae Goniothalamus woodii Leaf +

5 143355 Meliaceae Dysoxylum ramiflorum Leaf +

+: inhibition diameter of less than 9.5 mm; ++: inhibition diameter between 10.0 to 14.9 mm; +++: inhibition diameter of more than 15.0 mm,;
disk diameter: 6 mm. Each extract (1 mg/disk) was tested in triplicate.
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E Villar (Flacourticeae) from leaves and bark exhibited high
bactericidal activities on Enterococcus faecalis and moderate
activities on Staphylococcus aureus (Tables 1, 3, and 4).
These active plants have now been selected for further testing
and bioassay-guided fractionation to ascertain the extent of
their antimicrobial activities and to identify the active con-
stituents. The effect of the active constituents would be
extended to cover clinical strains of Staphylococcus aureus,
particularly, methicillin-resistant strains.
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