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ABSTRACT
Introduction: Alocasia denudata is a herbal plant used by traditional healers as a wound healing agent
and its potential as a healer has been proven scientifically. Normally, wounded tissue offers the opportunity for microflora to adhere, colonize, invade, and infect the surrounding healthy tissue. Therefore, the
aim of this study is to assess the antimicrobial effect of A. denudata on selective oral pathogen as well as
to analyze its phytochemical compound.
Methods: The stem of A. denudata was extracted with 80% ethanol solution, freeze-dried, and sent
to poison center to analyze its phytochemical constituents. The bioassay applied for determining the
antimicrobial effect employs the well agar diffusion method to the selected Gram-positive oral bacteria; Streptococcus mutans, Staphylococcus aureus, Enterococcus faecalis, and non-oral pathogen
Streptococcus pyogenes. These bacteria were incubated and the inhibition zone was recorded.
Results: Our results showed that the mean yield of extraction was 12.8% and that the different concentrations of A. denudata show no antimicrobial effects toward the selected Gram-positive oral pathogen including non-oral pathogen bacteria. However, the gas chromatography–mass spectrometry result
showed that antimicrobial compound is present along with anti-inflammatory and antioxidant compounds but showed no effect on the oral pathogen.
Conclusion: A. denudata extract has antimicrobial compound but did not show antimicrobial activity
toward the selected Gram-positive oral pathogen.
Keywords: Alocasia denudata extract; antimicrobial; Gram-positive oral pathogen; gas chromatography–
mass spectrometry
INTRODUCTION

Alocasia denudata is a tropical plant that belongs to
the Alocasia genus. Alocasia spp. usually growing in
its original area and mostly used as an ornamental
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purpose. Its traditional name is “keladi canek” or
“keladi candik” (1). Various studies have reported
the medicinal property of Alocasia spp., especially
for antioxidant, antitumor, antimicrobial, antidiabetic, anticancer, and antihyperlipidemic (2-5).
A. denudata is widely used as a traditional medicine
to treat external skin wounds (6). Abdul Latif et
al. have scientifically proven that A. denudata stem
juice can accelerate the wound healing process (7).
Recently, many scientific types of research had been
carried out from common domestic herbs that had
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been traditionally used to treat oral diseases such as
ulcers, toothache, and gum disease (8). Moreover,
many types of research, nowadays, had been carried out to develop an effective antimicrobial agent
toward the oral pathogen. Furthermore, the usage
of modern technology such as involvement of pesticide in agricultural contributing to the production
of antimicrobial agent that has some limitation in
terms of bacterial resistance (9). As an increasing
number and frequency usage of the antibiotic, the
resistance of infectious beings toward the antibiotics
will be increased too (10). Antibiotics can be found
in many forms, which are the products of microorganisms, medicinal plants, and complex organisms.
There will be possible chances to develop new drugs
for therapeutic purposes if the toxic effect after the
application of this medicinal plant extract is minimal (11). The plant usually synthesizes secondary
metabolites, which show antimicrobial effect and
this type of plant can be used for synthesizing new
drugs (12). Many of the traditional medicinal plants
used are scientifically proven through research by
isolating bioactive compounds for direct use in medicine. Past published reports on A. denudata have
very limited information made available in terms of
its antimicrobial activity and chemical constituents.
Realizing the potential antimicrobial of this species,
we performed a study to test its antimicrobial activity against the selected Gram-positive oral pathogen
and determined its phytochemical compound.

specimen were dissolved in 40 ml of 80% ethanol.
This solution afterward was left on a reciprocating
shaker (reciprocating shaker SSL2) which was set
to have 200 strokes per min for 2 days. The mixture was then centrifuged briefly at 25,000 rpm for
5 minutes using Biofuge primo general centrifuge.
The mixture was filtrated with Whatman filter paper
No. 1 (110 mm) and transferred into a falcon tube.
Next, the solvent was removed using a rotary evaporator (Concentrator plus Eppendorf V-AL) yielding the extracted compound and was subjected for
freeze-drying using ScanVac CoolSafe Freeze Dryer
to obtain the plant extract in a powder form. The
dry powder of extract was kept in a 15 ml Falcon
tube at −20°C until further use. The extract was
weighed and dissolved in sterile distilled water to
make a final concentration of 16 mg/ml, 8 mg/ml,
4 mg/ml, and 2 mg/ml.
Determination of extraction yield

The yield (%, w1/w2) from the extract was calculated
using the following equation:
w1
× 100 , where, w1 is the weight of
Yield (%) =
w2
extract residue obtained after solvent removal and
w2 is the weight of the plant stem.
Bacterial strain

The bacterial strain used in this study was obtained
from the Medical Microbiology and Parasitology
Laboratory, School of Medical Sciences, Universiti
Sains Malaysia, comprising Gram-positive bacteria, Staphylococcus aureus, Streptococcus mutans,
Enterococcus faecalis, and Streptococcus pyogenes. All
these bacteria strains were grown and maintained
on sheep blood agar and Mueller-Hilton agar
for S. pyogenes. All agar plates were incubated for
24 hours at 37°C and maintained at 4°C.

METHODS
Plant material and sample collection

The stem of A. denudata was collected and determined based on the previous studies (7). In general, the stems were washed thoroughly and cut into
smaller pieces of 3 cm in length. The cut sample was
rinsed and allowed to dry in the oven at 50°C for
5 days. The dried stem was powdered using an electric
blending machine (Panasonic) and kept at 4°C in a
tight capped 15 ml Falcon Conical Centrifuge tubes.

Antibacterial assay

Agar well diffusion methods on sheep blood agar
were used qualitatively (13). The in vitro antibacterial activity was assessed for ethanolic extracts
of A. denudata. Bacterial colonies from the plates
were suspended into sterile Mueller-Hinton broth
to form turbidity of 0.5 McFarland standard using
the DEN-1-McFarland Densitometer. Bacterial

Preparation of plant extract

The extract preparation involved the use of ethanol
as a solvent for extraction preparation. The gravity
filtration technique was used to extract the crude
compound of A. denudata. Twelve grams of the
40

Nurul Akilah Mohd Yusoff, et al. Journal of Health Sciences 2020;10(1):39-46http://www.jhsci.ba

suspension with approximately ×1 CFU/ml suspension was streaked onto blood sheep agar plates
using a sterile swab stick. Subsequently, the wells
of 6 mm diameter each were punched into the
agar medium and filled with 100 µl of different
concentrations of plant extract, positive and negative control under sterile condition. The solutions
were allowed to diffuse into the agar for 5 minutes.
Ampicillin was used as positive control while distilled water as negative control. The ampicillin
concentration used was 20 µg/ml for S. mutans,
E. faecalis, and S. pyogenes whereas 500 µg/ml for
S. aureus due to its resistance. The plates cultured
with S. aureus, E. faecalis, and S. pyogenes were
incubated in the incubator for 24 hours, whereas
S. mutans was packed in Anaerogen pack and incubated for 48 hours. The triplicate process was carried out for each concentration against each test
organism. Microbial growth was determined by
measuring the diameter of the inhibition zone in
millimeters. An agar well (6 mm) showing that no
zone of inhibition was considered as no antimicrobial activity.

and identify the unknown chemical constituents of
the mixture.

Statistical analysis

Agar well diffusion test

Identification of the chemical constituents

The NIST library of mass spectra was used to match
and identify an unknown chemical in the sample
mixture. The mass spectrum produced by a certain chemical compound is the same every time.
Therefore, the mass spectrum is essentially a fingerprint for the molecule. This fingerprint can be used
to identify the compound. A. denudata compounds
were identified by library searching Wiley 275 and
NIST 02 mass spectral databases. The percentage
compound was calculated from the summation of
the peak areas of A. denudata compounds.
RESULTS
The yield of A. denudata extract

The extract yields of three trials of a sample obtained
and their respective percentages are presented in
Table 1. The mean, standard deviation, and significant of the extract yield are presented in Table 2.

The results of the antimicrobial activity of A. denudata are shown in Table 3. The activity was portrayed
by the zones of inhibition for each pathogen that is
shown in Figures 1-4. All different concentrations of
A. denudata extract displaying zero zone of inhibition indicated that there was no antibacterial activity.

The data were expressed as mean ± standard
deviation.
Gas chromatography–mass spectrometry
(GC–MS) analysis

The powder form of the extract was sent to the
National Poison Centre in Pulau Pinang for phytochemical analysis using the GC–MS technique.
GC–MS was carried out using Hewlett Packard
6890 GC fitted with 5973N Mass Selective
Detector. Helium was used as the carrier gas with
a flow rate of 1.0 ml/min with the oven temperature programmed from 50°C (held for 2 minutes) to
280°C (held for 10 minutes) at a rate of 10°C/min.
The injection and interface temperatures were set at
250°C and 280°C, respectively.

TABLE 1. Yield of the extracts of A. denudate
Sample

Trial
I
II

Weight
1 (g)
1.7
1.4

Weight 2
(g)
12.0
12.0

Percentage
of yield (%)
14.1
11.6

A. denudate

III

0.7

5.5

12.7

Weight 1 was the weight of the extract after lyophilization/
evaporation of the solvent. Weight 2 was the weight of the plant
powder. A. denudate: Alocasia denudate

One microliter sample was injected in splitless
mode and analyzed in MS full scan mode (m/z
40-650). The electron ionization was set at 70 eV.
ChemStation software was used to acquire data.
The National Institute of Standards and Technology
(NIST) library of mass spectra was used to match

TABLE 2. Mean and standard deviation of the percentage
yield of A. denudata extract
Variable
n
Mean
A. denudata extract
3
12.8
A. denudate: Alocasia denudate
41

Standard deviation
1.253
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TABLE 3. Antimicrobial activity. The diameter of the inhibition zone by the species
Organism

S. mutans

Diameter of inhibition zone (mm)
16 mg/µl of
8 mg/µl of
A. denudata
A. denudata
extract
extract
I II
III
I
II III
- -

4 mg/µl of
A. denudata
extract
I
II
III
-

2 mg/µl of
A. denudata
extract
I
II III
- -

Positive control
(ampicillin)
I
30

II
32

III
28

Negative
control
(distilled water)
I II III
- - -

S. aureus
- - 12 13 12
- - E. faecalis
- - 13 12 20
- - S. pyogenes
- - 16 14 13
- - The table shows the diameter of inhibition zones of different concentrations (16 mg/ml, 8 mg/ml, 6 mg/ml, and 2 mg/ml) of A. denudata
extract against selected Gram-positive oral pathogen (S. mutans, S. aureus, E. faecalis, and S. pyogenes). A. denudate: Alocasia
denudate, S. mutans: Streptococcus mutans, S. aureus: Staphylococcus aureus, E. faecalis: Enterococcus faecalis, S. pyogenes:
Streptococcus pyogenes

FIGURE 1. Zone of inhibition of Streptococcus mutans. The picture shows the agar well diffusion test of S. mutans. (A) Sixteen
milligrams/milliliter of Alocasia denudata extract, (B) 8 mg/ml of
A. denudata extract, (C) 4 mg/ml of A. denudata extract, (D) 2 mg/ml
of A. denudata extract, (+) ampicillin 20 µg/ml, (−) distilled water.

FIGURE 3. Zone of inhibition of Enterococcus faecalis. The picture shows the agar well diffusion test of E. faecalis. (A) Sixteen
milligrams/milliliter of Alocasia denudata extract, (B) 8 mg/ml of
A. denudata extract, (C) 4 mg/ml of A. denudata extract, (D) 2 mg/ml
of A. denudata extract, (+) ampicillin 20 µg/ml, (−) distilled water.

FIGURE 2. Zone of inhibition of Staphylococcus aureus. Picture
shows agar well diffusion test of S. aureus. (A) Sixteen milligrams/
milliliter of Alocasia denudata extract, (B) 8 mg/ml of A. denudata extract, (C) 4 mg/ml of A. denudata extract, (D) 2 mg/ml of
A. denudata extract, (+) ampicillin 500 µg/ml, (−) distilled water.

FIGURE 4. Zone of inhibition of Streptococcus pyogenes.
The picture shows the agar well diffusion test of S. pyogenes.
(A) Sixteen milligrams/milliliter of Alocasia denudata extract,
(B) 8 mg/ml of A. denudata extract, (C) 4 mg/ml of A. denudata
extract, (D) 2 mg/ml of A. denudata extract, (+) ampicillin 20 µg/ml,
(−) distilled water.

GC–MS of A. denudata extract

steroid, carbohydrates, and carboxylic acid was characterized and identified, as depicted in Table 4. From
the compounds identified, the major compound
is carbohydrate having a composition of sucrose

Through GC–MS, 35 individual compounds were
identified. The comparison of mass spectra for the
constituents, with references from the NIST library,
42
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TABLE 4. Phytochemical analysis. Chemical compound of A. denudata extract
Compound name
Steroid
Beta.-Sitosterol trimethylsilyl ether
Stigmasterol trimethylsilyl ether
Campesterol trimethylsilyl
Carbohydrates
Sucrose trimethylsilyl
Beta.-D-Galactofuranose,1,2,3,5,6-pentakis-O-trimethylsilyl)Alpha.-D-Glucopyranoside,1,3,4,6-Tetrakis-O-(Trimethylsilyl)Fucose Per trimethylsilyl
Per trimethylsilyl derivative of 1,4-Anhydroglucitol
Glucopyranose,1,2,3,4,6-pentakis-O-(trimethylsilyl)3,7-Dioxa-2,8-disilanonane,2,2,8,8-tetramethyl-5-(trimethylsilyl)oxy)
D-Xylopyranose, 1,2,3,4-tetrakis-O-(trimethylsilyl)Levoglucosan, tris(trimethylsilyl)Trimethylsilyl ether of glycerol
Maltose-Octatms
Nigerose Meox1 trimethylsilyl
Raffinose trimethylsilyl
Erythritol per trimethylsilyl
Alpha.-D-Glucopyranoside,1,3,4,6-Tetrakis-O-(Trimethylsilyl)Glucopyranose,1,2,3,4,6-pentakis-O-(trimethylsilyl)Melibiose 8 trimethylsilyl
D-Glucopyranose,4-O-(2,3,4,6-Tetrakis-O-(Trimethylsilyl)Melibiose, octakis(trimethylsilyl)D-Xylose, tetrakis(trimethylsilyl)Carboxylic acid
Malic acid trimethylsilyl
Butanedioic acid, bis(trimethylsilyl) ester
Tetronic acid, Tetrakis-O-(Trimethylsilyl)A. denudate: Alocasia denudate

Percentage of total ion chromatogram
1.29
0.70
0.31
0.28
17.23
7.79
2.49
1.93
0.78
0.65
0.59
0.55
0.38
0.37
0.29
0.28
0.27
0.26
0.18
0.15
0.11
0.10
0.08
0.05
0.05
0.59
0.24
0.18
0.17

steps such as milling, grinding, homogenization,
and extraction. It is believed that extraction is the
main step for recovering and isolating the phytochemicals from plant materials. There are a few factors that affect the extraction efficiency, which is the
chemical nature of phytochemicals, the extraction
methods used, the sample particle size, the solvent
used, and the presence of interference (14). Besides,
the type of solvent used will affect the yield of
extraction in terms of varying polarity, pH, temperature, extraction time, solvent, and composition
of a sample. In this experiment, A. denudata extract
was obtained using 80% ethanol. However, among
parameters such as solvent types, solvent strength,

trimethylsilyl (7.79%), Beta. -D-Galactopyranose,
1,2,3,5,6-pentakis-O-(trimethylsilyl) (2.49%), and
Alpha. -D-Glucopyranoside, 1,3,4,6-Tetrakis-O(Trimethylsilyl) (1.93%). The medicinal activity of
the plant is presented in Table 5. Among the compounds identified, six compounds were reported to
have anti-inflammatory and antioxidant activity,
whereas one was showing antimicrobial properties.
DISCUSSION
The yield of A. denudata extract

Phytochemicals of the medicinal plants can be
obtained from an extraction process that has few
43
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TABLE 5. Phytochemical properties of phytocompound
Num.
Compound
Biological activity
I
Alpha.-D-Glucopyranoside,1,3,4,6-Tetrakis-O-(Trimethylsilyl)- Antioxidant (28)
II
Stigmasterol trimethylsilyl ether
Anti-inflammatory, inhibits tumor promotion, anti-HIV
reverse transcriptase (28)
III
Butanedioic acid, bis(trimethylsilyl) ester
Antioxidant, antiradical (29)
IV
Propanoic acid,2,3-bis(trimethylsilyl)oxy)-, trimethylsilyl ester Antioxidant, Antiproliferative (29)
V
Alpha.-Tocopherol (Vitamin E), trimethylsilyl derivative
Antioxidant (29)
VI
Beta.-Sitosterol trimethylsilyl ether
Antibacterial (25)

extraction time, agitation speed, sample-solvent
ratio, and temperature investigated using factorial
design experiment; solvent strength, which is 70%
ethanol, is the most influential factors in Curcuma
longa extraction (15). About 70% concentration of
ethanol was used as a soaking solvent since they are
the most preferred solvent for phenolic extraction
from the plant (16). As our sample might contain
both polar and non-polar components, the use of
a mixer of polar/non-polar solvent gave us the best
output. Ethanol is a polar solvent that can be used
to extract sugar, amino acids, and glycoside from
the sample (17). Secondary metabolites (terpenes,
phenolic compounds, and alkaloid) from the plant
extracts are polar compounds that are responsible
and good in displaying antibacterial activity (18).

prototype to develop less toxic and more effective
medicines in controlling the growth of microorganism (19). At present, numerous studies have
been conducted using various extracts of the plant,
screening of antimicrobial activity, as well as for the
discovery of new antimicrobial compounds. Thus,
medicinal plants are finding their way into pharmaceuticals, nutraceuticals, and food supplements.
Agar well diffusion test offers a means of qualitative
measurement based on the diameter of the inhibition zone for early screening of antimicrobial agents
in the natural product. In this study, different concentrations of ethanolic extract of A. denudate were
evaluated for the screening of antimicrobial activity
against a selected oral pathogen which is Grampositive bacteria using agar well diffusion methods.
This preliminary study showed that there was no
antimicrobial activity by different concentrations of
extract toward four pathogens which are S. mutans,
S. aureus, E. faecalis, and S. pyogenes. The ethanolic
extract did not show any antibacterial activity and
this could be due to low phenolic content extracted
by the solution (20). According to the study by
Dabur et al. (21) who investigated the antibacterial
ability of the ethanolic extract of Achyranthes bidentata Blume effectively inhibited Bacillus subtilis,
Salmonella typhi, and Klebsiella pneumoniae, but
was less effective against Pseudomonas species and
S. aureus. Considering other studies that the water
extract of Rauvolfia tetraphylla and Physalis minima
leaves could inhibit B. subtilis and S. aureus, our
80% mixer of extra water (polar) and alcohol (none/
less polar) help to extract maximum compounds in
A. denudate (22).

Compounds present in the solvents may contribute
to a higher yield. Choosing an appropriate solvent
is important in the process of obtaining the extract
with a desirable content of bioactive compounds. In
general, phenolic compounds are soluble in alcohols
such as ethanol, whereas less polar solvent is used to
extract the less polar compound. Aqueous methanol
can be used as one of the solvents to produce the
best results in the future (16).
However, the potential antimicrobial activity of
A. denudata cannot be determined by the percentage of yield alone. GCMS is one of the techniques
used to determine the compound present in the
extraction.
Agar well diffusion test

The search for antimicrobials from natural sources
has gained extensive attention and effort to identify
the active compounds that can substitute the synthetic one as an antimicrobial agent. Phytochemicals
that are present in plants were then used as a

Furthermore, the absence of antimicrobial activity
in this study might be due to the absence of secondary metabolites such as alkaloids, flavonoids,
44
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