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ABSTRACT
Objective: Polyscias scutellaria Fosberg as one of the indigenous plants from Indonesia has been used as traditional medicines for several ailments,
such as reduce body odor. However, there is no scientific research to verify this property. This study aimed to evaluate the antibacterial activity of
P. scutellaria Fosberg against bacteria that cause body odor.
Methods: Since body odor is caused by activities of bacteria that live in the armpits, bacteria from human armpit were isolated and identified as
Acinetobacter sp. The bacteria have the potential to be pathogenic and resistant to common antibiotics. P. scutellaria was extracted using different
solvents, i.e., hexane, ethyl acetate, and methanol. Using these extracts, the antibacterial activity of P. scutellaria against Acinetobacter sp. was tested
through well diffusion and colony-forming unit methods.
Results: Hexane and ethyl acetate fractions of P. scutellaria extract showed strong antibacterial activities against Acinetobacter sp., while methanol
fraction did not exhibit any antibacterial activity against these bacteria.
Conclusion: P. scutellaria extract has the potential to be used as an antibacterial agent against Acinetobacter sp. on human armpit.
Keywords: Acinetobacter sp., Antibacterial, Nothopanax scutellarium, Polyscia s scutellaria.
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INTRODUCTION
As a tropical country with the second largest biodiversity in the world,
Indonesia is a home of more than 40,000 plant species where about 10%
of them are medicinal plants. Conducted research results have shown
antiviral, antibacterial, antifungal, and antiparasitic activities of those
plants [1]. However, only about 200 plants were studied. The very small
number of plants studied compared to an overall number of medicinal
plants creates opportunities for further explorations and studies about
the biological properties of Indonesian medicinal plants [2].
Polyscias scutellaria Fosberg (also known as Nothopanax scutellarium
Merr) is one of the indigenous plants from Indonesia which has long
been used as traditional medicine to treat breast inflammation,
wounds, urinary tract problem, and body odor [3,4]. The traditional
use of P. scutellaria Fosberg to treat body odor suggested that this plant
has antibacterial properties. The hypothesis arises from the finding
that volatile odorous molecules, which cause body odor, are produced
through biotransformation of odorless body secretions by human axilla
microbiota [5].
Human armpits, which are one of the human skin regions that are
partially covered, are warm and moist, and therefore suitable for
the growth of microorganisms. Most of the microorganisms which
inhabit human skins are harmless and even provide protection
against pathogenic bacteria [6]. However, Acinetobacter sp., which
are frequently isolated from moist regions of human skin and
formerly known as commensal bacteria, have somehow evolved into
pathogenic bacteria and caused outbreaks in intensive care unit [7,8].
Acinetobacter sp. are found to be resistant to all existing antibiotic
classes and even show great ability to acquire new resistance [9]. This
situation creates urgency for the development of new antibacterial as a
treatment against multidrug-resistant Acinetobacter sp. [10]. This study

investigated the antibacterial activity of P. scutellaria Fosberg extracts
against Acinetobacter sp. isolated from healthy human armpit skin.
MATERIALS AND METHODS

Materials
Sample of P. scutellaria was obtained from Tangerang, Indonesia, and
has been identified by Pusat Konservasi Tumbuhan Kebun Raya Bogor
(Center for Plant Conservation, Bogor Botanical Garden). For human
armpit bacteria isolation, samples were taken from donor in Tangerang,
Indonesia. Bacteria growth medium was blood agar, using sheep blood
obtained from Universitas Indonesia, while the nutrient agar and broth
used were from Merck. Dimethyl sulfoxide (DMSO) was obtained from
Merck and used as a solvent for some of the experiments.

Extraction of active compound from P. scutellaria
The extraction procedure was a modified version of the method
reported by Irulandi et al. [11]. The leaf samples of P. scutellaria were
dried using the oven at temperature 50°C for 10 h, resulting in 400 g
of dried samples. The dried samples were then macerated for 24 h
using 6 l of hexane as solvent at room temperature. The result of this
maceration was referred as hexane fraction. Consecutive maceration
of the dried samples was done for 24 h using 6 l of ethyl acetate as a
solvent, producing ethyl acetate fraction. The last maceration of the
dried samples using 6 l of methanol was done to obtain methanol
fraction. All procedures were done twice. The solvent in all fractions
was evaporated using rotary evaporator at a temperature of 60°C.
Collection of bacteria consortium from donor’s armpit
Armpit swab of a male donor (30 years old, daily user of deodorant)
was collected. Before collecting the bacteria consortium, the donor was
instructed not to use deodorant for at least 24 h. Following the regular
procedure [12], the sterile swab stick was moistened with 1.0 ml of
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4.8±0.5
0.0±0.0
0.0±0.0
95% CI (4.29, 5.21)
95% CI (4.29, 5.21)
95% CI (−0.46, 0.46)

25 mg/ml
50 mg/ml
100 mg/ml

9.8±0.5
6.0±0.0
1.0±1.2
95% CI (2.59, 4.91)
95% CI (7.59, 9.91)
95% CI (3.84, 6.16)
12.8±0.5
10.5±1.0
5.5±0.6
95% CI (1.09, 3.41)
95% CI (6.09, 8.41)
95% CI (3.84, 6.16)

200 mg/ml

Diameter of clear zone is shown as±SD (n=3). CI: Confidence interval, and it is used for the differences of clear zone diameters between fractions. The CI shows the minimum and maximum values with 95% probability. The positive
control is a solution of tetracycline in distilled water with concentration 1 mg/4 ml. Pure DMSO is used as negative control. DMSO: Dimethyl sulfoxide, SD: Standard deviation, P. scutellaria: Polyscias scutellaria

Isolation of bacteria found in the donor’s armpit produced several
bacteria types. Guided by the antibacterial activity of the P. scutellaria
extract assays, Acinetobacter sp. bacteria were isolated from the donor’s
armpit. The identification of Acinetobacter sp. was mainly based on the
molecular identification of the rRNA since the biochemical tests were
not conclusive. Acinetobacter sp. found in the armpit of donor was
tested against the extract of P. scutellaria (hexane, ethyl acetate, and
methanol fractions) using well diffusion technique, which is mainly a
qualitative test. The concentrations of the extracts were varied for each
fraction. The experiments were repeated four times for each fraction
and extract concentration. The results are shown in Table 1.

Concentration sample

RESULTS

32.5±1.9
24.3±0.5
7.8±0.5
95% CI (6.36, 10.14)
95% CI (22.86, 26.64)
95% CI (14.61, 18.39)
24.6±1.6
0.0±0.0

Quantitative antimicrobial test: Colony-forming unit (CFU) assay
Extracts of P. scutellaria (hexane, ethyl acetate, and methanol fractions)
were prepared in a concentration of 225, 250, and 400 mg/ml,
respectively. 50 µl of each fraction was added into 450 µl of liquid
isolated bacteria culture (OD=0.1). The mixtures were incubated at
37°C for 15 min. Serial dilution of the mixtures was made using nutrient
broth (Merck) as diluents and then spread on nutrient agar (Merck)
plates. The plates were incubated at 37°C for 24 h. The number of
bacterial colonies formed for each dilution of the mixtures was counted
using the CFU [13].

400 mg/ml

Qualitative antimicrobial test: Well diffusion method
The method was done according to Irulandi et al. [11], with some
modifications. Nutrient agar (Merck) inoculated with 1% of isolate
liquid culture (OD=0.1) was poured on a Petri dish and allowed to
solidify. The wells with diameter 7.0 mm were then made on the agar
plates. Serial dilutions of P. scutellaria extracts (hexane, ethyl acetate,
and methanol fractions) were made with concentration of 400, 200,
100, 50, and 25 mg/ml, using DMSO as diluents. The extracts were then
put into the wells with a micropipette. Each well was filled with 20 µl
extract. The plates were incubated at 37°C for 24 h, and the diameter
of the formed clear zone was measured. For each fraction and each
concentration, four repetitions were done. As negative control 20 µl
pure DMSO was used, while the positive control was 20 µl of 1 mg/4 ml
tetracycline solution in distilled water.

Diameter of clear zone (mm)

Molecular identification of bacteria
The genome of bacterial isolate was extracted using Wizard® Genomic
DNA Purification Kit (Promega). The 16S rRNA gene was amplified
using PCR. The polymerase chain reaction (PCR) primer used was
forward primer 27F (5’ AGAGTTTGATCMTGGCTCAG 3’) (IDT Inc.,
Singapore) and reverse primer 1492R (5’ TACGGYTACCTTGTTA
CGACTT 3’) (IDT Inc., Singapore). The amplicon was sent to sequencing
services company (1st Base) in Singapore to be sequenced. Sequences
were analyzed using Sequence Scanner 2 (Applied Biosystem) and
BioEdit. The complete sequence of 16S rRNA was then compared with
GenBank database using BLAST nucleotide (http://www.ncbi.nlm.nih.
gov/BLAST/Blast.cgi) to identify the species of the bacterial isolate.

Table 1: Diameter of clear zones of different fractions of P. scutellaria against colony of Acinetobacter sp.

Isolation of bacteria from human armpit
Blood base agar medium (Merck) was made by adding 7% sheep red
blood cells (sRBC) to the base agar. sRBC was obtained from Universitas
Indonesia. The swab was inoculated immediately after collection onto
the surface of the medium in the Petri dish. The culture was incubated
at 37°C for 24 h. After incubation, several colonies observed were picked
based on the differences on their colony morphology to be purified
using four-way steak method [12]. The growing bacterial isolates
were identified and characterized. The methods used are based on cell
morphology (using Gram staining), the capability to produce endospore
(using endospore-staining), and various biochemical tests such as
mannitol and glucose fermentation, indole, starch, and gelatin hydrolysis
as well as catalase test. The capability of bacterial isolates to grow at
several temperatures (37°C, 40°C, 42°C, and 44°C) was also observed.

Hexane fraction
Ethyl acetate fraction
Methanol fraction
Hexane fraction ‑ ethyl acetate fraction
Hexane fraction ‑ methanol fraction
Ethyl acetate fraction ‑ methanol fraction
Positive control
Negative control

sterile phosphate buffer saline (pH 7.4), and rubbed in a circular motion
over the armpits of the donor.

2.0±1.0
0.0±0.0
0.0±0.0
95% CI (0.58, 2.42)
95% CI (0.58, 2.42)
95% CI (−0.92, 0.92)
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As seen in Table 1, for all concentrations, hexane fraction exhibited
the largest diameter of clear zone followed by ethyl acetate and
methanol consecutively. The clear zone diameters of each fraction for
concentrations 400 mg/ml, 200 mg/ml, and 100 mg/ml were verified to
be different statistically by observing that the 95% confidence intervals
(CIs) of the differences between the fractions did not include zero. The
CI analysis also showed that for concentration 50 mg/ml and 25 mg/ml,
the clear-zone diameters of fraction hexane were different to those of
ethyl acetate and methanol fractions, but for these concentrations,
there were no differences for ethyl acetate and methanol fractions (CIs
include zero). To measure the capability of each fraction in inhibiting
the growth of Acinetobacter sp., quantitative analysis was also
performed using the CFU assay. The results were displayed in Table 2.
In the CFU test, serial dilutions of extract-containing bacterial culture
were prepared with the different concentration of each fraction, guided
by the results obtained from the qualitative analysis (presented in
Table 1). DMSO was used as a control to count the number of bacteria
without the addition of extract fraction. The results showed that both
hexane and ethyl acetate fractions could inhibit the growth of bacteria
by decreasing about 6 log cycles of Acinetobacter sp. to the control
(~108 bacteria for control compared to ~102 bacteria for hexane and
ethyl acetate fractions, Table 2). On the other hand, methanol fraction
could not inhibit the growth of Acinetobacter sp., since the number of
bacteria presents in the extract-containing media was still comparable
to that of control.
DISCUSSION

Although well diffusion method resulted in qualitative data, the
diameter of clear zone could indicates the strength of antibacterial
activities of the extract. Higher concentration of the extract would form
larger diameter of the clear zone. However, low extract concentration
might not be enough to exhibit any clear zone, which means no
antibacterial activity. For ethyl acetate and methanol fractions, the
minimum concentration that showed antibacterial activity was
between 100 mg/ml and 50 mg/ml. Based on the diameter of the
clear zone formed by hexane and ethyl acetate fraction (>20 mm), the
antimicrobial activity of both fractions at concentration 400 mg/ml
could be categorized as very strong according to the classification
presented in a study of [14].
The diameter of the clear zone for the most potent fraction,
hexane, was still smaller than the positive control tetracycline for
concentration smaller than 400 mg/ml. However, tetracycline is
a problematic antibiotic which has a lot of side effects to humans,
such as the possibility to stain teeth, cause hepatitis, skin hyper
photosensitivity, and mitochondrial toxicity [15]. An experiment was
done in this research using ampicillin as a positive control, but there
was no clear zone formed, showing that Acinetobacter sp. bacteria are
resistant to ampicillin. This indicated that P. scutellaria extracts have
the possibility to become an alternative antibacterial agent against
Acinetobacter sp.
In quantitative analysis, even though both hexane and ethyl
acetate fractions exhibited similar inhibition toward the growth of
Acinetobacter sp., the concentration used for hexane fraction was
lower (225 mg/ ml) compared to ethyl acetate fraction (250 mg/ml).
Table 2: Quantitative analysis results of different fractions of
P. scutellaria extracts

Sample

Concentration
(mg/ml)

Σ cells
(CFU/ml)

Control (DMSO)
Hexane fraction
Ethyl acetate fraction
Methanol fraction

N/A
225
250
400

2.6×108
8.8×102
5.5×102
1.4×108

N/A: Not available, CFU: Colony‑forming unit, DMSO: Dimethyl
sulfoxide, P. scutellaria: Polyscias scutellaria
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This means to obtain the similar inhibitory effect, the amount of hexane
fraction used would be lower than ethyl acetate fraction. Previous
research reported that P. scutellaria extract contains flavonoids, tannin,
terpenoids, and saponin [16]. Nevertheless, further research is needed
to isolate and elucidate the active compound for antibacterial activity in
P. scutellaria extract.
CONCLUSION

P. scutellaria Fosberg showed the potential antibacterial activity against
Acinetobacter sp. which was isolated from the human armpit. Both
hexane and ethyl acetate fractions of P. scutellaria Fosberg extract
indicated very strong inhibition (diameter of clear zone was higher
than 20 mm at concentration 400 mg/mL) against Acinetobacter sp.
Furthermore, quantitative analysis exhibited that 225 mg/ml of
hexane fraction and 250 mg/ml of ethyl acetate fraction could decrease
Acinetobacter sp. cells of 6 log cycles, whereas 400 mg/ml of methanol
fraction could not decrease the number of Acinetobacter sp.
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