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ABSTRACT

Matoa (Pometia pinnata) leaves contain alkaloids, flavonoids, tannins, saponins, phenols,
steroids, and terpenoids that can act as antibacterial agents. This experimental study aimed to
evaluate the antibacterial activity of 70% ethanolic extract and the water, n-hexane, and ethyl
acetate fractions of matoa leaves against Staphylococcus aureus ATCC 6538P. Antibacterial
testing was performed using the well diffusion method at concentrations of 10%, 20%, and 30%
(w/v), prepared in 10% dimethyl sulfoxide (DMSO). Ciprofloxacin 1 pg/well and 10% DMSO
were used as positive and negative controls, respectively. Inhibition zones were measured after
24 h incubation at 37 °C in triplicate. The 30% ethyl acetate fraction produced the largest
inhibition zone (13.2 mm), followed by the 30% ethanolic extract (11.6 mm), whereas the n-
hexane and water fractions yielded smaller zones (9.3 mm and 5.9 mm, respectively, at 30%).
Ciprofloxacin produced a very strong inhibition zone of 33.0 mm, while 10% DMSO showed
no inhibition. One-way ANOVA with Bonferroni post-hoc analysis indicated that increasing
concentration significantly enhanced the inhibition zone for several test materials (p < 0.05).
Overall, the 30% ethyl acetate fraction exhibited the strongest in-vitro antibacterial activity
among all matoa leaf preparations tested, although its effect remained weaker than that of

ciprofloxacin.
Licensed under: Creative Commons Attribution (CC-BY-SA)
Keywords:
Staphylococcus aureus; Pometia pinnata; Matoa Leaves; Well diffusion; Antibacterial activity
Received: Accepted: Online:
2025-06-02 2025-12-30 2025-12-31

1. Introduction

The Indonesian population has long utilised various plant parts such as leaves,
seeds, roots, tubers, and wood for maintaining health and treating disease. One of the
plants used traditionally as herbal medicine is matoa (Pometia pinnata) [1]. Matoa has
been reported to be useful in the management of wounds and fever [2]. The leaves
contain alkaloids, flavonoids, saponins, phenols, steroids, terpenoids, and tannins,
which have been associated with antibacterial activity [3].

Maceration with hydroalcoholic solvents is commonly used for extracting
secondary metabolites from plant leaves because it is simple, does not require heating,
and provides good extraction efficiency for polar and semi-polar compounds [5],[6].
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Staphylococcus aureus ATCC 6538P is a Gram-positive bacterium frequently
implicated in purulent infections and abscesses of hair follicles and sweat glands, as well
as boils and infected burn wounds [2]. These infections may be transmitted via direct
contact, particularly through contaminated hands, to skin lesions, post-surgical wounds,
and other injured areas [4]. Given its clinical importance and widespread occurrence, S.
aureus ATCC 6538P is commonly used as a reference strain in antibacterial studies.

Ethanolic extracts and fractions of matoa leaves have demonstrated antibacterial
potential in previous research. Sidoretno (2022) reported that 96% ethanolic extract of
matoa leaves at concentrations of 10%, 20%, and 30% produced inhibition zones of 11.06,
15.07, and 16.07 mm against S. aureus ATCC 6538P [4]. Azlin et al. (2023) found that ethyl
acetate fractions at 10%, 20%, and 30% generated mean inhibition zones of 8.39, 10.64,
and 12.00 mm, respectively [2]. Risna (2023) further showed that 70% ethanolic extract
at concentrations of 1%, 1.5%, and 2% produced inhibition zones of 12.88, 13.15, and
11.36 mm using the disc diffusion method.

However, studies combining 70% ethanolic extract with water, n-hexane, and
ethyl acetate fractions of matoa leaves and evaluating their antibacterial activity against
S. aureus ATCC 6538P using the well diffusion method are still limited. The well
diffusion method allows liquid preparations to be applied directly into agar wells and
provides good sensitivity for screening crude extracts. Therefore, this study aimed to
determine the inhibition zones produced by 70% ethanolic extract and different solvent
fractions of matoa leaves at concentrations of 10%, 20%, and 30% against S. aureus ATCC
6538P using the well diffusion method.

2. Method

This experimental study used green matoa leaves collected from positions 1-4
from the leaf tip. Samples were obtained from North Tanoyan Village, Lolayan District,
Bolaang Mongondow Regency, North Sulawesi. Antibacterial activity against
Staphylococcus aureus ATCC 6538P was tested on the 70% ethanolic extract and water, n-
hexane, and ethyl acetate fractions of matoa leaves at concentrations of 10%, 20%, and
30% using the well diffusion method.

Equipment and Materials

The equipment used included an autoclave, beakers, Petri dishes, cork borers,
Erlenmeyer flasks, measuring cylinders, incubator, vernier caliper, watch glasses, spirit
lamp, oven, water bath, micropipettes, test-tube racks, spreaders, test tubes, and
analytical balance. The materials used were acetic acid, sulphuric acid, S. aureus ATCC
6538P, ciprofloxacin, dimethyl sulfoxide (DMSO), 70% ethanol, ethyl acetate, sterile
cotton, Mueller-Hinton agar (MHA), nutrient agar (NA), 0.9% physiological NaCl, n-
hexane, and matoa leaf simplicia.

Extraction

Dried matoa leaves were ground into powder and sieved through a 40-mesh
sieve. A total of 500 g of simplicia powder was weighed and placed in a dark bottle, then
5L of 70% ethanol was added as solvent at a ratio of 1:10 [7]. Maceration was carried out
for 3 x 24 h with occasional stirring. The extract was separated by filtration and
concentrated using a rotary evaporator at 70 °C until a thick extract was obtained [2].
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Ethanol-Free Test

The viscous extract was mixed with 1 mL of acetic acid and 1 mL of sulphuric
acid in a test tube and heated. The extract was considered free of ethanol if no ester odour
was detected [6].

Fractionation

Ten grams of matoa leaf extract was dissolved in 100 mL of distilled water and
placed in a separating funnel, then fractionated with 100 mL of n-hexane. After shaking
and allowing the mixture to stand, two layers formed, with the n-hexane layer above
and the aqueous layer below; the n-hexane layer was collected. Next, 100 mL of ethyl
acetate was added to the remaining aqueous phase, shaken, and left to stand until two
layers formed; the upper ethyl acetate layer was then collected. All fractions were
concentrated using a water bath at 70 °C until a constant weight was achieved [8]. Each
fraction yielded approximately 6 g (60%).

Preparation of Concentration Series

For preparation of the concentration series, each extract and fraction was
weighed at 0.1 g (10%), 0.2 g (20%), and 0.3 g (30%), then dissolved in 1 mL of 10%
DMSO. Thus, each 1 mL of solution contained 0.1, 0.2, or 0.3 g extract/fraction in 10%
DMSO. For antibacterial testing, 5 pL of each solution was applied into 6-mm diameter
wells.

Antibacterial Activity Test
Sterilisation of Equipment and Materials

The equipment and media used in this study were sterilised beforehand using
an autoclave at 121°C for 30 minutes [9].

Preparation of Muller-Hinton Agar (MHA) Medium

A total of 9.9 g of MHA powder was weighed into a 500-mL Erlenmeyer flask,
260 mL of distilled water was added, and the mixture was stirred until homogeneous.
The medium was sterilised in an autoclave at 121 °C for 30 min and then poured into
Petri dishes [2] .

Preparation of Positive Control Solution and negative control

Ciprofloxacin 500-mg tablets were crushed, and 5 mg of powder was dissolved
in 25 mL of 10% DMSO to obtain a stock solution of 0.2 pg/pL. For each well, 5 pL of
this solution (equivalent to 1 pg ciprofloxacin per well) was used as the positive control
[10]. The negative control consisted of 5 uL of 10% DMSO in each well.

Preparation of Bacterial Suspension

A single colony of S. aureus ATCC 6538P from NA was transferred into a test tube
containing 5 mL of physiological saline. The resulting suspension was used as the
inoculum within 15 min [11] .

Antibacterial Testing Using the Well Method

The bacterial suspension was standardised to a turbidity equivalent to 0.5
McFarland (1 x 108 CFU/mL). The suspension was spread evenly over the surface of
MHA plates using a sterile spreader. Wells were made using a cork borer, and 5 pL of
each test solution, positive control, and negative control was added into the respective
wells. Plates were incubated at 37 °C for 18-24 h, and clear zones around the wells were
measured as inhibition zones [11] .

Data analysis

The inhibition zone diameters (mm) were recorded as mean + standard deviation
(SD) from three replicates. Differences between concentrations for each test material
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were analysed using one-way ANOVA followed by Bonferroni post-hoc test in SPSS,
with a significance level of p < 0.05.

3. Results and Discussion
Extraction yield

This study aimed to determine the inhibition zone of ethanol extract of matoa
leaves, water fraction, n-hexane fraction, and ethyl acetate fraction against Staphylococcus
aureus ATCC 6538P bacteria at concentrations of 10%, 20%, and 30%. Matoa leaves were
obtained from Tanoyan Utara Village, Lolayan District, Bolaang Mongondow Regency,
North Sulawesi Province.

The method used in the extraction process was maceration because, in addition
to being easy and simple, this method is commonly used for leaf samples because the
active substances in the samples are not heat-resistant, which can damage the active
substances [12]. Maceration was carried out using 70% ethanol solvent because it can
better extract polar compounds [13]. The solvent ratio used is 1:10 to ensure the sample
is fully submerged, and the more solvent used, the greater the amount of extract
obtained [14]. The resulting extract is then concentrated to obtain a thick extract, and the
yield is calculated. The Indonesian Ministry of Health (2017) states that a good yield is
when the yield value is above 10% [15]. The yield obtained from the concentrated extract
of matoa leaves was 10.5%, which can be considered good as it is above 10%. The yield
results can be seen in Table 1.

Table 1. Yield results of ethanol extract from matoa leaves

Weight of crude drug (g) Extract weight (g) Yield (%)
500 A 52.764 » 10.5

The concentrated extract obtained was then fractionated using the liquid-liquid
extraction method with a separating funnel. The purpose of fractionation is to separate
compounds based on their polarity [2]. In this study, aquades, ethyl acetate and n-hexane
solvents were used, where solvents with a higher density will be in the lower layer, while
solvents with a lower density will be in the upper layer. The purpose of varying the
solvents is so that the secondary metabolite compounds bound to the sample can be
extracted in solvents based on their polarity. Polar compounds will enter polar solvents
(distilled water), semi-polar compounds will enter the semi-polar solvent (ethyl acetate),
and non-polar compounds will enter the non-polar solvent (n-hexane) [16].

Antibacterial activity

Ethanol extracts and water, ethyl acetate and n-hexane fractions were tested for
antibacterial activity against Staphylococcus aureus ATCC 6538P bacteria. In this study,
several concentrations were used, namely 10%, 20% and 30%. These concentrations were
used to determine the concentration that could produce the greatest inhibitory effect
against Staphylococcus aureus ATCC 6538P bacteria. DMSO (dimethyl sulfoxide) can dissolve
thick extracts better than distilled water, therefore it was used to make a series of
solutions with concentrations of [2]. The solutions were then used in the antibacterial
activity test of the ethanolic extract of matoa leaves and the water, ethyl acetate, and n-
hexane fractions against Staphylococcus aureus ATCC 6538P bacteria. The results of the
antibacterial activity test are shown in Table 2.
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Table 2. Inhibition zones of ethanolic extract and fractions of matoa leaves against
Staphylococcus aureus ATCC 6538P

Test material Concentration Replicate Replicate  Replicate Mean SD
(% w/v) I (mm) IT (mm) III (mm) (mm)

Ethanolic extract 10 8.3 8.9 9.6 8.9 1.3503

Ethanolic extract 20 9.9 10.3 10.9 10.3 1.3503

Ethanolic extract 30 11.2 11.7 12.1 11.6 1.3503

Water fraction 10 43 4.5 4.9 45 0.7095

Water fraction 20 5.1 5.7 5.5 5.4 0.7095

Water fraction 30 59 6.1 57 5.9 0.7095

n-hexane 10 8.1 8.3 8.5 8.3 0.5508

fraction

n-hexane 20 8.7 7.9 8.6 8.4 0.5508

fraction

n-hexane 30 9.1 9.3 9.5 9.3 0.5508

fraction

Ethyl acetate 10 10.9 10.8 10.7 10.8 1.2220

fraction

Ethyl acetate 20 12.6 11.4 11.0 11.6 1.2220

fraction

Ethyl acetate 30 13.9 13.2 12.7 13.2 1.2220

fraction

Positive control - 33.0 33.0 33.0 33.0 0.0

(ciprofloxacin)

Negative control - 0.0 0.0 0.0 0.0 0.0

(10% DMSO)

Note: Data are presented as inhibition zone diameters (mm), mean + SD, from three replicates (n = 3) for each material
and concentration. Positive control: ciprofloxacin; negative control: 10% DMSO

Based on the results in Table 2, a clear zone can be seen forming around the well
and measured using a vernier caliper, where the thick extract of matoa leaves has
antibacterial activity because it contains alkaloids, flavonoids, tannins and saponins that
act as antibacterial agents [4], with an average inhibition zone of 8.9 mm (10%
concentration), 10.3 mm (20%) and 11.6 mm (30%). The water fraction also has
antibacterial activity because it contains flavonoid compounds [9] with an average
inhibition zone diameter of 4.5 mm (10%), 5.4 mm (20% concentration) and 5.9 mm (30%
concentration). The n-hexane fraction exhibits inhibition zone activity due to the
presence of terpenoid compounds [17]. The inhibition zones produced by the n-hexane
fraction are stronger than those of the aqueous fraction, with average inhibition zone
diameters of 8.3 mm (10% concentration), 8.4 mm (20% concentration), and 9.3 mm (30%
concentration). The ethyl acetate fraction contains flavonoid and alkaloid compounds
that act as antibacterial agents with an average inhibition zone diameter of 10.8 mm
(10% concentration), 11.6 mm (20% concentration) and 13.2 mm (30% concentration) [2].
For the positive control, the inhibition zone produced was 33 mm, which is classified as
very strong, while the negative control did not produce an inhibition zone. Based on the
results obtained, it can be said that the higher the concentration, the larger the inhibition
zone produced.
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Table 3. Bonferroni post-hoc comparisons of inhibition zones between concentrations
for each test material

Test material Concentration Mean difference p- Significant (p <
comparison (%o, w/v) (mm)* value 0.05)
Ethanolic 10 vs 20 -1.43 0.053 No
extract
Ethanolic 10 vs 30 -2.73 0.002 Yes
extract
Ethanolic 20 vs 30 -1.30 0.078 No
extract
Water fraction 10 vs 20 -0.87 0.025 Yes
Water fraction 10 vs 30 -1.33 0.003 Yes
Water fraction 20 vs 30 -0.47 0.248 No
n-hexane 10 vs 20 -0.10 1.000 No
fraction
n-hexane 10 vs 30 -1.00 0.019 Yes
fraction
n-hexane 20 vs 30 -0.90 0.031 Yes
fraction
Ethyl acetate 10 vs 20 -0.87 0.376 No
fraction
Ethyl acetate 10 vs 30 -2.47 0.007 Yes
fraction
Ethyl acetate 20vs 30 -1.60 0.050 No
fraction

Note: *Mean difference is calculated as (lower concentration — higher concentration); negative values indicate larger
inhibition zones at the higher concentration.

Post-hoc Bonferroni analysis (Table 3) showed that, for the ethanolic extract and
ethyl acetate fraction, the 30% concentration produced significantly larger inhibition
zones than the 10% concentration (p = 0.002 and p = 0.007, respectively). For the water
fraction, both 20% and 30% were significantly higher than 10% (p < 0.05), whereas for
the n-hexane fraction significant differences were observed between 10% vs 30% and
20% vs 30% (p < 0.05)

Table 4. Categories of antibacterial activity [19]

Inhibition zone diameter (mm) Category
220 Very strong
10-20 Strong

5-10 Moderate
<5 - Weak

Previous studies have categorised antibacterial activity based on inhibition zone
diameter as shown in Table 4 [19]. Based on these criteria, the 10% ethanolic extract of
matoa leaves falls into the moderate category, whereas the 20% and 30% extracts are
classified as having strong antibacterial activity. This pattern is consistent with the ability
of 70% ethanol to extract polar and semi-polar constituents such as flavonoids, tannins,
saponins, alkaloids, and triterpenoids, which are widely associated with antibacterial
effects [3],[17],[18]. The water fraction at 10% is categorised as weak, while at 20% and
30% it shifts to the moderate category. Water predominantly extracts highly polar
compounds, including saponins, tannins, flavonoids, and alkaloids, so the antibacterial
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effect is present but less pronounced than that of the ethanolic extract. In contrast, the n-
hexane fraction at 10%, 20%, and 30% remains in the moderate category across all
concentrations, which is in line with its ability to extract non-polar constituents such as
steroids and other lipophilic compounds that can disrupt bacterial cell membranes [18].
The ethyl acetate fraction at 10%, 20%, and 30% is classified as strong because this solvent
attracts semi-polar compounds such as flavonoids, alkaloids, tannins, saponins, and
phenolics [2],[15]. The positive control, ciprofloxacin, falls into the very strong category,
confirming the validity of the assay. Overall, these findings indicate that higher
concentrations of extract or fraction generally produce larger inhibition zones, consistent
with the increased availability of active antibacterial constituents. Moreover, evidence
from other natural sources, including secondary metabolites isolated from Penicillium
sp. with potent antimicrobial properties, supports the role of diverse natural metabolites
as important antibacterial agents [21].

This antibacterial study nevertheless has several limitations. The well diffusion
method measures activity primarily on the basis of the ability of compounds to diffuse
through agar and therefore does not always reflect true intrinsic potency. Minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values
were not determined, so the minimum effective concentrations of each preparation
remain unknown. Only three solvents were used for extraction and fractionation, and
the number of bacterial strains tested was limited to a single reference strain, which
restricts the generalisability of the results. Further studies involving MIC/MBC
determination, additional solvent systems, and a broader panel of clinical isolates are
required to confirm and extend these findings.

In addition, this study employed crude extracts and solvent fractions without
detailed identification of individual active compounds. Unlike studies that have
successfully isolated and characterised specific antimicrobial secondary metabolites
using chromatographic and spectrometric techniques [21], the present work did not
elucidate which constituents of the matoa leaf preparations are primarily responsible for
the observed activity, nor did it assess possible cytotoxicity or safety profiles. Future
research should therefore incorporate comprehensive phytochemical profiling,
bioassay-guided fractionation, and toxicity testing to clarify the mechanism of action and
to evaluate the feasibility of developing matoa leaf-derived compounds as safe and
effective antibacterial agents.

The well diffusion method was chosen in this study because it offers a simple
procedure and relatively high sensitivity for screening liquid extracts and fractions. The
osmotic process facilitates diffusion of active compounds from the wells into the
surrounding agar, making this method effective for detecting growth inhibition zones
[11]. Mueller-Hinton agar (MHA) was used as the culture medium because it is a
nutritionally rich, standardised medium that supports robust growth of many bacterial
species and is widely recommended for antimicrobial susceptibility testing [2].
Ciprofloxacin was employed as the positive control because it is a broad-spectrum
antibiotic that inhibits bacterial DNA synthesis, thereby effectively suppressing the
growth of susceptible microorganisms and providing a benchmark for maximal
inhibition [22]. Dimethyl sulfoxide (DMSO) was used as the negative control since it
served as the solvent for the extracts and fractions and has been shown not to inhibit
bacterial growth or exhibit bactericidal properties at the concentrations used in this
study.
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4. Conclusion

Ethanolic extract and solvent fractions of Pometia pinnata leaves inhibited the
growth of Staphylococcus aureus ATCC 6538P in the well diffusion assay. At 30% (w/v),
the ethyl acetate fraction and the ethanolic extract produced mean inhibition zones of
13.2 £1.22 mm and 11.6 + 1.35 mm (n = 3), respectively, whereas the n-hexane and water
fractions showed smaller zones of 9.3 + 0.55 mm and 5.9 + 0.71 mm, respectively.
Ciprofloxacin (1 ng/well) generated an inhibition zone of 33.0 £ 0.0 mm, and 10% DMSO
showed no inhibition. Inhibition generally increased with concentration, indicating a
concentration-dependent effect within the tested range. Nevertheless, the antibacterial
activity of the extract and fractions remained lower than that of ciprofloxacin, and
further studies are required to characterise the active constituents, determine MIC and
MBC values, and evaluate their potential clinical relevance.
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