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Kata kunci: ABSTRAK
E. Guineenses;

Antibakteri: Daun kelapa sawit (Elaeis guineensis) memiliki beragam sifat farmakologis dengan potensi

pengembangan yang menjanjikan, terutama sebagai agen antibiofilm dan antioksidan.
Antibiofilm; Penelitian ini bertujuan untuk mengevaluasi aktivitas antibakteri antibiofilm, dan
Antioksidan antioksidan dari ekstrak daun E. guineensis. Daun dimaserasi dalam acetone selama lima
hari. Aktivitas antibakteri ditentukan menggunakan metode difusi cakram terhadap
empat spesies bakteri yaitu Staphylococcus aureus, Propionibacterium acnes, Escherichia coli,
dan Pseudomonas aeruginosa. Ekstrak menunjukkan aktivitas antibakteri sedang, dengan
inhibisi tertinggi diamati terhadap P. acnes (6.79 mm pada konsentrasi 25%). Aktivitas
antibiofilm dievaluasi menggunakan metode mikrodilusi, menunjukkan inhibisi yang
bergantung pada konsentrasi, dengan aktivitas tertinggi pada konsentrasi 1%, mencapai
83,90% (fase pertengahan, S. aureus) dan 71,28 terhadap E. coli. Aktivitas antioksidan dinilai
menggunakan uji DPPH, FRAP, dan ABTS, menghasilkan nilai ICso masing-masing sebesar
99.19 ppm, 119.12 ppm, dan 123.37 ppm, yang menunjukkan kapasitas antioksidan sedang
(ICs0 > 50-150 ppm). Secara keseluruhan, ekstrak daun E. guineensis menunjukkan aktivitas
antibakteri, antibiofilm, dan antioksidan sedang, yang menunjukkan potensinya sebagai
kandidat awal untuk investigasi farmakologis lebih lanjut.

Key word: ABSTRACT
E. Guineensis;
Oil palm (Elaeis guineensis) leaves possess diverse pharmacological properties with

Antibacterial;
Antibiofilm; promising development potential, particularly as antibiofilm and antioxidant agents. This
Antioxidant study aimed to evaluate the antibacterial, antibiofilm, and antioxidant activities of E.

guineensis leaf extract. The leaves were macerated in acetone for five days. Antibacterial
activity was determined using the disc diffusion method against four bacterial species:
Staphylococcus aureus, Propionibacterium acnes, Escherichia coli, and Pseudomonas aeruginosa.
The extract exhibited moderate antibacterial activity, with the highest inhibition observed
against P. acnes (6.79 mm at 25%). Antibiofilm activity was evaluated using a microdilution
method, showing concentration-dependent inhibition, with the highest activity at 1%
concentration, reaching 83.90% (mid-phase, S. aureus) and 71.28% (E. coli). Antioxidant
activity was assessed using DPPH, FRAP, and ABTS assays, yielding ICso values of 99.19
ppm, 119.12 ppm, and 123.37 ppm, respectively, indicating moderate antioxidant capacity
(ICs0>50-150 ppm). Overall, E. guineensis leaf extract demonstrates moderate antibacterial,
antibiofilm, and antioxidant activities, suggesting its potential as a preliminary candidate

for further pharmacological investigation.
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Introduction

Oil palm (Elaeis Quineensis Jacq.) represents one of Indonesia’s most strategically important
plantation commodities and constitutes a major pillar of the national agricultural economy. Spanning
over 16.83 million hectares with an annual fresh fruit bunch (FFB) output of approximately 46.82 million
tons, the palm oil sector substantially contributes to state revenue, job creation, and the advancement of
rural communities (Pusat Data dan Sistem Informasi Pertanian, 2024). However, alongside its economic
significance, the industry generates substantial biomass waste —including fronds, leaves, empty fruit
bunches, and fibers —that is often underutilized (Wardhono et al., 2025). Large quantities of palm leaves
and fronds, which can exceed 10,000 fronds per hectare annually, are typically discarded, piled, or
burned, contributing to environmental problems such as soil degradation, greenhouse gas emissions,
and air pollution (Asian Agri, 2020). The underutilization of palm biomass presents an opportunity for
value-added exploration, particularly in the biopharmaceutical and natural product sectors (Abnisa et
al., 2011). Recent studies have demonstrated that multiple parts of the oil palm plant, particularly the
leaves and fronds, are rich in secondary metabolites such as flavonoids, phenolics, alkaloids, tannins,
and steroids. These bioactive constituents exhibit a broad spectrum of pharmacological effects,
including antioxidant, antibacterial, anti-inflammatory, and antibiofilm activities (Kedir et al., 2023).
Collectively, these findings highlight the potential of oil palm leaf extracts as a source of natural
therapeutic agents, while also supporting the valorization of plantation biomass within a sustainable
framework.

Bacterial biofilms pose a significant challenge in modern clinical practice. Pathogens such as

Staphylococcus aureus and Escherichia coli can form complex biofilm structures, which enhance bacterial
resistance to antibiotics and host immune responses (Zhao et al., 2023). The presence of biofilms is
strongly associated with persistent and recurrent infections, complicating treatment outcomes and
exacerbating antimicrobial resistance. Consequently, the search for new antibiofilm compounds,
particularly from natural sources, has become an important focus in biomedical research (Ehrlich et al.,
2023). Plant-derived polyphenolic compounds have been widely reported to interfere with bacterial
adhesion, inhibit the formation of extracellular polymeric matrix, or destabilize established biofilms
(Vandana et al., 2023). Given the high phenolic content and antioxidant potential of E. guineensis leaves,
these biomaterials may offer dual functionality, providing both antimicrobial and antioxidant benefits.
Antioxidants also play a critical role in mitigating oxidative stress, a key factor involved in inflammation
and various degenerative diseases (Tow et al., 2021). Considering these potential advantages, this study
was conducted to evaluate the pharmacological properties of oil palm (Elaeis guineensis) leaf extract,
with particular emphasis on its antibacterial and antibiofilm activities. The findings of this research are
expected to contribute to the development of sustainable bioactive products from oil palm biomass,

supporting both environmental sustainability and innovation in natural biomedical applications.

Methods

Tools and Materials

Glassware, refrigerator, drying cabinet, macerator, micropipette (Socorex®), mortar, oven, pH
meter (ATC®), capillary tube (Nesco®), graduated pipette (Pyrex®), dropper pipette, volumetric pipette
(Pyrex®), TLC plate plethysmometer, propipette, test tube rack, rotary evaporator, spatula, UV-Vis
spectrophotometer (PerkinElmer UV/Vis®). The materials used in this study included pro-analytical
glacial acetic acid (Merck), acetone (Technical), aluminum foil, distilled water (Technical), bovine serum
albumin (Himedia), methanol (Merck®), 10% FeCls, 10% H2SO4, carrageenan, filter paper (Whatman No.
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1), pro-analytical methanol (Merck®), NaCl (Merck®), n-hexane (Technical), Na-CMC, diclofenac
sodium (Aarti Drugs Limited), TLC plates (silica gel GF254), Dragendorff’s reagent, E. quineensis leaf,
and Tris base (Merck®), DPPH, FRAP, and TPTZ.

Extraction

Oil palm leaf were cleaned with water, then cut and dried in an oven for three hours at 40 °C. The
entire 1,500 g of powder was soaked in acetone for extraction of the leaf. Extraction was carried out for
five days, stirring every 6 h.

Antibacterial Test

Antibacterial activity was evaluated using the disc diffusion method (Kirby-Bauer assay) with
extract concentrations of 5, 10, 15, 20, and 25%. Nutrient agar (NA) plates were inoculated with
suspensions of S. aureus, P. acnes, P. aeruginosa, and E. coli, followed by placement of discs impregnated
with the respective extracts, with 10% DMSO as the negative control, chloramphenicol and tetracycline
as positive controls. After incubation at 37 °C for 24 h, a vernier caliper was used to measure the zone
of inhibition (Setiawan et al., 2021).

Antibiofilm Test

The antibiofilm activity was assessed using a microbroth dilution assay in 96-well microplates,
employing E. guineensis leaf extract at concentrations of 1%, 0.5%, 0.25%, and 0.125% (w/v) against S.
aureus and E. coli. Bacterial suspensions were standardized to a 0.5 McFarland (1.5 x 108 CFU/mL) in
BHI medium. The extract was prepared in 1% DMSO as the negative control, whereas 1%
chloramphenicol was used as the positive control. Each well contained 100 pL of BHI medium, 50 uL of
bacterial inoculum, and 30 uL of the extract solution, followed by incubation at 37°C for 24 h (mid-log
phase), 48 h (maturation phase), and 72 h (eradication phase) to facilitate biofilm development
(Setiawan et al., 2025).

Antioxidant Activity

DPPH Assay

A range of extract concentrations (20, 40, 80, 100, 120, and 160 ppm) was prepared for the assay.
Subsequently, 1 mL of 0.4 mM DPPH solution was combined with 4 mL of the respective sample
solution. The mixtures were homogenized and incubated in the dark to prevent photodegradation.
Absorbance was then recorded using UV-Vis spectrophotometer at the predetermined maximum
wavelength, with pro-analytical (PA) methanol serving as the blank (Asmawati Saad et al., 2023).

FRAP Test

In the FRAP assay, ascorbic acid was prepared at concentrations of 2, 4, 6, 8, and 10 ppm as the
reference standard, while the extract was tested at 20, 40, 80, 100, 120, and 160 ppm. An aliquot of 1 mL
of each sample solution was transferred into a test tube, followed by the addition of 3 mL of freshly
prepared FRAP reagent. The mixtures were incubated at 37 °C for 16 minutes, after which absorbance
was measured at 596 nm, the predetermined maximum wavelength. The ascorbic standard was
processed under identical experimental conditions (Knez et al., 2025).

ABTS Test

The absorbance of the ABTS working solution was monitored at regular intervals until it reached

a value between 0.7 and 0.8, indicating optimal stability for analysis. For the positive control, 10 mg of
ascorbic acid was dissolved in 100 mL of distilled water to prepare a 100 ppm stock solution, which was
subsequently diluted to final concentrations of 2, 4, 6, 8, and 10 ppm in a 10 mL volumetric flask using
distilled water. For the sample preparation, 10 mg of plant extract was dissolved in 100 mL of distilled
water to obtain a 100 ppm stock solution. This stock was further diluted to yield concentrations of 20,
40, 80, 100, 120, and 160 ppm for the assay (Sadeer et al., 2020).

464


https://jurnalstikesborneolestari.ac.id/index.php/borneo/article/view/794
https://doi.org/10.59053/bjp.v10i1.7942
https://doi.org/10.59053/bjp.v10i1.7942
https://portal.issn.org/resource/ISSN/2548-3897
https://portal.issn.org/resource/ISSN/2541-3651

Borneo Journal of Pharmascientech https://jurnalstikesborneolestari.ac.id/index.php/borneo/article/view/794
Vol 10 No 01, April 2026 DOl https://doi.org/10.59053/bjp.v10i1.794
Halaman 462-470 e-ISSN : 2548 — 3897; p-ISSN : 2541 - 3651

Result and Discussion
Antibacterial test

Antibacterial test of E. guineensis Leaf Extract
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Fig. 1. Result of Antibacterial E. Guineensis leaf extract

The antibacterial efficacy of E. guineensis leaf extract was assessed against four test organisms,
namely E. coli, S. aureus, P. aeruginosa, and P. acnes. The extract was tested at concentrations of 5%, 10%,
15%, 20%, and 25%, and the inhibition zones were compared to chloramphenicol and tetracycline as
positive controls (Fig.1). Overall, the extract exhibited weak to moderate antibacterial activity, with
varying effects depending on bacterial species and concentration. At low concentrations (5-15%),
inhibition zones were generally minimal, ranging from 0 to 4.81 mm. A slight increase in activity was
observed at 20% and 25%, particularly against S. aureus and P. acnes. P. acnes showed the highest
sensitivity among all tested bacteria, reaching an inhibition zone of 6.79 mm at 25%. S. aureus exhibited
moderate inhibition (4.95 mm at 25%), while E. coli and P. aeruginosa showed no inhibition at any extract
concentration. As expected, the positive controls displayed potent antibacterial activity, with
tetracycline producing the widest zones (25.66—40.255 mm). The findings suggest that E. guineensis leaf
extract demonstrates selective antibacterial effects, predominantly against Gram-positive strains (S.
aureus and P. acnes) whereas Gram-negative organisms (E. coli and P. aeruginosa) appear resistant to the
extract.

The result indicate that E. quineensis leaf extract has concentration-dependent antibacterial activity,

with greater effects observed at higher concentrations (20-25%). The preferential activity against Gram-
positive bacteria aligns with established differences in cell wall architecture. Gram-negative species
possess an additional outer membrane enriched with lipopolysaccharides, which acts as a permeability
barrier to many phytochemicals, thereby accounting for the lack of inhibitory effect on E. coli and P.
aeruginosa (Nazzaro et al., 2013). The moderate inhibition detected against S. aureus and P. acnes indicates
the presence of bioactive constituents capable of compromising the integrity of Gram-positive bacterial
membranes (Pacyga et al., 2024). Previous studies have reported that E. quineensis leaves contain
flavonoids, tannins, alkaloids, and steroid phytochemicals known for their antibacterial mechanisms,
including protein precipitation, membrane disruption, and inhibition of nucleic acid synthesis (Febriani
et al.,, 2020). Among the tested bacteria, P. acnes was the most susceptible, showing the largest inhibition
zone (6.79 mm at 25%). This suggests that certain compounds in the extract may target anaerobic, lipid-
rich environments, aligning with the organism’s biology as a skin-associated pathogen (Jung et al.,

2022). The moderate effect against S. aureus further supports the plant extract’s antimicrobial potential
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but remains significantly lower than those of tetracycline (29.57 mm) and chloramphenicol (18.3 mm).
The lack of activity against P. aeruginosa indicates the extract’s limitations. P. aeruginosa is known for its
multidrug resistance and efflux pump mechanisms, which may prevent phytochemicals from exerting
sufficient antibacterial pressure (Alharbi et al., 2025).

Antibiofilm test
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Fig. 2 Antibiofilm test result of E. guineensis leaf extract

The extract demonstrated dose-dependent antibiofilm activity across the mid-, maturation-, and
eradication phases of E. coli biofilms. At the lowest concentration (0.125%), inhibition ranged from 38.94%
(mid-phase) to 59.54% (eradication phase). Increasing the concentration to 0.25% enhanced biofilm
inhibition, reaching 48.51-65.25%, while 0.5% produced slightly higher inhibition values (55.04-67.40%).
A more substantial inhibitory effect was observed at 1%, where the extract inhibited 71.28% (mid-phase),
69.74% (maturation phase), and 70.97% (eradication). The positive control (K*) exhibited the most potent
inhibition across all phases (87.37-89.56%), as expected. These results indicate that the extract effectively
inhibits E. coli biofilm formation and reduces mature biofilm mass, although with lower potency than
the reference control.

The extract also showed concentration-dependent antibiofilm activity against S. aureus. At 0.125%,
inhibition ranged from 19.98% (maturation) to 68.98% (mid-phase), indicating a more variable response
than in E. coli, increasing the concentration to 0.25% further improved inhibition, with values ranging
from 44.64% to 72.83%. At 0.5%, biofilm inhibition further increased, reaching 76.43%, 59.86%, and 49.51%
in the mid-phase, maturation phase, and eradication phase, respectively. At 1%, the extract exhibited
robust inhibition in the mid-phase (83.90%) but moderate activity in the maturation (60.28%) and
eradication phases (59.24%). The positive control produced the highest inhibition across all phases
(82.64-87.88%), similar to the pattern observed in E. coli. Collectively, the extract shows notable
antibiofilm effects against S. aureus, particularly during the early stage of biofilm development.

The results demonstrate that E. guineensis leaf extract exhibits marked antibiofilm efficacy against
both E. coli and S. aureus, with differential activity profiles influenced by the bacterial species and the
stage of biofilm development. Across both bacteria, the extract exhibited more potent inhibition in the
mid-phase (initial adhesion) than in the maturation and eradication phases. This indicates that the
extract is more effective in preventing biofilm formation than in disrupting established biofilm matrices
(Tasmia Asma et al., 2022). Initial-stage inhibition is likely attributable to disruption of bacterial
adhesion to surfaces, modulation of quorum-sensing mechanisms, or suppression of early extracellular
polymeric substances (EPS) biosynthesis (Rather et al., 2021). The extract produced higher inhibition
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percentages in S. aureus mid-stage biofilms (up to 83.90%) compared to E. coli (71.28%). This suggests
that Gram-positive bacteria may be more susceptible to the phytochemicals in E. guineensis, consistent
with typical differences in cell wall architecture (Nikolic & Mudgil, 2023). The dense outer membrane
of Gram-negative bacteria often limits the penetration of plant-derived antimicrobial compounds.
Although the extract showed considerable antibiofilm activity, the positive control consistently
produced higher inhibition (>80%) across all conditions. This confirms that while the extract is bioactive,
it functions as a moderate natural antibiofilm agent rather than a potent pharmaceutical alternative
(Grari et al., 2025).

Antioxidant test
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Fig. 3 Antioxidant test result of E. Guineensis leaf extract

Ascorbic acid, employed as the reference standard, exhibited a pronounced linear correlation
between concentration and percentage inhibition (R? = 0.9901). The ICs value obtained was 3.28 ppm,
confirming the assay system’s reliability and serving as a benchmark for evaluating the antioxidant
strength of the E. guineensis leaf extract. The DPPH assay showed increasing % inhibition with
increasing extract concentration, with an R? value of 0.9533. The calculated ICsy was 99.19 ppm,
indicating moderate antioxidant capacity. Although markedly weaker than the ascorbic acid standard
(ICso = 3.28 ppm), the extract demonstrates substantial free radical scavenging potential. In the ABTS
assay, the extract showed a concentration-dependent antioxidant response (R? = 0.9718). The ICs, value
was 119.12 ppm, slightly lower than that observed in the DPPH assay. This suggests that the extract
scavenges ABTS* radicals less efficiently, possibly due to the polarity or solubility of its active
phytochemicals. The FRAP assay revealed a linear increase in antioxidant reducing power (R? = 0.959).
The ICsy obtained was 123.37 ppm, the highest among the three antioxidant assays. This suggests that
the extract possesses modest electron-donating capacity for ferric reduction compared to its ability to
neutralize DPPH or ABTS radicals (Seleshe et al., 2022). The antioxidant evaluation of E. guineensis leaf
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extract using DPPH, ABTS, and FRAP assays demonstrates that the extract possesses moderate
antioxidant activity, although not comparable to the potent antioxidant ascorbic acid. The ICs, values
obtained (DPPH: 99.19 ppm; ABTS: 119.12 ppm; FRAP: 123.37 ppm) indicate that the extract is capable
of scavenging free radicals and reducing oxidants at relatively higher concentrations (Munteanu &
Apetrei, 2021). The observed ICso values place the extract within the moderate antioxidant category,
supporting its role as a supplementary rather than primary antioxidant agent. This level of activity may
be attributed to the presence of phenolic and flavonoid compounds, which are known to contribute to
antioxidant mechanisms through hydrogen atom donation and electron transfer.

Conclusion and Suggestions

The results demonstrate that Elaeis guineensis leaf extract exhibits moderate biological activity,
including selective antibacterial effect against Gram-positive bacteria, concentration-dependent
antibiofilm activity, particularly during early biofilm formation, and moderate antioxidant capacity.
Although its activity is lower than that of standard antibiotics and ascorbic acid, the extract consistently
exhibits dose-dependent effects, indicating the presence of bioactive phytochemicals. Therefore, this
extract may serve as a promising preliminary candidate for further investigation, requiring additional
studies including phytochemical isolation, mechanistic evaluation, and in vivo validation to confirm its
pharmacological potential.
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