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Abstract

The increasing prevalence of antibiotic-resistant bacteria has encouraged the
exploration of natural sources of antibacterial compounds, including Tridax
procumbens L. This study aimed to evaluate the antibacterial activity of leaf, stem,
and flower extracts of T. procumbens against Staphylococcus aureus, Escherichia colz, and
Pectobacterium sp. Plant samples were collected in Denpasar, Bali, dried, powdered,
and extracted by maceration using 96% ethanol, n-hexane, and ethyl acetate.
Antibacterial activity was assessed using the disc diffusion method at extract
concentrations of 10-50%, with 1% DMSO as the negative control. Inhibition zone
diameters were analyzed using analysis of variance followed by the least significant
difference test at the 5% significance level. Leaf and stem extracts showed no
antibacterial activity against any tested bacteria. Antibacterial activity was observed
only in the flower extracts against S. aureus, with the n-hexane extract producing
the largest inhibition zone (10.0 mm at 50% concentration), followed by the ethyl
acetate extract, while the ethanol extract was inactive. No extracts inhibited E. col:
or Pectobacterium sp. These findings indicate that n-hexane flower extract possesses
limited antibacterial activity against S. aureus, highlighting its potential as a source
of antibacterial compounds and the need for further purification and characterization
of its bioactive constituents.
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1. Introduction

The increasing emergence of antibiotic-resistant bacteria has become a major
global challenge that threatens the effectiveness of conventional antibacterial
treatments. The continuous use and misuse of antibiotics have accelerated the
development of resistant strains, creating an urgent need to explore alternative
antibacterial agents from natural resources. Medicinal plants have attracted
considerable attention because they contain diverse bioactive compounds that may
serve as potential sources of new antimicrobial agents (Atanasov et al., 2021; Murray
et al., 2022). Among these plants, songgolangit (Tridax procumbens L.) has received
interest due to its traditional medicinal applications and reported pharmacological
activities.

Songgolangit (1. procumbens) is a herbaceous plant belonging to the Asteraceae
family and is widely distributed in tropical and subtropical regions. Although
frequently regarded as a weed, this plant has been traditionally utilized for
therapeutic purposes because of its rich phytochemical composition. Previous studies
have reported that T. procumbens contains various secondary metabolites, including
flavonoids, alkaloids, saponins, tannins, sterols, and terpenoids, which contribute to
biological activities such as antioxidant, anti-inflammatory, and antimicrobial effects
(Mundada & Shivhare, 2010; Rahman et al., 2024). These compounds are considered
capable of inhibiting bacterial growth through several mechanisms, including
disruption of bacterial cell membranes, inhibition of metabolic enzymes, and
interference with essential cellular processes.

The antibacterial potential of T procumbens has been reported against various
pathogenic bacteria. However, its effectiveness varies depending on several factors,
including plant organ, extraction solvent, extract concentration, environmental
conditions, and the bacterial species tested. Previous studies demonstrated that 7.
procumbens extracts could inhibit pathogenic bacteria such as Staphylococcus aureus
and Escherichia colz, although differences in antibacterial activity were observed
among extraction methods and bacterial strains (Kumar & Naidu, 2011; Bharathi et
al., 2012; Syed et al., 2020). These variations indicate that the presence of bioactive
compounds does not solely determine antibacterial activity but is also influenced by
their distribution within plant tissues and their extractability using different
solvents.

Plant organs represent an important factor affecting phytochemical composition
and biological activity. Leaves, stems, and flowers have different physiological
functions, resulting in variations in secondary metabolite accumulation. Flowers, for
example, may contain specific defensive compounds associated with protection
against environmental stress and biological threats. Therefore, comparative
evaluation of different plant organs is necessary to determine which part of T.
procumbens provides the highest antibacterial potential. Furthermore, extraction
solvent polarity plays a crucial role in determining the type and concentration of
compounds obtained. Polar solvents tend to extract phenolic and flavonoid
compounds, while semi-polar and non-polar solvents are more effective for
extracting compounds such as terpenoids and sterol derivatives. Differences in
solvent properties may consequently influence antibacterial activity (Ameer et al.,
2017; Atanasov et al,, 2021; Pan et al., 2023).

Bacterial characteristics also influence the antibacterial response of plant
extracts. Staphylococcus aureus is a Gram-positive bacterium associated with various
human infections and has demonstrated high adaptability and antimicrobial
resistance (Akinduti et al, 2022; Gherardi, 2023). In contrast, E. coli and
Pectobacterium sp. are Gram-negative bacteria possessing an additional outer
membrane that may restrict the penetration of antibacterial compounds.
Pectobacterium sp. is also recognized as an important plant pathogen responsible for
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soft rot disease in various horticultural crops, causing significant economic losses
(Charkowski, 2018). Therefore, evaluating antibacterial activity against both Gram-
positive and Gram-negative bacteria provides broader information regarding the
effectiveness and spectrum of plant-derived antibacterial compounds.

Figure 1. Songgolangit Plant

Songgolangit (Tridax procumbens L.) is a herbaceous plant belonging to the
Asteraceae family and is widely distributed in tropical and subtropical regions, as
shown in Figure 1. Although frequently regarded as a weed, this plant has been
traditionally utilized for therapeutic purposes because of its rich phytochemical
composition. Previous studies have reported that T. procumbens contains various
secondary metabolites, including flavonoids, alkaloids, saponins, tannins, sterols, and
terpenoids, which contribute to biological activities such as antioxidant, anti-
inflammatory, and antimicrobial effects (Mundada & Shivhare, 2010; Rahman et al,,
2024).

Although previous studies have investigated the antibacterial properties of 7.
procumbens, most research has focused on specific plant organs, particularly leaves,
or evaluated limited extraction conditions (Yang et al., 2018). Information regarding
the comparative antibacterial activity of leaf, stem, and flower extracts using
solvents with different polarities against both human and plant pathogenic bacteria
remains limited, particularly for 7. procumbens collected in Denpasar, Bali. Therefore,
this study aims to compare the antibacterial activity of leaf, stem, and flower extracts
of T. procumbens prepared using ethanol, ethyl acetate, and n-hexane against S.
aureus, E. coli, and Pectobacterium sp. The results are expected to provide insights into
the potential utilization of T. procumbens as a natural antibacterial source and
contribute to the development of plant-based antimicrobial agents.

2. Literature Review

2.1. Phytochemical Compounds and Antibacterial Activity of Tridax

The exploration of medicinal plants as alternative antibacterial agents has
increased due to the global concern regarding antimicrobial resistance (Al-Dhabi et
al.,, 2015; Ashraf et al, 2023). Among medicinal plants, Tridax procumbens L.
(Asteraceae) has received considerable attention because of its diverse phytochemical
constituents and biological activities (Gbadamosi et al., 2024). Several studies have
demonstrated that T. procumbens contains bioactive compounds such as flavonoids,
alkaloids, tannins, saponins, terpenoids, phenolic compounds, and sterol derivatives,
which are associated with antimicrobial effects (Singh et al., 2025). These secondary
metabolites can inhibit bacterial growth through multiple mechanisms, including
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disruption of bacterial cell membranes, inhibition of essential enzymes, and
interference with cellular metabolism.

Recent investigations have confirmed the antibacterial potential of T procumbens
extracts against pathogenic bacteria. Ikala et al. (2024) reported that methanolic leaf
extracts of T. procumbens exhibited antibacterial activity against multidrug-resistant
Escherichia coli and Staphylococcus aureus, with phytochemical profiling revealing
various bioactive compounds. Similarly, recent phytochemical analyses identified
compounds such as flavonoids, terpenoids, alkaloids, and fatty acid derivatives that
may contribute to antimicrobial activity (Singh et al., 2025).

However, the antibacterial activity of T. procumbens is not uniform and depends
on several factors, including plant origin, extraction method, solvent characteristics,
and bacterial species. Therefore, evaluating different plant organs and extraction
solvents is important to identify the most effective source of antibacterial
compounds. Recent studies have suggested that 7" procumbens remains a promising
natural resource for antibacterial discovery, although further purification and
characterization of active compounds are required (Farhan et al., 2024).

2.2. Effect of Plant Organs and Extraction Solvents on Antibacterial Activity

The structural differences between bacterial groups influence the antibacterial
effectiveness of plant-derived compounds. Gram-positive and Gram-negative
bacteria possess different cell envelope characteristics that affect their susceptibility
to antimicrobial substances. Staphylococcus aureus is a Gram-positive bacterium
with a thick peptidoglycan layer but without an external membrane barrier. This
structure allows several phytochemicals, including flavonoids, phenolics, and
terpenoids, to interact more easily with bacterial cell components. In contrast,
Gram-negative bacteria such as Escherichia coli and Pectobacterium sp. possess an
additional outer membrane containing lipopolysaccharides, which can reduce the
penetration of antibacterial compounds. Differences in bacterial structure often
result in variation in inhibition responses to plant extracts. Plant secondary
metabolites may inhibit bacterial growth through membrane disruption, protein
denaturation, enzyme inhibition, and interference with nucleic acid synthesis
(Khameneh et al., 2019; Bouyahya et al., 2022). However, Gram-negative bacteria
generally show higher resistance because their outer membrane functions as a
selective permeability barrier that limits the entry of hydrophobic and hydrophilic
compounds (Oulahal & Degraeve, 2022).

Recent studies on T. procumbens have demonstrated differences in antibacterial
responses among bacterial species. Ikala et al. (2024) reported that T. procumbens
extract exhibited antibacterial activity against multidrug-resistant . aureus and E.
coli, although the inhibition level varied between bacterial strains. Similarly,
Gopinathan et al. (2024) found that the ethanol extract of 1. procumbens showed
antibacterial potential, confirming that plant extracts may exhibit selective activity
depending on bacterial characteristics. These findings support the importance of
evaluating antibacterial activity against both Gram-positive and Gram-negative
bacteria to determine the spectrum of activity of plant-derived compounds.
Furthermore, bacterial resistance mechanisms, including changes in membrane
permeability, efflux pumps, and enzymatic degradation, may influence antibacterial
outcomes. Therefore, testing S. aureus, E. coli, and Pectobacterium sp. provides
valuable information regarding the effectiveness of T procumbens extracts against
bacteria with different structural characteristics.
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2.3. Antibacterial Susceptibility of Gram-Positive and Gram-Negative
Bacteria

The structural differences between Gram-positive and Gram-negative bacteria
influence the antibacterial activity of plant extracts. Gram-positive bacteria, such as
Staphylococcus aureus, possess a thick peptidoglycan layer without an outer
membrane, allowing antibacterial compounds to interact more easily with bacterial
cell components (Egan et al., 2020; Riu et al.,, 2022). In contrast, Gram-negative
bacteria, including Escherichia coli and Pectobacterium sp., have an additional outer
membrane containing Lipopolysaccharides (LPS), which acts as a permeability
barrier and limits the penetration of various antimicrobial compounds. These
structural differences contribute to variations in bacterial susceptibility toward
plant-derived antibacterial agents (Yan et al., 2024).

Plant secondary metabolites, including flavonoids, phenolic compounds, and
terpenoids, exhibit antibacterial effects through several mechanisms, such as
disruption of membrane integrity, inhibition of bacterial enzymes, interference with
nucleic acid synthesis, and alteration of cellular metabolism (Zhang et al., 2025).
Flavonoids can damage bacterial membranes and increase membrane permeability,
resulting in leakage of intracellular components and inhibition of bacterial growth.
However, Gram-negative bacteria generally show greater resistance because their
outer membrane reduces the accessibility of bioactive compounds to intracellular
targets (Nascimento & Costa, 2025). The selection of bacterial strains is therefore
essential in evaluating antibacterial potential. Differences in cell structure may
explain why plant extracts often demonstrate stronger activity against S. aureus
compared with Gram-negative bacteria such as E. coli and Pectobacterium sp.

3. Methods

This study employed an experimental laboratory design to evaluate the
antibacterial activity of Tridax procumbens L. extracts derived from different plant
organs and extraction solvents. The research was conducted from January to March
2026 at the Biotechnology Laboratory, IFaculty of Agriculture, Udayana University;
the Genetic Resources and Molecular Biology Laboratory, Postgraduate Building,
3rd Floor, Sudirman Campus, Denpasar; and the Genetics Science Laboratory. Plant
samples were collected from the Experimental Garden of the Faculty of Agriculture,
Udayana University, located at Pedungan, South Denpasar, Denpasar City, Bali.
Healthy T. procumbens plants without visible damage or disease symptoms were
selected as samples. The evaluated plant organs included leaves, stems, and flowers,
which were analyzed separately to determine differences in antibacterial potential.

The collected plant materials were sorted, thoroughly washed with running
water, cut into smaller pieces, and dried at room temperature (approximately 25 °C)
until completely dry. The dried samples were then ground into powder to increase
extraction efficiency. Each plant organ was extracted separately using three solvents
with different polarity levels, namely 96% ethanol, ethyl acetate, and n-hexane.
Extraction was performed using the maceration method with a plant powder-to-
solvent ratio of 1:10 (w/v) for 5 X 24 hours. During the maceration process, the
samples were stirred every 24 hours to enhance the diffusion of bioactive compounds
into the solvent. The obtained filtrates were concentrated using a vacuum rotary
evaporator at 40 °C and 95 rpm until thick extracts were produced. The extracts
were subsequently dissolved using 1% Dimethyl Sulfoxide (DMSO), which was also
used as the negative control.

The antibacterial activity of the extracts was evaluated using the disc diffusion
method on Nutrient Agar (NA) medium. The tested bacterial strains included
Staphylococcus aureus, Escherichia coli, and Pectobacterium sp. Bacterial cultures were
rejuvenated before testing and evenly inoculated onto NA plates. Sterile paper discs
containing different extract treatments, including ethanol extract (KE), ethyl acetate
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extract (KEA), and n-hexane extract (KNH), were prepared at concentrations of
10%, 20%, 80%, 40%, and 50%. Discs containing 1% DMSO were used as the
negative control (KO). After incubation for 24 hours, antibacterial activity was
determined by measuring the diameter of the clear inhibition zone surrounding each
disc using a millimeter scale. The measured inhibition zone diameter (mm) was used
as the primary response variable to represent antibacterial effectiveness.

All treatments were performed with replication, and inhibition zone values were
presented as mean measurements. Data showing antibacterial responses were
analyzed using one-way Analysis of Variance (ANOVA), followed by the Least
Significant Difference (LSD) test at a 5% significance level when significant
differences were observed (p < 0.05). Statistical analysis was performed using
statistical software. Treatments against E. coli and Pectobacterium sp. were not
subjected to further statistical analysis because all treatments produced inhibition
zones of 0.0 mm, indicating no detectable antibacterial activity under the
experimental conditions.

4. Results

4.1. Activity Based on Plant Organs and Test Bacteria

Songgolangit leaf and stem extracts did not produce inhibition zones at any
solvent combination and concentration against S. aureus, E. colz, or Pectobacterium sp.
These results indicate that under the extraction and testing conditions used, the
concentration or composition of active compounds in these two organs was
insufficient to produce a measurable inhibitory effect. Antibacterial activity was only
found in the flower extract against S. aureus. The n-hexane flower extract began to
produce inhibition zones at a concentration of 10%, while the ethyl acetate extract
began to show inhibition zones at a concentration of 30%. The ethanol extract did
not produce inhibition zones at any concentration. All flower extracts remained
inactive against E. coli and Pectobacterium sp.

Table 1. Antibacterial Activity of Tridax procumbens Organ Extracts

Plant T Staphylococcus Pectobacterium FEscherichia
Organ reatment aureus (mm) sp. (mm) coli (mm)
Ko 0.0f 0.0 0.0
KEA1 0.0f 0.0 0.0
KEA2 0.0f 0.0 0.0
KEAS 1.5e 0.0 0.0
KEA4 4.0cd 0.0 0.0
KEA5 4.7¢ 0.0 0.0
KNH1 1.2e 0.0 0.0
Flower KNH2 3.5d 0.0 0.0
KNH3 7.0b 0.0 0.0
KNH4 9.3a 0.0 0.0
KNH5 10.0a 0.0 0.0
KE1 0.0f 0.0 0.0
KE2 0.0f 0.0 0.0
KEs 0.0f 0.0 0.0
KE4 0.0f 0.0 0.0
KE5 0.0f 0.0 0.0
KEA1 0.0 0.0 0.0
KEA2 0.0 0.0 0.0
KEAS 0.0 0.0 0.0
Leaf KEA4 0.0 0.0 0.0
KEA5 0.0 0.0 0.0
KNH1 0.0 0.0 0.0
KNH2 0.0 0.0 0.0
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Plant T Staphylococcus Pectobacterium Escherichia
Organ reatment aureus (mm) sp. (mm) coli (mm)
KNHs 0.0 0.0 0.0
KNH4 0.0 0.0 0.0
KNH5 0.0 0.0 0.0
KE1 0.0 0.0 0.0
KE2 0.0 0.0 0.0
KEs3 0.0 0.0 0.0
KE4 0.0 0.0 0.0
KEs5 0.0 0.0 0.0
KEA1 0.0 0.0 0.0
KEA2 0.0 0.0 0.0
KEAS 0.0 0.0 0.0
KEA4 0.0 0.0 0.0
KEA5 0.0 0.0 0.0
KNH1 0.0 0.0 0.0
Stem KNH2 0.0 0.0 0.0
KNHs 0.0 0.0 0.0
KNH4 0.0 0.0 0.0
KNH5 0.0 0.0 0.0
KE1 0.0 0.0 0.0
KE2 0.0 0.0 0.0
KE3 0.0 0.0 0.0
KE4 0.0 0.0 0.0

Table 1 presents the antibacterial activity of leaf, stem, and flower extracts of
Tridax procumbens prepared using ethanol, ethyl acetate, and n-hexane solvents
against Staphylococcus aureus, Escherichia coli, and Pectobacterium sp. The results
showed that antibacterial activity was only detected in flower extracts against S.
aureus, while all leaf and stem extracts exhibited no inhibitory effect against the
tested bacteria. Among the flower extracts, the n-hexane extract demonstrated the
strongest antibacterial activity, producing the largest inhibition zone of 10.0 mm at
a concentration of 50% (KNH5), followed by 9.3 mm at 40% concentration (KNH4)
and 7.0 mm at 30% concentration (KNH3).

The ethyl acetate extract also showed antibacterial activity, although with lower
inhibition values, ranging from 1.5 mm to 4.7 mm at concentrations of 30-50%. In
contrast, the ethanol extract did not produce any inhibition zone against S. aureus
at any of the tested concentrations. Statistical analysis using the LSD test at the 5%
significance level indicated significant differences among treatments with different
inhibition responses, as shown by different superscript letters in the .S. aureus column.
The highest antibacterial response was observed in the n-hexane flower extract,
indicating that non-polar compounds extracted from the flower organ may
contribute to antibacterial activity against S. aureus. Meanwhile, no inhibition zones
were observed against E. coli and Pectobacterium sp. in all treatments, suggesting that
the tested extracts did not exhibit detectable antibacterial activity against these
Gram-negative bacteria under the experimental conditions.
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S. aureus
Pectobacterium
sp.
d. n-hexane extract e. ethyl acetate extract  f. ethanol extract
o e ¥
°
E. coli

g. n-hexane extract h. ethyl acetate extract i. ethanol extract

Figure 2. Antibacterial Activity of Songgolangit Leaf Extract Against Bacterial Pathogens

Figure 2 shows the antibacterial activity of Tridax procumbens extracts using
different solvents against Staphylococcus aureus, Pectobacterium sp., and Escherichia coll.
Visible inhibition zones were only observed in flower extracts against .S. aureus, with
the strongest activity shown by the n-hexane extract at higher concentrations. The
ethyl acetate extract showed lower inhibition, while the ethanol extract showed no
antibacterial activity. No inhibition zones were detected against Pectobacterium sp.
and E. coli in all treatments, indicating that the extracts exhibited selective
antibacterial activity depending on bacterial species and solvent type.

S. aureus
a. n-hexane b. ethyl acetate
extract extract
Pectobacterium
sp.
d. n-hexane e. ethyl acetate f. ethanol extract
extract extract
E. coli

g. n-hexane h. ethyl acetate i. ethanol extract
extract extract

Figure 3. Antibacterial Activity of Songgolangit Leaf Extract

Figure 3 shows the antibacterial activity of Songgolangit leaf extracts prepared
using n-hexane, ethyl acetate, and ethanol against Staphylococcus aureus,
Pectobacterium sp., and Escherichia coli at concentrations of 10-50%. No inhibition
zones were observed for any solvent, concentration, or bacterial species, with all
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treatments producing inhibition zones of 0.0 mm. These results indicate that the leaf
extract did not exhibit detectable antibacterial activity under the tested conditions,
regardless of solvent polarity or extract concentration.

S. aureus

b. ethyl ac
extract

Pectobacterium
Sp.

d. n-hexane extract e. ethyl acetate f. ethanol extract
extract

E. coli

g. n-hexane extract h. ethyl acetate i. ethanol extract

extract

Figure 4. Antibacterial Activity of Songgolangit Flower Extract

Figure 4 shows that Songgolangit flower extracts exhibited antibacterial activity
only against Staphylococcus aureus. The n-hexane extract showed activity from a
concentration of 10%, with the inhibition zone increasing to 10.0 mm at 50%. The
ethyl acetate extract showed activity from 30% concentration and reached 4.7 mm
at 50%, whereas the ethanol extract produced no inhibition zones at any
concentration. All flower extracts were inactive against Escherichia coli and
Pectobacterium sp.

4.2. Effect of Solvent Type and Concentration

The n-hexane flower extract showed the highest activity, with an increase in the
inhibition zone diameter from 1.2 mm at 10% concentration to 10.0 mm at 50%. The
values at 40% and 50% concentrations were in the same statistical group, so the
increase from 9.3 to 10.0 mm was not significantly different. The ethyl acetate
extract produced lower activity, at 1.5 mm at 30% concentration, 4.0 mm at 40%,
and 4.7 mm at 50%. The ANOVA results yielded an F-value of 42.02 with a p-value
of 8.93 X 1077, indicating a highly significant effect of solvent type and extract
concentration on the inhibition zone diameter of S. aureus. The pattern of increasing
inhibition zone diameter was consistent with increasing extract concentration,
particularly in the n-hexane fraction.

The higher activity of the n-hexane extract indicates that the main antibacterial
compounds in the flower are likely nonpolar or semipolar, such as sterols, terpenoids,
and certain lipid components. The ethyl acetate extract still extracted some of the
active compounds, while ethanol did not produce measurable activity under these
experimental conditions. These findings support reports that the distribution of
secondary metabolites differs between organs and that flower parts may harbor more
dominant antibacterial components (Andriana et al., 2019; Amutha et al., 2019).

The lack of inhibition zones in Gram-negative bacteria may be influenced by the
lipopolysaccharide-rich outer membrane, which functions as a selective barrier. This
structure can reduce the penetration of active compounds compared to S. aureus,
which lacks an outer membrane. Furthermore, differences in bacterial strain, media
conditions, inoculum density, extract stability, and the ability of compounds to
diffuse within the cell also influence test results. The results of this study differ from
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several reports demonstrating the activity of 7. procumbens leaf extract or ethanol
extract against test bacteria (Bharathi et al., 2012; Syed et al., 2020). Differences may
stem from growth location, harvest time, plant organ, drying method, extraction
time, solvent type, and active compound concentration. Because this study did not
use standard antibiotics as positive controls, the relative potency of the extracts
against standardized antibacterial agents could not be directly determined.

5. Discussion

The antibacterial activity of Tridax procumbens extracts in this study was strongly
influenced by plant organ, solvent type, extract concentration, and bacterial species.
The results demonstrated that only flower extracts exhibited antibacterial activity,
particularly against Staphylococcus aureus, whereas leaf and stem extracts showed no
detectable inhibition against S. aureus, Escherichia col, or Pectobacterium sp. These
findings indicate that the distribution and concentration of antibacterial
phytochemicals may vary among different plant organs. Plant secondary metabolites
are not uniformly accumulated throughout the plant because their biosynthesis is
affected by physiological function and environmental factors. Flowers may contain
specific defensive metabolites associated with protection against microbial threats
and reproductive tissues, which could explain the higher antibacterial potential
observed in this study (Yang et al., 2018; Amutha et al., 2019).

The antibacterial activity of flower extracts was dependent on solvent polarity.
The n-hexane extract showed the strongest inhibitory eftect against S. aureus, with
the inhibition zone increasing from 1.2 mm at 10% concentration to 10.0 mm at 50%.
In comparison, ethyl acetate extract showed moderate activity, while ethanol extract
showed no inhibition. This result suggests that the antibacterial compounds
responsible for activity in T. procumbens flowers may have relatively low polarity.
Non-polar solvents such as n-hexane are effective in extracting compounds including
terpenoids, sterols, and lipid-associated bioactive molecules, which have been
reported to contribute to antibacterial mechanisms through membrane disruption
and interference with cellular processes (Khameneh et al., 2019; Bouyahya et al.,
2022). Although many studies have reported antibacterial properties of ethanol
extracts of T procumbens, the effectiveness of extraction depends on the plant organ
and chemical composition obtained during extraction (Ameer et al., 2017).

Previous studies have confirmed the antibacterial potential of T. procumbens,
although differences in activity patterns have been reported. Andriana et al. (2019)
demonstrated antibacterial activity of T procumbens extracts, while Syed et al. (2020)
reported that leaf extracts exhibited inhibitory effects against bacterial pathogens.
Similarly, Bharathi et al. (2012) and Ikala et al. (2024) found that 7' procumbens leaf
extracts were active against S. aureus and E. coli. However, the absence of activity in
leaf extracts observed in the present study may be related to differences in
geographical origin, plant maturity, environmental conditions, extraction
procedures, and secondary metabolite concentration. Variations in growing
conditions can modify phytochemical accumulation and subsequently affect
biological activity (Yang et al., 2018). Therefore, the antibacterial potential of T.
procumbens cannot be generalized across all plant organs and extraction methods.

The selective activity against S. aureus but not against E. coli and Pectobacterium
sp. may be associated with structural differences between Gram-positive and Gram-
negative bacteria. S. aureus possesses a thick peptidoglycan layer but lacks the outer
membrane found in Gram-negative bacteria, allowing easier penetration of
hydrophobic antibacterial compounds. In contrast, Gram-negative bacteria contain
an outer membrane rich in lipopolysaccharides that acts as a permeability barrier
and reduces susceptibility to many plant-derived compounds (Egan et al., 2020; Riu
et al,, 2022; Laoth et al., 2026). Previous studies have also emphasized that flavonoids
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and other plant phenolics often show different antibacterial effectiveness depending
on bacterial envelope characteristics (Nascimento & da Costa, 2025; Yan et al., 2024).
The lack of activity against Pectobacterium sp. is also noteworthy because this
bacterium is associated with soft rot diseases in plants. The resistance of
Pectobacterium sp. to the tested extracts may result from differences in membrane
structure, metabolic adaptation, or insufficient concentration of active compounds
reaching antibacterial levels (Charkowski, 2018). Although T procumbens contains
various bioactive compounds with antimicrobial potential, including flavonoids,
phenolics, and terpenoids, their biological effects depend strongly on extraction
efficiency and target bacterial species (Rahman et al., 2024; Farhan et al., 2024).

6. Conclusion

The study concludes that Songgolangit leaf and stem extracts did not exhibit
antibacterial activity against Staphylococcus aureus, Escherichia coli, or Pectobacterium
sp. under the tested conditions, while antibacterial activity was only detected in the
flower extract against S. aureus. Among the tested treatments, the n-hexane flower
extract showed the strongest antibacterial potential, producing the highest
inhibition zone of 10.0 mm at a concentration of 50%, followed by the ethyl acetate
extract with an inhibition zone of 4.7 mm at the same concentration, whereas the
ethanol extract showed no inhibitory effect. These findings indicate that solvent
polarity and extract concentration play important roles in determining the
antibacterial activity of Songgolangit extracts, suggesting that non-polar
compounds in the flower extract may contribute to the observed antibacterial effect.

However, the antibacterial activity remains limited and requires further
improvement before practical application. The main limitation of this study is that it
only evaluated crude extracts under limited concentration ranges and bacterial
isolates without comparison to standard antibiotic controls. Future research should
tfocus on fractionation and identification of active compounds from the n-hexane
flower extract, optimization of extract concentrations, determination of Minimum
Inhibitory Concentration (MIC), and evaluation using positive antibiotic controls
and a broader range of bacterial strains to better understand the antibacterial
potential and mechanism of action of Songgolangit extract.
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