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Abstract

This study investigated the antibacterial efficacy of crude Limnocharis flava leaf extract
gel against antibiotic-resistant clinical bacterial isolates. The gel was formulated with crude
ethanolic L. flava leaf extract at 12.5 mg/mL, corresponding to the lowest minimum
bactericidal concentration previously reported for the extract. Clinical isolates, including
multidrug-resistant Klebsiella pneumoniae (MDR-K), colistin-resistant Pseudomonas
aeruginosa (CRP), carbapenem-resistant Enterobacteriaceaec (CRE), Proteus mirabilis, and
Burkholderia pseudomallei, were used. Antibacterial activity was determined using the agar
disc diffusion method. The crude L. flava extract gel inhibited all tested isolates, producing
inhibition zones ranging from § to 10 mm. MDR-Kwas the most susceptible isolate, showing
the largest inhibition zone of 10 mm, followed by CRE with 9 mm. CRP, P. mirabilis, and
B. pseudomallei showed comparable inhibition zones of 8 mm. Statistical analysis
demonstrated that the activity against MDR-K was significantly higher than that against CRP,
P. mirabilis, and B. pseudomallei (p < 0.05), whereas the inhibition observed against CRE
showed no significant difference from the other isolates. These results indicate that crude L.
flava extract gel exhibits measurable antibacterial activity against clinically relevant antibiotic-
resistant bacteria, particularly MDR-K. The moderate inhibition observed may be associated
with bioactive phytochemicals in L. flava leaf extract, which may interfere with bacterial
growth and viability. Therefore, crude L. flava extract gel represents a potential plant-based
antibacterial formulation for further topical pharmaceutical development. Additional studies
on phytochemical characterization, formulation stability, cytotoxicity, and antibacterial
mechanisms are required.
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Introduction

The rapid emergence and spread of antimicrobial resistance (AMR) have become a
critical global health concern, reducing the effectiveness of conventional antibiotics and
increasing the risks of treatment failure, prolonged illness, and mortality. Multidrug-resistant
(MDR) pathogens, particularly Gram-negative bacteria such as Klebsiella pneumoniae and
Acinetobacter baumannii, are major clinical challenges because of their ability to acquire
resistance to multiple antibiotic classes. Therefore, the search for novel, safe, and sustainable
antimicrobial agents is urgently needed, and natural plant extracts represent a promising source
for therapeutic development (Bukhari et al., 2025; Wongarmart et al., 2025). Several studies
have demonstrated that plant-derived compounds can inhibit a broad range of pathogenic
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microorganisms, supporting their potential as alternative or complementary antibacterial agents
(Anggraeni et al., 2025; Azrifitria et al., 2022; Boongapim et al., 2025). In this context, plant-
based antimicrobials incorporated into hydrogel or gel formulations have gained increasing
attention as innovative approaches for controlling bacterial infections.

Natural products, particularly plant-derived compounds, contain diverse bioactive
constituents with potential antibacterial activity. Phenolics, flavonoids, alkaloids, terpenoids,
tannins, and saponins have been reported to exert antimicrobial effects through multiple
mechanisms, including disruption of bacterial cell membranes, inhibition of enzyme activity,
and interference with genetic material replication (Mehdipour et al., 2022). These multifaceted
mechanisms may help reduce the likelihood of resistance development compared with single-
target conventional antibiotics. In addition, the discovery of antimicrobial agents from plant
resources aligns with global efforts to identify new antibacterial substances, especially given
the economic and regulatory challenges associated with the development of synthetic drugs
(Arip et al., 2022).

Limnocharis flava (L.) Buch., an edible aquatic plant widely distributed in Southeast
Asia, is traditionally consumed as a vegetable and used in folk medicine. Preliminary
phytochemical investigations have shown that L. flava contains bioactive compounds such as
flavonoids, tannins, and saponins, which are associated with antioxidants, anti-inflammatory,
and antimicrobial properties (Gan et al., 2022; Khameneh et al., 2021). However, despite its
traditional use and biological potential, scientific evidence regarding the antibacterial efficacy
of L. flava, particularly against pathogenic and drug-resistant bacteria, remains limited. L. flava
extracts have demonstrated promising inhibitory effects against a range of pathogenic bacteria
in preliminary in vitro studies, suggesting its potential as a source for novel antimicrobial
agents (Rahman et al., 2021).

For practical application, plant extracts should be developed into stable and effective
delivery systems. Gel-based formulations are suitable for topical use because they are easy to
apply, enhance contact with the target area, improve formulation stability, and may support the
controlled release of active compounds. Moreover, stability evaluation under stress conditions
is essential to determine whether the antibacterial activity of plant-based formulations can be
maintained during storage and use. Therefore, this study aimed to evaluate the antibacterial
activity of crude L. flava extracts obtained using different solvents and to determine the stability
and efficacy of the extract formulated as a gel against pathogenic and multidrug-resistant
bacteria.

Materials and Methods

Preparation of crude plant extracts

Fresh plant material of L. flava (L.) Buch. was collected from Thamuang, Selaphum, Roi
Et, Thailand. Fresh plant samples were washed thoroughly with clean water to remove dirt and
contaminants. The samples were then cut into small pieces and dried in a hot-air oven at 50 °C
for 3 days or until completely dry. The dried samples were ground into a fine powder using an
herbal grinder. (Khonkayan et al., 2025; Rattanasuk et al., 2025; Sawisit et al., 2025). The
powdered samples were separately extracted with 500 mL of ethanol. The flasks were tightly
sealed and placed on a shaker at 150 rpm for 24 h. After extraction, the mixtures were filtered,
and the filtrates were collected. The filtrates were dried in a hot air oven at 50 °C until
completely dry.

Development of crude extract gel formulation

Pre-formulation study
Before developing the L. flava crude extract into a gel formulation, a pre-

formulation study was conducted to evaluate the stability of the extract under stress conditions.
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Forced degradation testing was performed to assess changes in extract properties under
different environmental conditions according to the Thai FDA guideline.

For moisture hydrolysis, 500 mg of crude extract was placed in a test tube, mixed
with three drops of distilled water, and heated in a hot-air oven at 80 °C for 3 h. The treated
extract was then tested for MIC against the bacterial strains.

For acid hydrolysis, 500 mg of crude extract was mixed with three drops of 3 N
HCI and heated at 80 °C for 3 h before MIC testing.

For alkaline hydrolysis, 500 mg of crude extract was mixed with three drops of 3
N NaOH and heated at 80 °C for 3 h. The pH was then neutralized with HCI] before MIC
testing.

For oxidative degradation, 500 mg of crude extract was mixed with three drops of
30% H:0: and heated at 80 °C for 3 h prior to MIC testing.

The formulated gel product was packed in sterile glass containers and further
evaluated for antibacterial efficacy and gel quality.

Preparation of Crude Extract Gel

The crude extract obtained from L. flava leaves was prepared at a concentration of 12.5
mg/mL, corresponding to the lowest minimum bactericidal concentration (MBC) of the
ethanolic extract reported in a previous study (Wongarmart et al., 2025). The extract was
dissolved in 1 mL of dimethyl sulfoxide (DMSO) to enhance the solubility of the major
bioactive constituents. Subsequently, 4 mL of distilled water and 0.1 g of hydroxyethyl
cellulose were added to prepare the crude L. flava extract gel formulation. The mixture was
stirred continuously until a homogeneous formulation was obtained. The mixture was then
heated at approximately 70 °C under continuous stirring until it changed into a semi-solid gel
form. The prepared crude extract gel was allowed to cool and was stored in sterile containers
for further stability and antibacterial efficacy testing

Bacterial strains

Clinical isolates, including multidrug-resistant Klebsiella pneumoniae (MDR-K),
Colistin-resistant Pseudomonas aeruginosa (CRP), Proteus mirabilis, Carbapenem-resistant
Enterobacteriaceae (CRE), and Burkholderia pseudomallei were confirmed and provided by
the Department of Microbiology, Roi Et Hospital, Thailand.

Preparation of bacterial inoculum

Bacterial strains used in this study were cultured in nutrient broth (NB) and incubated in
a shaking incubator at 37 °C and 150 rpm for 24 h. After incubation, the turbidity of each
bacterial suspension was adjusted using a spectrophotometer at 600 nm (ODsoo) to obtain an
absorbance of 0.1. The standardized bacterial suspensions were then used for subsequent
antibacterial assays. (Armassa et al., 2025; Boongapim et al., 2025).

Evaluation of antibacterial efficacy of gel formulation

Agar disc diffusion assay

The antibacterial activity of the crude L. flava extract gel was initially screened using the
agar disc diffusion method. Nutrient agar plates were prepared, and 100 puL of each
standardized bacterial suspension (ODsoo = 0.1) was spread evenly over the agar surface. Sterile
paper discs with a diameter of 5 mm were placed on the inoculated agar plates. Crude L. flava
extract gel was added onto the paper discs at a volume of 10 pL per disc. DMSO was used as
the negative control. The plates were incubated at 37 °C for 24 h. After incubation, the diameter
of the inhibition zone was measured in millimeters.

The minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) determination

The MIC and MBC of the crude extracts gel were determined using the broth
microdilution method in 96-well microplates. Briefly, 100 uL. of NB was added to each well.
The 100 pL of crude L. flava extract gel was added to the first well and serially diluted two-
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fold across wells 1-10. Subsequently, 100 uL of each standardized bacterial suspension was
added to wells 1-11. The microplates were incubated at 37 °C for 24 h. After incubation, 50
uL of iodo-nitrotetrazolium chloride (INT) solution at a concentration of 4 mg/mL was added
to each well, followed by further incubation at 37 °C for 1 h. Color changes were observed to
determine bacterial growth. The MIC was defined as the lowest concentration of the crude L.
flava extract gel that changed the INT color from dark violet to light violet or pink, indicating
inhibition of bacterial growth. The MBC was defined as the lowest concentration at which no
visible color change was observed, indicating complete bacterial elimination (Armassa et al.,
2024; Khlongkhlaeo et al., 2024; Rattanasuk et al., 2023).

Statistical analysis

Antibacterial activity data were analyzed using SPSS software version 28.
The experiment was arranged in a completely randomized design (CRD). Each treatment was
performed in triplicate, and each replicate consisted of three plates. Statistical differences
among treatments were evaluated using analysis of variance (ANOVA), followed by Duncan’s
Multiple Range Test (DMRT). Differences were considered statistically significant at p < 0.05.

Results and discussion

Inhibition zone diameter

The antibacterial activity of crude L. flava extract gel against selected clinical pathogenic
bacteria was evaluated using the agar disc diffusion assay, and the results are presented in
Table 1. The crude gel exhibited inhibitory activity against all tested bacterial strains, with
inhibition zone diameters ranging from 8 to 10 mm. The gel demonstrated measurable
antibacterial effects against a variety of clinically important Gram-negative pathogenic
bacteria, including antibiotic-resistant isolates, indicating its potential broad-spectrum
antimicrobial properties. These findings are consistent with previous reports demonstrating that
plant-derived extracts possess inhibitory activity against multidrug-resistant bacterial
pathogens (Kebede et al., 2021). Furthermore, the growing resistance of pathogenic bacteria,
particularly P. aeruginosa, to conventional antibiotics has intensified the search for alternative
antimicrobial agents from natural sources (Rita et al., 2025). The present findings therefore
support the potential application of L. flava as a promising source of bioactive antibacterial
compounds (Khare et al., 2021).

Among the tested pathogens, MDR-K exhibited the highest susceptibility to crude L.
flava extract gel, with an inhibition zone diameter of 10 mm (Figure 1). This result suggests
that the crude gel possesses notable antibacterial activity against MDR bacterial strains
commonly associated with healthcare-associated infections. Similar findings have been
reported for medicinal plant extracts exhibiting inhibitory activity against resistant nosocomial
pathogens (Mlozi et al., 2023). In contrast, CRE demonstrated moderate susceptibility, with an
inhibition zone of 9 mm, whereas CRP, P. mirabilis, and B. pseudomallei showed lower
sensitivity, each producing inhibition zones of 8 mm. The variation in antibacterial efficacy
observed among the tested bacterial species may be associated with differences in bacterial cell
structure, membrane permeability, and intrinsic resistance mechanisms.

Statistical analysis revealed that the inhibition zone against MDR-K was significantly
greater than those observed against CRP, P. mirabilis, and B. pseudomallei (p < 0.05), whereas
the inhibitory effect against CRE was not significantly different from those of the remaining
bacterial strains. These findings indicate differential antibacterial susceptibility among the
tested pathogens and further highlight the promising activity of crude L. flava extract gel
against MDR-K. Similar variations in bacterial susceptibility to plant extracts have previously
been reported and are often attributed to differences in bacterial defense systems and
phytochemical interactions (Nigussie et al., 2021). Previous studies have also demonstrated
that medicinal plants containing alkaloids, flavonoids, tannins, terpenoids, and phenolic
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compounds can exert broad-spectrum antibacterial activity through multiple mechanisms,
including disruption of bacterial cell membranes, inhibition of enzymatic activity, and
interference with microbial metabolic processes (Jagdale et al., 2024).

The relatively lower susceptibility observed in CRP, P. mirabilis, and B. pseudomallei
may be attributed to the structural complexity of Gram-negative bacteria, particularly the
presence of an outer lipopolysaccharide membrane and active efflux pump systems that reduce
the intracellular accumulation of antimicrobial compounds (Saoudi et al., 2023; Stan et al.,
2021). Such structural barriers are recognized as important contributors to antimicrobial
resistance and frequently limit the efficacy of plant-derived antibacterial agents against Gram-
negative pathogens (Mayianda et al., 2025). Nevertheless, despite exhibiting moderate
inhibition zones, crude L. flava extract gel was capable of inhibiting several clinically important
antibiotic-resistant bacteria, including MDR-K, CRE, and CRP. This finding highlights the
potential of crude L. flava extract gel as a natural antibacterial formulation for pharmaceutical
or topical applications. Further studies involving phytochemical profiling, purification of active
constituents, and elucidation of antibacterial mechanisms are warranted to better understand its
therapeutic potential and support the development of novel antimicrobial agents from L. flava
(Ismail et al., 2022; Song et al., 2021).
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Figure 1 The inhibition zone of crude L. flava extract gel against MDR-K
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Table 1 Inhibition zone diameter of L. flava extract gel

Bacterial strain Inhibition zone diameter (mm)
Multidrug-resistant Klebsiella pneumoniae (MDR-K) 10a
Colistin-resistant Pseudomonas aeruginosa (CRP) 8b
Proteus mirabilis 8b
Carbapenem-resistant Enterobacteriaceae (CRE) 9ab
Burkholderia pseudomallei 8b

Values are means of three replicates. Means within the same column followed by the same superscript letter are not
significantly different according to DMRT (p < 0.05).

Stability and antibacterial efficacy of the gel formulation

The MIC values of the gel formulation containing crude L. flava extract were evaluated
under different stress conditions, including moisture hydrolysis (H20), oxidation (H20-), acid
hydrolysis (HCI), and alkaline hydrolysis (NaOH). The results showed a similar pattern across
all tested conditions. MDR-K showed the lowest MIC value of 0.78 mg/mL, indicating the
highest susceptibility to gel formulation. This value was significantly lower than those
observed for the other bacterial strains (p < 0.05). CRE showed a moderate MIC value of 3.125
mg/mL, whereas CRP, P. mirabilis, and B. pseudomallei showed the highest MIC values of
6.25 mg/mL under all stress conditions (Table 2). These findings indicate that the crude L. flava
extract gel formulation retained antibacterial activity after exposure to moisture, oxidative,
acidic, and alkaline stress, suggesting good stability of the active antimicrobial constituents
within the gel matrix.

Although the gel formulation-maintained activity under all stress conditions, bacterial
susceptibility varied among strains. MDR-K was the most sensitive organism, while colistin-
resistant P. aeruginosa, P. mirabilis, and B. pseudomallei required higher concentrations for
growth inhibition. This strain-dependent response may reflect differences in bacterial cell
envelope structure, intrinsic resistance mechanisms, and susceptibility to plant-derived
bioactive compounds. The persistence of inhibitory activity after stress treatment is important
for topical applications, as gel formulations may be exposed to different physiological and
environmental conditions during storage and use.

Table 2 MIC values of crude L. flava extract gel under different stress conditions

Bacterial strain H:0 H:0: HCl  NaOH
MDR-Klebsiella pneumoniae (MDR-K) 0.78¢  0.78  0.78  0.78
Colistin-resistant Pseudomonas aeruginosa (CRP) 6.25¢  6.25¢  6.25° 6.25¢
Proteus mirabilis 6.25¢  6.25¢  6.25° 6.25¢
Carbapenem-resistant Enterobacteriaceae (CRE) 3.125%  3.125% 3.125% 3.125°
Burkholderia pseudomallei 6.25¢  6.25¢  6.25° 6.25¢

Values are expressed as mg/mL. Means within the same column followed by the same superscript letter are not significantly different
according to DMRT (p < 0.05).

The MBC values of the gel formulation were 12.5 mg/mL for all tested bacterial strains
under all stress conditions (Table 3). No significant differences were observed among stress
conditions or bacterial strains (p > 0.05). In contrast to the MIC results, which differentiated
bacterial susceptibility, the MBC results suggested that bactericidal activity occurred at a
consistent concentration across all tested bacteria and stress conditions. This consistency
supports the stability of the antimicrobial compounds in the gel formulation and indicates that
the extract retained its ability to kill pathogenic bacteria after stress exposure (Elkhateeb et al.,
2022; Olaitan & Nwadike, 2024; Rammali et al., 2024; Saleh & Abu-Dieyeh, 2021).

The difference between MIC and MBC values also provides useful information regarding
the antibacterial profile of the gel. MIC reflects the lowest concentration required to inhibit
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bacterial growth, while MBC indicates the lowest concentration required to kill bacterial cells
(Dash et al., 2023; Sharma et al., 2024). In this study, the higher MBC values compared with
MIC values for several strains suggest that lower concentrations of the gel mainly inhibited
bacterial growth, whereas higher concentrations were required to achieve bactericidal activity
(Maliehe et al., 2022). Overall, the stable inhibitory and bactericidal performance of the
crude L. flava extract gel formulation under different stress conditions supports its potential as
a natural topical antibacterial product, particularly for applications involving multidrug-
resistant pathogens (Karimi et al., 2023).

Table 3 MBC values of crude L. flava extract gel under different stress conditions

Bacterial strain H.O0 H0. HCI NaOH
MDR-Klebsiella pneumoniae (MDR-K) 125 125 125 12.5
Colistin-resistant Pseudomonas aeruginosa (CRP) 125 125 125 12.5
Proteus mirabilis 12.5 125 125 12.5
Carbapenem-resistant Enterobacteriaceae (CRE) 125 125 125 12.5
Burkholderia pseudomallei 125 125 125 12.5

Values are expressed as mg/mL. No significant differences were observed among treatments or bacterial strains according to DMRT (p <
0.05).

Conclusion

This study demonstrated that crude extracts of L. flava possess notable antibacterial
activity against both Gram-positive and Gram-negative bacteria, including multidrug-resistant
strains. The development of the crude extract into a gel formulation further confirmed its
potential for practical application. The gel maintained its antibacterial efficacy under various
stress conditions, including moisture, oxidative, acidic, and alkaline environments, indicating
good stability. Moreover, the gel formulation demonstrated consistent bactericidal activity
across all tested strains. These findings suggest that L. flava crude extract gel could serve as a
promising natural antibacterial agent, especially for controlling drug-resistant pathogens.
Future studies should focus on isolating active compounds, evaluating long-term stability, and
assessing safety and efficacy in vivo models to support further pharmaceutical or topical
applications.
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