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Abstract

Isotoma longiflora (L.) C. Presl. (Kitolod) is recognized for its
potential as a natural antibacterial agent, with prior studies on
its leaf extracts demonstrating inhibitory effects against
Staphylococcus aureus and Salmonella typhi. This research aimed
to investigate the antibacterial efficacy of I. longiflora leaf ethanol
extracts, determine their phytochemical composition, and
identify the active compounds responsible for the observed
antibacterial activity. Extracts were prepared using ultrasonic-
assisted extraction (34°C, 38 Hz, 40 minutes) with 70%, 85%, and
96% ethanol solvents. Antibacterial activity was assessed using

the well diffusion method at concentrations of 40%, 60%, and
80%, against positive controls (ampicillin 10 pg and
chloramphenicol 30 pg) and a negative control (100% DMSO).
The highest activity against S. aureus was demonstrated by the
96% ethanol extract at 80% concentration, yielding an average
inhibition zone of 13.3 * 1.2 mm against S. typhi. The 85%
ethanol extract at a concentration of 80% was most effective,
with an inhibition zone of 9.5 %+ 0.7 mm. Phytochemical
screening confirmed the presence of alkaloids, flavonoids,
saponins, and phenolics in both the 85% and 96% ethanol
extracts. However, the attempt to identify the specific active
antibacterial compounds via the contact bioautography method
yielded negative results, suggesting the need for further
isolation and identification studies.
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INTRODUCTION

The Kitolod (Isotorna longiflora (L.) C. Presl.) plant, native to the West Indies, is often regarded as a weed due to its prevalence
in disturbed areas, such as ditch edges and damp, rocky locations. Nevertheless, this plant harbors significant potential as a
traditional medicinal resource, with established ethnobotanical applications for treating eye pain, wounds, and sore throats,
as well as documented anti-cancer and anti-inflammatory properties!. The global challenge of managing infectious diseases
is complicated by the increasing prevalence of antibiotic resistance, which is fundamentally driven by the inappropriate use,
unrestricted public access, and incorrect dosing of conventional antibiotics?. This critical public health issue highlights the
need for ongoing research into novel antimicrobial agents®.

Phytochemical analyses of I. longiflora leaves have consistently revealed the presence of important secondary metabolites.
Studies by Wardani ef al.* and Eff> reported that the ethanol extract of I. longiflora leaves contains key compounds, including
alkaloids, flavonoids, saponins, tannins, and steroid triterpenoids. These constituents are likely responsible for the plant's
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documented bioactivities. Indeed, the ethanol extract of I. longiflora leaves has demonstrated notable antibacterial activity
against clinically relevant pathogens, including Staphylococcus aureus and Salmonella typhi. For instance, a study using a 96%
ethanol extract (maceration) showed inhibition zone diameters of 11.3 mm and 12.6 mm against S. aureus and S. typhi,
respectively, at a concentration of 75%°. Further research confirmed significant activity, with a 96% ethanol maceration
extract exhibiting the highest inhibition zone diameter against S. aureus at an average of 143 mm at a 300 mg/mL
concentration’.

In this context, efficient extraction methods are crucial for maximizing the yield and bioactivity of plant compounds.
Ultrasonic-assisted extraction (UAE), which utilizes acoustic cavitation to form bubbles in the solvent spontaneously, is a
superior technique compared to traditional maceration. This process mechanically damages the plant's cell walls,
significantly enhancing solvent penetration and offering advantages such as increased extraction yields, lower operating
temperatures, reduced solvent volumes, and shorter processing times®. This study employed the UAE method with varying
ethanol solvent concentrations (70%, 85%, and 96 %) to prepare the 1. longiflora leaf extract.

The concentration of the solvent is a critical parameter that can profoundly influence the resulting extract's chemical profile
and, consequently, its antibacterial efficacy. Previous research, such as that by Mubarak et al.? on bligo fruit (Benincasa hispida
Thunb), demonstrated that varying ethanol concentrations (50%, 70%, and 96%) resulted in the highest anti-S. typhi activity
at the 70% concentration (25.22 mm average inhibition zone diameter). Building upon this knowledge, the present study
aims to evaluate and compare the antibacterial activity of 70%, 85%, and 96% ethanol extracts of 1. longiflora leaves, prepared
using the UAE method, against S. aureus and S. typhi. Furthermore, the researchers conduct a phytochemical screening on
the prepared extracts to determine their chemical composition and subsequently attempt to identify the specific compounds
that are responsible for the observed antibacterial effects.

MATERIALS AND METHODS

Materials

The study utilized a comprehensive set of laboratory equipment and high-purity chemical reagents. Essential
instrumentation included a drying cabinet, sonicator (Branson), rotary evaporator (Stuart), water bath (Memmert), Laminar
Air Flow (LAF), oven (Memmert), autoclave (Hirayama), incubator (Memmert), and a micropipette (Socorex). General
laboratory supplies comprised chambers, Petri dishes, a glass spreader, cork borers, test tubes, and a UV lamp (254 and 366
The plant material, I. lonigiflora, was collected from the Tulung subdistrict. Its taxonomic identity was formally confirmed at
the FKIP Biology laboratory at Universitas Muhammadiyah Surakarta. This determination step was crucial for ensuring the
accuracy and minimizing the risk of contamination or misidentification of the research material. The determination letter
(No. 007/ A.E-1/LAB.BIO/V /2023) certified the plant as I. longiflora (L.) C. Presl., belonging to the family Campanulaceae.

Chemical reagents and media used included 70%, 85%, and 96% ethanol, distilled water (technical grade), 100% dimethyl
sulfoxide (DMSO; pro analysis grade), and various solvents: n-hexane (pro analysis grade) and ethyl acetate (pro analysis
grade). For qualitative phytochemical screening, the following reagents were employed: 2 N HCI (pro analysis), magnesium
powder, concentrated HCl, Dragendorff reagent (pro analysis), cytroborate reagent (pro analysis), and 10% FeCls reagent
(pro analysis). Chromatographic separation was performed using GF»; silica gel plates. Microbiological studies required
Mueller-Hinton Agar (MHA) and Brain Heart Infusion (BHI) media, along with commercially available antibiotic discs
(Ox0idTM): Ampicillin 10 pg, Erythromycin 15 pg, Chloramphenicol 30 pg, Tetracycline 30 ug, and Vancomycin 30 pg.

Methods

Ultrasonic-assisted extraction

The UAE process was initiated by accurately weighing 50 g of the prepared 1. longiflora leaf simplisia. This material was then
separately macerated in 70%, 85%, and 96% ethanol solvents, maintaining a fixed simplicia-to-solvent ratio of 1:10 (w/v).
Each mixture was subjected to sonication in an ultrasonic bath for 40 minutes at a controlled temperature of 34°C and a
frequency of 38 Hz. Following the initial extraction, the resulting filtrate was collected, and the residual plant material was
subjected to a re-extraction using fresh portions of the corresponding ethanol solvents to maximize compound recovery.
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The extracts from both the initial and re-extraction steps were combined and subsequently concentrated in vacuo using a
rotary evaporator at 50°C and 80 rpm to remove the majority of the solvent. Final concentration to a viscous, thick
consistency was achieved by heating the semi-solid extract on a water bath. The resulting extraction yield was calculated
gravimetrically using the following Equation 1:

Weight of concentrated extract

Yield (%) =

x 100% [1]

Weight of initial simplicia

Bacterial sensitivity test

The bacterial sensitivity assay commenced by dispensing 200 pL of the standardized test bacterial suspension onto the
surface of MHA plates. This inoculum was evenly distributed across the entire surface using a sterile glass spreader and
allowed to dry briefly. Subsequently, pre-prepared antibiotic discs were precisely positioned onto the inoculated MHA
media. For S. aureus, the antibiotic discs tested included Ampicillin (10 pg), Chloramphenicol (30 pg), Tetracycline (30 pg),
and Vancomycin (30 pg). Conversely, the sensitivity of S. fyphi was evaluated using discs containing Ampicillin (10 pg),
Erythromycin (15 pg), Chloramphenicol (30 pg), and Vancomycin (30 pg). The plates were then incubated at 37°C for 24
hours. Following incubation, the diameter of the zone of inhibition surrounding each antibiotic disc was meticulously
measured. The antibiotic that demonstrated the largest inhibition zone diameter for each respective bacterial strain was
subsequently designated as the positive control for the assay.

Antibacterial activity test

The antibacterial efficacy of the extracts was assessed using the agar well diffusion method. Mueller-Hinton Agar plates
were first prepared and uniformly inoculated with the respective test bacteria, S. aureus or S. typhi. Wells were then created
in the inoculated agar using a sterile 7 mm diameter cork borer. These wells were subsequently filled with 50 pL of I. longiflora
leaf extract at three distinct test concentrations: 40%, 60%, and 80% (v/v). For comparative analysis, 100% DMSO was used
as the negative control. The positive controls consisted of standardized antibiotic discs: Ampicillin (10 pg) for S. aureus and
Chloramphenicol (30 pg) for S. fyphi. The prepared Petri dishes were then incubated at 37°C for 24 hours. Following the
incubation period, the resulting diameter of the zone of inhibition around each well and antibiotic disc was measured to
quantify the antibacterial activity™.

Phytochemical screening test

Alkaloid test: A 0.5 g portion of 1. longiflora leaf extract was combined with 1 mL of 2 N HCl and 9 mL of distilled water ina
test tube. This mixture was heated for 2 minutes, cooled to room temperature, and subsequently filtered. The resulting
filtrate was then treated with two drops of Dragendorff reagent. The formation of an orange precipitate confirmed the
presence of alkaloids!.

Flavonoid test: As much as 0.5 g of I longiflora leaf extract was placed in a test tube and mixed with 5 mL of distilled water.
This suspension was heated for 5 minutes and then filtered. To the collected filtrate, 0.1 g of magnesium powder and 1 mL
of concentrated HCl were added, followed by thorough homogenization. A positive result for flavonoids was established
by the distinct development of a yellow, orange, or red color.

Saponin test: As much as 0.5 g of 1. longiflora leaf extract was added to a test tube containing 10 mL of distilled water and was
then vigorously shaken. The presence of saponins was indicated by the formation of stable foam that persisted for a
minimum of 10 minutes, with a foam height ranging from 1 to 10 cm. Crucially, the foam was required to remain stable and
not dissipate upon the subsequent addition of 1 mL of 2 N HCI".

Phenolic test: For the phenolic assay, 0.5 g of . longiflora leaf extract was transferred to a test tube, followed by the addition of
1 mL of 10% FeCls solution. A positive result for phenolic compounds was characterized by the instantaneous appearance
of a dark blue, blue-black, or greenish-black color.

Thin-layer chromatography analysis
The phytochemical constituents present in the 85% and 96% ethanol extracts of I longiflora leaves were separated and

analyzed using the Thin-layer chromatography (TLC) method. The stationary phase employed was a pre-coated silica gel
GFos; plate. Plates were first activated by heating them at 100°C for 30 minutes to ensure optimal adsorbent performance’2.
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The separation chamber was then prepared by saturating it with the mobile phase, a solvent system consisting of n-hexane
: ethyl acetate (5 : 5), using filter paper. Before use, the TLC plate was precisely marked: the baseline (application point) was
marked 1 cm from the bottom edge, and the solvent front (elution endpoint) was marked 0.5 cm from the top edge,
establishing a total elution distance of 5 cm. Following the sample application at the baseline and allowing it to dry, the plate
was eluted until the solvent reached the marked front. The separated spots were initially visualized under UV light at
wavelengths of 254 nm and 366 nm. Subsequent phytochemical identification was performed by spraying the plate with
specific reagents: Dragendorff's reagent for alkaloids, cytroborate reagent for flavonoids, and 10% FeCls solution for phenolic
compounds®. Observation and documentation of the results involved noting the number and color of the spots and
calculating the retardation factor (Rf) for each separated compound using the following standard Equation 2%

Distance traveled by compound [2]

Rf =

Distance traveled by solvent

Contact bioautography assay

Contact bioautography was employed to identify the specific active compound groups within 1. longiflora leaf 96% ethanol
extract is responsible for the observed antibacterial activity'. First, the TLC plate, which had been previously eluted, was
gently and firmly placed, using sterile tweezers, onto the surface of solid MHA media that had been pre-inoculated with S.
aureus. The plate was left in direct contact with the inoculated agar for 1 hour to allow for the diffusion of active compounds.
Subsequently, the chromatogram was carefully lifted from the media, and the MHA plate was incubated in an inverted
position at 37°C for 24 hours. Following incubation, the diameter of any resulting inhibition zone was measured. The Rf of
the inhibition zone was calculated and directly compared to the Rf values of the spots observed on the original TLC plate.
Compounds possessing antibacterial efficacy were identified by matching the Rf value of the clear zone of inhibition to the
corresponding Rf value of a chemical spot on the chromatogram.

Data analysis

The data acquired from the antibacterial activity test were subjected to statistical analysis utilizing SPSS version 25. Initial
prerequisite analyses included checking the data for assumptions of normality and homogeneity of variances, both
conducted at a 95% confidence level (a = 0.05). Since the data typically did not meet the stringent parametric assumptions
for both normality and homogeneity, the analysis was continued using the Kruskal-Wallis non-parametric statistical test to
determine if significant differences existed among the treatment groups.

RESULTS AND DISCUSSION

Extraction, defined as the process of isolating target compounds from a complex mixture using an appropriate solvent, was
optimized using UAE, a method that enhances mass transfer through the mechanical effects of ultrasonic waves. In this
study, the efficiency of ethanol as an extraction solvent was evaluated at concentrations of 70%, 85%, and 96 %. The resulting
concentrated extracts of I. longiflora leaves were quantified, and the percentage extract yield is comprehensively presented
in Table I. The highest yield of I. longiflora leaf extract was consistently achieved using a 70% ethanol solvent, compared to
the higher concentrations of 85% and 96%. This observation aligns with the principle that increasing the ethanol
concentration decreases the overall polarity of the hydroethanolic mixture, potentially reducing the solubility of the
predominant compounds in the I. longiflora matrix at higher ethanol percentages'®.

Furthermore, the UAE method proved to be markedly more efficient than conventional maceration. Prior studies
investigating 1. longiflora maceration reported substantially lower yields despite using larger amounts of starting material
and solvent over longer durations: Sunnah et al.'” achieved a 5.092% yield from 500 g of I. longiflora leaf simplicia using 5,000
mL of 96% ethanol over 5 days, and Awwaliyah et al.’® obtained a 17.64% yield from 300 g of simplicia using 3,000 mL of
70% ethanol over 3 days. Comparatively, the successful application of UAE demonstrates a significant advantage,
producing a greater extract yield while requiring a smaller quantity of dry simplicia, a reduced solvent volume, and a
substantially shorter extraction time than the traditional maceration technique®.
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TableI.  Yield results of I. longiflora leaf thick extracts obtained by UAE.

Extract Color Initial weight of dried simplisia (g) Weight of thick extract (g) Yield (%)
Ethanol 70% Dark brown 50.00 9.03 18.06
Ethanol 85% Dark brown 50.00 7.29 14.58
Ethanol 96 % Dark brown 50.00 7.16 14.32

To establish appropriate positive controls for the subsequent antibacterial assays, bacterial sensitivity tests were conducted
to evaluate the efficacy of various commercial antimicrobial agents against the test strains, quantified by measuring the
diameter of the inhibition zone®. The antibiotic yielding the largest zone of inhibition against a specific bacterium is
traditionally designated as the positive control. As detailed in Table II, the sensitivity testing revealed distinct optimal agents
for the two target species. For S. aureus, the antibiotic that produced the highest inhibition zone diameter was Ampicillin (10
ug), which was therefore selected as the positive control. Conversely, against S. fyphi, Chloramphenicol (30 pg) elicited the
maximum inhibition response and was thus chosen as the positive control for the assays targeting this Gram-negative
pathogen. These selected positive controls serve as benchmarks to ensure the validity and efficacy of the antibacterial tests.

Table II.  Antibiotic sensitivity test results.

Bacteria Antibiotic (disc concentration; ug) Inhibition zone diameter (mm)
Staphylococcus aureus Ampicillin (10) 38
Chloramphenicol (30) 28
Tetracycline (30) 30
Vancomycin (30) 18
Salmonella typhi Ampicillin (10) 24
Chloramphenicol (30) 26
Erythromycin (15) 10
Vancomycin (30) 6

Note: Diameter including disc diameter of 6 mm

The antimicrobial potential of the I. longiflora leaf extracts was evaluated using the well diffusion method, with the resulting
inhibition zone diameters serving as the key measure of efficacy?. To prepare the samples, a serial dilution of the leaf extract
was prepared by dissolving it in 100% DMSO. DMSO served as the negative control to rigorously exclude any potential
antimicrobial bias stemming from the solvent itself. For the positive controls, Ampicillin was used against S. aureus, and
Chloramphenicol was used against S. typhi. The antibacterial activity was tested at three extract concentrations: 40%, 60%,
and 80%. All tests were conducted in triplicate to ensure the reliability and accuracy of the measurements. The detailed
results for the inhibition zone diameters are summarized in Table IIIL

Table III.  Inhibition zone diameter of I. longiflora leaf ethanol extracts.

Inhibition zone diameter * SD (mm)
Extract Extract concentration (%)

20 60 30 Positive control Negative control
Staphylococcus aureus Ampicillin DMSO
Ethanol 70% 92+0.8 11.3+0.6 11.7+0.6 38.0+0 700
Ethanol 85% 7203 73%03 7505 38.0+0 700
Ethanol 96% 12.2+0.6 128+0.3 13.7+12 38.0+0 700
Salmonella typhi Chloramphenicol DMSO
Ethanol 70% 70+0 70+0 70£0 247+1.2 700
Ethanol 85% 8.8+0.8 93+1.2 9.5+0.9 247+12 700
Ethanol 96% 70+0 700 70£0 247+1.2 700

The most potent inhibitory effect against S. aureus was observed with the 96% ethanol extract prepared using the UAE
method. At the highest tested concentration of 80%, this extract yielded an average inhibition zone diameter of 13.7 mm.
This finding is strongly supported by an earlier study by Angganawati and Nisa?, which tested a 96% ethanol extract of L
longiflora leaves obtained through maceration. That study reported a maximal inhibition zone diameter of 14.3 mm against
S. aureus at a concentration of 300 mg/mL, demonstrating comparable and robust activity from 96% ethanol extracts
regardless of the extraction method (UAE vs. maceration). Conversely, against S. typhi, the 85% ethanol extract
demonstrated the highest inhibitory zone diameter. This suggests that the metabolite compounds responsible for inhibiting
S. typhi were more efficiently and selectively extracted by the 85% ethanol solvent compared to the 96% or other
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concentrations tested. Crucially, a concentration-dependent effect was consistently observed across all tested extracts; as the
extract concentration increased, a corresponding and proportional increase in the diameter of the inhibition zone was noted.
This result is consistent with the findings of Wardani et al.4, which also established that increasing the concentration of 1.
longiflora leaf extract leads to a significantly greater diameter of inhibition.

The inhibition zone diameter data for both tested bacterial species were subjected to statistical analysis using SPSS version
25. Initial assessment revealed that the data violated the fundamental assumptions of normality and homogeneity of
variances. Consequently, the one-way ANOVA test was deemed inappropriate, necessitating the use of the non-parametric
Kruskal-Wallis test instead. The results from the Kruskal-Wallis test indicated a statistically significant difference in the
diameter of the inhibition zone between the 85% ethanol extract and the 96% ethanol extract when tested against S. aureus.
Furthermore, a notable significant difference was observed in the inhibition zone diameter against S. fyphi across the
different solvent concentrations, specifically comparing the 85% ethanol extract with both the 70% ethanol extract and the
96% ethanol extract. Interestingly, despite these significant solvent-dependent differences, variations in extract concentration
within each solvent type did not result in a statistically significant difference in the resulting inhibition zone diameter for
either of the test bacteria.

Phytochemical screening was subsequently performed on the specific extracts that demonstrated the highest inhibition zone
diameter against each respective test bacterium: the 85% and 96% ethanol extracts. The general methodology involved
placing a small amount of the extract in a test tube and adding the appropriate detection reagent; an observable color change
or precipitate formation served as an indicator of the presence of a specific compound class®. Table IV summarizes the
findings, confirming that both the 85% and 96% ethanol extracts of I. longiflora leaves contained alkaloids, flavonoids,
saponins, and phenolics.

Table IV. Qualitative phytochemical screening for 85% and 96% ethanol extracts of I. longiflora leaves.

Compound class 85% Ethanol extract result 96% Ethanol extract result
Alkaloids (+) Orange-red precipitate (with Dragendorff reagent) (+) Orange precipitate (with Dragendorff reagent)
Flavonoids (+) Solution turned red-brown (+) Solution turned orange
Saponins (+) Stable foam with a height of 1.5 cm (+) Stable foam with a height of 2.5 cm
Phenolics (+) Blackish green color (+) Blackish green color

The presence of alkaloids was verified by the formation of a precipitate upon the addition of Dragendorff reagent. This
precipitate is a complex of potassium tetraiodobismutate, which forms through the reaction between bismuth nitrate and
potassium iodide, ultimately yielding bismuth (III) iodide soluble in potassium iodide™. For the flavonoid test, the use of
concentrated HCl reagent and magnesium powder is a reduction reaction. These reagents facilitate the reduction of the
benzopyrone core characteristic of the flavonoid structure, resulting in the formation of colored flavylium salts that manifest
as a distinct red or orange color®. The positive test for saponins involves the formation of persistent foam upon shaking.
Saponins are surfactants containing both hydrophilic and hydrophobic groups. The interaction of the hydrophilic groups
with water and the hydrophobic groups with air during agitation stabilizes the foam. The deliberate addition of 2N HCl in
this protocol is intended to increase the polarity, which reinforces the bonds between the hydrophilic groups, thereby
ensuring the stability of the foam™. Finally, the presence of phenolic compounds was confirmed by the observation of a
blackish-green color following the addition of 10% FeCls. This color change results from the formation of complex
compounds between the phenolic molecules (such as tannins) and the Fe3* ions, with a positive result classically indicated
by the emergence of a dark blue, blue-black, or blackish-green hue?.

The TLC analysis was executed to definitively identify and verify the presence of targeted secondary metabolite groups
within the extracts. The chromatographic system employed a silica gel GFs plate as the stationary phase and a mixture of
n-hexane : ethyl acetate (5 : 5) as the mobile phase. Specific spray reagents were utilized post-separation to visualize and
characterize the compound spots. Identification focused on alkaloids, flavonoids, and phenolic compounds, using
Dragendortf's reagent, AlCl; citroborate reagent, and 10% FeCl; solution, respectively. The resulting chromatograms for the
85% ethanol extract and the 96% ethanol extract of 1. longiflora leaves, both prepared using the UAE method, are detailed in
Figures 1 and 2. Upon spraying with Dragendorff's reagent, an orange-brown spot was observed under visible light,
confirming the presence of alkaloid compounds. The detection of flavonoids was achieved using the citroborate reagent,
which yielded a characteristic yellow spot when viewed under UV light at 366 nm. Furthermore, the presence of phenolic
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compounds was evidenced by the appearance of a dark green or blackish spot under visible light following application of
the 10% FeCl; reagent. Collectively, the TLC results confirmed that both the 85% and 96% ethanol extracts of 1. longiflora
leaves, extracted via UAE, contain alkaloid, flavonoid, and phenolic compounds.

d

Flgure 1. TLC results of the 85% ethanol extract of I. longlflom leaves (UAE). Vlsuahzatlon methods 1nc1ude a) Visible light, (b) UV 366
m, (c) UV 254 nm, (d) Alkaloid detection using Dragendorff reagent (Visible light), (e) Flavonoid detectlon using cytroborate reagent
(UV 366 nm), and (f) Phenolic detection using FeCls reagent (Visible light).

d
Figure 2. TLC results of the 96% ethanol extract of I. longzﬂom leaves (UAE). Vlsuahzatlon methods mclude a) Visible light, (b) UV 366

nm, (c) UV 254 nm, (d) Alkaloid detection using Dragendorff reagent (Visible light), (e) Flavonoid detectlon using cytroborate reagent
(UV 366 nm), and (f) Phenolic detection using FeCls reagent (Visible light).

The objective of the TLC-bioautography assay was to qualitatively identify the antimicrobial metabolite compounds present
inthe 96% ethanol extract of I. longifloraleaves against S. aureus using the contact bioautography method. A known limitation
of this specific technique is the difficulty in ensuring optimal and consistent contact between the agar medium and the
chromatogram plate, which can result in the transfer of bacterial suspension upon separation®. The extract was tested in
triplicate, alongside a control plate, to compare the presence of clear zones indicative of inhibition.

The results, as depicted in Figure 3, showed that no clear zone of inhibition was observed on the extract plates, indicating
no detectable antimicrobial activity via this method. Furthermore, there was no discernible difference between the extract
plates and the control plates. This absence of localized inhibition suggests a potential challenge in isolating an individual
active compound via TLC that possesses a potent, singular inhibitory effect. One hypothesis for this result relates to a
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synergistic or additive effect among the compounds in the crude ethanol extract. It is plausible that while the entire extract
may exhibit antimicrobial properties (as often assessed in dilution methods), the individual, separated components lack
sufficient potency alone, necessitating the combined action of multiple compounds to exert an inhibitory impact on the test
bacteria®.

Figure 3. TLC-bioautography profile of (left) control and (right) I. longiflora ethanol leaf extract against S. aureus.

Phytochemical screening of the I. longiflora ethanol leaf extract confirmed the presence of alkaloids, flavonoids, saponins, and
phenolic compounds. This composition is consistent with prior research conducted by Eff>, which also reported the presence
of alkaloids, flavonoids, saponins, and tannins in the same extract. These identified compound classes possess well-
established mechanisms of antibacterial action. Alkaloids typically inhibit bacterial growth by interfering with the synthesis
or integrity of peptidoglycan, leading to defective cell wall formation and subsequent cell death. Flavonoid compounds
exert their effect by forming complex compounds with extracellular and soluble proteins, which ultimately disrupts the
bacterial cell membrane integrity. Saponins reduce the cell surface tension, increasing membrane permeability and causing
cellular leakage and the release of essential intracellular components?. Finally, phenolic compounds employ multiple
mechanisms, including direct damage to the bacterial membrane, inhibition of virulence factors, and suppression of bacterial
biofilm formation®. The presence of these combined bioactive components underscores the potential of I. longiflora as a
natural antimicrobial source, despite the negative findings from the TLC-bioautography assay, which primarily reflects the
activity of isolated elements.

CONCLUSION

In summary, the antibacterial efficacy of I. longiflora leaf extract exhibited solvent-dependent selectivity. Specifically, the
extract prepared using 96% ethanol via UAE demonstrated the most potent activity against S. aureus, yielding the largest
inhibition zone diameter. Conversely, the extract employing 85% ethanol provided the superior inhibition zone against S.
typhi. Phytochemical analysis, conducted via tube tests and TLC, confirmed the presence of key secondary metabolites in
the ethanol extract, including alkaloids, flavonoids, saponins, and phenolic compounds.
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