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Abstract. The global spread of multidrug resistance challenges antimicrobial therapy, necessitating the
search for alternative approaches. The present study assessed the antimicrobial efficacy of the methanolic
leaf extracts of Ipomoea aquatica Forssk. (Kangkong), Eleusine indica (L) Gaertn. (Paragis), Moreover, its
combination at varying concentrations of 25%, 50%, 75%, and 100% against Klebsiella oxytoca using
established microbiological techniques. Fifty (50) grams of powdered leaves from the Ipomoea aquatica Forssk.
(Kangkong) plant was soaked in 375 mL of 95% methanol for 48 hours (2 days) with intermittent stirring —
similarly, 50 grams of Eleusine indica (L.) Gaertn. (Paragis) were processed using the same method. The
macerated powdered leaf samples were filtered using a Whatman filter paper No. 1 and extracted using a
rotary evaporator. The obtained extracts were utilized to prepare varying concentrations of 25%, 50%, 75%,
and 100% of methanolic leaf extracts for each plant. Positive control (Tigecycline) and negative control (10%
DMSO), along with the preparation of extracts, were also prepared. The antimicrobial efficacy of these
methanolic leaf extracts at different concentrations and the controls were evaluated against Klebsiella oxytoca
using the disk diffusion method. The results obtained indicate that the methanolic leaf extracts of Ipomoea
aquatica Forssk. (Kangkong) and Eleusine indica (L.) Gaertn. (Paragis) did not exhibit any inhibitory effects
on Klebsiella oxytoca. Both plants' combined methanolic leaf extracts also showed non-inhibitory effects,
indicating that Klebsiella oxytoca is resistant to both plant extracts and, thus, did not yield a synergistic effect.
This study provides a scientific understanding of the antimicrobial efficacy of the plants' properties. Further
investigation is needed to assess alternative extraction and methods to determine the antimicrobial efficacy
of the plant extracts.
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1.0 Introduction

Microorganisms' resistance to antibiotics continuously increases over time (Singh et al., 2016). According to Aslam
etal. (2018), the appearance and stability of multi-drug-resistant bacteria is an increasing concern for global human
health. Among these several types of multi-drug-resistant bacteria are Klebsiella species, which is emerging as a
significant human pathogen related to the increasing morbidity rates in healthcare settings. This bacterium is
isolated from varying clinical specimens, primarily from respiratory secretions and blood; as a result, it is
presently invading intensive care units. Thus, hospital infection control committees must monitor the K. oxytoca
antibiotic susceptibility pattern for better healthcare service (Singh et al., 2016). Shaikh et al. (2015) state that beta-
lactamases have made Klebsiella oxytoca more resistant to penicillin and ampicillin. The bacterium produces
Extended-Spectrum Beta-Lactamase (ESBL), making it resistant to broad-spectrum medicines like cephalosporins
and ceftazidim. According to the study of Biswas et al. (2013), Gram-negative bacteria often exhibit an increased



resistance to plant-origin antimicrobials due to their distinct cell wall structure, as this serves as a protective barrier
that resists the entry of plant extract's component. Singh et al. (2016) found that Klebsiella oxytoca was susceptible
to tigecycline and colistin.

Due to the progressive resistance of harmful pathogens to synthetic antibiotics, phytomedicine or the science of
plant medicine regains interest in current research (Vaou et al., 2021). Naturally occurring plants have secondary
metabolites rich in bioactive components, eliciting many beneficial effects in man and animals (Zhao et al., 2015).
These active chemicals possess antibacterial properties that hinder the growth of certain bacteria, making them
natural antibiotics (Allemailem, 2021). Henceforth, this study looked at the efficacy of Ipomoea aquatica Forssk.
(Kangkong) and Eleusine indica (L.) Gaertn. (Paragis or Goosegrass) as an antimicrobial agent. Ipomoea aquatica
Forssk. (Kangkong) belongs to the Convolvulaceae family. It is a tropical crop cultivated for its soft stem and
leaves (Sasikala & Sundaraganapathy, 2017). The presence of flavonoids, tannins, glycosides, and saponins was
identified through a phytochemical examination of its leaf extracts (Konwar et al., 2021). Additionally, Ipomoea
aquatica Forssk. (Kangkong) methanolic extract exhibits antimicrobial activity against certain gram-positive and
gram-negative bacteria (Sivaraman et al., 2010). Moreover, Eleusine indica (L.) Gaertn. (Paragis or Goosegrass) is a
perennial grass typically growing in tufts or clumps (Green Institute, 2023). It is historically utilized for illnesses
related to the liver and kidneys. Al-Zubairi et al. (2011) stated that Paragis produces many naturally existing
secondary metabolites. The methanol, ethanol, and aqueous extracts of Eleusine indica (L.) Gaertn. leaves are rich
in alkaloids and flavonoids. Among these extracts, the methanol extract stands out as it also contains a small
number of tannins. All the extracts share the presence of anthraquinones, while saponins are absent in all of them
(Alaekwe et al., 2015).

The emerging resistance of multi-drug-resistant K. oxytoca is increasingly becoming a prominent bacterial strain
(Singh et al., 2016). This result is due to its capability to acquire antibiotic resistance (Yang et al., 2022). Klebsiella
oxytoca resistance to antibiotics is increasingly alarming, as it can acquire antimicrobial resistance by carrying
many carbapenemase genes as well as -lactamase genes; it can also carry multiple virulence genes, making the
bacteria a potentially significant detriment to human health (Yang et al., 2022). Naturally, plants have secondary
metabolites, considered biologically active chemicals that can exhibit antimicrobial effects (Zhao et al., 2015).
Hence, this study assessed the antimicrobial efficacy of the methanolic leaf extracts of Ipomoea aquatica Forssk. and
Eleusine indica (L.) Gaertn. against Klebsiella oxytoca. Specifically, this study determined the antimicrobial efficacy
of the two plants by measuring the efficacy of the plants to inhibit the growth of K. oxytoca. It determined the
minimum inhibitory concentrations that yielded potent results. Lastly, this study determined the synergistic
activity of the tested natural plants.

2.0 Methodology

2.1 Research Design

The study used an experimental design with methods related to medical technology. According to Frost (2024),
an experimental design is a systematic strategy for gathering and organizing data to determine causal connections
between variables. It is a scientific examination performed in a controlled setting to observe how an independent
variable impacts a dependent variable (Zubair, 2023). This design is a crucial part of the research process as it aids
the researchers in achieving the study's objectives (Kelkar, 2024). Hence, the study emphasized the in vitro analysis
of the antimicrobial efficacy of methanolic extracts of Ipomoea aquatica Forssk. (Kangkong), Eleusine indica (L.)
Gaertn. (Paragis), and their combination against Klebsiella oxytoca.

2.2 Experimental Procedure

Pre-experimentation Phase

To prevent contamination, all the materials required for the sterilizing procedure were subjected to an autoclave
at 121 degrees Celsius for about 15 minutes at 15 psi.

Plant Extraction

The following procedures were adapted from the study of Caccam et al. (2020) with modifications. The plants
were washed using tap water. The rinsed samples were shade-dried for 14 days. Shade drying provides better
advantages as it can preserve light-sensitive phytochemicals and reduce light-induced reactions like oxidation
(Naz et al.,, 2017). Leaves were powdered using a grinder before extraction. The extraction process of the two
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plants was adapted to the method of Sanchez et al. (2016). Ipomoea aquatica Forssk. (Kangkong) and Eleusine indica
(L.) Gaertn. (Paragis) powdered leaves (50 grams each) were soaked in the solvent of 95% Methanol (375 mL) to
increase the polarity and to dissolve the components of the leaves. The extraction took 48 hours with occasional
mixing using a stirring rod. The solution was filtered using Whatman filter paper No. 1. Finally, the crude extracts
of each plant were obtained using a rotary evaporator for 45 minutes at 80 rpm at 40 degrees Celsius. The extracts
were stored in a container wrapped with aluminum foil at refrigerator temperature. It was left at room
temperature for an hour before its usage.

Preparation of Concentration

Prior to preparing the varying concentrations, one (1) mL of 10% DMSO was added to dissolve the crude extract
due to its viscosity. The researchers used volume per volume (v/v) to calculate the concentrations of methanolic
extract (experimental control) utilized for the susceptibility testing against K. oxytoca.

The researchers utilized volume per volume (v/v) with the given formula:
Concentration = volume of solute + volume of solution

Concentration (C) = 25%, 50%, 75%, 100%

Total volume =10% DMSO (pL) + extract (pL) = 500 pL

Volume of Solute (pL) = Crude extract of 1. aquatica / E. indica

Table 1 shows the measurements of solute, solvent, and total volume at varying concentrations of the methanolic
extracts of I. aquatica and E. indica

Table 1. Concentration of Ipomoea aquatica and Eleusine indica
Concentration (%) Solute (nL)  Solvent (nL) Total volume (pL)

25 125 375 500
50 250 250 500
75 375 125 500
100 500 0 500

To prepare the varying concentrations of combined methanolic extracts of Ipomoea aquatica Forssk. (Kangkong)
and Eleusine indica (L.) Gaertn. (Paragis), the researchers utilized the following ratios: 1:1:6 (25%), 2:2:4 (50%), 3:3:2
(75%), and 4:4 (100%).

Table 2 shows the amounts of solute, solvent, and the total volume of varying concentrations of the combined
methanolic extracts of I. aquatica and E. indica with their ratios, respectively.

Table 2. Concentrations of the combined Ipomoea aquatica and Eleusine indica
Solute (upL)  Solute (pL)

Concentration (%) Solvent (uL) Total volume (pL)

I. aquatica E. indica
25 62.5 62.5 375 500
50 125 125 250 500
75 1875 187.5 125 500
100 250 250 0 500

Agar for Disk Diffusion

Mueller-Hinton Agar was poured into 150 mm plates with a uniform depth of 4 mm (McPherson & Pincus, 2021).
The plates with agar were left slightly open to avoid moisture collection. The medium was allowed to harden.
One sample plate was incubated at 37 degrees Celsius overnight to check for sterility. The plates were refrigerated
and placed at room temperature prior to their usage.

Subculturing of Bacteria

The acquired Klebsiella oxytoca was delivered to the laboratory in an agar slant. The bacteria were subcultured
every week in a MacConkey agar plate. Before inoculum preparation, it was subcultured in two MacConkey agar
plates a day before the testing, as 24-hour young culture is required for a better outcome (Mahon & Lehman, 2022).

Impregnation of Blank Disk
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Impregnation of 115 blank disks (6 mm) followed the method used in the study of Vineetha et al. (2015) with
modifications. The disks were made from Whatman filter paper no. 1 using a puncher and were autoclaved before
usage. Each disk was impregnated with a fixed volume of 20uL of 10% dimethyl sulfoxide (negative control),
tigecycline (positive control), and varying concentrations of methanolic leaf extracts of 25%, 50%, 75%, and 100%
inside the biosafety cabinet and was left for two (2) hours until it dried.

Inoculum Preparation

The inoculum was prepared based on the study of Suurbaar et al. (2017) by suspending the subcultured bacteria
in a sterile normal saline solution (NSS), as it is imperative to use fresh colonies for accurate results. A cotton swab
was used to touch two to four isolated colonies in the MHA agar plate to be tested (McPherson & Pincus, 2021).
The cotton swabs with colonies were suspended in 3 ml NSS. A vortex mixer was utilized to achieve the 0.5
McFarland turbidity standard. The inoculum was used within 15 minutes of preparation (Mahon & Lehman,
2022).

Inoculation of MHA Plates

The cotton swab was dipped into the tube using the prepared inoculum, and excess fluid was removed. The MHA
agar plates were inoculated with a moist swab streaked four times over the surface. The plates are then rotated
roughly 60 degrees to achieve even distribution of the inoculum. Each plate was streaked with a different sterile
cotton swab. The swabs were discarded in the designated container. After the inoculation of the plates, they were
covered with their lids. The disks with varying concentrations of 25%, 50%, 75%, and 100% were placed using
sterile forceps in each plate. On the other hand, in a separate plate, the Tigecycline disks (positive control) and
10% DMSO disks (negative control) were placed using sterile forceps. Incubation at 37 degrees Celsius lasted for
24 hours, using a caliper, and the zone of inhibition in millimeters was measured (McPherson & Pincus, 2021).

Kirby-Bauer Disk Diffusion Method
The researchers focused on the antimicrobial efficacy of Ipomoea aquatica Forssk. (Kangkong) and Eleusine indica
(L.) Gaertn. (Paragis) methanolic leaf extracts against K. oxytoca. Therefore, the researchers conducted
antimicrobial susceptibility testing (AST). To further analyze the data, the Kirby-Bauer test was utilized to assess
the sensitivity or resistance of K. oxytoca to the methanolic extract of Ipomoea aquatica Forssk. (Kangkong) and
Eleusine indica (L.) Gaertn. (Paragis).

The Kirby-Bauer test determined the resistance or sensitivity of the pathogen to numerous antimicrobial
compounds. The researchers interpreted the results as S (susceptible), I (intermediate), and R (resistant). A result
categorized as sensitive shows that the bacteria will die when exposed to the methanolic leaf extract of Ipomoea
aquatica Forssk. (Kangkong) and Eleusine indica (L.) Gaertn. (Paragis). An intermediate result suggests that the
maximum recommended dosage is required to inhibit the bacteria. The resistance result shows that the bacteria is
resistant to the antimicrobial compounds of the methanolic extract leaf of Ipomoea aquatica Forssk. (Kangkong),
Eleusine indica (L) Gaertn. (Paragis). Moreover, combined based on the standard zone of inhibition, FDA
breakpoints of the Kirby-Bauer method set by the Food and Drug Administration.

Waste Disposal

After the experiment, the researchers placed all laboratory solid waste contaminated with biohazardous materials
in the cabinet. Afterward, the research staff autoclaved all the contaminated materials for 60 minutes at 121°C and
15 psi.

2.3 Ethical Considerations

The laboratory implemented various considerations to ensure a safe environment in the microbiology laboratory.
The Center for Basic Biomedical Research (CBBR) has collated laboratory safety information into one manual as a
reference for personnel using the laboratories of CBBR. The Laboratory Safety Manual of De La Salle Health
Sciences Institute Research Division Center for Basic Biomedical Research is the basis for the following ethical and
safety considerations.

The student researchers were well-informed about the bacteria handled in the laboratory. Upon acquiring the
bacteria, the Philippine National Collection of Microorganisms (PNCM) UP-LB included the authenticity of
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Klebsiella oxytoca. The researchers utilized a class II biosafety cabinet as Klebsiella oxytoca is a risk group 2
microorganism. Materials and supplies stayed in the laboratory to prevent contamination and the spread of
potential infection. Student researchers and the laboratory staff were well-informed about the biosafety practices
and techniques used in the laboratory.

3.0 Results and Discussion

3.1 Inhibition Zone of the Methanolic Leaf Extract of I. aquatica

The study used the disk diffusion method to evaluate the antimicrobial efficacy of the methanolic leaf extracts of
Ipomoea aquatica Forssk. (Kangkong) and Eleusine indica (L.) Gaertn. (Paragis) against Klebsiella oxytoca with trials
one (1), two (2), and three (3), and replicates one (1), two (2), and three (3) using varying concentrations (25%, 50%,
75%, and 100%). The researchers used the measurement of the disk diameter, which measures 6 mm, as an
indicator of no diameter of inhibition. Thus, the result of the methanolic leaf extract of Ipomoea aquatica Forssk.
(Kangkong) against Klebsiella oxytoca demonstrated a 6 mm diameter of inhibition, which falls on the resistance
breakpoints set by the FDA.

Table 3. Diameter inhibition of the methanolic leaf extract of I. aquatica compared with the positive control and negative control against k.

25% 50% 75% 100%
Trials Replicates Replicates Replicates Replicates +) -)
1 2 3 1 2 3 1 2 3 1 2 3
1 R R R R R R R R R R R R 33.21mm (S) R
2 R R R R R R R R R R R R 32.65mm (S) R
3 R R R R R R R R R R R R 33.21mm (S) R
Note: Food and Drug Administration Disk Diffusion Breakpoints for Tigecycline Susceptible (S) = 219mm Intermediate (I) = 15-18mm

Resistant (R) = <14mm + = Positive Control, - = Negative Cont

Figure 1. Trial 1,2,3, with Replicates 1-3, of Agar Disk Diffusion of the Varying Concentrations of Methanolic Leaf Extract of Ipomoea aquatica

This finding suggests that the extract, at these concentrations, is ineffective against this specific bacterial strain.
Thus, this indicates that establishing the minimum inhibitory concentration is not possible. A study by Yoon et al.
(2018) demonstrated the methanolic leaf extract of Ipomoea aquatica Forssk. (Kangkong) is effective against certain
gram-negative bacteria. The study is limited to Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae.
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In addition to the previous research of Yoon et al. (2018), the researcher’s study indicates that the methanolic leaf
extract of Ipomoea aquatica is not a highly effective antimicrobial against K. oxytoca.

Tigecycline, the positive control, exhibited a diameter inhibition of 33.21mm (Trial 1), 32.65mm (Trial 2), and
33.21mm (Trial 3) with an average of 33.02 mm (Figure 2) against Klebsiella oxytoca, indicating its susceptibility to
the antibiotic mentioned above. The results of the two plants, specifically Ipomoea aquatica Forssk. (Kangkong)
and Eleusine indica (L.) Gaertn. (Paragis), strongly suggest that establishing the minimum inhibitory
concentration is not possible.

Figure 3. Agar Disk Diffusion of the negative control (10% DMSO).

3.2 Inhibition zone of the Methanolic Leaf Extract of E. indica

The researchers observed a 6 mm diameter in the results of the methanolic leaf extract of Eleusine indica (L.) Gaertn.
(Paragis) against K. oxytoca. This result suggests the ineffectiveness of the extract against Klebsiella oxytoca at
varying concentration levels. A study conducted by Adoho et al. (2021) showed that the methanolic and
chloroform extracts of Eleusine indica (L.) Gaertn. (Paragis) exhibits antibacterial activity against certain gram-
negative bacteria, including Klebsiella aerogenes, Proteus vulgaris, Enterobacter aerogenes, Pseudomonas aeruginosa, and
Escherichia coli. Conversely, these findings suggest that the methanolic extract is not a potent antimicrobial against
Klebsiella oxytoca.

Table 4. Diameter Inhibition of the Methanolic Leaf Extract of E. indica in Comparison with the Positive Control and Negative Control
against K. oxytoca

25% 50% 75% 100%
Trials Replicates Replicates Replicates Replicates +) -)
1 2 3 1 2 3 1 2 3 1 2 3
1 R R R R R R R R R R R R 33.21mm (S) R
2 R R R R R R R R R R R R 32.65mm (S) R
3 R R R R R R R R R R R R 33.21mm (S) R

Note: Food and Drug Administration Disk Diffusion Breakpoints for Tigecycline Susceptible (S) = 219mm Intermediate (I) = 15-18mm
Resistant (R) = <14mm + = Positive Control - = Negative Control
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Figure 4. Trial 1,2,3, with Replicates 1-3, of Agar Disk Diffusion of the Varying Concentrations of Methanolic Leaf Extract of Eleusine indica.

3.3 Inhibition zone of the Combined Methanolic Leaf Extracts of the I. aquatica and E. indica

The researchers combined the methanolic leaf extracts of Ipomoea aquatica Forssk. (Kangkong) and Eleusine indica
(L.) Gaertn. (Paragis). The disk diffusion method results exhibit a 6 mm diameter of inhibition on all three trials
and three replicates of varying concentrations. Thus, it was concluded that Klebsiella oxytoca is resistant to the
combined methanolic leaf extracts. Therefore, the findings show no synergistic effect between the methanolic leaf
extracts of the two plants, specifically Ipomoea aquatica Forssk. (Kangkong) and Eleusine indica (L.) Gaertn. (Paragis).
It was observed that the combination of the two plants does not enhance their antimicrobial action.

Table 5. Diameter Inhibition of the Combined Methanolic Leaf Extracts of the I. aquatica and E. indica in Comparison with the Positive
Control and Negative Control Against K. oxytoca

25% 50% 75% 100%
Trials Replicates Replicates Replicates Replicates +) -)
1 2 3 1 2 3 1 2 3 1 2 3
1 R R R R R R R R R R R R 33.21mm (S) R
2 R R R R R R R R R R R R 32.65mm (S) R
3 R R R R R R R R R R R R 33.21mm (S) R

Note: Food and Drug Administration Disk Diffusion Breakpoints for Tigecycline Susceptible (S) = 219mm Intermediate (I) = 15-18mm

Resistant (R) = <14mm + = Positive Control - = Negative Control
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Figure 5. Trial 1,2,3, with Replicates 1-3, of Agar Disk Diffusion of the Varying Concentrations of Combined Methanolic Leaf Extracts of I.
aquatica and E. indica

According to Izah (2018), several factors influence the antimicrobial susceptibility pattern of plant extracts,
including adaptability, physiology, and microorganism metabolism. Gram-negative bacteria often exhibit
increased resistance to plant-origin antimicrobials due to their distinct cell wall structure, which serves as a
protective barrier that resists the entry of plant extract components (Biswas et al., 2013). Klebsiella oxytoca is a gram-
negative, encapsulated bacteria (Al-Khikani et al., 2020). The bacteria's resistance to plant extracts is due to the
capsule, which obstructs the penetration of the methanolic leaf extracts of Eleusine indica and Ipomoea aquatica.
According to Yang et al. (2022), current research discovered that Klebsiella oxytoca is not a single species, but a
complex one composed of other Klebsiella species, which are K. oxytoca, K. grimontii, K. michiganensis, K. pasteurii,
K. spallanzanii, K. huaxiensis and other three unnamed novel species based on the microorganism’s genomic
taxonomy. The current study highlighted the genetic flexibility of Klebsiella oxytoca, which is highly diverse, and
the data regarding the species is limited; however, the study suggests that Klebsiella oxytoca can acquire
antimicrobial resistance independently (Moradigaravand et al., 2017). The outcome of the current research shows
that the tested bacteria (Klebsiella oxytoca) is resistant to the methanolic leaf extract of Ipomoea aquatica Forssk.
(Kangkong), Eleusine indica (L.) Gaertn. (Paragis) and their combination.

4.0 Conclusion

The methanolic leaf extract of Ipomoea aquatica Forssk. (Kangkong), in varying concentrations of 25%, 50%, 75%,
and 100%, showed a diameter inhibition of 6mm, compared to the positive control (tigecycline) with a diameter
inhibition of 33.21mm, 32.65mm, and 33.21mm with an average of 33.02 mm. Thus, this result indicates resistance
of Klebsiella oxytoca to the extract. Furthermore, the methanolic leaf extract of Eleusine indica (L.) Gaertn. (Paragis),
also exhibited a diameter inhibition of 6mm at concentrations of 25%, 50%, 75%, and 100%, in contrast to the
positive control (Tigecycline), with a diameter inhibition of 33.21mm, 32.65mm, and 33.21mm with an average of
33.02mm. Thus, this outcome implies that Klebsiella oxytoca is resistant to the extract. In addition, the combined
methanolic leaf extracts of Ipomoea aquatica Forssk. (Kangkong) and Eleusine indica (L.) Gaertn. (Paragis) produced
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a diameter inhibition of 6mm at varying concentrations of 25%, 50%, 75%, and 100%, in contrast to the positive
control (tigecycline), which showed a diameter inhibition of 33.21mm, 32.65mm, and 33.21mm with an average of
33.02mm. As a result, this implies that the Klebsiella oxytoca is resistant to the extract. The conclusion was reached
that there is no synergistic effect between the methanolic leaf extracts of the two plants.

This study concluded that there was low antimicrobial efficacy against K. oxytoca and that a minimum inhibitory
concentration could not be established on both plants and their combination. Further investigation is needed to
assess the bacteria's minimum inhibitory concentration, such as utilizing alternative extraction techniques and
methods used in antimicrobial susceptibility testing. Furthermore, this study would recommend
that policymakers or pharmaceutical companies explore other plants that will help combat the ongoing resistance
of the bacteria to various antibiotics. In addition, future researchers may find the gaps in this study. They could
improve or explore other procedures that could exhaust the possible applications of I. aquatica and E. indica.
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