




Phytochemical Evaluation and Antibigram of Aqueous and Ethanolic Leaf Extracts of Mormodica charantia against Clinical Bacterial Isolates


Abstract
The ever-increasing incidence of antimicrobial-resistant (AMR) pathogens necessitates the exploration of alternative therapeutic agents, particularly those sourced from medicinal plants. Among the numerous medicinal plants under investigation, Momordica charantia, commonly known as bitter melon or bitter gourd, stands out due to its rich ethnomedicinal heritage and diverse phytochemical profile. M. charantia has been used traditionally to treat a range of ailments, including diabetes, malaria, skin diseases, and infections. This study presents a comparative evaluation of the phytochemical composition and antibacterial efficacy of aqueous and ethanolic leaf extracts of Momordica charantia against clinical isolates of Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella pneumoniae. Aqueous and ethanolic leaf extracts of M. charantia were prepared as cold macerations. Phytochemical analyses revealed the prominent presence of flavonoids, saponins, and steroids, with the ethanolic extract exhibiting markedly higher concentrations: flavonoids (52.92%), saponins (17.11%), and steroids (12.64%). Antibacterial activity, assessed using the agar well diffusion method, indicated that the ethanolic extract demonstrated broader and more potent inhibition, with K. pneumoniae showing the greatest susceptibility (16 mm zone of inhibition at 100 mg/mL). Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) assays corroborated these findings, revealing bactericidal effects of the ethanolic extract against S. aureus and P. aeruginosa, and inhibitory activity against E. coli and K. pneumoniae. Conversely, the aqueous extract exhibited only inhibitory effects and limited efficacy at lower concentrations. These results validate the ethnopharmacological relevance of M. charantia and emphasise the critical role of solvent polarity in optimising bioactive compound extraction. The findings support the potential of M. charantia as a source of novel antimicrobial agents and warrant further investigation through in vivo models and clinical studies.
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Introduction
The emergence and rapid proliferation of antimicrobial-resistant (AMR) bacterial strains present an escalating global health crisis (Edemekong et al. 2022). Conventional antibiotics, which were once hailed as miracle cures, are increasingly failing against pathogens that have evolved mechanisms of resistance due to overuse, misuse, and genetic adaptability (Bashir et al., 2022; Edem et al., 2025). The World Health Organisation (2023) has emphasised the pressing need for alternative therapeutic strategies, particularly those that can be integrated into community health systems in low and middle-income countries. One promising area of research in this context involves the exploration of plant-based bioactive compounds with antimicrobial properties, which offer diverse mechanisms of action and lower toxicity profiles compared to synthetic drugs (Okon et al., 2013; Chokki et al., 2020; George et al., 2023).
Antibiotics have been critical in the fight against infectious diseases. However, plants have also been used to treat diseases due to the presence of some chemical compounds (active ingredients) that possess medicinal properties (Merenini et al., 2025). Among the numerous medicinal plants under investigation, Momordica charantia, commonly known as bitter melon or bitter gourd, stands out due to its rich ethnomedicinal heritage and diverse phytochemical profile. Indigenous to tropical and subtropical regions of Asia, Africa, and the Caribbean, M. charantia has been used traditionally to treat a range of ailments, including diabetes, malaria, skin diseases, and infections. In Nigerian herbal medicine, preparations from the leaves and fruit are frequently employed to manage microbial infections and metabolic disorders, underscoring its therapeutic relevance (Afolayan et al., 2023; Mahwish et al., 2021).
The pharmacological activity of M. charantia is attributed to a variety of phytochemical constituents, such as flavonoids, alkaloids, saponins, steroids, and phenolic compounds. Flavonoids, for instance, are known for their antimicrobial, antioxidant, and anti-inflammatory properties, and are often central to plant-based antibacterial mechanisms. Similarly, saponins and steroids possess membrane-permeabilising and anti-inflammatory effects, respectively, contributing to their bioactivity (Mendelson et al., 2024; Gonelimali et al., 2018). The plant’s ability to act against both Gram-positive and Gram-negative bacteria has been documented, though its exact mechanisms and efficacy can vary depending on factors such as extraction solvent, plant part used, and bacterial strain targeted (Yusuf, 2022; Guarniz et al., 2019). The extracellular vesicles derived from Momordica charantia, known as MCEVs, have been shown to possess the pharmacological properties of the original plant. These properties include the ability to inhibit the growth and spread of brain gliomas, prevent cerebral ischemic stroke, provide therapeutic benefits in breast and oral cancer cases, and protect cardiac myocytes from radiation-induced damage (Gao et al., 2025; Kumar et al., 2024).
One of the most crucial determinants of a plant extract’s bioactivity is the method of extraction. Solvents differ in their capacity to dissolve and preserve specific bioactive compounds. Aqueous extractions are often considered safer and more traditional, but may be less effective at isolating non-polar compounds with strong antimicrobial properties (Edem et al. 2025). Ethanolic extractions, on the other hand, often yield a broader spectrum of phytochemicals, including those that are semi-polar or lipophilic in nature, resulting in enhanced antimicrobial efficacy (Awuchi, 2019). Hence, comparing aqueous and ethanolic extracts from the same plant offers valuable insights into the spectrum of activity and therapeutic potential of its constituent compounds. Clinical bacterial isolates such as Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella pneumoniae are common causative agents of nosocomial and community-acquired infections (Mbong et al. 2025). These organisms are increasingly implicated in multidrug-resistant infections, including urinary tract infections (UTIs), wound infections, and bloodstream infections (Brüssow, 2024). Their growing resistance to frontline antibiotics such as cephalosporins and fluoroquinolones necessitates alternative or complementary therapeutic agents. Natural compounds that can inhibit or kill these bacteria may prove to be crucial adjuncts or even substitutes in antimicrobial therapy.
While prior studies have explored the antimicrobial activity of M. charantia, few have conducted a comparative analysis of the efficacy of aqueous and ethanolic leaf extracts specifically against clinical isolates. Furthermore, understanding the phytochemical makeup of these extracts is essential to identifying which bioactive compounds may be responsible for their therapeutic effects. The integration of phytochemical profiling with antibacterial assays, including minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) evaluations, offers a robust framework for assessing the medicinal viability of the plant. Therefore, this study aims to assess and compare the phytochemical composition and antibacterial efficacy of aqueous and ethanolic leaf extracts of Momordica charantia against selected clinical bacterial isolates. Through this investigation, the study seeks to identify the most effective extract and elucidate the potential of M. charantia as a natural antimicrobial agent, contributing to the global search for novel compounds capable of combating resistant pathogens.
Materials and Methods
Study Location 
The study was conducted at the Microbiology and Biochemistry Laboratories, University of Benin, Edo State, Nigeria.
Plant Collection and Preparation
Fresh leaves of M. charantia were harvested from cultivated fields at the University of Delta, Agbor, Delta State, Nigeria. The leaves were rinsed with distilled water, air-dried at room temperature for four weeks, and pulverised into fine powder using a mechanical blender; the powdered sample was stored in airtight containers until further analysis according to the methods of Peter et. al. (2023).
Extraction Procedures
Two solvents-distilled water (aqueous) and absolute ethanol, were used for extraction via cold maceration. For each method, 50 g of the powdered leaf material was immersed in 300 mL of solvent and left undisturbed for 72 hours with occasional agitation. The resulting mixtures were filtered, and the extracts concentrated using a rotary evaporator. Dried extracts were stored at 4°C (Ogidi et al. 2021; Konyeme et. al. 2024).

Phytochemical Screening
Qualitative and quantitative phytochemical analyses were performed using standard procedures described by Konyeme et. al. (2022). The qualitative test identified the presence of flavonoids, saponins, steroids, alkaloids, phenols, tannins, and other secondary metabolites. Quantitative assays were conducted to determine the relative concentrations of dominant phytochemicals using spectrophotometric methods.

Test organisms sourcing and Antibacterial Assay
Clinical isolates of Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae were obtained from stored cultures at the University of Benin Microbiology Laboratory. Isolates were revived, standardised to the 0.5 McFarland turbidity standard, and used for in vitro antimicrobial testing. The agar well diffusion method was used to evaluate antibacterial activity at concentration ranges of (100 - 12.5 mg/mL). Peter et al. (2023). Ciprofloxacin served as the positive control. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were determined using broth dilution and sub-culturing techniques, respectively, to assess inhibitory and bactericidal effects according to the methods of Mongana et al (2020).



Results 
The qualitative phytochemical screening results of Momordica charantia leaf extracts are presented in Table 1. The phytochemicals analysed include flavonoids, tannins, cardiac glycosides, saponins, steroids, terpenoids, phenols, phlobatannins, coumarins, alkaloids, and anthraquinones. The screening revealed that flavonoids, saponins, and steroids were highly present in the extract.  On the other hand, tannins, cardiac glycosides, terpenoids, phenols, phlobatannins, coumarins, alkaloids, and anthraquinones were absent in the leaf extract.
Table 1: Qualitative Phytochemical Constituents of Momordica charantia Leaf Extracts
	PHYTOCHEMICALS
	INFERENCE 

	Flavonoids
	               ++

	Tannins
	                -

	Cardiac glycosides
	                -

	Saponins
	               ++

	Steroids
	               ++

	Terpenoids
	                 -

	Phenols
	                 -

	Phlobatanins
	                 -  

	Coumarin
	                 -

	Alkaloids
	                 -

	Anthroquinone
	                 -


Key: 
++ = Highly present; + = moderately present; - = absent
The quantitative phytochemical analysis of Momordica charantia leaf extract is shown in Table 2. Among the phytochemicals evaluated, the highest concentration was found in flavonoids (52.92 ± 0.00%), followed by saponins (17.11 ± 0.00%) and steroids (12.64 ± 0.00%).

Table 2: Quantitative Phytochemical Composition of Momordica charantia Leaf Extract
	Phytochemical Parameter
	Concentration 

	Flavonoids (%)
	52.92 ± 0.00

	Saponins (%)
	17.11 ± 0.00

	Steroids (%)
	12.64 ± 0.00


The antibacterial activity of both aqueous and ethanolic extracts of Momordica charantia (bitter gourd) is presented in Table 3. At the highest concentration (100%), the ethanolic extract showed a broader spectrum of antibacterial activity compared to the aqueous extract. Klebsiella pneumoniae demonstrated the highest susceptibility, with a zone of inhibition measuring 16.00 mm at 100% ethanolic extract concentration, followed by Staphylococcus aureus (12.00 mm), Escherichia coli (10.00 mm), and Pseudomonas aeruginosa (6.00 mm). The aqueous extract also showed activity, albeit lower, with Klebsiella pneumoniae (14.00 mm) and Pseudomonas aeruginosa (10.00 mm) displaying moderate inhibition at 100% concentration. No zones of inhibition were observed at the lowest concentration (12.5%) for either extract, across all isolates. Comparatively, ciprofloxacin (5 µg/disc), used as the positive control, produced significantly larger zones of inhibition across all test organisms, ranging from 14 mm to 22 mm.  
Table 3: Antibacterial activity of aqueous and ethanolic extracts of Plant leaves extract
	
	
	ZONES OF INHIBITIONS (mm)
	

	Test organism
	Extract
	100%
	50%
	25%
	12.50%
	CPX (control)

	Escherichia coli
	Ethanolic
	10.00mm
	7.00mm
	0.00mm
	0.00mm
	20

	
	Aqueous
	6.00mm
	0.00mm
	0.00mm
	0.00mm
	

	Staphylococcus aureus
	Ethanolic
	12.00mm
	9.00mm
	6.00mm
	0.00mm
	16

	
	Aqueous
	9.00mm
	6.00mm
	0.00mm
	0.00mm
	

	Pseudomonas aeruginosa
	Ethanolic
	6.00mm
	9.00mm
	0.00mm
	0.00mm
	

	
	Aqueous
	10.00mm
	4.00mm
	0.00mm
	0.00mm
	14

	Klebsiella pneumonia
	Ethanolic
	16.00mm
	12.00mm
	8.00mm
	0.00mm
	

	
	Aqueous
	14.00mm
	9.00mm
	0.00mm
	0.00mm
	22


Key: CPX: Ciprofloxacin
The MIC (Minimum inhibitory concentration) of the extracts against the bacterial isolates is presented in Table 4. This indicates that the ethanolic extract had generally lower MIC values compared to the aqueous extract, confirming its relatively higher antibacterial potency. Klebsiella pneumoniae was the most susceptible, showing inhibition at 50 mg/mL of the ethanolic extract. All other isolates required higher concentrations (100 mg/mL) of either extract to achieve growth inhibition. No inhibitory activity was observed for aqueous extracts against Escherichia coli and Staphylococcus aureus at the tested concentration.



Table 4: Minimum inhibitory concentration (MIC) of test plant extract on bacterial isolates
	Isolates 
	Ethanol (extract)
	Aqueous (extract)

	E.coli
	100mg/ml
	-

	Klebsiella pneumonia
	50mg/ml
	100mg/ml

	Staphylococcus aureus
	100mg/ml
	-

	Pseudomonas aeruginosa
	100mg/ml
	100mg/ml


(-) indicates no inhibition observed at the tested concentration
As shown in Table 5, the MBC test revealed that the ethanolic extract exerted bactericidal effects on Staphylococcus aureus and Pseudomonas aeruginosa, while only bacteriostatic activity (i.e., inhibition without killing) was observed against Escherichia coli and Klebsiella pneumoniae. The aqueous extract, on the other hand, demonstrated only static effects across all bacterial isolates, suggesting it was less effective in killing the organisms at the tested concentrations. 
Table 5: Minimum Bactericidal Concentration (MBC)of test plant extract on bacterial isolates
	Isolates 
	Aqueous Extract (Concentration)
	Activity
	Aqueous Extract (Concentration)
	Activity

	E.coli
	100 mg/ Ml
	Static
	100 mg/mL
	_

	Klebsiella pneumonia
	50 mg/ mL
	Static
	100 mg/mL
	Static

	Staphylococcus aureus
	100 mg/ mL
	Bactericidal
	100 mg/mL
	_

	Pseudomonas aeruginosa
	100 mg/mL
	Bactericidal
	100 mg/mL
	Static


Discussion
The present study explored the phytochemical composition and antibacterial efficacy of aqueous and ethanolic leaf extracts of Momordica charantia against four clinical bacterial isolates: Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae. The findings provide empirical support for the traditional use of M. charantia in treating bacterial infections and underscore the relevance of solvent choice in maximising phytochemical yield and antimicrobial potency. The qualitative phytochemical screening revealed the presence of flavonoids, saponins, and steroids in the ethanolic extract, with an absence of alkaloids, terpenoids, tannins, phenols, and other secondary metabolites. This chemical profile aligns with several studies that have characterised M. charantia leaves as rich in polyphenolic and steroidal compounds, particularly flavonoids, which are well-established antimicrobial agents (Aumeeruddy& Mahomoodally, 2020; Amit & Ranjeeta, 2018). Flavonoids exert antibacterial effects by disrupting bacterial membranes, chelating metal ions essential for bacterial enzymes, and inhibiting nucleic acid synthesis (Donadio et al., 2021). Their presence in high concentrations supports the significant bioactivity observed in this study.
Quantitative analysis further demonstrated that flavonoids constituted the most abundant class of phytochemicals in the ethanolic extract (52.92%), followed by saponins (17.11%) and steroids (12.64%). These concentrations are consistent with other studies that have reported similar proportions in M. charantia leaf extracts (Maamoun et al., 2021; Li et al., 2020). The dominance of flavonoids is particularly noteworthy as these compounds are associated with broad-spectrum antimicrobial activity and antioxidant potential. Saponins, by disrupting lipid bilayers, can increase membrane permeability in bacterial cells, leading to leakage of intracellular contents and cell lysis. Steroids are also believed to modulate bacterial metabolism and may play a role in immunomodulation (Upadhyay et al., 2014). The antibacterial activity assays revealed that the ethanolic extract had significantly greater inhibitory effects on the test organisms compared to the aqueous extract. At a concentration of 100 mg/mL, the ethanolic extract produced the largest zone of inhibition (16 mm) against Klebsiella pneumoniae, followed by S. aureus (12 mm), E. coli (10 mm), and P. aeruginosa (6 mm). The aqueous extract also exhibited activity, but with smaller zones of inhibition, ranging from 6 mm to 14 mm, and complete inactivity at lower concentrations (12.5 mg/mL). These findings suggest a concentration-dependent antibacterial mechanism and validate the superior solvent efficiency of ethanol in extracting active compounds (Yousofvand & Moloodi, 2023).
The observed potency against K. pneumoniae and S. aureus is particularly significant. K. pneumoniae is a well-known opportunistic pathogen associated with multidrug resistance and nosocomial infections, including pneumonia, bloodstream infections, and urinary tract infections. The ability of the ethanolic extract to inhibit this organism suggests potential therapeutic relevance, especially in regions burdened with high antimicrobial resistance. Similarly, S. aureus, including methicillin-resistant strains (MRSA), remains a leading cause of skin, soft tissue, and systemic infections (Guarniz et al., 2019). The moderate activity of the extracts against P. aeruginosa and E. coli—both Gram-negative organisms—may reflect the complexity of their outer membranes, which often act as permeability barriers, limiting the diffusion of antibacterial agents. MIC and MBC evaluations provided further insights into the nature of the antibacterial action. The ethanolic extract exhibited bactericidal effects against S. aureus and P. aeruginosa at 100 mg/mL, and bacteriostatic effects against E. coli and K. pneumoniae. In contrast, the aqueous extract demonstrated only bacteriostatic activity across all tested isolates and was ineffective against E. coli and S. aureus at the concentrations tested. The ability of the ethanolic extract to exert bactericidal effects is critical, as it indicates not only inhibition of bacterial growth but also active destruction of the cells—an essential feature in treating persistent infections (Anjamma & Lakshmi, 2018).
[bookmark: _GoBack]The enhanced performance of the ethanolic extract can be attributed to its polarity index and capacity to solubilise a broader range of bioactive constituents. Ethanol is particularly efficient at extracting phenolic compounds, flavonoids, and triterpenoids, all of which are known to display strong antibacterial activity (Banik et al., 2019). In contrast, water, while safer and more traditional, tends to extract hydrophilic compounds, which may be less potent in antimicrobial applications. Comparative studies in the literature further support these findings. For example, Ethanolic extracts of M. charantia showed higher antibacterial activity against resistant strains of S. aureus and E. coli compared to aqueous and methanolic counterparts (Lucena et al., 2015)  Similarly, Akinjogunla et al. (2016) demonstrated that combining ethanolic extracts of M. charantia with standard antibiotics resulted in synergistic effects, lowering MIC values and enhancing therapeutic outcomes. Importantly, the extract’s ability to inhibit pathogens implicated in urinary tract infections underscores its potential for urological applications. UTIs remain among the most common community-acquired infections, especially in women and immunocompromised individuals. The standard antibiotic treatments are increasingly compromised due to resistant strains, and plant-based antimicrobials such as M. charantia may offer alternative or adjunctive treatment options (CLSI, 2018).
One limitation in the study was the absence of alkaloids, phenols, and other common antibacterial phytochemicals, which may have enhanced the extract’s potency had they been present. This could be due to environmental and geographical factors influencing the phytochemical yield of the plant (Jandari et al., 2020). Variations in climate, soil nutrients, and time of harvest are known to significantly affect the secondary metabolite profiles in medicinal plants (Parham et al., 2020). Another consideration is the exclusive reliance on in vitro techniques, which, although valuable for screening, may not fully predict in vivo efficacy. Factors such as bioavailability, metabolic stability, and host immune response can influence therapeutic outcomes. Therefore, while the results are promising, future studies should incorporate animal models and clinical trials to evaluate the pharmacodynamics and safety profile of M. charantia extracts. Finally, the broader implications of this study rest in its contribution to the global effort to combat antimicrobial resistance through natural product research. In resource-constrained settings, plant-based antimicrobials are not only more affordable but also culturally accepted. The scientific validation of these agents enhances their credibility and paves the way for their integration into evidence-based traditional medicine systems. In Fusion, the study has demonstrated that the ethanolic leaf extract of Momordica charantia possesses superior antibacterial activity compared to its aqueous counterpart. The observed bioactivity is largely attributed to high concentrations of flavonoids and saponins. These findings validate the ethnomedicinal use of M. charantia in managing bacterial infections and support its potential development as a complementary antimicrobial agent.
Conclusion 
The present study has provided a comparative analysis of the phytochemical composition and antibacterial properties of aqueous and ethanolic leaf extracts of Momordica charantia. The results strongly support the therapeutic potential of this medicinal plant, particularly in addressing bacterial pathogens associated with clinical infections such as urinary tract infections. The ethanolic extract exhibited a broader spectrum of activity and greater antibacterial potency than the aqueous extract, especially against Klebsiella pneumoniae and Staphylococcus aureus. This enhanced efficacy is directly linked to the higher concentrations of flavonoids, saponins, and steroids detected in the ethanolic extract. The results from both the agar diffusion method and MIC/MBC assays confirmed that the ethanolic extract not only inhibited bacterial growth but also exhibited bactericidal effects in some instances. While aqueous extracts showed some antibacterial activity, their effects were limited and largely bacteriostatic. These findings emphasise the crucial role of solvent selection in optimising the extraction of bioactive compounds for therapeutic use. In light of the increasing threat of antibiotic resistance, the evidence presented here supports the integration of M. charantia into future antimicrobial strategies. Its ability to inhibit clinical isolates of multidrug-resistant bacteria reinforces its relevance in both traditional medicine and modern pharmacology. However, the absence of certain phytochemicals and limitations inherent in in vitro studies necessitate further investigation. Based on the findings of this research, it would be useful if future research trends were to direct isolate, purify, and characterise the specific flavonoids and saponins responsible for antibacterial activity in M. charantia. Also, animal studies and clinical trials should be conducted to assess the safety, dosage, and pharmacokinetics of the active extracts in vivo.
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