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Comparative Assessment of the Antibacterial Potential of Methanolic and Ethanolic Peel Extracts of Momordica charantia Against Escherichia coli

Abstract
The climber Momordica charantia L., sometimes known as the bitter gourd, is a member of the Cucurbitaceae family and is grown extensively in tropical and subtropical areas for its therapeutic and nutritional benefits. Its fruits, leaves, and seeds have long been employed in ethnomedicine to treat inflammatory conditions, infections, and diabetes. The purpose of this work was to use the agar well diffusion method to assess the antibacterial activity of M. charantia peel extracts, both methanolic and ethanolic, against Escherichia coli. After being standardized using the McFarland standard, bacterial cultures were examined against a range of peel extract concentrations, from 500 to 31.25µg/ml. The negative control was dimethyl sulfoxide (DMSO), while the positive control was amoxicillin. Both methanolic and ethanolic peel extracts had modest, concentration-dependent antibacterial activity against E. coli, according to the data. T4M and T5M exhibited relatively greater inhibitory effects among the methanolic extracts at 500µg/ml, whereas T3M and T4M exhibited moderate activity at 250µg/ml. Overall, the antibacterial activity of ethanolic extracts was lower, and only at the highest tested dose did T4E exhibit the maximal zone of inhibition. At lower doses, neither solvent extract showed any inhibitory effects. The conventional antibiotic amoxicillin, on the other hand, had much greater zones of inhibition, demonstrating its higher antibacterial activity. Although their efficacy is far lower than that of traditional antibiotics, the results imply that the peel of M. charantia contains bioactive components with antibacterial potential. To improve antibacterial activity and investigate the therapeutic usefulness of M. charantia peel extracts, more research comprising purification, active ingredient discovery, and mechanistic assessment is required. The goal of the study was to determine which solvent-methanol or ethanol-is better at removing antibacterial phytoconstituents from Momordica charantia peel and to evaluate the concentration-dependent activity of the extracts.
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Introduction
Momordica charantia L., a tropical and subtropical climbing plant of the Cucurbitaceae family, is sometimes referred to as bitter gourd, bitter melon, or balsam pear( Gayathry et al., 2022). For its edible fruit and exceptional medicinal qualities, it is grown throughout Asia, Africa, and South America (Sosalagere et al., 2022). The fruit, leaves, and seeds of M. charantia have long been used to treat a variety of illnesses in Nigeria and many West African cultures, demonstrating its ethnopharmacological significance (Christy et al., 2016). 
The plant's distinctive bitterness is caused by cucurbitane-type triterpenoids such momordicin, charantin, and karaviloside, bioactive substances with shown antibacterial, antidiabetic, and antioxidant properties (Le et al., 2025). These secondary metabolites, which also increase the plant's medical efficacy, support the plant's long-standing use as food and medicine throughout Asia and Africa (Ashaolu et al., 2024). The capacity of bitter gourd to cure diabetes is the best studied of its various pharmacological properties. Compounds like charantin, polypeptide-P, vicine, and momordicoside K have been shown to lower blood glucose levels using insulin-mimetic and insulin-secretagogue techniques (Mathew et al., 2025).
Extracts of M. charantia boost hepatic glycogen synthesis, promote β-cell regeneration, and improve glucose absorption in muscle tissues, according to clinical and experimental research (Vesa et al., 2024). Frequent intake has been linked to improved lipid profiles and the prevention of type 2 diabetes (Asif et al., 2014). M. charantia has strong antibacterial and antiviral properties in addition to glycaemic control (Giwa et al., 2025). Fungal pathogens like Candida albicans and bacterial species including E. coli, S. aureus, Pseudomonas aeruginosa, and Klebsiella pneumoniae are inhibited by ethanolic and methanolic extracts (Villarreal-La Torre et al., 2020).
According to research by Luo et al. (2026), the plant's extracts cause damage to microbial cell walls, prevent the synthesis of nucleic acids, and disrupt energy metabolism, demonstrating its broad-spectrum antibacterial effect. Furthermore, M. charantia has remarkable antioxidant, anti-inflammatory, and anticancer properties. Its bioactive flavonoids, phenolics, alkaloids, and terpenoids scavenge reactive oxygen species and stop lipid peroxidation. According to research, its polyphenolic components decrease pro-inflammatory cytokines including TNF-α, IL-1β, and IL-6, hence reducing oxidative stress and chronic inflammation linked to gastritis, ulcers, and arthritis (Al-Khayri et al., 2022).
[bookmark: _GoBack]According to Krishnendu et al. (2016), bitter gourd is acknowledged as a functional food that contains proteins, carbs, crude fiber, and important minerals including calcium, potassium, iron, and magnesium in addition to vitamins A, C, E, and B-complex (Jia et al., 2017). These nutrients boost immunity, enhance cardiovascular health, and aid with digestion. Its anti-aging and antioxidant qualities are attributed to phenolic chemicals and carotenoids (Feng et al., 2026). As a result, M. charantia is being included to nutritional supplements, health teas, and capsules more often (Bara et al., 2025). The purpose of this work was to use the agar well diffusion method to assess the antibacterial activity of M. charantia peel extracts, both methanolic and ethanolic, against Escherichia coli.
Material and Methods
ANTIMICROBIAL STUDIES
Using the disc diffusion assay, plant extracts made in various solvents were assessed for antibacterial activity in accordance with the standard protocol of Bauer (1966).
Antibacterial activity
Preparation of plant sample
Six distinct concentrations-500mg/ml (crude extract), 250mg/ml, 125mg/ml, 62.5mg/ml, and 31mg/ml-were obtained for the investigation by combining the dried plant extract with dimethyl sulfoxide (DMSO) solvent.
Bacterial strains
The following bacterial strains were used in the antimicrobial study.
Escherichia coli (MTCC NO 443)
Bacillus subtilis (MTCC NO 121)
Bacterial strains were procured from Chandigarh, India.
Preparation of bacterial culture
The bacterial cultures were maintained using nutrient agar (NA) medium (HiMedia Pvt. Ltd.). After spreading a loopful of lyophilized bacterial strain powder on sterile nutrient agar plates, the plates were incubated for 24 hours at 37°C. Bacterial colonies were kept at 4°C and then subcultured in nutrient broth, where they were incubated at 37°C for the entire night (Leininger, 1987).
 Agar well method
Mueller-Hinton broth (MHB) and Mueller-Hinton agar (MHA) were the first media to be created. The broth was used to prepare the bacterial culture, and the agar was put into sterile Petri dishes to grow the test organisms. Test microorganisms, including Bacillus subtilis and Escherichia coli, were added to two to 3ml of MHB and cultured for twenty-four hours at 37°C. To guarantee a consistent bacterial concentration, the turbidity of the bacterial suspension was adjusted following incubation to meet the McFarland standard, which was made with sulfuric acid and barium chloride. Thereafter, a sterile cotton swab was used to equally distribute the standardized bacterial suspension onto MHA plates while the plate was continuously rotated at 60° angles. A sterile borer was used to create wells in the agar after it had dried. Amoxycillin was used as the positive control and DMSO as the negative control when the test extracts were applied to the wells. After that, the plates were incubated for a further 24 hours at 37°C. The antibacterial activity of the extracts was evaluated by measuring the zones of inhibition following incubation (Bhardwaj et al., 2023).
Results
Antibacterial Activity of Methanolic Peel Extracts of Momordica charantia Against Escherichia coli
Methanolic extracts of Momordica charantia peel were tested for their antibacterial activity against Escherichia coli using the agar diffusion method. At different extract concentrations (500-31.25µg/ml), the activity was expressed as the mean zone of inhibition (mm) ± standard deviation. Despite a concentration-dependent inhibitory effect, the total activity of the plant extracts was much lower than that of the traditional antibiotic.
At the highest dose (500µg/ml), T4M showed the most inhibitory action among the tested samples, resulting in a detectable zone of inhibition of 1.52±0.4mm. At lower concentrations, no inhibition was seen. With just a little zone (0.16±1.1mm) found at 500 µg/ml, T1M had limited antibacterial activity against E. coli.
[image: ]
Fig 1: Zone of inhibition with plant extracts prepared in methanol solvent against E.coli.
[bookmark: _Hlk217841432]At 500µg/ml, the T2M extract exhibited considerable inhibition (0.52±0.3mm), whereas T3M and T4M showed noticeable antibacterial effects at both 500 and 250µg/ml, indicating somewhat higher potency than T0M, T1M, and T2M. In particular, T4M showed 1.52±0.4mm and 0.3±0.2mm at 500 and 250µg/ml, respectively, whereas T3M generated inhibitory zones of 0.45±0.2mm and 0.9±0.2mm.
With inhibition zones of 1.22±0.6mm at 500µg/ml and 0.7±0.3mm at 250µg/ml, T5M showed noticeably greater activity among the extracts, suggesting a stronger antibacterial action. Nevertheless, at lesser doses (125, 62.5, and 31.25µg/ml), none of the extracts demonstrated inhibitory action.
In contrast, Amoxicillin, the positive control, demonstrated significantly larger zones of inhibition, ranging from 12.5±2.0 to 18.2±2.6mm, demonstrating its strong antibacterial efficacy against E. coli and confirming the experimental condition (Table 1).
Table 1: Zone of inhibition obtained against bacterial strains (Escherichia coli) with different plant extracts prepared in methanol solvent
	Sr. No.
	Bacterial
Strain
	Name of samples
	Zone of Inhibition (mm)
	Positive Control
(Amoxicillin)
μg/ml) 


	
	
	
	500
	250
	125
	62.5
	31.25
	

	1.
	Escherichia coli 

	T0M
	0.67±0.3
	_
	_
	_
	_
	17.5±2.6

	2.
	
	T1M
	0.16±1.1
	_
	_
	_
	_
	12.5±2.0

	3.
	
	T2M
	0.52±0.3
	_
	_
	_
	_
	18.2±2.6

	4.
	
	T3M
	0.45±0.2
	0.9±0.2
	_
	_
	_
	13.7±3.3

	5.
	
	T4M
	1.52±0.4
	0.3±0.2
	_
	_
	_
	17.2±2.3

	6.
	
	T5M
	1.22±0.6
	0.7±0.3
	_
	_
	_
	12.0±3.6



[bookmark: _Hlk217841460]Antibacterial Activity of Ethanolic Peel Extracts of Momordica charantia Against Escherichia coli
By evaluating the zone of inhibition at various doses (500-31.25µg/ml), the antibacterial activity of ethanolic extracts of Momordica charantia peel against Escherichia coli was evaluated. The activity was compared to the conventional antibiotic amoxicillin and represented as mean zone of inhibition (mm) ± standard deviation.
At the highest studied dosage (500µg/ml), T4E exhibited the greatest antibacterial activity of all ethanolic extracts, with a zone of inhibition of 1.47±0.4mm, indicating significantly higher efficacy. T1E (1.0±0.5mm), T3E (0.82±0.1mm), and T0E (0.67±0.2mm) also showed significant inhibition. Conversely, T2E and T5E showed no appreciable zone of inhibition at any of the tested doses, suggesting little to no antibacterial activity against E. coli under the experimental conditions (Fig. 2)
[image: ]
Fig 2: Zone of inhibition with plant extracts prepared in methanol solvent against E.coli.
[bookmark: _Hlk217841479]None of the ethanolic extracts exhibited any inhibitory action at lower doses (250, 125, 62.5, and 31.25µg/ml). This implies that these extracts' antibacterial activity is limited to higher doses and is completely concentration dependent. 
(Table 2).
Table 2: Zone of inhibition obtained against bacterial strains (Escherichia coli) with different plant extracts prepared in ethanol solvent

	Sr. No.
	Bacterial
Strain
	Name of samples
	Zone of Inhibition (mm)
	Positive Control
(Amoxicillin) μg/ml) 


	
	
	
	500
	250
	125
	62.5
	31.25
	

	1.
	Escherichia coli 

	T0E
	0.67±0.2
	_
	_
	_
	_
	17.2±2.2

	2.
	
	T1E
	1.0±0.5
	_
	_
	_
	_
	16.5±1.2

	3.
	
	T2E
	_
	_
	_
	_
	_
	15.7±2.5

	4.
	
	T3E
	0.82±0.1
	_
	_
	_
	_
	15.2±4.1

	5.
	
	T4E
	1.47±0.4
	_
	_
	_
	_
	17.7±2.6

	6.
	
	T5E
	_
	_
	_
	_
	_
	16.0±2.1



Discussion
Using the agar well diffusion method, the current study assessed and contrasted the antibacterial activity of Momordica charantia peel extracts in methanol and ethanol against Escherichia coli. For both solvent extracts, the results showed a definite concentration-dependent antibacterial effect; activity was most noticeable at higher concentrations (500 and 250µg/ml).
T4M and T5M showed relatively higher inhibitory activity among the methanolic extracts, especially at 500 µg/ml, indicating that methanol was more effective at removing antibacterial phytoconstituents from the peel. A wider variety of polar bioactive substances, including phenolics, flavonoids, and triterpenoids, are known to be extracted by methanol. These compounds may help break down bacterial cell membranes, inhibit enzymes, and interfere with the synthesis of nucleic acids. The fact that the antibacterial effect is dose dependent is further supported by the limited activity seen at 250 µg/ml and the total lack of inhibition at lower concentrations.
On the other hand, the antibacterial activity of the ethanolic extracts was significantly lower. The total zones of inhibition were smaller than those seen with methanolic extracts, despite the fact that T4E showed detectable inhibition at 500 µg/ml. Since ethanol may not solubilize some active phytochemicals as well as methanol, this discrepancy may be related to solvent polarity and extraction efficiency. Ethanolic extracts' relatively low antibacterial potency under experimental conditions is further supported by the fact that they show no activity at lower concentrations.
Both methanolic and ethanolic extracts exhibited detectable inhibitory effects, but their zones of inhibition were noticeably smaller than those of the common antibiotic amoxicillin. Large inhibition zones were consistently produced by the positive control, confirming the relatively mild antibacterial potential of the plant extracts and validating the experimental protocol. The tiny inhibition zones (less than 2 mm) show poor activity against the Gram-negative bacterium E. coli, which is distinguished by its outer membrane barrier that prevents many phytochemicals from penetrating.
The presence of cucurbitane-type triterpenoids (like momordicin and charantin), phenolic compounds, flavonoids, and alkaloids that have been previously identified in M. charantia may be the cause of the antibacterial activity seen in the peel extracts. Through mechanisms such as disruption of cell wall integrity, modification of membrane permeability, inhibition of protein synthesis, and suppression of metabolic pathways, these compounds are known to exhibit antimicrobial effects.
Conclusion 
According to the current study, methanolic and ethanolic peel extracts of Momordica charantia exhibit concentration-dependent, mild antibacterial activity against Escherichia coli. Among the methanolic extracts, T4M and T5M showed comparatively stronger inhibitory effects at 500µg/ml, while T3M and T4M only showed moderate activity at 250µg/ml. Ethanolic extracts had less antibacterial activity overall, and T4E only showed the greatest inhibition at the highest tested dose. None of the extracts were effective at lower dosages, indicating dose-dependent action. All plant extracts lacked the common antibiotic amoxicillin's antibacterial potency. The peel of M. charantia may contain bioactive compounds with antibacterial properties, according to these results; however, further purification, optimization, and mechanistic studies are required to increase efficacy and therapeutic relevance.
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