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ABSTRACT
Mango (Mangifera indica) plants are rich in a wide variety of secondary metabolites, including tannins, terpenoids, alkaloids, and flavonoids, which have been reported to possess antimicrobial properties in vitro. This study assessed the antimicrobial potential of aqueous and ethanolic leaf extract against Staphylococcus aureus using both ethanolic and aqueous solvents. The leaves were collected, air-dried, and subjected to solvent extraction, followed by qualitative phytochemical screening. Antibacterial activity was evaluated using the agar well diffusion method; Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were determined through serial dilution and sub-culturing techniques. The Phytochemical screening revealed tannins, saponins, phenols, alkaloids, and quinones, with variations between the ethanolic and aqueous extracts. Both extracts exhibited dose-dependent antibacterial activity, with the ethanolic extract producing larger zones of inhibition. The MIC and MBC results showed that both extracts inhibited bacterial growth at 50 mg/mL and completely killed S. aureus at 100 mg/mL. These findings demonstrate that M. indica leaves have significant bacteriostatic and bactericidal effects, supporting their potential as natural antimicrobial agents for managing S. aureus infections.
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INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) is a virulent pathogen that causes a variety of infections and is characterized by its resistance to methicillin, which has been increasing since the early 1960s. It is associated with serious clinical conditions, including invasive skin infections, pneumonia and bloodstream infections resulting in a number of morbidity and mortality rate (Alabi et al., 2026). In recent years, it has become one of the most prevalent bacteria in hospitals and the community. Also, MRSA has become a major pathogen in animal settings. The pathogen poses a great hazard to public health and livestock production (Li et al., 2025). The development of antimicrobial resistance (AMR) poses a great threat to global public health and economic stability. With the emergence of multi-drug resistance in MRSA, its resistance mechanisms have become more complex therefore there is need for research on alternative antimicrobial agents (Abebe et al., 2023).
Mango (Mangifera indica) Plants are rich in wide variety of secondary metabolites such as tannins, terpenoids, alkaloids and flavonoids which have been found in vitro to have antimicrobial properties. Since ancient time, natural products have been utilized to treat a variety of human diseases and have become potential source for being therapeutic agents because of their unique and immense chemical diversity (Amedei and Niccolai, 2024). The phytochemical constituents such as phenol, alkaloid tannis, glycosides and essential oils determine the medical capabilities of plants (Futur, 2023). Mango leaves contain several beneficial plant compounds including polyphenol and terpenoids. Polyphenols have antioxidant and anti-inflammatory properties which help prevent heart disease and cancer. Terpenoids are antioxidants that protect cells from harmful free radicals and play a key role in immune health. Mango leaves also contains phenols and flavonoids that help against adverse effect of free radical and prevent cellular damage. Flavonoids are mostly concentrated in fruit leaves of Mangifera indica (Sferrazzo et al., 2022). Mangiferin is reported to be the most abundant phytochemical in mango plant. Mangiferin appears to exert a wider spectrum of antibacterial activities compared to a major phytochemical due to ability to inhibit Gram positive (Singh et al., 2022). 
MATERIALS AND METHODS
Collection and Identification of Plant material: Fresh mango (Mangifera indica) leaves were collected from healthy trees in Kaduna State University garden. The plant was identified based on its morphological features, which include simple, alternate, lanceolate leaves measuring 15–35 cm in length, reddish young leaves that turn dark green and glossy when mature and a characteristic turpentine-like odor when crushed (Morton, 1987; Orwa et al., 2021). Mature, disease-free leaves were carefully plucked using sterile scissors and placed in clean, labeled polythene bags to avoid contamination and transported to the laboratory for further processing (Sasidharan et al., 2021).
Drying and Processing of the Plant Material: The freshly collected mango leaves were thoroughly washed under running tap water to remove dust, soil and debris, followed by rinsing with distilled water to minimize surface contamination. The leaves were then spread on clean trays and air-dried at room temperature under shade for 7–14 days until a constant weight was achieved. Shade-drying is preferred to preserve heat-sensitive phytochemicals that could otherwise be degraded by direct sunlight or excessive heat (Harborne, 2020; Abubakar and Haque, 2020). After complete drying, the leaves were ground into a fine powder using a sterile electric blender and stored in sterile, airtight, labeled containers at room temperature until required for extraction and further analysis (Sasidharan et al., 2021). 
 Extraction Procedure: Solvent extraction was carried out using aqueous and ethanol solutions. About 50 g of the powdered leaf was soaked in 250 mL of solvent for 72 hours with intermittent shaking. The extract was filtered through Whatman No. 1 filter paper, concentrated using a rotary evaporator and stored at 4°C until use (Cowan, 1999). 
Test Organism: Clinical isolates suspected to be methicillin-resistant Staphylococcus aureus was first subjected to gram staining for preliminary identification. Smears was prepared from pure cultures, heat-fixed and sequentially treated with crystal violet, Gram’s iodine, 95% ethanol and safranin. Microscopic examination under oil immersion (100×) revealed Gram-positive cocci appearing as purple spherical cells arranged in grape-like clusters, characteristic of Staphylococcus species (Cheesbrough, 2023). To further confirm the isolates, standard biochemical tests was carried out. The catalase test was performed by applying 3% hydrogen peroxide to a fresh colony; immediate effervescence indicates a positive reaction, consistent with Staphylococcus species. The coagulase test was performed using human plasma (citrated) to differentiate Staphylococcus aureus from coagulase-negative Staphylococci. Clot formation following incubation confirmed the isolate as Staphylococcus aureus (Song et al., 2025).
Antimicrobial Susceptibility Testing (Agar Well Diffusion): The antimicrobial activity of the leaf extracts against confirmed MRSA isolates were evaluated using the agar well diffusion method. Mŭeller-Hinton agar (MHA) plates was prepared and inoculated with bacterial suspensions adjusted to 0.5 McFarland standard (~1.5 × 108 CFU/mL) to achieve a confluent lawn (CLSI, 2023). Using a sterile cotton swab, the standardized inoculum was evenly spread on the agar surface and allowed to dry for 3–5 minutes. Wells were bored on the agar using a sterile cork borer. Each well was filled with 50 µL of the mango leaf extract at different concentrations (25, 50, 100 and 200 mg/mL). Plates were incubated at 37 °C for 24 hours. After incubation, inhibition zones around the wells were measured in millimeters using a ruler. The presence and size of inhibition zones was recorded and compared across concentrations (CLSI, 2023; Balouiri et al., 2024). 
Determination of Minimum Inhibitory Concentration (MIC): MIC was determined using broth dilution method. Nutrient broth tubes containing different extract concentrations was inoculated with MRSA and incubated at 37°C for 24 hours. The lowest concentration without visible turbidity was recorded as MIC (Cowan, 1999).
Determination of Minimum Bactericidal Concentration (MBC): For MBC determination, aliquots were aseptically taken from tubes showing no visible growth and spread onto fresh Mŭeller -Hinton agar plates. The plates were incubated at 37°C for 24 hours. The MBC was defined as the lowest concentration of the extract that had no visible colony growth, indicating 99.9% bacterial killing (Pankey and Sabath, 2024). 
Data Analysis: All experiments were performed in triplicate. Data was analyzed statistically using ANOVA with results expressed as mean ± standard deviation. A p-value of less than 0.05 was considered statistically significant (Gad, 2020; Motulsky, 2024).
RESULTS
Table 1 shows the phytochemical composition of Mangifera indica leaves extracts using ethanol and water as solvents. The ethanolic extract tested positive for alkaloids, tannins, saponins, phenols, quinones, and phytosteroids, while glycosides, terpenoids, and steroids were absent. In contrast, the aqueous extract contained tannins, saponins, phenols, terpenoids, steroids, and quinones, but alkaloids, glycosides, and phytosteroids were not detected.
Table 2 shows the biochemical characterization of bacterial isolate from the study. Staphylococcus aureus was identified as Gram-positive cocci, catalase- and coagulase-positive and citrate utilization but negative for indole.
Table 3 presents the antibacterial activity of aqueous and ethanolic extracts of Mangifera indica leaves against Staphylococcus aureus at different concentrations (200, 100, 50, and 25 mg/mL), compared with ciprofloxacin (100 mg/mL) as the positive control and DMSO as the negative control. The ethanolic extract exhibited concentration-dependent antibacterial activity, with zones of inhibition decreasing from 24.5 ± 0.5 mm at 200 mg/mL to 7.0 ± 0.5 mm at 25 mg/mL. Similarly, the aqueous extract showed lower antibacterial activity than the ethanolic extract, with inhibition zones ranging from 18.0 ± 0.5 mm at 200 mg/mL to 5.0 ± 0.5 mm at 25 mg/mL. The standard antibiotic, ciprofloxacin (100 mg/mL), produced the largest inhibition zone (45.0 mm), while DMSO showed no antibacterial activity (0.00 mm).
Table 4 shows the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of aqueous and ethanolic extracts of Mangifera indica leaves against Staphylococcus aureus. Both extracts exhibited the same inhibitory and bactericidal activity, with an MIC of 50 mg/mL and an MBC of 100 mg/mL for S. aureus. This indicates that a concentration of 50 mg/mL is sufficient to inhibit bacterial growth, while a higher concentration of 100 mg/mL is required to completely kill the bacteria.
Table 1: Phytochemical Constituents of Mongifera indica Leaves Extract
	Phytochemical constituent
	Ethanolic extract 
	Aqueous extract

	Alkaloids
	+
	-

	Tannis
	+
	+

	Saponins
	+
	+

	Phenols
	+
	+

	Glycosides
	-
	-

	Terpenoids
	-
	+

	Steroids
	-
	+

	Quinones
	+
	+

	Phytosteroids
	+
	-


Keys: + = detected, -= not detected
Table 2: Biochemical Characterization of the Bacterial Isolates
	Organism
	Cultural characteristics
	Gram reaction
	Catalase
	Coagulase
	Indole
	Citrate

	S.aureus
	Golden yellow colonies on MSA
	+ cocci
	+
	+
	-
	+


Key: MSA = Mannitol Salt Agar



Table 3: Antibacterial Activity of Mongifera indica Leaves Extract against S. aureus
	Extract
	
	Concentration  
	(mg/mL)
	
	    Control
	

	
	
	Aqueous
	
	
	
	

	  
	    200
	100
	50
	25
	Cipro
	DMSO

	M. indica
	18.0 ±0.5
	14.0±0.5
	15.0±0.5
	5.0±0.5
	45.0
	0.00

	
	
	Ethanolic 
	
	
	
	

	M. indica
	24.5 ±0.5
	19.0±0.5
	15.0±0.5
	7.0±0.5
	45.0
	0.00


Table 4: Minimum Inhibitory Concentration and Minimum Bactericidal Concentration of Mongifera indica Leaves Extract against S. aureus
	
	Aqueous  extract
	
	Ethanol extract
	

	Isolates
	MIC (Mg/mL)
	MBC (Mg/mL)
	MIC (Mg/mL)
	MBC (Mg/mL)

	
	50
	100
	50
	100



DISCUSSION
The qualitative phytochemical screening of Mangifera indica leaf extracts showed the presence of several phytochemical constituents including tannins, saponins, phenols, alkaloids, and quinones. These classes of compounds have been commonly associated with antibacterial effects in medicinal plants, providing a biochemical basis for antimicrobial activity observed in this study aligned the study of Alaiya and Odeniyi (2023) and also Haniyyah et al., (2026). The differential distribution of phytochemicals between ethanolic and aqueous extracts likely reflects the varied solubility of these compounds in polar versus semi-polar solvents. 
Both aqueous and ethanolic extracts demonstrated antibacterial activity against Staphylococcus aureus, albeit with different degrees of inhibition which is in line with the phytochemical profile. The ethanolic extract exhibited larger zones of inhibition than the aqueous extract across tested concentrations, indicating stronger bioactivity. Similar trends have been reported in the study conducted by AbdulHamid and Razak (2025) where M. indica leaf extracts showed dose-dependent inhibitory effects against S. aureus, with ethanolic extracts outperforming aqueous preparations in antibacterial assays. This observation suggests that compounds more efficiently extracted with ethanol, such as phenolic acids and flavonoids, contribute significantly to the antimicrobial effect. Although in a study conducted by Suleiman et al. (2023) found the leaf and bark of M.indica having high antibacterial activity against methicillin-resistant S.aureus
The determination of MIC and MBC values provided quantitative support for the antibacterial potential of mango leaf extracts. Both extracts inhibited S. aureus growth at 50 mg/mL and were bactericidal at 100 mg/mL, this in consistent with reports of AbdulHamid and Razak (2025) who reported that M. indica extracts exhibit both bacteriostatic and bactericidal properties against Gram-positive organisms, including MRSA and drug-resistant strains. They also emphasized that these activities are enhanced when extracts are combined with conventional antibiotics or delivered via novel formulations, highlighting the potential for therapeutic applications beyond crude extract use. The antibacterial effects observed are consistent with broader evidence that mango leaf extracts are active against a range of microbial pathogens and are promising sources of antimicrobial agents as reported by Alaiya and Odeniyi, (2023). Suleiman et al., (2023) also reported that the bark and leaf extracts of M. indica had significant antibacterial activity against the isolates when compared to standard antibiotics such as Cloxacillin, Augmentin, Ceftraroline and Ceftriazone for S.aureus.
According to Alaiya and Odeniyi (2023), phytochemicals such tannins, phenols, and saponins can interfere with nucleic acid production, damage bacterial cell walls, and inhibit enzyme functions, all of which can lower bacterial activity.  Although such intricate demonstration was not carried out in this study routes of action have been suggested in recent studies investigating plant-derived antimicrobials as stated by AbdulHamid and Razak, (2025). The consistent concentration-dependent inhibition seen here aligns with the documented bioactive potential of M. indica phytochemicals.
CONCLUSION
The study confirmed that Mangifera indica leaf extracts exhibited significant antibacterial activity against Staphylococcus aureus, with the ethanolic extract showing greater potency than the aqueous extract. Both extracts inhibited bacterial growth at a Minimum Inhibitory Concentration (MIC) of 50 mg/mL and achieved complete bactericidal activity at a Minimum Bactericidal Concentration (MBC) of 100 mg/mL. These findings demonstrate that M. indica leaves contain bioactive compounds capable of both inhibiting and killing S. aureus, confirming their potential as natural antimicrobial agents for controlling infections caused by this pathogen
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