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ABSTRACT

	Introduction: Klebsiella pneumoniae is a Gram-negative, encapsulated, rod-shaped bacterium commonly found in the gastrointestinal tract, oral cavity, and skin of humans but is also recognized as a prominent opportunistic pathogen responsible for hospital- and community-acquired infections. There is limited research on the antibacterial effect of M. indica specifically against K. pneumoniae colonizing the nasopharynx. 
Aim: Hence, this study investigated the antibacterial inhibitory activities of Mangifera indica aqueous, ethanol, and methanol extracts on Klebsiella pneumoniae isolated from nasopharynx of students of Alex Ekwueme-Federal University Ndufu-Alike Ikwo (AE-FUNAI). 
Methods: Samples were collected from the nasopharynx of students and analyzed using standard microbiological techniques. Preliminary phytochemical screening of Mangifera indica leaf extract was carried out using standard methods. Antibacterial activity of aqueous, ethanol, and methanol extracts of Mangifera indica leaves was assessed against K. pneumoniae isolates using the agar well diffusion method at concentrations of 200 mg/ml, 100 mg/ml, and 50 mg/ml. 
Results: Standard phytochemical screening revealed the presence of tannins, flavonoids, alkaloids, phenols, saponins, steroids, terpenoids, and glycosides, with ethanol and methanol extracts showing a broader spectrum of bioactive constituents compared to aqueous extracts The antibacterial susceptibility testing demonstrated that M. indica leaf extracts possess concentration-dependent inhibitory effects on K. pneumoniae. At 200 mg/ml, ethanol extract produced the highest inhibition zone (22 mm) on K. pneumoniae isolate. 
Conclusion: These findings confirm that M. indica possesses bioactive compounds with significant therapeutic potential against Gram-negative bacteria. In conclusion, this study underscores the dual significance of M. indica as a promising natural antibacterial agent and the need for continuous surveillance of K. pneumoniae colonization among students to prevent the spread of resistant strains. 
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1. INTRODUCTION
Klebsiella pneumoniae is a Gram-negative, encapsulated, rod-shaped bacterium that belongs to the family Enterobacteriaceae. It is a commensal bacterium present in the oral cavity, gastrointestinal tract, and skin of humans. It is recognized as an opportunistic pathogen causing hospital- and community-acquired infections such as urinary tract infections, pneumonia, septicemia, wound infections, and meningitis (Akinyemi et al., 2021; Navon-Venezia et al., 2017). As a virulent pathogen and a harmless colonizer, this dual attribute makes it a microorganism of significant clinical and epidemiological importance.

Although the gastrointestinal tract is considered the primary ecological niche of K. pneumoniae, colonization of the upper respiratory tract, particularly the nasopharynx, has increasingly been documented (Farida et al., 2013). Nasopharyngeal carriage, defined as the asymptomatic colonization of the nasal or throat mucosa by potential pathogens, is a critical public health concern because it can serve as a precursor to infection and act as a reservoir for transmission within communities (Martin & Bachman, 2018). Colonization often precedes invasive disease, with carriage providing a gateway for the bacterium to spread to sterile sites in the body when host immunity is compromised.

Various studies have revealed that carriage of K. pneumoniae is not rare, even among healthy individuals. A prevalence of 15% K. pneumoniae among adults compared to 7% in children was revealed by a population-based survey in Semarang, Indonesia, with poor water and food hygiene identified as independent predictors of K. pneumoniae carriage (Farida et al., 2013). Also, a Vietnamese study involving 1029 participants found a carriage prevalence of 14.1% in the nose and throat, with oropharyngeal carriage more prevalent than nasal (80.7% vs. 15.9%) (Dao et al., 2014). These findings revealed that asymptomatic carriers can serve as reservoirs for multidrug-resistant organisms in the community. 

The dynamics of K. pneumoniae carriage are especially relevant in university settings. Students typically reside in densely populated environments such as dormitories and lecture halls, where close physical contact and frequent social interactions promote transmission of colonizing organisms (Caudell et al., 2023). In addition, shared meals, water sources, and bathrooms further increase the likelihood of cross-colonization. Behavioral factors such as poor hygiene practices, irregular medical check-ups, and occasional self-medication with antibiotics further exacerbate carriage risks (Ajibola et al., 2018).

A primary concern regarding carriage of K. pneumoniae is its association and spread of antimicrobial resistance (AMR). Over the past decade, K. pneumoniae has emerged as one of the leading multidrug-resistant organisms worldwide capable of acquiring and disseminating genes encoding ESBLs, carbapenemases, and colistin resistance genes, drastically limiting treatment options (Navon-Venezia et al., 2017; Wyres & Holt, 2018). Similarly, in Nigeria, Akinyemi et al. (2021) observed that 62.8% of clinical K. pneumoniae isolates were multidrug resistant, 69.8% were ESBL-producing, and 7% were carbapenem-resistant organisms. Although these data were hospital-based, they highlight the risk that silent carriers in the community may act as reservoirs of resistant strains, posing challenges for infection control.
Recent genomic studies have also demonstrated the spread of hypervirulent and multidrug-resistant K. pneumoniae lineages in Asia and Africa, raising fears of a “perfect storm” of resistance and virulence traits converging in community settings (Martin & Bachman, 2018; Wyres & Holt, 2018). Since colonization is often the first step before invasive infection, understanding its prevalence in populations such as university students is critical for early surveillance and containment.

The rise of multidrug-resistant strains of K. pneumoniae, such as those producing extended-spectrum beta-lactamases (ESBLs) and carbapenemases, has complicated treatment regimens and increased morbidity and mortality rates globally (Pitout et al., 2008). Conventional antibiotic therapy is often expensive and may be unavailable in resource-limited settings, highlighting the need for alternative antimicrobial strategies. This challenge is particularly relevant in Nigeria, where indiscriminate antibiotic use and limited access to healthcare contribute to the rapid emergence of resistant strains.

Medicinal plants have been used as sources of bioactive compounds with antibacterial, antiviral, antifungal, and anti-inflammatory properties. Mangifera indica L., commonly known as mango is cultivated widely in tropical regions and has been recognized for its pharmacological potential. Different parts of the plant—including bark, leaves, seeds, and fruits—contain polyphenols, flavonoids, tannins, and other secondary metabolites that have demonstrated antimicrobial activities (Ogbonna et al., 2022; Srinivasan et al., 2023). Various extracts of M. indica have been shown to inhibit the growth of Gram-positive and Gram-negative bacteria, including Escherichia coli, K. pneumoniae, Staphylococcus aureus, and Salmonella species, suggesting broad-spectrum antibacterial activity (Suleiman et al., 2023; Suryavanshi & Sadique, 2017).

Despite these results, there is limited study on the inhibitory effect of M. indica specifically against K. pneumoniae colonizing the nasopharynx. Investigating the antibacterial activity of M. indica against these isolates could provide a potential source of alternative antibacterial agent and contribute to controlling the spread of multidrug-resistant strains in the community. The primary aim of this work was to evaluate the antibacterial effect of Mangifera indica on Klebsiella pneumoniae isolated from nasopharynx of students of Alex Ekwueme-Federal University Ndufu-Alike Ikwo, Ebonyi State.

2. methodology 

2.1 Study Area
This research was carried out at Alex Ekwueme Federal University, Ndufu-Alike Ikwo, Ebonyi State, Nigeria. The institution is the main tertiary educational center within the Ebonyi Central Senatorial Zone and attracts a diverse student population from different parts of the region.

2.2 Collection and Identification of Plant Materials
Fresh leaves of mango (Mangifera indica) were collected and used for the study. The plant materials were obtained in January 2025 from Ndufu-Alike, Ikwo Local Government Area, Ebonyi State, Nigeria. Authentication of the specimens was performed at the Herbarium of the Department of Biology, Alex Ekwueme Federal University, Ndufu-Alike Ikwo, by comparison with authenticated herbarium specimens and reference to established botanical descriptions.

2.3 Preparation of Leaf Extracts
Freshly collected leaves of Mangifera indica were rinsed thoroughly with clean water and air-dried thoroughly for two weeks thoroughly. The dried leaves were grinded into fine powder using a sterile mortar and pestle. Three extracts—aqueous, ethanol, and methanol—were prepared. For each solvent, 10 g of powdered leaves was macerated in 100 mL of distilled water, ethanol, or methanol in separate flasks. The mixtures were left to stand at room temperature for 24 hours with intermittent shaking to ensure proper extraction. After maceration, the mixtures were filtered using Whatman No. 1 filter paper. The aqueous extract was concentrated using a water bath at 60°C while ethanol and methanol extracts were concentrated using rotary evaporator at 50°C. The dried extracts were reconstituted in 30% dimethyl sulfoxide (DMSO) to obtain a stock concentration of 200 mg/mL. The extracts were stored at 4°C until use.

2.4 Qualitative Phytochemical Screening
Mangifera indica leaf extracts were subjected to preliminary qualitative phytochemical screening to identify major secondary metabolites such as tannins, flavonoids, alkaloids, terpenoids, glycosides, saponins, steroids, and phenols. The powdered leaf extracts were prepared using aqueous, ethanol, and methanol solvents and subjected to standard chemical tests. Tannins and phenols were identified by their reaction with ferric chloride, producing a blue-black or green coloration, while flavonoids were detected using the alkaline reagent test, resulting in a yellow color that disappears upon acidification. Presence of alkaloids were confirmed using Mayer’s and Wagner’s reagents, which yields cream or reddish-brown precipitates, respectively. Terpenoids were identified using the Salkowski test, which produced a reddish-brown interface, while steroids were confirmed using the Liebermann–Burchard test, indicated by blue or green coloration. Presence of glycosides were screened via the Keller-Killiani test which produced a brown ring at the interface, while saponins were identified through the froth test, characterized by the formation of persistent foaming. All tests were conducted in triplicate, and the presence of metabolites was recorded as either present or absent. (Harborne, 1998; Sofowora, 1993).

2.5 Preparation of Culture Media
MacConkey Agar, Eosin Methylene Blue (EMB) Agar and Nutrient Agar (NA) were prepared following manufacturer’s specifications. The media were sterilized by autoclaving at 121°C for 15 minutes. After sterilization, the media were cooled to approximately 45°C and aseptically poured into sterile petri dishes. The plates were allowed to solidify and were stored under appropriate conditions until use.

2.6 Sample Collection
Nasal swab specimens were collected from the nasopharynx consenting and eligible participants and transported to the Microbiology Laboratory of Alex Ekwueme Federal University, Ndufu-Alike Ikwo (AE-FUNAI), Nigeria. Swabs were kept in cold packs maintained at 2–8°C during transportation and subsequently processed for the isolation of K. pneumoniae.

2.7 Isolation and Identification of Bacterial Isolates
Primary isolation and preliminary identification of bacterial isolates were carried out based on colonial characteristics such as size, color, and shape, and Gram staining reaction. Immediately after collection, each nasal swab was enriched in nutrient broth and streak-plated aseptically onto selective and differential media, including MacConkey agar (MCA) and Eosin Methylene Blue agar (EMBA). The plates were incubated at 37°C for 24 hours. After incubation, plates were examined for bacterial growth, with positive cultures identified by their characteristic morphology on the respective media. Bacterial isolates were subjected to a series of biochemical tests such as catalase, indole, oxidase and citrate utilization test.

2.8 Standardization of Test Inoculum
The colony suspension method was employed to standardize bacterial inocula (EUCAST, 2000). Klebsiella pneumoniae isolates grown on nutrient agar for 24 hours at 37°C were suspended in 0.85% saline solution. The turbidity of the suspension was adjusted to match the 0.5 McFarland standard, corresponding to an approximate bacterial concentration of 1.0 × 10⁶ cfu/ml.

2.9 Assessment of Antibacterial Activity
The antibacterial activity of Mangifera indica extracts was carried out using the agar well diffusion method. Mueller–Hinton agar (MHA) was dispensed into sterile Petri dishes and allowed to solidify. Using a sterile swab stick 0.1 ml of standardized bacterial suspension, was swabbed evenly on Mueller hinton agar plates. Wells, 6 mm in diameter were bored aseptically using a sterile cork borer and filled with 100 µl of 200 mg/ml, 100 mg/ml, and 50 mg/ml extract solution respectively. The plates were left at room temperature for 30 minutes to allow diffusion before incubation at 37°C for 24 hours. After incubation, the inhibition zone diameter was measured and recorded in millimeters. All assays were performed in duplicate, and mean values were calculated. Ciprofloxacin served as the standard antibiotic control to compare inhibitory effects and to estimate the minimum inhibitory concentration.

.
3. results 
3.1 Morphological and Biochemical Characteristics of K. pneumoniae
Table 1 showed the morphological and biochemical characteristics of Klebsiella pneumoniae. The isolates showed rod-shaped cells with whitish, circular colonies that were translucent, mucoid, convex, with smooth entire margins. Gram staining result revealed that the organism was Gram-negative (–). Biochemical tests showed positive results for catalase and citrate tests, while indole and oxidase tests were negative. 






Table 1: Morphological and Biochemical Characteristics of K. pneumoniae

	Bacterial isolate 
	Morphological Characteristics
	Gram Reaction
	Catalase test
	Citrate
Test
	Oxidase Test
	Indole 
Test
	Possible Isolate

	
K
	
Rod shaped, colonies are whitish, circular with mucoid entire margins and translucent. convex, smooth

	
-
	
+
	
+
	
-
	
-
	
K. pneumoniae 


Legend: K = K. pneumoniae; (+) = Positive; (-) = Negative.


3.2 Qualitative Phytochemical Screening of Mangifera indica Extracts 
Table 2 revealed the qualitative phytochemical composition of Mangifera indica leaf extracts of aqueous, ethanol, and methanol solvents. All the three extracts revealed the presence of saponins, tannins, alkaloids, glycosides, terpenoids, flavonoids, steroids, and phenols in various amounts. Phenols and tannins were present (++) abundantly across the three solvent extracts, indicating their high concentration. High concentration of flavonoids were present in methanol extracts but moderately present in the ethanol extract. Steroids and alkaloids were more present in ethanol extract. Terpenoids were more present in the methanol extract, while saponins and glycosides were detected in small quantities (+) in all extracts. 

Table 2: Qualitative Phytochemical Screening of Mangifera indica Aqueous, Ethanol, and Methanol Extracts

	Phytochemicals
	Aqueous Extract
	Ethanol Extract
	Methanol Extract

	Tannins
	++
	++
	++

	Saponins
	+
	+
	+

	Alkaloids
	+
	++
	+

	Flavonoids
	+
	++
	++

	Steroids
	+
	++
	+

	Terpenoids
	+
	+
	++

	Glycosides
	+
	+
	+

	Phenols
	++
	++
	++


Legend: + = present in small quantity, ++ = abundantly present

3.3 Antibacterial Inhibitory Activities of Mangifera indica Aqueous, Ethanol and Methanol Leaf Extracts on Klebsiella pneumoniae Isolates.
The antibacterial inhibitory activities of Mangifera indica aqueous, ethanol, and methanol leaf extracts were tested against five Klebsiella pneumoniae isolates (K1–K5). The activity was measured by the diameter of inhibition zones (in millimeters) at three concentrations: 200 mg/ml, 100 mg/ml, and 50 mg/ml. For all the leaf extracts, the inhibition zones decreased as the extract concentrations reduced, indicating dose-dependent antibacterial activity. Among the three solvents, the ethanol extract generally exhibited the highest antibacterial activity across all isolates and concentrations. The methanol extract followed closely, showing comparable but slightly lower inhibition zones, while the aqueous extract showed the least activity. Specifically, the highest inhibition zone (22 mm) was recorded by the ethanol extract at 200 mg/ml against isolate K2, whereas the lowest (10 mm) was observed with the aqueous extract at 50 mg/ml against K1. 





Table 3. Antibacterial Inhibitory Activities of Mangifera indica Aqueous, Ethanol and Methanol Leaf Extracts on Klebsiella pneumoniae Isolates.

	Isolate code
	Inhibition Zone Diameter (mm)

	
	Aqueous leaf extracts
	Ethanol leaf extracts
	Methanol leaf extracts

	
	200 mg/ml
	100 mg/ml
	50 mg/ml
	200 mg/ml
	100 mg/ml
	50 mg/ml
	200 mg/ml
	100 mg/ml
	50 mg/ml

	K1
	15
	14
	10
	18
	17
	11
	17
	15
	13

	K2
	20
	19
	10
	22
	20
	12
	21
	18
	12

	K3
	14
	12
	11
	15
	14
	12
	15
	13
	11

	K4
	16
	15
	10
	17
	16
	12
	17
	16
	12

	K5
	18
	17
	11
	21
	19
	10
	20
	19
	11


Legend: K - Klebsiella pneumoniae


4. DISCUSSION
The present study investigated the morphology, biochemical characteristics, phytochemical composition and antibacterial activity of Mangifera indica leaf extracts against Klebsiella pneumoniae. The morphological and biochemical characteristics of the bacterial isolates (Table 1) revealed Gram-negative, rod-shaped bacteria that were catalase-positive, citrate-positive, oxidase-negative, and indole-negative. These characteristics are consistent with standard morphological descriptions for K. pneumoniae (Cheesbrough, 2006). Accurate identification is important, as misidentification could invalidate further susceptibility testing. 

Qualitative phytochemical screening of the leaf extracts (Table 2) showed the presence of saponins, tannins, flavonoids, alkaloids, terpenoids, steroids, glycosides, and phenols across aqueous, ethanol, and methanol extracts. This phytochemical profile is in agreement with documented chemical compositions of Mangifera indica leaves, which are rich in bioactive phenolic compounds and flavonoids that contribute to antimicrobial, antivirulence and antioxidant activities (Ogbonna et al., 2022; Srinivasan et al., 2023). The detection of phytochemicals across different solvents reflects the broad solubility of these compounds in both polar and moderately polar solvents (Nguyen et al., 2023). 

Antibacterial susceptibility testing (Table 3) revealed that the inhibition zones ranged from 10mm – 22mm. Also, the ethanol and methanol leaf extracts of Mangifera indica produced larger zones of inhibition than aqueous extracts, and that inhibition increased with extract concentration. Hence, a concise and clear concentration-dependent pattern was observed: higher extract concentrations (200 mg/mL) produced larger inhibition zones than lower concentrations (50 mg/mL), suggesting a dose-response relationship. At 200 mg/ml, ethanol extract produced the highest inhibition zone (22 mm), followed by methanol (21 mm) and aqueous extract (20 mm). At 100 mg/ml, ethanol extract maintained the strongest activity (19 mm), whereas at the lowest concentration (50 mg/ml), methanol extract was more effective (13 mm) compared to ethanol and aqueous extracts. This observation aligns with literature indicating that organic solvents effectively extract more phenolic and flavonoid compounds responsible for antibacterial activity (Ogbonna et al., 2022). While M. indica leaf extracts are more frequently reported to inhibit Gram-positive bacteria, evidence exists for their activity against Gram-negative species, particularly when targeting virulence mechanisms such as quorum sensing and biofilm formation supporting its antibacterial activity against Gram negative organisms (Suryavanshi & Sadique, 2017). For instance, leaf extracts of M. indica have been shown to disrupt quorum sensing-regulated production of virulence factors and inhibit biofilm formation in Gram-negative bacteria, suggesting that even modest growth inhibition could reduce pathogenicity (Suryavanshi & Sadique, 2017). Similarly, studies using ethanolic leaf extracts and green-synthesized silver nanoparticles derived from mango leaves demonstrated inhibitory activity against Escherichia coli, a Gram-negative species, supporting the potential of mango extracts to affect Gram-negative pathogens (Suleiman et al., 2023).

The efficacy of mango leaf extracts appears to be influenced by leaf age, extraction solvent, and compound concentration. Nguyen et al. (2023) reported that extracts from young leaves exhibited greater antibacterial activity than those from mature leaves, correlating with higher phenolic content. This observation may explain the variability in susceptibility among different bacterial strains and supports the concentration-dependent trends observed in the current study. The broad phytochemical profile, including tannins, flavonoids, and terpenoids, likely contributes to multiple mechanisms of bacterial inhibition, including disruption of cell membranes, interference with enzyme function, and inhibition of virulence pathways (Srinivasan et al., 2023).

Despite the promising results, limitations exist. The agar diffusion method used provides only qualitative or semi-quantitative data; diffusion properties of compounds can affect zone sizes, and results may not directly correlate with in vivo efficacy. Additionally, only five bacterial isolates were tested, which may not represent the full diversity of K. pneumoniae strains. Finally, while crude extracts exhibited activity, studies have shown that formulated extracts, particularly those involving nanoparticle synthesis, can enhance antibacterial potency (Suleiman et al., 2023).


5. Conclusion
The current study demonstrates that M. indica leaf extracts contain diverse bioactive phytochemicals and exhibit in vitro antibacterial activity against K. pneumoniae. These findings are consistent with verified literature documenting antimicrobial and anti-virulence properties of mango leaf extracts. The results provide preliminary evidence supporting the potential of mango leaf extracts as antibacterial agents, especially under optimal extraction and concentration conditions. Further studies employing quantitative assays (MIC, MBC), larger panels of bacterial strains, phytochemical quantification, and advanced formulations are recommended to validate and expand upon these findings.
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