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Antibacterial Activity of Hunteria umbellata (Madaci Seed) Against Multidrug-Resistant Staphylococcus aureus Isolated from Patients with Urinary Tract Infection Attending General Hospital Dutsin-Ma, Katsina State, Nigeria

Abstract
Background: Urinary tract infections (UTIs) caused by Staphylococcus aureus are increasingly reported in Nigerian healthcare settings, with multidrug resistance (MDR) posing a major therapeutic challenge. The search for alternative antibacterial agents from medicinal plants has therefore gained renewed attention. Hunteria umbellata (Madaci), widely used in traditional medicine in Northern Nigeria, is reputed for its antimicrobial properties, yet evidence against MDR uropathogenic S. aureus remains limited.
Objective: This study evaluated the in vitro antibacterial activity of Hunteria umbellata seed extracts against multidrug-resistant Staphylococcus aureus isolated from urine samples of patients attending General Hospital Dutsin-Ma, Katsina State, Nigeria.
Methods: Fifty urine samples were collected from patients with suspected UTIs. Staphylococcus aureus was isolated and identified using standard phenotypic and biochemical methods. Antimicrobial susceptibility testing was performed by the Kirby–Bauer disc diffusion method in accordance with CLSI guidelines. Multidrug resistance was defined as r resistance to ≥1 agent in ≥3 antimicrobial classes. Ethanol and aqueous seed extracts of H. umbellata were phytochemically screened and evaluated for antibacterial activity using agar well diffusion, minimum inhibitory concentration (MIC), and minimum bactericidal concentration (MBC) assays.
Results: Twenty-two (44.0%) urine samples yielded S. aureus, with a higher prevalence among females (63.6%). High resistance rates were observed to cefoxitin (81.8%), ciprofloxacin (77.3%), and ampicillin (72.7%), while all isolates were susceptible to vancomycin. Multidrug resistance was detected in 81.8% of isolates. The ethanol extract demonstrated strong, concentration-dependent antibacterial activity against MDR isolates (mean inhibition zone: 21.6 ± 2.1 mm at 100 mg/mL), with MIC values predominantly between 6.25 and 12.5 mg/mL. The aqueous extract showed moderate, largely bacteriostatic activity.
Conclusion: Hunteria umbellata seed extracts, particularly the ethanol extract, exhibit significant in vitro activity against MDR Staphylococcus aureus from UTIs, supporting their potential as sources of alternative antibacterial agents.
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INTRODUCTION
Urinary tract infections (UTIs) remain among the most prevalent bacterial infections worldwide, accounting for substantial morbidity across all age groups and representing a significant proportion of hospital and community-acquired infections, particularly in low- and middle-income countries (LMICs) such as Nigeria (Flores-Mireles et al., 2015; Akinwale et al., 2021). While Escherichia coli remains the dominant uropathogen, Staphylococcus aureus has increasingly emerged as an important etiological agent of UTIs, especially in hospitalized patients, individuals with underlying comorbidities, catheterized patients, and those with prior antimicrobial exposure (Onanuga et al., 2019; Fasiku et al., 2023).
Of particular concern is the rapid rise of multidrug-resistant (MDR) Staphylococcus aureus, including methicillin-resistant S. aureus (MRSA), which has severely compromised the effectiveness of commonly used antibiotics (Turner et al., 2019). In Nigeria, several hospital-based studies conducted between 2015 and 2025 have consistently reported high resistance rates of S. aureus to β-lactams, macrolides, fluoroquinolones, and tetracyclines, with MDR prevalence often exceeding 60–80% (Onanuga et al., 2019; Agbo et al., 2024; Olalekan et al., 2025). These resistance trends are largely attributed to irrational antibiotic use, weak antimicrobial stewardship programs, limited diagnostic capacity, and the ease of over-the-counter antibiotic access (WHO, 2021).
Although vancomycin remains the drug of last resort for severe MRSA infections, its parenteral route of administration, nephrotoxicity risk, cost, and limited availability in many Nigerian health facilities pose significant barriers to its widespread use (Turner et al., 2019; Olalekan et al., 2025). Consequently, there is an urgent need to explore alternative antimicrobial agents that are effective, affordable, and locally accessible.
Medicinal plants have historically served as a major source of therapeutic agents, particularly in Africa, where up to 80% of the population relies partly on traditional medicine for primary healthcare (WHO, 2013). In recent years, scientific interest in plant-derived antimicrobials has intensified due to their chemical diversity, bioactive secondary metabolites, and reported activity against MDR pathogens (Okwu & Abubakar, 2019; He et al., 2024). Several Nigerian medicinal plants have demonstrated promising in vitro activity against MDR S. aureus, validating their ethnomedicinal use and highlighting their potential as sources of novel antibacterial compounds (Akinyemi et al., 2018; Okwu & Abubakar, 2019). Systematic reviews have highlighted the significant, yet underexplored, antimicrobial potential of medicinal plants from diverse families in Northern Nigeria (Musa & Aji, 2025), justifying the investigation of species like Hunteria umbellata.
Hunteria umbellata (K. Schum.), a member of the family Apocynaceae, is a tropical medicinal plant widely distributed in West and Central Africa. In Northern Nigeria, it is locally known as Madaci among the Hausa population and is traditionally used in the treatment of infections, gastrointestinal disorders, inflammation, diabetes, and pain. Phytochemical investigations have revealed that H. umbellata seeds are rich in biologically active compounds, including alkaloids, saponins, tannins, and flavonoids, which are known to possess antimicrobial and anti-inflammatory properties (Aderele et al., 2020; Salisu et al., 2024).
Previous studies have reported the antimicrobial activity of H. umbellata seed extracts against Staphylococcus aureus and other bacterial pathogens, with ethanol extracts often demonstrating superior activity compared to aqueous extracts due to enhanced extraction of non-polar bioactive constituents (Aderele et al., 2020; Salisu et al., 2024). However, most existing studies have either utilized non-clinical reference strains or focused on isolates from non-urinary sources, with limited emphasis on MDR uropathogenic S. aureus, particularly within Northwestern Nigeria.
Furthermore, despite increasing reports of MDR S. aureus in Nigerian healthcare facilities, data linking antimicrobial resistance profiles with the in vitro efficacy of locally used medicinal plants remain scarce. This gap limits the rational integration of ethnomedicinal knowledge into evidence-based antimicrobial discovery and infection control strategies.
Therefore, this study was designed to evaluate the antibacterial activity of Hunteria umbellata seed extracts against multidrug-resistant Staphylococcus aureus isolated from urine samples of patients attending General Hospital Dutsin-Ma, Katsina State, Nigeria. By combining antimicrobial susceptibility profiling with phytochemical analysis and extract efficacy testing, this study aims to contribute robust, locally relevant evidence toward the search for alternative therapeutic options against MDR uropathogens.
MATERIALS AND METHODS
Study Area and Study Design
This was a laboratory-based experimental study conducted at the Microbiology Laboratory of the Department of Microbiology, Federal University Dutsin-Ma, and General Hospital Dutsin-Ma, a major secondary healthcare facility located in Dutsin-Ma Local Government Area (LGA), Katsina State, north-western Nigeria.
Dutsin-Ma is situated at approximately latitude 12°27′18″ N and longitude 7°29′29″ E. The Local Government Area occupies an estimated landmass of about 527 km² and had a population of 169,671 according to the 2006 National Population Census (National Population Commission [NPC], 2006). The LGA is bordered by Kurfi and Charanchi LGAs to the north, Kankia LGA to the east, Safana and Dan-Musa LGAs to the west, and Matazu LGA to the south.
The town of Dutsin-Ma serves as the administrative headquarters of the LGA and hosts the General Hospital, which functions as the primary referral and secondary healthcare facility for residents of Dutsin-Ma and surrounding rural communities. The hospital provides a broad range of medical services, including outpatient and inpatient care, as well as diagnostic laboratory services, and receives a substantial number of patients presenting with infectious diseases, including urinary tract infections (UTIs).
The semi-urban nature of Dutsin-Ma, coupled with limited access to advanced tertiary healthcare facilities in neighbouring communities, results in heavy reliance on the General Hospital for diagnosis and treatment. This context provides a suitable setting for investigating the occurrence, antimicrobial resistance patterns, and alternative treatment options for uropathogenic bacteria, particularly multidrug-resistant Staphylococcus aureus isolated from clinical specimens.
Ethical Considerations 
Ethical approval was granted by the Katsina State Health Research Ethics Committee (Approval Ref: MOH/ADM/SUB/1152/1/936) to conduct the study in General Hospital Dutsin-Ma. Informed consent was obtained from all study participants prior to sample collection. Participation was voluntary, and confidentiality of patient information was strictly maintained throughout the study in accordance with ethical standards for biomedical research involving human subjects.
Sample Collection
A total of 50 urine samples were collected from patients presenting with clinical symptoms suggestive of urinary tract infection (UTI), including dysuria, urinary frequency, suprapubic pain, and cloudy urine. Midstream urine samples were collected aseptically into sterile, wide-mouth containers following standard instructions to minimize contamination (Cheesbrough, 2019). Samples were transported to the Microbiology Laboratory of the Department of Microbiology, Federal University Dutsin-Ma within one hour of collection and processed immediately.
Isolation and Identification of Staphylococcus aureus
Each urine sample was mixed thoroughly, and a calibrated 1µL loop was used to inoculate onto the surface of freshly prepared 5% Sheep Blood Agar (SBA) and Mannitol Salt Agar (MSA) plates (Oxoid, UK). The plates were incubated aerobically at 37°C for 18-24 hours. Presumptive identification of S. aureus was based on colony morphology: medium to large, smooth, convex, golden-yellow colonies on SBA, and similar colonies surrounded by a yellow zone (indicating mannitol fermentation) on MSA. Presumptive S. aureus colonies (yellow on MSA) were subjected to standard biochemical tests: catalase test (3% H₂O₂), slide and tube coagulase tests (rabbit plasma), DNase test on DNase agar, and mannitol fermentation confirmation Cheesbrough (2019).
Antibiotic Susceptibility Testing (AST)
Antibiotic susceptibility testing was performed on all confirmed S. aureus isolates using the Kirby-Bauer disk diffusion method on Mueller-Hinton Agar (MHA) (Oxoid, UK) as per the Clinical and Laboratory Standards Institute guidelines (CLSI, 2023). A 0.5 McFarland standard suspension of each isolate was prepared in sterile saline and uniformly lawn-cultured on MHA plates. The following antibiotic disks (Oxoid, UK) were aseptically placed: Ampicillin (10µg), Cefoxitin (30 µg), Erythromycin (15µg), Clindamycin (2µg), Ciprofloxacin (5µg), Gentamicin (10µg), Tetracycline (30 µg), Trimethoprim-Sulfamethoxazole (1.25/23.75 µg), Chloramphenicol (30 µg), Rifampicin (5µg), and Vancomycin (30µg). Cefoxitin disk diffusion served as the surrogate test for mecA-mediated oxacillin resistance (MRSA). Plates were incubated at 35–37°C for 16–24 hours in accordance with CLSI guidelines. Zone diameters were measured to the nearest millimeter and interpreted using CLSI M100 2023 breakpoints. Multidrug resistance was defined according to the criteria proposed by Magiorakos et al. (2012), where isolates resistant to ≥1 agent in ≥3 antimicrobial classes, in line with Magiorakos et al. (2012).
Plant Material Collection and Authentication, 
Fresh, mature fruits of Hunteria umbellata were collected from the wild in Dutsinma Local Government Area, Katsina State, Nigeria, in May 2023. Botanical identification and authentication were performed by a taxonomist at the Herbarium of the Department of Plant Science and Biotechnology, Federal University Dutsin-Ma, where a voucher specimen (Voucher No.: FUDMA/H/2023/015) was deposited for future reference. The seeds were manually separated from the pulp, rinsed with distilled water, and air-dried in the shade at room temperature (25±2°C) for three weeks. The dried seeds were pulverized into a fine powder using an electric blender (Binatone, BLG-450).
Plant Extraction
For extraction, 500 g of the powdered seeds were divided into two equal parts (250 g each). One part was subjected to cold maceration with 1250 mL of absolute ethanol for 72 hours with intermittent shaking. The other part was macerated with 1250 mL of sterile distilled water. The mixtures were filtered first through sterile muslin cloth and then through Whatman No. 1 filter paper. The ethanol filtrate was concentrated under reduced pressure at 40°C using a rotary evaporator (Büchi Rotavapor R-300). The aqueous filtrate was freeze-dried (Labconco FreeZone 4.5) to obtain the dry crude extract. The percentage yields were calculated. The extracts were stored in airtight, amber-colored glass containers at 4°C until use.
Qualitative Phytochemical Screening
Standard qualitative phytochemical tests were conducted on both crude extracts to identify major classes of secondary metabolites, following established protocols (Harborne, 1998; Sofowora, 1993). Tests were performed for alkaloids (Mayer’s test), tannins (Ferric chloride test), saponins (Foam test), flavonoids (Alkaline reagent test), Steroids (Liebermann-Burchard Test) and terpenoids (Salkowski test). These tests were based on characteristic colour reactions and precipitate formation indicative of specific phytochemical classes.
In Vitro Antibacterial Activity of Plant Extracts
The antibacterial activity of Hunteria umbellata seed extracts against MDR S. aureus isolates was evaluated using the agar well diffusion method. Wells of 6 mm diameter were bored into Mueller–Hinton agar plates previously inoculated with standardized bacterial suspensions. Different extract concentrations (100, 50, 25, 12.5, and 6.25 mg/mL) were introduced into the wells. Vancomycin (30µg) served as the positive control. Plates were incubated at 37 °C for 24 hours, and zones of inhibition were measured in millimeters.
Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)
The MIC was determined using the broth macrodilution method in sterile test tubes (13 x 100 mm), following the principles outlined in CLSI M07 (CLSI, 2018). For each MDR isolate, a series of test tubes containing 1 mL of MHB was prepared. A two-fold serial dilution of the crude extract was performed directly in the broth, creating a concentration gradient ranging from 100 mg/mL to 0.78 mg/mL. Each tube was then inoculated with 50 µL of a 1:100 dilution of a 0.5 McFarland standard bacterial suspension, achieving a final target inoculum of approximately 5 x 10⁵ CFU/mL. A growth control tube (MHB + inoculum, no extract) and a sterility control tube (MHB + extract, no inoculum) were included for each test run. All tubes were incubated at 37°C for 24 hours. After incubation, the MIC was visually determined as the lowest concentration of extract that completely inhibited visible turbidity in the broth. For MBC determination, aliquots from wells with no growth were subcultured onto nutrient agar plates. The lowest concentration showing no bacterial growth after incubation was recorded as the MBC. The MBC/MIC ratio was used to classify antibacterial activity as bactericidal (≤2) or bacteriostatic (>2).
Data Analysis
Data were analyzed descriptively and presented as frequencies, percentages, means, and standard deviations. Results were summarized in tables.
RESULTS
Out of the 50 urine samples processed from patients with suspected UTIs, 22 (44.0%) yielded pure growth of Staphylococcus aureus confirmed by phenotypic characteristics (catalase-positive, coagulase-positive, DNase-positive, mannitol fermenter). The gender distribution of the patients from whom these isolates were recovered is shown in Table 1. A higher prevalence was observed among female patients (n=14, 63.6%) compared to males (n=8, 36.4%).
Table 1: Gender Distribution of Patients with Staphylococcus aureus Urinary Isolates
	Gender
	Number of Isolates (n)
	Percentage (%)

	Female
	14
	63.6

	Male
	8
	36.4

	Total
	22
	100.0


The antimicrobial susceptibility profile of the 22 S. aureus isolates is detailed in Table 2. A high level of resistance was observed across multiple antibiotic classes. Resistance to cefoxitin, the surrogate marker for MRSA, was recorded in 18 isolates (81.8%). Similarly, high resistance rates were noted for ciprofloxacin (77.3%), ampicillin (72.7%), erythromycin and clindamycin (63.6% each). Moderate resistance was observed for gentamicin (36.4%), tetracycline (40.9%), and trimethoprim-sulfamethoxazole (31.8%). Lower resistance was seen for chloramphenicol (27.3%) and rifampicin (22.7%). Reassuringly, all 22 isolates (100%) exhibited susceptibility to vancomycin, with clear inhibition zones meeting the CLSI susceptibility criteria.
Table 2: Antimicrobial Susceptibility Profile of Clinical Staphylococcus aureus Isolates (n=22)
	Antibiotic (Class)
	Disk Potency (µg)
	Resistant n (%)
	Intermediate n (%)
	Susceptible n (%)

	Ampicillin (Penicillin)
	10
	16 (72.7)
	2 (9.1)
	4 (18.2)

	Cefoxitin (MRSA Marker)
	30
	18 (81.8)
	0 (0.0)
	4 (18.2)

	Erythromycin (Macrolide)
	15
	14 (63.6)
	4 (18.2)
	4 (18.2)

	Clindamycin (Lincosamide)
	2
	14 (63.6)
	1 (4.5)
	7 (31.8)

	Ciprofloxacin (Fluoroquinolone)
	5
	17 (77.3)
	3 (13.6)
	2 (9.1)

	Gentamicin (Aminoglycoside)
	10
	8 (36.4)
	4 (18.2)
	10 (45.5)

	Tetracycline
	30
	9 (40.9)
	3 (13.6)
	10 (45.5)

	Trimethoprim-Sulfamethoxazole
	1.25/23.75
	7 (31.8)
	2 (9.1)
	13 (59.1)

	Chloramphenicol
	30
	6 (27.3)
	3 (13.6)
	13 (59.1)

	Rifampicin
	5
	5 (22.7)
	2 (9.1)
	15 (68.2)

	Vancomycin 
	30
	0 (0.0)
	0 (0.0)
	22 (100.0)


Applying the international MDR classification criteria (Magiorakos et al., 2012), the resistance patterns of the 22 isolates were categorized, as presented in Table 3. The majority of isolates (n=18, 81.8%) were classified as MDR (resistant to ≥3 antimicrobial classes). Among these, 7 isolates (31.8%) exhibited resistance to 3-4 classes, 6 isolates (27.3%) to 5-6 classes, and a concerning 5 isolates (22.7%) showed extensive resistance, being non-susceptible to agents in 7 or more antimicrobial categories. Only 4 isolates (18.2%) were non-MDR.
Table 3: Multidrug Resistance (MDR) Profile of Staphylococcus aureus Isolates (n = 22)
	Resistance Category
	Definition (Non-susceptible to ≥1 agent in)
	Number of Isolates (n)
	Percentage (%)

	Non-MDR
	≤2 antimicrobial classes
	4
	18.2

	MDR (3–4 classes)
	3–4 antimicrobial classes
	7
	31.8

	MDR (5–6 classes)
	5–6 antimicrobial classes
	6
	27.3

	Extensive MDR (≥7 classes)
	≥7 antimicrobial classes
	5
	22.7

	Total MDR
	≥3 antimicrobial classes
	18
	81.8


The results of the qualitative phytochemical analysis of the ethanol and aqueous seed extracts are summarized in Table 4. Alkaloids and saponins were consistently present in both solvent extracts. A notable difference was observed in the distribution of phenolic compounds: tannins were detected exclusively in the ethanol extract, whereas flavonoids were not found. Terpenoids and steroids were absent in both extracts under the conditions of the tests performed.
Table 4: Qualitative Phytochemical Screening of Hunteria umbellata (Madaci) Seed Extracts
	Phytochemical Class
	Test/Reagent
	Ethanol Extract
	Aqueous Extract

	Alkaloids
	Dragendorff’s / Mayer’s
	+
	+

	Tannins
	Ferric Chloride
	+
	–

	Flavonoids
	Alkaline Reagent / Shinoda
	–
	–

	Saponins
	Frothing Test
	+
	+

	Terpenoids
	Salkowski Test
	–
	–

	Steroids
	Liebermann-Burchard
	–
	–


Key: + = Present; – =Absent.
Antibacterial Activity of H. umbellata Seed Extracts
The in vitro antibacterial activity of the ethanol and aqueous extracts was evaluated against the 18 confirmed MDR S. aureus isolates. The positive control, vancomycin, inhibited all isolates with a mean zone of 18.4 ± 1.3 mm, confirming their viability and the validity of the assay system. The negative control (10% DMSO) produced no zone of inhibition.
The ethanol extract demonstrated potent, concentration-dependent antibacterial activity. As detailed in Table 5, the mean zone of inhibition (ZOI) was 21.6 ± 2.1 mm at the highest concentration (100 mg/mL) and decreased progressively to 7.3 ± 5.9 mm at the lowest tested concentration (6.25 mg/mL). At 6.25 mg/mL, 11 out of 18 isolates (61.1%) still exhibited measurable zones of inhibition ranging from 11 to 14 mm. A clear dose-response relationship was observed for all isolates.
Table 5: In vitro Antibacterial Activity of Hunteria umbellata Seed Ethanol Extract Against Multi-Drug Resistant Staphylococcus aureus Isolates (n=18)
	Isolate ID
	Zone of Inhibition - Diameter (mm)
	Control: Vancomycin (30 µg)

	
	100 mg/mL
	50 mg/mL
	25 mg/mL
	12.5 mg/mL
	6.25 mg/mL
	Zone (mm)

	MDR-SA-01
	22.0
	20.0
	18.0
	15.0
	12.0
	18.0 (S)

	MDR-SA-02
	24.0
	21.0
	19.0
	16.0
	13.0
	19.0 (S)

	MDR-SA-03
	20.0
	18.0
	16.0
	13.0
	0.0
	17.0 (S)

	MDR-SA-04
	21.0
	19.0
	17.0
	14.0
	11.0
	18.0 (S)

	MDR-SA-05
	23.0
	20.0
	18.0
	15.0
	12.0
	20.0 (S)

	MDR-SA-06
	19.0
	17.0
	14.0
	11.0
	0.0
	16.0 (S)

	MDR-SA-07
	22.0
	19.0
	17.0
	14.0
	11.0
	19.0 (S)

	MDR-SA-08
	18.0
	15.0
	12.0
	0.0
	0.0
	17.0 (S)

	MDR-SA-09
	25.0
	22.0
	20.0
	17.0
	14.0
	20.0 (S)

	MDR-SA-10
	21.0
	18.0
	16.0
	13.0
	0.0
	18.0 (S)

	MDR-SA-11
	23.0
	20.0
	18.0
	15.0
	12.0
	21.0 (S)

	MDR-SA-12
	20.0
	17.0
	14.0
	11.0
	0.0
	17.0 (S)

	MDR-SA-13
	24.0
	21.0
	19.0
	16.0
	13.0
	19.0 (S)

	MDR-SA-14
	19.0
	16.0
	13.0
	10.0
	0.0
	18.0 (S)

	MDR-SA-15
	22.0
	19.0
	17.0
	14.0
	11.0
	20.0 (S)

	MDR-SA-16
	21.0
	18.0
	16.0
	13.0
	0.0
	19.0 (S)

	MDR-SA-17
	20.0
	17.0
	14.0
	11.0
	0.0
	18.0 (S)

	MDR-SA-18
	23.0
	20.0
	18.0
	15.0
	12.0
	20.0 (S)

	Mean ± SD
	21.6 ± 2.1
	18.7 ± 1.9
	16.4 ± 2.3
	12.7 ± 4.5
	7.3 ± 5.9
	


The quantitative MIC and MBC values for the ethanol extract, determined via broth macrodilution, are presented in Table 6. The MIC values ranged from 6.25 mg/mL to 25 mg/mL. The MIC50 (concentration inhibiting 50% of isolates) and MIC90 (concentration inhibiting 90% of isolates) were 6.25 mg/mL and 12.5 mg/mL, respectively. The MBC values were higher, ranging from 12.5 mg/mL to >100 mg/mL. Analysis of the MBC/MIC ratio revealed a crucial finding: the ethanol extract exhibited bactericidal activity (ratio ≤4) against 7 of the 18 isolates (38.9%), specifically MDR-SA-01, -02, -05, -07, -09, -11, and -18, with MBCs as low as 12.5 mg/mL. For the remaining 11 isolates (61.1%), the effect was bacteriostatic (ratio >4).
Table 6: Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of Hunteria umbellata Seed Ethanol Extract Against MDR S. aureus Isolates
	Isolate ID
	MIC (mg/mL)
	MBC (mg/mL)
	MBC/MIC Ratio
	Interpretation

	MDR-SA-01
	6.25
	12.5
	2
	Bactericidal

	MDR-SA-02
	6.25
	12.5
	2
	Bactericidal

	MDR-SA-03
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-04
	6.25
	25.0
	4
	Bacteriostatic

	MDR-SA-05
	6.25
	12.5
	2
	Bactericidal

	MDR-SA-06
	12.5
	>100
	>8
	Bacteriostatic

	MDR-SA-07
	6.25
	12.5
	2
	Bactericidal

	MDR-SA-08
	25.0
	>100
	>4
	Bacteriostatic

	MDR-SA-09
	6.25
	12.5
	2
	Bactericidal

	MDR-SA-10
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-11
	6.25
	12.5
	2
	Bactericidal

	MDR-SA-12
	12.5
	>100
	>8
	Bacteriostatic

	MDR-SA-13
	6.25
	12.5
	2
	Bactericidal

	MDR-SA-14
	12.5
	>100
	>8
	Bacteriostatic

	MDR-SA-15
	6.25
	25.0
	4
	Bacteriostatic

	MDR-SA-16
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-17
	12.5
	>100
	>8
	Bacteriostatic

	MDR-SA-18
	6.25
	12.5
	2
	Bactericidal


The aqueous extract exhibited discernibly weaker antibacterial activity compared to its ethanol counterpart. As shown in Table 7, the mean ZOI at 100 mg/mL was 15.6 ± 2.0 mm. This activity diminished sharply with dilution; the mean ZOI at 25 mg/mL was 10.4 ± 3.1 mm, and at 12.5 mg/mL it was 5.9 ± 4.4 mm, with many isolates showing no inhibition. Critically, no isolate was inhibited at the 6.25 mg/mL concentration.
Table 7: In vitro Antibacterial Activity of Hunteria umbellata Seed Aqueous Extract Against Multi-Drug Resistant Staphylococcus aureus Isolates
	Isolates
	Zone of Inhibition - Diameter (mm)
	Control: Vancomycin (30 µg)

	
	100 mg/mL
	Zone (mm)
	25 mg/mL
	12.5 mg/mL
	6.25 mg/mL
	Zone (mm)

	MDR-SA-01
	16.0
	18.0 (S)
	12.0
	9.0
	0.0
	6.0 (R)

	MDR-SA-02
	18.0
	19.0 (S)
	13.0
	10.0
	0.0
	22.0 (S)

	MDR-SA-03
	14.0
	17.0 (S)
	10.0
	0.0
	0.0
	8.0 (R)

	MDR-SA-04
	15.0
	18.0 (S)
	11.0
	8.0
	0.0
	7.0 (R)

	MDR-SA-05
	17.0
	20.0 (S)
	12.0
	9.0
	0.0
	21.0 (S)

	MDR-SA-06
	13.0
	16.0 (S)
	8.0
	0.0
	0.0
	6.0 (R)

	MDR-SA-07
	16.0
	19.0 (S)
	11.0
	9.0
	0.0
	23.0 (S)

	MDR-SA-08
	12.0
	17.0 (S)
	0.0
	0.0
	0.0
	5.0 (R)

	MDR-SA-09
	19.0
	20.0 (S)
	14.0
	11.0
	0.0
	22.0 (S)

	MDR-SA-10
	15.0
	18.0 (S)
	10.0
	0.0
	0.0
	6.0 (R)

	MDR-SA-11
	17.0
	21.0 (S)
	12.0
	9.0
	0.0
	24.0 (S)

	MDR-SA-12
	14.0
	17.0 (S)
	9.0
	0.0
	0.0
	5.0 (R)

	MDR-SA-13
	18.0
	19.0 (S)
	13.0
	10.0
	0.0
	21.0 (S)

	MDR-SA-14
	13.0
	18.0 (S)
	8.0
	0.0
	0.0
	25.0 (S)

	MDR-SA-15
	16.0
	20.0 (S)
	11.0
	8.0
	0.0
	7.0 (R)

	MDR-SA-16
	15.0
	19.0 (S)
	10.0
	0.0
	0.0
	23.0 (S)

	MDR-SA-17
	14.0
	18.0 (S)
	9.0
	0.0
	0.0
	6.0 (R)

	MDR-SA-18
	17.0
	20.0 (S)
	12.0
	9.0
	0.0
	22.0 (S)

	Mean ± SD
	15.6 ± 2.0
	18.4 ± 1.3
	10.4 ± 3.1
	5.9 ± 4.4
	0.0 ± 0.0
	



The corresponding MIC/MBC data for the aqueous extract is presented in Table 8. The MIC values were higher than those for ethanol, ranging from 12.5 to 50 mg/mL, with an MIC50 of 12.5 mg/mL. The MBC values were 50 mg/mL or greater than 100 mg/mL for all isolates. Consequently, the MBC/MIC ratio was >4 for every isolate, conclusively demonstrating that the aqueous extract exerted a purely bacteriostatic effect against the tested MDR S. aureus isolates.
Table 8: Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of Hunteria umbellata Seed Aqueous Extract Against MDR S. aureus Isolates
	Isolate ID
	MIC (mg/mL)
	MBC (mg/mL)
	MBC/MIC Ratio
	Interpretation

	MDR-SA-01
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-02
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-03
	25.0
	>100
	>4
	Bacteriostatic

	MDR-SA-04
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-05
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-06
	25.0
	>100
	>4
	Bacteriostatic

	MDR-SA-07
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-08
	50.0
	>100
	>2
	Bacteriostatic

	MDR-SA-09
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-10
	25.0
	>100
	>4
	Bacteriostatic

	MDR-SA-11
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-12
	25.0
	>100
	>4
	Bacteriostatic

	MDR-SA-13
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-14
	25.0
	>100
	>4
	Bacteriostatic

	MDR-SA-15
	12.5
	50.0
	4
	Bacteriostatic

	MDR-SA-16
	25.0
	>100
	>4
	Bacteriostatic

	MDR-SA-17
	25.0
	>100
	>4
	Bacteriostatic

	MDR-SA-18
	12.5
	50.0
	4
	Bacteriostatic



DISCUSSION
The present study investigated the antibacterial activity of Hunteria umbellata seed extracts against multidrug-resistant (MDR) Staphylococcus aureus isolated from urine samples of patients attending General Hospital Dutsin-Ma, Katsina State, Nigeria. The findings provide important insights into the epidemiology of S. aureus-associated UTIs and the potential role of locally available medicinal plants as alternative antimicrobial agents in resource-limited settings.
The recovery rate of S. aureus (44.0%) from urine samples in this study underscores the growing recognition of this organism as a significant uropathogen. Although S. aureus is not traditionally considered a primary cause of UTIs, several Nigerian studies have reported comparable isolation rates, particularly among hospitalized patients and females, suggesting changing epidemiological patterns (Onanuga et al., 2019; Akinwale et al., 2021). The higher isolation rate among female patients observed in this study is consistent with established anatomical and physiological predispositions that increase UTI risk in females, as well as findings from similar hospital-based studies in Nigeria (Fasiku et al., 2023).
The antimicrobial susceptibility profile revealed alarmingly high resistance rates to commonly prescribed antibiotics, including ampicillin (72.7%), ciprofloxacin (77.3%), erythromycin (63.6%), and clindamycin (63.6%). These findings align closely with recent Nigerian surveillance data reporting widespread resistance of S. aureus to β-lactams, macrolides, and fluoroquinolones (Agbo et al., 2024; Olalekan et al., 2025). The high resistance to cefoxitin (81.8%) further indicates a substantial burden of MRSA among the isolates, corroborating reports from tertiary hospitals across different regions of Nigeria where MRSA prevalence has ranged from 40% to over 80% depending on clinical setting (Onanuga et al., 2019; Bilyaminu et al., 2025).
Notably, all isolates in this study remained susceptible to vancomycin, a finding that is consistent with most Nigerian studies and suggests that vancomycin resistance among S. aureus remains rare in the country (Olalekan et al., 2025). However, the reliance on vancomycin as a last-line agent is problematic in low-resource settings due to cost, limited availability, parenteral administration, and the risk of toxicity, highlighting the urgent need for alternative therapeutic options.
The multidrug resistance rate of 81.8% observed in this study is particularly concerning and reflects the escalating AMR crisis in Nigeria. Comparable MDR rates have been reported in recent Nigerian studies involving clinical S. aureus isolates, where MDR prevalence frequently exceeds 70% (Agbo et al., 2024; Fasiku et al., 2023). The presence of extensively MDR isolates (22.7%) further emphasizes the narrowing spectrum of effective conventional antibiotics and the risk of treatment failure in UTIs caused by S. aureus.
The phytochemical screening of H. umbellata seed extracts revealed the presence of alkaloids and saponins in both ethanol and aqueous extracts, with tannins detected only in the ethanol extract and flavonoids in the aqueous extract. These findings are consistent with previous phytochemical reports on H. umbellata seeds, which have highlighted their richness in bioactive secondary metabolites with known antimicrobial properties (Aderele et al., 2020; Salisu et al., 2024). Alkaloids and tannins, in particular, have been widely documented to exert antibacterial effects through mechanisms such as disruption of cell wall integrity, inhibition of nucleic acid synthesis, and interference with membrane permeability (He et al., 2024).
The ethanol extract of H. umbellata demonstrated strong, concentration-dependent antibacterial activity against MDR S. aureus isolates, with zones of inhibition reaching up to 25.0 mm at 100 mg/mL and mean inhibition diameters comparable to those produced by vancomycin in some isolates. This superior activity of the ethanol extract compared to the aqueous extract is in agreement with earlier studies, which have shown that organic solvents are more effective in extracting non-polar and moderately polar antimicrobial compounds from medicinal plants (Aderele et al., 2020). Similar solvent-dependent differences in antibacterial activity have been reported for other Nigerian medicinal plants tested against MDR S. aureus (Okwu & Abubakar, 2019).
The MIC values of the ethanol extract (6.25–12.5 mg/mL for most isolates) indicate notable inhibitory potency against MDR S. aureus. These values are comparable to those reported for other plant extracts evaluated against MRSA in Nigeria and elsewhere, reinforcing the potential therapeutic relevance of H. umbellata (Akinyemi et al., 2018; Salisu et al., 2024). Furthermore, the observation of bactericidal activity (MBC/MIC ≤2) in several isolates suggests that the ethanol extract does not merely inhibit growth but may actively eliminate bacterial cells, an important attribute for managing MDR infections.
In contrast, the aqueous extract exhibited comparatively weaker antibacterial activity, with higher MIC values (12.5–50.0 mg/mL) and predominantly bacteriostatic effects. This reduced efficacy may be attributed to lower extraction efficiency of key antimicrobial constituents in water, a phenomenon widely reported in phytopharmacological studies (Harborne, 1998; He et al., 2024). Nonetheless, the observable activity of the aqueous extract still supports the ethnomedicinal use of H. umbellata, particularly in traditional preparations where water is commonly used as the extraction medium.
CONCLUSION
This study demonstrated a high prevalence of multidrug-resistant (MDR) Staphylococcus aureus among urinary isolates obtained from patients attending General Hospital Dutsin-Ma, Katsina State, Nigeria, with more than four-fifths of the isolates exhibiting resistance to three or more antimicrobial classes. The high rates of resistance to commonly used antibiotics, including β-lactams and fluoroquinolones, highlight the growing challenge of antimicrobial resistance in the management of urinary tract infections within the study setting.
The seed extracts of Hunteria umbellata exhibited notable in vitro antibacterial activity against MDR S. aureus, with the ethanol extract demonstrating superior efficacy compared to the aqueous extract. The observed bactericidal activity of the ethanol extract against several MDR isolates, coupled with relatively low MIC values, suggests the presence of potent bioactive compounds capable of inhibiting or eliminating resistant S. aureus. These findings provide experimental support for the traditional use of H. umbellata in the treatment of infectious diseases and underscore its potential as a source of alternative antibacterial agents.
Limitations
Despite the significance of the findings, this study has some limitations. The sample size was relatively small and restricted to a single healthcare facility, which may limit the generalizability of the results to other settings. Identification of Staphylococcus aureus and determination of methicillin resistance were based solely on phenotypic and biochemical methods, without molecular confirmation of resistance or virulence genes. Additionally, the antibacterial activity of Hunteria umbellata extracts was evaluated only in vitro; therefore, in vivo efficacy, toxicity, pharmacokinetics, and potential drug–herb interactions were not assessed. These limitations highlight the need for larger, multi-center studies incorporating molecular techniques and in vivo models.
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