



In Vitro Antibacterial Activity of Hibiscus Sabdariffa Calyx Extracts Against Multidrug-Resistant Escherichia Coli from patients with Urinary Tract Infections in Katsina State, Nigeria


ABSTRACT
Background: Urinary tract infections (UTIs) are among the most prevalent bacterial infections globally, with Escherichia coli being the leading etiological agent. The increasing occurrence of multidrug-resistant (MDR) uropathogenic E. coli (UPEC) has significantly compromised the effectiveness of commonly used antibiotics, particularly in low- and middle-income countries. Aims: This study aimed to evaluate the antibacterial activity of aqueous and ethanol calyx extracts of Hibiscus sabdariffa against MDR E. coli isolated from patients with urinary tract infections attending General Hospital Dutsin-Ma, Katsina State, Nigeria. Method: Fifty midstream urine samples were collected and processed using standard culture, microscopy, and biochemical identification techniques. Antibiotic susceptibility testing was performed using the Kirby–Bauer disc diffusion method in accordance with Clinical and Laboratory Standards Institute guidelines. Phytochemical screening of H. sabdariffa extracts was conducted, and antibacterial activity was assessed using the agar well diffusion assay, followed by determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). Results: Ten (20%) E. coli isolates were recovered, with a higher prevalence among female patients (70%). High resistance rates were observed against cefotaxime (80%), ciprofloxacin (70%), and ampicillin (60%), while all isolates remained susceptible to nitrofurantoin (100%). Four isolates were classified as MDR. Both aqueous and ethanol extracts of H. sabdariffa demonstrated concentration-dependent antibacterial activity against MDR isolates, with the ethanol extract showing greater potency (MIC 25 mg/mL; MBC 50 mg/mL) compared to the aqueous extract (MIC 50 mg/mL; MBC 100 mg/mL). Conclusion: The findings indicate that H. sabdariffa possesses significant antibacterial activity against MDR UPEC and may serve as a potential complementary antimicrobial agent for urinary tract infections.
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INTRODUCTION
Urinary tract infections (UTIs) constitute one of the most common bacterial infections worldwide and represent a significant contributor to antimicrobial consumption in both community and hospital settings. It is estimated that more than 150 million UTI cases occur globally each year, resulting in substantial morbidity, economic burden, and pressure on healthcare systems (Flores-Mireles et al., 2015). UTIs disproportionately affect women due to anatomical and physiological predispositions, with recurrent infections remaining a persistent clinical challenge, particularly in low- and middle-income countries (LMICs) where diagnostic and therapeutic resources are limited (Bernaitis et al., 2024). Risk factors for UTIs may be behavioral, anatomical, or genetic in nature, and will vary depending on both the population being considered and the form of UTI (Storme et al., 2019).
Among the diverse microbial agents implicated in UTIs, Escherichia coli—specifically uropathogenic E. coli (UPEC)—is the predominant etiological agent, accounting for approximately 80–90% of community-acquired and 50–60% of hospital-acquired UTIs (Whelan et al., 2023; García-García et al., 2025). The pathogenic success of UPEC is largely attributed to its repertoire of virulence factors, including adhesins (type 1 and P fimbriae), biofilm-forming capacity, toxins, and iron acquisition systems, which facilitate colonisation, persistence, and immune evasion within the urinary tract (Flores-Mireles et al., 2015; Dziuba et al., 2025).

Over the past two decades, the clinical management of UTIs has been increasingly complicated by the rapid emergence and global dissemination of multidrug-resistant (MDR) UPEC strains. Resistance to first-line and second-line antibiotics—particularly β-lactams, third-generation cephalosporins, fluoroquinolones, and aminoglycosides—has been widely reported and is frequently driven by extended-spectrum β-lactamase (ESBL) production, target-site mutations, and plasmid-mediated resistance determinants (Ogbolu et al., 2018; Medugu et al., 2022; Razaq et al., 2024). These resistance mechanisms not only limit therapeutic options but are also associated with increased treatment failure, prolonged hospital stay, and higher healthcare costs.

In sub-Saharan Africa, and Nigeria in particular, the burden of MDR UPEC is especially alarming. Multiple hospital-based studies have documented high resistance rates to cefotaxime, ciprofloxacin, and ampicillin, often exceeding 60–80%, reflecting widespread antibiotic misuse, unregulated access to antimicrobials, and limited antimicrobial stewardship (Onanuga et al., 2019; Egwu et al., 2023). ESBL-producing E. coli strains have become endemic in many Nigerian healthcare facilities, posing a major threat to effective UTI management (Anorue et al., 2025; Olaitan et al., 2025). Despite this scenario, nitrofurantoin has consistently retained high activity against UPEC in Nigeria and across Africa, likely due to its restricted use and multiple bacterial targets (Ajuga et al., 2021; Asmare et al., 2024). However, reliance on a shrinking pool of effective antibiotics is unsustainable and underscores the urgent need for alternative or complementary therapeutic strategies.

In response to the escalating antimicrobial resistance crisis, there has been renewed global interest in medicinal plants as potential sources of novel antimicrobial agents. Plant-derived compounds offer structural diversity, multitarget mechanisms of action, and the possibility of synergistic effects with conventional antibiotics, thereby reducing selective pressure for resistance (Das et al., 2020; Hsu et al., 2025). Numerous studies have demonstrated the antibacterial potential of plant extracts against MDR uropathogens, including inhibition of growth, biofilm formation, and bacterial adhesion—key processes in UTI pathogenesis (de Llano et al., 2015; Al-Wazni et al., 2015; Kendir et al., 2025).

Hibiscus sabdariffa L., commonly known as roselle, is a widely cultivated medicinal plant consumed as a beverage and used in traditional medicine across Africa, Asia, and Latin America. In northern Nigeria, particularly among Hausa-speaking communities that dominate the study area, Hibiscus sabdariffa is locally known as “Zobo”, and its flowers are widely used for the preparation of traditional beverages and for various ethnomedicinal purposes (Omemu, 2006). With over 300 Hibiscus sabdariffa species distributed globally, Roselle has gained significant prominence for its versatile applications in the food and beverage industry, including teas, juices, jams, wines, and natural colourants (Juhari, 2021; Wairata et al., 2022; Kebede et al., 2025). The flowers and calyces of H. sabdariffa are rich in bioactive phytochemicals, including flavonoids, anthocyanins, tannins, organic acids, saponins, and terpenoids, which have been associated with antimicrobial, antioxidant, anti-inflammatory, and anti-adhesive properties (Abdallah, 2016; Salinas-Moreno et al., 2023; Ghaly et al., 2025). Experimental studies have demonstrated that H. sabdariffa extracts exhibit inhibitory activity against a broad spectrum of Gram-negative and Gram-positive bacteria, including pathogenic and MDR strains of E. coli (Mohamed-Salem et al., 2019; Márquez-Rodríguez et al., 2020). The urgent need to explore alternative therapeutics like Hibiscus sabdariffa is underscored by the escalating burden of multidrug-resistant infections across Northern Nigeria. This crisis extends beyond urinary tract pathogens, as evidenced by high resistance rates reported in enteric infections, such as those caused by Salmonella species in neighbouring Kano State (Musa et al., 2025).
Beyond bacteriostatic and bactericidal effects, roselle extracts have been shown to interfere with key virulence mechanisms of E. coli, including adhesion to epithelial cells and cytoskeletal manipulation, which are critical steps in UTI establishment and persistence (Chou et al., 2016; Mohamed-Salem et al., 2019). Such antivirulence properties are particularly attractive in the context of antimicrobial resistance, as they may reduce pathogenicity without exerting strong selective pressure for resistance development.

Despite the growing body of evidence supporting the antimicrobial potential of Hibiscus sabdariffa, there remains a notable paucity of data on its activity against MDR UPEC isolates from northern Nigeria, particularly Katsina State. Local epidemiological and laboratory-based studies are essential, as antimicrobial resistance patterns and bacterial responses to plant extracts can vary geographically due to genetic diversity, antibiotic exposure, and ecological factors. Therefore, this study was designed to evaluate the antibacterial activity of aqueous and ethanol calyx extracts of H. sabdariffa against MDR Escherichia coli isolated from urinary tract infection patients attending General Hospital Dutsin-Ma, Katsina State, Nigeria, and to compare the findings with existing regional and global literature.
MATERIALS AND METHODS
Study Area and Study Design

This laboratory-based experimental study was conducted at the Microbiology Department, Federal University Dutsin-Ma laboratory and General Hospital Dutsin-Ma, a major secondary healthcare facility located in Dutsin-Ma Local Government Area of Katsina State, north-western Nigeria. Dutsin-Ma is situated at approximately latitude 12°27′18″ N and longitude 7°29′29″ E (Sani et al., 2025). The Local Government Area covers an estimated landmass of about 527 km² and had a population of 169,671 according to the 2006 national census (National Population Commission [NPC], 2006).

Dutsin-Ma Local Government Area is bordered by Kurfi and Charanchi Local Government Areas to the north, Kankia Local Government Area to the east, Safana and Dan-Musa Local Government Areas to the west, and Matazu Local Government Area to the south. The town of Dutsin-Ma serves as the administrative headquarters and hosts the General Hospital, which functions as the primary referral and secondary health facility for residents of Dutsin-Ma and surrounding rural communities (Sani et al., 2025).

The hospital provides a wide range of medical services, including outpatient, inpatient, and diagnostic laboratory services, and receives a high volume of patients seeking care for infectious diseases, including urinary tract infections. The semi-urban nature of Dutsin-Ma, combined with limited access to advanced healthcare facilities in neighbouring areas, contributes to the reliance on the General Hospital as a central point for diagnosis and treatment. This setting makes it suitable for investigating prevalence, antimicrobial resistance patterns, and alternative treatment options for uropathogenic bacteria such as Escherichia coli.
Ethical Considerations

Ethical approval was obtained from the Research Ethics Committee, Federal Ministry of Health, Katsina State, 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 and Transportation

Midstream urine samples (n = 50) were collected aseptically from consenting patients using sterile, wide-mouthed containers following standard urine collection procedures (Cheesbrough, 2006). Participants were instructed on proper clean-catch techniques to minimise contamination. Samples were transported immediately to the microbiology laboratory for analysis and processed within two hours of collection. Where delays occurred, samples were refrigerated at 4 °C to preserve bacterial viability.

Isolation and Identification of Escherichia coli
Urine samples were inoculated onto Cysteine Lactose Electrolyte Deficient (CLED) agar and MacConkey agar using a calibrated loop delivering 0.001 mL of urine and incubated aerobically at 37 °C for 24 hours. Significant bacteriuria was determined based on colony counts consistent with standard diagnostic thresholds (Cheesbrough, 2006). Presumptive Escherichia coli isolates were identified based on lactose fermentation on MacConkey agar, Gram staining, and a series of biochemical tests, including indole production, methyl red, Voges–Proskauer, citrate utilization, urease test, and triple sugar iron agar reactions, as previously described (Cheesbrough, 2006).

Antibiotic Susceptibility Testing

Antibiotic susceptibility testing was performed using the Kirby–Bauer disc diffusion method on Mueller–Hinton agar in accordance with the Clinical and Laboratory Standards Institute guidelines (CLSI, 2023). Bacterial suspensions were standardized to 0.5 McFarland turbidity prior to inoculation. Antibiotic discs used included ampicillin (10 µg), cefotaxime (30 µg), amoxicillin–clavulanate (20/10 µg), ciprofloxacin (5 µg), gentamicin (10 µg), and nitrofurantoin (300 µg). Plates were incubated at 37 °C for 18–24 hours, after which inhibition zone diameters were measured and interpreted using CLSI breakpoints. Multidrug resistance was defined as resistance to three or more antimicrobial classes (CLSI, 2023).

Collection and Authentication of Plant Material

Fresh calyces of Hibiscus sabdariffa (red variety) were purchased from a local market in Dutsin-Ma in November 2023. The plant material was authenticated at the Herbarium of the Department of Plant Science and Biotechnology, Federal University Dutsin-Ma. 
Preparation of Hibiscus sabdariffa Calyx Extracts

The calyces were air-dried in the shade at room temperature for two weeks and pulverised into a fine powder using a mechanical grinder. Aqueous and ethanol extractions were performed by maceration, following standard phytochemical extraction procedures (Harborne, 1998). For aqueous extraction, 100 g of powder was macerated in 1000 ml of distilled water for 48 hours with intermittent shaking. For ethanol extraction, 100 g of powder was macerated in 1000 ml of 80% ethanol for 48 hours. Both mixtures were filtered first through muslin cloth and then through Whatman No. 1 filter paper. The filtrates were concentrated using a rotary evaporator (for ethanol) and a water bath at 40°C (for aqueous) until a dry, semi-solid extract was obtained. The extracts were stored in sterile, airtight containers at 4°C until use.
Qualitative Phytochemical Screening

Standard qualitative phytochemical tests were conducted on both extracts to identify the presence of secondary metabolites using established protocols (Harborne, 1998). Tests were performed for alkaloids (Mayer’s test), tannins (Ferric chloride test), saponins (Foam test), flavonoids (Alkaline reagent test), and terpenoids (Salkowski test). These tests were based on characteristic colour reactions and precipitate formation indicative of specific phytochemical classes.

Evaluation of Antibacterial Activity of Plant Extracts

The agar well diffusion method was employed (Balouiri et al., 2016). Briefly, the turbidity of E. coli suspensions was adjusted to a 0.5 McFarland standard. Lawn cultures were prepared on MHA plates. Wells (6 mm diameter) were bored, and 100µl of each extract at varying concentrations (100, 50, 25, 12.5, and 6.25 mg/ml) was introduced into separate wells. Sterile distilled water and 80% ethanol served as negative controls for the aqueous and ethanol extracts, respectively. A Ciprofloxacin (10µg) disk was used as a positive control. Plates were incubated at 37°C for 24 hours, and zones of inhibition (ZOI) were measured in millimetres (mm).
Determination of Minimum Inhibitory Concentration (MIC): The broth macrodilution method was employed to determine MIC values according to established protocols (Balouiri et al., 2016). Two-fold serial dilutions of each extract were prepared in sterile test tubes containing 5 mL of Mueller-Hinton broth, resulting in final concentrations ranging from 100mg/mL to 6.25mg/mL. Each tube was inoculated with 50 µL of bacterial suspension standardised to 1×10⁶CFU/mL (0.5 McFarland standard diluted 1:100), yielding a final inoculum of approximately 5×10⁵CFU/mL. Tubes containing only Mueller-Hinton broth served as sterility controls, while tubes containing broth with inoculum but no extract served as growth controls. All tubes were incubated at 37°C for 24 hours. The MIC was defined as the lowest extract concentration showing no visible turbidity, indicating complete inhibition of bacterial growth.

Determination of Minimum Bactericidal Concentration (MBC): Following MIC determination, 100 µL aliquots were aseptically removed from tubes showing no visible growth and from the growth control tube. These aliquots were subcultured onto fresh, antibiotic-free Mueller-Hinton agar plates using the spread plate technique. Plates were incubated at 37°C for 24 hours. The MBC was defined as the lowest extract concentration that resulted in no bacterial growth on subculture, or that demonstrated ≥99.9% reduction in the original inoculum. Bactericidal activity was defined as an MBC/MIC ratio ≤4.
RESULTS
Out of the fifty (50) urine samples analysed, ten (10) isolates were confirmed as Escherichia coli, representing an isolation rate of 20%. The distribution of E. coli isolates according to gender is presented in Table 1. Female patients accounted for seven (70%) of the isolates, while three (30%) were recovered from male patients.

Table 1. Distribution of Escherichia coli isolates by gender
	Gender
	Number of isolates
	Percentage (%)

	Male
	3
	30

	Female
	7
	70

	Total
	10
	100


The antibiotic susceptibility profile of the Escherichia coli isolates against six commonly used antibiotics is summarised in Table 2. Resistance was observed against ampicillin, cefotaxime, amoxicillin–clavulanate, ciprofloxacin, and gentamicin, while all isolates were susceptible to nitrofurantoin. The highest resistance rate was recorded for cefotaxime (80%), followed by ciprofloxacin (70%) and ampicillin (60%).

Table 2. Antibiotic susceptibility pattern of Escherichia coli isolates
	Antibiotic (disc potency)
	Resistant n (%)
	Susceptible n (%)

	Ampicillin (10 µg)
	6 (60)
	4 (40)

	Cefotaxime (30 µg)
	8 (80)
	2 (20)

	Amoxicillin–clavulanate (20/10 µg)
	5 (50)
	5 (50)

	Ciprofloxacin (5 µg)
	7 (70)
	3 (30)

	Gentamicin (10 µg)
	4 (40)
	6 (60)

	Nitrofurantoin (300 µg)
	0 (0)
	10 (100)


The resistance profiles of individual Escherichia coli isolates are shown in Table 3. Four isolates (A, B, F, and J) demonstrated resistance to five antibiotic classes and were classified as multidrug-resistant (MDR), while the remaining isolates showed resistance to fewer antibiotics and did not meet the MDR criteria.

Table 3. Multidrug resistance patterns of Escherichia coli isolates
	Isolate
	Antibiotics resisted
	MDR status

	A
	PN, CTX, AU, CPX, CN
	MDR

	B
	PN, CTX, AU, CPX, CN
	MDR

	C
	CPX, CN
	Non-MDR

	D
	PN, CN
	Non-MDR

	E
	CPX, CN
	Non-MDR

	F
	PN, CTX, AU, CPX, CN
	MDR

	G
	CPX, CN
	Non-MDR

	H
	PN, CPX, CN
	Non-MDR

	I
	AU, CN
	Non-MDR

	J
	PN, CTX, AU, CPX, CN
	MDR


Key: PN = ampicillin; CTX = cefotaxime; AU = amoxicillin–clavulanate; CPX = ciprofloxacin; CN = gentamicin.

The qualitative phytochemical constituents detected in the aqueous and ethanol extracts of Hibiscus sabdariffa calyces are presented in Table 4. Alkaloids, tannins, saponins, and flavonoids were detected in both extracts, while terpenoids were observed only in the ethanol extract.

Table 4. Phytochemical constituents of Hibiscus sabdariffa calyces extracts
	Phytochemical Class
	Aqueous Extract
	Ethanolic Extract
	Test Method

	Alkaloids
	++
	+++
	Mayer's/Wagner's

	Tannins
	+++
	+++
	Ferric chloride

	Saponins
	++
	++
	Foam test

	Flavonoids
	++
	+++
	Shinoda test

	Terpenoids
	-
	++
	Salkowski test


Key: (+) Present; (−) Absent.

The antibacterial activity of the aqueous calyx extract of Hibiscus sabdariffa against multidrug-resistant Escherichia coli isolates at different concentrations is shown in Table 5. Zones of inhibition increased with increasing extract concentration, with the highest activity observed at 100 mg/mL.

Table 5. Diameter of zones of inhibition (mm) produced by aqueous extract of Hibiscus sabdariffa
	Isolate
	Mean Zones of Inhibition ±SD
	Control

	
	100 mg/mL
	50 mg/mL
	25 mg/mL
	12.5 mg/mL
	6.25 mg/mL
	CPX (10 µg)

	A
	20 ±0
	18 ±1
	14 ±1
	12 ±0
	11 ±1
	25 ±0

	B
	16 ±1
	11 ±0
	10 ±0
	9 ±1
	9 ±0
	21 ±1

	F
	14 ±0
	12 ±1
	10 ±1
	9 ±0
	8 ±1
	20 ±0

	J
	18 ±1
	16 ±0
	15 ±0
	11 ±1
	10 ±0
	23 ±1


Table 6 presents the antibacterial activity of the ethanol extract of Hibiscus sabdariffa against multidrug-resistant Escherichia coli isolates. The ethanol extract produced measurable zones of inhibition across all tested concentrations, with larger inhibition zones observed at higher concentrations.

Table 6. Diameter of zones of inhibition (mm) produced by the ethanol extract of Hibiscus sabdariffa
	Isolate
	Mean Zones of Inhibition ±SD
	Control

	
	100 mg/mL
	50 mg/mL
	25 mg/mL
	12.5 mg/mL
	6.25 mg/mL
	CPX (10 µg)

	A
	20 ±0
	19 ±1
	16 ±0
	14 ±1
	12 ±0
	23 ±1

	B
	18 ±1
	16 ±0
	14 ±1
	12 ±0
	11 ±1
	21 ±0

	F
	16 ±0
	15 ±1
	14 ±0
	11 ±1
	10 ±0
	21 ±0

	J
	18 ±0
	17 ±1
	15 ±1
	14 ±0
	12 ±1
	22 ±1


The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of the aqueous and ethanol extracts of Hibiscus sabdariffa against Escherichia coli are presented in Table 7. The ethanol extract exhibited lower MIC and MBC values compared to the aqueous extract.

Table 7. MIC and MBC of Hibiscus sabdariffa calyx extracts against Escherichia coli
	Extract
	MIC (mg/mL)
	MBC (mg/mL)
	MBC/MIC Ratio
	Activity Type

	Aqueous
	50
	100
	2
	Bactericidal

	Ethanolic
	25
	50
	2
	Bactericidal


DISCUSSION
The present study provides laboratory-based evidence on the antibacterial activity of Hibiscus sabdariffa calyx extracts against multidrug-resistant (MDR) Escherichia coli isolated from urinary tract infection (UTI) patients in Dutsin-Ma, Katsina State, Nigeria. The findings contribute to the growing body of literature addressing the dual challenge of rising antimicrobial resistance among uropathogens and the search for alternative antimicrobial agents derived from medicinal plants.

The higher recovery of Escherichia coli from female patients observed in this study is consistent with the well-documented epidemiology of UTIs. Several studies conducted in Nigeria and other parts of Africa have reported a similar predominance of UPEC infections among females, which has been attributed to anatomical proximity of the urethra to the anus, shorter urethral length, and hormonal influences (Onanuga et al., 2019; Wilkie et al., 2024). These findings align with broader global observations that identify women as the most affected demographic group for UTIs (Flores-Mireles et al., 2015).

The antibiotic susceptibility pattern observed in this study highlights a concerning level of resistance to commonly prescribed antibiotics. The high resistance to cefotaxime observed among the E. coli isolates is indicative of a substantial ESBL burden, a phenomenon widely reported across Nigerian healthcare facilities (Ogbolu et al., 2018; Medugu et al., 2022; Anorue et al., 2025). Similar resistance rates to third-generation cephalosporins have been reported in hospital-based studies from southern and northern Nigeria, as well as other sub-Saharan African countries, underscoring the regional endemicity of ESBL-producing UPEC (Egwu et al., 2023; Asmare et al., 2024).

The high level of resistance to ciprofloxacin recorded in this study further corroborates the declining efficacy of fluoroquinolones in UTI management in Nigeria. Fluoroquinolone resistance among E. coli has been strongly associated with target-site mutations and plasmid-mediated resistance genes, often co-existing with ESBL determinants (Medugu et al., 2022; Razaq et al., 2024). These resistance patterns significantly limit empirical treatment options and increase the risk of therapeutic failure.

In contrast, the complete susceptibility of all E. coli isolates to nitrofurantoin observed in this study aligns with multiple Nigerian and African studies reporting sustained nitrofurantoin efficacy against UPEC (Ajuga et al., 2021; Asmare et al., 2024). The preserved activity of nitrofurantoin has been attributed to its unique mechanism of action, which involves multiple bacterial targets and requires specific reductase enzymes, thereby reducing the likelihood of resistance development. This finding reinforces current treatment guidelines that recommend nitrofurantoin as a first-line agent for uncomplicated UTIs in resource-limited settings.

The identification of four multidrug-resistant E. coli isolates resistant to five antibiotic classes shows the clinical significance of MDR UPEC in the study area. Similar MDR patterns have been reported in previous Nigerian studies, where resistance to β-lactams, fluoroquinolones, and aminoglycosides frequently co-occurred within the same isolates (Onanuga et al., 2019). The presence of such highly resistant strains emphasises the urgency of exploring alternative antimicrobial strategies. The prevalence of MDR E. coli isolates (40%) observed in this study aligns with the alarming AMR landscape documented for other critical pathogens in the region. For instance, a contemporaneous study from a major hospital in Kano, Nigeria, reported similarly high multidrug resistance among clinically significant Salmonella species (Musa et al., 2025). This parallel trend across different bacterial genera and clinical syndromes (enteric fever vs. UTI) suggests that drivers of AMR—such as empirical antibiotic use, availability of over-the-counter drugs, and infection control practices—are pervasive systemic issues in the region's healthcare landscape. Consequently, the demonstrated efficacy of H. sabdariffa extracts against MDR E. coli gains added importance, positioning it as a potential broad-spectrum adjuvant therapy worthy of investigation against other resistant regional pathogens.
The phytochemical screening of Hibiscus sabdariffa calyx extracts revealed the presence of alkaloids, tannins, saponins, flavonoids, and terpenoids, findings that are consistent with previous reports on the phytochemical composition of roselle (Abdallah, 2016; Salinas-Moreno et al., 2023; Ghaly et al., 2025). These classes of compounds have been widely implicated in antimicrobial activity through mechanisms such as disruption of bacterial cell membranes, inhibition of essential enzymes, metal ion chelation, and interference with nucleic acid synthesis.

Both aqueous and ethanol extracts of Hibiscus sabdariffa demonstrated concentration-dependent antibacterial activity against MDR E. coli isolates, confirming the antimicrobial potential of roselle calyces. Similar inhibitory effects of roselle extracts against E. coli have been reported by Abdallah (2016) and Márquez-Rodríguez et al. (2020), who observed comparable zones of inhibition using aqueous and organic solvent extracts. The observed activity against MDR isolates in the present study further extends these findings to clinically relevant, resistant UPEC strains.

The ethanol extract exhibited greater antibacterial potency than the aqueous extract, as evidenced by larger zones of inhibition and lower MIC and MBC values. This observation is consistent with previous studies reporting enhanced antimicrobial activity of ethanol or methanol extracts of Hibiscus sabdariffa, which has been attributed to improved solubility and extraction efficiency of phenolic compounds and terpenoids in organic solvents (Salinas-Moreno et al., 2023; Ghaly et al., 2025). Márquez-Rodríguez et al. (2020) similarly reported lower MIC values for ethanol extracts compared to aqueous preparations, supporting the findings of the present study.

Beyond direct bactericidal effects, roselle extracts have been shown to exert antivirulence activity against E. coli. Mohamed-Salem et al. (2019) demonstrated that aqueous extracts of Hibiscus sabdariffa inhibited pedestal formation and altered cytoskeletal interactions in enteropathogenic E. coli. Although virulence mechanisms were not specifically assessed in the present study, the demonstrated inhibitory activity against MDR UPEC suggests potential interference with pathogenic processes relevant to UTI pathogenesis, such as adhesion and biofilm formation.

When compared with other plant-based anti-UPEC agents reported in the literature, the antibacterial activity observed for Hibiscus sabdariffa extracts in this study is comparable to that reported for cranberry polyphenols, pomegranate peel extracts, and Cornus mas fruit extracts, all of which have demonstrated inhibitory or anti-adhesion effects against UPEC (de Llano et al., 2015; Al-Wazni et al., 2015; Kendir et al., 2025). These similarities highlight the broader potential of plant-derived compounds as complementary interventions in the management of UTIs caused by MDR pathogens.
Conclusion 

The study concludes that Hibiscus sabdariffa calyx extracts show promising antibacterial activity against multidrug-resistant Escherichia coli from UTIs. Both aqueous and ethanol extracts were effective, with ethanol extracts being more potent. The study suggests H. sabdariffa could be a potential complementary treatment for UTIs. Further research is needed to explore its therapeutic applications.
Limitation

The study was limited by the relatively small number of Escherichia coli isolates recovered, which may affect the generalizability of the findings. Antimicrobial resistance was assessed using phenotypic methods only, without molecular characterisation of resistance genes. The antibacterial activity of Hibiscus sabdariffa extracts was evaluated solely through in vitro assays, which may not directly reflect in vivo efficacy. In addition, phytochemical analysis was restricted to qualitative screening, and quantitative characterisation of active compounds was not performed. Despite these limitations, the study provides valuable preliminary data on multidrug-resistant uropathogenic E. coli and the antibacterial potential of H. sabdariffa in a resource-limited setting.
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