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Abstract

The increasing prevalence of multidrug-resistant bacterial pathogens underscores the urgent need for
alternative antimicrobial agents. This study evaluated the phytochemical composition and antibacterial
activity of aqueous leaf extract of Guiera senegalensis against Staphylococcus aureus, Staphylococcus
epidermidis, and Streptococcus mutans. Fresh leaves of G. senegalensis were collected from Bidir village
of Azare, Katagum local government Area in Bauchi state Nigeria, air-dried, and macerated in distilled
water. The bacterial isolates were obtained from the stocked specimens of the Microbiology laboratory,
Sa’adu Zungur University Gadau. Phytochemical screening of the extract revealed the presence of
flavonoids, alkaloids, phenolic acids, carbohydrates, saponins, and tannins, while cardiac glycosides
were absent. Antibacterial activity of the extract was assessed using the disk diffusion method at
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varying concentrations 62.5 mg/mL, 125 mg/mL, and 250 mg/mL. The extract produced concentration-
dependent inhibition zones, with the highest activity at 250 mg/mL: 13.67 mm (S. aureus), 13.00 mm
(S. epidermidis), and 11.33 mm (S. mutans). The minimum inhibitory concentrations (MICs) were
15.625 mg/mL for S. aureus and S. epidermidis, and 31.25 mg/mL for S. mutans. The minimum
bactericidal concentration (MBC) for all isolates was 125 mg/mL. These findings provide scientific
support for the ethnomedicinal use of G. senegalensis and highlight its potential as a source of bioactive
compounds for developing novel antibacterial agents. Further studies are recommended to isolate and
characterize the active constituents and evaluate their mechanisms of action.

Keywords: Guiera senegalensis, phytochemicals, antibacterial activity, MIC, MBC, medicinal
plants.

INTRODUCTION

Infectious diseases remain a significant cause of morbidity and mortality worldwide, with
bacterial pathogens accounting for a substantial proportion of these infections (Garba et al.,
2018). The emergence and spread of multidrug-resistant bacterial strains, including
methicillin-resistant Staphylococcus aureus (MRSA), multidrug-resistant Escherichia coli, and
Salmonella species, have rendered many conventional antibiotics less effective (Garba et al.,
2018). This growing resistance crisis underscores the urgent need for alternative sources of
antimicrobial agents, particularly from natural products. Medicinal plants have historically
been a rich reservoir of bioactive compounds with therapeutic potential, providing a
foundation for the discovery of modern drugs (Magaji et al., 2023).

In recent years, increasing attention has been directed toward ethnomedicinal plants due to
their accessibility, affordability, and minimal side effects compared to synthetic drugs (Magaji
et al., 2025). In Africa, particularly in rural communities, more than 80% of the population
relies on herbal remedies for primary healthcare needs (Magaiji et al., 2023). One such plant of
considerable interest is Guiera senegalensis, commonly known as Senegal Tea Plant, Wild
Coffee, Sabara (Hausa), or Geloki (Fulfulde), is a member of the Combretaceae family (Anka
et al., 2020). This small shrub, which typically grows between 3-5 meters in height, is
extensively distributed across the savannah regions of West and Central Africa, including
Senegal, Nigeria, Chad, Mali, Niger, and Burkina Faso (Anka et al., 2020).

Guiera senegalensis has a long history of use in traditional medicine for the treatment of a wide
range of ailments. Its roots are employed in managing gonorrhea, toothache, stomachache,
wounds, and various skin conditions such as inflammation and infections (Ogbeba et al., 2017).
The leaves are administered for pulmonary and respiratory complaints, febrile illnesses, colic,
diarrhea, dysentery, syphilis, rheumatism, hypertension, eczema, and leprosy, among other
conditions (Mamman & Isah, 2013; Denou et al., 2016). Furthermore, preparations from the
plant have been traditionally applied as poultices for tumors, to treat guinea worm infections,
kidney diseases, abdominal pain, joint disorders, diabetes mellitus, and to regulate blood
sugar levels (Alshafei et al., 2016). This broad ethnopharmacological application highlights the
plant’s importance as a multipurpose medicinal resource.

Phytochemical investigations of G. senegalensis have revealed a diverse array of bioactive
secondary metabolites, including alkaloids, tannins, terpenoids, flavonoids, saponins,
coumarins, glycosides, and anthraquinones (Magaji et al., 2025; Anka et al., 2020). These
compounds are known to possess various biological properties, such as antimicrobial,
antioxidant, anti-inflammatory, and cytotoxic activities (Garba et al., 2018). For instance,
tannins and flavonoids have been reported to disrupt microbial cell membranes, inhibit

A. Magaji et al, DUJOPAS 11 (3d): 298-305, 2025 299



Phytochemical Composition and Antibacterial Efficacy of Aqueous Leaf Extracts of Guiera senegalensis Against
Selected Clinical Isolates

bacterial enzymes, and interfere with the synthesis of nucleic acids and proteins (Satya et al.,
2012). Saponins, on the other hand, have surfactant properties that can enhance cell
permeability, leading to bacterial cell lysis (Magaji et al., 2025). The synergistic effects of these
metabolites may contribute to the plant’s observed therapeutic efficacy in traditional settings.
Recent studies have provided experimental evidence supporting the antibacterial activity of
G. senegalensis. Extracts from different parts of the plant, including the leaves and roots, have
demonstrated inhibitory effects against a variety of bacterial pathogens, such as Staphylococcus
aureus, Escherichia coli, Salmonella typhi, and Pseudomonas aeruginosa (Yagana et al., 2014; Garba
et al., 2018). Notably, root extracts of G. senegalensis exhibited significant antibacterial activity,
with ethanol extracts showing the highest potency compared to acetone and ethyl acetate
extracts (Shu’aibu et al., 2024). The enhanced activity of ethanol extracts has been attributed to
the solvent’s polarity, which facilitates better solubilization of phytochemicals, thereby
maximizing their bioavailability (Shu’aibu et al., 2024).

Despite the promising antimicrobial potential of G. senegalensis, comprehensive research on
its antibacterial efficacy, particularly against clinically relevant multidrug-resistant pathogens,
remains limited. Given the urgent global need for novel antibacterial agents, it is essential to
further explore the phytochemical constituents and antimicrobial properties of this plant. This
study therefore aims to assess the antibacterial efficacy of Guiera senegalensis Leaves extract
against selected clinical bacterial isolates, determine their minimum inhibitory concentrations
(MIC) and minimum bactericidal concentrations (MBC), and provide insights into their
potential as alternative or complementary therapeutic agents.

MATERIALS AND METHODS

Study Area and Plant Collection

Fresh leaves of Guiera senegalensis were collected from Bidir village, Azare, Katagum Local
Government Area, Bauchi State, Nigeria. The plant was identified and authenticated by Dr.
Umar Aminu of the Department of Biological Sciences, Sa’adu Zungur University, Gadau. A
voucher specimen with the number SAZU832A was deposited at the university herbarium for
future reference.

Preparation of Aqueous Extract uf the Plant

The collected leaves were washed thoroughly with clean water, air-dried at room temperature
under shade for two weeks, and pulverized into fine powder using a mechanical grinder. Fifty
grams (50 g) of the powdered leaves was macerated in 500 mL of distilled water for 72 hours
at room temperature with intermittent shaking, following the method of Tiwari et al. (2011)
mentioned by Magaiji et al. (2025). The mixture was filtered through muslin cloth and then
Whatman No. 1 filter paper. The filtrate was concentrated to dryness using a water bath at
40 °C and stored in an airtight container at 4 °C until use.

Phytochemical Screening

The aqueous extract was subjected to qualitative phytochemical screening using standard
procedure as described by Tiwari et al. (2011). Tests were conducted to detect the presence of
alkaloids (Wagner’s test), saponins (frothing test), flavonoids (lead acetate test), tannins (ferric
chloride test), steroids (acetic anhydride test), terpenoids (Salkowski test), and glycosides
(Fehling's test).

Test Bacterial Isolates

Pure cultures of Staphylococcus aureus, Staphylococcus epidermidis, and Streptococcus mutans
were obtained from the Microbiology Laboratory, Sa’adu Zungur University, Gadau. The
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isolates were subcultured on nutrient agar to ensure purity and maintained on nutrient agar
slants at 4 °C until required.

Standardization of Inoculum

A loopful of each bacterial isolate was inoculated into 10 mL of sterile nutrient broth and
incubated at 37 °C for 18-24 hours. The bacterial suspensions were standardized to match the
0.5 McFarland turbidity standard (=1 x 10* CFU/mL) by dilution with sterile normal saline
(Cheesbrough, 2010).

Antibacterial Susceptibility Testing

The antibacterial activity of the aqueous extract of G. senegalensis was evaluated using the disk
diffusion method according to the guidelines of the Clinical and Laboratory Standards
Institute (CLSI, 2022). Mueller-Hinton agar plates were prepared and inoculated by evenly
swabbing standardized bacterial suspensions across the surface using sterile cotton swabs.
Sterile 6 mm filter paper disks were impregnated with varying concentrations of the extract
(62.5mg/mL, 125mg/mL, and 250 mg/mL) and carefully placed on the inoculated agar
plates. Erythromycin (10 pg/disc) served as a positive control, while disks containing only
sterile distilled water served as negative controls.

Incubation and Measurement of Inhibition Zones

The plates were allowed to stand at room temperature for 15 minutes to facilitate extract
diffusion and then incubated at 37 °C for 24 hours. After incubation, the diameters of the zones
of inhibition were measured in millimeters using a calibrated ruler. Each assay was performed
in triplicate, and mean values were recorded (CLSI, 2022).

Determination of Minimum Inhibitory Concentration (MIC)

The MIC of the aqueous extract was determined using the broth dilution method as described
by Kowser and Fatema (2009). Two-fold serial dilutions of the extract were prepared in
nutrient broth to obtain concentrations ranging from 1.9 mg/mL to 500 mg/mL. Each tube
was inoculated with 0.5 mL of standardized bacterial suspension (=1 x 10° CFU/mL) and
incubated at 37 °C for 24 hours. The MIC was recorded as the lowest concentration of the
extract that showed no visible bacterial growth.

Determination of Minimum Bactericidal Concentration (MBC)

From each MIC tube that showed no visible growth, 0.01 mL was aseptically sub cultured onto
Mueller-Hinton agar plates and incubated at 37 °C for 24 hours. The MBC was determined as
the lowest extract concentration that produced no bacterial growth on the agar plates (CLSI,
2022).

Statistical Analysis
All experiments were conducted in triplicate. Data were expressed as mean * standard
deviation (SD).

RESULTS

The current study assessed the phytochemical compositions of the aqueous leaf extracts of G
senegalensis revealing the presence of Flavonoids, Alkaloids, Phenolic acids, Carbohydrates,
Saponins and Tannins. Cardiac glycosides were not detected in the study (Table 1).
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Table 1: Phytochemical Compositions of the Aqueous Leaf Extracts of G senegalensis
S/N Phytochemical Compositions Status

Flavonoids +

Alkaloids

cardiac glycosides

Phenolic acids

Carbohydrates

Saponins

Tannins

+

NSO 0N
+ o+ + +

Note: “-“: Absent, “+”: Present

The study also evaluated the antibacterial efficacy of the plant against Staphylococcus aureus, S
epidermidis and Streptococcus mutans isolates. The study revealed varying antibacterial potency
of the plant at the various concentrations tested against the isolates. At 62.5mg/mL the leaf
extracts of the plant produced mean zones of inhibition of 10.33mm, 11.33mm and 9.33mm
against Staphylococcus aureus, S epidermidis and Streptococcus mutans respectively. At 125
mg/mL the study recorded 12.00mm against each of the Staphylococcus aureus and S
epidermidis, and 10.00mm against Streptococcus mutans. At 250 mg/mL the study documented
13.67mm (Staphylococcus aureus), 13.00mm (S epidermidis) and 11.33mm (Streptococcus mutans).
the negative control made up of a disk containing distilled water showed zero zone of
inhibition across the isolates, while the positive control (disk containing 10 pg Erythromycin)
showed approximate mean zone of inhibition of 24mm across the isolates (Table 2).

Table 2: Antibacterial Activity of Aqueous Leaf Extracts of G senegalensis

Isolates 62.5mg/mL 125 mg/mL 250 mg/mL Dist H,O Eryth (10 pg)
Staphylococcus aureus 10.33+1.15 12.00+0.00 13.67+0.58 0.00 24.33+0.58
S epidermidis 11.33+0.58 12.00+0.00 13.00+0.00 0.00 24.00+0.00
Streptococcus mutans 9.33+1.15 10.00+0.00 11.33+0.58 0.00 24.00£0.00

Note: +: Standard Deviation, Dist H>O: Distilled Water, Eryth: Erythromycin

Similarly, the study examined the minimum inhibitory and minimum bactericidal
concentrations of the plant extracts against the isolates. The findings of the study revealed
that, the minimum inhibitory concentration of the plant leaf extracts against each of the
Staphylococcus aureus and S epidermidis was 15.625 mg/mL, while for Streptococcus mutans 31.25
mg/mL. On the other hand, the study recorded 125 mg/mL as minimum bactericidal
concentration effective against all the isolates tested (Table 3).

Table 3: Minimum Inhibitory and Minimum Bactericidal Concentrations of G senegalensis Leaf
Extract against the Bacterial Isolates

Isolates CRT (mg/mlL) MIC (mg/mL) MBC (mg/mL)
Staphylococcus aureus 1.9-500 15.625 125
S epidermidis 1.9-500 15.625 125
Streptococcus mutans 1.9-500 31.25 125

Note:

MIC: Minimum Inhibitory concentration
MBC: Minimum Bactericidal Concentration
CRT: Concentration Range Tested

DISCUSSION

The present study investigated the phytochemical composition and antibacterial activity of
aqueous leaf extracts of Guiera senegalensis against Staphylococcus aureus, Staphylococcus
epidermidis, and Streptococcus mutans. The phytochemical screening revealed the presence of
flavonoids, alkaloids, phenolic acids, carbohydrates, saponins, and tannins, while cardiac
glycosides were absent. These findings align with earlier reports by Mu'azu (2024) and
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Williams et al. (2009), who documented similar bioactive constituents in the root bark extracts
of G. senegalensis using different solvents. The presence of these phytochemicals is significant,
as they are known to exert antimicrobial effects. For instance, flavonoids and tannins have
been reported to disrupt bacterial cell walls, interfere with nucleic acid synthesis, and inhibit
enzymes critical for microbial survival (Kubmarawa et al., 2007).

The antibacterial evaluation of the aqueous extracts demonstrated concentration-dependent
inhibitory effects against all test isolates. At 62.5mg/mL, modest inhibition zones were
recorded, which increased progressively at higher concentrations (125 mg/mL and
250 mg/mL). These findings corroborate previous studies by Yagana et al. (2014) and
Akinyemi et al. (2005), who reported that G. senegalensis extracts inhibited the growth of
diverse microorganisms, including S. aureus. Although the inhibitory activity observed in this
study was lower than that of erythromycin, it provides substantial evidence of the plant’s
therapeutic potential, particularly in regions with limited access to synthetic antibiotics.

The minimum inhibitory concentration (MIC) values observed for S. aureus and S. epidermidis
(15.625 mg/mL) were lower than those of S. mutans (31.25 mg/mL), suggesting that Gram-
positive cocci differ in their susceptibility to the extracts. The minimum bactericidal
concentration (MBC) for all isolates was 125 mg/mL, indicating that higher concentrations are
required for bactericidal action. These results are in agreement with Mu’azu (2024), who
reported varying MIC and MBC values for ethanol, acetone, and ethyl acetate extracts of G.
senegalensis, with ethanol extracts exhibiting the most potent activity. The relatively higher
MIC and MBC values observed for aqueous extracts in this study may be attributed to
differences in solvent polarity, as polar solvents like ethanol tend to extract more bioactive
compounds than water (Mu’azu, 2024).

The antibacterial effects observed can be attributed to the presence of secondary metabolites
such as tannins, flavonoids, and saponins. Tannins are known to precipitate microbial
proteins and disrupt cell membranes, while saponins may cause membrane lysis by
interacting with lipid bilayers (Kubmarawa et al., 2007). Similarly, phenolic compounds and
flavonoids exert antimicrobial actions through free radical scavenging, metal chelation, and
interference with microbial metabolism (Garba et al., 2018).

The traditional medicinal use of G. senegalensis for treating wounds, oral infections, and
inflammatory conditions (Garba et al., 2018) is supported by these findings, highlighting its
potential as a natural antimicrobial agent. In particular, the observed activity against S. mutans
suggests a possible role for the plant in preventing or managing oral infections such as dental
caries and gingivitis. However, it is noteworthy that the activity of aqueous extracts was lower
than that of standard antibiotics, underscoring the need for further optimization through
purification and combination with other therapeutic agents.

Overall, the findings of this study provide scientific validation for the ethnomedicinal use of
G. senegalensis and reinforce its potential as a source of bioactive compounds for developing
novel antimicrobial agents. Future studies should focus on isolating and characterizing the
specific compounds responsible for the observed activities, evaluating their mechanisms of
action, and assessing the extracts’ safety profiles through in vivo studies.

A. Magaiji et al, DUJOPAS 11 (3d): 298-305, 2025 303



Phytochemical Composition and Antibacterial Efficacy of Aqueous Leaf Extracts of Guiera senegalensis Against
Selected Clinical Isolates

CONCLUSION

The results obtained in this study have demonstrated that aqueous leaf extract of Guiera
senegalensis possess significant antibacterial activity against Staphylococcus aureus,
Staphylococcus epidermidis, and Streptococcus mutans. The observed antibacterial effects are
likely attributable to the presence of secondary metabolites such as flavonoids, tannins,
saponins, and alkaloids. Although the activity was lower than that of erythromycin, the
extract exhibited concentration-dependent inhibition, suggesting potential therapeutic
relevance, especially in resource-limited settings. These findings provide scientific
justification for the traditional use of G. senegalensis in treating infectious diseases. Future
research should focus on purifying the active compounds, clarifying their mechanisms of
action, and evaluating them in vivo efficacy and safety profiles to support their potential as
complementary or alternative therapeutic agents.

REFERENCES

Akinyemi, K. O., Oladapo, O., Okwara, C. E., Ibe, C. C., & Fasure, K. A. (2005). Screening of
crude extracts of six medicinal plants used in South-West Nigerian unorthodox
medicine for anti-methicillin resistant Staphylococcus aureus activity. BMC
Complementary and Alternative Medicine, 5(1), 6.

Alshafei, N. K., Ahmed, S. M., & Abdelfattah, N. A. (2016). Preliminary observations on the
uses of Guiera senegalensis as a traditional medicinal plant in Western Kurdofan, Sudan.
Journal of Plant Biochemistry and Physiology, 2(5).

Anka, Z. M., Singh, V., Gimba, S. N., & Singh, G. (2020). Antitoxic, antifungal and
phytochemical analysis of medicinal compounds of Guiera senegalensis leaves. Journal
of Drug Delivery and Therapeutics, 10(2), 148-152.

Cheesbrough, M. (2010). District laboratory practice in tropical countries (2nd ed.). Cambridge
University Press.

Clinical and Laboratory Standards Institute (CLSI), (2022). Performance standards for
antimicrobial susceptibility testing (32nd ed.). CLSI supplement M100.

Denou, A., Togola, A., Haidara, M., Sonogo, R., Diallo, D., & Koumare, M. (2016). Review on
phytochemistry and pharmacological aspects of Guiera senegalensis JF Gmel
(Combretaceae). International Journal of New Technology and Research, 2(3), 30-32.

Garba, M., Minjibir, A. I, Tijjani, N. 1., Suleiman, J. H., & Ali, M. (2018). Evaluation of
antibacterial and phytochemical analysis of root bark extracts of Guiera senegalensis
against methicillin-resistant Staphylococcus aureus (MRSA). Journal of Advances in
Biology & Biotechnology, 19(3), 1-6.

Kowser, M. M., & Fatema, N. (2009). Determination of MIC and MBC of selected azithromycin
capsules commercially available in Bangladesh. The Orion Medical Journal, 32(1), 619-
620.

Kubmarawa, D., Ajoku, G. A., Enwerem, N. M., & Okorie, D. A. (2007). Preliminary
phytochemical and antimicrobial screening of 50 medicinal plants from Nigeria.
African Journal of Biotechnology, 6(14), 1690-1696.

Magaji A., Mahmud Z. & Mustapha A., (2023), Phytochemical Analysis and Assessment of
Antibacterial Efficacy of Vernonia amygdalina (Bitter Leaf) against Some Selected
Clinical Bacterial Isolates, UMYU Journal of Microbiology Research, 8(2). 174 - 180

Magaji A., Moi I. M., Mahmud Z., Kwarau N. L., Abdullahi M., Zamo A. B., Bilyaminu U.,
Liyo H. I, Jibo A. A., Zakariyya A. M., Tahir A. U., & Bello I., (2025), Phytochemical
Compositions, Antifungal Efficacy, and Acute Toxicity Evaluation of Vitellaria
paradoxa Leaf Extracts, Science World Journal, 20(No 2), 909-915

A. Magaji et al, DUJOPAS 11 (3d): 298-305, 2025 304



Phytochemical Composition and Antibacterial Efficacy of Aqueous Leaf Extracts of Guiera senegalensis Against
Selected Clinical Isolates

Mamman, I. A., & Isah, M. A. (2013). Phytochemical and antibacterial activity of leaf extracts
of Guiera senegalensis Lam on selected species of Gram-positive and Gram-negative
bacteria. International Journal of Environment, 2(1), 262-268.

Mu’azu, M. (2024). Phytochemical and antibacterial properties of ethanol, acetone, and ethyl
acetate extracts of Guiera senegalensis root bark. Journal of Phytomedicine Research, 12(2),
45-53.

Ogbeba, J., Iruolaje, F. O., & Dogo, B. A. (2017). Antimicrobial efficacy of Guiera senegalensis
and Prosopis africana leaf extracts on some bacterial pathogens. European Journal of
Biology and Medical Sciences Research, 5(2), 27-36.

Satya, B. S., Jayasurya, K. S., Sankaranyanan, S., & Bama, P. (2012). Antibacterial activity of
different phytochemical extracts from the leaves of Tridax procumbens Linn.:
Identification and mode of action of the terpenoid compound as antibacterial.
International Journal of Pharmacy and Pharmaceutical Sciences, 4, 557-564.

Shu’aibu, Y. I, Badariya, B. B.,, Mu’azu, L., & Ali, M. (2024). Antibacterial activity of Guiera
senegalensis root extracts against some clinical isolates. International Journal of Health and
Pharmaceutical Research, 9(1), 82-89.

Tiwari, P., Kumar, B., Kaur, M., Kaur, G., & Kaur, H. (2011). Phytochemical screening and
extraction: A review. International Pharmaceutical Sciences, 1(1), 98-106.

Williams, J. E., Bhat, R. B., & van Staden, J. (2009). The ethnobotany of Guiera senegalensis
(Combretaceae): A review. South African Journal of Botany, 75(1), 1-4.

Yagana, S. A., Sodipo, O. A., Yagana, K., & Modu, S. (2014). Antibacterial activities of the
extracts of the root of Guiera senegalensis J. F. Gmel. Journal of Pharmacy and Biomedical
Sciences. 8(22), 819-824.

A. Magaiji et al, DUJOPAS 11 (3d): 298-305, 2025 305



