



Antibacterial Activity, Phytochemical Screening, and GC‑MS Profiling of Annona senegalensis Leaf and Stem‑Bark Extracts Against Selected Bacterial Pathogens

ABSTRACT
Aims: To investigate the antibacterial activity of Annona senegalensis leaf and stem‑bark extracts against selected bacterial pathogens and to characterise the phytochemical constituents and bioactive compounds responsible for the observed activity.

Study design: Experimental laboratory study.

Place and Duration of Study: Department of Biological Sciences, Bingham University, Karu, Nasarawa State, Nigeria, between January and June 2025.

Methodology: Fresh leaves and stem‑barks of A. senegalensis were collected from Nasarawa State, Nigeria, and extracted sequentially with hexane, ethyl acetate, methanol, and hot water. Qualitative and quantitative phytochemical screening was performed using standard methods. Antibacterial activity was evaluated by disc diffusion at five concentrations (100, 50, 25, 12.5, 6.25 mg/mL) and broth microdilution (MIC/MBC) against standard strains of Streptococcus pneumoniae, Klebsiella pneumoniae, and Pseudomonas aeruginosa obtained from the National Veterinary Research Institute (NVIR), Vom, Plateau State, Nigeria. The two most active extracts were analysed by GC‑MS.

Results: Methanol stem‑bark extract (ASSM) gave the highest inhibition zone against S. pneumoniae (21.67 ± 0.58 mm at 100 mg/mL) and the lowest MIC (1.56 mg/mL). Methanol leaf extract (ASLM) also showed activity (MIC 1.56 mg/mL). Water and ethyl acetate extracts were considerably weaker. GC‑MS of the leaf hexane extract (ASLH) revealed phthalic acid ester (21.80%), phytol (16.50%), and sesquiterpenes; the stem‑bark methanol extract (ASSM) contained amide derivatives (1.49%), α‑acetobutyrolactone (1.28%), and an alkaloid‑related compound (1.21%). The MIC of erythromycin (positive control) was 0.78 mg/mL for all isolates.

Conclusion: Methanol extracts of A. senegalensis stem‑bark and leaf display significant antibacterial activity, attributable to high flavonoid content and identified bioactive compounds such as phytol and phthalic acid derivatives. These extracts merit further fractionation and toxicity assessment.
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1. INTRODUCTION
The World Health Organization Bacterial Priority Pathogens List 2024 ranks carbapenem‑resistant Enterobacterales, Pseudomonas aeruginosa, and other drug‑resistant Gram‑negative bacteria as critical priorities, highlighting the pressing need for novel antimicrobial agents (Sati et al., 2025). Annona senegalensis Pers. (Annonaceae), commonly known as wild custard apple, is a shrub or small tree widely distributed in the savanna regions of Africa, including Nigeria. The plant has a long history of traditional medicinal use; the bark is employed for treating guinea worms, diarrhoea, gastroenteritis, snakebite, toothache, and respiratory infections, while the leaves are used for pneumonia and as a general tonic (Arijeniwa et al., 2022). The roots are applied for stomach‑ache, venereal diseases, chest colds, and dizziness (Hines and Eckman, 1993).
Phytochemical investigations have revealed the presence of alkaloids, saponins, tannins, flavonoids, terpenoids, and cardiac glycosides in various parts of A. senegalensis (Jada et al., 2014; Jada et al., 2015). Arijeniwa et al. (2022) demonstrated that an ethanolic leaf extract inhibited Staphylococcus aureus (zone of inhibition 22.00 mm at 100 mg/mL) and Escherichia coli (20.33 mm). Yilave et al. (2024) reported that aqueous, ethyl acetate, and methanol extracts of leaves, bark, and roots exhibited antibacterial activity against Klebsiella pneumoniae and Pseudomonas aeruginosa associated with urinary tract infections, with zones of inhibition ranging from 14.00 to 24.67 mm at 400 mg/mL. Govora et al. (2025) showed that ethyl acetate and methanol leaf extracts of A. senegalensis possessed significant antibacterial activity against S. aureus and P. aeruginosa, with the ethyl acetate extract displaying the highest potency. A recent study profiling the phenolic constituents of Angolan Annona species, including A. senegalensis, confirmed that all extracts exhibited antibacterial activity and were rich in flavonoids and other phenolics (Rangel et al., 2026).
Despite these studies, limited data exist comparing leaf and stem‑bark extracts prepared with solvents of varying polarities against multiple respiratory‑tract bacterial pathogens, combined with comprehensive GC‑MS profiling. The present study therefore aimed to investigate the antibacterial activity of Annona senegalensis leaf and stem‑bark extracts on selected bacterial pathogens.

2. MATERIALS AND METHODS
2.1 Plant Material and Authentication
Fresh leaves and stem‑barks of Annona senegalensis were collected in January 2025 from Nasarawa State, Nigeria. The plant was authenticated at the Federal University of Lafia Herbarium, and a voucher specimen (FULH/AEI/082) was deposited. Plant materials were washed, cut into smaller pieces, air‑dried at room temperature for 14 days, and ground into powder.

2.2 Extraction
Powdered sample (250 g) of leaf and stem‑bark was separately extracted sequentially in a Soxhlet apparatus with hexane, ethyl acetate, and methanol (1000 mL each). Additionally, 50 g of each powder was extracted with hot distilled water (500 mL) by boiling for 15 min and standing for 24 h. All filtrates were concentrated by rotary evaporation and freeze‑dried. Extraction yield (%) was calculated gravimetrically.

2.3 Phytochemical Screening
Qualitative tests for alkaloids, flavonoids, tannins, saponins, cardiac glycosides, steroids, terpenoids, and anthraquinones were performed on all extracts using standard methods (Trease and Evans, 2005; Sofowora, 1993). Quantitative estimation of alkaloids, flavonoids, tannins, and steroids was carried out on the water extracts following the method of Harborne (1998).

2.4 Bacterial Isolates
Three standard bacterial strains—Streptococcus pneumoniae, Klebsiella pneumoniae, and Pseudomonas aeruginosa—were obtained from the National Veterinary Research Institute (NVIR), Vom, Plateau State, Nigeria. The cultures were received on nutrient agar slants and their identity was re‑confirmed upon arrival by colony morphology, Gram staining, and biochemical tests (catalase, oxidase, indole, methyl red, citrate utilization, optochin sensitivity, and bile solubility). Stock cultures were maintained on nutrient agar at 4 °C and sub‑cultured every two weeks.

2.5 Disc Diffusion Assay
Each extract was dissolved in 5% dimethyl sulfoxide (DMSO) to a stock concentration of 100 mg/mL; Tween 20 was used for oily hexane and ethyl acetate extracts. Serial doubling dilutions were prepared (50, 25, 12.5, 6.25 mg/mL). Sterile blank discs (6 mm) were impregnated with 30 µL of each dilution, air‑dried, and placed on Mueller‑Hinton agar plates freshly inoculated with a 0.5 McFarland suspension of the test organism. Erythromycin discs (30 µg) served as positive control, and discs impregnated with DMSO alone as negative control. Plates were incubated at 37 °C for 24 h. Inhibition zone diameters were measured with a digital caliper in triplicate, and results expressed as mean ± standard deviation.

2.6 Determination of MIC and MBC
Minimum inhibitory concentration (MIC) was determined by the broth microdilution method in 96‑well round‑bottom plates using Mueller‑Hinton broth (Elshikh et al., 2016). Extracts were serially diluted to obtain concentrations from 100.00 to 0.78 mg/mL. Each well received 50 µL of bacterial suspension (5 × 10⁸ CFU/mL). After 24 h incubation at 37 °C, 30 µL of resazurin solution was added, and colour change was observed after 1 h (blue = no growth, pink = growth). The MIC was the lowest concentration preventing colour change. Minimum bactericidal concentration (MBC) was determined by sub‑culturing wells from above the MIC onto antibiotic‑free Mueller‑Hinton agar and incubating at 37 °C for 24 h. The MBC was the lowest concentration yielding no colonies.

2.7 GC‑MS Analysis
Based on disc diffusion and MIC results, the two most active extracts—ASSM (stem‑bark methanol) and ASLH (leaf hexane)—were analysed on a THERMO GC‑TRACE ULTRA system equipped with a TR‑5MS column (30 m × 0.25 mm, 0.25 µm film thickness). Helium carrier gas (1 mL min⁻¹), split ratio 1:10, oven temperature from 60 °C to 220 °C at 6 °C min⁻¹. Compounds were identified by comparison with the NIST 05 mass spectral library.

2.8 Data Analysis
Data were analysed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). Results are expressed as mean ± standard deviation. One‑way analysis of variance (ANOVA) with Tukey’s post‑hoc test was used; P < .05 was considered significant.

3. RESULTS AND DISCUSSION
3.1 Extraction Yield and Phytochemical Composition
Hot water gave the highest extraction yield from A. senegalensis stem bark (16.7%), while methanol gave the highest yield from leaf (16.5%). Ethyl acetate produced the lowest yields (leaf 2.3%, stem bark 4.2%). Qualitative screening (Table 1) showed that flavonoids and tannins were widely distributed, particularly in the methanol and water extracts. Terpenoids were detected only in the hexane and ethyl acetate leaf extracts, while anthraquinones were absent in all extracts. These findings are consistent with Arijeniwa et al. (2022), who reported the presence of alkaloids, saponins, tannins, flavonoids, and terpenoids in A. senegalensis leaf extract, and Yilave et al. (2024), who confirmed the presence of phenols, tannins, terpenoids, flavonoids, steroids, saponins, and cardiac glycosides in leaf, bark, and root extracts.

Quantitative phytochemical analysis of the water extracts (Table 2) revealed flavonoids as the most abundant class (0.29 g in stem bark, 0.25 g in leaf per 2 g sample), and steroids the least abundant (0.02–0.03 g). Flavonoids are known to exert antibacterial effects through multiple mechanisms, including disruption of cytoplasmic membrane integrity, inhibition of nucleic acid synthesis, and interference with bacterial enzyme systems (Cushnie and Lamb, 2005). Recent work on Nigerian polyherbal formulations has similarly identified flavonoids, alkaloids, terpenoids, and saponins as the major classes responsible for antibacterial activity against Pseudomonas aeruginosa and other pathogens (Temitayo et al., 2026).
Table 1. Qualitative phytochemical screening of Annona senegalensis extracts
	Extract
	Alkaloids
	Tannins
	Saponins
	Flavonoids
	Steroids
	Cardiac Glycosides
	Terpenes
	Anthraquinones

	ASLH
	+
	–
	–
	–
	+
	–
	+
	–

	ASLE
	+
	+
	–
	+
	+
	+
	+
	–

	ASLM
	–
	+
	+
	+
	+
	–
	–
	–

	ASLW
	–
	+
	+
	+
	–
	–
	–
	–

	ASSH
	+
	–
	–
	–
	+
	+
	–
	–

	ASSE
	–
	–
	–
	–
	+
	+
	–
	–

	ASSM
	+
	+
	–
	+
	+
	+
	–
	–

	ASSW
	–
	+
	+
	+
	+
	–
	–
	–


Key: + = Present, – = Absent. ASLH (leaf hexane), ASLE (leaf ethyl acetate), ASLM (leaf methanol), ASLW (leaf water); ASSH (stem‑bark hexane), ASSE (stem‑bark ethyl acetate), ASSM (stem‑bark methanol), ASSW (stem‑bark water).

Table 2. Quantitative phytochemicals in water extracts of A. senegalensis (g per 2 g sample)
	Plant part
	Alkaloids
	Tannins
	Flavonoids
	Steroids

	ASS (stem)
	0.09
	0.07
	0.29
	0.02

	ASL (leaf)
	0.07
	0.05
	0.25
	0.03


3.2 Antibacterial Activity by Disc Diffusion
The methanol stem‑bark extract (ASSM) produced the largest inhibition zones (Table 3). Against S. pneumoniae, ASSM gave a zone of 21.67 ± 0.58 mm at 100 mg/mL, which was comparable to the erythromycin control (20.67 ± 1.53 mm). The methanol leaf extract (ASLM) also showed activity with 14.33 ± 0.58 mm at 100 mg/mL. Water and ethyl acetate extracts were generally inactive or weakly active. Hexane extracts were inactive against all strains. DMSO negative controls showed no inhibition.

The strong antibacterial activity observed for the methanol extracts agrees with earlier findings by Arijeniwa et al. (2022), who reported significant inhibition of S. aureus by an ethanolic leaf extract of A. senegalensis. The superior performance of methanol over other solvents is attributable to its ability to extract a wider range of polar and medium‑polarity compounds, including flavonoids, tannins, and alkaloids (Yilave et al., 2024). Similarly, crude extracts of Nigerian medicinal plants have been reported to inhibit Escherichia coli, Klebsiella spp., and Pseudomonas aeruginosa at concentrations that exceeded the activity of several conventional antibiotics (Udensi et al., 2025). The weak activity of water extracts suggests that traditional aqueous decoctions may require higher doses or longer extraction times to achieve therapeutic efficacy. A visual summary of the antibacterial activity at the highest tested concentration is provided in Fig. 1.
[image: image1.png]25

Zone of Inhib

2

0 “ | I I | ‘|

ASSH ASSE ASSM ASSW ASLH ASLE ASLM ASLW ERY
Extracts




Fig. 1. Zone of inhibition (mm) of Annona senegalensis leaf and stem‑bark extracts at 100 mg/mL against test bacteria. ASSH: stem‑bark hexane; ASSE: stem‑bark ethyl acetate; ASSM: stem‑bark methanol; ASSW: stem‑bark water; ASLH: leaf hexane; ASLE: leaf ethyl acetate; ASLM: leaf methanol; ASLW: leaf water; ERY: erythromycin (positive control). Values are means of three replicates. Complete data for all concentrations are provided in Table 3.
Table 3. Anti‑bacterial activity of Annona senegalensis extracts: zone of inhibition (mm) at various concentrations (mg/mL)
	Isolate
	Extract
	100 
	50 
	25
 
	12.5 
	6.25 

	S. pneumoniae
	ASSH
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASSE
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASSM
	21.67 ± 0.58
	18.33 ± 5.51
	15.67 ± 
3.06
	12.00 ± 
1.00
	10.00 ± 
1.00

	
	ASSW
	13.33 ± 1.53
	12.00 ± 1.00
	11.00 ± 1.00
	8.33 ± 
0.58
	6.33 ±
 0.58

	
	ASLH
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASLE
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASLM
	14.33 ± 0.58
	13.00 ± 1.00
	9.67 ±
 0.58
	8.67 ±
 0.58
	7.00 ± 
1.00

	
	ASLW
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ERY
	20.67 ± 1.53
	–
	–
	–
	–

	P. aeruginosa
	ASSH
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASSE
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASSM
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASSW
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASLH
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASLE
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASLM
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASLW
	6.67 ± 
0.58
	4.67 ±
 0.58
	0.00
	0.00
	0.00

	
	ERY
	1.67 ±
 0.58
	–
	–
	–
	–

	K. pneumoniae
	ASSH
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASSE
	4.00 ±
 6.93
	0.00
	0.00
	0.00
	0.00

	
	ASSM
	10.67 ± 0.58
	6.67 ±
 0.58
	2.67 ±
 0.58
	0.00
	0.00

	
	ASSW
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASLH
	5.33 ± 
0.58
	0.00
	0.00
	0.00
	0.00

	
	ASLE
	4.00 ±
 6.93
	0.00
	0.00
	0.00
	0.00

	
	ASLM
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ASLW
	0.00
	0.00
	0.00
	0.00
	0.00

	
	ERY
	14.33 ± 0.58
	–
	–
	–
	–


Values are mean ± SD (n = 3). ERY = erythromycin (positive control). DMSO negative control showed no inhibition. Statistical comparisons among extracts for each bacterial isolate were performed using one‑way ANOVA with Tukey’s post‑hoc test (*P* < .05).
3.3 MIC and MBC
ASSM and ASLM both exhibited MIC values of 1.56 mg/mL against S. pneumoniae and K. pneumoniae (Table 4). Against P. aeruginosa, ASSM gave an MIC of 3.13 mg/mL (MBC not detected), while ASLM gave an MIC of 25.00 mg/mL (MBC not detected). For all active extracts, MBC values were high (100 mg/mL) or unattainable, indicating predominantly bacteriostatic activity. Erythromycin MIC was 0.78 mg/mL for all isolates, with MBC values between 0.78 and 1.56 mg/mL.

The MIC values obtained in this study are lower than those reported by Yilave et al. (2024), who documented MIC values of 25–100 mg/mL for A. senegalensis extracts against K. pneumoniae and P. aeruginosa. These differences may reflect variations in extraction methods, bacterial strains, or geographical origin of the plant material. Jada et al. (2014, 2015) reported that crude tannins and flavonoids isolated from A. senegalensis leaf and stem bark demonstrated antimicrobial activity, further supporting the role of these phytochemical classes in the observed antibacterial effects.

The high MBC/MIC ratios (≥64) indicate that the extracts are primarily bacteriostatic at the tested concentrations, meaning that they inhibit bacterial growth rather than directly kill the bacteria. For immunocompetent individuals, a bacteriostatic agent can be clinically effective, as the host's immune system clears the inhibited bacteria. However, in settings with high HIV co‑infection rates such as Nigeria, bactericidal agents are often preferred. Future studies should investigate synergistic combinations of these extracts with conventional antibiotics to achieve bactericidal endpoints. A comparison MIC values across the most active extracts is presented in Fig. 2.
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Fig. 2. Minimum Inhibitory Concentration (MIC) of Annona senegalensis leaf and stem‑bark extracts against test bacteria. ASSH: stem‑bark hexane; ASSE: stem‑bark ethyl acetate; ASSM: stem‑bark methanol; ASSW: stem‑bark water; ASLH: leaf hexane; ASLE: leaf ethyl acetate; ASLM: leaf methanol; ASLW: leaf water; ERY: erythromycin (positive control). Values are means of three replicates. Complete MIC and MBC data are provided in Table 4.
Table 4. MIC and MBC (mg/mL) of Annona senegalensis extracts
	Isolate
	Extract
	MIC
	MBC
	Extract
	MIC
	MBC

	S. pneumoniae
	ASSH
	50.00
	–
	ASLH
	25.00
	–

	
	ASSE
	3.13
	–
	ASLE
	3.13
	–

	
	ASSM
	1.56
	100
	ASLM
	1.56
	100

	
	ASSW
	12.50
	–
	ASLW
	25.00
	–

	
	ERY
	0.78
	0.78
	ERY
	0.78
	0.78

	P. aeruginosa
	ASSH
	6.25
	–
	ASLH
	25.00
	–

	
	ASSE
	12.50
	–
	ASLE
	25.00
	–

	
	ASSM
	3.13
	–
	ASLM
	25.00
	–

	
	ASSW
	50.00
	–
	ASLW
	100.00
	–

	
	ERY
	0.78
	1.56
	ERY
	0.78
	1.56

	K. pneumoniae
	ASSH
	50.00
	–
	ASLH
	25.00
	–

	
	ASSE
	6.25
	–
	ASLE
	50.00
	–

	
	ASSM
	1.56
	100
	ASLM
	25.00
	–

	
	ASSW
	6.25
	–
	ASLW
	50.00
	–

	
	ERY
	0.78
	1.56
	ERY
	0.78
	1.56


Key: – = MBC not detected at the highest tested concentration. ERY = erythromycin.
3.4 GC‑MS Profiling
The leaf hexane extract (ASLH) yielded 18 peaks, dominated by phthalic acid, isobutyl 2‑pentyl ester (21.80%) and phytol (16.50%), alongside bicyclic sesquiterpenes (13.03%), copaene‑type sesquiterpenes (9.35%), and naphthalene derivatives (3.21%) (Table 5). The stem‑bark methanol extract (ASSM) contained 100 peaks; after excluding siloxane artefacts (which are recognised analytical contaminants from column bleed or laboratory sources), the main bioactive compounds included amide derivatives (1.49%), α‑acetobutyrolactone (1.28%), and an alkaloid‑related compound (1.21%) (Table 6).

Phytol, a diterpene alcohol identified in the leaf hexane extract, has been reported to possess broad‑spectrum antibacterial, antioxidant, and anti‑inflammatory properties (Islam et al., 2020). Phthalic acid esters have similarly been associated with antimicrobial and antifungal effects (Net et al., 2019). The amide and lactone‑type compounds detected in the stem‑bark methanol extract have been linked to bacterial enzyme inhibition and represent potential leads for further investigation (Brunton et al., 2018). The alkaloid‑related compound identified in ASSM is consistent with previous reports of bioactive alkaloids in A. senegalensis (Arijeniwa et al., 2022).

Table 5. Major bioactive compounds identified in A. senegalensis leaf hexane extract (ASLH) by GC‑MS
	Peak #
	Compound Name
	RT (min)
	Peak Area (%)
	Molecular Formula
	Biological Activity

	17
	Phthalic acid, isobutyl 2‑pentyl ester
	37.364
	21.80
	C17H24O4
	Antimicrobial, antifungal

	18
	Phytol
	38.434
	16.50
	C20H40O
	Antimicrobial, antioxidant, anti‑inflammatory

	5
	Bicyclo [5.2.0] nonane derivative
	24.078
	13.03
	C15H24
	Antimicrobial, insecticidal

	9
	Copaene‑type sesquiterpene
	26.011
	9.35
	C15H24
	Antioxidant, anti‑inflammatory

	6
	α‑Bergamotene/α‑Farnesene
	24.735
	5.86
	C15H24
	Antimicrobial, antioxidant

	13
	Naphthalene derivative
	33.761
	3.21
	C16H16
	Antimicrobial, cytotoxic

	15
	Ionone‑related ketone
	36.025
	2.62
	C13H20O
	Antioxidant, anti‑inflammatory


Table 6. Selected bioactive compounds identified in A. senegalensis stem‑bark methanol extract (ASSM) by GC‑MS
	Peak #
	Compound Name
	RT (min)
	Peak Area (%)
	Molecular Formula
	Biological Activity

	92
	N‑(3‑Butyrylamino‑propyl) ‑butyramide
	34.205
	1.49
	C11H22N2O2
	Antimicrobial

	43
	α‑Acetobutyrolactone
	20.087
	1.28
	C6H8O2
	Antimicrobial, antifungal

	28
	1,16‑Cyclocorynan‑17‑oic acid, 19,20‑didehydro‑, methyl ester
	14.801
	1.21
	C22H26N2O2
	Neuroactive, cytotoxic


Note: Siloxane artefacts were excluded.
The detection of copaene‑type sesquiterpenes and bergamotene/farnesene in the leaf hexane extract is consistent with the terpenoid‑rich profile of the Annonaceae family. These compounds are increasingly recognised for their antimicrobial and anti‑inflammatory activities (Yilave et al., 2024). The presence of high‑abundance siloxane compounds in the methanol extract of the stem bark is likely attributable to column bleed or laboratory contamination and is a recognised limitation of GC‑MS analysis.

3.5 Limitations of the Study

This study has several limitations that should be acknowledged. First, only three standard reference strains were used, which, while ensuring reproducibility, does not capture the genetic and phenotypic diversity of clinical bacterial isolates circulating in Nigeria. Second, the MIC and MBC assays were performed with technical replicates; independent biological replicates are needed to confirm the reproducibility of the findings. Third, no toxicity studies were conducted, either in vitro (cytotoxicity against mammalian cell lines) or in vivo (animal models), which are essential prerequisites before any therapeutic recommendation can be made. Fourth, the GC‑MS analysis relied solely on NIST library matching without co‑injection of authentic standards; complementary techniques such as LC‑MS would provide more definitive compound identification. The presence of siloxane artefacts is a recognised analytical limitation. Fifth, the extracts were found to be primarily bacteriostatic rather than bactericidal, which limits their potential application in immunocompromised patients. Finally, the study was entirely in vitro; laboratory results may not directly predict in vivo efficacy in the human body.
4. CONCLUSION
The methanol stem‑bark and leaf extracts of Annona senegalensis display notable in vitro antibacterial activity against S. pneumoniae, K. pneumoniae, and P. aeruginosa, with S. pneumoniae being the most susceptible. The activity is associated with high flavonoid content and the presence of bioactive compounds such as phytol, phthalic acid derivatives, and amide‑/lactone‑type constituents identified by GC‑MS. These findings support the traditional use of Annona senegalensis in treating infections and highlight the need for further studies, including compound isolation, toxicity evaluation, and possible synergy with standard antibiotics. In addition, computational approaches such as molecular docking and ADMET profiling could be applied to the identified compounds to prioritise leads for drug development (Okonji and Dash, 2026).
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