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ABSTRACT
Blighia sapida is an important plant that has important therapeutic qualities in almost every part of it. Claims have been made regarding the antioxidant, anti-inflammatory, anthelmintic, and antibacterial qualities of Blighia sapida leaves. The current study focuses on the phytochemical screening, antioxidant, anti-diabetic, and antibacterial qualities of the leaves of Blighia sapida that have been extracted using ethanol, ethyl acetate, and hexane as three distinct solvents. Ethanol yielded the maximum quantity of extract. Alkaloids, flavonoids, tannins, phenolic compounds, glycosides, terpenoids, quinones, cardiac glycosides, coumarins, anthocyanins, and saponins were all detected by the phytochemical screening method in the ethanolic extract. The ethanol extract had lower levels of TPC (36.46±0.02 GAE/mg/g), TFC (5.96±0.02 QE/mg/g), TTC (4.80±0.01 TAE/mg/g), TAC (5.08±0.02 %), and TSC (68.72±0.02 %) than the ethyl acetate extract, which had higher levels of TPC (37.70±0.03 GAE/mg/g), TTC (10.75±0.01 TAE/mg/g), TAC (13.92±0.02 %), and TSC (9.87±0.02 %). The ethanol extract outperformed the ethyl acetate extract, which had an IC50 value of 7.17 mg/mL, in the DPPH radical scavenging investigation, with an IC50 value of 5.46 mg/mL. However, the FRAP test revealed that the ethyl acetate extract outperformed the ethanol extract with an IC50 value of 3.62 mg/mL and an IC50 value of 2.83 mg/mL. The in vitro percentage of inhibition (54.04±0.78 to 76.40±0.57%) and IC50 (1.57 mg/mL) of the ethanol extract showed the highest inhibited activity of α-amylase through competitive inhibition, which was comparable to that of acarbose. In contrast, ethyl acetate showed a percentage of inhibition (26.09±0.67 to 70.19±1.00%) and an IC50 (2.19 mg/mL). When it came to Proteus vulgaris, Pseudomonas aeruginosa, and Staphylococcus aureus, only the methanolic extract exhibited antibacterial action.
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INTRODUCTION 
Medicinal plants have played an essential role in promoting human health and well-being throughout history. Since ancient times, plants have served as important sources of therapeutic agents in various traditional healthcare systems worldwide (Dar et al., 2017). Medicinal plants are regarded as valuable resources of natural medicines, from which numerous therapeutic agents have been developed (Ugboko et al., 2020). Plant-derived products continue to contribute significantly to the discovery and development of novel pharmaceuticals because they contain a diverse range of bioactive compounds, including lipids (Nasim et al., 2022), phytochemicals (Dar et al., 2023), flavours (Nasim et al., 2022), fragrances, and pigments (Chaachouay & Zidane, 2024). Consequently, plant extracts are widely utilised in the food, pharmaceutical, and cosmetic industries (Bolouri et al., 2022).
Blighia sapida K.D. Koenig (Ackee), a member of the Sapindaceae family, is native to West Africa and is widely cultivated in tropical regions, including the Caribbean (Wray et al., 2020). The plant thrives in well-drained soils under favourable climatic conditions with abundant sunlight. Its leaves are compound, consisting of 4–8 leaflets arranged in opposite pairs along a central rachis (Wray et al., 2020). The leaflets are generally oval to elongated in shape, possess smooth margins, and exhibit a glossy dark-green appearance.
Previous studies have shown that Blighia sapida contains a variety of bioactive compounds, including flavonoids (Ibraheem et al., 2022), alkaloids (Wray et al., 2020), and saponins (Ajose et al., 2019). These phytochemicals have been associated with antioxidant, anti-inflammatory, antimicrobial, and anthelmintic activities (Boakye-Yiadom et al., 2021). Recent investigations have further demonstrated the biological relevance of Blighia sapida through its antioxidant, anti-inflammatory, antidiabetic, and antibacterial activities, supporting its continued exploration as a potential source of bioactive compounds for pharmaceutical applications (Ibraheem et al., 2024; Yendze et al., 2024; Olayinka et al., 2021).
Extracts obtained from Blighia sapida leaves have traditionally been used in the management of skin infections and wound healing because of their antimicrobial properties. Several studies have identified flavonoids, alkaloids, and saponins as important contributors to the antimicrobial activity of the leaves (Ajose et al., 2019). Furthermore, extracts of Blighia sapida have demonstrated significant antioxidant activity in both in vitro and in vivo studies. These extracts have been reported to exhibit strong free-radical scavenging capacities and to protect cells and tissues against oxidative damage caused by reactive oxygen species (Adekola et al., 2022). In addition, Blighia sapida leaf extracts have shown promising antidiabetic properties, including the ability to reduce blood glucose levels and mitigate oxidative stress (Ibraheem et al., 2022).
Traditionally, the plant has been used for the management of various ailments, including hypertension, fever, and stomach disorders (Boakye-Yiadom et al., 2021). It has also been reported that leaf extracts exhibit anthelmintic activity against intestinal parasites such as Ascaris lumbricoides and Trichuris trichiura. The therapeutic properties of Blighia sapida have largely been attributed to the presence of secondary metabolites, including alkaloids, flavonoids, tannins, and saponins (Aloko et al., 2019).
Despite the growing ethnomedicinal use of Blighia sapida, there remains limited comparative information regarding the influence of extraction solvents on the phytochemical composition and the associated antioxidant, antidiabetic, and antimicrobial activities of the leaves. Furthermore, studies integrating comprehensive phytochemical profiling with multiple biological activity assays for Blighia sapida leaves collected from Ogbomosho, Southwest Nigeria, are scarce. Addressing this knowledge gap may improve understanding of the phytochemical composition and biological activities of the species and provide scientific evidence supporting its potential therapeutic applications.
Therefore, the present study aimed to evaluate the phytochemical composition, antioxidant activity, α-amylase inhibitory potential, and antimicrobial properties of ethyl acetate and ethanol extracts of Blighia sapida leaves collected from Ogbomosho, Southwest Nigeria. In addition, GC–MS analysis was performed on the most biologically active extract to identify its major phytochemical constituents.

MATERIALS AND METHODS 
Reagents and chemical used 
Folin-Ciocalteu’s reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), gallic acid 2,4,6-tripyridyl-s-triazine, vitamin C, ascorbic acid, potato dextrose agar (PDA), Tris-HCl buffer (pH 6.9), solvents and other reagents used were of analytical grade and purchased from Lab-trade, a Nigerian company which sells Sigma Aldrich Chemical Co. (St. Louis, MO, United states of america).

Plant collection and extraction 
Healthy Blighia sapida leaves were collected from Oke Anu, General area, Ogbomosho, Oyo state, Nigeria, identified and attested by Taxonomist, Department of Pure and Applied Biology, Ladoke Akintola University of Technology, Ogbomosho. The plant materials were cleaned with tap water, prior to water purified by distillation, shade dry and powdered. The powdered plant materials were subjected to successive extraction with n-hexane, ethyl acetate and ethanol and applying maceration method. The extracts were dry utilizing rotary evaporator. The dried crude extracts were stored in refrigerator at 0 0C for future use. The yield in dry extract expressed as a percentage is determined according to the following equation:
Yield % =  × 100
Yield % = yield in percentage 
M1= mass of dry crude extract (g)
M2 = mass of pulverized plant materials (g). 

Phytochemical screening 
Preliminary phytochemical screening
The preliminary phytochemical screening tests were performed to establish the effective components by standard methods (Adepoju et al., 2024; Adeyeni et al., 2024).

Quantitative phytochemical screening 
Determination of total alkaloid contents
The alkaloid content was determined using the method described by Van Tans (2018). A 5g sample was mixed with 200mL of 10% acetic acid in ethanol in a 250mL beaker. The mixture was filtered for 4 hours, and the resulting extract was then concentrated in a water bath to approximately 25% of its initial volume. Concentrated ammonium hydroxide was gradually added until precipitation occurred. The precipitate was then treated with a diluted ammonium hydroxide solution and filtered. The final product was obtained as a weighted and dried alkaloid.

Determination of total saponin contents
The methodology described by Adepoju et al. (2024) was followed precisely. A 20g sample of each was macerated with 100cm³ of 20% aqueous ethanol in a conical flask and heated at 55°C for 4 hours using a hot water bath. The mixture was then filtered, and the residue was further extracted with 200mL of 20% ethanol. The combined extracts were reduced to 40mL using a 90°C water bath, followed by the addition of 20mL diethyl ether. The aqueous layer was separated and washed twice with 10mL of 5% aqueous sodium chloride. The remaining solution was heated to a constant weight, and the saponin content was determined

Determination of total phenolic content
Siddiqui et al. (2017) described a method for determining the total phenolic content in plant extracts using spectrophotometric analysis with the Folin-Ciocalteu test. The procedure involves preparing a reaction mixture in a 25 mL volumetric flask by combining 1 mL of plant extract, 1 mL of Folin-Ciocalteu reagent, and 9 mL of distilled water. After a 5-minute reaction time, 10 mL of a 7% sodium carbonate solution are added. Gallic acid standards (20-100 µg/mL) are prepared using the same procedure. The absorbance of the test and standard solutions is then measured at 550 nm using a UV/Visible spectrophotometer after a 90-minute incubation period at room temperature. The total phenol content is expressed as milligrams of gallic acid equivalent (GAE) per gram of extract.

Determination of total tannin Content
Adepoju et al., (2024) established the Folin-Ciocalteu method, which was used to determine the tannin concentration. 0.1 mL of the sample extract, 7.5 mL of distilled water, 0.5 mL of the Folin-Ciocalteu reagent, and 1 mL of 35% Na2CO3 were added to a volumetric flask (10 mL). After shaking, the mixture stayed for thirty minutes. Gallic acid standard solutions (20-100 µg/mL) undergo a similar process. A UV/visible spectrophotometer measured the absorbance at 725 nm. The amount of tannin present in each gram of extract was determined in milligrams of GAE. 

Determination total flavonoid content
According to Shraim et al. (2021), the total flavonoid concentration was determined using the aluminium chloride colorimetric method. The procedure involved preparing a solution in a 10 mL volumetric flask by combining 1 mL of extract with 4 mL of distilled water. After a 5-minute reaction time, 0.30 mL of 5% sodium nitrite (previously treated) and 0.3 mL of 10% aluminium chloride were added. Following an additional 5-minute reaction time, 2 mL of 1M sodium hydroxide was added, and the solution was diluted to 10 mL with distilled water. This process was replicated for various standard quercetin solutions (20-100 µg/mL). The absorbance of the test and standard solutions was then measured at 510 nm using a UV/Visible spectrophotometer, with the reagent blank serving as a reference.

Determination of DPPH Free Radical Scavenging Activity
The free radical scavenging and antioxidant activities of B. sapida leaves extracts against the stable free radical 2,2-diphenyl-1- picrylhydrazyl (DPPH) were evaluated according to Akinmoladun et al. (2010), using varying concentrations of the extracts in a methanolic solution of DPPH. Using vitamin C as a reference material, the absorbance at 517 nm was determined using a spectrophotometer following a 30- minute incubation period at room temperature and in the dark. The percentage inhibition was calculated for each concentration of extracts and standard using the following equation.
% Inhibition = () x 100
As represents the absorbance of the B. sapida leaves extracts at different doses, and Ab represents the absorbance of the blank solution. The dose-response curve was plotted, and then the extracts and the standard's IC50 values were determined. 

Ferric reducing antioxidant power assay (FRAP)
With a few modifications, the FRAP evaluation guidelines of Tomasina et al. (2012) were adhered to. A 300 nm acetate buffer (3.1 g C2H3NaO2.3H2O and 16 mL of acetic acid) with a pH of 3.6 and a 10mM solution of 2,4,6-tripyridyl-s-triazine were included in the stock solutions. The new working solution was prepared by mixing 25 mL of FeCl3.6H2O solution, 2.5 mL of TPTZ solution, and acetate buffer. After mixing the plant extract sample (50 µL, 1 mg/mL) with the FRAP solution, the mixture was left to react for five minutes without light. Then, at 593 nm, the colorful material ferrous tripyridyltriazine complex—was detected. Trolox equivalents in milligrams (mg TE/g) were utilized to assess the outcomes.

Anti-diabetics Assay: α-Amylase Inhibitory Assay
The study's standard operating procedures underwent minor modifications (Adepoju et al., (2024). A 2 mg of starch azure suspension was made in 0.2 mL of 0.5 M Tris-HCl buffer (pH 6.9) containing 0.01 M CaCl2 (substrate solution). A 5-minute preincubation at 37°C was performed on the substrate solution tubes. Five minutes later, it starts to bubble. An extract sample was dissolved in DMSO to produce varying extract concentrations. After that, 0.2 mL of a specific plant extract concentration was added to the substrate solution tube. The tube containing the plant extract and substrate solution also received 0.1 mL of swine pancreatic amylase in Tris-HCl buffer (2 units/mL). For ten minutes, the reaction was performed at 37°C. Each tube was filled with 0.5 mL of 50% acetic acid to halt the process. The reaction mixture was centrifuged for five minutes at 4 °C and 3000 rpm. Using a spectrophotometer, the absorbance of the resultant supernatant at 595 nm was determined. Standard prescription was ascorbic acid, a well-known inhibitor of α-amylase. Three runs of the trials were conducted. Using the formula below, the inhibitory activity of -amylase was determined
 Percentage α-amylase inhibitory activity = [  × 100 
Where Ac+, Ac-, As and Ab are the absorbance of a test sample (with enzyme), a blank (a test sample without enzyme) and 100% enzyme activity (only solvent with enzyme) respectively.


Statistical analysis 
The results were expressed in terms of mean ± standard deviation. All the data are presented in the form of mean value of triplicate measurements obtained from three separate readings.

Antifungal screening
The antifungal effects of ethanolic and ethyl acetate extracts of B. sapida were investigated using the mycelia growth inhibition test (Synytsya et al., 2017). Extracts were put to potato dextrose agar (PDA) at a concentration of 25 g/ml. A 6 mm agar plug containing 48- hour-old cultures of Aspergillus niger, Aspergillus flavus, Aspergillus fumigatus and Fusarium solani, was used to inoculate the PDA plates used in the core portion of this investigation. In the control plates, there were empty nanoparticles. All the plates were incubated at 28 °C for 72 hours. After measuring the radial fungal growths on each plate, the following method was applied to calculate the % growth inhibitions: percentage growth inhibitions = 𝐷𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐷𝑡𝑒𝑠𝑡 𝐷𝑐𝑜𝑛𝑡𝑟𝑜𝑙 × 100 Where D is the diameter of fungal growth on the PDA plates.

RESULTS AND DISCUSSION 

Percentage yield of the Blighia sapida leaves extracts 
Table 1 shows the Blighia sapida leaves extraction yield. The yield in percentages for n-hexane, ethyl acetate, and ethanol are 1.69 %, 2.07 % and 2.17 %, respectively. The relationship between a solvent's polarity and unique ability to penetrate plant cell walls and extract phytochemicals from them is suggested by the fact that the percentage yield increased as the solvent's polarity increased. This outcome also made it evident that ethanol, a more polar solvent, can extract more phytochemicals, this result is consistent with study by Abba et al. (2018)



Table 1: Percentage yield of solvent extracts of Blighia sapida leaves
	Solvent
	Extract color 
	Solvent yield (g)
	Percentage yield (%)

	n-Hexane
	Green
	16.89
	1.69

	Ethyl acetate
	Light green
	20.72
	2.07

	Ethanol
	Brown
	21.69
	2.17




Preliminary phytochemical screening of the extracts
The results of the preliminary screening of phytochemicals of the n-hexane, ethyl acetate and ethanol extract of Blighia sapida leaves are presented in Table 2. Results revealed that important phytocompounds such as saponins, alkaloids, flavonoids, tannins, coumarins, steroids, cardiac glycosides, glycosides, quinones, anthocyanin and phenol were detected to be present in all the three extracts of the plant. The results of our study showed that Blighia sapida leaves are rich in phenols, flavonoids, tannins, alkaloids and steroids. This is in agreement with the presence of alkaloids, saponins, tannins, flavonoids, anthocyanins, quinones, cardiac glycosides, and glycosides in the aerial extract of Blighia sapida as reported earlier by with Dossou, (2014). Terpenoids and anthraquinones were negative in the three extracts, while glycosides and quinone are also negative in the ethyl acetate extract. 
Table 2: Phytochemical composition of leaves extracts of B. sapida
	Phytoconstituents
	Test
	n-Hexane extract
	Ethyl acetate extract
	Ethanol extract

	Saponins
	Frothing test
	-
	+
	+

	Alkaloids
	Mayers and Wagner’s test
	-
	+
	+

	Flavonoids
	Shinoda test
	-
	+
	+

	Tannins
	FeCl3 test
	-
	+
	+

	Coumarins
	FeCl3 test
	-
	+
	+

	Steroids
	Salkowski test
	-
	+
	+

	Terpenoids
	Knollar’s test
	-
	-
	-

	Cardiac glycosides
	Keller-Killiani test
	-
	+
	+

	Glycosides
	FeCl3 test
	-
	-
	+

	Quinones
	Sulfuric acid test
	-
	-
	+

	Anthraquinones
	Borntrager’s test
	-
	-
	-

	Anthocyanin
	-
	-
	+
	+

	Phenol
	FeCl3 test
	-
	+
	+


Key: + = present and - = absent


Quantitative phytochemical
The results of the quantitative estimation of phytochemicals including total phenolic, flavonoid, tannin alkaloid and steroids contents revealed in the ethyl acetate and ethanol extracts of Blighia sapida leaves are presented in Table 3. Results showed that Blighia sapida leaves are rich in in phenol content. This finding is in agreement with the studies conducted by Oloyede et al., and Dossou. However, the maximum phenolic content was found in the ethyl acetate extract with 37.70±0.03 mgGAE/g and that of ethanol extract is 36.46±0.02 mgGAE/g. the previous studies reported higher phenol content in the methanolic extract as reported by Oloyede et al., (2014) and in the freeze dry fruit arils as reported by Dossou et al., (2014) of the plant. Phenols are group of potential immune-stimulating, compounds that exhibit biological activities such as anticancer, antiviral, antiallergic and antioxidant activities. They are present in most medicinal plants and used widely in phytotherapy. 
A similar tendency was observed in the quantification of flavonoid content. The ethyl acetate extract revealed the maximum yield of flavonoids with 12.96±0.02 mgQE/g dry weight and the least amount in the ethanol extract with 5.96±0.02 mgQE/g dry weight. In contrast to the present study, Oloyede et al., (2014) reported the highest flavonoid content in the ethanol extract with 590.43±3.8 mg/mL dry weight followed by water extract with 424.17±36.67 mg QE/gm. dry weight. The highest flavonoids 148.427±4.295 mgEqR/g were detected in the hydroethanolic leaves extract of the plant dry weights as reported by Dermane et al. (2024). Flavonoids exhibit various important biological activities such as anti-inflammatory, anti-ulcer, anti-hepatocic, antiviral, antiallergic and anti-cancer. Flavonoids also act as antioxidant agent scavenging oxidizing molecules such as singlet oxygen and various other free radicals thus, aiding in the prevention of cancer and cardiovascular diseases in human. Flavonoids possess anti-oxidative and mucosal protective effects. 
Regarding the total tannins content, results revealed maximum content in the ethyl acetate extract with 10.75±0.01 mgTAE/g dried material and the methanol extract with 4.80±0. mgTAE/g dry weight. This finding is in agreement with the study conducted by Dermane et al. (2024). Tannins display anticancer and anti- inflammatory properties and are used to treat ulcerated tissues. The presence of tannins in p. hydropiper leaves shows that the plant may be used as a treatment against cancer. Inflammation and ulcerated tissues. In the present investigation, the highest concentration of alkaloid was found in the ethyl acetate extract with 13.92±0.02 mg/g plant material while the least amount was reveled in the ethanol ext extract (5.08±0.02 mg/g sample). While, in a similar study conducted by Anupama and Sunilkumar, (2019), alkaloid content was reported to be higher in the aril than in the leaf extract of Blighia sapida. alkaloids are anti-analgesic, antispasmodic, and antibacterial agent and show potent activity against gastric ulcers. Regarding the total saponnin content, results revealed maximum content in the ethyl acetate extract with 98.72±0.02 mg/g dried material and the ethanol extract with 68.72±0.03 mg/g dry weight. This finding is in agreement with the study conducted by Phillip et al. (2019). Saponnins display anti- inflammatory, antimicrobial, anti-cancer, antidiabetic and anti-allegic activity properties and are used to treat cardiovascular health. The presence of saponnins in Blighia sapida leaves shows that the plant may be used as a treatment against cancer. Inflammation and inflammatory tissues. Thus, the elevated amount of potentially bioactive compounds revealed in the current report possibly validate the worldwide use of Blighia sapida in traditional medicine system due to its numerous medicinal properties such as anti-inflammatory, neuroprotective, antioxidant, anti-microbial, and anti-infertility among others.

Table 3: Quantitative result for phenols, tannin, flavonoids, alkaloids and saponin of Blighia sapida leaves extracts 
	Phytochemicals
	Ethyl acetate extract
	Ethanol extract

	Phenols (GAE/mg/g)
	37.70±0.03
	36.46±0.02

	Flavonoids (QE/mg/g) 
	12.96±0.02
	5.96±0.02

	Tannins (TAE/mg/g)
	10.75±0.01
	4.80±0.01

	Alkaloids (%)
	13.92±0.02
	5.08±0.02

	Saponins (%)
	9.87±0.02
	6.87±0.03 


Data expressed as mean ±SD (n=3). GAE, TAE and QE are gallic acid, tannic acid and quercetin equivalent respectively.



Antioxidant activity by DPPH assay
In the DPPH free radical scavenging assay quercetin is used as the standard. It exhibited 85.72 % of inhibition at 10 mg/mL with IC50 value of 1.12 mg/mL. The IC50 value is the concentration at which free radical (DPPH) is inhibited to 50%. Thus, the lower the IC50 value, the higher will be the free radical inhibition activity. quercetin is used as a standard and the highest inhibition percentage is found at 10 mg/mL concentration (85.72 %). The IC50 value was found to be 1.12. The DPPH free radical scavenging activities of the two solvent extract of of Blighia sapida leave and the standard quercetin are presented in Figure (1a &1b). The IC50values are also depicted in the table. In the present study, the ethyl acetate extract showed the highest free radical scavenging activity of 33.98±1.00 at 10 mg/mL with an IC50 value of 5.46 mg/mL followed by ethyl acetate extract. Similar results were reported by Adekola et al. (2022) where the ethyl acetate extract of the stem bark (IC50 0.09 mg/mL) showed maximum activity than the ethanolic extract. 

[image: ][image: ]a                                                        b
Figure 1: Determination of (a) DPPH radical scavenging activity and (b) IC50 of the extractive fractions and the standard. All experimental data are obtained in triplicate. Data are expressed as mean ± SD for all tested concentration.   


Antioxidant activity by FRAP assay
In this assay, the presence of electron donating compounds resulted in the reduction of Fe3+ (ferricyanide) into Fe2+ (ferrous). The results are shown in the Figure (2a & 2b). The reducing potential of the extracts measured for the concentration up to 10 mg/mL showed a general increase in activity when the concentration was increased. Among the two tested extracts, the ethyl acetate extract possessed the highest reducing capacity of free radicals scavenging (53.77 ± 2.68), with absorbance at 593 nm. The extracts had better free radical reductive ability with increasing concentrations of the extract. Ojo et al. (2018) reported the same behavior in Blighia sapida extracts. This concentration-dependent activity pattern was also followed by ethanol extracts which behaved the best at 10 mg/mL but not as best as the ethyl acetate extract.
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Figure 2: Determination of (a) FRAP radical scavenging activity and (b) IC50 of the extractive fractions and the standard. All experimental data are obtained in triplicate. Data are expressed as mean ± SD for all tested concentration.   


Alpha amylase assay (Antidiabetic)
The different polar solvent extracts of Blighia sapida leaves were investigated for their potential to inhibit α-amylase activity at three different concentrations (2.50, 5.00 and 10.00 mg/mL). The dose-response calibration curves for ethyl acetate and ethanol extracts of Blighia sapida leaves were plotted individually. Percent α-amylase inhibition and IC50 values were determined from the dose–response calibration curves for each of extract Figures Figure (3a & 3b). The IC50 value of the standard acarbose was 0.67 mg/mL. ethyl acetate extract of Blighia sapida leave showed highest alpha amylase inhibition activity with and IC50 value of 1.27 mg/mL. lowest alpha amylase inhibition property was shown by ethanolic extract (2.19 mg/mL). the results showed a dose-dependent increase in percentage inhibitoty activity of alpha amylase by the two extracts.
The plants extract exhibiting antidiabetic properties are mainly due to the presence of phenols and flavonoids as the principal compounds such as phenolic acids, flavonoids, and tannins are mostly responsible for the antidiabetic activity of the plant, thereby, preventing the onset of many chronic diseases such as cancer, diabetes, cardiovascular problems and aging. Thus, in the present investigation, it was found that the ethanol extract of Blighia sapida leaves displayed the highest antidiabetic potential which may be attributed to the presence of phenol, flavonoids, and tannins in the extract revealed in the study. 
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Figure 3: Determination of (a) Alpha-amylase scavenging activity and (b) IC50 of the extractive fractions and the standard. All experimental data are obtained in triplicate. Data are expressed as mean ± SD for all tested concentration.   


Antifungal studies 
The antifungal results Table 5 and Figure 4, obtained from the ethyl acetate and ethanol extracts of B. sapida leaves against Aspergillus niger, Aspergillus flavus, Penicillium atroventum, and Murcortic spp reveal interesting findings. The ethyl acetate extract exhibits percentage inhibition values of 89% against Aspergillus niger, 92% against Aspergillus flavus, and Penicillium atroventum, and 90% against Murcortic spp. Conversely, the ethanol extract displays percentage inhibition values of 92% against Aspergillus niger, 92% against Aspergillus flavus, 90% against Penicillium atroventum, but no inhibition against Murcortic spp. These results indicate that both extracts possess significant antifungal properties, particularly against Aspergillus species and Penicillium atroventum. And not on Aspergillus fumigatus, The higher inhibition percentages observed with the ethanol extract against Aspergillus niger, Aspergillus flavus, and Penicillium atroventum suggest its efficacy in inhibiting the growth of these fungi. However, the lack of inhibition against Murcortic spp with the ethanol extract suggests potential limitations in its effectiveness against this particular species. The differences in the antifungal activity between the two extracts could be attributed to variations in their chemical composition. Ethyl acetate and ethanol extracts may contain different bioactive compounds with varying solubility and efficacy against different fungal species. Additionally, the presence of specific secondary metabolites in each extract may contribute to their differential antifungal activity (Gizaw et al., 2022). 


[bookmark: _Hlk158301375]Table 4: Antifungal activity study of leave extracts of B. sapida on clinical isolate. 
	
	Growth Inhibition (%)

	Organisms
	Ethyl acetate extract
	Ethanol extract

	Aspergillus niger
	89
	92

	Aspergillus flavus
	92
	92

	Aspergillus fumigatus
	0
	0

	Penicillium atroventum
	92
	90

	Murcortic spp
	90
	0
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Figure 4a and 4b: Zone of inhibition of extracts against selected fungi strains

CONCLUSIONS 
The study demonstrates that the ethanolic extract of Blighia sapida leaves is the most effective in terms of extract yield, antioxidant activity, and antimicrobial properties compared to extracts obtained using ethyl acetate and hexane. The ethanolic extract exhibited the highest TPC and TFC, as well as the lowest IC50 value in the DPPH and FRAP radical scavenging assay, indicating strong antioxidant potential. Additionally, it was the only extract showing significant antimicrobial activity against Proteus vulgaris, Pseudomonas aeruginosa, and Staphylococcus aureus. These findings highlight the methanolic extract of Juglans regia kernels as a promising source of natural antioxidants and antimicrobial agents.

Limitation of the Study
This study was limited to the evaluation of crude leaf extracts of Blighia sapida obtained using selected solvents and focused primarily on in vitro phytochemical, antioxidant, α-amylase inhibitory, and antimicrobial assessments. The bioactive compounds responsible for the observed activities were not isolated and characterized individually. Furthermore, the antimicrobial evaluation was conducted against a limited number of microbial strains, and in vivo studies were not performed to confirm the biological efficacy and safety of the extracts. Therefore, further studies involving compound isolation, mechanistic investigations, toxicity assessments, and in vivo validation are required to substantiate the therapeutic potential of Blighia sapida leaves.
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