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ABSTRACT
Solanum aethiopicum (African garden egg) is a tropical vegetable commonly consumed in Nigeria and other parts of Africa, traditionally used not only as food but also in folk medicine for the management of chronic ailments such as diabetes. This study aimed to investigate the phytochemical constituents, nutritional composition, mineral content, and in-vitro antidiabetic potential of the ethanolic leaf extract of S. aethiopicum. The study utilized standard analytical techniques, including High-Performance Liquid Chromatography (HPLC) for profiling phenolic and flavonoid compounds, proximate and mineral analyses for nutritional assessment, Folin–Ciocalteu and aluminium chloride assays for total phenolic and flavonoid determination, and α-amylase inhibition assay to evaluate antidiabetic potential. HPLC profiling revealed caffeic acid (614.69 mg/L) as the most abundant compound, alongside kaempferol, naringin, gallic acid, salicylic acid, tannic acid, apigenin, rutin hydrate, quercetin, and p-coumaric acid. Proximate analysis indicated high carbohydrate content (83.83%) with appreciable levels of protein (3.16%) and ash (4.23%). Mineral evaluation showed magnesium (25.02 ppm) and calcium (13.04 ppm) as the dominant elements. The extract also exhibited significant levels of total phenolics (83.04 mg/g) and flavonoids (58.11 mg/g). In-vitro studies demonstrated a concentration-dependent α-amylase inhibitory effect, with maximum inhibition of 45.56% at 1000 µg/mL, compared to 89.90% for acarbose, the standard. These findings indicate that S. aethiopicum is a valuable source of nutrients and bioactive compounds and possesses moderate antidiabetic activity, thus supporting its ethnomedicinal use and potential role in diabetes management.
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INTRODUCTION
Diabetes mellitus is one of the most prevalent chronic metabolic disorders, characterized by persistent hyperglycemia resulting from defects in insulin secretion, insulin action, or both (Care, 2022). The disease is a major global health concern, with rising prevalence, especially in low- and middle-income countries. Controlling postprandial hyperglycemia is central to its management, and one effective approach is the inhibition of carbohydrate-hydrolyzing enzymes such as α-amylase and α-glucosidase (Tundis et al., 2010). Although synthetic inhibitors like acarbose are available, their adverse side effects have necessitated the search for safer, plant-based alternatives.
Medicinal plants have long been used in the prevention and treatment of human diseases due to their rich phytochemical and nutritional composition. Globally, more than 80% of the population in developing countries rely on plant-based remedies for primary healthcare needs, largely because they are affordable, accessible, and considered relatively safe compared to synthetic drugs (Ekor, 2014; WHO, 2019). These plants contain bioactive secondary metabolites such as alkaloids, phenolics, flavonoids, terpenoids, and tannins, which contribute to their therapeutic potential (Atanasov et al., 2015). In recent years, increasing attention has been given to natural products as sources of antioxidants and enzyme inhibitors that can play an important role in the management of chronic diseases.
One of such plant is Solanum aethiopicum L., commonly known as the African eggplant or garden egg, is an edible plant widely cultivated in West Africa for its nutritional and medicinal values. It belongs to the family Solanaceae and is traditionally used for the treatment of ailments such as inflammation, hypertension, gastrointestinal disorders, and diabetes (Adeniji et al., 2012). The plant is a rich source of vitamins, minerals, phenolics, and flavonoids, which contribute to its antioxidant and therapeutic properties (Chinedu et al., 2011). Previous studies have reported the proximate composition, antioxidant activity, and ethnomedicinal applications of S. aethiopicum. However, there is still limited information on the detailed phytochemical profiling of its leaves using advanced analytical tools. In particular, no comprehensive High-Performance Liquid Chromatography (HPLC) analysis has been reported for the ethanolic leaf extract, which could provide deeper insights into its bioactive constituents and potential therapeutic benefits.
Therefore, this study aims to evaluate the phytochemical constituents, nutritional composition, mineral profile, and in-vitro antidiabetic activity of the ethanolic leaf extract of Solanum aethiopicum. High-Performance Liquid Chromatography (HPLC) was employed for the identification of bioactive compounds, proximate and mineral analyses for nutritional evaluation, and α-amylase inhibitory assay to assess its potential in diabetes management.
MATERIALS AND METHODS
3.1 Collection of Plant Material
Fresh leaves of Solanum aethiopicum were harvested in April 2025 from Rivers State, Nigeria. The plant was identified in the Department of Plant Science and Biotechnology, Rivers State University, Port Harcourt, Nigeria. The leaves were spread under shade at room temperature and allowed to dry for 14 days to prevent degradation of heat-sensitive phytochemicals. The dried leaves were pulverized into fine powder using an electric grinder and stored in airtight containers until extraction.
3.2 Extraction procedure
Approximately 300 g of the powdered sample was macerated in 1 L of 95% ethanol for 72 hours with intermittent shaking to ensure maximum extraction of phytoconstituents. The mixture was filtered using Whatman No. 1 filter paper, and the filtrate was concentrated under reduced pressure using a rotary evaporator at 40 °C. The resulting crude ethanolic extract was dried to constant weight, weighed, and preserved in an airtight container at 4 °C until required for further analyses.
3.3 Proximate Analysis
Proximate analysis of the plant extract was completed using previously described standard protocols. The following parameters are checked and their adopted techniques are detailed below.
3.3.1 Ash Content Determination
The total ash content of the sample was determined by incineration. A clean and dry porcelain crucible was first weighed. Then, 2.0 g of the plant extract was introduced into the crucible. The sample was ashed in a muffle furnace at 550 °C for 3–4 hours until a constant weight was obtained, indicating complete combustion of organic matter. The crucible containing the ash was removed from the furnace, cooled in a desiccator to prevent moisture absorption, and reweighed. The difference in weight represented the inorganic mineral content (ash) of the sample. The ash content was calculated using the formula:
Ash content (%) = (Weight of ash / Weight of sample) × 100
3.3.2 Crude Fiber Content Determination
The crude fiber content of the plant sample was determined using the standard gravimetric method. The sample was first defatted with petroleum ether to remove lipids that might interfere with the analysis. Exactly 1.0 g of the defatted sample was weighed into a porcelain crucible. To this, 100 mL of trichloroacetic acid (TCA) was added, and the mixture was refluxed for 4 hours to facilitate the breakdown of non-fiber components. After refluxing, the mixture was cooled, filtered, and the residue dried in a hot air oven at 100 °C for 24 hours. The dried sample was cooled in a desiccator and weighed. To remove non-fibrous organic matter, the dried residue was ignited in a muffle furnace at 600 °C for 6 hours until ashing was complete. The ash was then cooled in a desiccator and reweighed. The crude fiber content was calculated using the formula:
Crude fiber content (%) = (Weight of residue - Weight of ash) / Weight of sample × 100
3.3.3 Moisture Content Determination
The moisture content of the plant extract was determined using the oven-drying method. A clean and dry crucible was weighed to a constant weight and recorded. Exactly 2.0 g of the plant extract was then introduced into the crucible, and the weight was recorded as the initial weight (W). The sample was placed in a hot air oven maintained at 105 °C and dried for 3–4 hours or until a constant weight was obtained. After drying, the crucible was transferred into a desiccator, allowed to cool to room temperature, and reweighed. The weight obtained after drying was recorded as the final weight (W₁). The moisture content was calculated using the formula:
Moisture content (%) = (Initial weight (W) - Final weight (W1)) / Initial weight (W) × 100
3.3.4 Fat Content Determination	
The fat content of the plant extracts was determined using the Soxhlet extraction method. A clean, dry extraction thimble was weighed, and 3.0 g of the plant extract was carefully introduced into it. The sample was subjected to extraction in a Soxhlet apparatus using 20 mL of n-hexane as solvent for a duration of 4–6 hours. After extraction, the solvent was evaporated, leaving behind the crude fat residue. The extracted fat was then dried in an oven at 100 °C for 1 hour to ensure removal of residual solvent. Finally, the flask containing the extracted fat was weighed, and the fat content was recorded.
Fat content (%) = (Weight of extracted fat / Weight of sample) × 100
3.3.5 Carbohydrate Content Determination
Exactly 2.0 g of the plant extract was weighed and homogenized in a mortar and pestle with 20 mL of 2.5% sulfuric acid (H2SO4). The homogenate was transferred into a boiling tube and boiled for 10–15 minutes to hydrolyze the polysaccharides into simple sugars. The solution was then filtered, and the filtrate was made up to 250 mL with distilled water and thoroughly shaken to ensure homogeneity. The pH of the solution was adjusted to 7.0. From this, 1 mL was pipetted and diluted with 9 mL of distilled water. Out of this dilution, 1 mL was further transferred into a clean boiling tube, to which 4 mL of freshly prepared 0.1% Anthrone reagent was added. The mixture was boiled, allowed to cool, and the absorbance was measured at 620 nm using a spectrophotometer. The carbohydrate content was calculated using the formula:
Carbohydrate content (%) =	 Absorbance of Sample X Concentration of Standard
Absorbance of Standard
3.3.6 Protein Content Determination
The crude protein content of the sample was determined using the Kjeldahl method. Exactly 1.5 g of the plant extract was weighed, homogenized, and transferred into a digestion flask. To this, 15 g of sodium sulfate, 1 g of copper sulfate (as catalyst), boiling granules, and 20 mL of concentrated sulfuric acid (H2SO4) were sequentially added. The mixture was digested under heat until the solution became almost colorless or light green, indicating complete digestion of organic nitrogen into ammonium sulfate. The digest was allowed to cool, and 200 mL of distilled water was added carefully along with additional boiling granules to prevent bumping during distillation. A 500 mL receiving flask containing 100 mL of standardized 0.1 N hydrochloric acid (HCl) and 1 mL of Conway indicator was placed under the condenser. To the digested sample, 100 mL of 50% sodium hydroxide (NaOH) solution was carefully added down the side of the Kjeldahl flask to liberate ammonia gas. The ammonia was distilled into the receiving flask containing standard acid, and approximately 150 mL of distillate was collected. The excess unreacted HCl in the receiving flask was back-titrated with standardized 0.2 N sodium hydroxide (NaOH) solution until the endpoint was reached, indicated by a distinct color change of the Conway indicator (from purple to green). The crude protein content was calculated using the following formula:
Protein content (%) = (Volume of acid × Normality × 14.007 × 6.25) / Weight of sample × 100
3.4 Mineral Composition Using Atomic Absorption Spectrophotometry (AAS)
3.4.1 Sample Preparation
The mineral contents of the ethanolic leaf extract were determined using Atomic Absorption Spectrophotometry (AAS) following standard procedures. Three grams (3 g) of the powdered plant extract was weighed into a digestion flask, and 20 mL of freshly prepared acid mixture consisting of concentrated nitric acid (HNO3) and hydrochloric acid (HCl) in the ratio 1:3 (aqua regia) was added. The mixture was heated on a hot plate until the solution became nearly colourless, indicating complete digestion. The digest was allowed to cool, diluted to a final volume of 50 mL with distilled water, and filtered using Whatman No. 42 filter paper (110 mm). About 20 mL of the clear filtrate was transferred into a clean, labelled polyethylene bottle for analysis.
3.4.2 Instrumental Setup
The digested samples were analyzed using an Atomic Absorption Spectrophotometer (AAS) equipped with element-specific hollow cathode lamps. The lamps were selected for magnesium (Mg), calcium (Ca), copper (Cu), and selenium (Se). Selenium analysis was performed using a hydride generation system due to its sensitivity requirements. The instrument was set at the following wavelengths for each element:
· Magnesium (Mg): 285.2 nm
· Calcium (Ca): 422.7 nm
· Copper (Cu): 324.8 nm
· Selenium (Se): 196.0 nm
3.4.3 Calibration and Analysis
Calibration standards of known concentrations for each element were prepared from certified 1000 ppm stock solutions. These standards were aspirated into the AAS flame to generate calibration curves. The prepared plant extract filtrates were then aspirated, and absorbance values for each element were recorded. The concentrations of the mineral elements were extrapolated from the calibration curves and expressed in parts per million (ppm) on dry extract weight basis.
3.5 Quantitative Tests for Total Phenolic and Flavonoids Contents
3.5.1 Determination of Total Phenolic Content (TPC)
The total phenolic content of the plant extracts was determined using the Folin–Ciocalteu colorimetric method as described by Singleton et al., (1999), with slight modifications. Briefly, a stock solution of the extract was prepared by dissolving 0.02 g of dried plant sample in 20 mL of distilled water. For the standard calibration, a gallic acid solution (100 µg/mL) was prepared. From the extract stock solution, 0.5 mL aliquots were pipetted into test tubes, and mixed with 0.5 mL of Folin–Ciocalteu reagent (previously diluted 1:10 with distilled water). Subsequently, 2 mL of sodium carbonate solution (7.5% w/v) was added, and the final volume was made up to 10 mL with distilled water. The reaction mixtures were thoroughly mixed and allowed to stand at room temperature for 30 minutes in the dark. The absorbance was then measured at 720 nm using a UV–visible spectrophotometer (ThermoSpectronic BioMate 3, USA). Total phenolic content was quantified from a gallic acid calibration curve, and results were expressed as milligrams of gallic acid equivalents per gram of extract (mg GAE/g).
3.5.2 Determination of Total Flavonoids Content Using the Aluminium Chloride Method
0.02 g of plant extract samples were weighed and dissolve with 10 mL Methanol. 1mL of samples were added to 4 mL of water in volumetric flasks 5mins after which 0.3 mL Sodium Nitrite was added. 0.3 mL of 10% Aluminium Chloride solution was added. After 10 min incubation at room temperature, 2 mL of 1M Sodium Hydroxide was added to the reaction mixture and made the final volume to 10mL with distilled water. The absorbance was measured at 510 nm in a UV spectrophotometer (Thermospectronic BioMate 3, USA). The blank was prepared by substituting the same amount of diluted extract with methanol.
3.6 In Vitro Antidiabetic Activity
3.6.1 Inhibition of Alpha Amylase Enzyme 
A starch solution of 0.1% w/v was prepared by stirring 0.1g of potato starch in 100 mL of 16 mM of sodium acetate buffer. The enzyme solution was prepared by mixing 27.5 mg of alpha amylase in 100 mL of distilled water. The colorimetric reagent was prepared by mixing sodium potassium tartarate solution and 3, 5 di nitro salicylic acid solution 96 mM. Various concentrations of the extract (100 to 1000 μg/mL) were added to 1 mL of starch solution and left for 10 min. Further the reaction was initiated by the addition of the enzyme solution and allowed to react for 10 min under alkaline condition at 25˚C. Finally, the reaction was terminated by adding 1 mL of colorimetric reagent and then incubated in a boiling water bath for 5 min, cooled to room temperature. The reaction mixture was then diluted by adding 10 mL of distilled water and absorbance was measured at 540 nm. Control represents 100% enzyme activity and were conducted in a similar way by replacing extract with DMSO. Similar experiment was conducted with the standard drug Acarbose.
3.7 HPLC Analysis of Bioactive Compounds
The HPLC analysis of the ethanolic leaf extract of S. aethiopicum was carried out at the Department of Pharmaceutical Chemistry, Faculty of Pharmacy, College of Medicine, Idi-Araba Campus, University of Lagos. It was analysed using a NIMR 1260LC HPLC system (Agilent Technologies) equipped with a diode array detector (DAD). Separation was performed on a Poroshell 120 EC C18 column (150 × 4.6 mm, 4 µm) using a gradient mobile phase of 0.1% formic acid in water (A) and 0.2% formic acid in methanol (B). 20 µL of samples and standards were injected at ambient temperature, and detection was monitored at 210 nm. Chemstation acquisition software was used to process data obtained from the instrument.
3.8 Statistical Analysis
All experiments were performed in triplicate, the data were examined with SPSS version 21.0, the results were expressed as mean ± SEM to account for experimental variability. The data obtained were statistically analyzed using one-way analysis of variance (ANOVA).
RESULTS AND DISCUSSION
HPLC Analysis of Bioactive Compounds
HPLC fingerprinting of the ethnomedicinal plants provided a quick analysis of the compounds present in crude drug. It is by far the most popular technique for flavonoid and phenolic analysis nowadays (Amos-Tautua et al., 2025). High-performance liquid chromatography (HPLC) profiling of the ethanolic leaf extract of S. aethiopicum revealed the presence of several phenolic and flavonoid compounds of pharmacological importance (Table 1 and Figure 1). The major bioactive compounds found in ethanolic leaf extract of S. aethiopicum are displayed on Fig. 2. These metabolites included caffeic acid, gallic acid, salicylic acid, tannic acid, apigenin, rutin hydrate, naringin, kaempferol, quercetin, and p-coumaric acid, which are all known for diverse pharmacological and nutraceutical properties. These bioactive compounds varied in abundance, with some compounds present in higher concentrations than others. 
Among the identified compounds, caffeic acid was the most abundant (614.687 mg/L), suggesting that it is a major phenolic constituent of the extract. Caffeic acid is widely reported for its antioxidant, anti-inflammatory, and antidiabetic effects, mainly through modulation of free radical scavenging and inhibition of lipid peroxidation (Shahidi & Ambigaipalan, 2015). The high concentration observed here indicates that it may significantly contribute to the bioactivity of S. aethiopicum leaves. Kaempferol (12.39552 mg/L) was the second most abundant flavonoid, and its presence is particularly significant as it has been reported to exert anticancer, cardioprotective, and glucose-lowering effects (Calderón-Montaño et al., 2011). According to several researchers, kaempferol has been associated with significant benefits in reducing inflammation (Devi et al., 2015). From studies, Kaempferol reduces inflammation by suppressing pro-inflammatory cytokines (IL-6, IL-1β, TNF-α), blocking TLR4 signaling, and inhibiting COX-1 and COX-2 enzyme activity (Nam et al., 2017; Alam et al., 2020; Ajoko et al., 2023). Kaempferol as shown to also exhibits neuroprotective activity and protects human cells from damage due to the actions of free radicals (Wang et al., 2021). Other compounds, although present in lower concentrations, add to the bioactive profile of S. aethiopicum. For example, p-coumaric acid (0.368 mg/L) and quercetin (1.71 × 10⁻⁴ mg/L) are potent antioxidants with vasoprotective and anti-inflammatory roles (Panche et al., 2016). Gallic acid and tannic acid, both detected at trace levels, are associated with antimicrobial and anti-inflammatory properties (Balasundram et al., 2006). Tannic acid supplementation has been reported to improve endothelial function and mitigate cardiovascular risk factors, highlighting its possible cardioprotective role (Pérez-Jiménez et al., 2010). Rutin exhibits antioxidant and vascular-protective effects, while naringin has been reported to improve lipid and glucose metabolism, supporting its role in diabetes and metabolic syndrome management (Ganeshpurkar & Saluja, 2017). Apigenin, also detected in small quantity, is a dietary flavonoid known for chemopreventive and hepatoprotective roles (Salehi et al., 2019). Studies have shown that naringin supplementation alleviates myocardial injury and enhances vascular function, suggesting its promising role in cardiovascular health (Viswanatha et al., 2022). Quercetin ameliorates inflammatory conditions such as arthritis and inflammatory bowel disease (Amos-Tautua et al., 2025). Finally, p-coumaric acid (0.368 mg/L) was identified. This hydroxycinnamic acid has been shown to exert antioxidant, antimicrobial, and anti-diabetic effects by enhancing glucose uptake and protecting against oxidative damage (Heleno et al., 2015).
The presence of caffeic acid, kaempferol, and other bioactive constituents supports the ethnomedicinal use of S. aethiopicum in managing chronic diseases such as diabetes, hypertension, and microbial infections. The predominance of caffeic acid and kaempferol suggests that they may serve as the primary bioactive constituents, while other compounds provide complementary or synergistic effects.
Table 1: Bioactive Compounds Identified by HPLC Analysis in Ethanolic Leaf Extract of Solanum aethiopicum
	S/N
	Retention Time(Min)
	Concentration (mg/L)
	Bioactive Compounds

	1
	1.299
	614.687
	Caffeic Acid

	2
	2.237
	1.12856e-3
	Gallic Acid

	3
	3.890
	4.92502e-4
	Salicylic Acid

	4
	4.397
	1.84093e-4
	Tannic Acid

	5
	6.530
	2.40101e-4
	Apigenin

	6
	6.590
	5.50443e-5
	Rutin Hydrate

	7
	7.084
	2.18661e-3
	Nairingin

	8
	10.496
	12.39552
	Kaempferol

	9
	12.217
	1.71031e-4
	Quercetin

	10
	14.230
	3.67683e-1
	p-Coumaric Acid
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Fig 1: HPLC Chromatogram of Some Bioactive Compounds in Ethanolic Leaf Extract of Solanum aethiopicum
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Fig. 2: Major Bioactive Compounds found in S. aethiopicum Ethanolic Leaf Extract
Proximate Composition of Solanum aethiopicum Ethanolic Leaf Extract
The proximate analysis of S. aethiopicum ethanolic leaf extract (Table 2) revealed that the extract contained varying proportions of essential nutrients, which reflect its nutritional and pharmacological potential. The parameters assessed included moisture, ash, fat, protein, crude fibre, and carbohydrate contents. The moisture content of the extract was 7.45 ± 0.01%, which is relatively low. This value is considerably lower than those reported by Ikpeazu et al. (2019) and Achuenu et al. (2024) in their respective studies. Moisture content plays an important role in determining the shelf-life and susceptibility of plant materials to microbial spoilage. The ash content was 4.23 ± 0.01%, indicating the presence of appreciable amounts of inorganic minerals. This value was higher than the 1.79 ± 0.16% reported for the leaf extract by Ikpeazu et al. (2019), but lower than the 18.95 ± 0.18% documented by Achuenu et al. (2024). Ash is a measure of the total mineral composition of plant material, including elements such as calcium, magnesium, potassium, and iron (Edeoga et al., 2005). This finding suggests that S. aethiopicum leaves may contribute significantly to mineral intake and support physiological processes, especially when used in traditional medicine or dietary applications. The fat content was very low (0.79 ± 0.01%), showing that the extract is not a significant source of lipids. Although fats are vital for energy and cell structure, a low fat content is desirable in plant-derived therapeutic extracts, as it reduces risks associated with excessive lipid intake such as obesity and cardiovascular diseases (Nkafamiya et al., 2007). The protein content was 3.16 ± 0.01%, which is modest compared to high-protein plants but still nutritionally relevant. Proteins are essential for tissue repair, enzyme synthesis, and immune defense. The moderate level in the extract supports its role in traditional use for maintaining general wellness and may contribute to metabolic balance (Mepba et al., 2007). The crude fibre value was 0.55 ± 0.02%, which is relatively low. Dietary fibre is known to promote gastrointestinal health, regulate glucose absorption, and lower cholesterol levels (Anderson et al., 2009). Although the crude fibre content is minimal, it may still contribute synergistically to the overall nutritional quality of the extract. The carbohydrate content was the highest, accounting for 83.83 ± 0.02% of the extract. This concentration is markedly elevated compared to the 10.53 ± 0.17% reported by Achuenu et al. (2024) and the 4.26 ± 0.80% recorded by Ikpeazu et al. (2019) for the leaf extract of S. aethiopicum. Carbohydrates are the major energy-yielding nutrients, and this high percentage indicates that the ethanolic extract of S. aethiopicum leaves may serve as a significant energy source. Beyond energy provision, plant carbohydrates also include bioactive polysaccharides that play immunomodulatory and antioxidant roles (Liu et al., 2015).
The proximate composition indicates that S. aethiopicum ethanolic leaf extract is predominantly rich in carbohydrates, with moderate protein and mineral contents but low fat and fibre.
Table 2: Proximate Composition of Ethanolic Leaf Extract of Solanum aethiopicum
	Sample
	Moisture (%)
	Ash (%)
	Fat (%)
	Protein (%)
	Crude Fibre (%)
	CHO (%)

	Ethanolic Leaf Extract of Solanum aethiopicum
	7.45 ± 0.01
	4.23 ± 0.01
	0.79 ± 0.01
	3.16 ± 0.01
	0.55 ± 0.02
	83.83 ± 0.02


Values are expressed as Mean ± SEM of duplicate determinations.
Mineral Contents of Solanum aethiopicum Ethanolic Leaf Extract
The mineral composition of Solanum aethiopicum ethanolic leaf extract, as presented in Table 3, reveals the presence of essential macro- and micro-elements such as magnesium (Mg), calcium (Ca), copper (Cu), and selenium (Se). These minerals play vital physiological roles in human health and could contribute to the therapeutic potential of the plant. 
Magnesium (25.02 ppm) was recorded at the highest concentration among the analyzed minerals. Magnesium is an essential cofactor in more than 300 enzymatic reactions, including glucose metabolism, protein synthesis, and energy production (Volpe, 2013). Adequate magnesium intake has been associated with improved insulin sensitivity and reduced risk of type 2 diabetes (Barbagallo & Dominguez, 2015). Magnesium supports enzymatic processes and neuromuscular function (Thomas & Krishnakumari, 2015). The relatively high Mg content in S. aethiopicum suggests that the extract may support metabolic regulation and glucose homeostasis, thereby enhancing its antidiabetic potential. Calcium (13.04 ppm) was also present in appreciable amounts. Calcium remains a fundamental nutrient for bone health, nerve signaling, and enzymatic regulation (Heaney, 2006). Sufficient calcium intake is especially vital for populations vulnerable to osteoporosis as well as for children experiencing rapid bone development. Furthermore, calcium intake has been linked to regulation of lipid metabolism and prevention of hypertension, both of which are common comorbidities in diabetic conditions (Jackman et al., 1997). The presence of Ca in the extract may therefore complement its therapeutic value by supporting cardiovascular and skeletal health. Copper (1.05 ppm), although required in trace amounts, is an essential mineral for redox balance and enzymatic activities such as cytochrome c oxidase and superoxide dismutase functions (Uriu-Adams & Keen, 2005). Adequate copper levels help maintain antioxidant defense systems, preventing oxidative stress-mediated tissue damage, which is a key contributor to diabetic complications. However, excess copper can be toxic, so its moderate concentration in the extract reflects a beneficial balance. Selenium (0.39 ppm) was detected in the lowest concentration. Selenium is an important component of selenoproteins such as glutathione peroxidase, which protect cells from oxidative stress (Rayman, 2012). Its presence, though small, is significant because even trace amounts of selenium can enhance antioxidant defense and modulate immune functions. Selenium has also been implicated in improving insulin sensitivity and reducing the risk of diabetes-related oxidative damage (Steinbrenner et al., 2016).
The mineral composition of S. aethiopicum ethanolic leaf extract highlights its nutritional and pharmacological value.
Table 3. Mineral contents of Ethanolic Leaf Extract of Solanum aethiopicum
	Element
	Concentration (ppm)

	Mg
	25.02

	Ca
	13.04

	Cu
	1.05

	Se
	0.39



Total Phenolic and Flavonoid Content of Solanum aethiopicum Ethanolic Leaf Extract
The ethanolic leaf extract of S. aethiopicum exhibited appreciable levels of phenolic and flavonoid compounds, as presented in Table 4. The total phenolic content (TPC) was 83.04 ± 0.01 mg/g, while the total flavonoid content (TFC) was 58.11 ± 0.01 mg/g. Phenolic compounds are widely distributed in plants and are recognized for their antioxidant potential due to their ability to donate hydrogen atoms or electrons to neutralize free radicals and reactive oxygen species (Rice-Evans et al., 1997; Dai & Mumper, 2010). The relatively high TPC in the extract suggests that S. aethiopicum leaves are a strong source of phenolic antioxidants, which may play a key role in mitigating oxidative stress–related diseases such as diabetes, cardiovascular disorders, and cancer (Panche et al., 2016). Similarly, flavonoids are among the most important subclasses of polyphenols. They have been documented to exert multiple pharmacological effects, including inhibition of lipid peroxidation, modulation of enzymatic activities, and regulation of glucose metabolism, making them relevant in the management of diabetes and cardiovascular disorders (Panche et al., 2016; Middleton et al., 2000).
These findings highlight the richness of the plant in bioactive secondary metabolites, which may account for its wide range of reported pharmacological activities. The combined abundance of phenolic and flavonoid compounds indicates that S. aethiopicum could serve as a promising natural source of antioxidants.
Table 4: Total Phenolic and Flavonoid Content of Ethanolic Leaf Extract of Solanum aethiopicum
	Sample
	Total Phenolic Content (mg/g)
	Total Flavonoid Content (mg/g)

	Ethanolic Leaf Extract of Solanum aethiopicum
	83.04 ± 0.01
	58.11 ± 0.01


Values are expressed as Mean ± SEM
In Vitro Antidiabetic Activity
Table 5 presents the α-amylase inhibitory activity of ethanolic leaf extract of S. aethiopicum compared with acarbose, a standard antidiabetic drug. The results demonstrate a concentration-dependent inhibition of α-amylase by both the extract and the standard, although with varying degrees of potency. 
Table 5: Amylase Scavenging Activity (% Inhibition) of Ethanolic Leaf Extract of Solanum aethiopicum and Acarbose 
	Sample
	50 µg/mL
	100 µg/mL
	250 µg/mL
	500 µg/mL
	1000 µg/mL

	of Ethanolic Leaf Extract of Solanum aethiopicum 

	7.87 ± 0.11
	11.65 ± 0.12
	23.83 ± 0.03
	41.75 ± 0.18
	45.56 ± 0.21

	Acarbose (Standard)
	58.56 ± 0.12
	65.31 ± 0.02
	81.27 ± 0.02
	84.82 ± 0.02
	89.90 ± 0.01


Values are expressed as Mean ± SEM of triplicate determinations.
At lower concentrations (50–100 µg/mL), the ethanolic extract exhibited relatively weak inhibitory effects, recording 7.87 ± 0.11% and 11.65 ± 0.12% inhibition, respectively. This suggests that at minimal concentrations, the phytochemicals present in the extract may not effectively interact with the enzyme’s active sites. However, inhibition improved progressively with increasing concentrations, reaching 23.83 ± 0.03% at 250 µg/mL, 41.75 ± 0.18% at 500 µg/mL, and 45.56 ± 0.21% at 1000 µg/mL. In contrast, acarbose exhibited significantly higher inhibitory activity across all tested concentrations, ranging from 58.56 ± 0.12% at 50 µg/mL to 89.90 ± 0.01% at 1000 µg/mL. The sharp difference in inhibitory strength highlights the superior potency of the synthetic drug compared to the natural extract. However, it is noteworthy that the extract still demonstrated considerable inhibition at higher concentrations, suggesting the presence of bioactive compounds with mild-to-moderate α-amylase inhibitory properties. The observed activity of S. aethiopicum may be attributed to its high content of phenolic and flavonoid compounds, as previously established in Table 1 and 4. These compounds are known to inhibit digestive enzymes by binding to their active sites, altering enzyme conformation, or chelating metal ions necessary for enzymatic function (Kwon et al., 2008; Subramanian et al., 2008).
Therefore, the ethanolic leaf extract of S. aethiopicum demonstrates promising α-amylase inhibitory activity in a dose-dependent manner, albeit weaker than acarbose. These findings support its ethnomedicinal use in diabetes management and highlight the need for further bioassay-guided fractionation to isolate and characterize the specific compounds responsible for the activity.
CONCLUSION
This study demonstrated that the ethanolic leaf extract of Solanum aethiopicum is nutritionally rich, with high carbohydrate (83.83%) and moderate protein (3.16%) and mineral contents, particularly magnesium (25.02 ppm) and calcium (13.04 ppm). HPLC profiling revealed caffeic acid (614.69 mg/L) as the dominant bioactive compound, alongside kaempferol, naringin, gallic acid, rutin, and quercetin, all known for antioxidant and antidiabetic properties. The extract exhibited appreciable levels of phenolics (83.04 mg/g) and flavonoids (58.11 mg/g), which likely contributed to its observed α-amylase inhibitory activity. The extract demonstrated concentration-dependent α-amylase inhibition, reaching 45.56% at 1000 µg/mL, which, although lower than acarbose (89.90%), indicates moderate antidiabetic activity. The findings provide scientific evidence supporting the traditional use of S. aethiopicum in the management of diabetes. Its nutritional composition and bioactive constituents also highlight its potential as a natural therapeutic agent. However, further in vivo studies and clinical evaluations are recommended to validate its efficacy, safety, and mechanism of action before therapeutic application.
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