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Phytochemical Screening and Antioxidant Activity of Ethanolic Leaf Extract of Acacia nilotica   


Abstract
Medicinal plants have gained global attention as important sources of bioactive compounds with therapeutic and health-promoting potential. Acacia nilotica, a plant widely used in traditional medicine, was selected for this study due to its reported pharmacological properties. This study evaluated the phytochemical profile and antioxidant activity of the ethanolic leaf extract of Acacia nilotica. Fresh leaves of Acacia nilotica were collected, authenticated and extracted in ethanol using the cold maceration method. Qualitative and quantitative phytochemical analyses were performed using standard methods to detect the presence and concentration of phenols, flavonoids, tannins, alkaloids, saponins, glycosides, carbohydrates, reducing sugars, steroids, terpenoids, and cardiac glycosides while the antioxidant activity was assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay. The crude ethanolic leaf extract contained high concentration of phenols (16.3 ± 0.02 mg/g), carbohydrates (16.5 ± 0.05 mg/g), flavonoids (10.4 ± 0.02 mg/g), tannins (10.1 ± 0.02 mg/g), and reducing sugars (10.7 ± 0.01 mg/g), while alkaloids (4.9±0.01 mg/g), saponins (5.3±0.01 mg/g), and glycosides (4.1±0.02mg/g) were present in moderate amounts. Steroids and terpenoids were not detected. The antioxidant assay revealed a concentration-dependent activity, with maximum inhibition of 88.6 ± 0.64% at 500 µg/mL, compared to 96.0 ± 0.06% for ascorbic acid. These findings show that the ethanolic leaf extract of Acacia nilotica is a rich and promising source of natural antioxidants and bioactive phytochemicals that may be responsible for pharmacological effects.  . The works provide bridges between traditional knowledge and modern science to validate ethnomedicinal claims with laboratory-based evidence. For further research, it can inspire isolation of specific compounds, in vivo testing, or formulation of herbal drugs supporting its traditional use and potential for pharmaceutical applications.
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[bookmark: _Hlk201504730]1.0 Introduction
“Bioactive compounds in medicinal plants have been extensively studied for their potential health benefits and therapeutic properties. Among these plants, Acacia nilotica has a long history of use in ethnomedicine” [1]. “Acacia nilotica commonly known as gum Arabic tree, Egyptian thorn, or scented thorn is a medium to large-sized multipurpose tree belonging to the family Fabaceae” [2-5]. “It is a plant species native to Africa, the Indian subcontinent, and parts of the Middle East” [6]. “The tree grows predominantly in the savanna zones of Nigeria and is recognized for its resistance to drought and its ecological role in nitrogen fixation and soil improvement” [7-9].
[bookmark: _GoBack]“Acacia nilotica typically grows between 5 to 20 meters in height, forming a thick, spherical crown with a fissured bark that exudes a reddish, low-quality gum” [10]. Young trees bear 5-7.5 cm long axillary thorns in pairs, while mature trees may become thornless [11]. Its bipinnate leaves have 3-6 pairs of pinnae and 10-30 leaflets per pinna [3]. The plant also bears bright golden-yellow flowers arranged in globular heads, and produces strongly constricted, hairy, white-grey pods [4].
“Herbs are often considered safe for human consumption compared to conventional treatments because of their long history of use” [12]. “Acacia nilotica is a multipurpose tree traditionally used for medicinal, agricultural, and industrial applications” [13-15]. “Widely distributed in semi-arid and tropical regions, A. nilotica has gained attention for its therapeutic potential, particularly in ethnomedicine where it has been reported to possess antibacterial, antioxidant, chemo preventive, astringent, anti-inflammatory and as anti-Alzheimer properties” [13, 14, 16]. “Its various parts are used in the treatment of ailments such as diarrhoea, cough, skin infections, fever, sexually transmitted diseases” [17-19]. “Among the various plant parts, the leaves of Acacia nilotica have been reported to contain a rich diversity of phytochemicals including tannins, saponins, flavonoids, terpenoids, alkaloids, and phenolic compounds” [14, 20]. These bioactive constituents are associated with multiple biological functions such as antimicrobial, anti-inflammatory, and antioxidant activities [21]. “Of particular interest is their antioxidant potential, which plays a significant role in neutralizing reactive oxygen species (ROS) and reducing oxidative stress, a key contributor to the pathogenesis of chronic diseases such as cancer, cardiovascular disorders, and neurodegenerative conditions” [22-24]. Sadiq et al. [21] showed the antioxidant potential of Acacia nilotica, noting its ability to donate hydrogen atoms to reactive oxygen species (ROS), thereby converting them from a toxic to a less toxic state.
“Natural antioxidants derived from plants are increasingly preferred over synthetic antioxidants due to concerns about the toxicity and side effects of synthetic additives used in food and pharmaceutical industries” [25]. “In recent years, researchers have increasingly focused on isolating potent, non-toxic antioxidants from edible plants to prevent autoxidation and lipid peroxidation, with the goal of replacing synthetic antioxidants. Antioxidant activities of plants are commonly correlated with their polyphenolic content” [21]. “Plant extracts rich in bioactive compounds, particularly antioxidants, hold significant potential for applications in the food, agricultural, nutraceutical, cosmetic, and pharmaceutical industries. Natural antioxidants from plants may be classified into three main classes: phenolic compounds, vitamins and carotenoids” [25, 26]. According to Jiang et al. [27], plant-based antioxidants offer safer alternatives that can also serve as functional food ingredients or therapeutic agents. Given the ethnomedicinal relevance of Acacia nilotica and the growing interest in natural sources of antioxidants, this study aims to investigate the phytochemical constituents and antioxidant activity of the ethanolic leaf extract of A. nilotica.
2.0 Methodology
2.1 Chemicals: Analytical grade chemicals were used throughout this study (BDH Chemicals Ltd, Poole, England)
2.2 Collection and Preparation of Samples: Fresh leaves of Acacia nilotica were collected from Kollo, Department of Tillabery, Niger republic. The plant specimens were taxonomically authenticated by a botanist in the Department of Plant Biology, Federal University of Technology, Minna, Niger State, Nigeria, to ensure accurate identification.
[bookmark: _Toc128858192]2.3 Extraction of the crude extracts
Following the method described by AOAC [28], freshly collected leaves of Acacia nilotica were shade-dried at room temperature for one week. The dried leaves were then grounded into a coarse powder using a mechanical grinder. Next, 100 grams of the powdered sample was weighed and macerated in 500 ml of ethanol (1:5 w/v ratio) for 72 hours. The resulting suspensions were filtered using Whatman No. 1 filter paper, and the filtrates were concentrated under reduced pressure (204 mbar) at 40°C until completely dry.
2.4 Phytochemical Screening: Qualitative and quantitative phytochemical tests were carried out on the crude ethanolic extracts using standard procedures described by Soumana et al. [29].
2.4.1 Qualitative Phytochemical Screening
2.4.1.1 Test for Phenols
The crude extract (2mL) was pipetted into a clean beaker, followed by the addition of a few drops of freshly prepared neutral ferric chloride solution. The appearance of a deep blue-green coloration indicated the presence of phenolic compounds.
2.4.1.2 Test for Flavonoids (Shindo’s Test)
Shindo’s test for flavonoids was carried out by mixing 1.3 mL of the extract with 0.5 g of magnesium. The mixture was then heated in a water bath maintained at 40–50 °C for 5 minutes. The development of an orange to red coloration indicated the presence of flavonoids
2.4.1.3 Test for Terpenoids (Salkowski test)
Five millilitres of the crude extract was mixed with 2 mL of chloroform in a test tube and gently shaken. Subsequently, 3 mL of concentrated sulfuric acid was carefully added along the side of the test tube to form a distinct layer. The appearance of a reddish-brown coloration at the interface indicated the presence of terpenoids.
2.4.1.4 Test for Alkaloid
One millilitre of the crude extract was mixed with 0.5 mL of dilute hydrochloric acid in a test tube, followed by the addition of a few drops of Mayer’s reagent. The formation of a white precipitate indicated the presence of alkaloids.
2.4.1.5 Test for Saponins (Foam test)
A few drops of distilled water were added to 2.5 mL of the extract filtrate and the mixture was shaken vigorously for one minute. The formation of a stable, persistent foam layer lasting at least one minute was considered indicative of saponins.
2.4.1.6 Test for Tannins (Ferric chloride test)
Three millilitres of the ethanolic extract were mixed with a few drops of 10% alcoholic ferric chloride solution. The appearance of a dark blue coloration indicated the presence of tannins.
2.4.1.7 Test for steroids (Liebermann-Burchard test)
One millilitre of the extract was placed in a test tube, followed by the addition of 2 mL of acetic anhydride and 2 mL of concentrated sulfuric acid along the side of the tube to form distinct layers. A colour change from blue or green to reddish-brown at the interface indicated the presence of steroids.
2.4.1.8 Test for Cardiac glycosides (Keller-Killani test) 
Five millilitres of the extract was mixed with 2 mL of glacial acetic acid containing a drop of ferric chloride solution (FeCl2). Then, 1 mL of concentrated sulfuric acid was carefully added along the side of the test tube to form distinct layers. The appearance of a brown ring at the interface indicated the presence of cardenolides
2.4.1.9 Test for Carbohydrates (Molisch's test)
Three millilitres of the extract were mixed with 2 mL of α-naphthol in ethanol (Molisch's reagent) in a test tube, and the mixture was gently shaken to ensure proper mixing. Subsequently, 2 mL of concentrated sulfuric acid were carefully added along the side of the test tube to form two distinct layers. The appearance of a red or violet coloration at the interface indicated a positive result for the presence of carbohydrates.
2.4.1.10 Test for Reducing Sugar (Benedict test)
Fifty milligrams of the crude extract were thoroughly mixed with 3 mL of distilled water and filtered to obtain a clear filtrate. Three drops of the filtrate were then added to 3 mL of Benedict’s reagent in a test tube. The mixture was heated in a boiling water bath for 5 minutes. The formation of a brick-red precipitate after heating indicated the presence of reducing sugars in the plant extract.
2.4.1.2 Quantitative phytochemical Screening
2.4.2.1 Determination of Total Phenol 
Two grams of the extract were defatted with 100 mL of diethyl ether using a Soxhlet apparatus for 2 hours. The defatted sample was subsequently extracted with 50 mL of petroleum ether for 15 minutes to isolate the phenolic components. A 5 mL aliquot of the resulting extract was transferred into a 50 mL volumetric flask, followed by the addition of 10 mL of distilled water, 2 mL of ammonium hydroxide solution, and 5 mL of concentrated amyl alcohol. The mixture was diluted to volume and allowed to stand for 30 minutes to permit colour development. Absorbance was then measured at 505 nm using a spectrophotometer. A calibration curve was prepared using tannic acid as the standard.
2.4.2.2 Determination of Total Flavonoid
Total flavonoid content was determined using the aluminium chloride colorimetric method, with quercetin serving as the standard for the calibration curve. A 0.5 mL aliquot of the diluted sample was added to a test tube containing 1.5 mL of methanol, followed by 0.1 mL of 10% aluminium chloride (AlCl3) solution and 0.1 mL of sodium acetate (NaCH3COO). The reaction mixture was then diluted with 2.8 mL of distilled water. After incubation at room temperature for 30 minutes, the absorbance was measured at 415 nm using a spectrophotometer. A blank was prepared by replacing the 10% AlCl3 solution with an equal volume of distilled water.
2.4.2.3 Determination of Terpenoids
One hundred milligrams of the crude extract (WI) was soaked in 9 mL of ethanol for 24 hours and then filtered. The resulting filtrate was further extracted with 10 mL of petroleum ether using a separating funnel. The petroleum ether layer was collected and transferred into pre-weighed glass vials and allowed to dry completely to obtain the final weight (WF). The percentage yield of total terpenoid content was calculated using the equation 1: 
				(1)
2.4.2.4 Determination of Total Alkaloids
Half a gram (0.5 g) of the sample was dissolved in a 1:1 mixture of 96% ethanol and 20% sulfuric acid. 1 mL aliquot of the filtrate was added to 5 mL of 60% sulfuric acid and allowed to stand for 5 minutes. Subsequently, 5 mL of 0.5% formaldehyde solution was added, and the mixture was incubated for 3 hours. Absorbance was measured at 565 nm using a spectrophotometer. The alkaloid content was estimated using vincristine as the reference alkaloid, with an extinction coefficient (E296, ethanol = 15136 M-1 cm-1).
2.4.2.5 Determination of Saponins
Half a gram (0.5 g) of the extract was boiled in 20 mL of 1 N hydrochloric acid for 4 hours, then cooled, filtered, and extracted with 50 mL of petroleum ether. The petroleum ether layer was evaporated to dryness, and the resulting residue was dissolved in 5 mL of an acetone–ethanol mixture. Three aliquots of 0.4 mL each were transferred into separate test tubes, followed by the addition of 6 mL of ferrous sulphate reagent and 2 mL of concentrated sulfuric acid. After 10 minutes, the mixtures were thoroughly mixed, and the absorbance was measured at 490 nm using a spectrophotometer. A calibration curve was prepared using standard saponin.
2.4.2.6 Determination of Tannin
The extract (0.2g) was added into a 50ml beaker then 25ml of 50% methanol was added, and the mixture was covered with parafilm and incubated in a water bath at 77-80°C for 1h. The mixture was then thoroughly shaken to ensure homogeneity and the extract was then filtered quantitatively through a double layer of Whatman No. 41 filter paper into a 100ml volumetric flask. 25ml of water, 2.5ml of Folin-Denis reagent, and 10ml of Na2CO3 were added, and the mixture was properly mixed. The solution was diluted to the mark with water, mixed well, and allowed to stand for 20 minutes to develop a bluish-green colour. The absorbances of the tannic acid standard solutions and samples were measured at 760nm using a UV-spectrophotometer (Model 752) after colour development. A plot of absorbance versus tannic acid concentration was made to establish a calibration curve.
2.4.2.7 Determination of Steroids
An aliquot (1 mL) of the extract was transferred into a 10 mL volumetric flask. Subsequently, 2 mL of 4 N sulfuric acid and 2 mL of 0.5% w/v iron (III) chloride solution were added, followed by 0.5 mL of 0.5% w/v potassium hexacyanoferrate (III) solution. The mixture was heated in a water bath at 70±2 °C for 30 minutes with occasional shaking, and then diluted to volume with distilled water. The absorbance was measured at 780 nm against a reagent blank using a spectrophotometer
2.4.2.8 Cardiac glycoside
Cardiac glycoside content was determined as described by Shaikh and Patil, [30] and Bakir et al. [31]. 10 g of the crude extracts was mixed with 10 mL of Baljet’s reagent (95mL 1% picric acid + 5mL 10% NaOH.) and incubated for 1 hour. After incubation, 20 mL of distilled water was added to the mixture, and the absorbance was measured at 495 nm using a spectrophotometer.
2.4.2.9 Reducing sugar
The 3,5-dinitrosalicylic acid method as described by Khatri and Chhetri, [32] was used to determine reducing sugar content. 3,5-dinitrosalicylic acid reagent was prepared by 1 g and 30 g of sodium-potassium tartrate in 80 mL of 0.5 N NaOH at 45 °C. After complete dissolution, the solution was cooled to room temperature and diluted to 100 mL with distilled water. For the assay, 2 mL of the prepared 3,5-dinitrosalicylic acid reagent was added to a test tube containing 1 mL of the plant extract (1 mg/mL). The mixture was heated at 95 °C for 5 minutes, then allowed to cool. Subsequently, 7 mL of distilled water was added to the reaction mixture, and the absorbance was measured at 540 nm using a UV-Vis spectrophotometer. The reducing sugar content was quantified using a calibration curve generated from standard glucose solutions.
2.5 Determination of Antioxidants Activities
The free radical scavenging activity of different concentrations of the crude extracts was determined spectrophotometrically based on the method described by Abdel-Farid et al. [33]. The reaction mixture consisted of 0.5 M acetic acid buffer (pH 5.5), 0.2 mM DPPH solution in ethanol, and a 50% (v/v) ethanol-water solution. This mixture was vigorously shaken with the extracts and incubated in the dark at room temperature for 30 minutes. The remaining DPPH content was quantified by measuring the absorbance at 517 nm. Controls without the extract, both with and without DPPH, were included. Ascorbic acid was used as a reference standard, and its absorbance was also measured at 517 nm. The DPPH radical scavenging activity was calculated as a percentage of inhibition using the following equation 2:
				(2)
Where Ac = Absorbance of the control (without extract), As = Absorbance of the sample.
3.0 Results and Discussion
3.1 Qualitative and Quantitative determination of phytochemical constituents
In many parts of the world, particularly in developing regions, there is a growing interest in the use of plant-based remedies due to the limitations and potential side effects associated with synthetic drugs [34, 35]. The abundance of bioactive secondary metabolites in Acacia nilotica has made it a subject of growing interest in ethnomedicine and phytotherapy [24, 36, 37].
In the present study, the qualitative phytochemical analysis (Table 1) of the ethanolic leaf extract of Acacia nilotica revealed a diverse range of secondary metabolites, including phenols and carbohydrates which were highly abundant. Flavonoids, tannins, and reducing sugars were present in moderate quantities. Trace amounts of saponins, alkaloids, and glycosides were also detected while terpenoids and steroids were absent in the extract. The quantitative analysis, as shown in Table 2, further supports these findings, with carbohydrates (16.5 ± 0.05 mg/g) and phenols (16.3 ± 0.02 mg/g) being the most abundant phytochemicals. This was followed by reducing sugars (10.7 ± 0.01 mg/g), flavonoids (10.4 ± 0.02 mg/g), and tannins (10.1 ± 0.02 mg/g), indicating a relatively high presence. Saponins (5.3 ± 0.01 mg/g), alkaloids (4.9 ± 0.01 mg/g), and glycosides (4.1 ± 0.02 mg/g) were found in moderate amounts. Terpenoids and steroids were not detected, as their concentrations were below measurable limits (0.0 mg/g).
The presence of these phytochemicals aligns with earlier reports showing that Acacia nilotica possesses strong medicinal potential. Phenolic compounds, flavonoids, and tannins are widely known for their antioxidant, antimicrobial, anti-inflammatory, and antifungal properties [38-41]. Saponins and alkaloids have also been reported to play a role in pathogen inhibition and immune modulation [42, 43]. These bioactivities support the traditional use of Acacia nilotica in managing infections and other health conditions. Okoro et al. [44] and Mansi et al. [20] reported the presence of various phytochemical at varying concentrations in different plant parts of Acacia nilotica. Okoro et al. [44] noted the presence of tannins and sterols in the leaves, stem, barks and roots of the plant. Alkaloids were detected only in the leaves while Glycosides, saponins, resins and flavonoids were not detected in the plant. Phytoconstituents including carbohydrates, glycosides, triterpenes, sterols, saponins, flavonoids, coumarins and tannins were reported in leaf extract of Acacia nilotica Algfri et al. [45] while Attahiru et al. [46] noted the presence of tannins, steroids, saponins, glycosides, phenols, alkaloids, flavonoids and terpenoids at varying concentrations in methanol, aqueous, chloroform, n-hexane, and petroleum ether leaf extract of Acacia nilotica.

Table 1: Qualitative determination of the phytochemical constituents of the ethanolic leaf extract of Acacia nilotica
	Constituent
	Observation

	Phenols 
	+++

	Tannins 
	++

	Saponins 
	+

	Alkaloids 
	+

	Flavonoids 
	++

	Terpenoids 
	-

	Glycosides 
	+

	Steroids
	-

	Carbohydrate
	+++

	Reducing Sugar
	++


                Keys; +++=Very high; ++=moderate; + = present; - = absent
Table 2: Quantitative determination of the phytochemical constituent of the ethanolic leaf extract of Acacia nilotica
	Phytochemicals
	Concentrations (mg/g)

	Phenols 
	16.3±0.02

	Tannins 
	10.1±0.02

	Saponins 
	5.3±0.01

	Alkaloids 
	4.9±0.01

	Flavonoids 
	10.4±0.02

	Terpenoids 
	0.0±0.05

	Glycosides 
	4.1±0.02

	Steroids
	0.0±0.00

	Carbohydrate
	16.5±0.05

	Reducing Sugar
	10.7±0.01


                          Values are presented as mean ± standard error of mean (SEM) of three replicates.
3.2 Antioxidant Activities Acacia nilotica ethanolic leaf extract
“Antioxidants help maintain cellular integrity by neutralizing free radicals or reactive oxygen species (ROS), which are unstable molecules capable of causing oxidative damage to lipids, proteins, and DNA, leading to various degenerative diseases” [47, 48]. Plants rich in secondary metabolites such as phenols, flavonoids, tannins, and reducing sugars have been widely explored for their ability to scavenge free radicals, chelate metal ions, and inhibit oxidative chain reactions.
In the present study, the antioxidant activity of ethanolic leaf extract of Acacia nilotica was evaluated at varying concentrations ranging from 62.5 to 500 µg/mL (Table 3). The extract exhibited a concentration-dependent antioxidant activity, with radical scavenging ability increasing as the concentration increased. The highest antioxidant activity was observed at 500 µg/mL with 88.6 ± 0.64% inhibition, which was slightly lower than the standard antioxidant, ascorbic acid (96.0 ± 0.06%). As the concentration decreased, the antioxidant activity declined progressively: 73.1 ± 0.19% at 250 µg/mL, 61.3 ± 0.29% at 125 µg/mL, and 50.2 ± 0.21% at 62.5 µg/mL. These values were consistently lower than those recorded for ascorbic acid, which ranged from 61.0 ± 0.05% to 96.0 ± 0.06% over the same concentration range.
The observed antioxidant potential in Acacia nilotica may be attributed to the high concentrations of phenols (16.3 ± 0.02 mg/g), flavonoids (10.4 ± 0.02 mg/g), and reducing sugars (10.7 ± 0.01 mg/g) in the study. “These compounds are known for their hydrogen-donating ability, electron-transfer capacity, and role in terminating free radical chain reactions” [49-52]. The use of ethanol as the solvent for extraction may also have contributed to the high antioxidant activity, as ethanol is effective at extracting a broad spectrum of polar and moderately polar antioxidant compounds [53, 54]. Although the antioxidant activity of Acacia nilotica extract was consistently lower than that of ascorbic acid, its strong free radical scavenging effect, especially at higher concentrations, supports its potential as a natural antioxidant source in pharmacological applications.
Abdel-Farid et al. [33] reported “comparatively lower antioxidant activity in various parts of different Acacia species when compared to the present study. In their findings, Acacia nilotica exhibited antioxidant activities of 78.18% in the leaves, 78.27% in the flowers, and 76.14% in the pods”. Similarly, Acacia seyal recorded 76.98% (leaves), 0.0% (flowers), and 77.13% (pods). Sultana et al. [55] reported DPPH radical scavenging activity ranging from 19% to 47% in Acacia nilotica bark extracts obtained using ethanol, methanol, and acetone.
Table 3: Antioxidant Activity of Acacia nilotica ethanolic leaf extract
	Concentrations (µg/ml)
	% Antioxidant Activity

	
	Ethanolic Extract of Acacia nilotica
	Ascorbic Acid

	500
	88.6±0.64
	96.0±0.06

	250
	73.1±0.19
	88.5±0.56

	125
	61.3±0.29
	76.2±0.19

	62.5
	50.2±0.21
	61.0±0.05


               Values are presented as mean ± standard error of mean (SEM) of three replicates.
4.0 Conclusion
The findings of this study validate the traditional use of Acacia nilotica in ethnomedicine. The qualitative and quantitative analyses confirmed the presence of several bioactive secondary metabolites, with phenols, carbohydrates, flavonoids, tannins and reducing sugars been prominent. Saponins, alkaloids, and glycosides were also detected in trace amounts while terpenoids and steroids were absent. The ethanolic extract of Acacia nilotica exhibited concentration-dependent antioxidant activity, demonstrating significant free radical scavenging ability, especially at higher concentrations. Although the activity was slightly lower than that of the standard antioxidant (ascorbic acid), the extract still maintained appreciable antioxidant capacity. For the on-going work the specific compounds will be isolate and for the formulation of herbal drugs with the molecular docking approach strategy.
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