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ABSTRACT
Medicinal plants have been used since ancient times to relieve and cure human diseases in developing countries where access to modern care is limited. Boscia senegalensis is a versatile plant that adapts to Sahelian, desert and potentially unexplored areas. The objective of this work was to study ethnobotanical research and secondary metabolite composition of the plant. The material used consisted of a survey sheet, leaves and stems of B. senegalensis. These organs were harvested in their natural habitat on April 17, 2023 in Niono, circle of the Segou region in Mali. An ethnobotanical survey was carried out among traditional health practitioners and herbalists. Tube coloring reactions using specific reagents were used to determine the chemical constituents of the plant. Eighteen (18) diseases were listed during the ethnobotanical survey, the main ones being urinary infections, headaches, aches and pains, etc. Alkaloids, saponins, tannins and triterpenes were identified in the plant by phytochemical screening. The data generated by this study reinforce the scientific recognition of B. senegalensis as a medicinal plant of interest. Further studies are needed to isolate secondary metabolites and evaluate biological activities that can validate the ethnomedicinal indications of B. senegalensis. 
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INTRODUCTION
For centuries, humans have known how to harness plant resources to treat various ailments (Diop, 2022). In Africa, according to the World Health Organization (WHO, 2003), more than 80% of the population still relies on medicinal plants to meet their health needs. These remedies are both accessible and affordable. However, the sustainability of their use is a major issue, as the demand for medicinal plants continues to increase due to population growth. This mounting pressure on natural resources presents significant challenges. Moreover, interest in plant-based medicines has grown in developing countries, particularly among pharmaceutical companies, largely due to their limited side effects. The rising cost of healthcare and the inability of allopathic medicine to treat certain diseases have also encouraged the growing use of traditional remedies for specific illnesses (Timothy, 2025). Medicinal plants, with their long history of safe and effective use, offer strong therapeutic potential (Idi at al., 2022). The success of phytotherapy largely depends on the technical and scientific advances made in this field. Agronomy, chemistry, and pharmacology have helped develop safer, more appropriate, and effective therapeutic and galenic forms (Chabrier, 2018). In recent times, the demand for natural bioactive substances has intensified due to increasing health concerns (Somboro at al., 2025).
B. senegalensis, a wild fruit-bearing shrub well adapted to the arid conditions of the Sahel, is highly valued by rural populations for its numerous ethnobotanical uses. In addition to its socio-economic, nutritional, and pharmacological roles, this species can also be used as a natural herbicide or insecticide (Cissé, 2019).
This work aims to document the traditional uses and investigate the phytochemical potential of this plant.
2. MATERIAL AND METHODS
2.1 Plant Material
Leaves and stems of B. senegalensis were collected on April 17, 2023 in Niono, within the Ségou region of Mali, and identified by a botany specialist under herbarium number 0735/DMT at the Department of Traditional Medicine of Mali. After air-drying for two weeks, they were ground into a fine powder for extraction.
2.2 Ethnobotanical Survey
A survey was conducted among 36 traditional healers (19 men and 17 women, aged 42 to 72). A structured interview guide was used to collect data on the traditional uses of the plant.
2.3 Preparation of Extracts
· Aqueous decoction: Prepared by reflux heating 10 g of plant powder in 100 mL of distilled water for 15 minutes.
· Methanolic extract: Prepared by Soxhlet extraction using 40 g of plant powder in 400 mL of methanol.
2.4 Secondary metabolite composition
Tube coloring reactions with specific reagents were carried out to identify the main chemical groups in the powders and aqueous extracts from leaves and stems.
2.4.1 Plant Powder
Characterization of Total Polyphenols
2 g of plant powder were added to 50 mL of distilled water previously brought to a boil. The resulting solution was left to stand until cooled and then filtered. Next, 2 mL of the filtrate were placed in a test tube and 1 to 2 drops of 2% ferric chloride (FeCl₃ 2%) were added. The presence of polyphenols was confirmed by the appearance of a dark black coloration or a blackish-green precipitate upon addition of FeCl₃ (Somboro at al., 2025).
Characterization of Flavonoids
The reaction used to identify the presence of flavonoids in plant powder is known as the Shibata reaction or Cyanidin reaction.
10 g of plant powder were placed in a 100 mL flask containing 50 mL of distilled water. The mixture was boiled for 30 minutes. Hot filtration was done using cotton and then left to stand. 2 mL of the filtrate were introduced into a test tube. Then, 2 mL of hydrochloric alcohol and a few magnesium shavings were added. A pink-orange or pink-purple coloration indicates the presence of flavonoids (Somboro at al., 2025).
Characterization of Tannins
5 g of plant powder were introduced into a 250 mL flask containing 50 mL of boiling water. The mixture was left to stand for 30 minutes, then filtered using cotton after cooling. To 5 mL of this infusion, 4 mL of Stiasny reagent (formol-hydrochloric acid) were added. The mixture was heated in a water bath until boiling for 30 minutes. The formation of a precipitate indicates the presence of condensed tannins. After filtration, the filtrate was saturated with sodium acetate, followed by the addition of a few drops of ferric chloride solution (2%). The appearance of a blue-black coloration confirms the presence of hydrolysable tannins (Somboro at al., 2025).
To characterize non-hydrolysable catechic tannins, 1 mL of concentrated hydrochloric acid was added to 5 mL of the previously prepared infusion. The mixture was brought to a boil for 15 minutes. In the presence of catechic tannins, an insoluble red precipitate forms in amyl alcohol.
Characterization of Alkaloids
In a 150 mL Erlenmeyer flask, 15 mL of 10% sulfuric acid were added to 1 g of plant powder. After 30 minutes of maceration at room temperature, the mixture was filtered using filter paper. The filtrate was divided into three test tubes (1 mL each):
· 2–3 drops of Dragendorff reagent were added to the first tube;
· 2–3 drops of Bouchardat reagent to the second;
· 2–3 drops of Valser-Mayer reagent to the third.
The appearance of an orange to vermilion red precipitate in the first tube, a brown precipitate in the second, and a yellowish-white precipitate in the third indicates the presence of alkaloids (Cissé, 2019).
Characterization of Cardiotonic Glycosides
In a test tube, 1 g of plant powder was mixed with 5 mL of a chloroform/ethanol mixture (4:1 v/v). After 30 minutes of maceration with periodic shaking, the filtrate was divided into three test tubes as follows:
· 0.5 mL of Baljet reagent in the first tube;
· 0.5 mL of Kedde reagent in the second;
· 0.5 mL of Raymond-Marthoud reagent in the third.
In each tube, 2 drops of diluted sodium hydroxide in absolute ethanol (90°C) were added and the pH checked. The appearance of an orange coloration in the first tube, a stable purplish-red in the second, and a fleeting violet in the third indicates the presence of cardiotonic glycosides (Somboro at al., 2025).
Characterization of Sterols and Triterpenes
In a test tube containing 20 mL of diethyl ether, 1 g of plant powder was added. The mixture was macerated for 24 hours then filtered. The filtrate was transferred to another test tube and the volume adjusted to 20 mL. 10 mL of this filtrate were evaporated to dryness at room temperature. The dry extract was then dissolved in a mixture of 1 mL of acetic anhydride and 1 mL of chloroform. The solution was divided between two tubes: one used as a control, and to the other, 1–2 mL of concentrated sulfuric acid (H₂SO₄) were added. The appearance of a reddish-brown or violet ring at the contact zone between the two solvents followed by a green coloration of the supernatant layer confirms the presence of sterols and triterpenes.
Characterization of Carotenoids
5 mL of the previously prepared macerate were evaporated to dryness in a water bath. Then, 2–3 drops of a saturated solution of antimony perchloride (prepared by dissolving 2–3 pieces of antimony in 5 mL of chloroform) were added to the dry extract. The appearance of a blue coloration followed by a cloudy opalescence indicates the presence of carotenoids (Somboro at al., 2025).
Detection of Reducing Compounds
In a beaker, 5 mL of aqueous decoction (10%) were evaporated to dryness in a water bath. A few drops (2–4) of Fehling's reagent were added to the dry extract. A bright red coloration indicates their presence (Cissé, 2019).
Detection of Saponosides
Saponosides are substances commonly found in plants, characterized by their foaming properties in aqueous solutions.
A 1% aqueous decoction was prepared and filtered. The filtrate was adjusted to 100 mL and allowed to cool. Ten numbered test tubes (1–10) were prepared and filled with increasing volumes of the decoction (1 to 10 mL). Except for tube 10, the other tubes were topped up to 10 mL with distilled water. The tubes were then shaken lengthwise for 15 seconds, at a rate of two shakes per second. After 15 minutes of rest, the foam height in each tube was measured. The tube where the foam height reaches 1 cm was used as a reference for calculations.
Foaming Index = 100 / X, where X is the foam height in cm (Cissé, 2019).
Detection of Anthraquinone Derivatives
A hydro-acid solution was prepared by mixing 250 mg of plant powder, 20 mL of distilled water, and 1 mL of concentrated hydrochloric acid in a 150 mL Erlenmeyer flask. The contents were placed in a boiling water bath for 15 minutes, cooled, and filtered. The filtrate was poured into a separatory funnel and 10 mL of chloroform were added. The chloroform phase was extracted and evaporated to dryness at room temperature. The dry extract was then dissolved in 2 mL of half-strength ammonia. The appearance of a yellow coloration that turns red after gentle heating in a water bath confirms the presence of anthraquinone derivatives (Somboro at al., 2025).
2.4.2 Extracts
Flavonoids
1 mL of each extract was treated with a few drops of concentrated HCl. A few milligrams of magnesium shavings were added. The appearance of a pinkish-red color confirms the presence of flavonoids (Chaibou, 2024).
Tannins
To 1 mL of each extract, 2–3 drops of 1% FeCl₃ solution were added. After a few minutes of incubation, a blue or dark green tint indicates the presence of tannins (Chaibou, 2024).
Alkaloids
To 2 mL of each extract, 5 mL of 1% HCl were added. The mixture was incubated in a water bath. Each extract was divided into two parts: Mayer’s reagent was added to one, and Wagner’s reagent to the other. The formation of white and brown precipitates, respectively, indicates the presence of alkaloids (Cissé, 2019).
Sterols and Triterpenes
To 1 mL of each extract, 1 mL of acetic anhydride and a few drops of concentrated H₂SO₄ were added. The presence of steroids is confirmed by a violet to green hue or a red-brown tint at the interface layer (Somboro at al., 2025).
Terpenoids
1 mL of each extract was treated with 0.4 mL of concentrated H₂SO₄. The appearance of two phases and a brown color at the interface reveals the presence of terpenoids (Chaibou, 2024).
Anthraquinones
To 1 mL of each extract, 0.5 mL of 10% NH₄OH was added. The mixture was shaken. The appearance of a purple color indicates a positive result (Somboro at al., 2025).
Reducing Sugars
To 5 mL of each extract, 1 mL of Fehling’s solution (A+B) was added, and the mixture was heated in a water bath for 5 minutes. The appearance of a brick-red precipitate indicates a positive test (Chaibou, 2024).
Saponosides
1 mL of each extract was mixed with 2 mL of hot distilled water. The mixture was shaken for 15 seconds and then left to rest for 15 minutes. The presence of persistent foam over 1 cm high confirms the presence of saponosides (Cissé, 2019). 
3. RESULTS
3.1 Ethnobotanical Survey
The Table I below shows the traditional medicinal uses of B. senegalensis.
Table I: Traditional medicinal uses of B. senegalensis
	Diseases Treated
	Dosage
	Frequency

	Use of leaves and stems

	Jaundice and body aches
	Take a bath and drink 75 mL of decoction of leaves and stems, twice daily for 3 days
	19

	Joint pain and sore throat
	Apply a poultice of leaf and stem powder mixed with shea butter, twice daily for 1 week
	8

	Abdominal pain
	Drink the decoction in the morning and evening for 7 days
	4

	Headaches
	Fumigate the head at night for 7 days with a mixture of leaf, stem, and garlic powder
	11

	Urinary tract infections
	Drink 75 mL of infusion of leaves and stems twice daily until recovery
	7

	Use of leaves 

	Headaches
	Fumigate the head at night with powdered leaves until recovery
	8

	Hypertension
	Drink 75 mL of leaf powder infusion with lemon once daily for 3 days
	3

	Body aches
	Massage for 5 days with a poultice of leaf powder mixed with shea butter
	6

	Abdominal pain
	Take a bath and drink 75 mL of leaf decoction twice daily for 7 days
	8

	Wounds and skin swellings
	Apply a poultice of leaf powder with shea butter twice daily until healing
	6

	Use of roots

	Sexual impotence
	Drink 75 mL of root decoction with salt crystal, 2–3 times daily until satisfaction
	8

	Gonorrhea and bilharzia
	Drink 75 mL of root decoction twice daily for 7 days
	5

	Jaundice
	Drink 75 mL of root infusion twice daily for 7 days
	5


The leaves and stems are mainly used to treat jaundice, body aches, headaches, joint pain, sore throat, and urinary tract infections. The leaves and roots are also used for conditions such as headaches, abdominal pain, body aches, sexual impotence, gonorrhea, and bilharzia.
3.2 Composition in secondary metabolites
The Table II shows the results of the characterization tests, which revealed the presence of numerous secondary metabolites in B. senegalensis.
Table II: Composition in secondary metabolites of B. senegalensis

	Constituents
	Powder
	
	Aqueous Extract
	

	
	Leaves
	Stems
	Leaves
	Stems

	Total polyphenols
	+
	+
	+
	+

	Flavonoids
	–
	+
	–
	–

	Alkaloids
	+
	+
	+
	+

	Tannins
	+
	+
	+
	+

	Saponins
	+
	+
	+
	+

	Sterols and triterpenes
	+
	–
	+
	–

	Carotenoids
	–
	+
	–
	–

	Anthracene compounds
	–
	–
	–
	–

	Reducing compounds
	–
	–
	–
	–

	Terpenoids
	+
	+
	+
	+


Legend:
+ = Positive reaction;        – = Negative reaction
The analysis revealed the presence of flavonoids, tannins, alkaloids, saponins and terpenoids. 
4. DISCUSSION
4.1 Ethnobotanical Survey
The survey indicates that eight diseases can be treated with a combination of leaves and stems, six with leaves alone, and four with roots. The combination of leaves and stems is most commonly used, making up about 44% of all remedies, likely due to both synergistic effects and ease of access. Leaves alone accounted for 33% of uses, while roots were used in 22% of cases.
The ethnobotanical survey across three sites reveals common uses of Boscia senegalensis by traditional healers and herbalists, with some specific variations. This widespread use aligns with studies by Idi at al., (2022), Ibrahim and Ali (2020), Maroyi (2019), Belem at al., (2017), Diop (2022), and Bambou (2012). Notably, no healer mentioned using the bark or fruits; however, Adam at al., (2018) reported bark use for rheumatism and gastritis, and Belem at al., (2017) mentioned fruit use for treating syphilis.
4.2 Composition in secondary metabolites
Screening showed that alkaloids, saponins, tannins, and terpenoids are present in both powder and extracts. Flavonoids and carotenoids were only found in stem powder. These results are consistent with Chaibou (2020), who also found tannins and alkaloids. However, unlike us, Osuala at al., (2022) did not detect flavonoids, possibly due to differences in extraction methods, environmental conditions affecting metabolite biosynthesis, or plant geographic origin.
Alkaloids may contribute to antimicrobial and antiparasitic properties, useful for treating infections and digestive disorders (Elkhateeb at al., 2019). Saponins are amphiphilic glycosides with detergent properties, known for anti-inflammatory, antimicrobial, and hemolytic activity (Chaibou, 2020), as well as digestive and immune-boosting effects (Ka, 2020). Tannins are polyphenols with antioxidant, astringent, and antimicrobial properties, often contributing to wound healing and antiseptic effects (Chaibou, 2024). Terpenoids may explain its traditional use as a tonic or stimulant.
Traditionally, B. senegalensis is used for:
· Treating bacterial and fungal infections — likely due to alkaloids, tannins, and terpenoids
· Managing digestive disorders — attributed to saponins
· Promoting wound healing and reducing inflammation — mainly due to tannins and terpenoids (Awe at al., 2015)
Flavonoids often act as anti-inflammatory agents, which can help reduce pain associated with inflammation. They inhibit pro-inflammatory enzymes such as cyclooxygenase (COX) and lipoxygenase (LOX), thereby decreasing the production of prostaglandins and leukotrienes, which are mediators of pain. Tannins enhance the effects of alkaloids and flavonoids by reducing inflammation and acting on receptors of the nervous system (Cissé at al., 2024).

5. CONCLUSION
The ethnobotanical survey allowed us to understand the wide and varied traditional uses and dosages of B. senegalensis by herbalists and traditional healers. The presence of a combination of alkaloids, tannins, terpenes, and saponins in the powder and extracts supports its traditional use, and these compounds may be the main agents responsible for its bioactive effects.
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