


Phytochemical characterization of leaf and stem extracts of Anogeissus pendula: A climax species of the Aravalli’s


[bookmark: _GoBack]Abstract:
The deciduous shrub Anogeissus pendula Edgew., also referred to as "dhok" or "button tree," is indigenous to the arid and semi-arid areas of the Aravalli range and is especially prevalent in Rajasthan. Using methanolic and ethyl acetate extracts, this study focusses on the phytochemical screening and quantification of bioactive components from the leaf and stem of A. pendula. With differences across solvent extracts, qualitative analysis identified a number of significant phytochemicals, including lignin, flavonoids, terpenoids, alkaloids, phenolic compounds, and cardiac glycosides. Interestingly, Phlobatannins and anthraquinones were not present in any of the extracts, while tannins and resins were only present in the ethyl acetate extracts. The identification of substances like lignin and phenolics points to the possibility of using them in composite formulations or natural polymers, extending their usage beyond medicine. Comparing the leaf to the stem, quantitative analysis revealed that the leaf has greater amounts of reducing sugars (100 mg/g), non-reducing sugars (70 mg/g), proteins (83 mg/g), ascorbic acid (1.0 mg/g), lipids (39 mg/g), and alkaloids (24 mg/g). These findings confirm the traditional ethnomedical applications of A. pendula and demonstrate its pharmacological, nutritional, and material value, especially in its leaves. It is advised that more research be done to examine its biological activity, medicinal potential, and suitability for the synthesis of natural polymers or composites.
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1. Introduction
Pendula Anogeissus Edgew (Family: Combretaceae) is commonly referred to as "button tree" in English, "dhok," and "kala dhavda" in Hindi. A unique plant found in the dry and semi-arid Aravalli region, Anogeissus pendula (Edgew) is abundant in fuel, fodder, timber and medicinal uses. According to Lata and Bhadoria (2010), it encompasses almost half of Rajasthan's total forest area. It grows in dry and mixed forests and is a deciduous, gregarious shrub or small tree (Ramana et al., 2000; Krishen, 2013). Its maximum height and girth are 9–15 m and 1 m, respectively (Singh et al., 2017). The appearance of stem bark varies greatly; it starts off smooth and silvery and eventually turns grey and rough with black, cracked spots on older trees. With pre-monsoon showers in early June, older leaves that have turned purply-red before being lost between December and February are rejuvenated. Greenish-yellow flowers that are massed in spherical heads without petals bloom from late July to September (Lata et al., 2023).
Stem bark, seed, fruit, and twig have been used for a variety of ethnomedical purposes, including gastrointestinal disorders, burns, diarrhoea, dysentery, coughing, wound healing, and skin illnesses (Danai et al., 2021; Meena et al., 2018). On swellings, its leaf paste is used externally. The ethyl alcohol extract of aerial portions is also said to have diuretic and cardiovascular stimulating properties. This versatile plant is used by some cultures for fuel wood, lumber and feed. Alkaloid and phenolic substances, including tannins and lignin, were found by phytochemical analyses (Khandelwal, 2008). A polyphenolic flavonoid compound isolated, viz. 5,7,3′,4′,5′‑pentahydroxy di-hydrofla vanol‑3‑O‑(2″‑O‑galloyl) ‑β‑D‑glucopyranoside, was tested for its neuroprotective effect in transient focal cerebral ischemia in rats and found to be a good neuroprotective agent in stroke as it reduced apoptosis and found to have good antioxidant and anti‑inflammatory potential (Singh et al., 2016). The aim of this study is to perform a detailed qualitative and quantitative phytochemical screening of leaf and bark extracts of A. pendula using various solvents.
2. Material & Methodology
2.1 Collection of plant materials:+6
Fresh leaves and twigs of Anogeissus pendula were collected from Jaipur and nearby area. Collected leaves were washed with tap water for 2 to 3 times. The excess water was removed by sterilized blotting paper.
2.2 Preparation of plant extract: 
The plant material was shade dried for like 10 to 15 days. Dried material was crushed in an grinder to make powder. (B. K. Nayak1 et al., 2015) Crude plant extract was prepared by Soxhlet extraction method. About 20 gm of powdered plant material was packed into Whatman filter paper and extracted with 200 ml of different organic solvents separately. Methanol and ethyl-acetate were the solvents used for extraction. The process of extraction continued till the solvent in siphon tube of an extractor become colorless. After that the extracts were collected into a beaker.
2.3 Qualitative Phytochemical Analysis 
Qualitative phytochemical screening of the plant extracts was carried out using standard methods to detect the presence of various secondary metabolites. The presence of tannins was confirmed by Braymer’s test, where 1 mL of plant extract was mixed with 3 mL of distilled water and three drops of 10% ferric chloride solution; a blue-green coloration indicated tannins due to the formation of a water-soluble iron-tannin complex (Singh & Kumar, 2017). Steroids were identified using the Salkowski test by mixing 2 mL of extract with 2 mL of chloroform, followed by 10 drops of acetic anhydride and 2 mL of concentrated sulfuric acid; a reddish-brown ring at the junction indicated the presence of steroids (Raaman, 2006). For phlobatannins, 2 mL of extract was boiled with 2 mL of 1% hydrochloric acid, resulting in a red precipitate that confirmed their presence (Njoku & Obi, 2009). Terpenoids were detected by adding 2 mL of chloroform and 3 mL of concentrated sulfuric acid to 5 mL of extract, producing a reddish-brown interface coloration (Singh & Kumar, 2017).
Anthraquinones were detected via Borntrager’s test, where 3 mL of extract was added to 10 mL of 10% ammonia solution, and the formation of a pink colour in the ammoniacal layer indicated a positive result (Raaman, 2006). Emodin was identified by mixing 2 mL of extract with 2 mL of ammonium hydroxide and 3 mL of benzene, which yielded a red colour (De Silva et al., 2017). The presence of coumarins was indicated by a yellow colour upon adding 3 mL of 10% NaOH to 2 mL of extract (De Silva et al., 2017). Phenolic compounds were detected using the ferric chloride test, where the addition of a few drops of 5% ferric chloride solution to the extract produced a dark green or bluish-black colour (Raaman, 2006).
Cardiac glycosides were detected using Legal’s test, where 2 mL of extract was mixed with 3 mL of chloroform and 10% ammonia, resulting in a pink coloration (Nanna et al., 2013). Alkaloids were confirmed using Dragendorff’s reagent, where a reddish-brown precipitate indicated their presence (Raaman, 2006). Anthocyanins were detected when 2 mL of extract treated with 2N hydrochloric acid changed from pinkish-red to blue upon the addition of ammonia (Nanna et al., 2013). Flavonoids were tested using the lead acetate method, where 1 mL of extract treated with 10% lead acetate solution produced a yellow precipitate (De Silva et al., 2017).
Lignin was confirmed using the Labat test, in which the addition of gallic acid to the extract resulted in an olive-green colour (Nanna et al., 2013). For resin detection, the extract was first dissolved in acetone and then poured into distilled water; a turbid solution confirmed its presence (Singh & Kumar, 2017). Phytosterols were identified by the Salkowski test, where the addition of concentrated sulfuric acid to the extract and subsequent shaking produced a red lower layer (Tiwari et al., 2011). Quinones were confirmed by adding alcoholic potassium hydroxide to the extract, which produced a red coloration (Santhi & Sengottuvel, 2016).
Triterpenoids were also detected by the Salkowski test, with the formation of a golden-yellow layer at the bottom after adding concentrated sulfuric acid (Singh & Kumar, 2017). Carbohydrates were confirmed via Molisch’s test by adding alcoholic α-naphthol and concentrated sulfuric acid to the extract, resulting in a violet ring at the interface (Singh & Kumar, 2017; Raaman, 2006). Reducing sugars were identified by adding Fehling’s solutions A and B to the extract and heating in a water bath; a red precipitate indicated a positive result (Singh & Kumar, 2017). Fixed oils and fats were detected using the saponification test, where soap formation or partial neutralization after heating with alcoholic KOH and phenolphthalein indicated their presence (Nanna et al., 2013).
[bookmark: _qfjvbswobccg]Gums and mucilage were tested by dissolving 100 mg of extract in 10 mL of distilled water, followed by the addition of 25 mL absolute alcohol with constant stirring; the formation of a white or cloudy precipitate indicated a positive result (Raaman, 2006). Finally, proteins were detected using Millon’s test, where a white precipitate appeared upon the addition of Millon’s reagent, while amino acids were confirmed via the Ninhydrin test, which produced a purple-coloured solution upon reaction with the extract (De Silva et al., 2017; Raaman, 2006).
2.4 Quantitative Tests: 
2.4.1 Carbohydrate: Extraction and quantification [Loomis & Shull, 1937: Mccready et al., 1950; Dubois et al., 1951]
About 50 mg of each powered sample was taken, ground in a mortar and pestle with 20 ml of 80% ethanol, and left overnight to determine the total soluble sugars (Ext. 1). The supernatants were gathered and concentrated on a water bath after the centrifugation of homogenate for 12 minutes at 1500 rpm. Distilled water was used to make up the remaining 50 millilitres of the resulting concentration. The remaining pellet from the centrifugation procedure was collected for the starch (ext. 2), suspended in 6.5 mL of distilled water and 5 ml of 52% perchloric acid, agitated continuously for 5 minutes, and centrifuged for 20 minutes at 2500 rpm. After three iterations of the procedure, the supernatant was gathered. Using distilled water, the volume of the collected supernatants was increased to 100 ml.
Each test sample (ext 1 & 2) was estimated using the phenol-sulfuric acid reagent for quantification. Using a glucose stock solution (1 mg/ml), the standard regression curve was created. One millilitre of the test sample was placed in a test tube and stored in an ice chest. After adding 1 millilitre of 5% aqueous phenol, the mixture was gently shaken. After quickly adding 5 ml of concentrated H2SO4, the mixture was let to rest for 20 minutes at 25–300 C in a water bath. The sample's OD was measured at 490 nm. Various aqueous glucose concentrations were used for the standard curve (r2=0.991).
2.4.2 Lipids: Extraction and quantification {jayaraman1958} 
Using a mortar and pestle and 10 millilitres of distilled water, 1 gramme of each dry sample powder was mixed. After combining the prepared pulp with 30 millilitres of a 2:1 v/v chloroform–methanol solution, it was left to rest at room temperature for the overnight. Afterwards, 20 millilitres of distilled water and chloroform were added. After transferring the mixture into a separating funnel, the lower layer of lipids and chloroform was collected and placed in pre-weighed beakers to evaporate. Weight was again calculated as the weight of total lipids/g of dried plant material following evaporation.
2.4.3 Protein: Extraction and quantification {Osborne 1962: LOWRY et al., 1951}
10 ml of cold 10% TCA solution were mixed with 60 mg of each dried sample. After 30 minutes, the solution was left to stand at 4°C for the entire night. After centrifuging the mixture, any leftover pellets were gathered. The leftover pellets were re-suspended in a 5% TCA solution and heated for approximately half an hour at 80°C in a water bath. After cooling, the samples were centrifuged again. After being collected, the leftover pellets were centrifuged once more after being cleaned with distilled water. After being collected, the leftover pellets were dissolved in 10 millilitres of 1 n NAOH and allowed to settle at room temperature for the entire night.
Lowery et al., 1951 method was used to assess the total protein content. After measuring 1ml of each test sample, five millilitres of alkaline solution (50 ml of 2% Na2Co3 in 0.1 N NaOH and 1ml of 0.5% CuSO4 5 H2O in potassium sodium-tartarated) were added to each test tube, and the tubes were left at room temperature for ten minutes. Each test tube received 0.5 ml of the folin-Ciocalteu reagent, which was then combined. A spectrophotometer was used to measure the OD at 750 nm after 30 minutes. BSA solution (1 mg/ml in 1 N NAOH) R2 = 0.994, a standard regression curve, was prepared at varying concentrations and diluted with distilled water to equal 1 ml.
2.4.4 Ascorbic Acid: Extraction and quantification {roe & kuenther, 1943} 
After mixing 400 mg of the dried material with 10 ml of acetate buffer (pH 4.8), the mixture was centrifuged for 15 minutes at 1500 rpm. After the supernatants were gathered, one millilitre of each was transferred to a test tube. Each test tube was then filled with 4 ml of 4% TCA, and the tubes were left overnight. After another centrifugation of the solution, the supernatant was gathered. 1ml of the colourant (90 ml of 2.2%, 2,4-dinitrophenyl hydrazine in 10 N H2SO4), 5ml of 5% thiourea, and 5ml of 0.6% cuso4 solution were added to each supernatant. For forty-five minutes, the above solution was incubated at 57°C. Each solution was cooled before 7 ml of 65% H2SO4 was added and allowed to cool again.
A stock solution of ascorbic acid (10 mg/100 ml in 4% TCA) with varying concentrations (0.01 to 0.09 mg/ml) (R2 = 0.991) was made in order to produce the standard curve. By adding 4% TCA solution, the volume of each was raised to 5 ml, and it was then left at room temperature for the entire night. One millilitre of the colourant was added to each test tube. Later, each test tube received 7 mL of 65% H2SO4. The spectrophotometer was used to measure the OD at 540 nm.
2.4.5 Alkaloids {Oncho et al., 2021}: 
After combining 3g of each sample powder with 20 ml of 10% acetic acid in ethanol, the mixture was let to stand for four hours. After filtering the solution, concentrated ammonium hydroxide was gradually added to the filtrate until precipitate development was stopped. After the precipitate had settled, a 10% ammonium hydroxide solution was used to wash it. Weight was measured after drying, and the solution was filtered to collect the precipitate before being placed in a pre-weighed petri dish. Alkaloids were measured as milligrams per gramme of sample powder.
3. Result
3.1 Qualitative Test
Lignin, flavonoids, terpenoids, phenolic compound, coumarins, alkaloids, cardiac-glycosides, starch, phytosterol, steroids, glycosides are present in both methanolic extract of Anogeissus pendula leaf and stem. Resin and tannins are present only in ethyl-acetate extract. Terpenoids and starch present and phlobatannins, antra-quinone are not present in both methanolic and ethyl- acetate extract (Table 1).
Table 1: Comparative Qualitative Phytochemical Analysis of Methanolic and Ethyl Acetate Extracts of Anogeissus pendula Leaf and Stem
	Phytochemicals
	
	Methanolic extract
	Ethyl acetate extract
	

	
	Anogeissus pendula leaf
	Anogeissus pendula stem
	Anogeissus pendula leaf
	Anogeissus pendula stem

	Fixed Oil and Fat
	-
	+
	-
	-

	Quinone
	-
	+
	-
	-

	Lignin
	+
	+
	+
	-

	Resin
	-
	-
	+
	+

	Tannins
	-
	-
	+
	+

	Flavonoids
	+
	+
	-
	+

	Terpenoids
	+
	+
	-
	-

	Phlobatannins
	-
	-
	-
	-

	Terpenoids
	+
	+
	+
	+

	Phenolic compound
	+
	+
	-
	-

	Coumarins
	+
	+
	-
	-

	Emodin
	-
	+
	-
	-

	Antra-Quinone
	-
	-
	-
	-

	Alkaloids
	+
	+
	-
	-

	Cardiac-Glycosides
	+
	+
	+
	-

	Starch
	+
	+
	+
	+

	Saponins 
	+
	+
	+
	+

	Phytosterol
	+
	+
	-
	-

	Steroids
	+
	+
	-
	- 

	Glycosides
	+
	+
	-
	-

	Reducing sugar
	+
	+
	+
	+

	Non-reducing sugar
	+
	+
	-
	-

	Proteins
	+
	+
	+
	+



3.2 Quantitative Test 
The result of the quantitative analysis carried out on the stem and leaf power of Anogeissus pendula as shown in table 2. The leaves of plant were found to contain approximately reducing sugar: 100 mg/gm, non-reducing sugar:70 mg/gm, protein:83 mg/ml, Ascorbic Acid:1.00mg/ml, lipid:39mg/ml, Alkaloids:24mg/gm. The stem of plant was found to contain approximately reducing sugar: 80mg/gm, non-reducing sugar: 40 mg/gm, proteins:70 mg/gm, Ascorbic acid: 0.5mg/gm, Lipid:21 mg/gm, Alkaloids: 15mg/gm.
Table 2: Quantitative Estimation of Bioactive Compounds in Leaf and Stem of Anogeissus pendula
	Phytochemicals
	Anogeissus pendula leaf
	Anogeissus pendula stem

	Reducing Sugar 
	100 mg/gm 
	80 mg/gm

	Non-Reducing Sugar 
	70 mg/gm
	40 mg/gm

	Protein 
	83 mg/gm
	 70 mg/gm

	Ascorbic Acid
	1.00 mg/gm
	0.5 mg/gm

	Lipid
	39 mg/gm
	21 mg/gm

	Alkaloids
	24 mg/gm
	15 mg/gm



4. Discussion 
Both the methanolic and ethyl acetate extracts of the leaf and stem of Anogeissus pendula contained a wide variety of phytochemicals, according to the qualitative analysis. Both leaf and stem extracts included common substances as lignin, flavonoids, terpenoids, phenolic compounds, coumarins, alkaloids, cardiac-glycosides, starch, phytosterols, saponin, steroids, reducing sugar, and protein, suggesting that these substances were widely distributed throughout the plant. But only the ethyl acetate extract included resin and tannins, demonstrating the extract's special capacity to extract particular bioactive substances. A unique class of glycosides with soapy properties are called saponins. It has the ability to coagulate and precipitate red blood cells. According to Sodipo et al. (2000), saponin's qualities include bitterness, cholesterol binding, haemolytic action, and the ability to form forms in aqueous solution. These characteristics provide the leaf extract from A. pendula its great therapeutic activity. Tannins have antibacterial properties as well. Many plant-based foods contain tannins, also known as tannic acid, which are water-soluble polyphenols. Plant polyphenols that precipitate proteins and are soluble in water are called tannins. According to reports, tannins inhibit the growth of germs by precipitating microbial protein and rendering it inaccessible to them (Sodipo et al., 1991). According to Chung et al. (1998), tannins suppressed the growth of several bacteria, viruses, yeasts, and fungi.  Tannin-containing plants are used in phytotherapy to treat mildly wounded skin, mouth and throat inflammations, and nonspecific diarrhoea. Phlobatannins and anthraquinones, for example, were not detectable in either the methanolic or ethyl acetate extracts, indicating that they may not be present at all or may not be extracted efficiently with these solvents. 

Significant variations in the composition of Anogeissus pendula's leaves and stem were found by the quantitative analysis. Compared to the stem, the leaf was found to have higher levels of proteins, ascorbic acid, lipids, alkaloids, reducing and non-reducing sugars, and other nutrients. In particular, the stem had 80 mg/g of reducing sugars and 40 mg/g of non-reducing sugars, whereas the leaf had 100 mg/g of both. The leaf's potential for greater nutritional and therapeutic value was further highlighted by its higher concentrations of proteins (83 mg/g), ascorbic acid (1.00 mg/g), and alkaloids (24 mg/g). The stem, on the other hand, displayed relatively reduced concentrations of these substances, especially in lipids (21 mg/g) and alkaloids (1.5 mg/g), even if it still contained significant amounts of them. Because of their analgesic, antispasmodic, and antibacterial properties, pure separated alkaloids and their synthetic derivatives are employed as fundamental therapeutic agents (Stray 1998). When given to animals, they show noticeable physiological activity. Although the precise mechanism of action is unclear, the alkaloid content found in A. pendula may be the cause of their highly praised medicinal qualities, according to the current study. According to these results, Anogeissus pendula leaves may have stronger bioactive qualities, which could increase their value in pharmaceutical applications. But the content of the stem is also worth taking into account, particularly because of its peculiar phytochemical profile, which may have particular medicinal effects. Further studies are needed to explore the specific biological activities of these compounds and their synergistic effects in both leaf and stem extracts.


5. Future Aspects
i. Further studies should focus on isolating and purifying the specific phytochemicals responsible for the plant's medicinal properties, allowing for targeted therapeutic applications.
ii. In-vitro and in-vivo testing of extracts can confirm their medicinal potential, particularly in areas like wound healing, cardiovascular support, and neuroprotection.
iii. Comprehensive toxicological evaluations are essential to determine safe dosage levels and ensure the plant extracts are non-toxic for human or animal use.
iv. Based on its phytochemical richness, A. pendula can be used to create herbal products such as supplements, topical applications, or health beverages.
v. The presence of lignin and phenolics suggests potential for the plant in the development of biodegradable plastics, natural resins, or eco-friendly composites.
vi. With high levels of proteins, sugars, lipids, and vitamin C, the leaf extract may serve as a valuable ingredient in functional foods or nutraceutical products

6. Conclusion
The phytochemical diversity and bioactive potential of Anogeissus pendula are thoroughly highlighted in this work, with special attention paid to the compounds' varying distribution in the leaf and stem extracts. Several important phytochemicals, including flavonoids, alkaloids, terpenoids, phenolics, and cardiac glycosides, were found through qualitative screening. Notable extract-specific substances, such as tannins and resins, were only found in ethyl acetate extracts. Additionally, quantitative analysis showed that the leaf has substantially higher concentrations of compounds that are relevant to pharmacology and nutrition, such as reducing sugars, proteins, lipids, ascorbic acid, and alkaloids, indicating that it has more therapeutic and nutritional value than the stem. The presence of substances like lignin and phenolics suggests that this plant may be used to create natural polymers or composite materials. These results not only validate A. pendula's traditional therapeutic use but also pave the way for its application in the fields of material science, pharmaceuticals, and nutraceuticals. To fully utilise its medical and industrial potential, further thorough research on its bioactivity, toxicity, and mechanism of action would be beneficial.
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