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ABSTRACT
Calligonum polygonoides, a plant native to the arid regions of Rajasthan, India, thrives under extreme desert conditions characterized by high temperatures, intense solar radiation, and limited water availability. This study aimed to qualitatively analyze the hydroalcoholic stem extracts of C. polygonoides to identify major secondary metabolites with potential pharmacological significance. Plant samples were collected from Chelak Village, Jaisalmer, a region within the Thar Desert, where plants have evolved unique biochemical adaptations to survive harsh environmental stresses. The stem of C. polygonoides was collected, dried, and ground into a fine powder, followed by hydroalcoholic extraction. Standard phytochemical tests were conducted to detect key bioactive compounds. The qualitative screening confirmed the presence of flavonoids, tannins, phenolic compounds, saponins, sterols, quinones, glycosides, and alkaloids in the stem extracts. These secondary metabolites are renowned for their diverse therapeutic properties, comprising anti-oxidant, anti-inflammatory, antimicrobial, and anticancer properties. The occurrence of these bioactive compounds in C. polygonoides underscores its potential as a valuable source of plant-derived pharmaceuticals. The ability of this plant to produce a rich array of phytochemicals despite extreme desert conditions suggests its evolutionary adaptation to environmental stress, which may contribute to its medicinal properties. This study highlights the significance of exploring desert flora for novel bioactive compounds that could lead to the development of sustainable, plant-based therapeutic agents.	Comment by hp: Remove the paragraph here.	Comment by hp: What are the recommendations this study suggest?
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1. INTRODUCTION
	The herbal medicinal system has been developed and refined over time through empirical observations and exploratory experiments, serving as a means to promote health and treat various ailments and diseases since ancient times (Karunamoorthi et al., 2013). In recent years, there has been increased interest in the study of medicinal plants, which are rich in phytochemicals beneficial to human health. Since ancient times, various plant-derived secondary metabolites have been utilized as key components in drug formulations to treat numerous human disorders. The traditional therapeutic uses of these secondary metabolites have been documented worldwide. Advanced techniques have enabled the identification and isolation of numerous bioactive phytochemicals, which are responsible for a wide array of pharmacological properties, including anticancer, anti-inflammatory, anti-allergic, and antimicrobial effects (Kaushik et al., 2021). Phytochemicals are naturally occurring bioactive compounds available in fruits, nuts, grains, vegetables, tea and seeds, playing a crucial role in promoting health and prevention of diseases. Therapeutic properties of medicinal plants are largely because of their rich phytochemical content, particularly flavonoids, terpenoids, alkaloids, phenolic acids, lignans, sterols, tannins, stilbenes, and saponins (Nyamai et al., 2016). 
	Medicinal plants are a vital source for traditional medicine, contemporary pharmaceuticals, nutraceuticals, dietary supplements, folk remedies, pharmaceutical precursors, and chemical intermediates for synthetic drug development. Their therapeutic effects are largely attributed to the diverse secondary metabolites they contain. The medicinal properties of specific plant species or groups are distinct, as the unique combination of secondary metabolites within each plant is often taxonomically specific (Saranraj et al., 2016). Recent studies have highlighted the importance of phytochemical screening in evaluating the therapeutic potential of plants. Several plants have been explored for their biological activities based on the phytochemicals specially secondary metabolites present within such as Neem (Azadirachta indica) contain a diverse range of bioactive compounds that can be extracted and utilized in herbal medicine (Patel et al., 2024). Chlorophytum borivilianum exhibits anti-tumour, anti-mutagenic, and chemomodulatory effects (Kumar et al., 2010). Martynia annua exhibited various pharmacological activities, including antibacterial, anthelmintic, antioxidant, and wound-healing activities (Sharma et al., 2024). Evolvulus parviflora identified bioactive compounds with significant antimicrobial and antioxidant properties (Adil et al., 2024). These findings highlight the critical role of phytochemical screening in discovering plant-based therapeutic agents.
	Identifying phytoconstituents in plant material helps predict its potential pharmacological activity. Phytochemical analysis is essential for evaluating a plant's potential medicinal uses and identifying the active compounds responsible for its biological activities. Additionally, it serves as a foundation for targeted compound isolation and more precise investigations (Shaikh and Patil, 2020). Phytochemicals have an important role in combating several diseases, including arthritis, asthma, and cancer. Distinct to pharmaceutical chemicals, they no or very less adverse effects. Since they treat diseases without harming humans, they can be regarded as "man-friendly medicines" (Banu and Cathrine, 2015). Calligonum polygonoides is recognized as a keystone species in the Thar Desert ecosystem (Vyas et al., 2012).  It is naturally found in North African, Southern European, Central and Western Asian Deserts (Swarnkar et al., 2019). The consideration of C. polygonoides in pharmaceutical research holds great promise, as detailed studies may identify novel bioactive secondary metabolites with therapeutic potential to address various health issues (Meghwal et al., 2024).
	This study aims to conduct a preliminary qualitative phytochemical screening of C. polygonoides extracts to identify key secondary metabolites. The findings will enhance the understanding of plant-based bioactive compounds and may guide future research on the development of plant-derived therapeutic agents.
2. MATERIALS AND METHODS
2.1. Plant Material Collection and Extract Preparation
	C. polygonoides stems were collected in winter from Chelak Village in Jaisalmer District, Rajasthan, India (26.508917°N, 70.908462°E). They were verified using a voucher specimen (RUBL-211762) that was kept in the Department of Botany's herbarium at the University of Rajasthan, Jaipur. To optimize the quantity of bioactive components, a hydroalcoholic extract of the stems was made using Soxhlet extraction with a 3:1 methanol-water solvent mixture. The solvent was evaporated to concentrate the C. polygonoides stems extract (CPSE), which was then dried and kept at room temperature in an airtight container. 
2.2. Qualitative Phytochemical Screening
	Various standard methods were used to qualitatively detect the presence or absence of specific secondary metabolites in the stem extract of C. polygonoides.
2.2.1. Flavonoid: 
	Shinoda’s test is a qualitative assay used to identify flavonoids in plant extracts by reducing them with magnesium (Mg) in the presence of concentrated hydrochloric acid (HCl). In this procedure, 1–2 mL of the plant extract is combined with a small piece of magnesium ribbon or powder, followed by the addition of a 2-3 drops of HCl. A positive result is denoted by the development of a pink, red, or orange colour, confirming the presence of flavonoids. This colour change occurs due to the reduction of flavonoid compounds, particularly flavones, flavonols, and flavanones, making Shinoda’s test a simple and reliable method for preliminary flavonoid screening in plant-based research (Nanna et al., 2013).	Comment by hp: Reframe these methodologies as a report.
2.2.2. Saponin: 
	The foam test is a simple qualitative method used to detect saponins in plant extracts. In this test, a small amount of the sample (0.5mg extract) is mixed with water (5ml) and shaken vigorously. If saponins are present, the mixture forms a persistent foam that lasts for several minutes due to the surfactant properties of saponins, which have both hydrophilic and hydrophobic components that reduce surface tension. This test is commonly used for the preliminary identification of saponins in plant-based samples, as their unique ability to stabilize air bubbles in water results in the formation of a stable foam (Tiwari et al., 2011).
2.2.3. Quinones: 
	The sulfuric acid test is a simple qualitative method used to detect quinones in plant extracts. In this assay, 2-3 drops of concentrated sulfuric acid are added to the sample (10mg extract dissolved in isopropyl alcohol), and the formation of a red, yellow, or orange coloration or a yellow or red ring at the interface indicates the presence of quinones. This colour change occurs due to the reaction of quinones with sulfuric acid, which acts as a dehydrating agent, facilitating the formation of a coloured complex. The test is widely used for the preliminary screening of quinones, which are known for their characteristic aromatic structure and conjugated systems (Maria et al., 2017).
2.2.4. Phenols:
	The Ferric Chloride Test, is a qualitative assay employed to detect phenolic compounds in samples. In this method, 2-3 drops of 5% ferric chloride solution are mixed to the sample, resulting a red, blue, green, or purple coloration if phenols are present. This colour change occurs due to the formation of ferric-phenolate complexes. The test is valued for its simplicity and effectiveness in preliminary phenolic screening in various studies (Santhi and Sengottuvel, 2016).
2.2.5. Glycosides:  
	The Keller-Killani test is a qualitative method used to detect the presence of cardiac glycosides in plant extracts. In this assay, 1.5mL glacial acetic acid, 2 drops of 5% ferric chloride solution, and concentrated sulfuric acid are added to the sample. The appearance of a red or reddish-brown colour at the interface or a colour change from green to red indicates the presence of glycosides, specifically cardiac glycosides. The test works due to the interaction between the glycoside and iron ions from ferric chloride, with sulfuric acid enhancing the colour reaction (Singh and Kumar, 2017).
2.2.6. Tannin: 
	The Ferric Chloride Test, also known as Braymer’s Test, is a simple qualitative method used to detect tannins in plant extracts. In this test, about 2 mL of the stem extract was mixed with a 10% alcoholic ferric chloride solution. The appearance of a blue or green colour suggest the presence of tannins. This colour change occurs due to the formation of a ferric-phenolate complex, as tannins are phenolic compounds that interact with ferric ions to produce the characteristic coloration. This test is commonly used for preliminary screening of tannins in plant-based studies and is valued for its simplicity and effectiveness (Uma et al., 2017).
2.2.7. Sterols:
	Hesse’s test is a qualitative technique for identifying sterols in plant extracts and other biological samples. In this method, the stem extract is combined with 2 mL of chloroform, followed by an equal volume of sulfuric acid. The formation of a pink-hued ring, which disperses into both layers upon shaking, indicates the presence of sterols. This test is widely used for its simplicity in detecting sterolic compounds such as cholesterol and phytosterols in plant- and animal-derived samples. (Kumar and Jat, 2018). 
2.2.8. Alkaloid: 
	Dragendorff’s test is a qualitative method used to detect alkaloids in plant extracts. In this assay, 2-3 drops of Dragendorff’s reagent, which contains bismuth chloride and potassium iodide, are added to the sample. The presence of alkaloids is indicated by the appearance of an orange-brown precipitate, caused by the reaction between alkaloids and the reagent. This occurs because alkaloids, which contain nitrogen, interact with the bismuth ions in the reagent, leading to the formation of the characteristic precipitate. This test is commonly used for the preliminary identification of alkaloids in plant-based materials (Silva et al., 2017).
3. RESULTS AND DISCUSSION 	Comment by hp: In your discussion, compare your results with results from other available literatures.
	Qualitative phytochemical analysis of the C. polygonoides stem extract revealed the presence of various bioactive compounds. The presence of flavonoids was confirmed by Shinoda’s test, where a pink colour appeared after adding HCl and magnesium powder. Tannins were detected using the ferric chloride test, which produced a blue-black coloration, while phenolic compounds were also identified through the same test, resulting in a blue colour. The foam test indicated the presence of saponins, as persistent foam formed after shaking the sample with water. Hesse’s test confirmed the presence of sterols, producing a red coloration upon adding concentrated sulfuric acid. Quinones were detected through the sulfuric acid test, which developed a yellowish-red colour. Glycosides were identified using the Keller-Killani test, where a reddish-brown ring formed at the interface after adding sulfuric acid and glacial acetic acid. Finally, alkaloids were confirmed through Dragendorff’s test, which yielded an orange-brown precipitate (Table-1).
Table-1: Phytochemicals present in stem extract of Calligonum polygonoides. 	Comment by hp: Bolden this title
	S.N.	Comment by hp: Re-draw this table using the guide for authors on the journal’s website.
	Phytochemical
	Test Results
	Method Use

	1.
	Flavonoid
	Present
	Shinoda’s test

	2.
	Saponin
	Present
	Foam test

	3.
	Quinones
	Present
	Sulphuric acid test

	4.
	Phenol
	Present
	Ferric chloride test

	5.
	Glycosides
	Present
	Keller-Killani test

	6.
	Tannin	
	Present
	Ferric chloride test

	7.
	Sterols
	Present
	Hesse's test

	8.
	Alkaloid
	Present
	Dragendroff’s test



The qualitative phytochemical analysis of C. polygonoides extract confirmed the presence of several bioactive compounds, including flavonoids, phenolics, tannins, saponins, sterols, quinones, glycosides, and alkaloids. These secondary metabolites play a critical role in the pharmacological properties of medicinal plants. The detection of flavonoids through Shinoda’s test indicates the potential antioxidant activity of C. polygonoides, as flavonoids are known to scavenge free radicals and mitigate oxidative stress (Kumar and Pandey, 2013). Similarly, the presence of phenolics and tannins, confirmed by the Folin-Ciocalteu method and Ferric chloride test, suggests the plant's potential antimicrobial and anti-inflammatory effects, as these compounds exhibit strong antibacterial properties (Cheynier, 2012).  A positive result in the Vanillin-sulfuric acid test suggests that C. polygonoides contains bioactive saponins, which have been linked to immunomodulatory and cytotoxic effects (Sparg et al., 2004). The presence of sterols, confirmed by Hesse’s test, may contribute to anti-inflammatory and cholesterol-lowering activities (Dufourc, 2008). Additionally, the Sulfuric acid test indicated the presence of quinones, which possess antimicrobial and anticancer properties (Wang et al., 2016). The detection of cardiac glycosides through the Keller-Killani test supports their cardioprotective potential (Maitra and Nath, 2019). Overall, the presence of these phytochemicals in C. polygonoides reinforces its traditional medicinal applications and underscores its potential as a valuable source of bioactive compounds for pharmaceutical development.
4. CONCLUSION 
	The qualitative phytochemical analysis of Calligonum polygonoides confirmed the presence of flavonoids, phenolics, tannins, saponins, sterols, quinones, glycosides, and alkaloids. These bioactive compounds exhibit antioxidant, anti-inflammatory, and antimicrobial properties, highlighting the plant’s potential for novel pharmaceutical applications. Future research should explore its therapeutic mechanisms, bioavailability, and clinical efficacy for drug development.	Comment by hp: Attach recommendations and acknowledgements her.
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