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ABSTRACT
Macrotyloma uniflorum commonly known as horse gram (kollu in tamil) is a legume cultivated only in South Asian countries and is known for its nutritive and therapeutic  properties.  The present study aims to qualitatively  identify the various phytochemical compounds present in the seed extract of M. uniflorumusing different solvent extraction systems viz. methanolic, ethanolic, chloroform, aqueous and hydro- alcoholic solvents. The results revealed that the methanolic and ethanolic extraction systems are most effective, leading to detection of an array of phytoconstituents viz., alkaloids, flavonoids, phenols, triterpenoids, sterols, saponins and glycosides in M. uniflorum seeds. The study thus highlights the effectiveness of methanolic and ethanolic extract in extracting a diverse array of bioactive metabolites, supporting the potential of M. uniflorum seeds as a valuable resource for medicinal and nutraceutical applications.
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India is the largest producer of a diverse  number  of  medicinal  herbs  and is known as the botanical garden of the world  (Jangid  et  al.,  2022).  Medicinal plants contain various organic compounds as secondary metabolites such as tannins,
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alkaloids,  carbohydrates,  terpenoids, steroids and flavonoids which exhibit specific physiological effects. These bioactive compounds are widely used in human therapy, veterinary, agriculture, scientific researchand numerous other areas (Yadav and Agarwala, 2011).
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Macrotyloma uniflorum (horse gram), also known as kulthi bean, hurali, or Madras gram originated in peninsular India and belongs to the Fabaceae family. M. uniflorum seeds have high protein content (22%) and possess various minor nutrients such as vitamin A, riboflavin, thiamine, and nicotinic  acids.  Various  pharmacological

studies have explored the therapeutic potential of legume such as antilithiatic, emmenagogue, anti-obesity, anti-microbial, antioxidant, larvicidal, hepatoprotective properties (Khan et al., 2024).

The identification of bioactive compounds is essential to elucidate and establish the medicinal properties of plants documented in the Indian traditional medicine     system.    The     selection     of solvent system is crucial in extracting the phytoconstituents  as  they  are  distributed at much lower concentration in different parts  of  the  plant.  Thus,  selection  of  an ideal solvent system and optimization of the extraction protocol is important to maximize the yield of such bioactive compounds. Plant phytoconstituents belong to a wide class of chemical groups and hence polarity of the solvents used plays a crucial role in the extraction process. More polar solvents like water are known for their ability to extract a diverse range of bioactive compounds followed by moderately polar solvents like methanol and ethanol. Non-polar solvents such as chloroform and ether are effectively used for extraction of hydrophobic substances (Sasidharan et al., 2011).

The present study is aims to screen different solvent extracts of M. uniflorum seeds for the presence of phytochemicals such as alkaloids, flavonoids, phenols, tannins,   triterpenoids,   sterols,   saponins and glycosides by qualitative tests. The study would thus establish the solvent of choice for the extraction of these major phytoconstituents and help with further research  avenues  on  the  pharmacological


and therapeutic properties of the bioactive compounds of M. uniflorum seeds.

MATERIALS AND METHODS Chemicals and Instruments:
All the solvents (methanol, ethanol, chloroform)   used   in   this   study   were procured  from  M/s.  Merck  Lifesciences Pvt. Ltd., and were of GC Analytical grade (EMSURE®, ≥99.9%). The chemicals used in the qualitative tests for the detection of phytochemicalswere of Analytical Grade and were procured from M/s. Merck Lifesciences  Pvt.  Ltd  (EMPARTA®,  99-

99.5%). The Macrotyloma uniflorum seeds (MUS) were extractedin different solvent systems using Soxhlet extraction apparatus (Make:  Guna),  which  was  followed  by the drying / concentration of the extracts in the Rotory evaporator (Make:Superfit Continental).

Preparation  of  Macrotyloma  uniflorum
seed extract
Certified seeds of Macrotyloma uniflorum (horse gram, Paiyur-2 variety) were obtained from the Krishi Vigyan Kendra, Tamil Nadu Agricultural University (TNAU), Papparapatty, Dharmapuri district, Tamil Nadu. Dust and debris were removed from the seeds manually by sifting, and the seeds were ground into a coarse powder. About 20 g of this powder was subjected for extraction using five different solvents viz., methanol, ethanol, chloroform, water, and a hydro-alcoholic solution. The extraction process was carried out with 200 ml of each

solvent in a Soxhlet apparatus over a period of  6  hours.  The  solvent  was  evaporated at around 60°C and the extracts were thoroughly dried. The final Macrotyloma uniflorum seed (MUS) extracts were stored at room temperature for future phytochemical analysis, and extraction yield was calculated with the following formula:

mass of extract (g)

Extract yield (%) = -------------------------------x100 %

mass of dry seed powder (g)

Qualitative analysis of the phytochemicals:
A  preliminary  qualitative  analysis of  the  extracts  was  conducted  to  detect the presence of various phytoconstituents such as alkaloids, flavonoids, phenols, tannins, triterpenoids, sterols, saponins and glycosides as per the standard protocols (Shetty  and  Vijayalaxmi,  2012;  Sasikala and Ramachandran, 2018; Kancherla et al.,

2019).

RESULTS AND DISCUSSION
Macrotyloma uniflorum seed extract:
Phytochemical  extraction  is  a critical  process  which  is  often  influenced by factors such as solvent choice, extraction time, and temperature. In this study, solvents of varying polarity viz., aqueous (highly polar);hydro-alcoholic, methanol, ethanol (moderately polar) and chloroform (least polar) were used for the extraction process. The extraction yields varied based on the solvent used, with the aqueous extract (MUS- AE) yielding the highest at 20.3%, followed by methanolic (MUS-ME,19.54%), hydro- alcoholic (MUS-HAE, 17.15%), ethanolic


(MUS-EE, 9.37%), and chloroform (MUS, CE,  2.19%)  extracts  (Fig.1). Various studies  have  highlighted  the  influence of solvent polarity on the extraction yield of compounds  in  plant  material,  suggesting that yield efficiency increase with increasing solvent polarity (Nawaz et al., 2020; Ghaffar and Perveen, 2024).

Qualitative analysis of the phytochemicals:
Preliminary phytochemical screening of the MUS extract revealed the presence of several bioactive compounds, including alkaloids, flavonoids, tannins, triterpenoids, steroids, saponins, phenols, and glycosides (Table 1).

The efficiency of extracting biologically active compounds from plant material is greatly influenced by the choice of the solvent used in the process. All the tested phytochemicals, except tannins and saponins were detected in the MUS-ME.The MUS-EE extracts contained alkaloids,triterpenoids/ steroids and phenols, whereas the MUS-CE extract  when  compared  to  MUS-EE  was not found to contain alkaloids but showed the presence of triterpenoids/steroids and phenols.The MUS-AE extract contained alkaloids, phenols andglycosides, while the MUS-HAE  extract  showed  the  presence of triterpenoids/steroids, phenolsand glycosides.

Phytochemical analysis of various parts of M. uniflorum, including seeds, leaves,   flowers,  and   stems,   have   been shown to possess diverse compounds such as  alkaloids,  saponins,  tannins,  phenolic

compounds, flavonoids, steroids, cardiac glycosides, fats, terpenoids, amino acids, proteins, and carbohydrates (Pattnaik et al.,

2024). Phytochemicals such as alkaloids, saponins, terpenoids, glycosides, steroids, triterpenoids, resin, quinones, proteins, amino acids, carbohydrates, flavonoids, cardiac   glycosides,   phenols,   fixed  oils, fats,  and  fatty  acids  were  identified  in the methanol and aqueous extracts of M. uniflorum (Uma and Valli, 2017). Similarly, Patel and Acharya (2020) reported the presence of carbohydrates, alkaloids, flavonoids, saponins, phytosterols, and phenolic compounds in the aqueous seed extract.The seeds of M. uniflorum are the most extensively studied and are found to be rich in bioactive phytochemicals which possess medicinal properties. A study by Rao et al. (2019) showed that among the extracts isolated from different parts of M. uniflorum, highest antibacterial activity, antioxidant property and anticancer potential were found in the seed extract. Raw horse gram seeds are reported to possess significant antioxidant activity, with the seed coat containing the highest concentration of antioxidants among the various parts of the plant (Ranasinghe and Ediriweera, 2017).

The     phytochemicals     identified in the present study such as alkaloids, flavonoids, phenols, terpenoids, saponins have been reported to possess antioxidant and anti-inflammatory properties.   Plant alkaloids are reported to possess properties like anti-microbial,anti-fungal anti-cancer, anti-ulcer, analgesic, diuretic, anti-tumor, neuro pharmacologic and local anaesthetic (Vandana, 2023). Phenolic compounds and


terpenoids exhibit anti-proliferative, anti- microbial, anti-mutagenic, anti-angiogenic and neuroprotective actions (Sauceda et al.,

2017, Câmara et al., 2024). Saponins have been reported to possessimmunostimulant, hypolipidemic and anti-carcinogenic properties (Desai et al., 2009). Most flavonoid compounds possess antioxidative activity, free radical scavenging capacity, cardioprotective effect, antidiabetic, anti- inflammatory, anti-allergic activities andsome possess potential

CONCLUSION
The study revealed that different solvent   extracts   of   Macrotyloma uniflorum  seed  could  identify  a  variety of phytoconstituents. Among the solvent systems, the methanolic and ethanolic extract demonstrated the ability to extract the majority of the phytoconstituents across different chemical groups. The study also highlights the presence of an array of phytochemicals in Macrotyloma uniflorum and emphasizes the need for further scientific exploration of the therapeutic role of the legume.
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Table 1: Qualitative detection of major phytochemicals in MUS using five different solvent systems
	Name of the test
	MUS-ME
	MUS-EE
	MUS-CE
	MUS-AE
	MUS-HAE

	Test for alkaloids

	Mayer’s test
	+ (Yellow precipitate)
	+ (Yellow precipitate)
	-
	+ (Yellow precipitate)
	-

	Wagner’s test
	+ (Reddish brown precipitate)
	+ (Reddish brown precipitate)
	-
	+ (Reddish brown precipitate)
	-

	Hager’s test
	+ (Yellow precipitate)
	+ (Yellow precipitate)
	-
	+ (Yellow precipitate)
	-

	Test for Flavonoids

	Alkaline reagent test
	+

(Deep Yellow precipitate)
	
	
	
	

	Test for Tannins

	Ferric chloride test
	
	
	
	
	

	Test for Triterpenoids/ Steroids

	Salkowski’s test
	+ (Reddish brown precipitate)
	+ (Reddish brown precipitate)
	+ (Reddish brown precipitate)
	
	+ (Reddish brown precipitate)

	Test for Saponins

	Foam Test
	
	
	
	
	

	Test for Phenols

	Lead acetate test
	+ (White precipitate)
	+ (White precipitate)
	+ (White precipitate)
	+ (White precipitate)
	+ (White precipitate)

	Test for Glycosides

	Sulphuric acid test
	+ (Raddish brown  color)
	
	
	+ (Raddish brown  color)
	+ (Raddish brown  color)


Fig. 1 Percent yield of different solvent MUS extracts
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