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ABSTRACT
The bitter gourd, or Momordica charantia L., is a cucurbit that is commonly grown in tropical and subtropical areas and is rich in nutrients and medicinal value. The current work used methanol and ethanol as extraction solvents to examine the phytochemical profile, total phenolic content (TPC), and total flavonoid content (TFC) of M. charantia peel extracts. In the Sonipat district of Haryana, India, mature fruits were gathered, shade-dried, ground into a powder, and extracted using a Soxhlet device. Both methanolic and ethanolic peel extracts included flavonoids, phenolics, terpenoids, and steroids, according to qualitative phytochemical screening. Only the methanolic extract included tannins and alkaloids, whereas neither of the two solvents contained saponins or glycosides. The amount of bioactive compounds varied significantly depending on the solvent utilized, according to a quantitative study. The methanolic extract had the highest total phenolic content (116.88 mg gallic acid equivalents (GAE)/g), closely followed by the ethanolic extract (115.20 mg GAE/g), demonstrating the efficiency of polar solvents in phenolic extraction. In a similar vein, methanol outperformed ethanolic extracts in terms of flavonoid extraction, producing the highest total flavonoid concentration (18.92 mg quercetin equivalents (QE)/g). Overall, the results show that methanol is a more effective solvent than ethanol for removing these bioactive components from M. charantia peels, which are a rich source of phenolic and flavonoid compounds with possible antioxidant and medicinal qualities. The use of bitter gourd peels as a useful source of natural phytochemicals for pharmacological and nutraceutical purposes is supported by this study.
Introduction
The bitter gourd (Momordica charantia L.), often called a bitter apple, bitter melon, or balsam pear, is a tropical vine that is a member of the genus Momordica, family Cucubitaceae, and order Cucurbitales. The plant is widely grown in South East Asia, China, and India as a vegetable crop and medicine (Behera et al. 2008).
An extremely nutrient-dense meal with significant medicinal applications is the bitter gourd, Momordica charantia. Its high vitamin, mineral, and bioactive content makes it a staple diet in many regions of the world. Although the entire plant is edible, bitter gourds are mostly cultivated for their fruit. In many Asian recipes, fruits, flowers, and new shoots are employed as flavoring ingredients. Alkaloids, tannins, steroids, flavonoids, and saponins were found in the methanolic extract of M. charantia fruits (Singh et al., 2012).
Fruits are cooked alongside other vegetables, particularly in soups, to give them a mildly bitter flavor. However, to lessen bitterness, fruits are typically utilized in Indian cuisines after being blanched, parboiled, or soaked in salt water (Saeed et al. 2018). While fruits can be cooked or deep-fried, they can also be pickled, preserved, or dehydrated. According to Joseph and Jini (2013), it is extensively regarded among the indigenous populations of Asia, South America, India, and East Africa as a folk remedy for diabetes.
M. charantia is unique among the others due to its profusion of phytochemicals, which include alkaloids, flavonoids, phenols, tannins, and glycosides. These compounds are primarily responsible for its numerous pharmacological characteristics, such as its anti-inflammatory, anti-cancer, and antidiabetic effects (Beleìn Valdez et al., 2024).
MATERIALS AND METHODS 
Plant Material Collection
Momordica charantia Plant matter was gathered from Gamri village in Sonipat district, Haryana, India, during the summer, when the phytochemical content of the plant is thought to be improved. The fruit pulp was harvested and then allowed to dry in the shade. M. charantia was identified using descriptions from relevant scientific literature.
Plant extraction procedure
Plants were harvested at the mature stage (peels), cleaned with water, and allowed to dry for a few days at room temperature in the shade. The dried plant material was then ground into a powder using a grinder. Soxhlet equipment is used to prepare plant extract. Using a Soxhlet apparatus, powdered plant material was extracted independently in three distinct solvents: methanol and ethanol (1:5 W/V) (Senguttuvan et al., 2014). A thimble made of Whatman filter paper No. 1 was filled with 50 g of plant material and put into the Soxhlet equipment' extraction chamber. After filling the distillation flask with 250 ml of extraction solvent, the Soxhlet apparatus was put together. The condenser portion of the built Soxhlet device maintained a steady supply of cold water throughout the extraction process. Between the distillation flask and the extraction chamber with the thimble, a cyclic flow of the extraction solvent was seen. For two to three days, this cyclic flow was kept up until the solvent in the extraction chamber turned colorless. The apparatus was cleared of the distillation flask that held the extracted plant material and extraction solvent. Solvent evaporation was used to concentrate the extracted material. After being weighed, the material was kept at 4°C until it was needed. (Redfern and others, 2014)
Phytochemical analysis of plant extracts, i.e., peels
Test for flavonoids
1 ml of plant extract and five ml of diluted ammonia solution were combined, and 2 ml of concentrated H₂SO₄ were gradually added from the test tube's side. The presence of flavonoids in the sample was indicated by the test tube turning yellow. After a while, the golden hue vanished (Gul et al., 2017).
Test for alkaloids
After gently heating 1 ml of plant extract and 2 ml of 1% HCl, a few drops of Mayer's reagent were applied along the test tube's sidewalls. Alkaloids were detected by creamy white/yellow ppt (Raaman, 2006).
Test for terpenoids
Two ml of chloroform and 5 ml of aqueous plant extract were combined, evaporated on the water bath, and then heated with 3 ml of concentrated H₂SO₄. Terpenoids were present because a gray hue developed (Trease & Evans, 1983).
Test for steroids
1 ml of plant extract was combined with two ml of strong H₂SO₄ and 2 ml of chloroform. Steroids were indicated by the top layer's red color (Trease & Evans, 1983).
Test for glycosides
Salkowski’s test:
2 ml of chloroform were added to a part of the plant extract, followed by 2 ml of H₂. The presence of glycoside was indicated by a reddish-brown color (Pandey & Tripathi, 2014).
Test for phenol
When a few drops of a 5% FeCl₃ solution are applied to 1 ml of plant extracts, the presence of phenolics is indicated by the blue-green color. Raaman (2006).
Test for saponins
When 0.5 grams of plant extract and 2 ml of distilled water were combined in a test tube, the presence of saponins was indicated by the development of foam (Pandey & Tripathi, 2014).
Test for tannins
Braymer’s test: An amount of 1 ml of plant extract was added to 3 ml of distilled water. Then, a few drops of FeCl₃ were added. The blue color indicated the presence of tannins (Pandey & Tripathi, 2014).

Results and Discussion
Phytochemical constituents
Quantitative phytochemical analysis was performed on all of the phytochemical ingredients to determine the presence of phenols, flavonoids, alkaloids, saponins, steroids, carbohydrates, tannins, and terpenoids. All phytochemicals were found in plant extract prepared in methanol except saponin and carbohydrates.
Several significant bioactive compounds were found in the ethanol extract of peels from Momordica charantia (bitter gourd) after phytochemical screening. Flavonoids, phenolics, terpenoids, and steroids were strongly present in the extract, as evidenced by moderate to high reaction intensities (++). These substances are frequently linked to medicinal, anti-inflammatory, and antioxidant qualities. Saponins, tannins, alkaloids, and glycosides, on the other hand, were either absent or present in small quantities in the ethanol-soluble fraction because they were not found (--) in the peel extract. The ethanol peel extract of Momordica charantia is particularly rich in flavonoids, phenolic compounds, terpenoids, and steroids, while lacking saponins, tannins, alkaloids, and glycosides, according to the phytochemical profile (Table :1)
Table 1: Phytochemical constituents obtained from Momordica charantia Methanol and Ethanol  extract of peels
	Sr. No.
	Phytochemicals
	Methanol Extract
	Ethanol Extract

	1
	Flavonoids
	++
	++

	2
	Saponins
	--
	--

	3
	Phenolics
	++
	++

	4
	Tannins
	++
	--

	5
	Alkaloids
	++
	--

	6
	Terpenoids
	++
	++

	7
	Steroids
	++
	++

	8
	Glycosides
	--
	--


++Presence, --Absence
Total phenolic content (TPC)
Different solvents, including methanol and ethanol were used to measure the total phenolic content (TPC) of peel extracts from Momordica charantia. The findings show that the phenolic content clearly varies according to the type of plant and the solvent utilized. Different concentrations of gallic acid (20, 40, 60, 80, 100, 120, and 140 μg/ml) were used to create the standard curve. At 765 nm, absorbance measurements were made. 
The highest TPC concentration (116.88 mg GAE/g) was found in plant extract (T4M) made in methanol, followed by ethanolic extract (115.20 mg GAE/g). The strong polarity of methanol, which improves the extraction of phenolic chemicals, is responsible for this increased phenolic yield. However, as seen in Figure 1, the plant extract (T4E) made in methanol (41.96 mg GAE/g) had the lowest value. The lowest TPC concentration (2.9 mg GAE/g) was found in plant extract (T4E) made in ethanol .

Fig 1: Total Phenolic content in plant extracts of M. charantia prepared in methanol and ethanol solvents
The total phenolic content (TPC) of Momordica charantia peel extracts varied with the solvent used. The highest TPC was observed in the methanolic extract T4M (116.88 mg GAE/g), followed closely by the ethanolic extract T4E (115.20 mg GAE/g). Lower phenolic values were recorded in other treatments, with the methanolic extract showing 41.96 mg GAE/g, while the lowest TPC was found in the ethanolic extract (2.9 mg GAE/g). Overall, methanol proved to be a more efficient solvent for phenolic extraction, confirming the richness of M. charantia peels in phenolic compounds with potential antioxidant activity.
Total flavonoid content (TFC)
For plant extracts, the total flavonoid content was determined using quercetin as the standard (20, 40, 60, 80, 100, 120, and 140 μg/ml). At 415 nm, absorbance measurements were made. The results were represented as mg QE/g, or quercetin equivalents per gram of extract. Depending on the type of plant and the extraction solvent, there was a noticeable difference in the flavonoid concentration. Methanol was shown to be the most effective solvent for extracting flavonoids from peels samples.
The highest TFC content was found in plant extract (T4M) made in methanol (18.92 mg GAE/g), followed by ethanolic extract (10.26 mg GAE/g). However, as Fig. 2 illustrates, plant extract (T0E) made in methanol (7.5 mg GAE/g) had the lowest value. The lowest TPC concentration (2.9 mg GAE/g) was found in plant extract (T4E) made in ethanol.

Fig 2: Total flavonoid content in plant extracts of M. charantia prepared in methanol and ethanol solvents
[bookmark: _Hlk218701378]The total flavonoid content (TFC) of Momordica charantia peel extracts varied with the solvent and treatment. Using quercetin as the standard and measuring absorbance at 415 nm, the highest TFC was recorded in the methanolic extract T4M (18.92 mg QE/g), followed by the ethanolic extract T4E (10.26 mg QE/g). Lower flavonoid levels were observed in other treatments, with the minimum value in methanolic extract T0M (7.5 mg QE/g) and the lowest overall flavonoid content in the ethanolic extract (2.9 mg QE/g). 
Conclusion
Momordica charantia peels are a rich source of physiologically active phytochemicals, including phenolics, flavonoids, terpenoids, and steroids, as this study shows. Methanol was shown to be superior to ethanol among the studied solvents in terms of extracting a greater variety of phytoconstituents and producing higher overall phenolic and flavonoid contents. The medicinal potential of bitter gourd peels, which are sometimes regarded as agricultural waste, is supported by the significant concentrations of these antioxidant chemicals.
These results support M. charantia's traditional therapeutic use and imply that its peel extracts—particularly the methanolic ones—should be investigated further for the creation of natural antioxidant agents. To fully utilize M. charantia's therapeutic potential, future research concentrating on isolation, characterization of individual bioactive chemicals, and assessment of their pharmacological properties will be beneficial.
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