


Nutritional Profiling of Bitter Gourd (Momordica charantia L.): Influence of Extraction Solvents and Integrated Nutrient Management Practices
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A popular and nutritious vegetable in tropical and subtropical areas, bitter gourd (Momordica charantia L.) is prized for its therapeutic qualities. It is an essential part of a balanced diet since, although having very few calories, it is a great source of vitamins, minerals, dietary fiber, and bioactive substances. The nutritional content of ethanolic and methanolic extracts varied significantly based on the extraction solvent, according to chemical analysis. Higher quantities of energy, carbohydrates, and minerals, including calcium, magnesium, and phosphorus, were found in the ethanolic extract, suggesting that it was effective at removing specific minerals and macronutrients. potassium, vitamin A, and vitamin E were better removed by the methanolic extract. The amounts of protein and fat were found to be negligible and unaffected by the type of solvent. Mineral analysis also revealed solvent-specific extraction efficiency, with ethanol favoring the extraction of calcium and magnesium and methanol improving potassium recovery. When fruit quality was assessed using different nutrient management strategies, it was found that using vermicompost, farmyard manure, and biofertilizers together resulted in better fruits with higher levels of vitamin C, better color, smoother texture, balanced moisture content, less bitterness, and higher phytochemical concentration. The current study sought to determine the impact of integrated nutrient management strategies on fruit quality as well as the nutritional makeup of fresh bitter gourd fruit extracts utilizing various solvents.
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Introduction
Bitter gourds are low in calories and high in important minerals. It is a beneficial source of vitamins B1, B2, B3, and C; magnesium; folic acid; zinc; phosphorus; manganese; and a high dietary fiber content (Krishnendu et al., 2016). It contains twice the beta-carotene of broccoli, twice the calcium of spinach, and twice the potassium of a banana, according to Aboa et al. (2008) and Wu and Ng (2008). It has a high iron content as well. The vegetable has a very low calorie content, with only 17 calories per100g. Nonetheless, its pods are rich in phytonutrients, including dietary fiber, minerals, vitamins, and antioxidants, claim Tsegay et al. (2024).
Knowing the chemical makeup of plants is helpful in identifying potential therapeutic agents as well as assessing the actual value of conventional therapies. Historically, screening methods have been used to examine the pharmacological effects of phytochemical substances. Plants have been utilized as medicine and to preserve human health since ancient times. The World Health Organization (WHO) reports that 80 percent of people use plant extracts as folk medicine in their traditional remedies (Singh et al., 2012). One of the most popular vegetables in South Asia is the bitter gourd (Momordica charantia), which belongs to the Cucurbitaceae family. The Latin name Momordica, meaning "to bite," refers to the sharp edges of the leaves, which resemble bite marks.
It has significant economic value and is recognized as one of the main vegetable crops in the world. Bitter gourds are used as both food and medicine in tropical and subtropical regions, such as parts of East Africa, Asia, the Caribbean, and South America. Additionally, the leaves and fruits have long been utilized as medicine by Indians to treat wounds, diabetes, and colic (Paul et al., 2009). According to Aminah and Anna (2011), bitter gourd is a good source of phenolic compounds, which have strong antioxidant properties. According to Ali et al. (2008), fruits are comparatively rich in proteins, minerals, vitamins, and several other nutrients that are essential for sustaining good health and must be consumed by humans. The goal of the current study was to use chemical analysis to measure the nutrients included in the fresh fruit extract of bitter gourd (Momordica charantia).
Material and Methods
Protein
The crude protein content was multiplied by the nitrogen content of the bitter gourd, which was determined using micro Kjeldahl's wet digestion nitrogen values (AOAC, 2000).
Crude fibre
The ACC technique (2000) was used to determine the crude fibre content.
Total carbohydrates
The Sdasivam and Manickam (2008) approach was used to estimate the total carbs.
Moisture
Moisture content was calculated using the A.O.A.C. (1990) method.
Vitamin C
Ranganna's approach was used to determine vitamin C (2001).
Calcium (Ca)
The EDTA approach, proposed by Sdasivam and Manickam (2008), was used to determine calcium.
Minerals
In a microwave digester, strong nitric acid was used to break down the powdered samples. In AAS, the hydride vapor generator method proposed by Jackson (1973) was used to measure the minerals such as phosphorus (in a spectrophotometer), sodium and potassium (in a flame photometer), and zinc content of the digested iron, manganese, and copper.
Results and Discussion
Depending on the extraction solvent, Momordica charantia extracts showed distinct variations in their chemical makeup. The ethanolic extract had a substantially larger carbohydrate content (1.99±0.01g/100g), while the methanolic extract had a much lower value (0.34±0.02g/100g This suggests that ethanol is more effective at removing components of carbohydrates. 
With values of (0.10±0.20g/100g) for both extracts, the protein and fat concentrations were negligible and the same, indicating that the solvent selection had little impact on the extraction of these macronutrients.
Similar to the trend of the carbohydrate content, the energy value was significantly larger in the ethanolic extract (7.96±0.02g/100g) than in the methanolic extract (1.36±0.02g/100g). 
Additionally, the ethanolic extract had a significantly higher phosphorus content (0.17±0.02g/100g) than the methanolic extract (0.11±0.03g/100g), suggesting that ethanol is superior at extracting this mineral (Table 1).
Table 1: Chemical analysis of Momordica charantia sample prepared in ethanol and methanol
	     Sr. no
	Parameters
	Ethanol (g/100g)
	Methanol (g/100g)

	         1	
	Carbohydrates  
	1.99±0.01
	0.34±0.02

	         2
	Protein
	0.1±0.2
	0.1±0.2

	         3
	Fat
	0.1±0.2
	0.1±0.2

	         4
	Energy
	7.96±0.02
	1.36±0.02

	         5
	Phosphorus
	0.17±0.02
	0.11±0.03
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The extraction solvent utilized greatly affected the vitamin content of Momordica charantia extracts. The concentration of vitamin A was significantly higher in the methanolic extract (182.26±2.02mg/100 g) than in the ethanolic extract (77.80±0.02mg/100 g), suggesting that methanol is more effective at extracting vitamin A.
In a similar vein, the two solvents' vitamin E contents differed significantly. Vitamin E levels in the methanolic extract were much greater (7.80±0.02mg/100 g) than in the ethanolic extract (0.10±0.20mg/100 g).
On the other hand, the concentration of vitamin B9 (folic acid) was found to be almost the same in both extracts, with values of 4.59±0.02mg/100 g in the ethanolic extract and 4.44±0.02mg/100 g in the methanolic extract, indicating that the type of solvent had little effect on the extraction of this vitamin (Table 2).
Table 2: Vitamin Composition of Momordica charantia Peel Extracts Prepared Using Ethanol and Methanol
	     Sr. no
	Parameters
	Ethanol (mg/ 100 g)
	Methanol (mg/ 100 g)

	         1	
	Vitamin A
	77.80±0.02
	182.26±2.02

	         2
	Vitamin E
	0.1±0.2
	7.80±0.02

	         3
	Vitamin B9
	4.59± 0.02
	4.44±0.02
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Depending on the extraction solvent, Momordica charantia extracts have very different mineral compositions. There was only a little difference between the two solvents, as the iron concentration was found to be 0.45±0.02 mg/100g in the ethanolic extract and somewhat higher at (0.50±0.20mg/100g) in the methanolic extract.
                The ethanolic extract had a much greater calcium concentration (11.04±0.02 mg/100 g) than the methanolic extract (0.50±0.20mg/100 g). This implies that calcium may be extracted from plant material more successfully using ethanol. Magnesium revealed a similar pattern, with the ethanolic extract containing (2.85±0.02 mg/100 g) and the methanolic extract showing a lower amount of (1.59±0.02mg/100 g).
On the other hand, the methanolic extract had a significantly larger potassium level (125.85±2.02mg/100 g). than the ethanolic extract (8.33±0.02mg/100 g). This demonstrates methanol's greater potassium extraction efficiency (Table 3).
Table 3: Impact of Extraction Solvents on Momordica charantia Mineral Content
Fruit quality of bitter gourd
	     Sr. no
	Parameters
	Ethanol (mg/ 100 g)
	Methanol (mg/ 100 g)

	         1	
	Iron
	0.45±0.02
	0.5±0.2

	         2
	Calcium
	11.04±0.02
	0.5±0.2

	         3
	Magnesium
	2.85±0.02
	1.59±0.02

	        4
	Potassium
	8.33±0.02
	125.85±2.02



Fruit Quality of Bitter gourd
The qualitative characteristics of bitter gourd fruits vary significantly depending on the nutrient management techniques used. Fruits from the control treatment were of worse quality; they had a dull, light green color, a rough, uneven surface texture, and a very bitter flavor. Additionally, these fruits had dense, over-mature seeds, a high moisture content, and relatively low quantities of polyphenols and vitamin C. 
Applying the suggested NPK fertilizers produced green-colored fruits with a somewhat rough texture and bitter flavor, outperforming the control group in terms of fruit quality. While seed hardness and maturity somewhat decreased, the moisture content stayed rather high. There was a moderate improvement in the phytochemical content and vitamin C.
Biofertilizer treatment further enhanced fruit quality, resulting in green to dark green fruits with a significantly smoother texture and a slightly bitter taste. The moisture content was somewhat balanced, the phytochemical and vitamin C levels were relatively higher, and the seeds showed medium maturity.
Vermicompost was used to develop glossy, dark green fruits with a lovely surface texture. These fruits' reduced levels of bitterness, moderate moisture content, soft, immature seeds, and higher quantities of vitamin C and phytochemicals all suggested better nutritional quality.
The highest-quality fruit was obtained when FYM were applied together. The fruits had a uniformly dark green colour, a glossy, smooth surface, a somewhat bitter flavor, and the ideal amount of moisture. All treatments had the highest levels of vitamin C and phytochemicals, but the seeds were soft, less fibrous, and immature.
On its own, when FYM, vermicompost, and biofertilizer produced medium green fruits with a rather smooth texture and a somewhat bitter flavor. In comparison to other organic and integrated treatments, the moisture content was high, the seeds were rather hard, and the quantities of vitamin C and phytochemicals were moderate (Table 4).
Table 4: Influence of Integrated Nutrient Management Practices on Quality Parameters of Bitter Gourd (Momordica charantia L.)
	Sr. no
	Characteristics
	Control
  (T0)
	 NPK
  (T1)
	Biofertilizer
    (T2)
	Vermicompost
(T3)
	Farmyard
Manure
(T4)
	FYM+
Vermicompost+
Biofertilizer
     (T5)

	   1
	Colour
	Light green, dull
	Green 
	Green – dark green 
	Dark green, glossy
	Dark green uniform
	Medium
Green

	   2
	Surface texture
	Rough less uniform
	Moderately
Rough
	Slightly smooth
	Smooth, glossy
	Smooth & uniform
	Moderately
Smooth

	   3
	Taste
	Highly bitter
	Bitter
	Moderately
Bitter
	Less bitter 
	Mildly bitter 
	Moderately
Bitter

	   4
	Moisture Content
	High
	Moderate high
	Moderate
	Moderate
	Optimum 
(Balanced)
	High

	   5
	Seeds
	Hard, more mature
	Moderately hard
	Medium maturity
	Soft, immature
	Sofy, less fibrous
	Moderately
Hard

	   6
	Vitamin C
	Low
	Moderate
	Moderate high
	High
	Highest
	Moderate

	   7
	Phytochemical
	Low con.
	Moderate
	High 
	High 
	Very high
	Moderate



Future Aspects of the Study
1. Advanced Nutritional and Phytochemical Profiling
Subsequent investigations ought to utilize sophisticated analytical methods like GC-MS, NMR, and LC-MS/MS to pinpoint and measure particular bioactive substances that give Momordica charantia its nutritional and antioxidant qualities. This would make it easier to correlate the health-promoting effects of individual compounds.
2. Optimization of Extraction Techniques
To increase nutrient recovery and extraction efficiency in comparison to traditional solvent methods, more research should examine various extraction techniques, such as supercritical fluid extraction, ultrasound-assisted extraction, and microwave-assisted extraction.
3. Bioavailability and Functional Evaluation
Future research should concentrate on the bioavailability, digestibility, and metabolic fate of vitamins, minerals, and phytochemicals to better understand their true health benefits in humans, even though the current study reports nutrient
4. Effect of Agronomic and Environmental Factors
The effects of soil type, climate, irrigation techniques, and seasonal fluctuations on bitter gourd
5. Integrated Nutrient Management Validation
The sustainability and economic viability of integrated nutrient management techniques, especially the combined use of FYM, vermicompost, and biofertilizers, should be confirmed by long-term field tests.
6. Development of Functional Foods and Nutraceuticals
M. charantia has a rich nutritional profile that makes it a potential raw material for the creation of nutraceutical products, dietary supplements, and functional foods that are intended to treat metabolic diseases.
7. Clinical and Toxicological Studies
To determine safe dosage limits and validate the therapeutic efficacy of bitter gourd extracts for long-term human consumption, future research should incorporate clinical trials and toxicity evaluations.
Momordica charantia's high nutritional and functional value is confirmed by this study, which also shows that the fruit's chemical composition and quality are greatly influenced by nutrient management techniques and extraction solvents. The solvent-dependent nature of nutrient extraction was highlighted by the fact that methanolic extracts were more successful in extracting antioxidant vitamins like vitamins A and E as well as potassium, while ethanolic extracts displayed higher contents of carbohydrates, energy, calcium, and magnesium.
Both extracts had very low levels of protein and fat, suggesting that the solvent had little effect on these macronutrients. Diverse mineral and vitamin compositions indicate that the selective extraction of nutrients and bioactive compounds is significantly influenced by solvent polarity. 
Under integrated nutrient management, fruit quality significantly improved, especially when FYM, vermicompost, and biofertilizer were applied together. This resulted in fruits with improved color, texture, lower bitterness, higher vitamin C, and more phytochemical content. On the other hand, fruit quality was lower in control and sole chemical fertilizer treatments.
The results underline that proper solvent selection and integrated nutrient management can improve M. charantia's nutritional composition and market quality while also confirming the plant's traditional and nutritional significance.
Conclusion
The current study shows that extraction solvents have a major impact on nutrient recovery and highlights the bitter gourd's (Momordica charantia) rich nutritional and phytochemical profile. Carbohydrates, energy, phosphorus, calcium, and magnesium were more efficiently extracted by ethanolic extracts, while potassium, vitamin A, and vitamin E were more effectively extracted by methanolic extracts. Fruit quality was significantly enhanced by integrated nutrient management techniques; when FYM, vermicompost, and biofertilizer were applied together, the fruits had better color, texture, less bitterness, more vitamin C, and phytochemical content. Appropriate solvent selection and nutrient management techniques can improve the nutritional and functional quality of bitter gourd, which is a valuable nutraceutical vegetable.
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