


From Waste to Wellness: Exploring the Nutritional and Functional Significance of Pumpkin seeds (Cucurbita pepo L.)


ABSTRACT
The valorization of non-conventional, underutilized ingredients is becoming increasingly important due to the awareness regarding sustainable nutrition and functional food innovation. A vertical of such contemporary concept is the consumption of pumpkin seeds, which are often discarded as a processing waste. They exhibit multiple health-promoting properties, including anti-diabetic, anti-inflammatory, neuroprotective, and anti-depressive effects, making them valuable for functional foods and nutraceutical applications in the industry. Several scientific evidences validate the presence of high-quality proteins and a wider range of bioactive components in them, which contributes in making it a nutrient dense natural ingredient. Pumpkin seeds have known to be a versatile ingredient which acquires its incorporation into various food products such as bakery and confectionery, fermented foods, functional beverages and traditional breads. This review highlights the nutritional significance and diverse applications in various industries, emphasizing their role as a sustainable ingredient in modern food systems.
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1. INTRODUCTION
Vegetable seeds are rich sources of high-quality proteins, unsaturated fatty acids, dietary fibre, minerals, and antioxidant compounds that contribute to the prevention of chronic disorders such as cardiovascular diseases, diabetes, cancer, and premature aging (Zaini et al., 2022) In India Pumpkin (Cucurbita spp.) is widely known by vernacular name such as Kaddu, Kashiphal and Sitaphal, while it is termed Kushmanda in Sanskrit literature. It belongs to the family Cucurbitaceae and genus Cucurbita.  Several cultivated species within these genes are C. ficifolia, C. pepo, C. maschota, and Telfairia accidentalis. These include C. maxima Duch., C. pepoL. And C maschata Duch. Which is commercially important owing to their high yield potential and widespread cultivation worldwide. Cucurbita maschata is considered to have its origin in Central America with evidence of its cultivation in Mexico dating back to about 5000 B.C., and in Peru around 3000 B.C. It is extensively distributed worldwide and is considered the most widely grown Cucurbita species in the tropical regions of the United States. Pumpkin fruit is extensively cultivated and consumed around the world as a vegetable and traditional medicine (Gbemenou et al., 2022). 
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                           Fig No.1- Taxonomic Classification of Pumpkin seeds
Pumpkin seeds are located in the hollow central cavity of the fruit and are embedded in a soft, net-like mucilaginous layer. They are typically ovate to elliptical in shape, with a yellowish-white surface, soft texture, and palatable taste. To obtain high-quality seeds, pumpkin fruits are generally allowed to reach full physiological maturity before harvesting (Tarus et al., 2017). The proportion of seeds in a pumpkin fruit typically ranges from 3.51% to 4.26% (Ahmad and Khan, 2019). Pumpkin is an annual trailing or climbing plant characterized by long vines that can extend up to 12 meters and produce abundant green foliage. The plant bears fruits that vary widely in shape, size, weight, and color (Paris, 2016). It is predominantly cultivated in tropical and subtropical regions worldwide, owing to its adaptability and high yield potential. Pumpkin traditionally used in various countries, including India, China, Yugoslavia, Argentina, Mexico, regions of the Americas, and Brazil, not only as a vegetable but also in traditional medicinal systems due to its therapeutic properties (Salehi et al., 2019). Despite the high nutritional value of pumpkin seeds, most are used as cattle feed, and only a small portion is consumed by humans, usually after roasting and salting.
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  Fig-2- Pumpkin Plant                       Fig-3-Pumpkin with seeds                         Fig-4 Pumpkin seeds                      
Pumpkin seeds are rich in protein, healthy unsaturated fatty acids, minerals such as magnesium and zinc, and several bioactive compounds, including phenolic acids, phytosterols and tocopherols. Due to this composition, pumpkin seeds are considered a promising ingredient for functional foods and nutraceuticals and various pharmacological activities, such as antioxidant, anti-diabetic and prostate health effects (Samec et al., 2022). These bioactive constituents contribute to their antioxidant and anti- inflammatory properties. Pumpkin seeds are reported to support cardiovascular health by improving lipid metabolism and reducing serum cholesterol levels (Ayyildiz et al., 2019). They may also aid in glycaemic regulation by enhancing insulin sensitivity and reducing oxidative stress. The presence of zinc and phytosterols is associated with benefits for prostate and urinary tract health. Additionally, pumpkin seeds may help protect against chronic inflammatory conditions, like arthritis and exhibit anti-microbial and anti-parasitic activities that support gastrointestinal health, overall pumpkin seeds are considered a valuable functional food with potential roles in health promotion and disease risk reduction (Batool et al., 2022)
1.1 Nutrient composition of Pumpkin Seeds 
Pumpkin seeds possess a rich and diverse nutritional profile, containing proteins, carbohydrates, lipids, dietary fibre, essential minerals, vitamins and bioactive amino acids. These components contribute significantly to human health and overall well-being, including potential benefits in reducing anxiety (Chaudhary et al., 2024). Notably, pumpkin seeds provide all nine essential amino acids and high lipid content, accounting for approximately 40-50% of their total composition. This lipid fraction contains omega-3, omega-6 and essential fats, these fatty acids involved in metabolic functions. 
                   Table No-1 Nutritional composition of pumpkin seeds
	Nutrients 
	Pumpkin seeds

	Energy 
	584kcal

	Carbohydrate
	15.6 g

	Protein
	24.3 g

	Fat 
	47.2 g

	Fiber 
	0.2 g

	Calcium 
	50 mg

	Phosphorous 
	830 mg

	Iron 
	5.5 mg



                   

              


                            Source:(Lestari et al., 2018)
In addition to macronutrients, pumpkin seeds contain several bioactive compounds, including trigonelline, nicotinic acid, carotenoids and D-chiro-inositol (Seymen et al.,2016). They are also a valuable source of vitamin E, present as tocopherols and tocotrienols (George et al.,2020). Furthermore, pumpkin seeds supply a wide range of phytochemicals such as phenolic acids, flavonoids, carotenoids, phytosterols, saponins and lignin’s, which exhibit antioxidant, anti-inflammatory and protective biological activates. (Dotto and Chacha,2020). Phytosterols and tocopherols found in pumpkin seed oil may reduce cholesterol absorption and oxidative stress, while carotenoids and phenolic compounds help protect cells against free- radical induced damage (Wai et al., 2024).
1.2 Anti-nutritional Profile of Pumpkin Seeds
Pumpkin seeds also contain certain anti-nutritional factors that may interfere with nutrient absorption or exert adverse effects when consumed in excessive amounts. These compounds generally occur at moderate levels. The most common anti-nutrients in pumpkin seeds include phytates, oxalates, tannins, and trace amounts of cyanogenic compounds. These substances can bind essential minerals such as iron, calcium and zinc and reducing their bioavailability. Some anti-nutritional factor inhibits digestive enzyme and decreases protein digestibility (Lu et al., 2021).
Processing methods such as soaking, germination, roasting, and other thermal treatments can effectively reduce anti-nutritional factors and enhance the bioavailability of minerals and proteins. For instance, isolating protein from pumpkin seeds to remove approximately 80% of phytic acid and completely eliminate tannic acids, trypsin inhibitor, and flatulence-causing compounds improving digestibility and safety (Devi et al., 2018).
1.3 Health benefits of Pumpkin Seeds 
Pumpkin seeds discarded as processing by –products, and rich source of protein, dietary fibre monounsaturated fatty acids, vitamin E, zinc, and variety of phytonutrients as making them highly nutritious. Naturally sweet and greenish color, nutty flavour makes them popular worldwide, both as a convenient snack and ingredient in baked products (Revathy et al., 2013). Pumpkin seed oil attracted increasing attention as high content of unsaturated fatty acids, bioactive compounds, health protective and pharmacological benefits. Pumpkin seed also provide essential macronutrients including calcium, magnesium, phosphorus, and   moderate amount of micronutrients such as manganese, copper and also used as dietary supplements. Pumpkin seed flour is added to fortified foods to produce products that are both affordable and nutritious (Stevenson, 2007). The high level of phosphorus, magnesium, zinc and selenium in pumpkin seeds help protect against prostate cancer, arthritis, inflammation and cardiovascular diseases (Rani et al., 2023). Pumpkin seeds show anti – diabetic, anti-fungal, anti-bacterial, anti-inflammatory and antioxidant activities emphasizing potential in both nutrition and medicine (Chaturvedi et al., 2023).  
· Anti-Diabetic Property 
Pumpkin seeds provide strong anti- diabetic potential due to the presence of dietary fiber, magnesium, unsaturated fatty acids, and bioactive phytochemicals. These compounds improve insulin sensitivity, regulate blood sugar levels after meals and reducing oxidative stress linked to diabetes. Experimental and clinical studies indicate that regularly eating pumpkin seed may help maintain better glycaemic control and lower the risk of type -2 diabetes mellitus (Gavril et al., 2024). 
· Anti- Inflammatory
Pumpkin seeds serve as a good source of polyunsaturated lipid components, tocopherols, along with carotenoids phenolic compounds and this provide strong inflammation-reducing effects. These bioactive compounds help suppress inflammatory mediators and reduce chronic low-grade inflammation, lowering the risk of inflammatory conditions such as cardiovascular diseases, arthritis, and metabolic syndrome (Samec et al., 2022).
· Anti - Depressive Property 
Pumpkin seeds contain tryptophan, magnesium, zinc, and essential for formation of neurotransmitter and mood stability. Tryptophan act as an initial compound for serotonin levels, the neurotransmitter responsible for stabilize mood.  Consumption of pumpkin seeds frequently may help reduce stress, anxiety, and depressive symptoms and improved mental well- being (Koriem et al., 2022).
· Anti-Arthritis Effects
Pumpkin seeds reduce joint inflammation and pain by lowering pro-inflammatory cytokines including TNF-α, IL-1β, and IL-6. These antioxidant properties protect cartilage and synovial tissues from oxidative damage, regulate inflammatory pathway and help maintain joint health. These effects indicate pumpkin seed provide therapeutic benefits for managing both rheumatoid arthritis and osteoarthritis (Saleem et al., 2019) 
· Role in the Management of Undernutrition 
Pumpkin seeds provide a rich source of nutrients and play an important role in preventing malnutrition. They supply high-quality protein, essential amino acids, healthy fats, iron, zinc, magnesium and B- complex vitamins.  Including pumpkin seeds in the regular diet can increase energy intake, improve micronutrient availability, and support growth and immune function especially in vulnerable populations (Pandey et al., 2024).
· Neuroprotective Role and Prevention of Brain Damage 
Pumpkin seeds possess neuroprotective benefits due to their antioxidant profile zinc and dietary omega 3 fatty acids. The nutrient content supports the reduction of oxidative stress and inflammation in neural tissues protecting brain cells from damage. Pumpkin seeds goods for mental functioning memory and neural well-being while reducing the risk of neurodegenerative conditions (Akomolafe et al., 2025).
· Role in Iron-Deficiency
Iron deficiency is a major health problem, and pumpkin seeds help improve iron levels due to their high iron content and bioactive compounds that enhance iron absorption. They support intestinal iron uptake and regulate iron storage and transport proteins such as ferritin. The antioxidant compounds help reduce iron-induced oxidative stress. These effects promote haemoglobin production, improve red blood cell formation and help prevent iron- deficiency (Kumari et al., 2025). 
· Breast Cancer 
Pumpkin seeds exhibit potential anticancer effects against breast cancer due to their bioactive compounds. The presence of these compounds helps limit the spread of cancer cells, trigger apoptosis, and regulate pathways involved in cell cycle, oxidative imbalance, and inflammatory activity. Further affects estrogen receptor signalling, reduce angiogenesis and metastasis, and their antioxidant and immune- modulating properties help slow tumour progression. These combined effects highlight pumpkin seeds serve as a complementary agent in breast cancer management (Tabrez et al., 2022).
2. Applications of Pumpkin Seeds: Global and Indian Perspective
2.1 Culinary Uses
· India:  People enjoy roasted pumpkin seeds as snacks or traditional sweets like laddoos, halwas, and chikkis. They are also added to savory dishes like poha, upma, and curries, providing both crunchy texture and nutritional value. Baked products such as bread, biscuits and cookies are increasingly enriched with pumpkin seeds flour to enhance their protein and mineral content. (Dubey et al., 2019) 
· Global: Pumpkin seeds are often eaten as roasted snacks and used in baked goods like breads, cookies and cakes. They are also added to cereals, salads, and granola to boost nutrition. In traditional cuisines, including Mexican and Middle Eastern dishes, pumpkin seeds (pepitas) enhance flavor and texture (Bashir et al., 2025).

2.2 Nutraceutical and Functional Foods
· India: Pumpkin seed flour is often used in health mixes, protein powders and meal replacement products. With increasing awareness of plant-based nutrition. These seeds are promoted as an affordable source of essential fatty acids, minerals and proteins especially for vegetarian diets (Hadidi et al., 2025).
· Global: Pumpkin seeds and oil both considered as functional foods. They are rich in unsaturated fatty acids, phytosterols, antioxidants, and polyphenols and also added in protein bars, dietary supplements, fortified snacks and health drinks.  Studies show that they can help reduce cholesterol, improving cardiovascular health, and supporting immune function (Samec et al., 2022). 
2.3 Oil Extraction and Industrial Applications
· India: Small- and medium-scale industries extract pumpkin seed oil for cooking, therapeutic, and cosmetic purpose. The leftover seed cake is used in flour preparation or as animal feed, promoting zero-waste utilization.  Pumpkin seed oil is also increasingly marketed as a nutraceutical, particularly for supporting prostate and cardiovascular health. (Abu et al., 2024)
· Global: Pumpkin seed oil is valued for both culinary and cosmetic uses. It is used in salad dressings, cooking, and as a flavoring agent.  The by-products of oil extraction are utilized in food fortification, livestock feed, and biofuel production (Gavril et al., 2024).
2.4 Traditional and Medicinal Uses
· India: In Ayurvedic medicine, pumpkin seeds and oil are valued for nutritional and therapeutic properties and traditionally used to support urinary health, improve digestion, and enhance overall vitality. Their tonic effects are recognized in herbal formulations and home remedies (Jaliloya.,2025).
· Global: Pumpkin seeds are known to anti-inflammatory, antioxidant, and cardio protective properties. Seed oil is particularly associated with supporting urinary health and reducing risks of benign prostatic hyperplasia (BPH) (Ramak & Mahboubi et al.,2019).
2.5 Health Awareness and Market Trends
· India:  Health-conscious urban populations recognize the health benefits of pumpkin seeds. They are promoted as healthy snacks included in health mixes and used in nutritional products. Pumpkin seeds support immunity, heart health, and diabetes. The low cost and easy availability make them a valuable option for large- scale nutrition programs (Habib et al., 2025).
· Global: Rising demand for superfoods made pumpkin seeds popular in functional foods, dietary supplements, and wellness products. They are recognized for managing cholesterol, diabetes, inflammation, and oxidative stress (Rauf & Patel et al. 2017). 
 
4. FUTURE PROSPECTS
Pumpkin seeds are gaining attention for their oil and rich in phytosterols and antioxidants and reduce the risk of chronic disease. In India developing fortified foods, bakery products and functional drinks using pumpkin seed flour. Global level and industries such as food processing, pharmaceuticals and cosmetics are investing in pumpkin seed-based products for these nutritional and health benefits. In addition, the sustainable use of pumpkin parts including pulp seeds and oil cake supports zero-waste practices and makes pumpkin seeds promising for future food security, commercial and industrial uses.
5. CONCLUSION
Pumpkin seeds contain valuable nutrients and often an overlooked part of the human diet, even though they offer strong nutritional, functional and health benefits. They provide high quality protein, healthy fats, essential micronutrients and several bioactive constituents that contribute to general well-being and controlling chronic diseases. Research shows that pumpkin seeds offer antioxidant, anti-diabetic, anti-inflammatory, neuroprotective, mood-supporting and anticancer effects. They also help address malnutrition and micronutrient deficiencies. Although pumpkin seeds contain some anti- nutritional compounds, simple processing methods can effectively lower impact and improve nutrient absorption. In India and other parts of the world, pumpkin seeds are increasingly used in cooking, functional foods, nutraceutical products and traditional medicine. Adding pumpkin seeds to fortified foods and health products provides a sustainable and affordable way to improve nutritional security. Overall, pumpkin seeds show strong potential as a functional food ingredient and deserve wider use, further research, and greater commercial development to fully realize their health benefits.
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