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Abstract

Pumpkin (Cucurbita maxima) seeds have attracted significant interest due to their
potential in developing f value-added products and their diverse medicinal purposes.
These seeds are abundant in essential nutrients such as proteins, vitamins, minerals
and unsaturated fatty acids, making them an excellent raw material for functional
foods and dietary supplements. Additionally, their bioactive compounds, such as anti-
oxidants and phytosterols, offer various health benefits, including anti-inflammatory,
antimicrobial and anticancer properties. Their versatility in applications, such as oil
extraction, protein supplements, beverages and snacks, position them as sustainable
and cost-effective resources for product development in both food and health indus-
tries. This chapter explores the utilization of Cucurbita maxima seeds and underscores
their potential to enhance human health.
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1. Introduction

Recently, fruits and vegetables have notably gained interest due to high nutraceuti-
cal and therapeutic values of bioactive compounds present in them, including pump-
kin [1]. Pumpkins, as an oily seed, belong to the Cucurbitaceae of about 118 genera
and 825 species and is collectively among the top 10 leading vegetable crops world-
wide [2]. Although there are different species grown in the world, the most economi-
cally of them are Cucurbita maxima, Cucurbita moschata Duch., Cucurbita ficifolia,
Cucurbita pepo L., Cucurbita mixta and Telfaivia occidentalis [3]. Cucurbita maxima
is an underutilized crop and a medium-sized plant grown for its fruits and seeds for
human consumption [4]. The fruits vary in shape, color, sizes and weight of different

1 IntechOpen



Growth and Development in Plants and Their Medicinal and Environmental Impact

species [5, 6]. Despite Cucurbita maxima seeds being regarded as agro-industrial
waste, the seeds have a unique flavor and nutty taste. They are consumed as salted or
roasted snacks in various parts of the world, including Canada, the United States and
Nigeria [4, 5]. Cucurbita maxima seeds serve as a powerhouse of nutrients with inter-
esting nutraceutical properties [7]. Cucurbita maxima seeds are composed of proteins
(25.2-37.0%), dietary fiber (3-6%), carbohydrates (18-25%), lipids (37.8-45.4%) and
ash (3-5%) [3]. They serve as a potential source for edible oil extraction and rich in
essential macro and micro elements such as potassium, calcium, sodium magnesium,
iron, zinc and copper [8, 9]. Furthermore, Cucurbita maxima seeds are abundant in
bioactive compounds like phenolic compounds, squalene, phytosterols, tocopherols
(o, B, y and 8), tocotrienols, carotenoids and flavonoids [9]. These natural bioactive
constituents contribute significantly to disease prevention and overall health promo-
tion. As a result, Cucurbita maxima seeds are classified as functional foods due to
their high concentration of health-promoting bioactive components [10].

2. Characteristics of pumpkin (Cucurbita maxima) seeds

The characteristics of Cucurbita maxima seeds provide critical insights into their
nutritional composition, facilitating their potential use in various culinary applica-
tions, food formulations and oil extraction. The seeds are often referred to as nutri-
tional powerhouses and are an exceptional source of protein, fiber, lipids, minerals,
phytochemicals, antioxidants and other bioactive compounds [10]. Owing to their
remarkable nutraceutical properties, Cucurbita maxima seeds once considered agro-
industrial waste, have gained recognition as miracle seeds [3, 11].

2.1 Nutritional components of pumpkin (Cucurbita maxima) seeds

Cucurbita maxima seeds are rich source of valuable nutritional components.
These nutrients act as primary metabolites essential for sustaining life, while the
bioactive compounds in the seeds play significant roles in disease prevention [10, 12,
13]. Cucurbita maxima seeds contain approximately 6.37-6.56% moisture content,
35-50% lipids, 25-37% proteins, 18-25% carbohydrate, 3-6% fiber and 3-5% ash [9].
They are particularly rich in fats and proteins, making them effective in addressing
nutritional disorders such as malnutrition and in preventing from various ailments [8,
91. Cucurbita maxima seeds also contain lipids which are composed of many essential
and non-essential fatty acids including -3, »-6 and w-9 fatty acids, rendering them
a favorable ingredient for edible oil extraction. The extracted oil can be utilized as
a cooking oil or as a fat replacer in food industry [8]. Furthermore, the high protein
content in the Cucurbita maxima seeds is suitable for the production of protein
isolates and for use in flour formulations for baked goods such as biscuits and cookies
[8, 9, 14, 15]. Protein isolates derived from Cucurbita maxima seeds have been shown
to mitigate the adverse effects of low-protein and CCl4 intoxication [15]. Pumpkin
seeds contain approximately 0.95-16.84% fiber, as documented by various research-
ers [include ref]. They also contain variable amount of carbohydrates, ranging from
1.00% to 26.43%, which makes them valuable ingredients in food formulation. The
carbohydrate content of Cucurbita maxima seeds allows their use in the develop-
ment of various bakery products, such as cake, cookies and bread [14]. Ash content
of the seed was reported in the range of 1.60-7.20%. Cucurbita maxima seeds have
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been extensively studied for their nutritional composition, with various research-
ers highlighting their significant protein, lipid and fiber content and their potential
applications in food and nutrition industries [8, 9, 14].

2.2 Mineral composition of pumpkin (Cucurbita maxima) seeds

Cucurbita maxima seeds contain a substantial of essential minerals. They are
particularly rich in potassium while being relatively lower and in sodium and provide
significant levels of high levels of calcium, phosphorus, magnesium, iron and cop-
per. Additionally, they are valuable sources of zinc, iron and copper [7]. Minerals
such as zinc, copper and iron exhibit antioxidant properties, serving as cofactors for
vital antioxidation-dependent enzymes [16, 17]. The low sodium and high potassium
content in Cucurbita maxima seeds has notable clinical implications, particularly for
enhancing cardiovascular health [18]. Zinc plays a crucial role in male reproductive
health, the structural integrity of proteins and cellular protection [19]. These min-
eral concentrations highlight the potential of Cucurbita maxima seeds as a valuable
ingredient for food fortification, particularly in bakery products.

2.3 Amino acids (g/100 g) profiles of pumpkin (Cucurbita maxima) seeds

Cucurbita maxima seeds are rich in protein, containing approximately 35%,
which contributes to a diverse and significant amino acid profile [20]. Amino acids
are essential as they serve as both the building blocks of proteins and as intermedi-
ates in various metabolism processes. An adequate dietary supply of essential amino
acids, in both quantity and quality, is vital for maintaining physiological functions in
human body [21, 22]. Research indicates that protein isolates derived from Cucurbita
maxima seeds are comparable to those of soybeans exhibiting high bioavailability
of amino acids [7, 22]. Notably, the globulin structure of Cucurbita maxima seeds
closely resembles that of legume seeds [22, 23]. This similarity is significant, as it
supports the potential of Cucurbita maxima seeds to serve as a reliable ingredient in
the development of nutritious food products, thereby addressing the challenges of
protein malnutrition in vulnerable populations. Additionally, Cucurbita maxima seeds
protein isolates exhibit antioxidative and chelating properties, further enhancing the
nutritional and functional applications [23-26].

2.4 Fatty acid (mg/100 g) profiles of pumpkin (Cucurbita maxima) seeds

The primary fatty acids in Cucurbita maxima seed oil are linoleic, oleic, stearic
and palmitic, which collectively account for more than 95% of the total fatty acids
content, with 75% unsaturated [27, 28]. Trace amounts of arachidic and linolenic acid
have also been identified [29, 30]. The fatty acid profile of the Cucurbita maxima seed
oil is presented in Table 1. Unsaturated fatty acids have been extensively studied due
to their protective effect against cardiovascular diseases [42, 43]. They play a vital role
in the healthy growth and development of brain and nervous system. Furthermore,
they are associated with health benefits such as mitigating hypertension, arthritis,
coronary heart diseases, cancer, inflammation and autoimmune disorders [42-45].
Importantly, only linoleic]and alpha-linolenic acids are considered essential for
humans, as they cannot be synthesized by the body and must be obtained through
dietary source [7].
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Industry Food product Function Reference
Meat Beef meat ball Fat replacement [31]
Chicken Enhanced stability during storage [32]
burgers
Beef patties No change in textural property and decrease moisture content [33]
Bakery Biscuits Decrease serum blood glucose level [34]
Cookies Prevent constipation, diabetes, prolong intestinal transit time [35]

and lower cholesterol

Muffins Had a better sensory profile and [36]
improved nutritional value
Cake Increase in firmness and moisture retention [37]
Sausage Improvement in the water holding capacity and cooking [3]
quality
Diary Ice cream An increase in the protein content improves the degree of [38]
satiety and
enhances sensory characteristics
Cereal milk Improved the sensory and nutritional value [39]
Extended shelf life
Spice Bouillon cube Improved sensory and nutritional value [5]
Vegetableoil ~ Vegetable oil Functional food used as culinary and traditional medicine [40]
Vegetable fat Improvement in the fatty acid profile [41]

of meat batters with no much difference in the textural profile.

Table 1.
Development of value-added products Cucurbita maxima seeds.

2.5 Phytochemical composition of pumpkin (Cucurbita maxima) seeds

Cucurbita maxima seeds are rich in phytochemical composition, serving as essential
metabolites for functional foods. These nutrients play a crucial role in promoting health
and prevent diseases [3]. Notably, Cucurbita maxima seeds are an excellent source of phe-
nolic compounds, which have garnered significant attention from researchers due to their
promising health benefits for humans [46]. Phenolic represent a diverse group of second-
ary metabolic products in plants and are known for their potent antioxidant properties
[47, 48]. Their hydroxyl functional groups provide radical-scavenging abilities, making
them effective in reducing the risk of oxidative stress-induced degenerative diseases
[46]. The predominant phenolic compounds in Cucurbita maxima seeds include ferulic,
vanillic acids, vanillin, tyrosol, p-hydroxybenzoic, caffeic and smaller amounts of trans-
p-coumaric, syringic acids, luteolin and protocatechuic. These compounds contribute to
the Cucurbita maxima seeds health-promoting potential. Cucurbita maxima are also an
excellent source of vitamin E, which includes four tocopherol and tocotrienol isomers (o,
B,y and 8) [48, 49]. These isomers differ only in the number and position of the methyl
groups on their chromanol ring [49, 50]. However, only one isomer (d-RRR-a-tocopherol)
meets the criteria to be classified as true vitamin E [48]. While sunlight facilitates the
synthesis of vitamin E in the human body, many plants, including Cucurbita maxima
seeds, serve as rich dietary sources of this essential nutrient. Tocopherols and tocotrienols
in Cucurbita maxima seeds are potent antioxidants capable of neutralizing highly reactive
radicals by donating H + ion from their rings [7, 47]. Additionally, Cucurbita maxima
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seeds are a valuable source of phytosterols. Phytosterols have been extensively studied for
their cholesterol-lowering effects, particularly in reducing low-density lipoprotein (LDL)
[51, 52], which translates to a decreased risk of cardiovascular diseases. Furthermore,
numerous studies suggest that phytosterols may lower the risk of certain cancers [47,

53] and improve the management of prostate complications [54]. This high phytosterol
content in Cucurbita maxima seeds makes them a promising and suitable nutraceutical
option for managing various non-communicable diseases in humans [55].

3. Nutraceutical benefits of pumpkin (Cucurbita maxima) seeds

Cucurbita maxima is a well-known medicinal plant and is considered a functional
food that promotes human health when consumed safely as shown in Figure 1. Its
numerous biologically active components such as proteins, peptides, polysaccharides,
sterols, fixed oils and para-aminobenzoic acid make it highly beneficial for human
consumption [1]. The therapeutic potential of Cucurbita maxima seeds against
various human diseases is attributed to their bioactive compounds, which produce
distinct physiological effects in the human body.

3.1 Antihypertensive and cardio-protective activity

Blood pressure in the arteries remains persistently high due to a long-term health
condition known as hypertension, which is a major risk factor for cardiovascular
diseases. Cucurbita maxima seed oils are rich in bioactive medicinal component com-
pounds, including monounsaturated and polyunsaturated fatty acids like omega 3,
omega 6, oleic acid and linoleic acid, which play a significant role in reducing the risk
of hypertension and cardiovascular illness [56]. Studies have shown that Cucurbita
maxima seeds exhibit hypotensive effects and demonstrate favorable drug interaction
outcomes when administered in animal models alongside commonly used antihyper-
tensive medications, with commonly, such as felodipine [57].

Anti-
Cucumbita maxima hypertensive
seeds nutraceutical

benefits
— Cardioprotective
/ activity
( .

Nutraceutical benefits of Cucurbita maxima seeds.

Figure 1.
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3.2 Anticancer activity

The phytoestrogenic compounds present in Cucurbita maxima seeds make them a
promising candidate for preventing hormone-dependent cancer. The anticancer activ-
ity of the Cucurbita maxima seeds extract was evaluated on MCF7, Jeg3 and BeWo
(chorionic carcinoma) cell lines, demonstrating significant cytotoxic activity and
notable estradiol production. These results suggest that, like many phytoestrogenic
substances, Cucurbita maxima seeds, rich in lignans and flavones, exhibit a biphasic
effect through various pathways, possessing both estrogenic and antiestrogenic
activities [58]. It is reported that consuming 20-40 mg/kg of pumpkin seed oil orally
for 20 days can help reduce testosterone-induced prostate gland enlargement [59].
Additionally, the application of Cucurbita maxima seed oil has been shown to slow the
progression of testosterone-induced hyperplasia. These findings highlight the poten-
tial of Cucurbita maxima seed oil in managing benign prostatic hyperplasia [60].

3.3 Anti-inflammatory effect

The management of numerous diseases can be supported by preventing inflam-
mation, which is a significant risk factor for various pathological conditions such
as cancer, cancer and other concerns. The anti-inflammatory effects of Cucurbita
maxima seeds are primarily attributed to their rich content of polyphenols and other
antioxidant compounds. These bioactive components help reduce inflammation by
neutralizing free radicals and modulating inflammatory pathways [59].

3.4 Antidepressant activity

Depression is the most common brain disorder, characterized by disruptions in
sleep, eating habits, interests and desires. Cucurbita maxima seeds have gained phar-
macological importance as a natural source of antidepressant properties. They exhibit
an antidepressant food score of 47%, primarily due to the presence of 5-hydroxy-
tryptophan, a tryptophan intermediate that aids in serotonin (a neurotransmitter)
formation [61]. Furthermore, Cucurbita maxima seeds are a remarkable source of
zinc, which plays a crucial role in brain’s conversion of tryptophan into serotonin,
thereby promoting a sense of well-being.

3.5 Antioxidant activity

Cucurbita maxima seeds contain f-carotene, making them both nutritionally and
pharmacologically balanced. f-Carotene, tocopherols and other carotenoid components
in Cucurbita maxim seeds exhibit antioxidant activities, protecting cells from damage
caused by reactive oxygen species and other free radicals [62]. Additionally, Cucurbita
maxima seed extracts demonstrate antioxidant and geno-protective effects [63].

3.6 Antimicrobial activity

Cucurbita maxima seed oil, rich in linoleic and oleic acids, exhibits strong
antibacterial properties against Staphylococcus aureus. It demonstrated a zone of
inhibition of 15 mm. Cucurbita maxima seed extract in tests against Bacillus subtilis,
Staphylococcus aureus and Escherichia coli, pumpkin seed extracts in petroleum ether
and methanol, tested at concentrations of 10, 50, 100, 200, 500 and 1000 g/mL were
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effective against Pseudomonas aeruginosa, Candida albicans, Acinetobacter baumanii,
Enterococcus faecalis, Klebsiella pneumonia, Escherichia coli and Staphylococcus aureus
are successful. Additionally, Cucurbita maxima seed oil has shown significant anti-
bacterial activity against Pseudomonas aeruginosa, Candida albicans, Acinetobacter
baumanii, Enterococcus faecalis, Klebsiella pnewmonia, E. coli and Staphylococcus aureus.
A polysaccharide derived from Cucurbita maxima seeds also display antibacterial
properties, with a dosage of 0.5 mg/mL, significantly suppressing against Escherichia
coli (12.8 + 1.0 mm) and Bacillus subtilis (7.2 + 0.3 mm), while showing a modest
zone of inhibition against Pichia fermentans (2.3 + 0.2 mm) and Staphylococcus aureus
(2.3 + 0.2 mm) [59].

3.7 Other nutraceutical benefits

In addition to the thematic nutraceutical benefits discussed above, the Cucurbita
maxima seed exhibits ameliorative effects on hepato-inflammation, lipotoxicity
and healing wounds [7, 64]. Furthermore, the seeds contribute to the prevention of
Alzheimer’s and Parkinson’s diseases, anemia, benign prostate hyperplasia, hypercho-
lesterolemia and hyperlipidemia [3].

4. Development of value-added products from Cucurbita maxima seeds

Food is a fundamental necessity of all living organisms. In everyday life, we con-
sume food in both raw and processed forms. Nowadays, we mostly consume artificial
foods that have some side effects [65]. Cucurbita maxima seeds are cultivated for their
nutritional and medicinal benefits and are widely used in the production of various
food items, including jellies, purees, jams, syrups, etc. In recent decades, utilizing
Cucurbita maxima wastes, particularly the seeds as a functional food ingredient, have
introduced new opportunities and challenges. These are incorporated into crackers,
cookies, cakes, snacks, bread, muffins, cereal bars and other baked goods are all made
with pumpkin seeds. The nutritional profile of these products is enhanced by the
addition of Cucurbita maxima seeds, which also serve as a taste enhancer in dress-
ings, soups and baked good [66-68]. Food producers are increasingly using Cucurbita
maxima seed to create innovative and nutrient-rich products, as shown in Table 1
and Figure 2. Its nutty flavor and appealing green hue make it a versatile ingredient in
modern food applications [69]. Various studies have been conducted to develop value-
added products including dietary supplements and food additives using Cucurbita
maxima seeds.

4.1 Additional value-added products from Cucurbita maxima seeds

Cucurbita maxima seeds have significant potential for transformation into high-
value products such as edible or biodegradable film. Defatted Cucurbita maxima seed
meal has been effectively utilized in bio-based films, which not only provide an eco-
friendly alternative but also help mitigate environmental issues relating to compost-
ing. These films are particularly suitable for applications in cakes, desserts and baked
goods. The waste generated from Cucurbita maxima rich in carbon content, making
it a desirable renewable substrate for producing added-value products [59]. The seed
cake of Cucurbita maxima, a byproduct of oil extraction, can be used to develop
edible coating materials with enhanced properties such as gas permeability, protein
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Cucumbita maxima
seeds value-added Biscuits
products

Vegetable oil

Bouillon

Ice cream
cubes

Figure 2.
Development of value-added products Cucurbita maxima seeds.

concentration, film thickness and mechanical barrier [70]. Using H;PO, as a chemical
agent, the pore structure of the activated carbon can be significantly influenced by
adjusting the impregnation ratio and activation temperature [71]. This demonstrates
that Cucurbita maxima seed shells are promising raw materials for producing com-
mercially viable activated carbon.

5. Conclusion

Cucurbita maxima seeds are highly nutritious and categorized as super-food due to
their exceptional properties. Their nutritional and bioactive components make them
valuable nutraceutical foods. Once considered waste and underutilized, the nutraceu-
tical potential of Cucurbita maxima seed is now widely recognized, leading to their
incorporation into various applications. Cucurbita maxima seeds possess numerous
— health promotion and are beneficial in managing ailments such as cancer, cardiovas-
cular disease, benign prostate hyperplasia, Alzheimer’ disease, Parkinson’s disease,
diabetes and hyperglycemia. They are a rich source of antioxidant compounds that
enhance overall health and help prevent a range of diseases. The development of
value-added products from Cucurbita maxima seeds has highlighted their suitability
and utilization, creating market opportunities while promoting their beneficial
nutritional and nutraceutical properties.
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