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ABSTRACT

Watermelon (Citrullus lanatus) a fruit crop, is an herbaceous creeping plant belonging to the family
Cucurbitaceae. It is a tropical plant, mainly propagated by seeds and thrives best in warm areas. While the
fruit pulp is consumed, seeds are often discarded. The continuously growing global market for the main
tropical fruits is currently estimated at ~85 million tons, of which approximately half is lost or wasted
throughout the whole processing chain. Developing novel processes for the conversion of these byproducts
into value-added products could provide a viable way to manage this waste problem, aiming at the same
time to create a sustainable economic growth within a bio-economy perspective. Given the ever-increasing
concern about sustainability, complete valorization through a bio-refinery approach, that is, zero waste
concepts is therefore most important. This paper aims to report the status on the valorization of tropical
fruit byproducts, more specifically in watermelon seeds and their content in bioactive compounds, such as
phenolic acids, flavonoids, carotenoids, alkaloids. Moreover, the bioactivity of the different types of
phytochemicals and their possible application as a resource for different sectors (food, pharmaceutical, and
environmental sciences) is discussed. Consequently, this review presents the concepts of tropical fruit
byproducts recovery, and the potential applications of the isolated fractions.

KEYWORDS: Citrullus lanatus, byproducts, bioactive compounds, biological activities, toxicity,
functional food.

1. INTRODUCTION watermelon was first cultivated in Africa, from where it
spread to Europe, the Near East and India. Later on, it
was introduced in China and America. Nevertheless,
there are two hypotheses on the origin of watermelons.
The first states that this species comes from wild
populations of Africa, whereas different research claims
that it is original from a species of Cucurbitaceae that

. . 0 grows wild in the valley of the Nile. It was first
Cucurbitaceae family (~ 40%), followed by cucumber cultivated, most probably, in Africa, from where it

(C(LJqumis sativus) (~ 27%), melon (g:ucumis melo) ([;] spread to the Mediterranean, the Near East and India.
20%) and pumpkin (Cucurbita) (~ 13%), respectively. There are few registries of this species until the XVI"

According to the United Nations Food and Agriculture century, but from that time onwards it begins to be
Organization (FAO), the global production of popular’.[‘”

watermelon is, approximately 118 million tonnes and

S . . 3] . . .
China is the World's leading Watermelon producer. Cultivated watermelon has three species Citrullus
However, the Middle East, the USA, Africa, India, lanatus var. lanatus, C. lanatus var. citroides and C.

Japan, and Europe are the most important watermelon  mycysospermus.  Citrullus  colocynthis and  Citrullus
producing areas. According to bibliographic data, the

The Cucurbitaceae family is recognized as numerous and
heterogeneous, covering about 115 genera.y Among the
~115 genera belonging to the Cucurbitaceae family, four
are of great economic importance: Citrullus,
Cucumis, Cucurbita and Lagenaria. Watermelon
(Citrullus lanatus) is the main world crop in the
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eccirrhosus are two perennial wild species. Praecitrullus
fistulosus (Stocks) Pangalo usuaaly called ‘Tinda’ from
India and Pakistan is a related species. Watermelon is an
annual plant with long angular trailing vines bearing
lobed leaves, branched tendrils and separate solitary
male and female flowers.”’ Watermelons require a long,
warm growing season and are usually grown for the
consumption of their fresh, edible fruit flesh. Unlike
melons and pumpkins, for instance, the part consumed is
the placental region, or endocarp. In some regions,
consumption of the seeds is important, too.

In morphological terms, watermelon consists of pericarp
(peel), mesocarp (white part) and endocarp (pulp). This
fruit is recognized by for its large proportions and
shapes, varying from round to cylindrical. Its bark
presents different colors and is usually solid green or
green with lighter streaks. The pulp is usually pink and
contains several seeds dispersed inside.” The black or
dark brown seeds are in the endocarp, presenting an oval
shape with small dimensions. Usually, the most
consumed part of the watermelon is the pulp. However, it
has been reported that the consumption of seeds can
bring health benefits.!"

2. Nutritional and Chemical Composition

Despide this study focuses on the by-products of this
fruit and due to the nutritional richness of the edible part,
it becomes necessary to highlighted. Regarding
nutritional composition, all fruits belonging to
Cucurbitaceae family are particularly nutritious. For
instance, carotenes (precursors of vitamin A) are present
in pumpkin and melon cultivars in high quantity. Also,
lycopene is reported in watermelon and has been
recognized for its biological properties. The sugar
content and sweetness are the critical factors in
determining the quality of many watermelon varieties. It
is known to be low in calories but highly nutritious and
thirst quenching. It is also high in fibre and citrulline; an
amino acid the body uses to make arginine.®'” As a
matter of fact, watermelon can be used as fresh salad,
dessert, snack, and for decorations. Drinks can also be
made from the juice. In Namibia, the juice is fermented
into a refreshing, lightly alcoholic drink. In several parts
of Africa the rind is sliced, dried, cooked and eaten.
Also, pickled watermelon rind is widely eaten in some
parts of USA.

Although there are more studies on the nutritional and
phytochemical composition of the edible parts of these
fruits (pulp), some seeds from Cucurbits are usually
consumed in several countries (e.g., roasted seeds in the
Middle East, watermelon seed as snacks after salting and
roasting in Arabian and Asian regions), for its high levels
of fat and protein.™ However, the ingesting of
Cucurbitaceae seeds has not yet become a common
eating habit, which implies that the consumption of these
fruits can lead to high organic waste, causing
environmental damage. Thus, when it comes to
environmental sustainability, it is impossible not to relate

with economics. First, it is necessary to consider that
many of the environmental problems of the 21% century
stem from the lack of industrial strategies for the
balanced use of natural resources.!%*¥!

Fruit and vegetable industries generate large amounts of
by-products with a great economic potential. The
processing by-products account from 25 up to 60% of the
weight of the fruit and would be mainly made of skin,
pulp and seeds. Functional molecules obtained from
these by-products using environmentally friendly
processes could have novel applications in the food,
pharmaceutical and cosmetic industries.™*! Therefore,
Cucurbitaceae seeds can be used for the development of
medicines and cosmetics.™***! Cucurbit seeds oils are
also rich in essential active ingredients. So, cucurbit
seeds oil can be produced in large-scale in food industry
and dietary supplement industry in paramedical sector.™®
Jorge et al. reported that the amount of oil content in
watermelon seeds is about 27.1%."" Triglycerides,
saturated fatty acids and omega-6 are present in
watermelon seeds composition, representing a great
importance for cooking, cosmetic, and therapeutic oil
needs.*® Also, according to Rezig et al.l*) watermelon
seeds can be an alternative source of edible oil in food
applications. Watermelon seeds are known to be highly
nutritional; they are rich sources of protein, vitamins B,
minerals (such as magnesium, potassium, phosphorous,
sodium, iron, zinc, manganese and copper) and fat
among others as well phytochemicals.”® The seeds of
watermelons are known by having economic benefits,
especially in countries where cultivation is on the
increase. In spite of the several potential applications, the
watermelon seeds are often discarded while the fruit is
eaten. There is also limited literature on the effect of
variety on the nutritional, phytochemical and antioxidant
properties of the watermelon seeds.

Given the above, watermelon seeds may provide
considerable medicinal, health and economic benefits if
freshly consumed or utilized in food products. According
to Avinash and Rai,™® considering the nutritional and
chemical composition of these seeds, they may be useful
in the treatment of various pathologies, such as,
bronchitis, diabetes, nephritis, asthma, sinusitis, syphilis,
psychiatric diseases, among others. Therefore, its
nutritional and pharmacological potential must be
evaluated, emphasizing the biological properties and
health benefits.!!!

2.1. Watermelon seeds: nutritional composition

Each watermelon seed possesses a length ~8.01 mm and
a width ~0.32 mm, and 100 g correspond to
approximately 2000 seeds. These seeds have a high
nutritional and energy value, in which a comparison with
the pulp of the watermelon is established.

The approximate composition of 100 g of watermelon
seeds reveals an energy value of 619 Kcal, while the pulp
presents higher nutritional value and lower energy value.
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Unlike pulp, seeds have low moisture content (~4.9 g),
which prevents their rapid degradation through
biological contamination.!”? Watermelon seeds are rich in
vitamins B and minerals,®?! while fruit pulp is a source
of vitamins A, B1, B2, B3, B6 and, mostly, C.”? The
most abundant minerals in the seeds are magnesium and
potassium,™ ranging values between 86.67-109.63
mg/100 g and 55.15-82.63 mg/100 g, respectively,
according to the location where they are found: whole
seed, peeled seed or seed husk.®! Citrullus lanatus seeds
also present high amounts of crude fibre (48.26%).!*
The high iodine values of seed oils (135.39 £ 12.84 g I,/
100 g oil) were related with their abundance in
unsaturated fatty acids, indicating that these oils are
appropriate for edible and/or drying oil purposes.™™
There are hundreds of underexplored plant seeds rich in
oil suitable for edible or industrial purposes, and
watermelon seeds are considered to be a good source of
oil that can be used in food, pharmaceutical and cosmetic
industries.” Seed oils showed high amounts of total
unsaturated fatty acids (~82.32%), mainly oleic (C18:1)
and linoleic (C18:2) acids."¥ These two acids, in
addition to being essential, offer nutritional advantages,
and when mixed with other edible oils, can originate oils
with modified nutritional values. Palmitic and stearic
acids are also present in high concentrations, and
although they are saturated fatty acids, they can be useful
in cosmetic applications, namely in the manufacture of
shaving creams.’?*?! Also, watermelon seed oil can be a
potential source of antioxidant compounds (total phenol,
a-tocopherol and vitamin-E). According to most of the
researches the wvalues of the physicochemical
characteristics of watermelon seed oil are within the
recommended limits and therefore it could be a good
source of cooking and frying oil, as well as an ingredient
in cosmetic formulations. Rai et al.,”® watermelon seed
oil has high antioxidant activity, helping to prevent
certain chronic diseases such as diabetes, cardiovascular
disease, and obesity. However, it is important to note that
the centesimal composition of watermelon seeds can
vary widely and is influenced by several factors,
including origin, plant species and edaphoclimatic
conditions, among others.™*"!

2.2. Bioactive compounds in watermelon seeds
Phenolic compounds, commonly known as bioactive
compounds, are secondary metabolites present in plants
and widely distributed in the plant kingdom. They are
found in different parts of the plants (edible and non-
edible), such as pulp, seeds, leaves, bark and roots.”"!
They range from simple molecules to others with a high
degree of polymerization and can be present in free form,
linked to sugars (glycosides) and/or proteins. Currently,
more than 8,000 chemical structures are known, whose
organic origins are associated with the pathway of
shikimic acid and with the pathway of
phenylpropanoids.?*

Currently, watermelon already plays an important role in
human nutrition, and can be eaten fresh, packaged, in
frozen juices and pulps. In fact, due to the high-water
content and low-calorie values, the watermelon
consumption and consequent production are increasing.
Fruit pulp contains bioactive compounds, mostly
citrulline and lycopene.®3" Citrulline exerts antioxidant
activity and has a beneficial effect on atherosclerosis and
improves endothelium-dependent vasorelaxation. It is
endogenously converted to arginine, and the oxidation of
arginine forms NO, a molecule involved in
vasodilation.®? Lycopene, responsible for the red color
of watermelon, is known for its antioxidant properties
and its consumption has been associated to a prevention
of cancer and degenerative diseases.®® Lycopene is the
carotenoid with the greatest antioxidant capacity, due to
the presence of two unconjugated double bonds in its
acyclic structure, which offers it greater reactivity acting
as a sequestering agent for singlet oxygen.®™® Lycopene
in watermelon is 40% higher than in tomato and it does
not need to be heat treated to become available, like in
tomatoes.®” Other compounds present in the pulp
comprise phenolic compounds, hydroxycinnamic acids,
hydroxybenzoic acids, flavonoids, stilbenes vitamins,
and flavonoids, which can protect cellular constituents
against oxidative damage and therefore limit the risk of
various degenerative diseases associated with oxidative
stress. !

Watermelon fruit pulp also contains vitamins and other
bioactive compounds, but the most representative are
phenolic acids, lignans, coumarins and stilbenes.®"
Among the phenolic acids, Stafussa et al.®®! reported
hydroxycinnamic acids as the most significant bioactive
compounds in watermelon pulp. In general, the presence
of these compounds is common in all parts of the same
plant species, including pulp and seeds, and may differ in
quantitative terms.

Several authors reported phenolic acids, flavonoids,
terpenoids, alkaloids, steroids, carotenoids, and saponins
in considerable amounts in watermelon seeds.>*"3% ¢-
spinasterol is the predominant phytosterol found in
watermelon seeds (~57,7%), is a component of natural
food ingredients. e.g., argan oil is used as a traditional
food ingredient in the ‘Amazigh diet” and provides about
25% of the total diet fat intake to the indigenous
consumers.®® This phytosterol differs from cholesterol
by (i) an additional ethyl group and double bond in the
aliphatic side chain; and (ii) the position of the double
bond in the tetracyclic ring system and is one of the main
mediator to reduce the ability for the plasma LDL-
cholesterol level. Investigating the physiological effect(s)
of a-spinasterol, several studies showed that it modulates
mitochondrial activity and gene expression of nuclear
receptors exhibits antitumor, antioxidative, and anti-
inflammatory activities,™**! and influences serum
concentrations and metabolism of cholesterol in rats.
Citrullus lanatus seeds contain a high content of total
phenolic (215 mg gallic acid equivalents/100 g) and of
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total flavonoid (73 mg catechin equivalents/100 @)
contents.*”!  Phenolic compounds present anticancer,
anti-inflammatory, antiviral, and antioxidant effects.
Eight phenolic acids were identified from watermelon
seeds: syringic acid, caffeic acid, sinapic acid, ferrulic
acid, vanilic acid, p-coumaric acid, gallic acid, and 4-
hydroxy benzoic acid.J Rutin and quercetin were also
described.®® Braide et al.”® referred saponins, alkaloids
and terpenoids (cucurbitacins) as the major compounds
present in watermelon seeds. Pectin, although a
polysaccharide, has also been described as a bioactive
compound present in seeds. In fact, although it is not a
secondary metabolite, pectin acts at intestinal level,
controlling the absorption of carbohydrates and
cholesterol and feeding the beneficial intestinal flora as a
prebiotic agent.[*?

2.3. Biological activity

Bioactive compounds are defined as components of food
that have an impact on physiological or cellular activities
in the humans or animals that consume such compounds.
They include flavonoids, anthocyanins, tannins,
betalains, carotenoids, plant sterols, and glucosinolates.
They have antioxidant, anti-inflammatory, and anti-
carcinogenic effects; and can be protective against
various diseases and metabolic disorders. Such beneficial
effects make them good candidates for development of
new functional food with potential protective and
preservative  properties.  Watermelon,  although
recognized as food, is used as a medicinal plant,
particularly in African and Asian cultures, due to its
richness in bioactive compounds with biological
activities. Of the many biological activities described, the

anti-diabetic,[*! hypoglycemic, hypolipidemic,

hypocholesterolemic,*! diuretic, anti-urolithiatic,*! and
anthelmintic,”! properties can be mentioned. Some
studies have shown that watermelon seed extracts
contain antimicrobial activity, which can be incorporated
into pharmacological formulations against some
pathogenic microorganisms. For example, Sola et al.l*!
reported antibacterial activity against Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa,
Enterococcus faecalis and Bacilus subtilis. The ethanol
extract of C. lanatus seeds showed significant analgesic
and anti-inflammatory activity between 3 to 24 hours as
compared to standard drugs, presumably due to the
presence of cucurbitacins, which are thought to inhibit
COX 2 (Cyclooxygenase 2).1! The ethyl acetate extract
of C. lanatus seeds seems to be active against some
bacteria and fungi associated with respiratory,
gastrointestinal and urinary tract infections.®™ Thus, the
watermelon seeds may also have direct application in
herbal medicine.

The antioxidant activity of the seeds is one of the most
described biological properties in literature, being active
against DPPH, H,0, and NO.[5,15,51,52] Wen et al.*?
identified five novel watermelon seed peptides, that
showed DPPH and ABTS radical scavenging capacity,
and oxygen radical absorbance capacity. One of these
five peptides may protect HepG2 cells from H,0,-
induced oxidative damage by inhibiting reactive oxygen
species, intracellular free [Ca*"], malondialdehyde levels
and increasing antioxidative enzyme activities. A list of
different pharmacological activities of C. lanatus seeds
are described in Table 1.

Table 1: Different pharmacological activities of C. lanatus seeds.

Pharmacological Activity Effects

Anti-inflammatory

Cox2 inhibition™®

Sexual enhancement

Increases serum testosterone and luteinizing hormone!

Antimicrobial Activity against S. aureus, E. coli, B. stubtilisand P. aeruginosal™"
Weight loss and haematological Reduction of weight in Wistar rats; treatment of anaemia; depressing
benefits effects on platelet activity and leucocyte function®”

Anti-hepatotoxicactivity

micet

Seed extract inhibited the elevations of hepatic enzymes in serum,
and ameliorated the histopathological changes induced by CCl, in

Anti-diabetic

Methanolic seed extract caused a reduction in the blood glucose
concentrations in rats®"!

Antiulcer and gastroprotective

Gastric ulcer inhibition in ratsP™!

Cardiovascular benefits

Reduced body weight gain, decreased plasma cholesterol
concentrations, improved homeostasis of pro- and anti-inflammatory
cytokines, and attenuated development of atherosclerosis in
hypercholesterolemic micel®®

Some of the watermelon seeds components are related to
some specific biological actions. Poduri et al.*®
attributed the cardiovascular benefits of C. lanatus
consumption to citrulline, which can be found in
watermelon skin, pulp and seeds. Rats fed with an extract
containing 20-30 mg/g of citrulline, presented a

cholesterol) and a decrease in atherosclerosis in both
arch and thoracic regions of aortas.®® Citrulline relaxes
and dilates blood wvessels, thus justifying the
consumption of this fruit as an aphrodisiac. This amino
acid (citrulline) can also contribute positively to
atherosclerosis and hypertension  reduction, thus

reduction in cholesterol concentrations plasma (LDL- preventing cardiovascular diseases. Also,
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cucurbitacin, a terpenoid present only in the
Cucurbitaceae family, may present therapeutic potential
in the treatment of a variety of diseases diseases related
with inflammatory processes. The anti-inflammatory
activity of cucurbitacin E isolated from watermelon
seeds has been studied. This biological activity is due to
the inhibition of nitric oxide production in
macrophages.

Lycopene, the major carotene in watermelon pulp and
seeds is a recognized antioxidant and antineoplastic
compound.”®  Watermelon seeds, being rich in
magnesium and calcium, presents ability to regulate
blood pressure and carbohydrate  metabolism.
Accordingly, these minerals show beneficial effect on
blood glucose regulation and, consequently, prevent
diabetes.® The sodium/potassium ratio ingested is
especially important for the prevention and control of
high blood pressure, being recommended a value below
1. Watermelon seeds showed a Na/K ratio of 0.06 to
0.29, depending on whether the values refer to the whole,
peeled or skin seed, respectively. Therefore, and since
the seeds have a Na/K ratio less than 1, they can help to
reduce blood pressure and prevent cardiovascular
diseases, such as hypertension.” Oelschlagel et al.®!
and Rezig et al.™® described the presence of phytosterols
in watermelon seed oil, such as p-sitosterol, campesterol
and stigmasterol. The use of phytosterols for therapeutic
purposes, to prevention the development of
cardiovascular diseases, has been known since the 1950s
and many technological advances have been proposed so
that the efficacy of pharmaceutical or food products
developed with these compounds is increasingly
effective.

2.4. Toxicity in watermelon seeds

Antinutrients are substances that interfere with
digestibility, absorption and use of nutrients and non-
nutrients, blocking metabolic pathways and decreasing
their bioavailability.[®? Therefore, antinutrients must be
determined to ensure nutritional security. The most
common antinutritional factors present in watermelon
seeds include tannins, phytates and oxalates, but also
saponins, alkaloids, hydrocyanic acid, and phenols.®
Tannins are a group of polyphenols that bind and form
complexes with proteins, minerals, digestive enzymes,
and vitamins, and inhibit their metabolism in the body.
Phytic acid or phytate binds minerals, such as calcium,
magnesium, iron, copper and zinc, inhibiting its
absorption by the intestine. Oxalate forms a complex
with calcium and makes it unavailable for absorption.
This precipitates in the form of insoluble salts, which
accumulate in the renal glomeruli thus contributing to the
development of renal dysfunction.®®® Thus, in order to
reduce or to eliminate antinutritional composition in
foods, there are several methods, including their
immersion at high temperatures, fermentation, extrusion,
roasting, bleaching and germination.”! Addo et al.[!
reported contents of oxalate, phytate and tannin (0.43-
0.48 g/100 g, 0.23-0.30 g/100 g and 5.06-6.45 g/100 g,

respectively) in watermelon seeds. Those authors showed
that thermal processing allowed the decrease of oxalate
(~92-96%), phytate (~73-82%) and tannin (~23-38%)
contents. Another study described saponin (2.31mg/100
0), alkaloid (0.36 mg/100 g), and tannins (0.61 mg/100
g) as the maH'or antinutrients in watermelon seeds.!®”
Atolani et al.™™ have concluded that watermelon seeds
oil showed a relatively moderate cytotoxicity. Since
these antinutrients may be found in low amounts in
watermelon  seeds, these  by-product  shows
pharmacologic and dietary benefits with low toxic
risk,[186¢]

2.5. Watermelon seeds as potential functional foods
Watermelon seeds are usually discarded as by-products
of food processing, but they contain a rich stock of
nutrientes, such as proteins, unsaturated fatty acids,
phenolic acids, carotenoids, among others, exerting
biological activity, and do not contain any major anti-
nutrient,*® which indicate their potential uses as dietary
supplement in relevant applications, namellyto formulate
nutraceuticals.*)

Since seed extracts possess antioxidative, anticancer,
antihypertensive, cardioprotective, antimicrobial, among
others, this by-product shows good functional properties
and contains a high content of several nutrients, so that it
can be used as a dietary supplement or a food
additive.”>?] The watermelon seeds proved to be very
versatile and, in economic terms, the use of this by-
product is quite beneficial, since they can be used in a
wide variety of ways, for instance, snacks, oil and
grounds in flours.”** Also, the addition of watermelon
seed flour increases the thickness, nutrition and flavor,
ultimately enriching food."?! Watermelon seeds oil
contains several fatty acids, mainly mono- and
polyunsaturated, showing up as a potential functional
food.!) Thus, seeds oil can be used in cooking, as well
as in pharmaceutical and cosmetic industries.[*8*4

Still from a functional food perspective, watermelon
seeds contain high amount of nutritional proteins, usefull
to produce cereal based products due to their health
promoting benefits.™ Protein malnutrition affects many
developing countries, as large numbers of people do not
have access to a cheap source of protein. Watermelon
seeds present a high protein content, so they could be
used as a food supplement to solve this worldwide
problem.”® Also, plant seed proteins provide several
beneficial properties like antimicrobial, antihypertensive,
antiviral and antioxidant."®?? Taking this into account,
Sonawane and Arya,®® prepared cookies with wheat
flour fortified with watermelon seeds, improving their
protein quality. Those cookies improved with
watermelon seeds protein, presented a lower
carbohydrates content. Lakshmi and Kaul,® prepared a
defatted flour and a protein isolate from watermelon
seeds meal. These authors concluded that watermelon
seeds are a good protein source, with a moderate quality
with methionine and cysteine as limiting amino acids.
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The protein isolated presented good digestibility in vitro,
higher than wheat flour. Bioaccessible zinc and iron was
higher in protein isolate than in defatted flour, and the
latter is superior to that of the whole meal. So, protein
isolate was a good source of iron and zinc contents. The
functional properties of the watermelon seeds proteins
were good, suggesting their chemical composition its
suitability as a matrix for mineral fortification, suitable
for food formulations. Functional molecules could be
produced by environmentally friendly methods from
watermelon seeds, with potential applications in
industry.[*!

3. CONCLUSION

The emergence of sustainable development has promoted
the orientation of efforts towards finding ways for
environmental protection. In view of the above, in recent
years, there has been an increase in interest on the part of
industries and research centers in reusing food by-
products, valuing their potential as future ingredients and
/ or foods.

Watermelon (Citrullus lanatus) is one of the most
consumed fruits and the second most produced
worldwide. Its composition has a large percentage of
water, an extremely high nutritional value, and a low
energy value. Watermelon seeds, despite having a high
nutritional and energy value, are usually discarded as a
food by-product. However, it was found that these seeds
contain high levels of protein, unsaturated fatty acids,
vitamins and minerals. In addition to these nutrients, they
also contain some phytochemicals such as phenolic acids
(hydroxybenzoic and hydroxycinnamic), flavonoids,
alkaloids and saponins, which give watermelon seeds

biological  properties: antioxidant, antineoplastic,
hypoglycemic, antihypertensive, antilipidemic,
antibacterial, cardioprotective, among others.

Considering the scarcity of information about these
seeds, their possible toxicity was investigated, and some
articles were found that reported the presence of tannin,
phytate and oxalate that inhibit the absorption of
proteins, vitamins and minerals. Despite the presence of
these antinutrients, it was found that it is possible to
reduce their concentration through cooking methods, and
the best method is to dry the seeds in a boiling oven.

It has also been proven that these seeds can be used in
various ways in food: toast, in flour, oil, sauces, broths
and as a seasoning. Due to their nutritional and
pharmacological richness, they can also be used in
nutritional supplements, in the incorporation of drugs
with therapeutic effects in the treatment and prevention
of various pathologies and in cosmetics.
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