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Abstract: The increasing demand by consumers for popular healthy fruits, such as the watermelon (Citrullus
lanatus), generate substantial bio-wastes, making it imperative to harness the value of these by-products.
Watermelon has low-calorie content and several other nutritional benefits that make it suitable for weight
management and heart-healthy diets. Within this article, the nutritional composition and bioactives of
watermelon which are strongly linked to the prevention of cardiovascular disorders (CVD), cancer, and age-
related conditions, will be thoroughly reviewed. In addition, the therapeutic potential effects of watermelon
consumption, such as anti-inflammatory, cardio-protective and anti-cancer properties, are also examined, with
emphasis to the importance of incorporating watermelon into regular diets for overall health improvement.
Additionally, the study explores various applications of watermelon by-products in functional foods,
contributing to meeting recommended daily nutrient allowances, as well as in other functional products like
cosmetics, with health promoting properties. In conclusion, this comprehensive review underscores the role of
watermelon and its by-products for the development of products that can contribute to the prevention of
chronic diseases and promote overall well-being.

Keywords: watermelon; valorization; by-products; bioactives; antioxidant; anti-inflammatory; anti-cancer;
cardio-protective; functional foods; cosmetics

1. Introduction

According to World Health Statistics 2023 for monitoring health for the sustainable development
goals of the World Health Organization (WHO) the major problems that predominates in the
contemporary world today are chronic disorders. Such diseases could provoke more than 40 million
deaths per year, which accounts for 74% of all deaths worldwide, due to cardiovascular disorders
(CVD), cancer, chronic respiratory diseases and diabetes-related kidney disease [1]. It is well-
established that chronic inflammation and its associated oxidative stress and thrombo-inflammatory
manifestations are implicated in the propagation and development of these disorders, while it has
also been observed that switching into healthy dietary habits plays an anti-inflammatory vital role in
the prevention of these chronic disorders, improving thus life quality [2-4]. Fruits and vegetables are
key components of healthy dietary patterns possess a great variety of micronutrients, such as
carotenoids and phenolic compounds and other bioactive molecules with antioxidant, anti-
inflammatory and antithrombotic properties [5,6]. Consumption of diverse fruit species relates to a
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lower chance of acquiring certain diseases, such as coronary heart disease or cancer, due to their
bioactive substances [7].

Citrullus lanatus (CL), commonly known as watermelon, seems to be such a rich in bioactives
healthy fruit. Watermelons (Citrullus lanatus) belongs to the Cucurbitaceae family tropical fruits and is
one of the world's most cultivated fruits, with significant economic importance [8,9]. 7% of the
worldwide fruits and vegetables production area is the one that watermelon cultivated in.
Watermelons are primarily grown in Asia (79.5%), Africa (7.5%), and America (6.9%). Although
production and consumption of this fruit are expanding gradually in the Mediterranean basin, China
produces 67% of the total quantity, while having the highest consumption rates [10].

Watermelon consumption is increasing due to its sweetness and refreshing taste, high moisture
content and appealing colors ranging from red to yellow or to pink. As a fruit, it is a low in calories,
salt, cholesterol and fat fruit [11-13], and thus a popular and widely consumed fruit [14], due also to
being thirst-quenching and nutritive, with an abundant content in nutrients, minerals and
phytochemicals with numerous biological benefits [13], that are linked to healthy-eating and
improved human health [15,16]. Subsequently, watermelon consumption has been associated with
several health benefits, including improving cardiovascular health, high blood pressure in
hypertensive patients, decreasing LDL oxidation, and fighting against age-related degenerative
diseases, and certain types of cancer [14,15,17].

The increasing amounts of bio-wastes from agri-food by-products globally per annum, as well
as their economic, social, and environmental impact have prompted research towards the appropriate
and effective utilization of such wastes. In general, fruit, vegetable, and cereals by-products are
popular due to their significant nutritional content and have the potential for supporting healthy
diets, while wasted pulp can be incorporated into food products providing “ready to eat” bioactive
components. Natural antioxidants in fruit and vegetable waste have sparked public and scientific
curiosity. For example, flavonoids, and phenolic bioactive compounds from such by-products have
received considerable attention due to their physiological effects such as antioxidant, anti-
inflammatory, and anti-tumor activities, as well as their low toxicity when compared to synthetic
phenolic antioxidants such as butylated hydroxyanisole, butylated hydroxytoluene, and propyl
gallate [18,19]. Subsequently, several studies aim to replace synthetic antioxidant additives in foods
by investigating the functionality of natural sourced antioxidants, such as those contained in agri-
food wastes [20-22].

Watermelon's by-products, such as its rind, remnants of its flesh/pulp (40%) and its seeds (60%)
contain substantial amounts of such bioactives and phytochemicals [23,24]. The nutrients in the
watermelon rind can help humans and animals reach RDA (recommended daily allowance)
consumption to maintain good nutritional status and, thus, good health [25], while watermelon seeds
also contain several nutrients (proteins, minerals, vitamins, lipids) and bioactives. The nutrients and
bioactives of watermelon by-products like those found in rind and seeds, if recovered appropriately,
they can be valorized and utilized as functional ingredients for novel functional products.

Here, the nutritional composition, bioactive compounds, mechanism of action, and therapeutic
properties of watermelon and its by-products is thoroughly reviewed. In addition, the rising issues
of agro-waste utilization of watermelon’s by-products is also examined, while emphasis is given to
the valorization of its bioactives as ingredients for novel functional foods, supplements,
nutraceuticals, or even drugs and cosmetics. Limitations and future perspectives for the benefits of
this popular fruit and its by-products is also further discussed.

2. Nutritional composition, bioactives’ content and associated health benefits of watermelon and
its y-products

2.1. Nutritional composition, bioactives’ content and associated health benefits of watermelon

Watermelon is characterized by a chunky rind and a fleshy middle with various colors.
According to Oberio and Sogi [26], watermelon fruits yield 55.3% juice, 31.5% rind, and 10.4%
pomace. The nutrition composition of flesh, juice, rind/peel, rind powder, and seeds of watermelon,
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has been evaluated through a number of studies. The flesh and rind portion are low in fat while seeds
are high in crude fat content whereas, crude fiber content was found high in the rind portion as
compared to other parts (Table 1).

Table 1. Proximate composition of watermelon and its by-products (g/100g) [27-44].

Fruit By-products
Flesh Juice Pulp Seed Peel Rind
Compounds Quantity g/100g Quantity g/100g

Moisture 91.45 90.1-92.42 11.5 3.39-8.5 8.78 5.12-
94.62
Ash 0.25 0.1-0.37 3.66 2.48-4.9 5.31 0.46-20
Protein 0.61 0.4-0.84 3.33 17.75-49.7 2.88 0.63-21
Crude fat 0.15 0.05-0.027 0.5 13.7-50.5 2.33 0.08-15

Carbohydrates  7.55 7.55 73.35 6.06-46.3 70.04 4.2-80.75

Crude fiber 0.4 0.4-0.7 7.66 2.1-40.75 10.66 2.6-23

The sweetness of the watermelon is mainly attributed to a combination of sucrose, glucose, and
fructose [17]. Sucrose and glucose make up 20-40% of the total sugars in a ripe watermelon, while
fructose makes up 30-50% [17]. Nevertheless, watermelon has a low energy density and is hence
advised for weight management [13]. Watermelon is a good source of nutrients, minerals and
vitamins [45], such as phosphorus, magnesium, calcium, and iron, as well as thiamine, riboflavin,
niacin, folate and A, C and E vitamins [14,16,46]. It is also a source of several amino acids (Figure 1)
and especially of citrulline, a non-essential amino acid that helps muscle relaxation [47].
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Figure 1. Structures of the most important micronutrients in watermelon (adopted from Jebir and
Mustafa [48] (a) Arginine, (b) Citrulline, (c) Aspartic acid, (d) Ascorbic acid, (e) Beta-carotene, (f)
Citrulline, (g) Lycopene, (h) Leucine and (i) Glutamic acid. Structures were obtained from
https://molview.org/ (accessed on the 21st of September 2023).

Thus, watermelon is a nutrient-dense, thirst-quenching fruit with few calories [49] and its
consumption may also be advantageous in maintaining acid-base balance in the body, which is
crucial in normal physiology, hunger, and digestion [15]. Its vitamin content makes it beneficial for
normal vision and skin health, cholesterol control, normal appetite, and nervous system function,
and it may be involved in normal muscle contraction [50,51].

On the other hand, the leading organic acids that contribute to the peculiar watermelon flavor
are malic, citric, and oxalic acids [52]. Watermelon flesh is red, yellow, and pink due to the presence
of carotenoids such as P-carotene and its acyclic isomer, lycopene, lycopene [53]. The content of
watermelons’ microconstituents varied since it depends on cultivar, level of maturity, and
provenance [54-57]. These carotenoids possess antioxidant, anti-inflammatory, and hypotensive
beneficial effects for human health [58,59], while they can scavenge free radicals with therapeutic
impact in several manifestations, including cancer and CVD, too [60-62]. Lycopene is also shown to
have analgesic and anti-inflammatory properties [63,64], anti-ulcerative properties [65,66], and
antibacterial properties [63,67]. Overall, lycopene is a primary bioactive compound present in
watermelon, contributes several health benefits such as, antioxidant, anti-inflammatory
antiproliferative, antihyperglycemic antidiabetic and cardio-preventing and protecting properties
[8,57,68,69].Watermelon juice's lycopene-rich nature and health benefits, according to Kim et al. and
Jumde et al. [13,69], make it a good choice for preparing additional functional foods to increase
utilization.

On the other hand, vitamins, minerals and specific amino acids, watermelon also contains a
variety of other bioactive compounds, including phenolic compounds and alkaloids are distributed
and concentrated differently in the flesh, rind, leaves, and seeds, as depicted in Figure 2 [10,70-72].
Some of these phytochemicals could prevent diseases like hypertension and arthritis [11], while
according to Bailey et al. watermelon juice supplementation improves vascular health in
hypertensive people [73]. Watermelon contains comparably more antioxidants than popular fruits
like tomatoes, strawberries, and guavas [15]. Nevertheless, apart from the antioxidant protection,
watermelon bioactive compounds demonstrate numerous health benefits, including reduced risk of
CVD, aging-related ailments, obesity, diabetes, and various cancer-fighting effects [10,74-77],
suggesting that incorporating watermelon in the diet can effectively reduce such chronic disease
[8,14].

Watermelon has been considered an excellent dietary source of bioactive phenolics. Phenolic
compounds can be found in great numbers in the seeds [78] and higher in all portions except flesh
[77]. Abu-Reidah et al. reported that 23 compounds of watermelon flesh belong to the flavonoid
families [79]. Mushtaq et al. found myricetin and quercetin in rind [80] while apigenin, naringenin-
7-O-glycoside, rutin, amentoflavone, quercetin, quercitrin, kaempferol and luteolin in seeds were
determined by Jimoh et al. and Sultana & Ashraf [78,81]. Major bioactive compounds present in
watermelon and by-products such as peel, rind, and seed are depicted in Figure 2. Watermelon fruits
contain other phytochemical compounds too, like cucurbitacins and their glycoside derivatives,
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which have a unique medicinal significance due to their potential biological activities like
hepatoprotection, anti-inflammatory, anti-tumor, antimicrobial, and anti-helminthic effects (Figure
3) [82,83].

Thus, watermelon’s health benefits are greatly linked to its nutrient composition and its high
content in a number of bioactive compounds, mostly phytochemicals, with anti-inflammatory,
antioxidant and anti-cancer properties that contribute to health and the prevention of chronic
diseases [82,84-88]. Because of these qualities, and due to its watermelon is a desirable functional
food high lycopene, vitamin A, vitamin C, antioxidant and anti-inflammatory bioactives’ content,
watermelon is a great functional food [39,63,89].

2.2. Nutritional composition, bioactives’ content and associated health benefits of watermelon by-products

Watermelon by-products are usually its rind, peel, seeds and pulp. Watermelon rind (WR) is an
integral part of watermelon. It is a thick white flesh between the outer green skin and the interior-
colored flesh that contributes to about one-third of the total fruit mass mostly discarded despite being
comestible. Watermelon rind contains starch, non-starch polysaccharides, sugars, resistant starch,
oligosaccharides, and pectin [90]. Nutrition composition of watermelon and by-products is given in
Table 1. Fresh WR has 95% moisture, but dry WR powder contains water (9-17%), crude protein (6-
21%), fat (0.66-15%), dietary fiber (12-23%), ash (12-20%), and total carbohydrates (42-65%) including
sugars, pectin, cellulose, lignin and hemicellulose [14,35,42,91]. The minerals content of rind are
reported as; Fe (0.28mg/kg), Na (1.16mg/kg), K (4.83mg/kg), P (5.17mg/kg), Mg (8.22mg/kg), Zn
(19.80mg/kg), and Ca (28.70mg/kg) [43,92]. Watermelon rind is also a rich source of citrulline,
flavones, saponin, sterols, terpenoids and phenolic compounds, which are bioactives compound
providing antioxidant properties and other health promoting effects [93].
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Figure 2. Major bioactive compounds in watermelon and its by-products. Structures were obtained from
https://molview.org/ (accessed on the 21t of September 2023). Bioactives numbered as 1-11 are mostly
found in watermelon fruit, while bioactives 12-23 are mostly found in its by-products (rind, peel and seed).
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Figure 3. Chemical structure of the main cucurbitacins (adopted from Zamuz et al. [24]). Structures
were obtained from https://molview.org/ (accessed on the 21st of September 2023).

Watermelon seeds are abundant in protein, minerals (including magnesium, potassium, iron,
zing, sodium, phosphorus, copper, and manganese), B vitamins, lipids and unsaturated fatty acids
like stearic, palmitic, linoleic, and oleic acid, as well as several bioactive phytochemicals [94]. It also
contains a lot of carbohydrates, including glucose, sucrose, and fructose, as well as carotenoids like
carotene [95]. Watermelon seeds contain also a significant amount of arginine, contributing to their
therapeutic properties [96], as this amino acid can decrease ulcerative colitis symptoms, but also it
increases antioxidant capacity [97,98]. Due to the existence of many nutritious benefits, watermelon
seeds have applications in a variety of culinary products. Sola et al. found that watermelon seed
extracts contain antimicrobial capabilities [99]. Furthermore, roasted watermelon seeds are used by
customers as an appetite stimulant and to alleviate constipation [83]. Nutrients and valuable bioactive
compounds are given in Table 2.
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Table 2. Nutrients and other valuable and bioactive compounds of watermelon and its by-products

[27-44].

Parts Carbohydrates Anti- Vitamins  Minerals Amino Phenols Fatty acids

nutrients acids

WMR Galactose Oxalates A Fe Citrulline Gallic acid, Saturated
Xylose Alkaloids Bl Mn phenylala ~ Synapic  acid, Myristic acid,
Arabinose Phytates B2 P nine Hydroxycinnam  Palmitic acid,
Glucose Saponin B3 Ca Valine ic acid, Margeric acid,
Glucoranic acid Tanin B6 Na Leucine Quercetin, m-  Stearic acid,
Mannose Flavonoid C /n Tyrosine Coumaric acid, Arachidic acid,
Rhamnose s Phenols Cu Lysine Chlorogenic Behenic  acid,
Glucuronic acid K acid,  Syringic Lignocericacid.

Mg acid, Unsaturated
p-coumaric acid, Elaidic acid,
myricetin, Linolenic acid,
caffeic acid, Linoleic acid,
vanillic acid, Vaccenic acid
4- Oleic acid,
hydroxybenzoic ~ Docosahexaeno
acid, ic acid,
p-anisic acid. Eicosadienoic

acid, eicosenoic
acid, hypogeic
acid, vaccenic
acid, gondoic
acid.

Seed Galactose Oxalates A Fe Arginine Gallic acid, Saturated
Arabinose Alkaloids Bl Mn Phenylala  Caggeic  acid, Myristic acid,
Glucose Phytates B2 P nine Syringic  acid, Arachidic acid,
Sucrose Saponin B3 Ca Lysine Sinapic acid, Pentadecyclic
Mannose Tannin B6 Na Leucine Rosmarinic acid, acid, Margeric
Fructose Phenols B12 Cu Iso-leucine  Vanillic acid, acid, Behenic
Xylose Flavonoid D Zn Aspartic Prochatechuic acid,  Stearic

s Cr acid acid, Leuteolin, acid, Lignoceric
K K Glutamica  Flavonoids, acid.
Mg cid, Flavone, Unsaturated
Pb Serine Chlorogenic Palmitoleic
Valine acid, Apigenin, acid, Gadoleic
Cysteine Phenolic acid, acid, Linolenic

Glycine

acid, Linoleic
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Histidine 4- acid, Oleic acid,
Threonine  hydroxybenzoic  Erucic acid.
Alanine acid, Ferulic

Proline acid, Coumaric

Methionin  acid.

e

Peel Galactose Alkaloids A Fe Citrulline Gallic acid, Saturated
Xylose Saponin Bl Mn Phenylala  Synapic  acid, Myristic acid
Arabinose Tanin B2 p nine Hydroxycinnam  Palmitic acid
Glucose Flavonoid B3 Ca Valine ic acid, Margaric acid
Glucoranic acid s Phenols B6 Na Leucine Quercetin, m-  Stearic acid
Mannose C Zn Tyrosine Coumaric acid, Arachidic acid
Rhamnose Cu Lysine chlorogenic acid, Unsaturated
Glucuronic acid K syringic acid, Linolenic acid

Mg p-coumaric acid Linoleic acid
myricetin Oleic acid
caffeic acid

vanillic acid
4hydroxybenzoi

¢ acid, p-anisic

acid.
Pulp Fructose Flavonoid A Ca Citrulline Carotenoids Linoleic acid
Sucrose s B1 Fe Leucine Quercetin, Oleic acid
Glucose Glycosides  Bs Mg Glutamic Luteolin Palmitic acid
Tannins C 7/n acid, Gallic acid Stearic acid
Phenols E Na Aspartic Coumarin Linolenic acid
Saponins K acid Aviprin

Tannins Arginine

*WMR= watermelon rind.

2.3. Molecular-Biochemical-Cellular Mechanisms of Action of of the most Bioactive Compounds present in
Watermelon and Its By-Products: A Molecular Perspective

The most abundant bioactive constituents of watermelon and its by-products are several
subclasses of cucurbitacins and polyphenols. Cucurbitacins are tetracyclic triterpenoids, derived
from Cucurbitaceae family plants, while more than 100 species of such micro-constituents have been
found in about 30 different species of Cucurbitaceae family [100]. Some of the different species of
Cucurbitaceae family are the Bryonia [101], Cucumis [102] and Momordica [103], while cucurbitacins
have also been identified, in lower amounts, in Polemoniaceae [104], Scrophulariaceae [105], and
Thymelaeaceae species [106], too. From a chemical standpoint, cucurbitacins have a signature highly
oxidized tetracyclic nucleus, since containing several of oxygen-containing groups at different
positions [107]. Structurally, cucurbitacins are categorized into 12 primary forms, namely,
cucurbitacin A to T [108]. It is reported that cucurbitacins demonstrate potential biological activities,
based on the target cells, such as, anti-oxidant, anti-inflammation, anti-microbial, anti-diabetic, anti-
rheumatic, anti-tumor, and so on [109-111].
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Considering the bioactivity of cucurbitacins, their low water solubility and lipophilicity
contribute to enhanced antitumor effectiveness. This effect is facilitated by increased solubility and
targeting following local and systemic administration, especially in their glycosylated forms, which
have demonstrated the ability to prevent free radical and oxidative damage [110]. In terms of their
anti-inflammatory activity, cucurbitacins have been found to block the activity of tumor necrosis
factor alpha (TNFa) in lymphocytes and macrophages; simultaneously, they inhibit the function of
nuclear factor-kappa-B (NF-«kB) [112-115]. For instance, cucurbitacin R, has been proven effective
against pain and inflammation in several different studies [116].

In addition to the aforementioned activities, several derivatives of cucurbitacins derivatives,
namely, cucurbitacin B, D, E, and I, have been found to manifest anti-multiplication effects on various
human cancer cell lines and tumor xenografts, including those associated with breast, brain, liver,
lung, skin, prostate and uterine cervix cancers [109,110,117-119]. Noteworthy, cucurbitacin
glycosylated derivatives (B and E) extracted from Citrullus colocynthis have demonstrated antigrowth
effects on human breast cancer cells, through the conglomeration of cells in the phase II of
growth/mitotic phase (G2/M phase) of the cell cycle and the induction of apoptosis, simultaneously
[109]. Moreover, cucurbitacin R and 23, 24-dihydrocucurbitacin B extracted from the roots of
Cayaponia tayuya were found to suppress cellular proliferation and/or initiate apoptosis in colon
cancer cell lines [115,120]. Other studies suggest that, the simultaneous intake of cucurbitacins and
anti-cancer medication led to improved results; the co-intake of doxorubicin and cucurbitacin E led
to marked cytotoxicity towards tumor cells in vivo and in vitro resulting in diminished tumor
dimensions and mass [121]. A similar trend was observed when comparing single medication with
the simultaneous intake of cucurbitacin B with medication (docetaxel), on human laryngeal cancer
cell line (Hep-2) [122].

On the other hand, polyphenols are products of plant secondary metabolism, found within the
nucleus, the mesophyll cells and other regions where the generation of the reactive oxygen species
(ROS), take place [123]. Polyphenols, including flavonoids, are produced through the
phenylpropanoid pathway have been shown to exhibit several health promoting activities [124,125].
The functional hydroxyl group of polar phenolics give them the ability to scavenge free radicals and
bind metal ions [126-128]; metal chelation is a key factor in preventing radical generation that could
lead to the biomolecular damage [129]. In addition, many studies have demonstrated that polar
phenolics have the capability to activate several protective enzyme systems in the human body, while
simultaneously are able to manifest protective impacts against numerous human diseases, including,
cancer, cardiovascular diseases and bacterial and viral infections [130,131].

Polar phenolic compounds have several different activities, with their distinctive trait being their
ability to function as antioxidants. This behavior is attributed to the arrangement of functional groups
surrounding the nucleus; the substitution and the configuration of the hydroxyl groups in the B ring,
also significantly affect the antioxidant activity mechanisms, including chelating metal ions like iron
and copper, and scavenging reactive oxygen species (ROS) and reactive nitrogen species (RNS)
[132,133]. Additionally, the position, structure, and number of sugars in flavonoids (glycosylated
forms) significantly affect their antioxidant properties with aglycone forms generally exhibiting
better antioxidant efficacy than their respective glycosylated counterparts [134].

The mechanisms through which antioxidants, i.e., polyphenols, act, include the reduction of the
ROS formation, either by binding to compounds involved in the production of the free radicals or by
inhibiting enzymes, the scavenging of ROS and the enhancement of the human organism’s
antioxidant defense [135]. As for the enzyme inhibition, polyphenols exhibit inhibitory effects against
the ones responsible for ROS generation, such as glutathione and monooxygenase, while enzymes
such as NADH oxidase and mitochondrial succinoxidase are also implicated in such processes [136].
In addition, flavonoids serve as potential protective compounds against lipids oxidation through
several different pathways [137].

For instance, epicatechin and rutin have been proven as stable, robust molecules that may
effectively inhibit lipid peroxidation in vitro [138]. Additionally, quercetin has been demonstrated to
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chelate and stabilize iron [139]; the ethanol extract of winery by-products containing epicatechin and
quercetin exerts a potent anti-platelet effect [140].

During oxidation on the B ring of flavonoids possessing a catechol group, they form a stable
radical known as orthosemiquinone, rendering them potent scavengers. In contrast, flavones lacking
the catechol group tend to be weaker scavengers due to their tendency to form unstable radicals [141].

It should also be mentioned that apart from their general antioxidant capacity, specific phenolic
compounds have also been found to possess potent anti-inflammatory activities with several health
promoting properties [142]. For instance some phenolic compounds have shown anti-cancer potency
through inhibiting the synthesis of potent thrombo-inflammatory mediators implicated in cancer
growth and metastasis [2], while they have also shown strong antiplatelet activities [140,143] and a
general anti-inflammatory potency in renal cells and blood cells that contribute in the reduction of
risk for developing several disorders related to the inflammatory manifestations of these cells
[144,145].
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Figure 4. The biochemical mechanisms of (A) Cucurbitacins and (B) Polyphenols, of watermelon and
its by-products. TNFa: tumor necrosis factor alpha; NF-kB: nuclear factor-kappa-B; ROS: reactive
oxygen species; PNS: reactive nitrogen species; GSH: glutathione; MOG: monooxygenase; GPX:
glutathione peroxidase; NOXs: NADPH oxidases.

3. Health promoting effects associated with watermelon and its by-products bioactives

3.1. Antioxidant and anti-inflammatory properties and associated health promoting effects

Citrullus lanatus is a great sources of a variety of antioxidant bioactives, such as vitamins,
phenolic compounds and carotenoids [10,70-72,146-150]. According to Choudhary et al. [15],
citrulline is a non-essential amino acid with significant antioxidant effects [151], which can be
metabolized in arginine with anti-inflammatory properties [152]. Watermelon, contains a high
concentration of vitamin C, a more hydrophilic antioxidant that inhibits iron oxidation and scavenges
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free radicals [153]. Due to the plethora of antioxidants, watermelon has a higher antioxidant potential
than strawberries, tomatoes, and guava, which along with their anti-inflammatory and anti-cancer
protection [15,16], can improve the human health [154]. Epidemiological studies show that
phytochemicals present in watermelon have substantial therapeutic benefits [8,14,69] helpful for the
functions of the liver, kidney, and brain [45]. Researchers have associated the hepatoprotective effect
in our body to antioxidant activity of phytochemicals found in watermelon [155].

Epidemiological studies showed that watermelon has several therapeutic properties, including
anti-inflammatory properties [15,16,150,156]. Aqueous extracts of edible watermelon portions helps
prevent anti-inflammatory diseases [157]. In addition, the lipid soluble lycopene, an essential
antioxidant of watermelon and watermelon juice (WJ) [158-160], also possess strong anti-
inflammatory properties [8,63,64,161,162]. In addition, carotenoids in watermelons provides practical
therapeutic activities to prevent anti-inflammatory diseases [163]. Several processes have been
developed for its extraction and purification from watermelon and W] due to its antioxidant and anti-
inflammatory potential [164]. Watermelon sourced lycopene also aids in cholesterol reduction
[84,165-169]. Lycopene takes part in anticancer mechanisms too, by inhibition of invasion and
metastasis, regulation of cell proliferation, induction of phase 2 enzymes, modulation of cytokine
expression, redox and hypocholesterol emic effects [162]. The absorption pathway of lycopene starts
from the ingestion of watermelon in the form of cis-lycopene, through the gastro-intestinal tract, enter
the bloodstream through chylomicron mediated mechanism, and finally stored in adipose tissue
dense organs, liver, prostate and adrenal gland [8].

W] has also become of interest to consumers, due to its rich content in phytochemicals, including
lycopene, with antioxidant anti-inflammatory and antihypertensive properties [8,170,171]. More
specifically W] contains significant amounts of the highly bioavailable form of lycopene, the cis-
isomeric lycopene [172], as well as L-citrulline, an amino acid and antioxidant that can be metabolized
to L-arginine, an essential amino acid, which is used in the synthesis of nitric oxide and plays an
essential role in cardiovascular and immune function [172]. Thus, W] consumption has been proven
to raise the lycopene level, as well as L-citrulline and L-arginine levels in human blood [173].

Watermelon by-products also contain antioxidant and anti-inflammatory bioactives with health
promoting properties. The research conducted for evaluating the effect of extracts of watermelon by-
products on rats fed for 12 weeks resulted in a decrease in LDL and total cholesterol, and body fat
and showed anti-inflammatory properties [174-177]. Singh Gill investigated different extracts (ethyl
acetate, chloroform, and methanol) of watermelon seeds for their antioxidant activity through DPPH
method and they found that the maximum antioxidant activity was obtained in methanolic extracts
of the seeds [178]. Gill et al. studied the antioxidant potential of watermelon seed extract in rodent
models [179]. DPPH and H:0: perform to evaluate the free radical scavenging activities. It was
determined that the methanolic extract has good antioxidant potential to use in the future for
nutraceutical purposes.

Adebayo et al. also found methanolic extracts of watermelon seed contain phytochemical
compounds with strong antioxidant activities to protect the damaging effects on cells [180]. It is
widely used to treat various diseases and has several therapeutic activities [181]. Rahman et al.
studied the in-vitro activities of watermelon seed extracts through n-hexane, chloroform, and ethanol
as solvents [182]. All extracts showed high antioxidant potential as measured by DPPH, FRAP, H20,
and NO scavenging activities. Still, it depends on the extraction method, as hexane extract showed
more antioxidant potential than the chloroform and ethanol extracts [182]. It is also reported that seed
extract is a good reservoir of antioxidants that mitigate the oxidative stress in stressed rats [183].
Watermelon seed ethanol extracts showed potent anti-inflammatory properties too [184].
Antioxidant activities were recorded in seed oil too, with several applications in making cosmetic
products from watermelon by-products [185].

In addition, watermelon seed flour supplementation and its ethanol extracts are effective against
inflammation and chronic pain due to their anti-inflammatory power [184,186]. It has been stated that
the watermelon rind flour incorporation into the diets of rats improved antioxidant activity, lipid
profile, and had significant anti-inflammatory capabilities [186]. Besides, it has been associated with
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lowering the level of low-density lipoprotein, cholesterol and triglyceride levels and increases
antioxidant capacity in obese persons [187].

Sajjad et al. evaluated the administration of 50g of watermelon seed to male and female rats for
40 days resulting in a decrease in blood pressure due to cations and phytochemicals showing
antioxidant activities [40]. Moreover, the process of seed protein hydrolysis can aid in producing
antioxidant peptides, too [188]. Seed protein hydrolysates include the globulin fractions with
antioxidant activities observed for ethanol-induced stressed rat [189] and purified peptides helped to
protect HepG2 cells from hydrogen peroxide-induced damage by increasing antioxidative enzymes
activities [188]. Wen et al. studied that the seed protein hydrolysate had great antioxidant potential
in acidic pH or a temperature >100°C or neutral environment with gastrointestinal digestion
treatment [190]. Seed protein hydrolysate or isolates can be used as a functional ingredient or an
alternative to synthetic antioxidants to prevent the adverse effects of drugs [191].

Watermelon and its peel extracts also have antioxidant and anti-inflammatory properties due to
the presence of unsaturated fatty acids, carotenoids, and phenolic components, similar to those found
in extracts of watermelon seeds [192]. For example, watermelon rind methanol extracts showed
potential anti-inflammatory properties [193]. In addition, watermelon rind extracts are also rich in
quercetin, a strong antioxidant compound that helps to reduce nitrogen and reactive oxygen species
[194]. Moreover, watermelon rind extract with the combination of banana peel extract showed the
highest antioxidant activities as compared to banana peel extract [195]. Furthermore, polysaccharides
in rind extract possess excellent antioxidant activity against reactive oxygen species and DNA
damage induced by hydroxyl radical at 5mg/ml concentration [14].

3.2. Cardio-protective health promoting effects

Watermelon is a rich source of phytochemicals and minerals, low in sodium, cholesterol, and fat
therefore, it is suitable for heart health and blood pressure [17,196]. It is a rich source of lycopene,
beta-carotene, and unsaturated fatty acids that as aforementioned possess strong antioxidant and
anti-inflammatory properties, offering cardio-protective benefits by reducing oxidative stress and
inflammation, and thus lowering the risk of CVD and other associated manifestations
[8,52,62,68,154,161,197]. Watermelon supplementation in obese individuals suffering from
hypertension and high blood pressure, has been proven to lower both hypertension and blood
pressure [198]. W] is a great source of compounds with cardioprotective properties, including
arginine, citrulline, and lycopene [199]. The non-essential amino acid, citrulline, present in all parts
of the watermelon, has cardio-protective activities as it relaxes as well as dilates the blood vessels
[174,193,200]. Moreover, Tarazona-Diaz et al. reported that W] contributed to reducing both muscle
soreness and the recovery heart rate in athletes after 24 hours, proving the potential of W] as a
functional drink for athletes [201].

In addition, the rich content of watermelon seed oil in antioxidants seem to prevent chronic
disorders, including CVD [202]. Moreover, an in-vivo study on watermelon seed extracts showed
great potential for cardio-protective effect, by reducing creatine kinase and lactate dehydrogenase,
which are considered as indicators of heart disease [161,203]. Watermelon derived saponins also have
been found to possess pharmaceutical potential to prevent CVD and other chronic diseases [162].

3.3. Anti-cancer health promoting effects

A number of studies suggest that the rich content of watermelon in lycopene slows down tumor
growth, while lycopene supplementation can help in the prevention of cancer of many organs [204].
Lycopene has a repressive role in gene mutation [205]. It interferes with mechanisms involved in
cancer cell growth cycle and carcinogen metabolism [206]. It is noteworthy to mention that lycopene
administration has also potential in reducing the negative effect of cancer radiotherapy [204].

Furthermore, watermelon seeds also contain (3-carotene, which has strong anticancer properties
like lycopene [207]. The plethora of phytochemicals found in watermelon seeds, including tannins,
are effective against cancer, whereas alkaloids show anti-diarrheal effects [34]. More specifically,
watermelon seeds contain around 8 phenolic compounds (caffeic acid, syringic acid, ferulic acid,
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sinapic acid, p-coumaric acid, vanillic acid, 4-hydroxy benzoic acid, and gallic acid) which also
possess anti-cancer, anti-viral, anti-inflammatory, and antioxidant activities [208]. The extracts of
watermelon seeds have also been linked with anticancer effects [209].

3.4. Anti-diabetic health promoting effects

Watermelon is a rich in bioactive compounds with several biological activities such as
antidiabetic [210]. The anti-diabetic properties of watermelon and W] were presented in an in-vivo
study in alloxan-induced diabetic male Wistar albino rats [211]. Vincellette et al., reported that
supplementation with WJ, contributed to decrease in Macrovascular and microvascular dysfunction
caused by hyperglycemia in healthy adult individuals [212]. Moreover, another in vivo study also
presented the anti-diabetic effect of watermelon, as its consumption improved the control of
pancreatic cells death [213].

Zia et al. reported that watermelon by-products have excellent therapeutic properties including
anti-diabetic activity, too [214]. It was observed that watermelon rind exhibited anti-diabetic activity
by increasing the level of serum insulin and decreasing in level of blood glucose as recommended
hypoglycaemic drug in Wistar rats [215,216]. Some studies have also reported a decrease in blood
glucose by the consumption of the extracts of watermelon seed and peel [217-219], while methanol
extract of watermelon seeds decrease blood glucose level in rats [66]. In addition, administration of a
watermelon peel methanol extract in diabetic rats improved blood glucose concentration, serum lipid
profile, enzymes in the liver, creatinine, urea, and other plod biomarkers, suggesting a strong anti-
diabetic activity [193]. Jibril et al., Adebayo et al. and Arise et al. have also evaluated the anti-diabetic
effects of watermelon pulp, rind, and seed extracts, which showed noteworthy inhibition of alpha-
amylase and alpha-glucosidase activities [72,180,220].

Watermelon pulp containing lycopene that possess high antioxidant activity, has also exhibited
a notable anti-diabetic effect [57]. Watermelon curcubitacins that possess many therapeutic activities,
have also shown anti-diabetic properties [221-223].

3.5. Other health promoting effects

3.5.1. Hepatoprotective properties

The rich content of watermelon and its by-products in phytochemicals and lycopene seems to
also prevent liver-related disorders [63,83,181]. Oyenihi et al. reported that W] had an antioxidant
and hepatoprotective effect in ethanol-induced oxidation in the liver of rats [224]. Watermelon seed
and seed oil also showed hepatoprotective activity in CCls induced hepatotoxicity in rats, as it
improved the serum enzymatic activities of hepatic enzymes and the histopathology of liver tissues
[64,155].

3.5.1. Antimicrobial properties

Several studies have shown that watermelon extracts have antimicrobial activities against
bacteria as well as fungi [67,225-227]. Ethanol extract of watermelon seeds showed great potential of
antimicrobial activities against four bacterial strains (2 Gram-negative and 2 Gram-positive) were
studied for their limited direct anti-fungal effects against four fungal species, primarily influencing
bacterial-fungal interactions and susceptibility patterns in specific contexts [228]. Moreover, crude
extracts of watermelon seeds, using cold and hot water, ethanol, and methanol showed antimicrobial
activities against bacteria and fungi [94,229,230]. The observed antimicrobial activities of chloroform
extracts were attributed to watermelon secondary metabolites such as flavonoids, tannins, and
saponins [67], while lycopene also seem to possess antimicrobial activity [67].

3.5.1. Analgesic properties

Watermelon rich content in lycopene has an analgesic effect [63]. Moreover, Wahid, et al.
observed analgesic activities of ethanol extracts from watermelon seeds in an in vivo study in rats
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[184], while aqueous extracts of watermelon peel showed in vivo analgesic properties too [231]. Thus,
extracts of watermelon by-products have the potential to be used as a functional ingredient for the
development of analgesics [179,184]. The highest concentration of alkaloids found in seeds, in
comparison to all the other parts of watermelon, have also showed several therapeutic effects as
secondary metabolites, including analgesic properties, as well as anti-bacterial, and antispasmodic

effects [232].

Table 3. Health promoting properties of watermelon and its by-products.

Heath Watermelo  Compound/ Study  Specific effects References
Promoting n Part component type
Properties
Antioxidant Seed Aqueous In-vivo [179]
extract
Seed Extract In-vitro [182]
Seed Extract In-vitro [178]
(chloroform,
ethyl acetate,
and methanol)
Seed Extract In-vitro [182]
Rind& Seed  Extract In-vivo [183][191][194][188]
Peel Extract In-vitro [192]
Pulp & Seed Lycopene In-vitro [233]
Seed Extract In-vitro [234]
Whole In-vivo  Ingestion [186]
watermelon
powder
Fruit Bioactive In-vitro [10]
compounds
Cardioprotectiv.  Pulp Extract In-vivo  Anti- [174]
e atherosclerotic
activity
Seeds Phytochemicals In-vivo  Anti- [40]
hypertensive
Rind Extract of In-vivo  Anti- [14]
polysaccharide hypertensive
s
Seeds Extract In-vivo  Decrease serum [235]
Cholesterol
Pulp Carotene In-vitro  Heart health [236]
Pulp Lycopene In-vitro  heart health [74]
Rind Phytochemicals In-vitro  Hypocholesterole [215]
In-vivo  mic effect
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Seed Extract, In-vitro  Hypolipidemic [182]
In-vivo  effect [235]
anti-
inflammatory and
antioxidant
properties
Seeds Kernel In-vivo  Hypolipidemic [83]
efficiency
Whole In-vivo  Improvement of [186]
watermelon lipid profiles
powder
Rind and Powder In-vivo  LDL Control [174]
peel anti-
inflammatory
reduces
atherosclerosis
Pulp Juice; L- In-vivo Recovery heartrate [201]
Citrulline In-vitro  and muscle
soreness
Seeds Extract In-vivo  Reduction in [161]
creatine kinase,
triglycerides, LDL,
and sodium
Flesh, Seeds, L-citrulline and In-vivo  Regulation of [237]
Rind Arginine blood pressure and
vascular health
Seeds Extract In-vivo  Cardioprotective [203]
potential
Seeds Extract In-vivo  Cardiovascular [174,200]
benefits, Anti-
hypertension,
reduce blood
pressure
Seed Sitosterol, In-vitro  Cardiovascular [238,239]
campesterol, health
and
stigmasterol in
seed oil.
Rind Citrulline In-vitro  Cardiovascular [75]
health
Rind l-citrulline and In-vivo  Cardiovascular [240]
l-arginine health
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Pulp In-vivo  Cardiovascular [187,241]

Protective
Pulp Juice In-vivo  Control serum [242]
lipid profile
Antidiabetic Flesh, seed, Extract and In-vivo [72,93,180,220,243,244
rind Juice ]

Rind Citrulline In-vitro [215,216,245,246]

Seeds Extract In-vivo [218]

Flesh and Extract and In-vivo [213]

Rind powder

Pulp Juice In-vivo  Inhibitory activity [242]

against -
glucosidase and -
amylase that is
dosage dependent.

Pulp Juice, extract In-vivo  Stimulate insulin [247]
(containing release during
alkaloids, pancreatic-cell
flavonoids, and regeneration and
saponins) hinder intestinal

glucose absorption.

Rind Extract In-vivo [211,248]

Rind and Pomace In-vivo [171]

Peel

Gastrointestinal ~ Seed Seed extract In-vivo  Anti-ulcer activity ~ [65]
tract diseases Pulp Juice In-vino  Anti-secretary [249]
activity

Pulp Juice In-vivo  Anti-secretory [249]

effects

Rind Hydro- In-vivo  Anti-ulcer [193]
methanolic
extracts

Seeds Extract In-vivo  Antiulcer and [66]

gastroprotective

Seed Seed extract In-vivo  Anti-ulcer action in  [65,66]

pyloric ligated and
water immersion
stress  generated

ulcer models.
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Seeds Methanolic In-vivo  Anti-ulcerogenic [65]
extract
Pulp Pulp extract In-vivo  Gastroprotective [250]

Laxative  Activity
in Indomethacin-
Induced Ulcer
Model

Pulp Pulp extract In-vivo  Loperamide- [250]
induced
constipation
decreases in a dose-
dependent manner

by laxative activity.

Pulp Extract In-vivo  Laxative Activity [250]
Pulp In-vivo  Ameliorate the [171]
gastrointestinal
discomforts
Hepatoprotectiv. ~ Pulp Juice In-vivo [251]
e Seeds Extract In-vivo [252]
Seed Seed oil In-Vivo  Oral, estimate [64]
serum hepatic

enzyme level

Seeds Oil In-vivo [64]
Seeds Extract In-vivo [155]
[253]
Anti- Seed Seed Qil In-vivo [64]
inflammatory & In-
Vitro
Seed Aqueous In-vivo [179]
extract
Seeds Extract In-vivo [184]
Seed Oil, extract In-vitro [254-256]
Rind Methanolic In-vivo [184,193]
extract
Pulp Juice In-vivo  «a-glucosidase and [242]
a-amylase
inhibitory action in
a dose-dependent
manner
Seed Seed oil In-vivo  Carrageenan- [64,257]
& In-  induced paw

vitro
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edema in a rat
model
Seed Seed Oil, In-vitro [64]
and In-
vivo
Whole In-vivo  Ingestion [186]
watermelon
powder
Pulp I-citrulline and In-vivo [258]
l-arginine
Antimicrobial Seed Seed extract In-vitro  cup-plate and disc [229,230]
diffusion method
Rind Extract In-vitro [259]
Seed Extract In-vitro [99,228,260]
Seed Oil, extract In-vitro [254-256]
Seed Seed extract In-vitro [94,261]
Seeds Extract In-vitro [229]
Pulp Extract In-vitro [67]
Seeds Extract In-vitro [229]
Seed Seed extract In-vitro [225]
Pulp Juice In-vivo [8,224]
Role in oxidative Pulp I-citrulline & 1-  In-vivo [258]
stress arginine
Peel Extract In-vivo [231]
Analgesic and Seed Aqueous In-vivo [179]
antipyretic extract
Rind Methanolic In-vivo [184,193]
extract
Pulp Lycopene In-vitro [74]
Anticancer Rind Extract In-vivo [262]
Rind Extracted In-vivo [262]
polysaccharide
s
Pulp Extract In-vivo U Anti- urolithiatic [71]
In-vitro  and diuretic
activities
Urinary tract Fruit Aqueous In-vivo U Kidney health [263]
disorders extract
Flesh and Extract In-vivo  Uterine [264]
Rind Contractility
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Seeds Extract In-vivo  Anti-Prostatic [265]
Hyperplasia
activity
Miscellaneous Seeds Methanolic In-vivo  Nephroprotective [253,266]
Effects extract effects
Seeds Extract In-vivo ~ Neuroprotective [267,268]
Seeds Extract Male Sexual [252]
enhancement
Seeds Extract In-vivo  Weight loss and [269]
hematological
benefits

4. Potential applications of watermelon by-products that improve bio-functionality and health
promoting effects of food and cosmetics products

The most well-established food and cosmetics applications of ingredients from watermelon and
its by-products in other food products and cosmetics are the antimicrobial and antioxidant
preservative properties they possess. For example, watermelon derived lycopene is used as a “natural
preservative” to retard the oxidation of products during processing and storage [270]. Due to its low
cost, cooking convenience, and palatable taste, watermelon and its by-products can be applied in
some food products such as cookies, dairy, and meat products, and can be considered environment-
friendly for food packaging systems. Moreover, the chemical composition of watermelon by-
products (rind and seeds) exhibits a potential source of nutrients and bioactives to be utilized as
functional ingredients for developing novel valuable products in several applications with a relevant
impact on the food and cosmetic sectors.

4.1. Applications in bakery and other staple-based products

Addition of watermelon by-products-based flour and ingredients in wheat flour enhanced the
functional properties of bread. For example, Badr suggested that incorporation of watermelon rind
flour at 6-12% showed the potential increase in antioxidants and shelf life of pan bread [32].
Moreover, sensory properties were also improved. Shivapour et al. developed toast bread with the
incorporation of watermelon rind flour at 9.06% using RSM methodology [271]. It was concluded that
the watermelon rind showed potential anti-stalling properties. Imoisi et al. reported the enhancement
of nutritional composition, and functional and chemical properties of bread developed with the
addition of different ratios of watermelon rind flour [272]. To fabricate bread, Anang et al. fortified
the wheat flour with WMS flour at 15 and 25% [273]. Particularly, the total microbial count findings
were below the recommended limits and the sensory features did not display any modification
between all fortification concentrations.

Supplementation of watermelon rind in cakes improves health promoting effect and enhances
shelf life [57]. Adegunwa et al. and Ashoka et al. developed sponge cake by substituting watermelon
rind flour which results increase in protein content [274,275]. Ho et al. developed cupcakes from
oven-dried and freeze-dried watermelon rind flour [276]. The first method showed significantly
higher fat, ash, and fiber while the second method showed outstanding physical properties. Hassan
et al. developed cake with different ratios of watermelon rind flour i.e., 0, 10, 20, 30, and 40% which
significant (p<0.05) increased the carbohydrate content, fiber, fat, K, Mg, and volume of cake [277].
40% incorporated cake was accepted by sensory panelists. Hoque & Igbal reported that the
incorporation of 10% watermelon rind flour for the development of cake was found acceptable
overall [31].

The increasing ratio of watermelon rind powder incorporation in bakery products like cookies
increased the total phenolic content, dietary fiber, and antioxidant activity while decreasing glycemic
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index (GI). Naknaen et al. and Olaitan et al. developed cookies with the incorporation of watermelon
rind flour at different ratios which improved the antioxidants and functional properties [278,279]. A
substitution of 20% rind powder showed the highest sensory scores [278]. Omobolanle et al. assessed
the ability of WMS flour, as a partial substitute for wheat in cookies production [280]. Results showed
an enhancement of the minerals (Ca, Na, Zn, Cu, and Mg), fiber, ash, and protein contents. In the
same way, a reduction of anti-nutrient levels has been also observed. Ogo et al. found that wheat
flour substituted with watermelon rind and pomace of orange at a level of 10% showed good sensory
quality of biscuits and improved nutritional quality [281]. Peter-Ikechukwu et al. produced biscuits
made from wheat flour and toasted WMS meal at 10, 20, 30, 40 and 50% (w/w), respectively [282]. Till
50% of WMS meal, the protein, ash, and fiber content were increased; however, the carbohydrates
and fat levels were reduced. Physical properties viz. bulk density, water, and oil absorption capacity
were increased and wettability was decreased. Based on sensory scores, 30% of the WMS meal
substation level was acceptable. Franca et al. employed WMS flour as a margarine substitute in a
cookie [283]. With increasing the level of WMS flour (20 and 30 g/100g of margarine), a rise in the
protein content and a decrease in carbohydrates and fat was detected. In addition, 20 g of WMS with
10% margarine was the most acceptable based on sensory analysis.

Chakrabarty et al. found that noodles prepared with the addition of pale green watermelon rind
flour at a level of 10% were acceptable as compared to control [42]. Ho and Che Dahri developed
noodles with the substitution of watermelon rind flour and found a significant increase in fat, fiber,
carbohydrates, and phenolic contents [284].

4.2. Applications in meat-based products

Badr et al. prepared beef burgers with the addition of watermelon rind powder at different ratios
which increased fiber, carbohydrates, and polyphenols [37]. Kumar et al. prepared pork patties with
the addition of watermelon rind extract (ethanolic) [285]. It increased oxidative stability, and sensory
and microbiological properties of pork patties due to having antimicrobial and antioxidant potential
hence it can be utilized as a natural preservative.

4.3. Applications in dairy products and dairy alternatives

Shahein et al. investigated several levels of WMS milk (0.0, 25, 50, and 75%) to prepare new
yogurt [286]. Sensorial features viz. flavor, texture, appearance, and overall acceptability confirmed
that the blended treatment (50% cow’s milk and 50% WMS milk) was the most acceptable. In albino
rats, WMS milk was revealed to confer effective protection against hyperuricemia. During two
months of storage, Qayyum et al. proved that 10% of WMS flour had a strong impact on
physicochemical (pH, melting resistance, and acidity) and sensory (surface appearance, ice crystals,
body and texture, and overall acceptability) properties of ice cream [287]. Ice creams established from
soy milk, WMS milk, and guava pulp have been prepared by Bisla et al. [288]. The results showed
that ice creams made from a mixture of 50% soy milk and 50% WMS milk as well as guava pulp were
the most acceptable on the 9-point hedonic scale. Lipid, protein, iron, and vitamin C levels were
improved compared to the control ice cream (100% cow’s milk).

4.4. Applications in other food-based products

Nasir et al. prepared watermelon rind-based candy with the addition of pectin and citric acid in
1.5%, respectively [289]. It showed the great acceptability of candies as compared to control. Thapa
et al. developed candy from watermelon rind with the addition of sugar and honey syrup [290].
Sensory characteristics showed that the development of candy with the addition of honey is more
acceptable. Dhakal & Pradhananga reported that watermelon rind is wasted which can be utilized
for the development of functional candy [291]. However, watermelon rind treated with sucrose and
honey in a ratio of 75:25 was recorded with acceptable sensory properties. Hani et al. prepared candy
from watermelon rind through an osmotic dehydration process [292]. Moreover, stickiness and
hardness were increased with the increase in dehydration time.


https://doi.org/10.20944/preprints202312.1677.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 December 2023 doi:10.20944/preprints202312.1677.v1

22

Islam prepared watermelon rind jam with different ratios of sugar and strawberry flavor [293].
Watermelon rind and sugar in a ratio of 50:50 with flavor was considered a promising level.
Watermelon rind, due to its favorable pectin content, the rind can be turned into jam or candy-like in
Turkish cuisine [294]. Zia et al. prepared watermelon rind-based fruit butter by incorporating pulp,
powder, and extract as functional ingredients [214]. It was found that the addition of watermelon
rind at a level of 6% significantly increased microbial safety and shelf life.

Prabha et al. developed watermelon rind-based dietary chips mixed with composite pulse flour
[295]. As a result, developed dietary chips showed increased dietary fiber with low fat.

Adding 6% watermelon rind powder to reduced-fat mayonnaise enhanced its antioxidant
capacity while practically matching its viscosity to the original (full-fat) mayonnaise [296].

Saavedra et al. prepared a therapeutic sports drink from the by-product (rind) of watermelon
[297]. It was found that the rind part is rich in electrolytes for body requirements hence it can be
consumed as a sports drink. Kumar et al. prepared a functional drink by blending watermelon flesh
and rind to assess the quality parameters influenced by different treatments at storage conditions
[298]. Also, Gunawan and Basoeki enriched the jackfruit seed drink with watermelon rind as a
functional ingredient [299]. Moreover, it was found that the incorporation of watermelon rind
significantly increased the antioxidant potential, nutrition value, and health benefits of the drink.

4.5. Alternetive applications related to food industry

By casting technique, Todhanakasem et al. developed a biodegradable active film composed of
polyvinyl alcohol, corn starch, and WMR [300]. At 10% of WMR extract, the mechanical and physical
properties were improved compared to control films (without active fraction). In addition, the
established film can inhibit foodborne B. cereus ATCC 11778, E. coli ATCC 8739, and S. enterica
subsp. enterica serovar Typhimurium ATCC 13311, and displayed an antioxidant potential. These
authors examined the potential of packed WVMBRE in fresh-cut purple cabbage. Findings revealed
that WVMRE extends its shelf live without sensory change. In another study, from WMS,
Lopusiewicz et al. isolated melanin and employed it as a modifier for whey protein concentrate-
producing films at 0.1 and 0.5% [301]. These authors concluded that melanin from WMS can be used
as a functional modifier to develop bioactive biopolymer films with good mechanical, antioxidant,
and antibacterial properties potential and can be utilized in food packaging applications Later,
Lopusiewicz et al. developed films of alginate coated with melanin from watermelon at 0.10%, 0.25%
and 0.50% w/w blended with Ag and ZnO nanoparticle [302]. Results demonstrated that melanin had
an apparent impact on mechanical and barrier (thickness, tensile strength, and water vapor
transmission rate), antioxidant (ABTS+, DPPH, and superoxide), and hydrodynamic properties.
These authors suggested that the prepared film can be useful for food packaging. Wang et al.
experienced the potency of a film matrix containing chitosan, guar gum, and WMR to preserve fresh-
cut bananas [303]. Remarkably, developed films at 4 wt% of WRE, successfully inhibited the changes
in appearance, firmness, weight, color, and total soluble solids content of the studied food product
during storage.

WMR is a good source of pectin and therefore, could be possibly utilized to extract pectin. Han
and Song developed ecofriendly WMR pectin (WRP) films including 0.5, 1.0, and 1.5 % kiwifruit peel
extract (KPE) [304]. The obtained WRP films showed excellent mechanical properties and with the
increase of KPE level, the opacity, EAB, and WVP of the films augmented. Additionally, after 9 days
of storage, the lipid oxidation parameters (peroxide value) and TBARS in the chicken thigh wrapped
with the WRP/1.5 % KPE film were lower than those in the unwrapped ones. A pH indicator film
was developed using pectin from watermelon peel and beetroot extract to store chilled beef. The
pectin from watermelon peel was found to possess good film-forming capacity [305]. Guo et al.
investigated a pH-sensitive indicator film incorporating beetroot extract at 1, 2, and 3%, w/w,
encapsulated in pectin from watermelon peel (WMP) and controlled the quality parameters of chilled
beef during storage [90]. The WMP/BTE2 film exhibited a colorimetric response at a pH ranging
between 3 and 10. The WMP/BTE2 film color changed from pink to brown on days 0 and 8,
respectively. The results reported that WMP/BTE film is favorable to sustainable pH change sensing
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and could be used to detect changes in the pH of packaged meat. Xie et al. fabricated and
characterized a potato starch (Pst)/watermelon peel pectin (Wpp) composite film encapsulated with
the flavonoid isolated from Lycium barbarum leaf (MLF) and nano-TiO:z (Pst/Wpp/MLE/TiOz) [306].
The established film was used to preserve Tan mutton. MLF and TiO2 successfully improved the
mechanical properties, thermal stability, and antioxidant and antimicrobial potential. Packaged
samples inhibited the development of microorganisms and the chemical oxidation of mutton
samples. Colivet et al. extracted watermelon seed oil (WSO) by pressurized ethanol and via
emulsions, these authors produced film by using crosslinked cassava starch/WSO [WSOE] [307].
Remarkably, the structure of the films was affected by increasing WSOE levels (between 0.1 and 0.5
g/100 g of filmogenic solution). The WSOE incorporation increased the elongation capacity of the
films and reduced the strain at break. Guo et al. explored the impact of active packaging films
prepared by pectin and polyphenols (WMP-WME) of watermelon peel on chilled mutton quality
during super-chilled storage [308]. The evaluation of the meat quality showed that the instrumental
color (L* and b*), protein oxidation parameters (TBARs and TVB-N), and microorganisms’
deterioration of samples were expressively lower. To preserve mutton freshness, Guo et al. produced
a novel colorimetric indicator film derived from watermelon peel pectin (WVP) and anthocyanins
from purple cabbage [309]. The film had exceptional color stability and pH response properties. The
WMP/PCE1.5% film color varied from mauve to baby blue according to the quality of the mutton
(fresh to spoil).

4.6. Applications in cosmetics

Dried watermelon seeds are a rich source of minerals and protein and they can be implemented
in cosmetic products for stimulation and revitalization. Fatty acids are widely used in the cosmetics
industry [310]. Watermelon seeds and peels are a great source of such fatty acids [185]. According
to Omoniyi watermelon seed oil (WSO), can be used as a source of oil/fat in cosmetics [311]. WSO's
antioxidative properties can help in the reduction and prevention of skin cellular damage, by
scavenging free radicals resulting from sun damage or pollutants [185]. Thus, the application of WSO
in cosmetics, can result in products which combat skin aging. The humectant properties and the great
skin absorbance of WSO, makes it suitable for skin care products and especially moisturizers [256].
Watermelon white rind can be utilized in cosmetic products as a cheap and safe whitening and anti-
browning agent [312]. Simamora et al., used watermelon rind ethanol extract to prepare a skin
moisturizing gel in concentrations of 0, 2.5%, 5 % and 10% [313]. They then tested it on the skin of
male mice in a span of 4 weeks, which resulted in increasing the elasticity, sebum and hydration
of the skin of the mice. Patra et al., produced silver nanoparticles from aqueous extract of watermelon
rind [314]. The silver nanoparticles when mixed with kanamycin and rifampicin presented
antibacterial activity, while when mixed with amphotericin b they had significant antioxidative
properties. Thus, these silver nanoparticles have potential applications in cosmetics. According to
Cefali et al. lycopene extract from watermelon pulp can be implemented in skin care products as an
antioxidant agent for limiting skin aging [315]. Kamble and Kamble prepared a herbal lipstick using
watermelon sourced lycopene as a coloring agent, replacing synthetic ones [316]. The product
presented acceptable results, shining the lips and improving their smoothness and spreading.

5. Limitations — Future Perspectives

The limitations of this study may include the need for further research to fully understand the
bioavailability and interactions of nutrients in watermelon by-products when incorporated into
different food products. Additionally, exploring the long-term effects and optimal consumption
levels would strengthen the findings. Future prospects could involve focusing on practical
applications in rural areas, optimizing extraction methods for maximum nutrient retention, and
conducting clinical trials to validate the health benefits in diverse populations. Integrating
sustainability aspects, such as addressing environmental impacts and economic viability, could
further enhance the feasibility of utilizing watermelon by-products on a larger scale.
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6. Conclusions

Watermelon and its by-products are rich sources of bioactive compounds and phytochemicals,
particularly lycopene in the pulp portion. It contributes potential health benefits to prevent several
chronic diseases. In all aspects, watermelon, and its by-products have nutraceutical properties
reported by several researchers and hence considered as a functional food. Moreover, by-products
are potential sources of macro-nutrients and micro-nutrients with several therapeutic properties such
as antioxidants, cardiovascular diseases, anti-diabetic, anti-cancer, gastrointestinal tract disease,
hepatoprotective, anti-inflammatory, anti-microbial, reduced oxidative stress, analgesic, anti-pyretic
and urinary tract disease. Properly utilizing watermelon and its by-products, especially in rural areas,
can be helpful to prevent rising issues, including malnutrition, environmental pollution, and
landfilling of agro-waste. Moreover, it recommends developing functional and nutraceutical food
and pharmaceutical products by incorporating their by-products. Further, research studies should be
conducted to evaluate nutrients' bioavailability and their interaction with food products when
combined; therefore, nutrient-rich by-product utilization through staple foods would be an excellent
strategy to improve the nutritional requirements of all age groups.
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