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Abstract Watermelon (Citrullus lanatus) is commonly consumed by humans and 
widely available around the world. It has impressive nutritional properties, a rich 
phytochemical profile, and various claimed medicinal and health benefits. The 
major carotenoids in watermelon include lycopene, β-carotene, phytofluene, 
phytoene, lutein, and neurosporene. Lycopene (approximately 6,888 μg/152 g) is 
the major bioactive component in the fruit and it reportedly promotes several 
therapeutic effects, such as anti-cancer and anti-inflammatory activities etc. in 
humans and animals. Watermelon is also a good source of the amino acid 
citrulline, which is involved in production of arginine. Pre- and postharvest 
factors, including fruit sampling area, application of fertilizer, climatic factors, 
and genetic variability, are known to affect its bioactive compounds and nutrient 
concentrations. This review summarizes our current understanding of the 
watermelon phytochemical profile and the factors affecting its bioactivities and 
therapeutic effects.
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1. Introduction
Watermelon (Citrullus lanatus) is a vine-like plant that belongs to the 

Cucurbitaceae family or gourd family, and it produces a succulent fruit which is 
widely cultivated for human consumption. It is an annual plant with well-defined 
growing patterns which are suitable to hot climates. The fruits usually vary in 
weight from 1-2 kg but can reach 20 kg in terms of succulent plant weight. In 
desert regions, watermelon is treasured as an alternative source of water (Perkins- 
Veazie et al., 2001). China is currently the top producer for watermelon globally, 
followed by Turkey, India, Iran, Algeria, Brazil, United States, Korea (Lin et al., 
2014; Naz et al., 2013). The scientific name for watermelon, Citrullus lanatus, is 
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a combination the Greek Citrullus which is derived 
from the word for citrus and refers to the fruit, and 
the Latin word Lanatus which means fuzzy or wooly 
and refers to the microscopic hairs on the leaves 
and stems. Watermelon contains roughly 68% meat 
or pulp, 30% rind, and 2% seeds (Pons, 2003). 
Watermelon fruits have perpendicular grey or light 
green stripes over a deep green smooth thick outer 
peel. The fruit is red on the inside with dark brown 
or black elliptical seeds ensconced in the middle 
third of the flesh (Wehner et al., 2001). Seedless 
varieties have also been developed which have no 
seeds or only a few small, shrill, jelly-like white 
seeds (Nunes, 2008). The fruit is extremely 
nutritious as shown by the nutritional profile in 
Table 1, thirst-quenching, and known to be truncated 
in calories (Okonmah et al., 2011). While it is currently 
cultivated around the globe, the first harvest was 
reported in Egypt over a 5,000 years ago.

The consumption of vegetables and fruits may 
help to prevent lifestyle disorders, such as coronary 
heart disease (CHD), cataract, stroke, and cancer 
(Ameer et al., 2017a; Ameer et al., 2017b). This is 
because fruits and vegetables contain vital nutrients, 
including vitamins, minerals, proteins, fiber, 
antioxidants, and phytochemicals (Liu, 2004; Raza 
et al., 2019). The regular intake of 5-10 servings of 
various fruits and vegetables is thus widely 
recommended to reduce chronic disease risk and 
fulfill our nutritional requirements for optimal 
health. The pomace (rind), peel, and skin are the 
main parts of the watermelon fruit. Although the 
skin is considered a by-product of watermelon and 
a variety of products can now be produced from 
the rind including candies, desserts, ice cream, and 
jellies through value addition (Iqbal, 2017; Madhuri 
and Devi, 2003; Mohamad et al., 2012; Muhammad 
et al., 2015; Peter-Ikechukwu et al., 2018; Sindhuja 

Table 1. Nutritional composition of watermelon

Watermelon Watermelon 
seed

Watermelon 
rind

Watermelon 
rind flour

Unshelled seed 
flour

Watermelon 
seed flour

Watermelon 
juice

Quantity
(Per 152 g)

Quantity
(Per 100 g)

Quantity Quantity Quantity Quantity Quantity
(Per 100 g)

Calories 45.60 kcal 557 kcal NR NR NR NR 30 kcal

Energy NR 2,330 kJ NR NR NR NR 127 kJ

Moisture NR 5.05 g 10.61% 5.12% 9.59% 9.77% 90.1-92.42 g

Lipids 0.23 g 47.37 g 2.44% 1.05% 45.66% 0.64% 0.05-0.27 g

Protein 0.93 g 28.33 g 11.17% 7.04% 25.33% 2.23% 0.4-0.84 g

Ash 0.38 g 3.94 g 13.09% 3.07% 3.36% 2.150% 0.1-0.37 g

Dietary fiber 0.61 g NR 17.28% 2.98% 4.20% 0.65% 0.4-0.7 g

Carbohydrates 11.48 g 15.31 g 56.02% 80.75% 11.86% 84.57% 7.55 g

Total sugars 9.42 g NR NR NR NR NR 5.74-6.59 g

Lycopene 6,888.64 μg NR NR NR NR NR 3,040-5,590 μg

β-Carotene NR NR 96.44% NR NR NR NR

References (Mateljan, 2020) (USDA, 2020) (Al-Sayed and 
Ahmed, 2011)

(Egbuonu, 2015) (Akusu and 
Kiin-Kabari, 2015)

(Ubbor, 2009) (USDA, 2020)

NR, not reported.
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et al., 2005).
The unique composition of watermelon, including 

its minerals, vitamins, and phytochemicals, reportedly 
has specific therapeutic and pharmacological 
significance (Banurek and Mahendran, 2011; Jiang 
et al., 2020; Nkoana et al., 2021; Ubbor and 
Akobundo, 2009; Zhao et al., 2021). Watermelon 
seeds are rich in proteins, oil, and unsaturated fatty 
acids, such as stearic, palmitic, linoleic, and oleic 
acids. It is also a rich reservoir of natural organic 
sugars including glucose, sucrose, and fructose and 
it contains carotenoids such as β-carotene (Khan 
et al., 2020). Watermelon fruits are comprised of 
phytochemical compounds, such as cucurbitacins 
and their glycoside derivatives which exhibit a 
peculiar medicinal significance in terms of potent 
biological activities, such as hepatoprotective, 
anti-inflammtory, anti-tumor, antimicrobial and 
anthelmintic effects (Biswas et al., 2017; Nkoana et 
al., 2021). In Sudan, watermelon is used for the 
treatment of various ailments including gastrointestinal 
disorders, rheumatism, inflammation, and gout. In 
South Africa, the leaves and fruits of the 
watermelon plant are employed in conventional 
healing and alternative medicinal therapies to treat 
hypertension (Aderiye et al., 2020; Nkoana et al., 
2021; Rashid et al., 2020). Furthermore, the roasted 
seeds of watermelon are utilized by consumers as 
an appetite stimulant and to alleviate constipation 
(Biswas et al., 2017). In recent years, the interest of 
consumers in natural plant-derived food products 
as alternatives to pharmacological drugs for the 
treatment of human diseases and ailments has 
increased (Ahmad et al., 2020; Biswas et al., 2017; 
Nkoana et al., 2021). This review summarizes our 
current knowledge of the phytochemical profile 
and therapeutic effects of watermelon, including 
the limited information available regarding the 

ethno-medicinal benefits. This review indicates 
that watermelon has a superb nutritional profile, 
contains numerous phytochemicals, and exhibits 
beneficial therapeutic effects.

2. Phytochemical profile of watermelon
In desert regions watermelon can be considered 

a substitute for water. It contains essential minerals 
(Table 2) and vitamins (Table 3) and is a suitable 
source of lycopene and citrulline (Table 1) 
(Perkins-Veazie et al., 2001). Watermelon seeds are 
high in protein, minerals (such as magnesium, 
potassium, iron, zinc, sodium, phosphorus, copper, 
and manganese), B vitamins, and fat, among other 
nutrients including phytochemicals (Braide et al., 
2012). Watermelon seeds are known to provide 
economic benefits, especially in areas where farming 
is becoming more intensive. Watermelon seed oil is 
also used cosmetically (Jensen et al., 2011) due to 
its moisturizing, therapeutic, and anti-oxidant 
properties. Watermelon comprises of vitamin C (8.1 
mg/100 g) in its nutritional composition. Vitamin C 
is a powerful antioxidant with radical-scavenging 
properties that is useful in the treatment of 
photo-aging (Chiu and Kimball, 2003).

Watermelon is an incredibly nutrient-dense, 
thirst-quenching, and low calorie fruit (Okonmah 
et al., 2011). The water content of a watermelon is 
approximately 92% (Anon, 2008). Watermelon is also 
cholesterol-free and high in vitamins, especially B1, 
B6, C, and A (Table 3) as well as lycopene, which 
is a carotenoid (Table 1) and minerals (Table 2) 
such as magnesium and potassium (Leskovar et al., 
2004). Free radicals support conditions such as 
atherosclerosis, arthritis, asthma, atherosclerosis, 
diabetes, and colon cancer by assisting in their 
quenching (Oyeleke et al., 2012). Watermelon is 
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also comprised of phenolic components (Jaskani et 
al., 2005; Kaur and Kapoor, 2001), and its seeds 

contain glycosides, alkaloids, saponins, tripterpenoid, 
phytates, and tannins, but it does not contain 

Table 2. Mineral composition of watermelon

Minerals Watermelon Watermelon 
juice

Watermelon 
rind

Watermelon 
pulp

Watermelon 
rind flour

Watermelon 
seed flour

Watermelon 
seed

Quantity
(Per 152 g)

Quantity
(Per 152 g)

Quantity
(Per 100 g)

Quantity
ppm

Quantity
(Per 100 g)

Quantity
(Per 100g)

Quantity
(Per 100 g)

Calcium 10.64 mg 4-14 mg 29.15 mg 0.136 ppm 28.00 mg 150 mg 54 mg

Iron 0.36 mg 0.08-0.55 mg 1.29 mg 0.242 ppm 4.63 mg 12.1 mg 7.28 mg

Fluoride NR 1-2.1 μg NR NR NR NR NR

Magnesium 15.20 mg 5-12 mg 1.48 mg 0.167 ppm 30.40 mg 542 mg 515 mg

Phosphorous 16.72 mg 5-19 mg 135.24 mg NR 129.70 mg 1,279 mg 755 mg

Potassium 170.24 mg 58-191 mg 1.37 mg 0.158 ppm 21.70 mg 1,179 mg 648 mg

Sodium 1.52 mg 0-5 mg 12.65 mg 0.140 ppm 11.40 mg 33 mg 99 mg

Zinc 0.15 mg 0.04-0.63 mg 1.29 mg 0.086 ppm 1.25 mg 10.6 mg 10.24 mg

Copper 0.06 mg 0.006-0.166 mg 0.45 mg NR 0.40 mg 2.1 mg 0.686 mg

Manganese 0.06 mg 0-0.08 mg 1.42 mg NR 1.30 mg 9.9 mg 1.614 mg

Boron 142.50 μg NR NR NR NR NR NR

Selenium 0.61 μg 0-0.7 μg NR NR NR NR NR

References (Mateljan, 2020) (USDA, 2020) (Gladvin et al., 
2017)

(Etejere and 
Olayinka, 2018)

(Anthony and 
Egbuonu, 2015)

(El-Adawy and 
Taha, 2001)

(USDA, 2020)

NR, not reported.

Table 3. Vitamin composition of watermelon

Vitamins Watermelon Watermelon rind Watermelon rind flour Watermelon juice

Quantity
(Per 152 g)

Quantity
(Per 100 g)

Quantity
(Per 100 g)

Quantity
(Per 152 g)

Vitamin-A 864.88 IU 52.13 mg 50.15 mg 28 μg

Vitamin-C 12.31 mg 8.46 mg 7.23 mg 5.3-14.7 mg

Vitamin-B1 0.05 mg 1.23 mg 0.03 mg 0.023-0.046 mg

Vitamin B2 0.03 mg 2.71 mg 0.02 mg 0.01-0.036 mg

Vitamin B3 0.27 mg 4.25 mg 0.04 mg 0.11-0.21 mg

Vitamin B5 0.34 mg NR - 0.154-0.328 mg

Vitamin B6 0.07 mg 5.34 mg 0.04 mg 0.033-0.065 mg

Vitamin B9 4.56 µg NR NR 2-3 μg

Vitamin-E 0.08 mg NR NR 0.02-0.07 mg

Vitamin-K 0.15 μg NR NR 0-0.3 μg

References (Mateljan, 2020) (Gladvin et al., 2017) (Anthony and Egbuonu, 2015) (USDA, 2020)

NR, not reported.
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oxalate or flavonoids (Johnson et al., 2012).
Vitamin B is utilized by the human body to help 

replenish its energy and can be considered a 
substitute to supplements or energy drinks (Anon, 
2008). Vitamin A is an influential natural 
antioxidant which helps to keep the hair and skin 
smooth and helps to maintain the healthy growth 
of elastin cells and new collagen (Table 3). The 
consumption of vitamin A is also a widely accepted 
strategy by which to defend against oral cavities 
and lung cancers (Edwards et al., 2003). Vitamin C 
is associated with damaging the free radicals of 
oxygen-scavenging and immune-boosting effects in 
the human body. Healthy collagen growth is also 
encouraged by vitamin C (Jian et al., 2005).

An imperative constituent of body fluids and the 
cells that assist in blood pressure and heart rate 
monitoring is potassium. Potassium prevents against 
coronary heart diseases and strokes (Jian et al., 
2005). The indispensable role of osmotic progression 
in the body by maintaining the electrolytic balance 
and the extent of body fluid to make the body pH 
more alkaline is due to both calcium and potassium 
(Lee et al., 2018; MacWillian, 2005).

Citrulline is a physiologically potent amino acid 
that is involved in mammalian digestion. Over the 
last 40 years it has been identified as a transitional 
metabolite and it has garnered the attention of 
researchers due to its involvement in human 
health. Watermelons have thus been identified as a 
natural source of citrulline for the health conscious 
and their demand as a functional food has 
increased (Perkins-Veazie et al., 2012). Citrulline 
with 80% of the ingested aggregate is absorbed 
quickly into the blood, which increases the 
bioavailability of arginine (Mandel et al., 2005). 
Citrulline has vasodilatation and antioxidant roles 
and in humans it is utilized in nitric oxide regulation 

(Rimando and Perkins-Veazie, 2005). Skeletal and 
muscle strength, diabetes, immunology and neurology, 
and numerous other areas of human health are 
substantially affected by citrulline (Pérez-Guisado 
and Jakeman, 2010; Sase et al., 2013; Sureda et al., 
2010; Wu et al., 2007). The carotenoid responsible 
for the red color of tomatoes and watermelons is 
lycopene. Lycopene and vitamin C are well known 
anti-oxidants which provide several health benefits 
to humans. Lycopene provides the potential to 
inhibit numerous chronic ailments like oncogenesis 
and diabetes. The singlet oxygen scavenging ability 
is central to the protective antioxidant mechanism. 
The oxidization of proteins, lipids, and DNA is the 
cause of numerous disorders of the metabolic 
system owing to the production of free radicals and 
their interactions with macromolecules. Lycopene 
has an important defensive role against pathogenic 
infections (Ilic and Misso, 2012; Sesso et al., 2004). 
One of the antioxidant roles of lycopene is the 
protection of the DNA in white blood cells 
(Edwards et al., 2003). In addition, approximately 
eight ounces of watermelon juice includes numerous 
vitamins and nutrients, such as vitamin C, vitamin A, 
potassium, β-carotene, and lycopene. Watermelon 
fruit extracts have moderate phenolic compound 
concentrations and are employed to treat 
constipation and stomachache and traditionally 
include anthraquinones.

Watermelon seeds also have therapeutic benefits, 
such as anti-diarrheal activity which is possibly 
because of their glycosides which are potent 
phytochemicals (Tiwari et al., 2009). Saponins have 
been patented pharmaceutically for the treatment 
of numerous disorders including cardiovascular, 
hypertension, pre- and postmenopausal, and 
inflammation symptoms (Bombardelli and Gabetta, 
2001). Alkaloids were identified as significant 
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therapeutically imperative plant secondary metabolites 
and they were reported to exhibit the highest 
concentration in watermelon seeds used extensively 
worldwide as an elementary agent for antisplasmodic, 
analgestic and antibacterial effects. Tannins also 
have significant effects against diabetes, tumors, 
proliferation, mycotic infections, and mutagenesis 
(Arapitsas, 2012). Phytates exhibited anti-cancer and 
antioxidant properties. A unique anti-inflammatory 
phytonutrient agent is cucurbitacin E, but triterpenoid 
is another name for this phytonutrient (Abdelwahab 
et al., 2011).

2.1. Watermelon flesh
2.1.1. Carotenoids

Watermelon is the world’s third most popular 
fruit consumed during hot weather. The color of 
the watermelon’s flesh is an essential characteristic. 
White, salmon yellow, orange, crimson red, scarlet 
red, pale yellow, canary yellow, and green are the 
eight defined flesh colors for watermelon. Except 
for the green flesh color, watermelon contains a 
variety of carotenoids that are responsible for the 
various flesh hues. Carotenoids are important 
functional components and micronutrients in 
watermelon. The carotenoid composition and 
concentration have both become a major focus 
during watermelon quality assessments (Zhao et al., 
2013). The majority of β-carotene and lycopene 
were found in red-fleshed watermelons. Lycopene 
accounted for most of the total carotenoids (84%- 
97%). Carotenoid composition and content in 
watermelons of varying flesh colors are linked to 
cultivars and growing conditions (Tadmor et al., 
2005).

Lycopene, β-carotene, phytofluene, phytoene, 
lutein, and neurosporene are some of the carotenoids 
that have been identified in watermelon. Lycopene 

is comprised of 13 double bonds two of which are 
non-conjugated and 11 which are, and it is 
characterized by an acyclic open-chain structure. 
The antioxidant property of lycopene and its bright 
red color are attributed to its unique conjugated 
polyene structure (Holzapfel et al., 2013; Shi and 
Maguer, 2000; Stahl and Sies, 1996). In foods, the 
most widespread and natural lycopene configuration 
is the all E-isomer. During the oxidation and thermal 
processing, the lycopene Z and E isomerizations 
may exist in foodstuffs. The potent antioxidant is 
composed of only E-isomers, while the 5Z- lycopene 
is reportedly the most biologically active form. 
Lycopene is a suitable target for electrophilic 
reagents, presuming that there is an electron-rich 
organization due to its polyene structure. In the 
case of free radicals for oxygen scavenging, it has 
extreme reactivity (Holzapfel et al., 2013). As a free 
radical scavenger, the carotenoid’s lycopene is 
reported to be the most effective and potent 
antioxidant and singlet oxygen quencher, and the 
risk of cancers and cardiovascular diseases are 
subsequently reduced (Holzapfel et al., 2013; Perkins- 
Veazie et al., 2001; Shi and Maguer, 2000; Stahl 
and Sies, 1996). The most important function of 
carotenoids is to neutralize compounds produced 
throughout photosynthesis (Table 4, 5). The structure 
of lycopene is shown in Fig. 1. 

2.1.2. Amino acids
The organic constituents comprised of both 

amino and acid groups are designated as amino 
acids (AA). All AAs have optical activity and an 
asymmetric carbon excluding glycine. The 
arrangement with reference to the glyceraldehydes 
of AA isomers is nominated as an absolute 
configuration. All protein AAs allied to the A- 
carbon atom (hence a-AA) have a carboxyl group 
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and a primary amino group excluding proline 
(Galli, 2012). AAs have an extraordinarily diverse 
range of biochemical properties and functions due 
to the differences in their side chains (Brosnan, 
2009; Wu et al., 2007; Yamane et al., 2009). At 
biological pH, except for (1) cysteine which suffers 
from rapid oxidation to cysteine and (2) other is 
progressively to pyroglutamate cyclized at 1%/day 
at 1 mM is glutamine (25℃). All AAs are normally 
constant in aqueous solution.

The isoforms can substitute entire AAs, except 
for glycine. Furthermore, except for D-lysine, 
D-histidine, D-threonine, D-arginine, and D-cystine 
in animals, the maximum D-AA via extensive 
transaminases and oxidases can be converted into 
AA (Baker and Cameron, 1999; Fang et al., 2009). 
Dependent on substrates and species, the 
effectiveness of AA consumption may be 20%- 

100%, based on isomer (Baker and Cameron, 1999). 
In nature, there are more than 300 AAs. 

However, only 20 of these function as the building 
blocks of protein. Significant roles in cell 
metabolism are performed by non-AA (such as β- 
alanine and taurine) and non-protein AA such as 
(ascitrulline, homocysteine, and ornithine) (Huh et 
al., 2014; Manna et al., 2009; Perła-Kaján et al., 
2007). In the body for both free AAs and those that 
are peptide-bound, the chief reservoir is the 
skeletal muscle since it consists of 40%-45% of an 
individual’s body weight (Davis and Fiorotto, 2009). 
Watermelon is an admirable source of citrulline (an 
amino acid), which is utilized to help produce 
another amino acid called arginine. The effectiveness 
of citrulline and arginine in cardiovascular health, 
immune function, wound soothing, and sickle cell 
anemia has been emphasized in previous studies 

Table 4. Variation in the nutritional composition of watermelon at different maturity stages

Nutrients Maturity stages

Unripe Ripe Overripe

Quantity Quantity Quantity

Moisture 94.8% 91.5% 90%

Carbohydrates 6.5% 3.5% NR

Protein NR NR 1.74 g

Dietary fiber NR NR 1.14 g

Potassium 0.81% 0.89% 320 mg

Calcium 0.31% 0.29% NR

Iron 0.004% 0.005% NR

Total mineral content 1.8% 2.2% 320 mg

Vitamin A NR NR 1,630 IU

Vitamin C NR NR 23.2 mg

Lycopene 37.1 mg/kg 40.4 mg/kg 42.0 mg/kg

Citrulline 1.0 mg/g 1.1 mg/g 1.1 mg/g

References (Abdullahi Sa’id, 2014; Rimando and 
Perkins-Veazie, 2005)

(Abdullahi Sa’id, 2014; Rimando and 
Perkins-Veazie, 2005)

(Anonymus 2022; Perkins-Veazie et 
al., 2001)

NR, not reported.
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(Tong and Barbul, 2012). For citrulline, 80% of the 
ingested aggregate was found to be absorbed quickly 

into the blood, and it has better bioavailability when 
compared with arginine (Mandel et al., 2005). The 
structures of citrulline and arginine are shown in 
Fig. 2 (Collins et al., 2007; Rimando and Perkins- 
Veazie, 2005).

2.1.3. Phenolic compounds
In C. lanatus, phenolic compounds, such as 

anthraquinones exist in moderate concentrations 
and are effective at relieving both stomachaches 

Table 5. Therapeutic studies of bioactive compounds of watermelon on human’s wellness reported by different researchers

Nutraceutical 
compound

Subject Duration Condition Dose Treatment effect Reference

Lycopene Adults 19 weeks Prevent the defects 
in plasma

20.1 
mg/day

The enhancement in total plasma 
lycopene with tomato treatments or 
watermelon is ascribed to increase both 
cis and trans lycopene isomers, that 
maximize the plasma concentration in 
human body.

(Edwards et al., 
2003)

Citrulline Humans 3 days Enhancement in 
the markers’ 
concentration 
indicative of NO 
synthesis

500 
mg/kg/day

Treatment of nitrite in cells with 
citrulline is significantly greater during in 
vivo and in vitro conditions.

(McKinley-Barnard 
et al., 2015)

β-Carotene Females 90 days Improve facial 
wrinkles and 
elasticity

30 and 
90 mg/day

Supplementation of β-carotene is 
established to repair and prevent 
photoaging.

(Cho et al., 2010)

Phytofluene, 
phytoene

Rats Two weeks Cause improvement 
in tissues and 
plasma

1 g/kg Trans phytoene accumulation over 9-cis 
phytoene in the kidney, spleen, and liver 
is regarded as stronger antioxidative 
effect.

(Werman et al., 
2002)

Lutein Rats 6 weeks Prevent the 
formation of colonic 
aberrant crypt foci

0.01 mg/g 
tissue

Lutein in less doses may potentially 
avoid colon carcinogenesis.

(Narisawa et al., 
1996)

Tripterpenoid Mice - Suppression of 
metastasis

2.5 
mL/kg/day

Active supplements for increasing the 
5-fluorouracil chemotherapeutic effect 
on the esophageal cancer.

(Yamai et al., 
2009)

Luteolin Mice - Lung fibrosis 
therapy

10 mg/kg Luteolin has strong antifibrotic action, by 
reserving lung inflammation and 
suppressing myofibroblast and 
epithelial-to-mesenchymal transition as 
well.

(Chen et al., 2010)

Watermelon seed 
extract (Citrullus 
vulgaris)

Rats 4 weeks Examine the effect 
of herb on 
spermatogenesis

55 
mg/kg/day

Enhances the population of sperm, 
viability and motility, preferably utilized 
by infertile patients.

(Khaki et al., 2013)

Watermelon juice Rats 15 days Reduce oxidative 
stress

4 mL/kg Watermelon juice establishes 
anti-oxidative effects developed by 
ethanol-induced oxidation in the brain 
and liver of rats.

(Oyenihi et al., 
2017)

Fig. 1. Structure of lycopene.
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and constipation. Anthracene produces very specific 
compounds known as anthranols and anthrone 
derivatives. At the C-8 and C-1 positions, other 
moieties, such as chrysophanol, luteolin, emodin, 
and rhein derivatives have a mutual double 
hydroxylation. In the plant sample, a violet color or 
pink identifies the anthraquinone coexistence in 
the base stratum (Sarker and Nahar, 2013). The 
structures of some phenolic compounds in watermelon 
are shown in Fig. 3 (Sarker and Nahar, 2013).

2.2. Watermelon seeds
2.2.1. Triterpenoid

Cucurbitacin E is a distinctive anti-inflammatory 
agent that is also referred to as a triterpenoid. The 
neutralization of reactive nitrogen-containing 
molecules and the cyclo-oxygenase enzymes action 
blockage has been rendered by cucurbitacin E. This 

agent is utilized for the neutralization of reactive 
nitrogen species (RNS) via an anti-inflammatory 
agent, but it does not neutralize the reactive oxygen 
species (ROS) at the cellular level (Abdelwahab et 
al., 2011). The structure of the triterpenoid is 
shown in Fig. 4 (Abdelwahab et al., 2011). 

Terpenoid compounds are manufactured by 
terpene from chiefly isopentenyl pyrophosphate 
five carbon isoprene units and dimethylallyl 
pyrophosphate and its isomer. Terpenoids also 
intermingle with the furthermost regulatory proteins 
and have antioxidant properties. For the mitigation 
of inflammatory diseases and cancer, plant extracts 
are traditionally used alongside traditional alternative 
medicines. Terpenes are used in current medicines 
as NF-κB inhibitors (Prema et al., 2015). The NF-κB 
system responds to disorders in the immune system 
as well as numerous external signals and internal 

Citrulline Arginine

Fig. 2. Structure of amino acids.

Emodin Luteolin

Fig. 3. Structure of phenolic compounds.
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responses like genotoxic stress and hypoxia, which 
function as cytoplasmic sensors. Cellular resistance 
enlargement counters anti-apoptotic signaling and 
the apoptosis of NF-κB also plays significant role. 
Terpenes mostly occur as the terpenoid derivatives 
of terpene in plants. The NF-κB signaled inhibitory 
action as the foremost terpenes identified had 
sesquiterpenoids, while others were thought to have 
numerous potent inhibitors including diterpenoids 
and triterpenoids. In plants, a monoterpenoid that 
occurs as a glycoside derivative is aucubin, and it 
prevents the degradation of the IkBa protein and in 
stimulated mast cells it inhibits the subunitP65 of 
the NF-κB complex for nuclear translocation. A 
protective function regardless of hepatotoxicity is 
performed by aucubin and linalool due to their 
antitumor action and it has anti-inflammatory 
action endorsed by previous studies. The inhibitory 
effects on the pancreatic and mammary tumors 
were because of a perillyl alcohol derivative of 
limonene. For the inhibition of gastric cancer 
metastasis and proliferation, these two compounds 
were are also identified.

2.2.2. Glycosides
The glycoside phytochemicals in watermelon seeds 

were identified as having anti-diarrheal benefits 
amongst others (Tiwari et al., 2009). Including 
polysaccharides, the sugar condensation products 

were found to invariably be monohydrate but 
occasionally there were thiol compounds that host 
different organic hydroxyl varieties. Glycosides are 
present in the spare water-soluble phytoconstituents, 
and crystalline carbon, containing oxygen and 
colorless hydrogen (a few containing sulfur and 
nitrogen). Glycosides are comprised chemically of a 
non-carbohydrate part (aglycone or genin) and a 
carbohydrate (glucose) by alcohol, glycerol or 
phenolaglycones. Mineral acids and glycosides can 
be easily hydrolyzed into their constituents. 
Glycosides are categorized based on the chemical 
nature of the aglycone or their pharmacological 
actions. They are commonly found in plants from 
the Genitiaceae family. The increased flow of saliva 
and gastric juices is due to a bitter action of the 
gustatory nerves. The bitter compounds may be the 
lactones diterpene (i.e., andrographolide) or 
triterpenoids (i.e., amarogentin) and the lactone 
group chemically. Due to the existence of tannic 
acid, to reduce thyroxine and metabolism, as 
antiprotozoan, several of the bitter compounds are 
also used as astringents. Chalcone glycosides (anti- 
cancer), glycosides anthracene (for skin diseases 
treatment and laxative), glycosides, ailanthone, 
gentiopicrin, polygalin, amarogentin, and rographolide 
are particular examples. In numerous pharmaceutical 
preparations, the extracts of plants are used as 
flavoring agents to encompass cyanogenic glycosides. 
For cancer treatments (malignant cells are killed in 
the stomach by HCN liberation), various preparations 
have been used as cough suppressants including 
amygdalin. Cyanogenic glycosides can be lethal if 
there is excessive consumption by the intended 
consumers. If not appropriately handled, particular 
foodstuffs may also cause poisoning (gastric damage 
and severe irritations) possibly due to cyanogenic 
glycosides (Sarker and Nahar, 2013). The cyanogenic 

Fig. 4. Structure of tripterpenoid (cucurbitacin E).
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glycoside structure is shown in Fig. 5 (Sarker and 
Nahar, 2013).

2.2.3. Saponins
Saponins, which are found in watermelon seeds, 

are used to treat a variety of ailments, such as 
inflammation, pre- and postmenopausal symptoms, 
cardiovascular disease, and hypertension 
pharmaceutically (Bombardelli and Gabetta, 2001). 
There are two main types of saponin, steroidal and 
triterpenoid. In saponins, the sugar is usually 
attached at the C-3, which explains why there is a 
hydroxyl group in most saponins at this point. In 
saponins, the sugar is molecularly connected with 
a steroid aglycone or triterpene, and they are high 
molecular weight compounds. The saponins, 
triterpene, and saponins steroid are saponins 
belonging to the two major groups. Saponins 
exhibit solubility in water while these are insoluble 
in organic solvent, such as ether and they provide 
aglycones related glycosides on hydrolysis. They 
are identified as being the causal agents of cattle 
poisoning and blood heamolysis. In general, 
saponins are considered very poisonous. They are 
insoluble in non-polar organic solvents such as 
hexane and benzene, but are soluble in alcohol.

2.2.4. Alkaloids
In watermelon seeds, alkaloids reportedly have 

the highest concentration levels when compared 
with their other components, and they exhibit 
effective therapeutically important bioactivities as 
plant secondary metabolites and as elementary 
agents for antispasmodic, analgesics, and bacterial 
effects and are extensively used worldwide 
(Akshaya et al., 2018).

These are largely comprised of ammonia 
compounds as the principal group of secondary 
chemical components in the amino acid building 
blocks that fundamentally synthesizes nitrogen 
bases and encompass them in a peptide ring. These 
are the basic compounds that help to change red 
litmus paper to blue as they have basic properties. 
For alkaloids, the alkalinity of an alkaloid they 
substitute as amines 1°, 2° or 3° normally due to 
the presence of one or more nitrogen atoms. Due 
to the properties of elements, such as molecular 
structure, functional groups, location, and presence, 
the degree of basicity is known to fluctuate 
significantly (Sarker and Nahar, 2013). For 
crystalline salt formation these react with acids. 
Several alkaloids occur as liquids that are 
comprised of carbon, hydrogen, and nitrogen 
while, a majority are in a solid state, such as 
atropine. Alkaloids in water and their salts are 
commonly soluble, however, a majority are highly 
soluble in alcohol. The alkaloid solutions are 
extremely bitter in taste. As analgesics and CNS 
stimulants, alkaloids have pharmacological uses. 
The alkaloids with reported pharmaceutical 
purposes were reportedly obtained from 20% of 
plant species with an additional 12,000 alkaloids 
that have been recognized thus far. Addictive 
stimulants are comprised of nicotine, cocaine, 
caffeine, ergotamine, codeine, morphine, ephedrine, 

Fig. 5. Structure of glycoside (Salicin).
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and atropine and these have other types of 
plant-sourced alkaloids. The basic structures of 
some the pharmacologically active alkaloids are 
shown in Fig. 6 (Doughari, 2011).

3. Bioavailability of the bioactive 
compounds in watermelon

The word bioavailability refers to the systemic 
circulation of a composite and nutrient consumption. 
The term incorporates bioactivity, tissue distribution, 
GI assimilation, absorption, and digestion. To 
confirm bioavailability, it must demonstrated that 
the investigated constituent is absorbed, digested 
and assimilated competently and that it conveys a 
positive outcome for human health. Measurements 
of bioactivity can encounter both practical and 

ethical complications and thus the term 
“bioavailability” without considering bioactivity, is 
referred to as the portion or metabolite of a given 
compound in systemic circulation by which it is 
influenced (Holst and Williamson, 2008). Compound 
bioavailability is measured in vivo in animals or in 
humans in cases of compound underneath the curve 
(plasma-concentration) as the zone accomplished 
later of prolonged or severe dose of compound 
holding food or an isolated compound administration, 
conferring to this definition (Rein et al., 2013).

Mobility from the gastrointestinal tract to the 
body tissues is mediated by a chylomicron micelles 
mechanism, which plays a key role in assimilation. 
Absorption is also affected by the isomeric form of 
the lycopene, as when compared to the cis- 
isomeric configuration the trans-isomeric form is 

Fig. 6. Basic structures of some pharmacological alkaloids.
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adsorbed less (Collins et al., 2007; Rupasinghe and 
Clegg, 2007). Lycopene absorption is subsequently 
assisted by the cis-isomeric arrangements and 
presence of fat in the prostate, adrenal glands, 
liver, and adipose tissues it is deposited in. The 
disruption of carotenoids occurs after the consumption 
of lycopene, as lycopene passes through the gut 
lumen it becomes attached to protein in the low 
pH of the abdominal environment. Lycopene in the 
blood stream is associated with the breakdown of 
chylomicron. Lycopene-protein complex follows 
hepatic pathway to reach the target tissues (Gao et 
al., 2008; Jian et al., 2005).

4. Therapeutic effects of watermelon
4.1. Oxidative stress

The primary starting point for numerous 
metabolic dysfunctions is the etiology of oxidative 
stress. Uncontrolled oxidation is known to result in 
extreme ROS generation (Butt et al., 2009). 
Diminishing the endothelium reliant vasodilatation 
and atherosclerosis by inactivation of nitric oxide 
could be a result of free radical accumulation. The 
ROS in customary metabolic pathways are 
manufactured without interruption. ROS accumulation 
may increase; however, because of diet, smoking, 
environmental variables, and exercise (Espín et al., 
2007; Weisburger, 2002). In LDL oxidation, short 
term development and in diminishing of lymphocytes 
oxidative destruction, a role of lycopene specified in 
terms of diet-based therapy (Alshatwi et al., 2010).

ROS production upsets the oxidative balance, the 
oxidation of lipids, and engenders double allylic 
hydrogen atoms without interruption. The production 
of hypochlorous acid forms the basis for cellular 
destruction by the oxidative damage temporarily 
catalyzed by neutrophils. Antioxidant enzymes like 

glutathione peroxidase (GSH-Px) and superoxide 
dismutase (SOD) are synthesized by the body in this 
situation. By generating singlet oxygen into hydrogen 
peroxide superoxide dismutase, it functions as a 
principal factor in the first-line of defense. Hydrogen 
peroxide is transformed into water though by 
GSH-Px and catalase enzymes. If ROS are 
excessively produced, disruption may take place 
after subsequent necrosis or apoptosis, otherwise 
these enzymes will normally synchronously. Dietary 
lycopene may function to combat disproportionate 
ROS production (Erdman et al., 2009).

Oxidative stress is known to be vigorous in 
chronic diseases. Numerous ailments, such as 
cancer, osteoporosis, cardiovascular complications, 
cataracts, and diabetes pathogenesis are usually 
associated with free radicals (Ratnam et al., 2006). 
Lycopene in hypertensive patients gradually 
decreased malondialdehyde (MDA) and lipid 
peroxide levels in a manner similar to that of the 
antioxidant enzymes glutathione peroxidase (GSH- 
Pox), superoxide dismutase (SOD), and reduced 
glutathione (GSH) (Bose and Agrawal, 2007). In 
coronary artery disease, lycopene was found to 
effectively increase GSH levels and decrease MDA 
levels (Misra et al., 2006). In men who smoke, the 
significance of lycopene was assessed through a 
double blind randomized controlled study with low 
fruit and vegetable consumption. It was concluded 
that lycopene significantly improved endothelial 
function and diminished oxidative stress (Table 5) 
(Pennathur et al., 2010). Similarly in male Wistar 
rats, lycopene effects on nephrotoxicity and 
cisplatin-induced lipid peroxidation were investigated 
(Dogukan et al., 2011). The rats fed lycopene 
showed a noteworthy reduction in renal bax 
protein, which is a low oxidative stress indicator. 
The reaction of lycopene supplementation on 
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oxidative stress markers was also determined. 
Lycopene was provided to human subjects to 
evaluate the effects on subsequent LDL and MDA 
assessments for two months. To detect any harmful 
consequence, lymphocytes were also investigated. 
For the TBARS value and LDL oxidation, a marked 
reduction of 21% and 17%, respectively was observed 
in the controlled group of subjects fed lycopene 
(Devaraj et al., 2008). In normal and cancer cells, 
the defensive DNA owing to the antioxidant 
properties of lycopene, has been endorsed by 
previous literature (Liu et al., 2005; Scolastici et al., 
2008). In monkey fibroblasts, a decrease in 
products, such as TBARS (21%) and DNA damage 
markers in lipid peroxidation were similarly 
perceived. A shield against Fe-induced oxidative 
damage is due to prostate tissue and lipid 
peroxidation decline, as was revealed by lycopene 
with injections of 10 mg/day/kg for 5 days in rats 
(Matos et al., 2006).

4.2. Cardiovascular diseases
An inactive lifestyle is associated with 

cardiovascular disease (CVD). Sub-acute and long- 
lasting infections were found to occur due to a 
high cholesterol diet, which is a risk factor for 
cardiac disease. Factors such as LDL-cholesterol, 
serum amyloid A (SAA), and inter-cellular adhesion 
molecule (ICMA-1) may facilitate cardiovascular 
and atherosclerosis development (Verschuren et al., 
2011). Dietary lycopene due to its extraordinary 
antioxidant activity has cardio-protective properties 
(Cauza et al., 2004).

During fasting, lycopene has been found to have 
therapeutic actions to protect against ischemic 
strokes, atherosclerosis, and heart attacks when 
confronted through low-density lipoprotein oxidation 
(Omoni and Aluko, 2005). Clotting inside blood 

vessels decreased and consequently reduced the 
risk of myocardial infarction due to the high intake 
of lycopene (Zhang and Hamauzu, 2004).

Watermelon has very high levels of lycopene 
which means that it may help to reduce the risk of 
heart disease and provide effective protection from 
cell damage. In obese adults, the incidence of 
hypertension and low blood pressure can be 
regulated by consuming watermelon extracts. 
Furthermore, watermelon has also received attention 
as a well-known source of potassium, as it can help 
to control the heart rate and blood pressure (Jian 
et al., 2005).

For 10 weeks, 56 male albino rats were administered 
lycopene. The rats fed a hypercholesterolemic diet 
showed a noteworthy increase in squat and high- 
density lipoprotein, serum total lipid, and total 
cholesterol levels, as well as reduced echelons of 
malonaldehyde and glutathione. The signs and 
indications of hypercholesterolemia were reduced 
in lycopene-fed population.

4.3. Liver disease
Non-alcoholic fatty liver disease (NAFLD) can 

originate from unassuming steatosis and if it is not 
treated it may develop into smooth hepato-cellular 
and cirrhosis nonalcoholic steatohepatitis (NASH) 
(Hillenbrand et al., 2015; Younossi et al., 2016). 
Persistent hepatic wounds show inflammation and 
lobular ballooning and may ultimately lead to 
cirrhosis followed by nonalcoholic steatohepatitis 
(NASH) (Younossi et al., 2016). Cirrhosis was 
demonstrated to be an irreversible phase of disease 
whereas, NAFLD and NASH were found to be 
reversible (Al-Dayyat et al., 2018). Lifestyle 
adjustments are the only confirmed modality by 
which to manage NAFLD (Al-Dayyat et al., 2018; 
Mokhtari et al., 2017) and can include dietary 
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supplements (Hekmatdoost et al., 2016; Yari et al., 
2016). In investigational models of NAFLD, 
amendments of hepatic steatosis and insulin 
resistance (IR), such as citrulline (Cit) specific 
amino acid supplementation were identified as an 
effective approach. It was concluded that IR, 
glucose tolerance, and lipid metabolism effects 
could be utilized to help recover from hepatic 
steatosis (El-Kirsh et al., 2011; Jegatheesan et al., 
2016). The properties on as tumor necrosis factor 
α (TNF-α) and interleukin-6 (IL-6) reduction, some 
studies revealed the inflammatory markers possibly 
because of high citrulline content (Breuillard et al., 
2015; Jegatheesan et al., 2016; Joffin et al., 2015) 
and hence, the progression of cirrhosis and NASH 
could thus be lowered (Saltzman et al., 2015). To 
inspect the effects of Cit supplementation on liver 
enzymes, indices of inflammation, elasticity, and 
echogenicity hepatic were determined in patients 
with NAFLD.

A placebo controlled double blind clinical trial as 
a prospective randomized study was designed and 
NAFLD patients from a private hepatology clinic 
were enrolled. According to the fibroscan results by 
a gastroenterologist, NAFLD was identified 
(Breuillard et al., 2015). The controlled attenuation 
parameter (CAP) in the fibroscan was scored as 
>260 in those >18 years of age and involved in 
inclusion criteria. Female pregnancy and lactation 
were rejection criteria, as was the use of 
hepatotoxic medications, viral hepatitis, insulin 
injections, and the consumption of alcohol. In the 
study, participating patients were randomly allocated 
for 12 weeks or four capsules/day to receive Cit 
(0.5 g) or the placebo (maltodextrin) after receiving 
a description of the study protocol. According to 
clinical guidelines and while consuming an energy- 
balanced diet, both groups were provided with 

guidelines for the identification, evaluation, and 
treatment based on the North American Association 
of overweight and obesity and the National 
Institutes of Health. Subsequently the start of 
mediation follow-up valuations occurred every 4 
weeks. In every appointment submission was 
assessed through capsule count. This was the first 
randomized study to our knowledge, in patient with 
NAFLD clinical test that assessed the upshot of Cit 
supplementation on markers of inflammation. 
There was significant reduction in inflammation 
markers after 2 g/day ingestion of the Cit.

The supplementation of Cit causes the production 
of TNF-α and NF-κB activation inhibition which 
can diminish Toll-like receptor 4 (TLR4) gene 
expression (Breuillard et al., 2015; Jegatheesan et 
al., 2016; Joffin et al., 2015). The additional 
recommended mechanism involved the Cit 
properties for decreasing oxidative stress for its 
anti-inflammatory effects. The intensities of 
malondialdehyde (MDA) were abridged and increases 
in superoxide dismutase (SOD) activities resulted 
from the Cit supplementation (Cai et al., 2016). 
Signal regulated extracellular kinases1 and 2 and 
signaling protein activation can be reduced by 
SOD. TNF-α prevention of the NF-κB is due to 
ERK1/2 inhibition (Perriotte-Olson et al., 2016). 
Furthermore, in livestock animals assessed for 
hepatic lipid peroxidation, Cit supplementation 
was found to defend against those fed a 
high-fructose food. The main cause of TNF-α 
through redox sensitive nuclear factor κB activity is 
due to amplified lipid peroxidation (Locatelli et al., 
2013; Sellmann et al., 2017). 

4.4. Rheumatoid arthritis
Citrulline is involved in the urea cycle. 

Watermelon is of special interest as it contains 
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citrulline, while it is lacking in most other natural 
foods (Tarazona-Díaz et al., 2011). Citrulline 
content in wild watermelon is distinguished as a 
necessary hydroxyl radical scavenger that helps to 
reduce drought-mediated oxidative stress (Akashi 
et al., 2001). For the management of pathological 
conditions characterized by reduced arginine 
availability and oxidative stress, such as sickle cell 
disease, heart failure, hypertension, atherosclerosis, 
(Figueroa et al., 2011), erectile functions, and sexual 
stamina (Drewes et al., 2003) as these produce 
nitric oxide (NO) which has made citrulline as an 
outstanding candidate (Bansal et al., 2004). L- 
citrulline intake has other related benefits such as 
an antioxidant, vasodilatation roles, and due to its 
use in the nitric oxide system in humans following 
an athletic routine (Rimando and Perkins-Veazie, 
2005). The ornithine and arginine levels (which are 
important for muscle growth) were revealed to 
increase with citrulline malate and this influenced 
growth hormone levels (Sureda et al., 2010). Lactic 
acid removal was also accelerated by citrulline.

The supplementation of citrulline encourages the 
renal reabsorption of bicarbonates, diminishes 
fatigue, and stimulates hepatic ureogenesis as was 
reported in previous studies (Jayaprakasha et al., 
2011). The citrulline malate and its anti-fatigue 
properties limit ammonia poisoning and acidosis, 
and these metabolic modalities have consequences 
for the body’s defense mechanisms (Bendahan et 
al., 2002). In aged rats, for example, an increase in 
protein and the absolute muscle rate production 
was induced by citrulline-supplemented food 
re-feeding for 1 week (at 5 g/kg/day). Smooth muscle 
relaxation is treated by an citrulline enriched dietary 
supplement (Jayaprakasha et al., 2011).

An investigation at the University of Murcia 
involved students from the Sport Science Department 

(170.8±3.6 cm height; 68.9±3.8 kg for the body 
mass of 7 men; 24.0±0.6 kg m2 body mass index; 
SD age±mean, ±22.7). The subjects participated 
regularly in a diverse range of sports but were not 
good athletes. When the placebo was administered 
to the muscle, soreness was considerably superior 
after 24 h of exercise when compared to those 
given the watermelon juice. However, there were 
no specific differences among those given enriched 
watermelon juice and natural watermelon juice. 
These results demonstrated that citrulline was 
adequate at 1.17 g to reduce soreness due to 
exercise. Even in placebo drinks, the muscle 
tenderness was decreased to 1 in all treatments, 
with no noteworthy differences observed after 48 h. 
A decrease in muscle tenderness 24 h and even 48 
h post-exercise is associated with an 8 g citrulline 
malate supplement. A relief in muscle discomfort 
and enhancement in athletic anaerobic performance 
is thus associated with citrulline malate supplementation 
(8 g/day) (Pérez-Guisado and Jakeman, 2010).

4.5. Nephropathy
Chronic kidney malfunctions which frequently 

indicate kidney disease are usually termed as 
chronic kidney disease (CKD) or end-stage renal 
disease (ESRD), and these conditions are irreversible 
and progressive ailments. Blood pressure elevation, 
diabetes, interstitial nephritis, long-lasting pyelonephritis, 
secondary glomerulonephritis, conventional cystic 
diseases, and vasculitis are the main causes. An 
irreversible progressive fall off in kidney functionality 
is known as chronic renal failure (CRF), and this 
results in the shrinkage of the glomerular filtration 
rate and a gradual upsurge in plasma creatinine 
(Nesrallah et al., 2014). Waning functionality of the 
kidney, ESRD, and kidney failure are the main 
stages of CRF. The proportion of proteinuria, 
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existence of hypertension, or non-existence and 
underlying dysfunction are elements. Disease 
evolution was found to be quicker in patients who 
had proteinuria or hypertension (Abboud et al., 
2010; Tomasello, 2008).

The consumption of lycopene according to some 
studies, due to its biochemical and histo-pathological 
factors precludes kidney damages (Amiri and Nasri, 
2014; Coresh et al., 2003). In watermelon, other 
valuable compounds are present, including arginine 
and citrulline. For kidney failure patients, the 
addition of arginine-containing food supplements 
is helpful. By discontinuing biochemical procedures, 
non-nitric oxide (dimethyl arginine irregular 
activity reduced by it) formed as a result of treating 
of kidney disorders, and this modality may have a 
probable beneficial effect (Kachhawa et al., 2016; 
Rimando and Perkins-Veazie, 2005).

‘To investigate the steady ingestion of watermelon, 
a case report was presented for a male patient with 
CKD. The patient with indications of kidney 
disease was a 60-year-old man, who had habitually 
visited his physician for five years. Following were 
the results of patients on the primary visit to 
laboratory: mm Hg blood pressure was 120/80 mm 
(systolic/diastolic), creatinine serum was 9.6 mg/dL, 
and serum blood urea nitrogen (BUN) was 75 
mg/dL. The patient was diagnosed with diabetes at 
the age of 30 and was then given conventional 
treatments. The patient was subsequently treated 
for colonic cancer, and the level of creatinine was 
found to have increased to 9.6 mg/dL from 2 
mg/dL at 120/80 (systolic/ diastolic) mm Hg blood 
pressure, and his level of BUN significantly 
increased from 27 mg/dL to 48 in the subsequent 
appointments. Without altering his drugs for 
diabetes, the patient consumed a significant amount 
of watermelon and the serum creatinine was then 

found to revert to 1.7 mg/dL temporarily.

4.6. Macular disease
A steady reduction in vision results from retina 

macula stratum watering and is indicated by the 
appearance of a yellow spot. Wet and dry age- 
related macular degeneration (AMD) are considered 
to be two classifications. Hemorrhage, scars on the 
eye tissue and swelling are symbols indicating the 
expansion of such vessels. The possibility of 
macular and other degenerative ailments can be 
condensed by the consumption of carotenoids from 
plant sources. Subjects with low lycopene 
concentrations were found to be in greater danger 
of macular degeneration. Lycopene has also been 
found to be beneficial when provided alongside 
treatments for immune deficiency conditions such 
as HIV and for Austrian stroke cerebral damage 
microangiopathy (Kun et al., 2006).

4.7. Neurological disorders
Lycopene and its metabolites can be detected in 

the brain (Khachik et al., 2002). In the central 
nervous system, lycopene may have neuro- protective 
properties. In psychiatric and neurodegenerative 
disorders, lycopene potential has been endorsed by 
some studies (Yu et al., 2017; Zhang et al., 2016).

In tau transgenic mice expressing the P301 L 
mutation was progressed by lycopene supplementation 
in cultured neurons exhibiting an amyloid β (A
β)-induced-cellular toxicity (Qu et al., 2011; Yu et 
al., 2017). An irretrievable inhibitor of succinic 
acid dehydrogenase that is persuaded by 3- 
nitropropionic acid (3-NP), in Huntington’s disease 
(HD), lycopene was also found to prevent motor 
abnormality and cognitive dysfunction (Sandhir et 
al., 2010). To inverse mouse motor abnormality, 
lycopene was reported to reduce abnormality 
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owing to the probable effects of by 1-methyl- 
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) which 
was induced in a model of Parkinson’s disease 
(Prema et al., 2015). In men with reperfusion/ 
ischemia cerebral to diminish the stroke danger 
and to decrease neuronal apoptosis and infarct 
volume, the long term consumption of lycopene 
has been suggested (Karppi et al., 2012; Lei et al., 
2016). The neuroprotective effects of lycopene in 
patients with CNS ailments are recognized as being 
mediated by the inhibition of oxidative stress and 
activation of microglial or the signaling of protein 
kinase B/activation of protein kinase and activated 
phosphatidylinositol-4,5-bisphosphate 3-kinase adenosine 
5' monophosphate and γ-proliferator-activated receptor 
peroxisome (Lei et al., 2016; Lin et al., 2014 ; Yin 
et al., 2014; Yu et al., 2017). Throughout the world, 
PD is a condition that affects millions of people and 
is recognized as an overwhelming neurodegenerative 
ailment. A dopaminergic neuron degeneration that 
is PD, progress of motor incapacity as well as 
dopamine reduction in the striatum which is 
grounded due to featured pathological alteration in 
it (Cheng et al., 2017).

In mice, lycopene administration (20 mg/kg) for 
7 days was found to overwhelm MPTP-induced 
reductions in striatal dopamine (Prema et al., 2015), 
which is in contradiction to PD-inducing stimuli 
that protect dopaminergic neurons through the 
supplementation of lycopene. Long PD mechanisms 
have been investigated and these include neuronal 
apoptosis and oxidative stress. For PD, neuronal 
apoptosis and oxidative stress inhibition are 
recognized as leading risk factors. Exploring new 
chemical modalities for PD therapy is providing 
new hope that could lead to the suppression of 
neuronal apoptosis and oxidative stress (Rios et al., 
2011; Sharma et al., 2016). Lycopene is reportedly 

linked to a decreasing level of oxidative stress as 
low levels in the striatum were found to reverse 
MPTP-induced dopamine when using a 20 mg/kg 
lycopene treatment for 7 days as it lead to an 
upsurge in GSH levels, which is a powerful 
antioxidant that reduces anti-oxidative stress and 
pro-oxidative stress level markers, such as reactive 
acid substances 2-thiobarbituric. Lycopene may 
thus be suggested as an alternative medicine for PD 
as a method by which to decrease neuronal 
apoptosis. In numerous mouse striatum apoptotic 
MPTP-induced markers, including caspase and bax, 
reduction was caused by treatment of lycopene at 
dose of 20 mg/kg for 7 days (Prema et al., 2015).

4.8. Huntington’s disease 
Huntington’s disease is an autosomal congenital 

neurodegenerative disorder. Involuntary movements, 
seizures, cognitive decline, chorea, dystonia, 
emotional disturbances, and intellectual impairment 
are the most pronounced symptoms. Currently, 
there is no available treatment to minimize or treat 
the progress of these symptoms. The administration 
of 10 mg/kg lycopene for up to 15 d was found to 
effectively reverse oxidative stress and mitochondrial 
dysfunction caused by 3-nitropropionic (3-NP) acid 
succinic acid dehydrogenase and unalterable 
inhibitor; 1) inactivity of 2,4,5 mitochondrial 
multiplexes reduction; 2) reduced oxygen inhalation 
at the mitochondrial level; 3) promotion of nitric 
oxide/ROS levels and the peroxidation of 
mitochondrial lipids; and 4) disturbance of superoxide 
dismutase (SOD) in brain tissues and thiol content 
reduction as reported by Sandhir et al. (2010). 
Studies have shown positive effects because of 10, 
5, and 2.5 mg/kg lycopene treatments for 14 days 
in terms of limiting lipid peroxidation mediated by 
3-NP. Moreover, irregularity in catalase (CAT) 
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secretion was also found to lead to 3-NP and SOD 
reductions as well as NO formation in the cortex, 
striatum, and hippocampus of the rat brain (Kumar 
et al., 2009). The supplementation of lycopene to 
relieve HD symptoms may be studied in terms of 
lycopene effect in 3-NP-induced-HD mediated by 
different mechanisms (Kumar et al., 2009; Sandhir 
et al., 2010).

4.9. Diabetes
Several studies have shown that patients with 

hyperglycemia are more susceptible to diabetes- 
induced issues. The primary contributing factor is 
the increased level of oxidative stress and LDL 
oxidation. Glucose and its auto-oxidation progression 
cause cellular damage and increase the amount of 
free radicals successively in the human body owing 
to an extraordinary glycemic diet. Furthermore, 
phenolics which were discovered due to their 
hypoglycemic action include lycopene, lutein, β- 
carotene, and β-cryptoxanthin and they are also 
known for their antidiabetic activities. In 
hyperglycemic subjects, a positive correlation with 
carotenoids was revealed in research into mitigating 
diabetes risk factors. Lycopene considerably reduced 
the onset of hyperglycemia, and was demonstrated 
to be a fundamental deterrent against serum 
aminotransferases. Intracellular ROS generation 
and oxidative stress are amplified throughout the 
hyperglycemia phase. ROS harms the lipids, DNA, 
mitochondria, and other organelles due to this 
imbalance leading to apoptosis at the cellular level. 
Hypoglycemic effects were also demonstrated by 
investigators. Lipid and glycemic metabolism were 
found to be considerably improved by a watermelon 
extract that was rich in lycopene content. In most 
countries, obesity and diabetes are discernible as 
the foremost public health complications. The 

number of people diagnosed with diabetes is 
expected to escalate from 135 to 300 million by 
2025. Adipokines (cytokines and chimiokines) have 
a significant role in overall body physiology and 
they are produced during the development and 
progression of obesity. Type-II diabetes occurs due 
to enormous adipose tissue accumulation and 
consequent inflammation owing to extreme levels 
of cytokine and chimiokine production. The linked 
pathologies of hyperglycemic and obesity conditions 
are reduced by the consumption of lycopene owing 
to deposition of lipophilic carotenoid.

With diabetes, a decrease in the malignant 
transformation of oxidized cholesterol, the functional 
drinks have may exhibit positive impact because of 
rich lycopene content. Diabetes can be managed in 
part by treating glucose abnormalities gradually 
with lycopene consumption. In type-II diabetes, 
insulin levels are elevated and the body’s glucose 
levels are reduced owing to antidiabectic and 
glucose lowering effect of lycopene. 

For 28 days in rats fed on normal diet, the 
influence of lycopene oral supplementations were 
evaluated (Jian et al., 2005). The dosages used were 
2000, 500, and 200 mg/kg of body weight. No 
abnormal or noteworthy results were found from 
the urinalysis, hematology, and organs weight 
analysis. However, with higher doses of lycopene, 
serum glucose levels were found to decrease 
accordingly. Amongst the lycopene-treated and 
control rats there were noteworthy differences in 
body glucose of 132.1±35.9 mg/dL and 205.6±44.3 
mg/dL, respectively. For hyperglycemia, lycopene 
was advocated for its therapeutic potential. Learning 
and memory deficiencies, neurochemical, and 
physical abnormalities were favored when there 
were high intracellular glucose levels. Provisions of 
a lycopene-supplemented diet reduced oxidative 
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stress, improved cholinergic dysfunction, and 
cognitive deficit nitric oxide in a rat model. The 
supplementation of 5% lycopene at the administered 
dose of 4 mg/day resulted in a similar reduction in 
the serum glucose level. The effect of lycopene on 
standard Wistar rats was evaluated for 13 d, and 
their body glucose levels were found to be 
considerably reduced by a 13% lycopene interim 
supplementation (Mellert et al., 2002).

The nutritional profile of watermelon is crucial 
to its value, and within this profile, lycopene is the 
most predominant component. The antidiabetic 
potential of lycopene was assessed using a murine 
model. In one such study, diabetic mice were 
administered a 1% watermelon extract. The blood 
serum glucose levels decreased up to 33% while the 
rise in serum insulin level reached 37%. 
Watermelon extract was provided to the subjects as 
an alternative modality by which to combat 
hypoglycemia and hyperinsulinemic production in 
the blood serum. To monitor the efficacy, lycopene 
dietary consumption trials from 1992 to 2003 for 
diabetic middle-aged women in a control trial were 
carried out. The results of the 10 year follow-up 
showed a positive correlation between insulin level 
and that lycopene improved the insulin level in the 
serum by 37%-45%.

4.10. Cancer
With the growing concern about anti-cancer effects, 

several studies have reported on the efficacy of 
bioactive food components and their effects on 
tumor growth. The synergistic effects between the 
consumption of food nutrients and the regulation 
of gene expression is referred to as nutrigenomics. 
Lycopene exhibits potential antitumor effects at 
numerous stages of cancer development including 
direct effects on genes and mutation inhibition by 

means of DNA mutation and tumor metastasis 
(Nahum et al., 2001). The impacts of lycopene and 
their gene interactions need to be investigated 
further to better understand the mechanisms 
involved. In carcinogen absorption in phase I and 
II, enzymes were found to be pivotal for lycopene 
synthesis. To mitigate mutagenesis, carcinogenesis, 
and some other forms of toxicity, transcription 
organization and antioxidant responses are 
triggered within the body (Butt et al., 2009).

Lycopene is also recognized for its anti- 
proliferative properties as well as being a potent 
antioxidant. A decrease in insulin growth factor 
and its functionality is likely to be correlated with 
a decrease in cancer incidence. Conversely, serum 
lycopene levels and the probability of onset for 
numerous cancer types is also being investigated.

The chemo-preventive effect of lycopene on 
pharynx, larynx, esophagus, and oral cavity cancers, 
or digestive tract cancers, has been investigated in 
numerous case studies. This led to the effect of 
lipid peroxidation on hamster buccal pouch 
carcinogenesis being assessed in a trial involving 
biomarkers for the chemoprevention glutathione 
S-transferase, 7,12-dimethylbenzanthracene, and 
glutathione reductase. As well as the increasing 
action of enzymes from the glutathione redox cycle 
and buccal pouch cancer biochemical measurements, 
the modulating effect after exposure to lycopene 
for 2 weeks. In the gastrointestinal tract, the 
carcinoma regression synergistic effects of vitamin 
C, phytosterols, flavonoids, and lycopene were 
recognized in an analogous study. The consumption 
of considerable quantities of lycopene by the study 
subjects resulted in anti-cancer effects in several 
cancer cell lines, particularly, prostate cancer 
(Prema et al., 2015). A diet high in lycopene 
content resulted in a 44% reduction in the threat of 
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other cancer in men and 25% reduction in prostate 
cancer. The anti-cancer mechanisms of lycopene 
are summarized in Fig. 7.

5. Conclusions
This review has summarized and discussed the 

available literature on the phytochemical profile of 
watermelon and its bioactive and therapeutic 
effects. The data indicates that watermelon has a 
superb nutritional profile, contains numerous 
phytochemicals, and exhibits beneficial therapeutic 
effects. Specifically, the data has shown that 

watermelon can be utilized as a good source of 
vitamin C (12.31 mg/152 g), pantothenic acid (0.34 
mg/152 g), copper (0.06 mg/152 g), biotin (1.52 
mcg/152 g), vitamin A (43.24 mcg RAE/152 g), 
vitamin B6 (0.07 mg/152 g), and vitamin B1 (0.05 
mg/152 g). Water is the major constituent of 
watermelon (approximately 92%), followed by 
carbohydrates and protein which are more 
considered minor constituents (11.48 g/152 g and 
0.93 g/152 g respectively), and finally the fat content, 
which is considered very low (0.23 g). As reported 
in the literature, lycopene has been identified as 
the major bioactive compound in watermelon 

Fig. 7. Potential anti-cancer mechanism of lycopene.



Korean J Food Preserv, 29(4) (2022)

https://www.ekosfop.or.kr 567

(approximately 6,888 μg/152 g). Furthermore, 
various pre- and postharvest factors have been 
identified which can affect its nutritional profile. 
Lycopene also has potential therapeutic effects in 
the human body. Furthermore, major carotenoids 
like β-carotene, phytofluene, phytoene, lutein, and 
neurosporene are also reported as potentially being 
present in watermelon. The unique composition of 
watermelon means that it could be beneficial in the 
treatment of various diseases and disorders, such as 
cardiovascular diseases, liver disease, rheumatoid 
arthritis, nephropathy, macular disease, neurological 
disorders, diabetes, and various kinds of cancer. 
Furthermore, watermelon also possesses high levels 
of antioxidant activity which can help to reduce 
oxidative stress levels and combat lifestyle-related 
and metabolic disorders.
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