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ABSTRACT

Watermelon is emerging as a superfood destined to shape the dietary, environmental, and industrial landscape of the coming
22nd century. Its historical adaptability and global acceptance underscore its versatility in facing modern challenges such as
climate change, population growth, and resource scarcity. The fruit’s impressive nutritional profile, rich in lycopene, vitamin
C, and critical electrolytes, positions it as a functional food with substantial health benefits. Innovations in juice extraction,
byproduct utilization, and genetic breeding offer new avenues for minimizing food waste and maximizing nutritive value. As
technologies refine the conversion of watermelon byproducts into biofuels and bioactive compounds, the fruit’s role expands
into industrial sustainability. Trends point toward miniature and seedless varieties tailored for future urban lifestyles, while
culinary practices continue to explore the whole fruit, promoting holistic nutrition. Watermelon’s resilience, rapid growth
cycle, and adaptability to diverse environments make it central to future agricultural strategies. In sum, watermelon promises

to be an essential resource supporting food security, health, and green technology for future generations.

Keywords: watermelon, future food, sustainability, biofuel, urban agriculture, nutraceuticals

1. Introduction

Watermelon (Citrullus lanatus; 2n = 2x = 22) has gained
recognition as a potential superfood poised to shape
nutritional trends in the 22" century, supported by its unique
blend of hydration, phytonutrients, and adaptability to
changing environmental conditions. Its impressive
nutritional profile includes essential vitamins A, B6, and C,
powerful antioxidants like lycopene and cucurbitacin E, and
a rich composition of water, all contributing to
cardiovascular, anti-inflammatory, metabolic, and skin
health benefits. Scientists have highlighted watermelon’s
low-calorie content, high water concentration, and effective
support for hydration and recovery, making it a functional
food with broad applications in both health and wellness.
Selective breeding has enabled the development of disease-
resistant, seedless, and sweeter varieties, adapting
watermelon for modern tastes and agricultural needs. Its
flexibility in diverse climates and evolving utility in food,
nutrition, and industrial applications illustrate why
watermelon is set to play an indispensable role in future
diets and sustainability efforts.

History and evolution

Watermelon’s history is as ancient as it is fascinating,
extending back to the prehistoric settlements in North
Africa, where archaeologists discovered wild watermelon
seeds, dating as far back as 6,000 years, at sites such as Uan
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Muhuggiag in Libya. Early forms of watermelon, likely
grown for their water content rather than sweetness,
provided a crucial resource during arid periods. From North
Africa, watermelon cultivation spread east, reaching India by
the 7" century, where it became established as an important
crop. Genetic and archaeological studies indicate that the
sweet, non-bitter watermelon we recognize today resulted
from systematic selection for non-bitterness, tender texture,
and eventually sweetness and color, a gradual evolution
guided by human preference and environmental conditions.
Ancient texts and tomb paintings in Egypt even depict
watermelon as a valued food more than 4,000 years ago,
indicating an early appreciation for the fruit’s refreshing
quality and utility. By the 10" century, watermelon
cultivation had spread to China, which would eventually
become the world’s largest producer. As the fruit traversed
continents, it was introduced to Europe through the Iberian
Peninsula by Moorish traders in the 13" century, becoming a
familiar sight in southern European gardens by the 17"
century. Watermelon later reached the Americas, carried by
European colonists and the African slave trade, where it
became integrated into local agricultural systems and diets
starting in the 16" and 17" centuries, from Florida and
Massachusetts to Peru and Brazil. Its enduring adaptability,
surviving and thriving across vastly different climates and
cultures, illustrates why watermelon is uniquely prepared to
meet the environmental and nutritional challenges of the
future, and why it holds such enduring global significance.
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Nutritional and Functional Benefits

The nutritional and functional benefits of watermelon are
significant, starting with its remarkable water content of
about 92%, which makes it an exceptional choice for
hydration, particularly in hot climates and for individuals
seeking low-calorie foods, since it contains only 46 calories
per cup. Beyond hydration, watermelon is rich in essential
nutrients such as vitamin C, vitamin A, vitamin B6,
potassium, and magnesium. Vitamin C aids immune
function and enhances iron absorption, while vitamin A
supports skin and eye health, and potassium is critical for
blood pressure regulation and nerve activity. Watermelon
eaters consistently show higher intakes of fiber, potassium,
magnesium, and carotenoids, and lower intakes of saturated
fats and added sugars than non-consumers, thus improving
overall diet quality in both adults and children.

A prominent compound in watermelon is lycopene, a
powerful antioxidant responsible for its red hue, with
concentrations surpassing those found in tomatoes.
Lycopene is linked to reduced risks of certain cancers, heart
disease, and age-related eye disorders, as well as anti-
inflammatory effects that help protect cells from damage and
mitigate blood pressure. Citrulline, another key bioactive
found especially in the white rind, is transformed in the body
to arginine, promoting nitric oxide production and vascular
relaxation. Scientific research confirms that watermelon
juice can elevate blood levels of citrulline and arginine,
supporting healthy blood pressure and cardiovascular
function. Modern studies further suggest that watermelon
consumption, including juice, can lead to improved heart
rate variability, enhanced metabolic markers, lower body
weight, reduced BMI, decreased hunger, and a better waist-
to-hip ratio among overweight individuals. The profile of
watermelon as a nutrient-dense, functional food positions it
at the intersection of dietary pleasure and wellness
advancement.

Valorisation of byproducts

Watermelon byproducts, particularly the seeds and rind, are
increasingly valued for their rich nutritional and bioactive
potential, transforming them from waste into premium
components for food, pharmaceuticals, and cosmetics.
Watermelon seeds are nutrient-dense, high in protein (up to
30g per cup), healthy fats (primarily polyunsaturated),
magnesium, iron, potassium, zinc, phosphorus, and B
vitamins. When roasted, these seeds provide a healthy,
crunchy snack with fewer calories and more nutritional
benefits than typical processed snacks, while also being a
good source of essential minerals and healthy plant lipids.

The rind, often discarded, is abundant in L-citrulline, a
unique amino acid shown to boost heart health by improving
blood vessel function and helping regulate blood pressure.
Watermelon rind also offers dietary fiber, vitamin C,
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potassium, and small amounts of B vitamins, notably
contributing to digestive health and metabolic function.
Culinary innovators have begun using watermelon rind in
salads, stir-fries, pickles, and even baked goods to reduce
food waste and maximize nutrient intake. This holistic
appreciation and valorisation of watermelon byproducts
extend the impact far beyond its sweet flesh, providing
diverse health and industrial advantages. Focusing on the
seeds and rind not only helps minimize agricultural waste
but also supports sustainable development and unlocks new
opportunities for nutrition, functional foods, and natural
cosmetics, positioning watermelon at the forefront of future
food technology and global health trends.

Sustainability and industrial Applications

Watermelon rind and seeds are rapidly gaining importance
in sustainable agriculture and industry due to their promising
applications in biofuel generation and the extraction of high-
value compounds like lycopene and citrulline. The
development of circular economy strategies enables the
conversion of watermelon pulp and rind into ethanol and
biogas, using specialized yeast fermentation and anaerobic
digestion techniques. Recent studies demonstrate that
watermelon pulp, without additional nitrogen
supplementation, achieves high ethanol yields (up to 90%
fermentation efficiency) and impressive biogas and methane
output when processed for bioenergy, significantly reducing
environmental impacts associated with waste disposal.

Israeli researchers and international teams have developed
integrated systems where watermelon juice waste is
fermented directly into ethanol or used as a diluent in
molasses fermentation, saving both molasses and potable
water, and enhancing fermentation efficiency. Watermelon
seeds also serve as a potential bioethanol feedstock due to
their substantial carbohydrate content, which can be
efficiently converted by yeast strains. At the same time,
recovery of naturally occurring lycopene and amino acids
from watermelon byproducts has become increasingly
valuable for the pharmaceutical and cosmetic sectors.
Innovations such as ultrasound-assisted extraction now
enable effective recovery of these bioactive compounds
while maintaining their potent health benefits and
antioxidant activity.

These advances not only provide nutritious foods and
beverages and expand the market reach for watermelon
products, but also protect and utilize bioactive profiles,
aligning sustainable agriculture, renewable energy, and
biotechnology with modern industrial needs. This holistic
approach to watermelon valorisation offers vital solutions
for agro-waste management and supports environmental
stewardship in the 22" century.
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Future Food Trends

Future food trends in watermelon cultivation are
increasingly focusing on miniature, seedless, and micro-
seeded varieties to meet the demands of urban-friendly
produce and modern consumer lifestyles. These smaller
watermelons, often called “mini” or “personal-size”
watermelons, range from about 1 to 7 pounds in weight,
making them convenient for smaller households, easier to
store in refrigerators, and ideal for quick consumption.
Breeding programs worldwide, such as those by Hazera
Poland and BASF’s Nunhems, are pioneering seedless mini
watermelons like the “Watermelon Exotica,” which boasts
excellent fruit quality, superior sweetness, crisp texture, and
an extended shelf life of over 20 days post-harvest. These
characteristics not only improve consumer appeal but also
optimize packaging and transport efficiency, suited for urban
markets and reduced food waste.

Culinary innovation is embracing the full fruit on many
fronts to support zero-waste cooking and sustainability.
Traditionally discarded parts such as watermelon rind are
increasingly incorporated into recipes, including salads,
curries, pickles, and desserts, unlocking additional
nutritional benefits from fiber and bioactives found in the
rind. Using the whole fruit reduces landfill waste and
responds to environmental concerns about food waste. This
holistic approach intensifies the valorization of watermelon
in future food systems by expanding its role beyond a
refreshing sweet treat to a versatile ingredient. As urban
agriculture and space-saving innovations advance, these
compact, seedless varieties fit perfectly with the trend
toward efficient, sustainable, and health-conscious food
consumption in the 22nd century.

Watermelon in a changing world

The adaptability and robustness of watermelon position it as
a strategic crop for the future, particularly in light of global
environmental challenges. It thrives in diverse soil types,
including sandy, loamy, and even less fertile soils, making it
highly versatile for cultivation across different climatic
regions. Its rapid regeneration cycle, with a typical
maturation period of around 70 to 90 days, allows for
multiple harvests in a growing season, enhancing
productivity and food availability. Moreover, watermelon
cultivation acts as a live mulch in mixed cropping systems,
reducing soil temperatures by up to 3.5°C and conserving
soil moisture, key factors in rainwater conservation and
climate resilience, especially in tropical and subtropical
regions.

The nutritional density and superior hydration capacity of
fruit also directly address global health challenges, such as
malnutrition, dehydration, hypertension, and water scarcity.
The high water content (about 92%) of watermelon supports
hydration in water-stressed communities, and its nutrient
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profile, rich in antioxidants, vitamins, and amino acids,
counteracts  micronutrient  deficiencies prevalent in
vulnerable populations. In regions affected by climate
change, such as coastal Bangladesh and sub-Saharan Africa,
watermelon cultivation is gaining prominence as a
sustainable livelihood strategy that also enhances food
security. Its ability to grow under shifting rainfall patterns,
rising temperatures, and salinity levels showcases its
potential as a climate-smart crop, with farmers worldwide
adopting watermelon cultivation as an adaptive response to
changing environmental conditions. This combination of
agronomic flexibility and nutritional benefits makes
watermelon a crucial player in developing climate-resilient
agriculture systems for the 22" century and beyond.

Conclusion

Advanced research and evolving agricultural practices
solidly affirm watermelon as a compelling and indispensable
food for the 22" century. This versatile fruit underpins
fundamental pillars of global food security, public health,
and environmental sustainability. Scientific innovations in
watermelon genetics are enabling the development of
seedless, miniature, and climate-resilient varieties, tailored
to meet the evolving needs of urban lifestyles and changing
climates. These advancements ensure that watermelon can
be efficiently produced with high yields and enhanced
nutritional quality, contributing to stable food supplies
across diverse geographies. Processing technologies, such as
ultrasound-assisted  extraction and improved juicing
methods, preserve watermelon's valuable bioactive
compounds while expanding its utility in functional foods,
nutraceuticals, beverages, and cosmetics. Furthermore,
valorisation of agricultural waste, seeds, and rind through
biofuel production, antioxidant extraction, and incorporation
into culinary applications embodies a circular economy
approach that minimizes waste and maximizes resource use.
The combination of these technologies and biological
improvements allows watermelon to meet rising consumer
demand for healthy, convenient, and sustainable food
choices, particularly among younger generations who are
driving culinary innovation and wellness trends. As a crop
with a rapid growth cycle, high water content, and broad
adaptability to varied soils and climates, watermelon
supports resilient agricultural systems facing the challenges
of global warming, water scarcity, and population growth.
Its ability to provide hydration, essential nutrients, and
bioactive health benefits positions it at the forefront of future
food strategies aimed at improving nutrition and reducing
environmental impact. Collectively, ongoing research and
integrated development efforts establish watermelon not just
as a staple fruit but as a vital contributor to the building of
resilient diets, sustainable industries, and healthier
communities of the future.
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