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he "Nano-Revolution” in postharvest technology offers a transformative solution to

global food insecurity, where horticultural losses reach up to 55% annually. By utilizing
nanoemulsion edible coatings and nanocomposite films, this technology creates a
semipermeable physical barrier that significantly outperforms traditional preservation
methods. These nanoscale droplets increase the surface area for improved coverage,
effectively altering gas exchange to lower respiration rates and prevent moisture loss. A
critical advancement is the role of these systems as carriers for bioactive compounds, such as
essential oils and antioxidants, which are protected from environmental degradation. When
integrated into coatings such as chitosan, alginate or zinc oxide, these treatments can extend
the shelf life of highly perishable produce like guava, strawberries and apples from a few
days to over three weeks. Furthermore, antimicrobial nanoparticles like silver and TiO,
provide an invisible shield against pathogenic degradation without compromising nutritional
quality. This abstract highlights how nanotechnology is redefining postharvest management,
offering a sustainable, non-toxic alternative to conventional packaging for the next generation
of fruit crop preservation.

Keywords: Nanotechnology, Fruit Crops, Postharvest Loss, Edible Coatings,
Nanoemulsions, Shelf-life Extension, Biopolymers (Chitosan, Alginate).

Introduction

Horticultural crops, encompassing a diverse range of fruits and vegetables, are vital to global
nutritional security and economic stability. Despite their importance, these products are
highly susceptible to postharvest decay due to their
physiological nature, with annual losses estimated
between 28% and 55% in many regions. Such
significant waste not only threatens food security but
also results in massive economic deficits, valued at
approximately USD 750 billion per year. Traditional
preservation methods, while effective to an extent, often
fail to maintain the nutritional integrity and sensory
appeal required by modern consumers who demand fresh, high-quality and preservative-free
produce.

The emergence of nanotechnology represents a paradigm shift in postharvest
management. By applying nanoemulsion edible coatings and nanocomposite films,
researchers can now engineer a semipermeable barrier directly on the fruit's surface. These
coatings are designed to replicate modified atmosphere packaging by regulating gas exchange
specifically by lowering oxygen levels and increasing carbon dioxide concentrations thereby
slowing the respiration rate and delaying senescence. Furthermore, the high surface-area-to-
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volume ratio of nanostructures allows for the efficient delivery of antimicrobial agents and
antioxidants, providing a robust defence against pathogens. This technology offers a
sustainable, biodegradable and non-toxic alternative to conventional plastic packaging,
promising to revolutionize the shelf life and quality of fruit crops.

In the realm of nanotechnology, both organic and inorganic nanoparticles are being
extensively researched for their ability to significantly extend the shelf life of fruit crops.
These particles are typically integrated into edible coatings to enhance their barrier properties
and provide active protection against spoilage.

Here are four key nanoparticles and their specific roles in fruit preservation:

1. Silver Nanoparticles (AgNPs)

Silver is one of the most widely used inorganic nanoparticles in the food industry due to its
broad-spectrum antimicrobial activity.

Mechanism: AgNPs cause cell deformation and cytoplasmic leakage in pathogens like
Penicillium italicum. They release silver ions that disrupt microbial DNA and proteins,
effectively killing bacteria, fungi and viruses.

Benefits: In guava, silver nanoparticles infused into beeswax or gelatin coatings have been
shown to double shelf life by delaying fruit senescence and reducing weight loss.

2. Zinc Oxide Nanoparticles (ZnO-NPs)

Zinc oxide is prized for its high stability o vimayzo vmoprices
and potent antifungal properties,
making it a critical component for
highly perishable fruits. :
Mechanism: ~ These  nanoparticles |*< /s
destabilize microbial cell membranes,
leading to electrolyte leakage and cell | o9 ¢
death. They also induce the fruit's

internal antioxidant system, helping to manage oxidative stress.

Benefits: When combined with chitosan and alginate, nano-ZnO has been shown to prolong
the shelf life of guava for up to 20 days.

3. Chitosan Nanoparticles (CNP)

As an organic nanoparticle, nano-chitosan is derived from chitin and is highly valued for its
biocompatibility and non-toxic nature.

Mechanism: It forms a dense, semi-permeable physical barrier on the fruit surface that
reduces respiration rates and prevents moisture loss. Its positive charge allows it to interact
with the negative charge of microbial cell walls, inhibiting their growth.

Benefits: CNP has been effective in maintaining the firmness and antioxidant capacity of
fruits like bananas and raspberries while preventing the development of "off" flavors.

4. Titanium Dioxide Nanoparticles (TiO,)

Titanium dioxide is an inorganic nanoparticle

recognized for its unique photocatalytic and | Titanium Dioxide

optical properties. Nanoparticles

Mechanism: Under light exposure, TiO, 4

generates reactive oxygen species (ROS) that A s

can degrade ethylene the primary hormone —
responsible for fruit ripening. This “ethylene scavenging” effect directly slows down the
maturation process.

Benefits: Coatings containing TiO, have been shown to maintain the nutrient composition
and firmness of blueberries and apples, even when stored at room temperature.

Zn0 Nanoparticles

Conclusion

The "Nano-Revolution™ in postharvest technology marks a transformative turning point for
the agricultural industry, offering a sophisticated toolkit to combat global food waste. By
manipulating materials at the molecular level, researchers have developed "smart"
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preservation systems that move far beyond traditional refrigeration. The integration of
nanoparticles like Silver, Zinc Oxide, Chitosan and Titanium Dioxide into edible coatings
does more than just shield the fruit; it actively manages the biological clock by regulating
respiration, neutralizing pathogens, and scavenging ripening hormones like ethylene. These
advancements can extend the shelf life of highly perishable crops such as guava and berries
from a few days to several weeks, all while preserving vital nutrients and sensory qualities.
Ultimately, nanotechnology provides a sustainable, non-toxic alternative to synthetic waxes
and plastic packaging, ensuring that the journey from orchard to table is efficient and capable
of meeting the demands of a growing global population.
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