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Abstract

One of the many diverse and quickly embraced nanotechnology in the food Keywords: Nanoencapsulation,
business is nano-encapsulation. It is an emerging technology that involves the nanotechnology, bioactive
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gelation, nano-precipitation, nano spray drying and ultra-sonification. In Author: Kamaldeep Kour
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nanotechnology can also improve food's sensory qualities, storage, and target

distribution, as this study explored. Current state of knowledge, limitations of

these techniques, and recent trends are also discussed. Finally, safety and

regulatory issues in the nano encapsulation of bioactive compounds are also

highlighted.

Introduction

Nanotechnology has developed as one of the most encouraging scientific field of research and has been touted as the
next revolution in many industries, including agriculture and food industry over the most recent couple of decades
Subramani et al. [1]. The surface-to-volume ratio rises when particle size is reduced to the nanoscale range, which
subsequently enhances reactivity several times with modifications in mechanical, electrical, and optical properties. It
deals with the manufacture, processing, and uses of materials smaller than 1,000 nm [2].

Therefore, the design and manufacture of materials, tools, and systems with control at nanoscale dimensions is
referred to as nanotechnology. Food production, processing, storage, and the development of novel components,
products, and applications have all been transformed by nanotechnology. The application of nanotechnology to the food
sector could generate innovation in the macroscale characteristics of food, such as texture, taste, other sensory attributes,
coloring strength and stability during shelf-life, leading to a great number of new products. Furthermore,
nanotechnology can enhance bioactive compounds' oral bioavailability, thermal resistance, and water solubility [3]. The
primary applications of nanotechnology in food science include controlling the release of food ingredients, creating
new flavors and sensations, encapsulating food components or additives, encapsulating bioactive chemicals with
nanocarriers by nanotechnology can change the textures of food items and/or increase the bioavailability of nutritional
ingredients and is a promising approach to increase the solubility, stability, and bioavailability of these molecules.

Nano encapsulation

Encapsulation has prospective applications in many scientific and technological domains, particularly in the food
industry. It is a technique by which the sensitive ingredients are packed within a coating or wall material. The wall
material protects the sensitive ingredients against adverse reaction and controls release of the ingredients [4]. The food
sector already commonly uses the encapsulation process to preserve organic substances which impart flavor and odor
after these molecules typically possess smaller molecular weights and can easily volatilize during food
processing/manufacturing and storage [5]. The aim of encapsulation is mainly protecting the labile and sensitive
bioactive agents from the undesirable circumstances. A capsule is made up of a small sphere encased in as solid shell.
The wall of the capsule might be referred to as the shell, coating, wall material, membrane shell, carrier material,
encapsulating agent, external phase, or matrix, while the substance within is referred to as the core material, internal
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phase, encapsulant, payload phase, or fill [6]. Encapsulation can help foods contain more stable bioactives by better
controlling their release at the physiological site of action [7].

Specifically, nanoencapsulation provides particles of <100 nm, the encapsulated particles can be classified as
nanocapsules (<0.2 um), microcapsules (0.2—5000 pm) and macrocapsules (>5000 pm). Nanocapsules can be classified
into two basic categories of single-core or multicore and each one in a form of single-wall or multiwall One of the main
benefits of applying nano encapsulation is the homogeneity it imparts, resulting in better encapsulation efficiency and
suitable physical and chemical properties. For functional food components that significantly affect product stability,
bioavailability, and process ability, this approach offers a convincing alternative [8].

Advantages of nano encapsulation

e Increasing the bioavailability of food ingredients.
Masking the unpleasant aromas and tastes, such as the undesirable taste of fish oil.

e Preventing the unnecessary interactions with other chemical structures, for example, micro-
encapsulation of organic acids, such as citric acid and ascorbic acid to maintain the proper
physicochemical properties and nutrient level of foods.

Techniques
Coacervation

In the coacervation procedure, one or more polyelectrolytes are separated from a solution by phase separation, and the
newly created coacervate phase is then deposited around the active component. Moreover, a hydrocolloid shell can be
cross-linked with the help of an appropriate chemical or an enzymatic cross-linker, such as transglutaminase or
glutaraldehyde, primarily to strengthen the coacervate [9].

The common driving force for this method is electrostatic attraction between oppositely charged molecules. Gelatin,
gum of acacia and chitosan has been used as wall materials in this technique.

Advantages

e Coacervation is a distinctive and promising encapsulation technology because of the very high payloads
achievable (up to 99 %) and the possibilities of controlled release which is beneficial foe sustained drug
delivery, or gradual flavor and fragrance release.

e Many coacervation processes use biocompatible and biodegradable polymers, making it suitable for
pharmaceutical and medical applications, where safety is concern.

Nanoprecipitation/ Solvent Displacement Method

The nanoprecipitation method is also called solvent displacement. In the aqueous exterior phase, the organic internal
phase—which contains the dissolved polymer, drug, and organic solvent—emulsifies spontaneously. The process of
nano precipitation entails the dispersion of the organic solvent in the aqueous medium and the precipitation of a polymer
from an organic solution [10]. This process exploits the difference between solvent and non-solvent to induce the
formation of nanoparticles. Organic solvent into the surrounding aqueous phase, together with the dissolved carrier
material.

Advantages of Nanoprecipitation

e Compared to alternative techniques for creating nanoparticles, nanoprecipitation has the following benefits:

e Simplicity: There is not a requirement for advanced equipment or extreme reaction conditions because the
procedure is really simple and straightforward.

e Gentle conditions: The procedure is suitable for heat-sensitive materials because it doesn't require the use of
high temperatures or pressures and is completed at room temperature.

Challenges and Future Perspectives

Even with all of nanoprecipitation's benefits, there are still certain problems that require attention. Strategies for
improving the characteristics of nanoparticles made via nanoprecipitation require further investigation.
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Ionic Gelation

Ionic gelation uses ionic cross-linking of polyelectrolytes with multivalent ions to form a gel network. The most
commonly used polymer in ionic gelation is chitosan that is cationic in nature. This techniqueis used to precipitate an
anti-solvent [11]. Reagent toxicity and unwanted side effects are possible with physical crosslinking, which is based on
electrostatic interactions among polymers and crosslinking agents. This method is simpler to implement because it uses
the magnetic stirrer’s kinetic energy at room temperature [12].

Advantages

e Mild Processing conditions: occur at mild temperatures and physiological pH levels, which preserves the
stability of sensitive bioactive compounds, such as proteins and nucleic acids, that may degrade at high
temperature.

o Controlled release: By forming a gel matrix, this method can help control the release of encapsulated
compounds, making it deal for sustained drug delivery.

e Biocompatibility: Ionic gelation often uses biopolymers like chitosan, alginate which are naturally
biocompatible and can reduce potential toxicity [13].

Nano spray drying
Nanocapsule formation by Nanospray drying

The process of spraying a fluid into a heated drying medium to turn it from a liquid into a dried particle form is known
as spray drying. This one-step technique operates well for transforming a variety of liquid formulations-such as organic
and aqueous solutions, emulsions, and suspensions—into dry powders. Spray drying provides a high degree of
flexibility in controlling particle size and morphology through the optimization of process parameters and feed
formulations [14].

Higher stability, improved resistance to environmental factors including oxidation, light, and temperature, ease of
transportation and storage, and dispersibility in aqueous solutions are all advantages of the dried powder form [15].

Principle
There are 3 basic processes in the spray drying process:

* Atomization of the liquid feed,

* Drying of the sprayed droplets in the drying gas and formation of dry particles, and

*  Separation and collection of the dry product from the drying gas. The nozzle atomizes the feed into droplets. A
significant increase in surface area results from the lowering of particle size. The hot drying gas (often air or
inert gas) continuously flows through the drying chamber, rapidly eliminating the solvent, which may be water,
solvents made from organic material, or combinations of these. After getting separated from the gas stream by
a cyclone, the dry solid particles are gathered in a collection tank.

By dissolving, emulsifying, or dispersing the core material in a carrier material solution, encapsulation is achieved.
The combination is then sprayed into the heated drying chamber. There could be a liquid or solid form of the enclosed
substance.

Encapsulation protects the bioactive compound from the surrounding environment, increases the product storage
stability [16] and preserves their health-promoting [17]. Additionally, encapsulation is used to maximize bioavailability,
control the release of the bioactive chemical, target particular areas, and cover up an ingredient's flavor.

Advantages

*  Controlled release of active compounds
Due to increased hydrolysis, active chemicals enclosed in low molecular weight PLGA polymers release
more quickly than those with a high molecular weight and degradation rate [18].
»  Stability of active compounds during nano spray drying
During the nano spray drying process, the active compound is exposed to several potential stress factors,
such as fluid pumping, atomization into droplets, heat, and particle collection and recovery.
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Challenges in nano spray drying

* Droplet formation may occur intermittently or perhaps cease entirely if certain fluids are too viscous to flow
through the mesh system and suspensions block the mesh openings.

* The processing time may gradually increase. Sometimes the product may even build-up deposits on the
vibrating mesh and reduce the product yield [19].

*  Equipment designed for large-scale nano spray drying is yet to be developed and commercialized.

Future of nanoencapsulated food in human digestive tract

Human digestive tract has a linear form that might not be proper for the absorption of bioactive food components. Food
ingredients can only be comfortably introduced by oral delivery and the processing of the food into a digestible form
occurs in strict sequence thereafter. Thereafter, the bolus is swallowed and transferred into the stomach, where digestion
takes place in the acid solution [20].

Safety and regulatory laws in food nanotechnology

Due to their miniature sizes and unique features there are underlying concerns about safety and possible negative effects,
especially their persistence in ecosystems and possible bioaccumulation in living organisms. Another emerging concern
relates to the ethical and societal implications of nanotechnology. Questions about the ethical development and
application of nanoparticles as well as the fair distribution of advantages and hazards throughout society emerge when
the boundaries between fiction and reality become progressively unclear. The potential for nanomaterials to exhibit
unexpected behaviors, such as increased reactivity or bioavailability, poses serious challenges for risk management
strategies [21].

By leveraging large datasets and machine learning algorithms, researchers can predict the toxicological properties
of nanomaterials based on their physicochemical characteristics and biological interactions. These predictive models
offer valuable tools for prioritizing the testing of high-risk nanomaterials and optimizing risk assessment strategies.
Effective nanomaterial regulation requires including the public and encouraging communication among stakeholders.
Regulations are greatly influenced by how the public views and accepts nanotechnology regulations and business
practices. Thus, it is crucial to educate and enlighten the public about the advantages and dangers of nanomaterials [22].

Recent nanocarrier systems

1. Liposomes: are spherical vesicles composed of one or more concentric lipid bilayers, usually made of
phospholipids similar to biological membranes. They can encapsulate hydrophilic compounds in their aqueous
core and lipophilic compounds within the lipid bilayer. They are biocompatible and widely used in the food
industry for flavor or nutrient protection

2. Nanoemulsions: are emulsions with extremely small droplet sizes, 20-200nm. They are not thermodynamically
stable but have high kinetic stability. They are made of 2 immisible liquids with an emulsifier, but their droplets
are so tiny that the mixture looks transparent. They are excellent for enhancing oral bioavailability of
hydrophobic compounds, as their small size allows for rapid absorption.

3. Cyclodextrins: are a family of cyclic oligosaccharides with a unique structure i.e. a hydrophobic inner cavity
and a hydrophilic outer surface. They form inclusion complexes by trapping a lipophilic guest molecule inside
the cavity.

Conclusion

The food sector is undergoing a change due to nanotechnology, which provides innovative techniques for processing
and preservation through nanoencapsulation. This technology greatly improves the stability, solubility, and
bioavailability of sensitive bioactive chemicals by employing methods like coacervation, nanoprecipitation, ionic
gelation, and nano spray drying. These techniques enable controlled release within the human digestive tract while
shielding chemicals from external stress. However, there are significant obstacles to these inventions future use in terms
of scale, possible toxicity, and regulatory safety. In the end, even if nanotechnology promises better functional food,
effective commercial integration depends on the establishment of strict safety regulations and legal frameworks.
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