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				ABSTRACT: Natural polymers are non-toxic, affordable, and abundantly accessible; hence they're often used in edible coatings. Covering vegetables with edible coatings that include antimicrobials, browning inhibitors, and nutraceuticals is a unique way to increase their nutritional value. Natural polymers are non-toxic, affordable, and abundantly accessible; hence they're often used in edible coatings. Covering vegetables with edible coatings that include antimicrobials, browning inhibitors, and nutraceuticals is a unique way to increase their nutritional value. Most edible coatings employ non-toxic, inexpensive, readily accessible natural polymers. Using biodegradable synthetic polymers and liquid and solid lipids, nano systems may be built at room temperature. To minimise food waste, edible food packaging utilises high-quality, low-impact packaging materials. Dairy consumer goods are among the industries targeted by the attack. Polymer nanocomposites, a kind of nano reinforcement, may act as a small gas barrier by increasing the difficulty of passing through the material. To put it simply, we now have the ability to accurately estimate the shelf life of our products thanks to developments in packaging technology, as well as biodegradable packaging and several other advantages. Packaging nanotechnology applications are categorised by their principal function. In conclusion, biodegradable synthetic polymers and liquid and solid lipids may also be used to create nano systems at ambient temperature. It is argued that recent advances in the usage of nano systems such nanoparticles, nanotubes, composites, and emulsions, are reviewed critically in this study. For food preservation purposes, nano dispersions may be supported by polymers, although the main focus of this article was on providing information on nano systems and how they can be used in various food substrates.
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	INTRODUCTION 

	 

	Nanotechnology is a rapidly expanding field that draws from a wide range of scientific and engineering disciplines. Nanotechnology has been applied to the fields of biology, chemistry, engineering, and physics in order to create new types of materials. Because of the changes in their physical, chemical, and biological properties that occur as they are scaled down to the nanoscale range, nanomaterials are finding new uses in a variety of fields. Nanoparticles (10-9 m) have the potential to be used in a wide variety of applications due to their singular qualities, which include their unusually small particle size and enormous surface area (Duran and Marcato, 2013; Patil et al., 2019). In the food industry and processing industry, potential applications of nanotechnology include the detection of pathogens, the administration of drugs, the packaging of food, and the distribution of bioactive components. Utilizing nanotechnology within food systems enables a fresh approach to the protection of food and the enhancement of its nutritional content (Rashidi and Khosravi-Darani, 2011; Kiss, 2020). It is common practice in the manufacturing of edible coatings to make use of natural polymers because they are non-toxic, inexpensive, and widely available. Covering vegetables with edible coatings that contain active compounds such as antimicrobials, browning inhibitors, and nutraceuticals is a novel method for increasing the nutritional content of the produce that is being consumed (Dholariya et al., 2021). 

	The production of modern food and agriculture has profited significantly from considerable breakthroughs in nanotechnology due to the advent of smart and active packages, nano sensors, nano insecticides, and also nano fertilizer. Numerous innovative nanomaterials have been emerged in recent years with the goals of enhancing the quality and safety of food, as well as monitoring crops and the environment (He et al., 2019). Edible coatings are a type of food coating that refers to food products that have been coated with an edible polymer layer that possesses both biological and chemical capabilities. Plants and animals both contain reservoirs of biopolymers such as resins, oleoresins, gums, lipids, polysaccharides, proteins, and other resinous compounds. 

	It is possible to recover and purify these compounds from their raw sources by employing the appropriate processing methods and procedures. Resins, oleoresins, gums, lipids, polysaccharides, and proteins are examples of biopolymers. Because plants have a high polyphenolic chemical content, which may serve as probable antioxidants and antibacterial agents, it is common practice for edible coatings to be obtained from plants. This is due to the fact that polyphenols are found in high concentrations in plants (Bhagath and Manjula, 2019). It is absolutely necessary for nanocomposites to have increased stability in order to keep their antibacterial action intact and stop the migration of metal ions in preserved foods. Polymers are primarily developed for the development of nanocomposites in the culinary industry that contain metal or metal oxide nanoparticles (He and Hwang, 2016). Utilizing nanoparticles such as nano chitosan, which have distinct physical and chemical qualities (small size, high surface area, and positive surface charge) that make them a viable alternative, it is possible to protect fruits from diseases (Melo et al., 2020). It is well knowledge that nanotechnology can be utilized to increase the amount of time that food can be stored. When compared to bigger systems, the smaller particle size that may be achieved in nanometric systems results in materials with distinct and better properties. It is now possible for hydrophilic and lipophilic compounds, such as antimicrobials and antioxidants, to extend the shelf life of a wide range of products, such as whole and freshly cut fruits and vegetables, nuts, seeds, cheese, and so on. The majority of edible coatings make use of natural polymers, which are often non-toxic, inexpensive, and easily accessible. On the other hand, biodegradable synthetic polymers as well as liquid and solid lipids can be employed to build nano systems even when the temperature is room temperature (Zambrano-Zaragoza et al., 2018). The improvements that have been made possible by nanotechnology have made it feasible to create a wide variety of brand-new structure, materials, and systems. These include those in the fields of agriculture, food, and medicine (Singh et al., 2017).

	 

	POTENTIAL APPLICATION IN FOOD INDUSTRY

	 

	There is a possibility that nanotechnology will have an effect on a diverse variety of food and agricultural production methods. In the fields of agriculture and food systems research and engineering, nanotechnology has a wide range of applications, some of which include food security, new methods for the delivery of disease treatments, new tools for molecular and cellular biology, innovative materials for the detection of pathogens, and environmental protection. The following are some of the ways in which the application of nanotechnology can benefit the food industry:

	
		Manufacturing, processing, and shipping of food has become more secure thanks to pathogen and contamination detecting sensors. 

		It is important to have devices that can track particular shipments and retain environmental data for a specific product.

		Intelligent/smart systems that incorporate sensors, location, reporting and remotely maintenance of food products can increase the efficiency and stability of food processing as well as transportation.

		Food ingredients can be transported, preserved, and distributed to their designated sites of action using encapsulation and tracking system to accomplish these tasks. Biosciences and engineering applications are the primary focus of nanotechnological research. Table 1 shows a variety of uses.



	 

	
		
				Table 1 - Application matrix of nanoscience and nanotechnology in main areas of food science and technology (Hamad et al., 2018; Kumari and Yadav, 2014; Rashidi and Khosravi-Darani, 2011; Santeramo et al., 2018)

		

		
				Area of application

				Purpose and fact

				Approaches

		

		
				Design of nanomaterial

				Nanoparticles, Nano emulsions, Nanocomposites, and Nanobiocomposites are all forms of nanotechnology (nano biopolymeric starch)

				Self-assembling, self-healing, and modifying attributes in a novel specified material.

		

		
				Nano sensors and nano biosensors

				Nanolaminates
Quality control and food safety

				Monitoring and labeling of food items; detection of extremely trace amounts of chemical contaminants by the use of a sensor assessment system that incorporates an electronic nose and tongue
The identification of food-borne pathogens can be accomplished by using nucleic acid, protein, or any other metabolite produced by microbes.

		

		
				Processing

				Nanofiltration
Nanoscale enzymatic reactor
Heat transmission and mass exchange Nanofabrication
Nano capsules designed to alter the way substances are absorbed

				By using a nanoceramic pan, it was possible to cut down on the amount of time needed to roast the food, the amount of oil used, and the amount of trans fatty acids produced by using plant oil rather than hydrogenated oil. Because of this, scientists were able to create nutrient-delivering nano capsules for food that are safe to ingest and may be put into food in order to facilitate greater absorption.

		

		
				New products

				Packaging 
Delivery 
Formulation 
Evaluation 
DNA recombinant technology

				Barrier properties (mechanical, thermal, chemical, and microbial) are improved with the use of nanocomposites as coatings, release devices, and novel packaging. Mechanical and thermal properties are gotten better; effective antibacterial surfaces are developed; microbial contamination and biochemical changes can be detected and signalled; and dirt repellent coatings for packaging are developed.
• Targeted delivery of nourishment by nanomycells (nutrition nano therapy)
 •  Sustained - release of nutrients, proteins, antioxidants, and tastes with nano capsules
• Development of a new product by the use of a nanoscale enzymatic reactor
 •  Omega-3 fatty acid, haemoglobin, lycopene, beta-craton, phytosterols, and DHA/EPA fortification of food
As a nano biological system for the creation of new goods, enzyme and protein evaluation
• Nano porous medium for the manufacture of recombinant enzymes with a wide range of applications.

		

	

	It is possible to design novel structures out of functional nanostructures and give food products new functionality by employing these nanostructures as building blocks. Nanoliposomes, nano emulsions, nanoparticles, and nanofibers are only a few examples of the various types of nanomaterials. Weiss has provided specific information about a few of these buildings, in addition to their past, present, and potential future applications in the food sector. According to the most recent information available, nanomaterials employed in applications related to food preparation can be either inorganic or organic. Inorganic, surface-functionalized, and organic engineered nanomaterials (ENMs) are the types of designed nanomaterials that can be discovered in nanofood items (Sekhon, 2010). 

	Sensors that operate on the nanoscale Biosensors on food, for instance, might make use of biological molecules like sugars or proteins in order to determine the presence of infections and other impure chemicals. The use of sensors that can detect illness and contaminants in food nano sensors would make food production, processing, and shipping significantly safer. It is feasible to compensate for the shortcomings of the sensors that are currently in use by employing nano sensors because of their tiny size and portability as well as their rapid processing and specialized nature (Sharon et al., 2010). Active food packaging adds preservatives such as antimicrobials to food at the beginning of the rotting process, whereas intelligent food packaging can warn the user to the food breakdown. By utilizing nano-composites in food packaging, it is feasible to protect food against contamination such as illnesses, gas leaks, and other potentially harmful substances. In addition to preventing the growth of bacteria, fungi, and other pathogens, bio-nanoparticles such as silver titanium oxide, zinc oxide, and other bio-nanoparticles function as a barrier to the exchange of gases. Enhancing a product's barrier capabilities can assist maintain food quality and increase its shelf life, even in the absence of the application of artificial or chemical preservatives. Nano-composites are a type of reinforcing material that has a size less than 100 nanometres and is classified as a polymer with a single dispersion phase that can either be organic or inorganic (Sharma and Dhanjal, 2016). It is possible to utilize coatings and films to communicate food contents, restrict the movement of moisture and other things such as carbon dioxide and aromas, and improve the mechanical qualities of the meal. This can be done by preventing the flow of moisture and other substances. Starch, chitosan, cellulose, and galactomannans are some of the compounds that can be used to make edible or biodegradable coatings and films. Other possible substances include galactomannans (Zhang et al., 2014). 

	Biopolymers such as polysaccharides, proteins, lipids and waxes, plasticizers, and additives can all be utilized in edible food packaging. Other types of biopolymers include cellulose, hemicellulose, and cellulose acetate. Edible food packaging relies on high-quality and environmentally friendly packaging in order to reduce the amount of food that is wasted. The dairy industry, the fruit and vegetable industry, the grain and cereal industry, fisheries, the meat and poultry industry, as well as consumer food products and other fields are among those that are being targeted. It is also feasible to improve food qualities by combining established methods of food preservation with edible packaging. These methods include thermal treatments and cold processing, preservatives and water management, and non-thermal processing, among others. Consumables that have been wrapped in a variety of secondary and tertiary packing materials are able to be exported and transported with relative ease (Ghosh and Katiyar, 2021). 

	The primary idea behind this method is to change the atmosphere that is surrounding the fruits by either eliminating or adjusting the quantity of chemicals that are necessary for respiration. Some examples of these chemicals are oxygen, carbon dioxide, and ethylene. The application of edible coatings as a means of protecting the quality of fruit has revealed some encouraging outcomes. Agents, either biological or chemical, are placed to the surface of the product and left there in order to put a stop to the ripening process. The term "edible coating" refers to a thin layer of fruit that acts as a barrier between the fruit itself and the environment around it. This layer can be consumed by humans. The coating solution is either dipped onto the fruits or sprayed onto them in order to apply the edible coating to fresh or freshly cut fruits. An edible coating can act as a barrier to the interchange of gases, which in turn can lower the amount of water that is lost from the surface of the fruit and alter the atmosphere around it, leading to an improvement in the flavour of the fruit. In addition to reducing the rate of fungal development and enhancing the overall appearance of the fruit, this also stops anaerobic respiration and the aging process (Maringgal et al., 2020). Bioactive peptides are encapsulated in lipid bilayers. Compound encapsulation shields a delicate component from the potentially harmful effects of the surrounding environment by hermetically sealing the capsule. Because of this barrier, it is feasible to protect a chemical from oxygen, water, and light while yet allowing for regulated release and limiting contact with other components in a combination. This is made possible by the barrier's structure. Bioactive peptides are pieces of proteins that have the potential to improve the health and well-being of living creatures. The nitrogenous components that are biologically active are found in abundance in marine creatures. Limiting hypertension, decreasing cholesterol, controlling hunger, and inhibiting the growth of germs are just a few of the actions that have been associated to this chemical. 

	In addition, this substance possesses antibacterial, anticoagulant, and antidiabetic effects. With the assistance of these peptide-loaded nanocapsules, it would be feasible to stop the putrefaction of food and the development of potentially harmful microbes. When astaxanthin and maybe other carotenoid pigments are micro- or nano-encapsulated in food matrices, they may be more stable and have a greater therapeutic effect (Neves et al., 2015).

	 

	NANOTECHNOLOGY IN FOOD INDUSTRY 

	 

	Food processing

	Through the process of food processing, raw ingredients are converted into food and other forms that may be marketed and have a longer shelf life. These products can also be stored for longer. The elimination of toxins, the prevention and treatment of illness, and the conservation of materials are all examples of processing. Another example would be improving the consistency of the meal so that it can be distributed more easily. When it comes to transporting goods across great distances, processed meals are preferable to fresh foods since they are less likely to go bad than fresh foods. The application of nanotechnology has made each of these far more efficient. When foods are encapsulated with straightforward solutions like colloids, emulsions, biopolymers, and others, the food's functional characteristics are maintained. It is possible to use structural lipids, often known as "nanodrops," as a liquid transporter for beneficial components that are difficult to dissolve in water or fat (Ali et al., 2019; Giaconia et al., 2020). This is possible because structural lipids have a very small molecular size. They accomplish this by preventing cholesterol from being absorbed in the gastrointestinal tract and instead delivering it directly to the bloodstream where it may be used.

	 

	Food packaging

	Food packaging is required to fulfil a number of requirements, including those pertaining to safety, resistance to tampering, and particular requirements for its chemical, biological, or physical makeup (King et al., 2017). Because of this label, you will be able to view any and all nutritional information that pertains to the food that you are about to consume. The viability of the food's business depends heavily on the packaging, which plays an important part in the preservation of the product. As a result of advances in packaging technology, we now have quality packaging, a means of estimating shelf life that is user-friendly for consumers, biodegradable packaging, and a plethora of other benefits. The various applications of packaging nanotechnology are broken down according to their primary purpose.

	 

	Barrier protection

	It is important to keep food in an atmosphere that is low in oxygen and inert in order to prevent the growth of microbes and the subsequent rotting of the food. When nanocomposites are introduced into a polymer matrix, the increased surface area of the nanocomposites provides for improved filler-matrix interactions as well as performance (Bustamante-Torres et al., 2021). Nano reinforcement, which is also known as polymer nanocomposites, can function as a tiny gas barrier since it increases the difficulty of the material's passage through the material. Complex metallic ores are used in the production of nano clays, which are materials that are composite in nature. In order to enhance the quality of food packaging and provide a barrier against the permeability of gases contained within the container, polymer clays produced from nylons, polyolefins, PET, PA, epoxy resins, and poly methane are frequently utilized. In contrast, Durethan, Imperm, and Aegis nano clay, all of which are composed of nano clay based on polyamide, have undergone extensive development and are now available for commercial use. It has been praised for both its longevity and its level of protection. Due to the fact that packaging is such an essential component of the marketing of a product, numerous studies on cell-and-carbon nanotube nanocomposites have been conducted.

	 

	Antimicrobial packaging

	Utilizing natural nanoparticles as a preventative measure against infections and spoilage brought on by the proliferation of microbes is possible (Saleh and Abu-Dieyeh, 2021). Silver nanoparticles can be found in a wide variety of products, including bio textiles, electrical appliances, refrigerators, and kitchenware, to name just a few of these categories. Its ions, in addition to silver nanoparticles in bulk, have the ability to obstruct a wide variety of biological processes that bacteria engage in. Zinc oxide is found in a variety of polymers, including polypropylene, and these properties become more pronounced as the particle size decreases. Zinc oxide has the ability to be activated by light and has antimicrobial properties; also, it can be activated by light. Titanium dioxide can be used as a coating on packages to prevent E. coli contamination of the contents. In order to help the disinfecting process along, silver is added to the solution. Recent research has shown that an antibacterial property can be discovered in a biopolymer called Chitosan, which is formed from chitin. Chitosan is also a great encapsulating material. Both the consumer and the manufacturer would stand to gain a great deal in terms of health and convenience from the use of antimicrobial packaging (Sreekumar et al., 2007; Abd El-Hack et al., 2020).

	 

	Biodegradable

	The greatest concerning contributor to overall changes in environmental characteristics is pollution. The production of non-biodegradable plastics contributes to the emission of harmful gases into the environment, which in turn contributes to global warming. The production of a biodegradable polymer resulted in the material having a low mechanical strength and a high permeability to both water and gases (Moustafa et al., 2019; Zhang et al., 2022). Materials for packaging that are based on nanotechnology and possess qualities such as biodegradability, mechanical strength, and renewable resources can be developed to solve these concerns. Other sources of nanoparticles besides metal oxide nanoparticles and carbon nanotubes include animal and plant proteins, carbohydrates, and lipids. Nanoparticles can also be found in carbon nanotubes. Collagen nanofibers, zein nanofibers, and corn cellulose nanofibers all have a porous structure on their own. In the production of comfort packaging, these nanoparticles, in conjunction with nanoclays, are utilized. In addition to this, they have the capability to operate as biocatalysts, sensors, and they also have the potential to inhibit the growth of bacteria.

	 

	CONCLUSION

	 

	Biodegradable synthetic polymers and liquid and solid lipids may also be used to create nano systems at ambient temperature. It is argued that recent advances in the usage of nano systems such nanoparticles, nanotubes, composites, and emulsions, are reviewed critically in this study. For food preservation purposes, nano dispersions may be supported by polymers, although the main focus of this article was on providing information on nano systems and how they can be used in various food substrates.
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