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Abstract:  

 The food industry can be affected by the rapid development, new connections and advances 

in nanotechnology. Nanostructured materials are used to encapsulate food ingredients, 

containers and nano sensors. These materials make the compounds more soluble, bioavailable 

and increase their value in the child, while ensuring the safety of the ingredients during 

manufacture and storage. The review provides an overview of the impact of nanotechnology 

on the food industry and describes the impact of nanostructured antimicrobial products on 

pathogens. It also introduces the properties of food nanotechnology and its current and 

possible future applications in food research. 
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Introduction:   

Nanotechnology is a multifaceted challenge defined as the use of nanomaterial with sizes 

between 1 and 100 nanometers. Many materials show special tendencies when reduced to 

nanoscale sizes. The ultimate goal is to truly understand these trends in order to develop 

better products and new products using environmentally friendly technologies. The 

application of nanotechnology to food has many benefits, including all new developments to 

improve food safety and quality, and long-term possibilities for industries. Another goal is to 

reduce waste by using nanotechnology in food packaging. It has been determined that the use 

of  nanoparticles provides food safety by increasing the nutritional value, performance and 

shelf life of foods. Developing processes and structures that are effective and safe for human 

use is a critical issue in nanotechnology. Experts know that to address these concerns, safe, 

non-toxic and biocompatible nanostructures made from food products can be produced using 
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a seamless, efficient and environmentally friendly process. The function of food 

nanotechnology defines the packaging that uses it. Food ingredients can affect the 

bioavailability and nutritional value of foods due to their location and function. Most of the 

toxicological effects of nanoparticles depend on their physical location. Therefore, a better 

understanding of the potential, application and current regulations of food nanotechnology 

and hazard/protection assessment is extremely important. Nanotechnology has great promise 

in the food industry, but there are many serious problems in terms of food knowledge and 

technology. The main problem is that the working methods included in the budget must be 

used to make them suitable for transport and at the same time to be stable and fit for human 

consumption.   

Nanostructures in food systems   

Some foods contain nanoscale materials that are not produced in a laboratory.Many trophic 

proteins have a spherical structure with a period of 10 to 100 nm, although others have a 

larger shape. Most lipids and polysaccharides are linear polymers with a thickness of 1 nm 

(one-dimensional nanostructure). In addition to using derivative products such as milk, 

casein, it also contains plant nanostructures. Synthetic nanostructured systems in food are 

polymeric nanoparticles, microemulsions, liposomes and nanoemulsions. These materials 

increase solubility, bioavailability and aid in the control and safe release of bioactive 

components. 

Nanoemulsion  

 Nano emulsions are colloidal dispersions of 50 to 1000 nm in length used in the production 

of oil flavourings, salad dressings, beverages, sweeteners and processed products. 

Nanoemulsions can be used to remove solids and improve clarity without affecting product 

quality or taste. Functional nanoemulsions and encapsulated nanocompounds for the delivery 

of lutein, lycopene, beta-carotene, vitamins A, D and E3.  Emulsion is used in many 

industries from cosmetics to food processing. Many separated or immiscible liquids form an 

adsorbed layer at the liquid-liquid interface, forming water-in-oil or oil-in-water emulsions. 

Also, some emulsions can be made for any product, including water-in-oil-in-water or oil-in-

oil-in-water. Nanoemulsions have cross sections of water droplets with a period of 50 to 1000 

nm and a non-destructive phase of water droplets. For Nano encapsulation of all oil-based 

bioactive drugs, the lipophilic core in the Nano emulsion is separated from the aqueous phase 

by a surfactant-type monolayer. Nanoemulsions are produced by absorbing thin films at 
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liquid-liquid interfaces and homogenizing them under moderate pressure. When the liquid is 

sprayed from the nozzle, the result of high stress homogenization causes Taylor instability, 

often referred to as droplet fragmentation during shear. A thin layer is used around the pump 

to help secure it. This layer is rich in natural surfactants, including phospholipids and 

proteins. Damage reversal is a very different method of forming nanoemulsions.  

 Protein-Biopolymer Nanostructural Fragments micelles (protein-biopolymer circular 

structures ranging in size from 5 to 100 nm) are capable of encapsulating lipids, antioxidants 

and nutrients. Microemulsions are created to dissolve water-insoluble additives. 

Microemulsions have also been used to incorporate glycerides for food. Lipophilic and 

hydrophilic antioxidants work together to improve the overall antioxidant effect of 

microemulsions.  Synthetic nanoparticles using biopolymers, including polysaccharides or 

proteins. Polylactic acid is the most biodegradable biopolymer nanoparticles.   

Use of Nanostructures in Food Applications 

Nanostructures are classified according to their "direct" or "indirect" use in food. A current 

application of nanomaterials is their use in food, which needs clarification. Direct application, 

including fragrances, antioxidants, antibacterials, energy components (nutrients, omega-3 

fatty acids, polyphenols, etc.) factors and antibiotics. Encapsulation of nutritional 

components, drugs suitable for human consumption   Nanotechnology can improve the 

absorption, flavour and bioavailability of active ingredients, as well as improve health with 

nanoscale additives and ingredients such as preservatives, antioxidants, antimicrobials and 

vitamin flavour. Nutraceuticals contain lycopene, phytosterols and beta-carotene, which help 

prevent cholesterol build up. Green tea containing nano-selenium has many health benefits as 

it can increase selenium intake. The Nano encapsulation method involves encapsulating drugs 

to achieve nanoscale functionality, including release control in the environment. 

Encapsulated compounds have many advantages, including improved shelf life and stability, 

continuous delivery of high-energy products, and controlled emission from pH. Vitamins, 

probiotics, antioxidants, preservatives, carotenoids, omega-3 fatty acids, peptides, lipids and 

proteins are combined with carbohydrates by Nano transportation technology. Because food 

is not always plant-based, valuable additives can affect its function and stability. Nano 

encapsulation can improve solubility, bioavailability and homeostasis of food ingredients 

while avoiding adverse interactions with other ingredients. When it comes to lipids, they are 

the best antioxidants.   
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Food Packaging   

Increases food safety by extending the shelf life of products and preventing spoilage or loss 

of nutrients. In addition to preserving food, effective packaging can also have a negative 

impact on the outside. This offers weather-sensitive packaging strategies. These structures 

produce antibacterial and antioxidant compounds or remove pollutants. Antibiotics, enzyme 

immobilized methods and oxygen scavengers are used to ensure proper nutrition. Packaging 

can also be used to deliver electronic products such as minerals, vitamins and bacteria via 

nanocomposites. Silver nanoparticles are used in food packaging and can kill bacteria in less 

than six minutes. Another application for multilayer polyethylene terephthalate (PET) bottles 

is alcohol bottles. Iron and iron oxide nanoparticles are used in Nano composites as 

disinfectants in foods. Titanium dioxide (TiO2), UV cleaning, pigment, photocatalyst, 

antibacterial, etc. It has many applications such as they are also close to bacteria that affect 

the spoilage of food and its use in food packaging. For indoor lighting, plastic bags 

containing zinc oxide (ZnO) nanoparticles are sufficient to keep the package clean. Although 

TiO2 nanoparticles can form a larger oxygen layer, they have the disadvantage of photo 

catalysis as they are active in ultraviolet light due to their large band gap. Therefore, new 

technology must enter the market through sales and R&D. While   nanomaterial offer some 

advantages in the food industry, their dangers apply not only to professionals, but also to the 

general public, especially consumers.  

Challenges of Nanotechnology in food Industry 

The food industry has expressed concerns about health hazards and is increasingly associated 

with all levels of consumption, including its potential and impact on the body. One concern is 

that consumers may be exposed to some bio persistent and insoluble nanoparticles, or so-

called "hard" materials, when consuming the product. Another factor affecting the acceptance 

of nanotechnology applications in food is trust, that is, trust in the food industry as well as in 

consumer organizations and scientists. An effort is being made to create a more universal 

definition for nanotechnology and nanomaterial that everyone can understand. The goal is to 

convince the audience of this technology that not only are the benefits outweighed by the 

harms, but that the risks can also be controlled. To calculate the   toxicity profile, it is 

necessary to take into account the nanoparticles of solubility, reactivity, size, quality and 
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other physicochemical variables. More information on the consumption of nanomaterial is 

needed for risk assessment of all exposure methods related to  the food industry. 

Future Perspectives  

 Nanotechnology's application in food research and science has made significant strides. 

Nanotechnology enables the detection of toxins, diseases and pesticides, while tracing, 

monitoring and tracking the quality of food. Carbon nanotubes have garnered considerable 

attention for their application in packaging materials for the detection of harmful germs and 

proteins leading to degradation of food. Additionally, carbon nanotubes have the potential in 

transforming the materials used to package food into intelligent and active packaging 

solutions. The public should be provided with sufficient data and knowledge on the potential 

environmental consequences, safety and health of nanotechnology as it is introduced and 

forming its way into the food chain.  As carrier integration progresses, researchers must 

develop better and more Nano carriers with increased bioavailability while maintaining the 

flavour, texture, and look of food. The notion of smart packaging should be fully realised, in 

which antigen-specific markers are used to build Nano composite food packaging and films 

through nanoparticle inclusion. Antigen-specific indicators will assist in isolating and 

identifying the organism responsible for the degradation. Applications of nanotechnology 

engineering will usher in a new digital era defined by advancements in food, reliability, shelf-

life performance and safety. These advances, together referred to as big data information, 

provide new applications that will gradually affect all facets of society. Due to the 

globalisation of food supply networks, responding to outbreaks associated with foodborne 

diseases is extremely challenging.   

Results 

Nanotechnology in food science results in an advantage over conventional and other methods 

of food processing. The Nano based particles and materials increase mechanical strength, 

barrier properties, help in the detection of pathogens in food and alert the status of food. Its 

contribution to the food industry is extending globally. 

Conclusion  

 Nanotechnology research for commercial food application has advanced quickly but 

development of nanostructures has been significantly slower. As food nanotechnology 

research advances, public concern over the safety of nanotechnology-based goods intended 
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for human consumption and use increases. As a result, prior to commercialization of Nano 

food items, a thorough evaluation of the potential risks to human health is required. To assure 

the safety of our food, it is necessary to conduct and develop human and environmental 

health research. Currently, the fate and potential toxicity of nanoparticles is not fully known, 

but the development and application of nanotechnology in food science and industry should 

be considered. With the development of Nano-biotechnology, devices and materials based on 

it are becoming more and more miniaturized and sensitive. Its use in the food industry and 

food industry is well known. In addition, nanomaterial that can protect food from moisture, 

lipids, gases,  and unpleasant tastes and odors are used to achieve remarkable results in food 

preservation. They play an important role in delivering bioactive chemicals to specific 

tissues. While breakthroughs in nanotechnology are carving new routes daily, there are still 

several problems and opportunities to improve present technology, as well as worries about 

the potential implications of nanotechnology, that must be addressed in order to allay 

customer worries. Even with the advent of nanotechnology, the challenges inherent in 

building a healthy and sustainable food sector persist. Priority should be given to the 

regulation of the associated health, safety, and environmental effects. Transparency on safety 

concerns and environmental impact should be a priority when dealing with the development 

of nanotechnology in food systems and so mandatory testing of Nano foods prior to their 

release to the market is essential. Nanotechnology has the potential to significantly impact a 

range of packaging, food processing and agricultural sectors. Different Nano composites for 

food packaging materials may provide enzyme immobilisation, oxygen scavenging ability, 

antibacterial characteristics and so on. They enhance the quality of the packaging material 

and safeguard food from environmental hazards. At the cutting edge, nanotechnology is 

increasingly being applied in the food sector to develop more sensitive diagnostic devices and 

selective sensors, assuring food quality at all stages of the manufacturing process and aiding 

in the monitoring of food production. Additionally, edible coatings and films are utilised to 

preserve the acceptability of food while prolonging its shelf life. Regional and international 

organisations are collaborating to define and set guidelines for the use of nanotechnology in 

food along with its packaging and additives. Additionally, future advances in nanotechnology 

in agriculture and business will require careful study of their impact on the environment, 

water, land and public health. 
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