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ABSTRACT

             Nanotechnology is the study and use of structures between 1 nanometer and 100 nanometers in size. It involves the application of the altered physical and chemical properties of nanomaterials and nanoparticles for many new profitable productions and applications. The capability to manipulate, control, assemble, functionalise, produce and manufacture things at atomic precision ,makes nanoscience and technology a potential area that can construct a wide range of new materials, devices and technological systems. Bionanotechnology is a branch of nanotechnology which uses biological materials and utilises biological assembling principles. The novel properties of bio nano materials offer many new opportunities for food and agricultural industries, for example more potent food coloring, flavoring and nutritional additives, antibacterial ingredients for food packaging and more potent agro chemicals and fertilizers. Bionanotechnology holds great promise to provide benefits not just within food products but also around food products.  Nanopackaging is defined as the process of interconnecting, powering, cooling, and protecting the food materials for greatly improved functionality and cost. Bionano packaging is already making an impact on the development on of functional or interactive foods, which respond to the body’s requirement and deliver nutrients more efficiently .This paper throws light on the interventions of nanotechnology  and its applications in food packaging and biotechnology.
Keywords:  Nanotechnology, Nanometers,  Bionanocomponents, Food materials, Nano packaging.
1. INTRODUCTION

Nanotechnology is a powerful new technology for taking apart and reconstructing nature at the atomic and molecular level. Nanotechnology embodies the dream that scientists can remake the world from the atom up, using atomic level manipulation to transform and construct a wide range of new materials, devices, living organisms and technological systems.                               Bio nanotechnology is an area of emerging interest and opens up a whole universe of new possibilities for the food industry. In the food processing arena, bionanomaterials are being developed with altered mechanical and thermal properties to ensure better protection of food from exterior mechanical, thermal, chemical or microbiological effects. The basic categories of bionanotechnology applications and functionalities currently in the development of food packaging include: the improvement of plastic materials barriers, the incorporation of active components that can deliver functional attributes beyond those of conventional active packaging, and the sensing and signaling of relevant information [1]. Bionano food packaging materials may extend food life, improve food safety, alert consumers that food is contaminated or spoiled, repair tears in packaging, and even release preservatives to extend the life of the food in the package [2].
2. NANOTECHNOLOGY IN FOOD SECTOR

Nanotechnology could be a suitable solution to the existing technological variances in the field of food processing and preservation technologies. There are a number of popular methods of food preservation that have been used by man in day to day basis including sun drying, roasting, fermenting, salting, smoking, oven baking, carbonation of foods and chemical use or artificial preservatives. The basic working principle behind all these preservation methods rotated around two ideas; slowing down the multiplication of microbial agents or killing them. Nanotechnology and its possible applications such as nanosensors, biosensors, nanopackaging , smart packaging etc may be able to render a complete understanding of the scientific mechanisms and principles behind the adventing technologies[20].

Table 1. Summary of the current uses of nanotechnology in food industry 
(Miller and Senjen, 2008).
	Type of product
	Product name and manufacturer
	Nano content
	Purpose

	Nutritional supplement
	Nanoceuticals ‘mycrohydrin’ powder,RBC Lifesciences
	Molecular cages 1–5 nm diameter made

from silicamineral hydride complex
	Nano-sized mycrohydrin has increased potency and bioavailability. Exposure to

moisture releases H- ions and acts as a powerful antioxidant

	Food contact material

(crockery)
	Nano silver baby mug, baby dream 

	Nanoparticles of silver
	Nano-sized silver particles have increased antibacterial properties

	Food packaging
	Adhesive for McDonald’s burger containers, Ecosynthetix
	50–150 nm starch nanospheres
	These nanoparticles have 400 times the surface area of natural starch particles.When used as an adhesive they require less water and thus less time and energy to dry

	Food packaging
	Durethan KU 2-2601 plastic wrapping, Bayer
	Nanoparticles of silica in a polymer-based

nanocomposite
	Nanoparticles of silica in the plastic prevent the penetration of oxygen and gas of the product’s shelf life

	Nutritional drink
	Oat chocolate Nutritional drink mix,Toddler health
	300 nm particles of iron (SunActive Fe)
	Nano-sized iron particles have increased reactivity and bioavailability

	Food contact material(cooking equipment)
	Nano silver cutting board, 
A-Do Global
	Nanoparticles of silver
	Nano-sized silver particles have increased antibacterial properties


2.2.1 NANOSENSORS

Nanosensors assist in the detection of any subtle changes in food color as well as any gasses produced due to spoilage. In addition, nanosensors have a high sensitivity and selectivity to these changes making them more efficient than the conventional methods of sensors[30]. The gas sensors are made of gold, platinum, and palladium. Aflatoxin B1 toxin that is found in milk can be detected by the gold-based nanoparticles[31]. In some cases, the packaging is made of biological molecules like DNA combined with single walled carbon nanotubes that greatly improves the sensitivity of the sensors. Nanosensors could be applied in the field of agriculture to detect pesticides on the surface of vegetables and fruits. Some nanosensors have also been used to identify carcinogens in food materials[32].

2.2.2 NANOCOMPOSITES

A combination of nanoparticles with polymers makes the nanocomposites. Nanocomposites reinforce the polymers in the combination thus enhancing the property. The high versatility of the chemical functionality of nanocomposites makes them suitable for the development of high barrier properties[18]. Nanocomposites aid in maintaining the food products fresh for some amount of time irrespective of the bacterial infestation of the food product. They minimize carbon dioxide leakages from carbonated beverages bottles by acting as gas barriers[18]. It thus increases the shelf life of the product. Manufacturing industries could use nanocomposites in place of cans and glass bottles to layer their bottles and save on cost in the process. Enzyme immobilization, a type of nanocomposite is widely used due to its faster rates of transfer and its large surface area. The enzymes are incorporated into the nano-clays and used for packaging[19].
 2.2.3 NANOPARTICLES

One of the important advantages of nanoparticles in food processing is upgrading food stability, color, and property of flow. Previously, nanoparticles were used for drug delivery; now they are used in similar fashion in the food industry. Their effectiveness depends on their bioavailability. Silicate and other nanoparticles are used to limit oxygen flow in packaging containers [16], moisture leakage is also checked and reduced hence the food remains fresh for a longer duration. Certain nanoparticles exist that selectively bind to pathogens thus removing them altogether in the process[17].

2.2.4 BARRIER PROTECTION

The food products are preserved by maintaining it in an inert and low oxygen atmosphere for inhibiting microbial growth and spoilage, thus the material used should be impermeable to gases. Nanocomposites are incorporated in the polymer matrix of the substances due to their large surface area which favors the fillermatrix interactions and its performance. Also the nanoreinforcement’s acts as small, barriers for gases by complicating the path of the material, both are known as polymer nanocomposites .Nanoclays are composite materials having complex metallic ores. They are naturally obtained from volcanic ash as Montmorillonite , provides barrier to permeation of gases or polymer based clays prepared by nylons, polyolefin, PET, PA, epoxy resin, poly methane are used for polymer matrix in food packaging to get higher quality. But polyamide based nanoclay have been developed largely and commercialized under the trade names Durethan, Imperm, Aegis and noted for their durability and protection. Various researches have been developing in nanocomposites from cells and carbon nanotubes since packaging plays a backbone for commercialization of products[22].

2.2.5 ANTIMICROBIAL PACKAGING

The barriers include natural antimicrobial nanoparticles to control microbial growth and retard pathogenic spoilage. Silver nano particles are used in all forms including biotexiles, electrical appliances, refrigerators, kitchenwares. Silver nanoparticles and its ions have the ability to inhibit wide range of biological processes in bacteria [23]. Zinc oxides possess antibacterial activity that  increases with decreasing particle size and they are incorporated in number of polymers including polypropylene in food packaging applications. E. coli contamination can be controlled using Titanium dioxide as a coating in packing material for foods. It is also combined with silver to improve disinfection process. Chiston is a biopolymer derived from chitin recently reported antimicrobial properties additional to material for encapsulation. Antimicrobial packaging would be highly healthy and consumer friendly application for shelf life extension of foods[22].

2.2.6 BIODEGRADABLE

Nonbiodegradable plastics changes the soil nature and accumulation of toxic gases in atmosphere leads to global warming, hence bio degradable plastics came into effect but they lack mechanical strength and permeable to water and gases .These disadvantages are prevailed over by nanotechnology incorporated packaging material made of natural or synthetic nanoparticles having properties like bio-degradable, renewable resources having high mechanical strength. Nanoparticles are obtained as the proteins, carbohydrates, lipids from animal and plant materials, also metal oxides nanoparticles and carbon nanotubes are used [24]. In addition collagen, zein, cellulose from corn is synthesized into nanofibers it is highly porous in nature .These nano materials are added along with nanoclays and used for comfort packaging. They also have additional novel properties like sensors, antibacterial action and as biocatalysts[22].
2.2.7 SMART PACKAGING

Sensors are devices used to detect the physical quantity of substances and converts into observer readable signals. They are used to regulate the internal environment of the food stuffs and their properties are sensed regularly which is indicated by sensors. A recent report shows that the current smart packaging segment is dominated by oxygen scavengers, moisture absorbers and barrier packing product, accounting for 80% of the market. Whereas the bakery and meat products having attracted most nano-enabled packaging technology to date. The food environment is continuously sensed for oxygen content, temperature, pathogens and indicators are used for proper alarming. They also show the shelf life of the products with the help of the nanosensors. Some examples include gold nano particle incorporated enzymes for microbes detection, gas sensing related to condition of food products : nanofibrils of perylene-based fluorophores indicates fish and meat spoilage by detecting gaseous amines. Others include zinc oxide and titanium oxide nanocomposites for the detection of volatile organic compounds. Nanobarcodes are used for tagging and also for security [25]. Thus the use of smart sensors is beneficial to the consumers in terms of better quality identification and producers for rapid distribution and authentication of the food products.
2.2.8 NUTRITIONAL SUPPLEMENTS

According to a survey, the total market value of nanofood would reach US$5.8 billion (food processing US$1303 million, food ingredients US$1475 million, food safety US$97 million and food packaging US$2.93 billion) in 2012.Thus making heavy profit to economy [26]. Nanoceuticals, Nutrition-be-nanotech, are commercial names for supplements. Nanosized powders are used for increasing absorption of nutrients, nanocochleates are considered as effective tool for nutrient delivery to cells without affecting color and taste of food products. Vitamin sprays disperse nanodroplets are used for better absorption of nutrients. Supplementary aspect main involves encapsulation techniques where the needed probiotics, and other products are targeted into the human system with the help of iron and zinc nano structured capsules [27]-[29]. Thus, nanotechnology in food supplement is very effective than common supplements because they react more effectively with human cells due to their size.

3. BIONANOTECHNOLOGY ENTERS THE FOOD CHAIN
Bionanotechnology is moving out of the laboratory and into every sector of food production. The term ‘Bionanofood’ describes food which has been cultivated, produced, processed or packaged using nanotechnology techniques or tools, or to which manufactured bionanomaterials have been added [1].
[image: image1.png]Heat/mass Nano Molecular
transfer ineering biotechnology synthesis

Processing

Nanoparticles
Nano-emulsions Food
k Smence & Formulation

Materials

materials ) Food Safety &
Biosecurity

1
Nanosensors . Nanotracers l





Fig 1 Nanotechnology in food industry [1]
4. BIONANO FOOD PACKAGING

               Bionano food packaging is the most commercial of the agri-food nanotechnologies. Nano packaging materials include barrier technologies, which enhance the shelf life, durability and freshness of food. Bionano packaging is also being designed to enable biological materials to interact with the food it contacts; emitting antimicrobials, antioxidants, and nutraceuticals. This ‘smart’ or ‘active’ packaging, as manufacturers brand it, is being developed to respond to specific trigger events. For example, packaging may contain bio nanosensors that are engineered to change color if a food is beginning to spoil, or if it has been contaminated by pathogens.
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Fig 2 Potential applications of nanotechnology in foods 
5. POTENTIAL APPLICATION AREAS OF BIONANOTECHNOLOGY IN FOOD    

    PACKAGING

    Bionanocomposites (esp. herbal extracts and nanoclay based) & nanostructured coatings for   

    materials with   improved 
· Barrier properties against oxygen & light,

· Mechanical strength & flexibility,

· Temperature & moisture stability,

· Durability

Biopolymers with improved performance through 

· Fibre modification

· Modification of biopolymer nanostructures

· Bionanocomposites
·  Active materials

· Antimicrobial materials (e.g. plant extracts)
· Oxygen scavenging materials
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Fig 3 Potential Applications of bionanotechnology in packaging [3]

6. PACKAGING BENEFITS OF BIONANOTECHNOLOGY

Success of packaging materials for fresh products totally depends on the control of internal gas composition and water loss in packaging. Bionanopackaging can create a modified atmosphere in packaging with controlled gaseous exchange, so that, for example, the shelf life of vegetables may be increased to weeks. The surface of an ordinary packaging material such as plastic or paper can be adapted to make it suitable for food by coating it with one or more sharply defined layers of tens of nanometers thickness. The plastic in the bottles can contain clay nanoparticles to keep oxygen or water vapour in or out. 

Use of bionanomaterials in food packaging is already a reality. One example is bottles made with bionanocomposites that minimize the leakage of carbon dioxide out of the bottle; this increases the shelf life of carbonated beverages without having to use heavier glass bottles or more expensive cans. Another example is food storage bins (Fig 5) with silver nanoparticles embedded in the plastic. The silver nanoparticles kill bacteria from any food previously stored in the bins, minimizing harmful bacteria [4].
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Fig 4 Commercial Applications of nanotechnology in food packaging [3]
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Fig 5 Nanosensors in Grain storage
Bionanosensors are being developed that can detect bacteria and other contaminates such as salmonella on the surface of food at a packaging plant. This will allow for frequent testing at a much lower cost than is incurred by sending samples to a lab for analysis. This point-of-packaging testing, if conducted properly, has the potential to dramatically reduce the chance of contaminated food reaching grocery store shelves. There are also bionanosensors being developed to detect pesticides on fruit and vegetables. 
                                     [image: image6.jpg]



Fig 6 Nanosensors

Nanotechnology has already led to the availability of enzyme based devices that detect a combination of temperature and time. (Fig 7).
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Fig 7 Enzyme based Time -Temperature Indicators

For example, there are stickers that change color depending on the period and temperature at which a product has been stored, providing consumers with much more information about the quality of a product than “sell by” and other dates. Enzyme based color-changing labels could also be used to detect ripeness. This is an interesting application, since it is more about food quality than food safety. 

7. BIO NANOTECHNOLOGY IN FOOD PACKAGING AS FOOD CONTACT  

    MATERIALS

7.1 EXTENDING THE SHELF-LIFE OF PACKAGED FOODS
The key purpose of  bionano packaging is to deliver longer shelf life by improving the barrier functions of food packaging to reduce gas and moisture exchange and UV light exposure[4]. Over 90% of bio nano packaging was based on nanocomposites, in which bionanomaterials are used to improve the barrier functions of plastic wrapping for foods, and plastic bottles for beer, soft drinks and juice . Bionano packaging can also be designed to release antimicrobials, antioxidants, enzymes, flavours and nutraceuticals to extend shelf-life. Dietary herbs and spices have been traditionally used as food additives throughout the world not only to improve the sensory characteristics of foods but also to extend their self-life by reducing or eliminating survival of pathogenic bacteria. Many herbs and spice extracts possess antimicrobial activity against a range of bacteria, fungi, yeast and moulds [5]. 
7.2 EDIBLE NANO COATINGS
Bionanotechnology is enabling the development of nanoscale edible coatings as thin as 5nm wide, which are invisible to the human eye. Edible bionano coatings could be used on meats, cheese, fruit and vegetables, confectionery, bakery goods and fast food. They could provide a barrier to moisture and gas exchange, act as a vehicle to deliver colours, flavours, antioxidants, enzymes and anti-browning agents, and could also increase the shelf life of manufactured foods, even after the packaging is opened[6].
7.3CHEMICAL RELEASE BIONANO PACKAGING
Chemical release bionano packaging enables food packaging to interact with the food it contains. The exchange can proceed in both directions. Packaging can release nanoscale antimicrobials, antioxidants, flavours, fragrances or nutraceuticals into the food or beverage to extend its shelf life or to improve its taste or smell. In many instances, chemical release packaging also incorporates surveillance elements, that is, the release of bionano-chemicals occurs in response to a particular trigger event. Conversely, bionano packaging using nanotubes is being developed with the ability to ‘pump’ out oxygen or carbon dioxide that would otherwise result in food or beverage deterioration. Bionano packaging that can absorb undesirable flavours is also under development [7].
7.4 BIONANO-SENSOR - TRACK AND TRACE PACKAGING
Packaging equipped with bionano sensors is designed to track either the internal or the external conditions of food products, pellets and containers throughout the supply chain. For instance, such packaging can monitor temperature or humidity over time and then provide relevant information on these conditions, like change in colour. Nanotechnology is also enabling sensor packaging to incorporate cheap radio frequency identification (RFID) tags .Unlike earlier RFID tags, nanoenabled RFID tags are much smaller, can be flexible and are printed on thin labels. This increases the tags’ versatility (for example by enabling the use of labels which are effectively invisible) and thus enables much cheaper production [8].
7.5 NON-STICK BIONANO LINING FOR MAYONNAISE AND TOMATO SAUCE   

     BOTTLES
Promising an end to the need to tap or shake mayonnaise or ketchup bottles to remove the last of their contents, several German research Institutes, Industry partners and the Munich University of Technology have joined forces to develop non-stick bionanofood packaging .The researchers have applied thin films which measure less than 20nm to the inside surface of food packaging. They have already developed their first samples, and hope to release the new packaging commercially in the next 2 – 3 years. The researchers promote their product as an environmentally friendly solution to reduce leftover traces of condiments in bottles[9].
7.6. BIOPOLYMERS IN FOOD PACKAGING
BioPolymer nanocomposites (Fig 8) are biopolymeric materials with small amounts of clay added to them. They are called bio nano-composite materials because the clay must be mixed into the bio plastic at the nanometric scale (nanometer = 10-9 meter or one-billionth of a meter). These bio-nanocomposites can be an active food packaging component, whereby the food packaging can interact with food in some ways by releasing beneficial compounds such as antimicrobial agent, antioxidant agent, or by eliminating some unfavorable elements such as oxygen or water vapor. The bio-nanocomposite can also be a smart food packaging whereby it can perceive property of the packaged food such as microbial contamination or expiry date and uses some mechanism to register and convey information about the quality or safety of the food. The development of bio-nanocomposite materials for food packaging is important not only to reduce environmental problem but also to improve the functions of the food packaging materials.
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Fig 8 BioNanocomposites in Food packaging

Specifically, a few molecules of clay are sandwiched between miniscule layers of bioplastics (biopolymers), resulting in a 'supermaterial' with numerous enhanced properties: greater strength, higher resistance to permeability and higher heat stability. This new class of material potentially can improve the production and performance of food packaging.
[image: image9.jpg]Processing Route to Nanocomposites

Nanocomposite
a—100 nanameters—»{





Fig 9 Processing route to Nanocomposites in food packaging
8.  OUTLOOK


The intervention of nanotechnology in the food industry has brought a number of changes in food packing, preservation, and processing. These changes have significantly increased the shelf life of foods with better management of spoilage extent of food products. This has solved the food shortage crises by ensuring food reaches to masses. It is pertinent to note that with this technology, the problem of food shortage in some parts of the world can now be solved with a lot of ease. Bionanotechnology is a rapidly evolving field, which encompasses a diverse collection of disciplines [10]. Engineers discovered that adding bionanoparticles to scratch resistant polymer coatings made the coatings more effective, increasing resistance to chipping and scratching [11]. With the move towards globalization and universal consumer needs, bionanotechnology intervenes a wide array of applications in food processing sector. The use of biopolymers by the food industry has faced feasibility problems related mainly to their relatively high cost and poor overall performance when compared to those of synthetic polymers. Bionano packaging promise to expand the use of edible and biodegradable films, since the addition of bionano reinforcements has been related to improvements in overall performance of biopolymers, enhancing their mechanical, thermal and barrier properties, usually even at very low contents.    
                   Nanoscience and technology concepts have the potential to redesign the production cycle, restructure the processing and conservation processes and redefine the food habits of the people strictly adhering to food safety standards and quality.
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