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The most commonly used packaging material is associated with environmental issues as they are non -

degradable in nature. The number of attempts are made for developing the eco-friendly degradable biopolymers 

as ideal food packaging. The biopolymers developed are not commercialized as they have poor mechanical 

strength and resistance properties. Thus to enhance the following faults in the reinforcing material are added 

which resulted in the composites formation. During various food processing operations the nanotechnology 

approach is employed such as encapsulation of the material in the nanoparticles, which can be delivered to the 

targeted site, enhancement of the flavor, integration of antibacterial agents with the nanoparticle in the food, 

enhancement of shelf-life for storage, and contamination sensing. Food packaging substances synthesized by 

nanotechnology may increase the shelf-life of the food as they provide resistive packaging, increase the level of 

food safety, liberate the preservatives for enhancing the life of the food and notify the consumer either the food 

is consumable or spoiled. Nano-supplements are integrated by the encapsulation method for efficient dietary as 

well as drug delivery systems. Nano-materials are not well evaluated for the health risk and environmental 

issues associated with it even the side-effects are unexploited. Various authorities are working prompt designing 

of guidelines and legislation policies for further acceptance of Nano-based materials in food packaging systems. 

Biologically synthesized nanoparticles will serve as a significant tool to conquer present contests that are linked 

with food packaging constituents. 
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INTRODUCTION 
 

Nano-technology is the convergence of distant domains 

of engineering, physics, chemistry, and material science and 

modern molecular biotechnology (Huang et al., 2007; Rai et al., 

2008). In this present century, Nano-technology became the most 

recognized technology which revealed its ability to synthesize 

new products with diverse applications and advantages. 

Nanoparticles synthesized by biotechnological aid is done with 

the help of living entities such as bacteria (Farhoodi, 2016; 

Khalaj et al., 2016; Castro-Mayorga et al., 2016; Couch et al., 

2016; Souza and Fernando, 2016; Shahverdi et al., 2007; 

Dhandapani et al., 2014; Mohite et al., 2015), fungi (Ahmad et 

al., 2014; Govender et al., 2009), actinomycetes (Manivasagan et 

al., 2015; Ahmad et al., 2003), algae (Sudha et al., 2013; 

Govindaraju et al., 2009). It has been reported that micro-                     
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organism secrete different kinds of proteins that have the ability to 

reduce the metal-ion (Thakkar et al., 2010). Biotechnologically 

synthesized nanoparticles are on the path of greener and eco-

friendly environment. Biogenic synthesis approach used for the 

production of nanoparticles showed non-toxic affects as compared 

to the chemical synthesis approach which involves the toxic 

chemicals as well as require optimum conditions for its processing 

(Tyagi et al., 2015; Gade et al., 2008; Mukherjee et al., 2008). 

Bio-nanotechnology is firmly being used in the areas like food 

production and packaging (Sharma and Saharan et al., 2016; 

Saharan et al., 2013; Duncan et al., 2011; Sorrentino et al., 2007; 

Kuzma et al., 2008; Sanguansri and Augustin, 2006). 

Nanotechnology shows promising results for improving the quality 

of the food, health and safety as their ability to alert the consumer 

for its spoilage. Nanoparticles are unlike from conventional 

materials in stipulation of having increased relative surface area 

which improve strength, reactivity and electrical properties 

(Boccuni, et al., 2008; Kahn et al., 2006).  

http://creativecommons.org/licenses/by-nc-sa/3.0/
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Nanoparticles may be used to make packaging material 

with improved mechanical and thermal performance (Sharma et 

al., 2014; Sorrentino et al., 2007).  

Nanoparticle based delivery models could be employed 

for the delivery of the functional foods to their targeted sites of 

action (Weiss, 2006). Elementary as well as the applied researches 

performed in the field of physics, chemistry, biology and material 

sciences have inspired the current Industrial development sector to 

employ these approaches in collaboration with the conventional 

approaches. 

 

Scope of nanotechnology in packaging material 

Synthesis of nanomaterial is a prevailing interdisciplinary 

approach for the creation of innovative sustainable products. 

Globally, it has been expected that nanoparticle based industry will 

influence at least $3 trillion about the world by 2020 (Duncan, 

2011). Nano particle based packaging materials for the food 

industries (A Global Technology, Industry and Market Analysis 

2009). According to worldwide development predictions are being 

made that bio-nanotechnology will be responsible for a noteworthy 

thrust in the development of innovative food packaging methods. 

The biggest concern of the food industries is on the increasing the 

shelf-life of the food products which can be attained by 

encapsulated protective coating and advanced packaging system 

developed on the basis of these approach. 

Currently severe environmental crisis are being faced 

because the unavailability of method of degrading the food 

packaging materials such as plastic. Novel biotechnological based 

material and formulations are being designed to formulate edible 

and eco-friendly biodegradable films to extend shelf life of food at 

the same time also drop the rate non-degradable packaging 

material (Prashanth and Tharanathan, 2003). The emergence of the 

bio-nanotechnology approach for synthesizing bio-polymers may 

unlock new path for developing packaging material which will be 

cost-effective (Sorrentino et al., 2007). The incorporation of the 

nano-composites within the packaging material has been reported 

to increase the strength and thermal stability (Lagaron et al., 2005; 

De Jong et al., 2005; Jakubinek et al., 2010). The usage of the 

Nano-technology is now not limited to the packaging technology 

but is now effectively used in the functional foods (Chen et al., 

2006). Reports states that with addition of the nano-composite in 

the edible increase their shelf-life (Lagaron et al., 2005; Sinha et 

al., 2005). 

Till date majority of food packaging methods developed 

were associated with metal or oxide particles. Packaging material 

developed by Nanotechnology are alleged to be valuable. 

Indispensable faith is show by the food industry towards the 

nanotechnology food in the market (Weiss et al., 2006). On 

observing the todays scenario nanotechnology permits the 

initiation of innovative abilities to the material which in return 

provides enormous advantages. The usage of these material may 

also be associated with some unknown threats (Pusztai and 

Bardocz, 2006). The unique properties of nano-materials and the 

sudden expansion of nano-material based products also raised 

several concerns over their consequences for human and 

environmental health.  

 

Bio-Nanotechnology for food packaging 

The need of developing new food packaging system are 

concerned for increasing the shelf-life by preventing the spoilage. 

Bio-nanotechnology offers advanced expectation from food 

packaging that will provide the longer shelf-life, secure packaging 

with improve traceability of food quality. Intellect food packaging 

can alert on spoilage to the consumer whereas during the active 

packaging addition of preservatives like antimicrobials are added 

into the food during the initiation of the spoilage (Duncan, 2011; 

Zheng et al., 2004; Habib et al., 2008). Revolution in the food 

packaging took place due to the emergence and integration of 

nano-composites, nano-sensors, where nano-composites provide 

advantages like proofing from leaks, gases and pathogen in food 

packaging techniques. By the incorporation of the silver titanium 

oxide, zinc oxide and other bio-nanoparticles act as a barrier for 

the exchanging gases and additionally prevents the growth of 

bacteria, fungi or any other pathogens. Improved barrier abilities 

can aid in maintaining the quality of the food and increase the 

shelf-life excluding the supplemented chemical preservers etc. 

 

Application of Nanoparticles in Food Packaging 

Nano Encapsulation  

Nano-encapsulation can be described as a technology to 

pack material in miniature with the assistance of methods such as 

nano-composite, nano-emulsification, nano-structuration and gives 

finished product with extensive functionality that involves 

controlled release of the core. Nano-encapsulation system presents 

various benefits (Mortazavi et al., 20102) together with ease of 

handling, improved stability, withholding volatile components, 

controlled moisture release, pH-triggered controlled release, and 

enhanced bioavailability and efficacy (Eltayeb et al., 2015; 

Quintanilla-Carvajal et al., 2014). Nano encapsulation have been 

tested for the safe and controlled discharge of favorable live 

probiotic cells to boost healthy gut function. The sustainability of 

probiotic organism such as Lactobacillus acidophilus, 

Lactobacillus casei, Lactobacillus rhamnosus, and 

Bifidobacterium spp. which are present in the freeze-dried yogurt 

can be amended through nano-encapsulation with the help of 

calcium alginate (Kailasapathy and Rybka, 1997).  

 

Nano Composite  

Nano-composite material comprises of two or more 

phase, from which one phase work as continuous phase whereas 

the second phase work as the disperse phase. Usually, polymer 

part used is a continuous phase and the reinforcing material is the 

disperse phase. Commonly, nano-composites are those containing 

polymers with one organic or inorganic disperse phase i.e. 

reinforcing material with a dimension lesser than 100 nm. 

Biodegradable polymers which are made from renewable source, 

regularly exploited for the production of nano-compositesare 

polylactide (PLA),chitosan, cellulose acetate, thermoplastic 
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starch and isolated whey protein (Rhim et al., 2011; Jamshidian et 

al., 2010; Matthey et al., 2007; Kampeerapappun et al., 2007; Kim 

and Yun, 2006). The assimilation of different nanoparticles such 

as SiO2, clay, TiO2, KMnO4, nano cellulose, nano fibrillated 

cellulose and carbon nanotubes are capable of amending the 

packaging material in terms of mechanical and barrier properties 

(Tsai et al., 2010; Reddy et. al., 2007; Xie et al., 2012; Hejri et al., 

2013; Saeidnia et al., 2013; Mukherjee et al., 2014; Yang and Yao, 

2014). It has been reported that packaging material mechanical 

properties such as ductile strength, shear strength, barrier potential, 

thermal constancy and optical characteristics of polymers can be 

enhanced by assimilating nano materials into their matrices 

(Zhong et al., 2007).  

The blending of antimicrobial agents within the food 

packaging products has been extensively approved. The spoilage 

by the pathogenic microorganism can be restraint to greater extent 

by usage of the antimicrobial films (Huang et al., 2005; Kumar et 

al., 2005). The film synthesized with antimicrobial Nano 

composite drew attention due to its structural sustainability and 

barrier properties provide because of the nano composite matrix 

(Luo and Stutzenberger, 2008).Several nanoparticles like gold, 

silver, zinc, and other metal oxides have been used in different 

food packaging applications (Zhuang et al., 2011; Duncan, 2011; 

Llorens et al., 2012). ). In many reports it has been determined that 

silver metal nanoparticles can breach into the membranes of the 

cells. Additionally, silver nanoparticles have been recognized for 

their capability to constrain different respiratory process enzymes 

and impede the infiltration of protons and phosphate through the 

cell membrane, ultimately decreasing the ATP production levels 

well contained by the cell. Agar films incorporated have the 

antimicrobial activity of the resulting nano composites, 

considerable rise in antimicrobial potential against Listeria 

monocytogenes (gram positive) and Escherichia coli O157:H7 

(gram-negative) pathogens (Kanmani and Rhim, 2014). 

Antimicrobial properties against E. coli and Staphylococcus 

aureus have been reported on with lots of nano-composite 

systems, comprising polymer and silver nanoparticles (Fortunati et 

al., 2013) chitosan based packaging material containing silver 

nanoparticles (Sanpui et al., 2008; Sadeghnejad et al., 2014).  

Antimicrobial nanocomposite films prepared with gelatin 

and silver nanoparticles and organo-clay showed significant 

antimicrobial activity. Even significant anti-bacterial activity is 

shown against the food borne pathogen by the nano composite 

film. Results suggested that the use of gelatin based 

nanocomposite films will help to compete and eradicate the 

bacterial invaders and to improve the shelf life and food quality 

(Paulraj and  Rhim, 2014). Methylcellulose modulated with nano-

sized silver demonstrated enhanced mechanical properties i.e. the 

incorporation of Ag directed to both strengthening and toughening 

of polymer. The antimicrobial activity against diverse 

microorganism exhibited by methylcellulose-silver nano 

composite films (Maity et al., 2012).Antimicrobial activity 

influenced by the nanocomposites size, amount of silver 

nanoparticles, and amount of monomeric acid existing inside the 

hydrogel-silver nanocomposites. It has been established that 

absorption of plain hydrogel in 20 mg/30 ml AgNO3 solution 

generates optimal bacterial activity of nanohydrogel composites 

(Burg et al. 2007). Even though nanoparticles are capable in 

controlling bacteria but still lots of research gap to look into the 

effectiveness of metal nanoparticles on pathogenic bacteria and its 

regulation sides 

 
Nano Emulsions  

The operations such as the targeted delivery of lipophilic 

products for example nutraceuticals, medicines, flavor, 

antioxidants and antimicrobial agents are accomplished by thee 

carriers named nano-emulsions (Kesisoglou et al., 2007; 

Sanguansri and Augustin, 2006). Nano-emulsion comprises of 

lipid phase present in the liquid phase, in which each oil droplet is 

encapsulated by the thin interfacial. Usually due to their 

comparatively miniature size, nano-emulsion are very stable to 

gravitational separation (McClements, 2009). Bioavailability of 

the captured components can also be enhanced through the non-

emulsion assisted delivery systems due to their relative smaller 

size as well as more surface to volume ratio (Acosta, 2009). The 

large range of approaches are devised for industrialized production 

of the lipophilic functional compounds of nano size dimensions. 

The methods employed for these purposes include approaches 

requiring high or low energy which are emulsification-

evaporation, emulsification-diffusion, solvent displacement, and 

precipitation (Acosta, 2009). Though most of the techniques are in 

the development stage, they authorize the preparation of extremely 

fine component of nano-dispersions (Horn and Rieger, 2001). 

Nano-emulsions often show consistency in terms of particle 

accumulation and separation due to gravity. The particles that are 

trapped within the nano-emulsions scatters light waves very 

weakly, which make it suitable for amalgamation for products 

which are needed to optically clear like carbonated drinks, soups, 

ketchups and dips (Wooster et al., 2008). The highly viscous or gel 

like product can be formed from nano-emulsion that also at low 

concentration as compared to the traditional emulsions which may 

be associated with other functions in food products. The nano-

emulsion in many studies is stated as a most prominent way for 

capturing and transporting antimicrobial agent to the targeted site 

(Teixeira et al., 2009; Ferreira et al., 2010). Even for the 

decontamination of the food packaging equipment and function 

associated with varieties of food surfaces are accomplished with 

antimicrobial nano-emulsions (Sekhon, 2010). Due to the various 

advantages, nano-emulsion technique can be employed in the food, 

brewed and pharmaceutical products preparation for the targeted 

transportation, efficiently use in the products which needs to 

optically clear and enhance the bioavailability of the active 

compound when needed.  

 
Edible Nano Coatings and Nano Coating Materials 

Generally, edible films and coating can be described as 

thin-continuous layer of edible component expended as coating or 

http://www.sciencedirect.com/science/article/pii/S0268005X13002543
http://www.sciencedirect.com/science/article/pii/S0268005X13002543


 Sharma and Dhanjal / Journal of Applied Pharmaceutical Science 6 (09); 2016: 220-226                                      223 
 

a film among the food material to facilitate a barrier to mass 

transfer (Baldwin et al., 1996; Banks, 1993). They primarily 

diverge in the mode of formation and application to foods. Edible 

coating is done with the help of liquid film forming solution onto 

the surface of the food products. They are created by casting or by 

traditional plastic extrusion techniques (Park et al., 1996). 

Films made from edible comprises of water-soluble 

polysaccharides (hydrocollids) and lipids. The most commonly 

used polysaccharides are cellulose derived such as alginates, 

pectins. Starches, chitosan and other polysaccharides. 

Polysaccharides gives variety of properties like rigidity, firmness, 

thickening quality, viscosity, adhesive and gel-forming capability. 

Different types of lipid complexes like animal and vegetable fats 

have been employed for synthesizing the edible films and coatings. 

Mainly used lipid molecules are waxes, acylglycerols and fatty 

acids. Lipid films provide barrier against moisture and adds gloss 

touch to the confectionary products. Edible coating and films are 

the convenient means for adding additives and supplementary 

ingredients to amend the color, texture, and additionally prevents 

the microbial growth (Siragusa and Dickson, 1992). For the 

material in which nano-coating is required for that the 

nanoparticles are used on the packaging material cover or can be 

incorporated as a nano laminate layer. Reports comparing 

multilayer films with nano-coating shows advantages such as 

reduced material usage and stress-free film conversion method. 

The reports are documented for assessment of antimicrobial 

capability of the nano-structured coatings integrated with eco-

friendly and non-biodegradable polymer used for active food 

packaging (Vaha-Nissi et al., 2010). ZnO coating improved the 

antibacterial potential of a PVC film (Li et al., 2010). The 

nanoparticles of TiO2 consisted nano-coating was also described as 

an efficient system against E. coli (Fu, 2010). The nanostructured 

composited synthesized with the help of calcium silicate nano 

materials has been also reported for its utility as the surface 

coating and also about its antimicrobial activity. Recent advances 

in food packaging solutions depicted the apparent use of the 

nanostructured coating which facilitate in the water repellent 

properties of paper made for packaging solutions. In alternative 

findings, paper surface of the paper was treated R812S silica 

nanoparticles and Polydimethylsiloxane (PDMS) silicone oil to 

exhibit super hydrophobic surface like lotus. The R812S silica 

nanoparticles and Polydimethylsiloxane (PDMS) silicone oil 

revealed that this complex is highly water resistant because of its 

unique nanostructured morphology. The efforts are being made to 

develop TiO2 nanoparticles coating to provide hydrophobic 

property to the paper with the help of liquid flame spray technique 

(Teisala et al., 2012). TiO2 and Ag nanoparticles were synthesized 

and coated onto a paper prepared from rice straw. Results showed 

that TiO2 and Ag nano-composites are potent antimicrobial and 

barrier packaging system (Youssef et al., 2013).  

 

Safety Evaluation of Nano-Packaging Material  

The concern about health and environment welfare came 

into existence as the new properties of nano-materials are being 

exploited and growth in consumption of nanomaterial based 

products (Helland et al., 2006). The reports have been published 

which informs about harmful effect on humans on exposure of 

nanomaterial (Borm et al., 2006). A large number of recent 

evidence have been created describing how nano-material based 

processes and products may hinder prior to establishment of 

guidelines for human health (Borm et al., 2006). Even the great 

potential is shown by the nanotechnology in varied industrial 

sectors. From that bio-nanotechnology has received the great 

appreciation from society for its ability and role in food packaging 

system. This may lead to develop economical product in short 

span. The concern related to health and environmental risk by 

nanomaterials are in their primary screening stage, where side 

effects are not well-defined. Due to which usage of natural 

biodegrading material and recycling of nanomaterial are 

prohibited. It is also uncertain that many nanoparticles have the 

ability to cease the development of beneficial bacteria that are 

present in the environment and in the digestive tracts like 

probiotics (Kuzma et al., 2006).The British Standards Institution, 

International and European Committee for Standardization, and 

OECD have undertaken all the ethical, social and demand issues 

related to nano safety including the vocabulary related to 

nanotechnology, classification, validated measurement and 

characterization procedures. The two main issue of significance. 

From which the primary issue is concerned with food safety and 

condition which can have possible influence on consumer. The 

major concern is that nanomaterial used in packaging and targeted 

delivery system have any adverse effect on the protection of food. 

The successive query is related to the environmental issue which is 

associated with recycling and change in the recycling systems 

because of the usage of nanomaterial (Tiede et al., 2008). No 

effective instrument is yet developed to test packaging material 

track nanomaterial within the food. There is scarcity of knowledge 

about the influence of nanomaterial in waste disposal. 

Additionally, there is no attention given to nanomaterial that is 

present in the packaging system during recycling, incinerating for 

energy revival and liberation in landfills (Tiede et al., 2009). 

The government federation like European Union (EFSA; 

the European Food Safety Authority) and the United States of 

America (US-FDA; the Food & Drug Administration) gave the 

report illustrating one advantage of nanomaterial for packaging 

which is limited to the material made of plastics. The EU and USA 

are model of regulatory bodies which pass the agreement by 

assessing the safety norms enquiring about constituents required 

for plastic food packaging. The assessment of safety is entirely 

based on the chemistry and toxicity details which are provided by 

the aspirant according to the data requirements passed by 

government agencies.  

 

Future perspective and conclusion  

The importance of nanotechnology is increasing for the 

food industry. New protocols are being explored which assure 

valid results and applications in the domain of food packaging 

system. Developing countries are also benefited as they can 
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establish new market for novel nanomaterials and manufacturing 

processes as nanotechnology has great potential. It is projected that 

the next generation of intellectual packaging will allow an 

improved monitoring of the flow, protection and excellence of 

food materials. With addition of suitable nano-particles, it is easy 

to synthesize packaging material of intense tensile strength, 

resistance and thermal performance. The incorporated nano-

sensors in the packaging system warn the consumer on spoilage. 

The ability of the field of nanotechnology and its benefits are 

needed to be explored in the concern of industry and human 

health. Similarly definite policies have to be made by the food 

organizations to launch proper and safe commercialization of nano 

based food applications.  

The edible nano-laminates got the access in the fresh 

fruits and vegetables, confectionary products and formulation, due 

to its ability to provide barrier from water, lipids, gases, odors and 

off-taste. Besides many nanomaterial provides extensive properties 

to the packaging material like antimicrobial activity, oxygen 

reducing activity, immobilization of enzyme and warning of 

degradation of the contaminated food. 

The two main concern of importance involves issue 

related to food safety and quality that may affect the consumer and 

second issue is related to environment safety. The international 

and regional industries have now reduced the gap by delivering 

and enclosing the rule of nanotechnology usage in foods, food 

additives and packaging material. Significantly, the 

accomplishment of nanotechnology in the food and bioprocessing 

industry is determined by alertness in the society and consumers. 

In conclusion, bio-nanotechnology will help as a significant 

approach to conquer present defies that are linked with active food 

packaging solutions.  
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