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Abstract: Nanotechnology (NT) has hailed as new industrial revolution of 21st century adversely affecting the society perception of 

conventional methods usage in agriculture and food industry. Science of NT can be defined as manipulation at an atomic or 

molecular scale between 0.1 and 100 nm. NT meets consumers demand  of fresh, veritable and nutrition rich food products. 

Nanomaterials in agriculture aim to reduce chemicals and nutrient losses while increase productivity through smart and controlled 

release of pest repellent and nutrients and prevention of contamination. Evolution of nanotechnology in food industry has contributed 

in the food processing, food package, and food preservation where focus is manufacturing of healthier food by employing nano-

delivery systems in the process with a control on health related risks of nanotechnology in food industries and public acceptance of 

nanofoods and awareness about nanotoxicty with development of regulatory laws on raised safety issues. The review covers the 

current challenges of sustainability, food security and role of nanotechnology at different levels of  food production, food packaging 

, food processing, safety concerns and public opinion with the exploration of wide ramifications of nanotechnology in agriculture 

and food industry. 
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 I.    INTRODUCTION 

 

The word ‘nano’ refers to any object that is small, tiny, and atomic in nature, anything is nanoscale or one in millionth size. 

Incorporating this idea with science leads to the development of ‘nanoscience’. ‘Nanotechnology’ is becoming like a magic spell 

by bringing modifications in every field of science and technology. The depth and pattern of our perspective has changed due to 

nanotechnological approach. Befitting application is seen in the agri-food industry that has been experiencing a recent advancement 

but progress in the both agriculture and food industry is not confined but steady and rapid. 

Agriculture is the backbone of developing countries where majority income is derived from agriculture with more than 50% 

population has opted it for their livelihood. Food shortage and spoilage is a major concern worldwide for developing countries but 

there is food surplus in developed countries. This is reason why developing countries are aiming towards maximum pest resistant 

crop yield with low inputs while food industry in developing countries are driven by consumer demand of healthier, fresher and 

nutrient value added foodstuffs. Agricultural scientists are under constant pressure due to stagnation of crop yields due to low 

nutrient use, multi-nutrient deficiencies, declining soil organic matter, undetermined climate changes, shrinking of fertile lands and 

water unavailability. To meet these food security challenges, nanotechnology a key tool of 21st century is the frontier technology to 

revolutionize the agricultural sector. Nanotechnology is exploited to obtain value added agriculture production system where precise 

detection and delivery of the correct quantity of plant promoting substances, herbicides, pesticides and other nanoagrochemicals 

with controlled and timely release that promote productivity while ensuring environmental safety. 

Nanotechnology also improvises food industry with ultimate qualitative and quantitative production of high potential functional 

foods that are healthier, safer, and nutrient value added. Due to production of enhanced food quality with increased shelf life and 

reduced contamination, food market is moving towards nanotechnology as an alternative of traditional food technologies. This 

comprehensive review emphasizes the current trends  and perspectives of advanced bioinspired and biosynthesized nanomaterials 
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in food industry regarding production, processing, packaging, security, storage and usuage. Food bioavailability, taste, texture, 

appearance, shelf life, and nutritional value are few applications of nanotechnology. Characteristics of nanoparticles like particle 

size, shape, particle proportion, surface-volume ratio, rate of exposure, dosage, rate of agglomeration, surface charge  are exploited. 

Synergistic action of nanosensors and naodevices in food protection and safety with nanomaterials in smart/intelligent food 

packaging with monitoring the stored foods for product authenticity and methods employed for assessing the nanofoods in biological 

systems (human and environment) taking in consideration of naotoxicity and its health and environment implications, thus 

developing regulatory laws for the raised safety issues and public concerns.  

Thus, this review paper discusses about nanoparticles role in agriculture and food industry with an increased opportunity for 

nanotechnology to have a significant influence on energy, market economy, public and environment.    

 

II. Nanotechnology usuage in food: Current scenario and public opinion 

 

The potential applications of nanotechnology has been realized by research scientists and food industries although it depends on 

cost effectiveness and how public perceive the possible benefits and risks. Market usage of nanotechnology in food and agriculture 

industry is marginal and uncertain though it has many advantages so its applications is high in other sectors like medicine, physical 

sciences, IT and biotechnology. Large initial investment, no proper regulatory framework and varied public views has limited the 

market coverage of nanoagrotech products. Economic gains are not high while large companies are patenting the applications of 

nanotechnology for its security in future operations. Public response is neutral preferring the use of natural foods over nanobased 

foods and nostructured additives so industrialists are moving towards commercial applications of nanomaterials in packaging than 

actual nanofoods due to public choice. Various regulatory agencies are approaching towards a harmonious approach towards 

improvised nanotechnology applicated food while assessing the safety issues. Studies regarding acceptance of nanotechnology in 

food have shown, 30% supported over its benefits of nanotechnology over any risks, 44% are in opinion of balance of risks and 

benefits whereas 26% concluded with overall risk higher than any benefit [11]. Individual choice or preference along with the 

knowledge of science about production of any novel food item governs the consumer acceptance which can also be deterred due to 

government regulations and trust issues. The achievement of sustainable society with help of nanotechnology is commendable but 

with risks associated it is not complementary to use this technology. According to observation people have misconception of 

nanofood as genetically modified food thus are avoiding its consumption with fear of health impacts. 

2.1 Nanotechnology in food market 

Both developing and developed countries are investing in nanotechnology a new industrial revolution to secure a market share. USA 

is at lead with 4 years investment of 3.7 billion USD in National Nanotechnology Initiative (NNI). Japan and European Union is 

following the steps with substantial funds of 750 million and 1.2 billion respectively every year. Though the funding from 

developing countries is lower but impact has not lessened on global stage. Example China’s nanoscale science and engineering 

topics academic publications has increased from 7.5% in 1985 to 18.3% in 2004 thus taking country stand from fifth to second 

position globally. Other countries like India, South Korea, Thailand, and Iran are also focussing on nanotechnology applications 

based on their country’s needs like Iran has started a focussed programme of nanotechnology for agricultural and food industry[7]. 

 
World Nanofood Market predicted by Helmuth Kaiser Consultancy [7]. 

 
 
                                                   Figure 1 

 

Report suggest that in 2010 China that has more than 50% population will become the largest market for nanofood. According to 

estimation by Business Communication Company, nanotechnology market price was 7.6 billion USD in 2003 and expected to rise 

to 1 trillion USD by 2011. More than 400 companies worldwide are investing and active in nanotechnology research which will 

soon rise to 1000 companies[7]. Sadly, the full potential of nanotechnology is yet undiscovered in agriculture and food industry. 
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2.2 Understanding nanotechnology 

The manipulation of molecules or atoms at nanoscale to form nanostructures with different properties is nanotechnology. There are 

two ways in which nanotechnology works: 1) top down that is reduction of small structures size to nanoscale (eg. nanoelectronics 

and nanoengineering – photonics application) 2) bottom up that is forming nanostructures with close resemblance to its chemistry 

and biology. Nanotechnology derived from Greek word ‘nano’ which means dwarf or one millionth of something. Nanotechnology 

works with materials of size 0.1 to 100 nm and they should depict different properties than their bulk materials based on their size. 

Different properties are on chemical reactivity, physical strength, optical effects, electric conductance and magnetism[7]. 

2.3 Current status of nanotechnology in agriculture 

Nanotechnology is employed in agriculture for high crop production with guaranteed food safety and nutritional value. To improve 

crop production controlled release of fertilizers, pesticides, herbicides and plant growth regulators/promoters has to be administered 

using nanocarriers which achieve the slow release and delivery of these nanoagrochemicals. Precision farming that increase crop 

yield without damaging soil and water strategy is used. Particle farming is also one of the applications of nanotechnology in 

agriculture for industrial purposes where plants are grown in defined soils to obtain nanoparticles from soil[1]. Nanoencapsulation 

another technique used that lowers the dosage of nanoagrochemicals thus benefitting the environment. Development of insect-

resistant varities of plants developed by nanoparticle mediated gene or DNA transfer. Certain nanomaterials themselves act like 

pesticides with high toxicity and sensitivity. Protection from plant pathogen infections can be done by using metal oxide 

nanomaterials like ZnO, CuO and TiO2 due to their intrinsic property[5]. Antifungal and antibacterial property of ZnO nanoparticles 

inhibit microbial growth nanofertilizers designed reduces nutrient loss with increasing nutritional value thus increment in economic 

gains by enhancing crop growth and quality[5]. Micro-nutrients like Mn, Cu, Fe, Zn, Mo, N, B  at nano scale are sold as 

commercialized nanofertilizers. Nanotechnology in monitoring of crop diseases and growth, plant health and environmental 

conditions is done by wireless nanosensors released throughout the fields. Nanosensors can detect nanoagrochemicals and pathogen 

even at trace amounts in food and agricultural system. Online monitoring of propineb fungicide in aquatic environment (both in 

fresh and salty water) is done by copper doped monmorillonite as reported in recent study. Graphene nanoparticles can detect 

pathogen in wastewater and purifying it thus having application in aquaculture. Nanomaterials of Gold, Silver, Copper and CNTs 

are also used as nanosensors for real time monitoring in agriculture[5]. 

 

III. Nanotechnology application in agriculture: Nano-agrochemicals formulations 

 3.1 Application of nanotechnology in seed science 

Productivity of any crop is determined by seed. Before distributing the seeds to farmer for sowing they were tested for germination 

conventionally. Though the seeds are tested in well equipped laboratories still they don’t reproduce due to moisture condition under 

rain-fed areas. Developing technologies for rain-fed agriculture is important especially India where more than 60% net sown area 

is rain-fed[9]. To improve the germination of rain-fed crops researchers are working on developing metal oxide nanoparticles and 

carbon nanotubes. Carbon nanotubes penetrate the seed coat thus serve as new pore for water permeation and act as passage to 

channelize water from substrate to seeds which is exploited in rainfed agricultural system which facilitates the germination. 

3.2 Nanoherbicide for effective weed control 

Two-third of Indian agriculture is rainfed where weed growth can jeopardize the total harvest and usage of herbicide is also limited 

in delicate agro-ecosystems. Thus to control or to kill the above ground part of weed plants herbicides are designed. But these 

herbicides couldn’t inhibit the viable underground part of weed plant like rhizomes and tubers which thus give rise to new weeds. 

Lower yields are obtained from soils that are infested with weed plants. So use of nanotechnology to increase the efficacy of 

herbicides will also increase the crop production. Designing of encapsulated  nanoherbicides is done which will act under rainfall 

(a mimic of rainfed system) and is protected under natural environment.  Target specific herbicide encapsulated with nanoparticle 

is developed to reach specific receptors present in root system of weeds, entering in root system and translocating where glycolysis 

inhibition of food reserve take place. Thus weed plant starve for food and eventually die. Nanomaterials are also claimed to be added 

in the adjuvants of herbicide with ‘nanotechnology-derived surfactant’, one example is soyabean micelles to make glycophosate-

resistant crops susceptible to glycophosate[9]. 

3.3 Nanopesticide 

Pesticide reduces the pest population below economic threshold level and has an effective control over crop growth for a long time. 

The most effective and versatile method to control the pests is by using active ingredients in applied surface. Nanotechnological 

approach ‘nanoencapsulation’ protects active ingredient from adverse environment condition and improve insecticidal value. Active 

ingredients of nanosize sealed within protective coating is nanoencapsulation. For effectively controlling pests nanoencapsulation 

of pesticides are used while accumulation of residues has to be avoided. To increase persistence and improve effectiveness 

‘controlled release of active ingredient’ approach is use which prevents the degradation of active ingredient, decrease the pesticide 

input and associated environmental hazards. Rate of application is reduced due to nanopesticides because quantity of product to be 

effective is also reduced 10-15 times[9]. Many pesticide manufacturers are moving towards manufacturing encapsulated 

nanopesticides. These are time released on environmental trigger (temperature, humidity, light). 

3.4 Nanofungicides 

Fungal diseases cause significant reduction in crop yields and economical gain. So attention is given to prepare fungicides that have 

specific killing or inhibiting fungal diseases thus control soil borne, seed borne and air borne fungal pathogens. Fungicides can 

control a fungal disease at its occurrence and developmental stage improving storage life and quality of harvested crops. 
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Nanofungicides respecting the environment are preferred while avoiding the interactions with the non-target organisms that can 

reduce soil fertility directly or indirectly[6]. 

3.5  Nanoinsecticides 

Killing of insects or obstruction in behaviour engaging in destructive means are called insecticides which agents of chemical or 

biological origin. But many synthetic chemical insecticides exert unwarranted toxicity and lethal effect on both terrestrial and aquatic 

ecosystem. Nanotechnology represents an alternative for detection and physical destruction of carriers of pathogens (malaria vectors, 

fleas, ants, locusts, grasshoppers), nanoformulations of man-made insecticides or nanotechnological botanical insecticides based on 

active agents from plant extracts or essential oils are applied which show effectiveness due to enhanced absorption in plants and 

decreased washings[6]. 

3.6 Nanofertilizers and plant growth stimulating nanoparticles 

Agricultural production can be increased upto 35-40% by use of fertilizers. Mikkelson states that nutrient management has 4 R’s of 

fertilizer use: right nutrient, right rate, right time and right place[6]. CRF (Controlled-Release Fertilizers) and SRF (Slow-Release 

of fertilizers) are popular in recent years. Nanofertilizers are an alternative where nutrients are delivered to crops encapsulated inside 

nanomaterials with a thin polymer film coating as nanoemulsions or nanoparticles. They help to reduce nitrogen loss caused due to 

leaching, soil micro-organisms emission or assimilation. Nanofertilizers are new nutrient delivery system since nanoparticles can 

penetrate seed or root tissue. This is because nanofertilizers are exploiting the nanoscale porous domains on surface of plants and 

release of nutrients on demand thus increasing the efficacy of fertilizers since they allow dosage reduction with controlled slow 

delivery of nutrients or plant growth stimulators nanoparticles[6]. 

3.7 Nanofood 

Huge money is invested by agri-food industries in nanotechnology research since it holds a key to many critical issues of food 

supply chain. Now over 300 nanofood products are available in market showing a wide role of nanotechnology in food processing 

to nutrition delivery to intelligent packaging[9]. Nanotechnology has become an indispensable reality of food market thus R & D’s 

are investing in nanofood. Nano-engineering of the food ingredients including texture, taste, flavour and colour without losing any 

nutritional value and increasing shelf life, food safety and food quality is the need of the hour. Convergence of nanotechnology and 

nano-bio-info will influence 40% of food industries[19]. Nanotechnology-created consumer products include brand of canola 

cooking oil called Canola Active Oil (Shemen Industries, Tel Aviv, Israel), a tea called Nanotea (Qinhuangdao  Taiji  Ring Nano-

Products Co., Ltd., Hebei, People’s Republic of China),  and a chocolate diet shake called Nanoceuticals Slim Shake Chocolate  

(RBC  Life  Sciences  Inc.,  Irving,  TX,  USA)[19]. An additive ‘nanodrops’ is present in canola oil to carry vitamins, minerals an 

phytochemicals. Cocoa-infused ‘NanoClusters’ is present in the shake according to mnufacturers to enhance taste and health benefits 

of cocoa without added sugar[19]. Nanotechnology has potential in dairy industry as well like addition of nanoclays increases milk’s 

durability 3 to 9 days and prevent diffusion of air in product. Nanowax causes transparency and durability of fruits. To prevent oil 

from clumping nanoporous ceramic pellets are added to frying oil thus extend shelf life of oil. Perishable produce and floral products 

are benefitted by nanotechnology based GuardNFresh (Fayetteville, AR, USA) which scavenges the ethylene that hastens the 

ripening[19]. 

IV. Contribution of nanoscience research in areas of agriculture and food 
 

Nanotechnology is emerging as an upcoming promising field that is also affecting the agricultural and food sector[21].  

 

 
                                                  

                                                                     Figure 2 
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V. Detection and control of plant diseases using Nanotechnology 

 

Agriculture is a backbone of many developing countries like India where there is an immense need to detect the plant diseases at 

initial stage so that tons of food can be protected from any plant disease outbreak thus nanotechnologists looking for possible nano 

solution for protection of agriculture against bacteria, fungi and viral agents. A detection technique has to be developed that takes 

less time and gives accurate results, that are simple, portable and not complicated to be used by our farmers. Idea is put forth to 

develop autonomous nanosensors that released throughout the fields that can monitor the soil condition and crop development. 

Union of two sciences biotechnology and nanotechnology in creating such nanosensors will allow to detect environmental changes 

and diseases at earlier stage, creating an environment of increased sensitivity[21]. 

5.1 Plant pathogen in biosynthesis of nanoparticles 

Plant disease management is done with the use of nanoparticles as antimicrobial agents. 

5.1.1 Fungi 

Recently use in synthesis of nanoparticles. Fungi act as natural nanofactories for easy handling,       downstreaming and can produce 

large amounts of enzymes[21]. But since fungi are eukaryotes so any alteration in their genetic material for synthesis of more 

amounts of nanoparticles is difficult. So in microbial systems it is very important to know the mechanism of synthesis of 

nanoparticles to get a control of obtaining desired shape, size and other properties of obtained nanoparticles. 

5.1.2 Bacteria 

Prokaryote group has received most attention for synthesis of nanoparticles. Bacteria mostly biosynthesize gold, silver, FeS and 

magnetite nanoparticles and quantum dots of CdS, ZnS and PbS[21]. 

5.1.3 Plant Virus 

Spherical/Icosahedral virus mostly likely represent natural nanomaterials and nanoparticles. Due to their ability to infect the host, 

deliver the nucleic acid genome to specific site in host cell then, replicate easily, packaging of their genome and easily come out of 

host cell in precise manner is the property to be exploited by nanotechnology. Thus plant viruses are used as biotemplates for 

synthesis of nanomaterials[21]. 

VI. Nanotechnology in plant and livestock production 

 

Nanotechnology has diversed applications in food and livestock production by use of nanosensors, nanoformulations, nanocapsules 

and aptasensors like[13]: 

Table 6.1 

Nanodevices Function in animal and livestock production 

Nanosensors Monitor soil conditions (pH, moisture), pesticides, 

herbicides, fungicides, insecticides, pathogen, and 

crop growth. 

Nanosensors Detection of food-borne contaminants. 

Monitor environmental conditions at farm. 

Nanochips Identity preservation and tracking. 

Nanocapsules Delivery of pesticides, herbicides, fertilizers and 

vaccines allowing dosage reduction and slow 

delivery to plants. 

Nanosilica Controls agricultural pesticides, insectides and 

ectoparasites in animals. 

Nanosensors and nano-based smart delivery systems Effective use of water, nutrients and chemicals 

through precision farming. 

Nanoparticles Deliver growth hormones or DNA in controlled 

manner. 

Nanosized nutritional supplement For food application and animal feed. 

Bio- nanosensors Detection of lactate, glucose and ATP within 

animals. 

Nanosensors Animal health management and monitor animal 

health in real time. 

Nanodevices integrated in body of animal Convey information regarding animal behaviour and 

health required for medical treatment. 

(smart drug delivery system for infection and 

nutrient deficiencies, nanovaccines) 

Nanoparticles in feed Remove food borne pathogen from GI tract of 

livestock. 

Nanosensors Detect pathogens and other contaminants in water. 

Carbon nanotubes, nonoporous ceramics and 

magnetic nanoparticles 

Remove impurities from drinking water and remove 

waterborne pathogens and heavy metals. 

Nanomaterials Detoxification of harmful pollutants in soil or 

groundwater. 
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Porous nanostructures Nanodelivery of veterinary products in fish food. 

Wireless nano surveillance systems Enable remote farm surveillance. 

Aptasensors Determination of pesticides and insecticides 

(phorate,acetamiprid) 

Aptasensors Determination of antibiotics, drugs and their residues 

(cocaine, tetracycline, kanamycin) 

Aptasensors Determination of heavy metal (Hg, As, Cu) 

 

VII. Nanotechology in agriculture 

 

7.1 Precision farming 

The use of computers, global satellite positioning systems and remote sensing devices to measure highly localised environmental 

conditions is precision farming which helps to determine crop growth efficiency as also detecting nature and location of problems. 

Thus production costs can be reduced with increase in production if centralised data to determine soil conditions, seeding, fertilizers, 

plant development and water use is known which will benefit the farmers. Agricultural waste and environmental pollution can be 

reduced to minimum with help of precision farming, though not fully implemented but small monitoring devices enabled by 

nanotechnology will revolunize the agriculture. Autonomous sensors linked with GPS helps in real time monitoring and distributed 

throughout the field for monitoring soil conditions and crop growth. Certain parts of USA and Australia has started using wireless 

sensors in their fields. Example is of Californian vineyards, Pickberry, Sonoma country installed Wi-Fi systems in their vineyards 

with help of Accenture, IT company. Initial cost for installation is high but fine grapes are obtained which sold at premium price[7]. 

Other example noted in Forbes magazine about nanosensors installed by Honeywell in Minnesota to monitor grocery stores enabling 

shopkeepers to track food items passed out of expiry date and for purchase of new stocks. Globally predicted wireless nanosensors 

will reach 7 billion USD by 2010 [7]. Thus precision faring combined with smart sensors will enhance agricultural production giving 

accurate information to farmers thus benefitting them to take right decisions. 

7.2 Smart delivery system 

Use of DDT pesticide was effective and widespread in later half of 20th century but found to be highly toxic affecting human and 

animal health or whole ecosystem so they were banned. Therefore, Integrated Pest Management systems were introduced a mix of 

traditional methods of crops with biological pests control methods became popular especially in Tunisia and India. But introduction 

of nanoscale devices with advanced properties introduced to make agriculture ‘smart’. Advantages of smart system are: 1) Plant 

health issues identification before visual identification. 2) Take appropriate remedial action [7]. Smart devices deliver chemicals in 

controlled manner at target site and act as preventive and early warning system. Smart delivery system include formation of 

nanoformulations or nanoemulsions of pesticides, herbicides and fertilizers and release in controlled manner responding to 

environmental signals thus aiming to make plants use these chemicals along withwater efficiently with reduced pollution and 

practising environment friendly agriculture. 

7.3 Particle farming 

Nanoparticles can be indusrtrially harvested. Gold can be grown and harvested from crop plants as found by scientist. Alfafa plants 

when they are grown in gold rich environment they show the absorption of gold which can be separated mechanically by organic 

material. Similarly silver uptake by Alfafa plants in silver rich environment is seen thus forming silver nanoparticles. Records of 

photosynthesis of nanoparticles in plants has been reported[1]. 

7.4 Other developments in agricultural sector 

 

7.4.1 Nanotechnology in organic agriculture 

Use of nanotechnology in organic agriculture was rejected by International Federation on Organic Agriculture Movements Position 

Paper on Use of Nanotechnologies and Nanomaterials in Organic Agriculture[19]. However, there is a claim of nanopesticide that 

is organic by Nano Green Sciences, Inc. who sells that product[19]. Nanotechnology use in Organic food production is banned by 

Cannada. In Cannada’s national organic rules an amendment was passed banning the nanotechnology in organic agriculture as 

“Prohibited Substance or Method”[19]. 

7.4.2 Nanotechnology in agrowaste reduction and high value products like biofuels 

Overreliance on limited fossil fuels with high energy demand are challenging the energy trends where nanotechnology is the answer 

of conversion to renewable energy sources. Reforming biomass derived products is done by nanotechnology as well as its use in 

transesterification, gasification, pyrolysis and hydrogenation was reported[1]. Effectiveness of lipid extraction without harming 

microalgae can be done using nanomaterials where for transesterification of oils to biodiesel. Nanomaterials like calcium oxide and 

magnesium oxide are acting as biocatalyst carriers or heterogenous catalyst[19]. Nanotechnologies are future trends for biodiesel. 

 

7.4.3 Crop improvement 

Agricultural production was enhanced due to use of nanofertilizers. For assimilation, translocation, and storage metal-based 

nanomaterials and carbon-based nanomaterials are  exploited specifically for development and improvement of crop yields[1]. 

Nanotechnology has yielded positive morphological impacts like root and shoot length and their ratio, increment in germination 

percentage and vegetative biomass of seedlings of crops like corn, wheat, ryegrass, alfalfa, soybean, tomato, radish, lettuce, spinach, 

onion,  pumpkin and cucumber[19]. Also physiological parameters are enhanced like photosynthetic activity, electron transport 
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rates and nitrogen metabolism. Genetically modifying plants and transport of genes and drugs to desired receptor site at cellular 

stages shows high increment in agricultural productivity by use of nano-biotechnology sensors and smart delivery systems. 

7.4.4 Animal reproduction and animal nanofeed application 

Nanotechnology has also touched animal husbandry with varied applications in improving feeding and nutrient efficiency of 

animals, minimizing animal diseases and turning animal waste to value added products[19]. Many surface-functioning nano 

additives added to remove toxins and pathogens like nanofeed, a supplication for animas that enhances self-healing properties thus 

improving resistance against diseases. Nanofeed helps to maintain overall cell metabolism and animal health by acting as an 

antioxidant. There are many benefits of nanofeed like reduction in usage of antibiotics, improving utilization of phosphate, bone 

health improvement and reduction in mortality rates of animals. A chicken feed containing bioactive polystyrene nanoparticles was 

developed by US Department of Agriculture and Clemson University which binds with harmful bacteria that help in reduction of 

food-borne pathogen[19]. 

Agricultural productivity is influenced across worldwide by the reproductive performance of livestock. Artificial insemination is an 

important tool to increase reproduction efficiency where nanotechnology plays an important role in semen purification and fertility 

testing. Vegetarians who are willing to eat high protein diet without killing any animal, they can consume in-vitro meat, cultured 

meat, or laboratory grown meat where nanotechnology plays an important role[19]. Nanotechnology can be used as a modern tool 

to fill the hungry stomachs while achieving right quantities of nutrition. Another major concern is to transport livestock products 

maintaining freshness where nanoparticles are used in the form of laminates, pouches and edible coatings[19]. 

7.4.5 Poultry production 

Poultry products can be produced at a much higher and faster rate with highest safety by use of nanoparticles. Nanobiotic-silver can 

be used in poultry nutrition due to its antimicrobial properties and increases anabolic activities[19]. This can affect the microbal 

populations but does not induce any microbial resistance. Poultry suffering from influenza virus can be detected by Gold 

nanoparticle-based diagnostic kits[19]. 

7.4.6 Aquaculture and fisheries 

Nanotechnology is seen to have a wide usage potential in aquaculture and seafoods industries. For irrigation and fish culture 

nanopurified water could be used. Nanotechnological applications for fish health in aquaculture include nanodelivery of veterinary 

products in fish food through porous nanostructures, antibacterial surfaces in aquaculture system, nanosensors to detect pathogens 

in water, effective sorbent for removal of heavy metals from synthetic and groundwaters. Nanoparticles are promising to improve 

health of farmed fishes against diseases by providing protection against pathogens. Nanochelates are type of nanoparticles that 

without affecting color and taste of food can effectively transport vitamins, lycopene and omega fatty acids in aquaculture[19]. 

7.4.7 Nanotechnology in hydroponics 

Hydroponics is widely used around globe which is a branch of agriculture to grow soil-free plants[19]. This technology is less 

known though many veggies and fruits are grown hydroponically. Growing metal nanoparticles in living plants is employed by 

scientist by exploiting hydroponics in nanotechnology, other application is to grow fodder and biofuel crops[1]. In hydroponics, 

nutrient management can be done effectively.  

 
VIII. Nanotechnology and agri-environment 

 

Large use of agro-chemicals to enhance crop yield has led to release of harmful pollutants. In recent years, nanotechnology is a 

promising field to increase the yield as well as repair the problem of polluted soil and groundwater. Recent applications of 

nanotechnology in agro-environment research is taken into consideration specifically the fate of nanomaterials in soil and water[19]. 

Use of nanomaterials not only improved the quality of environment  but also help to remediate the polluted sites with small number 

of toxic effects like orange-brown plaques formed by root system in terrestrial plants which was due to iron nanoparticles[19]. Iron 

nanoparticles were reported due to homeostasis uptake developed by plants which can take desire levels of ionic iron. There are 

other nanoparticles like copper which has a vital role in electron transport system but otherwise catalyse the production of destructive 

radicals as a free ion[1]. Developing of plant-based manufacturing includes an important step is growing and harvesting organic 

nanoparticles from plants which is an improvement in formation of metallic nanoparticles by exploiting plant systems. Herbal and 

medicinal plant based nanoparticles biological and eco-friendly synthesis was reported. 
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IX. Nanotechnology in food industry: From farm to table 

 

9.1 Different aspects in food industry 

 
                                                                        Figure 3. Flow Chart 

 

9.2 Applications as food additives and food ingredients 
Carbohydrates, proteins and fats are the different components of food but a common factor is their digestion and metabolism which 

is carried out at nanoscale. Thus it is argued if nanoscale food processing is carried out then it will prove to be fruitful by increasing 

efficiency of digestion, bioavailability, metabolism and absorption in body. Supplements like tri and di peptides are available in 

markets that are easily digestible voluntarily but claims are put forth regarding change in properties of these supplements at this 

scale whereas processing at nanoscale prevents that but this requires additional research as it raises certain regulatory questions on 

modification properties[20]. 

X. Nanomaterials in food processing 

 

10.1 Improve texture, appearance and taste of food 

Several advancements of nanotechnology help to improve the food value. Transformation of animal/agricultural produce to food is 

food processing. Nanotechnology assist in forming functional or interactive food where there are nanocapsules containing flavour 

or colour enhancers or nutritional supplements or addition of nanoparticles in food for nutrient absorption. Example one of bakeries 

in Western Australia is encorporating tuna fish oil in their bakery products in form of nanocapsules that break open in gut on 

ingestion of bakery product thus avoiding any unpleasant taste of fish oil in mouth[2]. Nanoencapsulation methods are used in food 

processing since they release taste progressively maintaining a culinary balance[20]. Delivery of vitamins, micronutrients and 

medicines are done in edible small capsules using this technique to meet beneficial health effects without disrupting taste of food 

item. Wide range of nanoscale colour additives is prepared and studied. Office of Cosmetics and Colours in the Center for Food 

Safety and Applied Nutrition and the USFDA has approved these nanoscale colour additives[2]. Sensory perception of taste and 

smell is very important to stimulate appetite which is determined by the flavour of food where nanoencapsulation technique is 

employed to improve release, retention of flavour and maintain dietary balance. Carriers of fragnances and flavours in food can be 

achievd by SiO2 nanomaterials[2]. 

10.2 Nutritional value and Nutritional supplement 

Commercial names for nutritional supplements are Nanoceuticals and Nutrition-be-nanotech[3]. To increase the absorption of 

nutrients nanosized powders are used and for effective nutrient delivery without change in colour and taste nanochelates are used. 

Another nutrition supplement are vitamin sprays disperse nanodroplets[3]. Supplements of iron and zinc nanostructured capsules 

based on encapsulation techniques target needed probiotics and products in human system[3]. Food supplement with 

nanotechnology more effective than regular one because of easy absorption in human cell due to their size. 

XI. Nanotechnology in food packaging 

 

11.1 Active nanopackaging 

Use of active nanomaterials like antimicrobials and oxygen scavenging material for packaging is called active packaging they 

interact with food, environment and increase shelf life of food. Nanosilver, nano-titanium dioxide, nano-magnesium oxide, nano-

copper oxide, carbon nanotubes are the antimicrobial materials that can be used for active packaging[2]. These packages control 

microbial growth, moisture migration, respiration rate and prevents oxidation thus helping in food preservation. 

11.2 Smart/Intelligent nanopackaging 

The regulation of internal environment of food and their properties are sensed regularly which is done by sensors. The detection of 

physical quantity of substances and convert them in observable readable values is done by sensors. Oxygen scavengers, moisture 

absorbers and barrier packing product are dominating the current smart packaging system which accounts for 80% of the market[3]. 

Nano-enabled packaging technique is employed by bakery and meat products. Indicators like nanosensors are used for alarming the 

oxygen content, temperature, shelf life, and pathogens in food environment. Some examples are as follows: microbial detection by 

gold nano particle incorporated enzymes, condition of food determined by gas sensing – gaseous amines emitted from fish and meat 

spoilage detected by nanofibrils of perylene-based fluorophores and detection of volatile organic compounds by zinc oxide and 

titanium oxide nanocomposites[3].  

 

 

11.3 Carbon Nanotubes (CNTs) 

These are of two types - Single walled nanotube (SWCNT) and Multiwalled nanotube (MWCNT). CNTs help to pump out carbon  

dioxide and also absorb  undesirable  flavors. They have antibacterial properties since they can directly penetrate through microbial 

cells[2]. But one drawback is that CNTs can migrate in food, contaminating it and leading to toxicity in humans so their use is 

limited. 

PROCESSINGPRODUCTION PACKAGINGSUPPLEMENTS
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11.4 Biobased nanopackaging – Starch, Cellulose, Chitosan 

This packaging involves the incorporation of bionanomaterials from renewable sources which helps in improvement of packaging 

properties like biodegradation, edibility, biocompatibility, low-waste and eco-friendly[16]. Various bionanocomposites are used 

which include biopolymer and derivatives like starch, cellulose and chitosan. 

11.5 Antimicrobial packaging 

Nanoparticles employed to control pathogens and microbial growth and spoilage. Silver nanoparticles ions have ability to inhibit 

wide range of biological processes. They are used in all forms: electrical appliances, biotextiles, refrigerators, kitchenwares[3]. Zinc 

oxide is incorporated in number of polymers like polypropylene whose antibacterial property increases with decreasing size 

stimulated by visible light[3]. Titanium dioxide a coating in product packaging controls E. Coli contamination and if combined with 

silver improve disinfection process[3]. Thus antimicrobial packaging proves to be highly consumer friendly and healthy product. 

11.6 Barrier protection 

Preservation of food products are done by maintaining it in inert and low oxygen atmosphere for inhibiting microbial spoilage thus 

use of material impermeable to gases is done. Due to the large surface area of nanocomposites incorporated in polymer matrix they 

favour filler-matrix interactions. Also nanoreinforcements act as small barriers against gases[3]. Nanoclays naturally obtained from 

volcanic ash are complex materials which prevent the permeation of gases by providing a barrier used in food packaging to get 

higher quality. Other examples of polymer based nanoclays are prepared by nylon, polyolefin, PET, epoxy resin. Properties of 

durability and protection is largely obtained from polyamide based nanoclays which are developed and commercialized under trade 

names Durethan, Imperm, Aegis[3]. Since packaging is the backbone of commercialization many researchers are developing 

nanocomposites and carbon nanotubes. 

11.7 Biodegradable 

Pollution is of important concern which affects environment. Biodegradable plastics was introduced to reduced global warming 

which is caused due to accumulation of non-biodegradable plastics and toxic gases but disadvantage is lack of mechanical strength 

and permeability to water and soil[3]. But incorporation of nanotechnology in packaging material that is obtained from renewable 

sources are biodegradable. These are obtained from proteins, carbohydrates and lipids from animal and plant materials. Zein and 

cellulose from corn is also synthesized into nanofibers mixed with nanoclays leads to comfort packaging having antibacterial action 

and act as biocatalyst and sensors[3]. 

XII. Nanosensors as emerging devices in food industry 

 

Various nanostructed materials and biological receptors in an integrated system design act as bioanalytical devices called as 

nanosensors[4]. They have quick detection capacity, integrity and cost effectiveness, high sensitivity and specificity, high surface-

to-volume ratio, excellent optical and electric properties.  

12.1 Nanosensors in detection of toxins 

Detection of toxic substances in aqueous samples can be done by micro fluidic sensor type of nanosensor. Electrochemical and 

biochemical sensors such as CNTs, metallic nanoparticles and supramagnetic nanoparticles helps in detection of toxins in foodstuffs. 

Detection of toxicogenic and carcinogenic aflatoxin B1 found in food contaminated by Aspergillus flavus and Aspergillus 

parasiticus is done by gold nanoparticles functionalized with anti-aflatoxin antibodies[20]. Similarly detection of aflatoxin M1 in 

milk samples is done by supramagnetic beads containing anti-aflatoxin and gold nanoprobes[20]. For enzyme-linked 

immunosorbent and immune-chromatographic assays gold nanoprobes are used to detect botulinum neurotoxin type B and 

brevetoxins present in processed foods[20]. Palytoxin, a marine toxin usually present in contaminated sea food can also be detected 

using carbon nanotube-based electrochemiluminescent sensors[20]. 

12.2 Nanosensors in detection of food pathogen 

Identifying bacterial genetic material or whole genetic material helps in food pathogen detection. Using conventional methods to 

control food pathogen is very reliable but complicated. Nanotechnology offers low cost nanosensors in food packaging that detects 

different pathogenic microorganisms. Nanobioluminescent spray made of magnetic nanoparticles is an efficient nanobiosensors, 

which reacts with pathogens present in food if present that produces a visual glow for detection[20]. Silver nanosensors combined 

with surface-enhanced Raman spectroscopy helps in detecting pathogenic bacteria in contaminated foodstuffs[20]. Detection of 

food borne pathogens can also be done with the help of nanosensors integrated with nanomaterials like nanorods, nanocolloids, 

graphene oxide, carbon nanotubes, plamonic gold and magnetic beads. Liposomal nanovesicles coupled with immunosorbent assay 

can detect E. coli, L. monocytogenes, and Salmonella spp due to its efficacy and specificity[20]. In liquid food systems, silicon-

based nanosensors are used that are coupled with proteins that vibrate depending on their mass for pathogen detection. 

12.3 Nanosensors in sensing chemicals and pesticides in food 

Detection of organophosphorus and carbamatepesticides is done using colorimetric and fluorometric nanosensors which are 

conjugated with gold nanoparticles. For paraoxon sensing core-shell quantum dots are used that are made of cadmiumselenide and 

zincsulfide. Toxic cadmium ions are detected using CNTs or potentiometer sensors.  Fluoroscent nanosensors in conjugation with 

gold nanoparticles detect melamine pesticides and voltametric nanosensors based on nanocomposite biofilms (gold/zirconium 

dioxide) detect parathion pesticide[20]. Similarly chemicals like food dyes and prservatives when used above permissible limit are 

found to be toxic. Food dyes namely sudan-I(carcinogenic red dye used as an adulterant in chilli powder, tomato ketchup, strawberry 

and chili sauce), sunset yellow, and tartrazine can be detected  with help of ionic-liquid nanocomposites modified with CNTs. 
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Detection of bisphenol A ( toxic organic compound released from plastic containers) and sudan I is detected by nanocomposites in 

conjugation with zinc oxide nanoparticles and CNTs as reported in studies[20]. 

12.4 Nanosensors in sensing the quality of key food ingredients 

Key food ingredients like vitamins  and other antioxidant compounds can be degraded when gone for food processing.  Different 

nanosensors conjugated with various nanomaterials are used to prevent their degradation. Ascorbic acid and folic acid  are present 

in various fruit juices, wheat flour and milk samples which can be detected using ionic liquid nanocomposites based on carbon 

nanotubes and nickel oxide nanoparticles[20]. Different indicators of food quality are succinic acid, citric acid, L-malic acid, 

fructose, D-sorbitol, sucrose, glucose, hydrogen peroxide and L-glutamic acid that are present in food stuffs which can be detected 

using nanosensors in conjugation with silver, zirconium dioxide, iron, nickel–platinum, chitosan, gold, tin dioxide, prussian blue–

gold and cuprous oxide nanoparticles[20]. 

XIII.  Nanomaterials and devices in food safety 

 

13.1 Nanobarcodes for product authenticity, product tracking and anticounterfeiting 

Packaging is the combination of marketing and delivery of food to consumers that is without any counterfeiting, that is it should be 

safe and acceptable without any final product modification. Advances in nanotechnology prevents any recall of product from market 

by improving traceability and product authenticity ensuring brand protection and preventing product tampering. Record of product 

supply chain or tracking of product in any case of infringement can be done using nanobarcodes that has all product-related 

information. Timestrip designed an intelligent and disposable label are nanomembranes that contain diffused liquid from product 

under different temperatures. This strip helps to measure the time for which food exposed to abnormal temperatures[11]. Nanotag 

devices help to record temperature, humidity and ambient gas concentration like Radiofrequency Identification (RFID) chips thus 

helping to get knowledge about freshness, food quality and food safety during transit and storage. An accurate report on quality 

parameters of food especially perishable items can be obtained through RFID chips that are cheap and versatile[11]. For detection 

of DNA and food adulteration biological tags made of nanodisks of gold and nickel incorporated with chromophores which work 

on reflecting light spectrum are used[11]. Oxonica designed nanobarcodes offer brand protection and easy tracking thus preventing 

counterfeiting are made from gold, silver and platinum nanoparticles where each strip is coded with the quality characteristics of 

product along with biological fingerprinting[11]. Another technique is ‘Dip pen lithography’ where there is encrypted information 

on product or package related to batch number or processing conditions by dipping the scanning probe in modified ink[11]. 

13.2 Nanomaterial for protection from allergens 

Indurations, swelling, erythema, granulomas, and cutaneous nodules at the site of injection are the side effects of conventional 

adjuvants like alum but nanotechnology has also found application in managing food allergens[20]. For allergen immunotherapy, 

protamine based nanoparticle adjuvants act as novel carrier system to counteract Th-2 type reponse due to their biodegradability, 

low toxicity, low dosage, reduced allergen exposure to IgE and its efficiency[20]. Another example is detection of ochratoxin A in 

grape juice and different allergens in food matrices by aptamer-based gold nanorod and magnetic nanoparticle fluorescence[20]. 

For peanut allergies nanomaterials like polyanhydride nanoparticles, quantum dots, and dendrimers are used to initiate 

immunotherapy[20]. Bioinspired nanostructures can also be used to detect food allergens due to their low toxicity and cost 

effectiveness. 

13.3 Nanomaterials for inhibition of biofilm inhibition 

Biofilm adhere together due Van der Waal forces and secrete impermeable extracellular matrix which poses a problem in food 

industry like biofouling, biocorrosion, and interference in food processing[20]. Filter membranes made of nanofibers can inhibit 

biofilm formation MDR bacterial strains. Nanomaterials made from silver, nickel oxide and zinc oxide are used since they have 

anti-bacterial, anti-fungal and anti-biofilm properties. 

13.4 Nanotechnology for food preservation and storage 

Nanotechnology helps in preservation of food and maintains its quality of product appearance, function of products and nutritional 

and sensory attributes of food. Metallic nanoparticles of zinc and silver are antimicrobial preservatives and encourage food 

preservation. Nanoencapsultion of bioactive agents increases shelf life of food[20]. Edible nanocoatings for foodstuffs creates an 

obstacle to gaseous interchange, creating antioxidant and anti-browning mediators and enzymes which increases the shelf life of 

food. 

13.5 Nanobioluminescence for detection spray 

Many organizations are working to develop NT for the detection of any contamination in food by their sensitivity. One such company 

AgroMicron has developed a Nanobioluminescence Detection spray where they have developed a luminous protein that can self-

luminescence on attachment to the surface of microorganisms like E.Coli and Salmonella[11]. If bounded and observable glow is 

emitted which allows to easily recognise the contaminated foods and beverages. Thus more intense the glow higher is the bacterial 

contamination. Different innovations like the nanoscale dirt-repellent sprays with potential use in self-cleaning surfaces are coming 

up. Other developments are nano-based material packaging displays which include RFID (Radio Frequency Identification Display) 

has many application from product monitoring in shops to supply chain efficiency. This includes microprocessors with antennas 

that send the information of the products from warehouse to consumers hands. This technology help to detect any product that is 

manufactured and used by many retailers like WalMart, Home Depot, Tesco, and Metro Group[11]. 
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13.6 Nanotechnology, and food contamination effects 

Due to the high use of nanotechnology-based materials, products, and applications, there is a high concern about contamination too 

due to indirect sources. This can be due to expose to nanoagrochemicals during cultivation, veterinary medicines, nanoparticle 

coatings during processing or packaging or migration of nanoparticles. Three possible routes of entry are dermal exposure, inhalation 

and ingestion[11]. NP can penetrate through the stratum corneum then dermis then enter lymph nodes and eventually in blood 

circulation. Toxicity in pulmonary tract is determined by particle size, shape, mass, chemical composition, rate of deposition and 

time of clearance. But, toxicity through GI tract is unknown. Large application of NT in food and beverages has led to the health 

hazards due to crossing of nanoparticles across cellular barriers. Digestion of proteins, carbohydrates, and fats take place in three 

different ways but the common thing is they are digested at nanoscale and when nanoparticles are encorporated thus this increases 

the speed and efficiency of digestion, uptake, bioavailability and metabolism. There are some nutritional supplements already 

available in market claiming for easy digestibles. Processing of food at nanoscale alters their properties thus affecting the behaviour 

of such food ingredients breakdown in gut and how treated in GI tract[11]. 

XIV. Nanotoxicity 

 

Factors affecting the overall toxicity of nanoparticles 

 

 
 

                                     Figure 4 

 

14.1 Harmful effects of nanoparticles on humans 

Nanoparticles enter ecosystem due to delivery of nanoagrochemicals or through use while processing and packaging of foods having 

many applications and benefits but also has adverse social, environmental and health risks due its toxicity. Due to bioavailabilty and 

higher reactivity of these nanoparticles, they have high pathological effects on long exposure in humans. Use of nanomaterials in 

food processing, preservation or tracking done by nanosensors, nanobarcodes, CNTs or directly incorporating nanoparticles in food 

as nanoemulsions, nanocapsules leads to the entry of nanomaterials in food chain. Toxic effects is related to the concentration of 

nanomaterials used along with the exposure time. They cause oxidative stress to human cells and traverse from lung to blood, affect 

CNS, inflammation of GI tract, Parkinson’s syndrome, Alzheimer’s disease, impairment of DNA and adversely affect lungs, kidney 

and other vital organs[11]. 

14.2 Migration issues of nanoparticles 

The main aim is to analyse the amount of nanoparticles migrated in the food and then ingested through mouth and later absorbed 

by various organs and metabolism of these nanoparticles in body until they are excreted out of body. Silver, titanium dioxide, tin, 

CNTs nanoparticles are absorbed in GI tract from blood as reported in some studies[11]. Size, surface charge, mass, surface porosity, 

chemical composition and state of agglomeration determine how adversely nanoparticles affect the target organs spleen, liver, 

kidney, and brain. Blood circulation increases drastically when hydrophilic and positively charged nanoparticles enter blood and 

nanoparticles enter body through three possible routes dermal exposure, ingestion and inhalation thus affecting dermis, pulmonary 

organ and GI tract resulting in formation of bio corna that has negative effect on cells such as immunotoxicity, cell death and 

genotoxicity[11]. 

14.3 Environmental effects of nanoparticles 

Due to high use of nanoparticles in food and agriculture leads to substantial release of nanoparticles in the environment, terrestrial 

and aquatic ecosystems either naturally, unintentionally or intentionally[11]. Forrest fire, volcanic eruption, ocean spray, dust storm 

and soil erosions release natural nanoparticles while welding, metal smelting, smoking, mining, fossil fuel-burning industrial waste, 

and vehicle exhaust release unintentional nanoparticles. The physiochemical properties of these nanoparticles (particle size, surface 

charge, chemical composition, shape, agglomeration rate, porosity) determine the ecotoxicity. One of the reason of global warming 

is the black carbon in diesel which absorbs light. Optical properties of nanoparticles cause common problems like building soiling 

and atmospheric visibility[11].Nanoparticles has also shown adverse effect on aquatic ecosystem which is still under study. 
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14.4 Prospects in nanotoxicology research 

Many studies has been conducted to depict whether nanoparticle used in agriculture and food are toxic or non toxic[11]. To 

understand the toxicity of the nanoparticles most studies were carried out on homogenous nanomaterials[11]. Enhancement of 

reactivity is one of main characteristic of nanoparticle there is possibility of food item turning toxic when nontoxic nanoparticle is 

incorporated in food or vice versa. Role of food is based on the composition of food. Food has functional ingredient whose loss has 

to be prevented while processing. There are high possibilities of biochemical interactions in food and when nanoparticles added in 

food, they altogether trigger a whole set of varied interactions which has become an area of research along with study of interaction 

of nanoparticles with functional ingredients and other constituents of food. 

XV. Safety concerns and Regulatory laws 

 

Food ingredients to packaging to analysis of food all fields are touched by the tremendous applications of nanotechnology. Toxicity 

on plants and animals caused due to the nanoformulated products have no standard regulatory laws to the use of such nanomaterials 

in agri and food sector. For safer utilization of nanoparticles in food, agencies have introduced effective policies and guidelines. 

Regulation of nanofoods and food packaging is done by a regulatory body USFDA in USA[12]. For the regulation of nanofood 

additives in Australia is done by Food Standards Australia and New Zealand (FSANZ) a regulatory body under the Foods Standard 

Code[12]. Scientific Committee on Emerging and Newly Identified Health Risks  (SCENIHR) does the risk assessment of 

nanotechnology in European Union[12]. EU regulations stated that before nanotechnology-based foods are authorized for human 

use they should pass through safety assessment[12]. European Union Novel Foods  Regulation  (EC  258-97) totally covers the 

regulations of nanofoods and food ingredients[12]. Authorized nanoadditives before 2009 and food packaging materials should 

undergo re-evaluation program by European Food Safety Authority (EFSA)[12]. Due to limited information on exposure, 

availability and toxicity to human of nanofoods there are lack of regulations for nanofood in some countries, like Japan and China. 

Rigorous toxicological screening methodologies combined with complete government guidelines and legislation along with 

formation of international regulatory system is important for legal utilization of nanotechnological applications in food[12].  

XVI.  Financial implications in Nano-food industry 

 

‘Nanofood’ is defined as the food cultivated, produced, processed, or packaged using NT technologies or wherein nanoparticles are 

added[10]. Over many decades many modifications both biological and biochemical are seen in post-harvest and post-processing 

foods so implementing nanotechnology in these two fields will tremendously modify the food. Research and development have 

envisioned the incorporation of nanotechnology in the food sector which will influence the demand for nanofood due to change in 

production to packaging processes. 

In recent years Nanotechnology is shifting towards a multibillion-dollar industry and NT in the global market has been estimated to 

reach 1 trillion US dollars with over 2 million workers working in this sector[10]. NT has impacted different sectors of food and 

associated industries. On a global scale, NT products to the packaging sector of food and beverages are on the rise from US dollars 

150 million in 2002 to US dollars 860 million in 2004[10]. Report by Hermut Kaiser Consultancy (2004) – Nano food market has 

upscaled from 2005 US dollars 2.6 billion to reaching heights of US dollars 20.4 billion by 2010[10]. 

Application of nanotechnology to food has shown increment prediction of 5.8 billion US dollars in 2012 (1303 million US dollars 

for production, 1475 million US dollars for food ingredients, 2930 million US dollars for processing, and 97 million US dollars for 

food safety)[10]. Around 400 food and beverage companies like Altria, Heinz, Nestle, Unilever, and many small nanotech startup 

companies are approaching nanotechnologies for their products[10]. Improving food safety, nutritional value, freshness, new tastes, 

flavors, textures, reduce the costs, and increase the shelf life of food is the demand of the current food market along with maintaining 

high-profit margins. Thus food sector is investing in nanotechnology which will dramatically increase its application in near future. 

XVII. Nanotechnology as a whole unit 

17.1 Frontier topics 

Little is known about the bioavailability and biodistribution of nanomaterials hence precaution has to be taken regarding the acute 

and chronic toxicity upon exposure to them. Though some research papers have noted about the low toxic effect of nanomaterials 

in agricultural and food products but toxicity can be altered due to exposure for long period of time[5]. One example is the banning 

on use Titanium dioxide and E171 as food additives due to their toxic effects on health[5]. Active research is ongoing on the risks 

of traditional nanomaterials[5]. In order to reduce the toxicity many approaches are accounted while improving the target selection 

and reliability of its performance. Public awareness and acceptance of nanomaterials in food and agricultural products along with 

research and government legislations decide the course of upcoming of nanotechnology’s future even though there are exciting 

market applications. 

17.2 Perspective on biosynthesized and bioinspired nanomaterials 

Using biological systems like bacteria, fungi, virus, plant tisuues for design, development and synthesis of nanomaterials is coming 

up as green chemistry sustainable and eco-friendly method[5]. Many advantages are noted on use of biological systems: as 

manufacturing host they can do capping and stabilizing and also act like a reducing agent to avoid the use of hazardous substances 

while engineering nanomaterials, biosynthesis of nanomaterials can alleviate the use of chemicals and energy sources since they are 

done in ambient temperature and pressure with neutral pH and due to surface functionalization most of biosynthesized nanomaterials 

are biocompatible and low toxic[5].  
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Applications of biosynthesized nanomaterials 

Most applicable area Cosmetics, medical appliances, antimicrobial, 

antipathogen and mosquitocidal uses. 

Second-most applicable area Cell labelling, gene delivery and nanosensors to 

detect biomolecules, environmental factors. 

Under clinical trials Photoimaging, photothermal therapy, various 

types of cancer, magnetic response drug delivery. 

 

Low production and less controllable engineering of design, shape, properties of nanomaterials in biological systems is the major 

drawback since exact biological processes and mechanism of nanomaterial biosynthesis is unknown. 

Bioinspired approach of nanomaterials is involved in design of novel nanomaterials that mimic the biological templates in 

morphology and function eg. Mussel, cilia, etc[5]. Bioinspired nanomaterials show wide usage in biomedical field due to its intrinsic 

approach. This approach is preffered above biological system for synthesis of nanomaterials because of its rapid adjustment property 

with internal environment with changes shown in its own physio-chemical properties[5]. Study of bioinspired approach in food and 

agriculture is limited yet many bioinspired devices are used for environment sensing, pathogen and chemical detection, pesticide 

delivery, etc. 

17.3 Emerging challenges and solutions 

Applicability of nanotechnology in food and agriculture is increasing due to tremendous development in the field. But the success 

solely depends on consumer’s acceptance. Inorganic nanostructured materials – metal, their oxides and nanocomposites and nano- 

organic materials with bioactive ingredients shows a wide range of application in food sector[2]. With increase in human exposure 

of nanomaterials, health of human and environment is becoming of utmost importance of public concern and interest[2]. Though 

huge benefits are obtained due to nanotechnology but the accumulation of nanoparticles in human body and environment is 

questioning the drastic use of nanoparticle so a uniform international regulatory framework is required. Regulatory bodies like US  

Enironmental Protection Agency (USEPA), International Organization for Standardization  and  the  Organization  for  Economic  

Cooperation  and  Development (IOSOECD), National Institute for Occupational  Safety and Health (NIOSH), Health and Consumer 

Protection Directorate of the European Commission (HCPDEC), and  Food and  Drug  Administration  (FDA) have issued many 

guidelines on potential risks of nanomaterials[2]. Nanomaterials cannot be exuded since they increase the food safety, shelf life, 

nutritional value by addition of additives without changing the original characteristics of food. To meet the increasing demand of 

food worldwide nanotechnology is gaining momentum in food bioprocessing and packaging. Nanotechnology is revolutionising 

conventional food industry keeping in check the toxicity and possible health and environmental hazards. Thus, functionalized food 

and nanosubstance as additives should prioritise food value and protection along with design of effective and competent nanosenors 

or nano-biosensors to detect/identify pathogen, nanoagrochemicals or microbes[2]. Incorporating nanotechnology in food to develop 

healthy and sustainable food industry proves challenging also there is a public fear to use engineered or genetically modified food. 

Using nano-based materials in food science has many applications one should not be afraid to use though with potential toxicity one 

has to be cautious, which requires public to be educated regarding nanoparticles usage in agriculture and food products. In coming 

era, nanofood technology will be at frontier keeping in check the toxic effects on health and environment. 

 

 

 

 

XVIII. Conclusion and Future trends 

 

Nanotechnology opens up potential novel applications in both agricultural and food sector. Nanomaterials has caused a tremendous 

positive change with its scope spanning over entire industrial processes right from the plant production and animal feeding, then 

food manufacturing, monitoring and packaging, and potentially beyond which encompasses the whole farm-to-fork chain. Existing 

applications of nanotechnology is to eradicate the negative impacts of conventional agrochemical products and practises in food 

industry on human health and environment moving towards modern approach nanotechnology which has potential and high 

reliability. Nanotechnology has introduced nanostructure formulations in agriculture through mechanisms like targeted delivery or 

slow/controlled release mechanisms, conditional release active ingredients in responding  to  environmental triggers and meeting 

biological demands precisely which has revolutionize agricultural sector. From farm to table, quality food production cycle ends 

with advanced processing, packaging, and long shelf life, through enhancement in food quality by improving its flavour, texture, 

taste, nutritional value which has led to enormous growth  in food industry by introduction of nanotechnological technologies like 

nanoencapsulation and nanoemulsion in food sector to form smart interactive foods. But a threat always retains where nanomaterials 

may enter the food chain through air, water, and soil during manufacturing and lead to DNA damage, defects in organ system, 

Alzheimer’s, Parkinson syndrome and other health hazards on usuage and ingestion of nanomaterials incorporated in food and also 

environmental hazards due to nanotoxicity. Thus, nanotechnological advancements and success entirely depends on public 

knowledge, acceptance and awareness of nanofoods, nanoagrochemicals, nanopackaging and nanodevices and its toxic effects. 

Nanotechnology still has great potential to lead a new revolution but security and safety issues have to be kept in scrutiny and should 

addressed in the future with new regulatory concerns. 
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