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find applications, with improved properties, virtually in every 
field of science and technology.
        The food industry is beginning to use nanotechnology 
to develop nanoscale ingredients to improve colour, texture 
and flavour of food.[4,5] Nanotechnology also impacts every 
aspect of the food system from cultivation to food production 
to processing, packaging, transportation, shelf life and 
bioavailability of nutrients. Detailed discussion on applications 
is discussed in the next section.

2.APPLICATIONS
            As it has been discussed in earlier section, nanomaterials 
have applications virtually in every walk of life. However, we are 
confined to applications in food industry only in this article.  
The benefits of nanotechnology for the food industry are 
many and are expected to grow with time. This new, rapidly 
developing technology impacts every aspect of the food system 
from cultivation to food production to processing, packaging, 
transportation, shelf life and bioavailability of nutrients.
•	 Nanomaterialsas antimicrobial agents: Fresh fruits, 

vegetables, meat and poultry products are potential 
vehicles for the transmission of human pathogens leading to 
foodborne disease outbreaks[6] which draw public attention 
to food safety. Therefore, there is a need to develop 
new antimicrobials to ensure food safety. Because of the 
antimicrobial properties of nanomaterials, nanotechnology 
offers great potential for novel antimicrobial agents for the 
food and food-related industries. Also, the antimicrobial 
properties of nanomaterials enable them to preserve 
food during storage and transport. [7,8,9] A wide range 
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TA nanoparticle is a small particle whose size ranges between 1 to 100 nanometres at least in one dimension. Undetectable by 

the human eye, nanoparticles can exhibit significantly different physical and chemical properties compared to their larger material 

counterparts. This is due to a very large surface area to volume ratio when compared to bulk material. When the particle size goes to 

nanometer range quantum mechanical effects such as quantum confinement dominate the material properties. This feature enables 

nanoparticles to possess unexpected optical, physical and chemical properties. Due to these unexpected properties, nanoparticles 

find enormous applications in various fields such as medicine, agriculture, food, energy storage, electronics, pharmaceuticals etc. In 

this article we concentrate on applications of nanoparticles in food industry.
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I.INTRODUCTION
           Materials with any external dimension in the nanoscale 
(size range from approximately 1 – 100 nm) or having internal 
structure or surface structure in the nanoscale are called 
nanomaterials. The sources of nanomaterials are natural or 
incidental or engineered. Nano-objects are often categorized 
as to how many of their dimensions fall in the nanoscale. A 
nanoparticle is defined as a nano-object with all three external 
dimensions in the nanoscale. A nanofiber has two external 
dimensions in the nanoscale, with nanotubes being hollow, 
nanofibers and nanorods being solid nanofibers. A nanoplate/
nanosheet has one external dimension in the nanoscale [1,2], and 
if the two larger dimensions are significantly different it is called 
a nanoribbon. The first observations and size measurements of 
nano-particles were made during the first decade of the 20th 
century. Zsigmondy made detailed studies of gold sols and 
other nanomaterials with sizes down to 10 nm and less. He 
published a book in 1914.[3] He used an ultramicroscope that 
employs a dark field method for seeing particles with sizes much 
less than light wavelength. There were some other traditional 
methods employed for characterising nanomaterials such 
as light scattering, ultrasound attenuation spectroscopy. For 
characterizing surface charge or zeta potential of nano-particles 
in solutions, microelectrophoresis, electrophoretic light 
scattering and electroacoustics techniques were used.Novel 
effects can occur in materials when structures are formed with 
sizes in nanometer scale. In these cases, quantum mechanical 
effects can dominate material properties. Inaddition to this, high 
surface area to volume ratio of nanomaterials totally change 
the characteristics of these materials.  Hence, nanomaterials 
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of nanomaterials have been demonstrated to possess 
antimicrobial effects, including iron (III) oxide, zinc oxide, 
magnesium oxide, silver[10] gold, copper[11] and copper 
oxide, calcium oxide, titanium dioxide and cadmium oxide 
among others.

•	 Nanomaterials for colour, texture and flavour of food:The 
food industry is beginning to use nanotechnology to 
develop nanoscale ingredients to improve colour, texture 
and flavour of food.[12] The nanoparticles TiO2 and SiO2[13] 
and amorphous silica[14] are used as food additives. TiO2 
is used as a colouring in the powdered sugar coating on 
doughnuts. It is added as colouring agent to make food 
more visually appealing. Silica is used as an anti-caking 
agent to improve flow property of powered ingredients 
and as a carrier for flavours or active compounds in food.

•	 Nanomaterials in food production and 
packaging:Nanomaterials used for food packaging provide 
many benefits such as improved mechanical barriers, 
detection of microbial contamination and potentially 
enhanced bioavailability of nutrients. This is perhaps the 
most common application of nanotechnology in food and 
food-related industries.[15] A number of nanocomposites, 
polymers containing nanoparticles, are used by the food 
industry for food packaging and food contact materials[16]. 
The use of ZnO and MgO nanoparticles for food packaging 
has been reported.[17] Amorphous silica is used in food and 
in food containers and packaging.[14] Engineered water 
nanostructures generated as aerosols are very effective 
at killing foodborne pathogens such as Escherichia coli, 
Listeria and Salmonella on steel food production surfaces.
[18] 

•	 Nanomaterials in nutrients and dietary 
supplements:Nanomaterials are used as ingredients 
and additives in nutrients and health supplements 

(e.g., vitamins, antimicrobials, antioxidants) for enhanced 
absorption and bioavailability.[19] Also, using nanotechnology 
nano-encapsulated nutrients such as vitamins or nano-sized 
calcium or iron are created and added to drinks and food 
with no effects on clarity or visual appeal. Nutrientsin nano 
stateare absorbed faster in the body. Fortification of edible 
products (e.g., food, food constituents or supplements) 
with nutrients or non-nutrient bioactive components can 
help to balance the total nutrient profile of a diet and 
supplement nutrients lost in processing and thus to correct 
or to  prevent insufficient nutrient intake and from the 
associated deficiencies.[20] Compounds of natural origin, 
such as curcumin (CUR) occurring in turmeric, ω-3-fatty acid 
in fish oil, vitamins from fruits, when encapsulated in an 
appropriate nanocarrier, will be released after consumption 
of the food in the target organ and utilized according to its 
nutritional property.[21]    

•	 Food nanosensors:Nanomaterials are used as sensors to 
detect contamination and regulate the food environment. 
They can detect pathogenic bacteria, food-contaminating 
toxins, adulterants, vitamins, dyes, fertilizers, pesticides, 
taste and smell. Therefore, they are used as sensors in food 
production andat packaging plants. They can monitor the 
condition of food during transport and storage.[22] They can 
detect nutrient deficiency in edible plants and dispensers 
containing nutrients can deliver them to plants when needed. 
Therefore, nanomaterials can be used as nanosensors and 
nanotracers with almost unlimited potential by the food 
industry.[23] Nanosensors can detect pathogenic bacteria, 
food-contaminating toxins, adulterant, vitamins, dyes, 
fertilizers, pesticides, taste and smell. Food freshness can be 
monitored using time–temperature and oxygen indicators. 
Overall, nanosensors with unique properties are improving 
food security.

Figure: Applications of nanomaterials in various areas food industry
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CONCLUSION
        Undoubtedly, the nano materials have potential 
applications in every walk of life. Hence, much more 
research is to be done in nanotechnology to improve the 
quality of life. At the same time a note of caution is the 
health impact of nanomaterials in food which is of public 
interest and concern. Public acceptance of food and food-
related products containing nanomaterials will depend on 
their safety. These potential risks of using nanomaterials 
in food industry are determined by nanoscientists 
using nanotoxicology, which is a branch of toxicology 
and an interdisciplinary field that concerns varied toxic 
aspects of nanomaterials. A greater concentration on 
nanotoxicology is the need of the hour.Finally, a uniform 
international regulatory framework for nanotechnology 
in food is necessary to address all these issues.
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