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Introduction
Nanotechnology opens a new opportunity for the food industry 

and food products to use new management systems has capable 
of treated with any risks associated with nanofoods as well as 
the use of nanotechnology at food industry. Nanomaterials have a 
wide surface area per each mass unit, they are expected to be more 
biologically active than larger-sized particles of the same chemical 
composition, which offer numerous perspectives for functional 
food applications [1]. Nanotechnology has the potential to address 
many of the food industry requirements, and it is expected that 
nanotechnology-derived food products will be increasingly 
available to consumers worldwide in the coming future. According 
to the European Food Safety Authority (EFSA) Nanomaterials is 
“any form of a material that has one or more dimensions in the 
nanoscale”, however, nanoparticle is “a discrete entity that has 
all three dimensions in the nanoscale” [2]. Food safety is a prime 
concern of human life, it is a serious and persistent public health 
issue, there is further intensified by inappropriate hygiene, wrong 
food handling practices, and contaminated food supplies, leading to 
a financial burden of foodborne disease (FBD). Increase global food 
companies lead to more attention to food quality during various 
stages of the agri-food supply chain.

Nanotechnology plays a main role in all steps of the food pro-
duction chain, from the field until the end-user to achieve enhanced  

 
functionality, there are various benefits for nanotechnology in food 
industries like increase agricultural production, improve food qual-
ity through proper management of handing out and packaging in 
food production facilities, enhancing functional of various additive 
like food ingredients as an encapsulated nanomaterials, nanotech-
nology could reduce contaminants and pathogens and detecting 
change in food by Nanosensor, also, there is important role of nan-
otechnology in the food-packaging sector which has great potential 
in the application of nanomaterials to decrease food contamination, 
reduce food spoilage and other issues during food processing by 
using various segments of nanotechnology, in general, this work 
concerns the use of nanotechnology in the food processing sector.

Nanotechnology and Food Processing
 Nanotechnology made the food safety diagnostics field easier, 

now there are possibilities to enhance the resolution of sample 
preparation and downstream by using nanomaterials with unique 
properties. Nanotechnology has a wide range of food-related 
applications, some of these applications used to integrate a specific 
type of nanomaterials like food ingredients into the food product 
to develop certain desired properties of food products. Various 
reports confirm that these nanomaterials can effectively enhance 
food safety by improving the efficacy of food packaging, extend 
shelf-life, and nutritional value as additives without altering the 
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taste or physical properties of food products [3]. There are different 
applications of nanomaterials in agro-food sector aim to enhancing 
food quality including:

I.	 Detection of crop pesticides (Nanosensor).

II.	 Reduce the quantity of traditional fertilizers (Nano 
fertilizers).

III.	 Reduce microbial pathogens or allergens contamination 
(Nano pesticide).

IV.	 Minimize food spoilage.

V.	 Extend food shelf life.

VI.	 Food packaging (nanoscale fillers).

Currently, there are different commercially Nanotechnology-
based food and health food products, and food packaging materials 
available in the global market particularly in USA, EU Japan, and 
China. Nanofood: According to Tiju and Morrison (2009) [4] nano 
food is that food, processed, formed or packaged by using any 
nanotechnology techniques or tools. In addition, Nanostructure 
materials (NSMs) are being applied in the food industry as a 
nanosensor, nano ingredients, new packaging material, and 
encapsulated food component.

Nanotechnologies in the Food Industry

Figure 1: Schematic diagram showing Nanostructure and 
their application in food processing sector.

There are various nanomaterials and applications of 
nanotechnologies in agro-food sector (Figure 1), it increases food 
safety, enhances ingredients delivery and increase food life shelf, 
some of this application explains below:

a.	 Using Nanosized and Nano-encapsulated additives.

b.	 Food ingredients have been processed or formulated to 
form nanostructures

c.	 Engineered nanomaterials (ENMs) defined as “any 
material that is intentionally produced in the nanoscale to 
have specific properties or a specific composition” have been 
incorporated to develop improved, active, or intelligent materials 
for food packaging or in food contact materials (FCMs) or surfaces

d.	 Nanotechnology-based devices and materials have been 
used, e.g., for Nanofiltration (NF) and water treatment

e.	 Nano biosensors have been used for food safety and 
traceability and contaminant detection.

f.	 Applications of ENMs have been suggested for pesticides, 
veterinary drugs, and other agrochemicals to improve food 
production systems [5,6].

Nanosensor

Nanosensor is any sensor lesser than 100 nm, Nanosensors 
offer several and speedy analysis that is vital for the detection 
of contaminants in food products, particularly in perishable 
commodities, Nanosensors provide advanced solution to detect 
food contaminants addressing a critical component of a complex 
public health issue of food safety due to their accuracy and size 
which considered the main advantage of nanosensor compare to 
traditional ways. There is a great potential for using Nanosensor in 
the food industry which can play a vital role to maintain food chain 
from the field to table. In the farm, the nanosensor used to notice 
drought and nutrient deficiency in the soil, and the excessive use 
of fertilizers to reduce residual materials in food and decrease the 
environmental pollution. Nanosensor divided to Chemical sensors 
and biosensors [7], chemical sensor uses chemical or bacterial 
detector (reagents) on the probe to targeted chemical element; 
however, biological sensor targeted microorganisms like bacteria 
causes a change on the nanosensor [8]. There are different forms 
of nanosensor used for detecting food spoilage like electronic nose 
or electronic tongue, these sensors used for detecting chemicals 
released during spoilage of food, these nanosensor are placed 
in direct contact with the packaging materials to detect changes 
in food color or smell, also, nanosensor could use to indicate the 
weather or the improper storage condition. There are different 
benefits for the usage of Nanosensors in food processing like 
improve food properties, extend shelf life, and preserve freshness 
and quality, and regulating the path of releasing gases and moisture 
through the packaging material.

Nanosensors and Food Processing

There is different usage for nanosensor in food processing, it is 
work in external conditions and internal conditions as follow:

a.	 Detection of gasses change around the food package 
(external conditions) 

b.	 Measuring the change in the inner atmosphere of the 
package (internal condition) like Detection of high oxygen levels in 
the package which could strap or breaking the whole package.
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c.	 Detecting microorganisms activates and bacterial 
infection inside the package (internal condition).

d.	 Enhance food safety and extend food products shelf life by 
detection of chemical change in food (internal condition).

Food-Packaging Sector

Nanotechnology has a crucial role in this sector, nanoparticles 
improve mechanical properties of package materials, therefore, 
there are many changes in the food-packaging sector, such as usage 
of nanoscale fillers which extend food shelf life and preservation 
freshness and quality through reducing accelerating of different 
spoilage factors. Smart packaging considered a practical application 
for nanotechnology in the food processing sector, this packaging 
containing nanosensor that detects contamination and spoilage 
by reacting with the physical or chemical change in food in the 
packaging. There are more than 400–500 nanofood packaging 
applications available in the global market [6].

Nanomaterials for Packaging
There is different materials use during smart packaging 

production by using various nanocomposites materials comprising 
polymers nano polymer reinforced in the nanofillers (Nanoclays, 
Nanonylons, Nano Carbon Tubes,, and cellulose microfibrils) [9] 
this composite contain at least one dimension in nanosize (less than 
100nm) [10], also, some nanomaterials like (chitosan, cellulose, 
and carrageenan) placed into the internal wall of packaging to 
increase mechanical stability of the package and reduce reaction 
of the package material with food product. In addition, other 
nanoparticles as Nano Silver, Nano Zinc oxide, NanoTitanium oxide, 
and Nano Silver oxide can be added to this material to implement 
the package antibacterial characteristics [11] as follow:

a.	 Nano silver: which inhibit the growth of aerobic 
psychrotrophic, yeasts, and molds; also, has an antimicrobial effect 
against Escherichia coli and Staphylococcus aureus, Nano silver 
used in the package of Asparagus, Orange juice, Poultry meat, 
Fresh-cut melon, Beef meat [12] .

b.	 Nano Silver oxide: used for Retarding microbial spoilage 
in Apple [13].

c.	 Nano Zinc oxide: used to keep quality characters of Orange 
juice by decrease activity of Lactobacillus plantarum, Salmonella, 
and yeast [14].

d.	 Nano Titanium oxide: delay ripening, senescence, and 
decay of Chinese jujube, Strawberry [15].

Some application of Nanotechnologies in Food 
Processing

There are various applications of nanomaterials in the food 
processing sector, including nanosensors, packaging materials, and 
encapsulated food components. However, Nanostructured systems 
in food processing comprising polymeric nanoparticles, liposomes, 
nanoemulsions, and microemulsions. These applications of 

nanotechnology improve solubility, enhance the bioavailability, 
facilitate controlled release, and protect bioactive components 
during produce and storage of food products.

Nanosensors
Nanosensors offer numerous and prompt analysis that is 

essential for the detection of contaminants in food products, mainly 
in fresh products, there are Chemical sensors and biosensors, also, 
there are various forms of nanosensor such as electronic nose or 
electronic tongue, Nanosensors provide different benefits in food 
processing (e.g. enhance food properties, extend shelf life, and 
conserve freshness and quality of perishable products). 

Smart Package
Usage of nanosensors in food packaging will result in so-called 

“smart materials”. This kind of food package could detect unsafe 
bacteria in the product (e.g. salmonella) and change the color of 
a package (marking that the food product in question is not safe 
for consumption). Detection of a chemical element within the 
package is also possible, so in that way it is possible to detect a high 
concentration of oxygen which is the cause of package strapping or 
breaking Production of nano polymer plastics which are very thick 
on the nano-scale is developing today [16,17].

Nanofrying
There is a new catalytic device for frying oil for use in restaurant 

deep-frying machines, this product decrease quantity of oil use by 
half approximately, because of its wide surface area [4], as well, this 
device preserves oil fresh for a longer time than traditional frying 
machine, in the same time, in addition, the fried food with this 
device enhancing food taste, reduce costs and improve profits, also, 
various health benefits besides protecting the environment [18].

Edible Nanocoatings
These nanocoating used in encapsulating different hydrophilic 

or amphiphilic materials, the nanolaminate consists of two or 
more layers of nanomaterial (usually 5nm) bonded to each other 
physically or chemically.

Nanoencapsulation of Edible Supplements
Nanoencapsulation is the produce coating materials at 

nanoscale, it provides final product functionality that comprises 
controlled release of the core. There are numerous advantages of 
encapsulated forms of ingredients, which include extending shelf 
life, better stability, regular delivery of multiple active ingredients, 
and pH-triggered controlled release [19].

Food Processing Equipment
According to (Baruah and Dutta 2009 & Pehanich, 2006) 

[20,21] there is a new nanoinsulate PT for coating dairy processing 
pipes and tanks for decrease operation cost and extend shelf life, 
also, Nanosilver has been used as coating for the inner surface in 
refrigerators to avoid microbial infection and provide hygienic 
environment into the fridge.
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Conclusion
Nanotechnology opens more challenges for the agro-food sector 

to use new systems has able of treated with different hazards due 
to unique properties of Nanomaterials, which present numerous 
perspectives for functional food applications to make the food 
safety diagnostics field easier, there are different Nanostructures in 
Food Processing Sector comprise materials (e.g. Nanocomposites, 
Polymeric nanoparticles, Liposomes, and Nanoemulsion), as well, 
there are various application of nanostructures include Nanosensor, 
smart Package, Nanocoatings, Encapsulation, and Nanofrying. 
Nanosensor could play important role in food processing, it is work 
both in external and internal conditions. Different applications of 
nanomaterials in agro-food sector (like Nanoscale fillers, smart 
Package, Nanocoatings, Encapsulation, and Nanofrying) aim to 
improving food quality, moreover, there are nanomaterials used for 
coating the inner surface in different devices to avoiding microbial 
infection and improving hygienic environment and decrease the 
cost.
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