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Abstract

Recent advances in nanoscience and nanotechnology intend new and innovative applications in the food industry. Nano-
technology exposed to be an efficient method in many fields, particularly the food industry and the area of functional
foods. Though as is the circumstance with the growth of any novel food processing technology, food packaging material,
or food ingredient, additional studies are needed to demonstrate the potential benefits of nanotechnologies and engineered
nanomaterials designed for use in foods without adverse health effects. Nanoemulsions display numerous advantages over
conventional emulsions due to the small droplets size they contain: high optical clarity, excellent physical constancy against
gravitational partition and droplet accumulation, and improved bioavailability of encapsulated materials, which make them
suitable for food applications. Nano-encapsulation is the most significant favorable technologies having the possibility to
ensnare bioactive chemicals. This review highlights the applications of current nanotechnology research in food technology
and agriculture, including nanoemulsion, nanocomposites, nanosensors, nano-encapsulation, food packaging, and propose
future developments in the developing field of agrifood nanotechnology. Also, an overview of nanostructured materials, and

their current applications and future perspectives in food science are also presented.
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Introduction

Nanoscience and nanotechnology are innovative scientific
advancements that have been introduced only in this cen-
tury. Their utilizations in food and agriculture productions
are almost modern compared with that of medicine deliv-
ery and pharmaceuticals. Nanotechnology has developed as
the scientific advancement to grow and transform the entire
agrifood area, with the potential to elevate global food pro-
duction, furthermore to the nutritional value, quality, and
safety of food (Sekhon 2014; Chung et al. 2017). Nano-
technology uses in food science are going to influence the
most important aspects of food manufacturing from food
protection to the molecular synthesis of new food products

> Govindasamy Rajakumar
govindr@konkuk.ac.kr

P< M1-Min Chung
imcim @konkuk.ac.kr

Department of Applied Bioscience, College of Life
and Environmental Sciences, Konkuk University,
Seoul 143-701, Republic of Korea

and ingredients (Pathakoti et al. 2017). Nanotechnology is
expected to facilitate the following development stage of
genetically altered crops, input to the production of animal
and fisheries, chemical insecticides and precision farming
methods. Precision farming is one of the most important
techniques utilized for increasing crop productivity by mon-
itoring environmental variables and applying the targeted
action (Chen and Yada 2011). Food endures a variability of
post-harvest- and processing-persuaded changes that affect
its biological and biochemical maquillage. Thus, nanotech-
nology development in the areas of biochemistry and biol-
ogy could also affect the food manufacturing (Sozer and
Kokini 2009; Jain et al. 2016). There is a need to develop
simpler, faster, more sensitive and low-cost approaches for
the observation and quantification of impurities in foods.
Within the past decade, with remarkable advances in nano-
science, nanotechnology-enabled sensors and systems have
been increasingly used to develop rapid and noninvasive
methods of detection of food contaminants.
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Nanotechnological applications in food industry

Nanotechnology has been reported as the new industrial
revolution, both developed, and developing countries are
investing in this technology to secure a market share. At
present, the USA leads with a 4-year, 3.7-billion USD
investment through its National Nanotechnology Initia-
tive (NNI). The USA is followed by Japan and the Euro-
pean Union, which have both committed substantial funds
(750 million and 1.2 billion, including individual coun-
try contributions, respectively, per year). Others such as
India, South Korea, Iran, and Thailand are also catching
up with a focus on applications specific to the economic
growth and needs of their countries (Kour et al. 2015).
Food processing approaches that involve nanomaterials
include integration of nutraceuticals, gelation and viscosi-
fying agents, nutrient propagation, mineral and vitamin
fortification, and nano-encapsulation of flavors (Huang
et al. 2010). Thus, systems with physical structures in
the nanometer distance range could affect features from
food safety to molecular synthesis. Nanotechnology may
also have the potential to enhance food quality and safety.
Many studies are assessing the ability of nanosensors to
improve pathogen detection in food systems. Nanofoods
are products that were grown processed or packaged with
the aid of nanotechnology or materials produced with
nanotechnology (Fig. 1). In this review, we discuss some
current nanotechnology research in food technology and
agriculture, including processing, packaging, nano-addi-
tives, cleaning, and sensors for the detection of contami-
nants, and propose future developments in the developing
field of agrifood nanotechnology (Fig. 2).

Fig. 1 Framework for integrat-
ing nanoresearch areas and the
food supply chain
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Nano-delivery of food ingredient
Nanoemulsion

The emulsion is two or more combination of liquids (oil/
water system) that do not simply combine. The diameters of
nanoemulsion to discrete droplets measure 500 nm or less.
It can contain functional constituents within their droplets,
which can ease a decrease in chemical degradation (Ravi-
chandran 2010). The promising vicinity of nanotechnol-
ogy within the food industry is the usage of nanoemulsions
as carriers for lipophilic bioactive constituents, flavoring
agents, antioxidants, preservatives, and drugs (Silva et al.
2012). An interest has been developing in the use of nanoe-
mulsions within the food, beverage, and medicinal industries
since they have some potential benefits over conventional
emulsions for certain applications (Komaiko and McCle-
ments 2016). Nanoemulsions are kinetically uniform lig-
uid-in-liquid dispersions with droplet sizes about 100 nm
(Komaiko and McClements 2016). Nanoemulsion-based
delivery system can also improve the bioavailability of the
encapsulated components due to the small particle size and
high surface-to-volume ratio (Sun et al. 2015). As a trendy
advice, when used in the food manufacturing nanotechnol-
ogy needs to be reasonable, easy to utilize, and with will-
ingly perceived benefits in order to be a real another to the
normal techniques. There are diverse challenges like limited
food-grade stabilizers or other ingredients obtainable. The
food industry would like to prepare nanoemulsions from
legally acceptable, label-friendly, and economically viable
ingredients. The most important is the toxicological con-
cerns because the nanosize of the droplets that could alter
the normal function of the gastrointestinal tract (Sugumar
and Singh 2016). A fascinating food application of essential
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Fig. 2 Different steps of food management that involve several steps (processing, packaging, and preservation) and these aided by nanotechnol-

ogy with the assistance of several nanomaterials

oils nanoemulsion has been observed in plums. Recently,
lemongrass oil nanoemulsion was used to evaluate antimi-
crobial properties, physical, and chemical changes in plums
(Kim et al. 2013). The nanoemulsion was able to inhibit
E. coli and Salmonella population without altering essence,
breakability, and smoothness of the product. It was also able
to decrease ethylene production and retard alterations in
lightness and concentration of phenolic compounds (Amaral
and Bhargava 2015).

Nanoemulsions have some potential benefits over tradi-
tional emulsions for specific uses within food and beverage
products. Nanoemulsions typically have a better consistency
about particle accumulation and gravitational separation
(Komaiko and McClements 2016). Nanoemulsions can be
assembled through a variety of approaches, which can be
classified as low-energy or high-energy methods depending
on the inactive principle (Gupta et al. 2016). Various types
of nanoemulsions with more complex properties, e.g., nano-
structured multilayer emulsions or uncountable emulsions,
produce various encapsulating skills from a single delivery
system; this can promote the activity of the active compo-
nents and facilitate their release in response to an activator.

For example, Nestle and Unilever have developed a nanoe-
mulsion-based ice cream with less content of fat (Singh
2015). Nano-encapsulation of food ingredients and additives
had been carried out to provide protecting hurdles, taste and
flavor masking, controlled release, and better dispensability
for water-insoluble food ingredients and additives. There is a
developing public concern regarding the toxicity and adverse
effect of nanoparticles on human health and environment
(Cushen et al. 2012).

Lipid-based nanoemulsions are better for the delivery
of constituents within biological systems than traditional
nanoemulsions. However, the high lipid content of these
nanoemulsions results in adverse effects on the body, such
as obesity and cardiovascular diseases (Pradhan et al. 2015).
Some approaches for forming nanoemulsions using low-
energy methods require the presence of cosolvents (e.g.,
polyols, such as propylene glycol, glycerol, and sorbitol)
or cosurfactants (e.g., short and medium-chain alcohols)
(McClements and Rao 2011). Nanoemulsions present
numerous benefits such as cleansing of equipment and
high clearness without compromising product presence
and flavor (Fig. 3). Nano-sized functional molecules that
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Fig.3 Nanofunctional food delivery systems

are encapsulated by the self-assembled nanoemulsions are
used for targeted delivery of lutein; f-carotene; lycopene;
vitamins A, D, and E3; co-enzyme Q10; and omega-3-fatty
acids (Choi et al. 2011). The use of nanoemulsions to food
systems still poses challenges that need to be addressed both
concerning the production process, particularly their price
and of the characterization of both the resultant nanoemul-
sions and the food systems to which they will be applied
to product safety and acceptance. Nanoemulsions exhibit
numerous benefits over traditional emulsions because of
their small droplet dimensions: high optical clearness,
excellent physical constancy against gravitational partition
and droplet accumulation, and improved bioavailability of
encapsulated materials, which make them suitable for food
applications (Oca-Avalos et al. 2017).

Nano-encapsulation

Nanotechnology can also facilitate encapsulation of drugs
or other components for protection against environmental
factors and can be used in the plan of food ingredients, e.g.,
flavors and antioxidants (Ravichandran 2010). Micro-encap-
sulation is used to increase bioavailability, control release
kinetics, minimize drug side effects, and cover the bitter
taste of medicinal substances in the pharmaceutical industry.
In the food industry, nanoemulsions are used in the organ-
ized release of additives and the manufacturing of foods con-
taining functional constituents, such as probiotics and bioac-
tive ingredients (Kuang et al. 2010). Currently, numerous
techniques of nano-encapsulation are progressively rising
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with their own merits and demerits. Techniques including
emulsification, coacervation, inclusion complexation, nan-
oprecipitation, solvent evaporation, and supercritical fluid
technique are enduring techniques for nano-encapsulation
of food substances. Moreover, solvent evaporation and
nanoprecipitation remain to be particular techniques for
encapsulation of lipophilic bioactive compounds. However,
all the encapsulation technologies, in the long run, depend
on proper drying strategies to provide nanoencapsulates in
powder form. Lee et al. (2017) conducted a study to improve
the water solubility and antimicrobial activity of milk thistle
silymarin by nano-encapsulation and to assess the functions
of silymarin nanoparticle-containing film as an antimicro-
bial food-packaging agent. Further, the author stated that
the incorporation of silymarin in WCS/-PGA nanoparticles
could be an effective approach for improving the solubility
and the antimicrobial activity of silymarin. Biodegradable
films containing silymarin nanoparticles could efficiently
control the growth of food microorganisms. Nano-encapsu-
lation of valuable microorganisms, e.g., probiotics, is advan-
tageous because targeted and site-specific delivery to the
desired region of the gastrointestinal tract can be achieved.
These nano-encapsulated designer bacterial preparations can
be used in vaccine preparation and to enhance the immune
response (Vidhyalakshmi et al. 2009). Additionally, nanoe-
mulsions have been shown to improve the health benefits
of curcumin (Wang et al. 2008). Most nanoencapsulates
have shown excellent bioavailability, and few encapsu-
lates have reported good inhibitory effect against certain
targeted diseases. However, presently, the possible risks of
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nanomaterials to human fitness are unknown and need to be
explored and studied (Ezhilarasi et al. 2013). Moreover, the
regulatory issues on nanofoods are still being developed, and
it is expected that national bodies will increase initiatives to
control, administrate, and promote the proper development
of nano-sized food-related products.

Packaging of food items
Nanocomposites

Nanocomposites are mostly exploited in the area of food
packaging, as they are eco-friendly and biodegradable.
Nanocomposites exhibit extremely multipurpose chemical
functionality and are therefore used for the growth of high
obstacle properties (Pandey et al. 2013). A nanocompos-
ite-based commercialized fertilizer, Guard IN Fresh, helps
fruits and vegetables to ripen by scavenging ethylene gas
(Gupta and Moulik 2008). Nanoclays are made of aluminum
silicates, commonly mentioned to as phyllosilicates, and
are low-cost, constant, and eco-friendly (Davis et al. 2013).
The nanocomposite is a multiphase material resulted from
the combination of two or more constituents, containing a
continuous phase (matrix) and a discontinuous nano-dimen-
sional phase with at least one nano-sized dimension (with
less than 100 nm). The development of bio-nanocompos-
ite materials for food packaging is significant not only to
reduce the environmental problem, but also to improve the
functions of the food packaging materials (Othman 2014).
Moreover, nanoparticles could impart as their active or intel-
ligent properties to food packaging so that they can preserve
the food against external factors and increase the food’s sta-
bility through antimicrobial properties and/or responding
to environmental changes. In spite of several advantages
of nanomaterials, their use in food packaging may cause
safety problems to human health since they exhibit different
physicochemical properties from their macro-scale chemical
counterparts (Hanarvar 2016). The usage of nanocomposites
for food packaging defends not only food, but also develops
the shelf-life of food products and overcomes environmental
problems associated with the use of plastics. Most packag-
ing materials are not degradable, and popular biodegrad-
able films have a poor barrier and mechanical properties;
therefore, these properties must be significantly improved
before these films can replace conventional plastics and help
to manage universal waste problems (Sorrentino et al. 2007).

Shankar and Rhim (2016) produced nanocomposite films
including PBAT (polybutylene adipate-co-terephthalate) and
silver nanoparticles. The maximum plasmonic absorption of
silver nanoparticles was detected at 435 nm. Moreover, the
dramatic increase in tensile strength and water vapor perme-
ability of the film was attributed to the presence of silver
nanoparticles. Altogether, the formulated nanocomposite

presented important features to be applied in packaging
materials due to their UV-screening and biocidal activities.
In addition to the abovementioned benefits, nanomateri-
als have also been developed continuously to enhance the
physical and mechanical properties of packaging in terms of
tensile strength, rigidity, gas permeability, water resistance
and flame resistance. Aimed at providing those properties
above, polymer nanocomposites are the latest materials with
an enormous potential for use in the active food packaging
industry (Youssef 2013). Better use of polymer—nanocom-
posite in the industry in Europe is going very slowly. The
main reasons are the cost price of materials and processing,
restrictions due to legislation, acceptance by customers in
the market, lack of knowledge about the effectiveness and
influence of nanoparticles on the ecological and on human
health. The potential risk due to the migration of nanopar-
ticles in food, and balance between the use of biomass for
the production of foods (Bratov¢i¢ et al. 2015). Polymer
nanocomposite-based food packaging material with antimi-
crobial properties is particularly useful due to the high sur-
face-to-volume ratio of nanofillers. In addition, this property
increases the surface reactivity of the nano-sized antimicro-
bial agents compared to the bulk counterpart, making them
able to kill microorganisms. The performance properties,
for example, mechanical, barrier, thermal, optical, biodeg-
radation, and antimicrobial properties are found in polymer
nanocomposites for the packaging applications (Fig. 3).

Nanosensors

Nanosensors in conjunction with polymers are used to screen
food pathogens and chemicals during storage and transit pro-
cesses in smart packaging. Additionally, smart packaging
confirms the integrity of the food package and authenticity
of the food product (Pathakoti et al. 2017). Nano-gas sen-
sors, nano-smart dust can be used to detect environmental
pollution (Biswal et al. 2012). These sensors are composed
of compact wireless sensors and transponders. Nanobar-
codes are also an efficient mechanism for detection of the
quality of agricultural fields (Sonkaria et al. 2012). An elec-
trochemical glucose biosensor was nanofabricated by layer-
by-layer self-assembly of polyelectrolyte for detection and
quantification of glucose (Rivas et al. 2006). Nanosensors
can detect environmental changes, for example, tempera-
ture, humidity, and gas composition, as well as metabolites
from microbial growth and byproducts from food degrada-
tion (Fig. 4). The types of nanosensors used for this purpose
include array biosensors, carbon nanotube-based sensors,
electronic tongue or nose, microfluidic devices, and nano-
electromechanical systems technology (Sozer and Kokini
2009). Polymer nanocomposites from carbon black and pol-
yaniline to detect and identify foodborne pathogens (Bacil-
lus cereus, Vibrio parahaemolyticus, and Salmonella spp.)
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Fig.4 Different types of
nanosensors and examples of
their use in the food sector
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levels of
capsaicinoids in
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Lab-on-a-chip

based on the specific response patterns for each microorgan-
ism, as triggered by different vapors produced during their
metabolism (Arshak et al. 2007). A liposome-containing
nanosensor based on microfluidics showed that the main
benefit of microfluidic sensors is their simple arrangement
and their capability to identify constituents of interest fast in
only microliters (uL) of sample volume (Sozer and Kokini
2009). The combination of nanosensors into food packag-
ing has shown in various benefits than traditional sensors
for example speed of analysis, enhanced sensitivity, speci-
ficity and multiplex systems (sample throughput), reduced
cost and assay complexity (Singh et al. 2017). The sensors
based on nanomaterials (nanosensor), both chemical sensors
(chemical nanosensors) and biosensors (nanobiosensors),
can be used online and combined into existing industrial
process and distribution line or off-line as speedy, simple,
and transportable, as well as disposable, sensors for food
contaminants (Kuswandi 2017).

Nanosensors can also be used to determine the qualities
of various foods, including wine, coffee, juice, and milk.
The sensors are designed using layer-by-layer macromol-
ecule ultra-thin films that show increases in surface area
and 10,000-fold higher sensitivity than the human tongue.
Nanosensors can further be fixed to packaging to identify
microorganisms contaminating food. The packaged food
product does not need to be directed to the laboratory
for sampling; instead, the sensors indicate the food qual-
ity and can be directly interpreted by consumers based
on color changes. Sensors that are typically used sensors
in food packaging are gas detectors and time—temperature
indicators, including array biosensors, nanoparticles in
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solution, nanoparticle-based sensors, nano-test strips, elec-
tronic noses, and nanocantilevers (Tang et al. 2009). The
use of nanoparticles to develop nanosensors for detection
of food contaminant and pathogens in the food method is
another possible use of nanotechnology. Indeed, tailor-made
nanosensors for food analysis, flavors or colors, drinking
water and clinical diagnostics have been developed (Li and
Sheng 2014). Nanosensors have also been applied for detec-
tion of organophosphates in plants, fruits, and water. Owing
to the high water solubility, toxicity, and extensive use of
pesticides in agriculture, there is an urgent requirement for
highly sensitive and selective analytical systems for residue
analysis of these pollutants (Valdés et al. 2009). Advances
in nanosensor technology were discussed in a recent review
highlighting magnetic immune sensors based on biomol-
ecules connected with gold nanoparticles with a broad range
of uses in food (Vidotti et al. 2011). An SPR-based bio-
sensor was applied for fast identification of Campylobacter
Jjejuni in samples of broiler chickens, and the specificity and
sensitivity of distribution antibodies against C. jejuni were
tested with Campylobacter and non-Campylobacter bac-
terial strains. Nanosensors and nano-based smart delivery
methods are the uses of nanotechnology that are presently
working in the agricultural production to help with fighting
viruses and other crop pathogens, as well as to boost the
effectiveness of agrochemicals at lower amount proportions
(Mousavi and Rezaei 2011). Jebel and Almasi (2016) ana-
lyzed the antibacterial effect of ZnO nanoparticles embed-
ded in cellulose films (impacts on E. coli and S. aureus).
They also applied ultrasound treatment to the bacteria and
observed remarkable antibacterial performance.
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Zhao et al. (2011) created a rapid, sensitive DNA strip
sensor based on gold nanoparticle-labeled oligonucleotide
probes to detect Acidovorax avenae subsp. citrulli. Both
qualitative and semiquantitative findings of the target DNA
were obtained; the qualitative limit of detection of the strip
sensor was 4 nM. Oxonica Inc. (USA) developed nanobar-
codes for use with dessert items or pellets to be delivered
using an altered microscope for anti-counterfeiting determi-
nations. The additional trend in the use of nano-packaging is
nano-biodegradable packaging. The usage of nanomaterials
to develop bioplastics may allow bioplastics to be used as a
replacement for fossil fuel-based plastics for food packaging
and carry bags. These devices have been receiving growing
attention because the need for detecting and measuring at the
molecular, physical and chemical properties of toxins, pol-
lutants, and analytes in general (Table 1) (Guo et al. 2015;
Martinez-Bueno et al. 2017). Li and Sheng (2014) reported
the applications of gold nanoparticles and CNTs in food con-
tamination detection. Potential research focus has also been
suggested. Nanosensors developed based on the molecularly
imprinted polymer technology include those used for the
detection of trypsin, glucose, catechol, and ascorbic acid
(Pathakoti et al. 2017). For human health, nanotechnology
has tremendous interest in food detection and will be receiv-
ing more and more attention shortly. The food industry is
eager to benefit from its revolutionary discovery as much
as possible. The purpose of research and development of
nanotechnology is to realize the efficient control of the
microscopic world. Taking advantage of nanotechnology,
researchers are beginning to realize the promising future in
the field of biological sensors in food detection.

Food packaging

The biodegradability of a packaging material can be aug-
mented by integrating inorganic elements, for example, mud,
into the biopolymeric medium and can be measured with
surfactants that are utilized for the alteration of the layered
silicate. The use of inorganic elements also makes it possible
for food packaging to have multiple functionalities, which
could aid in the development of methods to deliver frag-
ile micronutrients within edible capsules (Sorrentino et al.
2007). Food packaging is thought to be the main application
of nanotechnology in the food industry. The adding of nano-
particles to shaped substances and films has been demon-
strated to increase the properties of these materials, mainly
durability, temperature resistance, flame resistance, barrier
properties, optical properties, and recycling properties.
Nano-packaging can also be designed to release enzymes,
flavors, antimicrobials, antioxidants, and nutraceuticals to
extend shelf-life (Cha and Chinnan 2004). Giannakas et al.
(2016) have reported that addition of nanoclays is induc-
ing the antimicrobial properties of PVOH/chitosan films

and increases antimicrobial activity up to 44% for NaMMT
and up to 53% for OrgMMT. Antimicrobial nanomaterials
present an amount of current packaging concept planned to
bring the vigorous nanoparticles that can be combined into
a food package (Mihindukulasuriya and Lim 2014). Nano-
technology uses in the food manufacturing can be exploited
to produce stronger tastes and color quality or detect bacteria
in packaging, and safety by growing the obstacle properties
and holds great potential to offer benefits not just within food
products, but also around food products. In fact, nanotech-
nology introduces new chances for innovation in the food
industry fast, but uncertainty and health concerns are also
emergent (Sekhon 2014).

Benefits of nanomaterials in food packaging uses

Bioactive-packaging materials can aid the oxidation of food-
stuffs and avoid the development of off-flavors and unwanted
textures. Nonsustainable production, lack of recyclability,
and insufficient mechanical and barrier properties are some
of the ongoing challenges faced by the food and packaging
industries. Although metal and glass are excellent barrier
materials that can be used to inhibit undesirable mass trans-
port in food packaging, plastics are still popular due to their
lightweight, formability, cost effectiveness, and versatility.
Indeed, the packaging industry accounts for more than 40%
of all plastic usage, with half of this 40% used for food pack-
aging (Rhim et al. 2013). Ravichandran (2010) revealed that
the development of exciting novel nanotechnology products
for food packaging, and some antimicrobial films had been
introduced to increase the shelf-life of food and dairy prod-
ucts (Fig. 5). Moreover, food preservation and food packag-
ing materials have become essential in the food industry.
Food spoilage can be detected using nanosensors; thousands
of nanoparticles fluoresce in several colors after coming into
contact with food pathogens. In our studies of the signifi-
cance of time in nourishment microbiology, the chief goal
of nanosensors was to decrease the time for pathogen detec-
tion from days to hours or even minutes (Bhattacharya et al.
2007). Packaging prepared with nanosensors can also track
either the internal or external circumstances of food prod-
ucts, vessels, and pellets. For example, Opel, which is used
to make Opalfilm, containing 50-nm carbon black nanopar-
ticles, was used as a biosensor that could change color in
response to food spoilage.

Bioactive packaging resources necessity to be prepared to
maintain bioactive chemicals, for example, probiotics, prebi-
otics, bioavailable flavonoids, and encapsulated vitamins,
under optimal conditions, till they are released in a controlled
method into the nourishment product (L6pez-Rubio et al.
2006). Carbon nanotubes, which are mostly used as packag-
ing for foods, constantly migrate into foods and can be used
to control toxicity on the skin and lungs of human (Mills and
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Fig.5 Benefits and risks of
nanotechnology applications in
food and related products

Benefits

Lower pesticide use

Novel flavours and textures

Extended shelf-life

Hygienic food processing

Maintenance of food quality and freshness
Improved traceability and safety of food products
Reduction in preservatives

Enhanced nutritional value of food and beverages

Food Nanotechnology

Hazafy 2009). Lemes et al. (2008) prepared a nanocompos-
ite with multiwalled carbon nanotubes and the biopolymer
poly(3-hydroxybutyrate-co-3-hydroxyvalerate), enhancing
its mechanical properties. Several microorganisms produce
this polymer as reserve materials, and its use as packaging in
food was approved in Europe. Reynolds (2007) demonstrated
that approximately 400-500 nano-packaging products are
commercially available, and nanotechnology is expected to
be utilized in the manufacturing of 25% of all food packag-
ing within the next generation. An ingestible nano-based track
and trace technology was developed by pSiNutria, a division
of the nanotechnology company pSivida. Possible pSiNutria
products include products to identify pathogens in food for
food tracing and preservation and temperature measurements
in food storage (Alfadul and Elneshwy 2010). The FDA con-
trols nanofoods, and the maximum allowable amounts of
nanomaterials in food packaging and organic chemicals are
monitored by the Environmental Protection Agency (EPA) in
the USA. Though neither the EPA nor the FDA has docu-
mented nanomaterials as novel chemicals or have required any
new oversight of these materials-based products to engage in
early and frequent consultation with the agency (Badgley and
Perfecto 2007).

Application of nanotechnology in foods
and bioactives

Archaeosomes are a type of microbial lipid membrane
resistant to oxidation, chemical and enzymatic hydrolysis,

-+Potential human health
xidative damage and inflammation of GI
r Acute toxic responses
cancers
Lesions of liver and kidney

ﬁoncems for workers health and safety

otential harmful effects to the environment

low pH, high temperature, and the presence of bile salts
due to the hostile living environment of Archaea microbes
(Mozafari 2006). Canham (2007) found that the milk pro-
tein a-lactalbumin in certain conditions can undergo self-
assembly to form tubular nanostructures. Such tubes are
thousands of nanometers long, their diameter is 20 nm, and
the inner cavity diameter is about 8 nm. These structures are
formed in several stages. In the first stage, a-lactalbumin is
partially hydrolyzed through the activity of a protease from
Bacillus licheniformis. Also, along with other components,
several derivatives with molecular masses varying from 10
to 14 kDa are formed. In the presence of calcium ions, this
mixture self-assembles into helical tubes. Nanocochleates
resulting from soy and calcium have been found to be suit-
able for the nano-encapsulation of vitamins, omega-3 fatty
acids, and lycopene without affecting the organoleptic prop-
erties of foods (Joseph and Morrison 2006). Dairy products,
beverages cereals, and bread are now supplemented with
minerals, vitamins, bioactive peptides, probiotics, plant ster-
ols, and antioxidants. Some of these active components are
being added to foods as nanoparticles or particles of a few
hundred nm in size (Shelke 2008). Gupta and Gupta (2005)
demonstrated that nanometer-sized particles could be pro-
duced using food-grade biopolymers, e.g., polysaccharides
or proteins, by inducing phase separation in mixed biopoly-
mer systems, self-association, or aggregation. Nanoparticles
are added to various foods to increase flow properties, color,
and stability during processing, or shelf-life. For example,
aluminosilicate materials are typically used as anticaking
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agents in powdered processed foods, whereas anatase tita-
nium dioxide is a normal food whitener and brightener
additive employed in sweets, some cheeses, and sauces
(Ashwood et al. 2007). The applications explored here were
particularly chosen because they are the most likely nano-
food products to be accepted by consumers in the short term.
Thus, food nanotechnology is still young, and the future of
this exciting field is still largely uncertain. Regardless of
how applications of nanotechnology in the food sector are
ultimately marketed, governed, or perceived by the public, it
seems clear that the manipulation of matter on the nanoscale
will continue to yield exciting and unforeseen products.

Agriculture

Nanotechnology has used for alterations of the genetic struc-
tures of crop plants, thereby facilitating their improvement.
Nanotechnology may offer in agronomic activities, with
particular attention to critical features, challenging matters,
and investigation needs for professional risk assessment and
management in this developing field (Prasad et al. 2017).
Nano-fertilizers (nano-coated fertilizers, nano-sized nutri-
ents, or carbon-based nanomaterials or engineered metal-
oxide), and nano-pesticides (inorganic nanomaterials or
nano-formulations of conventional active ingredients), may
provide a targeted/controlled release of agrochemicals,
aimed to obtain their fullest biological effectiveness without
over-dosage (lavicoli et al. 2017). Smart delivery of foods, a
fast specimen of biological and chemical impurity, biosepa-
ration of proteins and nano-encapsulation of nutritional
supplements are some of the new areas of nanotechnology
for food and agriculture (Sozer and Kokini 2009). Reduced
biosynthesis of chlorophyll by magnetic nanoparticles of
Fe;0, induced a similar and statistically important decrease
of chlorophyll and carotene levels of seedlings in sunflower
(Ursache-Oprisan et al. 2011). The response of seedlings in
Zea mays to the administration of the same range of Fe;0,
NPs concentration caused by the decrease of chlorophyll
while the seedlings of Cucurbita pepo showed a minor ele-
vation of chlorophyll contents (Racuciu et al. 2009). Thiru-
vengadam et al. (2015) reported that silver nanoparticles
(AgNPs) could regulate the expression of genes involved
in the metabolic pathways of carotenoids, phenolics, and
glucosinolate in turnips. However, in addition to plants,
nanomaterials can also affect animals, such as Eisenia fetida
(earthworms), which evade AgNP-improved soil (Shoults-
Wilson et al. 2011).

Nano-sized calcium carbonate was prepared by reaction
of sodium carbonate and calcium chloride by the reversed-
phase microemulsion technique and then loaded with the
pesticide validamycin. It exhibited excellent germicidal
activity against Rhizoctonia solani than validamycin later
7 days, and the time of the release of validamycin was
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prolonged to 2 weeks. The loading efficiency, stability, sus-
tained-release performance and excellent ecological compat-
ibility of the substance, the system for its use may be pro-
longed to another hydrophilic pesticide (Qian et al. 2011).
Guan and Hubacek (2010) encapsulated the imidacloprid
with a coating of chitosan and sodium alginate via layer-by-
layer self-assembly, increasing its growth rate in soil appli-
cations. Moreover, as a vehicle for active materials (pesti-
cides, fertilizers, or plant growth regulators), nanoparticles
can also be synthesized through catalytic oxidation-reduc-
tion. Subsequent use of these materials would decrease the
quantity of these active constituents in the environment and
reduce the time through which the environment is exposed
to the effects of the nanomaterials. Using nanotechnology
to create new formulations has revealed significant poten-
tial in enlightening the efficiency and security of pesticides.
The improvement of nano-based pesticide formulation aims
at the complete release of necessary and adequate amounts
of their active constituents in responding to environmental
triggers and biological demands through controlled release
mechanisms (Zhao et al. 2017). The nanoparticle-mediated
transformation has the potential for genetic changes of plants
for further development. The use of nanotechnology in plant
pathology goals exact agricultural difficulties in plant—path-
ogen interactions and bring new ways for crop protection.
Nair et al. (2010) studied the delivery of nanoparticulate
materials to plants and their eventual effects, which could
deliver some perceptions for the safe use of this novel tech-
nology for the improvement of crops. Some potential appli-
cations of nanoscale science, engineering, and nanotechnol-
ogy for agriculture, expressly designed to improve and to
protect agronomic yields and crop production as well as to
detect and remediate environmental pollutants, have been
addressed with attention focused on emerging occupational
risks in this field (Iavicoli et al. 2017).

Conclusions

In conclusion, nanotechnology has become progressively
important in the food industry. Food innovation is observed
as one of the sector areas in which nanotechnology will play
a major part in the forthcoming. New and future innova-
tion is nanotechnology that has exceptionally extraordinary
property in food source chain (precision farming techniques,
smart feed, enhancement of food texture and quality, bio-
availability/nutrient values, packaging, labeling, crop pro-
duction and use of agrochemicals such as nano-pesticides,
nano-fertilizers, and nano-herbicides) round the world agri-
cultural sector. Nanofood packaging resources may widen
nourishment life, upgrade food safety, prepared customers
that food is sullied or destroyed, repair tears in packaging,
and uniform release added substances to grow the life of
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the food in the package. To maintain leadership in food and
food-processing industry, one must work with nanotechnol-
ogy and nanobio-info in the future. The future belongs to
new products and new processes with the goal to custom-
ize and personalize the products. Improving the safety and
quality of food will be the first step. Finally, nanotechnology
enables to change the existing food systems and processing
to ensure products safety, creating a healthy food culture,
and enhancing the nutritional quality of food.
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