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Nanotechnology covers many different aspects, such as disease treatment, food security, new materials for
identifying pathogens, packaging materials. The best utilize of nanotechnology is reported in agriculture and food.
The development of new Nano technology is a new and emerging feature that has been described as having beneficial
effects of nanotechnology, but little attention has been paid to Nano-toxicology, and today it is necessary to pay
attention to its effects on the biological field. The potential consequences of exposure to Nano-composite foods are
important issues and also the risk assessment of Nano-particles should be concerned firmly. In this paper, it has been
tried to express nanotechnology in the food chain from production to processing, assessing nanotechnology risk in
food and food toxicity and side effects of Nano- particles. Public acceptance of food and food-related products
containing Nano-materials will depend on their safety. Consequently, a uniform international regulatory framework

for nanotechnology in food is necessary.
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Introduction

Nanotechnology has captured its capabilities and
features in a broad range of applications and industries, and
many applications have attracted the attention of many
chemical, biological and industrial companies. The novel
properties in engineered nanoparticles are widely used and
consumer’s products containing engineered nano-materials
are quickly rising in food industries.

The food industry is one of the prime industries and a
major target of application of nano materials. Food
processing refers to the practice adopted by the food and
beverages industries to convert the raw plant and animal
materials in to ready to serve or eat form of food for
consumers. Nano-materials play an effective role in food
preservation, packaging process and packaging material.
Candies, sweets, and chewing gums have gained popularity
because of the use of Nano-materials. This success is based
on the sensitivity and efficiency of the products of
nano-science. Uses of nano-scale materials in the food
industry are likely to improve the processed food.
Nano-materials are being used as coated materials in

treatment and as diagnostic tools [1].

Substances may enter the body via oral ingestion,
inhalation, dermal penetration and intravascular injection
and subsequently distribute to any organ system. The
advantages and disadvantages of each of the routes are
summarized in figure 2 [3].

Toxicology is an important science in which the impact
of nanotechnology on living organisms has been
considered. Therefore, the main objective of the current

study is toxic effects of the nanoparticles.
Applications of Nanotechnology in the food chain
Potential nanotechnologies application areas includes

food with

nanoparticles, Nano-sensors for food quality control and

organic and inorganic Nano-additives,

smart packaging, nano-coating and nano-films for
and foodstuffs,
coatings, detection of pathogens in food and beverages,
films for food

packaging with high antibacterial properties, nano-scale

kitchenware antimicrobial, hygiene

self-sanitizing  surfaces, polymeric

freshness indicators, nano-emulsions for fat reduction, etc.

[4].
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Nanomaterials in agri/feed/food sector
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systems

Fig 1. Overview of engineered nanomaterial types applied in agriculture, feed and food sectors[2]

Risk Assessment of Nanotechnology It is important to note that nano-materials may have

toxic effects in the body due to their increased contacting

Although nanotechnology has many benefits and levels which may not be obvious in mass media. In

benefits, it is related to food safety and potentially affects addition, there may be potential and unpredictable risks to
not only humans, but animals and the environment.[17] use in food packaging

Pulmonary

Advantage:

¢ Non-invasive means of NP delivery
e Large surface area

e Local action

¢ Avoidance of first-pass metabolism
in the liver

Disadvantage:

e Local toxicity

e Potential for translocation into

systemic circulation

Transdermal

Advantage:

¢ Non-invasive means of NP
delivery

e Large surface area

e Local action
Disadvantage:

e Local irritation
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Fig 2. Routes of administration of nanoparticles and their advantages and disadvantages

Though due to lack of regulation and risk knowledge, a
few amount of food and food containing nano additives are

sold suh as iron in a mixture of nutritional drinks, micelles

that contain vitamins; minerals and substances Vegetable in

oil carry zinc oxide in cereals.

Table 1. Application and of nanotechnology in the food industry

Nano-sciences in the food industry

Goals

product freshness, flavor stability, longer service life, monitoring,

Food packaging[5]
and traceability[5]
Nanosensors[6] determination of microbes, contaminants, pollutants & food
Food packaging freshness [6]
Food additives[7] Improve of taste of food[7]
Gelating agent([8] Improve of food texture[8]
Anticaking agent[8] Improve consistency & prevent lump formation Anticaking

agent [8]

Food processing Nano-encapsulation[9]

Bioactive delivery, Flavor delivery Nutrient delivery [10]

Nano-emulsions[11]

utilized in the production of food products for sweeteners, flavored
oils, salad dressing beverages, as well as other processed foods

[12]

Food functional[13]

functional food development[14]

Food improvement (Food fortification and modification)[15]

products are targeted into the human system [16]

Nano rets are also used in plastic bottles. Although
consumers will not be exposed to a huge range of foods,
but with the emergence of emerging nanotechnology, such
as other new technologies, serious questions about the
security of an issue require industry attention, as well as

policymakers and researchers. It will be ahead. Therefore,

the future belongs to new products and processes in the
products[12]. Today, there are several possible risks
associated with the impact of these products on human
health and have raised concerns about the safety,
sensitization, toxicity, carcinogenicity, etc. presented in the

table 2.

Table 2. Potential risks or food consumption concerns associated with nanotechnology

Concerns about Nano toxicity [18].

Concerns about Nano Immigration to Food Content [19], [20].

Concerned about food products contain insoluble, indigestible, and potentially bio-persistent nano-additives (e.g. metals or metal

oxides), or functionalized nano-materials [21].

Concerns about the effect of nanoparticles on the nervous system [22].

J Med Discov | www.e-discoverypublication.com/jmd/ 3



Toxicity of Nanotechnology in the Food Industry

Depending on the nature of nanoparticles, have classified
them as follows:

a. Areas of least concern: where food products contain
processed (natural) food nano-structures, which are either
digested or solubilized in the gastrointestinal(GI) tract, and
are not bio persistent.

b. Areas of some concern: where food products contain
encapsulated food additives in nano-sized carriers which
may not be bio persistent but may carry the encapsulated
substances across the GI tract. A greater uptake of food
colors or preservatives could take the application outside of
the conditions under which the ADI (acceptable daily
intake value) was set for the additive.

c. Areas of major concern: where food products contain
and potentially bio persistent

insoluble, indigestible,

metals or metal oxides), or

ADME

(adsorption, distribution, metabolism and elimination) and

nano-additives) e.g.

functionalized  nano-materials.  d. profile
toxicological properties of which are not fully known at
present. Some of the projected applications in the

agricultural sector (e.g. nano-pesticides) will also fall in

(o le) _..;_'}‘_‘j')
.9

Niaiho partie) es

W < 10PN g

this category. By the addition of nanostructured materials
to food, water, and drugs, nanoparticles can be absorbed
from the intestine and enter the circulatory system but there
is not much research focused on this potential route of
entry [24].

Risk Assessment of Nanotechnology in food

Risk assessment of nano-materials, based on the current
approaches to chemical risk assessment framework (hazard
identification, hazard characterization, expo-sure
assessment and risk characterization) [24]° Figure 3 shows
the hypothetical model pathways of NPs uptake in the
human body, and target organs where they can accumulate.
Nano-particles smaller than 100 nm can easily penetrates
skin, and nasal/ pharyngeal mucosa. From there, through
the central cardiovascular system, they can reach organs.
Toxicity of NPs varies with their properties (size, shape,
charge, surface energy, chemical composition and others),

and it depends on the properties of living organisms.

Figurer 3. Main entrance pathways and target organs of NPs [23]

Potential wellspring of involuntary nanomaterial

foods

nanomaterials utilization throughout plant and animal

contamination in encompass the environs,

product, unintentional release from nano material

containing food packaging materials, and residues in foods
from nano-materials used as food processing aids or
surface coatings on food equipment [17,25]. For example,

nano-emulsion and nano -encapsulation technologies are
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being explored to improve uptake and efficacy of fertilizers,
herbicides, and insecticides, which will alter the levels of
these substances in foods (that is, could increase or
decrease their presence. Environmental contamination of
nano-materials resulting from use in a number of other
industries is also a potential source of nano-materials in
foods, if these materials are present in the environment
where food is being produced or in the water being used in
ability  of
contamination created by these other

food processing. The environmental
industries  to
potentially affect the food supply has already been
illustrated by the presence of many existing industrial
contaminants found in foods [26].

The area of food production wherein nanotechnology
can have a great impact is in food packaging. Studies have
indicated that consumers are more willing to accept the
presence of nano-materials in packaging than in. However,
the nano-materials in food packaging may potentially
migrate to food, which in turn can be ingested or inhaled,
or even be transferred through skin contact. Studies on
nanoparticles of titanium, silver and CNTs have shown that
these materials could enter blood circulation, and their
insolubility may cause accumulation in organs. Based on a
study by Avella et al. in 2005, only a small amount of
particle migration from nano-composites to foods was seen

during food packaging. This migration was within the

|

limits prescribed by the European Commission (EC) for
silica nanoparticles
Similarly, studies on Ag and ZnO by Panea et al. in2013,
also showed particle migration to be well below the limits
set by the EC. On the other hand, a report shows that
nanoparticles of ZnO may potentially lead to genotoxicity

in clay nano-composites [25]

in epidermal cells at very less concentration [25-27].
in 2008,
nanoparticle size and polymer viscosity resulted in an

Simon et al. reported that decreasing
increase of the rate of migration in the system[19-26]. In a
study by Huang et al. in2011, the temperature at which the
packaging was stored and the time were identified as two
factors which influenced the amount of nanoparticle
migration from the packaging[27-28]. In addition, the use
of some nano-composites has raised concerns about
environmental contamination, as they may not be
bio-degradable. Eco-toxicity studies on such nanoparticles
would significantly improve the acceptability of
nanotechnology to consumers . Even when some countries
permit the release of compounds from packaging, the long
term effects of some nano-materials are not yet known.
Hence, risk analysis encompasses risk assessment
(scientific pursuit), management, communication and the
interaction between these integral parts for ensuring the

safety and security of public health [27].

Spleen

; Lymphatic system
Nanoparticle—>: Ingestion — Intestine~{ T Caudal — Heart Brain
Circulatory system — Liver vena cava T l

Kidneys — Urine

Lungs
Liver ]

Feces

Fig 4. Flow chart describing a nanoparticle’s path through the body from ingestion to excretion

Toxicity of nanoparticles
Nano-toxicology is a sub - specialty of particle
toxicology. It addresses the toxicology of nanoparticles
which appear to have toxicity effects that are unusual and
not seen with larger particles. The smaller a particle, the

greater it’s surface area to volume ratio and the higher its

chemical reactivity and biological activity. Because of their
large surface area, nanoparticles will, on exposure to tissue
and fluids, immediately adsorb onto their surface some of
the macromolecules they encounter. This may, for instance,
affect the regulatory mechanisms of enzymes and other
proteins [28]. Toxicity is one issue that will be uppermost
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in the minds of the consumer and because nanoparticles are
more reactive, more mobile, and likely to be more toxic,
this concern must be addressed. There is strong possibility
that nanoparticles in the body can result in increased
oxidative stress that, in turn, can generate free radicals,

leading to DNA mutation, cancer, and possible fatality. It is

also not fully understood whether enhancing the
bioavailability of certain nutrients or food additives might

negatively affect human health [29] .

e
e
s

e

Inflammation

Ingestion

[Gastrointestingl tract)

ool
- -

Dermal
(5kin absorotion)

Toxicity

DMA Damzge

Translocation wia circulatory system

Tissue and organ deposition

& 3
Altered functi
s
> 4

Systemic inflammation

Fig 5. Common exposure routes of nanoparticles in human body are through the skin, respiratory system, and digestive system

Nanoparticle ADME (ADSORPTION, DISTRIBUTION,
METABOLISM and EXCRETION) will determine the
potential toxicity of the nanoparticle. Absorption refers to
the nanoparticle interaction with the gut mucosa and
epithelial cells, which ends in the nanoparticle entering into
systemic circulation. Distribution or bio-distribution occurs
through systemic circulation, during which the particles are

distributed to organs such as the liver, kidneys, spleen,
heart,
biotransformation of the nanoparticle that occurs through

lungs, and brain. Metabolism describes the
interactions with proteins and lipids in tissues such as the
liver and intestinal tissue. The liver, kidneys, and colon are
primarily responsible for excretion of nanoparticles and

their metabolites [9].
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Types of Toxicity in Nanotechnology

Acute toxicity
Acute,

investigated for several nano- particles after exposure to

sub-acute and chronic toxicity has been
rodents (eg copper, selenium, zinc, zinc oxide and titanium
dioxide nanoparticles). The results of available oral toxicity
studies indicate that, depending on the size, coating and
chemical composition of nanoparticle particles, acute

toxicity may occur at high doses[30].

Long-term toxicity
So much information about toxicity after acute or

chronic exposure to low oral exposure is currently

conducted with other ways of exposure indicate that
several toxic effects systems in various organ systems may
occur

After a long time exposure to nanoparticles, it would
affect immune system, inflammation and cardiovascular
system. Its effects on the immune system and inflammation
may include oxidative stress and / or activation of
inflammation of the cytokines in the lungs, liver, heart and
brain. Its effects on the cardiovascular system may include
the effects and side effects of thrombotic therapy, its
effects on cardiac function (acute myocardial infarction
and adverb of the effects of heart disease). In addition,
cancer and teratogenicity may occur, but no information at
this point is still available. The following endpoint is

required for the research [31] .

'

oy

Lipophilic system 1

Podoconiosis,

Kaposi's sarcoma

system. The research on toxicity of

unavailable. Information from the toxicity studies
Exposure to NPs
Ingestion Inhalation
Gastrointestinal tract Brain Lungs
Colon cancer, Parkinson's disease, Bronchitis, Cancer,
Crohn's disease Alzheimer's disease Asthma, Emphysema
/
Circulatory system \
Thrombosis, High blood pressure,
Artheriosclerosis, Vasoconstriction
Heart
Heart diseases,
Necrosis, Arrhythmia
Fig 6. Toxicological effects caused by NPs on the human body [32].
Toxicological effects biological
The toxicological effect of NPs 1is thoroughly

documented and the major roots of exposure have been
identified as dermal, ingestion, and inhalation causing
various allied illnesses (Figure 6).

The nanoparticles are likely to be unsafe for the

Nano-particles indicates that some of these products may
enter the human body and become toxic at the cellular level
in the tissues and organs .The materials of these particles
may or may not be carcinogenic or allergic but even inert

nanoparticles show harmful effects due to some absorbed
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toxic species or formation of toxic products due to
reactions with body fluids. Some nanoparticles may show

enhanced catalytic properties to generate highly reactive

forms of oxygen that can cause tissue injury including
inflammation and other toxic effects [33].

Table 3. Nano-toxicity in some Nano- particles [36]

Type of Nano

Application in foods

Toxic effect

Side effects

Nano silver

kitchen  supplies  (food

storage containers,
bakeware, cutting boards)
Antimicrobial Disinfectants,
water purification, kitchen

utensils [37]

There is growing evidence that
Ag NPs are highly toxic to
mammalian cells and human

health

Ag-NPs wusually generate reactive oxygen
species resulting in increased pro-inflammatory
reactions and oxidative stress via intracellular
signaling pathways. Inflammatory, oxidative,
genotoxic, and cytotoxic consequences are
associated with silver particulate exposure, and
are inherently linked[1] Growing amounts of
evidence suggest that orally ingested silver

nanoparticles can cross the gastrointestinal

barrier, be absorbed into the blood

Nano nutritional supplements and the TiO2 NPs (anatase/rutile TiO2-NPs can cause several adverse effects on
Titanium food products, TiO2 mixtures) showed LD50 in rat mammalian cells such as increase of reactive
prevents microbial growth. >2150 mg/kg leading to low oxygen species (ROS) production and
itanium dioxide has been acute oral toxicity cytokines levels, reduction of cell viability and
approved by USFDAG60) proliferation, induction of apoptosis and
and is widely used as a genotoxicity [39] TiO2 particles could be
white pigment and food transported to other tissues and organs after
coloran, Candies, sweets, uptake by gastrointestinal tract [39]
and chewing gums have the
highest content of
titanium[38]
Nano antibacterial  activity & he oral toxicity of ZnO NPs in  high dose of nano-ZnOs (5000 mg/kg) caused
Zinc packaging[4] mice revealed that NPs cause toxicity on development, and altered the zinc
lung, liver and kidney damages  metabolism and bio-distribution in mice[40]
Nano SiO2 produced in a variety also given the reported oral A few of the numerous reports -clearly
Silica of forms (pyrogenic, gel, toxicity data demonstrate these findings: ROS generated by

sol, precipitate).
Amorphous SiO2 has been
used for many years in food
applications, such as for
clearing beers and wines, as
anticaking agent to maintain
flow properties in powder
products and to thicken
pastes. Nano-silica (E551)
is registered as a food
additive in the European

Union[38]

the silica surface can induce cell membrane
damage via lipid peroxidation that may

subsequently lead to increased cellular

permeability [41]

Some nanoparticles have been found to exhibit negative

effects on tissues such as inflammation, oxidative stress

J Med Discov | www.e-discoverypublication.com/jmd/
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and signs of early tumor formation. To determine toxicity
profiles, the specifics of the nanoparticle size, shape,
solubility, reactivity and other physicochemical parameters
must be considered as well as the properties of the
substance in a nono form. It is likely that toxicological
properties vary among particulate nano-materials, thus a
risk assessment must be done on a case by case basis.
The safety evaluation of most new substances, according to
Handy and Shaw (2007), begins with an overview of
physical and chemical properties to ensure safe handling
and storage of the material during industrial use and
responsible, ethical disposal. Following these basic tests,
toxicity of the new substance is studied. Acute and chronic
tests, oral toxicity, dermal toxicity, skin irritation as well as
mutagenicity tests are carried out on cells [34].
Nanostructures in the food sector may not create a direct
effect on human health; however, their nanoscale property
may cause some unavoidable side effects. Mechanisms of
toxicity induced by nano-materials or NPs have been
studied
mediated through the overproduction of ROS, resulting in

intensively]. Nano-toxicity is principally
the induction of oxidative stress and thereby resulting in

cells failing to maintain normal physiological
redox-regulated functions. Thus, nano-toxicity can lead to
DNA damage, unregulated cell signaling, change in cell

motility, cytotoxicity, apoptosis, and cancer initiation [35].

Discussion

Food is any substance that contains nutritional value and
when consumed it is broken by an organism to produce
energy and maintain life. Energy at the cellular level is
generated in many ways. A healthier food will produce
more energy to maintain metabolism. The main secret of
the nanotechnology and food industry is that the cellular
level of human cells and food components that are
nano-scale and micro-scale can easily be combined with
nanoparticles that include nanotechnology in all sectors of
the food industry, including processing, packaging, safety
And security interact. The interaction of nanoparticles and
cells led to discussion of some pessimistic approaches to
nano-foods. But the vast potential of nanotechnology
across the food industry and its benefits in providing

quality
measurements, has made the minds and research involved

nutritional  values, packaging, intelligent

in safer techniques for the incorporation of nanotechnology
in the food industry[4].

Various forms of nano-materials devised, fabricated such
as nanoparticles, nano-fibers, nano-membranes, nanotubes,
liposomes, nano-films, etc, are used in food and food
technology. It is very essential to estimate the over or abuse
of these materials to avoid adverse effects. Study related to
nano-toxicity is an appropriate approach to find an
optimum, beneficial doses of nano-materials to be used and
their elimination from the bio system. Even though it is
claimed that the amount used of these products is within
safe limits but the amount released directly or indirectly in
the environment is comparatively much higher. Perspective
of use of nano-materials lies in the hands of personals
involved in the field of nanotechnology, food technology
and those trying to understand the adverse effects. The
insight of the mechanism involved in interaction of
nano-materials and bio-systems will guide the appropriate
and effective manipulation for the good of man-kind and
environment [1].

Available information about safety after oral intake of
nano-materials is minimal, and absorption, distribution,
metabolism, and excretion information that is essential for
risk analysis is yet poorly understood. Moreover, although
we are beginning to understand how characteristics of
nanomaterials such as particle size, shape, surface
properties, and dispersion and aggregation state might
influence the biological effects, studies on the safety of
nano-materials have not reached the stage at which the
results can be used to control quality, develop guidelines
for nano-materials, and regulate security of nano-materials.
Therefore, quantitative analyses of these characteristics of
nano-materials are required, along with assessments of the
between

tissue

characteristics and the
safety. Such
researches are expected to provide the scientific basis for

relationships these

effectiveness, distribution, and
the risk assessments that are necessary for the development
and safe use of nano-materials in the food sector [38].

The safety issues derived from NPs routes of entry and
their potential bio-distribution are governed by surface area,
shape, agglomeration, aggregation solubility and size with
protein (opsonisation) interactions within the host. The size
fractions in the nano-scale range have greater lung
deposition and rapid systemic translocation having various
oxidative and effects on

inflammatory, cytotoxic

J Med Discov | www.e-discoverypublication.com/jmd/ 9
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experimental animals than larger particles. With these
discussed possible potential routes of NPs, nanotechnology
research should proceed with caution. The combination of
hazard and production should go hand in hand so as to
reduce potential acquisition of NPs through the practice of
good manufacturing practice (GMP), good laboratory
practice (GLP) and International Standards Organization
(ISO). Suitable quality control procedures should be part of
the process so as to ensure NPs product safety and quality
and hence part of the company quality assurance
scheme[42].
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