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ABSTRACT

Nanotechnology is the engineering of functional systems at the molecular scale. Recently, nanotechnology are developed in the food area, with
various applications, including improvements in nutrient and bioactive delivery systems, in texture and flavor encapsulation, in microbiological
control, in food processing and packaging, and specific, highly sensitive biosensors that can be used to detect pathogens, allergens, contaminants,
and degradants that can affect food quality and safety. Nanotechnology can also be used to design new food ingredients, such as solid-liquid
particles, multilayered particles, fibers, assembled aggregates and novel structures using lipids, proteins, and other components that are present in
natural food, and approved food ingredients. However, it is necessary to analyze the properties and characteristics of nanomaterials for potential
health risks. The application of nanotechnology in the food production, packaging and storage, open new questions on the possible risks for the
health of the consumers, and require a new and updated legislation to regulate the labeling and the presence in the food of these components.

(Cite this article as: Colica C, Aiello V, Boccuto L, Kobyliak N, Strongoli MC, Vecchio 1, et al. The role of nanotechnology in food safety. Minerva
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Nanotechnology, also known as ‘“nanotech”, is the
science of manipulating materials on an atomic or
molecular scale, at dimensions between approximately
1 and 100 nm, that are known as the nano-scale, espe-
cially to build microscopic devices. Unusual physical,
chemical, and biological properties can emerge in ma-
terials at the nano-scale. These properties may differ in
important ways from the properties of bulk materials and
single atoms or molecules.!: 2 Nanotechnology is help-
ing to considerably improve, even revolutionize, many
technology and industry sectors: information technolo-
gy, energy, environmental science, medicine, pharmacy,
homeland security, transportation and food safety among
many others.3 4 Using nanotechnology, materials can ef-
fectively be made to be lighter, stronger, more reactive,
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more durable, more sieve-like, or better electrical con-
ductors, among many other traits.> There already exist
commercial products that rely on nanoscale materials
and processes, and in particular: 1) in polymer compos-
ite materials can make them simultaneously lightweight,
durable, and resilient; 2) in surface treatments of fab-
rics help them resist wrinkling, staining, and bacterial
growth; 3) in food containers minimize carbon dioxide
leakage out of carbonated beverages, or reduce oxygen
inflow or the growth of bacteria in order to keep food
fresher and safer; 4) into plastic packaging can warn
against spoiled food; 5) detect salmonella, pesticides,
and other contaminates on food before packaging and
distribution; 6) finally, are used in cosmetic products like
creams, lotions, shampoos, and specialized makeup.5: ¢
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Other nanotechnology applications in the food sector
include altering the texture of food, encapsulating food
components or additives and increasing the bioavail-
ability of nutritional components.”- 8 One of the major
limiting factors is the availability of suitable analyti-
cal techniques to detect and to characterize engineered
nanomaterials (ENMs) in food and beverage matrices.
This may also prevent industry from rapidly developing
“nano-foods,” since it is hard to assess how ENMs alter
the properties of products. It is known that ENMs are
highly reactive because of their high surface-to-volume
ratio, meaning that they can interact with proteins, car-
bohydrates and fats in food, as well as nucleic acids,
ions, minerals and water. However the applications of
nanotechnology in food and agricultural systems are
growing very fast and there is a growing interest in this
exciting research area. In the present review, we sum-
marize the recent evidences on the application of nano-
technology in food safety and its potential perspectives.

Nanotechnology in food packaging

Recent innovations in nanotechnology have changed
some scientific and industrial areas including the food
sector (Figure 1). The applications of nanotechnology
have emerged in various fields of food science, and in-
cludes a range of potential applications, as a alterations
to the properties of foods, improvements to the deliv-
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Figure 1.—Schematic application of nanotechnology in agri-food sector.
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ery, quality, and safety of food, and the development
of enhanced food packaging.1?. 11 Nanotechnology de-
rived food packaging materials, are the largest category
of current applications in food sector.!2 The developed
food contact materials, now incorporate nanomaterials
to improve packaging properties, as a flexibility, gas
barrier properties, temperature stability, nanoparticles
with antimicrobial or oxygen scavenging properties,
nanosensors to monitor and report the condition of the
food.!!. 12 A relatively low level of nanoparticle is suf-
ficient to change the properties of packaging materials,
without significant changes in density, transparency and
processing characteristics.!2- 13 The polymer composites
incorporating clay nanoparticles are among the first
nanocomposites to emerge on the market and limit the
permeation of gases, and provide substantial improve-
ments in gas barrier properties.!4 Polymer nanocom-
posites incorporating metal or metal oxide nanopar-
ticles have been developed for antimicrobial ‘“‘active”
packaging, abrasion resistance, UV absorption and/or
strength.!4. 15 The metal and metal oxide nanomaterials
commonly used are silver (Ag), gold (Au), zinc oxide
(Zn0), silica (Si0,), titanium dioxide (TiO,), alumina
(Al,05) and iron oxides (Fe;0,4, Fe,0;).1¢ Based on the
antimicrobial action of nanosilver, a number of active
food contact materials have been developed that pre-
serve the food materials within longer by inhibiting the
growth of microorganisms.!” Copper has been shown
to be an efficient sensor for humidity, and titanium
oxide has resistance to abrasion and UV-blocking per-
formance.!8 Consequently, nanocomposites incorpo-
rate properties to the packaging material for enhance
stability of foods, or at least to indicate their eventual
inadequacy to be consumed. Moreover, the main risk
of consumer exposure to nanoparticles from food pack-
aging, is the potential migration of nanoparticles into
food and drinks. The properties and safety of the ma-
terials in their bulk forms are usually well known, but
the nano-sized counterparts frequently exhibit different
properties from those found at the macro-scale. There
are limited scientific data about migration of most types
of nanoparticles from the packaging material into food,
as well as their eventual toxicological effects. It is rea-
sonable to assume that migration may occur, hence the
need for accurate information on the effects of nanopar-
ticles to human health following chronic exposure is
imperative.!?
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Nanotechnology in agrifood sector

Currently, nanoscale science, engineering and nano-
technology are implicated in agriculture and food pro-
duction. Many researchers have studied the effects of
nanomaterials on plant germination and growth with the
goal to promote its use for agricultural applications.20:21
The effects of nano TiO, on the growth of naturally-aged
spinach seeds were studied, and the plant dry weight
was increased, as was the chlorophyll formation, the
ribulose bisphosphate carboxylase/oxygenase activ-
ity, and the photosynthetic rate.22 The key to increased
seed germination rate is the penetration of nanomateri-
als into the seed. It was reported that multi-walled car-
bon nanotubes (MWCNTSs) can penetrate tomato seeds
and increase the germination rate by increasing the seed
water uptake.23 Other studies on the influence of metal
nanoparticles on germination of lettuce seeds indicated
that nanoparticles, and in particular ZnO, Pd and Au at
low concentration, Si and Cu at higher concentration,
and combination of Au and Cu, had a positive influ-
ence on seed germination, measured in terms of shoot
to root ratio and growth of the seedling.23 The increased
biological efficiency of certain nanopesticides, could
allow for diminished applications of conventional pes-
ticides. Similarly, nanodevices used for “smart” treat-
ment detect, locate, and report on pathogens, then apply
pesticides and fertilizers as needed prior to the onset
of symptoms.2¢ US Environmental Protection Agency
(EPA) observes that: “fertilizers and pesticides that in-
corporate nanotechnology may result in less agricul-
tural and lawn/garden runoff of nitrogen, phosphorus,
and toxic substances, which is potentially an important
emerging application for nanotechnologies that can
contribute to sustainability”.25 Smart nanosensors could
be a viable option to detect pesticide residues in the field
and also have been applied for pesticide degradation.26
Nanoparticles can be also used as biomarkers or as a
rapid diagnostic tool for detection of bacterial, viral and
fungal plant pathogens.27- 28 However, it is necessary to
highlight that the balance of nanoparticles on plants can
be positive or negative. One of the concerns for nano-
materials applications in seed germination, is their phy-
totoxicity. The level of phytotoxicity may depend on
the type of nanomaterial and its potential application.2?
However, toxicity of nanosilver to ecosystem and hu-
man is a major concern; in fact there are more than 100
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pesticides that contain Ag due to its anti-microbial prop-
erties. Was reported the cellular uptake, and toxic ef-
fects of silver nanomaterials to human skin keratinocyte
cells and result that silver nanomaterials are aggregated
inside the cell.2%.30

Food nanotechnology

Food nanotechnology is a combined discipline of
nanotechnology and food science, that provides many
applications almost in all areas of food technology. The
three main constituents of food, proteins, carbohydrates
and lipids, are each digested by different ways, that
occurs at the nanoscale. On this basis, it could be hy-
pothesized that the processing of foods at the nanoscale
would simply improve the speed or efficiency of their
digestion, uptake, bioavailability and metabolism in hu-
man body.3!.32 The applications of nanotechnology and
nanoparticles in food are emerging rapidly. The food
industry is looking out for new technologies to improve
the nutritional value, shelf-life and traceability of their
food products.”- 32 They are also aiming to develop im-
proved tastes, reduce the amount of salt, sugar, fat and
preservatives, address food-related illnesses as a obe-
sity, diabetes, and blood hypertension, develop targeted
nutrition for different lifestyles and aging population,
and maintain sustainability of food production, process-
ing and food safety.8 Food processing can use nano-
technology in different ways: nanocapsules improve
bioavailability of nutraceuticals in standard ingredients
such as cooking oils; nanoencapsulated flavor enhanc-
ers refine the taste of food; nanotubes and nanoparticles
can act as gelatin and viscosifying agents; nanocap-
sules infusion of plant-based sterols can replace meat
cholesterol; and nanoemulsions and particles improve
the availability and dispersion of nutrients.”- 8 A variety
of microencapsulated food ingredients and additives,
as a vitamins, antimicrobials, antioxidants, probiotics,
are available for use in a range of food products, and a
recent trend in the health food area is microencapsula-
tion of live probiotic microbes to promote healthy gut
function.33. 34 In nutrition research area, nanotechnology
applications may assist with obtaining accurate spatial
information about the location of a nutrient or bioactive
food component in a cell, cellular component, and tis-
sue.”-8 Ultrasensitive detection of nutrients and metabo-
lites, as well as increasing an understanding of nutrient
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and biomolecular interactions in specific tissues, has
become possible. In theory, such new technologies have
the potential to improve nutritional assessment and
measures of bioavailability. They may help to identify
and characterize molecular targets of nutrient activity
and biomarkers of effect, exposure, and susceptibility
and therefore may also be the carriers of a “personal-
ized” nutrition.3s

Regulation (EC) No 178/2002 of the European Par-
liament and of the Council of 28 January 2002 laying
down the general principles and requirements of food
law, establishing the European Food Safety Authority
and laying down procedures in matters of food safety,
provides the basis for the assurance of a high level of
protection of human health and consumers’ interest in
relation to food. Substances that are restricted include
heavy metals, environmental chemical contaminants
and mycotoxins. It is, however, unlikely that nanoma-
terials used in the production of food or food contact
materials will be made using these toxic substances nor
should they contain significant impurities of them.

Conclusions

Nanotechnology has the potential to transform the
food industry by changing the way food is produced,
processed, packaged, transported, and consumed. Appli-
cations in food packaging are very promising, because
they can improve the safety and quality of food prod-
ucts; derived composites would reduce the requirement
to use plastics as packaging materials, thus decreasing
environmental pollution in addition to consuming less
fossil fuel for their production.3! New nanosensors are
being tested to detect food pathogens. Basic array tech-
niques with thousands of nanoparticles on a platform
have been designed to fluoresce with different colors on
contact with food pathogens. Furthermore, intelligent
packaging with nanosensors is being considered that
has the ability to react to the environment and perhaps
interact with the food product with specific applica-
tions. However nanomaterials might have toxic effects
in the body because of their increased surface area com-
pared to bulk materials.32 Possible safety concerns lim-
its extensive use of nanoparticles in foods as additives
in the near future. Although nanomaterials from food
packaging would not ordinarily be ingested or inhaled,
the potential exists for unforeseen risk, such as release
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of airborne nanoparticles that might aggravate lung
function or inadvertent consumption due to leakage of
packaging materials into foods. The US FDA requires
that manufacturers demonstrate that food ingredients
and food products are not harmful to health, but specific
regulations about nanoparticles do not exist. Although
there is a lack of regulation and knowledge of risk, still
there are a number of food and nutrition products that
claim to contain nanoscale additives, including iron in
nutritional drink mixes, micelles that carry vitamins,
minerals and phytochemicals in oil, and zinc oxide in
breakfast cereals. Measurement of exposure to nanoma-
terials is not yet well developed nor characterized, and
the development of the research to better understand
the possible health consequences of nanoparticles, is
needed. To achieve this aim, governmental agencies and
researchers are working together to proactively evaluate
the benefits and harms of nanotechnology.
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