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ABSTRACT

Nanotechnology has the potential to manipulate matter at the nanometre scale, creating and
assembling substances at a molecular level with new and interesting properties. This has offered
opportunities for applications in different sectors. Recently, nanotechnology has received partic-
ular attention due to its promising applications in animal nutrition, drugs and nutrients delivery,
animal reproduction, disease diagnosis and treatment. In the food sector, nanotechnology is ap-
plied to the improvement of food packaging, processing, monitoring and the development of food
with new functional properties that can respond to the needs of consumers. This review will focus
on the advances of nanotechnology in food sector and animal science with particular attention to
animal nutrition. The implications for safety and regulation will be also discussed.
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1. INTRODUCTION

1.1 Nanotechnology background
and definition

Nanotechnology is a new emerging multidis-
ciplinary field, which is expected to revolution-
ize both science and society, and provides sev-
eral long term benefits. In the last years nano-
science was applied to create new tools for mo-
lecular biology, new materials in optics, new de-
livery systems of drugs, new sensors for disease
detection. More recently, nanotechnology has
received particular attention due to its promis-
ing agricultural and food applications. Accord-
ing to the National Science Foundation and Na-
tional Nanotechnology Initiative (NNI), nano-
technology is the ability to understand, control,
and manipulate matter at the level of individual
atoms and molecules, as well as at the “supra-
molecular” level, involving clusters of molecules
(in the range of about 0.1 to 100 nm), in order
to create materials, devices, and systems with
new properties and functions because of their
small structure (TANIGUCHI, 1974; DOWLING et
al., 2004). These particular features were used
from the ancient time. Indeed, nanotechnolo-
gy have been unknowingly applied from the 4th
century BC , when gold nanoparticles (NPs) were
used in the manufacture of porcelain in China
and Egypt (DANIEL and ASTRUC, 2004) and for
medical purposes (such as the treatment of ar-
thritis or the elixir of youth) (READ, 1961). An
example of the application of their optical prop-
erties was (GONELLA and MAZZOLDI, 2000; PA-
DOVANI et al., 2003) the Lycurgus cups, which
were made during the Roman empire by using
colored glasses containing silver and gold NPs
(HARDEN and TOYNBEE, 1959). The cup is char-
acterized by a dichroic effect: the glass is green if

the cup reflects light and red if it transmits it. In
1959, the physicist Richard Feynman proposed
to study the matter at a molecular scale, stim-
ulating the interest of many people. The famous
talk called “there’s plenty of room at the bottom”
was given by Feynman at the annual meeting of
the American Physical Society and is a corner-
stone in the short history of the nanotechnolo-
gies (FEYNMAN, 1960).

From the beginning of this century, there
has been a great increase in scientific publica-
tions regarding applications of nanotechnolo-
gies (Fig. 1).

The interest in this discipline is due to the
unique biological, physical and chemical prop-
erties of the nanomaterials which can be ap-
plied to new and useful products (SARGENT and
JOHN, 2010). For example, in the second half of
the eighties new nanomalhterials such as fuller-
enes (C60) and carbon nanotubes (CTS) were
developed and widely applied. In particular, the
interest in CNTs is due to their property to in-
teract with macromolecules and nanostructures
of biological interest having similar size such as
viruses, nucleotides and DNA, aminoacids, pro-
teins, membranes, including also the water mol-
ecules (HAMAD et al., 2002; O'CONNELL et al.,
2002; WANG et al., 2002; PAUNESKU et al., 2003;
ZHANG et al., 2009). Today nanotechnology has
different industrial applications and is more de-
veloped in areas such as pharmaceutical scienc-
es, microelectronics, chemistry, material and
aerospace sciences (WEISS et al., 2006) (Fig. 2).
More recently, nanotechnology has also received
considerable attention for its promising agricul-
tural and food applications. In the food sector,
nanotechnology has been applied to the improve-
ment of food packaging, processing, monitoring
and the development of foods with new func-
tional properties that can respond to the needs
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Fig. 1 - Web of Science (search keyword: nanotechnology): Number of publication in the last 10 years.
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Fig. 2 - Web of Science (search keyword: nanotechnology): % of publication in the last 10 years/research topic

of consumers. The continuous development of
this new discipline has led to an increased pro-
duction and release in the environment of car-
bon nanotubes (CNTs) and nanoparticles (NPs)
by different industries. In this way the popula-
tion was exposed to high levels of these products
that caused severe problems to human health.
Therefore, different studies evaluated the tox-
icity of these compounds at molecular level, al-
though the results were often conflicting (LIU et
al., 2012; SHVEDOVA et al., 2012; SAYES et al.,
2011). In the next sections, advances of nano-
technology in food sector and animal science will
be presented. Their implications for safety and
regulations will be also discussed.

2. APPLICATION OF NANOTECHNOLOGY
IN ANIMAL HEALTH AND PRODUCTION

For a long period, nanotechnology studies
were focused on the medical field and in particu-
lar on the evaluation of new drugs in vivo (OTIL-
IA et al., 2005). More recently, the research has
focused on animals of zootechnical interest. Al-
though there are not many studies on this top-
ic, many advantages can be obtained by apply-
ing this technology to animal production (SCOTT,
2005). Several types of nanostructures and NPs
have been developed and have revolutionized the
approach to animal sciences. Examples of NPs
applied to animal sciences are reported in Ta-
ble 1. In particular, nanotechnologies were ap-
plied to the development of novel drug delivery
systems and nanosensors for the diagnosis and
treatment of diseases. Thus, the effective cure

of infections, metabolic diseases, and nutrition-
al disorders was achieved by acting at the na-
nometer level, Through the control of the matter
at the nanometer scale, excellent results in ani-
mal health and production were also achieved.

2.1 Administration of medications
and vaccines to animals

The health of animals is very important and
several efforts have been aimed to afford a high
level of protection from pathogens and also avoid
infections in humans. Animals are vaccinated
by using antigens and adjuvants that stimulate
the immune response against a specific virus.
However, some adjuvants can produce negative
side effects. Nanotechnology represents a prom-
ising approach that can allow to reduce such
adverse reactions. A new formulation with NPs
constituted by calcium phosphate as adjuvant
was successfully tested in a murine model for
its capacity to induce antiviral immunity (HE et
al., 2000). There are also several ongoing stud-
ies regarding the encapsulation of vaccines with
novel nanocarriers, such as spore based nano-
vaccines, NPs bound to antigens and synthet-
ic virus-like particles. These formulations allow
to transport a drug in the specific site of action
with low parental invasion, thus decreasing of
the stress of the animal (KALKANIDIS et al., 20006).
In this way, the efficacy of the vaccine is in-
creased and the inflammatory response is avoid-
ed (SINGH et al., 2007; CAPUTO et al., 2009). At
the moment, one of the most important issues
of vaccine distribution is the need to maintain
the cold chain, which an extension of the good
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Table 1 - Overview of NPs and their application in animal science. Revisited by DE JONG and BORM, 2008.

Particle class Materials Application References
Natural materials or derivatives Chitosan Drug/Gene delivery Damascelli et al., 2003
Dextrane Dyer et al., 2002
Gelatine Huang et al., 2004
Alginates Mura et al., 2011
Liposomes Murata et al., 1998
Starch Roy et al., 1997
Vicillin
Dendrimers Branched polymers Drug delivery Meredith et al., 2011
Fullerenes Carbon based carriers Photodynamics Yamakoshi et al., 2003
Drug delivery
Polymer carriers Polylactic acid Drug/gene delivery Duetal.,, 1998
Poly(cyano)acrylates Xu et al., 2009
Polyethyleinemine
Block copolymers
Polycaprolactone
Ferrofluids SPIONS Imaging (MRI) Bernardi et al., 2008
USPIONS Stern et al., 2007
Quantum dots Cd/Zn-selenides Imaging Cho et al., 2007

In vitro diagnostics Liu et al., 2011

Various

Gold nanoparticles
Gold nanorods
Gold nanoshells
Gold nanocages

Silica-nanoparticles
Mixtures of above
Solid lipid formulations

Gene delivery Kawano et al., 2006
Li et al., 2010
Liu et al., 2007
Amarnath et al., 2010
Ankamwar et al., 2005
Salem et al., 2003

Stem et al., 2007

manufacture practice of the pharmaceutical in-
dustry (GMP). In order to bypass this require-
ment, vaccines were formulated in tablets in-
stead of using liquid formulations stored in re-
frigerator. Moreover, other routes of administra-
tion are under evaluation. Nanotechnology rep-
resents a promising new approach that allows
to improve the vaccine distribution by increas-
ing their shelf-life (PEEK et al., 2008).

2.2 New drug delivery systems

Normally drugs and probiotics are delivered
to animals by injection or through the diet. The
administration of drugs is realized when the first
symptoms appear or in advance, as prophylax-
es. Nanodevices can afford a controlled release
of drugs , thus avoiding the problem of drug re-
sistance, which arises following the extensive ex-
posure to the drug. Antibiotics administered to
animals can reach the consumer. For this rea-
son, there is the need of a technology that could
decrease the dose maintaining the same effica-
cy (HUH and KWON, 2011). In order to achieve
this aim, the use of nanoparticles bound to an-
tibiotics was evaluated. According to Huh and
Kwon'’s studies, Ampicilline bound to NPs was as
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effective as the unbound Ampicilline in reduc-
ing the growth of Salmonella typhimurium at a
40 times lower concentration of antibiotic. Such
a decrease of dose was due to the NPs, which al-
lowed a better and more specific distribution of
the drug in the tissue. Controlled delivery sys-
tems were also created to deliver and monitor the
delivery of vaccines or pharmaceuticals and nu-
trients in animals (CHEN et al., 2005; MOZAFARI
et al., 2006; DE JONG and BORM, 2008). These
formulations can be used to deliver drugs in a
specific site. Other applications regards the use
of NPs for gene therapy (MARSAN et al., 2009;
SHARMA et al., 2011), tumor inhibition, as gene
delivery vectors or as new engineered nanomate-
rials for the coating of implants (AJMONE et al.,
2007; KATRAGADDA et al., 2010; KUZMA, 2010).

2.3 Nanosensors for diagnosis
and treatment of diseases

Nanoparticles can also be used to improve the
detection of microbial and chemical contami-
nants in animals. Examples of this application
are the detection of E. coli by using a mannose
targeting nanobiomolecule that links the path-
ogen (ZUCCHERI and ASPROULIS, 2012), detec-



tion of Listeria monocytogenes in spiked milk
(DE LA TORRE et al., 2005; YANG et al., 2007) or
Campylobacter (LATOUR et al., 2003; FRANKLIN
et al., 2003) frequently found in poultry as con-
taminant, or polymeric NPs that are able to bind
the pathogens in the gut of livestock and then
are eliminated in the animal waste through the
intestine (KEENER et al., 2006). For the eradi-
cation of nematodes such as Trichinella spira-
lis, a frequent contaminant of pork meat, NPs
composed of adjuvants, which stimulate the im-
mune response in mice, were used and a de-
crease of the larvae concentration in the mus-
cle tissue was obtained (DEVILLE et al., 2005).
Furthermore, nanosized sensors composed of
carbon nanotubes were successfully used to de-
tect toxic compounds and to monitor health and
physiological conditions of animals (DRABU et
al., 2010). Nanomaterials can be used to create
new kits for an early detection of contaminants
with high precision. WEI et al. (2010) reported
a specific application for the rapid detection of
melamine in whole milk mediated by unmodi-
fied gold nanoparticles.

In biomedical science, one of the current chal-
lenges in disease diagnosis is the in vivo appli-
cation of ultrasensitive image analysis of biolog-
ical targets under noninvasive conditions in or-
der to precisely detect early-stage diseases and
monitor the responses to drug therapies. Nano-
particles are now emerging as novel and prom-
ising candidates for high-performance molecular
imaging agents. Nanostructures, such as shells,
quantum dots, NPs, dendrimers and fullerenes,
were used to improve potential application in
cancer imaging by magnetic resonance imaging
(MRI), in order to improve cancer diagnosis and
treat target tumors in vivo (ZHANG et al., 2008;
ROSENBERG et al., 2010).

2.4 Nanotechnology for reproduction

At the moment, there is particular interest in
the sustainable production of animals and new
solutions are required to obtain an improvement
in this field. Nowadays, the use of assisted re-
productive technique still presents shortcomings
and new technologies, which could improve it,
are required (VERMA et al., 2012). In particular,
nanotechnologies are used for the monitoring of
the fertile period, which is the major problem in
farm animals. Nanotubes were applied to the de-
tection of estrus in real time by implanting them
under the animal skin. Variations of estradiol
levels in the blood of animals were monitored
in real time (LIU and WONG, 2007). Nanostruc-
tured immunosensors were created in order to
detect progesterone in cow milk and evaluate its
release during the ovulation period (CARRALE-
RO et al., 2007). The biosensor should allow to
detect changes of the physiological level of the
progesterone concentration with fertility tests.
Silver nanoparticles were evaluated for their an-

tibacterial properties (GARDEA et al., 2003) on
chicken embryos. Unfortunately, the treatment
was not effective and toxic effects affecting num-
ber and size of embryo lymph nodes were found
(GRODZIK and SAWOSZ, 2006). Microfluidic de-
vices were developed with the aim of physically
mixing sperm and eggs, thus obtaining a cheap,
reliable and quick embryos production (STUD-
NICKA et al., 2009; PATIL et al., 2009). The fu-
ture plan is the in vivo implant of nanocapsules
containing the male semen, which should be re-
leased in a controlled manner during the ovula-
tion period in order to fertilize an egg.

2.5 Animal nutrition

Emerging evidences indicate that nanotech-
nology may represent a promising approach to
develop new and specific products for animal
nutrition. In particular nanotubes linked to nu-
trients can be administered to animals and re-
leased in specific sites, thus allowing the main-
tenance of high levels for a long time. This ap-
proach should avoid the degradation of nutrients
and increase their availability (ROSS et al., 2004).
Sodium selenite NPs coated with metacrylate
copolymers, sensitive to variations of pH, were
orally administrated to ruminants and the im-
provement of selenium absorption was evaluat-
ed (ROMEO-PEREZ et al., 2010). Silver NPs and
Cu-montmorillonite NPs were used as feed ad-
ditives to increase the average daily weight gain
of pigs (TONG et al., 2007; FONDEVILA et al.,
2009). Iron or selenium NPs were successfully
tested as feed additives in aquaculture and im-
provement in animal growth performance was
reported (ZHOU et al., 2009). The administra-
tion of copper and zinc (HAN and BAKER, 1993;
SMITH et al., 1997) as growth promoters in pigs
were restricted to the only improvement of an-
imal health status. The use of nanotechnology
permits a specific administration of micromin-
erals avoiding their excessive use, which could
lead to toxic effects for animals, consumers and
environment (FONDEVILA et al. 2009 a,b). Min-
erals, supplements and vitamins are important
in animal nutrition; for example iron is essen-
tial in animal diet during particular periods of
life, such as parasite infestations, gestation and
in the early stage of life (ZIMMERMAN, 1980; O’
NEILL et al., 2010). However, the administra-
tion of ferrous sulfate in food produces a metal-
lic taste due to the increase of rancidity of cere-
als caused by acceleration of fat oxidation, thus
inducing the refuse of food by animals (HURREL,
2002). Ferric phosphate is an alternative to fer-
rous sulfate but its instability and low availa-
bility limit the use as iron source. However, na-
noparticles of this compound overcome the sta-
bility issue, thus increasing the nutritional val-
ue of this source and allowing the administra-
tion to animals (FIDLER, 2008; ROHNER et al.,
2007). Moreover, nanosized vitamins are used in
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poultry and livestock feed. Nanotechnology can
also provide applications for medication, nutri-
ents and veterinary care that target specific cas-
es, such as aged animals.

3. APPLICATION OF NANOTECHNOLOGY
IN FOOD PRODUCTION

The application of nanotechnology in food
systems can lead to several advantages. The
food safety has been improved by using sen-
sors for pathogen detection, remote controls of
food, smart systems for product tracking, en-
capsulation of functional food ingredients con-
taining medicines and supplements, which are
released in a specific site (WEISS et al., 2006).
By mean of nanotechnology, the inclusion of
nano supplements or nutrients in food can im-
prove the nutritional value of food or change its
taste, color and texture. According to GARBER
(2007) and SCRINIS (2007), nanofood can be de-
fined as the manipulation of seeds, feed, pesti-
cides and packaging at the nanometer scale or
when nanotechnologies are used during culti-
vation, production and processing of the food.
Due to the possibility to create new useful and
interesting products, the food industry has ap-
plied this technology to the encapsulation and
emulsion of nutrients, probiotics, supplements
and to sensor development (FSAI, 2008). In ad-
dition to the needs of the industry, the interest
of the consumers is to follow the path of the ani-
mal and its products throughout all the produc-
tion and distribution chain giving particular at-
tention to their safety. New compounds for ag-
riculture were also produced by using nanofer-
tilizers composed of hydrogels or zeolites, which
improve water catchment in the soil and absorb
toxic compounds at the same time (GONZALES-
MELENDI et al., 2008). All these possible appli-
cations can lead to an improvement of food pro-
duction linked to a cost effectiveness.

3.1 Application to the food industry

The food industry is the largest manufactur-
ing sector in the world and new technologies
are necessary for its innovation. The applica-
tion of nanotechnology to the food industry in-
volves several benefits, such as products with
new properties (less sugars and fats, new tex-
tures, colors, nutrients, flavors and tastes), im-
proved food security, processing and traceabili-
ty, new packaging and products having extend-
ed shelf life and improved microbial food safe-
ty (AVELLA et al., 2005; CHAUDHRY et al., 2008;
GARBER, 2007; RHIM, 2007). It has been estimat-
ed that the market of nanotechnology will reach
1 trillion USD by 2015. In particular, packaging
is considered the main commercial application
of nanotech in food sector. As estimated by Rich-
ardson and PIEHOWSKI (2008), nanotechnology
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will be used in 25% of food packaging within the
next decade. Due to the large economic interest,
large industries, such as Kraft foods, founded
a nanotech consortium (15 University and Re-
search labs) with the aim of obtaining food prod-
ucts that fit the tastes and needs of consumers
(SANGUASNSRI and AUGUSTIN, 2006).

3.2 Food safety and decontamination

In term of food safety, one of the main issues
is the contamination of cereals with mycotoxins
due to its relevance for human/animal health
and the economic impact on the global trade of
cereal. The FAO has estimated a contamination
of 25% of worldwide cereals stockpile by myco-
toxins each year with an enormous economic
effect (JELINEK et al., 1989; LINDEMANN et al.,
1993). Regarding this topic, nanoabsorbents
composed of magnesium oxide and embedded
by silica nanoparticles has been used as effec-
tive adsorbent agents as a way to remove afla-
toxins from wheat flour (LUO et al., 2004; MA-
SOERO et al., 2007; MOGHADDAM et al., 2010).
SHI et al. (2009) reported the use of a modified
montmorillonite to decrease the toxicity in feeds
of chicks. The development of nanodevices for
food safety and preservation and for the detec-
tion of biological contaminants of food, such
as bacteria, fertilizers or pesticides, is very im-
portant (DINGMAN, 2008). Indeed, food patho-
gens can be detected with nanosensors placed
in packaging materials as a sort of electron-
ic noses or tongues, which are able to detect
spoilage and contamination of food. These sys-
tems allow to detect even just one bacterium lo-
cated in food in real time with a quick, simple
and sensitive procedure (DAS et al., 2009; LIL-
IE and CANTINI, 2011). The advantages of these
systems consists in placing thousands of na-
nostructures in a nanosensor, which is able to
detect the presence of any number of patho-
gens because it can be introduced in tiny places
where pathogens hide. Different systems were
applied also to drinking water. Recent studies
suggest that many of the issues involving water
quality could be resolved or greatly improved
by using nanoparticles, nanofiltration or other
products resulting from the application of na-
notechnology. Innovations in the development
of novel technologies to desalinate water are
among the most exciting and promising targets
(SAVAGE and DIALLO, 2005).

3.3 Food processing and monitoring

Food traceability is important in order to fol-
low all steps of the production and distribution
of animal products and guarantee their quality.
Some procedures are illustrated in SHEFER and
SHEFER (2003 a,b) and CHAKRAVARTHI and BAL-
AJI (2010). The application of nanotechnology in



food processing includes the use of nano-ingre-
dients that change texture and taste of food. The
dispersibility of additives in food is improved by
their encapsulation in nanostructures, such as
micelles or liposomes, that can mask the taste
of some additives or protect them from degrada-
tion (CHAUDHRY and CASTLE, 2011). In this way,
the bioavailability of nutrients is increased too,
thus reducing the use of additives and preser-
vatives and obtaining a better food storage. Li-
posomes in particular can be used to encapsu-
late hydrophobic or hydrophilic ingredients. By
adjusting their internal pH, the stability of the
substances incorporated is increased. Different
materials and shapes can be obtained, such as
multiple vesicles with an onion-shaped struc-
ture. As illustrated by WEISS (2006), liposomes
were successfully used to encapsulate antibac-
terials, thus obtaining improvement in the inhi-
bition of bacteria growth when compared to the
standard methods. This effect may be related
to the delivery properties of nano-encapsulated
drugs, which are released for a prolonged peri-
od of time due to a controlled release (CHEN et
al., 2005). Future perspectives of nanotechnol-
ogy application in food processing are the pro-
duction of functional food providing health ben-
efit or products tailored to satisfy specific nutri-
tional needs or problems, such as allergies. Re-
cently, omega-3 microcapsules, like many oth-
er nano-ingredients, have been added to sever-
al food products (MOZAFARI et al., 2006). At the
moment, more than 100 nanofoods and others
products contining nano-ingredients are sold in
the market (Table 2) (FOE, 2008). In these prod-
ucts, nanotechnology has found application in
primary production, stock, monitoring and re-
tail level.

3.4 Food packaging

Food packaging represents an important cat-
egory of nanotechnology application in the food
sector. Several nanomaterials have been used in
the food packaging for different purposes, such
as antibacterial activity (nano-zinc and nano-sil-
ver oxide), control of spoilage in orange juice
(EMAMIFAR et al., 2011), UV protection (nano-ti-
tanium dioxide), gas barrier (plastic polymers
with nanoclay), improvement of the mechani-
cal strength (nano-titanium nitride), hydropho-
bic surface coating (nano-silica), etc. (CUSHEN
and CUMMINS, 2012). Thus, the shelf life of the
food was increased by improving the mechani-
cal, thermal and gas properties of packaging and
using environmental friendly materials (PERCH,
2007; SOZER and KOKINI, 2009). ‘Intelligent’ food
packaging incorporating nanosensors or indica-
tors that monitor the condition of the food have
been previously described. These products give
an added value to animal products, thus obtain-
ing an overall benefit for the production and dis-
tribution chain of food products.

Table 2 - Examples of foods, food packaging and agriculture products that contain nanomaterials (modified by FOE, 2008).

Purpose

Nano content

Product name manufacturer

Type of product

Fortified flavoured waters and milk with vitamin, mineral and other functional ingredients

300 nm particles of iron(SunActive Fe)

Solid hydrophobic nanospheres

Oat Chocolate and Oat

Functional beverage

using nanoemulsion technology for incorporation and controlled release of bioactives.

Vanilla Nutritional Drink Mixes

Toddler Health

Food that can adjust its colour, flavour or nutrient content to accommodate a person's taste
or health condition. Nano-sized iron particles have increased reactivity and bioavailability

(Fidler et al., 2004.)

composed of a blend of food-approved

hydrophobic materials encapsulated

in moisture-sensitive or pH-sensitive
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4. RISK ASSESSMENT

Besides the advantages of nanotechnology ap-
plications, the possible health hazard linked to
increasing exposure to nanotechnology products
and the consumption of food produced with this
technology must be considered. With the increased
production of NPs by many industries, the popu-
lation may be exposed to high levels of these prod-
ucts, which may have hazardous effects on ani-
mals, humans and environment. Nanotechnolo-
gy may guarantee improvement of hygienic condi-
tions in food processing, good food quality, safety
and decrease of foodborne illnesses (CHAUDHRY
and CASTLE, 2011 b, BHATTACHARYA et al., 2007).
However, the different pathway that nanomateri-
als can undertake in eukaryotic cells must be eval-
uated in order to have a better understanding of
the correlation between the health hazard of these
products and their dimensions (MCKNIGHT et al.,
2003). For example, studies reported in the liter-
atures proved that silver NPs, which are commer-
cially used in packaging materials, transfer from
the packaging to the food and a certain level of
toxicity was demonstrated (ASHARANI et al., 2008;
HUANG etal., 2011). The pathway of nanoparticles
in the organism is not well known but some studies
have demonstrated that NPs can enter in the gas-
trointestinal tract through trans membrane seg-
ments and can cross the placenta (BHATTACHARYA
et al., 2011; ELSAESSER and HOWARD, 2012). By
interaction with living systems, nanomaterials may
be accountable for unexpected toxicity and for this
reason their use in food or food packaging may be
a reason of health hazard (DAS et al. 2009; CHEF-
TEL, 2011). Other studies (BARCELO and FARRE,
2012; IJABADENIYI, 2012) claim that people have
been exposed to NPs in the diet for long time and
that food ingredients are reduced to the nanome-
ter scale by the digestive processes in order to ob-
tain energy and maintain physiological processes.
According to this opinion, the hazard is not due
to the dimensions but to the nature of the materi-
als, which can be harmful to human and animals.
The toxicity of nanomaterials at molecular level is
the topic of more recent studies and the results
are often conflicting (LIU et al., 2012; SHVEDOVA
et al., 2012; SAYES et al., 2011). At the moment,
there is not enough information about the risks
for human, animal and environment (DOWLING et
al., 2004; WILLIAMS et al., 2005; CASABONA et al.,
2010). Several researchers state that regulators
do not respond to this issue to safeguard the big
companies that are investing on this new technol-
ogy (BOSSO, 2010). A major concern is related to
the consumption of foods containing nano-addi-
tives that are indigestible, insoluble and potential-
ly bio-persistent, therefore not beneficial for con-
sumer health. Moreover, the exposure to nanoma-
terials may constitute a risk for consumer because
they may contain organic moieties that can car-
ry foreign substances in the blood (MUKUL et al.,
2001) and can enter in the gastrointestinal tissue.

The exposure to these components of nanomateri-
als could produce abnormal concentrations of re-
active oxygen species and activate an inflammato-
ry response (POWELL et al., 2010). Considering all
these risks, an extensive study that correlate the
application of nanotechnology in the food pack-
aging with the health hazard must be carried out
. At the moment, only few studies have been car-
ried out (DAS et al., 2009), but there is the need to
evaluate these nanomaterials by using different as-
says in order to establish the risk related to their
uptake. Furthermore, governments should regu-
late the commercialization of these products and
label them, thus making the consumers aware of
the presence of nanofoods in the products (SOZER
and KOKINI, 2009). Following these considerations,
nanomaterials should be used only after rigorous
tests that establish their safety for the environ-
ment and the health of humans, fishes and ani-
mals (DOWLING, 2004; MEDINA et al., 2007; BLA-
SER et al., 2008; ELSAESSER and HOWARD, 2012).

CONCLUSIONS

Nanotechnology has the potential to revolution-
ize the field of animal science and food production
in terms of diagnostics, discovery of new drugs,
drug delivery, vaccine development. The applica-
tion in food production and packaging can poten-
tially improve the nutritive value, quality and shelf
life of several feed and food products with differ-
ent advantages for the safety of consumers. At the
moment, many of these products are either under
development or at the experimental stages. At the
same time, nanotechnology applications may be
accountable for harmful effects for animals, hu-
mans and environment. Therefore, one of the main
concerns regarding this new technology is the fear
of the unknown. For this reason, further investiga-
tions are necessary in order to reassure the con-
sumer, fill the knowledge gap about nano-toxici-
ty and, at the same time, improve the risk assess-
ment and evaluate their economic advantages.
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