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SUMMARY

Nanotechnology is a great innovation that is revolutionizing the agricultural practices. It is a science that
works at the nanoscale and provides many benefits. In this review, the fundamental concepts of nanotechnology
are clarified, focusing on its primary applications and a health and environment risk assessment especially in
livestock production. There is currently a lack of reliable, cost-effective diagnostic tests for early detection of
diseases in farmed livestock animals. Biosensing technologies have the potential to address these problems by
developing innovative diagnostic tools for the rapid detection of key health threats within the agri-food livestock
sector. It also allows for greater product innovation, with the creation of new food ingredients or supplements
with nanoencapsulation or nanoemulsions, achieving a slow release of some composites, or perhaps obtaining
healthier foods through the improvement of organoleptic properties in the product. Although nanotechnology
provides many benefits, but as with all innovations, there are disadvantages and risks associated with its use.
The risk assessment must take into account that the biokinetic profile and the toxicity in the target tissues can
vary depending on which nanomaterial is being referred. A risk-benefit balance on the use of nanomaterials
must be carried out, and in the majority of cases, though many people are open to the advancement, more
information regarding the risks is required. Above all, it must be legally regulated to guarantee Agrofood safety

in all products that have been manipulated using nanotechnology.
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INTRODUCTION

Nanotechnology is a multidisciplinary science,
which combines chemical and material engineering,
biotechnology and industrial processing technology.
As a general definition, Salvia-Trujillo et al. (2016)
described nanotechnology as “the manufacture of
materials, structures, devices and functional systems
through control and assembly of matter at nanometre
scale, and the application of new concepts and
properties that arise as a result of a scale so small”.
However, there are other definitions which are more
widely used which defined it as “the design,
characterization, production and application of
structures, devices and systems by controlling shape
and size at nanometre scale (Kingsley et al., 2013;
Ranjan et al., 2014). It is important to define which
range is being used in this small world. The length
scale  of interest for  nanoscience  and
nanotechnologies is from 100 nm down to the atomic
level (approximately 0.2 nm) and includes different
structures such as atoms, molecules, nanoparticles,
carbon nanotubes, etc. The main characteristic that
gives nanomaterials its specific properties is their
small size, which increases the surface area,
achieving a higher reactivity(Fernandez et al., 2010).
In nanostructures it was so-called “quantum effects”,
which provide them with interesting properties, such
as for example that electrons that move within a
nanoparticle can only possess certain energies

(allowed levels of energy) (Dasgupta et al., 2015). As
the size is reduced these energy levels change
resulting in changes in their catalytic, electrical,
magnetic or optical properties when compared to
conventional formulations of  the same
material(Ferrari, 2005; Salvia-Trujillo et al., 2016).
In addition, sophisticated tools (the scanning
tunneling microscope and the atomic force
microscope) have been developed to investigate and
manipulate matter at the nanoscale. By controlling
the shape, size and internal order of the
nanostructures, properties (electrical conductivity,
colour, chemical reactivity, elasticity, etc.) can be
modified(Salvia-Trujillo ez al., 2016).

Nanomaterials production and classification:

The classification of nanomaterials is complex;
however, several groups can be distinguished
according to different criteria.

Classification according to origin:

Nanomaterials are classified as: a) natural
nanomaterials, e.g. ocean spray (O'Dowd et al., 2004)
and nanosized materials from combustion processes
as forest fires and volcanic ash (Oberddrster et al.,
2005). b) Incidental or involuntarily nanomaterials
generated by human activity such as internal
combustion engines, thermal power plants and other
sources of thermal degradation(Tiede et al., 2008),
and c¢) artificial or manufactured (engineered)
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nanomaterials (Tiede et al., 2008) among which are
inorganic, with surface features and organic (to
improve the nutritional value) (Cuartas-Uribe et al.,
2010). Engineered nanomaterials are intentionally
produced using nanotechnology. The “top-down”
(mechanical-physical particle production processes)
approach is the manufacturing method that reduces
the size of larger materials; this is done by using
processes such as trituration or milling; traditional
source materials (such as metal oxides) are
pulverized using high-energy ball mills until a
nanostructure has been produced(Raab et al., 2011).
A major disadvantage is that this approach requires a
great amount of energy and produces waste (Uribe
and Lopez, 2007). The “bottom-up” approach is the
construction from individual components (atoms or
molecules) by self-assembly, using physical and
chemical techniques (gas- and liquid-phase). It
includes aerosol processes, sol-gel processes,
precipitation reactions and methods such as gas
condensation, chemical vapour deposition, chemical
vapour condensation, and solvothermal- and
sonochemical methods (Charitidis et al., 2014,
Rajput, 2015). The disadvantage of the wet-chemical
synthesis of nanomaterials is that the desired
crystalline shapes often cannot be configured and that
the thermal stability of the product powder is lower.
The selection of “top-down” or “bottom-up” process
depends on the chemical composition and the desired
features specified for the nanoparticles(Raab et al.,
2011).Recently, the United States Environmental
Protection Agency(EPA, 2019) classifies engineered
nanomaterials  according to their chemical
composition and physical arrangement of the
material: carbon-based, which are either, spherical,
ellipsoidal (fullerene) cylindrical or tube (nanotube)
shaped; metal/metal oxide-based (generally spherical
nanoscale particles composed entirely or partly of
one or more metals); dendrimers (repetitively
branched molecules -typically symmetrical and
spherical-which provide internal cavities for other
molecules) and quantum dots (nanocrystalline
semiconductors, usually metal complexes, selenides,
or sulfides).

Nanotechnology and livestock production:

The environmental impacts of livestock
production (e.g., on soil, water, atmosphere and
forest reserves) are key challenges to bear in mind as
we devise plans and policies to manage and further
develop the production systems that are
environmentally sustainable, economically viable,
ethically acceptable, and provide wholesome and
nutritious food for animals and humans on a global
scale (Kettiger et al., 2013; Joye et al., 2014).This
integration will be handled by decision support
systems, which, to be most effective, must be robust
under varying conditions; include technologies for
rapid (automated) data collection via wireless data
transmission systems (de Francisco and Garcia-
Estepa, 2018) (i.e., animal and environmental

sensors); have substantial computing capacity for
data analyses; have systems optimized to inform
decision making and be reasonably easy to operate.
The next breakthrough will be for these systems to
use ‘real-time biometry,” functioning in real time to
monitor and control genotype, environment,
wellbeing, productivity and animal product quality
(Hasaneen et al., 2014).

Biosensors technology for animal and livestock
health management:

Advances in  engineering research  and
biomaterials, coupled with the decreasing costs of
electronic technologies, have resulted in the
emergence of ‘sensing solutions’ and smart
computing technologies that include internet and
cloud-based connectivity to develop integrated and
networked physical devices for data collection and
analysis (Liu et al., 2008). These systems are
equipped to automatically collect data on
physiological — parameters, farm environment,
production measures and behavioural traits (Su et al.,
2013).In the modern world, new diseases that
threaten animals’ health emerge every year. There is
currently a lack of reliable, cost-effective diagnostic
tests for early detection of diseases in farmed
livestock animals. Biosensing technologies have the
potential to address these problems by developing
innovative diagnostic tools for the rapid detection of
key health threats within the agri-food livestock
sector(Abdellah et al, 2013). There are numerous
factors that affect food production and have an
influence on food security around the world. By
2050, food demand is expected to increase by 70%,
and meat production will increase by 50%, making
agri-food and livestock key industries for future
growth. Health threats to animal populations can
disrupt food supply chains and commerce with
potentially long-lasting effects on human health, as
well as economic impacts. With current technology,
detecting diseases in the early stage requires time-
consuming and expensive laboratory tests. There is a
need for detection tools that can predict when an
incident is likely to occur and in what population,
inform diagnosis and treatment options, and forecast
potential impacts on a given population (both human
and animal). The biosensor market for the year 2013
was valued at US $11.39 Billion and is expected to
increase to US$22.68 Billion by 2020 (Abdellah et
al., 2013).

In this review, the focus relies on the emergent
bio-sensing technologies that have the ability to
transform management in the livestock industry and
the methods associated with it(Arora and Padua,
2010). Nanobiosensor applications will not only
reduce the incumbent costs for reagents, sample
handling, analysis times and transportation costs, but
will also help in adapting and promoting sustainable
agricultural techniques and ethical handling of
livestock(Bouwmeester et al., 2009). The future of
biosensors relies upon utilizing the comprehensive
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knowledge of animal physiology, genetics,
environmental sciences and animal nutrition, and
integrating this knowledge in a meaningful way will
aid in the translation into real commercial and
societal benefits (Auffan et al., 2009; Cuartas-Uribe
et al.,2010).

Biosensors tools in animal husbandry:

Future developments in biosensors are expected
to result in the development of new methodological
and technological approaches to measuring dynamic
changes in real time, with respect to the changes in
physiological  state and  metabolism (e.g.,
gastrointestinal flora, circulating levels of anabolic
and catabolic hormones, immune function, gene
expression). This is to better understand the factors
influencing animals’ responses, and to develop
solutions (e.g., husbandry practices, technology and
associated decision support system) that improve
productivity and/or wellbeing of these animals (Cota-
Arriola et al., 2013).

Rapid characterization of animal feed :

Biosensors shall be used to develop approaches
enabling the rapid, accurate characterization of
dietary inputs and final products (meat, eggs, milk) in
terms of nutrient content (total and bioavailable),
antinutritional factors and bioactive components, as
well as chemical and microbiological contaminants,
with the aim of implementing this technology at the
level of the commercial feed mill or animal food
product processing plant (Cuartas-Uribe et al., 2010).
On the other hand, they would also help in the
decision-making process to alter the composition of
feed for the animals in case the animal products
deviate from the expected nutritional status
(Dasgupta et al., 2015).

Sensors analysing metabolites in perspiration:

Most biosensors developed for analysing
metabolites in sweat were developed with the
purpose of human health monitoring. These have
been used to analyse sodium concentration
plant(Cuartas-Uribe et al., 2010) and lactate levels,
and converted to portable formats (belt form) to
analyse sweat. The electrochemical sensor for lactate
levels includes a flexible printed tattoo that can detect
lactate levels with linearity up to 20 mM. The sensor
has been shown to be resilient against mechanical
deformation. This sensor can also be adapted for use
in animal sweat monitoring, especially as a sign of
physical stress in animals. Others have developed an
adhesive radio-frequency identification (RFID)
sensor patch, which allows for potentiometric sensing
of solutes and surface temperature that can be read on
a smartphone application.

Risk assessment and toxicity of nanomaterials:

The potential negative effects on health
associated with the exposure of the agent are
identified. Due to certain characteristics of the
nanomaterials, the dangers can be identified with

greater ease; however, they can react in a specific
way that differs to their larger counterparts (Amenta
et al, 2015). This is both a quantitative and
qualitative assessment of the nature of the negative
effects associated with the agent. Such as in the case
of nanomaterial where there is insufficient data, a risk
assessment should be carried out on a case-by-case
basis, which is to say determine the factors that need
to be considered based on the dose-response
relationship. For example, there are factors such as
the small size or the insolubility of nanomaterials,
which can be of a higher toxicity that proves difficult
for an organism to eliminate(Gestal and Zurita, 2015;
Kumar, 2015).In the exposure assessment, the
channel for exposure and the amount of the agent are
determined(Arora and Padua, 2010). In other words,
the toxicokinetics of the material are assessed, this
includes 4 phases not including deposition:
absorption, distribution, metabolism and
excretion(Dasgupta et al., 2015). Absorption occurs
when nanomaterials enter the circulatory system,
passing through the barriers of the human organism.
This can be via inhalation, oral or dermal exposure,
etc. Normally nanomaterials are absorbed through the
lungs, skin and the gastrointestinal tract. Absorption
can vary, depending on the channel of exposure, the
size, the shape, the charge(Ranjan et al., 2014), the
solubility and the composition of the particle
(Dasgupta et al., 2015). An example can be seen in
silver nanoparticles, which due to their small size
pass through the cellular barrier and form free
radicals that can cause oxidative damage in cells and
tissues. In addition these can become genotoxic,
cytotoxic and carcinogenic (Pradhan et al., 2015). On
the other hand, small, gold nanoparticles have been
found to penetrate the intestine very quickly
(Dasgupta et al., 2015). In addition, positively
charged particles also facilitate skin penetration
(Ranjan et al., 2014). The distribution of
nanomaterials in the organism depends on the affinity
of the tissues. The primary influencing factors are the
size and the state of aggregation. Aggregated
particles are more likely to move to pleural
mesothelial cells and accumulate in the lungs and
heart; in comparison, the primary particles, have a
more widespread distribution (Arora and Padua,
2010; Iversen et al., 2011; Ranjan et al., 2014).

Conclusion and Future perspectives:

Precision livestock farming aims at creating a
management system that relies upon autonomous,
continuous, real-time monitoring and control of all
aspects of livestock management, including
reproduction, animal health and welfare, and the
environmental impact on livestock production
(Kettiger et al, 2013; Reidy et al, 2013). It is
assumed that the direct monitoring of animals will
achieve greater control over their health status, which
will eventually translate into better animal product
quality over longer periods of time. Biosensor
technology shall enable accurate and affordable
acquisition of data points, while the smart algorithms,
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coupled with networked farms, shall further decision
making and management processes in the animal
farms (Pradhan et al., 2015). The primary goal of
precision livestock farming is to generate reliable
data using biosensors and run it through intelligent
software systems to create value for the farmer, the
environment, and the animals in the form of
improved animal health and welfare, increased
productivity and yields and reduced costs while
minimising the impact on the environment. While the
biosensor technology is available for individual
parameters, key advancements in the field are
expected to generate robust monitoring systems for a
multitude of parameters. Another key challenge
currently faced is the slow uptake of these
technologies on commercial farms. This has been
attributed to the fact that although the precision
systems and biosensors generate abundant data, the
data is currently not being converted into useful
information that could be utilized for the decision-
making process in livestock management (Pradhan et
al., 2015). Furthermore, the economic benefits of
using these advanced systems is set to be
demonstrated to individual farmers, who are reluctant
to make investments in these systems in the absence
of a clear economic benefit.
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