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In this review we hope to explain regarding nanoparticles (NPs), Nanoparticles are very small materials that range from 1 to
100 nm size. And the subclasses of nanoparticles are mentioned. Nanomaterials are formulated by nanoparticles. Research on
nanomaterials is used to improve in material technology and synthesis gained the support. Nanomaterials are gradually
becoming popularized and starting to arise as commodities. Nanotechnology refers to a set of scientific disciplines and
designing where peculiarities that occur at aspects in the nanometre scale are used in the plan, characterization, formulation
and use of materials, structures gadgets and system. Here application of nanomaterial and nanotechnology is explained. The
use of nanomaterials in the production of biosensors for detection of pathogens, formulation of nanomaterial-based biosensors
for detection of antibiotics, Nanomedicines and the application of nanotechnology in food business Etc were discussed.
Hazards and risk of nanomaterials are studied under nanotoxicology. Nanotechnology is ab arising science as would be
considered normal to have quick areas of strength for improvements. It is anticipated to contribute altogether to financial
development and occupation creation in the next few decades.

1. Introduction

The prefix ‘nano’ is alluded to Greek signifying ‘dwarf’
(nanos = dwarf) or ‘every small’ and represents a thousand
millionth of a meter (10-9) [1]. Nanomaterials are materials
that have, at least, one outer aspect approximate 1 to
100nm (Figure 1). According to the European commission’s

definition, the molecular size of approximately fifty percent
of the particle in the number size distribution should be
100 nm or less. Nanoparticles have an exceptional spot in
nanotechnology, not just on account of their specific effects
coming about because of their diminished aspects, yet addi-
tionally on the grounds that they are promising structure
blocks for more perplexing nanostructures [2]. We ought
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to recognize nanoscience, and nanotechnology. Nanoscience
is the investigation of designs and particles on the scale of
nanometres going somewhere in the range of 1 to 100nm,
and the innovation that uses it in reasonable applications
example, gadget and so forth is called nanotechnology [3].
Nanotechnology (NT) is a multidisciplinary field that
encompasses nanoscience, nanochemistry, nanophysics,
nanomaterials, nanoelectronics, nanometrology, nanobio-
nics, and other fields. Nanotechnology is a relatively recent
discipline of science with several applications ranging from
energy generation to industrial manufacturing processes to
medicinal applications. Nanotechnology is anticipated as
an arising designating modernism for the 21st centurial, nev-
ertheless the generally determined areas of data innovation
and biotechnology. This is a result of the logical intermin-
gling of physical science, chemistry, biology, materials and
designing at nanoscale, and the importance of the manage-
ment of controversy at nanoscale on practically every alter-
ation. Nanoparticle producing a fundamental part of
nanotechnology, the fact that the particular actions are
acknowledged at the nanoparticle, nanocrystal or nanolayer
level, and gathering of forerunner particles and related struc-
tures is the most nonexclusive course to create nanostructured
materials [4]. Different types of nanomaterials and their vari-
ous applications have been mentioned in Figures 1‒3.

History: Human imagination and fantasies are fre-
quently the source of new science and technology. Nano-
technology, a twenty-first-century frontier, sprang from
such fantasies. Although humans have been exposed to
nanoparticles throughout history, it rose considerably dur-
ing the industrial revolution. He gave a talk titled “There’s
Plenty of Room at the Bottom” during the 1959 American
Physical Society conference at Caltech, in which he intro-
duced the notion of influencing matter at the atomic level.
Norio Taniguchi, a Japanese scientist, was the first to use
the term “nanotechnology” to describe semiconductor pro-
cesses on the order of a nanometer, over 15 years after Feyn-

man’s talk. Kroto, Smalley, and Curl discovered fullerenes in
the 1980s, and Eric Drexler of Massachusetts Institute of
Technology (MIT) incorporated concepts from Feynman’s
“There is Plenty of Room at the Bottom” and Taniguchi’s
word nanotechnology in his 1986 book “Engines of Crea-
tion: The Coming Era of Nanotechnology.” Drexler intro-
duced the concept of a nanoscale “assembler” capable of
creating copies of itself as well as other things of arbitrary
complexity. “Molecular nanotechnology” is a term used to
describe Drexler’s view of nanotechnology. Another Japa-
nese scientist, Iijima2, produced carbon nanotubes, which
took nanotechnology much further. The developing areas
of nanoscience and nanotechnology sparked significant
attention at the turn of the century [5].

2. Classification Of Nanoparticles

Nanoparticles (NPs) are extensively partitioned into differ-
ent classes relying upon their morphology, size and com-
pound properties. In light of physical and substance
attributes, a portion of the notable classes of particles are
given as beneath.

(i) Carbon based NPs

(ii) Metal NPs

(iii) Ceramic NPs

(iv) Semiconductor NPs

(v) Polymeric NPs

(vi) Lipid based NPs

2.1. Nanomaterials. Nanomaterials are typically recognized
as materials having something like one outside aspect that
contain 100 nanometres or underneath or including inner
layout estimating 100 nm or lesser. They may be look like
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Figure 1: Types of Nanoparticles.

2 Journal of Nanomaterials



particles, bars, filaments or cylinders. The nanomaterials
that bear much alike synthesis as realized materials in mass
structure might carry different physico – compound proper-
ties compared to alike materials in mass structure, and be
permitted to act differently assuming they enter body. They
may hence present different expected risks. Amassed nano-
materials likewise should be surveyed in this light as they
might display properties that are like those of the single
nanoparticles, particularly when they have a bizarrely enor-
mous surface region for a given measure of material. The
quantity of item delivered by nanotechnology or containing
nanomaterials it is expanding to enter the market [6].

2.2. Nanotechnology. Nanotechnology additionally abbrevi-
ated to ‘Nanotech’, is the utilization of issue on a nuclear,
sub-atomic and supramolecular scale for modern desire.
The primeval, far-reaching portrayal of nanotechnology
alluded to the specific mechanical objective of unequivocally
controlling particles also atoms with creation of macroscale
items, likewise present alluded as sub-atomic nanotechnol-
ogy. A most summed up depiction of nanotechnology is
accordingly settled by the. Nanotechnology is defined as
the administration of material with at least one dimeter sized
between 1 and 100 nanometres, according to the Public
Nanotechnology Initiative. Because quantum mechanical
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Figure 2: Different types of Nanomaterials.
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influences are significant at this scale, the term has evolved
from a specific technical goat to a research division that
encompasses other forms of experiments and techniques
can handle among the peculiar features of material that exist
underneath the stated threshold. As a result, the terms
‘nanotechnologies’ and ‘nanoscale technologies’ are fre-
quently attributed to a broad number of studies and imple-
mentations with a frequent characteristic of size. [7, 8]

Nanotechnology’s future ramification are now being
debated among scientists. Scientists are now debating the
potential implications of nanotechnology. Nanotechnology
has the potential to create a wide range of novel materials
and devices with a wide range of applications, including bio-
materials, nanomedicine, nanoelectronics, consumer goods
and energy generation. However, nanotechnology brings
many of the same concerns as any new breakthrough,
including concerns about the safety and natural effects of
nanomaterials. And their potential implications for global
financial elements, as well as hypotheses concerning various
judgement day scenarios. These concerns have spurred a
debate among supporters and legislators over whether
exceptional nanotechnology guidelines are necessary [9].

3. Applications

3.1. NANOMATERIAL BASED BIOSENSORS. Ongoing
advancements in nanotechnology along with the chance of
composing electrodes for a tiny scope, nanoscale sensors
produce conceivable as well as brought about another
arrangement of analytic biosensors termed as Nano-
biosensors. Nonstop reduction in particle aspect, deriving
out of huge scope to little one in the reach somewhere in
the range of 1 and 100nm, does not change biosensor prop-
erties however fundamentally works on their pertinence.
The surface cooperation of the sensors with analyte turns
out to be exceptionally productive because of the very huge
surface to volume proportions in Nano-size gadgets [10].
Thusly, nanoscale matters exhibit extraordinary highlights,
usefulness, also actions. These days, nanotechnology is
centred around end of impediments of actual techniques
considering infection identification to limit expenses and
tedious. Moreover, the implantation of nanomaterials for
the development of biosensors brought about expanding of
effectiveness also, responsiveness of these frameworks [11].

By planning the connection between organic component
with nanomaterial-based transducer, we may get biosensors
supported through broadly utilization beneficial to the loca-
tion of biomolecules including infection diagnostics. These
gadgets are able to identify patient physiological condition
aside wellbeing break down the food including ecological
examples for pesticides and water contamination rapidly
[12]. A few nanomaterials, for example, nanotubes, nano-
rods, nanowires, slight movies and nanoparticles are investi-
gated for biomedical utilization because of their utilitarian
electrical as well as mechanical highlights for biomedical
operation. For the manufacturing of pathogenic viral biosen-
sors, we are concentrating on the utilisation of various nano-
materials like quantum dots (QDs), carbon nanotubes,
graphene oxide, silica and metal nanoparticles [13].

3.1.1. Quantum Dots. Nanoscale semiconductor crystals
having optical and electrical characteristics fluctuating start-
ing with 2 to 10nm in diameter. As a result of their compact
diameter, QDs are extremely versatile [14]. Increasing curi-
osity in Quantum dot-based sensors enabling chemical and
biological analysis has contributed to the growth of many
methods for producing QDs, including plasma synthesis,
colloidal synthesis, electrochemical assembly, viral assembly,
and so on. Quantum dots of the most recent generation are
widely utilised in intracellular processes, tumour targeting,
in vivo cell trafficking monitoring, diagnostics, and high-
resolution cellular imaging. The ability of QDs to emit light
is advantageous in a variety of therapeutic marking, scan-
ning, and sensing techniques, including differentiating
among healthy and cancerous cells [15], gene therapy inves-
tigations [16], proteomics [17], and so on.

3.1.2. Carbon-Based Nanomaterials. Among carbon-based
nanomaterials, Graphene oxide (GO) is the ideal choice which
acquainted with identifying frameworks because of particular
assortment of properties like containing normal origin, bio-
compatible also financially savvy. The best benefits of carbon-
based nanostructure is the capacity of surface treatment to be
a decent prisoner for immobilizing of ligands, nanoparticles
along with single-strand DNA in aptasensors. Graphene is a
notable carbon-based compound and produced from auto-
mated peeling of graphite [18]. Graphite oxide can be used to
make graphene oxide, which contains carboxylic, phenol
hydroxyl, but also epoxide groups. Aside from the materials’
unusual electronic, mechanical, and thermal capabilities, cer-
tain notable implications in nanodevices and nanomedicine
have put them in the spotlight [19]. Carbon nanotubes (CNTs)
are assuming a significant part in planning biosensors which
can distinguish target atoms in follow sums. This strong part
of CNTs is obtained by transduction of physical or chemical
intercommunication furthermore large surface area to volume
proportion. CNT based frameworks have presented another
age of biosensors which brought about high responsiveness
and selectivity concurring to their grave surface area [20].

3.1.3. Silica Nanoparticles (SiNPs). Silica nanoparticle, also
known as silicon dioxide, are amorphous materials with a spher-
ical shape. They come in wide range of forms and sizes. Silica
nanoparticles contain large surface area, steadiness in critical ther-
mic also chemical environment, great similarity like biomolecules,
similar to proteins, being green about natural difficulties [21].
Many molecules, such as antigen-antibodies, peptides, and
DNA, can be linked to silica nanoparticles,making such nanoma-
terials unique elements for biological and immunosensors. Some
handful outstanding qualities concerning optoelectronic angles,
such as visible luminescence behaviour, create these essential in
biotechnological study, despite their biocompatibility. Many sci-
entific applications, including cancer and antibacterial therapies,
have shown to be profitable with silica nanoparticles [22].

3.1.4. Metal ant Metal oxide Nanoparticles

(i) Silver Nanoparticles (AgNPs): Silver nanoparticles
varied in diameter between 1 to 100 nanometres,
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this accomplish them suitable for biomedical activi-
ties. On diminishing the diameter of AgNPs, the
proportion of surface area to volume shockingly
increments impressively and that impact to recog-
nizable modification within organic, physical and
compound exercises. As of late, AgNPs are tried in
novel as well as innovative symptomatic equipment,
for example, bio and immunosensors [23].

(ii) Gold Nanoparticles (AuNPs): Gold nanoparticles
are broadly utilized in the dimension of infection
discovery inferable from their extraordinary optical
or electrical properties [24].

(iii) Magnetic Nanoparticle (MNPs): Magnetic nanopar-
ticles an extensive assortment of particles along with
properties, counting attractive liquids, catalysis
action also magnetic resonance imaging which
shaped them helpful in the spectrum. [25].

(iv) Zinc oxide Nanoparticles: Zinc oxide (ZnO) being the
most prevalent zinc compound found in nanostruc-
tures. ZnO could be used in a variety of applications,
including transducers, surface acoustic wave instru-
ments, gas sensors, and photonic instruments. ZnO,
which has piezoelectric capabilities, is used in a cer-
tain unique detectors known as mechanochemical
sensors. [26].

(v) Aluminium Nanoparticles (Al NPs): From various
types of aluminium nanoparticles, nanoporous
morphology is the generally well known also
appealing for the researchers associated with bio-
sensing. A few significant substance, optical along
with actual properties like chemical including ther-
mic steadiness, essentially viable in bio conditions
such as human body as a consequence having large
surface region compose this nanostructure appro-
priate to be involved it in insightful techniques [27].

(vi) Copper Nanoparticles (CuNPs): Copper nanoparti-
cles have gotten a lot of attention because of their
enormous capability considering substitution for
more overpriced nanoparticles. CuNPs’ infectious
activity can now be investigated using cutting-edge
nanotechnology. The intrinsic susceptibility of these
nanoparticles to oxidise in ambient circumstances is
a severe disadvantage. Copper nanoparticles, on the
other hand, provide well characteristics, therefore
various biosensors targeting viral diagnosis are
being created based on their use. [28].

3.2. Nanomaterial-based biosensor for Antibiotic Detection

(A) Optical Biosensor

Transmitters in optical discovery might catch signals
delivered by the cooperation of the biorecognition compo-
nent plus the targeted element as well as convert them into
optical signs [29]. Optical biosensors were widely used for
anti-infection agent identification in recent times due to its

potential advantages such as ease of use, comfort, and
responsiveness. The incorporation of nanoparticles into
optical biosensors has enabled ultrasensitive and mark-free
antimicrobial detection techniques. The nanomaterial-
based optical biosensors in antimicrobials detection could
generally classified into different categories, according to
the optical sign transducing system: fluorescent, colorimet-
ric, chemiluminescent, and surface plasmon reverberation
biosensing [30].

(1) Fluorescent Biosensor: The fluorescent biosensors
including fluorogenic tests are enhancing progres-
sively famous because of their innate benefits, like
activity comfort, quick hybridization energy, and sim-
plicity of computerization [31]. Such tests normally
comprise of a fluorophore also a quencher to frame
a Förster Reverberation energy transfer (FRET)
match, in whichever the distance-subordinate fluores-
cence extinguishing is intricately intended considering
biomolecular acknowledgment appreciated. Nanoma-
terials are utilized in the process of original fluorescent
biosensing stages based on their remarkable optical
and electronic properties. Throughout recent many
years, there is a blast of importance in the plan of
novel nanoprobes via combining nanomaterials plus
biomedicle acknowledgment occasions for touchy
recognition of anti-infection agents [32].

(2) Colorimetric Biosensor: Colorimetric strategies have
acquired extraordinary interest as a result of their
intrinsic benefits in addition to modest formulation,
fast discovery, also no requirement for convoluted
mechanical assembly. Colorimetry have generally
used considering insightful utilized because it tends
to act distinguished along just with bare eyes con-
cluded a color change. Colorimetric biosensors are
particularly well with other optical biosensors for anti-
microbial location because of these qualities. Colori-
metric biosensors based on nanomaterials have two
different sorts: colorimetric biosensors depending
upon their inherent optical characteristics of nanoma-
terials like plasmonic AuNPs and colorimetric biosen-
sors based on the reactant capabilities of
nanostructures like Fe3O4 MNPs. [33].

(3) Chemiluminescent biosensors: Chemiluminescence
(CL) is the discharge of radiant based upon chemical
responses. For the most part, chemiluminescent
responses are multistep oxidation responses with
quick response kinetic [34]. Chemiluminescent rec-
ognition technique is widely utilized in various spec-
trum, particularly at optical biosensing frameworks.
It assumes a strong also significant part in insightful
procedure because of its benefits including high
responsiveness, wide unique reach, minimal expense
along with functional effortlessness. Contrasted with
the fluorescence, CL have the benefits like no prereq-
uisite as long as an outside radiation source, along
with greater life span compared to that of fluores-
cent [35].
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(4) Surface plasmon resonance biosensors: The pecu-
liarity for swaying which arises just at connection
point among two substances, that may get inspired
from the pair electrons as well as photons, is known
as surface plasmon resonance (SPR) [36]. It is
extremely touchy for the refraction record of the
dielectric that is connected with the metal outer
layer. Because the refraction record is the inborn
component, everything considered, each dielectric
connected to the metal surface can go distinguished.
In light of this standard, the SPR biosensors as a rule
immobilize different organic mixtures including
neutralizer, protein, and nucleic corrosive on the
outer layer of metal [37].

(B) Electrochemical biosensors

Electrochemical biosensors are widely recognized also
oftentimes utilized biosensors between different kinds of
biosensors, because the compound responses might prompt
variation in estimation of electrons either particle, that sig-
nificantly affect electrical boundaries of arrangements.
Nanomaterial-based electrochemical biosensors are unmis-
takable against anti-infection agent location attributable to
their favored benefits including high responsiveness, selec-
tivity, minimal expense, and simple activity. In view of the
different sort of transducers, electrochemical biosensors
may act characterized within voltametric, impedimetric,
amperometric, and photoelectrochemical biosensors [38].

(1) Amperometric biosensors: Amperometric biosensor
operates beneath the rule because sample focus is
straight to the transferred electrons [39]. It assesses
the sufficiency of a decrease or oxidation stream tar-
geting a particular prospective during a decent time-
frame. Numerous nanomaterials are integrated
towards amperometric biosensors due to further
developed discovery in anti-toxins [40].

(2) Impedimetric biosensors: Electrochemical imped-
ance spectroscopy (EIS) is a complimentary strategy
which is profoundly delicate to variation/collabora-
tions appearing in a surface. It can remove data
about electrochemical highlights of the electrochem-
ical framework really, for example, dual layer capac-
itance, dispersion impedance, charge transport
cycles also arrangement opposition [41]. Through-
out recent years, EIS plays had a significant influ-
ence in biosensing for different anti-microbials
because of their high awareness and fast discovery
times [42].

(3) Voltammetric biosensors: Voltammetry is based on
the principle of estimating the power flow through
the conducting electrode. The functioning electrode
is drenched in an answer containing electroactive
animal groups that can be examined by changing
potential. The capacity to effortlessly distinguish
the analyte by its voltammetric top potential makes
it incredibly delicate and particular [43].

(4) Photoelectrochemical biosensors: Photoelectro-
chemical (PEC) biosensor deals with the premise of
the mix of the PEC oxidation and explicit biorecog-
nition [44]. It shows more prominent execution than
customary optical and electrochemical biosensors on
the grounds that it joins the upsides of them. During
the beyond couple of years, insightful techniques in
light of PEC biosensors have been given a developing
consideration because of their huge benefits, for
example, basic mechanical assembly, simple scaling
down, quick reaction, diminished foundation signal,
and ultrahigh precision. As of late, consolidating
practical nanomaterials are generally used to
improve the exhibition of PEC biosensors for anti-
infection agent discovery [45].

3.3. Nanomedicine. Nanomedicine is the clinical use of nano-
technology [46]. The utilization of nanotechnology for clinical
purposes has been named nanomedicine and is characterized
as the utilization of nanomaterials for diagnosis, monitoring,
control, prevention and treatment of disease. Nanomaterials
can be applied in nanomedicine for clinical purposes in three
distinct regions: diagnosis (nanodiagnosis), controlled drug
Delivery (nanotherapy), and regenerative medication. Another
region which consolidates diagnostics and treatment named
the ranostics is arising and is a promising methodology which
holds in a similar framework both the finding/imaging special-
ist and the medication. Nanomedicine is holding promising
changes in clinical practice by the presentation of novel drugs
for both determination and treatment. Nanomaterials can be
designed to have different size, shape, compound arrangement
and surface, making them ready to associate with explicit bio-
logical targets. An effective biological result must be acquired
turning to cautious molecule plan. Accordingly, an extensive
information on how the nanomaterials connect with biological
frameworks are expected for two primary reasons [47, 48].

The first is connected with the physio-pathological idea
of the infections. The organic cycles behind illnesses happen
at the nanoscale and can depend, for instance, on changed
qualities, misfolded proteins, contamination by infection or
microbes. A superior comprehension of the sub-atomic
cycles will give the judicious plan on designed nanomaterials
to focus on the particular site of activity wanted in the body
[49]. The other concern is the communication between
nanomaterial surface and the climate in natural liquids. In
this specific situation, portrayal of the biomolecules crown
is of most extreme significance for understanding the com-
mon communication nanoparticle-cell influences the
organic reactions. This point of interaction includes
dynamic systems including the trade between nanomaterial
surfaces and the surfaces of natural parts (proteins, layers,
phospholipids, vesicles, and organelles) [50].

3.3.1. Physicochemical Characterization. The portrayal of a
nanomedicine is important to grasp its way of behaving in
the human body, and to give direction to the cycle control
and wellbeing evaluation. This portrayal is not consensual
in that frame of mind of boundaries expected for a right
and complete portrayal. Globally normalized procedures
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and the utilization of reference nanomaterials are the way to
fit every one of the various feelings about this subject [51].
Preferably, the portrayal of a nanomaterial ought to be com-
pleted at various stages all through its life cycle, from the
plan to the assessment of its in vitro and in vivo execution.
The association with the natural framework or even the
example readiness or extraction strategies might alter a few
properties and slow down certain estimations. Also, the
assurance of the in vivo and in vitro physicochemical prop-
erties is significant for the comprehension of the likely gam-
ble of nanomaterials [52].

3.3.2. Drug Delivery. Nanotechnology has given the chance
of conveying medications to explicit cells utilizing nanopar-
ticles [53]. The general medication utilization and incidental
effects might be brought down fundamentally by keeping the
active pharmaceutical agent in the dismal district just and in
no higher portion than required. Designated drug convey-
ance is expected to reduces the symptoms of medications
with attendant declines in utilization and treatment costs.
Furthermore, designated drug conveyance diminishes the
secondary effect moved by rough medication by means of
limiting undesired expose to the health cells. Drug convey-
ance centres around boosting bioavailability both at explicit
spots in the body and throughout some undefined time
frame. This might possibly be accomplished by sub-atomic
focusing by nanoengineered gadgets [54]. An advantage of
utilizing nanoscale for clinical advancements is that more
modest gadgets are less obtrusive and might potentially be
embedded inside the body, in addition to biochemical
response times are a lot more limited. These gadgets are
quicker and more touchy than ordinary medication delivery.
The viability of medication conveyance through nanomedi-
cine is generally founded on [55]:

(a) productive exemplification of the medications

(b) effective conveyance of medication to the designated
district of the body, and

(c) fruitful arrival of the medication

Drug conveyance frameworks, lipid-or polymer-based
nanoparticles, can be intended to work on the pharmacokinet-
ics and biodistribution of the drug [56]. However, the pharma-
cokinetics and pharmacodynamics of nanomedicine is
exceptionally factor various among patients. When intended
to avoid from the body’s defence systems, nanoparticles have
helpful properties that can be utilized to further develop drug
delivery [57]. Complex medication conveyance instruments
are being created, including the capacity to help drugs through
cell membranes and into cell cytoplasm. Triggered response
reaction is one way for drug atoms to productively be utilized
more. Drugs are set in the body and just actuate on experienc-
ing a specific sign. For instance, a medication with unfortunate
solubility will be Substituted by a medication conveyance
framework where both hydrophilic and hydrophobic condi-
tions exist, increasing the solubility [58].

Some nanotechnology-based drugs that are industrially
accessible or in human clinical trails include:

(1) Abraxane, supported by the U.S. Food and drug
Administration (FDA) to treat breast cancer [59],
non-small cell lungs cancer (NSCLC) [60] and pan-
creatic cancer [61], is the nanoparticle albumin
bound paclitaxel

(2) Rapamune is a nanocrystal-based drug that was
endorsed by the FDA in 2000 to forestall organ dis-
missal after transplantation. The nanocrystal parts
take into account expanded drug solubility and dis-
integration rate, prompting further developed inges-
tion and high bioavailability [62].

(3) Onivyde, liposome encapsulated irinotecan to cure
metastatic pancreatic cancer, was supported by
FDA in October 2015 [63].

Somewhat recently, we have helped to the interpretation
of a few utilizations of nanomedicine in the clinical work on,
going from clinical devices to nanopharmaceuticals. None-
theless, there is as yet quite far toward the total guideline
of nanomedicines.

3.3.3. Nanotechnology for Covid-19. COVID-19 is presently
posing an unparalleled public health risk. The fast spread
of illnesses has prompted requests for new virus-fighting
strategies. Nanotechnology is gaining traction in the fight
against SARS-CoV-2 infection prevention, diagnosis, and
therapy. Given the rising demand for pandemic manage-
ment, a comprehensive assessment that emphasises the role
of nanomaterials in the pandemic response is extremely
desirable [64].

COVID-19 outbreaks are becoming more common at an
alarming rate. Pharmaceutical (vaccines and antiviral medi-
cines) and non-pharmaceutical countermeasures are used in
pandemic prevention techniques. In this section, we look at
how nanomaterials, such as disinfectants, personal protec-
tion devices, and nanocarrier systems, may be used to build
vaccines [65]. COVID-19 is inhibited by diagnostics, which
limits its transmission by identifying and isolating infected
patients. Despite the introduction of a few diagnostic tech-
niques, creating a sensitive and quick COVID-19 diagnostic
test remains a challenge. Virus detection today uses a variety
of nanomaterials, including carbon nanotubes, quantum
dots, polymeric nanoparticles, metallic nanoparticles, and
silica nanoparticles (NPs). New medicines are needed to
combat the proliferation of new viruses and their heteroge-
neity. The primary drawbacks of existing antiviral treat-
ments are their lack of specificity, which causes damage in
host cells. Nanotechnology opens up new possibilities for
antiviral treatment. Nanoparticles are adjustable vectors for
particular therapeutic medication delivery and viral target-
ing due to their flexibility. The use of nanoparticles to com-
bat SARS-CoV-2 may include processes that impact the
virus’s entrance into the host cell until it is inactivated.
Because inhibiting viral surface proteins may result in virus
death, targeting nanoparticles that specifically target virus
produced proteins may reduce viral internalisation. Nano-
materials’ unique qualities, including as their strong optical
and electrochemical capabilities, sizes, biocompatibility,
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and cost-effectiveness, play a crucial role in a wide range of
applications. Applications of nanomaterials Their character-
istics may be easily modified and functionalized utilising a
variety of substrates, opening up a world of possibilities for
practical applications. Despite substantial progress,
COVID-19 research is still in its early stages, and numerous
hurdles remain [66].

3.4. Nanotechnology in food industry. Recent developments
in nanotechnology have changed various logical and modern
regions including the food business. Utilizations of nano-
technology have arisen with expanding need of nanoparticle
utilizes in different fields of food science and food microbial
science, including food handling, food packaging, functional
food advancement, food safety, discovery of foodborne
microorganisms, and time span of usability augmentation
of food or potentially food items (Figure 4). The nanostruc-
tured food fixings are being created with the cases that they
offer better taste, surface, and consistency. Nanotechnology
expanding the timeframe of realistic usability of various
types of food materials and furthermore help cut down the
degree of wastage of food because of microbial invasion.
These days nanocarriers are being used as delivery system
to carry food added substances in food items without upset-
ting their fundamental morphology [67].

Nanotechnology gives a scope of choices to further
develop the food quality and furthermore helps in upgrading
food taste. Nanoencapsulation methods have been utilized
comprehensively to further develop the flavour delivery
and maintenance and to convey culinary equilibrium [68].
The utilization of nano-emulsions to convey lipid-solvent
bioactive mixtures is much well known since they can be
created utilizing regular food fixings utilizing simple creation
techniques, and might be intended to improve water-
dispersion and bioavailability.

3.4.1. Nutritional Value. A larger part of bioactive mixtures
like lipids, proteins, carbs, and nutrients are touchy to high
acidic climate and chemical movement of the stomach and
duodenum. Embodiment of these bioactive mixtures not just
empowers them to oppose such unfriendly circumstances
yet additionally permits them to acclimatize promptly in
food items, which is very difficult to accomplish in non-
capsulated structure because of low water-solvency of these
bioactive mixtures. Nanoparticles-based minuscule eatable
cases with the intend to further develop conveyance of meds,
nutrients or delicate micronutrients in the day-to-day food
varieties are being made to give critical medical advantages
[69]. The nanocomposite, nano-emulsification, and nano-
structuration are the various procedures which have been
applied to exemplify the substances in smaller than expected
structures to all the more actually convey supplements like
protein and antioxidant p for definitively designated whole-
some and medical advantages [70].

3.4.2. Preservation or Shelf-Life. Encapsulation practical
parts inside the droplets frequently empowers a stoppage
of compound debasement processes by designing the prop-
erties of the interfacial layer encompassing them. For

instance, curcumin the most dynamic and less stable bioac-
tive phytochemical of turmeric (Curcuma longa) demon-
strated decreased cancer prevention agent action and
viewed as steady to sanitization and at various ionic strength
after capsulation [71].

3.4.3. Food Packaging. Nano-based “smart” and “dynamic”
food packaging’s present a few benefits over regular bun-
dling strategies from giving better bundling material supe-
rior mechanical strength, barrier protection, antimicrobial
films to nanosensing for microbe recognition and making
buyers aware of the wellbeing status of food [72].

3.4.4. Pathogen Detection. Nanomaterials for use in the devel-
opment of biosensors offers the elevated degree of awareness
and other novel ascribes. In food microbial science, Nano sen-
sors or Nano biosensors are utilized for the location of micro-
organisms in handling plants or in foodmaterial, evaluation of
accessible food constituents, alarming customers and mer-
chants on the wellbeing status of food [73].

3.4.5. Safety Issues. Other than a great deal of benefits of
nanotechnology to the food business, security issues related
with the nanomaterial cannot be disregarded. Numerous
specialists talked about security concerns related with nano-
material giving accentuation on the chance of nanoparticles
move from the bundling material into the food and their
effect on customer’s wellbeing [74].

3.5. Nanotoxicology. The study of the toxicity of nanomateri-
als is known as nanotoxicology [75]. Nanomaterials have new
features may interact with their wider companions and have
an influence on overall toxicities due to various smaller quan-
tum dimension and larger surface area to volume proportion.
Potential consequences include exposure to air, which seems
may cause the most worry, as well as a concentration on pneu-
monic effects such as fibrosis, inflammation, and cancer-
causing tendency for particular nanomaterials. Assimilation
exposure as well as dermal exposure are indeed concerns [76].

(1) Respiratory: Exposure to the air is the widely recog-
nized course of openness to airborne components
within the working environment. The form and size
of the nanoparticles or associated agglomerates
determine potential placement inside the respiratory
route, and they have been kept in the airways to a
greater extent compared to larger inhalable particu-
lates. In view of creature research, nanoparticles are
able to invade the circulation system driving out of
the lungs also transfer to different organs, in addition
to the CNS [77]. The inward breath danger is
impacted through the dustiness of the components,
the inclination of particles to become airborne in
light of an improvement. Dust age is impacted by
the molecule shape, size, mass thickness, also intrin-
sic electrostatic powers, and where the nanocompos-
ites would be in the form of a granules, a sludge, or
perhaps a liquid suspension [78].
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(2) Dermal: A few examinations propose that nanoma-
terials might actually move within the body from
flawless skin during word related openness. Research
are explained that components with less than 1μm
in measurement might infiltrate within precisely
crumpled skin tests, also that nanoparticles alongside
fluctuating physicochemical actions had the option
to enter the unblemished dermis of pigs. Aspects like
size, shape, water solvency, and surface covering
straightforwardly influence a nanoparticle’s capabil-
ity to infiltrate the dermis. As of now, it is not
entirely realized whether dermal entrance of nano-
particles may bring about antagonistic impacts in
creature models, albeit effective utilization of crude
SWCNT to naked mice are displayed to cause skin
aggravation, and in vitro examinations utilizing
essential or refined human dermal cells are demon-
strated the way a well-known carbon nanotubes are
able to infiltrate cells also lead to arrival of support-
ive of fiery cytokines, oxidative pressure, as well as
diminished practicality. It stays hazy, nonetheless,
in what way these discoveries might be hypothesized
to a likely word related hazard [79, 80]. Moreover,
nanoparticles be allowed get in the body by means
of injuries, alongside particles moving within the
blood also lymph nodes [81].

(3) Gastrointestinal: Ingestion may happen starting with
inadvertent hand to mouth move of ingredient; this
is established to occur accompanying customary
materials, also it is deductively sensible for expect
that it likewise be capable of occur in the course of
treatment of nanomaterials. Ingestion can likewise
go with inward breath openness since fragments that
are expelled from the lungs lot by means of the
mucociliary escalator might be gulped [82].

Particle toxicology has a subspecialty called nanotoxi-
cology. Nanomaterials appear to have toxicity effects that
are unusual and not seen in larger particles, and these

smaller particles may pose a greater threat to the human
body due to their ability to move with a much greater
degree of freedom, whereas the human body is designed
to attack larger particles rather than nanoscale particles.
Nanoparticles have substantially higher surface area to unit
mass ratios, which might contribute to more pro-
inflammatory effects in lung tissue, for example. Further-
more, certain nanoparticles appear to be able to travel from
their deposition site to distant locations such as the blood
and the brain [83].

3.6. Future Prospects in Nanotechnology. As of now, nano-
technology, along with its related exploration discipline of
nanoscience, constitute the total range of exercises spreading
over the entire range of actual compound, organic, and numer-
ical sciences. The arising areas of nanoscience and nanotech-
nology are likewise making the vital exploratory and
computational instruments for the plan and manufacture of
nano-layered electronic, photonic, natural, and energy move
parts, for example, quantum spots, nuclear wires, working on
nanoscopic length scales, and so forth. Nanotechnology’s
numerous uses have changed the globe, ranging from industrial
breakthroughs to touching our daily lives. Nanomaterials, par-
ticularly those with biological and other health-related features,
have given the subject of nanotechnology new dimensions.
Various nanotechnological applications are now being
deployed to improve the aquaculture sector, which might play
an essential part in the industry’s future development and sus-
tainability. Nanoscience and nanotechnology ought to signifi-
cantly affect a few critical logical and mechanical exercises in
an imminent future. Developments regarding these matters
will have a lot to do on the innovative advances in instruments
and apparatuses of manufacture and control in nano scale.
Such instruments and apparatuses are the means for live repre-
sentation and control in a nano world. They are by and by
costly, and accordingly, not accessible to numerous agents.
Innovative advances are generally followed with decrease of
costs, as has been the case with the electronic and correspon-
dence industry items in ongoing many years [84].
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Food
packaging

Pathogen
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Figure 4: Action of Nanotechnology in different section of Food Industry.
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The unequivocal and significant driving job of atomic
based strategies for the investigation of issue in the areas of
nanoscience and nanotechnology is surely known. Any
improvement in this field will have an incredible arrangement
to do with progresses in these procedures. Progresses in the
sub-atomic based investigation of issue in nanoscale will assist
with understanding, reenact, anticipate, and plan new mate-
rials using the fields of quantum and measurable mechanics,
intermolecular connection, sub-atomic recreation, and sub-
atomic displaying. We may then have the option to compre-
hend how to plan new atomic structure blocks, which could
permit self-get together or self-replication to propel the gran-
ular perspective of creating the vital materials for the progres-
sion of nanotechnology. The previous pattern of the
commitments of sub-atomic based investigation of issue in
naturally visible nanotechnology is very encouraging [85].

4. Conclusion

We concluded in this review article is that nanomaterials are
made up of nanoparticles with size ranging, from 1 to 100 nano-
meters. In past few decades a huge development seen in the
field. Because of the unique features that arise at the nanoscale,
nanomaterials have piqued researcher’s interest. These charac-
teristics include a large surface area for chemical reactions, dis-
tinctive surface structures, and various ways to interact with
light. Distinct category of nanomaterial-based biosensors like
quantum dots, carbon-based nanomaterials, silica nanoparticles
along with metal and metal oxide nanoparticles are developed.
For detection of antibiotic various nanomaterial-based biosen-
sors are growth is expanded. Nanomedicines and the applica-
tion of nanotechnology in the food industry was discussed. By
designing biological molecules, nanotechnology has begun to
uncover promising applications in the field of functional food
and Nanomedicine. Nanotechnology have received a lot of
attention because of its potential to boost biotechnology and
medical research. The major current goal is to concentrate on
the design of nanomaterials by engineering and produces, as
well as to establish standards for new materials and products
in terms of human and environmental safety.

Data Availability

All data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that they have no conflict of interest.

Funding

None.

Acknowledgments

The authors express their appreciation to the Deanship of
Scientific Research at King Khalid University, Saudi Arabia,
for funding this work through research group program
under grant number RGP. 2/196/43.

References

[1] G. A. Mansoori and T. A. F. Soelaiman, Nanotechnology–An
introduction for the standards community, ASTM Interna-
tional, 2019.

[2] A. Roy, “Plant derived silver nanoparticles and their therapeu-
tic applications,” Current Pharmaceutical Biotechnology,
vol. 22, no. 14, pp. 1834–1847, 2021.

[3] A. Roy, H. A. Murthy, H. M. Ahmed, M. N. Islam, and
R. Prasad, “Phytogenic synthesis of metal/metal oxide nano-
particles for degradation of dyes,” Journal of Renewable Mate-
rials, vol. 10, no. 7, p. 1911, 2021.

[4] J. A. Schwarz, C. I. Contescu, and K. Putyera, Dekker encyclo-
pedia of nanoscience and nanotechnology, vol. 5, CRC Press,
2004.

[5] J. E. Hulla, S. C. Sahu, and A. W. Hayes, “Nanotechnology,”
Human & Experimental Toxicology, vol. 34, no. 12,
pp. 1318–1321, 2015.

[6] A. Roy, V. Singh, S. Sharma et al., “Antibacterial and Dye Deg-
radation Activity of Green Synthesized Iron Nanoparticles,”
Journal of Nanomaterials, vol. 2022, Article ID 3636481, 6
pages, 2022.

[7] A. Roy, A. Elzaki, V. Tirth et al., “Biological synthesis of nano-
catalysts and their applications,” Catalysts, vol. 11, no. 12,
p. 1494, 2021.

[8] A. Roy, M. Roy, S. Alghamdi et al., “Role of microbes and
nanomaterials in the removal of pesticides from wastewater,”
International Journal of Photoenergy, vol. 2022, 2022.

[9] C. Buzea, I. I. Pacheco, and K. Robbie, “Nanomaterials and
nanoparticles: sources and toxicity,” Biointerphases, vol. 2,
no. 4, pp. MR17–MR71, 2007.

[10] L. M. Bellan, D. Wu, and R. S. Langer, “Current trends in
nanobiosensor technology,” Wiley Interdisciplinary Reviews.
Nanomedicine and Nanobiotechnology, vol. 3, no. 3, pp. 229–
246, 2011.

[11] A. Roy, A. Sharma, S. Yadav, L. T. Jule, and R. Krishnaraj,
“Nanomaterials for remediation of environmental pollutants,”
Bioinorganic Chemistry and Applications, vol. 2021, 16 pages,
2021.

[12] V. P. Kumar, N. Manikandan, N. Nagaprasad, J. LetaTesfaye,
and R. Krishnaraj, “Analysis of the performance characteristics
of ZnO nanoparticles dispersed polyester oil,” Advances in
Materials Science and Engineering, vol. 2022, Article ID
4844979, 10 pages, 2022.

[13] A. Perumal, C. Kailasanathan, B. Stalin et al., “Multi response
optimization of wire electrical discharge machining parame-
ters for Ti-6Al-2Sn-4Zr-2Mo (α-β) alloy using Taguchi-Grey
relational approach,” Advances in Materials Science and Engi-
neering, vol. 2022, Article ID 6905239, 13 pages, 2022.

[14] S. Mittal and A. Roy, “Fungus and plant-mediated synthesis of
metallic nanoparticles and their application in degradation of
dyes,” in Photocatalytic degradation of dyes, pp. 287–308, Else-
vier, 2021.

[15] X. Liu, G. B. Braun, H. Zhong et al., “Tumor-Targeted Multi-
modal Optical Imaging with Versatile Cadmium-Free Quan-
tum Dots,” Advanced Functional Materials, vol. 26, pp. 267–
276, 2016.

[16] D. Shao, J. Li, Y. Pan et al., “Noninvasive theranostic imaging
of HSV-TK/GCV suicide gene therapy in liver cancer by
folate-targeted quantum dot-based liposomes,” Biomaterials
Science, vol. 3, no. 6, pp. 833–841, 2015.

10 Journal of Nanomaterials



[17] C. Pandit, A. Roy, S. Ghotekar et al., “Biological agents for syn-
thesis of nanoparticles and their applications,” Journal of King
Saud University-Science, vol. 34, no. 3, article 101869, 2022.

[18] M. Hasanzadeh, N. Shadjou, A. Mokhtarzadeh, and
M. Ramezani, “Two dimension (2-D) graphene-based nano-
materials as signal amplification elements in electrochemical
microfluidic immune-devices: Recent advances,” Materials
Science and Engineering: C, vol. 68, pp. 482–493, 2016.

[19] K. Yang, S. Zhang, G. Zhang, X. Sun, S.-T. Lee, and Z. Liu,
“Graphene in mice: ultrahigh in vivo tumor uptake and effi-
cient photothermal therapy,” Nano Letters, vol. 10, no. 9,
pp. 3318–3323, 2010.

[20] N. Yang, X. Chen, T. Ren, P. Zhang, and D. Yang, “Carbon
nanotube based biosensors,” Sensors and Actuators B: Chemi-
cal, vol. 207, pp. 690–715, 2015.

[21] D. Tang, R. Yuan, and Y. Chai, “Magnetic control of an elec-
trochemical microfluidic device with an arrayed immunosen-
sor for simultaneous multiple immunoassays,” Clinical
Chemistry, vol. 53, no. 7, pp. 1323–1329, 2007.

[22] A. G. Cullis, L. T. Canham, and P. D. J. Calcott, “The structural
and luminescence properties of porous silicon,” Journal of
Applied Physics, vol. 82, no. 3, pp. 909–965, 1997.

[23] K. Varner, J. Sanford, A. El-Badawy, D. Feldhake, and
R. Venkatapathy, State of the Science Literature Review: Every-
thing Nanosilver and More, US Environmental Protection
Agency, Washington DC, 2010.

[24] C. Lee, P. Wang, M. A. Gaston, A. A. Weiss, and P. Zhang,
“Plasmonics-Based Detection of Virus Using Sialic Acid Func-
tionalized Gold Nanoparticles,” in Biosensors and Biodetec-
tion, A. Rasooly and B. Prickril, Eds., vol. 1571 of Methods in
Molecular Biology, pp. 109–116, Humana Press, New York,
NY, 2017.

[25] S. Gul, S. B. Khan, I. U. Rehman, M. A. Khan, and M. I. Khan,
“A Comprehensive Review of Magnetic Nanomaterials Modern
Day Theranostics,” Frontiers in Materials, vol. 6, p. 179, 2019.

[26] U. Ozgur, Y. I. Alivov, C. Liu et al., “A Comprehensive Review
of ZnO Materials and Devices,” Journal of Applied Physics,
vol. 98, no. 4, article 041301, 2005.

[27] T. Kumeria, A. Santos, and D. Losic, “Nanoporous anodic alu-
mina platforms: engineered surface chemistry and structure
for optical sensing applications,” Sensors, vol. 14, no. 7,
pp. 11878–11918, 2014.

[28] S. Magdassi, M. Grouchko, and A. Kamyshny, “Copper Nano-
particles for Printed Electronics: Routes towards achieving oxi-
dation stability,” Materials, vol. 3, no. 9, pp. 4626–4638, 2010.

[29] S. M. Yoo and S. Y. Lee, “Optical Biosensors for the Detection
of Pathogenic Microorganisms,” Trends in Biotechnology,
vol. 34, no. 1, pp. 7–25, 2016.

[30] F. Davis and S. Higson, “Label-free immunochemistry
approach to detect and identity antibiotics in Milk,” Pediatric
Research, vol. 67, no. 5, pp. 476–480, 2010.

[31] S. E. Kim, K. Y. Ahn, J. S. Park et al., “Fluorescent Ferritin
Nanoparticles and Application to the Aptamer Sensor,” Ana-
lytical Chemistry, vol. 83, no. 15, pp. 5834–5843, 2011.

[32] E. Hirata and E. Kiyokawa, “Future Perspective of Single-
Molecule FRET Biosensors and Intravital FRET Microscopy,”
Biophysical Journal, vol. 111, no. 6, pp. 1103–1111, 2016.

[33] S. C. Gopinath, T. Lakshmipriya, and K. Awazu, “Colorimetric
detection of controlled assembly and disassembly of aptamers
on unmodified gold nanoparticles,” Biosensors and Bioelec-
tronics, vol. 51, pp. 115–123, 2014.

[34] D. L. Giokas, A. G. Vlessidis, G. Z. Tsogas, and N. P. Evmiridis,
“Nanoparticle-assisted chemiluminescence and its applica-
tions in analytical chemistry,” TrAC Trends in Analytical
Chemistry, vol. 29, no. 10, pp. 1113–1126, 2010.

[35] N. Li, D. Liu, and H. Cui, “Metal-nanoparticle-involved chemi-
luminescence and its applications in bioassays,” Analytical and
Bioanalytical Chemistry, vol. 406, no. 23, pp. 5561–5571, 2014.

[36] C. Situ, M. H. Mooney, C. T. Elliott, and J. Buijs, “Advances in
surface plasmon resonance biosensor technology towards
high-throughput, food-safety analysis,” TrAC Trends in Ana-
lytical Chemistry, vol. 29, no. 11, pp. 1305–1315, 2010.

[37] S. Chand and B. D. Gupta, “Surface plasmon resonance based
fiber-optic sensor for the detection of pesticide,” Sensors and
Actuators B: Chemical, vol. 123, no. 2, pp. 661–666, 2007.

[38] S. Wang, X. Li-Ping, and X. Zhang, “Ultrasensitive electro-
chemical biosensor based on noble metal nanomaterials,” Sci-
ence of Advanced Materials, vol. 7, no. 10, pp. 2084–2102, 2015.

[39] M. Tomassetti, M. Serone, R. Angeloni, L. Campanella, and
E. Mazzone, “Amperometric Enzyme Sensor to Check the
Total Antioxidant Capacity of Several Mixed Berries. Compar-
ison with Two Other Spectrophotometric and Fluorimetric
Methods,” Sensors, vol. 15, no. 2, pp. 3435–3452, 2015.

[40] A. Hayat, G. Catanante, and J. L. Marty, “Current Trends in
Nanomaterial-Based Amperometric Biosensors,” Sensors,
vol. 14, no. 12, pp. 23439–23461, 2014.

[41] O. N. Oliveira, F. J. Pavinatto, C. J. L. Constantino, F. V. Pau-
lovich, and M. C. F. de Oliveira, “Information visualization to
enhance sensitivity and selectivity in biosensing,” Biointer-
phases, vol. 7, no. 1-4, p. 53, 2012.

[42] F. Conzuelo, M. Gamella, S. Campuzano et al., “Integrated
Amperometric Affinity Biosensors Using Co2+–Tetradentate
Nitrilotriacetic Acid Modified Disposable Carbon Electrodes:
Application to the Determination of β-Lactam Antibiotics,”
Analytical Chemistry, vol. 85, no. 6, pp. 3246–3254, 2013.

[43] D. Kamysbayev, B. Serikbayev, G. Arbuz, G. Badavamova, and
K. Tasibekov, “Synthesis and electrochemical behavior of the
Molybdenum-Modified electrode based on Rice husk,” Eurasian
Chemico-Technological Journal, vol. 19, no. 4, pp. 315–321, 2017.

[44] H. Shi, J. Zhao, Y. Wang, and G. Zhao, “A highly selective and
picomolar level photoelectrochemical sensor for PCB 101
detection in environmental water samples,” Biosensors and
Bioelectronics, vol. 81, pp. 503–509, 2016.

[45] Y. Li, S. Zhang, H. Dai, Z. Hong, and Y. Lin, “An enzyme-free
photoelectrochemical sensing of concanavalin a based on
graphene-supported TiO2 mesocrystal,” Sensors and Actuators
B: Chemical, vol. 232, pp. 226–233, 2016.

[46] R. A. Freitas, Nanomedicine: Basic Capabilities, Landes Biosci-
ence, Austin, TX, 1999.

[47] E. A. Bleeker, W. H. de Jong, R. E. Geertsma et al., “Consider-
ations on the EU definition of a nanomaterial: science to sup-
port policy making,” Regulatory Toxicology and Pharmacology,
vol. 65, no. 1, pp. 119–125, 2013.

[48] V. S. Chan, “Nanomedicine: an unresolved regulatory issue,”
Regulatory Toxicology and Pharmacology, vol. 46, no. 3,
pp. 218–224, 2006.

[49] B. Y. Kim, J. T. Rutka, and W. C. Chan, “Nanomedicine,” The
New England Journal of Medicine, vol. 363, no. 25, pp. 2434–
2443, 2010.

[50] A. E. Nel, L. Mädler, D. Velegol et al., “Understanding biophy-
sicochemical interactions at the nano-bio interface,” Nature
Materials, vol. 8, no. 7, pp. 543–557, 2009.

11Journal of Nanomaterials



[51] P. C. Lin, S. Lin, P. C. Wang, and R. Sridharb, “Techniques for
physicochemical characterization of nanomaterials,” Biotech-
nology Advances, vol. 32, no. 4, pp. 711–726, 2014.

[52] S. Abel, J. L. Tesfaye, L. Gudata et al., “Investigating the Influ-
ence of Bath Temperature on the Chemical Bath Deposition of
Nano Synthesized Lead Selenide Thin Films for Photo Voltaic
Application,” Journal of Nanomaterials, vol. 2022, Article ID
3108506, 6 pages, 2022.

[53] R. Ranganathan, S. Madanmohan, A. Kesavan et al., “Nano-
medicine: towards development of patient-friendly drug-
delivery systems for oncological applications,” International
Journal of Nanomedicine, vol. 7, pp. 1043–1060, 2012.

[54] D. A. LaVan, T. McGuire, and R. Langer, “Small-scale systems
for in vivo drug delivery,”Nature Biotechnology, vol. 21, no. 10,
pp. 1184–1191, 2003.

[55] A. Saka, J. L. Tesfaye, L. Gudata et al., “Synthesis, characteriza-
tion, and antibacterial activity of ZnO nanoparticles from fresh
leaf extracts of Apocynaceae, Carissa spinarum L. (Hagamsa),”
Journal of Nanomaterials, vol. 2022, Article ID 6230298, 6
pages, 2022.

[56] T. M. Allen and P. R. Cullis, “Drug delivery systems: entering the
mainstream,” Science, vol. 303, no. 5665, pp. 1818–1822, 2004.

[57] N. Bertrand and J. C. Leroux, “The journey of a drug-carrier in
the body: an anatomo-physiological perspective,” Journal of
Controlled Release, vol. 161, no. 2, pp. 152–163, 2012.

[58] Z. K. Nagy, A. Balogh, B. Vajna et al., “Comparison of electro-
spun and extruded Soluplus®-based solid dosage forms of
improved dissolution,” Journal of Pharmaceutical Sciences,
vol. 101, no. 1, pp. 322–332, 2012.

[59] US Food and Drug Administration, Highlights of Prescribing
Information, Abraxane for Injectable Suspension, Food and
Drug Administration, 2012.

[60] Paclitaxel (Abraxane), U.S. Food and Drug Administration,
2012, https://www.nytimes.com/2013/09/07/business/fda-
approves-drug-for-late-stage-pancreatic-cancer.html#:~:text=
The%20Food%20and%20Drug%20Administration,than%
20two%20months%20on%20average.

[61] US Food and Drug Administration, FDA approves Abraxane
for late-stage pancreatic cancer, US Food and Drug Adminis-
tration, 2013.

[62] L. Gao, G. Liu, J. Ma et al., “Application of drug nanocrystal
technologies on oral drug delivery of poorly soluble drugs,”
Pharmaceutical Research, vol. 30, no. 2, pp. 307–324, 2013.

[63] “FDA approves new treatment for advanced pancreatic can-
cer ,” vol . 22, 2015https://www.webmd.com/cancer/
pancreatic-cancer/news/20191231/fda-approves-drug-for-
pancreatic-cancer-treatment#:~:text=Dec.,the%20drug%
20olaparib%20(Lynparza).

[64] Y. Rasmi, K. S. Saloua, M. Nemati, and J. R. Choi, “Recent
Progress in nanotechnology for COVID-19 prevention, diag-
nostics and treatment,” Nanomaterials (Basel), vol. 11, no. 7,
p. 1788, 2021.

[65] M. Hassanpour, J. Rezaie, M. Nouri, and Y. Panahi, “The role
of extracellular vesicles in COVID-19 virus infection,” Infec-
tion, Genetics and Evolution, vol. 85, article 104422, 2020.

[66] Z. Zhao, H. Cui, W. Song, X. Ru, W. Zhou, and X. Yu, A simple
magnetic nanoparticles-based viral RNA extraction method for
efficient detection of SARS-CoV-2, BioRxiv, 2020.

[67] H. M. Ahmed, A. Roy, M.Wahab et al., “Applications of nano-
materials in Agrifood and pharmaceutical industry,” Journal of
Nanomaterials, vol. 2021, Article ID 1472096, 10 pages, 2021.

[68] T. P. Sari, B. Mann, R. Kumar et al., “Preparation and charac-
terization of nanoemulsion encapsulating curcumin,” Food
Hydrocolloids, vol. 43, pp. 540–546, 2015.

[69] A. B. Ozturk, S. Argin, M. Ozilgen, and D. J. McClements,
“Formation and stabilization of nanoemulsion-based vitamin
E delivery systems using natural biopolymers: Whey protein
isolate and gum arabic,” Food Chemistry, vol. 188, pp. 256–
263, 2015.

[70] S. S. Yan and J. M. Gilbert, “Antimicrobial drug delivery in
food animals and microbial food safety concerns: an overview
of in vitro and in vivo factors potentially affecting the animal
gut microflora,” Advanced Drug Delivery Reviews, vol. 56,
no. 10, pp. 1497–1521, 2004.

[71] R. Langer and N. A. Peppas, “Advances in biomaterials, drug
delivery, and bionanotechnology,” AICHE Journal, vol. 49,
no. 12, pp. 2990–3006, 2003.

[72] U. Chadha, P. Bhardwaj, S. K. Selvaraj et al., “Current trends
and future perspectives of nanomaterials in food packaging
application,” Food Hydrocolloids, vol. 2022, Article ID
2745416, p. 32, 2022.

[73] S. D. F. Mihindukulasuriya and L. T. Lim, “Nanotechnology
development in food packaging: a review,” Trends in Food Sci-
ence and Technology, vol. 40, no. 2, pp. 149–167, 2014.

[74] Q. Cheng, C. Li, V. Pavlinek, P. Saha, and H. Wang, “Surface-
modified antibacterial TiO2/Ag

+ nanoparticles: Preparation
and properties,” Applied Surface Science, vol. 252, no. 12,
pp. 4154–4160, 2006.

[75] E. L. Bradley, L. Castle, and Q. Chaudhry, “Applications of
nanomaterials in food packaging with a consideration of
opportunities for developing countries,” Trends in Food Sci-
ence and Technology, vol. 22, no. 11, pp. 604–610, 2011.

[76] N. van Zandwijk and A. L. Frank, “Awareness: potential toxic-
ities of carbon nanotubes,” Translational Lung Cancer
Research, vol. 8, no. Suppl 4, p. S471, 2019.

[77] V. E. Orel, O. Dasyukevich, O. Rykhalskyi, V. B. Orel,
A. Burlaka, and S. Virko, “Magneto-mechanical effects of mag-
netite nanoparticles on Walker-256 carcinosarcoma heteroge-
neity, redox state and growth modulated by an
inhomogeneous stationary magnetic field168314,” Journal of
Magnetism and Magnetic Materials, vol. 538, 2021.

[78] L. Hodson, M. Methner, and R. D. Zumwalde, Approaches to
Safe Nanotechnology: Managing the Health and Safety Con-
cerns Associated with Engineered Nanomaterials, US National
Institute for Occupational Safety and Health, 2009.

[79] C. Beaucham and L. Hodson, General Safe Practices for Work-
ing with Engineered Nanomaterials in Research Laboratories,
US National Institute for Occupational Safety and Health,
2012.

[80] J. Howard, Current Intelligence Bulletin 65: Occupational
Exposure to Carbon Nanotubes and Nanofibers, DHHS
(NIOSH) Publication, 2013.

[81] US National Institute for Occupational Safety and Health,
Current Intelligence Bulletin 63: Occupational Exposure to
Titanium Dioxide, DHHS (NIOSH) Publication, 2011.

[82] S. W. Dean, G. A. Mansoori, and T. A. F. SoelaimanNanotech-
nology — An Introduction for the Standards Community,”
Journal of ASTM International, vol. 2, no. 6, p. 13110, 2005.

[83] A. Sukhanova, S. Bozrova, P. Sokolov, M. Berestovoy,
A. Karaulov, and I. Nabiev, “Dependence of Nanoparticle Tox-
icity on Their Physical and Chemical Properties,” Nanoscale
Research Letters, vol. 13, pp. 1–21, 2018.

12 Journal of Nanomaterials

https://www.nytimes.com/2013/09/07/business/fda-approves-drug-for-late-stage-pancreatic-cancer.html#:<:text=The%20Food%20and%20Drug%20Administration,than%20two%20months%20on%20average
https://www.nytimes.com/2013/09/07/business/fda-approves-drug-for-late-stage-pancreatic-cancer.html#:<:text=The%20Food%20and%20Drug%20Administration,than%20two%20months%20on%20average
https://www.nytimes.com/2013/09/07/business/fda-approves-drug-for-late-stage-pancreatic-cancer.html#:<:text=The%20Food%20and%20Drug%20Administration,than%20two%20months%20on%20average
https://www.nytimes.com/2013/09/07/business/fda-approves-drug-for-late-stage-pancreatic-cancer.html#:<:text=The%20Food%20and%20Drug%20Administration,than%20two%20months%20on%20average
https://www.webmd.com/cancer/pancreatic-cancer/news/20191231/fda-approves-drug-for-pancreatic-cancer-treatment#:<:text=Dec.,the%20drug%20olaparib%20(Lynparza)
https://www.webmd.com/cancer/pancreatic-cancer/news/20191231/fda-approves-drug-for-pancreatic-cancer-treatment#:<:text=Dec.,the%20drug%20olaparib%20(Lynparza)
https://www.webmd.com/cancer/pancreatic-cancer/news/20191231/fda-approves-drug-for-pancreatic-cancer-treatment#:<:text=Dec.,the%20drug%20olaparib%20(Lynparza)
https://www.webmd.com/cancer/pancreatic-cancer/news/20191231/fda-approves-drug-for-pancreatic-cancer-treatment#:<:text=Dec.,the%20drug%20olaparib%20(Lynparza)


[84] G. A. Mansoori, “An Introduction to Nanoscience & Nano-
technology,” in Nanoscience and Plant–Soil Systems, M. Ghor-
banpour, K. Manika, and A. Varma, Eds., vol. 48 of Soil
Biology, pp. 3–20, Springer, Cham, 2017.

[85] G. A. Mansoori and T. A. F. Soelaiman, “Nanotechnology —
An Introduction for the Standards Community,” Journal of
ASTM International, vol. 2, pp. 1–21, 2005.

13Journal of Nanomaterials


	Nanomaterials: A Potential Hope for Life Sciences from Bench to Bedside
	1. Introduction
	2. Classification Of Nanoparticles
	2.1. Nanomaterials
	2.2. Nanotechnology

	3. Applications
	3.1. NANOMATERIAL BASED BIOSENSORS
	3.1.1. Quantum Dots
	3.1.2. Carbon-Based Nanomaterials
	3.1.3. Silica Nanoparticles (SiNPs)
	3.1.4. Metal ant Metal oxide Nanoparticles

	3.2. Nanomaterial-based biosensor for Antibiotic Detection
	3.3. Nanomedicine
	3.3.1. Physicochemical Characterization
	3.3.2. Drug Delivery
	3.3.3. Nanotechnology for Covid-19

	3.4. Nanotechnology in food industry
	3.4.1. Nutritional Value
	3.4.2. Preservation or Shelf-Life
	3.4.3. Food Packaging
	3.4.4. Pathogen Detection
	3.4.5. Safety Issues

	3.5. Nanotoxicology
	3.6. Future Prospects in Nanotechnology

	4. Conclusion
	Data Availability
	Conflicts of Interest
	Funding
	Acknowledgments

