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ABSTRACT

Organophosphates pose significant health issues when present in food, challenging advanced discovery styles for timely
intervention. Conventional approaches are time-consuming. In response, this study explores the eventuality of nano-
biosensors as slice-edge volition for enhanced food safety. The nano-biosensors influence nanomaterial-grounded
platforms characterized by unique parcels, including increased perceptivity, rapid-fire discovery capabilities, and the
eventuality of miniaturization. The nano-biosensor enables on-point monitoring. Crucial technological advancements
include face-enhanced Raman spectroscopy (SERS), and graphene-ground nano-biosensors. These technologies
contribute to bettered discovery capabilities, addressing challenges related to selectivity. Likewise, enzyme-modified
nanomaterials are explored for organophosphate discovery. The exploration emphasizes the significance of rigorous
performance evaluation and confirmation, including perceptivity, and real-world testing. The study outlines challenges,
including the disquisition of emerging technologies, addressing selectivity issues, and integrating nano-biosensors into
routine food testing practices. The use of these nano biosensors for food safety and public health is profound, offering
enhanced monitoring capabilities, and timely interventions.

KEYWORDS

Nano-biosensors; Organophosphate residues; Food safety;
Detection technology; Sensitivity and specificity; Emerging
technologies; Regulatory considerations

Received: 05-Jun-2024 7% APublication of

Revised: 14-Jul-2024 S&N&E  Unique Scientific
. 7, USPs .

Accepted: 18-Aug-2024 - Publishers

Cite this Article as: Altaf S, Igbal KJ, Sagib M and Salma U, 2024. Novel Nano-biosensors for the detection of organophosphate
residues in food commodities. In: Ahmed R, Khan A, Abbas RZ, Farooqi SH and Asrar R (eds), Complementary and Alternative
Medicine: Nanotechnology-Il. Unique Scientific Publishers, Faisalabad, Pakistan, PpP: 374-382.
https://doi.org/10.47278/book.CAM/2024.469

INTRODUCTION

Organophosphates are commonly utilized in farming as pesticides, herbicides, and bug sprays. The accumulation of
organophosphates in food commodities such as natural products, vegetables, and grains poses potential dangers to
human well-being. The presentation of organophosphate buildups has been connected to an extent of well-being
dangers, fundamentally influencing the apprehensive and respiratory frameworks (Fu et al., 2022). Organophosphates
repress acetylcholinesterase, driving the collection of acetylcholine in nerve neural connections. This disturbance in
neurotransmission can result in indications such as cerebral pains, sickness, and in extreme cases, seizures or loss of
motion. Ingestion of organophosphate can lead to respiratory issues, trouble breathing, and chest snugness Pre-birth
introduction to organophosphates has been related to neurobehavioral shortages and regenerative issues. The inveterate
introduction may contribute to cardiovascular illnesses, endocrine disturbance, and certain cancers (Dickey et al., 2021).

Significance of Discovery in Food Commodities

Identifying and measuring organophosphate buildups offer assistance in anticipating the ingestion of sullied
nourishment, in this manner lessening the chance of intense and inveterate well-being issues related to introduction.
Environmental protection agency (EPA) has set limits for organophosphates in food items. Exact location strategies are
fundamental for administrative compliance and dependable location strategies contribute to building buyer certainty within
the security of the food supply chain. Buyers are progressively concerned about chemical buildups in their nourishment, and
upfront testing methods offer assistance to address these concerns. Exact discovery strategies guarantee food commodities
meet the administrative measures of distinctive nations, encouraging smoother exchange relations. Observing and
controlling organophosphate buildups in food commodities minimize the harmful effect of pesticide (Ramakrishnan et al.,
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2019).
Present Methods and Limitations
The discovery of organophosphate buildups in food commodities is right now performed utilizing different strategies.

Chromatographic Methods
Gas Chromatography

GC is utilized for isolating and analyzing organophosphate compounds. It offers elevated specificity but may require
complex test arrangement.

Liquid Chromatography
LC is successful for non-volatile organophosphates. It can be coupled with mass spectrometry for upgraded discovery.

Immunoassays
Procedures such as enzyme-linked immunosorbent test (ELISA) utilize antibodies to identify organophosphate buildups.
Immunoassays are quick and cost-effective but may need the specificity of chromatographic strategies.

Mass Spectrometry
Mass spectrometry, especially couple mass spectrometry (MS/MS), is utilized for the evaluation of organophosphates.
It requires costly hardware.

Biosensors
Biosensors have been established for their fast reaction. These can offer real-time observing but may endure
reproducibility issues.

Nuclear Magnetic Resonance
NMR spectroscopy can give data on the chemical structure of organophosphates. Whereas it could be a non-destructive
strategy.

Electrochemical Methods
Electrochemical sensors can offer fast and cost-effective discovery. But they may confront challenges in terms of
affectability and selectivity(Chawla et al., 2018).

Limitations of Present Approaches

Accomplishing elevated affectability and specificity at the same time can be challenging. A few strategies may exceed
expectations in one angle but compromise the other. Food networks are complex, and different components can meddle
with the location of organophosphate (Chadha et al., 2022). Numerous strategies require broad test arrangement, which
can be time-consuming. A few methods, such as mass spectrometry, request costly hardware and trained administrators,
this indicates that not all strategies are reasonable for real-time checking. The fetching of hardware, reagents, and
investigation time can be noteworthy variables, particularly for scheduled testing of extensive test sets (Samadder and
Rao, 2023).

Foundation for Nano-biosensors

The advancement and utilization of nano-biosensors for the discovery of organophosphate buildups in food items offer
a few compelling points of interest, tending to numerous of the confinements related with conventional location strategies.
Nano-biosensors can accomplish momentous affectability, identifying follow sums of organophosphate buildups with tall
accuracy. The huge surface zone of nanomaterials permits for expanded intuitive with target analytes, moving forward the
sensor's location restrain. Nano-biosensors can be outlined with particular acknowledgment components, such as antibodies
or aptamers, guaranteeing tall specificity for the target organophosphates. Nano-biosensors display quick reaction times,
empowering real-time checking of organophosphate buildups. This can be pivotal for guaranteeing the convenient discovery
of defilement, particularly in perishable food items. Nano-biosensors can be miniaturized, allowing for versatile and field-
deployable gadgets. Usually profitable for on-site testing, decreasing the require for test transportation and empowering
speedy choices in different settings (Mitra et al., 2022).

Characteristics of Nano-biosensors

Nano-biosensors join different nanomaterials, such as nanoparticles, nanotubes, or nanocomposites. These materials
show special properties, counting huge surface area-to-volume proportion, quantum impacts, and improved conductivity,
which contribute to progressed affectability. The organic components in nano-biosensors play a pivotal part in giving
specificity to the discovery prepare. These components can be proteins, antibodies, aptamers, or indeed entirety cells,
depending on the target analyte. They specifically tie to the analyte, starting a flag transduction instrument. Nano-biosensors
regularly depend on a transduction instrument to change over the official occasion into a quantifiable flag. This may include
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changes in electrical, optical, or mechanical properties of the nanomaterials, permitting for the location and measurement
of the target analyte. The combination of nanomaterials and organic components comes about in nano-biosensors with
elevated affectability and selectivity. The nanoscale measurements improve the interaction between the sensor and analyte,
whereas the natural components guarantee specificity for the target particle (Huang et al., 2021).

Benefits over Conventional Discovery Methods

Nano-biosensors offer a few focal points over routine discovery strategies, particularly when connected to the discovery
of organophosphate buildups in nourishment commaodities. These focal points contribute to the enhancement of generally
food security measures. Nano-biosensors use the interesting properties of nanomaterials, such as huge surface zone and
quantum impacts, to improve affectability. This permits for the discovery of lower concentrations of organophosphate
buildups, which may go undetected by ordinary strategies. Consolidating organic components, nano-biosensors guarantee
high specificity. This minimizes the chance of wrong positives. Nano-biosensors regularly give quick reaction times,
empowering real-time monitoring of organophosphate. This is pivotal for convenient intercessions in circumstances where
quick discovery is essential, such as in perishable food items. The little measure of nanomaterials permits for the
miniaturization of sensor components, making nano-biosensors compact and convenient. This highlight is profitable for on-
site testing and reduce the require for test transportation (Sahu and Kashaw, 2023).

Types of Nano-biosensors
Nanomaterials used in Biosensors

Nanoparticles, such as gold nanoparticles and silver nanoparticles are commonly utilized in nano-biosensors. They offer
huge surface zones for functionalization with natural components. Carbon nanotubes and nanowires have amazing electrical
conductivity and are utilized to build electrochemical nano-biosensors. They give a stage for immobilizing organic particles
and show affectability to changes in electrical properties upon analyte authority. Quantum dabs are semiconductor
nanocrystals with special optical properties, counting size-tunable fluorescence. They are utilized in fluorescence-based
nano-biosensors for multiplexed discovery (Christopher et al.,, 2020). For illustration, a nanocomposite may consolidate
nanoparticles and nanotubes to improve both electrical and basic perspectives of the nano-biosensor. Graphene and its
subsidiaries, such as graphene oxide, are known for their great electrical conductivity and expansive surface region. They are
utilized in different nano-biosensors, especially those including electrochemical discovery (Stephanie et al., 2021).

Biological Mechanisms in Nano-biosensors

Proteins are broadly utilized in nano-biosensors. They catalyze particular responses with the target analyte, driving to
distinguishable changes within the sensor's properties. Antibodies are safe proteins that show high specificity for specific
antigens. Immobilizing antibodies on nanomaterials permits for specific authoritative to target analytes, shaping the premise
for immunosensors. Aptamers are brief, single-stranded DNA or RNA particles chosen to tie particularly to a target. They
offer an elective to antibodies and can be utilized as components in aptamer-based nano-biosensors. A few nano-biosensors
consolidate whole cells, such as microscopic organisms or yeast, as the organic acknowledgment component. These living
cells can react to the particular analytes, producing signals that are recognizable by the sensor. DNA and RNA can serve as
acknowledgment components in nano-biosensors. Other than proteins and antibodies, other proteins can be utilized in
nano-biosensors, either for coordinate official to analytes or as components in flag transduction pathways. MIPs are
engineered polymers outlined to specifically recognize and tie to particular target particles. These molecularly engraved
materials can be coordinates into nano-biosensors for engraving the shape of the target analyte (Bhattacharya et al., 2022).

Principles of Organophosphate Recognition
Molecular Interface with Nano-biosensors

The discovery of organophosphate utilizing nano-biosensors depends on particular atomic intuitive between the target
analyte (organophosphates) and the detecting components coordinates into the nano-biosensor. The primary step includes
the particular acknowledgment of organophosphate by the natural components immobilized on the nanomaterial surface.
The choice of components, such as chemicals, antibodies, aptamers, or molecularly engraved polymers is pivotal in
guaranteeing specificity for organophosphates. For chemicals and antibodies, this includes particular official destinations
that show partiality for the chemical structure of organophosphates (Uniyal and Sharma, 2018). The nanomaterial utilized
within the nano-biosensor plays a basic part in improving the atomic intuitive. The huge surface region of nanomaterials,
such as nanoparticles gives adequate destinations for the immobilization of organic acknowledgment components,
guaranteeing the next likelihood of intuitive with organophosphates (Chugh et al., 2023).

Indication Transduction Mechanisms

Streamer transduction in nano-biosensors includes the transformation of the atomic interaction between the target
analyte (organophosphates) and the binding components into a quantifiable flag. Different nanomaterials and transduction
instruments are utilized to realize this change. Nanomaterials such as nanotubes or nanowires may show changes in electrical
resistance or conductance upon authority with organophosphates. This will be measured to evaluate the analyte
concentration. FET-based nano-biosensors utilize changes within the conductance of the transistor channel upon authority,
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giving a coordinate electrical readout (Hashem et al.,, 2021). Quantum specks can be consolidated into nano-biosensors.
Authoritative organophosphates can actuate changes in fluorescence escalated, wavelength, or lifetime, which are
recognized optically. Nanomaterials with color-changing properties, such as gold nanoparticles, may experience color
changes upon interaction with organophosphates, empowering straightforward visual discovery. Electrochemical nano-
biosensors can cause degree changes in current coming about from redox responses related to organophosphate
authoritative. This can be commonly achieved through enzymatic responses or coordinate electrochemical oxidation.
Changes in anode potential are measured as a result of the official occasion. This will be utilized in ion-selective terminals or
other potentiometric sensors. (Sargazi et al., 2022).

Sensitivity and Specificity

The performance of nano biosensors in the detection of organophosphates is often evaluated based on two important
parameters: sensitivity and specificity. These factors determine the reliability and accuracy of the sensor in identifying and
quantifying organophosphate residues in foods. Sensitivity refers to the ability of a nano biosensor to detect and quantify
low concentrations of organophosphate residues. Highly sensitive sensors ensure that even traces of target analytes can be
detected(Dincer et al., 2019). Certain nanomaterials, such as quantum dots may provide higher sensitivity due to their unique
properties. The chosen transduction method can also have a significant impact on sensitivity, with some mechanisms
resulting in greater signal amplification. Appropriate functionalization of nanomaterials with fitting components improves
the capacity of the sensor to capture and connected with organophosphates. Specificity alludes to the capacity of a nano
biosensor to recognize the target analyte (organophosphate) from other substances (Che Sulaiman et al., 2020).

Nano-biosensor Technologies and Surface-improved Spectroscopy

Surface-enhanced Raman spectroscopy (SERS) may be a capable and advanced analytical strategy that's picking up
significance within the field of nano biosensors due to its high specificity. SERS combines the standards of Raman
spectroscopy with nanomaterials to increase the Raman flag of atoms, permitting location of follow sums of analytes (Tripathi
and Bonilla-Cruz, 2023). Metal nanoparticles such as gold and silver are broadly utilized in SERS-based nano biosensors.
These nanoparticles create a localized surface plasmon resonance (LSPR) impact and intensify the Raman signals of
neighboring particles. Coordination metal nanoparticles with graphene or other 2D materials improves the SERS impact,
makes strides steadiness, and gives a bigger surface zone for interaction with analytes. Functionalization of metal
nanoparticles with atomic tests such as aptamers or particular ligands moves forward the selectivity of SERS-based nano
biosensors toward organophosphate targets. Tuning the surface properties of nanomaterials through chemical alterations
can offer assistance optimize the interaction between sensor components and organophosphates. SERS-based nano
biosensors can be planned for multiplexed discovery, permitting concurrent examination of different organophosphates
(Serafinelli et al., 2022).

Quantum Dots- based Biosensors

Quantum specks are semiconductor nanocrystals with interesting optical and electronic properties, making them great
candidates for creating progressed nano biosensors. Quantum dot-based biosensors have made noteworthy advances in
the discovery of different analytes, particularly those containing organophosphate buildups. (Meliana et al.,, 2024).

Detecting Mechanism

Quantum specks can be combined with other fluorescent colors or quenchers through Fuss, permitting delicate location
based on changes in fluorescence concentrated upon interaction with organophosphates. Quantum dabs can take an interest
in charge exchange forms when collaboration with organophosphates, causing a alter in their electronic state. This alter can
be measured to distinguish the analytes. Integration of proteins and quantum dabs increase the specificity and catalytic
action of biosensors. Multicolor quantum specks permit discovery of numerous analytes or distinctive shapes of
organophosphates. This highlight encourages multiplexed examination and moves forward sensor execution (Willner and
Vikesland, 2018).

Enzyme Improved Nanomaterials

Enzyme-modified nanomaterials play a critical part within the advancement of nano biosensors, upgrading their catalytic
movement and specificity for the location of different analytes, counting organophosphates. Later progresses in enzyme-
modified nanomaterials for organophosphate discovery incorporate: Proteins such as acetylcholinesterase and
organophosphate hydrolase are combined with nanoparticles to make enzyme-nanoparticle crossovers. Enzyme-modified
nanoparticles can catalyze responses that result in flag intensification, permitting location of lower concentrations of
organophosphates. Chemicals typified in nanomaterials such as liposomes have expanded soundness and are superior
secured from natural influences. This epitome guarantees the life span of chemical movement within the capture prepare.
The utilize of biocompatible nanomaterials for protein epitome increments the compatibility of enzyme-modified nano
biosensors with organic frameworks (Kumar and Madhuri, 2022). Proteins can be immobilized on graphene surfaces to make
graphene-enzyme cross breeds that combine graphene's great conductivity and enzymatic action to move forward detecting
execution. Proteins can be implanted in nanocomposites containing different nanomaterials. This synergistic approach
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combines the special properties of each component to make a multifunctional stage for organophosphate location.
Consolidation of proteins into nanocomposites empowers biocatalytic responses that increase the flag, contributing to the
affectability and selectivity of nano biosensors. Nanozymes are nanomaterials that display interesting enzyme-like exercises.
These materials, such as metal oxide nanoparticles, imitate the catalytic properties of proteins and can be custom fitted for
particular discovery of organophosphates. Nanozymes regularly have made strides solidness and reproducibility compared
to normal proteins, addressing some of the challenges related with enzyme-based sensors. Enzyme-modified nano
biosensors progressively incorporate biodegradable nanomaterials. This eco-friendly approach guarantees that the
nanomaterials utilized within the sensor have negligible natural affect (Aggas and Guiseppi-Elie, 2020).

Fabrication and Strategy Distresses and Collection of Nanomaterials

The choice of nanomaterial impacts the affectability, selectivity, and generally execution of the sensor. Consider the
special properties of nanomaterials such as conductivity, optical properties, and surface region. These properties must
coordinate the specified capture instrument and transmission strategy. Guarantee that the chosen nanomaterials are
biocompatible to maintain a strategic distance from antagonistic impacts when association with natural components.
Biocompatibility is exceptionally critical for applications including living beings (Mahmoudpour et al, 2022). Select
nanomaterials that are steady and solid so that they can keep up their detecting properties over time. Select nanomaterials
that can be effectively functionalized with organic components (proteins, antibodies, aptamers, etc.). Functionalization
increases the specificity of the sensor for the discovery of organophosphates. (Xu et al., 2021).

Arrangement of Organic Elements

Effective integration of organic components is basic for the specificity and selectivity of nano biosensors. Natural
components such as antibodies play an imperative part for detecting organophosphate buildups. Components should be
selected with high partiality and specificity for organophosphates (Naresh and Lee, 2021). Depending on the sensor
necessities, proteins, antibodies, and aptamers are commonly utilized components. Utilize fitting immobilization methods to
guarantee steady connection of natural components to the nanomaterial surface. This may incorporate physical adsorption
or covalent holding. Protecting the common structure and work of proteins and antibodies is basic for precise and
dependable location (Kozitsina et al., 2018)

Optimization of Detecting Limitations

Optimization of sensor parameters is imperative to realize the required execution characteristics of nano biosensors.
Optimize pH and temperature conditions to guarantee solidness and movement of organic components. Decide the ideal
brooding time for the sensor to associate with the test. For real-time applications, it is vital to adjust adequate interaction
time with the require for fast location. Fine-tune sensor parameters to lower discovery limits, particularly for follow sums of
organophosphate buildups. This increases the affectability of the nano biosensor. Build up a strong calibration convention
to relate the sensor reaction with known concentrations of organophosphate. Standard calibration guarantees the exactness
and unwavering quality of place originates approximately (Kulkarni et al., 2022).

Reduction and Suitability

The miniaturization of nano biosensors is of extraordinary significance for field and point-of-care applications. We plan
a nano-biosensor with a compact and coordinates engineering to play down the general gadget measure. The compact plan
makes it simple to utilize in different situations. Optimizes sensor control utilization to empower battery operation.
Coordinated a little readout framework consistent with the measure of the sensor. This may incorporate on-chip hardware
or remote communications for information exchange. Guaranteeing the robustness of the nano-biosensor plan to resist
natural conditions and taking care of amid field utilize. The vigorous sensor is appropriate for field applications. We plan the
nano biosensor for user-friendly operation and negligible preparing necessities. Real-time information collection helps in
opportune decision-making in applications such as food security review (Yildirim-Tirgil, 2023).

Discovery in Fruits and Vegetables and in other Food Commodities

Nano biosensors are utilized in different applications to guarantee the security and quality of natural products and
vegetables by recognizing organophosphates. Nano biosensors can be utilized for pre-harvest checking to survey the
organophosphate buildups in crops. This permits proactive measures to be taken to play down defilement some time
recently collect. The use of nano biosensors at the post-harvest arrange encourages fast quality control assessment. Real-
time discovery permits opportune assurance of whether natural products and vegetables are appropriate for utilization.
Nano biosensors can offer assistance in screening particular natural products and vegetables.(Mukherjee et al., 2022).

Detecting in Grains and Cereals

Nano biosensors play an imperative part in checking grains for organophosphate tending to food security issues in
staple crops. Nano biosensors can be utilized to screen organophosphate levels amid grain and grain capacity and
transportation. This guarantees the security of put away food. When analyzing food commodities including cereals or grains,
nano biosensors can offer assistance evaluate the relocation of organophosphate buildups. Nano biosensor integration
underpins supply chain traceability by giving data on organophosphate defilement status at distinctive stages of the grain
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generation (Singh et al., 2024).
Evaluation in Meat and Dairy Products

Nano biosensors are important instruments for surveying organophosphate buildups in meat and dairy items,
contributing to the security and quality affirmation. Applications incorporate the utilize of nano biosensors to screen
organophosphate defilement in animals bolster (Wahab et al., 2024). This approach makes a difference in anticipating
buildup exchange from nourish to creature items. Versatile nano-biosensors encourage on-site testing in meat and dairy
handling plants, permitting quick location of organophosphate buildups in crude materials and wrapped up items. Nano
biosensors contribute to drain quality control by measuring organophosphate substance. (Bhattacharya et al., 2022).

Experiments in Multiple Food Situations

In spite of propels in nano biosensor innovation, challenges stay when working with complex nourishment frameworks.
The complex frameworks such as fats, proteins, and sugars in food commodity can influence the discovery of
organophosphate. The improvement of productive and standardized test planning strategies is critical to extricate and
concentrate organophosphates from complex nourishment lattices. Cross-reactivity with other compounds display in
nourishment lattices postures a challenge to the specificity of nano biosensors, and potential bewildering variables ought to
be altogether tried to guarantee precise discovery. There's. Comprehensive approval and compliance with administrative
rules are required to guarantee that nano biosensors meet administrative measures and are acknowledged by the
nourishment industry. The advancement of cost-effective and scalable fabricating forms will contribute to the
commercialization of these sensors within the nourishment industry (Choudhary and Kumar, 2018).

Enactment Assessment and Validation and Evaluation with Traditional Methods

We approve the execution of our nano biosensor in comparison with set up reference strategies for organophosphate
discovery. These may incorporate chromatographic procedures, mass spectrometry, or enzyme-linked immunosorbent tests
(ELISA). A relationship think about is performed to decide the relationship coefficient between the nano biosensor comes
about and the conventional strategy comes about. The solid relationship demonstrates the unwavering quality of the nano
biosensor. The most advantage is the quick reaction of nano biosensors. Assess the compatibility of nano biosensors with
complex nourishment networks in comparison with conventional strategies. Determine the sensor's capacity to supply
precise comes about within the nearness of different nourishment components (Mukherjee et al., 2022).

Field Testing and Existing Biosphere uses

Conduct on-site testing in real-world situations, counting, a cultivate or nourishment handling plant. Assess the
execution of the nano biosensor beneath field conditions. Test your nano-biosensor employing an assortment of
nourishment tests, counting natural products, vegetables, grains, cereals, meat, and dairy items. Assess the strength of the
nano biosensor by uncovering it to changes in natural conditions such as temperature. Guarantees sensor usefulness in
different situations. Examine the long-term soundness of the nano biosensor with broad field testing. Meet all lawful
necessities and illustrate that your sensor complies with set up rules. Assemble input from conclusion clients such as
nourishment reviewers, ranchers, and nourishment industry specialists on the ease of use and viability of nano biosensors
(Sharma et al., 2021).

Monitoring Opinions and Compliance with Food Safety Values

Guarantee that usefulness of the nano biosensor complies with existing nourishment security controls and measures
built up by administrative specialists such as the Nourishment and Medicate Organization (FDA), or the European
Nourishment Security Specialist (EFSA), if you don't mind affirm. Approve the execution of the nano biosensor against the
set-up limits of organophosphate buildups in nourishments. Compliance with these limits is basic for sensor
acknowledgment and usage within the nourishment industry. Meets exactness and precision prerequisites set by
administrative benchmarks. Take after standardized conventions for approval and testing suggested by administrative
specialists. This incorporates rules for test arrangement, calibration, and execution assessment to guarantee consistency of
comes about. Comprehensive documentation of nano biosensor approval considers, counting affectability, specificity, and
comparisons with conventional strategies (Olawore et al.,, 2024).

Approval Procedures for Nano Biosensors

Pre-submission discourses with administrative specialists to get direction on the nano biosensor endorsement handle.
Early dialogs can offer assistance adjust desires and address potential concerns. Get ready and yield a comprehensive
information bundle counting execution information, and prove of security and adequacy of the nano biosensor. This format
will serve as the premise for your formal appraisal. Conduct an intensive evaluation considering the conceivable dangers
related with the utilize of nano biosensors within the nourishment industry. Address security concerns and give chance
moderation procedures as portion of your administrative proposition accommodation (Upadhyay et al., 2022). Guarantee
that the nano-biosensor fabricating prepare complies with Great Fabricating Hones (GMP). GMP compliance is fundamental
to preserve item quality, consistency, and traceability. Set up a post-market observation instrument to screen nano biosensor
execution and security after administrative endorsement. These nonstop observing guarantees that any issues that emerge
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are tended to instantly (Noor Hasnan et al., 2022).
Experiments and Upcoming Controlling Developments

We address the challenge of standardizing testing conventions for nano biosensors, particularly considering the
nonappearance of broadly acknowledged benchmarks. Work with controllers and industry partners to construct agreement
on testing strategies. We emphasize intrigue collaboration between researchers, and administrative specialists to address
the complexities of nanotechnology in biosensor improvement. Joint endeavors will empower a comprehensive
understanding of security and adequacy perspectives. Administrative offices may have to be overhaul their rules and
assessment criteria to reflect propels in nano biosensor plan and usefulness. We value data transparency and effective
communication throughout the regulatory process. Providing clear and easy-to-understand information will help regulatory
authorities understand the properties of nano biosensors and facilitate decision-making. We advocate international
harmonization of regulatory standards to create a consistent regulatory environment for nano biosensors. Harmonization
reduces barriers to accessing global markets and optimizes approval processes. Recognize the ethical and social implications
associated with nano biosensor applications (Kose et al., 2022).

Impending Instructions and Experiments and Developing Technologies

We explore the use of novel nanomaterials with improved properties for nano biosensors. Advances in nanotechnology
have introduced materials with superior sensitivity, stability, and biocompatibility, improving the overall performance of
sensors. Integrate machine learning and artificial intelligence algorithms into nano biosensor systems to improve data
analysis and interpretation. These technologies can improve the accuracy of detection, especially in complex food matrices.
Explore the fusion of nanotechnology with other emerging fields such as synthetic biology and 3D printing to create
multifunctional nano-biosensors with advanced features. This empowers real-time observing of nourishment quality and
security amid capacity and transportation, giving moment data to buyers and partners (Chauhan et al,, 2021).

Addressing Sensitivity and Selectivity Substances

Create and optimize acknowledgment components such as aptamers and molecularly engraved polymers with
expanded liking and specificity for organophosphates. Fine-tuning these variables can address affectability and selectivity
challenges. Coordination distinctive detecting implies, such as optical and electrochemical, increments the by and large
affectability and gives complementary data. Methods such as nanomaterial-based intensification and catalysis can increase
signals in reaction to organophosphate official. Ceaseless checking gives more comprehensive understanding into transient
varieties and presentation designs (Mahmoudpour et al.,, 2022).

Conclusion

Creating new small biosensors that can find harmful chemicals in food is a big step forward in making sure food is safe
to eat and keeping people healthy. Finding a problem early helps us to act quickly and make it less severe. Old ways to find
Organophosphate are less efficient and take too much time. Nano biosensors are a good option to help with these problems.
Nano biosensors can detect organophosphate residues very quickly and accurately. New technologies like SERS, quantum
dot-based biosensors, and graphene-based nano biosensors are making it easier to detect things. Tiny materials that have
been changed by enzymes can help substances to react faster and more specifically. This can be a useful way to find and
measure organophosphates. Important for making nano biosensors work well: picking the right nanomaterial, combining it
with biological elements, adjusting the sensor settings, and making it portable. The new nano biosensor technology will help
make sure that food is safe to eat all around the world. This will make it easier to trade food between different countries and
keep safety standards the same everywhere. Tiny biosensors may change how we check if our food is safe to eat. The scientific
community can make sure that our food is safe by dealing with problems, coming up with new ideas, and working together

REFERENCES

Aggas, J. R, and Guiseppi-Elie, A. (2020). Responsive polymers in the fabrication of enzyme-based biosensors. In Biomaterials
Science (pp. 1267-1286). Elsevier.

Bhattacharya, M., Paul, I. D., Jayachandran, L., Halder, S., and Banerjee, S. (2022). Nanobiosensors: Principles, techniques, and
innovation in nanobiosensors. In Biosensors in Food Safety and Quality (pp. 85-110). CRC Press.

Chadha, U., Bhardwaj, P., Agarwal, R, Rawat, P., Agarwal, R., Gupta, I, Panjwani, M., Singh, S., Ahuja, C., and Selvaraj, S. K.
(2022). Recent progress and growth in biosensors technology: A critical review. Journal of Industrial and Engineering
Chemistry, 109, 21-51.

Chauhan, N., Saxena, K. Tikadar, M., and Jain, U. (2021). Recent advances in the design of biosensors based on novel
nanomaterials: An insight. Nanotechnology and Precision Engineering (NPE), 4(4).

Chawla, P., Kaushik, R. Swaraj, V. J. S., and Kumar, N. (2018). Organophosphorus pesticides residues in food and their
colorimetric detection. Environmental Nanotechnology, Monitoring and Management, 10, 292-307.

Che Sulaiman, I. S., Chieng, B. W., Osman, M. J,, Ong, K. K,, Rashid, J. I. A, Wan Yunus, W. M. Z,, Noor, S. A. M., Kasim, N. A.
M., Halim, N. A., and Mohamad, A. (2020). A review on colorimetric methods for determination of organophosphate
pesticides using gold and silver nanoparticles. Microchimica Acta, 187(2). https://doi.org/10.1007/S00604-019-3893-8



https://doi.org/10.1007/S00604-019-3893-8

381

Choudhary, D., and Kumar, S. (2018). Nanotechnology applications in agricultural and biological engineering. In Sustainable
Biological Systems for Agriculture (pp. 21-54). Apple Academic Press.

Christopher, F. C., Kumar, P. S., Christopher, F. J,, Joshiba, G. J., and Madhesh, P. (2020). Recent advancements in rapid analysis
of pesticides using nano biosensors: a present and future perspective. Journal of Cleaner Production, 269, 122356.
Chugh, V., Basu, A, Pudake, R. N, Saha, R, and Basu, A. K. (2023). Recent progress in aptamer-based smart detection

techniques for agriculture. Impedance Spectroscopy and Its Application in Biological Detection, 223-244.

Dickey, B., Madhu, L. N, and Shetty, A. K. (2021). Gulf War illness: mechanisms underlying brain dysfunction and promising
therapeutic strategies. Pharmacology and Therapeutics, 220, 107716.

Dincer, C,, Bruch, R, Costa-Rama, E., Fernandez-Abedul, M. T., Merkogi, A., Manz, A, Urban, G. A., and Guder, F. (2019).
Disposable Sensors in Diagnostics, Food, and Environmental Monitoring. Advanced Materials, 31(30).
https://doi.org/10.1002/adma.201806739

Fu, H., Tan, P, Wang, R, Li, S., Liu, H,, Yang, Y., and Wu, Z. (2022). Advances in organophosphorus pesticides pollution: Current
status and challenges in ecotoxicological, sustainable agriculture, and degradation strategies. Journal of Hazardous
Materials, 424(PB), 127494. https://doi.org/10.1016/j.jhazmat.2021.127494

Hashem, A, Hossain, M. A. M., Al Mamun, M., Simarani, K., and Johan, M. R. (2021). Nanomaterials based electrochemical
nucleic acid biosensors for environmental monitoring: A review. Applied Surface Science Advances, 4, 100064.

Huang, X., Zhu, Y., and Kianfar, E. (2021). Nano biosensors: properties, applications and electrochemical techniques. Journal
of Materials Research and Technology, 12, 1649-1672.

Kose, U., Prasath, V. B. S, Mondal, M. R. H., Podder, P., and Bharati, S. (2022). Artificial Intelligence and Smart Agriculture
Applications. CRC Press.

Kozitsina, A. N., Svalova, T. S., Malysheva, N. N., Okhokhonin, A. V, Vidrevich, M. B., and Brainina, K. Z. (2018). Sensors based
on bio and biomimetic receptors in medical diagnostic, environment, and food analysis. Biosensors, 8(2), 35.

Kulkarni, M. B., Ayachit, N. H., and Aminabhavi, T. M. (2022). Recent Advancements in Nanobiosensors: Current Trends,
Challenges, Applications, and Future Scope. Biosensors, 12(10). https://doi.org/10.3390/bios12100892

Kumar, S., and Madhuri, R. (2022). Integrated Biosensors for Rapid and Point-of-Care Biomedical Diagnosis. In Advanced
Microfluidics Based Point-of-Care Diagnostics (pp. 167-190). CRC Press.

Mahmoudpour, M., Karimzadeh, Z.,, Ebrahimi, G., Hasanzadeh, M., and Ezzati Nazhad Dolatabadi, J. (2022). Synergizing
functional nanomaterials with aptamers based on electrochemical strategies for pesticide detection: current status and
perspectives. Critical Reviews in Analytical Chemistry, 52(8), 1818-1845.

Meliana, C, Liu, J., Show, P. L, and Low, S. S. (2024). Biosensor in smart food traceability system for food safety and security.
Bioengineered, 15(1), 2310908.

Mitra, T., Sahoo, S. K., Banerjee, A, Upadhyay, A. K., and Hasan, K. N. (2022). Potential of Nanobiosensors for Environmental
Pollution Detection: Nanotechnology Combined with Enzymes, Antibodies, and Microorganisms. In Nanotechnology for
Environmental Pollution Decontamination (pp. 189-218). Apple Academic Press.

Mukherjee, S., Ghosh, K., Bhattacharyya, S., Behera, B. K., Singh, O. K, and Pal, S. (2022a). A review on recent trends in
advancement of bio-sensory techniques toward pesticide detection. Food Analytical Methods, 15(12), 3416-3434.

Mukherjee, S., Ghosh, K., Bhattacharyya, S., Behera, B. K., Singh, O. K., and Pal, S. (2022b). We approve the execution of our
nano biosensor in comparison with set up reference strategies for organophosphate discovery. Food Analytical Methods,
15(12), 3416-3434.

Naresh, V., and Lee, N. (2021). A review on biosensors and recent development of nanostructured materials-enabled
biosensors. Sensors (Switzerland), 21(4), 1-35. https://doi.org/10.3390/s21041109

Noor Hasnan, N. Z,, Basha, R. K, Amin, N. A. M., Ramli, S. H. M., Tang, J. Y. H., and Aziz, N. A. (2022). Analysis of the most
frequent nonconformance aspects related to Good Manufacturing Practices (GMP) among small and medium
enterprises (SMEs) in the food industry and their main factors. Food Control, 141, 109205.
https://doi.org/https://doi.org/10.1016/j.foodcont.2022.109205

Olawore, O, Ogunmola, M., and Desai, S. (2024). Engineered Nanomaterial Coatings for Food Packaging: Design,
Manufacturing, Regulatory, and Sustainability Implications. Micromachines, 15(2), 245.

Ramakrishnan, B., Venkateswarlu, K., Sethunathan, N., and Megharaj, M. (2019). Local applications but global implications:
Can pesticides drive microorganisms to develop antimicrobial resistance? Science of the Total Environment, 654, 177-
189.

Sahu, P, and Kashaw, S. K. (2023). Polymeric Nanocomposites-Based Agricultural Delivery: Recent Developments, Challenges,
and Perspectives. Agricultural and Environmental Nanotechnology: Novel Technologies and Their Ecological Impact, 287—
313.

Samadder, S., and Rao, D. (2023). Chapter-13 Role and Importance of ICT in Agricultural Extension. Recent Trends in
Agriculture, 199.

Sargazi, S., Fatima, |., Kiani, M. H., Mohammadzadeh, V., Arshad, R., Bilal, M., Rahdar, A., Diez-Pascual, A. M., and Behzadmehr,
R. (2022). Fluorescent-based nanosensors for selective detection of a wide range of biological macromolecules: A
comprehensive review. International Journal of Biological Macromolecules, 206, 115-147.

Serafinelli, C., Fantoni, A, Alegria, E. C. B. A, and Vieira, M. (2022). Plasmonic metal nanoparticles hybridized with 2D
nanomaterials for SERS detection: A review. Biosensors, 12(4), 225.



https://doi.org/10.1002/adma.201806739
https://doi.org/10.1016/j.jhazmat.2021.127494
https://doi.org/10.3390/bios12100892
https://doi.org/10.3390/s21041109
https://doi.org/https:/doi.org/10.1016/j.foodcont.2022.109205

382

Sharma, P., Pandey, V., Sharma, M. M. M., Patra, A, Singh, B., Mehta, S., and Husen, A. (2021). A Review on Biosensors and
Nanosensors Application in Agroecosystems. Nanoscale Research Letters, 16(1). https://doi.org/10.1186/s11671-021-
03593-0

Singh, A., Rajput, V. D, Varshney, A, Sharma, R, Ghazaryan, K, Minkina, T., Alexiou, A, and El-Ramady, H. (2024).
Revolutionizing Crop Production: Nanoscale Wonders-Current Applications, Advances, and Future Frontiers. Egyptian
Journal of Soil Science, 64(1).

Stephanie, R, Kim, M. W., Kim, S. H., Kim, J.-K,, Park, C. Y., and Park, T. J. (2021). Recent advances of bimetallic nanomaterials
and its nanocomposites for biosensing applications. TrAC Trends in Analytical Chemistry, 135, 116159.

Tripathi, A., and Bonilla-Cruz, J. (2023). Review on healthcare biosensing nanomaterials. ACS Applied Nano Materials, 6(7),
5042-5074.

Uniyal, S, and Sharma, R. K. (2018). Technological advancement in electrochemical biosensor based detection of
Organophosphate pesticide chlorpyrifos in the environment: A review of status and prospects. Biosensors and
Bioelectronics, 116, 37-50.

Upadhyay, S. K., Kumar, S., Rout, C., Vashistha, G., and Aggarwal, D. (2022). Risks and Concerns of Use of Nanoparticles in
Agriculture BT - The Role of Nanoparticles in Plant Nutrition under Soil Pollution: Nanoscience in Nutrient Use Efficiency
(V. D. Rajput, K. K. Verma, N. Sharma, and T. Minkina (eds.); pp. 371-394). Springer International Publishing.
https://doi.org/10.1007/978-3-030-97389-6 16

Wahab, A., Muhammad, M., Ullah, S., Abdi, G., Shah, G. M., Zaman, W., and Ayaz, A. (2024). Agriculture and environmental
management through nanotechnology: Eco-friendly nanomaterial synthesis for soil-plant systems, food safety, and
sustainability. Science of The Total Environment, 171862.

Willner, M. R, and Vikesland, P. J. (2018). Nanomaterial enabled sensors for environmental contaminants. Journal of
Nanobiotechnology, 16, 1-16.

Xu, W., He, W., Du, Z, Zhu, L, Huang, K, Lu, Y., and Luo, Y. (2021). Functional nucleic acid nanomaterials: development,
properties, and applications. Angewandte Chemie International Edition, 60(13), 6890-6918.

Yildirim-Tirgil, N. (2023). Flexible Nanobiosensors in Biomolecular Detection and Point of Care Testing. In Handbook of
Nanobioelectrochemistry: Application in Devices and Biomolecular Sensing (pp. 175-198). Springer



https://doi.org/10.1186/s11671-021-03593-0
https://doi.org/10.1186/s11671-021-03593-0
https://doi.org/10.1007/978-3-030-97389-6_16

