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Abstract:

Today life cannot be expected without these types sensitive devices to run life in a pace, many
biosensors have numerous daily use approaches. Now trend of wearing sensors, is there as
watches, fitness band, ECG monitor, Oxymeter, Accelerometer, breathing sensor, motion sensor,
e-health sensor and Galvanic sensor etc. such technology combined with nano-particles become
a boon to many appliances and procedures. Their working knowledge and bio-synthesis with bio-
molecules and markers with DNA hybridization and biotechnology made life simple easy to
monitor and not tedious one. Here discussed the various types of sensors, main concern to bio-
electrochemical bio-sensors, various transducers to the desired signal into electricity or utilizable
physical quantity. Also new ventures in this field are discussed. Now, this
applications typically used everywhere compound examined must be performed rapidly, correctl
y, and close to the location of the sample.

With rising degrees of difficulty with computer its information transport, with discovery of these
simple and efficient materials, application in  various fields to gather as
well analyse illustration that are not related to their interpretation.

Keywords: Bio-Sensors, Transducer, nano-particles, Electrochemical Sensors etc.
Biosensors Introduction:
It is the area which changed life of many and bring about life for many. Interest in

electrochemical biosensors increased as in membrane not interacted, these biosensors are either
coated or placed as probe, ligand pairs and beads made of metallic compounds develop some of
measurable analytes, on the membrane of biological molecules to calculate the signals
production of including microorganisms, proteins and nucleic acids electrochemically. with
simple and efficient sensing some analytes or may be any molecule react with compound, giving
electricial signals whih are measured even in little quantity. Sometimes these signals are using
certain transducers: (Potentiometric, Amperometric, Impedimetric etc.) to convert the other
nature of signal (chemical) into electric given by any bio-element.

Biosensors distinct as self-reliant incorporated devices so as to aptitude, gives a required and

dependent on precise, measured and an qualitative/semi-quantitative, based on any device giving



desired information along-with some living acknowledgment aspect or component in contact
transductional part of sensor.

Such analytical devices only detect desired output due to biological alteration during processes.
It gives a simple detectable signal in fraction of seconds only because of alteration done in
biological components. Thereby providing easily reusable so economical, stable and desired
sensitive information.

The new features described as reutilization, cost effective, chemically stable and sensitive also,
need the description of such components needed in bio-sensing equipments:

The device specifically has sensor, transducer, and electric circuit.
Sensor/ detector easily finds any response in primary phase, detects that's an organic aspect. It’s
miles a bio-chemical agent to transfer information of desired analyte interaction to produce
compositional change determining electrical signal. Transducer far a bodily thing which
strengthen bio-chemical signal obtained in display, converted electric signal is obtained in
doable manner.

Electric circuit or processor related element obtains sign conditioning division, as final display.
Precept of works on these bio-senors transducers signs also biological appreciation in elements.
Organic biological substances i.e. enzyme, antibody, nucleic acid, hormone, organelle
or whole cell can be used as sensor or detector in a tool. Many favored biological mol is mostly
and particularly deactivated enzyme.
The deactivated enzyme is placed in proximity to the transducer.
The examined analyte links to the specific enzyme (bio-receptor) and inducing a trade in
biochemical property of enzyme. An alternatively action of reversal or change with enzyme-

receptor gives a digital reaction through an electroenzymatic technique.
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Figure 1: Basic principal of Glucose monitoring approaches

Electroenzymatic method, such a procedure in conversion chemical process with enzymes
detects particular electric signal output from useful resource from transducer. Obtained
electric signal an immediate from analyte as well enzyme may be determined and precised.
Electrical shock  signals normally transformed any  graphical or  right examination as
well illustration.
Some these appliances can detect variations in physical characteristics of weather i.e. humidity,
drift speed of any fuel water or lubricants, system and surrounding difference in temperature,
changes in luminous intensity is analysed, even some can transform into desired, process
required changes into measurable parameters. Exemplary modification in ambient luminous
intensity, current or resistance based depth or other modifications to obtain desired output like if
less luminous intensity then Resistance is low or vice versa depends upon sensor to transform
any biological change into desirable signal output or luminous detection. Most of devices desires
development of bio-chemical products, binding in protein layers of cell, membranes, enzymes,
any tissue or even at microbial level and generates luminous or electric output signal with the
help of sensitive transducer an indicator, sensing bio-cellular bodies. Now, utilizing any electric
circuit digital, detector, display unit and microcontroller unit alongwith sensors.
Biomedical, agricultural, food, beverage, commercial, electrical, aerospace, defence, forensic an
d security industries.
While these analytically demanding situations are largely met with more and more cuttingedge in
strumentation combined with chemometrics and expert systems, the impact of biology on analyti
cal technological know-how should not be underestimated.
Perhaps, owing to a scarcity of biology knowledge, the reunion of biology and analytical chemist
ry occurred approximately halfway through the nineteenth century, when starch was determined
using a malt extract and guaiac tincture. The combination of a biological sensitive element and a
transducer is responsible for converting biological material into an electrical response in the form
of a signal.

Depending on the kind of enzyme, the transducer's output will be either current or

voltage.



It is acceptable if the output is voltage. However, if the output is current, the current must
be converted to equivalent voltage (through an Op-Amp-based current-to-voltage

converter) before proceeding.

Bio-element Sensor Parameters

Sensors elements

Any enzyme Electric Current
Antibodies Electric Potential
Nucleic-Acid Electric Impedance
Polysaccaride Cosetric
Microbial cell EM. radi.aﬁon
Intensity
Tissues Mass
cells Temperature
Viscosity

Figure 2: Various elements in biosensor and its parameters

The output voltage signal has low peak height in graph overlaid with high rate of recurrence
noise or energy source, signal to be boosted (through “Op-Amp-based amplifier”’) and then fed in
pass filter(low).

Until recently, however, conventional “wet”biological methods and “dry” physical instrumentati
on and computer approaches evolved along different path, distinct targeted

source analytes also passionate supporters, such field with statistical also in analytical research.

It represents contemporary drive integrate both “wet and dried up methodologies” also
streamlined investigative system. Researcher’s to perform novel analyses necessary for altering
environment  also immediately convert some  phenomenon biologically  occured to
electrical signal also provide major benefits such as high specificity, ease of use, and the possibil
ity of analysing molecules based on function =~ not  construction  or  shape. biological
organization especially useful as well must for

investigation near to where the sample is obtained, such as medical ward, all types of medical



physician's office, O.T., residences, administrative centers, thoroughfare highway
and battlefield.

What about analyte: it can be any of molecule i.e. sugar, metal ion, any peptide, polysaccharide,
protein, vitamins and may be toxin. On these any of the probe is coated to produce any signal.
three processes are utilized to deliver the analyte to the sensitive region, by changing the
concentration of solvent, putting microfluidies also filteration of selected one. Processes namely

desorption, extraction and detection involved in sample maintaining.

Basic principle of a glucose biosensor

GOX glucose oxidase

pP-D-glucose + O, + H,O Gluconolactone + H,O,

|n—>

Transducer

Analytical signal

Figure 3: Transformation and principle of biosensor of glucose

Characteristics can measured for

-sensitivity: value of electrode response per substrate concentration

-linearity: it is measured for substrate concentration and should be high in concentration for good
signaling

-Selectivity: particular to any inhibitor, reduces chemical inhibition and yields maximum stable
and improved result.

- Response time: required time to generate 95% of responses.

Combination with biological sensitive component device transducer also

charge of translating natural objects interested. As different enzyme or differences in their
selectivity determination of transducer's output will be either current or voltage.

Casel: output gives voltage inferences, everything in order. but in Case II received current
inferences that convert to comparable voltage (Op-Amp device for I to V converter) conversion

is always done.
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Figure 4: Working principal of Biosensors its elements and signal response
Das et al (2015) fabricated electrochemical biosensors for urea detection, using sulfonated

graphene oxide claimed low cost, less time and good efficiency.

Amperometric tech based urea biosensor constructed using ferrocene conducting polymer. on
PGE(pencil graphite electrode), aniline monomer(SNS) is electropolymerized, coating with
diaminoferrocene (DAFc)i.e. mediator and crosslinked glutaraldehyde with urease enzyme. For 2
s their current response is found linear but in range- 0.1-8.5and some parameters like applied

potential, thickness, Temp. and pH monitored.

(Dervisevic et al 2017),tested various biological samples (i.e. urine and blood ) proved excellent
results and least interference.

Conductometric biosensor for the urea detection and renal dialysis. Non-typical procedure in
“recombinant urease” restriction or may hold by use of technique of adsorption “silicalite nano-
porous particles”. The uniqueness of “recombinant urease” utilized bio-membranes, mainly
reliance, responses on protein.

Some studies based on urea biosensor in film composition alongwith developing “ ZnO-PVA”
with polymer assisted electro-deposition of oxides (i.e. ZnO). This thin film is “F-doped with
oxide SnO,” or may be glass (FTO) in PVA(soluble polyvinyl alcohol), attain a nano-porous
oxide layer in form of thin film with annealing process past treatment. formation
FTO/ZnO/Urs biosensor” took advantage of “ nanoporous ZnO film” providing such technology

using enzymes(urease) and making them electrically stable or hold/ static very easily and

excellent performance shown with different “Iso-electric point” (IEP). The description



procedures paying attention “analysis of the ZnO-PVA film” earlier than following annealing

process, the porosity of the prepared ZnO film effected(Rahmanian, Reza2015).

‘ Detection
‘ Extraction

Desorption

.Adsorption

Figure 5: processes in analyte deliver to handling to sensitive signal

A performance of “ammonium ion-specific copper-polyaniline nano-composite biosensors” took
trials on serum and matrix samples original obtain linear signal with good correlation in clinical
laboratory techniquesl5 sec. for detection also creatinine deaminase and urease combiendly

systematized (zhybak 2016).

Types of biosensors

With the growing research the bio-sensors are utilized of various application, new and ultimate
many sensors are manufactured.

figure 6: Shows the types of biosensors.

In this figure easily determine types biosensors commonly utilized for diverse applications.



¢ Thermal Detection
® Resonant biosensor

¢ Pizeoelectric biosensors
¢ lon- sensitive biosensors

Biosensors

e Optical biosensors
¢ Electrochemical biosensors

Transducer are of various types are based on utilization, many electrodes are are simple and
reliable. Some of disadvantages of each is mentioned. There is importance of transducer in bio-
sensor, its advantages and disadvantages are given in Table 1.

Table 1: showing the comparison of Transducers alongwith Advantages and Disadvantages.

Comparing Transducers

Transducer

Advantages

Disadvantages

Amperometric sensors

Sensitive, rapid response and
dynamic range

Indirect detection requires use
of labels

Oxygen and peroxide

electrodes

Simple and highly sensitive

Low sensitivity

Ion selective

effortless and consistent

dependable

Slow  output, necessitate
steady orientation electrode,
insufficient, quantitative as
liable to noise vulnerability

Potentiometric elecrtodes

Simple, sensitive, suitable for
turbid samples, can be used
for kinetic studies

Potential readings calculated
depends on factors unrelated
to analyte and  ionic
concentration as buffer
strength, molarity and pH

Fiber optic sensors

No electrical interference,
feasible for remote sensing

Ambient light can interfere,
high energy input and not
direct detection reported

Suface Plasmon resonance

Diret detection of
immunoreactions suitable for
calculating at sensors of
thickness 20 A°

Affected  with  dielectric
constant of medium adjacent
to SPR metal surfaces

Evanescent wave sensors

Unaffected from bulk solution,
no chemical interference

Low sensitivity absoption and
configuration and limited to
narrow analyte range, high
non-specific binding




Bulk acoustic and SAW | swift retort time , trouble-free, | stumpy compassion low seen
devices effortless, steady desired | in aqueous sol. as well
signal points needed output, | applications, interfering
cost effective and simple | imprecise binding non —
sample handling specific position. Resonance
frequency subject to changes
in interfacial viscosity

These are tested to get antibiotics in blood and stools, how long antibiotics cannot be taken in
long duration for clinical diagnosis and treatment.

Studies show that there may be release or absorption “electrochemical species”. Measurement of
signal through EC detector. Electrobio-chemical instrument rework impact of bio-
electrochemical interplay instrument used.

Sensor chemicaly tool renovate bio-chemical in sequence starts strength selected pattern aspects
in comprehensive bio-chemical analysis within device to obtain results. A detected signal
developed strength of aimed analyte “Electrochemical transducers” produces Faradic “I” reduced
method i.e. binding of bio-element tested in cells also antibody binding. Here electrochemical
now moves ahead with minimal or minute modification in deliberation, detected also checked.
-Conventional methods are time taking and less sensitive.

-independent of some factors which inculdes pH, stirring rate and temperature

-specific, also accurate and long time utilization

- durable as well as easy to carry and use

-Many times gives linear responses, small and ver minute errors and compatible biologically
also.

- Good in specificity, also need very little sample volume.

-Can be sterilized

-Rapid results in microseconds

“Glucose oxidase” utilized in “B-lactam antibiotic residues” results obtained very little conc. in
g/l also recognition level (in ppm) sensitivity level too low obtained (Setford et al.,1999 ).

Enzyme as recognition element

(Wu et al., 2012) “Antibiotic Neomycin” strength in g/l particularly in milk samples using paper
bearing “EC immunosensor”.  Sensitive, synthetic, modifiable, thermal stable antibodies
immobilized similar to DNA hybridization.

Use of aptamers as recognition element

It is found a reciprocal relationship among enhanced Tet concentration and diminished current.
EC detection e.g. honey, milk and milk powder. Mip (Molecularly imprinted polymers) as

recognition element as compared with required current in case of ERY and similar antibodies in




structure (i.e. oleandomycin and tilmicosin) this polymers also determined in quantity such as in
conc. range (from 5.0 x 10" ®to 1.1 x 10" > mol L™ ') at the MIP based EC sensor at the proposed
electrodes.

29 ¢¢

“Molecularly imprinted polymers” “artificial tailor-made receptors” in case of molecular
recognition.

Also obtained inference after binding of antibiotics gives very reduced faradic current.

As inference obtain redox tags in Fe */Fe ** groups with indicators i.e. hematein, methylene blue

are often done.

Use of redox tracer carbon nanotube, nanoparticles: EC sensors develop high sensitivity, allows
sensors with such less limit of recognition regulation control adulteration control through MRL
in food. But as long time involved, not cheaper as well as growing antibiotic residue.

According to World Health Organization estimations, reports high frequency HC Virus output of
positive results in people at low risk.

Anti-HCVantibody cannot make a distinction involving current before past disease since

maintains anti-HCV antibodies for life time

bottom -up
approach,
simple
proces, Low-
cost

fabrication of small
non-invasive sensors

lower and

upper
operational
range

increase
sensitivity
of sensors

Figure 7: showing some advantages to biosensor preparation using nano-technological
approaches

Main problem is not so cheap for pilot studies and for some daily expression is too labor

utilizing, less effective by RNA. The process is not cost friendly, labour affective and not utilized



on daily basis because the precption of HCV-RNA shows sometimes imprecise positive results
due to defect or impurity. Now there is need to develop some most preferable alternative
construction of many biosensor, having cost-effectiveness nano-structured metal oxides as ZnO.
The advantages of excellent sensitivity, rapid response, on knowledge ‘“Electro-chemical
immune-sensor” assembled particularly for label-free “EC immuno-sensor” finds and requests
new foundation like antigen; hepatitis C virus. glassy carbon electrode nano-composite
modified, developed from gold nanoparticles.

GCE with zirconia(Zr) nano-particle; chitosan synthesized in-situ reduction within any desired
cell or antibody easily using nano-compsite method. “nano-composites” values and charcterstics
explored using “UV-visible photometry” and “Transmission electron Microscopy”. “cyclic
voltammetry” ; “EIS” (electrochemical impedance spectroscopy) are used for assembly and

characterization.

In pursuit need to develop novel and trustworthy procedure to construct only single-step practice;
chitsosan as reducing agent maintained e-balance and done immbolization for synthesis of
immnosensor. Immuno-sensor exhibits oversensitive to this virus HCV (core antigen) found
good range of strength having detection limit of 0.17 ng mL™" also for diagnosis of virus. The
advantages are excellent sensitivity and rapid response.

“sandwich-type immune-sensor” constructed finds HCV core Ag. AuNPs/ZrO, Chitsan
nanocomposites prepared in-situ reduction method. AuNPs/SiO,-Chitosan nano-composite

integrate antibody (Ab,).

When in any active electrode or bioreceptor space element analyte is combined and consume the

oxygen, react to source across dual layer potential is premeditated set the potential of current.

Types and examples of Electro-Biosensors:

Amperometric, Potentiometric (Conducto-metric Biosensors) and Impedimetric Biosensors are
types of ElectroBiosensors.

It is well known components of sensing element i.e. electrodes (3); reference electrode and
operational & counter electrode as mainly supported as enzymatic hydrolysis and catalytic

process uptake e-, recognized as redox enzymes utilized for electrochemical biosensors.



Figure 8: Various parameters for Electrochemical sensing and types are compared

As analyte which is aimed, on dynamic electrode plane also the double layer will generate the
current and voltage in potential. There may be two cases a) e- flow is proportional to
concentration of analyte with fixed potential values. b) Potential measured at zero current flow
giving logarithmic responses. Considering potential of electrode (active) is e- or current specific
and selective utilized. Also, direct detection of current ( label free probe) in case of proteins and
small peptides with inherent charges using “bio-functionalized ion-sensitive field” effect
transistors.

Amperometric: total quantified current produced is detected when generated by bio-
electrochemical process, is compared with strength of substrate also with potentiometric
biosensors. Quantities like reaction rate/ time, ranges of current and energies with sensitivity
compared. Clark oxygen electrode is utilized frequently in this type of bio-sensors. Hybrid,
integrated devices with self contained electrode provide information of values of current,
oxidation and quantitative analytic/ instrument based information. Detected values of e- current
flow, redox response between counter electrode (operational). It made essential by finding

appropriate analyte.



Potentiometric: These mainly “ion-selective electrode” able to convert any biological response
into electronic responses, producing logarithmic scale responses within high range of electronic
response energy. Electrodes prototypes monitoring or determining synthetic substrates covered
with performing polymer, enzyme associated. It allow recognition of analytes, comprised of two
electrode giving strong and responsive signal, attained with HPLC, LC/MS exact model
research. Biosensors require least sample amount and troubled analyte as well biological
component to be detected. Any signal ( Physical and electrochemical) developed very thin
wafers also combined and modified in vitro process. By determining amend in ionic strength,
amount of water concentration, e- given out or taken as response redox, changes in pH with
labeling enzymes around substrate. Any bio-molecules( i.e.body or enzyme) can sense different
analytes in stumpy concentration with gate terminal (FET) modify the current source.

It is observed that the case of biosensors particularly Potentiometric are developed on ion
selective electrode(ISE) especially when used for Transistors i.e. selective field also have to
maintain the flow of ion; here some modified electrodes chemically treated with metal oxides for
high sensitivity are manufactured as well as some polymers which have electrodeposited layers
may be utilized for new generation solid state transistors screen printed electrode and other

devices etc.

Conductimetric biosensors: It mainly compute “Electrical conductance/ resistance” electrolyte
having reasonably low sensitivity.

Impedimetric Biosensor

In it both physical and chemical spectroscopy Electrochemical impedance, biosensors to find out

reactions catalyzed by biomolecules such i.e. cells and their genetic material(nucleic acid;

RNA/DNA).

Physical biosensor:

It is only esteemed elementary sensor provides initiative of inspecting human mind and
intelligence. Sensations of intelligence, capability of hearing, senses of sight/vision, touch
sensations, to respond an outside considerable stimulus, consequently a small number of

detecting apparatus with intention suggest feedback to any physical possessions of medium.



Piezo-electric Biosensors

As some investigational procedure for affinity law in interaction as well recording, also its
element work on law of oscillations transformed. Necessity is to either modify cell/ sensors
surface directly with an antigen or antibody any other portion attachment at tissue (stamped
polymer or molecule), detects any change into desired output information. It occurs due to
movement or jump on the plain in piezoelectric particle as oscillations. Some nano-particles are
utilized by declared within detection units.

Thermometric Biosensor

Such sensors are heat release or absorption connected, also worn to measure and thermometric,
such as serum cholesterol estimation. Cholesterol on oxidation with helps of enzymes and

generates heat and evaluation of “glucose, urea, uric acid, and certain fungal antibodies i.e.

penicillium sp.” concluded as biosensors.

Voltammetric Biosensor

These are made with carbon glue electrode and hemoglobin having 4 groups of the Iron or heme

(Fe), with reversible oxidation and reduction of Iron or heme (Fe) as in acrylamide.

* Transducer used to
generate a proportional
signal based on the
concentration of the
target analyte in an
enzyme enzyme
transducer device

* In order to analyze a
signal later, it can be
amplified, stored, and
processed

* Testing of genetic and
infectious diseases that is
simple, rapid, and
economical

* Detecting DNA
sequences is crucial in
many areas such as food
analysis, clinical
management, and
environmental
monitoring.

* For better recognition,
easier, faster and
cheaper, SAM & SELEX
technologies are used

Magnetic biosensors

* It uses crystals or
particles of super-
paramagnetic or
paramagnetic material to
detect biological
communications by
analyzing changes in coil
inductances or
resistances.

* The ability to gauge
changes within
magnetically persuaded
effects or magnetic
properties.



Optical Biosensor

Many devices sensing are based on optical principle, fibre optics and optoelectronic devices
transducers are employed represented compression, used optical optrode and electrode. It
involves some antibodies also enzymes like transducing elements are involved. It permits non-
electrical equipment sensing are accessed with extra gain as are not utilizing reference sensors.
Relative signal can easily be compared and light source of sampling sensor. These are classified
into two categories specifically “straight optical/ labeled detection biosensors”.

W.B. Sensors for human needs as some sensors as utilized digitally and worn by us i.e. smart-
bands, watches, T-shirts, some tattoos allowing blood glucose level, B.P. ,tattoos, heart-beat rate
also sensors give signal of improvement in world. WBS can experience patient real time fitness,
oxygen level SPO,, pulse rate etc for accessibility data for clinical choices, affect enhanced
health results as well proficient utilization in health systems. In especial use of pre-mature
acknowledgment in issues related to physical condition, fitness actions may be helpful in
avoidance of hospitalization sensors assistance is required. For re-admissions and admissions and
determine or minimize the hospital stay it may be proven positive awareness and new aspects in
future, diagnosis and investigation of other health ailments W.B.S are absolutely pocket friendly

“wearable health equipment” for young generation.

. Thermal detection
Immunosensors Resonant biosensors ;
biosensor

* Their high affinity for * biosensor having * Biological sensors use
their antigens, transducer to it only basic biological
antibodies possess the acoustic wave can be reaction properties to

ability to combine or
interact through the
components of the host
immune system with
particular antigens
such as toxins or
pathogens

An affinity ligand
solid-state device is
used to connect an
immunochemical
reaction to a transducer

connected through any
one of bioelement
analyte” fragment is
connected toward
material, natural or any
cellular membrane,
then “m” membrane-
mass changed
transducer’s resonant
rate of recurrence also
alters determination of
frequency.

change temperature
when a reaction occurs.

ability to detect the
pesticides, disease
casing bacteria and
pathogens



Electrochemical DNA hybridization sensing strategies
In case of recognition in definite “DNA” progression; provide base on behalf of detection in

broad types; inherited in addition to infectious ailments. In such techniques combining electro-
phoretic partition with radio-isotopic detections. It is tedious as well more time occupying not
used in routine medical diagnosis. DNA sequences (geno-sensors) is extensive research area this
senerio, as well as in-vivo examining format; diagnosis for some diseases fastly and timely for
damage control and severity.

These genosensors may be Label based such as can be seen in hybridization process to occur as
indicators; specially some coordinating groups, cheletes or complexes also some specific dyes,
organic molecules are utilized in labeling.

Sometimes labelled probe can be utilized instead of coordinating label. Mostly some of metals
are labeled( i.e. Ag /Au Nanoparticles). Other than metals basic radicals amine(-NH,) and thio
groups(-SH) are required to label any probe.

Sometimes any lable free sensor to provide Bio-electrochemical signals; i.e. “DNA may be
purine based or guanine, adenine (Inosine)”

Application to Biosensors: benefits, limitations and future prospects

After the world war some of new diseases borne and have increased the complications, make it
necessary to have clinical analysis, also development of new salts of medicines,

Biosensors, pilot scale applications dependent on apparatus can be simple in usage, miniature,
small investment economically, speedy outcome and vast applications. It also establishes critical
function in quite a few supplementary areas of interests approximating engineering, commercial
or any industrial unit in dispensation, hi-tech cultivation techniques, products of food; generation
and processing also to contamination control etc. apart commencing from preferred medicine and

health based applications.

Medicine, Clinical and Diagnostic Applications

Various bio-sensors are part of modern living, health, fitness, diagnosing and monitoring
parameters of health, bio-chemical tests and vitamin deficiencies in body. Some key areas are
discussed commonly utilized in bio-sensing equipments and popular now a days for quick and

more sensitive; accurate determination of data physic-chemical.



Figure 8a) Infectious disease biosensor: data analysis and interpretation by micro-processor
Figure 8b) Pregnancy test kits: hcg detection its interpretation and data analysis

-monitoring urine glucose

-blood glucose levels

- laboratory based testing

- Milk testing

-blood pressure

- SpO; saturation levels

-urea in blood or urine both

-HCG hormone finding in pregnancy kits
-Dengi card test

-Rapid Antigen Corona testing

Flowchart showing bio-sensing apparatus used in above fields

Now, as easily available in health markets all kits and detectors using bio-sensors for commercial

and domestic use both as single usage, accurate; quick and less sample quantity is required.



These are utilized for several batches and run for many years and reused, can easily be disposed

off too.
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Figure 9a: Non-clinical applications of Biosensors
Figure 9b: showing Clinical Application of Biosensors




Environmental Monitoring:
It includes everything creating our surroundings; i.e. environment such as Air, water, wetlands.

Land area, for maintenance, monitoring and quality control; i.e. fertilizer residues, overdose of
pesticides over foliage and land creates pollution. All types pollution can be monitored, tested
but pollution in water is advantageous area of substantial research too, testing for nitrate
pollution, arsenic, cobalt, mercury and copper in water samples determine next world war will
targeted to use bio-weapons, So military, farmers, scientists can test various samples for
environment. Calculated ambient levels to actual levels for AQI testing; reduction in oxygen
levels (% vol)

Electro-chemical sensors be extensively devices in detection of toxic gases (ppm) level. lethal
gas sensors also accessible designed for a extensive array of gases, including CO, H,S (hydrogen

sulfide), SO,(sulfur dioxide), NO;, (nitrogen dioxide), chlorine, and many others.

Areas of Biosensors management needed

Gaseous and soil Monitoring(field) of Environmental concerns: all Abiotic components

Various quality maintainace check and Control

Managing all Process in Industries

Ecological pollution control

Figure 10: Biosensor for environmental Monitoring and pollutants in environment




Above written all managements done by some Environmental engineers or specific to industry
and show interest in sensors, monitoring of all toxic gases, % volume O, for daily and controlled
way by portable also fixed gas monitors, in EC sensors generates overall good performance. In
actual there are some interferences observed. After observation it is recognized that specificity is
along with gases and bio-sensors. The strength of bio-sensors especially in case gas sensors
interaction measured, with unique voltage breakdown bio-sensing from electric field for

ionization calculated current liberation or discharge bio-sensors device.

- Gas feeler sensor is a subclass of chemical sensors.

- Ranking in agro-products (i.e. coffee & spices)

- Home safety

- Detection in harmful gases in mines

- Alcohol breath tests

- Fire detection

- Boiler control

- Environmental monitoring

- Process control industries

Industrial applications

Many indigenous companies of india using BES for purposes i.e. typhoid detection kit by
collaboration of DRDE and IISc. Bangalore, Anti-microbial spray using silver nanoparticles and
herbal extracts developed by bhaskar centre for innovation & Scientific research, Chennai,
Tuberculosis kit by CSIO, DU chemistry dept. steroidal drugs encapsulation for drug delivery in

eye. Anticancer drug Paclitaxel and Nanoxel for drug delivery launched by Dabur.

Thereby some industries in India should enhance funding to R&D, product development, provide
new projects and ventures to research centers and central universities for generation of new start
ups, spin-offs and employment. Combining the both in proper direction and educate new talent,
consult and frost their innovative ideas to make new bio-electrochemical bio-devices and

SENSOrs.



Fermentation process is utilized to yield Alcohol, wine, whey, chesse and other item for
consumption. Also the culture of cell, bacteria and bioreactors are maintained for pilot scale
production of gases, fuel etc. sensing of these are done by bio-sensors, also designed to
determine, monitor and measure risk free fermentation and minimize cost of yield generation
also. Upgrading systems in drugs delivery and detection, fault removal required for dealing out
& supervising in Industrial sector. Industrial & Environmental Applications are interlinked
applications for bio-sensors.

Table 2: Industrial use of products based on biosensors

Development of nano-materials in pharmaceuticals and industrial sector (commercial use)

Company Product Nano-material used Indicators
Advanced Combidex Iron oxide nano- Tumor indication
Magnetics particle
Abraxis Abraxane Nano-particle Lung cancer, breast
Biosciences albumin cancer

Inecrt therapeutics cyclosertcamptothecin Cyclodextrin nano- | Metastatic tumors
particle

nanosphere Verigene platform DNA- Diagnostics
functionalized gold
nano-particle

Introgen INGN-401 Liposome Metastatic lung
cancer
Dabur Nanoxel DDS for anti cancer Breast ovarian
drug paclitaxel cancer
ImaRx MRX-952 Formulation of Oncology
Therapeutics Irinotecan

metabolite




Figurel1a)Coal m'injers using biosensors, data analysis
11b) Biocare biosensor platform: specific and good tool for developing biosensor

picture a)showing early biosensors for data and systematic sensors earlier in mining, also can be
Picture b) seen in biocare platform used now a days.

Hydrogen sensors

Very much new valued sensing devices, mainly thin film with MEMS active layer, basically
micro electro mechanical system or hotplate needed for fulfilling Hydrogen potential as fuel and
rocket fuel, clean sensor device with high in speed, sensitivity, stability and best in potential to
boost economy. It is future tech to sense hydrogen gas and use it in transport, agriculture,

aviation, space programmers’ and rocket fuel.

Figure 12: world leading companies are famous in developing biosensors, a description given
below.

MediaTek
BioDot

Custom biosensor manufacturer introduced MT6381 Smartphone Biosensor for health
measurements.

Biosensors Developers

. SD Biosensors, Inc.
Pinnacle Technology, Inc. . -
. . Diagonstic kits sensors developers
Enzymatic amperometric sensors

However this is not enough breakthroughs for the commercial use of viable technology in world

to access the biosensors, devices should be cheap and long lasting in results. Not more Asian and



developing nations are developing and manufactured such devices, great need of enhancement is
necessary.

Thus electrochemical sensors are the chief aspect in various fields mainly in health monitoring
related to various aspects.

-They are also helpful in monitoring our environment.

-They are also helpful in monitoring the human body and hence it is important in medical
sciences

- Chloride threshold sensors help in monitoring of the structures and hence predicting the life of

the structures

Food Industry
In such industries food components, their nutritional values and functional food color and eatable

synthetic food preservatives, taste enhancers, fermented drinks, soft drink, amino-acids, proteins
and alcohol. Commercial biosensors in big industries are already available in the market. Chesse,

Whey, yoghurt and milk products their qualities control.

Agricultural, and Veterinary applications
In Agriculture sector, finds too many applications as detection of pesticides, soil conductivity,
water logging and contamination of heavy metals in it. These are too applied in tumor and

detection of food, water toxicity in cattle’s and pets.

SWOT Analysis

Here as in figure also given the four parameters for determining the bio-sensors techniques future
goals and present needs, to minimize the side effects of technology and boon to various
industries, field of medicine, space technology, sports, agriculture, disaster control, managing

new epidemics, emerging diseases, mining, human health improvement and waste minimization.

Strengths
In EC sensor technology fundamental and most accepted strength is being cost-effectiveness.

It is found less time to show output, wide range of applications, discovered many electrode and

nano bio-sensors, sensitive and emerging areas for completion of future goals.



Weakness
In many developing nations lack of input of capital inflows for development of more research

oriented goals to fulfilled, research activities produces more aims and production of biosensors
and ECS now. Industries should collaborate with academics or IIT, CSIR, R& D centres and

and of the gap between the two fields.

r'Low-cost ] ( *lack between )
. Emerging Industry and
technology acamedia .
lack of capital
—_—
Oppoturnities
—
*Research & Anti-issues
Development *safety issues
*Increased *competetion from
poppulation neighbouring
\_demands Nations y

Figure 13: Swot analysis of biosensors

Opportunities

Everything lies in the opportunities to grab it. For the welfare of human race, never miss the new
research and technology and enhanced industrial and agricultural fields will provide more
strengthen to economy. Large human resource can be utilized in developing more engineers and
researcher’s to generate employment, fulfill the needs in each sector, diminishing the hurdles
enhancing the demands and needs and providing best laboratories facilities to fabricate

indigenous technologies.

Threats
Certainly threats are parts and parcel with opportunities, mostly countries are sufferers of

pandemic worldwide, population decreased, decreased medical facilities.
Terrorism is also key threat to locals of some state and UT as to be minimized. Competition

among the countries is backfire the energy and requirements in technology generation.



Poverty is the big hurdle in front of all of society, similarly safety is too a big issue in front of
government. Anti-social activities, campaign and issues must be controlled to raise the
technology over personal interest.

-Determination of various viral, fungal and some bacterial diseases of crops and bio-engineered
hybrid crops.

-Area of desired crop removed or left from destruction.

- Determination of freshness of food items, fish, beef and other food items.

-Determination of total microbes in food products

- food aldultration

- Soft food quantification

-Optical biosensor helps in glow of contamination agent, as well as bacteria will glow for
determining poison i.e. cyanide in food.

Conclusion
In particular dealing about the electrochemical sensing, it is very much sensitive and advanced

technology to fabricate something ideal for all applied uses. In discussion about biosensing
devices the EC types and methodology for utilization about very small volume of sample in
case electrochemical analysis. amperometry, voltammetry, and conductometry are EC electrodes
and modification in electrodes expressed,

Functional use in EC techniques in sensing the metallic pollutants, organic (i.e. pesticides,
herbicides, dyes, herbicide compounds, pharmaceutical complex), inorganic components also
detection of environmental pollutants, and different parameters of waste water. Many industries
are using this advance EC bio-sensor devices and new ventures for rapid, accurate,
discriminating selective, susceptible sensitive, easy-to-use systematic tools and analytical
apparatus designed for the investigation of chemical as well ecological illustration. The use of
Nano-tech devices or materials in EC sensors have to enhance for excelling in quality of life
improvement, these bio-sensors with nano- devices are boon to space technology too, will
enhance more chances to live and reach to other planets in solar system. Such bio-sensor
organization be successful even ideal for the tumor detection and examining, testing of food

adulterant, agricultural produce effected with fertilizers, pesticides and herbicides other



pollutants found in environment. While there is no necessity to do pre-treatment measures here.

Simply various development of original “electrochemical sensor systems” recapitulated as:

-validation and detection of target Chemicals within accepted global typical protocols;

-coherent plan of electrodes concerning bio-engineering, IT and nano-technology for more cheap
and generalized usage of biosensors

- to increase in selectivity and sensitivity toward the target compound/s;

-design and preparation of new sensors platforms

- simultaneous analysis of multi-components in CMS(complex medical samples);
-miniaturization of ECS;

- Automated implementation of ECS with distant control; constant recognition parameters of
certain toxic air and water pollutants;

-fabrication and commercialization of ECS

Many benefits of electrochemical biosensor can be extended to detecting low bio-analyte
concentrations by replacing single optical tags with millions of electrochemical labels bound to
micro-beads. This opens new applications for biosensor use in ultrasensitive detection of
pathogens for environmental, bio-security, and health surveillance including point-of-care and
point-of-use applications for microorganisms, proteins and nucleic acid targets.

More and more focus is given in testing and monitoring field of bio-sensors, basically antibodies,
their residues in blood, side effects, processing lines, and minimization of resides, waste disposal
in medical field. New and young generation must be cautious to develop technology reusable,
available easily, easily operated, cheap, food color natural, reusable dyes, green disposal
techiques for sensing and non- polluting also. EC Sensors must be useful in removing the
harmful effects of antibiotics, resistance mechanism must be elaborated in this field. Use of
sensors by sports person and athletes for performance improvement and monitoring is to be done
as per protocols and methodologies. Wearable sensors are important for monitoring pulse also
vital parameters in Covid era, self-testing kit for corona and rapid antigen kits prove the accuracy
to much extent and result is obtained within half an hour, decreased the rate of incidence o
spread of epidemics worldwide. Now more concentration by manufactures is to develop more
sensitive and accurate device is increasing instead of detection of an inorganic, complex chelate

organic compounds is not concerned.



It 1s “a device, which translates biological variables such as electric potentials, movement, or
chemical concentrations into electrical signals”. For us extra suitable description “a device that
uses specific biochemical reactions mediated by isolated enzymes, immunosystems, tissues,
organelles, or whole cells to detect chemical compounds, usually by electrical, thermal, or
optical signals”. Other description maybe as “a device that detect, records, and transmits
information regarding a physiological change or process”. In simple and easy way it is “an
analytical device, which converts the concentration of the target substance, the analyte, into an
electrical signal through a combination of a biological or biologically derived recognition system

either integrated within or intimately associated with a suitable physico-chemical transducer”.

In order to guarantee biocatalytic transformation preferentially electrical signal
obtained, enzyme catalyst, incorporated on any material and used for betterment of human race
and eugenics. For any biosensors scope of excellent performance is research based target and

emerging field along with enzymes and other techniques used in this century.
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