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Abstract 

 

Biosensors are devices that acquire 

impulses from the body and convert them 

into quantifiable electrical signals. It needs 

the integration of biological entities 

corresponding proteins/enzymes, RNA, and 

DNA to electrochemical transducers in order 

to distinguish and observe precise biological 

analytes, such as the way that antigens and 

antibodies interact. There are five sections to 

it.  We give a thorough overview of 

biosensors and biosensing technologies, as 

well as information on significant 

developments in the area and illustrations of 

the various biomolecular sensing methods. 

The use of biosensors has produced better 

outcomes and success in a number of 

settings, involving the identification of 

microbes, the environment, nutrition 

bioanalysis, and also medical labs. A variety 

of biological analytes can be detected with 

biosensors.  
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I. INTRODUCTION 

 

An analytical tool known as a biosensor produces signals that are proportionate to the 

analyte concentration in the reaction in order to detect biochemical responses. Biosensors are 

utilized for errands like exposure of pollutants, disease surveillance, pathogens detection, and 

drug development and illness indicators in bodily fluids (saliva, blood, sweat, urine) [1]. 

Biosensors are devices having receptor-transducer designs that could be applied to read the 

biochemical or biophysical characteristics within the medium, according to theory. A 

biological/organic recognition aspect, which permits the recognition of particular biological 

constituents in the medium, is an intriguing characteristic that sets these sensors apart from 

others [2]. 

 

II. BIOSENSOR SYSTEM AND ITS COMPONENTS 

 

A biosensor characteristically be made up of an antibody, enzyme, nucleic acid, cell, 

or aptamer as the bio-receptor, a semi-conductor or nanomaterial as the transducer, and an 

electronic organization that includes a processor, signal amplifier, and display [3]. In CMOS-

based microsensor systems, for occasion, transducers and electronics can collaborate [4, 5]. 

Frequently referred to as a "bioreceptor," the recognition component cooperates with the 

target analyte by means of biomolecules or receptors produced from biological systems. This 

interaction is measured by the biotransducer, which produces a detectable signal that is 

proportionate to the target analyte's concentration in the sample. The primary the design goal 

of a biosensor is to deliver quick, actual examinations at the facility of care or concern the 

location of sample collection [6, 7, 8].  

 

Typical biosensors include the ensuing components. 

 

 Analyte: A risky ingredient that must be located. For example, glucose is used as an 

"analyte" in the analysis of a biosensor with the ability to measure glucose. 

 

 Bioreceptor: A molecule known as a bioreceptor is one which acknowledges the 

analyte in a certain manner. A few examples of bioreceptors are cells, enzymes, DNA, 

aptamers and antibodies. The procedure for producing a indicator (in the form of 

light, heat, pH, charge or mass shift, etc.) as a reaction to the bioreceptor coming into 

interaction with the analyte is called as bio-recognition. 

 

 Transducer: One form of energy is changed into a different via a component referred 

to as a transducer. The transducer in a biosensor is responsible for converting a bio-

recognition experience into a calculable signal. Signalization is the duration for this 

energy transformation progression. Maximum transducers provide electrical or optical 

signals. 

 

 Electronic: The electronics component of the biosensor prepares the transduced 

signal for display by processing it. It is constructed of complicated electrical circuitry 
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that intensifies signals and converts analog signals into digital signals, between other 

signal conditioning responsibilities. The biosensor's display gadget after which 

quantifies the processed signals. 

 

 Display: An operator interpretation system gives the worker understandable figures or 

curves, similar to a computer's liquid crystal display or through printer. This element 

often comprises of a hardware-software setup that generates understandable biosensor 

results. The output signal can be numerical, visual, horizontal, or even an image liable 

on the display's necessities [1]. 

 

 
 

1. Characteristics of a Biosensor: Each biosensor has a unique set of static and dynamic 

characteristics. The optimisation of these features has an impact on the biosensor's 

functionality. 

  

 Selectivity: Selectivity may be the greatest a crucial component of a biosensor. The 

capability of a bioreceptor to recognize one particular analyte in a sample that 

contains different mixes and impurities is referred to as selectivity. The interaction 

between an antigen and an antibody is the greatest illustration of selectivity. On the 

surface of the transducer, antibodies are frequently immobilized and used as 

bioreceptors. The next step is exposing the antigen to a solution (typically a buffer 

such as salts), which is thereafter exposed to the transducer, which only allows 

antibodies to attach to antigens. When choosing bioreceptors, selectivity is a key 

factor to take into account when building a biosensor. 

 

 Reproducibility: The capability of the biosensor to give the same results under the 

same testing circumstances is referred to as reproducibility. Reproducibility is defined 

by the transducer and electronics of a biosensor, which are specific and precise. 

Precision is the ability of the sensor to reliably yield the same findings when a sample 

is tested multiple times, whereas accuracy states to the sensor's capability to provide a 

mean value that is reasonably near to the real value. Reliable and robust inferences 

about a biosensor's reaction are made possible by reproducible signals. 

 

 Stability: The stability of the biosensing system describes how vulnerable it relates to 

disruptions in the environment both inside as well as beyond it. These interruptions 

may cause the signals that a biosensor produces is being measured to drift. This can 

distort the concentration being measured and jeopardize the precision and accuracy of 

the biosensor. Stability is the furthermost vital factor in applications where a 

biosensor needs extended incubation times or continuous monitoring. The stability of 

a biosensor might be impacted by the response of electronics and transducers, which 

may be temperature-sensitive. The sensor must be properly tuned in order to produce 

a consistent reply. The grade to which the analyte connects with the bioreceptor and 
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its affinity may also have an impact on stability. High affinity bioreceptors, which 

promote the analyte's covalent or strong electrostatic connection, boost the stability of 

a biosensor. One more element that influences How stable is the bioreceptor's ageing 

over time as a measurement. 

 

 

 Sensitivity: The lowest concentration of the analyte which a biosensor can detect is 

known as its sensitivity or limit of detection (LOD). In many environmental and 

medical monitoring applications, a biosensor is required to verify traces of analytes 

found in a sample at minimal levels of analyte ng/ml or even fg/ml. In particular, 

when circulating blood levels of the prostate-specific antigen (PSA) are 4 ng/ml or 

higher, doctors prescribe prostate cancer biopsy procedures. Sensitivity is therefore 

recognized as a crucial aspect of a biosensor. 

 

 Linearity: Linearity is a property that displays the correctness of the restrained 

response to a straight line for a set of dimensions with various analyte concentrations 

in the mathematical equation y=mc, where c is the analyte concentration, y is the 

output signal, and m relates to the biosensor's sensitivity. Regarding the biosensor's 

linearity, it can be impacted by equally the biosensor's resolution and the 

concentration range for analytes being tested. The slightest alteration in an analyte's 

concentration essential to cause a variation in the biosensor's response is known as the 

resolution of the biosensor. A good resolution may be needed in accordance with the 

application, as the majority of biosensor applications required besides analyte 

recognition, monitoring of analyte concentrations more than a broad operating array. 

The array of concentrations of analytes for which the biosensor response fluctuations 

in a linear fashion with concentration is referred to as the term "linear range," which is 

also related to linearity [1]. 

 

2. Classification of Biosensors: According to the sort of biotransducer they use, biosensors 

can be categorized by means of a variety of methods [9,10]. 

 

 Biosensors can be categorized into classes such as mass dependent, electrochemical, 

radiation sensitive, optical, and more [11] depending on the transduction principle that 

is being used. 

 

 If bioelement is taken into account as the foundation of classification, then the 

numerous sets of biosensors that might be acquired include nucleic acid, enzyme, 

saccharides, proteins, ligands, oligonucleotides, etc [12]. 

 

 Classes of glucose, DNA, mycotoxins, toxins, medicines, or enzyme-based biosensors 

could be developed reliant on the kind of distinguished analyte [13]. 

 

3. Applications of Biosensors: Biosensors can be applied to raise the standard of living in a 

variety of ways. This includes using them for a variety of purposes, such as disease 

detection, environmental monitoring, defence, food safety, and drug development. 

Among the foremost applications of biosensors is the recognition of biomolecules that 

either cause illness markers or drug targets.  
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Electrochemical biosensing approaches, for instance, can be used to produce 

clinical instruments for the detection of protein cancer biomarkers [14–16], glucose 

monitoring in diabetic individuals, and additional health-related targets [17,18,19]. 

 

4. Applications in Tissue Engineering: Biosensors are crucial to the viability of many 

tissue engineering applications, including the production of "particular onchips for 

organs" and protective the three-dimensionality and arrangement of cell cultures, where 

the destiny of tissues and cells is straight linked with the presence of small biomolecules 

(such as adenosine, hydrogen peroxides, glucose, etc.) [20]. 

 

5. Applications in Food Sector: Identifying drug residues in food, including antibiotics and 

growth stimulants, with a focus on meat and honey. Salmonella, Listeria monocytogenes, 

campylobacter, E. coli strain 0157:H7 and E. coli are some of the bacteria that frequently 

cause food to degrade and pose health risks. These bacteria are frequent issues for the 

food industry because they decrease consumer demand for food if the food supplied by 

the establishment becomes polluted with these biological agents that cause food to 

degrade [21]. In addition to bacteria, fungus are another prevalent source of food spoilage 

and serious health issues that, in many instances, can be fatal. Common fungal species 

that contaminate food include Botrytis sp., Aspergillus, Colletotrichum, and many others. 

Fungal toxins can also be identified utilizing optical Surface Plasmon Resonance (SPR) 

biosensors because of their amazing selectivity, decreased prices, and simplicity and 

speed of monitoring through biosensors [22,23,24,25]. 

 

6. Environmental Applications of Biosensors: Applications in the environment include 

the detection of pesticides, the exposure and identification of organophosphates, and the 

identification of contaminants in river water, such as heavy metal ions [26]. 

 

REFERENCES 

 
[1] Bhalla N, Jolly P, Formisano N, Estrela P. Introduction to biosensors. Essays Biochem. 2016 Jun 

30;60(1):1-8. doi: 10.1042/EBC20150001. PMID: 27365030; PMCID: PMC4986445. 

[2] Wang J (2006) Zinc oxide nanocomb biosensor for glucose detection. Applied Physics Letters 88: 3106. 

[3] Kaur H, Shorie M. Nanomaterial based aptasensors for clinical and environmental diagnostic applications. 

Nanoscale Adv. 2019 Apr 29;1(6):2123-2138. doi: 10.1039/c9na00153k. PMID: 36131986; PMCID: 

PMC9418768. 

[4] A. Hierlemann, O. Brand, C. Hagleitner, H. Baltes, "Microfabrication techniques for chemical/biosensors", 

Proceedings of the IEEE 91 (6), 2003, 839–863. 

[5] A. Hierlemann, H. Baltes, "CMOS-based chemical microsensors", The Analyst 128 (1), 2003, pp. 15–28. 

[6] Khalilian, Alireza; Khan, Md. Rajibur Rahaman; Kang, Shin-Won (2017). "Highly sensitive and wide-

dynamic-range side-polished fiber-optic taste sensor". Sensors and Actuators B. 249: 700–707. 

[7] “Biosensors Primer". Retrieved 28 January 2013. 

[8] Dincer, Can; Bruch, Richard; Kling, André; Dittrich, Petra S.; Urban, Gerald A. (August 2017). 

"Multiplexed Point-of-Care Testing – xPOCT". Trends in Biotechnology. 35 (8): 728–742. 

[9] Buenger D, Topuz F, Groll J (2012) Hydrogels in sensing applications. Progress in Polymer Science 37: 

1678-1719. 

[10] Monošík R, Streďanský M, Šturdík E (2012) Biosensors-classification, characterization and new trends. 

Acta Chimica Slovaca 5: 109-120. 

[11] Thévenot DR, Toth K, Durst RA, Wilson GS (2001) Electrochemical biosensors: Recommended 

definitions and classification. Biosensors and Bioelectronics16: 121-131. 

[12] Mohanty SP, Kougianos E (2006) Biosensors: a tutorial review. IEEE Potentials 25: 35-40. 

[13] Turner AP (2000) Biosensors--sense and sensitivity. Science 290: 1315-1317. 



Futuristic Trends in  Pharmacy & Nursing 

e-ISBN: 978-93-6252-774-5 

IIP Series, Volume 3, Book 1, Part 2, Chapter 12 

                                            BASIC CONCEPTS OF BIOSENSOR AND ITS APPLICATIONS 
  

Copyright © 2024 Authors                                                                                                                       Page | 251 

[14] Jolly P., Formisano N., Estrela P. DNA aptamer-based detection of prostate cancer. Chem. Pap. 

2015;69:77–89. doi: 10.1515/chempap-2015-0025. 

[15] Jolly P., Formisano N., Tkáč J., Kasák P., Frost C.G., Estrela P. Label-free impedimetric aptasensor with 

antifouling surface chemistry: a prostate specific antigen case study. Sens. Actuators B. 2015;209:306–

312. doi: 10.1016/j.snb.2014.11.083.  

[16] Formisano N., Jolly P., Bhalla N., Cromhout M., Flanagan S.P., Fogel R. et al. Optimisation of an 

electrochemical impedance spectroscopy aptasensor by exploiting quartz crystal microbalance with 

dissipation signals. Sens. Actuators B. 2015;220:369–375. 

[17] Fu G, Yue X, Dai Z (2011) Glucose biosensor based on covalent immobilization of enzyme in sol–gel 

composite film combined with Prussian blue/carbon nanotubes hybrid. Biosensors and Bioelectronics 26: 

3973-3976. 

[18] Unnikrishnan B, Palanisamy S, Chen SM (2013) A simple electrochemical approach to fabricate a glucose 

biosensor based on graphene–glucose oxidase biocomposite. Biosensors and Bioelectronics 39: 70-75. 

[19] Zhang H (2011) A novel glucose biosensor based on direct electrochemistry of glucose oxidase 

incorporated in biomediated gold nanoparticles–carbon nanotubes composite film. Sensors and Actuators 

B: Chemical 158: 23-27. 

[20] Hasan A (2014) Recent advances in application of biosensors in tissue engineering. BioMed Research 

International pp: 1-18. 

[21] Serna-Cock L, Perenguez-Verdugo JG (2011) Biosensors applications in agrifood industry. INTECH Open 

Access Publisher. 

[22]  Li Y, Liu X, Lin Z (2012) Recent developments and applications of surface plasmon resonance biosensors 

for the detection of mycotoxins in foodstuffs. Food Chemistry 132: 1549-1554. 

[23] Fung Y, Wong Y (2001) Self-assembled monolayers as the coating in a quartz 

piezoelectric crystal immunosensor to detect Salmonella in aqueous solution. Analytical Chemistry 73: 

5302-5309. 

[24] Leonard P Hearty S, Quinn J, O'Kennedy R (2004) A generic approach for the detection of whole Listeria 

monocytogenes cells in contaminated samples using surface plasmon resonance. Biosensors and 

Bioelectronics 19: 1331-1335. 

[25] Wei D (2007) Development of a surface plasmon resonance biosensor for the identification of 

Campylobacter jejuni. Journal of Microbiological Methods 69: 78-85. 

[26] Saharudin Haron Archived 5 March 2016 at the Wayback Machine and Asim K. Ray (2006) Optical 

biodetection of cadmium and lead ions in water. Medical Engineering and Physics, 28 (10). pp. 978–981. 



 

 

 


