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Abstract 

Biosensors represent promising analytical tools applicable in various areas like, food industry, 

medical and hospitality, environment monitoring, security purposes and in other fields, where 

rapid and reliable analyses are required. Some biosensors were successfully implemented in the 

commercial sphere, but majority needs to be improved in order to overcome some imperfections. 

In This study we cover classification of biosensors, principles, constructions and recent 

technology development.  
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Introduction 

Nowadays, the importance of a monitoring 

and regulating many different parameters in 

areas such a food industry (Monošík et al., 

clinical diagnoses, hygiene, environmental 

protection, drug development, or forensics is 

increasing. Therefore, there is a need to have 

reliable analytical devices available, which 

are able to perform quick and accurate 

analyses (Dzyadevych et al. 2008). One of 

the ways how to overcome many 

disadvantages of the conventional methods 

is to use proper designed biosensor. The 

main reason why biosensors are still rarely 

used in mentioned areas is their often 

impracticability for real samples, whereas a 

biosensor developed for standards is not 

automatically applicable for real samples. 

Hence, the challenge for scientist is to 

develop or improve some good existing 

concepts for constructing biosensors 

applicable on real samples and usable in 

commercial sphere. The first biosensor, an 

enzyme-based glucose sensor, was 

developed by Clark and Lyons.[2] Since 

then, hundreds of biosensors have been 

developed in many research laboratories 

around the world. The objective of this 

article is to review the principles of 

biosensor fabrication and operation, their 

existing and potential applications in the 

food and agricultural industries, and to 

briefly discuss recent research and future 

trends.  

Biosensors 

According to a recently proposed IUPAC 

definition [10], ―A biosensor is a self-

contained integrated device which is capable 

of providing specific quantitative or semi-

quantitative analytical information using a 

biological recognition element (biochemical 

receptor) which is in direct spatial contact 

with a transducer element. A biosensor 

should be clearly distinguished from a 

bioanalytical system, which requires 

additional processing steps, such as reagent 

addition. Furthermore, a biosensor should be 

distinguished from a bioprobe which is 

either disposable after one measurement, i.e. 

single use, or unable to continuously 

monitor the analyte concentration‖. 

A biosensor is a device composed of two 

elements: 

1. A bioreceptor that is an immobilized 

sensitive biological element (e.g. enzyme, 

DNA probe, antibody) recognizing the 

analyte (e.g. enzyme substrate, 

complementary DNA, antigen). Although 

antibodies and oligonucleotides are widely 

employed, enzymes are by far the most 
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commonly used biosensing elements in 

biosensors. 

2. A transducer is used to convert (bio) 

chemical signal resulting from the 

interaction of the 

analyte with the bioreceptor into an 

electronic one. The intensity of generated 

signal is directly or inversely proportional to 

the analyte concentration. Electrochemical 

transducers are often used to develop 

biosensors. These systems offer some 

advantages such as low cost, simple design 

or small dimensions. Biosensors can also be 

based on gravimetric, calorimetric or optical 

detection [11]. Biosensors are categorized 

according to the basic principles of signal 

transduction and biorecognition elements. 

According to the transducing elements, 

biosensors can be classified 

as electrochemical, optical, piezoelectric, 

and thermal sensors [10]. Electrochemical 

biosensors 

are also classified as potentiometric, 

amperometric and conductometric sensors. 

Basic Principle of Biosensor 

Basic Principle of Biosensor involved in 

three elements:- 

 First biological recognition element 

which highly specific towards the 

biological material analytes 

produces. 

 Second transducers detect and 

transduces signal from biological 

target receptor molecule to electrical 

signal which is due to reaction occur.   

 Third after transduction signal from 

biological to electrical signal where 

its amplification is necessary and 

takes place and read out in detector 

after processing the values are 

displayed for monitor and controlling 

the system. 

The biological material is immobilized and a 

contact is made between the immobilized 

biological material and the transducer. 

The analyte binds to the biological material 

to form a bound analyte which in turn 

produces the electronic response that can be 

measured. 

Sometimes the analyte is converted to a 

product which could be associated with the 

release of heat, gas, electrons or hydrogen 

ions. The transducer then converts the 

product linked changes into electrical 

signals which can be amplified and 

measured.  

 

 
Figure1- figure shows the basic principle of biosensor. 
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Classification 

1.Calorimetric Biosensors: 

Many enzyme catalyzed reactions are 

exothermic. Calorimetric biosensors 

measure the temperature change of the 

solution containing the analyte following 

enzyme action and interpret it in terms of the 

analyte concentration in the solution. The 

analyte solution is passed through a small 

packed bed column containing immobilized 

enzyme; the temperature of the solution is 

determined just before entry of the solution 

into the column and just as it is leaving the 

column using separate thermistors. 

This is the most generally applicable type of 

biosensor, and it can be used for turbid and 

strongly coloured solutions. The greatest 

disadvantage is to maintain the temperature 

of the sample stream, say ± 0.01° C, 

temperature. The sensitivity and the range of 

such biosensors is quite low for most 

applications. The sensitivity can be 

increased by using two or more enzymes of 

the pathway in the biosensor to link several 

reactions to increase the heat output. 

Alternatively, multifunctional enzymes may 

be used. An example is the use of glucose 

oxidase for determination of glucose. 

2. Potentiometric Biosensors: 

These biosensors use ion-selective 

electrodes to convert the biological reaction 

into electronic signal. The electrodes 

employed are most commonly pH meter 

glass electrodes (for cations), glass pH 

electrodes coated with a gas selective 

membrane (for CO2, NH, or H2S) or solid 

state electrodes. Many reactions generate or 

use H
+
 which is detected and measured by 

the biosensor; in such cases very weak 

buffered solutions are used. Gas sensing 

electrodes detect and measure the amount of 

gas produced. An example of such an 

electrodes is based on urease which 

catalyses the following reactions: 

CO (NH2)2 + 2H2O + H
+
 → 2NH4

+
 + HCO

–
3 

This reaction can be measured by a pH 

sensitive, ammonium ion sensitive, 

NH3 sensitive or CO2 sensitive electrode. 

Biosensors can now be prepared by placing 

enzyme coated membranes on the ion-

selective gates of ion-selective filed effect 

transistors; these biosensors are extremely 

small. 

3. Acoustic Wave Biosensors: 

These are also called piezoelectric devices. 

Their surface is usually coated with 

antibodies which bind to the complementary 

antigen present in the sample solution. This 

leads to increased mass which reduces their 

vibrational frequency; this change is used to 

determine the amount of antigen present in 

the sample solution. 

4. Amperometric Biosensors: 
These electrodes function by the production 

of a current when potential is applied 

between two electrodes, the magnitude of 

current being proportional to the substrate 

concentration. The simplest amperometric 

biosensors use the Clark oxygen electrode 

which determines the reduction of 

O2 present in the sample (analyte) solution. 

These are the first generation biosensors. 

These biosensors are used to measure redox 

reactions, a typical example being the 

determination of glucose using glucose 

oxidase. 

A major problem of such biosensors is their 

dependence on the dissolved 

O2 concentration in the analyte solution. 

This may be overcome by using mediators; 

these molecules transfer the electrons 

generated by the reaction directly to the 

electrode rather than reducing the 

O2 dissolved in analyte solution. These are 

also called second generation biosensors. 

The present day electrodes, however, 

remove the electrons directly from the 

reduced enzymes without the help of 

mediators, and are coated with electrically 

conducting organic salts. 

5. Optical Biosensors: 

These biosensors measure both catalytic and 

affinity reactions. They measure a change in 

fluorescence or in absorbance caused by the 

products generated by catalytic reactions. 

Alternatively, they measure the changes 

induced in the intrinsic optical properties of 

the biosensor surface due to loading on it of 

dielectric molecules like protein (in case of 

affinity reactions). A most promising 

biosensor involving luminescence uses 

firefly enzyme luciferase for detection of 
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bacteria in food or clinical samples. The 

bacteria are specifically lysed to release 

ATP, which is used by luciferase in the 

presence of 02 to produce light which is 

measured by the biosensor. 

Characteristics of Biosensors 

1. Linearity- Linearity of the sensor should 

be high for the detection of high substrate 

concentration. 

2. Sensitivity- Value of the electrode 

response per substrate concentration. 

3. Selectivity- Chemicals interference must 

be minimized for obtaining the correct 

resu;t. 

4. Response Time- Time necessary for 

having 95% of the response. 

Applications 

Food Industry 

Biosensors for the measurement of 

carbohydrates, alcohols, and acids are 

commercially available. These instruments 

are mostly used in quality assurance 

laboratories or at best, on-line coupled to the 

processing line through a flow injection 

analysis system. Their implementation in-

line is limited by the need of sterility, 

frequent calibration, analyte dilution, etc. 

Potential 

applications of enzyme based biosensors to 

food quality control include measurement of 

amino acids, amines, amides, heterocyclic 

compounds, carbohydrates, carboxylic acids, 

gases, cofactors, inorganic ions, alcohols, 

and phenols. Biosensors can be used in 

industries such as 

wine beer, soft drinks producers. 

Immunosensors have important potential in 

ensuring food safety by detecting pathogenic 

organisms in fresh meat, poultry, or fish. 

Clinical diagnosis 

Although biosensor development made a 

huge progress in recent years, their 

application in clinical diagnosis is not very 

common, except for glucose biosensors 

representing about 90 % of the global 

biosensor market. Interferences with 

undesired molecules during measurements 

with real samples and also high selectivity 

and accuracy are still serious issue. This is 

very important, since treatment is often 

dependent on individual levels of clinical 

markers. The most of the described 

biosensors are based on amperometric 

techniques what may indicate trends in 

biosensors development (Belluzo et al. 

2008). Glucose concentration is one of the 

most monitored indicators in many diseases, 

such as diabetes and other endocrine 

metabolic disorders. Blood glucoseis also 

the most common analyte measured after 

electrolytes and blood gases (Malhotra and 

Chaubey 2003).Extensive review of 

commercially available biosensors for 

glucose, cholesterol, lactate, triglycerides 

and creatinine determination can be found in 

the review by Monošík et al. (bMonošík et 

al. 2012). 

Environmental screening 

In environmental pollution monitoring, 

chemical analysis by itself may not provide 

sufficient information to assess the 

ecological risk of polluted waters and 

wastewaters (Castillo et al. 2001). In the 

European Union, along with more strict 

demands for water treatment (Council 

Directive 91/271/EEC), industrial and urban 

wastewater effluents have to conform 

certain limits of toxicity before the effluent 

can be discharged into the environment. Due 

to this, lot of bioassays and biosensors for 

toxicity evaluation were developed in recent 

years. For example, the toxicity assays 

Microtox® (Azure, Bucks, UK), is based on 

the use of luminescent bacteria, Vibrio 

fischeri, to measure toxicity from 

environmental samples. Other example is 

the Cellsenser, which is an amperometric 

sensor that incorporates Escherichia coli 

bacterial cells for rapid ecotoxicity analysis. 

It uses ferricyanide to divert electrons from 

the respiratory system of the immobilized 

bacteria of a suitable carbon electrode. The 

resulting current is proportional 

to a bacterial respiratory activity 

(aRodriguez-Mozaz et al. 2004). It is known 

that endocrine disruptors may bind to the 

estrogen receptor (ER) as agonists or 

antagonists. Thus, several biosensors using 

estrogen receptors were developed and 

applied for screening or testing potential 

environmental toxicity providing useful 
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information about estrogenic potency of the 

sample. 

Biosensors utilizing the inhibition of a 

selected enzyme are the most common 

biosensors used for the determination of 

pesticides. Biosensors based on AchE 

inhibition are not selective, since the AchE 

is inhibited by neurotoxins, which include 

organophosphorous pesticides, carbamate 

pesticides, and many other compounds. The 

biosensors mentioned above and also other 

types of biosensors designed for detection of 

environmental pollutants such as phenols, 

surfactants, alkanes, aromatic compounds, 

and polycyclic aromatic hydrocarbons, 

antibiotics etc. 

Agricultural Industry 

Enzyme biosensors based on the inhibition 

of cholinesterases have been used to detect 

traces of organophosphates and carbamates 

from pesticides. Selective and sensitive 

microbial sensors for measurement of 

ammonia and methane have been studied. 

However, the only commercially available 

biosensors for wastewater quality control are 

biological oxygen demand (BOD) analyzers 

based on micro-organisms like the bacteria 

Rhodococcus erythropolis immobilized in 

collagen or polyacrylamide. Standard BOD5 

measurements in which the effluent is 

pretreated and exposed to bacteria and 

protozoa require incubation at 208C for 5 

day. In contrast, BOD biosensors have 

throughputs of 2 to 20 samples per hour and 

can measure 0 mg L21 to 500 mg L21 BOD. 

When coupled with automatic sampling they 

can be implemented online. 

Recent Trends in Biosensors 

Quantum Dots Based Optical Biosensors 

Semiconductor quantum dots (QD) are one 

of the most promising optical imaging 

agents for in vitro (biosensors and chemical 

sensors) and in vivo (noninvasive imaging 

of deep tissues) diagnosis of diseases due to 

their ultra-stability and excellent quantum 

confinement effects. QD have a broad 

excitation and narrow size (5–10 nm in 

diameter) tunable emission spectrum with 

narrow emission band width. These unique 

properties facilitate the use of QD in a wide 

range of fields such as biology, biosensor, 

electronics, biomolecules (nucleic acids, 

protein, and enzymes) and solar cells. The 

surface modification and decoration of QD 

have inspired the development of novel 

multimodal probes based biosensors through 

linking with peptides, nucleic acids, or 

targeting ligands. Since the fluorescence 

intensity of QD is highly stable and 

sensitive, fluorescence transduction based 

on chemical or physical interaction occurs 

on the surface either through direct photo 

luminescent activation or through 

quenching. The toxic effects of some QD 

have still remained as a concern, the recent 

advancements in application of QD in tissue 

engineering to detect the enzyme and 

biomolecules are significant achievements 

of biosensing research. 

Carbon Nanotube Based Biosensors 
The unique chemical and physical properties 

of carbon nanotubes have introduced many 

new and improved sensing devices. Early 

cancer detection in vitro systems is one of 

the most recent, inventions from carbon 

nanotube based biosensors. The specific 

antibody coated surface of carbon nanotubes 

could be used for detecting proteins and 

viruses of interest. The key insights of this 

invention are noticeable changes in the 

electrical conductivity of the nanotubes 

when the distance between the antibody and 

protein changes. The change of distance can 

be detected by an electrical meter. Carbon 

nanotubes have been widely used in 

dehydrogenase, peroxidase and catalase, 

DNA, glucose, and enzyme sensors. Carbon 

nanotube-based electrochemical 

transduction demonstrates substantial 

improvements in the activity of 

amperometric enzyme electrodes, 

immunosensors, and nucleic-acid sensing 

biosensors. The enhanced properties of 

carbon nanotubes are important in tissue 

engineering to overcome the current 

limitations such as improving elasticity, 

flexibility, cell growth, and cell patterning. 

MEMS/NEMS Based Biosensors 

The growing need for miniaturization of 

biosensors has resulted in increased interests 

in micro electromechanical systems 

(MEMS), nano electromechanical systems 
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(NEMS), and microfluidic systems based 

biosensors. Such miniaturized systems 

provide more accurate, specific, sensitive, 

cost-effective, and high performance 

biosensor devices. In MEMS, different 

methods are used include optical, 

mechanical, magnetic and electrochemical 

detections. In optical detection methods, 

organic dyes, semiconductor quantum dots, 

and other optical fluorescence probes are 

used, while conjugation of magnetic, 

paramagnetic or ferromagnetic nanoparticles 

has been used in magnetic MEMS 

biosensors. Mechanical MEMS biosensors 

are designed based on one of the two 

factors, namely, changes in surface stress 

and changes in mass. The electrochemical 

MEMS based biosensors use amperometric, 

potentiometric, or conductometric detection. 

Graphene Based Biosensors 

Graphene based biosensors have attracted 

significant scientific and technological 

interests due to the outstanding 

characteristics of graphene, such as low 

production cost, large specific surface area, 

good biocompatibility, high electrical 

conductivity, and excellent electrochemical 

stability. The 2D structure of graphene 

favors π-electron conjugation and makes its 

surface available to other chemical species. 

Therefore, graphene is emerging as a 

preferred choice for the fabrication of 

various biosensor devices in tissue 

engineering. 

Graphene Quantum Dots Based 

Biosensors 
Graphene derivatives, especially zero 

dimension graphene quantum dots (GD), are 

photoluminescent materials derived from 

graphene or carbon fibers. GD possess very 

unique optical properties in combination of 

quantum confinement and zig-zag edge 

effects. The ultra nanosized GD with wide 

range of excitation/emission spectrum are 

promising candidates for applications in 

electronic, photoluminescence, 

electrochemical and electrochemical 

luminescence sensors fabrication for various 

chemical and biological analyses. In 

electronic sensors, GD are mainly used in 

single electron transistor based charge 

sensors, unlike the extensive application of 

graphene in field effect transistors. As 

synthesized GD are very convenient for 

detecting any positively charged ions 

(cationic) such as Ag
2+

 and Fe
3+

 through 

charge-to-charge interactions.  

Advantages of Biosensors 

A few advantages of biosensors are listed 

below:  

 They can measure nonpolar 

molecules that do not respond to 

most measurement devices  

 Biosensors are specific due to the 

immobilized system used in them  

 Rapid and continuous control is 

possible with biosensors  

 Response time is short (typically 

less than a minute) and  

 Practical 

Conclusion 

This article describes and characterizes 

different classes of biosensors and methods 

of entrapment. Working principles, 

advantages, and applications of many 

biosensors are presented. Biosensors gives  

analytical tools applicable in areas such as 

clinical diagnosis, food industry, 

environment monitoring, agriculture and in 

all fields, where rapid and reliable analyses 

are needed. Some biosensors were 

successfully implemented in the commercial 

sphere, but majority needs to be improved in 

order to overcome imperfections. The 

overall commercial status and acceptance 

will depend on their accuracy, reliability, 

cost of devices, price and time consumption 

of individual analysis, etc. The next 

generation of biosensors based on 

nanostructures could lead to a construction 

of devices able to markedly compete with 

other analytical methods used today. 
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