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Abstract
Biosensors are the devices that capture the biological signal and convert it into a detectable electrical signal.
It involves the combination of biological entities like DNA, RNA, and proteins/enzymes to the electrochemical
transducers in order to detect and observe certain biological analytes like antibody-antigen interaction. Several
types of biosensors have been known that have been successfully employed in the fields of environment, biomedical
and food industries to detect and remove certain contaminants, weather non-living or living entities. Amperometric,
Optical, Surface Plasmon Resonance, enzymatic, DNA, Phage, and bacterial sensors are the common sensors
being employed today. These biosensors can be used for the detection of the broad spectrum of biological analytes
and have shown greater responses and success in medical laboratories, food bioanalysis, microbial detection etc.
Detection of the lower or higher limits of glucose in body, microbial invasion in body and food, heavy metals detection
in soil, water and air-borne microbes, pesticides in water and soil and various harmful chemicals produced by body,
can be easily and timely monitored with high precision using the different types of biosensors with few modifications.

Keywords: Transducer; Bioanalyte; Biosensors; Phage-sensor;
Surface Plasmon Resonance (SPR) sensor; Amperometric sensor;
Conductimetric sensor
Introduction
Sensors; their fundamentals and categorization
The word “sensor” find its origin from the Latin word “sentire”
which basically means ‘to identify’ anything. By hearing this word
sensor, the foremost thing that springs into our minds is the concept
of basic five human senses: ophthalmoception, audioception,
gustaoception, olfacception and tactioception. The working mechanism
of these senses is generalized as a) reception of input signal by the
sensory cells because of external stimuli b) conduction of data towards
the brain for interpretation as neurological impulses c) receptors
respond to the stimulus as per instructed by the interoperating center.
With this brief explanation of sense, more methodical and technical
definition for sensor could be established which is as follows; it is a
device that obtains and responds to stimulus and signals originated
from the environment [1].
In terms of categorization, physical sensors and chemical sensors
are the two most fundamental and widely opted classes of sensors. The
main idea behind this first classification also arises from scrutinizing
the human senses. Since the common working mechanism behind the
sense of hearing, touch and sight is to respond on the external physical
stimuli (i.e., acoustic waves, pressure and electromagnetic radiations
respectively), hence any sensing device that provide response to the
physical property of the medium was termed as physical sensor [2].
Similarly, the senses of taste and smell respond to chemical stimuli of
odor and particular palate flavor of the molecules; any sensing device
that can transform chemical information of the system into analytically
analyzable signals was included into the division of chemical sensors
[3]. The comprehensive pictorial description of the customary sensor
is given in Figure 1. Sensor contains specific reacting site that could
respond to a specific sort of an analyte in the medium. Analyte/
stimulus triggers a chemical interaction at the site which initiates the
conversion of information into electrical signal. Electrical signal is then
transmitted to another unit, the processing unit that further carries
out the detection response [4]. Technically, the sensor is composed of
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two parts i.e., receptor and transducer. Receptor receives the physical/
chemical stimulus and transmutes this information in the form of
electrical energy while transducer performs the function of transducing
this energy into valuable analytical signal which can further be analyzed
and presented in an electronic form [5] (Figure 1).
Numerous other classes including magnetic sensors [6-8],

1)

2)

3)

TRANDUCER

SENSOR
Figure 1: Diagram representing various processes occurring in sensors
1) analyte is getting attracted to the receptor sites 2) chemical interaction
between analyte generating electrical signal 3) Transducer transducing the
electrical signal to processor.
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thermometric sensors [9-11], optical sensors [12-14], radiation
detecting sensors [15-17], electrical sensors [18-20] and electrochemical
sensors [21,22] etc. have been extensively reported in literature by
several researchers. The basis for this categorization is anything but
universal. Mode of reception, field of application, particular given
analyte that is detected, measuring method and so on are the few direct
approaches that has been associated with the essence of classification
in this matter. Since no hard line has been drawn by IUPAC regarding
the classification of sensors, it could be customized that sensors are the
devices that can reversibly and selectively evaluate the amount of the
analyte species molecules by amplifying the acquired signal from the
chemical interaction between the receptor sites and the analyte without
requiring any other analytical instruments or chemical mixtures for the
detection.

Biosensors
Biosensors, a hybrid of physical and chemical sensing technique,
is among one of the recently described class of the sensor. IUPAC
provide recognition to this type of sensors only some seventeen years
prior to today [1]. In principle, biosensors are receptor-transducer
based tool which could be employed for interpreting the biophysical
or biochemical property of the medium. Moreover, the most intriguing
character that sets this type of sensors apart from others is the presence
of biological/organic recognition element which enables the detection
of particular biological molecules in the medium [23]. Development of
biosensors brought a new era of advancement in science. Technically
speaking, biosensing is a phenomenon that withholds set techniques
for the production of an accessible detection signal of interaction
between biological molecules (such as a domain of protein and another
molecule or analyte of interest like any other small molecule, another
protein or an enzymatic activity). Such molecular device that enables
sensing of these molecular interactions is called biosensors [24].
Another consideration that fascinates lots of researchers regarding
exploiting this particular field for exploration is its versatility. It is an
interdisciplinary technology and involves the collaborative efforts of
engineering, microbiology, physics, chemistry, biology, biotechnology
and so on [25].
Biosensors have been widely used in different scientific disciplines
due to their outstanding results. Medically, biosensors can be used for
accurate and precise detection of tumors, pathogens, elevated blood
glucose levels in diabetic patients and other toxins etc. Fluorescence
producing biosensors that are encoded by genes have great importance
for researchers to study and analyze the complex chemical processes
going on in the cells and these kinds of biosensors could be used to
target some specific locations in the cell and it can also be expressed in
specific cells of an organism. The long term incorporation of any specific
substance into the host cells could also be achieved through these
biosensors [26]. In case of food industry, biosensors could be linked
to the detection of gasses released from spoiled food, detection of food
contamination or for checking and minimizing the growth of bacteria
or fungus in fresh food [27]. From environmental point of view, these
biosensors could be enhanced to detect pollution in air and presence of
any pathogens, heavy metals etc. [28]. In military defense systems, they
can be used to detect the presence of any harmful biological materials
that would otherwise remain undetectable and cause death. In this case
mostly the biosensors can be employed to detect the bioterrorist attacks
like the intentional use of the biological entities like Bacillus anthracis,
Ebola, hepatitis C viruses etc. [29].
This advancing technology collects a humungous amount of
literature every year. The numbers of the reported articles falling under
J Biosens Bioelectron, an open access journal
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this label are gigantic. Henceforth, an attempt should be made in this
regard for organizing the already present literature in a presentable
way so that the upcoming researchers who want to reconnoiter this
field of biosensing could have an effective guideline at hand to follow.
Here in, efforts have been invested into providing the critical analysis
of the most recent advancements in biosensing technology acquired
in the span of recent years and case studies with specific fields and
quite high citation numbers have been compiled to produce a versatile
review of this field. This review will be beneficial for the multitude of
interdisciplinary personals such as physicists, biologists, chemists,
environmentalists and so on.

Structure of the review
The section 2 of this review entails the fundamentals and
classification along with the detailed discussion of the designs and
structural configuration information regarding this vast field of
biosensors. After the development of understanding regarding the
structural hierarchies of the biosensors, specific case studies associated
with particular field of applications have been discussed under the
section 3. Pictorial descriptions are also provided where required and
concluding remarks are presented at the end of the review.

Fundamentals of Biosensors
Architectural design
This first biosensor was a potentiometric enzyme based electrode
that was invented for the detection and measurement of glucose in any
medium [30]. However, analysis of recent studies indicate that nowa-days a considerable amount of energy has been spent in reducing
the size and making the laboratories economically stable towards the
development of portable, small-sized/nanosized and multi-functional
biosensors [31]. Nonetheless, the basic fundamentals of the biosensors
remained the same i.e., a bioelement and sensor element. Bioelement
is basically any organic body which should essentially detect any
particular analyte from the medium of interest while remaining
irresponsive towards any other potentially inquisitive/interfering
species. While sensing element consists of the signal transducing
portion of the biosensor which could be in the form of any magnetic,
optical, electrical or electrochemical etc. transducing mechanism [32].
Elaboration of these two components is given in Figure 2.
Despite this ever-increasing flexibility shown by the scientists

Figure 2: Generally employed bioelements and sensor elements in biosensors.
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in the selection of various substances/factors as the components of
biosensors, the requisite requirements including rapid responding
ability, reliability, portability, productivity and long-lasting stability
have been essentially stayed the same. The crucial factors that should
be considered during the engineering of high performance biosensors
are summarized as follows; a) immobilization/fabrication of bioanalyte
in its native configuration, b) high accessibility of the reception sites to
the species of interest and c) effectual adsorption of the analyte to the
employed support [33,34]. These demands should be actively addressed
when developing the design of biosensors.

ligands etc. are the various sets of biosensors which could be acquired
if bioelement is considered as the basis of categorization [41].

Bio-element and senor element coupling: For the effective
incorporation of the biological/organic recognition element into
the sensor, several phenomena have been proposed. In here, light
has been shed on only four major coupling mechanisms that have
been widely opted for acquiring the required purpose; a) physical
adsorption encapsulation, b) membrane immobilization, c) covalent
amalgamation and d) matrix entrapment. In membrane entrapment,
organic element is imbedded into the some particular semi-permeable
membrane which is directly placed over the sensor element. In this type,
membrane performs as a separating phase between organic element
and that of the analyte [35]. If the coupling mechanism involves the
use of physical intermolecular forces (hydrophilic/hydrophobic forces,
Van Der Waals forces, ionic forces etc.) for the attachment of the bioelement to the sensor then this sort of coupling is termed as the physical
adsorption immobilization [36]. Similarly, if any porous substances
like sol or gel matrixes are employed as the restricting medium for
the biological element and this matrix encapsulation forms direct link
with the sensor element, then it is named as matrix immobilization
[37]. If the bioelement is directly attached to the sensor by covalent
interactions then this type is labeled as covalent coupling [38]. Figure
3 represents the basic idea behind this different sort of coupling types.

Most Recent Biosensors Applications

Classification of biosensors
For classifications, several approaches can be utilized [1,39].
a) Depending upon the used transduction principle, biosensors
could be distributed into groups of electrochemical, mass dependent,
optical, radiation sensitive and so on [40].
b) Enzyme, nucleic acid, proteins, saccharides, oligonucleotides,

A)

c) Following the type of detected analyte, classes of DNA, glucose,
toxins, mycotoxins, drugs or enzymes based biosensors could be
achieved [42].
Here in, an unspecified division has been followed as per
requirement of the review. However, detailed elaboration regarding
these classes has been provided where required in the next application
section.

Till date, this growing field of biosensors has almost got quite
strong hold in every walk of life. Here, the most recent developments
and improvements of this biosensing discipline are studied in the
basics fields of agriculture, biomedicine, food and environmental
studies. Specific impactful case studies in this regard are reviewed in
this section.

Biomedical applications
Most of the biosensors reported in the past six years are found
to be based on the phenomena of molecular interactions which are
essentially employed in various forms at different scales. Extensive
literature scrutiny indicated that enzyme-substrate sensors are one
of most generally followed types in this regard. Pertinacious catalytic
enzymes exhibit significantly extraordinary selectivity as well as
specificity with respect to the substrates. At first, reversible reaction
between the enzyme and specific analyte generates the complex that is
further responsible for creating the desired product. Catalyst also gets
regenerated in its parent configuration as a side-product [41]. Several
analyte that possess high nutraceutical value could be detected and
analyzed by using this interaction type. In here, biosensors are orderly
presented with respect to the essential analyte that gets detected.
Glucose: Owing to the enhancing number of personals getting
effected by the diabetes mellitus every year, the demand for engineering
point of use glucose sensing technologies have also grown and with it
the reports of biosensors being used for this purposes. The enzymes
of glucose oxidases (G-ox) and glucose dehydrogenases are the two

B)

BIOELEMENT-SENSOR ELEMENT
COUPLING MECHANISMS

C)

KEY:

D)

BIOELEMENT

SENSOR ELEMENT

SEMIPERMEABLE MEMBRANE

SEPARATING MEDIUM

PHYSICAL INTERACTION

COVALENT BOND

MATRIX

Figure 3: Various coupling mechanisms: A) Covalent fabrication, B) Matrix immobilization, C) Membrane encapsulation, D) Physical adsorption fabrication.
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conventionally utilized enzymes that are effectively employed at quite
large scale for glucose detection [43-45]. A case reported by Binesh
and co-workers evidently presents the use of G-ox at its best. They
documented a facile and single stepped methodology for the preparation
of graphene-(G-ox) biocomposite which displayed excellent sensitivity
of 1.85 μAmM−1cm-2 over the glucose concentration range of 0.1-27
mM. For studying the potential bioapplication of the engineered
biosensor, a prototype display was also performed over human serum
and results were reproduced with quite high precision that have
already been detected by using conventional method of glucose level
evaluation. Moreover, it was also tested against interfering species
that usually exists in the biological systems. The biosensor was found
to be irresponsive towards their presence and no significant effect was
measured on its performance [44].
Another thing that has significantly and successfully penetrated
in this field is the use of nanoparticles (Nps) as a sensing medium. A
more compatible system for evaluation of blood-glucose was proposed
by Zheng and his associates. They used immobilized gold Nps and
G-ox composite for acquiring the same aforementioned purpose.
Quite greener approach was opted for engineering this biosensor as
membrane removed from chicken egg shells were used to serve as the
fabricating media for the Nps. This membrane based composite was
then wrapped over the oxygen electrode and the whole assembly was
utilized as biosensor [46]. Advanced glucose sensor having the ability to
quantify the glucose from 0.5 µM up to the level of 34 mM was devised
by Yang et al. They utilized core-shell assembly containing polypyrrole
Nps and incorporate it over magnetically active carbon electrode to
acquire the sensor. Highly economical response time of 6s and good
stability were found to the two basics appeals of this core-shell based
biosensor [47-53]. The basic studies overview regarding enzyme based
biosensors is given in Table 1.
It is imperative to comment regarding the extent of impact of
fluctuating oxygen content over the G-ox based sensors. As the G-ox
based sensors directly depends over the O2 as an electron accepting
specie during sensing, so condition of oxygen deficit should always be
considered beforehand as it could minimize the upper linearity limit
and response time as well. For avoiding this difficulty, other alternative
enzymes, particularly glucose dehydrogenase (G-dh), could also be
utilized for biosensing [54]. Apart from these direct methodologies,
an interesting indirect practice has been reported by the Yan and his
group who provided the prototype of needle-biosensor which could be
employed for the detection of glucose in tears of human beings. The
tear glucose concentration was then co-related with the glucose level
Biosensor

Linear range

in blood serum as it has been also reported that the patients suffering
from the illness of diabetes have very much higher concentration of
glucose in their tears as compared to the normal person [54,55]. This
fascinating idea however still requires lot of amendments before finding
its industrial use at commercial level.

Applications in tissue engineering
In tissue engineering, biosensors plays immensely significant role
in the applicability of the various applications, such as manufacturing
“organ specific onchips” and maintaining the 3-D integrity and
configuration of the cell cultures where the fate of tissues/cells is
directly associated with the content of small biomolecules (adenosine,
glucose, hydrogen peroxides etc.) in the medium. Living metabolic cells
are quite eminent for transmuting and transferring numerous signals
(physical/chemical) in and out of the medium. These signals could be in
any form such as variation in ionic concentration, pH, protein content,
oxygen ingestion etc. Hence, monitoring these incoming/outgoing
analyte could be directly utilized for acquiring real time insights of the
cell [56].
DNA, nucleic acids, genes: Several basic fields related to the
research have direct link to the genetic diagnostics and DNA
encoding. Hence, biosensors application with respect to nucleic acids
is undeniably significant. Typically, a DNA specified sensor comprises
of following three processes; a) incorporation of probes over the film
of substrate, b) contact with the required DNA sequence through
analogue bases pairing and c) read out in the form of analytically useful
signal generated from the chemical signal produced as a result of bases
interaction [57]. DNA concentration, generally up to 10-8, could be
detected by electrical [58], optical [59] and electrochemical methods
[60]. Use of nanomaterial and quantum dots is also excessively finding
its uses here. A highly sensitive DNA electrochemical biosensor
developed by using dendritic gold Nps was reported by Li et al. This
biosensor showed the DNA recognition ability up to 1fM under the
concentration limitation of (1fM-1nM) [61].
An impressive foot regarding the DNA biosensing was achieved by
Chen et al. who synthesized ultra-sensitive sensor fundamentally based
over nuclease mediated highly targeted recycling of DNAzyme for the
electrochemical detection of oral cancer from the saliva secretions. With
the help of this sensor, quantization up to the 0.02 fM of the targeted
DNA was possible. Furthermore, gene mutation up to the single basepair mismatch detection was also acquired through this sensor. These
aforementioned characters along with the operation and maintenance
conveniences and low engineering cost make this biosensor a promising

Response time

Detection limit

Sensitivity
µAmM-1cm-2

References
[44]

Graphene-(G-ox)

0.1-27 mM

<5 s

---

1.85

PB/MWNTs-(G-ox)-CS-ICPTES

0.25 µM-1.3 mM

<10 s

7.5 µM

5.94

[43]

AuNPs-(G-ox)-MWCNTs-PVA

0.5-8 mM

<10 s

0.2 mM

16.6

[45]

PdNPs/CS-GR-(C-ox)/GC

1 µM-1 mM

<10 s

0.2 µM

31.2

[48]

CS-Fc/GO/(G-ox)

0.02-6.78 mM

<5 s

7.6 µM

10

[49]

(G-ox)-AuNPs/ESM

8.3 µM-0.96 mM

<30 s

3.50 µM

9.421

[46]

Nafion/ZnO-HNSPs/(G-ox)/GCE

0.005-13.15 mM

<5 s

1.0 µM

65.82

[50]

(G-ox)/ (AuNPs/MWCNT)

20 µM-10 mM

<3 s

2.3 µM

19.27

[51]

(G-ox)-CS/AgNWs/GCE

10 µM-0.8 mM

<10 s

2.83 µM

---

[52]

(G-ox)/CeO2 NRs/ITO

2-26 mM

1-2 s

100 µM

0.165

[53]

PPF/(G-dh)/PT/CNT/PPF/Au

4.9-19 mM

5±1s

0.12 mM

5.1 ± 0.9

[54]

Nafion/(G-dh)-bacteria/CNT

50-800 µM

---

4 µM

---

[55]

Enzymes: (G-ox): Glucose oxidases; (G-dh): Glucose dehydrogenases
Table 1: Enzyme based biosensors employed for glucose detection.
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candidate for oral cancer detection at the commercial level [62]. Yang
et al. devised an altered graphene electrode which possesses the ability
to chemically bind with ssDNA and generate Volta-metric signal for
its counter analogue DNA for detection [63]. Several other reported
biosensors for the DNA sequence detection are given as follows [64-67].
Hydrogen peroxide (H2O2): Measuring the H2O2 content with
accuracy and reproducibility are of supreme prominence both
clinically as well as in tissue engineering. In humans, its content is
a direct indicative of the oxidative stress faced by cell or hypoxic
conditions of tissues. As of now, various analytic techniques like
titration, electrochemistry and photocatalysis could be employed for
H2O2 recognition [68]. High concentration of this highly unstable
specie in any biological system is highly injurious and needed to be
avoided as it cause cytotoxicity in humans and also to a large variety of
plants, animals as well as bacteria [69]. In the field of tissue
Engineering, generally employed methods for H2O2 quantification
are mostly electrochemical in nature and poses several difficulties
(poor detection, low sensitivity, less portability and applicability issues
on the organic system) to the user [56]. Enzyme based biosensing
have recently found its footing here too owing to the manufacturing
of the biosensors with quite high stability and accuracy [70,71]. This
prevailing interest in this type could be attributed to the manufacturing
of steady sensor assembly that possess fully functionalized binding
sites of the pertinacious enzyme even after its deposition over some
rigid electrode/surface [72]. Immobilization medium includes, but not
confined to, quantum dots [73], polymers [74] and nanostructures
[75]. Recent advances in this regard are summarized in Table 2.

Applications in food industry
In the food based industry worldwide, science has contributed
maximally to benefit this field in order to meet the consumer demands
of fresh and healthy foods. In order to ensure the safety of processed
foodstuffs, specific methods have been adopted by the food industries
of to sort out the problems leading to food spoilage and detection
and destruction of such chemicals or biological agents that are
responsible for the spread of some serious health related problems
[76,77]. Biosensors being target specific, highly sensitive and quickly
responsive would be helpful in that regard to enable us to determine
the cause of chemical activities that leads to the food spoilage, not
only the canned and industrial food products, same case applies to
the food crops too. In order to measure the extent of freshness of
food, we must have to evaluate the quality of food first and to do so
one has to be expert in judging quality related traits of food materials
that are under evaluation. According to Luong, Bouvrette [78], 1.52% of the total expenses are required by every food industry to spend
on the quality evaluation of foodstuffs. All kinds of food products,
either processed or unprocessed, can be initially tested by on spot
visualization, other quality testing attributes like touch, taste and smell
can later be employed upon which final decisions can be made. One
of the fundamental principles of biosensors working depends upon
the detection of enzyme substrate interaction or antibody-antigen
Biosensor
PANI/HRP/GE–CNT–Nafion/AuPt NPs

Linear range

complex that can be easily detected [79]. There are many known type of
biosensors but in food industry mainly enzyme-based biosensors and
immunosensors are employed. According to Amine, Mohammadi [80]
the types of biosensors employed for food industries can be categorized
into three kinds; (i) first being those based on cell immobilization as a
whole [81-83], (ii) second based on devices that contain immobilized
enzymes and attached to the reactors and (iii) thirdly being those
containing transducers that depend upon direct immobilization of
the enzymes being used [80]. Contaminated foods lead to the health
implications, causes of which might be biological or biochemical agents
or activities, for these purpose food biosensors can be very helpful in
that regard. Commonly health implications are imposed by microbes
(mainly bacteria and fungi) that lead to the spread of serious health
hazards [84].
Bacterial monitoring: Among bacteria, common food spoiling
related to health hazards include, E. coli strain 0157:H7, Listeria
monocytogenes, campylobacter and salmonella. These bacteria are
common problems faced by the food industries as they reduce the
consumer demands of the food if the food provided by company gets
contaminated with these food spoiling biological entities. Salmonella,
a rod-shaped bacterium is the major cause of food poisoning, leading
to excessive loss of water and salts from the body. If conditions not
checked properly, might be fatal under severe cases. Food industries
had been striving to get rid of the cause of food poisoning by timely
detection and removal of this bacterium. For monitoring Salmonella,
piezoelectric biosensors are commonly used that can detect monoclonal
antigen-antibody complex quickly and easily but are poor detectors
of polyclonal antibody complexes, which is its main drawback and
needs to be addressed for upgradations [84]. Listeria monocytogenes
bacterium is commonly found in processed meat and can grow in the
food processing industries from where it gets into the newly processed
foodstuffs. It can also be found raw milk or its products. They are the
cause of a common disease in humans named as listeriosis. Listeriosis is
just like common flu and also leads to miscarriage. According to Geng,
Morgan [85], for L. monocytogenes, fibre-optic biosensors have been
commonly used to monitor its presence. Surface Plasmon Resonance
(SPR) biosensors along with fibre-optic biosensors have proven to be
best for L. monocytogenes detection [84].Campylobacter jejuni is also
the common cause of food poisoning worldwide. Optical SPR can also
be used for quick detection of campylobacter [84]. E. coli strain 0157:H7
leads to the cause of bloody diarrhea and sometimes it may cause
kidney failure. It is mostly present in poorly cooked foods, cheese, raw
milk, juices and also in contaminated water sources etc. Amperometric
biosensors based on bienzymatic system had been successfully used for
the detection of E. coli 0157:H7 [86]. Before that optical sensors had
also showed precise monitoring of 0157:H7.
Fungal pathogens detection: Besides bacteria fungi are also the
common cause of food spoilage and causing severe health related
problems that may prove to be life threatening in most cases. Fungi
that cause food contamination are commonly Botrytis sp., Aspergillus,
Colletotrichum and many other fungal species like that. Due to the

Response time

Detection limit

Sensitivity
µAmM-1

References
[70]

17 µM-0.1 mM

---

17 µM

3.7 × 102

Hb/AuNPS/ZnO/Gr/GCE

6.0-1130 µM

<2 s

0.8 µM

---

[71]

Hb-PpPDA@Fe3O4/GCE

0.5-400.0 µM

<4 s

0.21 µM

-0.076

[72]

5.0 μM-1.0 mM

---

0.6 μM

144.5

[76]

5 μM-1.1 mM

8s

1.5 μM

498

[77]

Hb/3DOM GTD/ITO
HRP–polyAuNPs–Au

Table 2: Biosensors for hydrogen peroxide detection.
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remarkable specificity, reduced costs and easy and quick monitoring
through biosensors, fungal toxins can be also detected using optical
SPR biosensors [87-90]. After their detection, steps to remove them
from food products can be taken within the time (Table 3).

Environmental applications of biosensors
Biological sensors that we know today in the biochemical field of
science have some great potential for detecting and monitoring the
interaction of biological molecules inside and outside the cells. These
sensors have provided easiness to the scientists of today in overcoming
the undetectable levels of many harmful agents that would have
otherwise remained undetected. Here, in the applications section of
biosensors, some recent studies have been compiled to give an overall
background of the most recent advantages that biosensors have
provided in monitoring many harmful environmental agents that are
responsible for the cause of some serious health hazards to humans
and the ecosystem. In order to avoid hazards to human health and to
the surroundings, a mechanism to understand, detect and remove the
contaminants from the surroundings, like water, soil and air within
affordable costs, quite quickly and with enhanced precision must be
have to be adopted today and this can be achieved using the biosensing
techniques. Different types of biosensors based on enzymatic inhibition
and those based on DNA with high specificity to certain DNA, RNA
or proteins that they can encounter have been used for the removal
of contaminants like, pesticides, other toxins and heavy metals from
soil, air and water including many other versatile types of biosensors.
Sensors which are based on screen-printed electrodes [91,92] are widely
being used by the biosensor industries to construct the biosensors for
their increasing needs by food industries, environmental and medical
departments. Another type of biosensors called phage sensors has
been developed to monitor pathogens and contaminants in food
and environment [93]. The major pollutant that can be successively
detected and removed using biosensors includes heavy metals,
polychlorinated biphenyls, pesticides, Biochemical Oxygen Demand
(BOD), nitrogenous compounds and various pathogens (including
many viruses and bacteria).
Heavy metals: Heavy metals pose maximum threat to health of
humans and their hyper-accumulation leads to various inappropriate
health conditions, as they cannot be easily biodegraded [94]. Several
types of biosensors have provided great success in detection and
monitoring of the toxic levels of heavy metals that would lead to
injurious health conditions. Bacteria-based cell biosensors requires
the use of genes that resist certain types of heavy metals like copper,
mercury, tin cobalt etc. [95,96]. However, they can act when the
heavy metals interact with their cytoplasm, dependence of these
sensors is based on the conjugation of some luminescent proteins like
luciferin, with those genes that resist heavy metals [94]. Enzyme-based
biosensors have also provided promising results in that regard, like
fibre-optic biosensors have been used for the detection of the toxic
levels of various heavy metals like lead, cadmium, mercury, copper,

nickel, cobalt etc. These biosensors work by inhibition of these heavy
metals by metal ions on various kinds of enzymes, these inhibitions
are then monitored by using different types of biosensors with HIGH
specificity. Amperometric biosensors were used for the successful
detection of inhibition of mercury ions (Hg+2) by urease enzyme action
[97]. Inhibition of cobalt, nickel, mercury, gold and lead with same
urease enzyme lead to the monitoring of the toxic levels using fibreoptic sensors [98].
Polychlorinated biphenyls (PCBs): Polychlorinated biphenyls
are non-biodegradable agents used in various types of herbicides and
insecticides that though prove to be good for pest control but also lead
to the accumulation of these PCBs in the soil which are then taken up
by the crops and in turn they enter human body and causes serious
health problems, most of the times related to cancers. Biosensors have
been most promising in the past years in precise detection of these
organic compounds in foods and soils, using immunological biosensors
that monitors antigen-antibo35dy interaction using piezoelectric
transducers [99,100].
BODs: Microorganisms that live in sewers and waste waters
usually break down organic compounds to produce toxic substances.
Biochemical oxygen demand (BOD) is the amount of molecular
oxygen (O2) required by microorganisms to thrive in waste water and
is mostly required during break down of organic compounds [94,101103]. This leads to the increased environmental pollution in water
sources. A biosensor was developed by Nisshin Denki Electric Co. Ltd.
in 1983 and was the first ever made commercial biosensor for BOD
level monitoring [103].
Pesticides: Organophosphates being commonly used as
insecticides (pesticides) pose changes to the soil fertility, thus damaging
many beneficial insects and microbes in soil and leads to the loss of
biodiversity, for their detection, another type of nanotechnological
sensors have been used recently to measure toxic levels of these
pesticides in soils and in water. Based on nanotechnology, enzymaticbiosensors have been modified by allowing them to be immobilized.
The common example is of acetylcholinesterase (enzyme) sensors
which work by inhibiting acetylcholinesterase activity in order to detect
organophosphates, where acetylcholinesterase activity is constantly
monitored [102].
Nitrogen compounds and microbial detection: Commercial
biosensors have also been introduced and used successfully to
monitor dioxins, nitrates and E. coli and dioxin-like compounds [103].
Microbes-based biosensors can also be employed for monitoring airborne contaminants and also pathogens. Phage-sensors can be used for
detecting air-borne pathogenic microbes [93] (Table 4).

Conclusion
One of the major hurdles in the biosensor development is the use
of synthetic biological agents and cell surface receptors like antibodies,
nucleic acids, enzymes etc. These synthetic receptors are not easily

Bacteria

Types of biosensors

Found in foods

Detection range/limit

Salmonella

Piezoelectric

Eggs, meat, raw milk, meat and dairy products.

1.7 × 102 cells/mL

[88]

L.monocytogenes (pure
culture)

Fibre-optic

Raw milk, meat, milk products.

107 to 108 CFU/mL

[85]

low concentrations upto 105
CFU/mL

[89]

SPR sensor

References

C. jejuni
(pure culture)

SPR sensor

Raw milk, uncooked chicken, contaminated water.

101 to 108 CFU/mL

[90]

E. coli O157:H7

Amperometric

Raw milk, milk products, juices, cheese etc.

1.0 × 107 cells/mL

[86]

Table 3: Biosensors for detection of various types of bacteria that spoil food and cause harms to human health with their detection ranges.
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Pollutants

Biosensors

Detectability source

References

Heavy metals (Hg, Cd, Ni, Co, Zn, Cu, Pb, Au, Pb, Cu)

Bacterial-based sensors

Soil, sewage water

[95]

Amperometric (Ureases enzyme-based) for Hg

[97]

Optical sensor
PCBs

[98]

Piezoelectric immuno-sensor

Soil, water and various foods
(fruits, vegetables)

[99]

BODs

Optical sensor

Contaminated, waste waters

[100]

Nitrogenous Compounds

Ezyme-based conductimetric sensor

Natural water sources

[101]

Organophosphates (Pesticides)

Enzymatic sensors (Acetylcholinesterase based)

Soils, water sources

[102]

Table 4: Biosensors for various environmental pollutants.

identified and are thus not allowed by the cell to cross the lipid bilayer.
For biosensors to function properly they must get entry into the cells.
Research work on biological agents could lead to the development
of new biosensors that would have potential benefits to the wellbeing of humans. Nanotechnology plays a pivotal role in that regard
as nanomaterials particularly in the form of quantum dots could be
modified using receptor elements to detect certain types of tumors and
at the same time after detection, they may have the ability to deliver
drugs to the tumors. Once all developmental hurdles will be overcome,
then it would be a great success in the history of mankind, although
it is being used, yet its success percentage still needs to be upgraded.
With such good and precise delectability within less time, reduced
costs and high specificity to certain microbes, proteins and other
related bioelement and biomolecules, biosensors have proved to be the
best equipment for the detection of certain agents that would otherwise
cause harm to human health. Recent advances in the biosensors
development over the past few years have paved the way for future
researchers to further modify these biosensing elements to enhance
them to the extent that would be able to detect even most dangerous
diseases like most of the viral diseases (HCV, HIV, Ebola, CrimeanCongo Virus, Rabies etc.) and not only in humans but also viral
diseases related to plants. Moreover these sensing agents can also be
employed for bioremediation of pollutants from the areas where most
of the problems occur due to pollution leading to unhealthy conditions
affecting ecosystem in a negative manner.
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