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Abstract 

Biosensor technology deals with the rapid and precise sensing equipment which consists of a small 

microchip integrated with a biological receptor to analyze a certain set of parameters which may 

be physical, chemical, or biological and offers better build, safer, long-lasting, cost-effective smart 

products. The biosensor is a potential analytical device, which is used as a biological element to 

interact with analytes. Changes in normal physiology or behavioral patterns measured by 

biosensors may indicate stress or pathology, particularly when associated with environmental 

change or known production stress. It is also used to assess the local environment and its elements 

which may directly influence its surroundings. This technology has the potential to assist in 

understanding the impacts of many environmental and management practices. The basic and most 

important characteristics of biosensors are high sensitivity, short response time, specificity, and 

relatively low production costs. It usually consists of three elements- a biorecognisor, a 

biotransducer, and an electronic system that includes a processor, a signal amplifier, and a display. 

It can also be associated with a wireless data transmission system to provide a continuous stream 

of measurable data to anywhere in the world. 
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1. Introduction 

Aquaculture also synonymously known as aquafarming is the scientific rearing, breeding, and 

harvesting of aquatic flora and fauna involving fish, crustaceans, mollusks, aquatic plants (such as 

seaweed, algae, etc) under the controlled environmental conditions of freshwater, saltwater and 

brackish water especially for meeting human consumption. In 2016, global fish production raised 

to a peak of about 171 million tons with the aquaculture industry standing for 47% of the total 63% 

if non-food uses are excluded. The global human population will eat 30 million tons of fish by 

2030 as per the United Nation’s Food and Agriculture Organization. By far the sector provides 

millions of people globally, livelihood, and income. 

Water quality parameters, fish health, and disease management, post-harvest and quality 

assessment, feeds and feeding and pond management, etc are some of the key challenges that affect 

farm quality and productivity. The inadequate knowledge regarding aquaculture nutrition, 

thorough feed preparations, and management lead to undesirable water quality in land-based and 

non-land based farms owning to the assemblage of undigested food. Deficient management of 

diseases relatively due to slow pathogen detection depending on a laboratory culture plate and thus 

unsuitable implementation of drugs lead to chemical residual accumulation in the fish tissues. As 

a result, this will not only give rise to potential health hazards to humans when consumed, it would 

also bring about the discharge of fish wastes containing such residual chemicals into the 

surrounding water, causing the development of antibiotic or drug resistance in the farmed 

organisms and surrounding ecosystem over time.  

In offshore aquaculture (mariculture), organic contaminants like Polycyclic Aromatic 

Hydrocarbons (PAHs), Polychlorinated Biphenyls (PCBs), etc are formed because of incomplete 

but high temperature and short duration combustions of organic matters. To successfully expand 

aquatic farming, these parameters are key aspects of fisheries management at different levels. 

Thus, technologies capable of frequent, real-time, and auto-monitoring of various culture types 

and environments are currently in high demand. As a result of which biosensors pave the way as 

a novel tool working along with existing laboratory techniques and biochemical tests.  

Exigent uses of biosensors have acquired pre-eminent importance in the field of drug discovery, 

food safety, and standards, biosecurity, biomedicine, environmental monitoring, and 

ecotoxicology. This has led to the invention of precise and powerful analytical tools using 

biological sensing elements as biosensors. 
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Glucometers utilizing the plan of electrochemical detection of oxygen or peroxide using an 

immobilized glucose oxidase electrode broadcasted the invention of biosensors. The recent 

breakthrough in biological techniques and instrumentation involving fluorescence tag to 

nanomaterials has increased the sensitivity limit of biosensors. Use of aptamers or nucleotides, 

affibody, peptide arrays, and molecule imprinted polymer provide tools to develop leading-edge 

biosensors over classical methods. Green fluorescent protein (GFP) and the subsequent 

autofluorescent protein (AFP) variants and genetic fusion reporters have aided the development of 

genetically encoded biosensors. 

Diverse biosensors ranging from nanomaterials, polymers to microbe have wider prospective 

applications. It is quite important to incorporate a multifaceted perspective to design biosensors 

that have the potential for diverse usage. 

 

2. Scope of this review 

In this review article, we provide a detailed summary of biosensors technology for the 

administration of various common concerns that appear in aquaculture frequently. We will discuss 

few major areas of concern namely monitoring of physical and biological water quality parameters, 

fish health assessment, detection of organic chemical contaminants, heavy metals, biochemical 

hazards, biological contaminants, and post-harvest quality control. We will also discuss the 

limitations along with the future potentialities of exploiting these technologies on a commercial 

scale. With the summary of future demands of real-time continuous detection, artificial 

intelligence, data connectivity, etc; we hope this review can provide a clear view on the level of 

preparedness of various analytical technologies to meet future demands. This review will 

complement to earlier articles of relevant scopes like those that discuss direct fish health 

monitoring (stress levels, spawning detection, and fish disease) that for aquaculture environmental 

exposure to polyaromatic hydrocarbons (PAHs) and polycyclic chlorinated biphenyls (PCBs) and 

that about the detection of endotoxins, cyanotoxins, phycotoxins in water bodies. 
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3. Aspects of a Biosensor 

A biosensor is an expository gadget that joins a natural detecting component incorporated with a 

physicochemical transducer that quantifies the affectability and explicitness of biochemical 

response to convey complex bioanalytical estimations with a straightforward, simple to-utilize 

group. For the creation of a biosensor for non-authority advertises, the accompanying conditions 

are required:  

 The analyte of interest ought to be explicit and stable under an ordinary stockpiling 

condition.  

 The sensor ought to be exact and show high affectability in a reproducible way, and 

linearity must be acquired with various focuses.  

 Physical boundaries, for example, pH and temperature ought to be streamlined which will 

prompt an example investigation with insignificant pre-treatment.  

 The biosensor ought to be little and biocompatible so it may very well be utilized for 

obtrusive observing and to gauge a wide assortment of aquaculture boundaries.  

 The manufactured biosensor should be convenient, practical, little, and equipped for being 

utilized by semi-gifted administrators.  

 The biosensor ought to give ongoing examination with the goal that it very well may be 

utilized for fast estimations of analytes from human examples.  

 Bioreceptors are natural acknowledgment components that comprise of an immobilized 

biocomponent that can identify a particular analyte (e.g., compound substrate, 

corresponding DNA, antigen).  

 The second and the most significant piece of the biosensor is the transducer, which converts 

the biochemical signal into an electrical signal, coming about because of the connection of 

the analyte with the bioreceptor. The force of the signal emerging because of the 

biochemical response is straightforwardly or conversely corresponding to the analyte 

fixation. 
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4. Implementation of Biosensors in Aquaculture 

4.1. Water quality variables 

Physical parameters including temperature, pH level, dissolved oxygen, salinity are the basic 

criteria that are to be observed and regulated in an aquaculture system. Deviations in these 

parameters with respect to optimum conditions will instantaneously affect the health of the 

animal, feed utilization, growth rate, and carrying capacity. The temperature of the water affects 

the feeding order and the growth of fish. It is inversely related to dissolved oxygen which in 

turn affects the amount of oxygen consumption, rate of feeding, pond temperature, and survival 

of phytoplankton- which plays a secondary part in maintaining the pH level by breaking down 

toxic ammonia into harmless forms. Thus, maintenance of these parameters at optimum 

conditions is important to improve fish metabolism rate, immunity against diseases, and sudden 

stress breakout. 

4.1.1. Underwater wireless sensor networks (UWSNs) for monitoring physical parameters 

The fish farms in India majorly operates using conventional techniques due to which their 

management demands the farmers to pay attention to a lot of factors for success, without having 

full control over the environment. Handheld instruments or sensors can provide onsite 

measurement in real-time accuracy as compared to various biochemical tests performed in 

laboratories which can take from several hours up to days and are laborious. Recently, UWSNs 

have been compared as potentially promising options for enabling such applications due to the 

number of advantages they offer like unmanned operation, real-time monitoring, early 

deployment, etc (2). 

Faller and Rodriguez (2020) presented a UWSN based water monitoring system that translates 

the gathered information and stores them in the database. The system is also able to measure 

temperature, pressure, and dissolved oxygen throughout the day. When a problem was detected, 

an SMS or email was forwarded to alert the person responsible for the facility (3).  

More recently, Leo et al., (2020) described a real-time remote monitoring aquaculture system 

giving solar cells and lithium cells for power supply. In their system, they combined commercial 

YCS-2000 DO sensor, pH electrode, Pt1000 temperature sensor, and ammonia nitrogen sensor 

(3). 

4.1.2. Cell-based electrochemical biosensor 

The most common application of whole-cell amperometric biosensor addresses the determination 

of Biochemical Oxygen Demand (BOD) present in water samples especially wastewater systems 
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which are known to be successful tools for culturing Oreochromis mossambicus, 

Ctenopharyngodon idella, and air-breathing fishes like Clarias batrachus and Heteropneustes 

fossilis. Various microbes including yeast and bacterial cells have been assessed for the 

construction of BOD biosensors but yeast e.g. Tricisporon cutaneum, Arxula adeninivorans, etc 

are among the best-performing ones as they are robust and offer high bio-oxidation activity (4). 

Jia et al., (2011) evaluated mixtures of T. cutaneum and Bacillus subtilis an equal proportion of 

both strains yielded the highest BOD signals. It was successfully implemented to domestic 

wastewater, the results being in good agreement with those from the conventional BOD methods 

(4). 

4.2. Fish health assessment  

The aquaculture industry in India majorly cultivates fishes in high-density pond environment that 

often leads to degradation of water quality because of the aggregation of residual feeds and 

excrement which induces stress and lowers immunity, making the organisms vulnerable to illness. 

Antibiotics are subjected against fish diseases that do not get catabolized easily and thus forms a 

residue in an organism which through biomagnifications can reach subsequent trophic levels 

finally reaching humans. For this reason, frequent evaluation of fish health in the farms is 

necessary for the early detection of abnormalities and diseases. In this review, we have described 

a few biosensors which can promptly and easily measure the indicators of fish health (4). 

4.2.1. Monitoring of stress responses 

The blood glucose concentration level in fish varies as per the stress levels hence this concentration 

can reflect breathing disorders and nutritional status. In addition to this, changes in cortisol and 

lactic acid concentration are also important indicators of fish health (6). Advancement in 

technology over the last few decades has enabled researchers to develop and apply the biosensor 

technology to diagnose fish health and establish new diagnostic methods over the conventional 

ones. 

Hideaki Endo et al., (2019) have reported a novel wireless biosensor system to monitor the glucose 

concentration in fish. The sensor can provide real-time measurement of blood glucose 

concentration without insertion of any probe, thus the test fish can swim freely. This sensor is 

based on the mechanism of oxidation of glucose by glucose oxidase (Gox) that breaks down 

glucose and releases oxygen which is then determined by the biosensor electrically to monitor fish 

stress response. The sensor was inserted in the eyeball interstitial sclera fluid (EISF). The sensor 

was also successfully implemented to monitor in real-time the free-swimming fishes which were 
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also exposed to different chemicals as well as stressors to ascertain physiological effects caused 

by each stressor and to elucidate how the stress factors affected behaviors (6).  

4.2.2. Detection of harmful pathogens 

The Food and Agriculture Organization of the United Nations (FAO, 2018) highlighted 

problematic diseases as acute hepato-pancreatic necrosis disease, tilapia lake virus, epizootic 

ulcerative syndrome, white spot syndrome virus (WSSV) among other bacterial, parasitic, fungal 

and viral infectious diseases with great impact to aquaculture security. The absence of a rapid in 

situ diagnostic method is one of the obstacles to overcome successful prevention. Presently, 

research and development are going on progressively to develop biosensors for the detection of 

pathogens infecting fishes. With the vision for implementing fast diagnostics in the field, 

preventive measures can be taken at the early stages to reduce the impact on the loss of 

aquaculture productions.  

Shrimp culture has been the driving force behind the strong increase in shrimp trade in East Asian 

countries. The giant tiger shrimp (Penaeus monodon) is the major farmed shrimp species making 

up around 52 percent of total global farm production, dominating productions in India, 

Philippines, Indonesia, and Thailand (FAO). However, the cultivation and exportation of shrimp 

have been affected by infectious outbreaks of various pathogens like yellow head virus (YHV), 

gill associated virus (GAV), infectious hypo-dermal and haematopoetic necrosis virus (IHHNV) 

and white spot syndrome virus (WSSV). Out of these diseases, WSSV has the highest mortality 

rate, reaching 100 percent within 3-10 days and has caused havoc across the globe. Several 

qualitative and quantitative tools like, in situ hybridization (ISH), polymerase chain reaction 

(PCR), real-time polymerase chain reaction (RT-PCR) have been used to detect WSSV. These 

assays are quite expensive, require many steps as well as an expert operator, and have been mainly 

used for the detection of WSSV in shrimp tissues, carrier animals and sediments. Although the 

major pathway for the entrance of WSSV in aquaculture facilities is by water and at present, there 

are no potentially available methods to curb the disease apart from disinfection methods and water 

filtration. Hence, a specific and quick method to detect WSSV in water could be very useful. 

Saluna Samanman et al., (2011), designed a label-free capacitive affinity biosensor based on 

potential steps perturbation. The principle of this potentiostatic step capacitive biosensor is based 

on the electrical double layer theory. The system was used to detect WSSV in trace amounts by 

immobilizing glutathione- S-transferase tag white spot syndrome virus binding protein (GST-

WBP) on a self-assembled thiourea monolayer, modified gold electrodes (7). 
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4.3. Biochemical toxins, organic contaminants, and heavy metals 

4.3.1. Biochemical toxins 

Toxicity in aquaculture commonly is referred to the harmful effects of elevated concentrations of 

metabolites (CO2, Ammonia, Nitrite, H2S), heavy metals, agricultural and industrial chemicals, 

and algal toxins. Toxins such as cyanotoxins, phytotoxins, and endotoxins are produced in large 

concentrations by cyanobacteria, dinoflagellates, diatoms, and bacteria which get accumulated in 

vectors that transfer the toxin along the food chain ultimately reaching higher predator organisms 

including human population leading to severe health issues (8). 

In this review, we have particularly focused on the biosensors technology which has been applied 

for real-time detection of harmful algal blooms of cyanobacteria (Cyano-HABs) known as 

cyanotoxins. 

Conventional analytical methods like biochemical assays are used for the detection of cyanotoxins 

by using advanced instrumentation. However, most of these techniques are expensive, time-

consuming, and not suitable for water monitoring. Therefore, since the past decades, approaches 

have emerged for the development of new online/real-time biosensors majorly exploring 

electrochemical and optical sensors with a high affinity to cyanotoxins. Cunha et al., (2018) 

developed an optical sensor that exploits DNA aptamer and quantum dots (QD) for real-time on-

site detection of cyanotoxins produced by cyanobacteria and phycotoxins produced by 

dinoflagellates and diatoms in both freshwater and marine ecosystem (8).  

Bickman et al., (2008) along with MBio Diagnostics Inc. also developed and demonstrated a 

portable sensor system for the rapid detection of freshwater cyanotoxin based on the principle of 

planar waveguide optical sensor. It delivers quantitative fluorescent competitive immunoassay 

results in a disposable cartridge (9).  

Also, Lebogang et al., (2018) developed an electrochemical capacitive immunosensor for the 

group of a toxic cyclic peptide called microcystins (9). 

4.3.2. Organic chemical contaminants 

In the past few decades, research has been focused on the occurrence of contaminants (e.g. 

polycyclic aromatic hydrocarbons (PAHs), polycyclic chlorinated biphenyls (PCBs), 

organochlorinated pesticides (OCPs)) as well as residues of veterinary drugs and antibiotics in 

aquaculture products. These contaminants enter into the aquatic trophic levels mainly via feed and 

are transferred to other organisms via the products or the aquatic life. Among the chemical 

contaminants present in the aquatic environment, DDT and Aldrin (example of OCPs), tends to 

reach very high levels in fatty tissues of fishes leading to biomagnifications along the food chain. 
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The introduction of biosensor has brought in new and promising approaches that have ever 

increased the selectivity, sensitivity, and are more accurate. 

Michele Del Carlo et al., (2008) developed an electrochemical based biosensor system 

immobilized with four types of DNA namely, calf thymus ssDNA, calf thymus dsDNA, salmon 

testis ssDNA and salmon testis dsDNA which were constructed using graphite screen-printed 

electrode. The principle of this biosensor is based on the oxidation of PAHs yielding reactive 

species which interact with the DNA and denatures it. The concentration of denatured DNA is then 

observed to get a peak/ observation of the PAHs present on the sample (10). 

Ahmad et., (2008) reported on the performance of an electrochemical immunosensor for the 

detection of benzo(a)pyrene (BaP) which is a type of PAH found in the water samples. The sensor 

is based on immunoassay reaction produced by the PAH which generates an electrochemical signal 

that is used to detect the concentration of PAH in water samples (11). 

Gavlasova et al., (2008) developed a biosensor for the semi-quantitative detection of PCBs. This 

biosensor is a reusable whole-cell biosensor (WCB) prepared by immobilizing cells of 

Pseudomonas sp. isolated from a PCB contaminated soil. The Pseudomonas cells react with PCBs 

resulting in the formation of a yellow meta ring fission product by silica entrapped cells. The 

formation of the yellow product is analyzed to measure the concentration of PCB present in the 

sample (12). 

4.3.3. Heavy Metals 

Heavy metals can be defined as the elements that have a higher atomic number and have a density 

higher than 5gm/cm3. This includes highly toxic metals such as lead (Pb), arsenic (As), Mercury 

(Hg), Cadmium (Cd), Chromium (Cr), etc. The ultra-low concentration of heavy metals in the 

aquatic environment poses a threat to human health due to the non-biodegradability causing one 

of the most consequential pollution problems. The majority of the known techniques at present for 

the detection of the total amount of heavy metal ions involved laboratory techniques like 

absorption spectrometry, X-ray fluorescence spectrometry, anodic stripping voltammetry, etc. 

Hence, biosensors represent a reliable and rapid solution for monitoring water pollution caused by 

various heavy metals. The small size, accurate quantitative measurements, and specificity enable 

their in situ application which can help to avoid expensive long term lab measurements (13). 

Kulkarni et al., (2019) were the first to develop acid phosphate-based fluorescence biosensor for 

the analysis of heavy metal ions of Hg2+, Cu2+, Cr2+ (14). 

Qi et al., (2019) designed the chemiluminescence (CL) aptasensor for the detection of Hg2+. The 

sensor is based on positively charged nanogold particles (AuNPs) whose effects show catalytic 
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properties for CL reaction of luminol and H2O2 by inducing a conformational change of the 

aptamer by Hg2+ (11). 

Mishra et al., (2019) fabricated a portable multi-analyte device which is formed on different 

recognition strategy for Hg2+, Pb2+, and Cd2+. The device exploits a luminol-H2O2 mixture as the 

CL system and horseradish peroxidase (HRP) (11). 

A multianalyte responsive sensor able to identify Ag+, Hg2+, Pb2+, Zn2+, Cr3+, Sn4+, Cd2+, and Mn2+ 

was designed by Tan et al., based on the differential colorimetric and fluorescence response of 

FAM- DNA-AuNPs once conjugated to specific metal ions (11).  

 

Figure 1: Optical biosensor scheme strategies for heavy metal (HM) ion detection in water 

(13). 

4.4. Biochemical evaluation of the fish quality 

Fish and fishery products are important not only due to their nutritional value but also as an item 

of international trade and dollar earner. It is known that fish and shellfish are highly perishable 

commodities that are prone to extensive variations in quality due to differences in feeding habits, 
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species, etc. Right after the death of the fish, a series of complicated chemical reactions like 

proteolysis, glycolysis, and lipolysis are initiated for the purpose of handling methods, storage 

temperatures, type of fishes, post-processing time, etc. Hypoxanthine (Hx) has been regarded as 

the major catabolite of adenosine triphosphate (ATP) which is known to accumulate right after the 

animal is butchered.  

Many traditional methods like HPLC, spectrophotometry, chemiluminescence, etc have been 

developed but it requires expensive equipment and skilled personnel. In the 1980s, a significant 

development in biosensors, therefore, was started for fish quality assessment.  

Watanabe’s group developed an enzyme biosensor using an immobilized xanthine oxidase 

membrane and an oxygen probe to measure the concentration of Hx for the assessment of freshness 

in fish (Watanabe et al., 1983; 1984a, b, 1987) (15). 

Shen et al., (1996) however developed a simpler method using a xanthine oxidase electrode 

immobilized on a silk membrane. The device was highly sensitive to Hx levels in fish. A simple 

and rapid method using an ammonia ion-selective electrode to measure volatile bases in fish has 

been proposed by Pivarnik and Thiam (1998) where the probe could also be used to measure TMA 

(15). Fishes that belong to elasmobranches such as shark, ray fishes, skates, and sawfish produces 

ammonia by the degradation of urea present in them during the spoilage process. Newly invented 

amperometric enzyme and microbial probes developed by immobilizing glutamate dehydrogenase 

and urease enzyme coupled with platinum electrodes are advantageous over potentiometric devices 

by having higher sensitivities in measuring ammonia and urea (15).  

More recently, Zhitao Chen et al., (2017) proposed a multicolored effect Hx sensor where 

Xanthinase quantitatively reacts with dissolved oxygen to generate H2O2 in the presence of 

xanthine oxidase. This highly selective enzymatic reaction is coupled with the optical properties 

of gold nanorods (GNRs) to develop different colors based on the concentration of Hx present in 

the sample (16). 

5. Drawbacks and challenges 

5.1.Technological boundaries 

There hasn’t been enough direct research regarding the progression of novel biosensors for the 

aquaculture industry in India. We lack the skills and expertise to develop such complex instruments 

on a large scale resulting in the absence of widespread information among the local aquaculture 

industries. Some research work has been done on several minuscule sensing systems involving 

nanotechnology like carbon nanotubes in the field of aquaculture. 
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5.2. High-cost value 

The initial cost of forming such an intricate sensor system is quite high since it involves numerous 

experimentation and prototypes to build a biosensor. The large-scale production of these is also 

estimated to be very high resulting in slow progress towards its advancements.  

5.3.Lack of skills required to handle the biosensor system 

Indian aquaculture industry mostly involves local labors and unskilled personnel who lack the 

expertise and knowledge to operate such complex devices. Trained professionals are required to 

maintain and monitor the working of these biosensors.  

5.4.High specificity 

Biosensors are highly specific which are used in the detection of only a certain set of 

measurements. For different parameters to be measured we require different types of biosensors, 

based on different analytes present in the sample. This results in the deployment of numerous 

different types of biosensors working on different sets of sensing systems in order to facilitate our 

need. 

Despite the extensive research and enhancement of these biosensors in the last few decades, there 

hasn’t been considerable commercial-scale development for these systems in India. They still lack 

their introduction into the retail market and most of these are confined to laboratory experiments 

and prototypes which are not being used in the local aquaculture industry as of this day. Lack of 

investment and the absence of any serviceable corporation to launch and advertise such biosensors 

has led to its slower approach. Some companies such as IOT Technologies have been selling smart 

biosensor network kits primarily for water monitoring which have a high cost and are not readily 

available in all continents. Regardless of the significant demand for an online rapid measurement 

system, however, is unable to provide efficient globally accepted biosensor tools for aquaculture. 

Several obstacles still have to be overcome before commercialization is possible, such as those 

associated with the technical barriers concerning the variability and complexity of real samples, 

the wide range of concentrations of the target analytes, the detection sensitivity, and the robustness 

of biodevices. Large scale marketable production would not be enough. It has to be affordable and 

should reach the local aquaculture farms as well as large lucrative fish farms all over India. There 

is a need to produce a single integrated biosensor system consisting of various measuring sensors 

so as to cover all the different parameters required for a fish farm instead of focusing on just a few. 

Professionals have to be trained to maintain and operate these complex devices and ensure 

continuous monitoring of flowing data. Several handheld biosensor devices do not need 

specialized training and can be readily deployed and used by any farm personnel. There is a lot to 
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cover for the replacement of conventional methods in aquaculture industry and biosensor is the 

key for this to become a reality in the country. 

6. Future Prospects 

Significant advances have been accomplished during the last decade in the field of biosensors for 

different parameters in aquaculture. The miniaturization of sensing platforms can provide many 

benefits, including a reduction of the amounts of bioreceptor and sample, increased sensitivity, 

and high throughput analysis. Additionally, the small size is well suited for the design of portable 

biosensors, especially for in-field screening applications. Newer innovation in nanotechnology and 

microchips have permitted the miniaturization of biosensors and therefore the fabrication of high-

density arrays, particularly interesting for the real-time parallel monitoring of multiple chemicals 

or biological parameters, or the monitoring of a single parameter in several samples. Future success 

in the field will perhaps rely on the development of analytical microsystems, in which sample 

preparation modules and multi-analyte-detection biosensing systems will be integrated on the same 

platform. Applications of nanomaterials in biosensors provide opportunities for building up a new 

generation of biosensor technologies. Nanomaterials improve mechanical, electrochemical, 

optical, and magnetic properties of biosensors and are developing towards single-molecule 

biosensors with high throughput biosensor arrays. Future work should specialize in clarifying the 

mechanism of interaction between nanomaterials and biomolecules on the surface of electrodes or 

nanofilms and using novel properties to fabricate a replacement generation of biosensors. These 

modified nanomaterials embedded biosensors show great prospects, which can be largely applied 

in food safety, evaluation of fish quality, monitoring of fish health and formation of smart farms 

within the near future. 

Integrated strategies using multiple technologies starting from electrochemical, electromechanical, 

and fluorescence- cum-optical-based biosensors and genetically engineered microbes are modern 

methods for biosensor discoveries. Several newly developed techniques starting from 

electrochemical, optical including fluorescence-based, and electromechanical are modern 

transducing methods, which are widely utilized within the development of biosensors.  

7. New Advances in Biosensor Technology 

 Micro and nano-scale cantilevers fabricated biosensors developed by Dias et al., (2014) can 

execute simultaneous, real-time quantitative assays for large sample arrays. 
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 Another major technical revolution in biosensors is the discovery of genetically encoded or 

synthetic fluorescent biosensors to analyze molecular mechanisms of biological processes 

(Kunzelmann et al., 2014; Oldach and Zhang, 2014; Randriamampita and Lellouch, 2014). 

 Biosensors using aptamers, affibodies, peptide arrays, and molecularly imprinted polymers are 

classical examples of a prospective research approach (Citartan et al., 2013; Abe et al., 2014; 

Verma and Bhardwaj, 2015). 

 Lim et al., utilized fluorescence and peptide as a receptor to tie to an analyte and graphene 

oxide for recognizing endotoxin orchestrating LPS-restricting peptide. 

 A compact entire cell biosensor was consolidated with a UAV in Shenzen China for remote 

appraisal of water contamination. The effectiveness of this biosensor was estimated by the 

suitability of E. coli in the biosensor with that of lab societies. 

 A German organization teamed up with six exploration establishments is in progress to study 

and report coupled compound frameworks biosensor for business creation in Europe known as 

'KV-101 Freshness Meter' and 'Microfresh' which would be soon accessible for modern use.  

 Non-enzymatic metal-binding regulatory proteins offer great promise as biosensors, as 

illustrated by potential sensitivities of detection as low as femto- and zepto-molar levels 

(Changela et al., 2003). The antibody-based immunosensors also are highly specific and 

sensitive. The whole-cell based biosensors offer certain advantages such as the microbial 

strains are cheaper than enzyme electrodes and the enzyme activity is enhanced in microbial 

cells owing to the optimal environment, leading to greater stability. 

Recent developments in biological techniques and instrumentation after utilizing fluorescence tag 

to varied nanocarriers namely; NPs, nanowires, nanotubes, etc. have improved the sensitivity of 

biosensors. Utilization of nucleotides or aptamers, affibodies, molecule imprinted polymers, and 

peptide arrays offer great tools to organize advanced biosensors as compared to traditional 

techniques. The integration of nanotechnology into biosensor increases its potential with leaps and 

bound. 
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