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Abstract. Biosensors are innovative devices that have gained significant attention for their ability to 
detect specific substances with high precision. They work by using biological elements like enzymes 
or antibodies that can uniquely recognize certain molecules, triggering a physical or chemical 
reaction when they interact with their targets. This reaction is then transformed into a measurable 
signal by another part of the biosensor, allowing for the detection and analysis of even minute 
quantities of substances. These tools are highly valued for their sensitivity and selectivity, meaning 
they can not only detect very small amounts of a substance but also identify exactly what that 
substance is. Their rapid response and reusability make them cost-effective and efficient. Biosensors 
find applications in various fields. In medicine, they can quickly pinpoint disease markers and monitor 
drug levels in the body, facilitating personalized treatment plans. In environmental monitoring, they 
play a crucial role in assessing water quality, identifying air pollutants, and detecting harmful 
substances in soil, thereby supporting environmental conservation and ecological oversight. 
Essentially, biosensors serve as specialized detectors, providing valuable insights for health and 
environmental well-being. 
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1. Introduction 

In today's world, sensor technology plays a vital role in our daily lives. From smart bracelets 

tracking our health to rapid detectors ensuring the safety of our food, sensors are everywhere. 

Biosensors, which use biological recognition elements to detect specific molecules, are particularly 

noteworthy because of their unique advantages and wide range of potential uses. When a biosensor 

encounters a target molecule, it undergoes a physical or chemical change. This reaction is then 

converted into a measurable signal by the sensor's signal conversion elements, allowing for analysis. 

Biosensors are remarkable for their high sensitivity, selectivity, quick response times, and reusability. 

These qualities make biosensors invaluable in many different fields. In healthcare, they enable the 

rapid detection of disease markers and the monitoring of drug levels for personalized treatments. For 

example, measuring blood sugar and uric acid levels can give doctors accurate diagnostic information. 

In environmental monitoring, biosensors help assess water quality, air pollution, and soil 

contaminants, aiding in ecological preservation. Additionally, biosensors play a crucial role in the 

food industry, agriculture, and biomedical research.  

The document provides an overview of biosensors, examining their fundamentals, usage, and 

evolutionary path. A biosensor functions by merging biological components with sensor technology 

to identify and study various substances and biological molecules within living systems. Initially, the 

paper outlines the types and underlying concepts of biosensors, which include electrochemical, 

optical, and piezoelectric variants. Subsequently, it delves into the practical uses of biosensors across 

medical, food, and environmental sectors, highlighting their role in detecting pathogens, monitoring 

blood sugar levels, and identifying pesticide residues. In conclusion, the paper touches upon the future 

trajectory of biosensor technology, emphasizing advancements towards heightened sensitivity, 

improved selectivity, the capability for simultaneous multi-parameter analysis, and the drive towards 

smaller, integrated devices.  
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2. Main Principle of Biosensors  

2.1. Fixed Biometric Element  

Biosensors harness the power of biological recognition elements - such as enzymes, antibodies, 

receptors, and nucleic acids - to detect specific targets like proteins, hormones, or pathogens. These 

elements are securely attached to the sensor's surface using various methods, including chemical 

adsorption, covalent binding, physical adsorption, or the strong interaction between biotin and 

streptavidin. This design allows biosensors to accurately and selectively identify their targets.  

2.2. The Combination of Objects 

Upon application of the sample to the biosensor, the target analyte binds specifically to the 

immobilized recognition element. This interaction is fundamental to the selectivity and accuracy of 

the biosensor’s response.  

2.3. Signal Conversion 

The binding of the target analyte to the recognition element induces a physical or chemical 

transformation. This change is transduced into a measurable signal, which can be in the form of an 

electrical, optical, or thermal signal. For instance, in electrochemical biosensors, the binding event 

can alter the current or potential at the electrode interface. 

2.4. Signal Amplification and Detection 

The signals produced by biosensors are often faint and necessitate amplification for accurate 

detection. This is accomplished using electronic equipment, which enhances the signal strength. The 

amplified signal is then detected by a sensor and ultimately processed, analyzed, and displayed by a 

data processing system. 

3. Basic types of biosensors 

A biosensor integrates a biometric component with a physical sensor to detect interactions between 

biological molecules. There are several types of biosensors, each distinguished by its biometric 

component. For instance, enzyme sensors leverage the unique catalytic action of enzymes to detect 

substrates, finding widespread use in applications like blood sugar monitoring and food safety. 

Immunosensors, on the other hand, detect causative agents and medications through the specific 

binding reactions of antigens and antibodies. Lastly, tissue sensors utilize slices of biological tissue 

as recognition elements, making them ideal for simulating physiological processes within living 

organisms.  

Gene transducers are a type of biosensor that can detect specific genes by recognizing changes in 

DNA or RNA sequences. They are invaluable for gene expression analysis and disease diagnosis. 

Cell sensors, another type, use whole cells or cell extracts to monitor the physiological state and 

environmental changes of cells. Microbial sensors, on the other hand, detect pollutants or specific 

substances in the environment by harnessing the metabolic activity of microorganisms. 

Biosensors can also be classified based on the way they convert sensor signals. Electrochemical 

sensors detect changes in current or potential generated by biological reactions, while optical sensors 

utilize optical phenomena such as light absorption, fluorescence, and refraction. Heat-sensitive 

sensors detect heat changes produced by biological reactions, and piezoelectric sensors rely on 

changes in mass when biomolecules bind to the surface of piezoelectric materials. 

In summary, biosensors come in various types, each with unique applications and advantages. 

They play an increasingly important role in medical diagnostics, environmental monitoring, food 

safety, and biological research. As biotechnology and microelectronics technology continues to 

advance, the variety and application range of biosensors will further expand. 
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4. Application cases of biosensors—Enzymatic biosensors 

4.1. Principles of Enzyme Biosensors 

The working principle of enzyme biosensors is based on the specific catalytic action of enzymes, 

which react with the substance to be measured, and convert the signal produced by the reaction into 

detectable electrical signals through transducers. According to the different transducers, enzyme 

biosensors can be divided into electrochemical enzyme biosensors, photoelectric biosensors, thermal 

biosensors, etc. 

4.2. Enzyme biosensor advantages 

As a high-tech product that combines biological recognition elements (enzymes) with physical 

sensors, the advantages of enzyme biosensors are mainly reflected in the following aspects: First, 

enzyme biosensors have extremely high specificity. This is because enzymes, as biological catalysts, 

can catalyze specific substrates or reactions, thus achieving the selective recognition of the analyte. 

Second, its sensitivity is very high, and it can detect substances as low as picograms or even 

femtograms, which is of great significance for early disease diagnosis and food safety.[1] Third, 

enzyme biosensors respond quickly and can complete the detection of the analyte in a short time, 

meeting the needs of real-time monitoring. 

In addition, enzyme biosensors are easy to operate and can be operated by non-professionals, 

which reduces the threshold of use. In terms of cost-effectiveness, enzyme biosensors have obvious 

advantages over traditional detection methods, especially in large-scale production and use, and their 

cost advantages are more prominent. Portability is a major highlight of enzyme biosensors, and its 

small size makes it easy to carry and suitable for rapid on-site detection. Reusability also brings 

environmental and economic advantages to enzyme biosensors, reducing the cost of long-term use. 

In the medical field, enzyme biosensors can achieve non-invasive or minimally invasive detection, 

reducing the pain of patients and improving patient compliance. The real-time monitoring function 

makes enzyme biosensors have a wide range of applications in biological process control, 

environmental monitoring, etc. In addition, enzyme biosensors have a wide application range, not 

only can be used in biology, chemistry, environment and other fields but also can be used in food, 

medicine, agriculture and other industries. 

In short, enzyme biosensors have become an important means of modern analysis and detection 

technology due to their advantages of specificity, sensitivity, rapid response, simple operation, cost-

effectiveness, portability, reusability, non-invasive or minimally invasive detection, real-time 

monitoring, and wide applicability. With the continuous development of science and technology, 

enzyme biosensors will be more widely used in various fields, bringing more convenience to human 

society. 

4.3. Examples of application of enzyme biosensors 

ELISA (Enzyme-linked immunosorbent assay): By detecting biomolecules such as tumour 

markers and inflammatory factors in human serum, ELISA can provide doctors with a diagnostic 

basis and treatment monitoring means. For example, the detection of tumour markers can aid in the 

diagnosis of tumour disease, and the detection of inflammatory factors can assess the extent of the 

inflammatory response and the effectiveness of treatment [1].  

5. Technological advances and challenges 

5.1. Smart biosensors based on synthetic biology 

In Trends in Biotechnology, the research team at the School of Life Sciences and Technology of 

Xi'an Jiaotong University summarized the latest advances in smart biosensors that are integrated 

based on standardized modules of synthetic biological biology (Fig.1). These sensors perform well in 
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biocomputing, memory storage and automatic calibration capabilities and have been used in instant 

detection and wearable monitoring devices. These sensors show their importance in diagnosing 

diseases, detecting contaminants in food and monitoring the environment [2]. 

 

Fig. 1 The process of applying synthetic biology to biosensors  

5.2. Renewable high-sensitivity biosensors 

Zhang Fengjiao's team at the University of the Chinese Academy of Sciences collaborated with 

researcher De Zhuoan of the Institute of Chemistry of the Chinese Academy, and others, In the study 

published in Nature Materials, a new idea for the construction of organic electrochemical crystal tubes 

(DM-OECT) mediated by drug molecular probes is proposed. This sensor performs well in the highly 

sensitive detection of epidermal growth factor (EGFR) in the blood, and has unique renewable 

capabilities, providing new ideas for the low-cost preparation of instant detection (POC) sensors [3]. 
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5.3. Nanobiosensors 

The development of nano biosensors has also made tremendous progress, especially in real-time 

detection applications in areas such as healthcare, environmental monitoring and energy. 

Nanomaterials play an important role in efficiently sensing biological receptors such as cells, 

enzymes and antibodies, helping to develop biosensors with high selectivity, specificity and 

sensitivity. These nano biosensors are revolutionizing the way medical fields sense, monitor and 

diagnose causative agents, viruses and bacteria [4].  

6. Challenges 

Biosensors face multiple challenges in their current development, and these challenges can be 

summarized mainly as follows: 

6.1. Technical Challenges 

Miniaturization and convenience: Existing biosensors still have weaknesses in miniaturization and 

connectivity, which make it difficult to meet the market demand for portable and easy-to-use devices. 

For example, while some new biosensors such as edible devices have already achieved initial 

applications, there is still room for improvement in size, weight and user experience. 

Higher accuracy and low power consumption: Biosensors require higher accuracy to accurately 

measure biological signals while reducing power consumption to extend device life and improve 

energy efficiency. This is especially important for long-term monitoring and portable devices. 

Biocompatibility and signal interference: When the sensor is used in or on the body surface, it 

needs to have good biocompatibility to avoid adverse effects on the organism. At the same time, the 

complex electromagnetic circumstance in the organism may interfere with the sensor signal and affect 

the precision of a measurement result. 

Material Innovation: Flexible bioelectronic materials are one of the key factors for commercial 

applications. The application of new nanomaterials and polymer materials, as well as new production 

processes and inspection technologies, is of great significance for improving the performance of 

biosensors and reducing costs. 

Intelligent and integrated: Biosensors are moving towards an intelligent direction, requiring the 

integration of more functional modules such as computation, storage, and self-calibration. This 

requires a higher level of integration and automation in sensor design and manufacturing. 

6.2. Application Challenges 

Application expansion: Although biosensors have wide applications in medical, health, and 

environmental fields, the applications in other emerging fields such as smart home, bio authentication, 

and smart devices are still relatively small. Expanding application areas requires more technology 

accumulation and the market needs research. 

Market acceptance: As a new technology product, the market acceptance of biosensors is affected 

by a variety of factors, including price, performance, user experience, etc. How to increase market 

acceptance and promote the popularization and application of biosensors is one of the important 

challenges facing today. 

6.3. Regulations and Ethical Challenges 

Regulatory compliance: The application of biosensors in medical care, food safety and other fields 

is subject to strict regulations. Ensuring that the product meets the relevant regulatory requirements 

is an issue that must be considered during the development and production of biosensors. 

Ethical issues: Biosensors may raise ethical issues in areas such as personal privacy and data 

security. How to protect user privacy and data security, and prevent data breaches and misuse, is an 

issue that needs to be taken seriously in developing biosensors. 
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6.4. Market competition challenges 

Technical competition: With the continuous development of biosensor technology, market 

competition is also increasingly fierce. Enterprises need to continuously invest resources in 

technological innovation, product research and development and market promotion to maintain their 

competitive advantage. 

6.5. Price Competition 

In market competition, price is also an important competitive factor. How to reduce production 

costs and sales prices and improve the cost-effectiveness of products while ensuring product quality 

and performance is a problem that enterprises need to face. 

In summary, biosensors face many challenges in their development. To overcome these challenges, 

efforts are needed to increase technological innovation, expand application areas, increase market 

acceptance, strengthen regulatory compliance and ethics, and address market competition. 

7. Future of development 

Biosensors, as an interdisciplinary technology, have a broad and diverse development prospect, 

with significant applications not only in the fields of medical health, environmental monitoring, and 

food safety but also in high-tech areas such as military and aerospace. Firstly, in the field of medical 

health, the development of biosensors is showing a significant growth momentum. With the 

integration and innovation of nanomaterials, biometric technologies, and microelectronic 

technologies, the sensitivity and specificity of biosensors have been significantly improved, and their 

applications in early diagnosis, disease monitoring, and personalized treatment are becoming 

increasingly widespread. For instance, nanotechnology-based biosensors can achieve ultra-sensitive 

detection, allowing for rapid and accurate identification of pathogens and biomarkers, and providing 

possibilities for early detection and treatment of diseases. Additionally, the development of wearable 

biosensors has made real-time and continuous monitoring a reality, promising to provide more 

convenient and personalized health management solutions for patients with chronic diseases. 

Secondly, in the field of environmental monitoring, the development of biosensors has provided 

strong support for addressing environmental pollution issues. Biosensors can be used to monitor 

environmental pollutants such as harmful gases, heavy metal ions, and organic contaminants, offering 

advantages such as simple operation, fast response, and low cost. As biosensor technology continues 

to mature, its applications in water quality monitoring, air pollution control, and soil remediation will 

become more widespread, helping to improve the efficiency and quality of environmental protection. 

Furthermore, in the field of food safety, the development of biosensors has provided new means 

for food safety supervision. Biosensors can quickly detect pesticide residues, pathogenic 

microorganisms, and additives in food, ensuring food safety. Compared to traditional detection 

methods, biosensors have higher sensitivity and specificity, capable of completing the detection of 

many samples in a short time, thus reducing food safety risks. 

Moreover, the application of biosensors in military and aerospace fields has also garnered attention. 

In the military field, biosensors can be used to detect biochemical weapons and monitor soldiers’ 

health status; in the aerospace field, biosensors can provide life sign monitoring and space 

environment analysis for astronauts. These applications place higher demands on the stability and 

reliability of biosensors, driving further development of biosensor technology. 

However, the development of biosensors also faces many challenges. Firstly, there is a need for 

breakthroughs in improving the performance of biosensors, including enhancing sensitivity, 

specificity, and stability. Secondly, the industrialization process of biosensors needs to be accelerated 

to reduce production costs and enhance market competitiveness. Thirdly, the standardization and 

normalisation of biosensors in practical applications need to be addressed urgently to ensure the 

accuracy and reliability of detection results. 
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Looking forward, the development prospects of biosensors are promising. On one hand, with the 

continuous emergence of new materials and technologies, the performance of biosensors will be 

further enhanced, and their application fields will be expanded. 

8. Summary 

As a technology that combines biometric elements with physical sensors, biosensors are 

increasingly widely used in various fields, and their importance is becoming more and more important. 

It can rapidly and accurately detect biomolecules and has the characteristics of easy operation, fast 

response speed, high sensitivity, and good selectivity, so it plays a crucial role in environmental 

monitoring, biomedical, food safety and other fields. 

The practicability of biosensors lies in their ability to detect target molecules in complex biological 

systems, which provides powerful support for disease diagnosis, drug screening and causative agent 

detection. For example, blood sugar monitors based on enzyme sensors allow people with diabetes 

mellitus to easily control blood sugar levels; Immune sensors play an important role in food safety 

testing, ensuring the quality and safety of food. 

With the continuous advancement of science and technology, biosensor technology has achieved 

significant development. The development of new biometrics materials such as nanomaterials and 

biocompatible materials has improved the sensitivity and stability of biosensors. The continuous 

development of microelectronics technology and microfabrication technology has led to the 

development of biosensors towards miniaturization, and integration. 

Looking to the future, the development prospects of biosensors are very broad. First, biosensors 

will pay more attention to multifunctional integration, achieve multiparameter detection at the same 

time, and improve detection efficiency. Second, the development of new biometrics technology will 

continue to expand the application range of biosensors, such as real-time monitoring in living 

organisms, biomolecular detection in cells, and so on. In addition, biosensors will be combined with 

big data, cloud computing, artificial intelligence and other technologies to achieve intelligent analysis 

and decision-making, providing more accurate data support for all walks of life. 

In short, the importance of biosensors is self-evident, and their usefulness is becoming more and 

more prominent. In future development, biosensors will continue to optimize performance and 

expand application fields, which is expected to bring more convenient and efficient life experiences 

to human society. With the advancement of science and technology, biosensors will play a greater 

role globally, contributing to human health, environmental protection and sustainable development.  
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