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A B S T R A C T  

The halal food industry is committed to ensuring sustainable practices that align with 

Islamic dietary laws and promote food safety. Biosensors, which are analytical devices 

that combine biospecific recognition systems with physical or electrochemical signaling, 

have emerged as valuable tools for achieving these goals. Thus, the article here provides 

the applications of biosensors in ensuring sustainable practices in the halal food industry. 

Biosensors offer rapid and accurate detection of non-halal ingredients and enable the 

identification of potential contaminants that violate halal standards. Biosensors can be 

integrated into smart food packaging systems, providing real-time monitoring of food 

quality parameters and reducing food waste. Additionally, biosensors contribute to the 

detection of pathogens, toxins, and other contaminants in food products, enhancing food 

safety and preventing harm to consumers. Thus, biosensors have significant applications 

in ensuring sustainable practices in the halal food industry through monitoring food 

quality, preventing contamination, and promoting food safety. By addressing challenges 

and advancing biosensor technologies, the industry can further enhance sustainability, 

and protect consumer health and the environment. 
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1 Introduction 

The halal food industry has been growing rapidly in recent years, with an increasing demand 

for halal products worldwide. Ensuring that food products meet halal standards is crucial for 

the industry's sustainability and growth. One of the challenges in halal food production is the 

detection of non-halal ingredients, such as pork, which can contaminate food products during 

processing or handling. To address this challenge, biosensors with nanomaterials have 

emerged as a promising technology for the rapid and accurate detection of halal compounds 

and non-halal ingredients in food products [1-4]. Biosensors are biological-based detectors 

that can identify minor elements in food products, providing fast and reliable results [3]. The 

application of biosensors in the halal food industry is a new era in food authentication 

platforms, providing a portable and cost-effective solution for halal authenticity and 

verification [4]. In this context, this article aims to explore the potential of biosensor 

applications for ensuring sustainable practices in the halal food industry. 
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2 Methodology 

The aim of this article was to explore biosensors and their applications in promoting 

sustainability within the halal food industry. To accomplish this, we conducted a 

comprehensive review of relevant literature, utilizing databases such as Scopus and Google 

Scholar. Given the limited availability of full-length research articles specifically focused on 

biosensors and the sustainability of the halal food industry, our study also encompassed 

review papers, proceeding papers, book chapters, and other related materials. 

3 Biosensors and their use in food industry 

There are different types of biosensors used in the food industry based on the method of signal 

transduction.  

Electrochemical biosensors: These biosensors use electrodes to detect changes in electrical 

properties resulting from the interaction between the biological component and the analyte 

[5]. They are commonly used to detect glucose, lactate, and other metabolites in food products 

[6]. 

Optical biosensors: These biosensors use light to detect changes in the biological component 

resulting from the interaction with the analyte [5]. They are commonly used to detect 

pathogens, toxins, and other contaminants in food products [7]. 

Thermometric biosensors: These biosensors use temperature changes to detect the presence of 

an analyte [8]. They are commonly used to detect the freshness of produce and other food 

products. 

Piezoelectric biosensors: These biosensors use changes in mass or density to detect the presence 

of an analyte. They are commonly used to detect pathogens and other contaminants in food 

products. 

Magnetic biosensors: These biosensors use magnetic fields to detect changes in the biological 

component resulting from the interaction with the analyte [9]. They are commonly used to 

detect pathogens and other contaminants in food products. 

4 Biosensors and Islamic 3Ps sustainability of the halal food industry 

The role of biosensors in halal industrial sustainability aligns with the Islamic perspective of 

promoting halal practices and ensuring the well-being of mankind, competitiveness, and 

God's blessing. Biosensors can play a crucial role in achieving sustainability goals in the halal 

food industry by ensuring product and service excellence, promoting sustainable and 

competitive practices and complying with religious requirements. The 3 Ps of sustainability—

people, planet, and profit, the triple bottom line framework emphasizes considering social, 

environmental, and financial aspects in business practices. From an Islamic perspective, the 

sustainability of the planet is emphasized, and biosensors contribute to this by promoting a 

green environment, practising 3R activities (reduce, reuse, recycle), employing green 

transportation systems, and ensuring the safety of goods throughout the supply chain [10]. In 
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terms of profit, align with Islamic teachings of upholding good actions and moral practices 

and contributing to customer loyalty [11]. Regarding people, biosensors contribute to 

upholding good actions and moral practices, avoiding sins, and promoting employee 

commitment and responsibility at work. These align with Islamic principles of moral conduct, 

fulfilling responsibilities, and maintaining ethical behaviour [12]. Thus, biosensors may 

contribute to ensuring product and service excellence, complying with religious 

requirements, promoting sustainable practices, and maximizing the interests of the firm and 

the public.  

5 Biosensor and sustainability of halal food production 

Biosensor can play in halal food production sustainability by the ability of the food production 

process to be halal. Where halal ingredients, enzymes, microbial products, and Shari’ah-

compliant reconfiguration of genetic material can be analyzed by the biosensor which will 

promote halal food sustainability by following ways: 

Halal ingredients: The use of halal ingredients in food production can help to ensure that food 

is produced in a way that is consistent with Islamic principles. This can include using 

ingredients that are free from haram (forbidden) substances, such as pork or alcohol. By using 

halal ingredients, food producers can appeal to Muslim consumers and promote sustainable 

food production practices [13]. 

Enzymes: The use of microbial enzymes compatible with halal food production can eliminates 

the use of animal-derived enzymes, which can be a concern for halal consumers. In addition, 

enzymes can help to improve the quality, freshness, and shelf life of food products, which can 

reduce food waste and promote sustainability. 

Microbial products: Microbial products, such as probiotics and prebiotics, can also play a role 

in promoting food sustainability. These products can help to improve the nutritional value of 

food, reduce food waste, and promote sustainable food production practices [14]. 

Shari’ah-compliant reconfiguration of genetic material: The reconfiguration of genetic material can 

be used to produce food products that are consistent with Islamic principles. For example, 

genetic modification can be used to produce halal meat products that are free from haram 

substances. By using Shari’ah-compliant reconfiguration of genetic material, food producers 

can appeal to Muslim consumers and promote sustainable food production practices [14]. 

6 Biosensor and sustainability enhancement of the halal food industry  

Biosensors can play a significant role in enhancing halal food industrial sustainability. Here 

are some ways in which biosensors can contribute to halal food industrial sustainability: 

Detection of pathogens, antibiotic and contaminants: Biosensors can detect and measure various 

compounds such as toxic substances (pesticide residue, heavy metals, fertilizers, etc.) in food 

[15]. They can also be used as a rapid method for the detection of non-halal ingredients in 
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food products. Furthermore, by using biosensors to detect antibiotics such the quinolones 

(Figure 1.a) [16] and microbial (Figure 1.b) [17] can ensure that their products are safe for 

consumption and meet halal standards. 

Quality control: Biosensors can be used to monitor the quality of food products throughout the 

production process. They can detect changes in pH, temperature, and other factors that can 

affect the quality of the final product. By using biosensors for quality control, food producers 

can ensure that their products meet halal standards and are of high quality. 

Sustainable agriculture: Biosensors can also be used in sustainable agriculture practices. By 

using biosensors in agriculture, halal food producers can reduce waste, increase efficiency, 

and promote sustainable practices. 

Waste reduction: Biosensors can be used to monitor food waste and identify areas where waste 

can be reduced. For example, they can be used to detect spoilage in food products and 

optimize storage conditions to reduce waste.  

Supply chain management: Biosensors can also be used to monitor the supply chain and ensure 

that food products are transported and stored under appropriate conditions. They can detect 

changes in temperature, humidity, and other factors that can affect the quality of the final 

product [18]. 

Figure 1: (a) Application of biosensor for detection of antibiotic [16] and (b) microbial contamination [17] 

7 Conclusions 

The application of biosensors in the halal food industry plays a vital role in ensuring 

sustainable practices. By aligning with the Islamic perspective and emphasizing essential 

aspects such as well-being, competitiveness, and God's blessing, biosensors contribute to 

product and service excellence, promote sustainable and competitive practices, and comply 

with religious requirements. Moreover, biosensors contribute to the 3 Ps of sustainability, 

including profit, planet, and people. By promoting a green environment, practicing 3R 

activities, and ensuring the safety of goods throughout the supply chain. With the added 

benefits of maximizing profit, ensuring customer loyalty, and upholding good actions and 

moral practices, biosensors offer a promising solution to enhance sustainability, protect 

consumer health, and maintain compliance with halal standards in the food industry. 
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