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The demand for halal food products has been on the rise in recent years and 

is expected to continue growing in the near future. Consequently, the impor-

tance of factors such as Halal certification, Halal standards, and Halal trace-

ability is becoming more prominent. Halal traceability is essential for ensu-

ring that Halal food production is conducted correctly. It guarantees product 

quality throughout the supply chain and verifies product identity to protect 

consumers. Halal traceability also helps boost consumer confidence in food 

safety. Furthermore, the implementation of Halal traceability can reduce the 

costs associated with product recalls. Reducing product recalls, particularly 

in terms of Halal assurance, enhances customer trust in the integrity of the 

Halal sector. Techniques such as Blockchain and artificial intelligence have 

become widespread in supply chain tracking. As a result, maintaining the 

integrity of the Halal food supply chain has become much managable. The 

Halal food supply chain is complex and faces many challenges that can af-

fect food safety and quality. From the sourcing of food ingredients to final 

production and distribution, there are numerous points where contamination 

can occur. Therefore, ensuring that Halal food meets the highest safety and 

quality standards is vital. Artificial intelligence in Halal food safety is im-

portant for increasing accuracy and efficiency, enhancing traceability and 

transparency, and providing real-time monitoring and analysis. Additio-

nally, artificial intelligence can provide predictive capabilities to prevent 

contamination, facilitate the certification process, and offer valuable insights 

into the Halal food industry. This paper aims to explore how Halal food au-

diting works, the importance of food traceability systems, the need for tra-

ceability implementation in food supply chains, and the critical role it plays 

in ensuring safety and quality within food supply chains. 

 

YAPAY ZEKA VE BLOKZİNCİR KULLANIMI İLE HELAL GIDA 

ÜRETİMİNDE İZLENEBİLİRLİĞİN SÜRDÜRÜLMESİ 

ABSTRACT 

Helal gıda ürünlerine olan talep son yıllarda artış göstermektedir ve yakın 

gelecekte de bunun artmaya devam etmesi beklenmektedir. Bu yüzden, Helal 

sertifikasyonu, Helal standartları ve Helal izlenebilirliği gibi faktörlerin 

önemi daha da belirginleşmektedir.  
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Helal izlenebilirliği, Helal gıda üretiminin doğru bir şekilde yürütülmesini sağlamak için esastır. Teda-

rik zinciri boyunca ürün kalitesini garanti eder ve tüketicileri korumak için ürün kimliğini doğrular. 

Helal izlenebilirliği ayrıca tüketicilerin gıda güvenliğine olan güvenini artırmaya yardımcı olur. Da-

hası, Helal izlenebilirliğinin uygulanması ürün geri çağırmalarıyla ilişkili maliyetleri azaltabilir. Özel-

likle Helal güvencesi açısından ürün geri çağırmalarını azaltmak, müşterilerin Helal sektörünün bütün-

lüğüne olan güvenini artırır. Blockchain ve yapay zeka gibi teknikler, tedarik zinciri takibinde yaygın 

olarak kullanılmaya başlanmış ve bu sayede de Helal gıda tedarik zincirinin bütünlüğünün korunması 

çok daha kolay bir hale gelmiştir. Helal gıda tedarik zinciri, oldukça karmaşıktır ve gıda güvenliğini ve 

kalitesini etkileyebilecek birçok zorlukla karşı karşıyadır. Gıda bileşenlerinin tedarikinden nihai üretim 

ve dağıtıma kadar, gıda kontaminasyonlarında meydana gelebilecek birçok bulaş noktası vardır. Bu 

nedenle, Helal gıdanın en yüksek güvenlik ve kalite standartlarını karşılamasını sağlamak hayati önem 

taşır. Yapay zekanın Helal gıda güvenliğinde kullanımı, doğruluk ve verimliliği artırması, gıda izlene-

bilirliği ve şeffaflığını geliştirmesi ve gerçek zamanlı izleme ve analiz gibi birçok fayda sağlaması açı-

sından önemlidir. Ek olarak yapay zeka, kontaminasyonu önlemek, sertifikasyon sürecini kolaylaştırmak 

ve Helal gıda endüstrisine değerli içgörüler sunmak için önemli yetenekler sağlayabilir. Bu makale, 

Helal gıda denetiminin nasıl çalıştığını, gıda izlenebilirlik sistemlerinin önemini, gıda tedarik zincirle-

rinde izlenebilirlik uygulamasına duyulan ihtiyacı ve gıda tedarik zincirlerinde güvenliği ve kaliteyi 

sağlamada oynadığı kritik rolü incelemeyi amaçlamaktadır. 

 

1.2Introduction 

Consumer rights are universal, and consu-

mers have the right to obtain information 

about the food and other products they con-

sume. This is because the food consumed 

can potentially affect people's (individual’s) 

mental and physical health, whether it comp-

lies with their religious beliefs and even the 

health of future generations. Consumers de-

mand the elimination of uncertainty to make 

the right product choices. In addition to basic 

criteria such as hygiene, safety, quality, pro-

tection, and cleanliness, it is also important 

for products to comply with religious beliefs 

(Batu, 2012a). Therefore, there is a demand 

for a Halal certification system that determi-

nes the compliance of food products with re-

ligious beliefs. This consumer demand is re-

lated to the desire for assurance that the go-

ods and services purchased are reliable in 

terms of health, environment, and faith. This 

demand is a natural requirement of the right 

to be informed. It is crucial for food labels to 

be complete and understandable, ensuring 

that foods are suitable for health and comp-

liant with religious beliefs (Akgündüz, 

2012). The right to obtain a Halal certificate 

is based on this universal principle and app-

lies to all citizens, regardless of their religi-

ous beliefs or other characteristics (Çelen, 

2010b). 

Today's rapidly advancing food technology 

holds significant importance for food additi-

ves, which are crucial for public nutrition. 

Various chemical compounds are added to 

foods to enhance their appearance, taste, 

smell, aroma, and flavor, prevent spoilage, 

and extend shelf life. These added substan-

ces are known as food additives (Atman, 

2004). With the increase in imports, even ba-

sic traditional food items such as leavened 

bread have come to be produced with additi-

ves, leading to a loss of authenticity (Batu, 

2012b). However, society generally lacks 

sufficient knowledge about the many additi-

ves used in the production of staple foods 

like bread. Food additives are closely related 

to concerns about their Halal status and he-

alth implications. Fruit and vegetable pro-

ducts are considered Halal as long as they are 

not contaminated with Haram additives or 

contain harmful substances. However, there 

is a lack of clarity regarding widely used 
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questionable additives such as gelatin, gly-

cerin, emulsifiers, enzymes, hormones, alco-

hol, animal fat and protein, flavorings, and 

sweeteners (Riaz and Chaudry, 2004). The 

use of such additives in food production rai-

ses debates about the Halal status of these 

products (Batu, 2012a, b). The main issue 

with food additives is their origins and pro-

duction methods. They can be derived from 

pork or pork products, animals not slaughte-

red according to Islamic principles, or other 

doubtful sources. Additionally, some food 

additives are prepared as mixtures of various 

additives, raising concerns. Globally, Mus-

lims live alongside people of different religi-

ous beliefs, leading to significant problems 

and challenges, particularly concerning food 

consumption (Sakr, 1988; Riaz and Cha-

udry, 2004). 

 

The importance of Halal certificate, Halal 

standards and especially Halal traceability 

becomes even more important (Zulfakar et 

al., 2014). Halal traceability ensures product 

quality throughout the supply chain, al-

lowing for verification and identification of 

products to protect consumers. This tracea-

bility boosts consumer confidence in food 

safety. Moreover, implementing Halal trace-

ability can reduce costs associated with pro-

duct recalls. Food producers can apply their 

own recall management strategies to main-

tain the safety and Halal status of their pro-

ducts effectively. Reducing product recalls, 

especially in relation to Halal assurance, will 

strengthen customer trust in the integrity of 

the Halal sector (Mohamed et al., 2016). Ha-

lal traceability provides detailed information 

on whether Halal standards are applied. 

Thus, it allows consumers to verify Halal 

claims and provides information on whether 

the product delivered to the customer is Ha-

lal and Tayyib (pure and wholesome, he-

althy, safe, nutritious, and high-quality) 

(Batu, 2012a, b). 

In the later part of the 20th century, the se-

arch for Halal food began effectively in co-

untries where Muslims were not the majo-

rity. Devout Muslims living in non-Muslim 

countries have had to strive to find Halal 

food and beverages for themselves and their 

families. During these searches, they noticed 

the Kosher system practiced by Jews. In par-

ticular, Muslims in the United States initially 

preferred Kosher-stamped products because 

sufficient information about other products 

was unavailable (Çelen, 2010a). The drive to 

reduce costs has led to an increase in the use 

of pork products in production, which has re-

sulted in the widespread use of food additi-

ves. Changes in traditional eating habits 

have increased the consumption of fast food 

and junk food. Both Muslims and adherents 

of other religions have sought solutions to 

combat this negative trend. In this process, 

devout individuals have believed that new 

regulations should be made to ensure that the 

food they consume aligns with their belief 

systems (Riaz and Chaudry, 2004). 

 

Muslim consumers are concerned about 

whether products and services comply with 

Islamic religious requirements. The ability 

of producers to track processes from start to 

finish ensures that consumers can trust that 

all stages of production, processing, and 

distribution adhere to Islamic rules. The 

need for devout Muslims to consume Halal-

certified foods has emerged. However, it is 

essential that producers of Halal-certified fo-

ods obtain their certifications from reliable 

firms (Batu, 2012b). For Muslim consumers, 

Halal is a fundamental requirement when 

consuming food products. There are suspi-

cions that many additional food ingredients 

used in products sold by producers are not 

disclosed (Samsi, Tasnim & Ibrahim, 2011).  

Halal certification outlines the characteris-

tics that foods prepared according to Islamic 
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principles should have, the methods of sla-

ughter, the additives to be used in the prepa-

ration of these foods, and the properties of 

the places where these foods are served (Ça-

kır, 2013). Companies must establish a Halal 

traceability system and be serious about in-

ternal and external audits. Consequently, de-

vout individuals within Muslim communi-

ties worldwide have believed that foods sho-

uld go through a specific certification pro-

cess and have thus established Halal food 

certification (Batu, 2012b). 

Artificial Intelligence (AI) has rapidly be-

come a cornerstone of modern business app-

lications, achieving significant advance-

ments across various sectors. One of the sec-

tors ready for transformation through AI is 

the global Halal market. The global Muslim 

population is estimated at approximately 1.8 

billion. Therefore, the Halal market stands 

out as a significant and rapidly growing eco-

nomic sector. AI can help shape Halal mar-

keting strategies and address and eliminate 

the challenges and opportunities that may 

arise. Thus, in the context of Halal marke-

ting, AI can be used to overcome many chal-

lenges. Since managing Halal supply chains 

is quite complex, every step in the supply 

chain needs to be carefully examined, i.e. 

monitored, to ensure that products are indeed 

produced in accordance with Halal. In this 

process, AI combined with blockchain can 

help automate checks and identify potential 

issues. Integrating blockchain and AI to en-

sure end-to-end compliance in Halal tracea-

bility can simplify this process (Ahmed, 

2023a). 

This article aims to focus on the require-

ments of a Halal traceability framework for 

Halal food producers and also to provide the 

necessary information regarding the tracea-

bility of the company's Halal food produc-

tion. It also aims to identify how Halal food 

auditing works, the importance of food tra-

ceability systems and the critical role they 

play in ensuring food safety and quality in 

food supply chains. 

2. Methodology 

Halal Certification is a conformity assess-

ment process that ensures products and ser-

vices are produced according to technical 

standards and Islamic values at every stage, 

from raw materials to final presentation. It 

also guarantees that these products are deli-

vered to consumers in a sustainable, halal, 

and healthy manner through effective trace-

ability. In halal food production, the impor-

tance of Halal standards (particularly Halal 

traceability) has grown alongside Halal cer-

tification. Halal traceability plays a crucial 

role in maintaining product quality across 

the entire supply chain by enabling product 

verification and identification, which ensu-

res consumer safety. This process enhances 

consumer trust in food safety. 

Halal Food Traceability encompasses all 

components involved in the halal food pro-

duction process, including raw materials, 

production methods, employees, and the tra-

ceability of the final product. The traceabi-

lity system within the halal food chain sho-

uld address key factors such as raw material 

traceability, product processing traceability, 

input traceability, and the tracking of disea-

ses and residues. This research was conduc-

ted through an extensive literature review of 

scientific journals and various online sour-

ces, focusing on keywords such as artificial 

intelligence, blockchain, supply chain, and 

halal traceability. 

Blockchain and Artificial Intelligence (AI) 

are two rapidly advancing and widely adop-

ted technologies that have gained traction 

across various sectors. Although they serve 
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different purposes, they can be used together 

to complement each other’s strengths. 

Blockchain, in particular, offers numerous 

benefits, primarily due to its decentralized 

structure. It is an advanced database system 

that enables transparent information sharing 

across business networks. In this system, 

data is stored in a chronological order, func-

tioning similarly to an accounting ledger. 

The technology prevents unauthorized tran-

sactions and includes built-in mechanisms to 

maintain consistency in the shared view of 

transactions, ensuring high security. 

AI-powered solutions can be integrated into 

existing food safety frameworks to uphold 

the highest standards of safety and quality in 

the Halal food supply chain. When applied 

to Halal food safety, AI enhances accuracy 

and efficiency, increases transparency, imp-

roves traceability, and enables real-time mo-

nitoring of verification processes. This tech-

nology plays a vital role in optimizing Halal 

certification procedures, ensuring compli-

ance, and strengthening quality control mea-

sures. 

3. Halal Certification and Halal Certifi-

cation Processes 

In the context of factory food production, 

extending the shelf life of food, improving 

its appearance, maintaining its quality, redu-

cing production costs, and most importantly, 

achieving high profit margins are the pri-

mary goals for many companies. However, 

for Halal production, all products must be 

Halal and pure, as commanded by the Quran. 

The entities responsible for ensuring Halal 

food production, reducing doubts through 

their inspections, and providing Halal certi-

fication are Halal certifying bodies (Çakır, 

2013). A Halal certificate indicates that a 

product meets Islamic standards. Thus, the 

Halal certificate serves as a guide for Mus-

lims in choosing food that aligns with their 

religious values. Besides signifying that a 

food item is permissible for Muslim con-

sumption, 'Halal' also implies that it is safe 

and suitable for consumption. Halal certifi-

cation is a critical factor in boosting consu-

mer confidence that the products they con-

sume are Halal, safe, and clean (Muhamad, 

Leong, and Isa, 2017). 

 

The Halal food certificate provides an im-

partial expert service that inspects products, 

additives, preparation and processing met-

hods, and cleanliness and health conditions 

within strict safety rules. Additives used in 

foods that do not have a Halal food certifi-

cate are significant in terms of compromi-

sing the Halal status of the food. A reliable 

Halal food certificate provides confidence to 

the consumer by ensuring the product and 

producer are recognized and promoted wit-

hin the global Islamic community. The Halal 

food certificate, which is decisive for every 

product that meets Islamic criteria and hu-

manitarian reasons, ensures that both the 

producer and consumer find common gro-

und. The purpose of using a Halal food cer-

tificate is to implement a process where a 

product is tracked from farm to table. In this 

process, it is essential that production is car-

ried out according to Islamic rules and wit-

hin hygienic and health standards (Batu, 

2012a). 

 

Halal certification is the responsibility of bu-

sinesses during the production of their pro-

ducts and is recognized as a key factor influ-

encing purchase intentions. It has been noted 

that Halal certification serves as a precursor 

to Halal awareness. The Halal certificate 

identifies foods permissible for Muslim con-

sumption; therefore, it is essential for both 

producers and consumers to be aware of the  

Halal label on products (Jannah and Al-

Banna, 2021). For decades, and even longer, 

Muslims around the world have been misled 
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by international food-producing companies 

with non-Halal products being presented as 

Halal. These products sometimes contained 

traces of alcohol, allergens, or genetically 

modified organisms (GMOs). Such products 

have filled market shelves for years. It is in-

correct to exonerate these products merely 

with a document stating 'Halal.' Therefore, 

not everyone should be allowed to issue Ha-

lal certificates. These certificates should 

only be issued by firms that have obtained 

the necessary permissions from officially re-

cognized authorities, have been accredited 

by international accreditation organizations, 

and are inspected by the government. 

4. Halal Certification Fraud 

Halal certification is a critical responsibility 

of businesses during the production of their 

products and is considered one of the key 

factors influencing purchase intentions. It 

has been noted that Halal certification plays 

a pioneering role in raising Halal awareness. 

The Halal certificate identifies foods permis-

sible for Muslims to consume, making it es-

sential for both producers and consumers to 

be aware of the Halal label on products (Tan, 

Gligor, and Ngah, 2020). However, the pro-

liferation of Halal certifications has led to a 

significant issue, as some companies use 

brand symbols without authorization. There-

fore, certification bodies and consumers 

must be vigilant in verifying the authenticity 

of certifications when new products enter the 

market. A warning system for mislabeled 

products should be developed to enable con-

sumers to identify issues that could uninten-

tionally render a product non-Halal quickly. 

The widespread use of the internet can play 

a crucial role in combating such fraud and 

preventing the deliberate misuse of trade-

marks or breaches of agreements between 

food companies and certification bodies. 

Properly implemented laboratory testing 

protocols can monitor the compliance of 

products produced at manufacturing facili-

ties between auditor visits, supporting the 

certification process. These practices moti-

vate companies to avoid fraudulent activi-

ties. Companies offering Halal products sho-

uld undergo systematic audits based on the 

complexity of their products and frequent 

changes in ingredients. Thus, some facilities, 

such as meat factories and restaurants, may 

require continuous monitoring, while others 

may be adequately audited on a daily basis 

or approximately every six months (Batu 

and Regenstein, 2014). 

5. Food Traceability 

Traceability refers to "the ability to distingu-

ish, identify, and track the movement of a 

food or substance intended or expected to be 

included in a food through all stages of pro-

duction, processing, and distribution" (FAO, 

2017). Effective collaboration among stake-

holders in the value chain is essential for sha-

ring information on products and processes, 

ensuring the integrity of Halal products (Sai-

fudin, Siti, and Ezanee, 2017). Thus, tracea-

bility systems serve as tools that help food 

manufacturers manage the flow of informa-

tion and maintain product quality. Adequate 

traceability systems facilitate the recall of 

contaminated products, enhance customer 

experience, and ensure safety (ABT, 2022). 

In essence, food traceability is the ability to 

track an ingredient's journey from its source 

to its final destination. This involves identif-

ying and tracking the farmers, processing fa-

cilities, storage, transportation, and distribu-

tion channels involved in getting food from 

the farm to a consumer's shopping cart 

(ABT, 2022). 

In the food sector, which is based on the pro-

duction of safe food, traceability is not only 

a standard but also a legal obligation. Trace-

ability is a tool that allows the product to be 
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recalled if a food is deemed unsafe by the 

business or legal authorities. Thus, product 

traceability is crucial in food traceability. 

For this purpose, it is the process of determi-

ning the physical location of a product in the 

supply chain. Secondly, production proces-

ses are very important in terms of product 

traceability, and Process Traceability should 

be taken into consideration in this context 

(Ab-Rashid, Supian and Bojei, 2018). The 

scope and method of Food Traceability (Öz-

bay-Doğu and Şireli, 2005) constitute the ba-

sic elements of the Halal traceability system 

within the integrated agriculture and food 

chain (Raspor, 2005). 

1. Raw Material Traceability: It defines the 

physical location of a product at any point in 

the supply chain. It also determines the ge-

netic structure and source of the product. 

2. Product Processing Traceability: It deter-

mines the activities carried out during the 

cultivation and post-harvest processes and 

shows what, where, and when it was proces-

sed. 

3. Input Traceability: It determines the type 

and source of the materials used. For 

example, fertilizers, additives such as colo-

rants, stabilizers, preservatives, flavors, gel-

ling agents, etc. used during the transforma-

tion into processed products. 

4. Disease and Residue Traceability: It mo-

nitors the epidemiology of biological risks 

and residues, and includes microbiological 

hazards that may contaminate food products. 

5. Measurement Traceability: It monitors 

the calibration and suitability of measure-

ment and testing tools. It compares measure-

ment results with standards for quality 

analyses during the production process. Ha-

lal Food Traceability monitors all substances 

used throughout the halal food production 

chain, the production process, personnel and 

the traceability of the final product (Raspor, 

2005). 

 

Awareness highlights how a person unders-

tands, perceives, and feels about a particular 

event or object. Halal awareness pertains to 

the understanding, perception, and feelings 

related to Halal values. To grasp Halal 

awareness, it's essential to explore how indi-

viduals comprehend and perceive the con-

cept of Halal. This awareness is crucial not 

only for consumers but also for business ac-

tors. For consumers, Halal awareness means 

being conscious of purchasing and consu-

ming Halal products (Hakiye, 2023). 

 

In recent years, the concept of Halal aware-

ness has become closely linked to food sa-

fety and quality on a global scale. In this con-

text, the Halal orientation system is of vital 

importance, as it helps consumers reduce the 

risk of potential contamination with Haram 

substances in food (Handayani et al., 2019). 

Food safety and quality assurance are critical 

issues for stakeholders in the food industry. 

Halal food consumers are becoming increa-

singly conscious of the control of Halal pro-

cesses throughout the supply chain (Yusaini 

et al., 2016). The concept of Halal also en-

compasses process control, packaging, sto-

rage, and delivery. To fulfill Halal objecti-

ves, it is necessary to protect the food integ-

rity and safety of the product in addition to 

adhering to Islamic criteria. Integrity in halal 

food production is directly related to tracea-

bility in supply chain processes. A Halal tra-

ceability system is crucial for ensuring trans-

parency in food processing and enabling 

customers to track food preparation proces-

ses (Poniman et al., 2015). Halal traceability 

encompasses the entire supply chain, inclu-

ding production and packaging activities, 

from the supply of raw food materials to the 

final product. Additionally, the Halal status 

of specific food products can be monitored 

at each stage of the supply chain (Prayudanti 

and Sucipto, 2021). 
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6. Halal Traceability in the Food Sector 

More than two billion Muslims need halal 

food daily. The demand for halal food 

among customers is driving the expansion of 

the halal sector. Some countries require halal 

certification on food labels before allowing 

exports. The concept and feasibility of a ha-

lal traceability system are based on the purity 

and safety of halal food, adhering to Islamic 

laws, and considering environmental factors 

(Mirghani and Elnour, 2023). One of the 

challenges faced by Muslim consumers to-

day is ensuring the "halalness" of a product, 

such as determining whether a product has 

been produced according to Islamic princip-

les. This issue arises from the information 

asymmetry that can occur between buyers 

and sellers (Jannah and Al-Banna, 2021). 

Customer organizations must ensure that pri-

mary packaging (in terms of Halal traceabi-

lity) complies with the Halal Food Standard. 

In Halal traceability applications, reference 

is made to the relevant Halal Food Standard 

to ensure and track the Halal compliance and 

traceability of products. Traceability of all 

processes, from supplier to customer or vice 

versa, must be proven. According to the 

SMIIC Halal food standard, non-Halal pro-

ducts cannot be produced in the same facility 

as Halal foods (SMIIC, 2012). If non-Halal 

certified products are present within the 

same facility, customer organizations must 

ensure the separation and non-contact of raw 

materials used in Halal-certified products, 

production lines, surfaces in contact with 

Halal-certified products, and storage areas of 

Halal-certified final products from other 

areas. The identification system for inputs, 

semi-finished products, partially used mate-

rials, final products, and products awaiting 

inspection must be specified within the tra-

ceability system, including primary packa-

ging (Sigmacert, 2021). Integrating traceabi-

lity systems and data transparency into a 

network context is crucial for enhancing 

food supply chains (Poniman et al., 2015). 

All parties involved, both upstream and 

downstream in the supply chain, must take 

individual and collective responsibility to 

protect Halal food products from intentional 

or unintentional cross-contamination (Zulfa-

kar et al., 2014). 

7. Halal Traceability Audit 

Just as food safety audits are crucial for pro-

ducing safe food, Halal traceability is equ-

ally important for ensuring the production of 

proper Halal food. Halal certification audits 

can be conducted according to the checklist 

of the relevant certification body. For ins-

tance, to produce Halal meat, the traceability 

of animals slaughtered for batch certification 

is ensured by the serial numbers specifically 

assigned to the animals by the country's re-

levant authority or ministry. During a Halal 

certification audit, the validity and authenti-

city of the Halal certificates for any raw ma-

terials or intermediates involved in the pro-

duction process are verified. Additionally, it 

is preferable for the certification body issu-

ing the Halal certificate to be recognized by 

SMIIC and member countries of SMIIC or 

accredited by HAK (the Turkey-based Halal 

Accreditation Agency) (Sigmacert, 2021). 

 

During the audit, traceability of the products, 

including their Halal aspects, is carried out. 

Traceability reviews ensure that the require-

ments of a specific Halal Food Standard are 

met in all process stages from farm to fork. 

Any non-compliance (e.g., objections or 

complaints) is evaluated by the Halal Certi-

fication body. Traceability is essential for 

the use of Halal certificates and logos. Mo-

reover, a certificate number must be present 

on the final product (Sigmacert, 2021). 
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Halal certification audits should verify whet-

her the business produces Halal food pro-

ducts with a traceable structure and operates 

in a manner that respects all consumer rights 

concerning Halal compliance. The audits as-

sess whether the business meets the require-

ments of the management system standard. 

Additionally, it should be checked whether 

the business uses products that comply with 

legal and Islamic principles, sourced from 

verifiable natural resources and analyzed by 

an accredited body, for all production and 

service processes (Meyem, 2022). Halal tra-

ceability can also be implemented using a 

QR code system. The QR code is a type of 

barcode system. With QR code scanning, in-

formation such as the certificate number of 

the customer organization, the product(s) 

evaluated for Halal compliance, the serial 

number of the relevant product, the batch 

number, the site(s) included in the certificate 

scope, the certificate status (active/suspen-

ded/canceled), the presence of doubtful 

substances according to OIC/SMIIC 24 

(Food Additives and Other Chemicals) in the 

product content, and the compliance of the 

packaging/materials or materials in contact 

with food can be accessed (Sigmacert, 

2021). 

8. Halal Food Supply Chain 

The literature on Halal food management in-

dicates that the Halal supply chain has not 

received much attention (Haleem et al., 

2020; Mohamed, Abdul Rahim, and Ma'a-

ram, 2020). In addition, the supply chain 

(SC) in food and beverage production is be-

coming increasingly complex, and Muslim 

consumers are concerned about Halal food 

production in terms of the content and pro-

duction methods of the foods they consume 

(Maifiah, Ahmad, and Iskandar, 2020). To 

identify potential issues with Halal compli-

ance, a company needs to establish a robust 

tracking system that can uncover issues oc-

curring throughout the supply chain. An ef-

fective traceability system in the Halal in-

dustry is crucial for developing and mode-

ling the local Halal supply chain, and for the 

industry to gain a foothold in the global Ha-

lal food market (Shafii et al., 2012). The Ha-

lal supply chain generally comprises four 

distinct dimensions such as raw materials, 

production, service, and consumer (Ali et al., 

2017). Halal traceability helps industry sta-

keholders identify and track vital informa-

tion at each production stage, thereby elimi-

nating instances of non-compliance (Vikali-

ana et al., 2021).  

9. Blockchain Technique for Halal Food 

Supply Chain Traceability 

Blockchain technology is an advanced data-

base mechanism that enables transparent in-

formation sharing within a business 

network. In a blockchain, data is stored in 

blocks that are linked together in a chain and 

cannot be deleted or altered without consen-

sus among the network stakeholders. There-

fore, data can be stored chronologically and 

used as a ledger. The system prevents unaut-

horized transaction entries and is highly se-

cure because it has built-in mechanisms that 

maintain consistency in the shared view of 

transactions (AWS, 2023). For each compo-

nent in processed or packaged foods to be la-

beled and marketed as Halal, it must meet 

Halal standards. Modern food supply chains 

often involve dozens of stakeholders across 

multiple countries, making them more chal-

lenging to track and threatening the Halal 

status of many packaged foods (ABT, 2022). 

Halal integrity is fundamental to the Halal 

food sector. Despite the significant distances 

and various handling activities that Halal 

food products undergo within the supply 

chain, protective and preventive measures 

must be taken to ensure they remain Halal. 
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All parties must take individual and collec-

tive responsibility to protect Halal food pro-

ducts from intentional or unintentional 

cross-contamination. It is impossible for a 

single party to shoulder this substantial res-

ponsibility alone. Given the expected incre-

ase in demand for Halal food products in the 

near future, factors such as Halal certifica-

tion, Halal standards, and Halal traceability 

must be considered. In this context, traceabi-

lity is essential to monitor the entire supply 

chain. Halal food product traceability sys-

tems are necessary to ensure the transpa-

rency of food processing information and to 

enable customers to monitor and track the 

food preparation processes. Halal traceabi-

lity, which encompasses all production acti-

vities from the origin of raw materials to fi-

nal production, is gaining importance (Vika-

liana et al., 2021). Large food supply chains 

can be complex, making traceability more 

challenging and threatening the Halal status 

of the final product. Blockchain technology 

can help reduce the risk of cross-contamina-

tion with non-Halal foods in the Halal in-

dustry by using accessible, real-time data to 

promote accountability (ABT, 2022).  

Food traceability is the ability to track the jo-

urney of an ingredient from its source to its 

final destination. It involves identifying and 

tracking the farmers, processing facilities, 

storage, transportation, and distribution 

channels involved in moving food from the 

farm to an individual’s shopping cart. Using 

blockchain technology for this purpose can 

be very effective. Having adequate traceabi-

lity systems in place facilitates the recall of 

contaminated products, enhances customer 

experience, and protects their safety (ABT, 

2022). In blockchain technology, hashing is 

the process of taking an input of any length 

and transforming it into an encrypted output 

through a series of mathematical algorithms. 

One purpose of this process is to conceal 

data. For example, passwords entered when 

registering on websites are hashed and sto-

red in a database. This way, individuals 

examining the database cannot know or le-

arn the user’s password, creating a secure 

environment. Another purpose of hashing is 

to create a secure summary of the data. Re-

gardless of the length of the input data, the 

output is always of the same length, allowing 

the hash code to be stored for summary pur-

poses (IstanbulChain, 2021). 

A new block is created, and once other par-

ticipants agree on this state, the data is stored 

on this blockchain. This makes it very diffi-

cult to alter the chains and the data. Each 

new block in the chain contains a unique 

hash and the hash of the previous block. If 

someone tries to tamper with the data in a 

block, the hash will change and create an in-

consistency with the next block, which still 

records the original hash. Therefore, the sys-

tem will not allow this attempt (Deloitte, 

2020). 

Blockchain technology operates on a peer-

to-peer network where every participant in 

the network holds a copy of the blockchain 

(Reiff, 2020). Consequently, all network 

partners have an updated copy of the blocks 

simultaneously, enabling them to view and 

track all historical data recorded in the 

blockchain. The key characteristics of 

Blockchain technology include security, an 

immutable recording system, and decentrali-

zation. As a result, the traceability of the Ha-

lal labeling process can be significantly en-

hanced. This technology allows each stake-

holder to monitor the data from farm to table, 

ensuring transparency of information. Con-

sequently, consumer confidence in the Halal 

labeling process is increased and strengthe-

ned. Implementing blockchain for Halal tra-

ceability offers advantages such as increased 

reliability and accountability in the Halal la-

beling process (Deloitte, 2020). 
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Blockchain technology makes data extre-

mely secure by storing it in numerous hashes 

in a decentralized system. The Malaysian 

supply chain company Fluree and the supply 

management platform Sinisana have re-

cently designed an innovative online ledger 

system called Intersect to track Halal food 

production using real-time data. Intersect 

aims to build trust and transparency between 

Halal food producers and consumers by ma-

king supply chain data more accessible 

(ABT, 2022). Blockchain is anticipated to 

offer several benefits, including transpa-

rency, real-time information about products, 

fraud prevention, resistance to manipulation, 

reduced operational costs, auditability, imp-

roved product quality, safe and healthy con-

sumption, and a more structured Halal certi-

fication process (Tan et al., 2020). A Halal 

food product is typically certified by a Halal 

authority in the country of origin when the 

relevant data is entered into a blockchain 

block. This data is updated as the food item 

moves through the supply chain, whether it 

is moving to a storage location, a warehouse, 

or an intermediary party (Ali et al., 2021). 

Traditional supply chains face challenges at 

every point. For example, fraudulent actions 

such as delayed delivery, theft, and spoilage, 

misuse, contamination, and issues that can-

not be easily detected using visual inspecti-

ons can arise. Concerning Halal food supply 

chains, issues like cross-contamination, Ha-

lal fraud, logistical problems, and the lack of 

a universally accepted Halal standard have 

always been at the forefront of public discus-

sion (Ali and Süleyman, 2016). Since not 

everyone has access to information, mainta-

ining control over the entire system is chal-

lenging, and the Halal sector faces issues of 

inaccuracies and lack of authenticity, which 

significantly reduce the integrity of the food 

supply chain (Abidin and Perdana, 2020).  

To ensure the highest security and quality 

standards of the Halal food supply chain, AI-

powered solutions can be integrated into the 

existing food safety framework. When AI is 

applied to Halal food safety, it offers nume-

rous benefits, such as increased accuracy and 

efficiency, improved transparency, and real-

time monitoring of food traceability and ve-

rification processes. Consequently, AI-

powered solutions enable Halal food to meet 

the growing needs and expectations of con-

sumers while adhering to the highest safety 

and quality standards. Continuous innova-

tions in this field will be crucial to ensuring 

that Halal food remains safe, reliable, and of 

the highest quality (Ahmed, 2023a). While 

data is important for AI, having this data in 

a centralized storage area brings scalability 

and security constraints. Blockchain, with its 

decentralized nature, provides an important 

storage infrastructure for AI. With blockc-

hain, the required data can be pulled and 

used from a scalable database as needed (Sa-

lah et al., 2019). 

10. Artificial Intelligence and the Halal 

Food Sector 

AI can help in preventing contamination and 

streamlining the certification process. AI-

powered solutions can meet the growing ne-

eds and expectations of Halal food consu-

mers while achieving the highest safety and 

quality standards. Therefore, implementing 

AI solutions for Halal food safety is a 

worthwhile task. AI-based solutions such as 

content and product analysis, food tracking 

systems, traceability and labeling solutions, 

and Halal certification and auditing can sig-

nificantly enhance Halal food traceability 

and therefore, safety (Ahmed, 2023b). 

As AI advances, the Halal sector can benefit 

from further innovations. From personalized 

recommendations for Halal products to ad-

vanced supply chain management, AI has  
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the potential to revolutionize the operations 

of the Halal sector. By adopting AI, busines-

ses can meet the growing demands of Halal 

consumers and steer the sector towards furt-

her growth and development (Seabiscuit, 

2024). AI can also help address the gap in 

standardization within the Halal food mar-

ket. Since Halal standards differ between co-

untries, businesses often face confusion and 

compliance issues. AI systems can be prog-

rammed to understand and adapt to these 

varying standards, assisting companies in 

navigating compliance complexities and en-

suring their products meet the required crite-

ria across different markets. Initiatives such 

as funding and training opportunities will be 

crucial to support these businesses and foster 

inclusive growth in the AI-powered Halal 

market. Despite the challenges, the potential 

benefits of AI for the Halal market are subs-

tantial. AI can promote growth in the Halal 

sector by enhancing efficiency, compliance, 

and personalization (Ahmed, 2023a). 

11. Artificial Intelligence in Food Safety 

Control 

Halal food safety is crucial for several rea-

sons. Firstly, Halal food is an integral part of 

the Muslim community, and ensuring its sa-

fety is a top priority for those who follow Is-

lamic dietary rules. Secondly, with the 

growing global demand for Halal food, ma-

intaining quality and safety is essential to 

meet the needs of an increasing number of 

consumers. Thirdly, the complexity of the 

Halal food supply chain presents challenges 

in maintaining safety and quality, making it 

important to explore innovative solutions to 

address these issues. AI can be leveraged to 

enhance these efforts. Lastly, ensuring Halal 

food safety is vital for consumer health and 

well-being, as it helps prevent contamination 

and reduces the risk of foodborne illnesses. 

In summary, Halal food safety is essential 

for preserving the quality and integrity of 

Halal food and ensuring its safe consump-

tion for everyone (Ahmed, 2023b). Ensuring 

Halal food safety is achievable with the use 

of AI. 

 

Blockchain can facilitate more transparent 

AI operations. Indeed, blockchain can store 

all information about how AI makes decisi-

ons in blocks. This information is immutable 

and always accessible. Thus, all information 

regarding how AI makes decisions becomes 

available. If AI makes an incorrect decision, 

identifying the error becomes quickly pos-

sible. In this regard, improvements can be 

made both in the data used and the algo-

rithms. This traceability and transparency 

increase users' trust in AI systems (Saigal, 

2020). 

 

Image processing-based inspection and pro-

duction methods are increasingly utilized in 

various sectors of the food industry (Patel et 

al., 2012; McAllister et al., 2018). Research 

indicates that image processing technology 

can effectively inspect and classify fruits and 

vegetables assess the quality of grains, baked 

goods, pizza, cheese, pasta, and other food 

products. This technology supports the deve-

lopment of fully automated systems capable 

of meeting rising production and quality de-

mands with high speed and precision (Patel 

et al., 2012). 

 

Currently, quality assessment in the food in-

dustry largely relies on manual inspection, 

which is labor-intensive, costly, and prone to 

subjective and inconsistent results due to 

physiological factors (Du and Sun, 2006). In 

quality management systems like ISO22000 

and HACCP, and in internal or hygiene cont-

rol practices within companies, hygiene as-

sessments are often conducted subjectively 

by individuals. Consequently, control results 

are recorded in a straightforward but non-in-

centivized manner, often just marked with a 
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check or plus sign. Emerging computer vi-

sion and AI technologies have the potential 

to enhance this area by providing more ob-

jective, accurate, and efficient quality as-

sessments (Özdemir, Cam, and Kayahan, 

2021). 

As awareness and expectations regarding 

food quality and safety continue to rise, new 

technological systems are needed to enhance 

quality control in the food industry. Artifi-

cial intelligence research explores methods 

to conduct hygiene, cleanliness, and order 

control in production areas using visual indi-

cators. These advancements promise fast, 

continuous, and objective control, addres-

sing the needs of the food industry as high-

lighted in the literature (Sun and Brosnan, 

2003; Brosnan and Sun, 2004). 

For the growing number of Muslims 

worldwide who adhere to Islamic (Halal) di-

etary laws, Halal food safety is critically im-

portant. Ensuring the safety and quality of 

Halal food involves managing a complex 

supply chain, from raw material sourcing to 

final production and distribution. This task 

can be challenging, but AI has the potential 

to simplify it significantly. Additionally, the 

issue of counterfeit Halal products is beco-

ming more prominent. When combined with 

technologies like blockchain, AI can en-

hance product authentication, thereby incre-

asing consumer trust and confidence in Halal 

products (Ahmed, 2023a). 

12. Integration of Blockchain and Artifi-

cial Intelligence 

Blockchain and artificial intelligence (AI) 

are two rapidly evolving, highly popular 

technologies that address various sectors. 

Although these technologies serve very dif-

ferent functions, they can be used together. 

Combining these two technologies can leve-

rage the benefits of both while mitigating 

their disadvantages (Saigal, 2020). There-

fore, it is essential first to consider the ad-

vantages and disadvantages of each techno-

logy. Blockchain, for instance, offers nume-

rous advantages, primarily due to its decent-

ralized nature. Its capabilities for transpa-

rency, security, and controllability are 

among its most significant benefits. 

However, it also has some disadvantages. 

For example, every node in the blockchain 

network must validate a transaction before it 

can be executed (İmamoğlu, Erat, and İnce, 

2023). 

 

Blockchain significantly supports AI by fa-

cilitating the emergence of more robust and 

advanced AI applications. It contributes va-

luable data and algorithms needed for AI, 

helping AI to be more transparent and reli-

able in problem-solving (Dinh and Thai, 

2018). Data is crucial for AI, and blockchain 

is seen as a significant support for AI in data 

acquisition, storage, and sharing (Karger, 

2020). One of the reasons is that blockchain 

provides transparency to users. Therefore, it 

is possible to access information about who 

accessed the data and when. This encourages 

users to feel more comfortable, trustful, and 

inclined to share data (Dinh and Thai, 2018). 

While transparency and immutability are ad-

vantageous, they can potentially compro-

mise user privacy in adverse situations. Alt-

hough generally considered secure, serious 

problems can arise if smart contracts are at-

tacked (Gatteschi et al., 2018; Sarmah, 

2018). Similarly, AI offers various advanta-

ges, such as being faster than humans, comp-

leting complex tasks easily and quickly, 

handling multiple tasks simultaneously, ha-

ving a low error and high success rate, being 

more efficient, and discovering new situa-

tions. However, AI also has disadvantages 

(Khanzode and Sarode, 2020). This integra-

tion generally provides collective decision-
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making, advanced data security, high effici-

ency, and decentralized intelligence. Integ-

rating these technologies can benefit various 

areas, such as automating customer services 

in marketing, removing spatial constraints 

and optimizing e-payment and decision-ma-

king over the network in e-commerce, imp-

roving the flow of products, information, 

and financial resources in the supply chain, 

and identifying risky customers in finance 

and accounting (Kumar et al., 2023). 

13. Conclusion 

There is a need for a suitable guideline to en-

sure Halal compliance throughout the pro-

duction, transportation, and distribution sys-

tems for Halal food producers. It is impor-

tant to focus on food supply chains since the 

theoretical repeatability of the framework 

for other Halal food producers is of interest. 

Data stored across different servers helps 

prevent data manipulation, as any attempts 

to alter the data are immediately flagged to 

other parties in the network. For example, if 

a veterinarian tries to change the health sta-

tus of an unhealthy chicken from sick to he-

althy in a poultry slaughterhouse database, 

this action will be visible to everyone in the 

network. This transparency enhances consu-

mer trust in the integrity of Halal products 

(Deloitte, 2020). 

 

Halal traceability applications can signifi-

cantly enhance food safety, quality, and con-

sumer confidence. In this context, traceabi-

lity systems hold strategic importance in the 

Halal sector. An effective traceability sys-

tem is essential for the Halal industry's suc-

cess in the global market. This system is cru-

cial for developing and modeling local Halal 

supply chains, ensuring the industry's susta-

inability and growth. The main points of Ha-

lal traceability and monitoring include ac-

ceptable risk levels and participation in the 

Halal traceability and monitoring system 

(Vikaliana et al., 2021). 

 

Recently, the image of the Halal food in-

dustry could be significantly improved thro-

ugh serious Halal certification and establis-

hed traceability. However, fraud in Halal 

certification can still be a serious issue. Ad-

ditionally, physical contamination of Halal 

food products could compromise Halal food 

production safety. Halal traceability is one of 

the fundamental requirements of holding a 

Halal certification, necessitating a secure 

traceability system for Halal food produc-

tion. Businesses wishing to hold a Halal cer-

tificate must have an effective traceability 

process for each stage of production until it 

reaches the end consumer and must imple-

ment this process effectively. In this context, 

traceability is one of the fundamental requi-

rements verified in Halal certification audits 

(Meyem, 2022). 

 

In recent years, the Halal supply chain has 

become crucial to ensuring the safety of food 

and beverage products. Despite certification 

for Halal supply chain practices, fraud cases 

can still be a global issue. Muslim consu-

mers are increasingly demanding transparent 

traceability. In this context, Blockchain tech-

nology, known for its security and transpa-

rency, can offer a robust solution.  

 

The intersection of AI and the Halal sector 

presents numerous opportunities for busi-

nesses to grow and meet consumer expecta-

tions. The Halal sector can streamline certi-

fication processes, ensure compliance and 

quality control, and gain valuable insights 

into market trends through AI-supported 

processes. As AI continues to advance, the 

Halal industry needs to adopt this techno-

logy and leverage its innovation and growth 

potential (Seabiscuit, 2024). 
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