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Abstract 

With the advancement of technology and the widespread adoption of digitalization, societies and businesses are 
significantly impacted by these developments. Businesses that fail to keep pace with these advancements face challenges 
in competition. Therefore, it is essential for businesses to continuously evolve by integrating these technological 
advancements. In recent years, one of the revolutionary technologies that has seen increased usage is blockchain 
technology, a subset of Web 3.0 technologies. One of the significant application areas of this technology is the food sector. 
Given the rapid increase in the global population, the importance of food and the food supply chain is becoming 
increasingly crucial. Consequently, within the scope of this study, an application was developed by integrating an 
Ethereum-based blockchain network and smart contracts with web technologies. It is believed that this application will 
prevent waste, increase traceability, enhance transaction speed, and reduce costs by tracking all processes from the 
producer to the retail store in the food supply chain. Also, it is thought that blockchain technology will play an important 
role in strategic management by making a significant contribution to the resilience and sustainability goals of businesses 
through its integration with the food supply chain. This study is expected to serve as a guide for other blockchain-based 
applications and businesses. 
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Gıda Sektöründe Blok Zinciri Teknolojisi: Sektörün içinden Bir Uygulama Deneyimi 
Özet 

Teknolojinin ilerlemesi ve dijitalleşmenin yaygın şekilde benimsenmesi, toplumları ve işletmeleri önemli ölçüde 
etkilemektedir. Bu gelişmelere ayak uyduramayan işletmeler, rekabet açısından çeşitli zorluklarla karşı karşıya 
kalmaktadır. Bu nedenle, işletmelerin teknolojik yenilikleri entegre ederek sürekli bir dönüşüm süreci içerisinde olmaları 
gerekmektedir. Son yıllarda kullanım alanı giderek genişleyen devrim niteliğindeki teknolojilerden biri de Web 3.0 
teknolojileri kapsamında değerlendirilen blokzincir teknolojisidir. Bu teknolojinin önemli uygulama alanlarından biri de 
gıda sektörüdür. Küresel nüfusun hızla artmasıyla birlikte gıda ve gıda tedarik zincirinin önemi giderek artmaktadır. Bu 
doğrultuda, bu çalışma kapsamında Ethereum tabanlı bir blokzincir ağı ve akıllı sözleşmeler, web teknolojileri ile entegre 
edilerek bir uygulama geliştirilmiştir. Bu uygulamanın, gıda tedarik zincirinde üreticiden perakende mağazasına kadar 
tüm süreçleri takip ederek israfı önleyeceği, izlenebilirliği artıracağı, işlem hızını yükselteceği ve maliyetleri azaltacağı 
öngörülmektedir. Ayrıca, blokzincir teknolojisinin gıda tedarik zinciri ile entegrasyonu sayesinde işletmelerin dayanıklılık 
ve sürdürülebilirlik hedeflerine önemli bir katkı sağlayarak stratejik yönetimde kritik bir rol oynayacağı 
düşünülmektedir. Bu çalışmanın, blokzincir tabanlı diğer uygulamalara ve işletmelere rehberlik etmesi beklenmektedir.  

Anahtar Kelimeler: Blok Zincir, Gıda Sektörü, Gıda Tedarik Zinciri, Akıllı Kontrat, Web 3.0 
Jel Kodu: O33, Q13, L86 
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1. INTRODUCTION 

The rapid developments in technology and the 
widespread adoption of digitalization from 
past to present have significantly influenced 
society, businesses, and supply chain 
processes. Global epidemics and crises have 
further underscored the necessity of 
integrating emerging technologies to enhance 
efficiency and resilience. In today’s 
technological era, businesses that fail to adapt 
to digital transformation face challenges in 
maintaining their competitive advantage. 
Consequently, organizations must 
continuously develop new strategies to keep 
pace with technological advancements. One of 
the most transformative technologies in recent 
years has been blockchain, initially introduced 
to the academic literature by Haber and 
Stornetta (1991) in their study titled “How to 
Time-Stamp a Digital Document.” 

Digital transformation is reshaping industries 
worldwide, including supply chain operations. 
The integration of digital technology into 
supply chain processes fosters innovation, 
enhances efficiency, and streamlines 
operations to achieve digital outputs, including 
improved products and services (Cigdem, 
2021). Companies struggle to adapt to these 
rapid technological shifts and the evolving 
ecosystem, prompting them to adopt 
digitalization strategies to reduce costs, 
enhance customer service, and improve 
delivery performance and reliability 
(Daneshvar Kakhki & Gargeya, 2019). 

Blockchain technology which operates through 
decentralized transaction networks provides 
fundamental changes to supply chain 
management (SCM). A digital decentralized 
distributed transactional database represents 
the definition of blockchain according to Nofer 
et al., 2017. Blockchain technology brings 
institutional solutions to the world including 
digital asset management and supports 
various industries like food supply chains 
because it ensures constant tracking and 
secure handling across the production-to-
consumption stages (Mendling et al., 2018). 

Transaction speeds become more efficient 
because blockchain uses distributed shared 
databases which provide real-time secure 
access to virtually unalterable supply chain 
records (Kim & Laskowski, 2018). 

Research has investigated blockchain 
technology applications throughout the food 
supply chain segments with studies by Alıcı et 
al., 2024; Ozdagoglu et al., 2020. The pork 
supply chain benefits from a blockchain-based 
traceability system that tackles traditional 
traceability problems according to Nassar et 
al., 2024. The combination of decentralized 
technology with secure encryption and 
immutable characteristics and smart contract 
abilities makes blockchain a delivery system 
that will boost food management procedures 
and enhance product traceability (Duan et al., 
2020). Traceability models using blockchain 
for food safety exist in multiple researcher-
developed systems which highlight the value 
of decentralizing data management coupled 
with consensus mechanisms and mining 
operations for food product tracking between 
origin points and end consumers (Tsang et al., 
2019). The distributed ledger features of 
blockchain applications represent a major 
breakthrough capability which reinvents 
supply chain systems within food and 
agricultural industries (Katsikouli et al., 2021). 

Blockchain technology moves rapidly into 
adoption because it develops modern 
solutions for the food supply chain 
management. The research developed a 
blockchain-based web platform which focused 
on fixing operating issues within Turkey's food 
supply chain system. Blockchain technology 
integration stands as a solution for the food 
supply chain management to address various 
inefficiencies through this application. The 
application looks to minimize costs by 
removing intermediaries and enable easy 
product traceability which accelerates 
producer-consumer deals simultaneously 
providing enhanced system decentralization 
security along with improved food safety and 
sustainability measures as well as waste 
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reduction along with optimized efficiency 
through smart contracts. The blockchain 
proposal improves the food supply chain by 
establishing trust between manufacturers and 
customers to solve fundamental industry 
problems. 

2. LITERATURE REVİEW 

Business organizations must adopt strategic 
management techniques due to accelerating 
technology changes which keep them 
competitive in the market. The digital 
transformation mandates that businesses 
revisit their approaches for implementing 
disruptive technologies successfully. 
Implementing blockchain technology results in 
operational efficiency together with better 
customer satisfaction combined with 
sustained long-term business success. 
Strategic management serves as the 
foundation which allows organizations to 
address uncertainties by making the most of 
their resources and technology advancements 
to reach their targets. 

Blockchain technology uses its capabilities to 
resolve lack of information symmetry 
problems in food supply chain systems. 
Traditional supply chain systems fail to deliver 
transparency so they produce operational 
inefficiencies along with safety issues (Mao et 
al., 2018). The system brings transparency 
through blockchain technology because it 
delivers real-time food product status and 
historical data to all supply chain stakeholders 
for better decision making and improved 
relationship building (Hasan et al., 2023). 
Extended visibility through blockchain 
technology simultaneously drives operational 
enhancement with better relationships 
between food producers and distributors and 
consumers which results in supply chain 
durability. 

Blockchain also goes hand in hand with 
transparency and traceability and can 
significantly contribute to efficiently tackling a 
crucial problem in the food supply chain – food 
waste. Their observation, according to Hasan 
et al. (2023), is that blockchain facilitates the 

exchange of food inventory and distribution 
data accurately and in a timely manner thus 
reducing waste. Finally, blockchain can be 
embedded with devices of the Internet of 
Things (IoT) to monitor the food condition in 
real time during transportation or storage to 
ensure the proper freshness and decrease the 
spoilage (Kaur et al. 2022, Mukherjee et al. 
2021). Blockchain and IoT work in synergy, 
which contributes to traceability and the 
sustainability of the entertainment food supply 
chain in general. 

However, blockchain facilitated smart contract 
adoption is to the advantage of strategic 
management of the food supply chain. An 
automated process developed on smart 
contracts based on predefined conditions, 
used for settlement and compliance checks 
autonomously and eliminate the intermediary, 
reduce the cost of transactions and the time 
for operations (Marchesi et al., 2022). 
Additionally, smart contracts also make 
transactions more accountable as it records 
each transaction on the blockchain, therefore 
making accounting and regulatory 
compliances (Kshetri, 2019). Given the food 
industry’s high level of accountability to safety 
standards and regulations, this level of 
accountability is particularly crucial. 

In addition, blockchain has a ripple effect on 
sustainability beyond functional efficiency. 
Sustainable food production and consumption 
practices are emphasized in the United 
Nations’ Sustainable Development Goals. 
These aims can be supported by blockchain 
technology in line with the transparency and 
accountability in the food supply chain which 
leads to enhanced sustainable agricultures and 
minimizing the environment impact (Chandan 
et al., 2023; Pakseresht et al., 2022). 

Finally, the article suggests that, in conclusion, 
blockchain technology can have a 
transformative power in strategic 
management of the food supply chain. The 
paper discusses the issues of traceability, 
transparency, efficiency, and the reduction of 
food waste while increasing the collaboration 
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between stakeholders. However, unease with 
adoption aside, blockchain itself offers a way 
to build a more resilient and sustainable food 
supply chain. It is anticipated that as 
blockchain technology advances, its 
importance in redefining food retailing 
management would also increase to a level of a 
more secure and efficient food system. 

3. METHODOLOGY 

Ganache and Truffle frameworks were used 
for the Ethereum blockchain infrastructure. In 
blockchain development, smart contracts are 
stored on this distributed ledger, and these 
contracts contain snippets of code that check 
whether a set of conditions are met, monitor 
data flows, and trigger certain actions. Smart 
contracts are used to increase trust between 
contracting parties, automate transactions and 
execute agreements in a disintermediated 

manner. Therefore, smart contracts have been 
used in practice in this study to execute 
transactions between parties. The solidity 
language compatible with ethereum was used 
to develop the smart contract. In the web 
application part of the study, Html, Css, 
Bootstrap, Javascript, Python, Django 
framework technologies were used. As a 
database, mongodb with nosql database was 
used. Django was preferred because it is 
python based and python programming 
language can be used to develop blockchain 
applications through the library called web3. 
Blockchain information was kept with Ganache 
and smart contract integration was realized 
with truffle. Blockchain and smart contract 
integration with the web application was 
realized with the python web3 library. The 
technologies used in the study are shown in 
Figure 1.

 

Figure 1: Blockchain Based Food Supply Chain Application Technologies Used 

 

The model used for the food supply chain 
process in the Blockchain Based Food Supply 
Chain application in the study is shown in 
Figure 2. In this model, all stages from the 
producer-supplier stage to the consumer stage 
can be managed with the application. The 
product received from the producer-supplier 
passes to the processing-packaging stage and  

 

then to the logistics and distribution 
department. At the next stage, transactions 
related to retail and sales are carried out. 
Finally, the product reaches the consumer. The 
conditions and contracts required for the 
realization of the processes at all these stages 
are managed by smart contracts. 
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Figure 2: Blockchain Based Food Supply Chain Model

4. APPLICATION AND FINDINGS 

The use of blockchain technology in the food 
supply chain provides significant 
improvements in critical issues such as food 
safety, traceability and transparency. The idea 
behind this project is the need to create a 
ledger and track each producer’s and 
consumer’s journey within the marketplace on 
the blockchain. The detailed stages of this 
application and the technologies used in its 
development is described below. 

4.1. Strategic Decision Making 
4.1.1. Manufacturer-Supplier 
This stage includes the manner through which 
products get to the supplier from the 
manufacturer. With the use of blockchain 
technology, the following elements are made 
secure and traceable: 

 Product Registration (QR Code): 
Products are registered and patented in 
the form of digital property that comes 
with a single-use QR number. These QR 
codes augment the tracking number of 
products on the blockchain system and 
avoid negativities like fake products. 

 Stock Management: This shows records 
of stock of manufacturers and suppliers 
in the supply chain since they are 
recorded on the blockchain platform 
hence a real time tracking. Therefore, 

stakeholders can follow stock 
information securely. 

 Supplier Management: Communication 
of transactions and relationships are 
captured as well stored within the 
blockchain. This helps in making sure 
that each of the arteries in the supply 
chain conducts business with the other 
as per agreed conducts. 

4.1.2. Processing and Packaging 
At this stage, the processing and packaging 
processes of the products are detailed: 

 Processing Steps: The various stages 
that the products undergo are well 
captured in the blockchain. This way 
there is no shadow of doubt as to how a 
particular step was arrived at, is 
reached. 

 Packaging: The process taken for the 
packaging of the products is also well 
documented in the blockchain 
technology. This facilitates 
identification of quality and safety of 
the packaging of the products. 

 Quality Control: Quality control 
processes are recorded on the 
blockchain, ensuring transparency. The 
quality control steps of each product 
can be monitored and verified. 

 Smart Contracts: Transaction steps are 
programmed and automated using 
smart contracts. This ensures that 
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transactions are carried out in a secure 
and error-free manner. 

 
4.1.3. Logistics and Distribution  
This stage covers the processes of storing, 
transporting and distributing products: 

 Storage Management: Every activity 
under the storage process of products 
is also recorded on the blockchain. This 
help to make sure that the products are 
well secured and that there is track and 
trace of the same. 

 Transportation and Logistics: The 
process of transportation and the 
logistics trail are documented on the 
blockchain technique. This makes quite 
sure that the transportation processes 
of those products are quite clear and 
tractable. 

 Delivery Management: The delivery 
processes for the products are logged 
with the blockchain system, preserving 
their history. This makes the process of 
delivery safe and clear from one stage 
to another. 

4.1.4. Retail and Sales 

This phase involves selling products in retail 
stores: 

 Product Catalog: Catalogues containing 
products are registered on the 
blockchain and displayed in a catalogue 
including number, name, description, 
preparation aid, and preparation 
instructions. This ensures the 
customers have adequate information 
about the different product in order to 
make good choices. 

 Order Management: Customer orders 
are tracked on the blockchain. This 
ensures that order processes are secure 
and traceable. 

 Payment Transactions: Secure payment 
transactions are carried out on the 
blockchain. This ensures that payments 
are made in a transparent and secure 
manner. 

4.2. Technologies Used in the 
Development of the Application 

4.2.1. Web Technologies 
 HTML, CSS, Bootstrap, JavaScript: These 

technologies were used in the designing 
and development of the front-end of the 
application. Basically, the structure and 
layout of the page are developed 
through HTML and CSS, and Bootstrap 
is employed to enable the great 
responsiveness of the page depending 
on the user’s device they are using; 
meanwhile, JavaScript is used to 
produce the dynamic content and 
control the user’s interaction with the 
page. These technologies allow users to 
utilise the application to their 
advantage. 

 Python Django: The backend of the 
application is developed using Django 
web framework. Django provides quick 
development and simplicity and 
reasonable sophistication. This 
framework supports operations for 
database, users, and other server 
functionalities to be done effectively. 

4.2.2. Blockchain Technologies 

 Ethereum: The Ethereum platforms 
provide secure storage and a rigour to 
manage the data on the blockchain. 
Ethereum can provide tamper-proof 
records to users of its platform. 

 Smart Contracts (Solidity): Smart 
contracts are programmed on 
blockchain using a language called 
Solidity. It is the responsibility of Smart 
Contracts as to guarantee that the 
performance of the trades is done 
automatically and securely. 

 Recording Data on the Blockchain: 
Every transaction like processing, 
transportation and selling the product 
is stored in the blockchain. This 
facilitates the monitoring of processes 
in order to make certain that they are 
both clear and easily accountable for. 
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 Authentication and Authorization (ERC-
725/ERC-735): Authentication and 
authorization processes are performed 
in accordance with Ethereum 
standards. This ensures secure and 
authorized access for users. 

This application is believed to make it possible 
for all activities from the producer to the 
consumer to be effectively managed safely by 
enhancing the polling capabilities and other 
benefits of using blockchain technology in the 
food chain. Thus, Consumers will be served 
only safe and high-quality food, while 
producers or suppliers will benefit from more 
secure and efficient transaction methods. The 

snapshots of the application are demonstrated 
in Figures 3, 4, 5 and 6, respectively. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Block Information for Saved Product
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Figure 4: Transaction Information for Saved Product

 

Figure 5: Smart Contract Information for Products

 

Figure 6: Web Application Product Information 

5. CONCLUSION 

Food supply chains has gained significant 
attention for its potential to transform various 
components of the food supply chain. The use 
of blockchain in the food supply chains 

improves transparency, consumer trust, 
increases the effectiveness of recalls and 
inspections, and offers cost-saving 
opportunities (Oriekhoe et al., 2024). This 
technology enables food product tracking and 
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supports the establishment of food traceability 
systems that connect producers and 
consumers (Elias et al., 2024; Xiong et al., 
2020). Blockchain addresses many existing 
challenges in the food industry by improving 
supply chain transparency and traceability, 
which helps reduce disruptions and ensures 
food safety. In this case, with the help of 
blockchain solution, such information as 
products’ history, their movements through 
the supply chain and product safety can be 
offered to the consumers (Xiong et al., 2020).  

Despite growing academic interest, practical 
implementations of blockchain in the food 
sector remain scarce, and empirical studies are 
still limited. Therefore, more focus should be 
placed on developing a roadmap for 
implementing the blockchain technology (Vu 
et al., 2023). However, there are few barriers 
including the difficulty of implementing 
blockchain into current systems, data 
validation, and security, and compatibility with 
other technologies are some of the challenges 
that should be well handled (Panghal et al., 
2022). Jarka (2019) established that 
blockchain has solutions that may help in 
enhancing food safety, traceability and the 
general supply chain by eliminating the 
weakness of the current food production 
system. Moreover, the integration of 
blockchain and the Internet of Things (IoT) 
can significantly extend the frontiers of the 
reformed agri-food industry leading to a 
dependable and sustainable food chain (Hasan 
et al., 2023). 

This study explores a blockchain-based food 
supply chain system that promises 
improvements in transparency, traceability 
and product security across all stages. Starting 
from the manufacturing process itself through 
distribution channels, each level enjoys the 
properties of blockchain, which is immutable 
and decentralised allowing data accuracy and 
confidence among the chain of consumers. 
Additionally, incorporating the use of 
blockchain in the management of inventories 

and suppliers offers real-time information 
about the inventory, and the activities of the 
suppliers. The resulting transparency 
enhances communication and improves the 
decision-making processes of supply chain 
members. Blockchain is also applied in 
documenting processing steps, packaging 
procedures, and quality control measures, thus 
improving company accountability. These 
processes are managed through smart 
contracts in the application's backend, 
minimizing errors and ensuring accurate 
recording of all transactions. This automation 
not only helps to improve efficiency but also 
extends trust to stakeholders because 
customers can easily cheque the authenticity 
of the products by personally operating the 
equipment without intermediaries. In logistics 
and distribution, blockchain provides reliable 
solutions to the handling of warehousing, 
transport and delivery. While these activities 
are recorded on the blockchain, they give all 
stakeholders immediate visibility into the 
product’s storage and transportation paths. It 
enhances the reliability of supply chain making 
it more efficient because does not expose food 
products to spoilage or delays. On the 
consumer side, blockchain handles the safe 
storage of a product list and consumer order 
and payment operations. These activities by 
use of blockchain have an advantage of 
increased transparency and irreversibility of 
the transactions. Besides, smart contracts on 
the blockchain make payment even more 
secure which makes it much more efficient. 
Finally, on the consumer side, the use of the 
blockchain enables the certainty of product 
information like we have never experienced 
before. The consumers can retrieve 
comprehensive information about whence the 
product was obtained, how it was processed 
and where it was sold or dispatched. This 
helps to build confidence between the 
business and the customers and also assists 
the buyers make a rational decision. This is 
most necessary in the food products industry 
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mainly because only safe foods and beverages 
are acceptable in the current market.  

Blockchain has the potential to transform 
organisations into platforms for 
communication and information sharing 
among stakeholders to support collective 
decision making and problem solving abilities 
(Katsikouli et al., 2020; Oriekhoe et al., 2024; 
A. Sharma et al., 2023) which are necessary to 
address issues including food insecurity and 
equitable access to resources. Additionally, 
blockchain technology can also improve the 
profitability of such chains. For small and 
medium enterprises (SMEs) this is a very 
notable economic benefit, as these enterprises 
usually face many resource constraints and 
limited market access(M & Parkhi, 2021; 
Mohammed et al., 2023; Xu et al., 2022)..  

In addition, the blockchain helps food supply 
chain be resilient as it is easier and faster to 
respond to disruptions. f a supply chain is 
trackable through blockchain, organizations 
can respond more quickly to disruptions such 
as natural disasters or pandemics. For 
example, natural or pandemics – if a 
organisation can still achieve flexibility and 
quick responses on the ground with that 
ability to track the supply chain you have. To 
illustrate, if the organisation uses blockchain 
during the COVID19 pandemic, there are a 
higher chance of concentration of the supply 
chain breaks or running the operations 
uninterrupted (M. Sharma et al., 2022; Yang et 
al., 2021). It is essential in an environment of 
rapidly changing, rapidly globalised 
environment to assure flow of goods and 
services. Last, the use of blockchain technology 
is introduced in food supply chain 
organizations to increase resilience and 
sustainability of the organizations, and 
promote human centred approach. The power 
it gives stakeholders on the blockchain is to 
remain compliant with regulations, having 
enhanced traceability and even better 
resource management. Besides, the number of 
economic benefits and innovation capabilities 
for blockchain are increasing in the food 

industry. This technology will not only allow 
organisations to become more operationally 
agile, but also push the food system in society 
towards a more sustainable, more equitable 
food system as organizations adopt this 
technology. 

Finally, blockchain technology has provided 
significant advantages for the food industry. 
First, it promotes traceability and tracking; 
second, it increased transparency and 
consumer satisfaction; third, it contributed to 
more sustainable production environment. 
With the help of enabling characteristics of the 
selected BC, namely, openness, 
unchangeability and protection, the food 
business chain can solve critical concerns 
linked to food safety, supply chain and 
consumer trust. However, to achieve 
disruptive potential of blockchain in the given 
industry, and numerous other sectors across 
the globe, there is a need to bring a systematic 
approach for handling small but crucial issues 
like, operational compatibility, security of data 
and expandability. With the application of the 
proposed solution in the study,the challenges 
faced by enterprises using blockchain 
technology in the food supply chain can be 
effectively addressed.  Therefore, it is expected 
that the shift of enterprises from conventional 
methods utilised in the food supply chain to an 
integrated food supply chain coupled with 
blockchain technology aimed at improving 
food traceability and safety will gain 
momentum.  

While digital web and blockchain applications 
are enhancing organisational performance, 
they are simultaneously enhancing the level of 
accountability and transparency. Due to 
heightened consumer awareness and 
requirements for absolute quality of the 
consumed products, the role of providing 
increasingly credible information about the 
origin and processing of the products is 
becoming the most crucial and unique 
advantage. Implementation of blockchain 
based food supply chain represents a 
transformative approach to managing supply 
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chain operations. It benefits all stakeholders 
by creating a more transparent, secure and 
efficient supply chain by leveraging the 
strengths of blockchain technology. The 
potential of blockchain to revolutionise 
industry practises and standards is 
demonstrated in this study and can thus serve 
as an example of future developments in 
supply chain management. In addition, future 
research directions may include the following 
areas: 

Conduct empirical testing in real-world 
settings. 

 In future studies, it is possible to 
empirically test the developed systems 
under real-world conditions. Such 
implementations would provide a more 
accurate assessment of the system’s 
feasibility and performance. 

Simplify smart contracts to lower costs. 

 Efforts can be made to simplify the 
structure of smart contracts in order to 
reduce transaction costs. This would 
contribute to making blockchain 
technology more economical and 
accessible. 

 

Integrate IoT for automation and real-time 
data. 

 The integration of IoT (Internet of 
Things) technologies can be considered 
for real-time data transmission and 
process automation. Such integration 
may enhance the system’s dynamic 
control and traceability capabilities. 

Improve interoperability with existing ERP 
systems. 

 Integration efforts may be undertaken 
to improve interoperability with 
existing ERP systems. This approach 
can facilitate the adoption of 
blockchain-based systems in enterprise 
applications. 

Strengthen data privacy through 
cryptography. 

 To enhance data privacy, more 
advanced cryptographic methods can 
be applied. In this context, techniques 
such as homomorphic encryption or 
zero-knowledge proofs may be 
considered in future studies. 
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