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Abstract: The integration of Blockchain technology and Just-In-Time (JIT) practices presents significant
potential for optimizing the dairy supply chain. Blockchain offers enhanced traceability, transparency, and data
security, while JIT practices help streamline operations by reducing waste and improving inventory management.
However, despite these potential benefits, the adoption of these technologies in the dairy sector faces substantial
challenges, especially in developing countries like India. Issues such as high implementation costs, lack of
government regulatory frameworks, and the fragmented nature of small-scale dairy farming pose significant
obstacles to successful integration. The small herd sizes and non-commercial operations of many farmers further
complicate the adoption of both Blockchain and JIT practices, making it difficult for them to meet the demands
of real-time data sharing and precise inventory control. This paper explores the applicability of Blockchain and
JIT within the dairy supply chain, highlighting the key challenges and opportunities. The study calls for more in-
depth research to develop scalable and practical solutions tailored to the specific needs of the dairy sector in
developing regions. By addressing these challenges, the integration of Blockchain and JIT can significantly
improve operational efficiency, reduce risks of fraud, and enhance the overall transparency of dairy supply chains.
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1. Introduction

Milk is often regarded as the perfect food due to its rich composition of essential nutrients, including
carbohydrates, proteins, fats, minerals, and vitamins. However, in recent times, malpractices during the
processing, handling, and transportation of milk have raised serious concerns about its safety for human
consumption. Milk-related scandals have escalated globally, particularly in developing countries like China, India,
and Pakistan. For instance, the 2008 milk scandal in China affected over 3 million people and resulted in the tragic
deaths of six children. A report by the Food Safety and Standards Authority of India (FSSAI) highlighted that
68.4% of milk in India does not meet legal standards. Even in developed nations like the USA, milk-related
incidents remain a concern; in 2018, there were recalls of 160 products, with one-third due to milk-related issues.
These incidents have amplified the need for enhanced traceability within the dairy supply chain.

Dairy traceability refers to the ability to track the movement of milk and milk products from their origin to the
point of consumption. In recent years, the link between dairy farmers, processors, distributors, and consumers has
weakened, with limited information flow among these stakeholders. This lack of coordination, compounded by
the globalization of the dairy industry, has emphasized the need for improved traceability systems. Current
literature suggests that integrating Blockchain technology, alongside Just-In-Time (JIT) practices, can address
these challenges effectively. Blockchain enhances transparency and traceability by securely recording data across
the supply chain, while JIT practices ensure efficient inventory management and timely delivery of milk products,
reducing waste and improving supply chain responsiveness. This paper explores how Blockchain technology and
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JIT can be applied together to optimize the dairy supply chain, with a focus on enhancing transparency,
sustainability, and coordination among all stakeholders.

2. Blockchain Technology and Just-In-Time (JIT) in Supply Chain Management

Blockchain technology, commonly referred to as “Distributed Ledger Technology (DLT),” underpins various
cryptocurrencies such as Bitcoin. Originally introduced under the pseudonym Satoshi Nakamoto, Blockchain has
been hailed as one of the most transformative inventions since the internet, with the potential to revolutionize
industries across the globe. At its core, Blockchain is a decentralized digital database where recorded data is shared
simultaneously across a network of computers. Unlike traditional centralized databases, Blockchain operates
without a central authority, thus ensuring transparency and security. Each device connected to the Blockchain is
referred to as a node, which plays a critical role in validating the information being shared across the network.
When data is entered into the Blockchain, it is digitally signed with cryptographic keys and transmitted to other
nodes for validation. Once the information is verified as legitimate, it is added to a block, which is identified by a
unique hash code. Each block links to the previous one, creating a chain of blocks (hence the term “Blockchain”).
Any attempt to alter the data would require breaking the hash code, which is computationally demanding, making
the Blockchain highly secure and immutable. This feature is essential for tracking and securing information
throughout the supply chain.

Incorporating Just-In-Time (JIT) practices into a Blockchain-based supply chain can further enhance efficiency.
JIT, known for its emphasis on reducing waste and improving operational responsiveness, aligns perfectly with
Blockchain’s ability to provide real-time data transparency. Together, these technologies can streamline inventory
management, ensure faster delivery, and minimize delays, making supply chains more flexible and reliable.
There are three primary types of Blockchain networks based on access permissions: public, private, and hybrid.
In a public Blockchain, such as Bitcoin, anyone can participate, whereas a private Blockchain restricts access to
authorized users. Hybrid Blockchains combine features of both public and private networks and are often used in
sectors such as banking and supply chain management, including the dairy industry.

To apply Blockchain in the dairy supply chain, various technologies such as barcodes, batch marks, and RFID
tags are employed to track and trace product information in real-time. Coupled with JIT practices, this enhances
the transparency, traceability, and overall performance of supply chain systems, particularly in sectors that
demand high standards of product quality, such as dairy.

3. Integration of Internet of Things (1oT) And Just-In-Time (JIT) in Dairy Supply Chain

The Internet of Things (IoT) refers to the interconnection of various computing devices embedded in objects
through the internet, enabling them to collect, share, and process data in real-time. In the dairy industry, which is
highly time-sensitive and requires strict quality control, the application of 10T is crucial for managing the flow of
products efficiently. 10T technologies, such as sensors, GPS tracking systems, RFID tags, and drones, have
revolutionized dairy supply chains by providing real-time data that supports better decision-making.

When combined with the Just-In-Time (JIT) concept, l0T facilitates an even more streamlined supply chain. JIT
practices focus on minimizing inventory and waste by delivering products exactly when needed. I0T enhances
this by enabling stakeholders, including dairy producers, certification agencies, processors, and distributors, to
track and manage the entire supply chain in real-time, ensuring that milk and dairy products move swiftly from
farm to consumer without delays or quality degradation.

With 10T, dairy stakeholders can efficiently monitor animal health, detect disease outbreaks, and adjust operations
accordingly, aligning these efforts with JIT practices to reduce delays. This capability improves the overall
lifecycle management of dairy products—from production to final sale—ensuring that the products remain fresh
and of high quality when they reach the consumer. This, in turn, boosts consumer confidence in the dairy products
they purchase.

Furthermore, Radio Frequency ldentification (RFID) technology, widely used in supply chain management,
complements both IoT and JIT by providing real-time information about the product’s location and condition.
Sensors embedded in RFID tags monitor various quality factors, such as milk freshness and bacterial levels,
helping to ensure that only high-quality products are delivered. This technology, coupled with JIT practices,
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ensures that dairy products are transported and delivered with maximum efficiency and minimal waste, enhancing
trust across the supply chain.

4. Potential Application of Blockchain and Just-In-Time (JIT) in the Dairy Supply Chain

The dairy industry has evolved into a more intricate and complex supply chain compared to other agri-food
sectors. Recent consumer demands for higher standards of food safety, sustainability, and ethical production have
added to this complexity. Modern consumers are willing to pay a premium for transparency in food sourcing and
handling, driving the need for enhanced traceability and streamlined processes throughout the dairy supply chain.
Blockchain, when combined with Just-In-Time (JIT) practices, presents a transformative opportunity to address
these demands, enabling real-time transparency and efficiency in production, transportation, and distribution.
Blockchain technology, renowned for its ability to enhance transparency and traceability, has already been shown
to significantly improve supply chain systems in the agri-food sector. Various studies highlight Blockchain’s
capacity to track every stage of production and logistics, ensuring accountability across the entire supply chain.
When coupled with JIT, which focuses on reducing waste and ensuring timely delivery, Blockchain can further
optimize supply chains by providing precise and real-time data that supports JIT’s principles of demand-based
production and efficient inventory management.

By integrating Blockchain with JIT, each actor in the dairy supply chain—from farmers to manufacturers—can
maintain a unique digital identity within the Blockchain network. Automated technologies, such as RFID tags and
10T sensors, will facilitate real-time updates on key data points like the location of farm, animal health, milking
processes, and transportation status. These updates are critical for executing JIT practices, ensuring that milk and
milk products are produced and transported based on real-time demand, minimizing excess inventory, spoilage,
and waste.

During transportation, maintaining optimal conditions such as temperature becomes crucial, particularly to ensure
the freshness of perishable dairy products. With JIT, this process becomes even more efficient as milk moves
swiftly through the supply chain to match demand without unnecessary delays. GPS tracking and 10T sensors
integrated within the Blockchain network can monitor and record environmental conditions during transport,
further aligning with JIT principles by reducing delays and ensuring products reach their destination within the
required timeframe.

Regulatory bodies and certification agencies also play a pivotal role in this system. Blockchain enables these
entities to verify claims such as organic certification or animal welfare practices, ensuring compliance with safety
standards. JIT further complements this by reducing inspection times through real-time monitoring and reporting,
allowing swift interventions where necessary. This end-to-end traceability and regulatory oversight build
consumer confidence, as they can now access the complete history of the dairy products they purchase by simply
scanning a code on the packaging.

In summary, the combination of Blockchain and JIT within the dairy supply chain not only enhances transparency
and trust but also optimizes the flow of products by aligning supply with real-time demand, reducing waste, and
ensuring that only the freshest products reach consumers. This integrated approach offers significant
improvements in efficiency, sustainability, and overall performance for the dairy industry.

5. Benefits of Integrating Blockchain and Just-In-Time (Jit) in the Dairy Supply Chain for Various
Stakeholders

The combination of Blockchain technology and Just-In-Time (JIT) practices within the dairy supply chain presents
numerous advantages to all participants involved in the process. These benefits, tailored to each stakeholder group,
are outlined below:

Producers

By leveraging Blockchain technology alongside JIT principles, producers can communicate more efficiently with
other stakeholders within the dairy supply chain. Blockchain enhances traceability and allows producers to closely
monitor the movement of dairy products in the market, ensuring real-time updates with the JIT approach. In cases
of mishandling, producers can swiftly identify the source of the issue and prevent further distribution.
Additionally, Blockchain and JIT enable producers to uphold industry standards, focusing on sustainability,
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quality, and ethical practices. These improvements can lead to better market positioning, higher returns on their
produce, and a stronger reputation.

Certification Agencies and Regulatory Bodies

As food production faces scrutiny around issues like local sourcing, environmental impact, and animal welfare,
Blockchain technology can simplify the certification process. When combined with JIT practices, regulatory
bodies can perform real-time checks on farm conditions, production timelines, and overall supply chain efficiency.
This integration enables agencies to track certifications such as organic labeling or non-GMO status, while
simultaneously ensuring compliance with environmental and ethical standards. The streamlined certification
process not only helps regulatory bodies but also assists farms in differentiating themselves in competitive
markets.

Food Processing and Manufacturing Industries

For food processors and manufacturers, integrating Blockchain and JIT offers a dual advantage. Blockchain
enhances transparency by providing accurate information on product ingredients, handling protocols, expiration
dates, and more. When combined with JIT, which minimizes delays and ensures the timely processing of dairy
products, manufacturers can maintain high standards of freshness and quality. Furthermore, Blockchain makes
product recalls more efficient, allowing manufacturers to pinpoint specific batches and take immediate corrective
actions, enhancing their credibility in the marketplace.

Logistics Agencies

Logistics plays a critical role in the dairy supply chain, especially given the perishable nature of dairy products.
By combining Blockchain and JIT practices, logistics companies can optimize real-time tracking and ensure that
products are delivered within precise windows to prevent spoilage. Blockchain provides detailed information on
temperature control, route tracking, and transportation conditions, while JIT ensures that products move
seamlessly from one point to another with minimal delays. This integration helps logistics companies maintain
their market reputation by offering reliable, transparent services.

Wholesalers and Retailers

Wholesalers and retailers handle dairy products before they reach the consumer. By utilizing Blockchain and JIT,
these stakeholders can better manage inventory, quickly remove hazardous products, and enhance the quality and
freshness of items on their shelves. JIT allows them to restock more efficiently, avoiding overstock or wastage,
while Blockchain offers consumers insight into product origins, boosting trust and sales.

Consumers

The integration of Blockchain and JIT significantly improves traceability, accountability, and quality assurance
within the dairy supply chain. Consumers benefit from detailed, real-time information about the dairy products
they purchase—from farm to table. With Blockchain providing transparency and JIT ensuring timely delivery of
fresh products, consumers can make informed choices with confidence in the safety, sustainability, and quality of
their food.
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Figure 1: Blockchain based dairy supply chain system
=
‘*‘3_,‘ SR
’% Journal of Scientific and Engineering Research

306



Khichi T & Prasad H Journal of Scientific and Engineering Research, 2024, 11(5):303-308

6. Benefits Of Integrating Blockchain Technology and Just-In-Time (Jit) Practices in the Dairy Supply
Chain

The combination of Blockchain technology and Just-In-Time (JIT) practices offers numerous advantages for
optimizing the dairy supply chain. Some of the key benefits are outlined below:

Enhancement of Dairy Food Safety

By leveraging Blockchain technology, information related to the dairy product can be tracked and verified with
complete accuracy in a short span of time. This ensures that in the event of a foodborne illness outbreak, the entire
history of the product can be traced, allowing for rapid identification of the issue. Paired with JIT practices, which
ensure minimal storage time and timely distribution, potential contamination can be identified and addressed
swiftly, reducing the risk to consumers. Furthermore, the affected batch or product can be recalled almost
immediately, preventing further distribution of unsafe items.

Prevention of Counterfeit Dairy Products

Since Blockchain data is immutable, dairy products stored within a Blockchain-based supply chain cannot be
tampered with or counterfeited. The integration of JIT practices further strengthens this by minimizing the time
dairy products spend in storage, reducing opportunities for mishandling or tampering. With Blockchain securely
recording all transactions and movements within the supply chain, any attempt to interfere with product integrity
can be quickly detected and traced back to the source. This builds consumer confidence in the authenticity of the
dairy products, reducing the chances of them being deceived by counterfeit goods.

Building Trust in the Dairy Industry

For manufacturers and processors to build trust with consumers, transparency in the supply chain is critical. With
Blockchain technology, every aspect of the product’s journey, from production to final sale, can be validated by
all participants in the supply chain. When combined with JIT practices, which streamline the process by reducing
unnecessary delays, consumers gain confidence in the freshness and authenticity of the product. Blockchain
provides a decentralized system of trust, allowing each stakeholder to access accurate, real-time data, ensuring
the integrity and quality of the dairy products being consumed.

7. Conclusion

While there are numerous potential advantages to integrating Blockchain technology within the dairy supply chain
system, several challenges persist in its implementation. Blockchain, being a relatively new technology, presents
uncertainties for business owners, particularly regarding whether the benefits, such as increased transparency and
traceability, will outweigh the higher operational costs. In countries like India, where regulatory frameworks for
Blockchain are still in their infancy, there remains ongoing debate about its widespread applicability. Additionally,
the fragmented nature of dairy farming, especially in developing regions, poses another significant obstacle. Many
small-scale farmers, with limited herd sizes and non-commercial operations, face difficulties in adopting
sophisticated supply chain technologies like Blockchain.

The integration of Blockchain with Just-In-Time (JIT) practices further complicates these challenges. Although
JIT can streamline inventory and reduce waste, small farmers may struggle to align with the strict timing and
resource management requirements of JIT, given their limited infrastructure. Therefore, more extensive research
is needed to explore how both Blockchain and JIT can be effectively applied to dairy supply chains, particularly
in developing economies. This research should focus on creating scalable solutions that address the unique needs
of fragmented farming systems, while maximizing the potential benefits of these advanced technologies.
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