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Deteriorating products require greater investment and higher expenditures compared to other
goods. Enhancing shelf life and improving informational transparency are among the primary
challenges for these products, particularly in the dairy industry. This article examines the role of
advanced technologies, such as cold plasma and blockchain, in improving the supply chain of
deteriorating products, with a focus on milk. Cold plasma extends product shelf life, while
blockchain strengthens customer trust by providing clearer, more reliable information. This study
investigates a two-level supply chain involving a manufacturer and a retailer, where the
manufacturer utilizes cold plasma technology to extend shelf life, and the retailer bears the costs of
blockchain to inform customers. The aim of this article is to examine the impacts of employing
these two technologies in the supply chain of deteriorating dairy products, specifically milk, with a
focus on the interactions between the manufacturer and retailer within a Stackelberg game
framework. In this model, the manufacturer acts as the leader and the retailer as the follower, and
the effects of technology-related costs on pricing decisions and profitability for each member are
analyzed. Sensitivity analysis on the deterioration rate and shelf life reveals that the supply chain's
profitability increases when deterioration rates are high, and customer sensitivity to deterioration is
elevated, with cold plasma proving beneficial. Conversely, at lower deterioration rates, the high
cost of cold plasma may reduce supply chain profitability. These findings underscore the
importance of optimizing technology use based on the specific characteristics of the supply chain.

Extended Abstract

1. Introduction

growing demand for transparent and real-time information regarding product safety and quality. One of the most critical

I n today's world, food supply chains face numerous challenges due to the deteriorating nature of products and consumers'

sectors where these challenges are prominently evident is the dairy supply chain, particularly milk. As a fundamental and
highly deteriorating commodity, milk requires advanced technologies to extend its shelf life and preserve its quality. In this
context, the adoption of innovative technologies such as cold plasma and blockchain has emerged as a promising solution for
the dairy supply chain. Cold plasma, by creating optimal conditions to reduce microbial load while maintaining the
nutritional properties of milk, can significantly enhance the shelf life of this essential product.
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2. Methodology

The supply chain examined in this study focuses on the dairy supply chain, specifically milk, which operates as a two-tier
system comprising a manufacturer at the first level and a retailer at the second level. The manufacturer employs cold plasma
technology during the production and processing stages to enhance the shelf life of milk. Simultaneously, the manufacturer
considers leveraging blockchain technology to inform consumers about the application of cold plasma technology in milk
production. The primary objective of integrating blockchain technology is to provide consumers with accessible information
regarding the use of cold plasma technology in enhancing milk’s shelf life, thereby fostering greater confidence and trust in
their purchase. Additionally, blockchain enables the provision of real-time information about milk quality, including its
safety or spoilage status, allowing consumers to make more informed purchasing decisions and reducing dissatisfaction
arising from unsuitable product purchases. In this context, the manufacturer and the retailer are modeled as players in a
Stackelberg game, where the manufacturer, acting as the leader, makes decisions first. The retailer, as the follower,
subsequently determines their optimal decisions based on the producer's actions.

Implications of the Research
This study is not merely a theoretical model but also possesses practical applicability in real-world industries, offering the
potential to enhance efficiency, reduce costs, and improve consumer satisfaction. The practical implications of this research
and its target audiences can be summarized as follows:
Application in the Dairy Industry
Use by Distributors and Retailers of Deteriorating Food Products
Relevance to Logistics Companies in Cold Supply Chains
Utility for Regulatory and Health Institutions
Appeal to Manufacturer and Consumers Interested in Sustainable and Environmentally-Friendly Products

agrwdpE

3. Conclusion

The conducted analyses reveal that leveraging cold plasma technology to extend product shelf life, combined with the use
of blockchain to enhance transparency and inform customers, can significantly improve supply chain performance. The
findings demonstrate that extending product shelf life through cold plasma directly enhances the supply chain's profitability,
whereas blockchain adoption increases customer trust, subsequently boosting demand and retailer revenue. Moreover, the
cost-sharing mechanism for these technologies is designed to ensure that both parties benefit, fostering collaboration that
improves overall supply chain efficiency and competitiveness for both players in the market. Additionally, the study
highlights the critical role of information transparency facilitated by blockchain for end consumers. This transparency not
only stimulates higher demand but also increases customer satisfaction and enhances the reputation of both the producer's and
retailer's brands.
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