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Background and Obijectives: The detergent industry, as a strategic sector,
plays a key role in public health. In recent years, this industry has faced
growing uncertainties driven by environmental concerns, competitive
pressures, demand volatility, and economic—political conditions. A review of
the literature shows that most studies in this industry have focused on
sustainable marketing, sustainable supply chains, firm-level resilience,
entrepreneurial supply chain management, new product development, and
risk management. Although these strands of research explain parts of supply
chain complexity, supply chain resilience in the detergent industry has not
been examined in an integrated and systematic way from an artificial
intelligence-enabled, data-driven perspective. Against this background, the
present study aims to identify and explain the components of Al-based supply
chain resilience in the detergent industry and to develop an integrated model
to support managerial and policy decision-making.

Materials and Methods: This study adopts a Multi-Grounded Theory
approach, which simultaneously integrates two analytical bases by
combining empirical analysis with the theoretical data. On the theoretical
base, a qualitative meta-synthesis was conducted through a systematic review
of 37 selected scholarly documents in the areas of supply chain resilience, the
detergent industry, and Al applications. On the empirical base, data were
collected through 13 semi-structured interviews with industry managers,
academic faculty members, and technology experts. The analysis process for
the two data sources was carried out in parallel and comparatively, using
open, axial, and selective coding in MAXQDA 2020. This integrative
approach strengthened theoretical robustness and empirical validity and
enabled the development of a comprehensive and credible model. To ensure
research quality, data triangulation, participant checking of the findings, full
process documentation, and external auditing of the results were employed.
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Results: Data analysis led to the identification of five main categories as the
key dimensions of supply chain resilience in the detergent industry. The first
category, “agility and recovery speed,” emphasizes shortening the
diagnosis-to-action cycle, accelerating operational recovery, and leveraging
digital infrastructures for rapid restoration. The second category, “operational
flexibility,” highlights multi-sourcing, reconfiguration of the logistics
network, and flexible production capacity to enable rapid adaptation to
changing conditions. The third category, “visibility and information
transparency,” regards data integration, digital traceability, and real-time
monitoring as prerequisites for managing uncertainty and coordinating
supply chain partners. The fourth category, “resilience costs,” conceptualizes
resilience as a dynamic balance among preventive expenditures, emergency
logistics, and risk reduction. Finally, the fifth category, “risk-taking level,”
underscores risk tolerance, risk-return-based decision-making, and a
risk-embracing organizational culture as the behavioral foundation of
resilience.

Conclusion: By integrating theoretical and empirical data, this study
develops a context-specific model of Al-enabled supply chain resilience in
the detergent industry. The findings indicate that supply chain resilience in
this industry is the outcome of the dynamic interaction of operational,
technological, and behavioral mechanisms and cannot be reduced merely to
higher inventory levels or sectional actions. Purposeful use of artificial
intelligence and digital technologies becomes effective when it is
accompanied by process redesign, improvements in decision-making
systems, and the enhancement of risk-taking and organizational learning
cultures.
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