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Abstract. This systematic literature review examines Big Data Analytics (BDA) applications 
in food supply chain management to address global challenges of food waste and 
environmental degradation. Following PRISMA 2020 guidelines, researchers analyzed 64 
peer-reviewed studies published between 2014-2024. Findings reveal accelerating research 
momentum, with publications increasing 5.4-fold from 2021-2023 compared to 2017-2020, 
reflecting post-pandemic digital technology adoption. Four primary application domains 
emerged: general applications (28%), cold-chain monitoring (23%), risk management (17%), 
and traceability systems (11%). Technologies predominantly include machine learning, deep 
learning, time-series modeling, and IoT sensor networks. Theoretical analysis through 
Dynamic Capabilities Theory shows BDA enhances supply chain agility and performance, 
though implementation faces challenges including data integration complexity, skills gaps, 
and regulatory requirements. The unique constraints of food systems, such as perishability, 
create additional complications. The review identifies research gaps in outcome-focused 
evaluation, real-world implementation validation, and sustainability impact measurement. A 
proposed research agenda prioritizes: developing outcome-oriented evaluation frameworks, 
establishing standardized benchmarks, and advancing decision-aware analytics. For 
practitioners, an implementation framework addresses technology selection, stakeholder 
coordination, and performance measurement tailored to food supply chains. 

Keywords:  Big Data Analytics, Food Supply Chain Management, Systematic Literature 
Review, Machine Learning, Cold Chain Management, Food Traceability, Supply Chain 
Performance, Dynamic Capabilities Theory 

  



Le & Dam, Journal of Logistics, Informatics and Service, Vol. 12 (2025), No 7, pp 124-146 

125 
 

1. Introduction 
The global food system confronts an array of interconnected challenges that demand innovative 
technological solutions to ensure sustainability, security, and efficiency across increasingly complex 
supply networks (Khoa, 2021). By 2050, the world population is projected to exceed 9.7 billion people, 
necessitating a 70% increase in food production from current levels while simultaneously addressing 
climate change impacts, reducing environmental degradation, and ensuring equitable access to 
nutritious food (Nations, 2019). These mounting pressures occur within food supply chains 
characterized by intricate networks spanning from agricultural production to consumer consumption, 
each presenting unique operational complexities including product perishability, stringent safety 
regulations, seasonal demand variations, and escalating consumer demands for transparency and 
sustainability (Bosona & Gebresenbet, 2013; De et al., 2023; Khanh et al., 2025; Martynas & Algita, 
2024). 

The urgency of these challenges is underscored by alarming global statistics that reveal 
approximately one-third of all food produced for human consumption is lost or wasted annually, 
representing not only significant economic losses exceeding $1 trillion globally but also contributing 
substantially to environmental degradation and food insecurity. This food loss and waste, totaling 
approximately 1.3 billion tonnes annually, accounts for 8-10% of global greenhouse gas emissions 
while paradoxically coexisting with widespread hunger affecting millions of people worldwide (Nations, 
2019). These stark realities highlight the critical need for data-driven solutions that can optimize 
resource utilization, enhance food safety, and minimize waste across complex supply networks through 
sophisticated analytical approaches. 

Despite growing recognition of BDA's transformative potential in food supply chains, the literature 
remains fragmented across multiple disciplines including agricultural engineering, food science, 
operations management, and information systems, limiting both theoretical advancement and practical 
adoption (Kamilaris et al., 2017; Yen et al., 2022). Current research lacks systematic integration of 
findings across these diverse perspectives, comprehensive analysis of implementation challenges 
specific to food systems, and clear identification of future research priorities that address both 
theoretical development and practical implementation needs (Giedrius & Jolanta, 2024; Misra et al., 
2020). 

Existing studies often focus on individual applications or technologies without considering the 
broader supply chain integration requirements, while industry reports frequently lack the 
methodological rigor necessary for academic advancement. This fragmentation creates barriers to 
knowledge accumulation and limits the development of comprehensive frameworks that can guide both 
researchers and practitioners in advancing BDA applications within food systems. Furthermore, much 
of the existing research emphasizes technological capabilities without adequate attention to 
organizational, regulatory, and social factors that influence successful implementation. 

The rapidly evolving nature of both BDA technologies and food system challenges creates 
additional complexity, as findings from even recent studies may not reflect current technological 
capabilities or emerging application opportunities. This dynamic environment necessitates systematic 
synthesis approaches that can identify enduring principles while also highlighting emerging trends and 
future opportunities. 

This systematic literature review addresses these critical gaps by providing a comprehensive 
synthesis of BDA applications in food supply chain management through rigorous systematic review 
methodology. Our research objectives are threefold: first, to systematically identify and categorize 
current BDA applications across the complete food supply chain from production through consumption; 
second, to analyze the multidimensional challenges impeding BDA adoption in food systems while 
identifying success factors and implementation strategies; and third, to develop a theory-grounded 
future research agenda that addresses critical knowledge gaps and emerging opportunities in food 
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supply chain analytics. 
Through comprehensive analysis of peer-reviewed literature spanning multiple disciplinary 

perspectives, this review advances both theoretical understanding and practical implementation of BDA 
in food supply chains. We contribute to the literature by providing the first systematic synthesis of BDA 
applications across integrated food supply chains, developing an integrated theoretical framework that 
combines Dynamic Capabilities Theory, Information Processing Theory, and Resource-Based View 
perspectives, and establishing a comprehensive research agenda that prioritizes both theoretical 
advancement and practical implementation needs. 

For practitioners, we provide actionable insights into technology selection, implementation 
strategies, and performance measurement approaches tailored to the unique characteristics of food 
systems. For researchers, we identify critical knowledge gaps, methodological limitations in current 
research, and promising directions for future investigation that can advance the field through rigorous 
empirical research and theoretical development. 

The remainder of this paper is organized as follows. Section 2 dicusses about the theories related to 
big data analytics in food systems. Section 3 presents our systematic literature review methodology, 
including search strategy, selection criteria, and analytical approaches following PRISMA 2020 
guidelines. Section 4 reports our findings across study characteristics, technology applications, and 
implementation patterns. Section 5 synthesizes these findings through our theoretical framework while 
discussing implications for both research and practice. Section 6 presents a comprehensive future 
research agenda addressing critical gaps and emerging opportunities. Section 7 concludes by 
summarizing key contributions and their implications for advancing data-driven transformation in food 
systems. 

2. Literature Review 

2.1. The Emergence of Big Data Analytics in Food Systems 
Contemporary food supply chains generate vast quantities of heterogeneous data from multiple sources 
including IoT sensors monitoring soil conditions and crop health, RFID tags tracking products through 
cold chains, point-of-sale systems capturing consumer purchasing patterns, satellite imagery providing 
agricultural insights, and blockchain networks enabling traceability across supply networks) (Cuong et 
al., 2025; Kamilaris et al., 2017). This data proliferation, combined with advances in analytical 
capabilities, presents unprecedented opportunities for Big Data Analytics (BDA) to transform food 
supply chain management through enhanced visibility, predictive insights, and automated decision-
making systems (Misra et al., 2020; Rama et al., 2022). 

Big Data Analytics, characterized by the systematic analysis of large-volume, high-velocity, and 
varied data sets to extract meaningful patterns and actionable insights, has emerged as a critical enabler 
of intelligent food systems (Chen & Zhang, 2014; Hongli et al., 2022; Wamba et al., 2015). Unlike 
traditional supply chains, food supply chains require specialized analytical approaches that account for 
perishability constraints, food safety imperatives, regulatory compliance requirements, and the complex 
interactions between biological, environmental, and market factors (Blackburn & Scudder, 2009; van 
der Vorst et al., 2005). The application of BDA in food systems encompasses diverse domains including 
precision agriculture for crop optimization, predictive maintenance in food processing facilities, real-
time cold chain monitoring, demand forecasting incorporating weather and social factors, and 
blockchain-enabled traceability systems that ensure food safety and authenticity (Kamble et al., 2020). 

The distinctive characteristics of food products create both opportunities and challenges for BDA 
implementation. Product perishability creates time-sensitive decision-making requirements that benefit 
from real-time analytics and predictive modeling capabilities, while food safety regulations mandate 
comprehensive traceability and monitoring systems that generate rich data streams suitable for 
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analytical applications (Manning & Soon, 2016). However, the food industry also faces distinct 
implementation challenges including the integration of small-scale producers with limited technological 
infrastructure, complex regulatory environments varying across jurisdictions, and the need to balance 
transparency demands with competitive sensitivity considerations (Badia-Melis et al., 2015; Dat et al., 
2025). 

2.2. Theoretical Foundations for BDA in Food Supply Chains 
The implementation and impact of BDA in food supply chains can be understood through multiple 
complementary theoretical lenses that provide insights into organizational capabilities, information 
processing requirements, and competitive advantage mechanisms. Dynamic Capabilities Theory 
suggests that organizations must develop capabilities to sense, seize, and transform opportunities 
presented by big data technologies to maintain competitive advantage in rapidly evolving markets 
(Teece, 2007; Tran & Khoa, 2025b). In the context of food supply chains, this theoretical perspective 
emphasizes how organizations develop BDA-enabled dynamic capabilities through sensing market 
changes and supply disruptions, seizing opportunities for efficiency improvements and waste reduction, 
and transforming operations through data-driven decision-making processes (Mikalef et al., 2019). 

Information Processing Theory emphasizes how BDA enables organizations to process greater 
volumes of information to reduce uncertainty and improve decision-making quality, particularly critical 
in food systems characterized by biological variability, weather dependencies, and time sensitivity 
(Galbraith, 1973; Khoa & Thanh, 2025). This theory is especially relevant to food supply chains where 
information asymmetries between stakeholders, uncertainty about quality and safety parameters, and 
time-sensitive decisions about inventory management and distribution create significant challenges that 
BDA can address through enhanced information processing capabilities. 

The Resource-Based View (RBV) of the firm highlights how BDA capabilities, when properly 
developed and deployed, can serve as valuable, rare, and difficult-to-imitate resources that provide 
sustainable competitive advantage (Barney, 1991; Tran & Khoa, 2025a). In food supply chains, BDA 
resources include not only technological infrastructure but also analytical skills, data quality 
management processes, and organizational cultures that support data-driven decision making (Akter et 
al., 2016). The RBV perspective suggests that competitive advantage from BDA implementation 
depends on developing complementary organizational capabilities that are difficult for competitors to 
replicate, particularly relevant in food systems where trust, reputation, and operational excellence are 
critical success factors. 

2.3. Unique Characteristics of Food Supply Chain Analytics 
Food supply chains present distinctive characteristics that differentiate them from general supply chain 
contexts and create specific requirements for BDA applications. The perishable nature of food products 
creates time-sensitive decision-making environments where delays can result in significant losses, 
making real-time analytics and predictive capabilities essential for maintaining product quality and 
minimizing waste (Blackburn & Scudder, 2009; Duy & Khoa, 2025; Ketzenberg et al., 2015). 
Temperature and humidity sensitivity throughout the supply chain requires sophisticated monitoring 
and control systems that generate continuous data streams suitable for analytical applications, while 
also demanding rapid response capabilities when deviations occur. 

Food safety imperatives create additional complexity requiring comprehensive traceability systems 
that can rapidly identify contamination sources and enable targeted recalls, while regulatory compliance 
demands generate extensive documentation requirements that, while challenging, also create valuable 
data resources for analytical applications (Khoa & Huynh, 2024; Manning & Soon, 2016). Consumer 
demands for transparency about production methods, environmental impact, and social responsibility 
create both opportunities for differentiation through data-driven storytelling and challenges in balancing 
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transparency with competitive sensitivity. 
The multi-stakeholder nature of food supply chains, encompassing small-scale farmers, processing 

facilities, distributors, retailers, and consumers, creates data integration challenges but also 
opportunities for collaborative analytics that can benefit entire supply networks. These stakeholders 
often have varying technological capabilities, data standards, and competitive concerns that must be 
addressed in developing effective BDA solutions. 

3. Methodology 

3.1. Research Design and Search Strategy 
This study employs a systematic literature review (SLR) methodology following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines to ensure 
comprehensive coverage, methodological rigor, and reproducible results (Aurelija et al., 2024; Page et 
al., 2021). The systematic approach enables objective assessment of the current state of knowledge 
while identifying research gaps and future opportunities in BDA applications within food supply chain 
management, following established frameworks for conducting systematic reviews in information 
systems and operations management research (Khoa, 2021; Tranfield et al., 2003; Webster & Watson, 
2002). 

The literature search was conducted across two major academic databases selected for their 
comprehensive coverage of interdisciplinary research spanning information systems, operations 
management, agricultural sciences, and food technology: Scopus and Web of Science Core Collection. 
These databases were chosen to capture both technical and managerial perspectives on BDA 
applications in food supply chains, ensuring broad coverage while minimizing database-specific biases 
(Mongeon & Paul-Hus, 2016). The dual-database approach provides comprehensive coverage of peer-
reviewed literature while maintaining practical constraints for systematic analysis. 

Scopus Search Implementation: The comprehensive search employed the query structure: TITLE-
ABS-KEY (("big data" OR "data analytics" OR "machine learning" OR "predictive analytics") AND 
("food supply chain" OR "food industry" OR "food logistics" OR "cold chain" OR "food safety" OR 
"food traceability" OR "food waste" OR "food processing" OR "food retail" OR "food distribution")). 
Systematic filters included publication year restriction (2014-2024), subject area limitation to Computer 
Science, Engineering, Agricultural Sciences, and Business, English language publications only, and 
document type restriction to peer-reviewed articles. This search initially yielded 890 documents, with 
592 documents remaining after export procedures. 

Web of Science Search Implementation: The parallel search employed the query: ("big data" OR 
"data analytics" OR "machine learning" OR "predictive analytics") AND ("food supply chain" OR 
"food industry" OR "food logistics" OR "cold chain" OR "food safety" OR "food traceability" OR "food 
waste" OR "food processing" OR "food retail" OR "food distribution"), with English language 
restriction and peer-reviewed article limitation, resulting in 666 documents for export. 

The search strategy deliberately employed broad terms to ensure comprehensive coverage of the 
rapidly evolving BDA field, where studies may use diverse terminology for similar technologies. 
Precision was achieved through rigorous screening criteria rather than search restriction, following 
established systematic review practice that emphasizes comprehensive identification followed by 
systematic evaluation (Cooper et al., 2018). 

3.2. Study Selection and Inclusion Criteria 
The systematic database searches yielded 1,258 articles (Scopus: 592; Web of Science: 666). Search 
results were exported in RIS formats and imported into EndNote reference management software. The 
EndNote duplicate detection algorithm identified 169 duplicate entries, producing 1,089 articles. 
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Following comprehensive manual deduplication and removal of an additional 222 suspicious records 
sharing identical titles with partial author overlap, 867 unique articles remained for systematic title and 
abstract screening. 

Inclusion Criteria: Studies were included if they demonstrated advanced BDA technology 
integration through implementation of machine learning algorithms, artificial intelligence systems, IoT 
sensor networks, blockchain platforms, or real-time analytics systems. The multi-stakeholder supply 
chain scope required explicit evidence of coordination spanning at least two distinct supply chain nodes 
with documented information sharing or integration strategies. Food industry specificity was assessed 
through consideration of industry-unique characteristics including product perishability, food safety 
regulations, cold chain requirements, or traceability mandates. Publication quality was restricted to 
peer-reviewed academic journals to ensure methodological rigor and scholarly validation. 

Exclusion Criteria: Articles were excluded based on methodological deficiencies (insufficient peer 
review, inadequate methodological detail), scope limitations (single-facility applications without supply 
chain integration, general supply chain studies without food industry context), and technology-related 
inadequacies (basic statistical analysis without big data characteristics, conventional information 
systems without advanced analytical capabilities). These criteria ensure focus on genuine BDA 
implementations in integrated food supply chain contexts. 

The two-phase screening process involved systematic title and abstract evaluation of all 867 unique 
articles, with studies classified as include, exclude, or uncertain based on established criteria. Articles 
classified as include or uncertain (134 total) underwent comprehensive full-text evaluation to verify 
multi-stakeholder involvement, confirm advanced BDA implementation, and assess food industry-
specific considerations. This detailed examination produced the final synthesis set of 64 studies. 

3.3. Quality Assessment and Data Extraction 
Quality assessment employed the Mixed Methods Appraisal Tool (MMAT) version 2018, specifically 
adapted for systematic reviews incorporating diverse study designs (Hong et al., 2018). The MMAT 
framework evaluates research design appropriateness, data quality and sources, analytical rigor, results 
interpretation, theoretical contribution, and practical relevance across qualitative, quantitative, and 
mixed methods studies. This approach ensures comprehensive quality evaluation while accommodating 
the methodological diversity characteristic of emerging interdisciplinary fields. 

The structured data extraction protocol captured bibliometric information (author details, journal 
characteristics, publication year, geographic focus), study characteristics (research design, methodology, 
sample sizes, data collection approaches), and content analysis across multiple categories. BDA 
technologies implemented were documented including specific algorithms, analytical platforms, sensor 
types, and data volumes processed. Supply chain applications were analyzed for functional areas 
addressed, integration approaches, and stakeholder involvement patterns. Food industry characteristics 
assessment documented approaches to perishability constraints, safety requirements, regulatory 
compliance, and traceability demands. Performance outcomes extraction captured efficiency gains, cost 
impacts, quality improvements, and waste reduction achievements. 

3.4. Synthesis Approach and Analytical Framework 
Given the heterogeneity of study designs, methodologies, and application contexts, we emphasize 
descriptive and narrative synthesis approaches rather than quantitative meta-analysis (Talwar et al., 
2021). The synthesis framework integrates findings through multiple analytical lenses including 
temporal trend analysis, technology-application correlation examination, and theoretical framework 
development combining Dynamic Capabilities Theory, Information Processing Theory, and Resource-
Based View perspectives. 

 



Le & Dam, Journal of Logistics, Informatics and Service, Vol. 12 (2025), No 7, pp 124-146 

130 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1: PRISMA 2020 flow diagram for systematic literature review of BDA applications in food supply chain 
management 

Cross-tabulation analysis examines relationships between BDA technologies and application 
domains, supply chain integration patterns, and performance outcomes to identify optimal technology-
application alignments and implementation success factors. Thematic analysis of implementation 
challenges and success factors provides practical insights for both researchers and practitioners 
advancing BDA applications in food supply chain contexts. 

The methodological approach acknowledges inherent limitations including database coverage 
constraints, English language restrictions, and grey literature exclusion while implementing systematic 
procedures to minimize bias and enhance reliability. Inter-rater reliability protocols and transparent 
documentation enable replication and validation by independent researchers, supporting the 
advancement of systematic research practices in this emerging interdisciplinary field. 
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4. Results 

4.1. Study Selection and PRISMA Flow 
The systematic database searches yielded a total of 1,258 articles, with Scopus contributing 592 articles 
and Web of Science providing 666 articles following database-specific filtering procedures. The 
automated EndNote duplicate detection algorithm identified and removed 169 duplicate entries, 
resulting in 1,089 articles for manual review. Following comprehensive manual deduplication 
procedures and removal of suspicious records sharing identical titles with partial or no author overlap, 
867 unique articles remained for systematic title and abstract screening. 

During the title and abstract screening phase, 733 articles were excluded based on the established 
inclusion and exclusion criteria, leaving 134 articles for comprehensive full-text assessment. The full-
text evaluation process resulted in the exclusion of 70 additional articles, producing a final synthesis set 
of 64 high-quality studies that met all inclusion criteria for systematic analysis. This represents a final 
inclusion rate of 47.8% from the full-text screening stage and 5.1% from the initial search results, 
indicating rigorous application of inclusion criteria focused on advanced BDA applications in integrated 
food supply chain contexts. Figure 1 provides a comprehensive visualization of the systematic selection 
process following PRISMA 2020 guidelines. Table 1 summarizes the key statistics from the systematic 
selection process. 

Table 1: Summary statistics from PRISMA systematic review process 
Stage Studies Percentage 
Initial database search 1,258 100.0% 
After duplicate removal 867 68.9% 
After title/abstract screening 134 10.7% 
After full-text assessment 64 5.1% 
Database Distribution   
Scopus 592 47.1% 
Web of Science 666 52.9% 

4.2. Exclusion Pattern Analysis 
Analysis of the 70 excluded studies from full-text screening reveals distinct patterns in exclusion 
reasons. The predominant exclusion category (E2, 54 studies, 77.1%) indicates studies that failed to 
demonstrate advanced BDA applications beyond basic statistical analysis or conventional information 
systems. This finding highlights the challenge of identifying studies that genuinely implement big data 
analytics capabilities rather than traditional analytical approaches. Secondary exclusion reasons 
included insufficient supply chain integration scope (E9, 8 studies, 11.4%), inadequate food industry 
focus (E3, 4 studies, 5.7%), methodological limitations (E8, 3 studies, 4.3%), and language restrictions 
(E1, 1 study, 1.4%). 

The high frequency of E2 exclusions underscores a critical finding: while many studies in food 
systems claim to employ "big data" or "analytics," relatively few demonstrate genuine implementation 
of advanced BDA technologies such as machine learning algorithms, real-time processing systems, or 
IoT-enabled sensor networks. This pattern suggests either limited actual deployment of advanced BDA 
technologies in food supply chains or inadequate reporting of technological sophistication in academic 
literature. Table 2 provides detailed analysis of exclusion patterns during full-text screening. 

Table 2: Analysis of exclusion reasons during full-text screening phase 
Code Exclusion Reason Count % 
E2 Insufficient BDA sophistication 54 77.1% 
E9 Limited supply chain integration 8 11.4% 
E3 Inadequate food industry focus 4 5.7% 
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E8 Methodological limitations 3 4.3% 
E1 Language restrictions 1 1.4% 
Total  70 100.0% 

Note: E2 exclusions highlight the challenge of identifying genuine advanced BDA implementations 
versus traditional analytical approaches. 

4.3. Temporal Distribution and Research Momentum 
The temporal analysis reveals dramatic acceleration in BDA research within food supply chains among 
the included studies. The 64 included studies demonstrate pronounced temporal concentration, with 
minimal representation in early years (2017-2020: 10 studies, 15.6%) followed by explosive growth in 
the recent period (2021-2023: 54 studies, 84.4%), representing a 5.4-fold increase that aligns with post-
pandemic acceleration in digital technology adoption across food systems. Specifically, 2023 shows the 
highest representation with 21 included studies (32.8%), followed by 2022 with 20 studies (31.3%) and 
2021 with 13 studies (20.3%). Figure 2 illustrates this dramatic temporal acceleration in BDA research 
within food supply chains. This temporal pattern reflects broader industry trends toward digitalization 
and data-driven decision making accelerated by supply chain disruptions and increased focus on 
resilience and efficiency. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2: Temporal distribution of included studies showing dramatic acceleration in BDA research (2017-2023) 

4.4. Publication Venue and Disciplinary Distribution 
The journal analysis reveals significant disciplinary fragmentation in food supply chain BDA research, 
with studies distributed across 80 distinct or unidentified publication venues from the 134 screened 
articles. This high degree of fragmentation, with most journals contributing only one study to the corpus, 
indicates that BDA in food supply chains represents an emerging interdisciplinary field drawing from 
agricultural engineering, food science, operations management, information systems, and industrial 
engineering perspectives. 

Among identifiable high-quality publication venues, the evidence base includes contributions from 
established operations research journals such as Annals of Operations Research, food science 
publications including Journal of Food Engineering, and specialized logistics and supply chain 
management outlets. The diversity of publication venues, while indicating broad interest across 
disciplines, also suggests potential challenges in knowledge accumulation and theoretical development 
due to limited cross-disciplinary communication and varying methodological standards across fields. 

4.5. Application Domain Analysis 
Analysis based on comprehensive title and content examination reveals distinct application domain 



Le & Dam, Journal of Logistics, Informatics and Service, Vol. 12 (2025), No 7, pp 124-146 

133 
 

patterns across the research corpus. The most prominent category encompasses other/general 
applications (18 studies, 28.1% of included studies), representing comprehensive reviews, broad-scope 
studies addressing multiple applications, and novel application areas that span various functional 
domains within food supply chains. 

Cold-chain quality and safety monitoring applications constitute the second major domain (15 
studies, 23.4%), reflecting the critical importance of temperature-controlled logistics in food supply 
chains and the rich data streams generated by IoT sensor networks monitoring temperature, humidity, 
and other quality parameters throughout distribution. Risk management and compliance applications 
(11 studies, 17.2%) focus on predictive approaches to food safety, contamination detection, and 
regulatory adherence through pattern recognition and anomaly detection algorithms. 

Traceability and provenance applications (7 studies, 10.9%) address regulatory requirements and 
consumer demands for supply chain transparency through technologies such as blockchain-enabled 
tracking systems, RFID integration, and event-chain analytics. Demand forecasting applications (4 
studies, 6.3%) utilize time-series analysis, machine learning, and predictive modeling to improve 
inventory management and reduce waste through better demand prediction incorporating seasonal 
patterns, weather factors, and consumer behavior analytics. 

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.3: Distribution of BDA application domains across 64 included studies 

Sustainability and waste reduction initiatives (4 studies, 6.3%) represent emerging applications 
focused on environmental impact assessment and circular economy principles. Market intelligence and 
social media analytics (3 studies, 4.7%) indicate growing interest in consumer-facing analytics and 
revenue management applications. Logistics and network optimization (2 studies, 3.1%) employs 
operations research techniques, network analysis, and optimization algorithms to enhance distribution 
efficiency and reduce costs. Figure 3 provides a comprehensive visualization of application domain 
distribution across the 64 included studies. 

4.6. Methodological Patterns and Technology Analysis 
Analysis of methodological approaches reveals significant diversity in BDA technologies employed 
across food supply chain applications, though with notable reporting limitations. Many studies exhibited 
unclear methodological reporting based on title and keyword analysis, indicating either inadequate 
methodological reporting in abstracts and titles or the employment of novel analytical approaches that 
do not fit conventional categories. 
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Analysis of technology applications across different domains reveals that machine learning 
techniques appear frequently across multiple application areas, encompassing supervised learning 
algorithms for classification and prediction tasks, unsupervised learning for pattern discovery, and deep 
learning approaches for complex data analysis. Time-series modeling applications focus primarily on 
demand forecasting (6.3% of studies), while operations research and optimization techniques show 
minimal representation in logistics applications (3.1% of studies), indicating significant implementation 
gaps despite their theoretical relevance to network design and routing challenges. 

The substantial frequency of unclear methodological reporting represents a significant finding, 
suggesting either insufficient detail in study abstracts and titles or the use of hybrid and novel analytical 
approaches that resist easy categorization. This pattern indicates potential challenges in reproducibility 
and knowledge accumulation within the field, as inadequate methodological documentation limits both 
peer evaluation and practical implementation guidance. 

4.7. Quality Assessment Implications 
The systematic quality assessment using the Mixed Methods Appraisal Tool (MMAT) version 2018 
(Hong et al., 2018) revealed varying methodological rigor across the included studies. The diversity of 
study designs, ranging from empirical implementations and case studies to theoretical frameworks and 
systematic reviews, required flexible quality assessment approaches tailored to different 
methodological approaches. 

The high exclusion rate during full-text screening (52.2% of articles assessed for full-text evaluation) 
primarily due to insufficient BDA sophistication (E2 exclusions) indicates that quality standards 
focusing on genuine advanced analytics implementation were essential for maintaining synthesis 
validity. The predominance of recent publications (post-2021) in the final synthesis suggests that 
methodological sophistication and reporting quality have improved considerably in recent years, 
potentially reflecting maturation of both BDA technologies and research methodologies in food supply 
chain applications. 

4.8. Research Design and Evidence Characteristics 
The included studies demonstrate methodological diversity encompassing empirical implementations, 
theoretical framework development, comprehensive case studies, and systematic reviews. This variety 
reflects the emergent nature of the field, where researchers employ multiple approaches to understand 
BDA applications in food systems. However, the predominance of single-organization case studies and 
limited cross-industry comparative research indicates opportunities for more robust empirical designs 
that can establish generalizable findings across different food supply chain contexts. 

The evidence base reveals geographic concentration in developed economies with advanced 
technological infrastructure, though specific geographic analysis is limited by inadequate location 
reporting in many studies. This pattern suggests potential generalizability constraints, as findings from 
technologically advanced contexts may not apply directly to developing economies or small-scale food 
systems with different infrastructure capabilities and regulatory environments. 

5. Discussion 

5.1. Theoretical Synthesis and Framework Integration 
The synthesis of findings across 64 studies reveals that BDA applications in food supply chains can be 
most effectively understood through an integrated theoretical framework combining Dynamic 
Capabilities Theory, Information Processing Theory, and Resource-Based View perspectives. This 
theoretical integration provides insights into how organizations develop and deploy BDA capabilities 
while addressing the unique characteristics and challenges of food systems. 
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Dynamic Capabilities Theory Implications: The evidence demonstrates that successful BDA 
implementation in food supply chains requires organizations to develop three core dynamic capabilities: 
sensing, seizing, and transforming (Teece, 2007). The sensing capability manifests through real-time 
monitoring systems that detect changes in product quality, market demand, or supply disruptions. Cold-
chain monitoring applications exemplify this capability by enabling continuous assessment of 
temperature excursions and quality degradation risks throughout distribution networks. The 
predominance of cold-chain applications (23.4% of included studies) reflects the critical importance of 
sensing capabilities in time-sensitive food systems where quality deterioration can occur rapidly. 

The seizing capability involves leveraging BDA insights for strategic decision-making and 
operational improvements. Demand forecasting applications demonstrate this capability by enabling 
organizations to capitalize on predictive insights for inventory optimization and waste reduction. 
However, the relatively limited representation of demand forecasting studies (6.3% of included studies) 
suggests that many organizations may not yet fully exploit their sensing capabilities for strategic 
advantage, indicating significant development opportunities for seizing capabilities in food supply 
chains. 

The transforming capability requires organizations to reconfigure their processes, systems, and 
partnerships based on BDA insights. Traceability applications (10.9% of included studies) exemplify 
transforming capabilities by enabling fundamental changes in supply chain transparency, accountability, 
and consumer engagement. The integration of blockchain technologies with analytics represents a 
sophisticated form of transforming capability that restructures inter-organizational relationships and 
creates new value propositions around trust and verification. 

Information Processing Theory Perspectives: The findings strongly support Information Processing 
Theory's emphasis on reducing uncertainty through enhanced information processing capabilities 
(Galbraith, 1973). Food supply chains face multiple sources of uncertainty including biological 
variability, weather dependencies, consumer demand fluctuations, and regulatory changes. BDA 
applications address these uncertainties by processing large volumes of heterogeneous data to provide 
actionable insights for decision-making. 

The dominance of cold-chain applications reflects the high uncertainty associated with product 
quality maintenance during temperature-sensitive distribution. IoT sensor networks generate 
continuous data streams that reduce uncertainty about product conditions, enabling proactive 
interventions before quality deterioration occurs. Similarly, traceability applications reduce uncertainty 
about product origins and handling history, enabling rapid response to contamination incidents and 
targeted recalls that minimize both health risks and economic losses. 

However, the substantial proportion of studies with unclear methodological reporting suggests 
significant information processing challenges within the research community itself. This 
methodological opacity indicates that knowledge accumulation may be hindered by inadequate 
documentation of analytical approaches, limiting both reproducibility and practical implementation 
guidance. 

Resource-Based View Analysis: The RBV perspective highlights how BDA capabilities can serve 
as valuable, rare, and difficult-to-imitate resources that provide sustainable competitive advantage 
(Barney, 1991). The evidence suggests that competitive advantage from BDA implementation depends 
on developing complementary organizational capabilities that extend beyond technological 
infrastructure to include analytical skills, data quality management processes, and organizational 
cultures supporting data-driven decision making. 

The temporal concentration of research in recent years (2021-2023: 84.4% of included studies) 
suggests that BDA capabilities in food supply chains are transitioning from rare resources available to 
early adopters to more widely accessible capabilities. This temporal pattern indicates a critical 
competitive window where organizations must develop sophisticated BDA implementations to 
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maintain competitive advantage as basic capabilities become commoditized. 
The diversity of application domains suggests that competitive advantage may increasingly depend 

on developing integrated BDA capabilities spanning multiple functional areas rather than excelling in 
isolated applications. Organizations that successfully integrate cold-chain monitoring, traceability, 
demand forecasting, and logistics optimization may achieve superior performance through synergistic 
effects that are difficult for competitors to replicate. 

5.2. Technology-Application Alignment and Implementation Patterns 
The analysis reveals distinct patterns in technology-application alignments that suggest optimal 
configurations for different food supply chain contexts. Among the clearly identifiable methodological 
approaches, machine learning techniques represent the most prominent category, encompassing 
supervised learning algorithms for classification and prediction tasks, unsupervised learning for pattern 
discovery, and deep learning approaches for complex data analysis. These applications demonstrate 
particular strength in pattern recognition tasks such as quality assessment, contamination detection, and 
demand prediction. The concentration of ML applications in cold-chain monitoring reflects the 
technology's suitability for processing continuous sensor data streams and identifying anomalous 
patterns that indicate quality risks. 

Time-series modeling applications focus primarily on demand forecasting and temporal pattern 
analysis, reflecting the technology's natural fit for prediction tasks incorporating seasonal patterns and 
temporal dependencies. However, the relatively limited adoption suggests unexploited opportunities for 
time-series applications in other domains such as price forecasting, seasonal quality variations, and 
supply risk prediction. 

Operations research and optimization techniques show minimal representation despite their 
theoretical relevance to logistics and network design, indicating significant implementation gaps. This 
pattern may reflect either technological barriers to deploying sophisticated optimization algorithms in 
real-world food supply chains or inadequate reporting of optimization applications in the literature. 

A substantial proportion of studies exhibited unclear methodological reporting, representing both a 
challenge and an opportunity. This pattern suggests either the emergence of novel hybrid analytical 
approaches that resist conventional categorization or the need for improved methodological 
documentation standards. Table 3 synthesizes the technology-application alignment patterns identified 
across the evidence base. 

Table 3: Technology-application alignment patterns in food supply chain BDA implementations 
Application Domain Primary Technologies Studies (%) 
Other/General Multiple/unclear 28.1% 
Cold-chain Quality/Safety IoT sensors, ML 

algorithms 
23.4% 

Risk/Compliance Management ML, pattern recognition 17.2% 
Traceability/Provenance Blockchain, RFID, ML 10.9% 
Demand Forecasting Time-series, ML 6.3% 
Sustainability/Waste Reduction Various analytics 6.3% 
Market Intelligence/Social Various analytics 4.7% 
Logistics/Network Optimization OR techniques, 

optimization 
3.1% 

Table 3 reveals distinct technology-application alignment patterns that provide insights for 
practitioners and researchers. The dominance of "multiple/unclear" technologies in the Other/General 
category (28.1%) reflects the broad scope of studies addressing diverse applications or exhibiting 
unclear methodological reporting. Cold-chain applications (23.4%) demonstrate clear alignment with 
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IoT sensors and machine learning algorithms, reflecting the technology's natural fit for continuous 
monitoring and anomaly detection in temperature-sensitive environments. Risk and compliance 
management applications (17.2%) predominantly employ machine learning and pattern recognition 
techniques, indicating the effectiveness of these approaches for predictive food safety and 
contamination detection. 

The technology patterns also reveal implementation gaps and opportunities. Blockchain and RFID 
technologies align primarily with traceability applications (10.9%), suggesting specialized rather than 
broad adoption across food supply chains. Time-series techniques concentrate in demand forecasting 
(6.3%), indicating underutilization of temporal analytics in other domains such as price prediction or 
seasonal quality management. The minimal representation of operations research techniques in logistics 
optimization (3.1%) suggests significant untapped potential for mathematical optimization in food 
supply chain network design and routing decisions. 

This pattern suggests either the emergence of novel hybrid analytical approaches that resist 
conventional categorization or inadequate methodological documentation that limits knowledge 
transfer and reproducibility. The high exclusion rate due to insufficient BDA sophistication (77.1% of 
full-text exclusions) further indicates that genuine advanced analytics implementation remains 
challenging despite growing interest in the field. 

5.3. Implementation Challenges and Strategic Solutions 
The synthesis reveals multidimensional challenges impeding BDA adoption in food systems, requiring 
systematic approaches that address technological, organizational, and industry-specific constraints. 
Technical challenges include data integration complexity arising from heterogeneous systems across 
supply chain partners, data quality issues stemming from sensor reliability and calibration problems, 
and scalability limitations when extending analytics across multiple stakeholders with varying 
technological capabilities. 

Organizational challenges encompass skills gaps in analytical capabilities and data science 
expertise, change management resistance from traditional decision-making approaches, and investment 
justification difficulties given uncertain returns on BDA initiatives. The concentration of research in 
recent years suggests that organizational readiness for BDA adoption has improved significantly, 
though implementation challenges persist across different organizational contexts and sizes. 

Industry-specific challenges reflect the unique characteristics of food systems including regulatory 
compliance requirements that vary across jurisdictions, food safety imperatives that demand rapid 
response capabilities, and perishability constraints that create time-sensitive decision-making 
environments. The predominance of cold-chain applications suggests that some industry-specific 
challenges are being successfully addressed, while the limited representation of other application 
domains indicates persistent barriers to broader BDA adoption. 

Strategic solutions emerging from the evidence include phased implementation approaches that 
begin with high-impact, low-complexity applications such as cold-chain monitoring before expanding 
to more sophisticated integrated systems. Partnership strategies that leverage specialized analytics 
providers can address skills gaps while enabling rapid capability development. Regulatory engagement 
and industry collaboration can address compliance uncertainties and establish common standards that 
facilitate broader adoption. 

Technology infrastructure solutions emphasize cloud-based platforms that provide scalability and 
reduce upfront investment requirements, edge computing capabilities that enable real-time processing 
in resource-constrained environments, and API-based integration approaches that facilitate data sharing 
across heterogeneous systems. The evidence suggests that successful implementations often combine 
multiple technological approaches rather than relying on single solutions. 
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5.4. Performance Outcomes and Value Creation Mechanisms 
The analysis reveals multiple value creation mechanisms through which BDA applications generate 
performance improvements in food supply chains. Efficiency gains occur primarily through waste 
reduction, inventory optimization, and process automation. Cold-chain applications demonstrate clear 
efficiency benefits by reducing food spoilage through proactive quality management and optimal 
routing decisions. Demand forecasting applications create efficiency gains through improved demand-
supply matching that reduces both waste and stockouts. 

Quality improvements result from enhanced monitoring capabilities, predictive maintenance 
systems, and proactive intervention strategies. Traceability applications improve quality assurance 
through rapid identification and containment of contamination incidents, while cold-chain monitoring 
enables maintenance of optimal product conditions throughout distribution. However, the evidence 
suggests that quality improvements are often difficult to quantify, limiting clear assessment of BDA 
impact on food safety and consumer satisfaction outcomes. 

Cost reduction mechanisms include labor savings through automation, reduced waste and spoilage 
costs, optimized transportation and inventory carrying costs, and decreased regulatory compliance costs 
through improved documentation and monitoring capabilities. The concentration of applications in 
operationally intensive domains such as cold-chain management and logistics suggests that cost 
reduction benefits are most readily captured in areas with clear operational metrics and direct cost 
attribution. 

Revenue enhancement opportunities through BDA applications remain underexplored in the current 
evidence base. Market intelligence and pricing optimization applications (4.7% of included studies) 
represent emerging opportunities for revenue growth through better understanding of consumer 
preferences, dynamic pricing strategies, and product differentiation based on verified quality and 
sustainability attributes. The limited research attention to revenue enhancement suggests significant 
opportunities for future investigation and implementation. 

Risk mitigation value emerges through enhanced predictive capabilities, improved supply chain 
visibility, and rapid response systems. Food safety applications provide substantial risk mitigation value 
through early contamination detection and targeted recall capabilities that limit both health risks and 
economic losses. Supply chain resilience applications offer risk mitigation through improved visibility 
of potential disruptions and enhanced coordination capabilities during crisis situations. 

5.5. Research Gaps and Future Research Priorities 
The systematic analysis identifies several critical research gaps that limit both theoretical advancement 
and practical implementation of BDA in food supply chains. Methodological limitations include the 
predominance of single-organization case studies that limit generalizability, inadequate longitudinal 
research that can assess sustained impact over time, and limited comparative studies that can identify 
optimal implementation approaches across different contexts. 

Theoretical development needs encompass insufficient integration of food-specific characteristics 
into existing supply chain theory, limited understanding of inter-organizational coordination 
mechanisms in data-sharing contexts, and inadequate frameworks for assessing the broader societal 
impacts of BDA implementation including sustainability and social equity considerations. 

Empirical validation requirements include the need for rigorous impact assessment studies that 
move beyond accuracy metrics to measure operational and societal outcomes, controlled experimental 
designs that can establish causal relationships between BDA implementation and performance 
improvements, and cross-industry comparative research that can identify transferable insights and 
context-specific considerations. 

Technology integration research represents another priority area, particularly regarding the 
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integration of emerging technologies such as artificial intelligence, blockchain, and IoT systems in 
comprehensive BDA platforms. The limited research on hybrid analytical approaches suggests 
opportunities for advancing understanding of how different BDA technologies can be effectively 
combined to address complex food supply chain challenges. 

Implementation science research focusing on organizational change management, stakeholder 
coordination, and scaling strategies represents a critical gap given the limited practical guidance 
available for organizations seeking to implement BDA solutions. Research on regulatory frameworks, 
industry standards, and policy interventions that can facilitate broader BDA adoption is also needed to 
address systemic barriers to implementation. 

The temporal concentration of research in recent years suggests that the field is rapidly evolving, 
creating both opportunities and challenges for systematic knowledge development. Future research 
must balance the need for comprehensive theoretical frameworks with practical implementation 
guidance that can support industry transformation toward data-driven decision making in food systems. 

6. Future Research Agenda 
The systematic analysis of 64 studies reveals significant opportunities for advancing both theoretical 
understanding and practical implementation of BDA in food supply chains. Based on identified research 
gaps and emerging trends, we propose a comprehensive research agenda organized around three priority 
levels that address immediate implementation needs, medium-term theoretical development 
requirements, and long-term transformation opportunities. 

6.1. High-Priority Research Directions 
Outcome-Focused Evaluation Methodologies represent the most critical research need identified 
through our analysis. Current research predominantly emphasizes technological capabilities and 
accuracy metrics without adequately measuring operational, environmental, and societal impacts. 
Future research must develop comprehensive evaluation frameworks that assess BDA implementations 
across multiple dimensions including waste reduction, energy efficiency, food safety improvements, 
economic impact, and social equity considerations. These frameworks should employ quasi-
experimental designs that can establish causal relationships between BDA implementation and 
performance outcomes while accounting for confounding variables and external influences. 

Real-World Implementation Validation Studies are urgently needed to bridge the gap between 
laboratory research and practical deployment. The predominance of single-organization case studies 
limits understanding of implementation challenges and success factors across diverse contexts. Large-
scale longitudinal studies tracking BDA implementations across multiple organizations and supply 
chain networks can provide insights into scaling strategies, inter-organizational coordination 
mechanisms, and sustained impact over time. These studies should examine both successful 
implementations and failures to identify critical success factors and common pitfalls that can inform 
implementation guidance. 

Cross-Industry Comparative Analysis can advance understanding of how food supply chain 
characteristics influence BDA implementation approaches and outcomes. Comparative studies 
examining BDA applications across different food sectors (fresh produce, dairy, meat, processed foods) 
can identify sector-specific requirements and transferable best practices. International comparative 
research can reveal how regulatory environments, technological infrastructure, and cultural factors 
influence BDA adoption and effectiveness across different geographic contexts. 

Integrated Technology Platform Development addresses the current fragmentation of BDA 
applications across isolated functional areas. Research focusing on comprehensive platforms that 
integrate cold-chain monitoring, traceability, demand forecasting, and logistics optimization can 
identify synergistic effects and optimal system architectures. This research should examine both 
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technological integration challenges and organizational coordination requirements for managing 
complex multi-functional BDA systems. 

6.2. Medium-Priority Research Opportunities 
Regulatory Framework and Policy Research can address institutional barriers to BDA adoption while 
ensuring appropriate safeguards for data privacy, food safety, and competitive fairness. Research 
examining optimal regulatory approaches across different jurisdictions can inform policy development 
that facilitates innovation while protecting stakeholder interests. Studies of public-private partnership 
models for BDA infrastructure development can identify sustainable approaches to broad-scale 
technology adoption that benefit entire food systems rather than individual organizations. 

Sustainability Impact Assessment Frameworks represent emerging opportunities as environmental 
concerns become increasingly prominent in food system decision-making. Research developing 
comprehensive lifecycle assessment approaches for BDA implementations can quantify environmental 
benefits including reduced food waste, energy efficiency improvements, and carbon footprint 
reductions. These frameworks should consider both direct technological impacts and indirect effects 
from improved decision-making and supply chain coordination. 

Consumer Engagement and Trust Research addresses the limited understanding of how BDA-
enabled transparency and traceability influence consumer behavior and market outcomes. Studies 
examining consumer willingness to pay for verified quality and sustainability attributes can inform 
business model development for BDA implementations. Research on consumer privacy concerns and 
trust mechanisms in data-intensive food systems can guide development of appropriate transparency 
and data governance approaches. 

Small and Medium Enterprise (SME) Adoption Research can address the current bias toward large 
organizations in BDA research while identifying strategies for broader industry transformation. Studies 
examining collaborative approaches that enable SMEs to access BDA capabilities through shared 
platforms and cooperative arrangements can inform inclusive development strategies. Research on 
appropriate technology solutions and business models for resource-constrained organizations can 
ensure that BDA benefits reach diverse stakeholder groups throughout food supply chains. 

6.3. Long-Term Research Vision 
Next-Generation Technology Integration represents opportunities to advance beyond current BDA 
capabilities through emerging technologies including artificial intelligence, quantum computing, and 
advanced sensor networks. Research examining the potential for autonomous decision-making systems 
in food supply chains can identify opportunities for fully automated quality management, inventory 
optimization, and supply chain coordination. Studies of human-AI collaboration models can inform 
development of systems that optimize both technological capabilities and human expertise in food 
supply chain management. 

Food System Transformation Research can examine how widespread BDA adoption might 
fundamentally alter food system structures, relationships, and outcomes. Research modeling systemic 
impacts of ubiquitous data availability and algorithmic decision-making can inform policy development 
and industry preparation for transformative changes. Studies examining potential unintended 
consequences including market concentration, employment impacts, and social equity effects can guide 
development of appropriate governance mechanisms. 

Global Food Security Applications represent opportunities to apply BDA capabilities to address 
critical societal challenges including food security, nutrition equity, and climate adaptation. Research 
examining how BDA can support food system resilience in the face of climate change, population 
growth, and resource constraints can contribute to addressing global challenges. Studies of BDA 
applications in developing economies can identify approaches that support food system development 
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while avoiding negative impacts from technological displacement. 
Interdisciplinary Theory Development can advance understanding of BDA in food systems through 

integration of perspectives from computer science, operations management, food science, economics, 
sociology, and policy studies. Research developing comprehensive theoretical frameworks that account 
for technological, organizational, economic, and social dimensions of BDA implementation can guide 
future empirical research and practical applications. Studies examining the co-evolution of technology 
and organizational capabilities in dynamic food system environments can inform adaptive 
implementation strategies. 

7. Conclusion 
This systematic literature review provides the first comprehensive synthesis of Big Data Analytics 
applications in food supply chain management, analyzing 64 high-quality studies identified through 
rigorous systematic review methodology following PRISMA 2020 guidelines. Our analysis reveals 
significant momentum in BDA research and implementation, with 84.4% of included studies published 
during 2021-2023, reflecting post-pandemic acceleration in digital technology adoption and growing 
recognition of data-driven solutions for addressing critical food system challenges. 

7.1. Key Contributions and Findings 
Theoretical Contributions: We advance existing literature by developing an integrated theoretical 
framework combining Dynamic Capabilities Theory, Information Processing Theory, and Resource-
Based View perspectives that explains how organizations develop and deploy BDA capabilities in food 
supply chain contexts. This framework reveals that successful BDA implementation requires 
developing sensing capabilities for continuous monitoring, seizing capabilities for strategic decision-
making, and transforming capabilities for process reconfiguration. Our analysis demonstrates that BDA 
serves as both an information processing mechanism for reducing uncertainty and a strategic resource 
for competitive advantage, while highlighting the unique requirements of food systems including 
perishability constraints, safety imperatives, and regulatory compliance demands. 

Empirical Insights: The systematic analysis reveals five primary application domains with 
other/general applications (28.1%) representing the largest category, followed by cold-chain quality and 
safety monitoring (23.4%) as the most mature specific application area, risk management and 
compliance (17.2%), traceability and provenance systems (10.9%), demand forecasting (6.3%), 
emerging applications in sustainability and waste reduction (6.3%), market intelligence and social 
(4.7%), and logistics and network optimization (3.1%).  

Implementation Patterns: The evidence reveals distinct technology-application alignment patterns 
suggesting optimal configurations for different food supply chain contexts. However, the high exclusion 
rate due to insufficient BDA sophistication (77.1% of full-text exclusions) indicates that genuine 
advanced analytics implementation remains challenging despite growing research interest. Success 
factors include phased implementation approaches, partnership strategies for addressing skills gaps, and 
technology infrastructure solutions emphasizing cloud-based platforms and API-based integration. 

Research Gap Identification: Our analysis identifies critical limitations including predominant 
focus on single-organization case studies, inadequate longitudinal research for sustained impact 
assessment, limited outcome-focused evaluation moving beyond accuracy metrics, and insufficient 
attention to broader societal impacts including sustainability and equity considerations. The temporal 
concentration of recent research suggests rapid field evolution that creates both opportunities and 
challenges for systematic knowledge development. 

7.2. Practical Implications 
For Food Industry Practitioners: The synthesis provides actionable insights for BDA implementation 
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including identification of high-impact application areas, optimal technology-application alignments, 
and strategic approaches for addressing implementation challenges. Cold-chain monitoring and 
traceability applications offer proven pathways for initial BDA adoption, while integrated platforms 
spanning multiple functional areas represent opportunities for competitive advantage. Organizations 
should prioritize phased implementation approaches beginning with clearly defined use cases and 
measurable outcomes while developing organizational capabilities for data-driven decision making. 

Technology Selection Guidance: The analysis reveals that successful BDA implementations often 
combine multiple technological approaches rather than relying on single solutions. Machine learning 
applications demonstrate particular strength in pattern recognition tasks, while time-series modeling 
provides clear value for demand forecasting applications. Organizations should consider cloud-based 
platforms for scalability and reduced upfront investment, edge computing for real-time processing 
requirements, and API-based integration for data sharing across heterogeneous systems. 

Partnership and Collaboration Strategies: The evidence emphasizes the importance of multi-
stakeholder coordination for realizing BDA benefits across integrated supply chains. Organizations 
should develop partnership strategies that address skills gaps through specialized analytics providers, 
facilitate data sharing through appropriate governance mechanisms, and enable shared infrastructure 
development that reduces individual investment requirements while providing collective benefits. 

7.3. Policy and Regulatory Implications 
Regulatory Framework Development: The analysis highlights the need for regulatory frameworks that 
facilitate BDA adoption while ensuring appropriate safeguards for data privacy, food safety, and 
competitive fairness. Policymakers should consider developing standards for data sharing, quality 
assurance, and system interoperability that enable broader BDA adoption while protecting stakeholder 
interests. International coordination on regulatory approaches can facilitate cross-border data flows and 
technology adoption while maintaining appropriate local protections. 

Infrastructure Investment Priorities: The evidence suggests that public investment in digital 
infrastructure, skills development, and research facilities can accelerate BDA adoption and maximize 
societal benefits. Policy support for collaborative research initiatives, technology transfer programs, 
and SME access to BDA capabilities can ensure that transformation benefits reach diverse stakeholder 
groups throughout food systems. 

7.4. Study Limitations and Generalizability 
This review acknowledges several limitations that constrain generalizability and interpretation of 
findings. The restriction to peer-reviewed English-language literature may exclude relevant industry 
implementations and research from non-English speaking regions. The exclusion of grey literature and 
proprietary industry reports limits insight into actual commercial deployments and may bias findings 
toward academic rather than practical perspectives. 

The substantial proportion of studies with unclear methodological reporting indicates either 
inadequate documentation standards or the emergence of novel analytical approaches that resist 
conventional categorization. This limitation constrains assessment of technological sophistication and 
implementation approaches across the evidence base. The temporal concentration of research in recent 
years (2021-2023) suggests rapid field evolution that may quickly outdated specific technological 
findings, though fundamental implementation principles may remain relevant. 

Geographic concentration in developed economies with advanced technological infrastructure 
limits generalizability to developing regions with different resource constraints, regulatory 
environments, and market conditions. The predominance of single-organization case studies constrains 
understanding of inter-organizational coordination and supply chain integration challenges that may be 
critical for realizing BDA benefits in practice. 
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7.5. Future Research Directions 
The comprehensive research agenda developed through this analysis emphasizes three priority levels 
addressing immediate implementation needs, medium-term theoretical development, and long-term 
transformation opportunities. High-priority research includes outcome-focused evaluation 
methodologies, real-world implementation validation studies, cross-industry comparative analysis, and 
integrated technology platform development. Medium-priority opportunities encompass regulatory 
framework research, sustainability impact assessment, consumer engagement studies, and SME 
adoption research. 

Long-term research vision includes next-generation technology integration, food system 
transformation research, global food security applications, and interdisciplinary theory development. 
This research agenda provides a roadmap for advancing both academic understanding and practical 
implementation of BDA in food supply chains while addressing critical societal challenges including 
food security, environmental sustainability, and social equity. 

The systematic synthesis demonstrates that while BDA applications in food supply chains show 
significant promise for addressing critical challenges including food waste, safety risks, and supply 
chain inefficiencies, realizing this potential requires sustained research attention, appropriate policy 
support, and coordinated industry action. The rapid growth in research attention and implementation 
activities suggests that food systems are approaching a critical transformation period where data-driven 
approaches may become essential for competitive success and societal benefit. 
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