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Abstract: The paper provides a systematic review and analysis of the current literature on big data
(BD) applications in the context of food supply chain management (FSCM) in order to categorize
the state-of-the-art research trends exploring the adoption and implementation of big data analytics
(BDA) across different segments of food supply chain (FSC). The use of BDA brings the digital trans-
formation of FSCs closer providing sustainable implications and added value to their operation.
Harnessing BD’s potential is becoming more and more relevant in addressing the constantly evolv-
ing complexities in food systems. However, the field of BD applications in the FSCM domain is
severely fragmented and relatively “primitive”. The present research is one of the earliest attempts
to recognize and present a comprehensive analysis for the BD applications across different segments
of FSC proposing a conceptual framework that illustrates the role of BD in a data-driven FSCM
environment. For the purposes of our research, we adopted the systematic literature review (SLR)
method aiming at the identification of the dominant categories and themes within the research area.
Based on the SLR findings, we propose a conceptual framework that captures the interconnection
between FSC performance and BD applications by using the input-process-output (IPO) model
within a data-driven FSCM context. The main research contribution lies on the thematic classifica-
tion of relevant research, the conceptualization of this fragmented field, the development of a con-
ceptual framework, and the presentation of a future research agenda pertaining to BD applications
in a data-driven FSCM context.

Keywords: food supply chain management; big data and digital transformation; big data analytics;
systematic literature review; conceptual framework

1. Introduction

The recent emergence of advanced technologies has shifted the attention of practi-
tioners and academia towards the deployment of the vast generated data as a crucial and
efficient tool for addressing the modern food supply chain management (FSCM) chal-
lenges [1,2]. Data management has grown into an important asset in today’s food supply
chains (FSCs) with the food and beverage (F&B) organizations concentrating more on cap-
turing, processing, and analyzing valuable information deriving from multiple sources
across their respective food systems [2,3]. Within this framework, the concept of big data
(BD) has recently emerged referring essentially to huge amounts of data assets that are
highly scattered and heterogenous in nature, represented by the features of velocity, va-
riety, and volume [4,5]. Interestingly, the added value that could be achieved through the
application of BD in FSCs is estimated between USD 120 and USD 150 billion on an annual
basis [1]. This is a quite significant fact given that the growing rate of the globally gener-
ated data follows an exponential distribution [6].
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Naturally, these data assets require proper management within the FSC framework
in order to enable the F&B organizations to capitalize extensively on data-driven insights
for the enhancement of the decision-making process in FSCM [4,7]. This process refers to
the development and implementation of the data analytics capability (DAC) within food
systems through resource management and effective collaboration among different or-
ganizational functions aiming at the facilitation of the data and information sharing pro-
cess as well as the application of big data analytics (BDA) [8,9]. BDA could play a vital
role in today’s FSCs by integrating vast data volumes deriving from both real-time market
information and historical information fostering the identification of new opportunities
and the improvement of food quality and safety across the different supply chain func-
tions [1,2,10]. Thus, harnessing BD’s potential is becoming more and more relevant in ad-
dressing the constantly evolving complexities in these systems [1,2] providing the fertile
ground for the exploration and the conceptualization of these advanced technologies
within the FSCM context [11,12].

The present study is one of the earliest attempts to shed some light onto this area
through the conduction of a systematic literature review (SLR) that aims at the identifica-
tion and categorization of the dominant categories eventually proposing a conceptual
framework that illustrates an operational approach to implement BD applications in a
data-driven FSC. This process reflects the novelty of the current paper which consists of
four thematic sections. Section 2 presents the SLR methodology that was adopted in order
to ensure the credibility and the validity of the literature review findings. Section 3 pre-
sents the descriptive analysis of the SLR findings complemented by the qualitative the-
matic analysis based on the categorization of the current research trends. Section 4 pro-
poses a conceptual framework of the data-driven FSCM from the BD perspective. Finally,
Section 5 provides the concluding remarks and suggests a future research agenda.

2. Materials and Methods

As Frizzo-Barker et al. [11] and Zhong et al. [12] highlighted, the field of BD applica-
tions in FSCM domain is severely fragmented and relatively “primitive” since there is still
insufficient literature evidence regarding the current research trends and perspectives on
the ongoing FSC digital transformation through the utilization of such advanced technol-
ogies. In parallel, several studies emphasize on the need for bridging the gap between BD
practical applications and the tackling of complex challenges in today’s food systems in
order to theoretically conceptualize this research field and present value-adding manage-
rial implications towards digital transformation within the FSCM framework [3,13-15].
This is further supported by the relevant studies of Ji et al. [2], Ahearn et al. [8], Kamble
et al. [9], and Vlachopoulou et al. [16] who argue that the development of DAC and the
capitalization on BDA within FSCs is crucial towards enhancing traceability and visibility
aspects and facilitating the collaboration among different organizational units and func-
tions. These recent technological advancements currently provide a great untapped op-
portunity for F&B organizations to leverage on practical and cost-efficient BDA applica-
tions setting the basis for the development of a data-driven FSC [17-19] that focuses on
addressing today’s complex challenges which are directly connected to the enhancement
of FSC performance and more particularly to the aspects of efficiency, quality, safety, and
sustainability [20-24].

In response to the aforementioned research needs, the present research concentrates
on the conduction of a SLR aiming at: (i) the presentation and the description of the dom-
inant categories and themes within the research area, (ii) the proposal of a conceptual
framework that captures the interconnection between FSC sustainability/performance
and BD applications by using an input-process-output (IPO) model, and (iii) the identifi-
cation of the research gaps in order to propose a future research agenda providing novel
insights into the needs of practitioners and academia. The SLR was developed based on a
broad range of published literature on BD applications within FSCM context from both
academic and practitioner perspective. The adoption of this method exhibits certain
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strengths in relation to the identification and categorization of the current research trends
facilitating the development of concrete propositions for future research [25-27]. The ul-
timate goal of the research lies in presenting a conceptual framework that suggests an
operational approach to BD application in a data-driven FSC based on the SLR findings.
In this context, the following research questions have been formulated:

e RQ1: How is the trend in BD applications within FSCM from 2010 and onwards?

e RQ2: What are the current main study themes in this research area?

e RQ3: What are the current literature trends in BD applications within FSCM frame-
work and how can they be categorized?

e  RQ4: How can the dominant categories be organized and analyzed?

The applied SLR protocol was based on the following five (5) main phases [25,26]: (1)
research scope mapping, (2) search strategy, (3) identification and selection of research
papers, (4) data extraction and (5) data analysis and synthesis. The research scope was
formulated at the intersection of the broad terms of “Food Supply Chain Management”
and “Big Data”. The search string adopted in our analysis involves the following;:

(“Food Supply Chain Management” OR “Food Supply Chain” OR “Food Value

Chain” OR “Food Demand Chain” OR “Cold Chain” OR “Food Retail Chain”)
AND

(“Big Data” OR “Data Analytics” “Descriptive Analytics” OR “Predictive Analytics”

OR “Prescriptive Analytics”)

Based on the emerged search string, the search strategy was developed with a view
to identifying the maximum number of qualified, relevant articles. In total, 1003 articles
were identified and subject to the selection criteria. These articles were retrieved from
Business Source Complete (EBSCO) (24 articles), Emerald Insight (153 articles), IEEE
Xplore Digital Library (540 articles), and ScienceDirect (ELSEVIER) (286 articles). Subse-
quently, the exclusion and inclusion criteria were developed to justify the limitation of the
retrieved articles. The total 1003 articles were filtered through the exclusion criteria result-
ing in the retainment of only full-text, scholarly-reviewed articles, published from 2010
and in English, and retrieved from academic journals that were solely related to the scope
of the present research. Eventually, 402 articles fulfilled the criteria through the assess-
ment stage (Figure 1).

Not in English Not in Academic or
11 Relevant Journals
163

Total Retained
Articles
402

Retained
Articles
814

Retained
Articles
825

Initial Total
Articles
1003

Retained
Articles
445

Retained
Articles
608

Not Scholarly Before 2010 Duplication
Reviewed 206 43
178

Figure 1. Process of selection against the exclusion criteria.
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The final assessment process of the 402 retained articles was based on three (3) steps
that focused on the thorough screening of the (1) title, (2) abstract, and (3) full-text. Even-
tually, a numerical evaluation of the articles was implemented following Boland et al.’s
[25] guide. A numerical scoring system applied for the final assessment of each article
incorporating four (4) criteria: (1) the depth of the literature review, (2) the methodology
that was implemented, (3) the relevance and the potential contribution to this study, and
(4) the journal ranking. The final and potentially the most critical process of the SLR meth-
odology relied strongly on the comparison and the summarization of all the data that de-
rived from the retained articles in order to capture and map the existing relevant literature
[26]. For the purposes of our research, we adopted text analytics techniques based on Mi-
crosoft Research application programming interfaces (APIs) presenting a heatmap of key-
words and identifying the frequency of their appearance within the 31 selected articles.
VOSviewer software was utilized in order to record and analyze the keywords appear-
ance. The binary counting method resulted in the red areas depicted in Figure 2, indicating
the most frequently appeared keywords, such as “food”, “supply chain”, and “big data”.
These highly frequent keywords formulated the main research focus of the current study.
The orange-colored areas illustrate the slightly less frequent keywords in the heat map,
such as “quality”, “loss”, and “food supply chain”.

shelf life

ity

' sustainability

safety
Y demand Dig data analytic

agriculture

efficiency

consumer

fATTar . food su{bﬁ( chail

*food security

Figure 2. Heatmap of keywords frequency.

The numerical occurrences of the identified keywords are presented in Table 1 below
based on the results produced by the previously described text analytics method.

Table 1. Keywords occurrence.

No Keywords Occurrences
1 Supply Chain 15
2 Food 12
3 Big Data 10
4 Quality 9
5 Loss 8
6 Food Supply Chain 8
7 Agriculture 7
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8 Efficiency 5
9 Sustainability 4
10 City 4

These results could shed some light onto the current main study themes in this field
providing the basis for addressing the formulated research questions. In this context, we
proceeded into classifying the selected articles into clusters based on the most occurrent

7 i /a7

keywords of “quality”, “loss”, “agriculture”, “efficiency”, “sustainability”, and “city”.

3. Findings of Systematic Literature Review

As previously discussed, a total of 31 articles were selected as the core of the research
area relating to BD applications in FSCM towards digital transformation. Throughout this
section, the results that derived from the generic descriptive and content analysis are pre-
sented and systematically discussed. Each of the following subsections addresses a spe-
cific research question through the presentation of different charts and tables. The final
subsection refers to the content analysis justifying the connection between the emerged
insights and the proposed conceptual framework of a contemporary data-driven FSCM
system.

3.1. RQ1: How Is the Trend in BD Applications within FSCM from 2010 and onwards?

All the selected articles were published from 2010 and onwards based on the inclu-
sion criteria presented in the Materials and Methods section ensuring a state-of-the-art
approach towards the identification of the research gaps in this particular scientific field
capturing the increasing popularity of the digitalization phenomenon in FSCM.

Recently, in the wide-ranging research area of supply chain, the attention relating to
the addressing of the “network design, risk management, inventory management, and
retail” challenges has been shifted towards the application of BD and BDA [28]. In the
context of FSCM, the attention towards BD and BDA was radically increased recently
since these advanced technologies foster decision-making for perishable products
through the analysis of vast amounts of data enabling the accurate and real-time depiction
of the constantly changing market trends while facilitating the proper adjustment of in-
ventory levels and distribution networks accordingly [12].

By analyzing the most recent studies, this review aims at validating the core sources.
Figure 3 below illustrates the distribution of articles in relation to their publication year.
The vast majority of the selected articles were published from 2016 to 2019 (approximately
90.32%) indicating a radical increase in this specific research area during the past recent
years. By examining the general interest in literature on BD application in FSCM, one may
anticipate that the number of publications is set to increase further in the future.

12

—
(e}

Number of Articles

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year of Publication

Figure 3. Distribution of the selected articles by year of publication.
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3.2. RQ2: What Are the Current Main Study Themes in This Research Area?

A network citation analysis was developed to present the links among the nodes on
BD studies that are associated with the FSCM. This network presents the connections
among the selected articles across the Microsoft Academic database based on the down-
loaded data from the respective API. This process eventually led to the depiction of the
main study themes in the current literature.

The citation network analysis resulted into nine connections among the selected ar-
ticles endorsing the authors” argument in relation to the highly fragmented nature of the
research area. This view is further supported by the current literature evidence provided
by Frizzo-Barker et al. [11] and Zhong et al. [12] characterizing this area as a “primitive”
and a highly fragmented domain. Interestingly, research efforts that are connected as il-
lustrated in Figure 4 below, composed the citation network that is exclusively related to
BD applications in agriculture supply chain. Carolan [6] also identified this phenomenon
across literature arguing that there is a growing research trend in BD applications in agri-
culture which is omitted though the interrogation of their utilization in retail food systems
especially through the ongoing FSC digital transformation that is driven by the ever-in-
creasing production and collection of consumer data.

j- wangi(2017)

a. tzounis (2017)
s. kamblg(2019a)

r.sharma (2018)

s. kamblg(2019b)
s. wolfert (2017)

J. belaud (2019) m. carolan (2018)

&, VOSviewer o. elijah(201) I

0 50 100 150

Figure 4. Citation network analysis [6,9,10,15,29-32].

This process fostered the detection of the core papers which were more frequently
cited in the aforementioned database as the citation bar score indicates. Based on the
above, the article titled “Big Data in Smart Farming — A Review” by Wolfert et al. [10] was
identified as the most frequently cited paper. The paper provides an interesting review on
new technologies advancements within the context of agriculture focusing mainly on the
application of BD in the entire agriculture supply chain providing insights concerning the
future in smart farming and proposing research priorities.

Following the citation network analysis, the study aimed at the classification of the
current study themes in order to capture the present state of this field since the only con-
nections that were identified were clearly associated with the cluster of BD application in
agriculture supply chains. The categorization was based on five (5) main themes that were
identified by the authors during the full-text screening process via information processing
from each selected article concerning the keyword appearance frequency and their respec-
tive research objective(s). These five (5) distinct themes were determined by the insights,
implications, and results that each article provided. Sequentially, the data was quantified,
sorted, and classified based on the identified study themes. More specifically, 29% of the
articles (9 papers) concentrated on the broad area of “Agriculture Supply Chain”, fol-
lowed by a 26% (8 papers) that centered around the theme of “Food Supply Chain Effi-
ciency” through the utilization of BD (Figure 5). Additionally, 16% (5 papers) of the
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selected articles studied the impact of BD on “Food Quality and Safety” within the FSC
while another 16% (5 papers) focused on the “Urban Food Supply Chain”. Finally, the
remaining 13% (4 papers) studied the methods of diminishing “Food Loss” within FSC
through BD applications. Figure 5 illustrates the distribution of the selected articles across
the different, emerging study themes.

B Agriculture Supply Chain Food Quality and Safety
® Urban Food Supply Chain B Food Supply Chain Efficiency
B Food Loss

Figure 5. Study themes in the current literature.

The articles” distribution across the different themes is fairly balanced further sup-
porting the argument associated with the fragmentation of this field. However, these find-
ings allowed the current study to analyze in depth the emerged themes consequently cat-
egorizing the current literature trends.

3.3. RQ3: What Are the Current Literature Trends in BD Applications within FSCM Frame-
work and How Can They Be Categorized?

The five (5) study themes provided the basis for the categorization of the main liter-
ature trends.

3.3.1. Big Data Applications in Agriculture Supply Chain

The first category essentially derived from the citation network analysis which re-
sulted in the identification of nine connections composing an exclusive cluster in relation
to BD applications in the agriculture supply chain concentrating mainly on the issues of
decision-making, sustainability analysis, and the adoption of tracking and tracing systems
in smart agriculture.

3.3.2. Big Data Applications in Improving Food Supply Chain Efficiency

The second category analyzes the broad trend of improving FSC efficiency through
the application of BD. This category engulfs articles that focus more on retail FSCs con-
centrating on the implementation of value-adding solutions through the utilization of BD
in order to address FSCM challenges such as supply chain integration (SCI), demand fore-
casting, and efficient coordination of the distribution process in cold chains.

3.3.3. Big Data Applications in Managing Food Quality throughout the Food Supply
Chain

The third category consists of articles that study the application of BD in the manage-
ment of food quality and safety across the FSC network. The articles in this category em-
phasize the capitalization of the recent consumer trends towards food product quality and
safety through the application of social media analytics and sensory data analytics.



Sustainability 2022, 14, 4035

8 of 21

3.3.4. Big Data Applications in Diminishing Food Loss throughout Food Supply Chain

The fourth category concentrates on the presentation of the current transition from
conventional data to BD across retail FSCs and the effect of this transition on tackling food
insecurity and consequently food loss across the entire supply chain network through the
adoption of technological solutions such as the intelligent packaging systems.

3.3.5. Big Data Applications in Urban Food Supply Chain

Eventually, the fifth and final category is related to the urbanization concept and its
impact on FSCM. The articles identify the new challenges deriving from the expansion of
this concept across the world presenting solutions in relation to the enhancement of city
logistics efficiency and the tackling of food security and food safety issues in smart cities
of the future through the utilization of BD.

3.3.6. Classification of Current Literature Trends

Table 2 below depicts the allocation of every article across the distinguished catego-
ries presenting in brief the produced insights and the associated results. A more detailed
discussion of the scope and content of the identified thematic/research categories is pro-
vided in Section 3.5.

Table 2. Categorization of the current literature trends.

Category Reference Research Type Contribution to the Research Area
Presentation of agriculture supply chains challenges in responding to con-
Ahearn et al. (2016) [8] Conceptual sumer demands for food safety and sustainable performance through the

adoption of BD

Application of BD in a rice straw supply chain aiming at the evaluation of

Belaud et al. (2019) [29] Conceptual and Empirical the waste management and essentially to the development of a decision

support tool for the by-products’ valorization process improvement

Presentation of data collection and decision-making in agriculture supply

Elijah et al. (2018) [30] Conceptual chains based on an IoT network
Presentation of BD application framework in agriculture supply chains for
Big Data Appli- Kamble et al. (2020) [9] Conceptual the endorsement of supply chain visibility and sustainability performance

cations in Agri-

based on DAC

culture Supply Protopop and Shanoyan

Presentation of BD contribution to decision-making in small agriculture

tual
Chain (2016) [4] Conceptua supply chains of developing countries
Presentation of decision-making in agriculture supply chains involving
h tal. (201 1 tual
Sharma et al. (2018) [31] Conceptua MCDA techniques based on the geospatial datasets
Application of perspective analytics for supplier selection in a case of agri-
Singh et al. (2018) [5] Empirical food supply chain based on the environmental performance of every candi-
date supplier
Tzounis et al. (2017) [32] Conceptual The applica}tion of WSN technology in an IoT environment of agriculture
supply chains
Wolfert et al. (2017) [10] Conceptual P.resentat%on of BD a.p'plicati.ons in smart ff':lrming beyond productio.n; deci-
sion-making and efficiency improvement in agriculture supply chains
Alfian et al. (2019) [33] Empirical .Application of BD t'h.rough a DSOS' system for improving demand forecast-
ing, consumer profiling, and effective product placement
Bogataj et al. (2017) [34] Empirical Utilization of. smart cor"ltainers' pe?mit.ting the dynamic traclfing of food
product quality status in the distribution stage of a cold chain case
Chaudhuri et al. (2018) Presentation of decision-making techniques based on BDA across food cold
. . Conceptual K
Big Data Appli- [13] chains
catioTls in Im- Engelseth et al. (2019) [3] Empirical Applica}tion of BD for SCI improvement in a case .of a compl(?x banana sup-
proving Food ply chain from a complete end-to-end supply chain perspective
Supply Chain Ef- “ ” i i
upp. .y' ain Jietal. 2017) [2] Empirical Pevelopment of a BD “harvest model” for the effective demand forecasting
ficiency in FSCs
Development of a decision support model through MILP for handling food
Singh et al. (2018) [35] Empirical product degradation and cold chain complexity throughout the distribution
stage
Irfan and Wang (2019) .. Survey on F&B industry of Pakistan presenting the significance of BD acqui-
Empirical o . . "
[1] sition and assimilation as a higher-order capability that fosters SCI
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Vallandingham et al. Presentation of BD contribution in real-time inventory management, de-
Conceptual . o
(2018) 7] mand forecasting, and customer categorization across FSC
Presentation of application examples of BD through sensory technologies in
Astill et al. (2019) [17] Conceptual food product packaging concerning the monitoring of environmental condi-
tions and location tracking
Development of a simulated dynamic pricing model based on the analysis
Big Data Appli- Li and Wang (2017) [15] Empirical of both historical and real-time BD generated and acquired through an imi-
cations in Man- tated sensor network
aging Food Utilization of a smart wireless food-label utilizing NFC sensor technology
Quality through- Maskey et al. (2019) [19] Empirical permitting the transmission of the TTH data to the end user’s smartphone
out the Food through a BD processing server system
Supply Chai i i i i
upply Chain Singh et al. (2018) [36] Empirical A case st.udy of a .beef supp.ly chr?u.n bésed on socxa.l media data.ane.ilytlcs
from Twitter aiming at the identification of potential food quality issues
Soon and Saguy (2017) Presen.ta-tion of the potential of social media ana%ytics to accurately refl.ect
37] Conceptual the opinion of the consumers towards food quality and safety or even iden-
tify degraded food products within an FSC
Handling the food security problem by adopting a practical approach from
Irani et al. (2018) [38] Empirical both FSCM experts and FSC stakeholders’ perspective based on the dy-
namic simulation modelling technique of FCM
Big Data Appli- Utilization of intelligent containers based on the analysis of both historical
; . Lang and Jedermann .. . . ..
cations in Dimin- (2016) [39] Conceptual and Empirical and real-time BD generated and acquired through an ever-expanding inter-
ishing Food Loss national sensor network
th hout Food i i i ici imati i
roughout Food Carthy et al. (2018) Dlscuf,silon-of the mcrefase.d efficiency o.f approxm?at%on algorithms based on
Supply Chain [40] Conceptual the utilization of BD within an IoT environment aiming at FSC transparency
and food loss diminishing
Vanderroost et al. (2014) Presentation of intelligent packaging utilization as a part of the food safety
Conceptual . o ;
[41] management system in FSC within the context of IoT and BD processing
Discussion of the transformation towards data-driven FSC in urban envi-
Carolan (2018) [6] Conceptual ronment though BD application: Literature evidence from the behavioral
economics perspective
de Amorim et al. (2019) Conceptual Presentation of BD applications in resource problems of smart cities to-
Big Data Appli- [42] p wards efficient supply chain operations
cations in Urban Gharehgozli et al. (2017) Literature review focused on the digitalization of food transport in urban
Conceptual . . . .
Food Supply [14] environment in the context of the increasing value of BD
Chai A - . -
ain Pan et al. (2017) [43] Empirical Optimization of perishable food transport concentrating on the online home

delivery service of grocery retail in an urban environment

Zhang et al. (2013) [44] Conceptual and Empirical

A case study on applying BD through the heuristic approach of SDPS based
on data collection from small end market samples through sensory technol-
ogies

3.4. RQ4: How Can the Dominant Categories Be Organized and Analyzed?

The categorization process was based on the collection of homogenous information
amongst the selected articles in order to develop the subclasses within every category.
Through this process, the dominant categories have been organized aiming at the accurate
and clear depiction of the current literature trends regarding the BD applications in the
different FSC segments as presented in Figure 6 below.
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" Data-Driven Cit; LOE- stics I

Figure 6. Organization of the current dominant categories in the literature.

3.5. Thematic Analysis

In this section, the thematic findings are further discussed in order to provide the
theoretical background as the basis for the proposed conceptual framework.

3.5.1. Big Data Applications in Agriculture Supply Chain

The emergence of the advanced Internet of Things (IoT) technology has led agricul-
ture activities to the implementation of more efficient and sustainable processes gradually
transforming the traditional agriculture to precision agriculture (PA) [10,31,32]. PA is es-
sentially the cornerstone for the development of smart agriculture (i.e., data-driven agri-
culture activities) and naturally the utilization of BDA in agriculture [10], since the central
focus of this concept is focused upon the collection and the effective management of data
in the context of decision-making [45]. In fact, the application of BDA fosters opportunities
in agriculture supply chain especially, yet not solely in terms of process and results bench-
marking, tracking and tracing of agricultural products within the entire supply chain, and
eventually predictive modelling for the production and distribution of agriculture prod-
ucts [30,31]. As Wolfert et al. [10] argues, BDA are incorporated into the agricultural BD
value chain which essentially refers to a system comprised of sequential activities that are
interlinked with each other from data collection and storing to data transformation and
utilization through data analytics eventually leading to data visualization and presenta-
tion to the agriculture value chain stakeholders.

Tracking and Tracing of Agriculture Products

Typically, in smart agriculture, data could be either recorded, enriched, enhanced, or
in combination, as materials and information flow through the downstream supply chain
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by utilizing wireless sensor network (WSN) technology. The latter is based on intercon-
nected sensor units that collect data from the environment and transmit digital signals
through a radio frequency (RF) communication unit relating to storage, monitoring, and
tracking of agriculture products throughout the IoT network [30,32]. Probably, the most
common technology that fosters the capitalization on data collection within tracking and
tracing networks is the radio frequency identification (RFID) which could also be consid-
ered as a wireless node application since it formulates the very fundamental example of
interconnected “things” [30]. RFID tags incorporate electronic product code (EPC) data
which are accessible through RFID readers providing information on item identification,
inventory monitoring, quality tracking, and lifecycle evaluation of an agricultural product
[30,32]. Essentially, RFID tags” operation is linked to the enhancement of the barcodes
permitting the tracking of agricultural products while fostering the information enrich-
ment whenever RFID is recorded throughout the supply chain network [32]. The applica-
tion of RFID technology within a WSN through BD utilization has been studied in auto-
mated irrigations systems that determined the optimized allocation of water [46]. Another
interesting application of RFID within a WSN refers to the smart monitoring of the agri-
culture infrastructure through scalar sensor units that enable remote image capturing in
order to evaluate agricultural production process and identify the appearance of pest
problems or plant diseases in real-time [47].

Decision-Making in Agriculture Supply Chain

According to Wolfert et al. [10], the application of BD is expected to change the way
in which agriculture supply chain operates through the incorporation of BDA and semi-
active RFID and WSN technologies that may eventually trigger in-depth business process
reengineering. Through a multiple case study analysis, Protopop and Shanoyan [4] argue
that the most significant contribution of BDA in agriculture supply chains is potentially
the predictability factor which facilitates decision-making from the management perspec-
tive. This is also supported by Wolfert et al. [10], Elijah et al. [30], and Sharma et al. [31]
who highlight the utilization of BDA for forecasting volatile environmental changes and
predicting upcoming diseases or natural disasters fostering eventually data-driven deci-
sion-making across the entire supply chain.

Sustainability in Agriculture Supply Chain

As the global population is still growing and the ever-evolving food consumption
patterns are constantly changing, the pressure from various social groups, agriculture or-
ganizations, and policymakers to raise awareness towards food systems’ sustainability is
gradually affecting the way agriculture supply chains operate in today’s business envi-
ronment [5,8,9]. According to Nasrollahi et al. [48] the effective management of the sus-
tainability aspect within the business context could be summarized as all the strategic de-
cisions that aim at the minimization of the “environmental, economic, and social sustain-
able risks” while in parallel maximizing the corporate value. Interestingly, the same au-
thors focused on investigating the drivers that positively affect the supply chain sustain-
ability deducing that both non-coercive close collaboration with the suppliers and coer-
cive environmental performance monitoring of the suppliers have the greatest impact on
this aspect. In a similar logic, Singh et al. [5] conducted an agri-food supply chain case
study presenting a novel methodological design for supplier selection by monitoring and
scoring the environmental performance of each candidate supplier resulting in the devel-
opment of a ranking system based on the application of prescriptive analytics through the
implementation of fuzzy analytic hierarchy process (AHP) and decision-making trial and
evaluation laboratory (DEMATEL) methods. Another example of BDA application is pre-
sented by Belaud et al. [29] aiming at the development of a decision support tool for the
sustainability analysis of the by-product’s valorization process in a case study of a rice
straw supply chain. The authors utilized BDA to analyze and process the vast amount of
collected data that derived from the public web (i.e., weather data, raw material prices
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around the world, and other data that are linked to life-cycle assessment), corporate data,
field data (i.e., data that are related to the biomass quality), technological data (i.e., the
technologies that are utilized in the by-product valorization process), life-cycle assessment
databases, and finally, scientific databases (i.e., scientific insights concerning the rice straw
valorization processes). The results derived from the analysis of the aforementioned data
sequentially led to the sustainability analysis by evaluating “environmental aspects and
potential environmental impacts throughout the life cycle of a product or process”. Fol-
lowing this paradigm of BDA application and as Ahearn et al. [8] and Kamble et al. [9]
argue, it is apparent that data-driven agriculture supply chains are expected to achieve
higher sustainability goals in the near future through the design and facilitation of the
DAC process providing abundant opportunities for enhanced information flows and effi-
cient decision-making within the agriculture supply chain network. According to Safari
et al. [49], this development over time is tied up to the standardization of the digital re-
source management process that could be incorporated in the maturity model (MM) of a
supply chain which essentially represents different phases of either increasing quantita-
tive, qualitative, or both, capability levels of an element as a means of performance eval-
uation through the capturing of its advances (i.e., maturing).

3.5.2. Big Data Applications to Improve Food Supply Chain Efficiency

In today’s global business environment, the capitalization on data has become a cru-
cial part of the FSC efficiency with organizations constantly seeking new sources of infor-
mation across their entire supply chain network from their multi-tier supply base to the
end customer [1,2]. This is also emphasized by Abideen et al. [50] who argue that the ap-
plication and integration of advanced technological solutions, such as BD in every stage
of the food system, is directly linked to enhanced sustainability, traceability, and coordi-
nation among the participating actors. Within this framework, BDA play a vital role in
improving supply chain efficiency by fostering the identification of new opportunities
through the processing of vast data volumes that derive from both real-time market infor-
mation and internal historical information [1,2,10].

Supply Chain Integration and Connectivity

As Dubey et al. [51] and Huo et al. [52] indicate, SCI could be distinguished into three
dominating streams: (i) uncertainty management across the complex supply chain net-
work (i.e., business environmental uncertainty, technological uncertainty, demand uncer-
tainty); (ii) social capital aspect within the network, such as trust building, knowledge
sharing, and commitment, in order to strengthen the inter-organizational relationships;
and (iii) strategy formulation in accordance with the development of “higher-order sup-
ply chain capabilities” (i.e., the organization’s ability to identify opportunities and threats
in the market and capitalize on them), such as IT capabilities. By concentrating on the
third stream, Irfan and Wang [1], in their survey on the F&B industry of Pakistan, pre-
sented the significance of the data acquisition and assimilation across the entire supply
chain as a higher-order capability that facilitates SCI. The authors introduced the data
assimilation capability as a complementary element of flexible IT resources suggesting the
utilization of BD in FSC channel integration as well as in demand forecasting and planning
based on the notion that internal integration (II) essentially precedes external integration
(EI). This concept is also supported by Engelseth et al. [3] through their case study in a
complex banana supply chain implying that the capitalization on BD is based on accurate
information flow and interconnections which are equally significant and related to both
II and EL
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Advanced Demand Forecasting

According to Alfian et al. [33], consumer behavior is the cornerstone of many indus-
tries today including F&B since it is directly associated with the profitability. On this basis,
the authors developed a digital signage-based online store (DSOS) system located in dif-
ferent public sites permitting the user to browse and purchase various products from var-
ious retail stores in order to obtain and analyze huge amount of purchasing and transac-
tion data from customers in real time. Interestingly, out of fifteen (15) product categories,
53.33% were related to food products, indicating a strong tendency towards the applica-
tion of BD in FSC. In the same context, Vallandingham et al. [7] presented the potential
future utilization of BDA through their study on consumers’ trends and future applica-
tions of enabling technologies in grocery supply chains with emphasis on precise market-
ing and demand forecasting based on the combined analysis of historical, footfall (i.e.,
measurement metrics that are related to the customer movement), and market data. An-
other example of BD application in this particular area is presented by Ji et al. [2] who
developed a BD “harvest model” aiming at more effective demand forecasting within the
framework of a food product development/improvement process by translating market
demand to collaborative FSC planning increasing the availability of products and eventu-
ally customer satisfaction.

Distribution Coordination in Cold Chains

The notion of a cold chain essentially refers to a supply chain that concentrates on
perishable products which require proper protection from physical environmental condi-
tions in order to avoid degradation and eventually devaluation [13,35,53,54]. The quality
of the food products depends highly on the environmental conditions and the transfer
time from either production, distribution, or both units, to the corresponding points of
sale (POS) shifting the cold chain management’s attention to the distribution stage [35,53].
This is further supported by Chaudhuri et al.’s [13] study on BDA application within cold
chains who argue that currently the required data sets for the effective coordination of the
distribution process concentrate mainly on the temperature while tapping into enriched
data that derive both from other environmental aspects (such as humidity and vibrations)
and process-oriented aspects (such as picking rate, required transfer time from the pro-
duction unit to the cooling unit, and overall transportation costs) to improve decision-
making. Singh et al. [35] utilized BD instead of conventional data to reflect more accu-
rately the geospatial aspects of the different locations within a cold chain network and
realistically capture the distances amongst the nodes in order to address the issues of food
product degradation throughout the distribution stage. Eventually, another interesting
example is presented by Bogataj et al. [34] concentrating on real-time perishability control
within the fruit and vegetables (F&V) category through the utilization of smart containers
that embed sensory technologies permitting the dynamic tracking of food product quality
status.

3.5.3. Big Data Applications in Managing Food Quality within Food Supply Chains

As previously discussed, in today’s world food quality is gradually becoming a more
and more important aspect in consumers’ modern lifestyles since it is directly linked to
the physical human health condition [13,35,41] shifting the attention of FSCM towards the
enhancement of supply chain visibility and social responsibility aspects [17,36].

Social Media Analytics

In the era of social media, Singh et al. [36] studied the case of a beef supply chain
based on social media data analytics obtained from Twitter in order to identify potential
issues in this particular FSC from the consumers’ perspectives and accurately capture their
opinions. The results of their study showed that consumers formulate negative sentiments
through their Twitter accounts commenting on different quality aspects of the beef
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product leading to the accumulation of useful FSCM implications concerning production,
packaging, and cold chain distribution. Similar to Singh et al.’s study [36], Soon and Saguy
[37] presented the vast harnessing potential of social media analytics for FSCM through
the accurate reflection of consumers’ opinion towards food quality and safety fostering
the identification of degraded food products even prior to public health authorities.

Tracking and Sensory Data Analytics

The modern global FSCs endeavor to address sustainability issues as an attribute of
their competitive advantage since the increasing wastage of vast food product quantities
throughout their complex operations created a new challenge in relation to the develop-
ment of the trust element amongst consumers through enhancement of transparency and
traceability aspects [13,15,36]. According to Astill et al. [17], traceability in modern FSCs
could be achieved through the utilization of data-obtaining sensory technologies which
essentially refer to data colleting, processing, analyzing, and storing devices that are inte-
grated into the different stages of the supply chain. In this very context, Li and Wang [15]
developed a simulated dynamic pricing model which essentially permits the real-time ad-
justment of the selling price across the distribution network in accordance with the quality
features of the food product, the prediction of its shelf-life duration (i.e., deterioration
rate), and its time—temperature history (TTH) profile based on the analysis of BD gener-
ated and acquired through an imitated WSN. Maskey et al. [19] proceeded one step fur-
ther by studying the transition from the conventional quality assessment system into a
real-time accessible assessment system based on the TTH profiling of the food products
through a BD processing server system.

3.5.4. Big Data Applications in Diminishing Food Loss Throughout Food Supply Chain

The concept of “food loss” is usually accompanied by the term of “food waste” with-
out however necessarily bearing the same meaning [38,40]. According to Irani et al. [38],
food waste refers to the disposal of food products in the final stages of a FSC, while the
food loss derives from the wastage of food products throughout the entire supply chain
due to either the inappropriate manner of production, storage, distribution, or in combi-
nation. The ever-increasing complexity has created the demand for innovative advanced
technological solutions regarding food security and food loss [13,35,41].

Tackling Food Insecurity: The Transition from Conventional Data to Big Data

Based on the current global food security tendency, Mc Carthy et al. [40] conducted
a literature review of the applied tackling measures at FSCM level through BD applica-
tions within the current economic reality highlighting the transition from the traditional
data to BD and presenting the future potential towards the enhancement of FSC transpar-
ency and real-time decision-making. On the other hand, Irani et al. [38] studied the food
security problem by adopting a practical approach from the perspective of both FSCM
experts and FSC stakeholders based on the dynamic simulation modelling technique of
fuzzy cognitive map (FCM). The authors developed the FCM in order to simulate the
manner in which common supply chain network interconnections impact food wastage
throughout the FSC with emphasis on the necessity of transitioning to the acquisition of
BD across the entire food system as a means of producing more accurate and real-time
results.

Intelligent Packaging Systems

As Vanderroost et al. [41] indicate in their review, the so-called intelligent packaging
systems will eventually become a part of the modern food safety management system
within the F&B industry. In this context, Lang and Jedermann [39] focused beyond the
primary food product packaging reviewing the literature evidence on the utilization of



Sustainability 2022, 14, 4035

15 of 21

intelligent containers that permit the collection and the analysis of BD through an ever-
expanding international sensor network across different container terminals.

3.5.5. Big Data Applications in Urban Food Supply Chain

The world population is estimated to exceed the threshold of 9 billion people by the
2050s [14] while at the same time the proportion of the people that will live in urban areas
is expected to reach the 68% of the overall population [42]. In parallel, the FSC’s main
functions are gradually expanding throughout the whole world encompassing more and
more innovative and e-business solutions through the application of recent technological
developments, such as BD, in order to address FSCM challenges relating to distribution,
food security, and food safety issues in modern urban areas [14,43,44]. However, Carolan
[6] argues that as the constantly increasing urban population encourages the wider utili-
zation of the advanced technologies, the social aspect in BD applications should be closely
examined both from the legislative and the FSCM perspectives distinguishing the border-
line between consumers and citizens in relation to the “choice architecture” design and
hence excluding the ethical point of view on this matter. This notion is further supported
by Yang et al. [55] and Zhang [56] who emphasize the challenges that lurk in the path of
the IoT deployment within a modern urban environment focusing on the data security
and privacy aspects. Interestingly, Zhang [56] discusses these challenges from the BD per-
spective noting that data security challenges overcome the issues of personal privacy and
require the development of legislative context as well as a supervision system for user
information management given that this technology permits the prediction of an individ-
ual’s state or behavior. The author further suggests that apart from the privacy element,
data security is also linked to the evaluation of BD credibility which provokes a challenge
to the processing of information due to the data distortion during the reproduction and
dissemination process.

Food Security and Food Safety in Smart Cities

The broad notion of smart city is linked to the implementation of IoT systems aiming
at the enhancement of the standard of living in modern cities following the rapid growth
of the urbanization trend globally [42,44]. In a paradigm of such a city, Zhang et al. [44]
developed a modeled IoT system for FSCs which could efficiently and timeously detect
potential foodborne diseases by encompassing both tracing and backtracking algorithms
optimized for BD application to identify contamination sources and possible quality is-
sues in the end products.

Data-Driven City Logistics

FSCs are gradually transforming from local to global networks encompassing more
and more innovative solutions throughout their key processes in an effort to “shorten”
and efficiently manage the ever-growing physical distances in end-to-end urban supply
chains [14,43,44]. Taking into consideration the growing urban population and the in-
creasing value of BD in the new global and data-driven FSCs, Gharehgozli et al. [14] fo-
cused mainly on discussing the digitalization of food product transportation. In the same
context, Pan et al. [43] conducted an empirical study on the optimization of perishable
food product transportation concentrating on the online home delivery service of grocery
retail in an urban environment through the application of BD in the attended home deliv-
ery problem (AHDP) method.

4. A Conceptual Framework for Data-Driven Food Supply Chain Management

In this section, we aim to capitalize on the findings derived from the SLR process in
order to propose a conceptual framework illustrating the interconnection between FSC
performance and BD applications. The latter is expressed through an input-process-out-
put (IPO) model as schematically illustrated in Figure 7. In particular, the aim of the
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proposed framework is to depict a new model of an integrated FSCM from a BD perspec-
tive based on the four (4) FSC performance macro-areas: (1) efficiency, (2) quality, (3)
safety, and (4) sustainability. These four (4) macro-areas emerged through the application
of text analytics aimed at the identification of the most frequently appearing keywords
amongst the selected articles while in parallel they are the focus of attention in a plethora
of FSC performance studies [20-24].

Sustainability

Enabler

L

Internal/External

Drivers

BD “Harvest Data-Driven FSC
Model” [> Decision Making Performance

Process Output Outcome

Figure 7. Conceptual framework of data-driven FSCM.

In the proposed conceptual framework, the aforementioned areas represent the pil-
lars of a FSCM design that aims at the simultaneous and effective control of all the pro-
cesses related to cost efficiency, food product quality and safety, and environmental sus-
tainability across the whole FSC (i.e., “from farm to fork”) focusing on a more holistic view
towards FSC performance which formulates the outer environment of this framework.
Based on these four (4) pillars, an IPO model of a data-driven FSC was developed by in-
corporating five (5) distinct elements aiming at the improvement of the overall FSC per-
formance. The first element refers to the drivers of FSC performance, which are essentially
the factors that motivate the adoption of BD applications. These drivers have been divided
into two distinguished groups in accordance with the SLR findings. The internal drivers
which engulf organization-related supply chain management incentives concerning the
commitment of the top-management in embracing and fostering policy changes at strate-
gic and operational level by capitalizing on BD applications. In other words, these organ-
izational factors include the various pressures from investors to improve food quality,
food safety, and reduce the costs either through sustainable FSCs (e.g., enhanced waste
management) [5,8,9,57] or through efficient FSCs (e.g., enhanced distribution coordina-
tion) by taking advantage of the recently developed technological advancements in the
field of BD as highlighted by Chaudhuri et al. [13], Li and Wang [15], Singh et al. [35], and
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Badia-Melis et al. [53]. On the other hand, the external drivers are related to the pressure
exerted from new legislative context towards sustainability, food quality, and food safety
across FSCs [6,37]. Additionally, the societal driver led by the recent consumer trends to-
wards food quality and food safety have affected marketing activities and hence the com-
petitive landscape shifting the attention of the F&B organizations to the adaption of BD
[13,15,36].

The second element refers to the development of the BD “harvest model” which is
essentially related to the development of a process model that is designed to identify data
sources and foster data collection, data transferring, and data harmonization [2]. These
aspects provide the very basis for the data management which is the first step in a BD
“harvest model”. According to Ji et al. [2] and Wolfert et al. [10], such models should in-
volve the continuous enrichment of the obtained vast heterogenous data through the in-
troduction of structured data (i.e., data deriving from in-house collectors and storing de-
vices or from other open research platforms). The transformation process incorporates the
mathematical modelling process through which crucial information is retrieved extending
over the structural complexity of the acquired data sets. Eventually, the final stage of the
BD “harvest model” will produce information deriving from BDA providing semantic
relationships among the stored data. This process provides the basis for the capitalization
on the three levels of BDA (i.e., descriptive, predictive, prescriptive) supporting data-
driven decision-making on events that are associated with a wide range of issues on FSC
performance.

The enabling factor for the development of a BD “harvest model” within FSCM con-
text is solely related to the DAC of organization which currently appears to be signifi-
cantly underdeveloped across the operating organizations within the F&B industry
[9,17,19]. The enabler is presented as the third element in the IPO model referring essen-
tially to a mediating factor on the relationship between the BD harvesting process and the
data-driven decision-making. The emerged findings suggest that the development pro-
cess of DAC depends heavily on the data integration across the entire food system since
the characteristics of BD creates a challenge for the F&B organizations in relation to the
capitalization on these technological advancements [2,8,9]. However, as these technolo-
gies continue to flourish the time is ripe for the development and the involvement of this
particular capability in the data-driven FSCM model of the future.

Eventually, the fourth and fifth elements are closely connected, with the output of
data-driven decision-making leading to the improvement of FSC performance as the final
outcome of this model. As previously discussed, the harnessing of the BD potential re-
quires the development of a “harvest model” in order to consistently produce the data for
the utilization of BDA [2,9]. Leveraging on BDA provides the basis for data-driven deci-
sion-making within the given framework of FSC performance.

5. Conclusions and Future Research Agenda

There is a dramatic and dynamic increase of research papers in the field of BD appli-
cations within the FSCM context in recent years. However, the domain can be still charac-
terized as “primitive” and highly fragmented with insufficient literature evidence to
bridge the theory with the practice. The herewith presented research provided new in-
sights pertaining to a comprehensive depiction of the current status quo of BD applica-
tions in FSCM presenting and discussing the dominant categories of the existing literature
trends. The findings revealed different BD applications that are utilized in order to ana-
lyze and address the emerged challenges in five (5) categories: (1) agriculture supply
chain, (2) improvement of food supply chain efficiency, (3) food quality management
throughout the food supply chain, (4) food loss diminishment throughout food supply
chain, and (5) urban food supply chain. However, the capitalization on these applications
depends heavily on the harness potential of BD within a complete food system with the
data acquisition procedure still posing a significant challenge for FSCM especially in the
upstream operations stages indicating the underdevelopment of DAC in F&B
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organizations [2,9]. In the context of our research, we aimed at shedding some light onto
the state-of-the-art literature evidence by synthesizing the SLR findings in order to con-
ceptualize this area within business context and propose a framework to capture the op-
eration of the data-driven FSCM from a BD perspective. These findings provided the back-
ground for an in-depth analysis of the emerged literature trend categories eventually lead-
ing to the identification of research gaps that are further discussed in what follows.

5.1. The Future Agriculture Supply Chain Model

Apart from the significant challenges concerning the development of data integration
throughout FSC operations, there are certain implications deriving from the SLR findings
that highlight the impact of BD on the future operation of agriculture supply chains net-
works. Kamble et al. [9] and Wolfert et al. [10] argue that there is an ongoing development
of the food supply chain models transforming either first-tier suppliers into active “rep-
resentatives” of the central FSC network actor through close collaboration and data inte-
gration, or alternatively farmers into direct distributors of their own products without the
intervention of an intermediate member (i.e., short food supply chain model). These two
models are met both in developing and developed countries with BD applications serving
as the main catalyst for their development. Further investigation towards the role of BD
in the formulation of the future FSC networks is required in order to produce generalized
results and explore these two newly introduced models in-depth.

5.2. Development of Data Analytics Capability within Food Supply Chains

Even with the substantial increase of research papers in this highly fragmented area,
the produced managerial implications in the field of FSCM are failing to address the prac-
tical requirements for harnessing the full potential of BD in FSCs. This issue was also ad-
dressed by Ji et al. [2], Ahearn et al. [8], and Kamble et al. [9] indicating that further re-
search towards the development of DAC, the identification of the required IT infrastruc-
ture, and the fostering of analytical skillset within the FSC workforce is needed in order
for the F&B organizations to tap into the exploding vast data within their respective food
systems. This is also mentioned by Safari et al. [49] who consider technological capabilities
as an assessment element in a MM of a supply chain emphasizing on the need to develop
tools and guidelines in relation to the identification of the means and resources that are
required to reach even higher maturity levels. Therefore, an investigation towards the re-
quired skills, human resources, and infrastructure for the development of DAC within the
context of FSCM could shed some light into the future operation of FSCs and provide
managerial and practical implications towards the capitalization on BD.

5.3. Food Quality and The Challenge of “Harvesting” Big Data within Food Supply Chains

The attention of FSCM is gradually shifting towards a customer-centric philosophy
concentrating on the increased significance of food quality in relation to the development
of the trust element from the consumer perspective [17,36]. The SLR findings revealed two
(2) interdependent streams within data-driven FSCs aiming at building consumer trust:
(1) social media analytics and (2) tracking and sensory data analytics. The majority of lit-
erature concentrates mainly on the second stream which essentially refers to the real-time
monitoring of food products across end-to-end FSCs highlighting the significance of tap-
ping into the potential of “harvesting” BD at the early stages of these food systems
[2,9,13,34,35]. However, due to the complexity of this process, further investigation is re-
quired in order to examine the requirements, the barriers, and the challenges associated
with the development of BD “harvest” models at the early stages of FSCs providing rec-
ommendations and managerial implications.

5.4. The Social Aspect of Big Data Utilization in Urban Food Supply Chains
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The world population is estimated to exceed the threshold of 9 billion people by the
2050s [14]. At the same time, the proportion of people living in urban areas is expected to
reach 68% of the overall population [42]. Carolan [6] argues that with 1.5 billion people
worldwide currently participating in a “food retail loyalty program”, the social aspect in
BD applications within FSCM framework should be further investigated both from the
legislative and ethical context in order to encourage the wider utilization of BD and foster
the more accurate capturing and personalization of the demand patterns in an urban en-
vironment. Furthermore, Zhang [56] argues that in the era of BD the challenges that are
linked to data security and privacy should be further explored in relation to the citizens’
awareness and the deployment of private information security technologies in order to
ensure the legitimate tracking and prediction of people’s behavior.

5.5. The Role of Big Data in the Future of Food Supply Chain Resilience and Responsiveness

The COVID-19 pandemic has undoubtedly brought on a new era on a global scale
heavily hindering the operation of the FSC through the closure of food production/distri-
bution facilities, appearance of great demand fluctuations, financial restrictions, and
emergence of logistics-related obstacles [58]. As Abideen et al. [50] and Hobbs [58] argue,
these disruptions have put to the test FSC resilience and responsiveness designating the
weaknesses of the worldwide food systems. The authors further highlight the need for
investigation of potential long-term changes that foster the development of shorter, more
automated and digitalized, FSC models that would be able to withstand similar shocks in
the future which could possibly lead to either shortages, food insecurity, or both. How-
ever, as the authors suggest, there is still insufficient evidence that could prove the greater
resilience and responsiveness of the short digitalized FSCs in similar situations. Thus, the
role of BD applications in the formulation of shorter more resilient and responsive FSC
models needs to be examined and analyzed in depth.
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