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ABSTRACT

Food security and technology have become increasingly important in military contexts, especially as
global events such as the COVID-19 pandemic and geopolitical conflicts highlight vulnerabilities in
food supply chains. This study aims to explore the intersection of food security technologies within
military operations through a bibliometric and thematic analysis. Conducting a bibliometric analysis
provides a structured view of research trends, identifying key authors, influential journals, and
emerging themes, ensuring the study’s focus and relevance. The study used Scopus and Web of
Science databases to gather publications, with data analyzed using tools like ScientoPy and
VOSviewer for visualization. The bibliometric analysis focused on examining global research output,
leading countries, and technological advancements in food security, while the thematic analysis
employed Braun and Clarke’s (2006) six-step framework to identify recurring themes and patterns.
Key findings indicate a surge in publications on food security in military contexts from 2019 to 2024,
driven largely by technological innovations such as the Internet of Things (loT) and artificial
intelligence (Al). The analysis also revealed that the United States and China lead in research output,
while emerging research themes focus on global food security, the environmental impact of military
food systems, and the role of technology in enhancing operational readiness. This study contributes
valuable insights into how technological advancements are shaping the future of food security in
military operations, offering guidance for future research and policymaking in high-risk environments.

Keywords: Food security; military technology; bibliometric analysis; thematic analysis, technological
innovations.

INTRODUCTION

Food security, defined as the availability, access, and stability of food systems, has become a
critical issue due to the increasing complexities posed by climate change, population growth, and
geopolitical instability. In military contexts, securing a consistent food supply is essential for
operational success, as the health and performance of military personnel depend on reliable food
sources. Recent advancements in technology, including blockchain, artificial intelligence (Al), and
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the Internet of Things (loT), have introduced innovative solutions to bolster food security in high-
risk environments, particularly within military operations (Li & Song, 2022).

The global COVID-19 pandemic has further exposed vulnerabilities within food supply
chains, prompting researchers to explore technological interventions to enhance supply chain
resilience. Digital innovations such as Al and blockchain have gained traction for their potential to
improve the transparency, efficiency, and security of food systems, especially in critical settings like
military operations (Abdallah et al., 2021). Consequently, a surge in publications has emerged,
reflecting the urgent need for interdisciplinary approaches to addressing food security challenges
in military contexts (Dos Anjos & Almeida, 2023).

Bibliometric analysis serves as a powerful quantitative tool to assess the evolution of
research on food security and related technologies. By identifying leading authors, influential
journals, and emerging trends, this method provides a structured view of the research landscape.
It also allows for a better understanding of how innovations in technology reshaping discussions on
food security are, particularly in military applications (Ohlan & Ohlan, 2022). These insights are
critical as they inform both future research and practical strategies for ensuring secure food supply
systems in the most challenging environments.

With increasing attention on the intersection between food security and military logistics,
this study addresses the following research question: How has the research landscape on food
security technologies in military contexts evolved over the past two decades, and what are the
emerging trends, influential journals, and contributing countries that shape the current
understanding of food security in military operations?

Using bibliometric and thematic analyses, this study leverages advanced tools like
ScientoPy and VOSviewer to examine key trends, identify productive countries, and highlight
emerging themes in food security technology research. By analyzing data from major databases,
this study provides a comprehensive overview of how technological innovations are being
employed to enhance food security, particularly in military contexts, and offers insights into future
directions for research (Lwesya & Achanta, 2022).

Ultimately, this study aims to provide valuable guidance for policymakers, researchers, and
military planners as they seek to develop resilient, technology-driven food security systems that
can withstand global challenges. The insights derived from this research will help shape future
strategies to ensure the stability of food supply chains in high-stakes environments (Dauvis et al.,
2020).

LITERATURE REVIEW

Food security is increasingly influenced by technological innovations such as the Internet of Things
(loT), Artificial Intelligence (Al), and blockchain technology, particularly within the context of military
operations. Recent bibliometric studies indicate that technological applications play a critical role in
enhancing operational readiness and resilience in food supply chains. One of the most significant
innovations is the use of IoT to monitor and optimize food production, storage, and logistics, which
is pivotal in military settings where ensuring a consistent food supply is crucial (Ruan & Chen,
2023). The integration of loT technologies allows for real-time data collection and analysis, which
can lead to improved decision-making and resource allocation, ultimately enhancing the efficiency
of food supply chains in military contexts (Sermuksnyte-Alesiuniene et al., 2021).

The evolution of food security research has been marked by a growing interdisciplinary
approach that integrates agriculture, environmental science, and technological advancements. A
bibliometric analysis reveals that this trend is particularly strong in regions like the United States
and China, which lead research output on these topics. The convergence of these fields fosters
innovative solutions that can address food security challenges in various sectors, including military
operations. The collaborative nature of this research is essential for developing comprehensive
strategies that enhance food security in conflict-prone areas (Mastos & Gotzamani, 2022).

The ongoing conflict in Ukraine has underscored the strategic importance of food security
in military operations. Military actions disrupt local food chains, affecting both national and global
food security (Wincewicz-Bosy et al., 2022). Innovations such as Big Data and IoT are increasingly
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utilized to optimize food supply chains in high-risk environments. These technologies facilitate
better decision-making and resource allocation, ensuring that food supplies are maintained even
amidst conflict (Toromade et al., 2024). Furthermore, the integration of Al and blockchain
technologies is critical in mitigating the impacts of climate change on food security, as these
innovations can enhance the efficiency and transparency of food supply chains (Kaur et al., 2022).

Climate change poses a significant threat to food security, particularly in military contexts
where operational conditions can be unpredictable. Bibliometric studies suggest that technological
solutions, including Al and blockchain, are essential for addressing these challenges by improving
food supply chain resilience (Lamberty & Kreyenschmidt, 2022). For instance, Al can optimize
agricultural practices and enhance predictive analytics, while blockchain can provide traceability
and transparency in food sourcing (Rui & Sundram, 2024). The combination of these technologies
can help mitigate the adverse effects of climate change on food availability, ensuring that military
operations are not hindered by supply chain disruptions (Riaz et., 2023).

Resilience in food supply chains is a critical focus area, particularly in unstable
environments. Emerging research clusters emphasize food waste management, blockchain
integration, and sustainable supply chains as vital components for maintaining food security
(Lwesya & Achanta, 2022). The integration of loT and blockchain technologies can enhance
traceability and accountability within food supply chains, thereby improving overall efficiency
(Hasan et al., 2023). Additionally, the adoption of these technologies can facilitate better inventory
management and reduce food waste, which is particularly important in military operations where
resources are often limited (Opasvitayarux et al., 2022). The ability to monitor environmental
conditions and track food products in real-time can significantly enhance the resilience of food
supply chains, ensuring that military personnel have access to safe and nutritious food (Wincewicz-
Bosy et al., 2022).

The role of 10T in food supply chains cannot be overstated, as it enables the collection and
analysis of vast amounts of data throughout the supply chain process. This data-driven approach
allows for more informed decision-making and can lead to significant improvements in supply chain
performance (Kailaku & Djatna, 2022). For example, loT technologies can be utilized to monitor
ambient conditions during food transportation, ensuring that products remain fresh and safe for
consumption (Ferrandez-Pastor et al., 2022). Additionally, the integration of lIoT with blockchain
technology can enhance transparency and traceability, providing stakeholders with real-time
information about food products from farm to fork (Xu et al., 2024). This level of visibility is crucial
in military operations, where the integrity of food supplies can directly impact operational
effectiveness (Iftekhar & Cui, 2021).

Moreover, the challenges associated with adopting loT in food supply chains must be
addressed to fully realize its potential. The complexities involved in implementing IoT solutions
within the food supply chain can hinder adoption (Aamer et al., 2021). This complexity necessitates
a collaborative approach among stakeholders to develop standardized protocols and systems that
facilitate the seamless integration of IoT technologies (Sermuksnyte-Alesiuniene et al., 2021).
Additionally, the need for robust data management and security measures is paramount, as the
reliance on digital technologies increases the risk of data breaches and cyber threats (Wincewicz-
Bosy et al., 2022).

The potential of blockchain technology in enhancing food security is also significant.
Blockchain can provide a decentralized and tamper-proof record of transactions within the food
supply chain, thereby improving traceability and accountability (Kaur et al., 2022). This is
particularly important in military contexts, where the assurance of food safety and quality is critical
(Rui & Kaliani Sundram, 2024). The integration of blockchain with 1oT can further enhance the
capabilities of food supply chains by enabling real-time tracking of products and ensuring that all
stakeholders have access to accurate and up-to-date information (Riaz et al., 2023). This level of
transparency can help build trust among consumers and stakeholders, ultimately leading to more
resilient food supply chains (Hasan et al., 2023).

Overall, the intersection of technological innovations and food security is a rapidly evolving
field, particularly in the context of military operations. The integration of IoT, Al, and blockchain
technologies has the potential to significantly enhance the resilience and efficiency of food supply
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chains, ensuring that military personnel have access to safe and nutritious food even in challenging
environments. However, addressing the complexities and challenges associated with these
technologies is essential for their successful implementation. Continued research and collaboration
among stakeholders will be crucial in developing innovative solutions that can effectively address
food security challenges in military contexts and beyond.

Bibliometric analysis approach and selection criteria

This study employs bibliometric analysis, a quantitative method used to examine and interpret
patterns and trends in scientific publications (Donthu et al., 2021). It provides a comprehensive view
of a research domain, facilitating the assessment of literature progression over time and assisting
scholars and policymakers in making informed decisions about future research directions and
funding priorities (Abdullah, 2023). Bibliometric analysis also helps identify key themes, influential
authors, and collaboration networks within the research field (Mohd Sofian et al., 2023).

Data for this analysis was sourced from Scopus and Web of Science (WoS), two widely
recognized databases for their extensive coverage and reliable citation analysis capabilities
(Abdullah, 2023). The search focused on the relationship between food security technology and
military contexts, ensuring that all relevant literature was included. Both databases allow access to
a wide range of scholarly work, facilitating thorough analyses and the identification of influential
publications (Duran-Sanchez et al., 2020). In addition, citation analysis tools enabled the evaluation
of citation patterns and impact metrics, highlighting pivotal publications in the field (Abdullah, 2021).

Search strategy

After identifying the relevant keywords, a search was conducted across both databases Scopus
and Web of Science using synonyms to broaden the exploration of related literature. Table 1
outlines the search criteria used. The search, performed in October 2024, targeted titles, abstracts,
and keywords. No restrictions were applied in terms of publication date, type, or language to ensure
comprehensive data retrieval (Abd Aziz et al., 2022). The final datasets were analyzed using
ScientoPy and VOSviewer, tools that provide bibliometric analysis and visualizations (Abdullah,
2023; Majeed & Ainin, 2021).

Table 1. Search strategy for extracting data from the Web of Science and Scopus databases.

Database Search Terms Rec_o rds

Retrieved
("Technology" OR "innovation" OR "tool" OR "system" OR "machinery" OR

Scopus "equipment” OR "device" OR "gadget" OR "method" OR "application” OR 326
P "automation" OR "hardware") AND ("food security" OR "food safety" OR "food

quality" OR "food protection") AND ("military” OR "armed force")

("Technology" OR "innovation" OR "tool" OR "system" OR "machinery"” OR

Web of "equipment" OR "device" OR "gadget" OR "method" OR "application" OR 495

Science  "automation" OR "hardware") AND ("food security" OR "food safety" OR "food
quality" OR "food protection") AND ("military" OR "armed force")

Thematic analysis approach and selection theme

This study applied thematic analysis to explore patterns in food security and technology within
military contexts. Thematic analysis was selected for its flexibility and systematic approach in
analyzing qualitative data, which is particularly useful in identifying recurring themes in complex or
less-explored areas (Braun & Clarke, 2019). This method enabled in-depth insights into how these
technologies are applied in military environments. Specifically, the study followed Braun and



28 Mohamad Azli Razali et al. / Borneo Akademika (2025) Vol. 9, No. 2

Clarke’s (2006) six-phase approach, with adaptations to fit the research context, ensuring a
structured and comprehensive analysis:

1. Familiarization with the Data
The researchers immersed themselves in the data through repeated reading to identify initial
patterns (Campbell et al., 2021).

2.Generating Initial Codes
Key features of the data were systematically coded to organize relevant sections and highlight
significant aspects (Byrne, 2021).

3. Searching for Themes
The initial codes were grouped into broader themes that reflected significant patterns across the
dataset (Byrne, 2021).

4. Reviewing Themes
Themes were reviewed and refined to ensure they were coherent and aligned with the research
objectives (Hole, 2023).

5. Defining and Naming Themes
Each theme was clearly defined and named to capture its core meaning and relevance to the study
(Byrne, 2021).

6. Producing the Final Report

The final report linked the themes to the research questions, with supporting data extracts providing
context and evidence (Paoli, 2023). This structured approach allowed the study to uncover
significant insights into food security technologies in military contexts, ensuring the findings were
deeply grounded in the data and aligned with the research goals.

RESULTS

This section provides a comprehensive analysis of bibliometric datasets related to food security
and technology in military contexts, guided by the research question. A bibliometric analysis was
conducted to ensure the study remains focused and capable of yielding meaningful insights
(Abdullah & Abd Aziz, 2021). Additionally, a thematic analysis was performed following Braun and
Clarke (2006) a well-established six-step framework. This method has been adapted in recent
studies (Hole, 2023; Paoli, 2023; Byrne, 2021; Campbell et al., 2021) to identify and analyze
recurring themes in qualitative data, demonstrating its flexibility across diverse research contexts.
By combining both bibliometric and thematic approaches, this analysis offers robust insights into
the quantitative trends and qualitative themes shaping the discourse on food security in military
settings.

Publication overview

The current study’s publication overview merges datasets from the Scopus and WoS (Web of
Science) databases, facilitated by the ScientoPy software for sorting and eliminating duplicates
(Ruiz-Rosero et al., 2019). Initially, 821 publications were retrieved, with 326 from Scopus and 495
from WoS. After excluding documents based on specific criteria, such as document types (articles,
reviews, proceedings, book chapters, and conference papers), the total number of publications was
reduced to 773, with 283 from Scopus and 490 from WoS.

Duplicate elimination further refined the datasets. In total, 91 duplicates were identified and
removed, leaving a total of 682 publications, consisting of 193 from Scopus and 489 from WoS.
This detailed process of screening and duplication is presented in Diagram 1, following the steps
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proposed by Page et al. (2021). The flow diagram provides a clear visual representation of how the
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datasets were consolidated and cleaned to ensure accuracy in the final analysis.
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Diagram 1. Flow diagram of searches of databases and registers.

Figure 1 illustrates the structure of the dataset combination and duplicates removal. It demonstrates
the importance of carefully curating data from multiple databases to avoid redundancy and enhance
the reliability of the findings. The results, post-processing, offer a robust foundation for the
subsequent bibliometric analysis.

2%

= Documents kept
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%

)

100 200

Figure 1: Data combination and duplicates removal.
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The evolution of publications

The chart in Figure 2 shows the number of documents published per year in two databases, Web
of Science (WoS) and Scopus, from around 1970 to 2024. The data is visualized with blue circles
representing WoS and orange triangles representing Scopus. The y-axis shows the number of
documents published, and the x-axis represents the publication years. This graph offers a
comparative look at the growth in the volume of documents indexed by both databases over time.

From the graph, both WoS and Scopus had minimal publication activity before the early
2000s. Between 1970 and 2000, the number of documents remained low, with small fluctuations in
both databases. Starting in the early 2000s, there is a notable upward trend in publications,
particularly in WoS. The number of documents indexed by WoS increases steadily, peaking around
2021 with over 40 documents, while Scopus shows a slower but steady increase, with noticeable
peaks around 2022.

The most recent years (2022-2024) show a significant convergence in document counts
between WoS and Scopus, with both databases experiencing growth. While WoS generally indexes
more documents overall, the gap between WoS and Scopus narrows considerably from 2020
onward. This trend could indicate increasing reliance on both databases in recent academic and
research circles. The sharp rise in publications in both databases suggests that these years were
pivotal, possibly due to expanding research initiatives or global developments such as
advancements in technology or increased research output during the COVID-19 pandemic.

@ Wos
Scopus

404

w
S

Number of documents
~
5]

10 4

1976 1984 1992 2000 2008 2016 2024 2032
Publication year

Figure 2. Publication growth.

Productive source titles

Figure 3 and Figure 4 highlight the growing importance of "food security" and its connections to
various fields such as technology and military contexts. The bar chart illustrates that "food security"
is a leading area of research, with 29% of the publications from 2022 to 2023, reflecting heightened
global attention to the issue. This rise in research can be attributed to challenges like climate
change, population growth, and geopolitical instability. Additionally, "machine learning" has seen a
substantial increase in research activity (67% in recent years), suggesting that Al-driven
technologies are becoming essential tools for addressing food security challenges by optimizing
agricultural practices and predicting food shortages.

The co-occurrence map further emphasizes the interconnections between "food security"
and advanced technologies such as "remote sensing," "biosensors," and "machine learning." These
technologies play pivotal roles in monitoring and improving food production and supply chains. For
instance, remote sensing can be used to track agricultural conditions through satellite imagery,
while machine learning algorithms analyze patterns to predict food shortages and enhance the
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efficiency of food distribution systems. Biosensors contribute to ensuring food safety by detecting
contaminants and monitoring the quality of food products. The increasing integration of these
technologies into the food security domain highlights the need for innovative solutions to tackle
global food crises.

In addition to the technological aspect, food security is also closely linked to military and
national security concerns. The map shows connections between "food security," "war," and
"military," suggesting that food supplies are strategic resources in conflict zones. Controlling food
availability can influence the outcomes of military operations, and food insecurity often leads to
instability and conflict. Although there are no recent publications specifically focusing on the military
in the bar chart, the indirect linkages between military operations and food security are significant.

As food insecurity can exacerbate conflict, technologies like machine learning and remote
sensing have become vital for both military strategies and humanitarian efforts, helping predict food
shortages and manage resources in crisis areas. Thus, the two visualizations together reveal the
complex and integrated relationship between food security, technology, and military strategy in
today’s world.

food security 29%
food safety
Public health
military
Agriculture
Nutrition
Remote sensing

biosensor

Machine learning

I Before 2022

food @ Between 2022 - 2023

5 10 15 20 25 30 35
Total number of documents, with percentage of documents
published in the last years 2022 - 2023

Figure 3. Productive source titles.

\aenal e
food security Bublidbearh
- (pashineicaming)
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mlliitar;/
fﬁs VOSviewer
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Figure 4. Co-occurrence of authors’ keywords.
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Productive countries

Figure 5 shows the total number of documents published by various countries, comparing the
number of publications before 2022 with those between 2022 and 2023. The countries represented
include the United States, China, Ukraine, the United Kingdom, Germany, ltaly, the Netherlands,
France, Canada, and India. Each bar is divided into two segments, with blue representing
publications before 2022 and orange representing publications between 2022 and 2023.
Percentages indicate the proportion of documents published in the last two years.

United States

13%

China

Ukraine

United Kingdom

Germany

ftaly

Netherlands

France

Canada

India 22% I Before 2022
[ Between 2022 - 2023

f T T T T T
0 50 100 150 200 250
Total number of documents, with percentage of documents
published in the last years 2022 - 2023

Figure 5. Co-authorship network by countries.

The United States clearly dominates in terms of total publications, with a large volume of
documents, 13% of which were published between 2022 and 2023. China follows with a significant
number of documents as well, but with a higher recent publication rate of 32%, indicating an
accelerating trend in research output from China in the last two years. Ukraine stands out with 58%
of its documents published between 2022 and 2023, which could be linked to increased academic
or research activity in response to the ongoing geopolitical situation in the region.

Other countries like the United Kingdom, Germany, and India also show moderate levels of
recent publication activity, with percentages of 16%, 16%, and 22%, respectively. Meanwhile,
countries like Canada, ltaly, and the Netherlands have had relatively fewer recent documents
published, suggesting either stable or slower research growth compared to other nations. This chart
highlights the growing research contributions from China and Ukraine in recent years, while also
reaffirming the United States' longstanding dominance in academic and research output.

The most frequently explored subject

Figure 6 visualizes the total number of documents published across various academic subjects,
comparing publications before 2022 with those between 2022 and 2023. The chart includes fields
like Food Science & Technology, Chemistry, Engineering, Environmental Sciences & Ecology,
Materials Science, and more. Each bar represents the total number of documents, with the blue
portion indicating documents published before 2022 and the orange portion showing those
published between 2022 and 2023. Percentages indicate the share of documents published in the
last two years.

The field of "Science & Technology - Other Topics" has seen a significant surge in recent
publications, with 28% of its documents published between 2022 and 2023. This suggests a
broadening interest or the emergence of new interdisciplinary studies in this area. Similarly,
Environmental Sciences & Ecology shows strong recent activity, with 24% of its documents
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published in the last two years, reflecting growing global concern over environmental issues.
"Materials Science" and "Microbiology" also demonstrate a noteworthy increase in publications,
both contributing 22% of their recent documents during this period.

In contrast, subjects like "Biotechnology & Applied Microbiology" have seen slower growth,
with only 4% of documents published between 2022 and 2023, indicating a potential stabilization
of research output in this field. Engineering, Food Science & Technology, and Chemistry remain
maijor fields in terms of the total number of documents, though the proportion of recent documents
is smaller compared to emerging fields. Overall, the chart highlights both long-standing fields and
rapidly growing areas of academic interest, particularly in interdisciplinary and environmental
sciences.

Food Science & Technology 12%

Chemistry 20%
Science & Technology - Other Topics 28%
Engineering 12%
Environmental Sciences & Ecology
Materials Science 22%

Biotechnology & Applied Microbiology
Microbiology 22%

Computer Science

10%

16% I Before 2022
[ Between 2022 - 2023

Agriculture

0 20 40 60 80 100
Total number of documents, with percentage of documents
published in the last years 2022 - 2023

Figure 6. The top ten authors’ keywords.

Figure 7 shows the distribution of documents published by various academic and research
institutions, comparing the number of publications before 2023 to those published between 2023
and 2024. The institutions represented include Chinese Academy of Sciences, Third Military
Medical University, US FDA, MIT, University of Maryland, Michigan State University, University of
Cambridge, and others. Each bar shows the total number of documents, with blue segments
representing publications before 2023 and orange segments representing recent publications
(2023-2024). The percentages indicate the proportion of documents published in the recent period.

The Chinese Academy of Sciences and Third Military Medical University have the highest
total document counts, with 12% and 17% of their respective publications coming from 2023-2024.
This suggests that these institutions have maintained steady research output while also contributing
a substantial number of recent studies. The University of Maryland stands out with 29% of its
publications occurring in the 2023-2024 period, indicating a significant increase in research activity
compared to earlier years. Other institutions, such as the Chinese People’s Liberation Army
General Hospital and Shanghai Jiao Tong University, have also shown considerable recent
publication growth, with 21% and 17%, respectively.

On the other hand, institutions like MIT and the US FDA show no or minimal recent
publication activity, with 0% and 6% of their documents published between 2023 and 2024,
respectively. This may indicate either a slower rate of research output or that these institutions had
a more substantial publication volume in earlier periods. Universities like Michigan State, Colorado,
and Cambridge show a balanced trend, with 20% to 11% of their publications being recent. Overall,
the chart highlights both the sustained research output of leading institutions and the increasing
contributions of certain organizations in the recent past.
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Figure 7. Institution bar trends graph.

Thematic analysis results

Figure 9 illustrates the distribution of research papers across four key themes related to food
security and technology in the military. Each slice of the chart is proportionate to the number of
papers within each theme, providing a visual representation of the areas that have garnered the
most attention from researchers.

1. Global Food Security and Military Preparedness (621 papers)
This theme dominates the pie chart, representing most of the papers. The high number indicates a
strong focus on ensuring food security as an integral part of military preparedness. Researchers in
this area are likely addressing how military operations and strategies intersect with global food
supply issues, including logistical challenges in ensuring consistent, nutritious, and safe food for
personnel across diverse environments and crisis situations. The sheer size of this slice
underscores the importance of global food security in maintaining military readiness and stability.

2. Environmental Impact of Military Food Systems (19 papers)
Though significantly smaller, this segment represents the attention being given to the
Environmental Impact of Military Food Systems. With 19 papers, this theme highlights growing
concern about the sustainability of food practices within military operations. Research in this area
likely examines how the military can reduce its ecological footprint in areas such as food waste,
supply chain emissions, and sustainable food sourcing, reflecting an evolving awareness of the
need for environmentally responsible practices even in highly controlled military settings.

3. Veterinary and Animal-Based Food Security in Military Operations (16 papers)
With 16 papers, this theme represents a specialized area of research, focusing on the role of
veterinary sciences and the security of animal-based food sources in military contexts. This includes
ensuring the health and safety of animals that might be used for food production or other operational
purposes in military settings. Though a smaller slice of the pie, this research remains critical for
understanding how animal health and food security intersect, especially during deployments in rural
or isolated environments where traditional food supplies might be scarce.

4. Military Dietary Nutrition Systems (1 paper)
The smallest slice of the chart, representing just one paper, is devoted to Military Dietary Nutrition
Systems. This suggests that while military nutrition is essential for operational readiness, it may not
receive as much research attention compared to broader food security issues. The lone paper in
this category likely deals with the design and development of specialized dietary systems to meet
the unique nutritional needs of military personnel, particularly in high-stress or physically
demanding scenarios.
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Environmental Impact of Military Food Systems (19 papers)

Veterinary and Animal-Based Food Security in Military Operations (16 papers)
Military Dietary Nutrition Systems (1 papers)

Global Food Security and Military Preparedness (621 papers)

Figure 9. Thematic analysis of food security and technology in military.

DISCUSSION

The growing body of literature from 2019 to 2024 clearly illustrates the increasing importance of
food security in military contexts, particularly as global geopolitical tensions, armed conflicts, and
environmental crises exert pressure on supply chains. This period has seen an intensified scholarly
focus on how technological innovations can enhance the resilience, transparency, and
sustainability of food systems that are critical to military operations. The Ukraine conflict and the
COVID-19 pandemic have exposed vulnerabilities in existing food supply chains, emphasizing the
urgent need for adaptable and secure food provisioning mechanisms (Wincewicz-Bosy et al.,
2022).

The impact of armed conflicts on food security is profound and multifaceted. (Halmaghi et
al., 2023) reveal that war zones suffer from disrupted agricultural production, destroyed
infrastructure, and hampered distribution networks, all of which exacerbate food insecurity both
locally and globally. This destabilization jeopardizes the health and operational readiness of military
personnel who depend on reliable food sources. Such conflicts also induce ripple effects through
global markets, affecting food availability far beyond the immediate zone of conflict. Thus,
addressing food security within military settings requires an integrated approach that accounts for
both localized supply chain disruptions and broader systemic risks.

Parallel to these challenges is the surge in research focused on technological solutions to
mitigate food insecurity. (Namany et al., 2019) highlight the critical role of integrated systems such
as the Energy-Water-Food Nexus in optimizing resource allocation amidst climatic and economic
uncertainties. This holistic approach is especially relevant in military contexts where resource
efficiency can directly impact mission success. The emergence of advanced technologies IoT,
blockchain, artificial intelligence (Al), and big data analytics provides novel pathways to enhance
food system resilience through real-time monitoring, predictive analytics, and transparent data
management (Ruan & Chen, 2023; Kaur et al., 2022).

The rise of |oT in food security reflects its potential to revolutionize supply chain monitoring.
By enabling real-time data collection on environmental parameters (e.g., temperature, humidity)
and product status, 10T facilitates proactive interventions that prevent spoilage and contamination
(Ferrandez-Pastor et al., 2022). When integrated with blockchain technology, loT-driven data
becomes immutable and transparent, building trust among stakeholders and ensuring
accountability across complex supply networks (Xu et al., 2024). This is particularly vital in military
operations where food integrity directly influences soldier health and mission effectiveness (Iftekhar
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& Cui, 2021). For instance, blockchain-enabled traceability systems have been shown to reduce
fraud and improve recall efficiency, key concerns in food safety management (Hasan et al., 2023).

Artificial intelligence further complements these technologies by providing predictive
insights that optimize supply chain decisions. Al-driven analytics can forecast demand fluctuations,
detect anomalies, and recommend adaptive strategies to circumvent disruptions caused by
environmental variability or geopolitical instability (Martinho et al., 2022; Riaz et al., 2023). This
capability is crucial in military logistics, where timely and accurate supply chain adjustments can
mean the difference between operational success and failure. Moreover, Al's role in automating
routine monitoring tasks reduces human error and increases efficiency in high-pressure military
environments (Wamba et al., 2019).

The geopolitical landscape has also influenced the direction of food security research, with
countries like the United States and China leading in volume and impact of scholarly output (lvanov
& Yudina, 2023). Ukraine’s research surge, motivated by ongoing conflict, underscores the
intersection of national security and food system stability. These trends reflect a broader
understanding that food security is both a humanitarian concern and a strategic asset influencing
military preparedness and geopolitical stability. As Mastos and Gotzamani (2022) emphasize,
sustainable supply chain management must incorporate resilience-building strategies that account
for environmental, social, and political variables in military food systems.

Sustainability is emerging as a critical consideration in military food security, highlighted by
the smaller but growing body of research addressing the environmental impact of military food
systems. While operational demands often prioritize efficiency and reliability, the ecological footprint
of military food procurement and waste management cannot be ignored (Demianiuk et al., 2022).
Innovative solutions are being explored to reduce emissions, minimize waste, and integrate
sustainable sourcing practices that align with broader military sustainability goals. For example, the
adoption of circular economy principles and the use of biodegradable packaging are gaining
attention within military food logistics (Lwesya & Achanta, 2022).

Despite the evident benefits, the adoption of IoT and blockchain technologies faces several
challenges. The complexity of integrating these technologies into existing military supply chains
requires collaborative efforts to develop standardized protocols and interoperable platforms (Aamer
et al., 2021). Security concerns are paramount, as digital systems are vulnerable to cyber-attacks,
data breaches, and misinformation, all of which can compromise food supply chain integrity and
soldier safety (Wincewicz-Bosy et al., 2022). Robust cybersecurity frameworks, coupled with
continuous monitoring and adaptive defense mechanisms, are essential to safeguard these
technological ecosystems (Riaz et al., 2023).

Moreover, the need for capacity building and training within military and food system
personnel is critical for successful technological implementation. Effective use of Al, loT, and
blockchain requires skilled operators who understand both the technological and logistical aspects
of food supply management in military contexts (Opasvitayarux et al., 2022). Research indicates
that resistance to change, lack of infrastructure, and limited interoperability can impede adoption,
suggesting that organizational change management strategies must accompany technological
upgrades (Sermuksnyte-Alesiuniene et al., 2021).

A bibliometric lens reveals the evolving research focus from general food security concerns
towards technologically driven solutions. (Ansari et al.,, 2023) demonstrate that digital
transformation of food supply chains, via Al and blockchain, enhances resilience by improving
transparency, accountability, and adaptive capacity. Xie et al. (2021) further illustrates how
interdisciplinary collaboration enriches understanding of complex food security challenges by
linking environmental science, technology, and social policy, particularly relevant to military
applications.

Looking ahead, several research avenues warrant attention. First, comparative studies
across regions and military contexts could reveal contextual factors influencing technology
effectiveness and adoption (Wan & Peng, 2024). Mixed methods approach integrating qualitative
insights with bibliometric data would deepen understanding of barriers and facilitators to
technological integration Second, developing scalable, modular, and secure digital food supply
frameworks tailored to military operational demands is vital. These frameworks should prioritize



37 Mohamad Azli Razali et al. / Borneo Akademika (2025) Vol. 9, No. 2

flexibility to operate under diverse conflict and disaster scenarios while ensuring data integrity and
user accessibility. Third, exploring the socio-political dimensions of food security technology
adoption in military settings remains underexplored. Understanding how trust, governance
structures, and ethical considerations shape technology acceptance can inform more inclusive and
effective implementation strategies (Dos Anjos & De Almeida, 2023). Finally, advancing sustainable
military food systems by integrating green technologies and circular supply chain principles aligns
with growing environmental imperatives and military strategic goals (Davis et al., 2020).

Overall, the period from 2019 to 2024 has been marked by substantial growth in research
at the nexus of food security, technology, and military operations. This trend reflects heightened
global awareness of the vulnerabilities in food systems exposed by pandemics and geopolitical
conflicts. Technological innovations, notably loT, Al, and blockchain, have emerged as
transformative tools for enhancing supply chain resilience, transparency, and sustainability in
military contexts. However, realizing their full potential requires addressing technical,
organizational, and security challenges through collaborative, interdisciplinary approaches.
Continued research that embraces mixed methods and cross-sector partnerships will be essential
for developing robust, adaptive, and sustainable food security systems that safeguard military
operational readiness in an increasingly uncertain world.

CONCLUSION

This study comprehensively examined the dynamic intersection of food security, technological
innovation, and military operations through both bibliometric and thematic analyses, revealing
crucial trends from 2019 to 2024 influenced by global crises such as the COVID-19 pandemic and
geopolitical conflicts like the Ukraine war. The bibliometric findings underscore the leadership of
countries such as the United States and China in research output, driven by emerging technologies
including the Internet of Things (loT), artificial intelligence (Al), and blockchain, which are pivotal in
enhancing the resilience, transparency, and efficiency of military food supply chains. The thematic
analysis identified four critical domains: global food security and military preparedness,
environmental impacts of military food systems, veterinary and animal-based food security, and
military dietary nutrition, with the integration of global food security into military preparedness as
the predominant focus. While the environmental and nutritional dimensions remain less explored,
they represent essential areas for future inquiry. Despite the promise of technology-driven
solutions, challenges persist in technology adoption, cybersecurity, infrastructure integration, and
workforce capacity, necessitating interdisciplinary collaboration and innovative policy frameworks.
Future research should prioritize the development of adaptable, secure, and sustainable food
security frameworks tailored to diverse military contexts while exploring socio-political and
environmental dimensions. Ultimately, these insights provide valuable guidance for policymakers,
military planners, and researchers to strengthen the resilience and sustainability of military food
systems amid an increasingly complex and uncertain global landscape.
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