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 ABSTRACT 

 
Ensuring seafood safety has become a critical area of focus due to its strong association 
with foodborne diseases. Despite the critical nature of this field, an in-depth 
understanding of global research trends in this field remains limited. Our study 
conducted an extensive bibliometric analysis to track the evolution and thematic focus 
of research on seafood safety from 2013 to 2023. Utilizing Scopus for publication and 
citation data, along with VOSviewer for visualizing keyword networks, this study 
highlights key developments and scholarly efforts aimed at mitigating risks associated 
with seafood consumption. The analysis pinpoints the United States, China, the United 
Kingdom, France, South Korea and Malaysia as leading contributors. Their extensive 
research outputs and collaborations have markedly shaped the field's evolution. The 
overall positive trajectory in research volume experienced a minor setback in 2022, 
suggesting a complex and dynamic research landscape. "Food Control" is identified as 
a principal journal for the dissemination of research works, anchoring a dynamic co-
citation network that fosters extensive international dialogue. We categorize seven 
principal research clusters: epidemiology, molecular detections, microbial resistance, 
bacteriophage applications, toxin detection methodologies, predictive modelling and 
biofilm studies. These clusters encompass the scopes and the breadth of current 
investigations. This decade-long review highlights the necessity for cohesive global 
research strategies to enhance the knowledge and control of foodborne pathogens in 
seafoods. This strategy is critical for improving food safety measures and safeguarding 
public health globally.   
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1. Introduction 
 

In the swiftly advancing realm of food safety, the worldwide burden of foodborne illnesses 
associated with seafood consumption presents a multi-faceted challenge that spans public health, 
trade and environmental sustainability [1,2]. Seafoods are nutritious food choices, providing high-
quality proteins, essential omega-3 fatty acids, vitamins and minerals [3]. Nevertheless, the rising 
worldwide demand for seafoods and the expansion of international trade have sparked worries 
about the spread of foodborne illnesses through aquatic food products [4]. This study presents a 
comprehensive bibliometric analysis to clarify global research trends in the occurrence, prevention 
and management of foodborne illnesses lined to seafood consumption.  

The importance of undertaking foodborne illnesses related to seafoods is crucial because the 
economic impacts of this sector worth billions globally. The World Health Organization (WHO) 
identifies foodborne diseases as a leading cause for global morbidity and mortality. Key seafoods 
hazards such as Vibrio spp., Salmonella, Norovirus and Hepatitis A [5]. These pathogens can 
contaminate seafoods in several ways, such as environmental contamination, improper handling and 
inadequate cooking or processing [6]. The microbiological stability and public health safety of foods 
are predominantly determined by the ability of pathogenic microorganisms and fungi to survive 
within the food [7].  

A bibliometric perspective provides valuable insights to examine the landscape of research and 
policy efforts to reduce the risks of seafood consumption. Our study analyses publication trends, 
collaboration networks and co-citation networks to understand the evolution scientific 
advancements and public health initiatives in response to emerging challenges [8,9]. This approach 
helps to identify the most influential studies and authors, while also highlighting geographical and 
institutional contributions to the field, indicating a global overview of efforts to improve seafood 
safety [10].  

The reason for conducting a bibliometric analysis is influenced by the ever-changing nature of 
foodborne pathogens and the ongoing emergence of new risks due to environmental changes, 
aquaculture practices and shifts in human consumption patterns [11]. Climate change, in particular, 
presents a considerable challenge as it impacts the spread and frequency of marine pathogens, 
highlighting the need for proactive and adaptive research approaches [12]. Additionally, the growing 
dependence on aquaculture to satisfy seafoods needs introduces new factors to consider, such as 
the use of antibiotics and the threat of antimicrobial resistance (AMR) [13]. 

The purpose of this study is to connect empirical research results with policy-making by offering 
a data-based summary of the research status on foodborne illnesses related to seafoods. It aims to 
pinpoint deficiencies in the current knowledge, upcoming research trends and areas necessitating 
further exploration. This bibliometric analysis is intended to promote a unified comprehension of 
worldwide research priorities and support the development of focused, evidence-backed approaches 
to reduce the public health hazards linked to seafood consumption.  

This study provides a wider discussion about food safety and public health, providing stakeholders 
such as researchers, policymakers, industry professionals and consumer advocacy groups with a 
thorough understanding of the obstacles and potential advancements in seafood safety [14]. By 
mapping the contours of research development and trends, we endeavour to support the 
development of integrated, science-based approaches to managing foodborne illnesses in the 
seafoods sector, thereby enhancing food security, protecting public health and supporting the 
sustainable growth of this vital global industry [3]. At the moment, there is still a lack of studies 
dealing with foodborne pathogens associated with seafoods compared to other meat products. The 
significant of this study is to understand the trends of global research efforts on seafood safety in 
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order to control foodborne pathogens in seafood. Developing these strategies is crucial for improving 
food safety and protecting public health around the world [15]. Hence, the study aimed to:  

 
i. Evaluate the quality and productivity of current research on foodborne diseases in 

seafoods 
ii. Examine the literature's impact, research networks and potential gaps. 

 
2. Literature Review 

 
The escalating issues of AMR among seafoods pathogens pose a grave threat to public health and 

food safety. Research conducted by Chen et al., [16] bring to light the increasing prevalence of AMR, 
particularly in Vibrio spp. and Enterococcus spp., found in retail shrimp, alongside exploring the 
potential of flavonoids and novel bacteriophages for biocontrol. These studies collectively shed light 
on the complex ways that AMR spreads through aquaculture systems, emphasizing the critical need 
for new strategies to address this growing threat.  

Palamae et al., [17], Yu et al., [18] and Fehrenbach et al., [19] have conducted research into 
alternative antimicrobial strategies targeting Vibrio parahaemolyticus. Their studies have shown the 
effectiveness of chitooligosaccharide-catechin conjugates, the importance of fish surface 
characteristics in biofilm formation and the potential of pulsed ultraviolet (PUV) light as a disinfection 
technique. These findings highlight the importance for a better understanding on how bacterial 
pathogens interact with their environments. They also emphasize the need to discover new 
antimicrobial compounds and methods, which are essential for creating effective defences against 
pathogens found in seafoods.  

Ahmad et al., [20] conducted a study on the potential of stingless bee products to inhibit microbial 
growth and prevent food spoilage, which is important for seafood safety and shelf life. In a separate 
study, Hasali et al., [21] researched how certain bacteria from stingless bee honey could combat 
other pathogenic bacteria, suggesting the potential use of these beneficial bacteria as a natural 
preservative to maintain seafoods freshness and protect it against pathogenic microbes. In 2021, 
Mahmood et al., [22] discovered that the beneficial properties of honey can change with the seasons, 
but they consistently show antimicrobial effects. This suggests that honey could serve as a natural 
way to preserve seafoods, possibly reducing the risk of foodborne illnesses. 

Lee et al., [23], Marquis et al., [24] and Ma et al., [25] have focused their research on various 
aspects of seafood safety, including studying the AMR and virulence factors of Aeromonas spp. found 
in ready-to-eat (RTE) seafoods, the microbiological safety of different raw seafoods dishes and the 
use of ultrasound processing to deactivate Vibrio parahaemolyticus in oysters. The increasing 
problems of multidrug-resistant pathogens in water and food supply chains, combined with increased 
consumer interest in raw seafoods products, highlights the critical need for continuous surveillance 
and the development of new preservation methods to ensure the safety of our foods.  

Guedes et al., [26], Frith et al., [27] and Su et al., [28] have conducted research on diverse aspects 
of seafood safety, including the microbiological quality of Pacific oysters, the effects of environmental 
factors on histamine-producing bacteria in the Gulf of Mexico and the development of a sensitive 
detection method for Vibrio parahaemolyticus using nanoparticles and aptamers. Their findings 
emphasize the critical need for thorough monitoring and the development of innovative preservation 
techniques to ensure food safety and public health.  

In general, research related to bacteria is very crucial because it can provide more information 
that can be applied to solve problems facing by the industry [29,30]. Continued research and 
innovation to develop safer and more efficient approaches to manage and control foodborne 
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pathogens become the top priority by government. The emergence of multidrug-resistant organisms 
and the persistent need for raw seafoods underline the importance of regular monitoring. 
Additionally, there is a need to create new antimicrobial agents and methods to guarantee the safety 
and quality of seafoods products.  

 
3. Methodology  

 
Bibliometrics involves the collection, organization and analysis of bibliographic data from 

scientific publications [8,9,31,32]. It includes basic descriptive statistics, such as publishing journals, 
publication year and main author classification [33], as well as advanced techniques such as 
document co-citation analysis. The criteria for selecting documents for bibliometric analysis is 
summarized in Figure 1.  

 

 
Fig. 1. Criteria for selecting documents for bibliometric analysis 
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A successful literature review involves an iterative process that includes identifying appropriate 
keywords, conducting a literature search and analysing thoroughly to create a comprehensive 
bibliography and obtain reliable results [34]. In line with this, the study aimed to focus on high-quality 
publications, which offer valuable insights into the theoretical perspectives shaping the research 
area. To ensure data reliability, the study utilized the SCOPUS database for data collection [31-35]. 
Furthermore, to guarantee the inclusion of high-quality publications, only articles published in 
rigorously peer-reviewed academic journals were considered, deliberately excluding books and 
lecture notes [36-38]. Notably, Elsevier’s Scopus, known for its extensive coverage, facilitated the 
collection of publications spanning from 2013 to 2023 for subsequent analysis as shown in Figure 1. 

Bibliometrics is a comprehensive method for collecting, managing and analysing bibliographic 
data from scientific literature [39]. It goes beyond basic descriptive statistics such as journal 
publications, publication year and leading author classifications [40]. It involves utilizing advanced 
methodologies like document co-citation analysis. Effective literature review, bibliography 
construction and reliable results require an iterative process involving suitable keywords, literature 
search and analysis [41]. The next section involves adopting search terms, screening initial search 
results and refining search results. Moreover, to ensure the inclusion of high-quality publications, 
only articles published in rigorously peer-reviewed academic journals were considered, while 
chapters of books and conference proceedings were excluded [42]. Scopus contains a vast number 
of journals, although its impact is limited to recent articles [42]. It allows scholars and researchers to 
discover trends, patterns and networks within scientific research, thereby aiding a deeper 
comprehension of the development of knowledge in different fields.  

The research utilized a step-by-step approach to identify the keywords for searching articles. It 
began by searching the Scopus database using search string given in Table 1, thereby assembling 607 
articles. Subsequently, the search query was adjusted to focus on the food safety concerns by 
emphasizing terms, like “foodborne*” AND “seafoods* OR seafoods products OR seafood safety”.   
 
  Table 1 
  The search string 

Scopus TITLE-ABS-KEY ( foodborne* AND (seafoods* OR "seafoods products" OR "seafood safety" ) ) AND PUBYEAR 
> 2013 AND PUBYEAR < 2023 AND ( LIMIT-TO ( DOCTYPE, "ar" ) OR LIMIT-TO ( DOCTYPE, "re" ) ) AND ( LIMIT-
TO ( SRCTYPE, "j" ) ) AND ( LIMIT-TO ( LANGUAGE, "English" ) ) AND ( LIMIT-TO ( PUBSTAGE, "final" ) ) 

 
This refinement process produced 967 results, which were further filtered to include only 

research articles in English, while excluding conference papers and book chapters as shown in Table 
2. The final refined search string comprised 607 articles that were analysed for bibliometric analysis. 
By January 1 2024, all Scopus database articles related to seafoods related illnesses were examined 
in this study.  
 

  Table 2 
  The selection criterion is searching 

Criterion Inclusion Exclusion 

Language English Non-English 
Timeline 2013 – 2023 < 2012, >2023 
Literature type Journal (Article) Conference, Book chapter 
Publication Stage Final In Press 

 
We gathered datasets from the Scopus database that included details, like the publication year, 

title, author name, journal, citation and keywords in PlainText format, for the period spanning 2013 
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to December 2023. These datasets were then examined using VOSviewer software version 1.6.19 for 
analysing and creating maps through the application of VOS clustering and mapping techniques.  

VOSviewer is an alternative to the Multidimensional Scaling (MDS) approach [43]. It shares 
similarities, with the MDS method in its objective, which is centred on arranging items in spaces so 
that the connection and likeness, between any two items are accurately represented by the distance 
separating them [44]. VOS, unlike MDS emphasizes calculating similarity metrics like Jaccard indexes 
and cosine. Instead VOS utilizes a method, for standardizing co-occurrence frequencies [45]. 
   The VOSviewer software uses a method to conduct analyses focusing on creating visual 
representations of intricate data sets in a two dimensional bibliometric space [46]. To begin a 
similarity matrix is formed by normalizing the co matrix and using association strength as the 
measure, for determining similarity, between items [47]. The calculation of similarity (Sij) follows a 
formula: 
 

𝑆𝑖𝑗 =  
𝐶𝑖𝑗

𝑊𝑖 𝑊𝑗
,               (1) 

 
where Cij signifies the number of times of co-occurrences and Wi and Wj represent the individual 
occurrences of the respective items i and j [48]. Next, this matrix undergoes the VOS mapping 
technique, which aiming to reduce the distance, between all pairs of items by finding a low 
dimensional depiction. This optimisation is encapsulated by: 

 

min𝑉(𝑥1, … . , 𝑥𝑛) = ∑ 𝑆𝑖𝑗  ‖𝑥𝑖𝑖<𝑗 − 𝑥𝑗‖
2

, 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 
2

𝑛(𝑛−1)
∑ ‖𝑥𝑖𝑖<𝑗 − 𝑥𝑗‖ = 1.      (2) 

 
In the realm of VOSviewer's analytical framework, Xi=(Xi1,Xi2) represents the position coordinates 

of each item on a two-dimensional map, where ∥⋅∥ signifies the Euclidean norm [34]. The variable n 
denotes the count of items to be positioned on the map. This detail procedure enables VOSviewer to 
display the bibliometric network showing how authors, articles and keywords are interconnected. 
The intensity of these connections is measured using an association strength metric providing 
insights, into collaborative dynamics and thematic focuses in research. This explained description 
outlines how VOSviewer methodically visualizes research trends revealing relationships and key 
patterns within scholarly data. 

 
4. Results and Finding 

 
The findings and related discussions on this study are presented based on the Research Question 

or (RQ 1), (RQ 2), (RQ3), (RQ4), (RQ5), (RQ6) and (RQ7) as follows:  
 
4.1 RQ1: What are the Research Trends According to the Year of Publication? 

 
The research trends according to the year of publication is one of the most important descriptive 

analyses for bibliometric study. This kind of analysis can reveal how research focus, methods and key 
themes shift over time, spotlighting the way topics and priorities evolve year by year. Furthermore, 
changes in the amount of research being published can signal shifts in what the academic community 
is interested in or what it’s receiving funding for, while new emerging themes highlight fresh areas 
that are starting to draw attention. External factors like technological advances or global events also 
significantly influence the direction research takes. Overall, this analysis provides a roadmap of where 
academic inquiry is heading, helping to spot current knowledge gaps and forecast future trends. 
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Figure 2 shows that the trend of documents production based on the year collected through the 
Scopus Analyzer is as follows: 

 

 
Fig. 2. Trend of documents by year 

 
The Scopus-derived line graph presents the annual publication trends from 2013 to 2023, showing 

varying research output across the years. From 2013 to 2014, there is a noticeable decrease in 
publications, potentially due to factors like funding cuts or shifting research priorities. Between 2014 
and 2017, a steady increase in publications suggests a resurgence of interest or additional resources 
in the field.  

A slight decrease, in 2018 could indicate varying levels of research activity or a temporary shift in 
priorities. This is followed by a significant increase peaking in 2020. Such a rise typically signifies a 
growing interest in research possibly driven by discoveries or responding to needs. Beyond 2020 the 
number of publications stabilizes with a decline in 2022 suggesting a field with consistent publication 
patterns and normal fluctuations from year to year. The downward trajectory in 2023 may be 
attributed to factors impacting research output although it’s worth noting that this data may not 
capture the full extent of publications, for the year given its ongoing nature. 

The graph shows how publishing changes, over time affected by factors like economic trends, 
policy adjustments and global happenings. Lately there has been a shift in research focus on illnesses 
related to seafoods. Important research studies like the one by Fleming et al., [49] explored the 
aspects of seafoods poisoning offering insights into trends, in research emphasis. Similarly, the work 
by Sioen et al., [50] offers a comparative analysis of the nutritional versus toxicological implications 
of seafood consumption globally, which may indirectly highlight shifts in research priorities over time. 
Furthermore, Page [51] explored into collaborative research efforts on seafoods toxins could provide 
valuable insights into the foundational directions of this field, offering a backdrop against which 
recent advances can be measured  

 
4.2 RQ2: What is the Trend of Article Earnings Based on the Subject Area? 

 
The research question explores how revenue generated from scholarly articles varies across 

different academic disciplines. Additionally, it looks at the impact of different publishing models, like 
open access versus subscription-based, on earnings in different disciplines. This insight helps 
publishers, academic institutions and researchers strategize their publication and funding 
approaches effectively. Figure 3 shows the breakdown of the distribution of studies based on 
foodborne poisoning seafoods products performed based on related subjects: 
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Fig. 3. Document by subject area 

 
The pie chart (Figure 3) from our bibliometric analysis, sourced from Scopus, illustrates how 

research on  foodborne diseases in seafoods is spread across various academic disciplines, 
highlighting the subject’s multi-disciplinary interest and its broad research impact.  

The analysis shows that Agricultural and Biological Sciences lead with 24.7% of the publications, 
emphasizing the study of foodborne pathogens and their impact on agriculture. Close behind, 
Immunology and Microbiology make up 24.4% of the research, focusing on microbial pathogenesis 
and immune responses critical for food safety. 

Medicine accounts for 15% of the publications, with a focus on public health implications, 
diagnostics and epidemiology of foodborne illnesses. Contributions from Biochemistry, Genetics and 
Molecular Biology (11.4%) underscore the molecular-level understanding of pathogens, crucial for 
developing advanced detection and control strategies. 

Environmental Science, which accounts for 5.4% of the research, examines how environmental 
factors contribute to the spread of pathogens and the safety of seafoods. Research in other 
disciplines, such as Pharmacology, Toxicology and Pharmaceutics (3.2%), Chemistry (2.9%), 
Engineering (2.1%), Veterinary (1.8%) and Social Sciences (1.8%) expands the discussion to cover 
topics such as treatment methods, contaminant testing, food processing safety, animal welfare and 
the socioeconomic impacts. The 'Other' category, comprising 7.3% encompasses fields like law and 
public policy, which are crucial in addressing the complexities of foodborne pathogens. 

In this study, a wide range of disciplines came together to address the problem of diseases in 
seafoods showing an effort to protect public health and ensure food safety. The research looked into 
aspects of illnesses in seafoods with inputs from fields such, as environmental science, public health, 
nutrition, toxicology and food science. 

This multi-disciplinary approach plays a role in tackling the challenges involved in ensuring the 
safety of seafoods products. In a study focusing on designing health based research for chemical 
contamination in fish, Pollock et al., [52] discussed the collaboration between environmental science 
and public health to evaluate risks and create strategies for mitigation. Their work emphasizes the 
importance of integrating fields to gain an understanding of foodborne illnesses related to seafoods.  

Sioen et al., [53] conducted an analysis that examines the toxicological aspects of seafood 
consumption in various regions. Their research highlights the importance of science and toxicology 
in foodborne pathogens and their impact on public health. Hall [54] delves into the relationship 
between food science and toxicology underscoring the efforts needed to enhance food safety. This 
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viewpoint is crucial for developing approaches to detect and understand the behaviour of pathogens 
present in seafoods. 

 
4.3 RQ3: What is the Title of the Article that has the Highest Number of Citations by Ranking? 

 
The bibliometric data presented in Table 3 highlights influential research on foodborne diseases 

in seafoods, highlighting key areas of scientific areas of focus. This research, which received 
significant citations from 2013-2023, has played a crucial role in advancing our understanding of food 
safety and public health.  

A 2018 article from "Food Chemistry" on seafoods preservation via edible films and coatings leads 
with 366 citations, reflecting the pressing need for innovative preservation methods that ensure 
safety and extend shelf life [55]. Next, articles from "Food Microbiology" on antibiotic resistance in 
Vibrio species [56] has received 280 citation and article from “Applied and Environmental 
Microbiology” on the epidemiology of Salmonella has garnered 247 citations [57]. These works 
emphasise the global public health challenge posed by these pathogens and the necessity for ongoing 
research into effective microbial control [55-57]. 

 
Table 3 
Top 10 number of citations 

Title Year Name of Journal Volume Cited 
by 

References 

Edible films and coatings in seafoods 
preservation: A review 

2018 Food Chemistry 240 366 [55] 

Antibiotic resistance of Vibrio 
parahaemolyticus and Vibrio 
vulnificus in various countries: A 
review 

2016 Food Microbiology 57 280 [56] 

Worldwide epidemiology of 
Salmonella serovars in animal-based 
foods: A meta-analysis 

2013 Journal of Food Protection 76 247 [57] 

Economically motivated adulteration 
(EMA) of food: Common 
characteristics of EMA incidents 

2019 Applied and Environmental 
Microbiology 

85 242 [58] 

Prevalence and antimicrobial 
susceptibility of Vibrio 
parahaemolyticus isolated from 
retail shrimps in Malaysia 

2015 Frontiers in Microbiology 6 203 [59] 

Recent Advances in Food Processing 
Using High Hydrostatic Pressure 
Technology 

2016 Critical Reviews in Food 
Science and Nutrition 

56 168 [60] 

Microbial decontamination of food 
by electron beam irradiation 

2015 Trends in Food Science and 
Technology 

44 150 [61] 

Natural products with preservative 
properties for enhancing the 
microbiological safety and extending 
the shelf-life of seafoods: A review 

2020 Food Research International 127 142 [62] 

Vibrio vulnificus: new insights into a 
deadly opportunistic pathogen 

2018 Environmental Microbiology 20 141 [63] 

Common source outbreaks of 
Campylobacter infection in the USA, 
1997-2008 

2013 Epidemiology and Infection 141 124 [64] 
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 The issue of food fraud is discussed in an article, from the "Journal of Food Protection" with 242 
citations emphasizing the health impacts of food adulteration and the need for detection and 
prevention methods [58]. Moreover, research from "Frontiers in Microbiology" focusing on shrimp 
in Malaysia [59] and advancements in high-pressure food processing technology as published in the 
Critical Reviews in Food Science and Nutrition [60] shed light on food safety concerns and the role of 
technology in upholding standards in a global market. 

 Explorations of alternative decontamination methods like electron beam irradiation [61] and 
natural preservatives [62] are highlighted through articles cited in "Trends in Food Science and 
Technology" and "Food Research International," demonstrating efforts to discover the 
environmentally sustainable and consumer-friendly solutions. Another important issue is the 
highlight of Vibrio vulnificus as new insights into a deadly opportunistic pathogen [63]. Lastly, a study 
on Campylobacter outbreaks in the USA published in "Epidemiology and Infection" cited 124 times 
emphasizes the importance of tracking outbreaks for public health interventions [64].  

 Collectively, these articles constitute a cornerstone of the scholarly dialogue on seafoods-related 
foodborne diseases, informing ongoing research, industrial protocols and policy-making to enhance 
food safety and protect consumers. The scope of the journals and the citation metrics affirm the 
significant influence of these studies across various scientific domains. 

 
4.4 RQ4: What is the Map of Co-Authorship by Authors? 

 
VOSviewer is a tool for creating bibliometric visualisations, specifically focusing on co-authorship 

networks within academic research. Since the details given are generic and pertain to the 
functionality and interpretation of such visualisations rather than specific research findings or data, 
direct citations to external sources or specific studies are not applicable [65]. 

Figure 4 appears to be a VOS viewer visualisation map of co-authorship based on bibliometric 
data. The visualisation highlights key elements of collaborative networks. Nodes symbolise authors, 
with their size indicating publication volume or network centrality. Larger nodes point to more prolific 
or central authors. Meanwhile, Edges (Lines) show co-authorship links, where thickness reflects the 
number of co-authored works—thicker lines mean more collaboration. Colour Coding differentiates 
authors and connections by factors like affiliation, the field of study, or collaboration timing, with 
colour gradients marking collaboration periods (e.g., 2018.8 to 2019.4). Together, these features 
provide a clear overview of the network, pinpointing major contributors and the nature of their 
collaborations. 

Figure 4 describes the utilisation of a specialized map to delineate collaborative networks and 
interactions within a specified discipline or among a cohort of researchers throughout a certain 
timeframe. The metric "Total Link Strength" ostensibly quantifies the co-authorship dynamics among 
authors, derived from the volume of joint publications and may accord higher significance to more 
recurrent or recent collaborations. 

Prominent co-authors are identified through maximal total link strength scores, signifying robust 
or extensive co-authorship ties. Notably, Chinnain, Mireille; Darius, Hélène Taiana and Hess, Philipp 
exhibited the paramount total link strength of 18, marking them as pivotal co-authors within the 
network, indicative of frequent and/or diverse collaborative engagements. 
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Fig. 4. Network visualization map of Co-Authorship 

 
Table 4 lists the authors along with the number of documents they have published, the number 

of citations received and the total strength of their co-authorship links. The authors with the highest 
total link strength are at the top of the table, indicating their significant position in terms of 
collaboration within the group. Table 4 introduces a co-authorship map analysis to elucidate 
collaborative networks within a specific academic field or among a set of researchers over a defined 
period. It employs the "Total Link Strength" as a key metric to assess the dynamics of co-authorship 
among researchers, calculated from the number of joint publications. This measure may prioritise 
collaborations that are either more frequent or recent, thereby providing insights into the intensity 
and frequency of research partnerships.  
 

Table 4 
Verification of 30 authors that met the threshold for co-authorship analysis 
Author Documents Citations Total Link Strength 
Chinain, Mireille 6 148 18 
Darius, Hélène Taiana 5 141 18 
Hess, Philipp 5 141 18 
Sibat, Manoella 4 127 16 
Viallon, Jérôme 4 127 16 
Ha, Sang-Do 8 410 9 
Mizan, Md. Furkanur Rahaman 5 337 9 
Jahid, Iqbal Kabir 4 319 8 
Kim, Bong-Soo 5 66 7 
Lee, Jin-Jae 4 60 7 
Ma, Biao 4 65 7 
Zhang, Mingzhou 4 65 7 
Choi, Sang Ho 5 60 6 
Yu, Xiaoping 4 63 6 
Hsiao, Hsin-i 4 22 4 
Karunasagar, Iddya 4 69 4 
Karunasagar, Indrani 5 82 4 
Ndraha, Nodali 4 22 4 
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Martinez-urtaza, Jaime 4 111 3 
Baker-Austin, Craig 4 235 2 
Li, Jianrong 6 168 2 
Zhu, Junli 4 85 2 
Hu, Qinghua 4 64 1 
Benjakul, Soottawat 4 76 0 
Cheng, Jun-hu 4 128 0 
Letchumanan, Vengadesh 5 242 0 
Nimrat, Subuntinth 4 13 0 
Wu, Qingping 4 95 0 
Xia, Xiaodong 4 78 0 
Zhao, Yong 5 146 0 

 
Of the 3187 authors, 30 meet the threshold, with the minimum number of documents of authors 

being 4. For each of the 30 authors, the total strength of the co-authorship links with other authors 
were calculated. The authors with the greater total link strength were selected. Prominent co-
authors emerge from this analysis based on their superior total link strength scores, which indicate 
strong or wide-ranging collaborative connections. Specifically, researchers Chinnain, Mireille; Darius, 
Hélène Taiana; Hess, Philipp; Sibat, Manoella; and Viallon, Jérôme, each with a total link strength 
ranging from 16 to 18, are highlighted as central figures within the network. This designation 
indicates their frequent and diverse collaborative engagements, highlighting their pivotal roles in the 
seafood safety research community.  

 
4.5 RQ5: What are Co-Authorship Countries’ Collaboration? 
 

Of the 83 countries, 38 meet the threshold, with the minimum of the country being 5. For each 
of the 38 countries, the total strength of the co-authorship links with other countries was calculated 
as shown in Figure 5.  

 
Fig. 5. Co-authorship within countries 
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Table 5 delineates the collaborative landscape of academic research by country, providing 

insights into the prolifically and reach of international co-authorship. The United States leads the 
chart with a formidable total link strength of 61, underpinned by 131 documents that have amassed 
a significant 3674 citations. This reflects the country's central role in forging robust research 
collaborations and its consequential impact on the academic domain. 

China emerges as a close contender, showcasing substantial engagement in scholarly 
partnerships with a total link strength of 58, manifest in 148 documents and 2975 citations. Such 
figures underscore China's expansive collaborative networks and its burgeoning influence in the 
research community. The table also highlights the vibrant, collaborative endeavours within Europe. 
Countries like Spain, the United Kingdom, France and Germany exhibit a dynamic interplay of 
documents and citations, indicative of the thriving research collaborations across the continent. The 
United Kingdom, despite its considerable citation count of 563, shows a lower link strength of 27, 
suggesting a disparity that may be attributed to the nature or recency of its collaborative efforts. In 
Asia, the presence of countries such as South Korea, Malaysia, Hong Kong, India and Japan is 
indicative of a robust output and significant collaborative ties. Their balanced citation and document 
figures point to a consistent production of impactful research.  
 

   Table 5 
   Top 30 countries indicating collaborative landscape of  
   academic research by country  

Country Documents Citations Total Link Strength 

United States 131 3674 61 
China 148 2975 58 
Spain 31 377 28 
United Kingdom 19 563 27 
France 21 502 22 
South Korea 52 1099 18 
Malaysia 18 420 16 
Canada 23 426 14 
Denmark 8 287 14 
Italy 26 416 14 
Thailand 21 297 14 
Germany 11 171 12 
Singapore 9 237 12 
Australia 15 310 11 
Hong Kong 10 139 11 
India 28 466 11 
New Zealand 8 62 11 
Japan 27 440 10 
Austria 5 233 9 
Belgium 6 162 9 
Austria 5 233 9 
Belgium 6 162 9 
Sweden 5 173 9 
Brazil 15 531 7 
Bangladesh 6 219 6 
Chile 5 91 6 
Egypt 10 164 6 
French Polynesia 5 95 6 
Ireland 8 159 6 
Turkey 11 148 6 
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Countries in the Middle East and Africa, including Egypt, Iran and Nigeria, demonstrate an active 
yet comparatively modest engagement in international research collaborations, as evidenced by 
their lower citation counts and documents. The participation of smaller regions, such as French 
Polynesia, is notable, proving that global collaboration transcends geographical size. This is reflected 
in their total link strength of 6 despite a lower document count. In the United States, the academic 
contributions of Canada and Brazil illustrate active research partnerships with varying scales of 
output and impact. Meanwhile, Mexico and Argentina, with lower link strengths, point towards a 
burgeoning, albeit smaller scale, of academic exchange. 

Oceania focusing on Australia and New Zealand may not have the presence, in research networks 
in terms of quantity but it showcases strategic partnerships. The involvement of Baltic countries like 
Finland, Norway and Sweden alongside Asian nations such as Vietnam, Indonesia and Malaysia 
demonstrate the diversity and interconnectedness of international academic collaborations. This 
analysis not quantifies each country’s research contributions but also evaluates the strength and 
consistency of their efforts qualitatively. The 'Total Link Strength' metric plays a role in indicating the 
enduring quality of research partnerships. 

Examining co collaborations among countries using bibliometric data provides a holistic view of 
the worldwide academic research landscape underscoring the significance of international 
cooperation in advancing knowledge across diverse fields. This investigation uncovers the 
connections that transcend borders underscoring how such collaborations drive innovation and 
tackle complex global issues [65]. 

Although specific references to studies or databases for citations are not provided for the 
summarized data in the table this discussion aligns with common practices, in bibliometric analyses. 
Researchers frequently rely on information, from databases such, as Scopus or Web of Science known 
for their thorough inclusion of academic research. For more detailed insights into the methodologies 
and tools commonly employed in bibliometric analyses, including the assessment of co-authorship 
networks and the calculation of total link strength among countries [66,67]. 

  
4.6 RQ6: What are Co-citation Trends based on Sources? 

  
Co-citation trends based on sources involve analysing how often different research materials, like 

journal articles or books, are cited together in academic studies. This method helps pinpoint 
influential works and authors by identifying which sources frequently appear side by side in citations. 
It is a way to map out how scholars in a particular field are connecting different studies and ideas, 
highlighting relationships and clusters of research activity. By tracking these trends over time, we can 
see how research interests shift, where new theories or methods are taking root and how academic 
focus evolves. This analysis is also great for spotting where different disciplines come together, 
showing us how fields blend and enhance each other's research. 

 The VOSviewer map presented delineates a network of sources in the domain of microbiology, 
with a particular emphasis on food microbiology and its environmental aspects (Figure 6). Each node 
represents a scientific journal or publication outlet, with the node's size indicating the volume of 
output or influence within the field. The connecting lines between nodes represent citation or 
bibliographic relationships, such as the frequency of cross-citations between journals, which signifies 
the level of intellectual exchange and relevance among these sources. Journals frequently citing one 
another are positioned in closer proximity, forming distinct clusters based on the strength and 
density of these connections. From the figure, the trend of resources offering the production of 
articles related to aspects of Foodborne Poisoning Seafoods Diseases. It has 206 items of sources 
categorised into 4 clusters with 8729 links and a total link strength of 236613 links.  
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The red group (Cluster Food Microbiology and Public Health) clearly shows that there are journals 
focusing on food microbiology, like "International Journal of Food Microbiology" and "Food 
Microbiology." The presence of journals such as "Food Control," "Toxins," and "Food Chemistry" in 
this group indicates a shared theme related to the safety and chemical analysis of food. “Food 
Control” is identified as a principal journal for the dissemination of research works, anchoring a 
dynamic co-citation network that fosters extensive international dialogue. On the hand the green 
group (Cluster Detection Methods and Food Chemistry) includes publications like " Environmental 
Microbiology" and "Frontiers in Microbiology " which are linked to the practical application of 
microbiology in environmental settings. These journals likely feature studies on how microorganisms 
interact within the environment concerning food production and processing. The blue group (Cluster 
Aquaculture) dedicated to the challenges of aquatic food production, such as disease management 
and environmental impacts like biofouling in aquaculture settings. The yellow group (Applied Food 
Safety Research) integrates scientific research with practical applications, linking food safety 
measures to policy and industry standards.  

The lines indicate connections or shared themes between journals from groups suggesting 
interdisciplinary research that connects food microbiology with environmental and public health 
topics. This VOSviewer visualization presents an overview of the research landscape in food and 
environmental microbiology highlighting journals and their interconnectedness. Researchers can use 
this tool to identify sources for their studies understand how different research areas relate to each 
other and find suitable journals, for publishing their work or collaborating with others. In summary, 
these clusters represent the spectrum of food safety research, from the basic science of pathogens 
and detection methods to the applied aspects of public health and industry practices. 
 

 
Fig. 6. Networking mapping based on co-citation by cited sources 

 
Elbashir et al., [68] provide a comprehensive review of seafoods pathogens and information on 

antimicrobial resistance. They address worries related to the transmission and management of 
pathogens, like Anisakis and Listeria which contribute to illnesses linked to seafood consumption. 
This resource can be especially useful for research groups in epidemiology seafoods pathogens and 
resistance in aquaculture.   
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 In another study, Dwiyitno [69] explores the use of techniques for identifying bacteria that pose 
risks in fish and seafoods. The paper emphasizes the role of methods such as PCR and Real time PCR 
in detecting pathogens in seafoods accurately. Odeyemi et al., [70] explore the Prevalence of 
Antibiotic-Resistant Seafoods-Borne Pathogens in retail seafoods sold in Malaysia, offering a 
systematic review and meta-analysis on the subject. This paper adds to the discussion on antibiotics 
and AMR within aquaculture, making it a pertinent reference for topics on microbial resistance in 
aquaculture.  
 
4.7 RQ7: What is the Co-Occurrence of Authors’ Keywords Related to the Study? 

 
The concept of "co-occurrence of authors’ keywords” involves analysing how often certain 

keywords selected by authors appear together across academic publications. This method helps 
uncover connections between research topics, revealing which themes are often linked together in 
scholarly discussions. By observing patterns in keyword usage, researchers can spot current trends 
and new areas of interest in their field. This analysis is crucial for organizing the knowledge within a 
discipline, pinpointing primary focus areas, and identifying any research gaps. Essentially, tracking 
keyword co-occurrence provides valuable insights for anyone looking to understand the evolving 
dynamics of a field or to find potential new avenues for research. 

Of the 1641 keywords, 63 keywords of the authors’ keywords meet the threshold, with the 
minimum number of occurrences of keywords being 5. For each of the 63 keywords, the total 
strength of the co-occurrence links with other keywords will be calculated. The keywords with the 
greater total link strength were selected. There are 7 clusters with 358 links that have a total link 
strength of 622 documents. 

Figure 7 shows the network visualisation map of the authors' keywords’ co-occurrence. The figure 
in question is a co-occurrence map from VOSviewer, demonstrating relationships between key terms 
in a collection of scholarly articles. Each node, or dot, on the map symbolises a specific term, with 
the node's size indicating the frequency of that term in the literature. Larger nodes represent more 
commonly discussed topics.  
 

 
Fig. 7. Network visualization map of authors' keywords’ co-occurrence 
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Lines connecting the nodes indicate term co-occurrence, with thicker lines suggesting terms that 
frequently appear together in the literature, pointing to a strong association between the topics. The 
nodes are colour-coded to identify clusters of related terms, each colour signifying a different group. 
These clusters represent research areas that are often associated with each other, such as food safety 
or pathogen studies. Spatial placement is also meaningful: terms that are closer to each other are 
usually more closely related or more often studied together. For example, a cluster with terms like 
"foodborne pathogen," "Listeria monocytogenes," and "antibiotic resistance" implies a focus on 
foodborne illnesses and their treatment challenges. The colour gradient at the bottom of the map 
might indicate a temporal trend or other data dimensions, but without additional information, its 
specific meaning is unclear. In essence, this map provides a visual overview of the research themes 
in food safety and microbiology, highlighting how frequently certain topics are mentioned and how 
they are interconnected in scholarly discussion.  

Table 6 summarizes the cluster of author keywords’ occurrence. From this table, the clusters of 
author keywords’ occurrence, the number of keywords per cluster and the specific keywords related 
to foodborne illnesses in seafoods identified for bibliometric analysis. Each cluster focuses on a 
distinct aspect of research within the broader context of food safety and seafoods-related diseases. 
In the context of bibliometric analysis on foodborne illnesses in seafoods, clusters of keywords signify 
distinct research focuses.    

 
  Table 6 
  The cluster of author keywords’ occurrence 

Cluster Number 
of Items 

Keywords 

1 20 Epidemiology and Pathogens in Seafoods: Anisakiasis, Anisakis, Bacteria, Epidemiology, Fish, 
Food, Food Poisoning, Food Borne, Foodborne Disease, Histamine, Lactic Acid Bacteria, 
Listeria, Listeria monocytogenes, Listeriosis, Norovirus, Outbreaks, Public Health, Salmonella, 
Seafood safety 

2 11 Molecular Detection Techniques in Seafood safety: Genotyping, Oysters, PCR, Real-time PCR, 
Recombinase Polymerases, Shellfish, Staphylococcus aureus, Vibrio alginolyticus, Vibrio 
cholerae, Vibrio parahaemolyticus, Vibrio vulnificus 

3 7 Microbial Resistance in Aquaculture: Antibiotic Resistance, Antimicrobial Resistance, 
Aquaculture, Multilocus Sequence Typing, PFGE, Prevalence, Virulence 

4 7 Bacteriophage and Vibrio Studies: Bacteriophage, Oyster, Seafoods, tdh, V. parahaemolyticus, 
Vibrio, Vibriosis 

5 6 Toxin and Pathogen Detection Methods: Ciguatoxins, Food Contamination, Foodborne 
Diseases, Foodborne Illness, LC-MS/MS, qPCR 

6 7 Predictive Modelling and Genomics: Foodborne Pathogen, Predictive Microbiology, Salmon, 
Shrimp, Temperature, Whole Genome Sequence 

7 6 Biofilm Formation and Pathogen Interaction Studies: Aeromonas hydrophila, Antimicrobial, 
Biofilm, Foodborne Pathogens, Quorum Sensing, Virulence Factors 

 

Cluster 1 was classified as Epidemiology and Pathogens in Seafoods. This cluster investigates the 
spread, control and pathogens associated with seafoods-related foodborne illnesses. Meanwhile, 
Cluster 2 was Molecular Detection Techniques in Seafood safety for pathogen detection in seafoods, 
enhancing accuracy and speed in identifying safety risks. Cluster 3: Microbial Resistance in 
aquaculture. This cluster examines antibiotics and AMR within aquaculture, including genetic analysis 
of pathogens (e.g., Multilocus Sequence Typing) and the prevalence of resistance. Cluster 4: 
Bacteriophage and Vibrio Studies. This group is focused on utilizing bacteriophages to combat 
threats, in seafoods and studying the ecology and harmful effects of Vibrio species. Section 5; 
Identification Techniques for Toxins and Pathogens. This area involves the use of methods (such as 
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LC MS/MS, qPCR) to detect toxins (e.g., Ciguatoxins) and pathogens in order to safeguard seafoods. 
Section 6; Forecasting Models and Genomic Studies. This segment concentrates on microbiology and 
genetic analysis (e.g., Whole Genome Sequence) to comprehend and anticipate the behaviour of 
pathogens in seafoods. Section 7; Biofilm Development and Pathogen Interactions Investigates the 
development of biofilms by pathogens (Aeromonas hydrophila) delves into tactics and examines the 
factors that influence pathogen conduct. Each section addresses an aspect of research on illnesses in 
seafoods covering pathogen identification, epidemiology, resistance management and 
enhancements, in food safety measures.  

 Efforts to control foodborne pathogens in seafood align closely with Sustainable Development 
Goal 14 (SDG 14): Life Below Water. This goal addresses critical global and climate challenges 
affecting both developing and developed nations [71]. Failure to meet SDG 14 targets could worsen 
conditions in developing countries, requiring more resources to address consequences [71]. The 
issue's growing relevance to developed nations highlights its global importance in preserving marine 
ecosystems and ensuring sustainable seafood production. 

 
5. Conclusions 

 
In summary, this study has shed light on an increase, in research focusing on illnesses related to 

seafoods highlighting the global importance of implementing food safety measures. Countries such 
as the United States, China, the United Kingdom, France, South Korea and Malaysia are at the 
forefront of this research with contributions. Analysis of publication trends from 2013 to 2023 reveals 
a rise in interest with a slight dip in 2022 but overall showing dedication within the academic 
community. The journal "Food Control" plays a role in disseminating discoveries and fostering 
collaboration among leading nations. Seven key research areas have been identified, including 
epidemiology, molecular detection techniques, microbial resistance studies, bacteriophage and 
Vibrio research, toxin and pathogen detection methods, predictive modelling and genomics studies 
and biofilm research. These areas represent the forefront of research efforts. Suggest important 
directions for future investigations. Progress in these fields is essential for gaining insights, into 
seafoods related diseases and effectively managing them. The research emphasizes the need, for 
global collaboration, in studies to improve seafood safety measures. By working across borders and 
focusing on policy outcomes scientists worldwide can better protect health from foodborne illnesses 
linked to seafood consumption. The findings of this study suggest the importance of a cohesive and 
strategic research plan to drive progress in ensuring seafood safety. 
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