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Abstract
Background
Despite the unprecedented impact of COVID-19 on the food supply chain since 2020. Understanding the current trends of research and scenarios in the food supply chain is critical for developing effective strategies to address the present issue. This study aims to provide comprehensive insights into the pre, during, and post COVID-19 pandemic in the food supply chain.

Methodology
This study used the Scopus database from 1995 to November 6, 2022, to analyse the food supply chain. Bibliometric analysis was conducted using VOSviewer software to create knowledge maps and visualizations for co-occurrence, co-authorship, and country collaboration. Biblioshiny, a shiny app for the Bibliometrix R package, was then used to explore theme evaluation path maps in the research domain.

Results
The bibliometric analysis of 2523 documents provides important insights into present and future publication trends. Top author keywords included blockchain, traceability, food safety, sustainability, and supply chain management. The Sustainability (Switzerland) journal ranked first in productivity, and the International Journal of Production Economics received the highest citations. The United Kingdom was the most productive country, collaborating with partners in Europe, Asia, and North America. The Netherlands had the highest percentage of documents with international authors, while India and China had the lowest. The thematic evaluation maps revealed that articles focused on important research topics including food processing industry, information sharing, risk assessment, decision-making, biodiversity, food safety, and food waste.

Conclusion
This study contribute to the growing body of literature on the food supply chain by providing a comprehensive analysis of research trends during different phases of the pandemic. The findings can be used to inform policymakers and industry leaders about the measures required to build a more resilient and sustainable food supply chain infrastructure for the future. This study considered only Scopus online database for bibliometric analysis, which may have limited the search strategy. Future studies are encouraged to consider related published articles by linking multiple databases.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s40066-023-00425-5.
Keywords
COVID-19 pandemicFood supply chainBibliometric mappingBiblioshiny
Introduction
Food supply chains are extensively explored and dependent on worldwide situations. The COVID-19 pandemic has addressed the deficiency of flexibility in food supply chain, resulting in financial and social disasters with global implications [1]. Similarly, the COVID-19 pandemic has impacted the food supply chain, from field to consumer, which represents an important sector in any country. The discriminatory nature of the pandemic had a remarkable impact on people's lives and health standards, as well as global business, supply chains, and major economies [2]. Associated restrictions imposed during the pandemic affected the food safety of household by directly disrupting the food supply chain [3, 4]. As a consequence of the severity, the stability of the food supply chain is essential to prevent interruption towards the national economy, social security and public health. Significant association of food supply chain occurred at the combination of dynamic, fragile and complicated that can simultaneously be influenced by the regulator actions, such as road closures, lockdown, and vehicle movement control. While such restrictions prevent the spread of a disease, they can also disrupt the trade of agricultural products and market chains [5]. Since the restriction was imposed by governments around the world, food distribution declined to 60% [6]. While, the COVID-19 pandemic also created serious obstruction in many sectors such as livestock production, vegetable production, plantation, cultivation and harvesting due to a shortage of labour as these sectors are comparatively labour-concentric [7]. Although, labour shortages also represented a crucial problem even before the beginning of the COVID-19 pandemic [8]. This issue is undermining the capability of farmers and agriculture enterprises to operate because of scarcity of workers owing to illness and physical distance during harvesting. These circumstances delayed the provision of food and agriculture input and integrated issues in the food supply chain to market [9]. However, several firms depend on their key inputs, whereby the maximum are more vulnerable to disruptions since domestic markets have to meet their requirements. Barriers to logistics which interfere food supply chain further weaken high-value commodities because of their limited shelf life [6, 10]. Therefore, maintenance of logistical efficiency, particularly during and after the global crisis is a vital aspect of the food sector. Correspondingly, raw material procurement from suppliers is the biggest bottleneck in the food supply chain and ensuring a continuous flow of food from producers to end users [11]. The challenge is to risk the capacity of agriculture producers to operate as usual which can negatively affect freshness and food safety, food quality, and limit market entrance and pricing [10]. The effects on agricultural systems due to the pandemic depend heavily on the composition and intensity of agricultural activity and vary according to the product manufactured and the country. In low-income countries, productivity is mostly labour oriented, whereas, in high-income countries, capital-intensive practices are generally dependent on agricultural production. Therefore, the supply chain should remain operational with a focus on crucial logistical problems [6]. In addition, the supply chain involves not just producers, distributors and customers, but also labour concerted food processing plants. Production in several plants has been limited, interrupted or temporarily stopped owing to workers who have been identified COVID -19 positive and who have hesitated to go to work presuming they are sick, especially in meeting processing firms at the time of the pandemic outbreak [12, 13]. Besides, another important factor that caused food supply chin disruption during COVID -19 pandemic is centralized food production. This approach has contributed to the production and cost reduction of food processors. Centralisation has some limitation such as inflexible and long supply chain problems. Furthermore, it might cause challenges to meet demand through a small numbers of very big production facilities [14] such as closing the full process if a pandemic leads to high volume production lines with less options. In the face of these problems, food supply chain have shown tolerable resilience while supermarket shelves were refilled with the disappearance of hoarding behaviour and the demand growth response to supply chains [15].
Although several articles were published and included the aspect of COVID -19 impact on the food supply chain but are primarily concerned with the focus on the subject. Direct studies were related to bibliometric analysis to know the trend and scenario of research were not known. Thus, it is crucial to provide information with a clear direction of the present research status and future trends in the COVID-19 food supply chain. Evidence from several cohort studies in the bibliometric analysis was conducted on food safety governance [16], food supply chain safety research [17], and agri-food value chain [18]. As far as we know, there are no bibliometric analyses conducted related to COVID-19 food supply chain pre, during and post-pandemic.
After identifying this gap, this study tries to fill the gap by developing a detailed analysis of COVID-19 food supply chain studies pre, during and post-pandemic. As a quantitative analysis method, a bibliometric technique is adopted to develop a trend in various domains and utilized to uncover the present status [19–21]. In bibliometric analysis, researchers can define fields of research, looking at the further direction of research, and getting involved with other institutes and countries [22]. Hence, this study specifically focused to answer the pertaining research questions to present the trend of the previous studies on COVID-19 and the food supply chain with the global development of the field.	1.
What are the dynamics and trends of COVID-19 food supply chain literature?

 

	2.
What are the highly-cited documents in COVID-19 food supply chain research through time?

 

	3.
What are the most productive authors, countries, institutions, and source titles in terms of publication numbers?

 

	4.
What are the more productive keywords in the COVID-19 supply chain research pre, during and post-pandemic?

 

	5.
What is the current knowledge formation status relating to co-occurrence, collaboration and co-authorship linkage in COVID-19 food supply chain research?

 

	6.
Which are the most productive research themes, and how did they evolve through time?

 




This study adopted a bibliometric technique to analyse the publication of COVID-19 on food supply chain research extracted from the Scopus database to provide a functional overview of the current trend of predictable research throughout the world. Scopus is considered the largest cited and referenced abstract of literature containing a wide range of subject areas. Employing Scopus is, therefore, an attempt to comprise more subjects which are not explored in WoS [23, 24]. This study will help researchers, policymakers and individuals to support food supply chain research trends and to explore the possibilities and opportunities for future study.
To answer the research questions, the paper is organized into the following sections. “Introduction” Section discusses a brief introduction to the topic including the current knowledge on the impact of COVID-19 on the food supply chain, the research gap, and the purpose of the study. “Literature review” Section discusses the literature review in the field of the COVID-19 food supply chain in general. “Bibliometric analysis and methods” Section describes the methodology used in this study which includes Bibliometric, Biblioshiny, and presents the flowchart and data analysis structure. “Results” Section covers the discussion to answer the above research questions and future research directions. “Conclusion” Section describes the conclusion that covers the contributions, limitations and future research scopes.

Literature review
The COVID-19 pandemic triggered disruptions to the food supply chains which included purchaser concern buying attitude for key items, as well as a rapid change in consumption trends, which shifts away from the food service industry and toward meals ready and consumed at home [25]. A similar study was focused on the supply chain and the food industry is no exception. Due to a decrease in demand, the closure of food production services, and financial constrain, the businesses are unable to continue supplying their products to stores[26], and the current status of the COVID-19 pandemic has put unprecedented pressure on food supply chains. These include bottlenecks in transportation, logistics, farm labour, and food processing [15]. This behaviour of the food supply chain (FSC) is identified a main reason worldwide [27]. The scenario is that the food supply chain is disrupted with a potential breakdown in food freight borders, increasing business flexibility and social capital through real-time business communication [28]. Because of emerging COVID-19 pandemic issues, there are major concerns about food production, manufacture, delivery, and consumption in the food supply chain [2]. Therefore, a lack of consumer access to food poses the ultimate threat to food security. There is also a massive rise in global food issue with the appearance of COVID-19 and the advent of numerous difficulties in all sectors of the food supply chain (such as production, distribution, and transportation), and this problem has taken on added significance [29].
COVID-19 pandemic has had a significant effect on the global food supply chain, raising public awareness about the constancy of the global food network and the significant interruption to food availability [30]. It is proven the COVID-19 pandemic has an effect on the agricultural and food supply chain from two angles, which are "food supply and food demand" [31, 32]. In current months, the COVID -19 pandemic had threaten the global food supply chain creating economic instability, constraints to food accessibility, restrictions on farm commodity shipping, limitations on food production, difficulties in food product transit, evolving consumer demand, food production facility closures, shortages of farm workers to harvest vegetables, farm worker travel restrictions, and fruit deficiencies [33–35]. Therefore, numerous countries adopted diverse strategies to reduce the impact of COVID -19 on the food supply chain [34]. However, a potential problem still exists that need to be addressed to gradually resolve the present crisis. Hence, the global food supply chain is facing many issues resulting from the continuing COVID-19 pandemic around the world, which has prompted serious issues about food supply, distribution, processing, and demand [35]. Accordingly, the COVID -19 pandemic has increased disruption and damage to the global food supply chain in the following areas, which are (i) logistics (ii) harvest (iii) processing (iv) sourcing, and (v) go-to-market [36].

Bibliometric analysis and methods
Bibliometric analysis
Bibliometric studies provide a wide range of options for understanding the significance of all studies. A quantitative and qualitative technique of bibliometric analysis is used for the publication of journals and articles, including their corresponding citations over time [37]. It differentiates the present status of research by measuring the scientific outcome of a country and institution and has played a major role in the past in influencing policymaking and improving the knowledge of science [38, 39]. This also allows researchers to identify and help them to determine the scope of study topics, and plan their focused mind and projection of trends [40]. This method can provide a statistical output for calculating and estimating the number and development trends of a particular field [41, 42]. Several studies have explored the food supply chain using the bibliometric technique [43–45]. This research provides a quantitative literature review by drawing connections between various keywords related to the food supply chain. It is a standardized technique for calculating and assessing written communication among authors [46], quantifying the trend and characteristics of a certain research area based on several measures [47, 48], and focusing on research titles, keywords, affiliations, authors, and article publication [49, 50], network and countries [51], co-authorship links, co-citation links, bibliographic coupling links that may be used in citation mapping to visualize a cluster or theme [51], and supply chain management [52]. In this study, Scopus databases are considered to extract necessary information. It is chosen as the source of the largest abstract indexing database and it is recommended by the previous studies that would cover a wide range of areas and provide comprehensive search options to help researchers develop search strings with accurate results, especially in broad areas of the research [44, 53].

Thematic evaluation
Thematic evolution is a new research technique that is currently the widest accepted method for using many disciplines to measure the topic growth, evolution, and flow of a specific research area over time, supporting scholars in understanding the growth of a particular research area more methodically. This study used Biblioshiny, a shiny application for the Bibliometrix R package, to performthe thematic evaluation mapping [38, 54]. To analyze the evaluation theme, the proportion of total authors' keywords indicated by drawing the range of the subject direction on the coordinate axis. The growth and decrease of the alluvial area represent the change in scale over time.


Method
Data collection
This study has chosen the online Scopus database from 1995 to 6 November 2022 in food supply chain because it is the world's largest citation and abstract database of scholarly works from international publishers which provides a one-stop platform for scientific scholars [55]. Especially, compared to other databases like Web of Science (WoS), Google Scholar (GS), and PubMed (PubMed), Scopus has a wider variety of publications and helps with both keyword searches and bibliographic analysis [56]. Scopus has 20% higher coverage than WoS in terms of citation analysis, however, Google Scholar produces inconsistent results. PubMed is a database that is commonly utilised in scientific research [56]. Figure 1 shows the search strategy and detailed steps for the data collection for this study.[image: ]
Fig. 1Flow diagram of article searching strategy of food supply chain documents



Search strategy
In a bibliometric study, it is important to choose the appropriate keywords. Based on the research questions, this study limited the search to two main title keywords: “food” and “supply chain”. Therefore, this research encompassed two possible combination strings of keywords that are relevant to the study’s topic. The title of an article should incorporate information that can be used to capture the attention of readers since it is the first element that readers will observe first [57]. Finally, this study comprises two search query strings TITLE (“food”) AND TITLE (“supply chain”). A total of 2523 research documents between 1995 and 6 November 2022 were obtained from the Scopus database (Additional file 1). There were no excluded methods applied during the search of the document as shown in Fig. 1.

Tools and data analysis
Numerous disciplines had adopted VOSviewer to perform bibliometric analysis, e.g., social media in knowledge management [58], supply chain and logistics [59], presumption [58], business intelligence [60], health [61], and brand personality analysis [62]. To achieve the research objectives and research questions, this study adopted VOSviewer software to visualize the geographical distribution, authorship, citations, keywords, collaboration among countries specifically on COVID-19 food supply chain topics. The VOSviewer visualises bibliometric maps in different methods to present various features of literature structure. The VOSviewer employs an integrated approach to mapping and clustering that is constructed on the normalised term co-occurrence matrix and a similarity measure that determines the intensity of association between terms [51, 63]. Based on citations and bibliographic coupling links, the VOSviewer creates clusters of authors' keywords, countries, and organizations. These clusters indicate the compactness of articles, keywords, countries, and organizations in specific research. In addition, Microsoft Excel 2013 software tools were used to analyze the primary data collected from Scopus (CSV format). Finally, R studio explores the evolutionary themes of COVID-19 food supply chain research topics pre, during and post-pandemic. Figure 2 portrays the different steps and analyses performed in this study. To address the research questions, the study is divided into two parts: descriptive analysis and network analysis.[image: ]
Fig. 2Framework for bibliometric analysis




Results
Descriptive analysis
This section explores the COVID-19 food supply chain research profile from 1995 to 2022, these include all current publication information, research trends, prolific authors, highly cited papers, publication sources, most productive institutions and countries, and the authors’ keywords as shown in Table 1.Table 1Overview of the bibliographic information’s for the food supply chain domain


	Description
	Results

	Key information about data

	 Timespan
	1995:2023

	 Documents
	2523

	 Sources (Journals, Books, etc.)
	1042

	 Document average age
	5.01

	 Average citations per doc
	21.72

	 Annual growth rate %
	4

	 References
	112965

	Document contents

	 Author’s keywords (DE)
	4469

	 Keywords plus (ID)
	6549

	Authors

	 Authors of single-authored docs
	265

	 Authors
	5852

	Authors collaboration

	 International co-authorships %
	24.89

	 Single-authored docs
	340

	 Co-authors per doc
	3.27

	Document types

	 Article
	1551

	 Conference paper
	464

	 Book chapter
	233

	 Review
	164

	 Note
	52

	 Book
	22

	 Editorial
	14

	 Erratum
	7

	 Short survey
	7

	 Letter
	4

	 Retracted
	4

	 Data paper
	1




Yearly publication trend
The total publication, total citation, citation per article, and citation per year of the articles published between 1995 and 2022 were used to analyzed the yearly publication trends. Table 2 and Fig. 3 describe the yearly publication trend on the food supply chain pre, during and post COVID-19. In general, the number of publications on the COVID-19 food supply chain significantly increased from 217 articles in 2019 to 419 articles in 2021. The rate of development after 2020 was rather drastic and the number of publications increased to almost double that of the previous year. The growth of published articles indicates that the topic is beginning a stage of development. As a result, as of November 2022, 345 articles were published that have undertaken and explored new related topics attributed to the worldwide pandemic issues which simultaneously disrupted the supply chain.Table 2Trends in yearly publications


	Year
	TP
	TC
	C/P
	C/Y
	Citable years

	1995
	2
	6
	3
	0.11
	27

	1996
	1
	31
	31
	1.19
	26

	1997
	4
	132
	33
	1.32
	25

	1998
	6
	400
	66.67
	2.78
	24

	1999
	7
	312
	44.57
	1.94
	23

	2000
	9
	962
	106.89
	4.86
	22

	2001
	4
	162
	40.5
	1.93
	21

	2002
	8
	420
	52.5
	2.63
	20

	2003
	7
	1143
	163.29
	8.59
	19

	2004
	9
	237
	26.33
	1.46
	18

	2005
	22
	1370
	62.27
	3.66
	17

	2006
	29
	1642
	56.62
	3.54
	16

	2007
	32
	1451
	45.34
	3.02
	15

	2008
	33
	1019
	30.88
	2.21
	14

	2009
	56
	2109
	37.66
	2.9
	13

	2010
	82
	2558
	31.2
	2.6
	12

	2011
	58
	1500
	25.86
	2.35
	11

	2012
	63
	2536
	40.25
	4.03
	10

	2013
	101
	3021
	29.91
	3.32
	9

	2014
	100
	4633
	46.33
	5.79
	8

	2015
	130
	2378
	18.29
	2.61
	7

	2016
	131
	3571
	27.26
	4.54
	6

	2017
	172
	4463
	25.95
	5.19
	5

	2018
	193
	4918
	25.48
	6.37
	4

	2019
	217
	4238
	19.53
	6.51
	3

	2020
	277
	4798
	17.32
	8.66
	2

	2021
	419
	3960
	9.45
	9.45
	1

	2022
	345
	825
	2.39
	 	0

	2023
	6
	1
	0.17
	− 0.17
	− 1

	Total
	2523
	54794
	21.72
	–
	–


TP, Total publications; TC, Total citations; C/P, Citation per paper; C/Y, Citations per year


[image: ]
Fig. 3The trend of publications per year of COVID-19 food supply chain



Most productive authors
The number of total publications, total citations, and h- index are analyzed to understand the most influential authors in COVID-19 food supply chain research domain. There are 5839 single authors devoting to food supply chain research from 1995 to 2022. Table 3 shows the twenty most prolific authors and found that Van Der Vorst, J.G.A.J has received the highest number of publications at 26 publications, 1945 total citations and h- index of 18 in this domain. Results revealed that Kumar, A. and Li, D are among the most prominent authors in the COVID-19 food supply chain field.Table 3Most productive authors that published 10 and more publications in the food supply chain


	No
	Author
	TP
	TC
	h
	g
	m
	PY start

	1
	Van Der Vorst, J.G.A.J
	26
	1945
	18
	26
	0.72
	1998

	2
	Kumar, A
	20
	271
	7
	16
	2.333
	2020

	3
	Li, D
	17
	689
	11
	17
	0.579
	2004

	4
	Manning, L
	17
	393
	10
	17
	0.556
	2005

	5
	Accorsi, R
	17
	626
	8
	17
	0.8
	2013

	6
	Mangla, S.K
	16
	504
	8
	16
	1.6
	2018

	7
	Liu, Y
	16
	207
	7
	14
	0.7
	2013

	8
	Manzini, R
	14
	643
	8
	14
	0.8
	2013

	9
	Liu, S
	14
	198
	7
	14
	1.167
	2017

	10
	Zhang, Y
	13
	113
	5
	10
	0.417
	2011

	11
	Kazancoglu, Y
	12
	111
	6
	10
	2
	2020

	12
	Zhao, L
	12
	240
	6
	12
	0.429
	2009

	13
	Ali, M.H
	11
	292
	8
	11
	0.889
	2014

	14
	Tan, K.H
	11
	360
	8
	11
	0.889
	2014

	15
	Li, Y
	11
	54
	4
	7
	0.308
	2010

	16
	Bourlakis, M
	10
	382
	8
	10
	0.533
	2008

	17
	Hobbs, J.E
	10
	765
	6
	10
	0.24
	1998

	18
	Sutopo, W
	10
	73
	6
	8
	0.545
	2012

	19
	Kumar, V
	10
	95
	5
	9
	0.625
	2015

	20
	Liu, G
	10
	140
	5
	10
	0.556
	2014


TP, Total publication; NCP, Number of cited papers; TC, Total citation; h, h-index; 1PY, Year of 1st publication




Highly cited papers
Table 4 shows associated information (authors, article title, total citations, and citations per year) of the top 20 most productive journals. The paper titled “Food waste within food supply chains: Quantification and potential for change to 2050” had 1699 total citations and 141.58 citations per year, followed by “Understanding alternative food networks: Exploring the role of short food supply chains in rural development” with a total citation of 1033 and 54.37 citations per year, and “An agri-food supply chain traceability system for China based on RFID & blockchain technology” had a total citation of 751 and 125.17 citations per year, respectively. In addition, the core journals in COVID-19 food supply chain studies are multidisciplinary, referring to traceability, corporate social responsibilities, modelling approach, sustainability, bioavailability and human health, blockchain technology, fresh food quality etc.Table 4Top twenty highly cited documents published in the COVID-19 food supply chain domain


	No
	Author(s)
	Title
	TC
	C/Y

	1
	[64]
	Food waste within food supply chains: quantification and potential for change to 2050
	1699
	141.58

	2
	[65]
	Understanding alternative food networks: exploring the role of short food supply chains in rural development
	1033
	54.37

	3
	[66]
	An agri-food supply chain traceability system for China based on RFID & blockchain technology
	751
	125.17

	4
	[67]
	Lost food, wasted resources: global food supply chain losses and their impacts on freshwater, cropland, and fertiliser use
	710
	71

	5
	[68]
	Traceability in a food supply chain: safety and quality perspectives
	640
	80

	6
	[69]
	Food supply chain approaches: exploring their role in rural development
	633
	28.77

	7
	[70]
	Corporate social responsibility in the supply chain: an application in the food industry
	622
	38.88

	8
	[71]
	Application of planning models in the agri-food supply chain: a review
	592
	45.54

	9
	[25]
	Food supply chains during the COVID-19 pandemic
	530
	265

	10
	[72]
	Sustainable supply chain management practices and dynamic capabilities in the food industry: a critical analysis of the literature
	510
	63.75

	11
	[73]
	Glucosinolates in Brassica vegetables: the influence of the food supply chain on intake, bioavailability and human health
	439
	33.77

	12
	[74]
	A supply chain traceability system for food safety based on HACCP, Blockchain & Internet of things
	431
	86.2

	13
	[75]
	Two-echelon multiple-vehicle location-routing problem with time windows for optimization of sustainable supply chain network of perishable food
	431
	53.88

	14
	[76]
	An optimization approach for managing fresh food quality throughout the supply chain
	423
	38.45

	15
	[77]
	Blockchain-based traceability in Agri-Food supply chain management: a practical implementation
	344
	86

	16
	[78]
	Food traceability as an integral part of logistics management in food and agricultural supply chain
	343
	38.11

	17
	[79]
	Unraveling the food supply chain: strategic insights from China and the 2007 recalls
	338
	24.14

	18
	[80]
	The rise of blockchain technology in agriculture and food supply chains
	335
	111.67

	19
	[81]
	A conceptual framework for supply chain collaboration: empirical evidence from the agri-food industry
	316
	21.07

	20
	[82]
	Critical factors for sub-supplier management: a sustainable food supply chains perspective
	303
	37.88





Most productive source titles
There are 2523 articles published in different journals. Table 5 shows the top twenty source titles that published ten or more documents from 1995 to 2022. Sustainability (Switzerland), Journal of Cleaner Production and British Food Journal are the top three publishers with a total publication of 102, 67, and 52 on the COVID -19 food supply chain and total citations of 1571, 2669 and 1394, respectively.Table 5Most productive source title


	No
	Source
	TP
	TC
	h
	g
	m
	PYS

	1
	Sustainability (Switzerland)
	102
	1571
	20
	36
	2.5
	2015

	2
	Journal of cleaner production
	67
	2669
	33
	51
	1.833
	2005

	3
	British food journal
	52
	1394
	23
	36
	0.92
	1998

	4
	International journal of production economics
	33
	4140
	28
	33
	1.167
	1999

	5
	International journal of supply chain management
	31
	131
	5
	10
	0.5
	2013

	6
	International journal of production research
	27
	1730
	19
	27
	1.357
	2009

	7
	Supply chain management
	27
	1666
	18
	27
	0.692
	1997

	8
	Food control
	27
	1833
	17
	27
	1.063
	2007

	9
	Proceedings of the international conference on industrial engineering and operations management
	24
	36
	3
	5
	0.429
	2016

	10
	Production planning and control
	21
	574
	14
	21
	1.273
	2012

	11
	Ifip advances in information and communication technology
	21
	80
	6
	7
	0.462
	2010

	12
	International journal of logistics management
	20
	242
	9
	15
	0.818
	2012

	13
	International journal on food system dynamics
	19
	116
	7
	10
	0.583
	2011

	14
	Delivering performance in food supply chains
	19
	62
	5
	6
	0.385
	2010

	15
	Trends in food science and technology
	18
	1172
	13
	18
	1
	2010

	16
	Foods
	18
	182
	7
	13
	1.167
	2017

	17
	Resources, conservation and recycling
	17
	729
	11
	17
	1.222
	2014

	18
	International journal of logistics research and applications
	17
	255
	10
	15
	0.667
	2008

	19
	International food and agribusiness management review
	16
	382
	11
	16
	0.44
	1998

	20
	Sustainable production and consumption
	14
	207
	8
	14
	1.143
	2016


TP, Total publications; TC, Total citations; h, h-index; g, g-index; m, m-index; PYS
, Publication year start




Most productive countries
According to the Scopus database, COVID-19 food supply chain documents were extracted from 127 countries. Table 6 shows the top thirty most prolific countries with at least 25 papers published. Among the highest thirty countries, the United Kingdom is the most productive country with a leading publication of 400 articles, accounting for 15.85% followed by China with 327 articles (12.96%) ranked the second position, United States ranks third with 272 articles (10.78%), Italy ranks fourth with 234 articles (9.27%) and India ranks fifth with 230 articles (9.12%), respectively. As indicated, these productive countries have a greater concern about COVID-19 food supply chain research pre, during and post-pandemic than other countries.Table 6Most productive countries published twenty-five and more documents


	No
	Country
	Total publication
	Percentage

	1
	United Kingdom
	400
	15.85

	2
	China
	327
	12.96

	3
	United States
	272
	10.78

	4
	Italy
	234
	9.27

	5
	India
	230
	9.12

	6
	Netherlands
	164
	6.50

	7
	Germany
	121
	4.80

	8
	France
	107
	4.24

	9
	Australia
	100
	3.96

	10
	Spain
	82
	3.25

	11
	Indonesia
	72
	2.85

	12
	Greece
	70
	2.77

	13
	Canada
	67
	2.66

	14
	Malaysia
	62
	2.46

	15
	Iran
	52
	2.06

	16
	Turkey
	51
	2.02

	17
	Brazil
	50
	1.98

	18
	Denmark
	48
	1.90

	19
	Sweden
	44
	1.74

	20
	Belgium
	40
	1.59

	21
	Poland
	37
	1.47

	22
	Norway
	36
	1.43

	23
	Switzerland
	36
	1.43

	24
	Finland
	35
	1.39

	25
	Portugal
	32
	1.27

	26
	Hungary
	29
	1.15

	27
	Mexico
	29
	1.15

	28
	Thailand
	29
	1.15

	29
	Austria
	26
	1.03

	30
	United Arab Emirates
	25
	0.99





Most prolific institutions
Table 7 lists the top ten most prolific institutions for the 327 articles studied accounting for 12.95% of total documents relating to COVID–19 food supply chain research. Wageningen University & amp; Research, Alma Mater Studiorum Università di Bologna and Cranfield University are the core contributor to this research domain. These institutes have published 183 articles, which interprets for 7.27% of the entire publications. The results indicate that the productive documents are extremely intense among a few institutes only.Table 7Top ten most prolific institutions


	No
	Affiliation
	Total Publication
	Percentage

	1
	Wageningen University & Research
	120
	4.76

	2
	Alma Mater Studiorum Università di Bologna
	33
	1.31

	3
	Cranfield University
	30
	1.19

	4
	Southeast University
	24
	0.95

	5
	University of Plymouth
	21
	0.83

	6
	Cranfield School of Management
	21
	0.83

	7
	Aristotle University of Thessaloniki
	20
	0.79

	8
	University of Liverpool Management School
	20
	0.79

	9
	Cardiff University
	19
	0.75

	10
	School of Economics & Management
	19
	0.75





Top frequent authors’ keywords
Table 8 presents the top frequently used authors' keywords in the food supply chain before the COVID-19 pandemic. There are 34 occurrences of the food supply chain put in the first place, followed by 24 and 10 occurrences in supply chain and supply chain management, respectively.Table 8Top frequent author’s keywords (BEFORE COVID-19)


	Words
	Occurrences

	food supply chain
	34

	supply chain
	24

	supply chain management
	10

	food industry
	8

	food safety
	8

	traceability
	7

	simulation
	6

	agri-food supply chain
	4

	food
	4

	optimization
	4

	short food supply chain
	4

	small and medium enterprises
	4

	sustainability
	4




In bibliometric analysis, a word cloud of author's keywords is a visual representation of the most commonly used words in an article's list of keywords to identify the most common themes in an author's work. The size of each word in the cloud represents its frequency in the list of keywords [84]. Figure 4 shows the word cloud map of the top author’s keywords before the COVID-19 pandemic. In the map, cloud-found food supply chain, supply chain, supply chain management, food industry, food safety, and traceability are the always core analyse research topics. Based on this analysis, it was found that a relationship was established linking food safety, agri-food supply chain and sustainability. This proves the importance of research in linking these three keywords and their impact on the COVID-19 food supply chain are interconnected.[image: ]
Fig. 4Word cloud of top author’s keywords (BEFORE COVID-19)


In addition, this study used Multiple Correspondence Analysis (MCA) with the R package bibliometrix to investigate the author's keywords. The MCA is a data analysis method that could be applied to the graphical analysis of categorical data [38]. This study chose MCA because this analysis can identify the underlying themes established on the author’s keywords. Using the MCA method, related keywords are grouped, providing a hierarchical display of how frequently used terms are typically employed [83]. If two separate terms (like food and supply chain) appear in the same number of articles, then the two terms can be grouped [38].
Figure 5 maps the authors’ keywords conceptual structure associated with the “food” and “supply chain” publications domain before the COVID-19 pandemic. This map shows that the publications included in the analysis are categorized into two major groups which are red and blue. In each group, some words are connected. The red cluster shows more different words to which many research publications connect the words organized in this field. The conceptual structure is appeared in the keyword ‘co-occurrence’. For the red cluster, food is linked to food safety, organic food, short food supply, agri-food supply chain, and supply chain management. For the blue cluster, the supply chain is linked to food industry, sustainability, green supply chain management. Future research focuses on service oriented architecture and traceability, which follow the food supply chain stability to protect the disruption.[image: ]
Fig. 5Conceptual structure map based on author’s keywords (BEFORE COVID-19)


Table 9 shows the most commonly used author’s keywords in food supply chain after COVID-19. Food supply chain appeared is in first place with 61 occurrences, followed by the supply chain, and sustainability with 44 and 31 occurrences, respectively. Following Fig. 6, Table 9 indicates the top ranked keywords based on their co-occurrence.Table 9Top author’s keywords (AFTER COVID-19)


	Words
	Occurrences

	food supply chain
	61

	supply chain
	44

	sustainability
	31

	blockchain
	30

	short food supply chain
	25

	supply chain management
	20

	food industry
	18

	agri-food supply chain
	16

	food safety
	16

	food waste
	16

	covid-19
	14

	food security
	11



[image: ]
Fig. 6Word cloud of author’s keywords (AFTER COVID-19)


Figure 6 shows the word cloud map of the author’s keywords after COVID-19 pandemic. Among the top word, cloud focused food supply chain, supply chain, blockchain, sustainability, short food supply chain, supply chain management, food industry, and agri-food supply chain are the core analyse research topics. Based on this analysis, it was found that a relationship has been established linking food safety, food security, food waste, traceability, and resilience. These top words are not expected and not to consider the searching string. However, these associations clearly indicated that there are severe influences on food supply chain as a whole after COVID-19 pandemic.
Figure 7 presents the author’s keywords conceptual structure involved with the food supply chain research domain after COVID-19 pandemic. The figure explores that the publications evolved in the analysis are clustered into two key groups, which directs the logical construct of food supply chain studies. For the red group, food is linked to food system, food loss and waste, short food supply chain, and food supply chain performance. For the blue group, supply chain is linked to total interpretative structuring modelling, digital technology and internet of things. Future research focuses on food supply chain study related to blockchain, traceability, resilience, innovation, sustainable development, consumer behaviour and crucial economy, which is the way of comprehensive understanding of food supply chain research trends.[image: ]
Fig. 7Conceptual structure map based on author’s keywords (AFTER COVID-19)


Based on the analysis of word clouds and conceptual structure maps, it has been found that certain words may appear frequently in a word cloud of an author's keywords but not be represented in the author's conceptual structure of keywords. This is because a word cloud simply represents the frequency of occurrence of individual words or phrases, while an author's keywords conceptual structure focuses on the relationships between those words and phrases.  For example, a word like "food industry” may appear frequently in an author's list of keywords and thus have a comparatively large size in the word cloud, but it may not be a central concept in the author's research, and therefore may not have a visible position in the author's keywords conceptual structure. On the other hand, a less frequently occurring word like "consumer behaviour” may have a more central position in the author's conceptual structure, even though it appears less frequently in the word cloud. Overall, both tools serve different purposes in bibliometric analysis and provide complementary insights into an author's research focus [50].


Bibliometric mapping analysis of COVID-19 food supply chain
A common application of bibliometric mapping analysis is to recognize particular research fields to gain an outline of the topology of the study area, its themes, topics, and terms, and how they connect closely [85]. Furthermore, to visualise the output of bibliometric mapping, a worldwide mapping analysis method is visualization of similarities (VOS) [46, 51, 83] has been adopted through a computer aided program called VOSviewer (Leiden University, Netherlands) [63]. The VOSviewer visualizes bibliometric maps in a range of methods in accordance with emphasising unique factors regarding the literature production. VOSviewer applied a combined method for both clustering and mapping or it is mainly created on the standardised term co-occurrence which estimates relationship strength between terms and is also an effective tool for conducting network analysis [86]. Furthermore, VOSviewer Version 1.6.2 [63] allows the construction of sceneries in which terms are coloured based on the year of their first presence in scientific publication. The size of the font and the enclosing rectangle indicates the popularity of a term; bigger rectangles and fonts indicate more productive terms. This study used VOSviewer to visualise co-authorship and collaboration networks and R studio to visualise co-occurrence of keywords and thematic evaluation of COVID-19 food supply chain topics.
Co-authorship analysis
Co-authorship network visualisation revealed knowledge domain maps of major authors groups in the COVID-19 food supply chain research. Figure 8, each node shows an author, and the size of the nodes indicates the number of published articles. The link connecting two nodes represents the collaborative relationship between two authors, and the thickness of the link indicates the degree of association. Based on the knowledge domain maps of the co-authorship network, potential authors can deliver important information for a research institute to improve collaboration groups, for individual researchers to seek collaboration scopes and for the publisher to gather editorial teams to publish special issues in journals or books. It can be seen from Fig. 8, the cooperation among prolific authors is intense. Co-authorship network formed several groups, such as the yellow group comprising Van Der Vorst (documents 26, links 26), followed by Kumar (documents 19, links 36) in the green group, and Liu (documents 16, links 16) in the yellow group as the core. Based on the results among the research groups, most productive authors mainly work independent or in collaboration inside the same organization, but the scale of such collaboration is small and not firm resulting to a lack of effective international exchange and cooperation.[image: ]
Fig. 8Co-authorship network among productive authors



Countries collaboration network
This study established a collaboration network among countries through VOSviewer software in the research domain knowledge map in the field of COVID-19 on the food supply chain. A network visualisation map is presented in Fig. 9. The co-authorship collaboration was established among 127 countries whereas articles were contributed from 67 countries (minimum threshold document 5). The thickness of the line indicates with each country can be determined by the frequency of co-authorship. This map indicates that a satisfactory collaboration network was established between the United Kingdom, China, United States, Italy, India, Netherlands, Germany, and France. More importantly, the United Kingdom collaboration developed with the European, Asian and North American countries and received the highest citations of 14712, links 301 and 400 documents. However, Singapore, Peru, Israil, Algeria, Romania, Lativia, Ukraine and Qatar have had less cooperation with other countries. In our opinion, there are two significances of the high proportion of articles in countries. First, it contributes to the delivery of more detailed study topics, and secondly, provides a window of opportunity for the collaboration of new countries; in other words, it enables the collaboration of other researchers and institutions in these fields.[image: ]
Fig. 9Co-authorship collaboration network among countries



Keyword co-occurrence network
Keywords are the major content of publications, and the purpose of keyword analysis is to identify important research compositions in COVID-19 food supply chain. A co-occurrence network of author’s keywords was used to highlight research topics in the field. The method refers to the most commonly used keywords represented by the font size and larger circles [61]. The lines between the keywords reflect their correlation strength [20, 61]. For a better understanding, the related keywords are commonly listed, as indicated by the same colour. Keywords without lines between them indicate that no connection has been developed. Considering that the closer to the centre of the network map terms appear, the more co-occurrence together. A closer connection indicates a stronger association.
To explore associated keywords to COVID-19 food supply chain research, the results in Fig. 10 indicate that two thematic clusters have been identified such as (i) food supply chain, and (ii) Supply chain and each cluster is denoted in a different colour. As shown in Fig. 10, food supply chain covers the network centre, demonstrated by the greater cluster theme studied by previous scholars. The keyword ‘food supply chain’ is superposed on sustainability, food waste, COVID-19, circular economy, resilience, small and medium enterprise and food loose representing the closeness between them, further, COVID-19 impact on the food supply chain cannot be separated. Though in the second network of the supply chain, the linked keywords are supply chain management, blockchain, food industry, traceability, food safety, agri-food supply chain and short food supply chain. These highlight the COVID-19 pandemic impact and implies the rising attraction in this research field.[image: ]
Fig. 10Author’s keywords co-occurrence analysis



Thematic evaluation
This study used Biblioshiny software to analyse the author's keywords pre, during and post-COVID-19 food supply chain research to draw the evaluation of core research themes from 1995 to 2022. Figure 11 shows a Sankey diagram to analyse the journal's thematic evolution for the readers related to COVID-19 food supply chain. A Sankey diagram is used to demonstrate how various themes are related and have evolved in the past [54]. Each box on the map represents a theme, and the size of the boxes is relational to the frequency with which the theme occurs [87]. The flows connect each box, displaying the theme's evolution traces, and the thicker the connecting line, the stronger the link between the two themes. Overall, themes in COVID-19 supply chain are becoming more diverse over time, probably because more scholars from various fields are attracted to this theme. These indicated that the COVID-19 food supply chain gradually intersects with various fields such as e-government, traceability, information sharing, risk assessment, food waste, and blockchain. As shown in Fig. 11, COVID-19 research in the food supply chain has evolved into six new themes from 1995 to 2019 and three themes from 2020 to 2022. Furthermore, it shows how the six themes exhibited with three themes before and after the COVID-19 pandemic.[image: ]
Fig. 11Thematic evaluation based on authors’ keywords (Pre and Post COVID-19)


While Fig. 12 shows the thematic map before the COVID-19 pandemic mainly the upper-right quadrant reveals the motor theme which is high centrality and density because these themes are well developed and significant to the structure of a research field. The lower-right quadrant shows the basic themes. They are categorized by moderate centrality, which is resilience and the main focus in COVID-19 food supply chain research. This quadrant consists both transversal and general themes. The upper-left quadrant shows the niche themes which are strongly interconnected among themselves and have strong centrality to outside research. These concerns are extremely broader and significant. The theme related in the lower-left shows the growing or decreasing themes which are minimal and underdeveloped. The themes in this quadrant have a low density and centrality and they commonly reveal new theme.[image: ]
Fig. 12The strategic thematic map of the author’s keywords (BEFORE COVID-19)


Figure 13 provides an overview and future trends of academic research on the food supply chain after the COVID-19 pandemic through the themes presented in the four quadrants. The motor themes have been developed extensively in both food supply and supply chain management. Food waste and catering services are well developed and isolated, and they occupy the basic theme. This is practically after COVID-19 pandemic, these themes gained importance for the food supply chain. Relatively emerging theme have currently been discussed comprehensively the subject of blockchain and food safety included in the third quadrant of cointegration has been on the boundary between basic and emerging themes, which is high centrality and density to the structure of a research field. Finally, the fourth quadrant is the food chain and food contamination themes are relatively wider and have a strong connection with the food supply chain. The most important rising topics in this period were the blockchain and food safety, which is on the border between basic and emerging or declining themes. Strongly interconnected niche theme is food contamination as a new problem in the food supply chain.[image: ]
Fig. 13The strategic thematic map of the author’s keywords (Post COVID-19)





Discussion and future research direction
The descriptive analysis simplifies the present trend of research on the food supply chain by analysing pre, before and -post-COVID-19 data. It shows growing interest in COVID-19 on the food supply chain from the scientific community, which is an attractive issue in research, with a significant publication. Still, the COVID-19 pandemic led to high incidents in the food supply chain and the investigation and development strategies might be the result of this interest. It is proven that the current trend of COVID-19 impact is a major challenge to food supply chain analysis research and the pertaining term in the food supply chain has been encouraged in terms of COVID-19 impact reduction. By analysing the top keywords, many prospects for future study that have been disclosed by the COVID-19 pandemic. The COVID-19 has exposed supply chain vulnerability, confirming the importance of optimization and simulation. Implementing new technologies can improve efficiency, save costs, and increase customer satisfaction, allowing businesses to remain competitive. Similarly, Keywords on short food supply address these difficulties, there may be a shift towards shorter, more localized food supply chains can improve resilience and reduce the risk of disruptions caused by global crises or natural disasters. This approach may also provide potential synergy between sustainability practices and the need for more robust and sustainable food supply systems [88, 89]. The use of blockchain technology can enhance traceability in supply chains, reducing the risk of food fraud and improving food safety. Blockchain can also support the adoption of sustainable and effective supply chain management strategies, particularly for short food supply chains. However, further research is necessary to develop new models for direct sales and blockchain-based systems that can validate the sustainability of food products. To minimize waste and increase efficiency, it is essential to integrate blockchain technology into food supply chains in a way that considers both economic and environmental impacts [91]. Finally, the Covid-19 outbreak has emphasized the significance of collaboration and innovation in the food industry. In the coming years, there may be a surge in investments in research and development, along with increased partnerships between industry players to discover new ways to address the issues affecting the food sector. Through these efforts, the industry can build a more resilient, sustainable, and secure food system for the future [92]. This also might lead to different directions for research, which include exploring new related topics and exploring less studied fields through a new framework. It might also be beneficial to provide new collaboration opportunities to widen the scope of the study.
Then, this study found the most productive countries, institutes and productive authors. The results explored that the United Kingdom is the most emerging country, but at the growing stages, China, the United States and Italy are also effective contributors in this field. The Wageningen University & amp; Research and Alma Mater Studiorum Università di Bologna have been the most productive institutes with one hundred twenty (120) and thirty-three (33) publications. Looking at the prolific authors, Van Der Vorst received the highest citation with 1945 citations. These countries and institutions have produced more in-depth and critical research in this area. The results of this analysis help governments, institutions, and authors work together, share knowledge of the COVID -19 food supply chain, and employing comprehensive strategies and efficient methods to address supply chain-related issues.
To develop an in-depth understanding of the results, this study used bibliometric mapping to provide a more comprehensive visualization of the results. The author’s keywords and co-occurrence (or co-word) analysis demonstrated that more research was focused on COVID-19 food supply chain and its impact on food security, food safety, traceability, food industry and sustainability which is closer to the circle. This finding addresses the issue of the COVID-19 food supply chain is linked to agriculture production and policy for food sustainability and its outcome is rational on the implication of food safety and food security to protect regular demand [87, 88]. Another important issue suggests that creating more supply chain resilience may initiate a better initiative to managing and reducing challenges and risks faced pre and post COVID-19 pandemic [89, 90]. Meanwhile, the co-authorship network shows that comparatively less collaboration occurs among authors on COVID-19 food supply chain research. This implies that the findings of Van Der Vorst and Kumar play an important role in the collaboration network. Although having a low level of relationship act as knowledge breakers among groups. The findings of the study also show that Li, D. Manning, L. and Accorsi, R have the same number of publications but few relational ties. This outcome could be influenced by limited collaborations within a closed group. Therefore, effective collaboration among scholars is required to widen the scope of COVID-19 food supply chain research.
By analysing thematic evaluation using the author’s keywords and compiling the results that postulate further direction that the research prolific topics of COVID-19 food supply chain are mainly connected to the food processing industry, traceability enterprise performance, information sharing and dissemination, decision making, risk assessment, food waste, food loose, and food traceability system. These eight primary directions are captured with each other in the evolutionary process. Research on the COVID-19 food supply chain still has significant potential for development because the integration, intensity, and reorganization of themes are more pronounced, showing that the articles are closely related and the degree of diversity is not high. This interdisciplinary research indicates that the COVID -19 food supply chain has an impact on food security and triggered disruption to respond to the current pandemic food security and caused disruption to food supply chain and suggests developing a framework for smooth resilience in the food supply chain system [33].
Furthermore, this study develops a basic structure for the most affected themes within the global food chain created by the post-COVID-19 pandemic. Generally, the global food chain combines production, processing, distribution, and consumption on a large scale [15, 92]. The intensity of the impact may vary among sectors and goods at various stages of the supply chain for various products. There are four significant issues raised in the thematic analysis that the global food chain should address in the post-COVID-19 pandemic. The following diagram (Fig. 14) presents the basic structure of the global food chain that can help the food industry adapt to the post-pandemic situations caused by COVID-19.[image: ]
Fig. 14Proposed framework for building robust and resilience global food supply chain in the post-COVID-19 pandemic
Source: Author(s): Author own construction

 Firstly, COVID-19 has highlighted the crucial importance of food safety in the global food chain. Ensuring safe food from farm to fork is now a top priority for governments, food manufacturers, and consumers worldwide. Therefore a robust food safety system (e.g., processing, distribution and preparation activities, consumption, and delivery) and a strong food safety culture would safeguard public health and prevent future pandemics [93]. Secondly, COVID-19 disruptions in transportation, distribution, and consumption have led to increased food waste, resulting in significant losses in food supply chains. These relevancy have encouraged the implementation of Industry 4.0 technologies and practices, aimed at addressing the widely recognized issue of food waste and loss. Specifically, advanced technologies such as Internet of Things (IoT) platforms, BIG Data, artificial intelligence, and information and communication technologies (ICTs) can be leveraged to obtain up-to-date information, enhance communication between suppliers and buyers, and rationalise the distribution of food supply chain [90]. Thirdly, the COVID-19 pandemic has disrupted the food supply chain, raising concerns about the need for increased transparency, efficiency, and safety in the food industry. Consequently, there is a growing interest in employing blockchain technology to resolve these issues. Blockchain provides a secure and transparent way to monitor food products from the farm to the table, thereby reducing food waste and ensuring food safety and quality. With its potential to improve supply chain management and food safety, blockchain is anticipated to play a crucial role in the post-COVID-19 pandemic food industry [94]. Fourthly, the COVID-19 pandemic has resulted in an increase in pressure on natural resources and a decline in biodiversity. The post-COVID-19 pandemic presents an opportunity to construct more resilient and sustainable food systems that promote both human welfare and biodiversity conservation. By creating a secure and transparent record of food production and distribution, stakeholders will be able to better comprehend the environmental impact of food systems and work towards more sustainable practices. In addition, the use of blockchain technology in the food supply chain can help conserve biodiversity by encouraging sustainable agricultural practises and reducing food waste [95].
The findings of the global food supply chain's main themes of the post-COVID-19 pandemic emphasise food safety, the reduction of food waste, and the conservation of biodiversity. Tracking food products throughout the supply chain, blockchain technology has emerged as an effective instrument for enhancing food safety, quality, and transparency. It is essential to manage the food supply chain sustainably in order to safeguard public health, the environment, and social and economic development [96].
Another important issue relevant to COVID-19 food supply chain is the gap of strategic intervention in the study. Specifically, the role of the government and country policies in controlling the disruption and ensuring an effective food supply chain that is raised on lean strategic principles is to be considered extensively. For example, only the country's national policy for the food sector to re-design and re-shape their food supply chains before and after the COVID-19 resilience strategy and how it helps to build a smooth food supply chain that is capable of managing the further pandemics. However, the previous study on bibliometric analysis focused on food supply chain safety [17], and agri-food value chain, this study establishes the novel analysis of the prior study on the COVID-19 food supply chain.

Conclusion
In this study, a total of 2523 papers were published in the field of the COVID-19 food supply chain, and the evolution of the current state of trend during and after the COVID-19 pandemic was scientifically mapped. The COVID-19 food supply chain bibliometric mapping trend was conducted using Vosviewer software and thematic evolution trend analysis using R software to measure the most rising subjects topic. In bibliometric analysis, this study explored key information such as yearly publication trends, article sources and document contents, prolific authors, highly cited papers, most productive institutions, most productive countries, most productive source titles, top authors keyword, co-occurrence, co-authorship network, and country collaboration network. Next, this study highlighted the thematic evaluation, and thematic maps provide an opportunity in specific areas related to the COVID-19 food supply chain pre, during and post-pandemic, thus building subject knowledge importance and how its various aspects have been used before and post COVID-19 pandemic. Thus, this contribution to more empirical policy-related research is encouraged to robust the food supply chain and reduce the impact of the COVID-19 pandemic connected to food safety, agriculture production, resilience solution, mitigate supply chain disruptions, and improve sustainability as shown in Figs. 12 and 13. Another important contribution, this study revealed specific research gaps in the present literature and proposes a scope for the specific research areas to fill these gaps. Finally, a co-occurrence analysis with the author’s keywords is conducted to stipulate the trend of research pre, before and post-COVID-19 pandemic.
One of the limitations of this study is considering Scopus online database which is the main source for bibliometric analysis. In this case, the selection of data sources may limit the search strategy. Future studies are encouraged for considering other sectors to know how the food supply chain of those sectors is impacted by the COVID-19 pandemic by linking articles from other data sources such as the Google Scholar and Web of Science.
As the pandemic has a massive impact on the world's food supply chain, the study is expected to provide new insight by evolving all the related documents published in this field with a systematic review method. Scholars and policymakers can use this research to know current developments in the food supply chain, and adopt various resilience strategies as discussed to mitigate the impact. However, the pandemic has a severe impact on the global food supply chain. The study is expected to provide more insights by compiling all relevant literature published in this domain using bibliometric analysis. Therefore, this study will be helpful for scholars and policymakers to understand what is happening in the food supply chain pre, during and post pandemic, and policymakers may apply different development strategies as explored to reduce the COVID-19 pandemic impact.
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