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Abstract l
Kimchi is one of the fermented foods studied and discussed by researchers for
many decades. Several perspectives have been considered while investigating

the role of Kimchi. Thus, this demands a scientific review of this domain. Article History

This study is an honest attempt to map the scientific production of Kimchi. Received: 14 January
A descriptive, performance and bibliometric analysis were conducted 2023

to achieve the objective based on 924 documents recovered from the Scopus Accepted: 13 March
database. The results suggest a steady growth in the number of publications 2023

since 2016. The initial data shows that 160 journals have contributed 924

. . . Keywords
articles between 1979-2022. It is found that South Korea contributes nearly Bibliometric Analysis;
94% (868 articles) of the total contribution, followed by the United States, Citation Analysis;
China, and Japan. The institution-wise analysis (Figure 4) of the published Kimchi; Visualization.

articles based on the authors' affiliations suggests that most articles have
been published by South Korean Institutes, followed by the United States.
With 19 publications, the Journal of the Korean Society of Food Science and
Nutrition has emerged as the most influential journal in Kimchi literature.
The keyword analysis identifies nine themes. This analysis's findings reveal
that the properties of Kimchi and the quality and sensory evaluation of kimchi
were the most niche topics in this domain. Findings also revealed that the
health benefits of Kimchi, the quality of Kimchi, and the bacteria involved
in Kimchi fermentation were emerging themes in the Kimchi knowledge base.
The findings of this study are helpful for future researchers in identifying the
most influential authors, journals, and articles. Further, this study’s results
also determine future research objectives in the Kimchi studies.

Introduction it more enjoyable. Kimchi has become a global
Asians are seen to have a great love for side dishes  dish due to its gut-friendly benefits. It is a spicy
as they add more flavours to the main meal making  fermented vegetable found as an accomplishment
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in almost every traditional South Korean meal."
The word kimchi traces its origin to Chimchae,
a Chinese word that translates into pickled vegetables
with salt.? It is made by fermenting vegetables, such
as napa cabbage' and radish. Chinese cabbage
makes the most common type of kimchi, however,
it can also be prepared with various other vegetables.
This side dish perhaps provides the most incredible
insights into Korean cuisine and how it evolved into
a sophisticated culinary style over time. Hundreds
of different vegetables can be used as the main
ingredients in kimchi.

Kimchi has gained recognition over the last
decade mainly due to its sour flavour. It was
initially sustenance food for the Korean people,
who depended on their agricultural production to
get through the harsh winters. Using the fermenting
method, vegetables offered the best ability
to preserve for a more extended period. The Koreans
gradually perfected the art of salt fermentation.
Today, about 200 different types of kimchi exist
in Korea.® The most common Kimchi (Napa cabbage
Kimchi) is served in every Korean meal. A medium
to large cabbage is used in its preparation. Itis then
fermented with various tantalizing seasonings, most
importantly salt. Generally, a Korean cheonilyeom
(coarse sea salt), with a rough texture that is
minimally processed, is used in brining and
developing the flavours of the vegetables. This salt is
natural, without bitterness. After this, kimchi is placed
into an earthenware pot, which undergoes a quick
and active fermentation process. Kimchi is easily
fermented within 3—4 days at room temperature.

Beyond being incredibly delicious, Korean kimchi
is widely recognized as a beneficial probiotic food.
Itis rich in lactobacilli, which kills germs and harmful
bacteria while delivering various health benefits.*
Because of its physiologic nutrients, phytochemicals,
and probiotics like lactic acid bacteria, kimchi
is considered a healthy diet,’ offering benefits such
as antioxidants, antimutagenic, anticarcinogenic,
and antihypertensive properties. Pathogenic
bacteria and contaminations are eradicated
during the preparation and fermentation, making
it a hygienically safe food 6-10. According
to Kim et al. (2018),” the lactic acid bacteria found
in kimchi demonstrated protective effects against
several diseases, such as stress, asthma, cancer,
hypertension, and inflammation. Kimchi boosts

sensory qualities and tastes and allows the intake
of highly beneficial bioactive compounds.™

Meanwhile, the amount of scientific data generated
in recent years, paired with new communication
channels, prompted the research community
to propose the bibliometrics analysis, thus,
spawning a new discipline. Bibliometric analysis
is focused on identifying a corpus of literature
within a specific subject area. Researchers use
it to provide quantitative analysis and systematically
categorize written publications.' Though it began
with a bibliographical overview of the most
cited publications, it has since expanded to
include geographical®'* or institutional aspects
and performance indicators such as growth,
subject domains,’2" or types of literature and
authorships.?2-?* The evaluations also cover various
material types, including journal articles, books,
theses, patents, and reports. Though it has been
widely used in medicine, social science, computer
science, environmental science, etc., there are
limited bibliometrics studies in culinary and related
disciplines,?-% prompting this study to fill this gap.

Thus, this study's main objectives are to review
publication trends since 1979 and to recognize the
nature of the collaboration among various research
constitutes of Kimchi literature. This study also
sought to analyze the evolution of Kimchi literature
based on co-citation analysis, examine the status
of Kimchi literature based on author keywords,
and identify the clusters. Another aim of this study
is to discover the major themes of Kimchi literature.
Therefore, this uses bibliometric data for year,
country, institutions, authors, subject category,
and keywords. The current study also provides
bibliometric data for citation analysis and keyword
co-occurrence analysis.

Research Methodology

Search and Eligibility Criteria

The research database included in this research
is Scopus. Scopus is a comprehensive database
enriched with a highly maintained abstract and
citation database connecting to scholarly literature
from a wide range of fields. Scopus coverage
includes nearly 22794 active titles across 11,678
publishers. The subject coverage includes life,
social, physical, and health sciences. It includes
book series, journals, and trade journals also.
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Additionally, articles published in the Scopus
database are peer-reviewed. Therefore, we used
Scopus as a data source for searching articles
on kimchi.

We used the keyword "Kimchi" in the article title to
retrieve data for analysis. Articles were retrieved from

Using keyword “Kimchi” in
article title i Scopus, retnieved
974 articles

the Scopus database. The search strategy for the
inclusion of articles was TITLE (Kimchi) AND (LIMIT-
TO (DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE,
"re") ). This means that the keyword "Kimchi"
was searched in the title, and only research
articles and review articles containing this keyword
were included in the bibliometric analysis.

50 articles excluded (conference
proceedings, letters, notes)

924 articles used for bibliometric
analysis

Fig. 1: Flowchart of the inclusion and exclusion criteria

Data Analysis

To observe the evolution of the literature on kimchi,
we adopted the bibliometric analysis method for the
924 selected articles. Bibliographical techniques
were performed, such as co-authorship, citation
and co-occurrence analyses. Data analysis was
done using a Visualization of Science (VOS) viewer,
a freely available software. This software can
generate, visualize, and discover various research
themes based on network data and analyze
bibliometric networks.*°. VOS viewer software
is superior to other visualization tools because
it can handle large data sets and create graphics that
clearly illustrate the hotspots and research areas.®'
Though VOS viewer is a potent tool, it has certain
drawbacks. For example, the inability of VOS viewer

to provide other types of visualizations beyond
network graphs. In particular, thematic analysis
plots the topics along two-dimensional (Density
vs Centrality). This is quite helpful in identifying
emerging clusters and the significance level of each
cluster. As a result, we have also used Biblioshiny,
an app providing a web interface for bibliometrics,
to identify the different themes of kimchi's research.

Findings

Trends in Kimchi Literature by Years, Countries,
Institutions and Authors

Out of the 924 articles, the majority (288) were
published in open access (31%). 120 (13%)
articles had golden access, whereas 15 had hybrid
access. One hundred and one articles (11%)
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had green access. However, 225 (24%) articles
had subscription-based access. Also, 909 (98%)
of the articles were original research papers, while
the remaining were (2%) review papers. Many
articles were published in English (743, 81%),
followed by Korean (20%). Others were in Japanese,
Chinese and Slovenian languages.

The trend in the publication of Kimchi's research
since 1979 is shown in Figure 1. These results
suggest steady growth of publications since
2016. The initial data shows that 160 journals
have contributed 924 articles between 1979-2022.
Interestingly, there are already ten articles published
in the year 2022. of 924, 616 articles (66.66%)
were published in the last ten years (2012-2021).
The search revealed that the earliest article on kimchi
was by 32 on the Inoculation of Kimchi. Inoculation
protects someone from disease by administering
an infectious substance, germs, or vaccination
to their body. Though the first article was published in
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1979, no articles were published for the next decade,
i.e., between 1980-89. Later, gradually there was
upwards growth in the publications. Studies between
1990 and 1999 were published on the subject
of microbiology, immunology, biochemistry, genetics,
biology, and agricultural sciences. Fifty-two articles
were published during this period. Between 2000-
2009, 189 articles were published. Of 189, 31 articles
were published in the nursing domain.

Further, analysis reveals many articles published
during the last decade (531). New disciplines
of studies that emerged during this period were
medicine (55 articles), social sciences (19 articles),
business, management and accounting (4 articles)
and health professionals (6 articles). Four articles
published were multidisciplinary. One hundred and
ninety-one articles were published between 2020
and 2021, suggesting kimchi is still the subject
of interest for researchers from different disciplines.
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The geographical locations of the institutions
that have contributed to the literature on kimchi
are depicted in Figure 3. It is found that South
Korea contributes nearly 94% (868 articles) of the
total contribution, followed by the United States,
China, and Japan. This suggests that the geographical
distribution of these institutes is majorly located
in South Korea and the United States.

The institution-wise analysis (Figure 4) of the
published articles based on the authors' affiliations
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suggests that most articles have been published
by South Korean Institutes, followed by the United
States. While the World Institute of Kimchi published
151 articles, Pusan National University contributed
69 articles. The other three institutes with more than
50 articles were Korea Food Research Institute,
Konkuk University, and Kyung Hee University.
Together, these five institutes reported for 43 %
of the overall publications. The institutions with at
least ten articles published are presented in Figure 4.
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Fig. 4: Institutions of authors with a minimum of ten articles

Figure 5 depicts authors with 19 or more articles,
accounting for 26% of the total contribution (238
of 924 articles). The authors with a minimum of 20

articles are Park, K.Y. (36), Chang, H.C. (30), Lee,
M.A. (26), Song, Y.O. (26), Choi, H.J. (21), Chang,
J.Y. (20), Lee, J.H. (20), and Lee, N.K. (20).
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Fig. 5: Authors with a minimum of ten articles
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Co-Authorship Network of Authors and Countries
One of the critical components of multidisciplinary
research is collaboration in research. Research
collaboration is how researchers collaborate to
generate innovative scientific understanding.
A collaborative analysis is crucial to comprehend
academic communication and knowledge diffusion
better. Therefore, we conducted a co-authorship
analysis using VOS viewer to evaluate and assess
scientific collaboration patterns, notwithstanding the
disagreement over its meaning and interpretation.
Identification of authors and their connections
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uncovers the social structure of the networks.* This
work focuses on analyses of structural properties in
the co-authorship network using centrality measures.
Therefore, we conducted two types of co-authorship
analysis: collaboration between authors and
countries. The collaboration between institutes was
not conducted because there was no consistency
in their names. Co-authorship analysis of authors
having a minimum of twenty articles with at least one
citation was carried out. Of the 1962 items (or 924
articles), 19 authors met this threshold (Figure 6).
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Fig. 6: A co-authorship analysis of authors

The elements included in this map are the authors
and the co-authorship links. Each link has a strength
that indicates articles co-authored by these authors.
This analysis resulted in five clusters. The first
cluster (red) had seven authors Choi H.J., Kim H.
J.,KimJ.,KimS,, Lee J., Lee J.H.and Lee S.H. The
second cluster (green) had four authors: Chang H.C.,
Kim J.H., Kim J.H. and Lee J.H. The third (blue)
and fourth clusters (yellow) had three authors each
(Kim S.H., Kim S.H. and Lee S. and Kim H.Y,, Lee
M. A. and Park K. Y. The fifth cluster (purple) had
only two authors: Lee N.K. and Paik H.D. Further,

Lee H. J. has the highest total strength (26), followed
by Park H.W (23) and Choi H. J. (22). Whereas Lee,
J. and Lee, M.A. had equal strength of 19.

The overlay visualizations (Figure 7) show the
collaboration over time. While the purple node
represents the traditional authors, and the yellow
nodes depict the latest authors. Based on the yellow
node, it can be inferred that Kim S.H and Lee S.
Kim S. are three authors who have contributed
to the Kimchi literature through their collaborative
work since 2017.
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Fig. 7: Overlay visualization of co-authorship

The co-authorship analysis of countries with
a minimum of five articles by an author with at least
one citation resulted in six documents (Figure 8).
The analysis resulted in a cluster of six countries
based on the total strength link: South Korea, the
United States, China, Germany, Japan, and Canada.
This reveals that the authors from the United States

had a maximum collaboration with South Korean
authors, followed by China, Germany, Japan, and
Canada. The overlay visualizations suggest that
considerable collaborative research has been
undergoing in China since 2018. However, other
countries have yet to make their contribution
and collaboration.
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Figure 9 provides the list of top ten journals that have
published at least twenty articles between the period
1979 to 2022. According to this, the most number
of articles were in “The Journal of Korean Society

Korean lournal of Food Science of Animal Resources
Journal of Micrabilogy

Food Control

Karean Journal of Micrbilogy and Biotechnology
Lwit

Foods

Journal

Journal of Food Science

Korean Journal of Food Science and Technology
Journal of Micribiclogy and Biotechnology
Food science and Biotechnnology

Journal of the Korean Society of Food sdence and nutrition

0
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of Food Science and Nutrition”(79), followed by
“Food Science And Biotechnology”(70), and “Journal
of Microbiology And Biotechnology” (62).
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Fig. 9: List of journals that published a minimum of 10 articles

Further, we conducted a citation analysis(CA).
CA uses citations in scholarly publications to build
relationships with others' works or scholars. It is
one of the most popular bibliometrics techniques.
In this analysis, research productivity is measured
by the times it is cited in other studies. Generally,
CA is carried out to a) measure the impact of the
work; b) learn more about the subject; c) investigate

the contribution of a particular author within and
beyond his/her discipline; and e) for promotion and
tenure purposes. Therefore, considering all these,
we have conducted CA for documents, authors, and
sources. The CA for documents with a minimum
of 140 citations resulted in 10 documents.
The authors and titles of the top-cited documents
are presented in Table 1.

Table 1: Documents with a minimum of 140 citations

No. label Title of the document Link Weight Citations

1 Jung (2011) Metagenomic analysis of kimchi, 5 344
a Traditional Korean fermented food

2 Cheigh (1994) Biochemical, Microbiological, and Nutritional 6 300
Aspects of Kimchi (Korean Fermented Vegetable
Products)

3 Kim (2005) Bacterial community structure in kimchi, 6 207
a Korean fermented vegetable food, as revealed
by 16S rRNA gene analysis

4 Cho (2007) Production of y-aminobutyric acid (GABA) by 1 197
Lactobacillus buchneri isolated from kimchi and its
neuroprotective effect on neuronal cells

5 Park (2014) Health benefits of Kimchi (Korean fermented 6 194

vegetables) as a probiotic food
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6 Lee (2005) Analysis of kimchi microflora using denaturing 7 182
gradient gel electrophoresis
7 Jung (2012)  Effects of Leuconostoc mesenteroides starter 9 168

cultures on microbial communities and metabolites
during kimchi fermentation

8 Cho (2006) Microbial population dynamics of kimchi, a fermented 5 163
cabbage product
9 Park (2012) Bacterial community analysis during fermentation 1 160

of ten representative kinds of kimchi with barcoded
pyrosequencing

10 Lee (2011) Functional properties of Lactobacillus strains isolated 2 142
from Kimchi

Further, CAwas also carried out concerning authors.  citation were included in the analysis (Table 2).
Authors with a minimum of 20 articles and one  This resulted in 19 authors.

Table 2: Citation analysis of authors

No. Author Total link strength Documents Citations
1 Lee S.H. 281 28 1345
2 Chang H.C. 185 32 1041
3 Park K.Y. 271 33 903
4 Paik H.D. 185 31 667
5 Kim J. 167 24 666
6 Lee J.H. 267 45 600
7 Choi H.J. 147 23 554
8 Lee N.-K. 162 21 500
9 Kim H.Y. 182 32 489
10 Lee J. 145 29 470

Finally, CA was also conducted for the sources  of 20 articles on kimchi with at least one citation were
of the articles. For this, the sources with a minimum  considered. This accounted for ten sources (Table 3).

Table 3: Citation analysis of journals

No. Source Title Total link Document Citations
strength
1 Journal of the Korean society of food science and nutrition 146 79 460
2 Food science and biotechnology 271 70 802
3 Journal of microbiology and biotechnology 223 62 1185
4  Korean journal of food science and technology 69 31 138
5 Journal of food science 147 26 582
6 Foods 125 24 70
7 Lwt 125 23 351
8 Korean Journal of microbiology and biotechnology 118 22 211
9 Food Control 107 21 405
10 Journal of microbiology 77 20 345
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Significant Clusters of Kimchi Research Themes
Further, we created the co-occurrence map
of author keywords (minimum threshold of
10 keywords) using the VOS viewer software
(Figure 10). The keyword that appeared most
frequently was "Kimchi". The location of the
word "Kimchi" at the map's centre points to this key-
word's centrality. The other two frequently

antioxidant f

used keywords were "lactic acid bacteria"
and "fermentation”.

The co-occurrence of keywords also resulted
in six clusters with 31 items: Kimchi making process,
Kimchi fermentation process, microbial properties
of kimchi, microbes, lactic acid bacterium
and virulence factor of kimchi.
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Major Themes of Study on Kimchi

Further, based on the 2080 author keywords, nine
themes were identified. The topic location on the
thematic map determined its development degree
and relevance.

The two most important topics were #1 Properties
of Kimchi, and #2 Quality and sensory evaluation of
kimchi. The basic topics were # 1 Kimchi fermentation
and #2 microbes involved in Kimchi fermentation.
The two niche topics were #1 apoptosis and #2
Gram-positive bacterium. The emerging topics in the
Kimchi literature were #1 Health benefits of Kimchi,
#2 Quality of Kimchi and #3 Bacteria involved in the
Kimchi fermentation (Figure 11).

Discussion

This study provides an overview of the kimchi
literature from 1979 to 2022, for which data were
collected from the Scopus database. Several
bibliometric analyses were conducted using 924
documents. First, we examined the general trends
in the publication of research articles. This analysis
included dominant countries, year-wise growth
of published research articles, institutes, and authors
involved in the research on kimchi. Additionally,
this study identifies the most relevant journals and
the most studied topics in the domain of kimchi
literature. All the 924 articles were further analyzed
using various bibliometric methods. For example,
co-authorship, co-occurrence, and citation analyses
to identify the major trends in this area of research.
Concerning research question 1, i.e., general
characteristics of published articles, we found that,
since 2007, there has been a considerable increase
in the number of articles published. Second, South
Korea emerged as the dominant country, contributing
nearly 94% (868 articles) of the total. Third, with 151
articles, the World Institute of Kimchi published the
most articles on kimchi, followed by Pusan National
University. Finally, forty-four authors published more
than ten articles. Based on this, we can conclude that
most of the literature is from South Korea, although
there are some contributions from other countries,
such as Germany, the USA, China, and Canada.

The second research question of this study was
to investigate the co-authorship pattern across
authors and countries to understand scientific
collaboration patterns. This analysis yielded
a three-cluster solution. The first two clusters had

four authors, and the third cluster had only two
authors. Further, Lee H. J. has the highest total
strength (26), followed by Park H.W (23) and Choi
H. J. (22). The overlay visualization of co-authorship
suggests that although significant research studies
started emerging in 2007, a collaboration between
the authors started in 2013. The co-authorship
analysis revealed that authors from the United
States had a strong collaboration link with South
Korea. The overlay visualization revealed that the
authors from Germany initially collaborated with
South Korean authors in 2010. Later, in 2012 authors
from the United States emerged in the collaborative
work, followed by Canada in 2014. However, lately,
China has emerged as a collaborating country with
South Korea. Surprisingly, other countries have yet
to contribute and collaborate in the Kimchi literature.
The third research question was to find the most
cited documents, authors, and journals. As per CA,
the most cited document with 168 citations and
a link weight of nine was "Effects of Leuconostoc
mesenteroides starter cultures on microbial
communities and metabolites during kimchi
fermentation" published in the journal "International
Journal of Food Microbiology" by Jung J.Y. in the
year 2012. Interestingly, the second top-cited study
was also by Jung J.Y., titled "Metatranscriptomic
analysis of lactic acid bacterial gene expression
during kimchi fermentation" in the same journal in
2013. The third most cited document was "Kimchi
and other widely consumed traditional fermented
foods of Korea: A review” by Patra J.K. This was
published in the Journal "Frontiers in Microbiology"
in 2016.

Regarding the CA of authors, it was found that Lee,
S. H. was the most cited author with 1345 citations
across 28 documents having total link strength
of 281. The second most cited was Park K. Y.,
with 903 citations across 33 documents and a total
link strength score of 271.

The CA of sources revealed that the articles from the
Journal "Food science and biotechnology" had 802
citations across 70 documents. This was followed
by the "Journal of microbiology and biotechnology”
having 1185 citations across 62 documents with total
link strength of 62. The third and fourth sources were
"International Journal of Food Microbiology" and
"Journal of Food Science", with 215 and 147 total
link strength scores, respectively.
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The fourth research question was identifying kimchi's
major cluster of research streams. For this purpose,
we performed a co-occurrence analysis using author
keywords. The assessment resulted in six clusters:
Kimchi making process, Kimchi fermentation
process, microbial properties of kimchi, microbes,
lactic acid bacterium and virulence factor of kimchi.
The first cluster (Kimchi making process) had
12 keywords related to the process involved in
kimchi makings, such as fermentation, Kimchi
cabbage, microbial community, quality, sensory
evaluation, and storage. The second cluster had six
keywords related to Kimchi fermentation, such as
bacterial species associated with the fermentation
of kimchi and starter culture. Starter culture is a blend
of living microorganisms purposefully applied to
facilitate Kimchi fermentation. The third cluster had
five keywords related to the microbial properties
of kimchi, for example, antioxidant activity,
lactobacillus brevis, lactobacillus plantarum,
probiotics, and probiotics. The fourth cluster
had four keywords related to microbes involved
in kimchi, such as bacteriocin, Kimchi, Lactobacillus
and leuconostoc. The fifth cluster had two keywords
related to a lactic acid bacterium, such as lactobacillus
brevis, presented in kimchi. Lactobacillus brevis
is used by a vast range of fermented goods
worldwide. Similarly, the sixth cluster also had two
keywords, bacteriocin and listeria monocytogenes,
related to the Virulence factor.

Further, the overlay network visualization suggests
that the studies on Kimchi fermentation started in
2012 and later focused on the microbial properties
of kimchi from the year 2014 up to 2016. Since 2018
studies have been focusing on the metabolomics
of kimchi. Metabolomics is the "systematic study
of the distinct chemical fingerprints that specific
biological functions leave behind."

The fifth research question was to identify major
study themes using the authors' keywords to identify
the themes in the Kimchi literature. We found nine
themes, Properties of Kimchi, Quality and sensory
evaluation of Kimchi, Kimchi fermentation, microbes
involved in Kimchi fermentation, apoptosis, Gram-
positive bacterium, Health benefits of Kimchi,
Quality of Kimchi and Bacteria involved in the Kimchi
fermentation.

The motor theme, i.e., properties of kimchi, had sub-
topics such as lactobacillus plantarum, probiotics,
and antioxidant activity. Studies on this theme
focused on the probiotics extracted from kimchi
cultures and their anti-inflammatory and antioxidant
properties. The second theme in this quadrant
was kimchi's quality and sensory evaluation.
The topics included in this theme were quality, Kimchi
cabbage and sensory evaluation. The primary theme
in the Kimchi literature was Kimchi fermentation
and the microbes involved in Kimchi fermentation.
The kimchi fermentation theme included kimchi,
lactic acid bacteria and fermentation. The microbes'
theme had keywords such as Gaba and metabolites.
The two niche themes identified were apoptosis and
Gram-positive bacterium. The theme of apoptosis,
a programmed cell death, plays a vital role in cancer
cell study had two sub-topics: oxidative stress and
inflammation. This theme focuses on the studies on
the nutritional benefits of kimchi.

Finally, three emerging themes were identified:
health benefits, Quality of Kimchi, and bacteria
involved in the Kimchi fermentation.

The first theme (Health benefits) had sub-themes
such as leuconostoc, Lactobacillus and Lactobacillus
sakei. Kimchi lactic acid bacteria (LAB) confer
probiotic properties and immunomodulatory and
anti-obesity benefits.®* In human clinical trials,
kimchi is also found to impact the lipids in the
serum, gut microbiota, iron level, obesity, and
metabolic markers. It impacted the epidemiology
of free radicals, cholesterol, hypertension, asthma,
atopic dermatitis, rhinitis, and asthma. A study
investigating kimchi's health benefits revealed
that it has antioxidative, antiaging, anticancer, and
anti-obesity.®

The second emerging theme in Kimchi literature is the
quality of kimchi. Arecent study® on the fermentative
and antioxidant properties of Godulbaegi Kimchi
revealed that LGK is a sufficient food with significant
antioxidative activity and an antibacterial effect.
Similarly, other studies have also focused on
the different aspects of the quality of kimchi.
For example, the effects of high hydrostatic pressure
treatment and micro-perforated film packaging
on the quality of kimchi sauce *” quality characteristics
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of commercial kimchi manufactured,?® the effect
of cooling rate on Kimchi quality,* and fermentation
with leuconostoc mesenteroides ATCC 8293
as starter culture.®

The third emerging topic was bacteria involved
in Kimchi fermentation. LAB is a major bacteria
impacting kimchi's quality, safety, and organoleptic
properties.*' Based on this, a recent study
investigates the role of LAB strains from different
raw materials.*’ The study’s findings revealed
the ecological function of LAB starters in food
fermentation and bacteriophages as modulators
of bacterial populations related to kimchi's
fermentation capabilities. Studies have also
investigated the combined effect of different
salt concentrations and LAB fermentation,*?
probiotic-type strains of LAB as a starter culture for
Kimchi fermentation,*® a combination of two LABs
(Leuconostoc mesenteroides and Lactobacillus
sakei ) as starter culture** A recent review article
provides evidence for the effects of Kimchi or Kimchi
LAB on stress, cancer, hypertension, and immunity.
The finding also suggests that studies focus on the
quality of the kimchi, such as improving shelf-life and
storage under fluctuating temperatures.

Though numerous articles were published in the
health, nutrition, and food science domain, our study
did not find any significant literature on other essential
aspects of the research area, such as the economic
impact of kimchi on citizens' overall well-being.
According to a recent report by Globenewswire,
the global Kimchi market is expected to grow by
$ 975.93 mn during 2022-2026. Therefore, future
studies should focus on trends, growth drivers,
and vendors' challenges. The Kimchi market is
also positively impacted by increased consumption
since kimchi contains vitamin A, which can aid in
fighting cancer-causing free radicals. Expanding
product development, packaging advancements,
and developments also give companies in the
kimchi market additional lucrative chances 45. This
could be another research area that future studies
can focus on.

One of the methods used to segment the
Kimchi market is type, application and product.
The identified segments are kimchi made up
of cabbage, radish water, curbed radish, green
onion, and cucumber. The Kimchi market is further

divided into application segments: household and
commercial segments. Conventional and organic
are the two segments based on product types.*
Therefore, marketing researchers should focus
on segmenting the consumer market based on
other factors such as health benefits, quality
of kimchi, and lifestyle-related factors. This will help
Kimchi marketers formulate appropriate marketing
strategies to position kimchi.

Future studies should also focus on consumer
behaviours such as cultural, social, personal,
and psychological factors. Additionally, there are
no studies on consumers' attitudes and behavioural
intentions regarding Kimchi consumption.
Further, it is found that kimchi's health benefits,
quality, and food properties can be optimized
by manipulating the types and amounts of
ingredients and appropriate probiotic starter culture.®
The global kimchi market is anticipated to develop
as consumers worldwide turn to novel and sensory
products rather than traditional staple foods.
Therefore, future research should focus on new
food development of Kimchi varieties.

Though our study has many findings and implications,
it also has a few limitations. First, the articles for this
study were recovered from Scopus. The articles
from other databases were omitted. Second, only
peer-reviewed and review articles were considered
for analysis within the Scopus database. The other
forms of publications, such as book chapters,
conference papers, editor notes, and letters, were
excluded. Third, an integrated review and analysis
of such literature would help us to understand the
subject matter more comprehensively. This would
help in creating a holistic view of Kimchi literature.
Fourth, future studies can focus on topic modelling
techniques such as Structural Topic Modeling.

Conclusion

This study adopts bibliometric analysis to
explore the knowledge base of Kimchi literature.
The analysis resulted in 924 articles from the Scopus
database between 1979 and 2022. Not surprisingly,
South Korea emerged as a predominant country
contributing to Kimchi literature. Though kimchi
originated in South Korea, many authors from the
United States of America have also published many
articles. Also, results reveal that only a handful
of countries have studied kimchi and related aspects
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such as fermentation method, bacteria involved,
health and nutritional benefits etc. This study's
significant contribution is identifying emerging
themes in Kimchi literature. Our findings identify
three major emerging themes, health benefits,
quality, and use of different types of combinations
of bacteria as a starter culture. The finding of this
study is helpful for future researchers in identifying
the research gap, evaluating the impact of research,
monitoring the research trends, and identifying the
research themes of Kimchi. This study also helps
them advance their understanding of the Kimchi
knowledge base.
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