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ABSTRACT

Indonesia has a variety of fermented fish products. These products are frequently the subject of academic studies,
which result in related research publications. This research contributes to identifying research trends in fermented
fish products, particularly in Indonesia using bibliometric analysis. The data sources used are scientific documents
published in Scopus. The data were processed in Excel and VOSviewer for data mapping. A total of 83 relevant
publications on Indonesian fermented fish were obtained, with the largest output from Indonesia, namely 73
publications. The collected publications published from 1967 to 2024 include 53 articles, 21 conference papers, 4
book chapters, 3 reviews, and 2 books. Data were retrieved in August 2024 using four search strings, i.e, “Fermented
Fish AND Indonesia”, “Indonesian Fermented AND Fish”, “Fish Fermentation AND Indonesia”, and “Fermented
Seafood AND Indonesia”. The main fermented fish products discussed are terasi (13 publications), bakasang (8
publications), budu (8 publications), peda (6 publications), bekasam (11 publications), jambal (3 publications), rusip
(4 publications), chao (4 publications), wadi (3 publications), and inasua (5 publications). The current trend in
Indonesian fermented fish focuses on three main areas: microbial diversity and the role of lactic acid bacteria;
chemical characteristics and nutritional value; and food safety of fermented fish products. Further research has the
potential to develop starter cultures, identify the bioactive compounds, assess food safety, and standardize the
fermentation process to maintain product quality.
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1. INTRODUCTION

Indonesia is an archipelagic nation with a vast ocean area and abundant marine resources, including
diverse fish species [1]. This maritime wealth is further complemented by enormous water bodies, such as
lakes, rivers, and ponds, which collectively contribute to this country’s high potential for fish production
[2]. This potential is reflected in data from the Ministry of Maritime and Fisheries Affairs [3], which show
production figures for key fish species. In 2023, Indonesia’s capture fisheries yielded 761,340 tons of
skipjack tuna, 458,899 tons of skipjack, 379,030 tons of mackerel, and 355,966 tons of tuna capture
fisheries [3]. Furthermore, aquaculture is crucial in Indonesia’s fisheries sector and contributes significantly
to production volume. In the same year, aquaculture yielded an estimated 1,368,542 tons of tilapia,
1,136,619 tons of catfish, 772,709 tons of milkfish, and 304,852 tons of various other fish species [3]. While
national production data illustrate the importance of fisheries, only essential statistics are highlighted here
to maintain focus on the research context.

Fish have a high protein content, which makes them perishable and susceptible to rapid microbial
growth and spoilage. Therefore, appropriate processing methods are essential to extend their shelf life and
maintain their quality [4]. Among these methods, fermentation emerges as a traditional technology that can
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help prolong the shelf life of fishery products [5], [6]. Fermentation has been a long-standing method for
preserving fish, dating back to ancient times, and remains a vital practice today [7].

The fermentation process often relies on traditional knowledge and practices passed down through
generations, contributing to the diversity of fermented fish products found across different regions [8].
Indonesia, with its rich culinary heritage, offers a diverse range of fermented fish products, such as bekasam
from Kalimantan [6], peda from Java [9], inasua from Maluku, jambal roti and terasi from West Java,
naniura from North Sumatra, cincalok from West Kalimantan, and rusip from Bangka Belitung [10]. This
diversity plays a crucial role in food security and is central to the nation’s cultural and culinary identity.

Research on fermented fish in Indonesia has been gaining attention. It has included studies on
microbial characteristics, potential probiotic properties, nutritional and chemical characteristics, and
cultural, health, and safety concerns. While these individual studies offer valuable data, comprehensive
reviews are crucial for synthesizing existing research findings and identifying research gaps [11], [12]. One
method is bibliometric analysis. Bibliometric analysis provides quantitative indicators that help in assessing
the influence of research outputs [13], [14]. It enables precise assessment and identification of the research
trends, which can guide future research [15].

Previous studies have reviewed specific aspects of fermented fish in Indonesia. Examples of studies
include research that explored particular products, such as bekasam [6], and the scientific aspects of inasua
[16]. Other studies have conducted comprehensive literature reviews of the characteristics of lactic acid
bacteria (LAB) in Indonesian fermented fish [10] and have analyzed bibliometric data on the traditional
food topic [17].

However, despite the previous research’s contributions, a research gap remains. There is no literature
that presents a quantitative analysis of fermented fish research in Indonesia, especially in the context of
bibliometric analysis. Therefore, this study was conducted to provide a comprehensive bibliometric analysis
of the developmental trends in Indonesian fermented fish studies over the past decades. The results are
expected to offer insights into research trends and future directions for Indonesian fermented fish studies.

2. MATERIALS AND METHODS
2.1. Documents Collection

Data collection involved retrieving articles indexed in the Scopus database. Scopus was selected as
the primary database because it provides a broader coverage of content compared to other databases, with
a significant number of journals [18], [19]. We acknowledge the limitation of single-database bias inherent
in this approach [20].

The exact search query was constructed using four specific keyword combinations using Boolean
operators, such as “Fermented Fish AND Indonesia”, “Indonesian Fermented AND Fish”, “Fish
Fermentation AND Indonesia”, and “Fermented Seafood AND Indonesia”. The final data retrieval was
performed in August 2024, yielding 183 articles.

To ensure the dataset’s relevance, a rigorous data filtering process was performed [21], [22]. This
process, detailed in Figure 1, involved a sequential exclusion based on some criteria. The data cleaning
process began with removing duplicate entries to ensure each record was counted only once. Following
duplication, the remaining records were screened against several criteria to define the final dataset. The
initial inclusion criteria were all types of sources, including journal articles, book chapters, conference
papers, reviews, and books published between 1967 and 2024, which were initially considered, provided
they represented final, published documents. Furthermore, only English-language articles were included in
the analysis. The refinement steps excluded data by subject for the paper, focusing on non-food applications
of fermented fish or on non-fermented fish products. This ensured that the entire dataset was relevant to the
core topic of fermented fish in food applications. The final step is to ensure that the keyword is consistent
to manage synonyms, plural, and singular forms, thereby maintaining consistency across the dataset's
terminology. This resulted in a refined dataset of 83 articles suitable for subsequent bibliometric analyses.
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2.2. Data Analysis

The dataset was subjected to a thorough data cleaning and completion process in Microsoft Excel
[23]. The data was then manually standardized for keywords, ensuring consistency by identifying singular
and plural forms and similar words. Subsequently, the clean and complete dataset was processed into
VOSviewer (version 1.6.19) for bibliometric analysis [18], [20], [24].

Initial Records Identified from Scopus Database.
Keyword combinations: "Fermented Fish AND
Indonesia", "Fish Fermentation AND Indonesia", |}—p

Duplicate records removed

"Indonesian Fermented AND Fish", and (n=52)
"Fermented Seafood AND Indonesia".
(n=183)
Records excluded (n = 14):
¢ 1.Conference review
. . (n=12)
Records retained for screening » | 2.Language (non-English)
(n=131) .(n=2)
Metadata refinement —» | Refinement exclusion applied
(n=117) (n=34)
¢ 1.Non — food application of
fermented fish
Final data cleaning and consistency check 2. Non — fermented fish
(Keyword screening (synonym, plural/singular) products focus study

using Microsoft Excel (n = 83)

v

Bibliometric analysis (n = 83)
Network visualization (VOSviewer 1.6.19)
. Generation of charts and table (Microsoft Excel
365)

o =

Figure 1. Flow chart of data collection and Bibliometric analysis process.

3.  RESULTS AND DISCUSSION
3.1. Trends and Annual Publications in Indonesian Fermented Fish Research

There are several types of research publications on Indonesian fermented fish, including articles,
book chapters, conference papers, reviews, and books, published from 1967 to 2024. The number of
publications is presented in Figure 2. The first known publication on Indonesian fermented fish appeared
in 1967. From 1967 to 2017, the number of publications was low and fluctuated, suggesting little growth
in research output on Indonesian fermented fish. After this period, in 2018, the number of publications
began to increase, consisting of articles, book chapters, and conference papers, indicating a growing
academic interest in the field. This increase peaked in 2020, with 14 research publications, including
articles, conference papers, book chapters, and reviews. This number then fluctuated until 2024, but showed
an increasing trend compared to the period before 2018. Looking specifically at publications from 1967 to
2024 on Indonesian fermented fish, the most common types were articles (53), followed by conference
papers (21), book chapters (4), reviews (3), and books (2). This number will continue to grow as research
on Indonesian fermented fish develops.
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Figure 2. The publication trend of Indonesian fermented fish research in Scopus.

3.2. Most Cited Country in Indonesian Fermented Fish Research

Indonesia demonstrates the highest research focus on fermented fish, as indicated by the data in Table
1, with 75 documents and 518 citations. While Japan has 7 papers on this research topic, fewer than
Indonesia, it boasts a high number of citations (225). This suggests that research on Indonesian fermented
fish significantly influences the scientific community. Malaysia and Ghana also contribute to this field of
study. This data emphasizes the prominent role of Indonesian researchers and the potential for international
collaborations to advance knowledge in this field.

Table 1. The 10 leading countries in research output and cited in Indonesian fermented fish.

Country Documents Citations
Indonesia 75 518
Japan 7 225
Malaysia 6 52
Ghana 3 37
Thailand 2 2
United States 2 77
Australia 1 28
Belgium 1 6
India 1 28
Canada 1 50

3.3. Most Frequent Keywords Used by Researchers in Indonesian Fermented Fish Studies

Based on data from all types of publications on Indonesian fermented fish, 219 keywords are
regularly used by authors. Of these keywords, 31 keywords meet the specified requirements that have at
least 3 co-occurrences and were subsequently divided into five distinct clusters. The detailed keywords
were presented in Figure 3. Based on the data in Figure 3, the most frequently appearing keyword is
"fermented fish." The finding is expected, as the main topic revolves around fermented fish products. The
second most common keyword is "lactic acid bacteria", which aligns with Figure 4 from the VOSviewer
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results, indicating that many studies on fermented fish products are related to lactic acid bacteria (LAB).
Other keywords, such as "fermentation," "traditional," and "fermented process," are associated with the
fermentation process of traditional fermented fish products. Additionally, several types of fermented fish
products, such as terasi, bekasam, and bekasang, are mentioned, as they are among the most extensively
studied product types.

Fermented fish 1 47
Lactic acid bacteria 1 25
Terasi 113
-§ Fermentation 1 11
1) Bekasam Fmmmm————m1 9
% Traditional 0 §
4

Fermented Process = §
Bakasang F=—==m 8
Probiotic === 7

Sensory =—/—=—=—2 7

0 5 10 15 20 25 30 35 40 45 50
N of publications

Figure 3. Most frequent keywords used by researchers in Indonesian fermented fish studies.

3.4. Co-occurrence of Keywords Analysis

A VOSviewer network visualization of the relationships among keywords used in research on
Indonesian fermented fish is shown in Figure 4(a). In this network, each node represents a keyword, and its
size typically reflects the keyword's frequency in the dataset. The connecting lines indicate the co-
occurrence relationships between keywords [25]. Based on the visualization's color, five clusters delineate
the main intellectual structure of the studies.

One prominent cluster of keywords includes research keywords such as “fermented fish”,
“fermentation process”, “flavor”, “amino acid”, “fish sauce”, and “tuna”. This cluster likely represents
research focused on the fermentation process and its role in enhancing the flavor of amino acids in
fermented fish products. Several studies in this cluster, particularly those on fermented fish products such
as fish sauce, used raw materials like tuna.

The second cluster emphasizes keywords such as “lactic acid bacteria”, “antimicrobial”, “16S
rRNA”, “Lactobacillus plantarum”, “bekasam”, and “chao”. This cluster likely represents research focused
on the role of lactic acid bacteria, particularly Lactobacillus plantarum, in producing antimicrobial
compounds during fermentation. This research also appears to use 16S rRNA sequencing to identify the
beneficial bacteria in Indonesian fermented fish products, such as bekasam and chao.

The third cluster emphasizes keywords such as “traditional”, “fermentation™, ‘“characteristic”,
“terasi”, “shrimp”, “shrimp paste”, and “Indonesia”. The connection between these keywords indicates that
the research focuses on traditional methods, fermentation processes, distinctive characteristics, and the
culture of terasi (fermented shrimp paste).

The fourth cluster includes keywords such as “chemical”, “microbiological”, “quality”, “sensory”,
“bakasang”, “peda”, and “sardine”. The connection between these keywords in the context of fermented
fish products highlights the intricate relationships among chemical and microbiological processes, quality,
and sensory attributes, particularly as applied to products such as bakasang and peda, which are often made
from sardines.

The last (fifth) cluster has the keywords “probiotic”, “characterization”, “budu”, “jambal”, and
“rusip”. This cluster likely represents research focused on the exploration and characterization of the
probiotic potential of Indonesian fermented fish products, such as jambal, budu, and rusip. This research
highlights their potential health benefits and uses scientific methods to identify and validate probiotic
properties.
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Figure 4. Co-occurrence of all keywords in Indonesian fermented fish research. (a) Illustrates the keyword
clustering, (b) annual trends in keywords used for Indonesian fermented fish research.

3.5. Research Trend

The analysis of research trends on Indonesian fermented fish is presented in Figure 4(b). The data
reveal that three primary thematic areas have emerged as dominant research focuses over the recent period
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(2010-2020). The first primary focus is on microbial diversity and the role of lactic acid bacteria (LAB) in
the fish fermentation process. Many studies have been dedicated to identifying and characterizing microbial
communities, particularly LAB, from various Indonesian fermented fish products, including wadi [26],
[27], bekasam [28], [29], jambal [30], pado [31], and budu [32], [33]. Several of those studies have also
employed 16S rRNA gene sequencing for molecular identification [26], [31], [34], [35], [36]. It also
includes studies on the antimicrobial effects of LAB against pathogens such as Salmonella sp.,
Staphylococcus aureus, and E. coli [33], [35], [37]. Research on LAB also includes the health potential of
bioactive compounds produced during fermentation, such as gamma-aminobutyric acid (GABA) [38] and
bacteriocins [39].

The second research trend topic focuses on the chemical characteristics and nutritional composition
of fish products during fermentation. Some studies show that fermentation can significantly alter the
chemical composition, thereby improving the product's taste. For example, during the fermentation of fish
sauce, chao, and shrimp paste, protein hydrolysis occurs, producing free amino acids that play an essential
role in forming the umami taste [40], [41], [42]. Several studies have examined the factors influencing these
changes, including fermentation conditions and raw materials. There are studies comparing the effects of
different fermentation conditions on the amino acid and fatty acid profiles of irnasua fish products [43].
Other research examines the chemical characteristics of various types of fish sauce based on the raw
materials used [41]. Some studies observe the effect of adding sucrose on the sensory quality of shrimp
paste [44].

The third topic trend is research on food safety in Indonesian fermented fish products. During the
fish fermentation process, compounds such as histamine, acrylamide, and other biogenic amines can form,
which potentially affect food safety [45], [46]. The addition of fish to the production of terasi, for example,
can increase levels of histamine and acrylamide, thereby requiring greater attention to food safety [45].

Based on current trends, research on Indonesian fermented fish products is expected to continue to
grow. This research can explore various aspects, including the role of microbes—particularly lactic acid
bacteria (LAB) in the fermentation process. Understanding LAB's contribution could lead to the
development of starter cultures, ensuring consistent quality in fermented fish products. Furthermore, studies
can focus on identifying bioactive compounds with health benefits, assessing food safety to mitigate
potential risks, and standardizing production processes to maintain quality and product characteristics. The
development of research in this field is expected to provide significant knowledge and enhance its cultural
heritage and commercial potential.

This trend in fermented fish studies in Indonesia can provide an overview as a basis for further
research. However, this study has methodological limitations, namely the use of a single primary data
source (the Scopus database) and the range of data obtained based on the time of data collection [47]. Using
a single Scopus database led to the exclusion of relevant articles from other databases that could have
provided additional data. To address this limitation, future research should expand data sources by
incorporating multiple databases and updating data collection periodically to capture ongoing
developments. These steps will ensure the results remain up to date with the evolving landscape of
fermented fish research in Indonesia.

4. CONCLUSION

A bibliometric analysis of Indonesian fermented fish indicates a growing research trend, with 83
publications across various document types, including articles, book chapters, conference papers, reviews,
and books published between 1967 and 2024. In this study, several keywords were frequently used,
including fermented fish, lactic acid bacteria, fermentation process, and Indonesian fermented fish products
such as ferasi, bekasam, and bekasang. These keywords highlight the study's core research focus.
Specifically, the analysis reveals three main thematic focuses: (1) the identification and functional role of
microbial diversity, specifically lactic acid bacteria, during the fermentation process; (2) the analysis of
chemical characteristics and the resulting nutritional enhancement of the products; and (3) the assessment
of food safety protocols within fermented fish processing. Future research in this field holds significant
potential, encompassing the development of starter cultures for fish product fermentation, the identification
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of bioactive compounds, food safety assessment, the standardization of fermentation processes to maintain
product quality, and the strengthening of the commercial potential of these Indonesian fermented fish
products.
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