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ABSTRACT

Probiotics in aquaculture gain research interest due to their potential to improve production and promote
sustainable aquaculture. This study aims to systematically identify the trend, topic of interest, key players
and collaboration in probiotic aquaculture research field for past 10 years. We conducted a bibliometric
analysis using Scopus to collect and analyse scholarly publications related to probiotic in aquaculture. The
sample is composed by 1467 articles in total with increase trends pattern in number of publications per
year. Metrics such as citation counts, co-authorship networks, and keyword co-occurrence were employed
to unveil the research landscape. The VOSviewer tool was utilized for network visualizations, offering
insights into collaboration patterns and thematic clusters. Preliminary findings indicate increasing trend in
terms of documents per year, with countries such as China, India, Spain and US playing pivotal roles in
number of publications. Keyword co-occurrence analysis uncovers central themes is probiotic and
aquaculture, while emerging topics such as intestinal health, Penaeus vannamei, bacteria, and water quality
start to be explored. Citation analysis discovers most contributing authors, countries, institution, and
Jjournals in this research area. The co-authorship network analysis reveals clustering of collaborations
between countries, emphasizing the global interest research of probiotic in aquaculture. We concluded
that global theme will remain the major focus with new collaborations focus on specific niche in this
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research will emerge as it benefits the contributing countries.
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INTRODUCTION

Probiotics are live microorganisms that, when ad-
ministered in adequate amounts, confer health ben-
efits to the host (Shebat et al., 2022). They play a
crucial role in maintaining or improving the intesti-
nal microbial balance, contributing to the health and
well-being of their hosts (Bogus3awska-Was et al.,
(2022). Probiotics have become a promising approach
to improving aquaculture production due to their
numerous benefits, including enhanced fish health,
boosted immunity, and improved growth of cultured
species.

Various bacterial genera have been utilized as
probiotics in aquaculture, including Bacillus species,
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Lactobacillus, and yeast. Among these, Bacillus subtilis
has been extensively studied and applied in aquacul-
ture due to its wide range of benefits (Nayak (2020).
Lactobacillus species in particular have been shown
to enhance fish health and protect against viral infec-
tions in shrimp farming (Naiel et al., 2020). Addi-
tionally, yeast and other probiotic bacteria have dem-
onstrated positive effects in aquaculture systems
(Vasyliuk et al., 2023). The functionality of these
probiotics varies; for instance, Bacillus species are
recognized for their antimicrobial properties against
Vibrio species (Chau et al., 2021), while Lactobacil-
lus species are known to improve survival rates and
overall health in shrimp (Mayor et al., 2019; Zheng et
al., 2020). Moreover, probiotics, along with bacte-
riocins, are increasingly regarded as viable alterna-
tives to antibiotics in aquaculture (Pereira et al.,
2022).
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Probiotics in aquaculture work through various
mechanisms, including improving growth, boosting
immunity, competing with pathogenic bacteria, en-
hancing disease resistance, improving water quality,
and aiding in nutrient absorption (Alagawany et al.,
2020; Noshair, 2023; Zaloilo et al., 2021). Addition-
ally, they modulate the host’s immune system, nor-
malize intestinal microflora, and produce beneficial
metabolites (Refeld et al., 2020). Importantly,
probiotics contribute to reducing the environmental
impact of aguaculture by mitigating fish farm waste
and improving water quality (Nathanailides et al.,
2021). Furthermore, the use of probiotics in aquac-
ulture has been shown to have a healing effect on
fish, normalizing tissue structure, activating the im-
mune response system, and reducing oxidative stress
(Romanova et al., 2022). Overall, probiotics play a
crucial role in promoting fish health, improving aquac-
ulture productivity, and reducing the environmental
impact of fish farming. Moreover, application of
probiotics in aquaculture has been associated with
mitigation of environmental impact of aquaculture,
further indicating their potential in contributing to-
wards sustainable aquaculture practice. A meta-analy-
sis by Gabadage et al. (2023) reveals effectiveness of
Bacillus as a potential probiotic in aquaculture by sig-
nificantly lowering FCR, higher body weight in fish,
crustaceans, freshwater and marine fish. The purpose
of this study is to systematically analyse the trends,
key themes, and collaboration patterns in research
on probiotics in aguaculture over the past decade. By
doing so, we aim to provide a comprehensive under-
standing of the current state of research in this field
and identify emerging areas of interest.

RESEARCH QUESTIONS

This study aims to analyse the research trends
related to the application of probiotics in aquacul-
ture over the past decade. It further seeks to deter-
mine the countries that have made the greatest con-
tributions to this field of research, as well as to iden-
tify the predominant research themes and focal ar-
eas. In addition, the study evaluates the most influ-
ential authors and publications, together with the
journals and institutions that have contributed sig-
nificantly to the dissemination of research on
probiotics in aquaculture. Moreover, the study exam-
ines co-authorship networks to understand patterns
of scholarly collaboration within this field.

MATERIALS AND METHODS

Bibliometric Analysis

Bibliometric analysis is a quantitative method used
in scholarly research to systematically evaluate litera-

ture to discern patterns, trends, and the impact of
research within a specific field (Ying et al., 2022).
This method allows the extraction of quantitative
information on distribution by author, time, coun-
try, keywords, and journal, providing a comprehen-
sive analysis of the current status and developing
trends in publications related to specific research
topics. This allows for systematic and visual assess-
ment of previous research hotspots and development
trends in the field of interest (Li et al., 2022). Fur-
thermore, it also integrates information visualization
techniques with mathematical and statistical analy-
ses to assess institutions performing research, con-
tributing authors, journals publishing a specific area
of research, and countries/regions with a research
area of interest (Su et al., 2022).

Scopus, is a web database developed by Elsevier,
play pivotal roles in offering a comprehensive abstract
and citation database across academic disciplines. Its
utilization of Scopus aid bibliometric analyses, con-
tributing to evidence-based decision-making in re-
search evaluation and policy development (Leder et
al., 2023; Novihoho et al., 2022).

Data Search Strategy

The study implemented a systematic screening
sequence to identify search terms for article retrieval.
Initial querying of the Scopus database employed the
string

TITLE-ABS-KEY ( probiotic AND aquaculture) AND
LIMIT-TO (PUBYEAR, 2015) OR LIMIT-TO (PUBYEAR
, 2016 ) OR LIMIT-TO ( PUBYEAR , 2017 ) OR
LIMIT-TO (PUBYEAR, 2018) OR LIMIT-TO (PUBYEAR
, 2019 ) OR LIMIT-TO ( PUBYEAR , 2020 ) OR
LIMIT-TO (PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR
, 2022) OR LIMIT-TO (PUBYEAR, 2023), LIMIT-TO
( PUBYEAR , 2024 ) AND (LIMIT-TO ( DOCTYPE ,
“ar”) AND ( LIMIT-TO ( PUBSTAGE , “final”) AND
( LIMIT-TO ( LANGUAGE , “English”) AND ( LIMIT-
TO ( SRCTYPE , “j”), retrieving 2119 articles.

These results were additionally scrutinized to in-
clude only research articles at final publication stage
in English language. The final search string refine-
ment included 1467 articles which was used for
bibliometric analysis (Table 1). As of January 2025, all
articles from Scopus database relating to probiotic
application in aquaculture fish growth, were incor-
porated in the study (Table 2).

Data Analysis

Data sets containing the study publication year,
publication title, author name, journal, citation, and
keyword in PlainText format were acquired from
SCOPUS database covering the period 2015 to De-
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Table 1. Search string for the probiotic roles in fish growth

Scopus | TITLE-ABS-KEY

( probiotic AND aquaculture ) AND OR LIMIT-

TO (PUBYEAR, 2015) OR LIMIT-

TO (PUBYEAR, 2016) OR LIMIT-

TO (PUBYEAR, 2017) OR LIMIT-

TO (PUBYEAR, 2018) OR LIMIT-

TO (PUBYEAR, 2019) OR LIMIT-

TO (PUBYEAR, 2020) OR LIMIT-

TO (PUBYEAR, 2021) OR LIMIT-

TO (PUBYEAR, 2022) OR LIMIT-

TO (PUBYEAR, 2023) OR LIMIT-

TO (PUBYEAR, 2024)) AND (LIMIT-

TO (DOCTYPE, "ar")) AND (LIMIT-

TO (PUBSTAGE, “final")) AND (LIMIT-

TO (LANGUAGE , "English")) AND (LIMIT-

TO (SRCTYPE, ")
Table 2. Selection criterion in searching
Criterion Inclusion Exclusion
Language English Non-english
Timeline 2015-2024 < 2015, > 2024
Literature type Journal (article) Review, Book
Publication stage Final In press

cember 2024 was analysed in VOSviewer software
version 1.6.15. Keyword co-occurrence and citation
analysis were analysed using visualisation techniques
through VOSviewer to the data set. Minimum cita-
tion of a document was limited to 50 for citation
analysis. Keyword co-occurrences analysis was done
by limiting a minimum of 10 number of occurrences
of author keywords.

Development of research area during a period can
be explored by keyword co-occurrence analysis (Zhao,
2022) and is successful in identifying popular topics
in different fields (Li et al., 2016). Citation analysis
was performed to identify key research issues, trends,
and techniques, along with exploring the historical
relevance of a discipline’s main area of focus
(Allahverdiyev & Yucesoy, 2017). Document co-cita-
tion analysis is one of the frequently applied
bibliometric methods (Appio et al., 2016; Fahimnia
et al., 2015; Liu et al., 2015) and its result is mapping
dependent on the network theory to identify relevant
structure of data (Liu et al., 2015).

RESULTS

Research Trends

Result showed increasing pattern in documents
from year 2015 to 2024 (Figure 1). This trend sug-
gests an increasing interest and activity in research

in probiotic for aquaculture. In 2015, a total of 74
articles, representing 5.1% of total articles published,
and this pattern showed gradual increment in 2015
(78 articles, 5.3%) until 2018 (82 articles, 5.6%). We
noticed that the recent past 5 years, since 2019 marks
notable increase in number of publication (117 ar-
ticles, 9.0%) and year 2024 was the highest with 283
articles (19.3%).

Country and Institutions Contributions

It was shown in the data analysis (Figure 2) that
publications related to probiotic in aquaculture cov-
ering 89 countries, mainly China (29.1%), India (11.6%),
US (6.3%), Spain (5.7%), Egypt (5.0%) and Malaysia
(4.7%). This showed that over a decade, the research
on probiotic use in aquaculture has regain popularity
and attention. Ministry of Agriculture of the People’s
Republic of China is the main contributor for articles
(68 documents) followed by Ministry of Education
of the People’s Republic of China, Chinese Academy
of Fishery Sciences, Chinese Academy of Sciences,
Centro de Investigaciones Biologicas Del Noroeste,
Ocean University of China, Universiti Putra Malaysia,
Pilot National Laboratory for Marine Science and Tech-
nology, and Shanghai Ocean University, and Ningbo
University, each 60, 56, 42, 28, 28, 27, 27, 26 and 24
documents respectively (Figure 3).
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Figure 1. Number of documents published on probiotic aquaculture according to years.
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Figure 2. Publications on probiotic in aguaculture according to country affiliation.

Research Topics and Focus

Co-occurrences of a keyword showed 8594 key-
words, in which 133 meet the threshold of minimum
50 occurrences in the studies. These keywords were
visualized as network (Figure 4) and clustered into
four clusters:

Cl: Aeromonas hydrophila, alkaline phosphatase,
amylase, analysis, animal cell, animal experiment, ani-
mal feed, animal food, animal model, animal tissue,
antioxidant, antioxidant activity, body weight gain,
carp, catalase, chemistry, colony forming unit, con-
trolled study, diet, diet supplement, diet supple-
ments, disease resistance, drug effect, enzyme activ-

ity, fish disease, fish diseases, gene expression,
growth, development and aging, immune response,
immune, innate, immunology, innate immunity,
interleukin lbeta, intestine, intestines, lysozyme,
metabolism, oxidase stress, physiology, real time
polymerase chain, superoxide dismutase, survival rate,
triacylglycerol lipase, tumor necrosis factor, unclassi-
fied drug, upregulation, veterinary medicine.

C2: Actinobacteria, antibiotics, aquaculture,
aquaculture system, Bacillus subtilis, bacteria (micro-
organism), bacterium, bacteroidetes, cyprinid,
decapoda (crustacea), digestive system, dna extrac-
tion, feeding, firmicutes, fish, gastrointestinal
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Figure 3. Publications on probiotic in aguaculture according to affiliations.
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Figure 4. Co-occurrence between keywords.

microbiome, growth, growth performance, growth
rate, gut microbiota, immune system, immunity, in-
testinal microbiota, intestine flora, lactobacillus, larva,
Litopenaeus vannamei, microbial community, micro-
bial diversity, microbiome, microbiota, mortality,
Oncorhynchus mykiss, pathogen, penaeidae, Penaeus
monodon, probiotic, probiotics, protein,
proteobacteria, shrimp, survival, tilapia, vibrio, wa-
ter quality.
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C3: Animal, animals, anti-bacterial agents, anti-
bacterial activity, antibiotic resistance, antibiotic sen-
sitivity, anti-infective agent, antimicrobial activity,
bacillus, bacteria, bacterial growth, bacterial strain,
bacterium growth, bacterial identification, bacterium
isolate, bacterium isolation, classification, gene se-
guence, genetics, human, in vitro study, isolation and
purification, lactic acid bacteria, microbiology, non-
human, ph, phylogeny, polymerase chain reaction,
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probiotic agent, rna 16s, rna, ribosomal, 16s, Vibrio
harveyi, Vibrio parahaemolyticus, vibriosis

C4. Cichlid, Lactobacillus plantarum, Oreochromis
niloticus

The central cluster of the network is dominated
by terms related to the benefits of probiotics for
aquaculture, such as probiotic agent, intestine flora,
metabolism, growth, immunity, and disease resis-
tance. This suggests that these are the most stud-
ied and well-established benefits of probiotics in this
field. The other cluster of the figure includes terms
related to microbial communities, microbiota, and

the microbiome, suggests growing interest in un-
derstanding the complex interactions between
probiotics and the gut microbiome of fish. Another
cluster include terms related to specific probiotic
strains and species, suggesting increasing focus on
identifying the most effective probiotic strains for
different aquaculture applications.

Overlay visualization map of keyword co-occur-
rence analysis explain the trending research topics
(Figure 5). Several keywords that are gaining inter-
est are intestinal health, immunology, animal food,
bacteria and immune response.
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Figure 5. Overlay visualization of keywords.

Top contributing authors and articles

Citation analysis disclosed authors that have sig-
nificantly contributed to research in probiotic usage
in aquaculture (Table 3). Dawood is the most cited
author but has weak total link strength (TLS) com-
pared to other high citation authors such as Gram,
Hoseinifar, Esteban, Hu, Zhang and Ran. Citation
analysis of documents was conducted to explore most
influential research articles in probiotic aquaculture
study. Out of 1247 documents, 111 were cited more
than 50 times.

Top 10 contributing studies are presented in Table
4 with article published by Fetzner (2015) showed
highest citations (284). The article studied various
approaches for disrupting quorum sensing, including
the use of signal-degrading bacteria as probiotics in
aquaculture. Meanwhile, the study by Nagappan et al.
(2021) investigated the potential of microalgae-based
fish feed to enhance fish health, including its pos-
sible probiotic effects. Study by Guardiola et al. (2016),
showed that plant extract-derived immunostimulant
has potential to improve innate immune response

62

and immune-related gene expression in fish. Accord-
ing to Dawood et al. (2016) proven that Lactobacillus
and Lactococcus bacteria help improve growth, gut
microbiota and immune response in marine fish. Apart
from that, study by Yi et al. (2018) explore about po-
tential of probiotics that showed antimicrobial ac-
tivities against fish pathogenic bacteria.

Contributing Journals and Institutions

Citation analysis was also carried out to investi-
gate journals that contributed to publishing research
in this field. Many journals have contributed to
probiotic in aquaculture research. Out of 914 jour-
nals, it is observed that 139 journals have published
at least 5 articles in this field with 15 most favourable
journals in probiotic aquaculture studies as in Table
5. Aquaculture has the highest number of articles and
citation, followed by Journal of Fish and Shellfish
Immunology, Aquaculture Research, Aquaculture Re-
ports, and Aquaculture International.

Citation analysis also revealed the top 10 institu-
tions that are most prolific in terms of research pub-
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Table 3. Top contributing authors

Author Documents Citations Total link strength
Dawood, M. 15 942 9
Esteban, M.A. 15 931 24
Hossein Hoseinifar, S.H. 10 778 11
Van Doan, H.V. 10 694 16
Ringo, E. 7 672 21
Gram, L. 11 669 12
Chang, X. 13 573 30
Ran, C. 13 559 42
Hu, S. 7 540 3
Wang, G. 8 489 12
Table 4. Top contributing articles
Authors/Year Article title Journal Times cited

Fetzner (2015) Quorum quenching enzymes Journal of Biotechnology 284
Nagappan et al. Potential of microalgae as a sustainable Journal of Biotechnology 270
(2021) feed ingredient for aquaculture
Ringe et al. (2020)  Probiotics, lactic acid bacteria and bacilli:  Journal ~— of  Applied 265

interesting supplementation for  Microbiology

aquaculture
Chauhan & Singh ~ Probiotics in aquaculture: a promising Symbiosis 253
(2019) emerging alternative approach
de Souza Valente  Vibrio and major commercially important Journal of Invertebrate 246
& Wan (2021) vibriosis diseases in decapod crustaceans  Pathology
Yi et al. (2018) Probiotic potential of Bacillus velezensis Fish & Shellfish 239

JW: antimicrobial activity against fish Immunology

pathogenic  bacteria and immune

enhancement effects on Carassius auratus
Martinez-Cordova  Microbial-based system for aquaculture of  Reviews in Aquaculture 218
et al. (2015) fish and shrimp: an updated review
Guardiola et al. Impact of date palm fruits extracts and Fish & Shellfish 214
(2016) probiotic enriched diet on antioxidant Immunology

status, innate immune response and

immune-related gene expression of

European seabass (Dicentrarchus labrax)
Dawood et al. Effects of dietary supplementation of Fish & Shellfish 212
(2016) Lactobacillus rhamnosus or/and  Immunology

Lactococcus lactis on the growth, gut

microbiota and immune responses of red

sea bream, Pagrus major.
Bentzon-Tilia et al. Monitoring and managing microbes in  Microbial Biotechnology 206

(2016)

aquaculture — towards a sustainable
industry.
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lications in this research field. The analysis shows
that a total of 2956 institutions from 66 countries
have conducted research in this area. 18 organisations
at least produced research articles in this area with
10 of them are from China, Spain, Thailand, Egypt,
Portugal, and Taiwan. The Universidad de Murcia along
with University of Chinese Academy of Sciences and
Gorgan University of Agricultural Sciences and Natu-
ral Resources, stand out as the leading organizations
contributing to this field of study (Table 6). The dia-

gram shows that research articles came from 91 coun-
tries with 55 countries produced at least 5 research
articles about probiotics in aquaculture. The citation
analysis also indicates that nations like China, India,
Spain, USA, Egypt, Thailand, Iran, Norway, Denmark,
and South Korea lead the charge in research focused
probiotics in aquaculture (Figure 6). Geographically,
China is the most of the prominent institutions con-
tributing to this sector, highlighting their pioneer-
ing role in this research domain.

Table 5. Top contributing journals for probiotic aquaculture research

Journal title

Number of articles

Citations Total link strength (TLS)

Fish and Shellfish Immunology
Aquaculture

Probiotics and Antimicrobial Proteins
Aquaculture Research

Agquaculture Reports

Aquaculture International

Frontiers in Microbiology

Journal of Applied Microbiology
PLOS One

Scientific Reports

Applied Microbiology and Biotechnology
Microorganisms

Microbial Pathogenesis

Aquaculture Nutrition

Animals

135
136
43
74
49
47
29
12
15
17
11
27
20
14
25

6594
4033
1567
1429
1386
851
784
672
510
489
430
425
358
348
328

310
479
15
102
34
48
13
62
47
46
21
19
29
62
11

Table 6. Top 10 contributing organisations

Organization

No of published

Citations Country

articles

University of Chinese Academy of Sciences

20 958 China

Universidad de Murcia

13 912 Spain

Gorgan University of Agricultural Sciences and
Natural Resources

10 778 Iran

Kafr El-Sheikh

13 718

Egypt

Chiang Mai University

9 679 Thailand

Interdisciplinary Centre of Marine and
Environmental Research

19 676 Portugal

National Pingtung University of Science and
Technology

540 Taiwan

Jilin Agricultural University

500 China

Guangdong Ocean University

489 China

Pilot National Laboratory for Marine Science
and Technology

449 China
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Figure 6. Density map of top contributing countries.
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Figure 7. Co-authorship between countries.

Co-authorship

A total of 37 out of 91 countries has published at
least 10 documents in this field and clustered into 4
clusters (Figure 7) in which Cluster 1 (C1) has 12 coun-
tries, C2, C3 and C4 has 11, 10 and 4 countries re-
spectively;

C1: China, Egypt, India, Iran, Norway, Pakistan,
Russian, Saudi Arabia, South Korea, Thailand, Turkey,
USA

C2: Australia, Canada, Denmark, France, Germany,
Ireland, Italy, Portugal, Spain, Tunisia, United King-
dom.

C3: Austria, Bangladesh, Belgium, Indonesia, Ja-
pan, Malaysia, Philippines, Singapore, Taiwan, Viet-
nam

C4: Brazil, Chile, Ecuador, Mexico

DISCUSSION

We performed the analysis on 1467 publications
on probiotics in aquaculture between 2015 and 2024
which represent 69.2% of the documents published
between 2015 until 2024 on probiotics in aquacul-
ture. Trends in term of number of articles published
shown to increase over the years with China, India,
Spain and US as top contributors. In concurrent, China,
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Malaysia and Thailand also the most influential coun-
try as they host most top 10 cited institutions in
this research field. However, Egypt, Bangladesh are
not in top 10 producer but among the top 10 cited
countries.

Ministry of Agriculture of the People’s Republic
of China, Ministry of Education of the People’s Re-
public of China, Chinese Academy of Fishery Sciences,
Chinese Academy of Sciences, Centro de
Investigaciones Biologicas Del Noroeste, Ocean Uni-
versity of China, Universiti Putra Malaysia, Pilot Na-
tional Laboratory for Marine Science and Technology,
Shanghai Ocean University and Ningbo University are
the institutions with significant contributions. How-
ever, none of these institutions is listed the most
cite institutions as only University of Chinese Acad-
emy of Sciences, Universidad de Murcia, Gorgan Uni-
versity of Agricultural Sciences and Natural Resources,
Kafr El-Sheikh, Chiang Mai University, International
Centre of Marine and Environmental Research, lilin
Agricultural University, National Pingtung University
of Science and Technology, Guangdong Ocean Uni-
versity, and Pilot University Laboratory for Marine
Science were listed. It is noticeably that not all high-
est producer of research articles are the most cited
institutions (Table 6).

Keyword co-occurrence analysis shows that 4 clus-
tering of keywords, indicating 4 niches in this re-
search area, mainly microbial community, immunity
and disease resistance, growth performance, gut
microbiota, antibiotic resistance and antagonism. Yet,
the main theme in keyword remains “probiotics” and
“aguaculture”. Overlay map (Figure 5) showed new
emerging keywords such as intestinal health,
zebrafish, Penaeus vannamei, bacteria and water qual-
ity. These keywords recently used to indicate explo-
ration of new area with potential research and appli-
cations.

Top five authors with most publications in the
field are Dawood, Esteban, Chang, Ran, and Gram with
15,15,13,13 and 11 publications respectively. They are
also the top ten authors with highest citation (Table
3). Dawood with only 15 documents were the most
cited author for this research. This indicate that these
authors are prominent in term of producing an
amount of relevant and good articles for the scien-
tific community, enable them to be most influential
authors in this research field.

The most influential research documents are gen-
erally those in the Journal of Fish and Shellfish Immu-
nology, in which the theme focusing on immunology
in aquaculture. The journal also the most contribut-
ing and influential journal for probiotic in aquacul-
ture with highest citation and total link strength (Table

5). Top 10 institutions mostly are from China, and
other developing countries (Thailand, Egypt, Portu-
gal, Spain, and Taiwan). This may be due to the im-
portance of sustainable aquaculture for these coun-
tries.

CONCLUSION

This study, based on bibliometric analysis, reveals
a significant increase in research on probiotics in
aquaculture over the past decade. This may due to
its importance towards aquaculture industry thus gain
more interest from huge nation towards sustainable
aquaculture. Keyword co-occurrence also showed
new topics emerging from this research area. Thus,
is predicted that this new niche will expand and gain
more attention for research in future.

ACKNOWLEDGEMENT

This research was not funded by any grant.

REFERENCES

Alagawany, M., El-Saadony, M. T., & Farag, M. R. (2020).
Probiotics in aquaculture and their applications
against pathogenic bacteria. /ndian Journal of Ani-
mal Health, 59(2), 138-145. https://doi.org/
10.36062/ijah.59.2spl.2020.138-145

Allahverdiyev, M. & Yucesoy, Y. (2017). Development
stages and types of glass art from past to
present. Ponte, 73(4), 224-238.

Appio, F. P, Martini, A., Massa, S., & Testa, S. (2016).
Unveiling the intellectual origins of social media-
based innovation: insights from a bibliometric
approach. Scientometrics, 108(1), 355-388. https:/
/doi.org/10.1007/s11192-016-1955-9

Bentzon Tilia, M., Sonnenschein, E. C., & Gram, L.
(2016). Monitoring and managing microbes in
aquaculture-Towards a sustainable
industry. Microbial Biotechnology, 95),576-584.
https://doi.org/10.1111/1751-7915.12392

Boguslawska-Was, E. & Dlubala, A. (2022). Assessment
of the properties of lactobacilli isolates from Pol-
ish fermented foods and human feces. Acta
Scientiarum Polonorum Technologia Alimentaria,
21, 389-399. https://doi.org/10.17306/
J.AFS.2022.1074

Chau, K., Nguyen, N. T. T,, Le, L. D., Nguyen, T. H. &
Bui, C. T. (2021). Molecular identification and char-
acterization of probiotic Bacillus species with the
ability to control Vibrio spp. in wild fish intes-
tines and sponges from the Vietnam Sea. Micro-
organisms, 9(9), 1927. https://doi.org/10.3390/
microorganisms9091927

66 Copyright @ 2026, Indonesian Aquaculture Journal, p-ISSN 0215-0883; e-ISSN 2502-6577




Chauhan, A., & Singh, R. (2019). Probiotics in aquac-
ulture: A promising emerging alternative
approach. Symbiosis, 77(2), 99-113. https://
doi.org/10.1007/s13199-018-0580-1

Dawood, M.A., Koshio, S., Ishikawa, M., Yokoyama,
S., El Basuini, M.E,, Hossain, M.S., Nhu, T.H.,
Dossou, S., & Moss, A.S. (2016). Effects of di-
etary supplementation of Lactobacillus rhamnosus
orland Lactococcus lactis on the growth, gut
microbiota and immune responses of red sea
bream, Pagrus major. Fish & Shellfish Immunol-
ogy, 49, 275-285. https://doi.org/10.1016/
j-fs1.2015.12.047

de Souza Valente, C. & Wan, A.H. (2021). Vibrio and
major commercially important vibriosis diseases
in decapod crustaceans. Journal of Invertebrate
Pathology, 181, 107527. https://doi.org/10.1016/
j-Jip.2020.107527

Fahimnia, B., Sarkis, J., & Davarzani, H. (2015). Green
supply chain management: A review and
bibliometric analysis. International Journal of Pro-
duction Economics, 162,101-114. https://doi.org/
10.1016/j.ijpe.2015.01.003

Fetzner, S. (2015). Quorum quenching
enzymes. Journal of Biotechnology, 201, 2-14.
https://doi.org/10.1016/].jbiotec.2014.09.001

Gabadage, T., Wijesekara, S. & Galkanda-Arachchige,
H.S.C. (2023). Effectiveness of Bacillus as a
probiotic to improve growth, survival, and feed
conversion ratio in aquaculture: A meta-analysis.
Journal of Applied Aquaculture, 36(2), 457-477.
https://doi.org/10.1080/10454438.2023.2268607

Guardiola, E A., Porcino, C., Cerezuela, R., Cuesta,
A., Faggio, C., & Esteban, M. A. (2016). Impact of
date palm fruits extracts and probiotic enriched
diet on antioxidant status, innate immune re-
sponse and immune-related gene expression of
European seabass (Dicentrarchus labrax). Fish &
Shellfish Immunology, 52,298-308. https://doi.org/
10.1016/j.fsi.2016.03.152

Leder, T. D., Bauéize, M., Leder, N. & Giliee, F. (2023).
Optical satellite-derived bathymetry: An overview
and WoS and Scopus bibliometric analysis. Remote
Sensing, 15(5), 1294. https://doi.org/10.3390/
rs15051294

Li, H., An, H., Wang, Y., Huang, J., & Gao, X. (2016).
Evolutionary features of academic articles co-key-
word network and keywords co-occurrence net-
work: Based on two-mode affiliation
network. Physica A: Statistical Mechanics and its
Applications, 450, 657-669. https://doi.org/
10.1016/j.physa.2016.01.017

Indonesian Aquaculture Journal, 21 (1), 2026, 57-68

Li, J., Wang, Z., Nan, X., Yin, M., & Fang, H. (2022).
Hotspots and frontier trends of diabetic-associ-
ated cognitive decline research based on rat and
mouse models from 2012 to 2021: A bibliometric
study. Frontiers in Neurology, 13, 1073224. https:/
/doi.org/10.3389/fneur.2022.1073224

Liu, Z. Yin, Y., Liu, W,, & Dunford, M. (2015). Visualiz-
ing the intellectual structure and evolution of in-
novation systems research: a bibliometric analy-
sis. Scientometrics, 103(1), 135-158. https://
doi.org/10.1007/s11192-014-1517-y

Martinez Cérdova, L.R., Emerenciano, M., Miranda
Baeza, A., & Martinez Porchas, M. (2015). Micro-
bial based systems for aquaculture of fish and
shrimp: an updated review. Reviews in Aquacul-
ture, 72), 131-148. https://doi.org/10.1111/

raq.12058

Mayor, A. B. R., Paz, E. S. P. D., & Devanadera, M. K. P.
(2019). Effect of Lactobacillus salivarius dietary
supplementation on the antioxidant biomarkers
of the freshwater shrimp Macrobrachium
rosenbergii. Philippine Journal of Fisheries, 26,
15-25. https://doi.org/10.31398/tpjf/26.2.2018-
0011

Nagappan, S., Das, P., AbdulQuadir, M., Thaher, M.,
Khan, S., Mahata, C., Al-Jabri, H., Vatland, A. K., &
Kumar, G. (2021). Potential of microalgae as a
sustainable feed ingredient for
aquaculture. Journal of Biotechnology, 341, 1-20.
https://doi.org/10.1016/].jbiotec.2021.09.003

Naiel, M. A. E., Farag, M. R., Gewida, A. G. A,,
Elnakeeb, M., Amer, M., & Alagawany, M. (2020).
Using lactic acid bacteria as immunostimulants in
cultured shrimp with special reference to Lacto-
bacillus spp. Aquaculture International, 29, 219-
231. https://doi.org/10.1007/s10499-020-00620-2

Nathanailides, C., Kolygas, M., Choremi, K.,
Mavraganis, T., Gouva, E., Vidalis, K., &
Athanassopoulou, F (2021). Probiotics have the
potential to significantly mitigate the environmen-
tal impact of freshwater fish farms. Fishes, 6(4),
76. https://doi.org/10.3390/fishes6040076

Nayak, S. K. (2020). Multifaceted applications of
probiotic Bacillus species in aquaculture with spe-
cial reference to Bacillus subtilis. Reviews in
Aquaculture, 13(2), 862-906. https://doi.org/
10.1111/raq.12503

Noshair, 1. (2023). Assessment of dietary supplemen-
tation of Lactobacillus rhamnosus probiotic on
growth performance and disease resistance in
Oreochromis niloticus. Microorganisms, 11(6),
1423. https://doi.org/10.3390/microorgan-
isms11061423

Copyright @ 2026, Indonesian Aquaculture Journal, p-ISSN 0215-0883; e-ISSN 2502-6577 67



A decade of probiotic aquaculture practice.... (Razak et al.)

Novihoho, M. A., Gardiner, H. R., Walker, A. N., &
Okeke, M. (2022). The impact of COVID-19 pan-
demic on students’ mental health: Overview of
research indexed in the Scopus database. Journal
of Contemporary Studies in Epidemiology and
Public Health, 3(2), ep22007. https://doi.org/
10.29333/jconseph/12544

Pereira, W. A. Mendonca, C. M. N., Urquiza, A. V.,
Marteinsson, V. P., LeBlanc, J. G., Cotter, P. D,
Villalobos, E. F, Romera, J., & Oliveira, P. S. (2022).
Use of probiotic bacteria and bacteriocins as an
alternative to antibiotics in aquaculture. Micro-
organisms, 10(9), 1705. https://doi.org/10.3390/
microorganisms10091705

Refeld, A., Bogdanova, A., Prazdnova, E., Beskopylny,
A., Olshevskaya, A., Maltseva, T., & Zubtsov, V.
(2020). Immunobiotics mechanisms of action and
prospects of use in veterinary medicine. £3S Web
of Conferences, 210, 06017. https://doi.org/
10.1051/e3sconf/202021006017

Ringg, E., Van Doan, H., Lee, S.H., Soltani, M.,
Hoseinifar, S. H., Harikrishnan, R., & Song, S.K.
(2020). Probiotics, lactic acid bacteria and bacilli:
Interesting supplementation for
aquaculture. Journal of Applied Microbiol-
ogy, 129(1), 116-136. https://doi.org/10.1111/

jam.14628

Romanova, E., Romanov, V., Lyubomirova, V.,
Shadyevaa, L., Shlenkina, T., Turaeva, E., & Vasiliev,
A. (2022). Corrective effect of probiotics on the
work of the fish body in industrial aguaculture.
E3S Web of Conferences, 363, 03066. https://
doi.org/10.1051/e3sconf/202236303066

Sbehat, M., Mauriello, G. & Altamimi, M. (2022). Mi-
croencapsulation of probiotics for food
functionalization: An update on literature reviews.
Microorganisms, 10, 1948. https://doi.org/
10.3390/microorganisms10101948

Su, Y, Ruan, Z., Wang, R., Hao, S., Tang, Y., Huang,
X., Gao, T, Li, Z. & Chang, T. (2022). Knowledge
mapping of targeted immunotherapy for myasthe-
nia gravis from 1998 to 2022: A bibliometric analy-
sis. Frontiers in Immunology, 13, 998217. https:/
/doi.org/10.3389/fimmu.2022.998217

Vasyliuk, O. M., Skrotskyi, S. O., Khomenko, L. A. &
Babich, T. V. (2023). Probiotics based on lactic acid
bacteria for aquaculture. Mikrobiolohichnyi
Zhurnal, 85, 75-92. https://doi.org/10.15407/
MICROBIOLIJ85.02.075

Yi, Y., Zhang, Z., Zhao, F, Liu, H., Yu, L., Zha, J., &
Wang, G. (2018). Probiotic potential of Bacillus
velezensis JW: antimicrobial activity against fish
pathogenic bacteria and immune enhancement
effects on Carassius auratus. Fish & Shellfish Im-
munology, 78, 322-330. https://doi.org/10.1016/
j.fs1.2018.04.055

Ying, J., Tan, G. M. Y., & Zhang, M. W. (2022). Intellec-
tual disability and COVID-19: A bibliometric re-
view. Frontiers in Psychiatry, 13, 1052929. https:/
[doi.org/10.3389/fpsyt.2022.1052929

Zaloilo, 1., Zaloilo, O., Rud, Y., Hrytsyniak., & Zaloilo,
Ye. (2021). Use of probiotics in aquaculture (a re-
view). Ribogospodarsika Nauka Ukraini, 2(56), 59-
81. https://doi.org/10.15407/fsu2021.02.059

Zhao, X. (2022). Customer orientation: A literature
review based on bibliometric analysis. Sage
Open, 12(1), p.21582440221079804. https://
doi.org/10.1177/21582440221079804.

Zheng, X., Duan, Y., Dong, H., & Zhang, J. (2020). The
effect of Lactobacillus plantarum administration
on the intestinal microbiota of whiteleg shrimp
Penaeus vannamei. Aquaculture, 526, 735331.
https://doi.org/10.1016/j.aquaculture.2020.735331

Copyright @ 2026, Indonesian Aquaculture Journal, p-ISSN 0215-0883; e-ISSN 2502-6577




