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Marine pigment bacteria have the ability to synthesize a wide range of bioactive chemicals with a variety of industrial
and medical applications, they have attracted a lot of attention recently. These bacteria can produce pigments with
a variety of biological properties. Researchers have discovered that the pigments made by marine bacteria contain
antibacterial, anti-cancer, antiviral, and antioxidant properties that make them desirable for application in a variety
of industries. The study aimed to analyze the global profile of literature on pigment marine bacteria. A bibliometric
analysis of research papers on marine pigment bacteria that were indexed in the Scopus database between 1933
and 2023 is presented in this article. A total of 955 publications were published worldwide, with an average of 11
documents being produced each year. With 183 documents, the US produced the most, followed by India with 128,

antimicrobial. China with 116, and Germany with 101. Global publication numbers have been rising consistently since 2007.
Antimicrobial activities, bacterial isolation, sequence homology, and marine biology are becoming more important
topics for this field’s research on a global scale. The current study offers a distinctive summary of marine pigment
bacteria research conducted worldwide from 1933 to 2023, and it can be useful in directing future studies.

INTRODUCTION microorganisms, such as marine bacteria, have a variety of

The marine environment is one of the largest and
most important ecosystems that has not been thoroughly
explored regarding its potential for human benefit. The sea is
home to large organisms and microorganisms that function
as bio-geochemical regulators in the marine environment
[1]. In addition to their role as ecosystem balancers, marine

*Corresponding Author

Kurniawan, Department of Medical L aboratory Technology,
Universitas Muhammadlyah Purwokerto, Purwokerto, Indonesia
E-mail: kurwawan @ ump.ac.id

potentials that can be utilized for the benefit of the ecosystem.
The capacity of marine bacteria to create bioactive pigments
makes them highly interesting. These bacteria can be isolated
from a variety of marine settings, including seawater, marine
plants, sediments, coral, mangroves, sponges, and the digestive
tracts of seabirds and marine animals (Fig. 1) [2].

The culinary, pharmaceutical, textile, and cosmetic
sectors use a variety of colors produced by a varied collection
of microorganisms known as marine pigment bacteria.
These pigments are useful for both industrial and medicinal
applications because of their advantageous properties, which
include antioxidant, cytotoxic, anticancer, and antibacterial
properties (Fig. 2) [1,3-6]. Prodigiosin, astaxanthin, phenazine
compounds, quinones, tambjamines, melanin, scytonemin,
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Figure 1. Marine bacteria source.

glaukothalin, and tryptanthrin are a few of the most well-known
pigments generated by marine bacteria (Fig. 2) [4]. The efficacy
of marine-derived bacterial pigments for the environment
and their health advantages have led to an upward trend in
their use. Their biodegradability and greater environmental
compatibility further support their use over artificially acquired
colored compounds, making them desirable goods in the food,
pharmaceutical, textile, and cosmetic industries [3].

The Streptomyces genus of marine pigment bacteria
is one of the most potential. It is well-recognized that these
bacteria are capable of producing a large variety of bioactive
substances, such as pigments. For instance, pigments with
anticancer characteristics, such as prodigiosin, have been
identified as being produced by Streptomyces species.
Prodigiosin has bioactive properties such as antibacterial,
antiviral, and antioxidant compounds [7,8]. Cyanobacteria are
another kind of marine pigment bacteria. These bacteria are
well known for their capacity to generate a variety of pigments,
such as phycobilin and carotenoids. As an illustration, it has
been discovered that certain cyanobacteria could be explored as
a cosmetic material. Another illustration is the cyanobacterium
Spirulina platensis, which is frequently taken as a nutritional
supplement and is well-known for producing colors like
phycocyanin and carotenoids [9,10].

The productivity of these pigments is being studied,
and techniques like adding natural substances to nutritional
media or using gene expression techniques are being used to
boost pigment synthesis. To the best of our knowledge, there
are not any bibliometric studies available right now that
assess the results of research on marine bacterium pigment
both statistically and qualitatively. As a result, it is crucial to
evaluate the worldwide research profile of the literature on
marine bacteria pigment. The goal of this study was to provide

a thorough overview of the literature on marine bacteria
pigment potential related to the last nine decades by mapping
international collaboration, assessing the effectiveness of
eminent universities, looking at the output of esteemed journals,
analyzing the traits of highly cited articles, and highlighting
emerging research topics. The results of this study could help
researchers and practitioners assess the impacts of their work
by offering a visual summary of the state of the field’s research.

MATERIALS AND METHODS

All papers pertaining to marine bacterium pigment that
were published throughout a nine-decade period (1933-2023)
were retrieved using the Scopus database. In several fields,
Scopus was considered the main resource for bibliometric
analysis [11-13]. A bibliometric filter was mined on April,
3rd 2024. To extract papers related to marine pigment bacteria
from the Scopus database using the key phrases [“marine”
AND “bacteria” AND “pigment”] in the “title” and “abstract”
columns. The Scopus database found 955 documents related
to marine pigment bacteria. The following information was
extracted: document type, publication year, institutions, nations,
journal names, citations, and key phrases. The retrieved data
were examined using VOSviewer [ 14].

RESULT

Atotal of 955 documents about marine pigment bacteria
were published worldwide between 1933 and 2023, translating
to an average of 11 documents per year. The majority (n = 829;
86.80%) are research articles, followed by reviews (n = 52;
5.44%), book chapters (n = 32; 3.35%), conference papers (n =
23; 2.40%), data papers, and books, respectively (n = 5; 0.52%),
followed by a short survey (n = 3; 0.31%). Similarly, note and
conference review (n = 2; 0.20%), as for letter and erratum
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Figure 2. Biological potential of marine pigment bacteria.

(n=1;0.10%). English represented the majority of the documents
(n = 934; 97.80%), with Chinese (n = 6; 0.62%), Korean (n =
5; 0.52%), Spanish, Japanese, and French, respectively (n = 2
0.20%), as for Ukraine and Portuguese (n = 1; 0.10%) following
in order of popularity. Documentation pertaining to marine

pigment bacteria has been steadily rising since 1965; the peak
production was reached in 2013 (n = 53; 4.26%) (Fig. 3).

69 countries contributed to the body of knowledge
about marine pigment bacteria between 1933 and 2023. The
United States ranked first with a publication share of 19.16%,
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while Spain came in at number ten with 4.18%. The top 10
countries in terms of their relative contributions to the total
number of documents worldwide are shown in Table 1. With
183 (19.16%) documents created, the United States was the
top producer, followed by India (n = 128; 13.4%), China (n =
116; 12.14%), Germany (n = 101; 10.5%), and Japan (n = 97,
10.1%). According to Table 1 and Figure 4, Germany (n = 28)
had the most international collaborations, followed by the US
(n=27), France, and the United Kingdom (n = 23).
VOSviewer categorizes the extracted terms into a color
gradient from blue to yellow, representing old to new publication
years (Figs. 5 and 6). The early years of marine pigment bacteria
were published by the US, Korea, Japan, and Australia, followed
by other countries such as China, India, and Canada. Recently,
the latest research was published by the following countries:

Table 1. The contribution and collaboration of the world’s ten leading
nations in the publication of marine pigment bacteria from 1933 to 2023.

SCR* Country Number of Number of
documents (%) collaborating

countries®
1 United States 183 (19.16) 27
2 India 128 (13.40) 14
3 China 116 (12.14) 17
4 Germany 101 (10.5) 28
5 Japan 97 (10.1) 19
6 South Korea 87 (9.10) 14
7 France 78 (8.16) 23
8 United Kingdom 50 (5.23) 23
9 Australia 48 (5.02) 17
10 Spain 40 (4.18) 16

*SCR = Standard competition Ranking. "Number of collaborating countries
with a minimum threshold of30 documents.
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Figure 5. Visualization of countries with active publications on marine bacterial
pigments. (blue indicates old publications, yellow: recent publications).
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Figure 3. An overview of research publications about marine pigment bacteria from 1933 to 2023. From the Scopus database, a total of 955 papers were obtained.
Since the 1965s, research on marine pigment bacteria has been more productive; in 2013, the greatest number of publications.
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Figure 6. Map of country distribution of countries with active publications on arine bacterial pigment.

Table 2. The highest article citation on marine pigment bacteria.

SCR  Article title Author Journal Vol. number Year Citation  Article
number  type

1 Prochlorococcus, a marine photosynthetic ~ Partensky, F., Microbiology and Molecular 63(1), pp. 1999 1,109 Article

prokaryote of global significance [15] Hess, WR., Biology Reviews 106-127
Vaulot, D.

2 Early human use of marine resources and Marean, C.W., Nature 449(7164), pp. 2007 700 Article
pigment in South Africa during the Middle ~ Bar-Matthews, M., 905-908
Pleistocene [16] Bernatchez, J.

3 Proteorhodopsin phototrophy in the ocean ~ Béja, O., Spudich, Nature 411(6839), pp. 2001 660 Book
[17] E.N., Spudich, J.L. 786-789 Chapter

4 Methods for isolation, phenotypic Kurtzman, The Yeasts 1, pp. 87-110 2011 606 Article
characterization and maintenance of yeasts ~ C.P. Fell, JW.,
[18] Boekhout, T.

5 Resolution of Prochlorococcus and Rocap, G., Distel,  Applied and Environmental 68(3), pp- 2002 437 Article
Synechococcus ecotypes by using 16S-23S  D.L., Waterbury, Microbiology 1180-1191
ribosomal DNA internal transcribed spacer ~ J.B.
sequences [19]yet show greater than 96%
identity in their 16S ribosomal DNA (rDNA

6 Molecular indicators of diagenetic status in ~ Wakeham, S.G., Geochimica et 61(24), pp. 1997 400 Article
marine organic matter [20] Lee, C., Hedges, Cosmochimica Acta 5363-5369

JIL

7 Structure and functional analysis of a Misawa, N., Journal of Bacteriology 177(22), pp. 1995 388 Article
marine bacterial carotenoid biosynthesis Satomi, Y., 6575-6584
gene cluster and astaxanthin biosynthetic Kondo, K.
pathway proposed at the gene level [21]

8 Genomic insights to SAR86, an abundant Dupont, C.L., ISME Journal 6(6), pp- 2012 380 Article
and uncultivated marine bacterial lineage Rusch, D.B., 1186-1199
[22] Yooseph, S.

9 A simple screening protocol for the McLean, R.J.C., Journal of Microbiological 58(3), pp- 2004 307 Article
identification of quorum signal antagonists ~ Pierson III, L.S., Methods 351-360
[23] Fuqua, C.

10 Extracellular synthesis of zinc oxide Nagarajan, S., Journal of 11(1), 39 2013 302 Article
nanoparticle using seaweeds of gulf of Arumugam Nanobiotechnology

Mannar, India [24]

Kuppusamy, K.
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Table 3. The most productive institutions in publications related to
marine pigment bacteria.

SCR Affiliation Country Number of
document
1 CNRS Centre National de la Recherche 37 (3.8%)
Scientifique
2 Sorbonne Université 29 (3.0%)
3 Russian Academy of Sciences 27 (2.8%)
4 Korea Research Institute of Bioscience and 25 (2.6%)
Biotechnology
5 Chinese Academy of Sciences 24 (2.5%)
6 G. B. Elyakov Pacific Institute of Bioorganic 24 (2.5%)
Chemistry Far Eastern Branch of Russian
Academy of Sciences
7 Far Eastern Branch, Russian Academy of Sciences 23 (2.4%)
8 The University of Tokyo 22 (2.3%)
9 Marine Biotechnology Institute, Iwate 21 (2.2%)
10 GEOMAR - Helmholtz-Zentrum fiir 20 (2.1%)

Ozeanforschung Kiel

Table 4. The most popular journal in the field of Marine pigment bacteria.

SCR Journal Number of

document

1 International Journal of Systematic and
Evolutionary Microbiology

123 (12.8%)

Indonesia, Thailand, Portugal, Egypt, and Saudi Arabia. Table
2 shows the highest article citation on Marine Pigment Bacteria
and the top ten most popular articles on the Scopus database.
The article with the highest citation has been published in
Microbiology and Molecular Biology Reviews with citation
number 1.109. Most of the publications explain the structure,
molecule identification, or isolation methods of marine bacteria’s
pigment. Table 2 also highlights significant contributions in the
field of marine pigment bacteria research and serves as a resource.

Table 3 demonstrates the worldwide performance of the
top 10 productive marine pigment bacteria research institutions
between 1933 and 2023, with a total of 252 (26.3%) documents.
The most frequent contributor, with 37 (3.8%) papers pertaining
to marine pigment bacteria, is the CNRS Centre National de la
Recherche Scientifique in France. The Sorbonne Université (n
=29; 3%), the Russian Academy of Sciences (n = 27; 2.8%),
the Korea Research Institute of Bioscience and Biotechnology
(n = 25; 2.6%), the Chinese Academy of Sciences, and the G.
B. Elyakov Pacific Institute of Bioorganic Chemistry (the Far
Eastern Branch of the Russian Academy of Sciences) has the
same number of documents (n = 24; 2.5%). Far Eastern Branch
(n=23;2.4%), The University of Tokyo (n =22; 2.3%), Marine
Biotechnology Institute, Iwate (n = 21; 2.2%), and GEOMAR
Helmholtz—Zentrum fiir Ozeanforschung Kiel (n = 20; 2.1%)
have a sequential number of publications.

Table 4. demonstrates the top ten journals with the
most papers globally, with a total of 267 (27.9%) documents.
The most often published journals on marine pigment bacteria
were the International Journal of Systematic and Evolutionary
Microbiology (n = 123; 12.8%), Applied and Environmental
Microbiology (n = 28; 2.9%), and Archives of Microbiology
(n=23;2.4%).

Figure 7 maps the occurrence of terms retrieved from
955 documents related to pigment marine bacteria, resulting in
3 distinguished clusters: red, blue, and green (Fig. 7a). Cluster 1
(red color) includes terms such as phenotype bacteria, bacteria
isolation, DNA bacterial, 16S rRNA, phylogeny, sequence
analysis, and so on; cluster 2 (green color): bacterial culture,
antimicrobial activity, a marine bacterium, marine environment,
algae, antioxidants, metabolism, cyanobacteria, carotenoid,
chemistry; cluster 3 (blue color): seawater, microbiology,

2 Applied and Environmental Microbiology 28 (2.9%)
3 Archives of Microbiology 23 (2.4%)
4 Frontiers in Microbiology 19 2%)
5 Marine Drugs 16 (1.7%)
6 Antonie Van Leeuwenhoek International Journal of 16 (1.7%)
General and Molecular Microbiology
7 Applied Microbiology and Biotechnology 14 (1.5%)
8 Isme Journal 10 (1%)
9 Proceedings of the National Academy of Sciences 9 (0.9%)
of the United States of America
10 Plos One 9(0.9%)
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genetics, molecule genetics, DNA sequence, classification. In
Figure 7b, VOSviewer categorizes the extracted terms into a
color gradient from blue to yellow, representing old to new
publication years. The early years of marine pigment bacteria
studies elaborated on several key terms such as bacterium
isolation, pigment, sequence homology, and marine biology.
Meanwhile, the emerging topics in recent years include
antimicrobials, antioxidants, marine bacteria, and sequence
analysis.

DISCUSSION

The present investigation conducted a comprehensive
review of the literature on marine pigment bacteria from around
the world. Our results indicate that for the past nine decades,
scientists from all over the world have shown a great deal of
interest in pigment marine bacteria. Due to the discovery of new
species of pigmented bacteria and the growing interest in marine
biology, the number of publications about marine pigment
bacteria was raised in 1963. The discovery of novel methods
and procedures for isolating and describing marine bacteria,
as well as the realization of the organisms’ potential uses in a
variety of industries, including biotechnology and medicine,
probably contributed to this spike in publications [25,26]. The
development of new research vessels, submersibles, and other
technology that allowed scientists to explore and study the
ocean in greater depth contributed to major advancements in the
area of marine biology in the 1960s. As a result, the richness of
marine life was better understood, and new kinds of bacteria that
generated pigments were found [25,27]. The 1963 publication
in the “Journal of Marine Research” outlines the rates and
potential mechanisms of pigment degradation in phytoplankton-
derived detritus that is reliant on light. This demonstrates the
increasing interest in marine pigment bacteria during this time
[28]. Increased publications related to marine pigment bacteria
experienced a significant increase in 2007. This is because
the global trade in natural-derived pigments has increased by
29% and reached $600 million from 2007 to 2011 [29]. The
publication peak occurred in 2013 (Fig. 3). It is been rotated
by the publication “Bioactive Pigments from Marine Bacteria:
Applications and Perspectives” in 2011, which highlights the
potential applications of marine pigments in various fields,
including biotechnology, cosmetics, and pharmaceuticals [26].
So, research related to the development of marine bacteria in
the fields of medicine and health is increasingly being carried
out, for example, its use in the fields of antibacterials, antivirals,
and its use as an anticancer [30,31]. A total of 499 (52.25%)
papers were published between 2013 and 2023, averaging 50
documents annually. This suggests a low level of research
productivity on the subject of marine pigment bacteria in recent
years.

The results show that the country with the most
publications related to marine pigment bacteria is the US,
with 19.16%, or 183 documents (Table 1). Because of its
robust infrastructure for research, availability of financing,
and concentration of highly esteemed research institutions and
colleges, the United States has produced the greatest number of
publications pertaining to marine pigment bacteria. The nation’s
high publishing rate is largely due to its research culture, which

places a strong emphasis on entrepreneurship, innovation, and
teamwork. Furthermore, American research in marine biology
and microbiology has a long history, which has contributed to the
country’s high publication rate in marine pigment bacteria. With
an emphasis on creating ecologically friendly and sustainable
technology, the nation’s economic and environmental concerns
also motivate research on marine pigment bacteria [1,32].
China and India are also countries that are actively publicizing
the field of marine pigment bacteria. The strategic objective of
China to grow its marine biotechnology sector, the demand for
environmental substitutes for synthetic pigments, and the pursuit
of unique and natural bioactive chemicals are the driving forces
behind the country’s active research in marine pigment bacteria
[1,33]. Evidently, China is home to 3 of the 10 universities
with the most publications related to marine pigment bacteria
(Table 3). Some countries are also just starting to contribute
to marine pigment bacteria research, such as Portugal, Saudi
Arabia, and Indonesia (Fig. 5). According to the search findings,
Indonesia has a large marine area (81% of the country’s total
area) with significant potential for marine bacterial biodiversity.
However, little is known about marine bacteria in Indonesia,
particularly in the country’s east, which is one of the world’s
hotspots for biodiversity [34]. The findings also demonstrate
the antibacterial properties of bacteria linked to marine sea
slugs from Indonesia’s North Sulawesi. Numerous bacterial
strains, including Vibrio and Pseudoalteromonas, that exhibited
antibacterial activity against different microorganisms were
obtained during the investigation [35]. Our findings also show
that a comparatively large proportion of research publications
were published in developing countries, suggesting that studies
on marine pigment bacteria are not exclusive to wealthy
nations. When considered collectively, these results indicate
that research on marine pigment bacteria is currently becoming
more international in scope.

Early research on marine pigment bacteria defined
a number of important concepts, including pigment, sequence
homology, bacterium isolation, and marine biology (Fig. 7). Early
marine pigment bacteria research focused on the search for marine
pigment bacteria and on discovering the species of bacteria. Thus,
homologous phenotypes, DNA sequencing, bacterial isolation,
and so on, were the main topics of prior research. This is due to
the fact that marine pigment bacteria are still poorly understood,
making it essential to look into and describe any newly discovered
marine bacteria [1,36-43]. Initial research also investigated the
isolation of marine bacteria in a laboratory environment and how
to grow and maintain their pigments [38,40,41,44]. The research
then focused on the isolation and identification of pigments
produced by marine bacteria, including carotenoids (yellow-
orange), violacein (purple), prodigiosine (red), pyocyanin (green),
and melanin (black) [1,4,10,33]. The latest research development
related to marine pigment bacteria is the exploration of bioactive
pigment compounds that have potential as antibacterial, antiviral,
and anticancer [4,8,31,45]. Currently, the research trend is referring
to the exploration of antibacterial activity against pathogenic
bacteria [1,3,4,6,29,33,34,43—46]. Bioactive compounds found
in pigmented marine bacteria are considered to be able to serve
as an alternative to nature to become promising antibacterial
compounds.
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FUTURE PERSPECTIVE

Potential uses for marine pigment bacteria in
biotechnology, medicine, and cosmetics are promising in the
future. The need for improved screening techniques, extraction
procedures, and efficient downstream processing are some of
the issues that must be solved.

CONCLUSION

Investigations into the possible uses of marine
pigment bacteria in biotechnology, medicine, and cosmetics
are likely to be fruitful in the future. There have been more
publications on marine pigment bacteria as a result of both the
discovery of new species and the increased interest in marine
biology. New pigmented bacteria have been discovered and a
better understanding of marine life has resulted from scientists’
ability to study and explore the ocean at greater depths thanks
to the development of new research vessels and technologies.
Driven by the need for sustainable and eco-friendly substitutes
for synthetic pigments, the use of marine pigment bacteria as
a source of natural colorants, antioxidants, and antimicrobial
compounds is growing in popularity.
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