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Abstract. Mosquitoes are insects that play a role in the balance of the ecosystem. However, some
species of mosquitoes are detrimental because they act as disease carriers (vectors) for humans and
animals. The increasing mosquito population is feared to have the potential to become a vector,
prompting various efforts to reduce the population, including the use of biopesticides. This article
aims to analyze and visualize the research trends on b biopesticides in mosquito control over the
past 19 years and to identify potential research topics related to biopesticides for future studies. The
methodology used in this article involves a literature review conducted through Publish or Perish
and bibliometric analysis using the VOSviewer databases, which collectively encompass 1000 papers.
Assessing scientific research progress is crucial for formulating goals and rationalizing future efforts.
Based on the results of the bibliometric analysis, biopesticides derived from Bacillus thuringiensis, as
well as bacteria, fungi, and other types of microbes, have the potential to be researched and developed
as mosquito vector control biopesticide products. Microbial pesticides obtained from actinomycetes,
Bacillus thuringiensis (Bt), B. sphaericus (Bs), Lysinibacillus sphaericusand, Saccharopolyspora
spinosa, Wolbachia and many other microorganisms are reported as environmentally friendly

alternatives for mosquito control.
Keywords: Bibliometric analysis, Biopesticide, Mosquito, Control

Abstrak. Nyamuk merupakan serangga yang memiliki peranan terhadap keseimbangan ekosistem.
Namun sebagian spesies nyamuk merugikan karena berperan sebagai pembawa penyakit (vektor)
bagi manusia dan hewan. Populasi nyamuk yang meningkat dikhawatirkan berpotensi sebagai
vektor sehingga berbagai upaya yang dilakukan untuk menurunkan populasinya diantaranya yaitu
biopestisida. Artikel ini bertujuan untuk menganalisis kemudian mevisualisasikan tren penelitian
tentang biopestisida pada pengendalian nyamuk dalam 19 tahun terakhir, dan mengidentifikasi topik
penelitian potensial terkait biopestisida pengendalian nyamuk pada penelitian mendatang. Metode
pada artikel ini menggunakan tinjaun pustakan melalui Publish or Perish dan analisis bibliometrik
menggunakan basis data serta VOSviewer yang mengumpulkan 1000 paper. Penilaian kemajuan
penelitian ilmiah sangat penting untuk menyusun tujuan dan rasionalisasi di masa mendatang.
Berdasarkan hasil analisis bibliometrik bahwa biopestisida yang berasal dari Bacillus thuringiensis,
bakteri, jamur dan jenis mikroba lain berpontesi untuk diteliti dan dikembangkan sebagai produk
bioepstisida pengendalian vektor nyamuk. Biopestisida mikroba yang diperoleh dari actinomycetes,
Bacillus thuringiensis (Bt), B. sphaericus (Bs), Lysinibacillus sphaericusand, Saccharopolyspora
spinosa, Wolbachia dan banyak mikroorganisme lainnya dilaporkan sebagai alternatif yang ramah

lingkungan untuk pengendalian nyamuk.

Kata Kunci: Analisis bibliometrik, Biopestisida, nyamuk, pengendalian
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INTRODUCTION

The increase in human population worldwide has resulted in increased
mobility for human activities. As a result, the spread of vector-borne and zoonotic
diseases has also increased, including malaria and dengue fever transmitted by
mosquitoes. Mosquitoes are insects, some species of which act as vectors of disease
in humans and animals. The main strategy to control mosquito populations to
date still relies on chemical control using synthetic pesticides. However, the use of
these chemicals can be ecologically harmful as they can persist in soil and water for
years, accumulate in the food chain, and cause further damage. These effects can
be exacerbated by the leaching of synthetic pesticides into the aquatic environment
which can cause adverse effects to aquatic organisms and species that use them as
a food source'™. In addition, the use of insecticides that work through a similar
mechanism may cause some populations to become resistant °. It is known that
exposure to insecticides from synthetic compounds is unavoidable *®. Exposure
to insecticides commonly leads to oxidative stress and physiological disorders,
including Parkinson's disease, Alzheimer's disease, heart disease, and stroke as well
as various respiratory and reproductive disorders’.

So the application of these chemicals around the environment of residential
areas can cause humans who live around the area to be exposed to disease. One
type of insecticide that is widely used in the environment and households to control
pest populations is Organophosphorus Insecticides (OP). However, this insecticide
causes toxic effects on humans . Another alternative to vector control is biological
control using biological pesticides and plant-based pesticides called biopesticides,
whichis a possible way to minimize pollution and nuisance associated with the use of
synthetic chemicals that greatly reduce their negative impact on the environment'.
Biopesticides, defined as certain types of pesticides derived from natural sources
such as plants, bacteria, fungi, animals, biological agents and some minerals, are
potential alternative pesticides and are receiving increasing attention. However,
there are several limitations that restrict the widespread use of such biopesticides.
These limitations include cost, difficulty in production, and scarcity of appropriate
biopesticide formulations. One thing is clear, however, that biopesticides have a
promising future as they offer several advantages over conventional pesticides,
including reduced environmental impact, minimal residue levels, biodegradability
and target-specific mode of action *** . The use of biopesticides in pest or vector
management is a dynamic and growing field of research, characterized by
continuous advances in technology, formulations, and application strategies '.

To gain insight into the current status and prospects of biopesticides in vector
control, this review uses a bibliometric analysis approach to systematically analyze
the scientific literature on this topic. Bibliometric analysis provides a quantitative
framework for assessing publication trends, identifying research focal points,
mapping citation networks, and evaluating the impact of scientific contributions
within a given field *. By synthesizing the collective knowledge and research efforts
in biopesticides for mosquito vector control, this review aims to provide insights for
researchers, policy makers, and practitioners seeking to improve the sustainability
and cohesiveness of biopesticide research.

MATERIALS AND METHODS

This review used a descriptive quantitative systematic literature review (SLR)
method.) Bibliometric analysis was used to analyze research on biopesticides for
vector control. Data were collected by searching for articles in the google scholar
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database (Figure 1). The search was limited to articles published in the last twenty-
two years (2002 to 2024). Data collected included original research articles, reviews,
editorials and other relevant publications. The analysis focused on the annual
number of publications, as well as details about the authors and their affiliations
as indexed in the google scholar database. In addition, network maps were created
to visualize the relationship between keywords and authors. Publish or Perish
(PoP) and VOSviewer software were then used for bibliometric mapping and
visualization to reveal patterns in this dataset. Following Amik Krismawati's '
methodological framework and Niknejad, Nazari , This approach allows for the
systematic evaluation of data, helping to identify key trends, leading authors, and
emerging topics in biopesticide research for vector control. The reason for using
data from google scholar is because google scholar provides extensive data and
easy access and is free. In addition, the ability to identify from various sources so
that the data obtained is more complete.

Sources database Keyword

Publish or Perish (PoP).

"y

Google scholar “Mosquito, “biopestisida

Figure 1. Source from Google Scholar using Publish or Perish Source: primary
data processed by the author (2024)

RESULT
Data analysis

Analyze and visualize the data collected in this study to identify patterns,
enhance insights, and present findings'. This study uses analytical techniques
and visualization tools to explore bibliometric data collected from selected articles
on vector control bipesticides. Through careful analysis and visualization, this
study aims to shed light on important trends, relationships and characteristics in
the scientific literature. It provides insights for researchers, policy makers, and
practitioners who seek to improve the sustainability and cohesiveness of this
research.
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Figure 2. Annual publication results Biopesticides in vector/pest control
Source: primary data processed by the author (2024)
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Figure 3. Top journals with the most citations related to biopesticides Source:
primary data processed by the author (2024)

Science Mapping

Network Visualization

In this review, there are three visualizations, namely network visualization,
overlay visualization, and density visualization that represent research data. The
three visualizations using the keel device are vosviewer meta-analysis which

includes meta-analysis with bibliometric methods Figure 4.

Overlay Visualization

The visualization of overlay frames on the potential of biopesticides in mosquito
vector control shown in the figure below illustrates the relationship between words

in a certain range of years (Figure 5).
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Table 1. Identification of the most cited publications and 39 most cited articles in
the context of biopesticides in mosquito vector control.
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Source: primary data processed by the author (2024)

Density Visualization

Science mapping in bibliometric analysis provides a visual representation
of the density of a research topic through the density visualization feature in
VOSviewer(12). Furthermore, the visualization of biopesticides in mosquito vector
control can be seen in the Figure. 6
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Figure 5. Overlay Visualization

Source: primary data processed by the author (2024)

Figure 6. Density Visualization
Source: primary data processed by the author (2024)
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DISCUSSION
Bibliometric Analysis

To assess the growth and evolution of research on bioepsticides for vector
control, it is important to know and understand the annual output of scientific
publications. In identifying patterns of research activity, including periods of
expansion, stagnation or decline can be tracked based on the number of publications
over several consecutive years. Furthermore, analysis of annual results enables
identification of trends, such as the emergence of new research topics, shifts in
research focus, and responses to evolving challenges and priorities in bipesticide
research for vector control.

Figure 2 presents the results of annual publications on biopesticides in vector
control from 2005 to 2024. However, some articles were not included in the data
analysis because they did not include the year of publication. The graph provides
a visual representation of the number of scientific publications released each year,
which provides insight into the temporal trends and dynamics of research activity
in the field of pest control science. A detailed examination of the graph reveals
fluctuations in publication output over the 19 years, reflecting varying levels of
scientific interest and productivity in biopesticides for vector control. For example,
there are peaks in publication output observed in certain years, such as 2019,
2022, and 2023, indicating periods of increased research activity. Conversely, in
the number of publications seen in years such as 2005 and 2007, which indicates a
relatively lower level of scientific output during the period. Figure 3 visualizes the
global distribution of journals with the most citations for research on biopesticides.

Overall, Table 1 provides a comprehensive overview of the global distribution
of scientific publications on biopesticides in vector control. This analysis offers
knowledge about research activities that contribute to a deeper understanding of
the global research landscape in biopesticides for vector control.

Based on Figure 3 above, it can be seen that the network visualization illustrates
the number as well as the relationship between keywords from 1000 articles. Circles
of different colors reflect the keywords in the research data, while the size of the
circles indicates the frequency present in the data '*. From Figure 4, it can be seen
that there are two keywords with the highest frequency, namely “pesticide”, “fungi
biopesticide” and “malaria”. These three keywords are interconnected with other
subtopics or keywords, as shown by the connecting lines between the various
keywords. In the context of “biopesticide fungi”, there are several related keywords
such as use, entamaphotegic fungi, and insect. Similarly, the topic “malaria” is
related to various subtopics such as microbial pesticides, insects, and others. These
two keywords show that beopesticides are often utilized by researchers in mosquito
vector control testing.

When analyzing Figure 5, it can be seen that research trends on the potential
use of biopesticides in mosquito vector control from 2005 to 2024 are marked in
purple, green, and yellow. The color analysis of the overlay visualization shows
that the brighter the color, the more recent the journal is; conversely, the darker the
color, the older the publication. In the visual, the words “pesticide” and “bacillus”
are far away from each other and have a larger size than other words.

The density or visualization of density is shown by the color of the dot which
reflects the number of items at any given moment. Therefore, the brighter the color
of the dot, the more publications related to the item or topic relevant to the research
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being conducted. In Figure 6, it can be seen that there are two most prominent
dots, namely: pesticides and bacillus. This is in line with the visualization of the
number of frequency distributions of topics that most often appear in the overlay
visualization, namely the number of items related to pesticides and bacillus.
Meanwhile, the other highest density value is found in the keywords pesticide while
biopesticide production, microbial biopesticide, new biopesticide which is marked
with a fainter greenish yellow color. Thus, it can be clarified that biopesticides for
mosquito vector control still have the potential for research and development of
biopesticide products in the future.

Potential of Biopesticides

Due to the weaknesses of synthetic pesticides, alternative means of pest
and/or vector control are being encouraged, namely the use of biopesticides. '!*
Biopesticides are an effective and safer way to control pests, have less impact on
the environment compared to synthetic pesticides, and are target-specific, thus
preventing bioaccumulation. *. Biopesticides are made from natural materials,
such as plants, microbes, and nanoparticles of biological origin, making them a
sustainable way to control pests or vectors.”.

Various studies have shown that biopesticides are environmentally friendly,
have low toxicity, are biodegradable, and are specific in their action with little or
no negative impact on non-target organisms *. Unlike biopesticides, conventional
pesticides are a major source of environmental pollution, promoting pest resistance
with high post-harvest contamination and bioaccumulation in food crops *.
Microbial pesticides obtained from actinomycetes, Bacillus thuringiensis (Bt), B.
sphaericus (Bs), Lysinibacillus sphaericusand, Saccharopolyspora spinosa, Wolbachia and
many other microorganisms are reported as environmentally friendly alternatives
for mosquito control %%, In addition, some plants have potential as phytopesticides
in mosquito control, namely Cyperus esculentus can inhibit the larvicidal activity
of Aedes aegypti and Culex quinquefasciatus (Diptera: Culicidae) *. Meanwhile Cola
Gigantea, Malacantha Alnifolia and Croton Zambesicus as Phytoinsecticides
against Malaria Vector Anopheles Stephensi (Diptera: Culicidae). Essential Oil of
Matricaria chamomilla and its Components (E)-3-Farnesene, Germacrene D, and
a-Bisabolol Oxide A have the potential to inhibit Malari vectors and Zika Virus
Vectors *.

Future Prospects

Cases of infectious and zoonotic diseases are still encountered worldwide,
but the advent of synthetic pesticides has helped suppress mosquito populations,
reducing cases of infectious and zoonotic diseases. However, the negative impacts
of synthetic pesticides limit their use, thus, encouraging the use of biological
pesticides . Since biopesticides have proven to be a good alternative to chemical
pesticides, it would be imperative to explore them for maximum use in mosquito
vector population control. The demand and availability of biopesticides are very
low, discouraging their producers and users, respectively. Therefore, providing
grants or capital to researchers, entrepreneurs, producers and marketers will help
increase the production and availability of biopesticides.

The shelf life of biopesticides is short, as they require special temperatures and
conditions to survive during transportation and storage. Therefore, further research
to uncover mechanisms to make biopesticides more stable and increase their shelf
life would be helpful in improving their efficiency.
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The fact that biopesticides have no residual effects on the environment can
be both an advantage and a disadvantage. Therefore, further research should be
conducted to combine plant-based and biological pesticides and other sustainable
methods, which can be used to improve the resistance of biopesticides in the
environment. Therefore, it is important to conduct further research on the
compatibility of various biopesticides. Awareness about the use and health effects
of biopesticides on humans will also help to promote good environment and health.
Due to the many challenges still faced with the use of biopesticides.

CONCLUSION

Based on the above discussion, there is an overview of the potential of
biopesticide research in mosquito vector control. This picture was revealed through
bibliometric analysis using PoP and Vosviewer methods. The results of this analysis
also indicate that future research in biopesticides for mosquito vector control should
prioritize improving formulation techniques to increase efficacy and stability,
especially under variable environmental conditions.
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