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This study utilizes bibliometric analysis to explore the landscape of
biotechnology research from a comprehensive perspective, focusing on
thematic clusters, research trends, research opportunities, and author
collaboration networks. Through a series of visualizations created
using VOSviewer, we identify four major thematic clusters: industrial
applications, agricultural biotechnology, biotechnological processes,
and commercial development. Our temporal analysis traces the
progression
applications and industry integration, occurring over the last two
decades. The research opportunities identified include expanding
studies in underrepresented areas like microalgae, biodiversity, and
innovative biotechnological tools. Additionally, our analysis of author
collaborations reveals diverse patterns, ranging from tight-knit groups
to independent researchers, indicating varied collaborative dynamics.
The findings provide a nuanced understanding of the evolution,

from foundational research towards advanced

current state, and emerging trends within biotechnology, offering
valuable insights for future research directions and strategic industry
applications.
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1. INTRODUCTION

Biotechnology is a rapidly advancing

growth of academic and industry research,
which continuously expands the boundaries
of what biotechnological applications can

field that integrates biological sciences with
engineering technologies to create innovative
solutions across various sectors, including
healthcare, agriculture, and environmental
sustainability =~ [1]. The evolution of
biotechnology over the years has been
marked by significant scientific
breakthroughs, from the development of
biopharmaceuticals to genetically modified
crops, that address some of the most pressing
global challenges [1]. This
progression is mirrored in the exponential

dynamic

achieve [2], [3]. As a result, there is a critical
need to systematically review and synthesize
the extensive body of research to understand
the trajectory of biotechnology development
and its future potential [4].

The study of bibliometric data
provides a comprehensive approach to
analyze the scientific literature, offering
insights into the trends, gaps, and networks
within a specific field [5], [6]. In
biotechnology, a bibliometric analysis can
reveal the most influential studies, prolific
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authors, and core topics that have shaped the
field’s development [7]. Furthermore, it can
highlight the collaboration patterns between
researchers and institutions, which are pivotal
for fostering innovation and advancing the
field [8]. Such analyses are crucial for
researchers, policymakers, and industry
stakeholders who rely on evidence-based
insights to make informed decisions and
strategize future research directions [9].
Despite the rich repository of
biotechnological research, there remains a
lack of comprehensive bibliometric studies
that encompass the entire spectrum of
biotechnology, particularly in emerging areas
such as synthetic biology and bioinformatics
[10]-[12]. These emerging areas are critical for
the next generation of biotechnological
advancements and  require  detailed
exploration to leverage their full potential
[13]. This gap highlights the need for a
detailed bibliometric analysis that not only
maps the historical landscape but also
pinpoints emerging trends and
methodologies in biotechnology research [7].
While biotechnology continues to
grow in both scope and impact, there is an
evident gap in the systematic analysis of its
development through bibliometric studies.
The existing bibliometric analyses often focus
on specific subfields or are limited in time
scope, which may not fully capture the
interdisciplinary and evolving nature of
biotechnology. This limitation hinders the
ability to fully understand the field’s
development, key players, and research
networks, which are essential for guiding
effective future research and policy decisions.
The objective of this research is to
conduct a comprehensive bibliometric
analysis of biotechnology development from
its inception to the present. This study also
aims to identify the key research themes,
analyze trends over time, and map the
network of collaborations among researchers
and institutions. By doing so, the research
seeks to provide a holistic view of the
biotechnological landscape, facilitating a
better understanding of its evolution and
current state. This research is significant as it

will provide a detailed overview of the
biotechnology field, highlighting its historical
progress, current status, and future directions.
By identifying key trends and gaps in the
literature, this study will aid researchers in
pinpointing  under-explored areas and
emerging technologies. Additionally, the
findings will benefit policymakers and
industry leaders by offering data-driven
insights that can shape research funding
strategies, partnership opportunities, and
innovation  policies.  Ultimately, this
bibliometric analysis will serve as a
foundational = resource for advancing
biotechnology research and its application in
addressing global challenges.

2. LITERATURE REVIEW

2.1 Overview of Biotechnology
Development

Biotechnology has been a cornerstone
of scientific advancement, impacting diverse
fields such as medicine, agriculture, and
environmental science. Early studies in the
field focused on the use of microbial processes
for the production of beer and bread, which
later expanded to the manipulation of genetic
materials through recombinant DNA
technology, heralding the era of modern
biotechnology [14]. In recent decades, the
integration of computational biology and
nanotechnology has further diversified the
applications of biotechnology, leading to
breakthroughs such as CRISPR-Cas9 for
genome editing and the development of
biofuels [15]. These developments reflect
biotechnology’s evolutionary nature,
characterized by rapid innovation and
interdisciplinary integration.

2.2  Bibliometric = Analyses in
Biotechnology

Bibliometric studies provide a meta-
analysis of scientific literature, offering
insights into the growth, development, and
focus areas of research fields. In
biotechnology, bibliometric analyses have
been instrumental in mapping research trends
and identifying influential entities [16]. For
instance, a study by [17] utilized citation
analysis to highlight the most impactful
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research in  microbial biotechnology,
revealing key themes such as enzyme
production and waste treatment. Another
example by [18] focused on agricultural
biotechnology, illustrating significant shifts
towards sustainable practices and genetically
modified organism (GMO) crop production.
These studies collectively underscore the
utility of  bibliometric  methods in
understanding complex research landscapes
and guiding future inquiries.

2.3 Emerging Trends in Biotechnology

The advent of new technologies has
continuously reshaped the biotechnological
landscape. Recent literature emphasizes the
role of synthetic biology and precision
medicine as pivotal emerging trends [19].
Synthetic biology, for instance, combines
principles of engineering and biology to
redesign organisms for useful purposes,
which has been highlighted in recent studies
as a major driver for innovation in
biotechnology [20]. Similarly, precision
medicine's focus on tailoring medical
treatments to individual genetic profiles is
transforming therapeutic strategies and
healthcare outcomes [21]. These areas not
only  represent the  forefront  of
biotechnological research but also suggest
significant potential for societal impact,
necessitating continued scholarly attention
and resource allocation.

2.4 Collaborative Networks and
Geographic Distribution

Collaboration and networking are
key components of scientific research that
influence the speed and breadth of technology
transfer and innovation. Bibliometric studies
often explore these aspects to understand the
dynamics of research activities and
knowledge diffusion. For example, a study by
[22] analyzed collaborative networks in
biotechnology, finding that cross-country
collaborations significantly boost the quality
and impact of research outputs. Additionally,
geographical analyses reveal that certain
regions, notably North America and parts of
Europe, are hubs of biotechnological research
and innovation, influencing global research
directions and policies [23]. Understanding

these patterns is crucial for developing
strategies to enhance collaborative efforts and
address regional disparities in research
capabilities.

3. METHODS

This study employs a bibliometric
analysis to systematically review and evaluate
the development of biotechnology research
from its inception to the present. Data for the
analysis will be sourced from Google Scholar
Database, ensuring a comprehensive
inclusion  of  peer-reviewed  articles,
conference proceedings, and patents relevant
to biotechnology. The search strategy will
involve keywords such as "biotechnology",
"genetic engineering"”, "synthetic biology",
"CRISPR", and 'bioinformatics", among
others, tailored to capture a broad spectrum of
biotechnological research. The retrieved
documents will be subjected to a quantitative
analysis using VOSviewer software tool to
identify the most cited works, prolific authors,
and prevalent research themes. Additionally,
network analysis will be conducted to map
the collaborations among researchers and
institutions globally. The temporal trends in
the publication and citation patterns will be
analyzed to trace the evolution of the field
over time, and thematic analysis will be
applied to categorize the research into core
subfields, highlighting emerging trends and
technologies.

4. RESULTS AND DISCUSSION

4.1 Metrics Data of Literature
Table 1. Citation Metrics

Publication years: 1981-2024
Citation years: 43 (1981-2024)
Papers: 1000
Citations: 347329
Cities/year: 8077.42
Cities/paper 347.33
Cities/author: 179090.29
Papers/author: 524.42
Authors/paper 2.68
h-index: 296
g-index: 539
hI,Norm 212
hl,annual 493
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hA-index 61
Papers with ACC >=1,2,3,10,20:
985,971,887,646,338
Source: Publish or Perish Output, 2024

Table 1 presents a comprehensive set
of bibliometric indicators derived from a

study spanning from 1981 to 2024, analyzing
43 years of research publications in the field,
with a total of 1000 papers and 347,329
citations. The data indicates a high citation
impact with an average of 8077.42 citations
per year and 347.33 citations per paper,
reflecting significant influence and relevance
in the academic community. The high h-index
of 296 and g-index of 539 further confirm the
robust impact and depth of the researched
publications. An average of 2.68 authors per
paper and 524.42 papers per author suggest a
collaborative nature of the research with

substantial productivity per author. The
hI,Norm and hl,annual indices at 212 and
493, respectively, illustrate normalized
individual impact over time, reinforcing the
sustained influence of the authors. The hA-
index of 61 highlights the authors' consistency
in producing highly cited papers. The
distribution of papers with at least 1, 2, 3, 10,
and 20 citations (985, 971, 887, 646, 338
respectively) underscores a high level of
academic engagement and citation density
across the publications, demonstrating the
enduring relevance and influence of the
research outputs in this field. This data was
sourced from the "Publish or Perish" output in
2024, confirming the substantial and ongoing
contributions of these scholarly works to the
field.
4.2 Citation Analysis

Table 2. Top Cited Literature

Citation | Author | Title

13269 [24] Interorganizational collaboration and the locus of innovation: Networks of
learning in biotechnology

6746 [25] Microbial cellulose utilization: fundamentals and biotechnology

3520 [26] Intellectual capital and the birth of US biotechnology enterprises

3479 [27] Molecular and biotechnological aspects of microbial proteases

3429 [28] Nanoparticles, proteins, and nucleic acids: biotechnology meets materials
science

3370 [29] Anaerobic biotechnology for industrial wastewater treatment

2886 [30] Valuable products from biotechnology of microalgae

2729 [31] Exploration and exploitation alliances in biotechnology: A system of new
product development

2707 [32] First the seed: The political economy of plant biotechnology

2662 [33] Clinical development success rates for investigational drugs

Source: Publish or Perish Output, 2024

Table 2 lists the top-cited literature in
biotechnology research, showcasing works
that have significantly impacted the field, as
reflected in their high citation counts. The
most cited paper by Powell, Koput, and
Smith-Doerr explores the dynamics of
interorganizational collaboration in
biotechnology and its role in fostering
innovation, gathering a remarkable 13,269
citations, indicating its pivotal influence on
understanding innovation networks. Other
notable works include Lynd et al.'s study on
microbial cellulose utilization, which is
essential for biotechnology fundamentals and

has accumulated 6,746 citations. Additionally,
Zucker, Darby, and Brewer's examination of
intellectual capital's impact on biotech
startups has also been highly influential with
3,520 citations. The list includes diverse topics
such as microbial proteases, the integration of
nanotechnology with biotechnology, and the
economic and policy dimensions of
biotechnology, such as Kloppenburg's
analysis of the political economy of plant
biotechnology. These works collectively cover
a broad spectrum of biotechnological
research, from technical aspects and
industrial applications to strategic alliances
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and economic implications, demonstrating
the interdisciplinary and impactful nature of
biotechnology studies. This data, sourced
from the "Publish or Perish" output in 2024,
highlights these publications as foundational

4.3.1 Network Visualization

biotechnological tool

texts in the biotechnology literature
landscape.

4.3 Keyword
Analysis
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Figure 1. Network Visualization
Source: Data Analysis, 2024

The first figure is a network
visualization created using VOSviewer, a tool
commonly used for bibliometric analysis. This
visualization maps the co-occurrence of terms
in biotechnology research publications,
highlighting the relationships and thematic
clusters within the field.

1. Green Cluster: Biotechnology

Industry and Innovation

The green cluster focuses on terms
related to the biotechnology industry,
including "biotechnology firm,"
"biotechnology company," "biotechnology
cluster,” and ‘'"innovation." This cluster
emphasizes the industrial and commercial
aspects of biotechnology, indicating a
significant body of research concerned with
the  business  dynamics, innovation
ecosystems, and commercialization strategies
within the biotechnology sector. The presence
of "drug development” within this cluster
suggests a  strong  link
biotechnological innovations and
pharmaceutical applications, underlining the

between

role of biotechnology companies in advancing
medical science and healthcare solutions.

2. Blue Cluster: Biotechnology

Development and Research

The blue cluster centers around
"biotechnology development,”
"biotechnology research," and
"biotechnological tool." This cluster seems to
be more oriented towards the scientific and
technological development aspects of
biotechnology. It includes research focused on
the development of new biotechnological
tools and methodologies. This cluster likely
represents the core scientific endeavors in
biotechnology, exploring new techniques and
technologies that can be applied across
various sectors.

3. Yellow Cluster:

Biotechnology

The yellow cluster includes terms like
"agricultural biotechnology,” "crop," and
"plant biotechnology." This cluster clearly
relates to the application of biotechnology in
agriculture, focusing on the genetic
modification of crops, improvements in
agricultural productivity, and the

Agricultural

development of sustainable farming
techniques. The inclusion of "biodiversity"
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within  this cluster also
consideration of ecological and
environmental aspects in  agricultural
biotechnology research, pointing to studies

that address the impact of biotechnological

suggests a

interventions on biodiversity.

4. Red Cluster: Biotechnological
Processes and Applications

The red cluster encompasses

"biotechnological process," "enzyme,"

4.3.2 Overlay Visualization

biotecl"mological tool

"process development,” and "vaccine." This
cluster is indicative of research focused on
specific biotechnological processes and their
applications. The mention of "enzyme" and
"vaccine" highlights the practical applications
of biotechnology in producing enzymes for
various industrial uses and developing
vaccines, which are crucial, especially in the
context of public health.

biotechnol@gy research

biodigersity

ggriculturalwtechnology v
&

crop plant biotechnology

biotechnalogy cluster

biotechnology development o

microalgae

biotechnch industry
biotegh firm

biology  organism , inndygtion  ®
iotechnol@gical process vaccine biotechnol@gy company
enzyme  process development drug deviglopment
biotechnology process
5% VOSviewer '
2004 2006 2008 2010 2012

Figure 2. Overlay Visualization
Source: Data Analysis, 2024

The second figure includes a color
gradient from blue to yellow along a timeline
from 2004 to 2012, which represents the
temporal dimension of research trends within
the field of biotechnology. This color-coded
timeline allows us to discern the evolution
and shifts in focus areas over these years.

During the early years, marked by
blue nodes, the
concentrated on foundational aspects such as
"biotechnological "biotechnological
process," and "biotechnology research." This
indicates a period where much of the

research  primarily

tool,"

biotechnology research was geared towards

developing and refining the tools and
methods that form the backbone of
biotechnological applications. This

foundational research laid the groundwork
for more specialized applications that appear
in later years.

As the timeline progresses into the
green nodes around 2007 to 2009, there is a

noticeable expansion into more specific
applications and sectors. "Agricultural
biotechnology" and "plant biotechnology"
begin to emerge more prominently, reflecting
a shift towards applying biotechnological
advancements to agriculture, which involves
improving crop yields and resistance through
genetic modifications and other
biotechnological interventions. Additionally,
the focus on "enzyme" and "vaccine" during
this period suggests a heightened interest in
medical and
biotechnology.

In the later years, marked by yellow
nodes, there is a clear shift towards
"biotechnology industry," "biotechnology
development,” and "innovation." This trend
indicates that the research focus has moved

industrial applications of

from basic biotechnological tools and
processes towards the commercialization and
industrial application of biotechnology. The

emergence of terms like "drug development"
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and "biotechnology company" during this
period underscores a maturation of the field
into a phase where biotechnological
innovations are being actively developed into
products and  solutions,
particularly in the pharmaceutical sector.

The timeline visualization reveals a
significant evolution in biotechnology
research from foundational tools and

marketable

processes in the early 2000s to more advanced
and specialized applications in agriculture
2. Density Visualization

g?b VOSviewer

and medicine by the late 2000s, culminating in
a strong focus on commercialization and
industry application by the early 2010s. This
shift mirrors the broader trends in
biotechnology, = where initial scientific
discoveries and methodological
developments gradually lead to practical
applications  that address real-world
problems, subsequently moving towards
economic impact through industrial and
commercial exploitation.

Figure 3. Density Visualization
Source: Data Analysis, 2024

The third figure illustrates a density
visualization of research topics within
biotechnology using VOSviewer. The color
gradient, ranging from blue (lower density) to
yellow (higher density), indicates the
concentration of research activities within the
field. This type of visualization helps identify
both well-explored areas and potential
research opportunities by showing where
research activities are most clustered and
where they are sparse.

The yellow zones indicate areas with
high research activity and concentration,
highlighting well-established fields within
biotechnology. Terms like "biotechnology
industry," "drug  development,” and
"innovation" are in these zones, suggesting
that these areas have accumulated substantial

academic and practical interests. The
clustering around "biotechnology
development" and "biotechnology company"
suggests a focus on the commercial and
developmental aspects of biotechnology,
likely related to the application of
biotechnological innovations in creating
marketable products and services.

Green zones, depicting medium
density, encompass terms like "agricultural
biotechnology,”  "crop,” and  "plant
biotechnology." These areas are robust but
perhaps not as saturated as the high-density
zones, indicating ongoing research with room
for expansion. The presence of "vaccine" and
"enzyme" within this zone suggests active
research that could be pivotal in medical and
industrial applications, reflecting a balance
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between  foundational  research  and
application-oriented studies.

The blue areas, representing lower
density, include terms such as "microalgae,"
"biodiversity," and "biological process." The
sparsity in these regions suggests that they are
less explored compared to other fields within
biotechnology. This underrepresentation
might  indicate  significant  research
opportunities, as these areas could hold
untapped potential for new discoveries and
applications in biotechnology.

Given the analysis, several research
opportunities can be identified:

1. Expanding Microalgae Research:
Despite its lower density, microalgae
research can lead to breakthroughs in
biofuel production, pharmaceuticals,
and nutraceuticals, providing a
sustainable alternative to traditional
resources. Exploring this area could
yield valuable innovations in energy

and health products.
2. Biodiversity = in  Biotechnology:
Biodiversity is crucial for
darby, mr
Iy
cheh j
5‘& VOSviewer ek

understanding ecological interactions
and genetic resources, which can be
applied to improve crop resilience,
discover new drugs, and develop
biocontrol agents. Research in this
area could enhance sustainability and
environmental integration in
biotechnological applications.

3. Innovative Biotechnological Tools
and Processes: While the field is
mature, developing novel tools and
processes  for  under-researched
applications like biodiagnostics or
tissue engineering could provide new
growth avenues in both research and
industry.

4. Integration of Biotechnology in Non-
traditional Areas: Exploring the use
of biotechnology in non-traditional
areas such as waste management,
water  purification, and smart
materials could open new markets
and applications, broadening the
impact of biotechnological research.
4.4 Co-Authorship Analysis

singh, s Sl a

yaday, an

yaday, n

Figure 4. Authorship Visualization
Source: Data Analysis, 2024

This VOSviewer visualization depicts
a network of authors and their collaborative
relationships within a specific research field,
as represented by the connecting lines
between author nodes. In the figure, authors

non

"darby, mr," "li, y," "chen, j," and "wang, q"
appear as isolated nodes, indicating that their
publications or contributions to the field
might be independent of the other authors
shown or within different subfields or
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collaborations not depicted here. On the other

" "gupta, a," "yadav,
an," and '"yadav, n" are interconnected,
suggesting a collaborative network between
these individuals. The lines between "singh, s"
and "gupta, a," and between "yadav, an" and
"yadav, n," likely represent co-authorships or

"on

hand, authors "singh, s,

significant collaborative interactions, as
indicated by the green and blue lines,
respectively. These patterns suggest active
collaboration between some researchers,
others may operate more
independently =~ within ~ the  research
community. The visualization helps in
identifying key  players and their
relationships, which can be crucial for
understanding the dynamics of research
collaboration and influence within this
academic field.

while

5. CONCLUSION

The comprehensive analysis of
biotechnology research using bibliometric
visualizations has provided valuable insights
into the thematic clusters, research trends,
opportunities, and collaborative dynamics
within the field. The thematic cluster analysis
revealed distinct areas of focus, such as
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