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ABSTRACT

Agarwood is a renowned fragrant non-timber wood product primarily originating from the Indo-Malesia region. It also
plays a pivotal role in the global industry due to its economic and cultural significance. As a response to illegal
harvesting and trade activities leading to declining populations, all agarwood-producing species have progressively been
incorporated into CITES Appendix II. We conducted an in-depth investigation into the temporal dynamics of the
scientific literature pertaining to agarwood in this study. The evolving trends in agarwood research and the influence of
CITES listing on publication numbers were elucidated by utilizing a bibliometric approach. The quantity of research
activity was leveraged as an indicator of the engagement of a country, and the status of agarwood research before and
after the CITES listing was analyzed. A rigorous selection process yielded 704 articles from the Web of Science (WoS)
core database and 1,054 articles from Scopus, using four specific keywords: "agarwood," "Aquilaria," "Gyrinops," and
"gaharu," spanning the years 1995-2022. A notable upswing in the number of scientific publications following the
implementation of the CITES listing was identified, while China has been the leading country in most publications and
research work since 2009 and 2008 based on WoS and Scopus, respectively. The journal "Molecules" has received the
most related articles over the years, and the most popular keyword used is "agarwood." China is also, so far, the country
with the most related patents filed. The trending research topics based on the keywords from 2021 to 2022 would be
studies related to pharmacological effects, understanding the mechanism of agarwood formation, exploring alternative
agarwood-producing species from Gyrinops, and promoting sustainability in agarwood production. Furthermore, the
discussion also covered potential research initiatives that could address the existing knowledge gaps in agarwood
research up to the present moment.
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INTRODUCTION collection of agarwood from these trees is destructive; the

formation of agarwood is based on a defense mechanism

Agarwood is a highly valued non-timber forest of the tree towards mechanical wounding (Nobuchi and

product due to its extensive utilization in Siripatanadilok, 1991; Hishamuddin et al., 2019). The
pharmaceuticals, religious ceremonies, fragrances, and formatipn of agarwood in the wild is rare; ho.we\./er., the
incense (Adhikari ez al., 2021). Throughout the course of increasing demand for agarwood has led to indiscriminate
history, Buddhist, Hindu, and Islamic ceremonies have felling and illegal harvesting of the trees in the forest in
integrated the revered and fragrant agarwood incense. In search of agarwood, threatening its survival in the wild
addition, its properties are utilized in Chinese traditional (Thompson et al., 2022; Hishamuddi.n et al:, 2023). In
medicine to treat dysentery, coughing, rheumatism, and order to reduce and control the diminishing rate of
higher fevers (Chen et al., 2022). Members of Aquilaria ~ 3garwood-producing trees in the wild, Aquilaria
and Gyrinops from Thymelacaceae are the major known malaccensis became the first species to be included in the
agarwood producers in the world (Lee et al, 2022). Convention on International Trade in Endangered Species

These trees grow naturally in the Indomalesia region. The (CITES) Appendix I in 1995 (CITES, 1994), with all 30
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species from both genera being added in 2005 (CITES,
2004).

The establishment of CITES is to combat illegal
trade and manage global wild plant and animal commerce
(www.cites.org). Appendix II of CITES includes species
not necessarily threatened with extinction but in which
trade must be controlled in order to avoid utilization
incompatible with their survival (Dwianto et al., 2019).
About 84% of the recorded species are listed in Appendix
I, enabling sustainable, legal, and supervised
international trade (UNEP-WCMC, 2019). Based on
recent studies, the IUCN Red List of Threatened Species,
on the other hand, would influence researcher interest
(Cazalis et al, 2022). This is because, in competitive
funding environments, researchers would be concerned
with the probability of securing their research funding;
thus, it would be more promising to address global
biodiversity policies in their work to secure the fund.
Also, government funding would favor studies related to
economic and public-interest species to further exploit
the potential of the targeted species (Jari¢ et al., 2019).

In a time when biodiversity conservation and
sustainable development are crucial in the life sciences,
bibliometric analysis helps us understand agarwood
research history and find new topics (Kokol et al., 2021).
Bibliometrics is a qualitative and quantitative analysis of
research to evaluate researchers, research groups,
institutions, countries, and publications (Todeschini and
Baccini, 2016). It is also a good way to highlight
important literature findings and knowledge gaps while,
at the same time, identifying scientific literature norms.
In recent years, scientists have adopted bibliometric
approaches to track renewable energy, clinical medicine,
and biodiversity development as online literature
databases improve (Senyapar, 2023); the method could
inform knowledge perception and structure new and
established scientific disciplines by analyzing thematic,
methodological, and conceptual patterns throughout time.
Bibliometric methods help to display a huge number of
articles in an intuitive, quality-balanced format with ease;
it is possible for researchers to reevaluate their research
domain using bibliometrics (Donthu ef al., 2021).

To provide a deeper qualitative understanding of
how the CITES listing influences agarwood research
through quantitative metrics, in this study, we used
bibliometric approaches to show the trend of agarwood-
related scientific research from 1995 onward and its
relevance to the CITES listing. Given the high
commercial value of agarwood, having the two major
agarwood-producing genera listed in the CITES listing
could inflict a certain level of scientific preference (Wyn
and Anak, 2010). This study covers various crucial
aspects, including the number of related publications
based on country, the popular scientific journals and
keywords used, the interaction between counties in terms
of research collaboration, trending topics, as well as the
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number of patents filed based on country. The study
provides a thorough analysis that demonstrates the
research pattern of the related publications and the impact
of CITES on the scientific community by combining
newly acquired data with previous knowledge.

MATERIALS AND METHODS

Data collection: By having the year when Aquilaria
malaccensis was first added to the CITES listing, the
scientific articles that were made available between
January 1%, 1995, and December 31%, 2022, were
included in the analysis. The researchers subjected two
international journal indexing databases, the Clarivate
Analytics Web of Science (WOS) and Scopus, to data
filtering and collection. Four selected words, including
"agarwood", "Aquilaria", "Gyrinops", and "gaharu”, were
designated as the theme in the search tools of both
databases. To reduce bias caused by duplicated
publications and minimize false-positive results, the
search was limited to publications recorded in journals,
specifically full research articles or review papers.
Conference proceedings, book chapters, and books were
not considered for both searches implemented in WOS
and Scopus, as they might contribute to redundancy in
content under different media sources. WOS and Scopus
yielded a total of 704 and 1,054 papers, respectively, with
fully recorded and cited references.

Data visualization: All computations and data analyses
were performed using R software version 4.0.2 (R Core
Team, 2022), utilizing packages such as ape v5.0 (Paradis
and Schliep, 2019), nlme (Heisterkamp et al., 2017),
spatstat (Baddeley and Turner, 2005), and Vegan
(Oksanen et al., 2019. This includes statistical and
bibliographic information processing, notably the
publication year, authors’ institutional affiliations, the
residing country of the corresponding author, and
trending keywords. We conducted these analyses using
the Bibliometrix v3.2.1 pipeline (Aria and Cuccurullo,
2017).

We visualized the correlation between
publications, institutions, and  countries  using
Bibliometrix v3.2.1. To highlight the key research
institutions and publication trends of related articles, the
top five countries on agarwood research and their annual
publications were identified using the citations function
available in Bibliometrix. The collaboration network tool
in the social structure series of Bibliometrix generated an
international collaboration network diagram. The field
“country” was set as the target for network construction,
with the network layout set to “circle”, and the Walktrap
clustering algorithm was employed. We used the Three-
Field Plot tool in the Overview series of Bibliometrix to
create the Three-Field Plot, which illustrates the
disparities in research themes across different nations.
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The fields “countries”, “keywords”, and “sources” were
chosen for constructing the three-field plot from left to
right. The top 15 entities for each field were selected to
build the three-field plot.

The keyword co-occurrence and research
network maps were illustrated using VOSviewer v1.6.18
(Van Eck and Waltman, 2022). The publication data files
derived from both Scopus and WoS were imported into
VOSviewer. We selected author keywords occurring at
least six times for the WoS data. The ‘“association
strength” method was applied for standardization. For
Scopus data, extended keywords or keywords that
appeared at least 50 times were chosen. We manually
excluded low-relevance word combinations. We applied
the default settings to visualize the keyword co-
occurrence network for both datasets.

A patent search was conducted by searching
related records deposited in the Google Patents database
(https://patents.google.com/), using the same four
keywords as in the previous analysis. The patent search is
limited to the filing period from January lst, 1995, to
December 31st, 2022, which resulted in a total of 2,384
files being retrieved. We summarized and visualized the
results using Excel (Microsoft, USA).

RESULTS

Number of publications and top publication-
contributing countries: The variation in the number of
publications over the years allowed us to examine the
focus and development trends of agarwood research.
From 1995 to 2022, the annual publication count
exhibited an overall upward trajectory (Figure 1), and the
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findings based on the WoS and Scopus databases were
consistent between the two databases. During the period
between 1995 and 1999, publications on agarwood
research were very limited. The Scopus database
recorded the first appearance in a relevant article in 1995;
however, there was a four-year gap before any
subsequent publications. In 2000, the WoS database
featured its first related article. Both the WoS and Scopus
databases recorded less than 10 related publications until
they reached 17 and 12 in 2008 and 2009, respectively.
Since then, both databases underwent a rapid expansion
in related articles, in which the number of related articles
rose to its highest count before a reduction in numbers
took place in 2011, 2014, and 2020 for WoS, as well as
2015 and 2020 for Scopus. The annual growth rates of
publications for the WoS database and the Scopus
database were averaged at 14.7% and 14.6% respectively,
using the year when the first article was featured in both
databases (WoS: 2000, Scopus: 1995). In 2019, both
databases recorded the highest number of publications,
with WoS featuring 84 articles and Scopus featuring 124
articles.

Based on the total number of related articles
published between 1995 and 2022, both the WoS and
Scopus databases recorded articles from 35 and 41
different countries, respectively. However, this study
only analyzed the top five countries that contributed or
participated in the articles. Both the WoS and Scopus
databases had China, Malaysia, India, and Thailand in
their top-five lists; however, WoS included Japan as one
of their top five contributors, while Scopus recorded
Indonesia.
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Figure 2. Annual production of the top 5 countries on agarwood research based on (A) WoS and (B) Scopus
databases. The gray part of the donut chart and the percentage value at the center indicate the
proportion of multiple-country participation for each country.

When compared across the five countries, China
is clearly in the lead, contributing the most articles to
both the WoS and Scopus databases. In WoS, China has
started to overtake the other countries in terms of the
number of articles since 2009. Despite China's growing
trend in the number of articles overall, there are at least
three distinct reduction points, i.e., 2013, 2015, and 2020.
The reduction rate was between 8.6% and 21.2%.
Subsequently, Malaysia became the first runner-up as the
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second contributor to the WoS database from 2013
onwards. Malaysia showed substantial growth for the
next seven years, until it encountered a reduction in the
number of articles in 2021, which collided with the
achievement by India. Eventually, India, Japan, and
Thailand were contributing not more than 20 articles
every year; India, Japan, and Thailand contributed the
most in 2021 (n = 18), 2017 (n = 10), and 2019 (n = 15),
respectively.
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In Scopus, China, as the leading country in
terms of the number of articles, was in second place in
2007, behind India, yet the country started to contribute
to numbers gradually from 2008 onwards. However, a
reduction in the number of articles was recorded in 2014,
2017, and 2020, with a reduction rate between 7.8% and
30.1%. Malaysia, as the second-most contributing
country, began to distance itself from the other three
countries in 2013. Despite there being a gradual reduction
in the number of articles in that country over the past four
years, the country still turned out to be in second place.
Malaysia continued to expand in the number of articles
until 2019, when the number of articles started to decline
and was overtaken by Indonesia in 2021. Eventually,
Indonesia drops back to third place in the subsequent
year. In fourth and fifth place, India and Thailand were
not producing more than 20 articles per year until 2021,
when India marked her highest record in the number of
articles per year (n = 24).

To elucidate the participation of authorship at
the international level, a total of 126 and 108 related
articles derived from WoS and Scopus had corresponding
authors from more than one country (co-corresponding
authors from another country different from the main
corresponding author). We label these articles as multi-
country participation (MCP) articles. Among the top five
contributing countries, Thailand exhibits the highest
MCP proportion (WoS: 28.6%; Scopus: 19.6%), while
China marks the lowest (WoS: 8.3%; Scopus: 6.0%). The
other three countries would account for a percentage of
MCP between 7.6% and 15.9% for WoS, as well as
14.3% and 16.2% for Scopus.
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The international collaboration network map
revealed the pattern of collaboration between researchers
at an international level (Figure 3). Among the top 15
contributing countries included in the analysis, 13 of
them were present in both network maps, including
Australia, Canada, China, Egypt, Germany, India,
Indonesia, Japan, Korea, Malaysia, Sri Lanka, Thailand,
and the USA. Saudi Arabia and Vietnam were specific to
the network map derived from the WoS database, while
Bangladesh and Iran were specific to the network map
generated from the records in the Scopus database.

The Walktrap algorithm identified four clusters
in the network map using the WoS database, while the
network map derived from the Scopus database obtained
five clusters. In the network map using the WoS
database, the largest cluster consisted of six countries,
including China, Germany, Indonesia, Japan, Thailand,
and the USA. The second largest cluster had five
countries, including Australia, Egypt, Malaysia, Saudi
Arabia, and Sri Lanka, while the third and fourth clusters
each had two countries, including Korea and Vietnam, as
well as Canada and India, respectively.

The largest cluster in the network map derived
from the Scopus database included seven countries:
China, Germany, Indonesia, Iran, Japan, Thailand, and
the USA. The second-largest cluster was recorded with
three countries, including Canada, India, and Korea.
Australia and Sri Lanka, along with Egypt and Malaysia,
formed two separate clusters, while Bangladesh remained
unclustered with any other countries.
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Figure 3. International collaboration network map of the top 15 contributing countries on related articles based
on the (A) WoS and (B) Scopus databases. We used the Walktrap clustering algorithm for this analysis.
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Popular keywords and preferred journals in
agarwood related research: As the keyword with the
most occurrence, the word “agarwood” has become a
distinct research preference among 14 countries of the
WoS database and 15 countries of the Scopus database
(Figure 4). This was followed by five keywords that are
related to the family name (i.e., Thymelaeaceae), genus
name (i.e., Aquilaria), and species name (i.e., Aquilaria
crassna, A. malaccensis, and A. sinensis) of the research
subject. Other occurring keywords recorded were related
to the three major chemical compounds in the agarwood,
including “sesquiterpene”, “sesquiterpenoid”, and “2-(2-
phenylethyl) chromone”, as well as other popular
keywords such as “conservation”, ‘“cytotoxicity”,
“gaharu”, and “GC-MS”. Keywords that occur in the
related articles indexed under the Scopus database but not
in the WoS database are “agarwood oil”, “Aquilaria
agallocha”, “essential 0il”, and “expression analysis”.
Concerning the choice of journals among the 14
and 15 contributing countries of the WoS and Scopus
databases, respectively, "Molecules" received and
published the highest number of related articles in both
databases. Other well-received journals that are indexed
under the WoS database in descending order would be
“Fitoterapia”, “Chemistry of Natural Products”, “Natural
Product Communications”, “Journal of Asian Natural
Products Research”, “Journal of Natural Medicine”,
“Phytochemistry Letters”, “Journal of Tropical Forest
Science”, ‘“Mitochondrial DNA Part B: Resources”,
“Bioscience Research”, “Forests”, ‘“Phytochemistry”,
“Scientific Reports”, and “Journal of Forestry Research”.
Aside from “Molecules”, there are at least nine
journals, including “Fitoterapia”, “Chemistry of Natural
Products”, “Natural Product Communications”, “Journal
of Asian Natural Products Research”, “Journal of Natural
Medicine”, “Phytochemistry Letters”, “Journal of
Tropical Forest Science”, “Forests”, and
“Phytochemistry”, that are indexed under both databases,
while eight are recorded in the analysis based on the
Scopus database but not WoS. The eight Scopus-indexed
journals are “Biodiversitas”, “Chinese Pharmaceutical
Journal”, “Chinese Traditional and Herbal Drugs”,

“Industry Crops and Products”, “Journal
Ethnopharmacology”, “Yaoxue Xuebao”, and “Zhongguo
Zhongyao Zazhi”.

For the linkage network generated using the
popular keywords based on the related articles indexed
under WoS, a total of 10 clusters were identified, of
which the largest cluster (red) contains 10 keywords. The
keywords “Aquilaria sinensis” and “agarwood” have the
most occurrences among all keywords. Scopus identified
a total of 11 clusters. Two clusters, i.e., red and green
colors, contain the most keywords, i.e., nine; “Aquilaria
sinensis” and ‘“agarwood” also occur to be the most
popular keywords indexed.
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Trending topics based on keywords: Between 2002 and
2006, agarwood-related articles were only limited to the
keyword “non-timber forest product” (ntfp) in both
databases. However, the trend diverged since 2004 when
the keyword “CITES” was consistently emphasized in
related articles until 2018 when referring to WoS, making
it the longest-spanning keyword, while the keyword
“Aquilaria agallocha” became popular from 2005 to
2015 under Scopus (Figure 6). The keyword “Aquilaria
agallocha” was indexed as a top-three keyword under
Scopus in 2008 but ranked top-three under WoS in 2009.
Under WoS, keywords that were popular in 2010 were
“eaglewood” and “trade”, while between 2011 and 2015,
keywords such as “antimicrobial activity”, “Chinese
eaglewood”, “constipation”, “endophytic  fungus”,
“farnesyl diphosphate synthase”, “laxative effect”,
“methyl jasmonate”, “nitric oxide”, “phylogeny”, and
“sesquiterpene” gradually surfaced. Among the 15
popular keywords recorded between 2016 and 2020, the
keyword “agarwood” received the most attention in 2018,
followed by the keywords  “2-(2-phenylethyl)
chromones”, “Aquilaria sinensis”, and “Thymelacaceae”,
as well as “Aquilaria”, “Aquilaria malaccensis”, and
“cytotoxicity activity”, which occurred at higher
frequencies in 2017 and 2019, respectively. In 2021 and
2022, keywords such as  “Gyrinops walla”,
“sustainability”,  “synthesis”, “transcriptome”, and
“quality evaluation” became prominent.

For Scopus, besides the keywords “ntfp” and
“Aquilaria agallocha”, there was only one more keyword
being focused on before 2010, which was “Aquilaria
spp.”. There were no popular keywords recorded in 2011,
but prior to 2015, leading keywords such as “agilawood”,

“Aquilaria microcarpa”, “callus”, “chemical
constituent”,  “chromone”,  “cytotoxic  activity”,
“eaglewood”, “endophytic fungus”, “fungus”, “gaharu”,

and “methyl jasmonate” became present. Between 2016
and 2020, among the 15 popular keywords, two were
recorded with the highest frequencies, including
“agarwood” and “Aquilaria sinensis”. While three
popular keywords were identified in 2021, including
“depression”, “stress”, and “sustainably”, “agarotetrol”

was the only popular keyword known in 2022.

Global patent trends and geographic distribution
analysis: Based on the analysis of the Google Patent
Database, the global number of related patents amounted
to 2,384 between 1995 and 2022 (Figure 7). The annual
distribution of related patents revealed a substantial
increase over the years, in which related patents
accounted for 18 records in 1995 and exceeded 100 per
annum in 2011. In 2021, a total of 229 related patents
were recorded, which is the maximum record achieved
per annum in the past 26 years. Noticeable declines in the
number of related patents were observed in 2004, 2006,
2008, 2017, and 2022. The most substantial decrease
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occurred in 2006, with a decline of 46.3%, followed by 35.2% in 2004.

(A)
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Figure 4. Three-field plots depict the top contributing countries, popular keywords, and preferred journals of
related articles between 1995 and 2022.
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Figure 5 illustrates the linkage network of popular keywords indexed under (A) WoS and (B) Scopus databases.
The font size indicates the occurrence level of the keywords, while the color-coding represents their
relatedness.
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Figure 7. Quantity of related patent applications from 1995—2022 based on the Google Patent Database.

Table 1. Top 15 countries or international
organizations of related patent application
quantity, excluding the World Intellectual
Property Organization (WIPO).

Country or

Rank International Quantlt-y Of. patent
Organization applications

1 China 1072

2 Japan 422

3 USA 209

4 Korea 152

5 European Patent Office 112

6 Thailand 53

7 France 49

8 Canada 26

9 Australia 20

10 Spain 17

11 Malaysia 13

12 Germany 11

13 Brazil 6

14 Ireland 4

15 Bulgaria 3

Between 1995 and 2022, a total of 32 national
agencies or international organizations handled
applications on the related patents. In terms of country,
excluding the World Intellectual Property Organization
(WIPO), China (including Taiwan) had the highest
number of accepted applications, totaling 1,072,

representing 45.5% of the total applications thus far
(Table 1). Japan had 422 applications, followed by the
United States with 209, South Korea with 152, and the
European Patent Office with 112. By looking into other
Asian countries that strived in publication numbers,
including India, Indonesia, Malaysia, and Thailand, only
two countries had made it into the top 15, in which
Thailand had 53 applications (ranked 6th) and Malaysia
recorded 13 applications (ranked 11%).

DISCUSSION

Keywords and emerging research areas in agarwood
studies: The earliest literature on agarwood was dated in
1959, which reported on the extraction of sesquiterpene
alcohol from the agarwood oil (Jain and Bhattacharyya,
1959), but our sampling scope is insufficient to
encompass the entire research history. However, there
were only a few systematic studies published over the
decades, indicating a low level of academic interest in
agarwood during that period. Eventually, our finding
shows a clear increase in research output during the first
decade of the 21st century, while the inclusion of the
agarwood-producing genera, Aquilaria and Gyrinops, in
CITES Appendix II in 2005 could be considered a
stimulant to agarwood research activities. Evidently, a
noticeable increase in the number of related articles was
recorded during post-CITES implementation.
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China, Malaysia, India, and Thailand are among
the world's agarwood producers (Lopez and Page, 2018;
Du et al, 2022), which they have been playing an
exceptional role in producing great number of
publications throughout the years. Several factors have
contributed to China and Malaysia's renewed attention.
The cultural and economic importance of agarwood in
these regions creates a favorable setting for
comprehensive research. Agarwood, which is essential to
traditional practices and has a high market value, has
emerged as a priority in scientific research in these
countries (Hashim et al, 2016; Liu et al, 2017).
Furthermore, the large population and excellent research
infrastructure, particularly in China, allow for a wide
range of research, including sustainable harvesting
methods, quality improvement, and innovative
applications. Government policies and financing in these
countries frequently align with the purpose of
encouraging research in areas that support national
economic and cultural interests, such as agarwood.
Furthermore, the presence of strong local and
international academic and research cooperation broadens
the scope and depth of such research. These reasons,
taken together, thrust China and Malaysia to the forefront
of agarwood research, demonstrating their dedication to
understanding and capitalizing on this important natural
resource. In addition to China, other countries, including
Malaysia, India, and Thailand, have demonstrated
proactive engagement in the pursuit of research grants
and funding for the investigation of agarwood (Jha, 2014;
Lau et al., 2022; Dutta and Bhuyan, 2023). These grants
function as catalysts for innovative research endeavors,
technological progressions, and conservation initiatives
that are associated with agarwood. The investigation of
the medicinal properties of agarwood and sustainable
cultivation methods has been sparked by the pursuit of
such funding in these countries (Chen ef al., 2017; Tan et
al., 2019; Li et al., 2021). As one of the agarwood-
producing countries, the substantial funding initiatives for
research in Malaysia, India, and Thailand have
substantially contributed to the advancement of agarwood
science and related fields in the country. Their attempts in
this regard are highlighted by their commitment to
cultivating dynamic research ecosystems and promoting
worldwide cooperation and the exchange of knowledge,
while at the same time developing the local agarwood
industry. Comparable to China, the way these nations
proactively pursue research grants demonstrates their
dedication to agarwood resource conservation and
sustainable development (Liu et al, 2013; Yin et al,
2016).

Established research networks with well-defined
clusters offer significant opportunities to strengthen and
foster relationships (Leskovec et al., 2009). They foster
knowledge sharing, resource sharing, and coordinated
initiatives to address worldwide agarwood research
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challenges. However, it is critical to specify that the
advantages of gathering go beyond the agarwood
industry. Industry clusters, which are composed of
companies that gain a competitive edge through
interdependence and local proximity, provide a
compelling framework for state and local leaders to
analyze and support their economies (Baily and
Montalbano, 2018). Furthermore, the expansion of
regions is contingent on their capacity to offer favorable
conditions for companies to unite (Luo, 2000). Although
the precise mechanisms underlying agglomeration remain
elusive, it seems that various aspects do influence its
occurrence. These include the capacity to foster perpetual
innovation, establish dynamic entrepreneurial systems
that infuse economies with high-quality employment
opportunities, and involve robust local academic, civic,
and public institutions that can facilitate these processes
(Donahue et al., 2018).

Among all keywords recorded, the keyword
“agarwood” is recognized to be the most frequently
occurring keyword in most related articles. However, the
disparities in keyword occurrence between both databases
could be due to database-specific peculiarities in research
trends (Chae et al, 2020). In conjunction with the
increasing market demand for agarwood, the decline in
wild agarwood tree populations has caused a substantial
increase in the number of scientific publications
addressed to this topic. Notably, the year 2019 witnessed
the highest publication count in this domain (Figure 1).
Additionally, this study revealed that agarwood induction
technology, agarwood chemical composition, and
agarwood pharmacological activity are the most
frequently investigated subjects in agarwood research.
Predicting the precise subject matter that will dominate
agarwood research over the next three years is a
challenging endeavor. However, based on current trends
in the field, it is likely that academic studies will continue
to try to improve the quality of agarwood products, come
up with effective ways to induce agarwood, and look into
the possible pharmacological properties of agarwood (Ma
et al., 2021; Zhang et al., 2021). Over the past two years,
there has been a notable surge in scholarly investigations
pertaining to agarwood induction technology, which
pertains to the manipulation of tree growth to produce
agarwood (Tan et al, 2019; Peng et al., 2021). To make
sure that the agarwood yield from domesticated Aquilaria
trees stays stable, it is important to create good induction
technology. This is because natural agarwood formation
takes a very long time—up to ten years (Tan et al., 2019).
Additional areas of research that have garnered interest
over the past two years encompass the pharmacological
properties of agarwood, its chemical composition, as well
as the sustainable management and conservation of
agarwood resources (Kanazawa, 2017; Wang et al., 2018;
Chen et al, 2022). Therefore, in the future, it is
anticipated that research into the sustainable management
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and conservation of agarwood resources is going to be a
significant area of emphasis (Desa et al., 2021; Hazarika
et al.,2023).

The journal “Molecules” was found to be the
key publication platform for related articles, indicating
that the editor of the journal could be well-informed on
the importance of agarwood-related research and promote
the publication of related articles to improve the scientific
knowledge of this valuable natural product. We do not
exclude the possibility that the journal was preferred by
related researchers due to its speed in the article
reviewing process, which is also done rigorously (Bjork,
2021). Aside from the quality of a journal, the fast
decision as well as the peer review and publication
process of a journal would somewhat influence the
preferences of researchers to submit their work to a
particular journal (Kapoor ef al., 2013). While the related
topics are competitive among related researchers, having
the work to be first in publication would be advantageous
for researchers to be a pioneer in the work of an
understudied topic (Fanelli, 2010).

Trends, prolific entities, and growth prospects in
global agarwood patents: Global agarwood patents have
increased over time, indicating a growing interest in
intellectual property rights in this specialized subject
(Figure 7). However, increases and reductions in patent
counts throughout specific years imply innovation,
market, or regulatory changes affecting patent
applications (Hegde et al., 2023). Registered patents in
related subjects would include agarwood inducers,
commercial  fungal  inoculum, agarwood-related
manufacturing facilities, as well as commercial products
such as herbal drinks and health supplements. The
increase in patents in a country indicates the growing
trend of the local agarwood industry to diversify supplies
to meet market demand (Santangelo, 2002). It is worth
noting that, according to this study, first-world countries
including Japan, Korea, and the USA, which do not
cultivate agarwood-producing trees and lack natural
populations, would obtain a greater number of patents
than agarwood-producing nations like Thailand and
Malaysia. This observation suggests that the commerce of
agarwood products has potentially reached these
developed nations, thereby constituting a substantial
catalyst for the growth of the agarwood sector.
Nevertheless, the number of patents granted may not
accurately reflect the actual amount of agarwood and
derivatives produced and consumed, due to the influence
of numerous variables on patenting activity, including
innovation level, legal system, market demand, and
cultural preferences. As a result, it is essential to conduct
additional research on the environmental and social
impacts of agarwood harvesting and cultivation, as well
as the global agarwood market and its dynamics.
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Conclusion: This bibliometric analysis provides valuable
insights into the patterns and influence of agarwood
research, particularly due to the inclusion of agarwood-
producing genera in the CITES listing. The notable surge
in publications following the listing, China's prominent
position in research and patent applications, and the
prevalence of selected reputable journals and trending
topics highlight the dynamic nature of the field. The
importance of international collaboration in agarwood
research is evident, given the worldwide character of the
field. China's extensive knowledge and experience in
agarwood make it well-suited to take a leading role in
guiding and assisting other countries in this field. In the
future, it is anticipated that the emphasis will be on the
importance of conducting further research on new trends,
biological processes, and creative conservation methods
to effectively manage agarwood resources in a
sustainable manner. Nevertheless, this study enhances the
comprehension of agarwood research dynamics and its
implications for biodiversity conservation and sustainable
development by connecting fresh data with current
information.
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