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Abstract

The Annonaceae family in Mexico comprises a wide diversity of species with economic,
cultural, agricultural, and pharmacological importance; however, research on this group
remains fragmented. Therefore, this study analyzed the scientific output on Annonaceae in
Mexico using a bibliometric approach. A total of 342 articles published between 1980 and
2025 in the Web of Science were retrieved and analyzed using VOSviewer version 1.6.16.
The results showed a sustained increase in annual scientific production; approximately 90%
of the articles were published in Q1 journals, with impact factors ranging from 1.3 to 13.4,
highlighting the scientific relevance of this family. The main research areas were plant sci-
ences, agriculture, biochemistry and molecular biology, entomology, and food science and
technology. Emerging topics focused on the antitumor potential of species such as Annona
muricata, A. cherimola, A. coriacea, and A. purpurea. Research on Annonaceae in Mexico has ex-
panded in a multidisciplinary manner, although limited interaction between different areas
and institutions persists. This field offers opportunities for biodiversity conservation, sus-
tainable use, and the development of biotechnological and pharmacological applications.

Keywords: Annona species; medicinal plants; biodiversity conservation; plant genetic
resources; ethnobotany; phytochemicals research; bioactive compounds

1. Introduction

The Annonaceae family (Magnoliids: Magnoliales) includes angiosperm plants with a
pantropical distribution. Currently, there is no consensus on the exact number of species it
comprises; however, Couvreur et al. [1] report 2430 species of flowering plants, including

shrubs and vines. Hernandez-Fuente [2] cites 162 genera and 3049 species, distributed
W) Check for updates mainly in the tropical and subtropical regions of Central America, South America, Africa,

Academic Editor: AdrianoSofo Asia, and Australia, while Nge [3] recognizes 108 genera and 2503 species in four subfami-

Received: 30 May 2026 lies: Anaxagoreoideae (25 spp.), Ambavioideae (56 spp.), Annonoideae (1526 spp.), and

Revised: 28 July 2026 Malmeoideae (896 spp.).

Accepted: 31 July 2026 In Mexico, the National Biodiversity Information System (SNIB) has registered
Published: 13 August 2026 46 genera with 82 species of the Annonaceae family [4], and more than half of these
Copyright: © 2026 by the authors. species are considered endemic to Mexico [5]. However, the Red List of Threatened Species
Licensee MDPI, Basel, Switzerland. of the International Union for Conservation of Nature (IUCN) [6] reports 27 species in

This article is an open access article this category. The importance of this family is broad, encompassing species with edible

distributed under the terms and

L A fruits and others with use in therapeutic applications, conservation of agroecosystems,
conditions of the Creative Commons

Attribution (CC BY) license. and as insecticides [2,7,8]. Despite their economic, biological, and cultural importance,

Int. ]. Plant Biol. 2026, 17,72 https:/ /doi.org/10.3390/ijpb17080072


https://crossmark.crossref.org/dialog?doi=10.3390/ijpb17080072&domain=pdf&date_stamp=2026-08-13
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijpb
https://www.mdpi.com
https://orcid.org/0000-0001-6860-4212
https://doi.org/10.3390/ijpb17080072

Int. ]. Plant Biol. 2026, 17, 72

2 of 22

most species in this family remain underutilized [8-10], and existing knowledge about
them is scarce and scattered across various disciplines, such as systematics, pharmacology,
agronomy, biotechnology, ecology, and ethnobotany [11-13].

Furthermore, available statistical data is limited. For example, the most representative
and perhaps economically important genus in the Annonaceae family is Annona, with
19 species and three hybrids [2]. Three of these species are considered priority genetic
resources for their fruit [14]; however, in Mexico, only two are registered with the National
Seed Inspection and Certification Service (SNICS): Annona cherimola Mill. with nine varieties
and A. muricata L. with four varieties [15]. These are also the only ones that appear in official
statistics, with 59 and 3200 ha cultivated, respectively, in Mexico [16], with plantations in
the Central, Gulf, and Pacific regions. These records exclude local species that are important
for preserving biodiversity and supporting the traditional knowledge and cultural practices
of local communities [2].

Considering that various species of the Annonaceae family are valued for their gastro-
nomic, nutritional, and therapeutic properties [9,17,18], it is necessary to identify trends in
scientific and formal research on this family [5,6]. Thus, research and review studies have
been carried out on topics such as the identification of acetogenins [19-23], physiology
and postharvest technology of some Annonacea [24,25], diversity [5,26-28], phytochemical
contents, bioactivity, biological actions and toxicological aspects of extracts and isolated
compounds, propagation [27,29,30], as well as the biological and agronomic importance
of this family [2,31-35]. Despite this, it has been observed that there are few systematic
review studies that methodologically allow for visualizing the interconnection within
research networks for this family. While there is interest in the Annonaceae family in
Mexico, the synthesis of available scientific information has not been concentrated through
a bibliometric analysis for its study.

In this context, bibliometric analysis is fundamental to systematizing and visualiz-
ing the current state of scientific research on the Annonaceae family in the country. This
methodology allows for mapping, identifying, and quantifying trends in scientific research,
the most prolific authors and institutions, collaboration networks, and high-impact pub-
lications, as well as emerging topics and areas of opportunity [36]. This information can
be key to guiding scientific agendas; public policies aimed at conservation are based on
standardized, verifiable and quantifiable data. Therefore, this study aims to analyze sci-
entific publications on the Annonaceae family in Mexico from a bibliometric perspective,
exploring its evolution over the past 45 years, considering the most represented disciplinary
areas, leading institutions, the most productive researchers, the most relevant topics at the
national level, knowledge gaps, and, consequently, the research needs for this plant family.

2. Materials and Methods
2.1. Database

For the bibliometric analysis, bibliographic records on research related to the An-
nonaceae family in Mexico were retrieved from the Web of Science Core Collection (WoSCC),
covering the period from 1980 to 19 February 2025 (https://webofknowledge.com/WoS,
accessed on 19 February 2025). WoSCC was selected because it is one of the most widely
used and standardized databases for bibliometric studies, providing high-quality bibli-
ographic metadata, standardized citation indexing, and compatibility with bibliometric
software such as VOSviewer version 1.6.16. In addition, restricting the analysis to a single
database minimizes duplicate records and inconsistencies that may arise when integrating
records from multiple bibliographic sources, thereby ensuring a standardized dataset for
network analysis.
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2.2. Search Criteria

To identify the publications included in this study, a topic search was performed in
WoSCC using the default period (1980-2025). The search query was:

Results for soursop (Topic) OR guanabana (Topic) OR guandbana (Topic) OR graviola
(Topic) OR sweetsop (Topic) OR anon (Topic) OR anén (Topic) OR ilama (Topic) OR biriba
(Topic) OR atemoya (Topic) OR annona* (Topic) OR anona* (Topic) OR Ambavioidea*
(Topic) OR annonoidea* (Topic) OR Malmeoidea* (Topic) OR chirimo* (Topic) OR chyrimo*
(Topic) OR Anaxagoreoidea* (Topic).

The initial search retrieved 11,557 records (Figure 1). To maximize retrieval, the search
strategy combined scientific names, botanical taxonomic terms, and the most widely used
common names of economically important Annonaceae species. Common names were
included only when they consistently retrieved relevant scientific publications indexed in
WoSCC. Because many Mexican Annonaceae species are endemic, rare, or have restricted
geographical distributions, they lack widely recognized common names. Therefore, in
addition to the family name (Annonaceae), the search incorporated the names of recognized
subfamilies (Annonoideae, Malmeoideae, Ambavioideae, and Anaxagoreoideae), together
with the truncated scientific names Annona and Anona, to maximize taxonomic coverage
while maintaining specificity.

Identification of articles via databases and registers

—
=
._g Records identified from Web of
_§ Science Core Collection
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g (n=11,557)
°
-
—
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)
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Figure 1. PRISMA flow diagram illustrating the identification, screening, eligibility assessment, and
selection process of publications retrieved from the Web of Science Core Collection for the bibliometric
analysis of Annonaceae research in Mexico. The database search was conducted on 19 February 2025.

Because the analysis was restricted to the Web of Science Core Collection, duplicate
records generated from multiple bibliographic databases were not expected. Nevertheless,
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all retrieved records were manually inspected before screening to verify that no duplicate
publications were included in the final dataset.

2.3. Inclusion and Exclusion Criteria

Records were first filtered by country/region (Mexico) and document type, retaining
only original research articles and early access articles (n = 399). Review articles, conference
proceedings, book chapters, conference abstracts, editorial materials, and other non-peer-
reviewed document types were excluded to ensure consistency in the bibliometric analysis
and to avoid duplication of evidence already synthesized in review papers.

Subsequently, each record was manually screened by examining the title, abstract,
keywords, and, when necessary, the full text to verify that the study focused on species
belonging to the Annonaceae family and that the research had been conducted in Mexico.

During this eligibility assessment, 24 records were excluded because they:

e  Corresponded to publications not focused on the Annonaceae family;

e  Addressed topics outside the scope of this study (e.g., nanotechnology, mental health,
or astrophysics) despite matching one or more search terms;

e Did not satisfy the predefined inclusion criteria.

The final dataset, therefore, consisted of 342 research articles, which were ex-
ported as plain-text files including full records and cited references for subsequent
bibliometric analyses.

2.4. Data Export and Bibliometric Indicators

Data extraction, visualization and network analyses were performed using VOSviewer.
Publication trends, citation indicators, co-authorship, co-citation, bibliographic coupling,
and keyword co-occurrence networks were generated using the bibliographic information
downloaded from WoSCC.

Network maps consisted of nodes and links, where nodes represented entities such as
authors, institutions, countries, references, or keywords. Node size was proportional to
the frequency of occurrence, citations, or links depending on the type of analysis, whereas
line thickness represented the strength of the relationships between nodes. Different colors
indicated clusters generated by the VOSviewer clustering algorithm, and shorter distances
between nodes reflected stronger relationships among the analyzed entities.

3. Results
3.1. Temporal Distribution of Publications

Distribution by year of publication. A total of 342 articles on the Annonaceae family
in Mexico were published during the study period (1980-2025) (Figure 2). The annual
publication pattern showed a sustained increase in scientific production, reflecting the
growing interest in this plant family and the progressive consolidation of Annonaceae
research in Mexico. Based on publication dynamics, the evolution of research can be
divided into three stages:

1. Initial Stage (1980-2001): This stage comprised 17 publications (4.9% of the total),
with fewer than five articles published annually (Figure 2). Research focused primarily on
the ecological, agricultural, and pharmacological aspects of economically important species,
while scientific production was led mainly by researchers affiliated with the National
Autonomous University of Mexico (UNAM).

2. Development Stage (2003-2010): During this period, scientific production increased
to 42 publications (12.4% of the total). Research expanded beyond ecological studies to
include pharmacology, natural products, and traditional medicine, accompanied by greater
collaboration among researchers and institutions.
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3. Progress Stage (2011-2025): This stage represented the highest scientific productivity,
with 283 publications (82.7% of total records). Publication peaks occurred in 2014, 2019,
2020, 2021, and 2024, indicating a substantial increase in research activity. The thematic
scope also expanded, involving plant sciences, agriculture, entomology, biochemistry and
molecular biology, and biomedical sciences.

Beginning Development Progress

umber of publications

Cumulative n

/ B

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Publication

Number of publications anually — Cumulative number of publications

Figure 2. Trends in the annual and cumulative number of publications on the Annonaceae family in
Mexico from 1980 to February 2025.

Overall, the cumulative publication trend demonstrated a continuous increase in
scientific production on Annonaceae research in Mexico during the last 45 years (Figure 2),
reflecting the consolidation and diversification of this research field.

3.2. Most Cited Articles on the Annonaceae Family in Mexico

Analysis of the 20 most cited articles on the Annonaceae family in Mexico showed that
not all of them focused primarily on this plant family (Table S1) [37-56]. In eleven of the
twenty most cited publications, Annonaceae species were included within broader studies
in ethnopharmacology, ecology, entomology, and environmental sciences, whereas the
remaining publications investigated Annonaceae as the principal research subject. Among
these highly cited publications, three were published in the Journal of Ethnopharmacology,
whereas one appeared in Environmental Entomology, both Q1 journals with a strong focus
on ethnopharmacology and ecology, respectively.

The most cited publications are concentrated in three major research areas: ethnophar-
macology, ecology, and biotechnology. Ethnopharmacology showed the highest citation
impact, with the two most cited articles by Castillo-Judrez et al. [37] and Calzada et al. [38],
both published in the Journal of Ethnopharmacology. Ecological studies, including those
of Aluja et al. [39] and Sanchez-Cordero and Martinez-Gallardo [40], also received high
citation counts, whereas biotechnology was represented by the study of Ovruski et al. [41].

Among the 20 most cited publications, only 45% of the articles shown in Table S1 focus
on the Annonaceae family as the main research topic, whereas the remaining studies incor-
porated Annonaceae species within broader biological or environmental research frame-
works. These publications covered diverse research areas including chemistry, ethnophar-
macology, microbiology, and ecology.

The journal quality analysis indicated that 90% of the retrieved articles were published
in Q1 journals, with impact factors ranging from 1.3 to 13.4.

https:/ /doi.org/10.3390/ijpb17080072


https://doi.org/10.3390/ijpb17080072

Int. ]. Plant Biol. 2026, 17, 72

6 of 22

3.3. Web of Science Research Areas on the Annonaceae Family in Mexico

A total of 35 Web of Science (WoSCC) research areas were identified among the
342 publications analyzed on the Annonaceae family in Mexico (Table 1). Based on
publication frequency, plant sciences represented the most frequent research area, with
71 publications, followed by agriculture (60), biochemistry and molecular biology (33),
entomology (31), and food science and technology (22). Additional research areas included
pharmacology and pharmacy (19), chemistry (17), life sciences and biomedicine (16), and
environmental sciences and ecology (13).

Table 1. Top 35 research areas of WoSCC for Annonaceae family in Mexico.

Rank Research Areas Publication Total
1 Plant Sciences 71
2 Agriculture 60
3 Biochemistry and Molecular Biology 33
4 Entomology 31
5 Food Science and Technology 22
6 Pharmacology and Pharmacy 19
7 Chemistry 17
8 Life Sciences and Biomedicine 16
9 Environmental Sciences and Ecology 13
10 Biotechnology and Applied Microbiology 10
11 Science and Technology 7
12 Microbiology 5
13 Forestry 4
14 Parasitology 3
15 Integrative and Complementary Medicine 3
16 Cell Biology 3
17 Zoology 2
18 Neurosciences and Neurology 2
19 Materials Science 2
20 Engineering 2
21 Biodiversity and Conservation 2
” Behavioral Sciences; Neurosciences and Neurology; ’

Psychiatry
23 Toxicology; Tropical Medicine; Zoology 1
24 Social Sciences—Other Topics 1
25 Research and Experimental Medicine 1
26 Oncology 1
27 Mathematics 1
28 Marine and Freshwater Biology 1
29 General and Internal Medicine 1
30 Energy and Fuels 1
31 Endocrinology and Metabolism 1
32 Computer Science 1
33 Biophysics; Cell Biology 1
34 Anatomy and Morphology 1
35 Acoustics; Chemistry 1
Total publications on the Annonaceae family in this study 342

3.4. Bibliometric Analysis of Keyword Co-Occurrence

Co-occurrence refers to the number of times a term appears in more than one publi-
cation. A total of 1877 keywords were identified. After applying a minimum occurrence
threshold of five, 88 keywords met the selection criteria and were included in the co-
occurrence network generated with VOSviewer (Figure 3). In this network, node size
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Figure 3. Keyword co-occurrence network in Annonaceae research conducted in Mexico. Larger
nodes indicate higher keyword occurrence, links represent co-occurrence relationships, shorter dis-
tances between nodes indicate greater thematic relatedness, and colors denote the clusters identified
by VOSviewer.

Cluster 1 (red) comprised 30 keywords mainly associated with antioxidant activity,
A. muricata, fruit, soursop, bioactive compounds, and polyphenols, presenting one of the
principal thematic domains identified in the literature. This cluster also contained terms
associated with post-harvest studies and fruit quality.

Cluster 2 (green) included 24 keywords related to phytochemistry and pharmacologi-
cal research, particularly those associated with secondary metabolites and their biological
activities. Cluster 3 (blue) comprised 16 keywords associated with plant growth, devel-
opment and propagation in the Annonaceae family. Cluster 4 (olive green) consisted of
nine keywords related to phytochemical characterization, plant defense, and essential oil.
Finally, Cluster 5 (purple) included nine keywords associated with phylogenetic, taxonomic
and evolutionary studies, highlighting another major thematic domain of Annonaceae
research in Mexico.

3.5. Analysis of Collaboration and Citation Networks

Co-authorship analysis. Co-authorship refers to published material produced jointly
by networks of researchers, research centers, institutions, or even countries. The publication
of articles on the Annonaceae family in Mexico involved the participation of 1304 authors.
After applying a minimum threshold of five publications per author, 30 authors met
the selection criteria and were included in the co-authorship network generated using
VOSviewer (Figure 4a). In this network, node size is proportional to the number of
publications, whereas links represent collaboration relationships and their thickness reflects
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the strength of collaboration. Different colors represent clusters of closely collaborating
authors identified by the VOSviewer clustering algorithm, whereas shorter distances
between nodes indicate stronger collaborative relationships.

Anabi Riley-Sal@ana, Christian

a
ValdeggMiguel
Castro-Moreno, Marisol had e
de la Cruz—@acon, lvan
Gonzélez—Esqg'ﬂ:a, Alma Rosa Reyes-Trejo, Benito Calzada,fernando
Ferrei@GiseIa Velazqueg, Claudia
Fernandes Boar@, Carmen Silvia BarbosaElizabeth
Martinez-Vazquez, Mariano
Campos, Relipe Girotto
6% VOSviewer

@
HNAM Sao Paulo State Univ Unesp

Inst Tecgol Tepic W : .
Univ Clenuasy\rtes Chiapas

Univ Gps;lalajara

. W -
b Univ Autowa Nayarit
\ 4 . .
Inst Nacl InvebForestales Ag-~ UNIV Nacl Autonoma Mexico

Ctr Invest Alimentac & Desarro

Univ Vefacruzana

Uni\'/‘Autbnomistado Morelos: Inst POl‘itecn Nacl
v

Univ Autonoma Metropolitana

Univ Autonoma Estado Hidalgo

6% VOSviewer

Figure 4. Co-authorship networks of authors (a) and institutions (b) in Annonaceae research con-
ducted in Mexico. Larger nodes indicate greater publication output, links represent collaboration,
shorter distances between nodes indicate closer collaborative relationships, and colors denote the
clusters identified by VOSviewer.

Three collaboration clusters were identified (Figure 4a). The network highlights
three major collaborative groups centered on Gonzélez-Esquinca, Alma; Calzada, Fer-
nando; and Ferreira, Gisela. Gonzalez-Esquinca and de la Cruz Chacén were among the
most productive authors, with 21 and 23 publications and 258 and 171 citations, respectively
(Cluster 2: green). The network also showed relatively weak connections between some col-
laboration groups, suggesting opportunities to strengthen national research collaboration.

A total of 379 institutions were identified, of which 29 met the minimum threshold of
five publications and were included in the institutional co-authorship network (Figure 4b).
The total link strength was calculated for each institution, resulting in five collaboration
clusters (red, green, blue, olive green, and violet), comprising nine, six, five, five, and four in-
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stitutions, respectively. The National Autonomous University of Mexico (UNAM) showed
the highest publication output (73 documents) and the highest total link strength, followed
by the Autonomous University of Nayarit (48 documents), the National Polytechnic Insti-
tute (31 documents), and the University of Sciences and Arts of Chiapas (29 documents),
highlighting their central roles within the national collaboration network.

Co-citation Analysis. This analysis evaluates the intellectual relationships among publica-
tions based on the frequency with which two references are cited together in subsequent articles.
A total of 40 cited references, each receiving at least 10 citations, met the selection criteria and
were included in the reference co-citation network (Figure 5a), where node size represents co-
citation frequency and links indicate the strength of co-citation relationships among references.
Six reference clusters were identified. De la Cruz Chacén and Gonzélez-Esquinca [57] and
Coria-Téllez et al. [58] occupied the most central positions in the network, exhibiting the highest
total link strength within their respective clusters. These references represent key components
of the intellectual structure underlying Annonaceae research in Mexico.

a
Schatz, 2010

Gonzalez-wno, 2001 Chatrou, 2012

Schlie-Guzfaén, 2009 &boetﬁiﬁgo

con, 20120 td
2

Calzada, @‘77 de fa Cruz ®

Bermejo, 2005 Pefia, 1995

Moghadamt@#isi, 2015

Coria-Téllez, 2018
Bradford {976

Jiménez, ‘1@ ®
Re, 199

de Lims,ﬁwﬂ

6% VOSviewer

Aluja, M

Hernandez

Feff@ira, Chatrou, Schatz, G

g%s VOSviewer

Figure 5. Co-citation network of references (a) and cited authors (b) in Annonaceae research con-
ducted in Mexico. Larger nodes indicate higher co-citation frequency, links represent co-citation rela-
tionships, shorter distances between nodes indicate greater relatedness, and colors denote the clusters
generated by VOSviewer. The references shown in Co-citation network of references are [19,57-70].
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A total of 8500 cited authors were identified, of whom 24 met the inclusion threshold of
20 co-citations (Figure 5b). Five author co-citation clusters were identified. Calzada, F and
Gonzélez-Trujano represented the most influential authors within the network, showing
the highest co-citation frequencies and total link strength. Their central position reflects a
strong influence on the conceptual development of Annonaceae research in Mexico.

Document citation map. The document citation analysis identified the most highly
cited publications within the dataset and their citation relationships. A minimum threshold
of 20 citations per document was applied, resulting in 61 publications that met the selection
criterion. Of these, 30 formed the largest connected component of the network, while the
remaining documents were not linked to each other. The articles with the highest number
of citations in the network were Calzada et al. [38] (100 citations), Camacho et al. [44]
(67 citations), Sanchez-Cordero and Martinez-Gallardo [40] (66 citations), and Martinez-
Vazquez et al. [45] (61 citations). In the citation network, node size represents citation
frequency, link thickness indicates the strength of citation relationships, distances between
nodes reflect bibliographic relatedness, and colors denote the thematic clusters identified
by VOSviewer.

Seven thematic clusters were identified in the citation network (Figure 6). Cluster 1
(network) included studies on ethnopharmacology and traditional medicine. Cluster 2
(green) grouped studies on the biological activity and pharmacological evaluation of
natural compounds used in traditional medicine. Cluster 3 (blue) comprised studies
on phytochemical characterization and extraction of bioactive compounds. Cluster 4
(olive green) represented studies focused on bioactive compounds and plant-derived
extracts with potential pharmacological applications. Cluster 5 (purple) included studies
on alkaloid chemistry and its biological activities in Annona species, whereas Cluster 7
(orange) comprised studies focused on the pharmacological potential of Annona species.

Aguilar-Herandez (2019)

de la Cruz-Ghacon (2012)
Gonzélez-Esguinca (2014)

Martinez-v%quez (2012) de la Cruz-Ghacon (2011)
Reyes-Trejo (2014)
Lopez-Rubaleava (2016)

L 4 y
Calzadar(2906) e Gonzalez-Tlijano (2001)

Carball 2010) Rejon-Orantes (2011)

Gonzalez-tgljano (1998;
e 1o gsse)

Anaya-Esparza (2020) Jacobo-Herrera (2016)

Camacho (2003) Chavez (1998b)

) Chavez/(2001)
[G‘}C: VOSviewer

Figure 6. Citation network of publications on the Annonaceae family in Mexico. Larger nodes
indicate higher citation frequency, links represent citation relationships, shorter distances between
nodes indicate greater bibliographic relatedness, and colors denote the thematic clusters identified by
VOSviewer. References shown in the network are [8,19,38,44,45,49,52,55-57,63,71-75].

Bibliographic coupling map. This represents the bibliographic coupling relationships
among publications based on their shared references [76]. Unlike co-citation analysis, which
measures how frequently two publications are cited together, bibliographic coupling links
documents that share common references, thereby reflecting similarities in their theoretical
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and methodological foundations. In this study, 61 articles met the established threshold,
of which 39 formed the largest connected network, whereas the remaining publications
showed no bibliographic coupling links. The analysis grouped the publications into seven
main clusters (Figure 7). Cluster 1 (red) included studies on ethnopharmacology, whereas
Cluster 2 (green) grouped studies on the biological activity and pharmacological evaluation
of natural compounds used in traditional medicine. Cluster 3 (blue) highlighted work
on phytochemistry and the biological activities of Annonaceae secondary metabolites.
Cluster 4 (olive green) included studies on extraction techniques and emerging biotech-
nological applications. Cluster 5 (purple) represented integrative and review-oriented
research, Cluster 6 (light blue) grouped studies focused on alkaloid characterization and
phytochemical diversity within the Annonaceae family, and Cluster 7 (orange) comprised
studies on food technology and postharvest applications of Annonaceae products.

Castillo-ﬁz (2009)
Calzé 17b)

<
b Calza‘df (2006)
)
Martinez-\ z (2012)
-
Lopez-Rubalgava (2016)
Reyes-Tigjo (2014)

Cruz-Estrada (2013)

Sao (2014)

Anaya-Esparza (2017b) Jacobo—H%;r,g 72016)

6% VOSviewer
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Figure 7. Bibliographic coupling map of articles related to the Annonaceae family in Mexico. Node
size represents the number of citations received by each article, the distance between nodes indicates
their similarity based on shared references, and node colors indicate the clusters identified by
VOSviewer. References shown in the network are [37,38,45,49,52,57,71,75,77-82].

4. Discussion
4.1. Evolution of Research on Annonaceae in Mexico

This study provides a bibliometric analysis of academic research on the Annonaceae
family in Mexico between 1980 and 2025, using the Web of Science database.

The temporal analysis revealed a sustained increase in scientific production on the
Annonaceae family in Mexico throughout the 45-year study period, following three clearly
differentiated stages. During the initial stage (1980-2002), research activity remained
limited and was concentrated mainly at the National Autonomous University of Mexico
(UNAM), where early studies focused on the ecological, agricultural, and pharmacological
aspects of economically important species.

The second stage (2003-2010) was a period of development, marking a turning point
in scientific productivity with the publication of 42 articles. During this period, research
diversified into ethnopharmacology and traditional medicine. This increase coincided with
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the expansion of ethnobotanical, pharmacological, and natural-product research programs,
which broadened the scientific scope of Annonaceae research in Mexico.

The third stage (2011-2025) was characterized by an exponential increase in scientific
production. This expansion coincides with the strengthening of research networks and the
emergence of new lines, including studies demonstrating the antitumor activity of bioac-
tive compounds isolated from A. macroprophyllata against colorectal cancer cell lines and
in vivo tumor models [83]. Research also expanded into applied plant sciences, including
nanobiotechnology, functional food development, plant health, biological pest manage-
ment, and food science and technology [17,84-89]. This period also coincided with the
emergence of groups dedicated exclusively to Annonaceae, such as the establishment of the
Mexican Annonaceae Network, which promoted national collaboration among researchers
working on this plant family [7].

At this stage, recent studies on the Annonaceae family in Mexico show remarkable
progress in understanding its diversity, with an emphasis on systematics, phylogenetics,
and agricultural applications. These advances have helped to resolve several important
problems in the classifications and phylogenetic relationships within the Annonaceae
family, which persisted despite recent progress. Recent phylogenomic and taxonomic
studies have substantially improved the understanding of evolutionary relationships,
generic circumscription, and endemic diversity within Mexican Annonaceae by integrating
genomic, morphological, and biogeographic evidence [3,27,90,91]. In parallel, new species
such as Desmopsis duran have been described [92], highlighting the importance of cloud
forests and rainforests as centers of endemism and reservoirs of previously undocumented
plant diversity. Taken together, these findings demonstrate the consolidation of Annonaceae
research in Mexico as a multidisciplinary field with increasing international visibility and
thematic diversity. The predominance of plant sciences and agriculture, together with the
increasing representation of biochemistry, molecular biology, entomology, and food science,
indicates that Annonaceae research in Mexico has progressively diversified from traditional
botanical studies toward multidisciplinary research with agricultural, biomedical, and
technological applications.

The publication pattern identified in this study is consistent with previous bibliometric
analyses conducted on medicinal plants, which have likewise reported sustained growth in
scientific production over the last decades. Across medicinal plant bibliometrics, scientific
output increased over time rather than appearing as an isolated surge in one taxon or
country [93,94]. In Latin America and the Caribbean, annual medicinal plant production
increased progressively in the first decade of the 21st century, although growth later
plateaued rather than continuing indefinitely [95]. Likewise, bibliometric analyses of
Centella asiatica and Murraya koenigii documented a progressive diversification of research
themes from traditional medicinal uses toward phytochemistry, biotechnology, food science,
and biomedical applications [96,97]. Taken together, the evolution of Annonaceae research
in Mexico appears consistent with wider medicinal plant bibliometric patterns: rising
output, expanding themes beyond traditional use, and strong links to biodiversity-rich
research agendas, with translational gaps still evident.

4.2. Scientific Impact and Research Collaboration

The academic impact of Annonaceae research in Mexico is reflected in the high citation
rates of key articles, primarily in pharmacology and ecology (Table S1). The four most
cited articles come from prestigious journals such as the Journal of Ethnopharmacology
and Environmental Entomology, demonstrating the global visibility of Mexican research.
In particular, studies have documented the antimicrobial and antiparasitic properties of
several Annona species traditionally used in Mexican medicine [37,38]. Likewise, the
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ecological study by Aluja et al. [39] on fruit fly—plant interactions has received consid-
erable scientific attention, highlighting the ecological importance of Annonaceae species
such as Cymbopetalum mayanum Lundell and Mosannona depressa [formerly Malmea gaumeri
(Greenm.) Lundell] in tropical ecosystems. The predominance of highly cited publications
in ethnopharmacology and ecology confirms that these disciplines have driven the interna-
tional recognition of Mexican research on Annonaceae. Moreover, the predominance of
highly cited articles published in Q1 journals indicates that research on the Annonaceae
family in Mexico has achieved considerable international visibility despite the relatively
specialized nature of this research field. However, the comparatively lower representation
of studies on agro-industrial innovation, food technology, and crop improvement suggests
important opportunities for future research.

Pharmacology and ethnopharmacology dominate medicinal plant bibliometrics be-
cause citation-rich research clusters around bioactive compounds, drug discovery, and
translational potential [93,94]. Ethnopharmacology also sits at the center of the literature,
with major outlets and category structures tying traditional knowledge to pharmacology,
medicinal chemistry, and complementary medicine [98].

Co-authorship analysis showed that scientific production is concentrated within a lim-
ited number of institutions that have established stable collaborative networks (Figure 4b).
The UNAM, the Autonomous University of Nayarit, the IPN, and the University of Sci-
ences and Arts of Chiapas are the country’s leading research centers. These collaborations
have contributed substantially to consolidating national expertise in Annonaceae research.
However, the relatively weak connections observed among some collaborative groups
suggest a monopoly of knowledge, and opportunities to strengthen inter-institutional
research networks are limited. This pattern also indicates relatively little collaboration with
institutions located in southeastern Mexico, despite the fact that the region harbors one
of the highest levels of Annonaceae diversity in the country. This limits the plurality of
approaches, centralizes funding, and makes it difficult for new researchers to publish or
contribute fresh ideas to the field. Therefore, strengthening and promoting collaboration
among institutions in this region, along with the integration of traditional ethnobotanical
knowledge, could facilitate coordinated strategies for the conservation, domestication, and
sustainable use of native Annonaceae species. Traditional knowledge has already guided
pharmacological research on species such as A. purpurea, which has long been used by
indigenous communities for the treatment of infectious and parasitic diseases [99].

4.3. Research Trends and Emerging Applications

Overall, the bibliographic coupling analysis revealed that research on the Annonaceae
family in Mexico is structured around two major knowledge domains: (i) the pharmacolog-
ical and phytochemical characterization of bioactive compounds, and (ii) the technological
valorization of fruits and derived products. The consistency observed among the keyword
co-occurrence, document citation, and bibliographic coupling networks indicates that these
research domains have remained the principal drivers of scientific development, while
progressively incorporating new technological and applied perspectives.

The keyword co-occurrence network revealed five major thematic clusters encompass-
ing pharmacology, phytochemistry, entomology, food science, and plant systematics. These
thematic patterns were reinforced by the citation and bibliographic coupling networks,
which showed that highly cited publications are organized around ethnopharmacology,
natural product chemistry, functional food development, and biotechnology. The thematic
structure identified in the present study is consistent with previous bibliometric analyses
of medicinal plants, which likewise reported that pharmacology, phytochemistry, natural
products, biotechnology, and food-related applications constitute the principal research
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themes. In Latin America and the Caribbean, co-word patterns are dominated by anti-
inflammatory, antioxidant, antimicrobial, antitumor, and other bioactivity terms, and these
keywords mostly reflect basic and laboratory research [95], whereas Oyenihi et al. [96]
identified pharmacology, phytochemistry, and biomedical applications as the principal
thematic clusters in C. asiatica research. Similar thematic diversification has also been
reported for M. koenigii, where research evolved from traditional medicinal uses toward
biotechnology, food science, and pharmaceutical applications [97]. Annonaceae specific
reviews show the same pairing of traditional use with phytochemical and pharmacological
investigation, especially around alkaloids, acetogenins, terpenoids, flavonoids, and essen-
tial oils [100-102]. These similarities suggest that research on Mexican Annonaceae follows
the broader evolution observed in medicinal plant research, progressing from taxonomic
and descriptive studies toward multidisciplinary research with applications in agriculture,
food technology, biotechnology, and human health. Together, these complementary biblio-
metric approaches demonstrate that research on Mexican Annonaceae has progressively
shifted from descriptive botanical studies toward multidisciplinary research integrating
chemistry, biology, agriculture, biotechnology, and food science.

From a biochemical perspective, numerous studies have focused on the character-
ization of secondary metabolites, particularly acetogenins, alkaloids, and flavonoids,
because of their broad spectrum of biological activities. Experimental studies have
demonstrated antibacterial [103-105], antifungal [42,103,106-109], antihyperglycemic and
antidiabetic [12,110,111], a-glucosidase inhibitory [112], and insecticidal activities [88,113].
Comprehensive phytochemical reviews have further highlighted the structural diversity
and pharmacological potential of these metabolites within the Annonaceae family [114].
Beyond pharmacology, food science has emerged as one of the fastest-growing research
areas. Recent studies have focused on the development of functional foods, nutraceutical
products, fermented beverages, edible coatings, and value-added products derived from
Annona fruits and their bioactive compounds [17,115,116]. Likewise, entomological re-
search has expanded the understanding of plant-insect interactions and the insecticidal
potential of Annonaceae-derived compounds, contributing to environmentally friendly
pest management strategies [88,113,117,118].

Taken together, these findings demonstrate that research on Mexican Annonaceae
has evolved beyond traditional phytochemical characterization toward multidisciplinary
applications with potential impacts on agriculture, food technology, biotechnology, and
public health. The convergence of pharmacological, agricultural, and technological research
themes identified through multiple bibliometric approaches reflects the increasing scientific
maturity of the field and its growing contribution to sustainable innovation based on native
plant genetic resources.

4.4. Knowledge Gaps and Future Perspectives

Despite the remarkable scientific progress achieved during the last decade, this bib-
liometric analysis identified several research gaps that should guide future investigations
on the Annonaceae family in Mexico. Although research has expanded considerably, sci-
entific production remains concentrated on a relatively small number of economically
important species, particularly A. cherimola, A. macroprophyllata, A. muricata, A. reticulata,
and A. squamosa L., which are already included in official certification programs and agri-
cultural production systems [15]. In contrast, several native species, including Annona
lutescens, A. purpurea, A. globiflora, D. trunciflora, and Stenanona humilis, remain poorly
studied with respect to propagation, genetic improvement, domestication, and commercial
utilization [4,5].
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This imbalance is particularly relevant considering that 58 Mexican Annonaceae
species are included in the IUCN Red List under different conservation categories, including
Critically Endangered, Endangered, Vulnerable, Near Threatened, Least Concern, and Data
Deficient [6]. Consequently, expanding research toward underutilized native species would
contribute not only to biodiversity conservation but also to the sustainable use of valuable
genetic resources.

The bibliometric analyses further revealed that pharmacology, phytochemistry, and
food science currently dominate the research landscape, whereas comparatively fewer
studies address domestication, genetic improvement, seed biology, reproductive biology,
sustainable crop management, or conservation biology. Likewise, emerging approaches
such as nanotechnology, precision agriculture, metabolomics, and advanced breeding
strategies remain underrepresented, despite their potential to accelerate the development
of innovative agricultural and biotechnological applications.

Future research should also strengthen botanical exploration and integrative taxo-
nomic approaches combining morphology, phylogenetics, metabolomics, and biogeography
to improve species delimitation and support conservation strategy planning. Greater atten-
tion should be devoted to seed biology, propagation, pollen cryopreservation [119], and
both in situ and ex situ conservation strategies [120], particularly for endemic and threat-
ened taxa. Integrating traditional ecological knowledge with modern scientific approaches
could further enhance conservation and sustainable management strategies.

Finally, the diversity of research themes identified in this bibliometric analysis indi-
cates substantial opportunities for translational research. Bioactive compounds from Mexi-
can Annonaceae have demonstrated antihyperglycemic [12,121-123], anticancer [83,110],
antiparasitic [38,72,124], and anxiolytic activities [51,71,125], highlighting their potential
for the development of phytopharmaceuticals, functional foods, nutraceuticals, and other
value-added products. Expanding collaboration among research institutions, incorporat-
ing complementary bibliographic databases, and promoting interdisciplinary research
will be essential to increase the scientific impact and facilitate the translation of research
findings into sustainable agricultural practices, biodiversity conservation, and public
health applications.

This study has several limitations that should be considered when interpreting the
findings. First, the analysis was based exclusively on the Web of Science Core Collection,
which, although widely recognized for bibliometric research, does not index all journals
included in other multidisciplinary databases such as Scopus or Dimensions. Consequently,
some relevant publications may not have been retrieved. Second, because Web of Science
predominantly indexes English-language journals, language bias may have influenced the
representation of research published in Spanish or in regional journals. Third, citation-
based indicators are inherently affected by citation bias, as older publications generally
accumulate more citations than recently published studies, irrespective of their scientific
quality. Fourth, conference proceedings and review articles were intentionally excluded to
ensure a homogeneous dataset composed exclusively of original research articles; however,
this decision may have omitted influential publications that contributed to the development
of the field. Finally, bibliometric databases are continuously updated, and, therefore, the
number of indexed publications and citation counts may change over time. Despite these
limitations, the use of standardized selection criteria and a single curated database provides
a robust and reproducible overview of the evolution of Annonaceae research in Mexico.

5. Conclusions

This bibliometric analysis demonstrated a continuous increase in scientific production
on the Annonaceae family in Mexico, accompanied by greater international participation
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and thematic diversification. Studies have focused primarily on plant sciences, pharma-
cology, biotechnology, and food applications, demonstrating a multidisciplinary nature,
although with limited interaction between fields. Furthermore, significant knowledge gaps
were identified, especially in the taxonomic characterization, ecology, conservation status,
and sustainable management of various native species. Future research should strengthen
collaborative networks, integrate molecular and ecological approaches, and incorporate
traditional knowledge alongside scientific methodologies. This would allow for a more
comprehensive understanding of Annonaceae diversity and contribute to the development
of evidence-based strategies for its conservation and sustainable use in Mexico.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/ijpb17080072/s1, Table S1: The twenty articles with the highest
number of citations related to the Annonaceae family in Mexico according to the Web of Science,
which includes Refs. [37-56].
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