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Introduction
Phytochemistry is a fulcrum and an aspect of many 
biosciences that deals with chemicals produced by plants 
(phytochemicals), particularly secondary metabolites (1). 

Phytochemistry has benefitted greatly in recent years and 
receives greater attention in the scientific literature in 
medicine and in the world economy in general (2). Studies 
of the vast chemical network and interactions between 
plants and their environment have led to a phenomenal 
understanding of their biodiversity (3). The nature and 
classification of plant constituents (metabolites) are 
studied within phytochemistry discipline (4). Secondary 
metabolites are produced as a means of defense against 
harsh environmental factors (5). Development of 
new drugs against diseases requires a foundation in 
phytochemistry (6). Modern phytochemistry meanders 
between other sciences, such as Medical and Health, food, 
engineering, and cosmeceuticals (1).

Of the 400 000 plant species known globally (7), Africa 
has over 45 000 documented plant specimens in 29 million 
km2 and only a minute segment has been screened for their 
medicinal use (8). There are thousands of phytochemicals 
and their importance in the treatment of disease dates 
back to antiquity (9).

There is increasing demand and interest in 
phytochemistry and plant-based products in Africa (10). 
Many governments in Africa are making attempts to 
officially acknowledge traditional medicine because of 
rise in drug resistance, cost of modern medicines, poor 
health facilities and budgets (11). Such recognitions may 
offer enabling atmosphere for research and practice, 
hence the need for a starting point for upcoming research 
in phytochemistry. 

Bibliometrics is a quantitative analysis technique often 
used for modeling knowledge transfer and growth of many 
research fields (12). With this graphic paper, we provide 

2022;8(2):42-5810.34172/fnp.2022.09 http://futurenatprod.skums.ac.ir

Original Article

Future Natural Products

Abstract
Background and aims: This study used bibliometric tools to quantitatively achieve a structural overview of 
research characteristics and potentials of phytochemistry in Africa within the last five decades (1970–2022).
Methods: A total of 2662 phytochemistry related publications from 822 sources published between 1970 and 
2022 were identified from Dimensions database and subjected to bibliometrics analysis using Bibliometrix 
package and VOSviewer software.
Results: The publications span 9775 authors, 30 African countries, and 1142 organizations. In terms 
of research themes, text mining for high- relevance/frequency keywords revealed that “Phenol” (7.3182) 
and “Flavonoid” (5.3637) were the most cited plant metabolites among all publications. The key noun- 
phrases for solvents were “Aqueous”, “methanol” and “ethanol”. The most cited terms in plant family were 
“Tamaricaceae” (4.9575) and “Lamiaceae” (4.9273); plant species, “Acacia nilotica” (4.4909) and “Aloe 
barbadensis” (4.3946); bacteria strains, “Klebsiella pneumoniae” (4.6932) and “Staphylococcus aureus” 
(3.3538); fungal species, “Aspergillus” (2.7228) and “Penicillium notatum” (2.4054); Viral strains, “Human 
immune deficiency virus” (3.3482) and “Hepatitis C virus” (3.2796); parasites, “Plasmodium” (12.0576) and 
“Leishmania sp” (8.3602). The most cited methods of detection and analysis of phytochemicals were “Gas 
chromatography mass spectrometry” (1.7256) and “High performance liquid chromatography” (1.6889). 
Interactive Site Suitability Models, orthogonal partial least squares discriminant analysis (OPLS-DA), plant 
organically bound tritium (OBT), and quantitative structure–activity relationship models (QSAR models) were 
the most cited models. Inequality in the geographical distribution of publication output was the source of 
concern. 
Conclusion: A drive towards computational phytochemistry could be detected as an important change in 
research focus.
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a macroscopic overview of the main characteristics of 
phytochemistry based on bibliometric analysis, detailing 
data on scientific output and collaborations among 
African authors, affiliations, and journals as sourced and 
common conceptual frames in phytochemistry. This study 
also offers an array of typical descriptors and hotspots 
that consolidate into themes of reference for future 
phytochemistry-related research in Africa.

Materials and Methods
Data acquisition and query criteria
Published peer-reviewed articles on phytochemistry were 
retrieved from the Dimensions™ database (PubMed and 
AJOL inclusive) on Mar 24, 2022. The database houses 
millions of research works associated with over 1.6 billion 
citations, grants, clinical trials, datasets, policy documents 
and patents. It is the most comprehensive research grants 
database which links grants to millions of resulting 
publications, clinical trials and patents (13,14). We used 
the search term “Phytochemistry AND Africa” to identify 
primary research articles published between 1970 and 
2022. All available information was retrieved. To obtain 
subject-specific results and for the sake of accuracy, article 
titles and abstracts were searched using full counting 
method. 

Data processing and analysis
We used an Integrated Development Environment (IDE) 
for R programming language called R-studio v.4.1.2 (2022-
02-16) with Bibliometrix R-package (15) to examine 
and analyze data gathered from Dimension database for 
bibliometric pointers. Imported raw files were converted 
using biblioshiny window to a bibliographic data frame 
(Excel format) and cured of duplicates. Corresponding 
columns names were assigned Field Tag codes. Data 
extracted includes; authors’ names, authors’ keywords 
(DE), and Keywords-Plus (ID). A key term was given 
to words with like meanings (e.g., “phytochemical 
assay”, “phytochemical-assessment”, “phytochemical-
attribute”, “phytochemical-potential”, and “phytochemical 
characterization” were allotted to “phytochemical 
activity”). Multiple occurrences of a keyword or a similar 
keyword in an article were regarded as one. To create 
networks and visualize links, we used VOSviewer software 
developed by the Centre for Science and Technology 
Studies, Leiden University, the Netherlands (16). This 
networking method uses diverse clusters with different 
spectrum of colours read as follows: the size of the bubble 
represent the number of occurrences, the colours signify 
the cluster type, and the networking lines (curved or 
straight) illustrates the relatedness and similarity of the 
bubbles (17). The bibliometric indices, annual scientific 
production, citations, most productive authors, most 
productive countries, bibliographic coupling, most 
productive journals and the most relevant keywords, 
were used to assess the present and likely future trends 
of phytochemistry-related research (18). An author’s 

contribution in a field is evaluated in terms of Lotka’s law 
(an inverse square law of scientific productivity based on 
the number of papers published) (19). Bradford’s law of 
scattering of scientific papers was used to determine the 
distribution of published papers over various journals 
(20). Text mining for the selection of relevant terms 
(noun phrases); the probability distribution for each noun 
phrase over all noun phrases is determined and compared 
with the general spread of co-occurrences of noun phrases 
(21). The Kullback-Leibler divergence (distance) is used to 
quantify the difference between probability distributions 
(22). The larger the difference in distribution, the higher 
the relevance of a noun phrase (relevance score) and 
vice versa (19). Noun phrases with high relevance scores 
(hence referred to as Rs) gather into a cluster and each 
cluster constitutes a specific topic (23).

Results
A total of 2662 articles were published in 822 sources 
within the survey period of 1970–2022; their attributes are 
presented in Table 1. The studies involved 9775 authors, 
with 0.273 article/author (3.67 authors/article), 4.9 co-
authors/articles, and a collaboration index of 3.91. Single-
authored documents were 101; multi-author articles were 
9667. An average of 10.06 citations/article was recorded 

Table 1. Summary information on retrieved phytochemistry related studies, 
1970 –2022

Description Results

Timespan 1970–2022

Sources (journals, books, etc.) 822

Documents 2662

Average years from publication 5.19

Average citations per documents 10.06

Average citations per year per doc 1.278

Document types

Article 2631

Chapter 8

Preprint 22

Proceeding 1

Document contents

Keywords Plus (ID) 1710

Author's Keywords (DE) 1710

Authors

Authors 9775

Author appearances 13051

Authors of single-authored documents 101

Authors of multi-authored documents 9667

Authors collaboration

Single-authored documents 192

Documents per author 0.273

Authors per document 3.67

Co-authors per documents 4.9

Collaboration index 3.91
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during the study period. Data obtained covered the research 
fields of Medical and Health Sciences, Pharmacology and 
Pharmaceutical Sciences, Biochemistry and Cell Biology, 
Clinical Sciences, Biological Sciences, Complementary 
and Alternative Medicine, Medical Microbiology, Public 
Health and Health Services, Plant Biology, Immunology 
and Engineering.

Annual research output
Research output fluctuated during the survey period, 
and then trended upwards from 2010 (2.5% [67/2662]) 
peaking in 2021 (17.8% [473/2662]). Conversely, mean 
total citation per article and per year peaked in 1998 (124.7 
and 5.19 respectively), then fluctuated downwards as the 
number of citable years decreased (Figure 1a and 1b).

The most active institutions
Nigeria (n = 234, 8.9%, 95% CI, 7.7% to 10%), South Africa 
(n = 175, 6.6%, 95% CI, 5.6% to 7.6%) and Egypt (n = 169, 
95% CI, 5.4% to 7.3%) are the most productive countries 
in publication production in Africa (Figure 2a). These 
hotspots are responsible for 21.7% (n = 578, 95% CI, 20% 
to 23.4%) of total phytochemistry-linked publications in 
Africa. The most active institutions and their countries in 

terms of research citation (c) and documents (d) related 
to phytochemistry are shown in Figure 2b and Table S1. 
The University of KwaZulu-Natal (South Africa) ranked 
first in terms of total number of citations (c = 988, n = 46), 
followed by two Cameroonian institutions; University 
of Dschang (c = 959, n = 41) and University of Yaoundé 
(c = 949, n = 67). When productivity was measured 
based on the number of publications, the rank order of 
these universities changed with University of Yaoundé 
(n = 67) ranking first, Cairo University (Egypt, n = 42) 
second and University of KwaZulu-Natal (South Africa) 
third. Other countries that made up the top 30 based 
on citations per country were: University of Fort Hare 
(South Africa, d = 37, c = 655), University of Mauritius 
(Mauritius, d = 26, c = 582), University of Pretoria (South 
Africa, d = 32, c = 546), Addis Ababa University (Ethiopia, 
d = 29, c = 433), National Research Centre (Egypt, d =  36, 
c = 382), University of Ibadan (Nigeria, d = 29, c = 376), 
University of Kinshasa (DR Congo, d = 10, c = 358), 
University of Monastir (Tunisia, d = 28, c = 351), University 
of Buea (Cameroon = 12, c = 332), University of Nigeria 
(Nigeria, d = 27, c = 321), Makerere University (Uganda, 
d = 20, c = 272), Al-Azhar University (Egypt, d = 24, 
c = 264), University of Khartoum (Sudan = 10, c = 259), 

Figure 1. (a) Annual scientific production (b) Mean total citation per year and per article; in the figure, Line graph = Mean total citation per year, line 
thickness = number of citable years, color spectrum = Mean total citation per article
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University of Sfax (Tunisia, d = 20, c = 252), Theodor 
Bilharz Research Institute (Egypt, d = 6, c = 252), Kenyatta 
University (Kenya, d = 17, c = 245), Lagos State University 
(Nigeria, d = 7, c = 243), University of Lagos (Nigeria, 
d = 19, c = 242), Ain Shams University (Egypt, d = 12, 
c = 237), University of Carthage (Tunisia, d = 24, c = 234), 
University of Ghana (Ghana, d = 13, c = 229), National 
Institute for Pharmaceutical Research and Development 
(Nigeria, d = 10, c = 224), Sidi Mohamed Ben Abdellah 
University (Morocco, d = 22, c = 223), University of Ilorin 
(Nigeria, d = 18, c = 207) and Mohammed V University 
(Morocco, d = 13, c = 196).

Authorship collaboration by institution
International and inter-institutional collaboration 
improves publication quality (24). Most African countries 
were linked (directly or indirectly) with Nigeria, South 
Africa and Egypt. However, the strongest co-authorship 

network occurred between South Africa, Nigeria, 
and Cameroon with 53, 41 and 27 links, respectively 
(Figure 3a and Table S2).

Authorship collaboration network of 114 organizations 
in Africa is shown in Figure 3b; with total link strength 
Table S3. The network analysis resulted in a total of 
14 clusters by order of cluster size and link strength 
(Figure 3b). The cluster sizes ranged from 4 to 16 
(mean = 7.5). The link strengths ranged from 0 to 46 
(mean = 7.7). Cluster 1 harbored 16 organizations, Cairo 
University (n = 42), Mohammed V University (n = 14), 
Al-Azhar University (n = 13), etc. The second cluster 
harbored 12 organizations; University of KwaZulu-Natal 
(n = 31), University of Pretoria (n = 30), University of Fort 
Hare (n = 22) etc. Cluster 3 housed nine organizations; 
Obafemi Awolowo University (n = 17), University of 
Ibadan (n = 16), University of Ilorin (n = 10), etc. In terms 
of link strength; Cluster 6 with seven organizations shared 

Figure 2. (a) Publication hotspots in phytochemistry (b) Most Productive institutions in Africa; ln the figure, colours type = country, Color opacity = document 
(High opacity), citation (Low opacity)
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the highest link strength, University of Yaoundé I (n = 49) 
with University of Dschang (n = 30).

Authorship collaboration by authors
A total of 9775 authors contributed to the phytochemistry 
research articles. Table S4 showed the top 10 authors. 
Alfred Maroyi AM (66, 2.4%) from the university of Fort 
Hare ranked first, followed by Van Staden J (25, 0.9%) 
and Kuete V (22, 0.8%) from the University of Dschang, 
Eddouks M (15, 0.4%), from the Moulay Ismail university 
and Mahomoodally MF (15, 0.4%) from the university of 
Mauritius. The top co-cited authors were Boutassouna 
D (Algeria), Djeridane A (Algeria), Najemi B (Algeria), 
Stocker P (France), Vidal N, Yousfi M (Algeria) with over 
900 co-citations. Other top cited authors were Van Staden 
J and Kuete V, with over 700 citations. The total citation 
for the other authors was less than 700. 

Authorship collaboration network is shown in 
Figure 4a. In the figure, a set of author bubbles that are 
closely connected is referred to as a cluster. A large bubble 
represents high publication frequency. Co-authored 
publications are illustrated by curved links. Broad links 
illustrate high co-authorship incidence. The fact that the 
author-nodes are of the same color signifies positive co-
authorship relatedness.

Authorship production overtime
Top authors’ production over time is also shown 
in Figure 4b. In the figure, the red line depicts the 
production period, node size and color opacity signify the 
number of articles and Total number of yearly citations 
respectively. Alfred Maroyi AM (66, 2.4%), Van Staden 
J (25, 0.9%), Kuete V (22, 0.8%), Eddouks M (15, 0.4%) 
And Mahomoodally MF (15, 0.4%) were the most prolific 
authors (Figure 4b).

The top 20 journals
The top 20 journals with the most published articles 
on phytochemistry are illustrated in Figure 5a and 5b 
and Figure S1. These journals cover a range of subjects 
including food science, microbiology, Medicine, 
Biochemistry, Chemistry infectious disease, immunology, 
and biochemistry, reflecting active areas in phytochemistry 
related research. Journal of Ethnopharmacology ranked 
first (n = 166, 6.2% [95% CI, 5.3% to 7.3%]), followed by 
BMC Complementary Medicine and Therapy (n = 65, 
2.4% [95% CI, 1.9% to 3.1%]) and Molecules (n = 60, 2.3% 
[95% CI, 1.7% to 2.9%]).

Most relevant key words
Figures 6a and 6b show the most relevant keywords 

Figure 3. (a) Network visualization map of country collaboration. (b) visualization of institutional collaboration. In the figure, Colours = Clusters, Bubble 
size = Occurrences, Lines = Connections/links, Line thickness = Link strength
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agents, Staphylococcus aureus, antibacterial and antifungal 
agents, microbial sensitivity test and volatile oils. The 
second sub-cluster housed the concepts of anti-malarias 
and Plasmodium falciparum; antioxidants, flavonoids 
and phenols; in vitro techniques and hypoglycemic 
agents; molecular structure and plant bark; plant stems 
and cell line tumor; Wistar rats and drug-dose response 
relationships; phytogenic antineoplastic agents, plant 
roots and leaves; High-pressure liquid chromatography, 
solvents and cell survival; anti-inflammatory agents and 
alkaloids. Furthermore, visualization via VOSviewer 
reveals that phytochemistry twines between thematic areas 
of ethnopharmacology and microbiology (Figure 8a).

Keywords related to plants
Keyword analysis by plant family and species (Table 2), 
shows the top 20 most investigated plant families and 
species in Africa based on Rs. It should be noted that 
the number of documents is less than the sum of the 
individual keywords, since publications contain more than 

related to phytochemistry studies, including both author 
keywords (DE) and Keywords-Plus (ID), top and bottom. 
Medicinal plants (6%, n = 216), plant leaves (5%, n = 175), 
flavonoids (3%, n = 114), medicine traditional (3%, 
n = 87), antimalarials (2%, n = 66) were the most frequent 
keywords. The most relevant noun phrases used by 
researchers to describe the benefit or effect of plant-based 
chemicals are illustrated in Figure 6c.

The common conceptual frames
The shared conceptual frames in gathered publications 
were measured by K-means clustering. Two clusters of 8 
and 28 terms showed that the research focused on two 
subgroups, which included phytotherapy and traditional 
medicine, plant medicine and African traditional 
medicine; ethnobotany and plants preparations, 
ethnopharmacology and health-knowledge-attitude and 
practice (Figure 7 and Figure S2).

The 26-element cluster is divided into 2 sub-clusters; 
the first sub-cluster houses the concepts of anti-infective 

Figure 4. (a) Co-occurrence network of authors in phytochemistry research; Colours = Clusters, Bubble size = Occurrences, Lines = Connections/links, Line 
thickness = Link strength. (b)Top Authors’ production over time; Bubble size = number of articles, bubble opacity = Total citation per year
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one keyword. Based on the relevance score, the top five 
most studied plant families are; Tamaricaceae, Lamiaceae, 
Acanthaceae, Euphorbiaceae and Amaranthaceae. The 
most studied plant species are; Acacia nilotica, Aloe 
barbadensis miller, Phyllanthus amarus, Annona muricata 
and Aframomum citratum.

Table 3 shows the occurrence of the most studied 
organisms sorted by relevance Score (Rs). Bacteria strains 
with the highest relevance in published studies were 
Klebsiella pneumoniae, Staphylococcus aureus, Pseudomonas 
aeruginosa, Escherichia coli and Bacillus subtilis. Further, 
key fungal species harnessed in phytochemistry literatures 
are Aspergillus flavus, Penicillium notatum, Candida 
albicans, Aspergillus niger and Aspergillus fumigatus. 
Furthermore, human immunodeficiency virus, hepatitis 
C virus, hepatitis B virus, Zika virus and herpes simplex 
virus predominates most phytochemistry related studies. 
The most documented parasites in phytochemistry are 
the Plasmodium sp, Leishmania sp, Onchocerca ochengi, 

Giardia lamblia and Trypanosoma sp.
Important plant metabolites, solvents, models and 

methods of detection and analysis of phytochemicals is 
shown in Table 4. The plant metabolites, phenol (7.3182), 
flavonoid (5.3637), tannins (2.3041), polyacetylene 
(0.7523) and proanthocyanin (0.6824) constituted a large 
portion of the research terms in existing literature. Text 
mining also showed that, aqueous, methanol, ethanol, 
petroleum ether and ethyl acetate solvents were the most 
frequently used in phytochemistry-related research. 
Phytochemicals are beneficial with numerous health 
enhancing properties like blood pressure lowering, cancer 
and heart disease prevention. 

Most frequently used methods of detection and analysis 
of phytochemical
With regard to methods of detection and analysis of 
phytochemical; gas chromatography mass spectrometry, 
high performance liquid chromatography (HPLC), X-ray 

Figure 5. (a) Core Journals (b) Most relevant Journals in phytochemistry
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crystallography, Fourier transform infrared spectroscopy 
and gas chromatography were the most reported.

Interactive site suitability models, orthogonal partial 
least squares discriminant analysis (OPLS-DA), plant 
organically bound tritium (OBT), quantitative structure–
activity relationship models (QSAR models) were the most 
cited models.

Co-occurrence network of plants sources, pharmacological 
activities and microorganisms
The connections between African plant sources and 
pharmacological activities are shown in Figure 8b (156 
items, 210 links and 12 clusters). The largest cluster was 
the antioxidant activity cluster (red, housed 41 terms). 
The antioxidant pharmacological activity was linked to 
Calendula arvensis flower, Capparis spinosa, Carica papaya, 
Cola nitida, Crassocephalum ruben, Commiphora Africana, 

Hibiscus sabdariffa, Hemidesmus indicus, Opuntia ficus 
indica etc (Supplementary file 2).

Figure 9a shows a timeline view of the past, current, and 
future trends in plant sources. Co-occurrence network 
illustrates (Figures 9b and 10) spatiotemporal relationship 
(links) between plant families, species and microorganisms. 
In the figure, proximate links symbolize closely related terms. 
This content analysis shows positive scholarly relatedness 
between (a) Allium cepa (onion) and garlic (Allium sativum) 
with Aspergillus flavus, Aspergillus niger, Escherichia coli, 
Staphylococcus aureus, Fusarium solani, Proteus mirabilis, 
Klebsiella pneumonia, Salmonella sp and Bacillus subtilis. 
Explicitly, most African phytochemical studies on the effect 
of Allium cepa are usually linked with the aforementioned 
microorganisms. In addition to members of the cluster 
(a), the plant family Fabaceae relates with Streptococcus 
pyogenes, COVID -19 virus, Mycobacterium tuberculosis 

Figure 6. (a) word cloud of the most frequent author keyword in phytochemistry(b) Tree Map of keywords plus with their frequencies (c) Noun phrases 
describing plant effect in phytochemistry
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faecalis, Pseudomonas aeruginosa, and Candida albicans. 
Finally, cluster (f) harbours the connection between 
Vernonia amygdalina with HIV, Plasmodium sp, E. coli, 
Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Aspergillus flavus, Aspergillus niger, Proteus 
mirabilis and Candida albicans.

Discussion
This study uniquely explored the scientific impact of 

and Enterococcus faecalis. Cluster (c) relates Asteraceae 
with organisms in cluster (b) in addition to Bacillus cereus. 
Cluster (d) associates Moringa oleifera with Salmonella 
typhimurium, Streptococcus pyogene, Enterococcus faecalis, 
Bacillus subtill, Klebsiella pneumoniae, Staphylococcus 
aureus and Candida albicans, Aspergillus flavus, COVID -19 
and Plasmodium falciparum. Cluster (e) connects the plant 
family Lamiaceae to Methicillin resistant Staphylococcus 
aureus (MRSA), Mycobacterium tuberculosis, Enterococcus 

Figure 7. (a) Multiple correspondence analysis (MCA) two-dimensional Conceptual structure plot. In the figure, the larger (blue) cluster embodies the author 
keywords that fit the central theme of phytochemistry that consists of the noun phrases with greater focus and research. Key-words points of similar distribution 
(co-occurrence) are positioned near each other. Outstanding terms in the field of study occur near the central point on the map; (b) Annual bursts of noun 
phrases in phytochemistry
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some investigators had finished their projects and changed 
their research orientation or that Dimensions™ data base 
only covered a small part of publications. Our data show 
that research in phytochemistry is evolving progressively, 
especially within the last three years. Annual scientific 
research output follows Lotka’s law, suggestive of a better 
prospect in phytochemistry related research in Africa. 
Further, the mean and annual total citation fluctuated 
over the years while gradually reducing with the decrease 

phytochemistry related studies in Africa. 
We found that there was a gradual increase in the 

number of publications from 1998 to 2008, a fluctuating 
but rapid increase from 2009 to 2019 and a sharp growth 
between 2019 and 2022. These findings suggest recent 
development and scientists’ interest in this area. The 
need for effective treatment strategies may boost the 
development of scientific research in this field. There were 
a number of descents in the timeline, probably because 

Figure 8. (a) Network visualization map of co-occurrence of terms in phytochemistry; In the figure, Colours = Clusters, Bubble size = Occurrences, 
Lines = Connections/links, Line thickness = Link strength (b) Relationship network of African plant sources and pharmacological activities (156 items, 210 links 
and 12 clusters)
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works were Nigeria, South Africa and Egypt were among 
the foremost countries in terms of scientific output 

(28,29). The total connection strength; demonstrated that 
these institutions have carried out extensive scientific 
cooperation in phytochemistry (30).

Most of the prolific authors in phytochemistry were 
from high income nations. This finding is consistent with 
results from other studies which submit that the economic 
strength (growth) of a nation is directly proportional to 
amount of scientific output (31). Access to research 
funding and facilities can be attributed to a high level 
of national and multinational association with other 
organizations. This may influence research prominence 
and number of citations. Conversely, the high frequency 
of self-funded studies in Africa can be associated with 
the low output from countries with low GDP and HDI. 
Except for a few institutions and authors, generally, the 
cooperation relationship across countries and institutions 
in Africa is deficient.

There is a general statement that the citation frequency 
reflects a publication’s influence and by extension, its 
quality (32,33). Nevertheless, a few authors (34,35) state 
that the citation frequency only measures publication 
visibility and not actual quality. Furthermore, there is a 
growing trend that most journals have adopted the open 
access model for the reason that open access publications 
are cited more (36,37). Our analysis established 27 core 
sources in accordance with Bradford’s law, suggesting that 
the quality of articles in these journals is reasonably high 
and important in the field of phytochemistry. They may 

in the number of citable years. 
From a geographical point of view, the ten most 

productive countries in phytochemistry in Africa have a 
high to medium Human Development Index (HDI) and/
or a high gross domestic product (GDP). Conducting 
research in this area requires a lot of data analysis, which 
inevitably requires the use of some advanced software and 
analytical tools, such as the use of gas chromatography 
mass spectrometry (GC/MS), electron microscope, 
thermal shock chamber, acoustic microscope, 3D X-ray, 
high-performance liquid chromatography (HPLC), 
HPTLC, nuclear magnetic resonance (NMR) and next-
generation sequencing (NGS) platforms (for high-
throughput sequencing) (25), the use of some python 
and R packages to analyze raw data and advance docking 
algorithms. At the same time, the use of these tools 
requires dexterity and high investment of time and 
money (26). Therefore, countries and organizations with 
robust backing for research development and technology 
development have more scientific output in terms of 
quantity and impact (27). Consequently, despite the fact 
that every institution may have a different research focus, 
University of KwaZulu-Natal (South Africa), University of 
Yaoundé I (Cameroon) and Cairo University (Egypt) were 
the key players pursuing phytochemistry related research 
compared to other countries in this study.

The broadest co-authorship links occurred between 
Nigeria, South Africa and Cameroon, followed by Egypt, 
Tunisia, Algeria, Morocco and then Ethiopia, Kenya, 
Ghana and Senegal. Our result is consistent with other 

Table 2. Top Occurrence of 20 most studied plant species and plant family sorted by relevance score

ID Term n Rs Rank ID Term n Rs Rank

Plant Species Plant Family

852 Acacia nilotica 48 4.4909 1 3498 Tamaricaceae 43 4.9575 1

2187 Aloe barbadensis miller 27 4.3946 2 2376 Lamiaceae 73 4.9273 2

4093 Phyllanthus amarus 33 4.1085 3 882 Acanthaceae 20 4.5906 3

2735 Annona muricata 50 3.7234 4 529 Euphorbiaceae 61 4.2425 4

1544 Aframomum citratum 21 3.5459 5 2364 Amaranthaceae 25 4.0426 5

2150 Allium sativum 34 3.1964 6 4038 Apiaceae 14 3.6758 6

1916 Albizia adianthifolium 17 3.0739 7 2649 Strychnaceae 7 3.4345 7

2113 Ziziphus mauritiana 15 2.5936 8 1312 Rutaceae 14 1.8552 8

7849 Ximenia americana 12 2.5564 9 1310 Rubiaceae 12 1.143 9

7876 Xylopia aethiopica 16 1.9423 10 188 Meliaceae 12 0.9428 10

3511 Tamarindus indica 10 1.72631 11 68 Anacardiaceae 31 0.8014 11

273 Carica papaya 16 1.6089 12 144 Apocynaceae 23 0.484 12

2132 Allexis obanensis 7 1.4986 13 175 Asteraceae 80 0.4438 13

6893 Bryophyllum pinnatum 11 1.4045 14 980 Moraceae 25 0.3624 14

1951 Alchornea cordifolia 15 1.2078 15 883 Malvaceae 11 0.3339 15

654 Gongronema latifolium 10 1.138 16 837 Leguminosae 17 0.3308 16

1573 Vernonia amygdalina 26 0.9771 17 547 Fabaceae 55 0.309 17

886 Mangifera indica 10 0.3992 18 334 Combretaceae 26 0.254 18

1040 Ocimum gratissimum 17 0.3318 19 279 Lauraceae 18 0.1925 19

1039 Ocimum basilicum 11 0.3219 20 75 Annonaceae 16 0.187 20
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Table 3. Occurrence of the most studied organisms sorted by relevance score 
(Rs)

ID Term n Rs Rank

Bacteria

818 Klebsiella pneumoniae 163 4.6932 1

1428 Staphylococcus aureus 572 3.3538 2

1231 Pseudomonas aeruginosa 273 2.5058 3

497 Escherichia coli 493 2.4661 4

193 Bacillus subtill 164 1.8629 5

192 Bacillus cereus 74 1.6461 6

1319 Salmonella typhi 75 1.5407 7

1769 Agrobacterium tumefaciens 4 1.4965 8

490 Enterobacter 16 1.3849 9

1223 Proteus 11 1.3271 10

191 Bacillus sp 17 1.2557 11

47823 Xanthomonas campestris 12 1.1428 12

1360 Shigella dysenteriae 10 1.1038 13

1225 Proteus vulgaris 20 1.0854 14

1443 Streptococcus sp 16 1.025 15

1446 Streptococcus pyogene 24 0.9241 16

1445 Streptococcus pneumoniae 12 0.9129 17

1230 Pseudomonas sp 26 0.8621 18

954 Micrococcus luteus 14 0.843 19

1224 Proteus mirabilis 22 0.8294 20

1166 Plasmodium sp 24 0.8149 21

1318 Salmonella sp 79 0.8094 22

1444 Streptococcus mutans 17 0.7976 23

491 Enterococcus spp 28 0.7324 24

47951 Yersinia pseudotuberculosis 3 0.7181 25

1429 Staphylococcus epidermidis 18 0.6894 26

47950 Yersinia enterocolitica 3 0.523 27

1320 Salmonella typhimurium 28 0.4589 28

655 N. Gonorrhoea 12 0.4353 29

Fungi

167 Aspergillus flavus 111 2.7228 1

1097 Penicillium notatum 26 2.4054 2

265 Candida albicans 299 1.3939 3

169 Aspergillus niger 349 1.3529 4

168 Aspergillus fumigatus 18 0.9576 5

621 Fusarium solani 17 0.8549 6

166 Aspergillus spp 23 0.7645 7

620 Fusarium oxysporum 24 0.7167 8

264 Candida spp 26 0.4507 9

1316 Saccharomyces cerevisiae 11 0.4436 10

Virus

21424 HIV virus 66 3.3482 1

20031 Hepatitis C virus 21 3.2796 2

20028 Hepatitis B virus 9 2.3504 3

48081 Zika virus 3 1.7127 4

20190 Herpes simplex virus 10 0.9197 5

Parasites

34897 Plasmodium sp 172 12.0576 1

25024 Leishmania sp 41 8.3602 2

32031 Onchocerca ochengi 15 5.5913 3

18419 Giardia lamblia 4 1.8457 4

45327 Trypanosoma sp 42 1.4602 5

Table 4. Important plant metabolites, solvents and methods of detection and 
analysis of phytochemicals

ID Term n Rs Rank

Plant metabolites

1115 Phenol 1110 4.3182 1

567 Flavonoid 1362 3.3637 2

1478 Tannins 802 2.3041 3

35082 Polyacetylene 10 0.7523 4

1211 Proanthocyanin 23 0.7149 5

79 Anthraquinone 321 0.6824 6

1435 Sterols 294 0.6791 7

2810 Anthocyanin 76 0.6265 8

1322 Saponins 618 0.5434 9

271 Cardiac glycoside 415 0.461 10

58 Alkaloid 717 0.3155 11

1489 Terpenoid 387 0.2117 12

Scientific models

40918 site suitability model 1 2.2301 1

32112 OPLS DA model 1 1.9389 2

31743 OBT model 1 1.8481 3

37085 QSAR model 1 1.8012 4

34619 PL model 2 1.7435 5

13434 Duodenal ulcer model 2 1.3953 6

38568 Rodent malaria model 2 0.8452 7

37559 Rats model 3 0.8302 8

29369 Mouse model 3 0.8211 9

28352 Mice model 4 0.5677 10

22424 Incision wound model 3 0.5631 11

29675 Murine model 8 0.5363 12

47032 In vivo model 8 0.4778 13

46919 Invitro model 14 0.3411 14

Top methods

633
Gas chromatography 
mass spectrometry

252 1.7256 1

701
High performance liquid 
chromatography

183 1.6889 2

47799 X-ray crystallography 26 1.5651 3

605
Fourier Transform Infrared 
Spectroscopy

75 1.4377 4

632 Gas chromatography 32 1.0271 5

16709
Fluorescence 
spectroscopy

16 0.8169 6

30892
Nuclear Magnetic 
Resonance Spectroscopy

84 0.8009 7

46116
UV Vis 
spectrophotometry

65 0.7123 8

332 Column chromatography 56 0.2827 9

1506
Thin layer 
chromatography

54 0.1993 10

Top solvents 

4198 Aqueous extract 441 3.8853 1

919 Methanol extract 1083 2.9429 2

504 Ethanol extract 265 1.9098 3

33649 Petroleum ether 131 1.8553 4

524 Ethyl acetate 380 1.4018 5

8821 Chloroform 228 1.1115 6

253 Butanol 47 0.7739 7

525 Ethylbenzothiazoline 46 0.5052 8

11786 Dichloromethane 37 0.3221 9

960 Acetone extract 165 0.1555 10
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also act as references to guide research direction of authors.
The terms map displays how the terms in phytochemistry 

domain aggregate into clusters. The visualization revealed 
three separate clusters: a green cluster (left), a blue cluster 
(right) and a red cluster (central). The most common 
keywords in the blue cluster are related to phytotherapy, 
the green cluster housed microbiological themes and the 
red cluster entailed phytochemistry related themes. A 

focus on ethnobotanical plants revealed that Leguminosae, 
Asteraceae, Fabaceae, Apiaceae, Lamiaceae, Acanthaceae, 
Tamaricaceae and Apocynaceae were among the most 
frequently investigated families. This is not surprising 
as detailed reviews of other databases such as Emerald, 
PubMed Central, EBSCOhost, and Scopus (Elsevier) have 
confirmed that these plant families harbor some of the 
most potent medicinal plants in Africa (38). Further, in 

Figure 9. (a) Trends in African plants sources (cold colours denote past trends and warm colours depict current and future trends); (b) Spatiotemporal visualization 
of links between plant families and species with pathogenic organisms in phytochemistry literature
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addition to medicinal use, the most studied plant species 
are almost ubiquitously found in different parts of Africa.

Most research articles were focused on pathogens that 
show multidrug resistance and virulent, most of which are 
members of WHOs ESKAPE pathogens (39) (Enterococcus 
faecium, Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, 
and Enterobacter sp) and Foodborne pathogens (40) 
(Bacillus sp, Salmonella sp, Escherichia coli, Shigella sp). 
These pathogens are responsible for the majority of 
foodborne and nosocomial infections and the search for 
alternative drugs by scientists have provoked research into 

Figure 10. Links between plant species and families with pathogenic organisms in phytochemistry literature: (a) Allium cepa links, (b) Fabaceae links, (c) 
Asteraceae links, (d) Moringa oleifera links, (e) Lamiaceae links, and (f) Vernonia amygdalina



Future Natural Products, Volume 8, Issue 2, 202256

Adeiza et al 

phytochemicals and nanoparticles as antibacterial agents 
(41). Thus, our result was expected. The most researched 
fungi are part of the Centers for Disease Control and 
Prevention’s leading drug resistant pathogenic fungal 
strains (Aspergillus sp and Candida sp) and Fusarium sp 
(Plant pathogen) (42).

Overall, most of the highly researched organisms are on 
the radar of the African CDC (viruses; hepatitis B and C, 
Zika virus and HIV; Parasites, Plasmodium sp. etc).

According to our findings, the most documented 
plant metabolites in literature are Phenol, Flavonoid and 
Tannins. This upsurge might be due to the fact that these 
compounds are responsible for most therapeutic effects of 
phytomedicine (43).

Recovery of phytoconstituents from the plant is carried 
out by extraction procedures taking into cognizance the 
chemistry and its irregular spread in the plant matrix 
(44). The key solvents for extraction of phytoconstituents 
in this study were aqueous, methanol and ethanol. These 
may be due to the fact that, these solvents are readily 
available, cost-effective and have been extensively used to 
extract antioxidant compounds from various plants and 
plant-based foods.

The dominance of GC/MS, HPLC, X-ray crystallography 
and Fourier transform infrared spectroscopy in 
phytochemistry literature is associated with the fact that 
they are widely considered to be the most promising 
methods because of the sensitivity, specificity and 
versatility of the techniques (44).

Computational phytochemistry explores the use of 
mathematical models to optimize research workflow 
in extraction, isolation, structure determination and 
bioactivity testing (45). In vitro followed by in vivo model 
were the most frequently used models to develop new 
treatments and research protocols because it is cheaper, 
relatively quicker and easier to use. Plant and animal 
models relevant to the central theme of phytochemistry 
are Interactive Site Suitability Modeling, plant OBT, QSAR 
models, OPLS-DA model, duodenal ulcer model and 
rodent malaria models and murine models.

Current and prospective trends in African plant sources 
include Solanum incanum, Bruguiera gymnorrhiza, Allium 
sativum, Catharanthus roseus (cancer and diabetes), 
Artocarpus heterophyllus Lam, Brassica oleracea, Cyperus 
rotundus, Cleome arabica, and Ocimum gratissimum.

To the best of our knowledge, this study is the first to utilize 
bibliometrics to investigate the trends in phytochemical 
research in Africa. This work is crucial since it offered an 
overview of the phytochemistry literature that would aid 
future researchers in locating experts and hot spots that 
might foster current and potential research collaborations. 
The multidisciplinary nature of phytochemistry was further 
illustrated in this study, setting the way for quick and 
efficient advancements in phytomedicine, antimicrobial 
herbal medicine, and drug discovery as well as accelerating 
future research workflow and decision-making. The 
sophisticated evolution of phytochemistry research in 

Africa was also highlighted by this investigation. 

Conclusion
This paper presented trends in phytochemistry publications 
from 1970 to 2022. Even though the annual publication 
output was characterized by exponential growth in recent 
years, the latest trends suggest a saturation of scientific 
output in this field. Subsequent years will enlighten if this 
declining trend in publication output will remain. 

The main conceptual frames in phytochemistry retrieved 
from our analysis are phytomedicine, microbiology, 
organic and computational chemistry.

A significant portion of publications and citations in 
phytochemistry related studies were contributed by a 
small group of the most prolific authors. 

Journal publications in phytochemistry followed 
Bradford’s law; whereby only a small fraction of the 
journals (core journals) are responsible for the majority 
of the publications.

A large proportion of the phytochemistry related 
publications were not cited currently by others, and only a 
small proportion of the publications had the large chunk 
of citation.

Alfred Maroyi AM, Van Staden J and Kuete V are the 
most productive authors. Both authors are affiliated to 
University of Fort Hare and University of KwaZulu-Natal 
South Africa and the third, University of Dschang in 
Cameroon. 

The journal ‘Journal of Ethnopharmacology’ is the key 
journal publishing on phytochemistry related research.

Nigeria, South Africa and Egypt are the countries 
dominating the publication production in Africa. Even 
though, most African countries were linked (directly or 
indirectly) to one of these main contributing countries, 
the strongest co-authorship network occurred between 
South Africa, Nigeria and Cameroon.

The leading institution was University of KwaZulu-
Natal, South Africa (number of Publications). The most 
productive institutions in terms of the number of citations 
were located in Cameroon (University of Yaoundé I and 
University of Dschang).

This bibliometric analysis revealed the following: first, 
most of the publications were multi-authored, presenting 
that collaborative research in the phytochemistry 
domain is adequate. Secondly, several different journals 
are published on the topic and a wide range of subject 
categories are associated with phytochemistry, which 
shows an extensive variety of research themes and the 
multidisciplinary character of phytochemistry research.

Microbiological content analysis revealed that study 
themes on the effect of plant species on ESKAPE 
pathogens, Candida sp, Aspergillus sp, Plasmodium sp and 
HIV dominated phytochemistry related publications in 
Africa.

Also, some points of concern could be concluded. Firstly, 
a geographical inequality, which is related to economic 
development, can be seen in phytochemistry research. The 
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share of publications in countries with low HDI and GDP 
is very limited. Secondly there is a movement towards 
more computational phytochemistry with the recent 
burst in keywords like molecular docking and simulation. 
The contents of this work should be treated as a valuable 
starting point for future research in phytochemistry.

Lastly, some limitations of this bibliometric study 
should be addressed. Primarily, the search was limited to 
publications listed in Dimensions™ database. Although 
Dimensions™ is a comprehensive database, it does not 
contain all publications and we recommend data extraction 
from multiple databases for future research. Then, some 
contributions in the field were ignored because other 
languages were not considered. Furthermore, bibliometric 
analysis uses quantitative methods. Hence, the quality of 
publications was not evaluated. Future studies may reflect 
on these limitations for a deeper and broader content 
analysis of the subject matter. 
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