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Abstract
Antimicrobial resistance to typical antibiotics is a signi�cant threat to human health worldwide, and its rapid progression have raised serious
concern in the treatment of infectious diseases. The cost of commercialising a new antibiotic is high relative to a low return on investment.
Medicinal plants are used for the treatment of infections in many countries and are customarily recognised in Africa. Many studies have
shown that phytochemicals produced by plants have exerted potential antimicrobial activities against pathogens through various action
mechanisms. However, crude extracts from medicinal plants may be an alternative source of antimicrobial resistance modifying agents
because of the large range of bioactive compounds. This systematic review aims to assess published articles in Africa on medicinal plants
with potential antimicrobial resistant effectives, focusing on bacterial and fungal microbes. To assess this studies, bibliometric model on
Scopus and Web of Science databases were used to systematically search for “Antimicrobial Activity’ or “Medicinal Plants” as titles for studies
published from 1980 to 2019 in Africa. We identi�ed a total of 2,174 published documents retrieved from 710 sources between 1980 to 2019,
and there was an increasing trend of publications over the years. A stringent selection process was established based on clear inclusion and
exclusion criteria, yielding 138 data of the most represented medicinal plants, grouped by family and species names. A total of 52 bacterial
and 27 fungi were generated in these studies. Egypt, Nigeria, and South Africa were the most represented single and multiple countries with
publication, and highest citation counts. In terms of country, Egypt and South Africa had the highest collaborative strength. Most relevant
research of 43 articles were published in the Journal of Heterocyclic Chemistry, with Victor Kuete as the 20th most productive author. Natural
Product Research was least Journal with 17 published articles. This systematic review study depicts the progression of antimicrobial resistant
studies from medicinal plants in Africa and the noticeable research outcomes at current. The study also provided perspectives for future
research, pharmaceutical companies, policy makers, research funders, policy makers, and researchers.

Introduction
The continuous emergence and widespread of drug-resistant strains of several groups of pathogens like bacterial and fungi have developed
new 1,2. This has however led to antimicrobial resistance (AMR) or multidrug resistance (MDR) microorganisms that has threaten the
successful ability to treat infectious diseases, thus causing death globally3. Although several factors such as the needless antimicrobial
recommendation, and its uses in agriculture contributes to the propagation of AMR; “Who Health Organisation” (WHO)4 scienti�c and
economic challenges in antimicrobial development have resulted in a decline in the supply of new drugs 5.

The global annual AMR deaths continue to rise to about 750,000 and are projected to reach 10 million by the year 2050 6,7. Unfortunately, 50%
of these deaths were caused by AMR microorganisms in tropical countries 8,9. Unlike other healthcare issues, AMR is an issue that affects all
countries, regardless of their level of income or development, because resistant pathogens know no boundaries 10. Most especially low-income
population of African countries �nd it extremely di�cult to access appropriate drugs 11. In addition, the misuse of antibacterial and antifungal
drugs 12,13 are also major contributor to AMR in Africa.

To address this upsurge in AMR microorganisms, plants could be a potential solution because of their rich reservoir of bioactive compounds
14–16. Plants consist of secondary metabolites vital in the defence mechanisms against many pathogenic organisms before they can cause
serious damage 17,18. Secondary metabolites generally belong to one of the three large compounds namely terpenoids, phenolics, and
alkaloids, known for their biological activity 19. Plant-derived constituents are tolerated and accepted by patients and seem a reliable source of
antimicrobial compounds 20.

Throughout history, humans have been depended on plants for their source of medicine 21, including the treatment of infectious diseases 22,23.
Plant-based medicines and traditional health practices are affordable and accessible for most rural societies when compared with modern
medicines 24. WHO reported that about 65% of the world population use medicinal plants for their primary health care, and about 39% of drugs
developed since 1980 come from plants and their derivatives 25,26. Approximately 80% of the population in African countries use traditional
medicine to meet their health care needs 27,28.

Many in vitro antibacterial and antifungal studies have been reported in Africa regarding the safety and e�cacy of medicinal plants used to
treat infections caused by bacteria 23,29,30 and fungi 31–33. This trend together with the age-old search for therapeutics in nature from plant
organs such as, leaves, bark, and roots have made researchers focus on studying the antimicrobial activities of African medicinal plants to
ascertain baseline information for herbal drugs discovery and development 34,35 However, data regarding studies on the e�cacy of medicinal
plants against microbes have not yet been summarised.

The systematic or bibliometric review draws together research information conducted in Africa on medicinal plants used as antibacterial and
antifungal agents. Studies on bibliometric analysis are important in evaluating the social and scienti�c relevance of a given discipline over a
given period. However, bibliometrics was established 36 to de�ne the application of mathematical and statistical methods in processing of
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written communication in different �elds 37–40. In other words, it assists in mapping research activities in each area of research interest 41.
Recently, the visualisation of analysis using tools such as RStudio, CiteSpace, VOSviewer, Pajek, and CitNetEplorer have been employed 42,43.
The output of bibliometric analysis generates a knowledge structure that can project the direction of a particular research area 44,45.

This systematic review aimed to summarise the available trend of scienti�c research information of medicinal plants against AMR microbes in
Africa between 1980 to 2019, identify the knowledge gaps, and thereby assists in the trajectory for research advancement.

Methods

Literature research strategy
Based on the Prisma guidelines 46, we systematically searched for all peer-reviewed articles published in English on antimicrobial activity of
medicinal plants against pathogenic microbes between January 1980 and December 2019 using Web of Science and Scopus databases. This
search was performed on the 8th of August 2020. The following combination keywords used for the search were “Antimicrobial activity”, or
“Medicinal plants” and “Africa”. Moreover, the title-speci�c search in this case was used due to its effectiveness, quick visibility, and easy
retrieval 47.

Selection criteria

Inclusion criteria

All published studies including articles (research and review), book chapters, proceedings and editorial materials in English between January
1980 and December 2019 in Africa that focused on the in vitro evaluation e�cacy of antibacterial and antifungal activities of medicinal
plants. 

Exclusion criteria

Studies not reporting antimicrobial activities of medicinal plants against bacterial and fungal microbes, clinical trial studies, and newspapers.

Data extraction and analysis
Based on type and purpose of the studies, all reports included in the data extraction were grouped into two separate experimental models
namely, antibacterial, and antifungal activity (antimicrobial) studies. Titles and abstracts of all the documents retrieved through the search
were screened. Author names, author keywords (DE) and keyword plus (ID) were also extracted for visualisation. The author names were
extracted twice as bivariant set (A and B). Individual set was checked for spelling errors, variant names and matched with a�liations. Keyword
(DE) and keyword plus (ID), a primary term was assigned to words with the focus of the study (antimicrobial activity of medicinal plants). The
�nding of co-occurrence of a term in author keywords (DE set) and keyword plus (ID set) in the dataset was analysed as a set containing
intersection of the two sets (DE and ID). 

Data retrieved from the literature search was organised in Microsoft Excel (2020), analysed, and visualised using the following software’s:
VOSviewer v 1.6.14 48, CiteSpace v 5.3.R9 49, with a bibliometric package in RStudio v 1.2.5019 50. The data were imported into RStudio,
converted to a bibliographic data frame, and normalised with duplicate articles reduced to the one record in the analysis. 

Results

Literature assessment and regional study characteristics
The data identi�cation process through databases and screening of published documents was illustrated for this systematic review (Fig. 1).
Overall, 5218 publications were identi�ed from the search, and 1461 documents were excluded as duplicates. Finally, 3757 documents were
screened and excluded (n = 1583), and only 2174 publications retrieved from 710 sources passed the rigorous inclusion criteria. The
publication volume increased signi�cantly (p = 1.7e - 10) after 39 years, culminating from the year 2000, and decreased in 2004. Eventually in
2006, there was a rapid increase of 51 published documents annually. The most published studies were recorded in 2018 and 2019 with 190
and 198 publications, respectively. The average annual percentage growth rate was 10.52% with a collaboration index of 2.88. 

Of these 2174 publications (Table 1), 2072 were original articles with 95.31% more relative to other documents. Article in press was 1 (0.04%),
book chapters were 6 with 0.27%, 2 (0.09%) for book reviews, 6 (0.27%) proceeding papers, 20 (0.92%) conference papers, 5 (0.23%) letters, 13
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(0.60%) meeting abstracts, 21 (0.96%) reviews, 7 (0.32%) errata, 3 (0.14%) corrections, 1 (0.04%) data paper, 1 (0.04%) short survey, and 16
(0.73%) editorials documents.

A total of 138 medical plant species were the most reported for antimicrobial activity studies between the investigated timeline (Table 2). The
studied species originated from 50 families, and Asteraceae (n = 17 species), Fabaceae (n = 16), Lamiaceae (n = 11), Moraceae (n = 16), and
Myrtaceae (n = 11) were the top �ve plant families based on the number of investigated species. Nonetheless, 52 bacterial and 27 fungal
species were the common microbes identi�ed from the study (Table 3). 

Scienti�c productivity of corresponding author’s countries
The information in Fig. 3 and Table 4 indicates the corresponding authors participation index of various countries. Within the Top 10, Egypt
had the most corresponding author with 617 articles, followed by Nigeria (168), and South Africa. While Zimbabwe was the least country in
article volume (11) of correspondence authors. The Single Country Publications (SCP) volume were ranged higher from Egypt (616) to
Zimbabwe (11). However, South Africa had two Multiple Country Publications (MCP), Egypt and Ethiopia (1), while the rest countries had no
MCP correspondence authors.

Most citation based on countries
The total number of citations received by individual countries within the selected study period are shown in Table 5. In descending order, Egypt
had total of 13405 citations and 21.73 average citation per publication, followed by 3846 citations for South Africa and average of 25.47,
Nigeria had 2667 total citations and 15.88 average, Morocco produced 2663 citations and average of 44.38, and Cameroon had 1673 cited
articles with an average of 26.98 cited articles per year.

Most relevant journal sources
This study further showed the most relevant sources for the research work published on antimicrobial activities of medicinal plants between
1980 and 2019, as presented in Table 6. The top 10 represented journals are shown in descending order, were Journal of Heterocyclic
Chemistry and Phosphorus, Sulphur and Silicon and related elements, with each generating 43 articles, followed by Journal of
Ethnopharmacology with 42 articles, African Journal of Biotechnology with 40 articles, Molecules (35 articles) and South African Journal of
Botany (35 articles), Fitoterapia (33 articles), Egyptian Journal of Chemistry (31 articles), Journal of Essential Oil Plants (27 articles), and
Journal of Applied Pharmaceutical Science with 25 published articles.

Most productive authors

The information in Table 7 depicted the 10 most impactful authorship with this systematic review timeframe. The 1st most productive author
was Kuete, V (31 articles) and a�liated with University of Dschang, Cameroon. The 2nd was van Vuuren, SF with 22 articles, University of
Witwatersrand, South Africa. Afolayan, AJ as 3rd author with 21 articles, University of Forte Hare, South Africa. The 4th author was Viljoen, AM
with 21 articles, Tshwane University of Technology, South Africa. The 5th was Abdel-Rahman, AAH (18 articles), a�liated with Assuit University,
and Mansoura University both in Egypt. The 6th (Amr AEGE, 18 articles), 7th (El-Sayed WA, 18 articles), 8th authors (Al-Omar MA, 17 articles),
and all the authors are a�liated with the National Research Center, Egypt. The 9th ranked author (Ngadjui BT, 16 articles), a�liated with
University of Yaoundé, Cameroon. Finally, the 10th impactful author (Beng VP, 14 articles), a�liated with the University of Dschang, Cameroon.

Most cited scienti�c articles 
The top 10 most cited article in the research area of antimicrobial activities of medicinal plants between 1980 and 2019 in Africa was shown
in Table 8. Our results revealed that the most cited article was a review by 51, published by Journal of Pharmaceutical Analysis as an open
access article was the most cited article with 1169 citations. Thus, this article reviewed various methods for evaluating antimicrobial analysis.
The least cited article between our study period was a review article 52, published by Frontiers in Pharmacology as a toll access article, with a
total citation of 145. The article revealed a considerable number of medicinal plant extracts and isolated compounds that possess signi�cant
antimicrobial effects on pathogenic microbes. 

Word-cloud authors' collaboration networks and top keywords
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The 20 word-cloud clusters in Fig. 4 showed the visualisation network of authors links related to antimicrobial activities of medicinal plants
research within this systematic review period. The information in Fig. 4a revealed to 20 authors’ collaboration network. Moreover, Kuete V, had
the major network followed by Ngadjui BT and Beng VP, respectively. The author Kuete V, collaborated with Ngadjui BT, Abegaz BM, Ngameni
B, Beng VP, Meyer JM, Lall M, Bbaveng AT, and Etoa FX. Thus, having the strongest collaboration network with Ngadjui BT and Beng VP. On the
contrary, Al-Omar MA collaborated with Ghabour HA, and Amr AE, while the authors El-Sayed WA, van Vuuren SF, and Tane P, collaborated with
Abdel-Rahman AA, Viljoen AM and Kuiate JR, respectively.

 Furthermore, Fig. 4b depicted the top 20 institutions’ collaboration network on antimicrobial activity of medicinal plants within the study
period. The National Research Centre in Egypt had the major collaboration network, followed by Cairo University, and Suez Canal University.
Cairo University had collaboration linked with the National Research Centre, Helwan University, Mansoura University, King Saud University,
Suez Canal University and Tanta University. Cairo University had the strongest collaboration network, linked with the National Research Centre,
while Alexandria University had the most collaboration network linked with the King Saud University.

Finally, Fig. 4c revealed the top 20 collaboration countries involved in antimicrobial activities of medicinal plants related research within the
systemic review study. Countries such as Egypt, South Africa, and Nigeria, respectively produced the highest collaboration network strength.
Egypt had most collaboration network linked with developed countries like the United States of America (USA), United Kingdom (UK), Italy,
Germany, France, and China.  

The information in Fig. 5 showed the summarised word occurrence frequency in a word-cloud for the top 50 most used title keywords in
antimicrobial activities of medicinal plants research within the systematic review period. The prevalent words or terms used for this study were
antimicrobial, antibacterial activity, antibacterial, antimicrobial activity, antifungal activity, essential oil, essential oil composition, medicinal
plants, minimum inhibiting concentration.  Other relevant words or frequently occurred were antibiotics, antimicrobial agents, characterisation,
nanoparticles, phenolics, and phytochemical screening.

Discussion
This study demonstrated the bibliometric assessment of research that has been conducted on antimicrobial activity of medicinal plants
against bacterial and fungal microbes between 1980 and 2019 in Africa. Speci�cally, the patterns and increasing growth in production of
antimicrobial activity-medicinal plant related studies for the period were analysed and thus, producing an annual growth rate of 10.5%. This
study also shed light to the growing drug resistance, toxicological concerns 5–7, and spread of AMR threats 6,10. In addition, there has been a
conscious approach to �nd alternatives to the cellulose-coated pills in plant extracts 53,54. Hence, the availability of routine and research data
on pathogen susceptibilities is an important step in the development of targeted strategies to address the global crisis of AMR.

A notable �nding of this review was that the number of research publications on antimicrobial activity of medicinal plants was linearly static
from the year 1980 to 2004 and increased exponentially from 2005 to 2019. The most reported bacterial were Escherichia coli (gram-negative)
and Streptococcus spp. (gram-positive). E. coli and Streptococcus spp. have been tested for antimicrobial activity on over 100 different
medicinal plants 55–65. Furthermore, species of Candida were the most studied �lamentous fungus identi�ed in this study and have been
conducted against more than 30 types of medicinal plants 66–70. However, the noted positive trend in the annual percentage increase rate
suggested that antimicrobial activity-medicinal plant research has been of varied signi�cantly over the past 39 years. This could be as a result
of the recent impact of medicinal plants used as antimicrobial agents to treat bacterial and fungal infections 71–73. For instance, the
antibacterial activities of widely spread Taraxacum o�cinale (Dandelion) leaves and roots exhibited potential therapeutic effects on antibiotic
resistant bacteria, S. aureus, S. pneumoniae, P. aeruginosa, and E. coli 23. Larrea (Larrea tridentata) extracts as novel antifungal agents have
shown to have strong inhibition effects against C. albicans, known to cause skin, mucosal and systemic infections 74.

Over the past 3 decades, there has been an increase of antimicrobial activity-medicinal plant research productive in African countries. Our
�ndings from this study highlighted Egypt, Nigeria, and South Africa as top productive corresponding author’s countries. These three countries
led the research and contributed 43.1% of all published outputs, with Egypt having majority contribution of 28.4%. Furthermore, Egypt had the
three most collaborating institutions (National Research Centre, Cairo University, Ain Shams University and Alexandria University). This high
production rate of publications is important and can help to mitigate the impacts associated with antimicrobial activity-medicinal plant related
research not only in Africa, but across the globe. Nonetheless, South Africa (0.83% GDP) and Egypt (0.72% GDP) are among the topmost
countries in African with the largest proportion of percentage GDP on research and development 75. Thus, the investment in research and
development can be attributed to the high rate of research outputs of antimicrobial activity-medicinal plant related studies in these African
countries 76.

Presently, research collaboration has been approved by governments, decision-makers, and private research organisation 41. Collaborating
with other researchers often improves the quality of outputs, which is achieved through access to human resources and equipment, the
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exchange of ideas, the sharing of expertise 77–79. In our �ndings, Egypt, South Africa, and Nigeria have shown the greatest strength in
collaboration, other than having the most publications. Interestingly, Egypt has mostly collaborated with non-African nations like the United
States of America, Germany, United Kingdom, Belgium, and Saudi Arabia. While South Africa, Nigeria, and Cameroon contributed to the major
collaborations in Africa.

Furthermore, we detected a collaboration pattern between countries in Africa and the Western countries. Most of the countries in African
collaborated with their former colonisers besides Ethiopia. For instance, researchers from Egypt, South Africa, Nigeria, and Kenya collaborated
with the United Kingdom. Morocco collaborated with researchers from France and Spain. While researchers from Cameroon and Algeria
collaborated with colleagues from France. The collaborative alliance between these countries and their colonies have previously been reported
80 and thus, suggested these collaborations were motivated not by global events but by local historical, cultural factors and by targeted
international food and health cooperation programs. This ensures a signi�cant intellectual advantage beyond the collaborating country. For
instance, the United Kingdom Medical Research Council has a long-term annex in Gambia, that specialises in tropical disease research 81,
which is like the KEMRI-Wellcome Trust Research Programme in Kenya and Malawi (The Wellcome Trust).

The antimicrobial activity-medicinal plant studies have shown a growing interest in past 3 decades in Africa, and it is not surprising that there
has been a sudden increase in research publications across relevant journals. The Journal of Heterocyclic Chemistry with Journal Impact
Factor (JIF) of 2.193 and Phosphorus, Sulfur and Silicon and Related Elements (JIF 1.082) were the most productive journals in the study of
antimicrobial activities of medicinal plants. These 10 most productive journals have published studies related to ethnopharmacology,
molecular structure, organic molecules activities, phytochemical properties, and screening of plant extracts 83–85. The African Journal of
Biotechnology (Nigeria) and Egyptian Journal of Biotechnology (Egypt) with no JIF based on Web of Science and Scopus were the only
journals published in Africa. The Egyptian Journal of Chemistry remains indexed in the Emerging Source Citation index of Web of Science and
Scopus. However, this insight demonstrates the level of impacts and contributions of journals towards antimicrobial activity-medicinal plant
studies in Africa.

The dominance of top 10 authors from Cameroon, Egypt, and South Africa gives an idea on the trajectory of authorship, research area, and
a�liations on antimicrobial activity-medicinal plant studies in this systematic analysis. In respect to area of research, Kuete V, Van Vuuren SF,
Afolayan AJ and Viljoen AM, specialised on biological activities of medicinal plants 86–95, while Abdel-Rahman AH, Amr AEGE, and El-Sayed
WA research was on chemistry and biochemistry of medicinal plants 96–99. Kuete V was not only the most top 10 researchers in the study of
antimicrobial activity of medicinal plants, based in universities in Cameroon, second to South Africa, the author also had the top collaboration
networks in other African countries. For instance, the author collaborated with Abegaz BM, University of Botswana (Botswana), and Meyer JM,
University of Pretoria (South Africa).

Publication citations are possible benchmarks of the impact of articles within the scienti�c community 100,101. The higher the number of
citations, the greater the impact of a speci�c publication on a particular topic 102. Similarly, our study showed that the review article named
“Methods for in vitro evaluating antimicrobial activity: a review” 51, published by the Journal of Pharmaceutical Analysis was the most cited
(1169 citations) article, with an average of 233.8 total citation per year. The article gained status despite been recently published. Review
articles are cited more often than research articles or intervention studies 103, and thus, the feature of methodology are linked with higher
citations in review articles. It can be con�icting because 51 was published as an open access, which takes edge over toll access publications,
although article citation rates may also be associated with negative criticism of the content of the work 104. Moreover, there are possibilities of
temporal bias in article citations since publications, particularly the most recent, need time to acquire citations 100,105.

Although the analysis of the data from this study was based on certain principles of the bibliometric framework and on comprehensive
strategies, limitations were inevitable. The algorithm mapped out by the databases used in this study (Web of Science and Scopus)
determines the subsequent development of the studied material 103,105,106. Local journals not indexed in any of the databases and articles that
failed to use search keywords were excluded in the analysis. The fact that the question of disease infections is a very serious when it comes to
AMR mitigation strategies, various keywords have been explored in previous studies on antimicrobial activity of medicinal plants. The relevant
keywords frequently mentioned in this study indicated that some knowledge and sense on antimicrobial activity of medicinal plants of both
bacterial and fungal microbes are already available in the AMR research in Africa or elsewhere in the world 4,6,10. Most frequently mentioned
word association in antimicrobial activity-medicinal plants studies such as antibacterial activity, antifungal activity, phytochemical of
medicinal plants, minimum inhibiting concentration show sensibility for the most relevant factors known from antimicrobial activity-medicinal
plant studies.

Conclusion
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To the best of our knowledge, this is the �rst systematic or bibliometric review conducted to evaluate the antimicrobial activity of medicinal
plants against bacterial and fungal microbe research trends in Africa. Our study revealed increasing African research, greater research outputs
from countries such as Egypt, Nigeria and South Africa and high intercontinental collaboration between scholars conducting antimicrobial
activity-medicinal plant research. Egypt contributed to the intracontinental collaboration and the most productive institutions. This study also
showed that the United States of America, United Kingdom, and France were the main Western countries that collaborated with African
countries. A better understanding and innovative research of using medicinal plants as an antimicrobial agent is needed. This study
undoubtedly has distinct strengths. Therefore, the analyses of this systematic study will be essential tool for researchers, pharmaceutical
industries, and in planning and directing future research.
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              Table 1 Types and number of documents retrieved from Scopus and Web of science databases
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Types of document   Number sourced documents Percentage rate (%)

Published article   2072 95.31

Article in press   1 0.05

Book chapter   6 0.27

Book review   2 0.96

Proceedings paper   6 0.27

Conference paper   20 0.91

Letter   5 0.23

Meeting abstract   13 0.60

Review   21 0.97

Erratum   7 0.32

Correction   3 0.14

Data paper   1 0.05

Short survey   1 0.05

Editorial document   16 0.74

Total  2174  

 

Table 2 Summary of common medicinal plants identi�ed from literature search for antimicrobial activity against bacterial and fungal
microbes in Africa between 1980 to 2019
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Family name Species

Acanthaceae  Avicennia marina, Justicia �ava 

Aizoaceae  Mesembryanthemum crystallinum 

Amaranthaceae  Amaranthus spp. 

Amaryllidaceae  Crinum jagus, Allium spp. 

Annonaceae  Anonidium mannii, Monodora myristica, Xylopia aethiopica, Annona senegalensis, Enantia chlorantha,     

Anacardiaceae  Spondias mombin, Anacardium occidentale, Schinus terebinthifolia, Pistacia terebinthus, Mangifera indica, Pistacia
lentiscus. 

Asphodelaceae Aloe spp., Haworthia limifolia, Trachyandra ciliata

Apiaceae  Trachyspermum ammi, Coriandrum sativum,  Eryngium spp. 

Apocynaceae  Tabernaemontana crassa, Landolphia owariensis, Allamanda cathartica 

Asclepiadaceae  Gongronema latifolium 

Asteraceae  Emilia coccinea, Crepis cameroonica, Chromolaena odorata, Echinacea purpurea, Vernonia amygdalina, Cichorium
endivia,  Tanacetum polycephalum, Xanthium strumarium, Echinops kebericho, Cota palaestina, Mikania glomerata,
Artemisia abyssinica, Matricaria chamomilla, Rhanterium suaveolens, Litogyne gariepina, Achyrocline satureioides,
Struchium sparganophora 

Bignogniaceae  Newbouldia laevis, Stereospermum zenkeri 

Bixaceae  Bixa Orellana 

Burseraceae  Commiphora africana 

Caesalpiniaceae  Erythrophleum suaveolens, Tamarindus indica 

Chenopodiaceae  Blackiella conduplicata, Arthrocnemon glaucum, Atriplex halimus,  

Combretaceae  Anogeissus leiocarpa 

Compositae  Carduus getulus, Atractylis carduus, Echinops spinosissimus,  

Cucurbitaceae  Citrullus colocynthis 

Ebenaceae  Diospyros crassi�ora, Diospyros canaliculata 

Euphorbiaceae  Bridelia grandis, Bridelia ferruginea, Mallotus oppositifolium, Jatropha curcas, Euphorbia spp. 

Fabaceae  Elephantorrhiza elephantina, Eriosema glomerata, Senna alata, Alhagi maurorum, Dichrostachys cinerea, Albizia
myriophylla, Glycyrrhiza triphylla, Copaifera reticulata, Acacia karroo, Albizia gummifera, Glycyrrhiza glabra, Calpurnia
aurea, Copaifera pauper, Copaifera publifora, Pterocarpus santalinoides, Cassia spp 

Geraniaceae  Pelargonium graveolens 

Guttiferae  Mammea Africana, Allablackia gabonensis, Calophyllum inophyllum , Garcinia kola Heckel, Garcinia smeathmanii,
Garcinia staudtii, Symphonia globulifera, Vismia guineensis, Vismia rubescens

Hypericaceae  Harungana madagascariensisc

   

Table 2 (continued) 
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Family name Species

Irvingiaceae  Irvingia gabonensis 

Labiatae  Clerodendrum capitatum 

Lamiaceae  Ocimum gratissimum, Thymus vulgaris, Origanum vulgare, Origanum majorana, Thymus zygis, Rosmarinus o�cinalis,
 Clinopodium taxifolium, Clinopodium vulgare, Mentha piperita, Stachys pubescens, Ocimum basilicum  

Lauraceae  Beilschmiedia anacardioides, Cassytha �liformis 

Malvaceae  Adansonia digitata, Hibiscus sabdarifa, Cola nitida 

Meliaceae  Turreanthus manii, Azadirachta indica 

Melianthaceae  Bersama engleriana  

Moraceae  Artocarpus communis, Dorstenia angusticornis, Dorstenia barteri, Dorstenia elliptica, Dorstenia turbinata, Dorstenia
angusticornis, Dorstenia prorepens, Dorstenia elliptica, Ficus chamydocarpa, Ficus cordata, Ficus ovata, Ficus
exasperate, Morus mesozygia, Treculia acuminata, Treculia africana, Treculia obovoidea 

Moringaceae  Moringa oleifera 

Myrtaceae  Rhodomyrtus tomentosa, Eucalyptus camaldulensis, Syncarpia glomulifera, Corymbia torelliana, Myrtus communis,
Syzygium cordatum, Melaleuca armillaris, Eugenia brevistyla, Eugenia catharinae, Eucalyptus globulus, Psidium
guajava 

Ochnaceae  Campylospermum glaucum, Ouratea sulcata, Ouratea turnarea

Papaveraceae  Argemone mexicana 

Pedaliaceae  Sesame radiatum 

Poaceae/
Gramineae 

Cymbopogon citratus

Ranunculaceae  Nigella sativa 

Rhamnaceae  Maesopsis eminii

Rubiaceae  Morinda lucida, Pavetta lanceolata, Cephalanthus natalensis, Sarcocephalus latifolius  

Rutaceae  Tecla afzelii, Oriciopsis glaberrima, Zanthoxylum leprieurii, Zanthaxylum xanthoxyloides 

Sapindaceae  Allophylus africanus 

Sapotaceae  Tridesmostemon omphalocarpoides 

Solanaceae  Slonanum tovum, Nicotiana glauca, Datura stramonium, Withania somnifera 

Thymelaeaceae  Thymelaea hirsute 

Verbenaceae  Stachytarpheta spp. 

Zingiberaceae  Zingiber o�cinale, Aframomum alboviolaceum 

Zygophyllaceae  Balanites aegyptiaca 

   

 

Table 3 Most common bacterial and fungal microbes identi�ed from literature search for the systematic review study 
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Bacterial microbes Abbreviation  Bacterial microbes Abbreviation  Fungal
microbes

Abbreviation 

Acinetobacter
baumannii 

A. baumannii  Mycobacterium
smegmatis  

M. smegmatis  Agaricus spp. – 

Aggregatibacter
actinomycetemcomitans 

A.
actinomycetemcomitans 

Mycobacterium
tuberculosis  

M. tuberculosis  Aspergillus
niger  

A. niger 

Bacillus subtilis   B. subtilis  Neisseria
gonorrhoeae  

N. gonorrhoeae  Aspergillus
�avus  

A. �avus 

Bacillus
stearothermophilus 

B. stearothermophilus  Porphyromonas
gingivalis 

P. gingivalis  Alternaria spp.  – 

Bacillus cereus   B. cereus  Proteus mirabilis   P. mirabilis  Aspergillus
ochraceus  

A. ochraceus 

Bacillus megaterium   B. megaterium  Proteus vulgaris   P. vulgaris  Blastomycosis
spp.

– 

Corynebacterium
glutamicum  

C. glutamicum  Pseudomonas
aeruginosa 

P. aeruginosa  Botrytis cinerea B. cinerea

Clostridioides di�cile  C. di�cile  Salmonella
enterica 

S. enterica  Candida
albicans 

C. albicans 

Clostridium perfringens  C. perfringens  Salmonella typhi   S. typhi  Candida
glabrata  

C. glabrata 

Citrobacter freundii   C. freundii  Scenedesmus
subspicatus  

S. subspicatus  Candida
albicans  

C. albicans 

Chlorella vulgaris   C. vulgaris  Shigella
dysenteriae  

S. dysenteriae  Candida krusei
 

C. krusei 

Campylobacter sp.  –  Shigella �exneri   S. �exneri  Candida
tropicalis  

C. tropicalis 

Cutibacterium acnes –  Staphylococcus
aureus  

S. aureus  Colletotrichum
spp.

– 

Entamoeba histolytica  E. histolytica  Staphylococcus
saprophyticus  

S. saprophyticus  Cladosporium
sp. 

– 

Enterobacter cloacae   E. cloacae  Streptococcus
sobrinus 

S. sobrinus  Cryptococcus
neoformans  

C. neoformans 

Enterobacter aerogenes   E. aerogenes  Streptococcus
anginosus  

S. anginosus  Fusarium sp.  – 

Enterococcus faecum  E. faecum  Streptococcus
faecalis  

S. faecalis  Geotrichum
candidum  

G. candidum 

Enterococcus hirae   E. hirae  Streptococcus
mutans  

S. mutans  Neo�sicocum
spp.

– 

Escherichia coli   E. coli  Streptococcus
oralis  

S. oralis  Microsporum
audouinii  

M. audouinii 

Haemophilus in�uenza   H. in�uenza  Streptococcus
pneumoniae  

S. pneumoniae  Mucor miehei   M. miehei 

Klepsiella oxytoca  K. oxytoca  Streptococcus
pneumoniae  

S. pneumoniae  Penicillium
spp. 

– 

Klebsiella pneumoniae   K. pneumoniae  Streptococcus
pyogenes  

S. pyogenes  Penicillium
verrucosum  

P. verrucosum 

Listeria innocua  L. innocua  Streptomyces
viridochromogenes
 

S.
viridochromogenes 

Saccharomyces
spp.

– 

Listeria ivanovii   L. ivanovii   Vibrio anguillarium
 

V. anguillarium  Trichoderma
spp.

– 

Listeria monocytogenes  L. monocytogenes  Vibrio cholerae  V. cholerae  Trichophyton T.
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mentagophytes
 

mentagophytes 

Morganella morganii   M. morganii  Yersinia
enterocolitica 

Y. enterocolitica  Trichophyton
rubrum  

T. rubrum 

Verticillium
dahliae 

V. dahliae 

 

Table 4 Most corresponding author’s countries in Africa within the study period 

Rank Country Articles Frequency SCP MCP MCP-Ratio

       

1 Egypt 617 0.37079  616 1 0.00162

2 Nigeria 168 0.10096  168 0 0.00000

3 South Africa 151 0.09075 149 2 0.01325

4 Cameroon 62 0.03726  62 0 0.00000

5 Morocco 60 0.03606 60 0 0.00000

6 Kenya 23 0.01382  23 0 0.00000

7 Ethiopia 22 0.01322 21 1 0.04545

8 Benin 15 0.00901  15 0 0.00000

9 Tanzania 14 0.00841 14 0 0.00000

10 Zimbabwe 11 0.00661 11 0 0.00000

11 Ghana 10 0.00601 10 0 0.00000

12 Botswana 7 0.00421 7 0 0.00000

13 Burkina Faso 7 0.00421 7 0 0.00000

14 Niger 7 0.00421 7 0 0.00000

15 Madagascar 6 0.00361    6 0 0.00000

 SCP: Single Country Publications, MCP: Multiple Country Publications

Table 5 Citation analysis of participated countries in antimicrobial activity of medicinal plant research within the study period
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Country   Total citations   Average citations per publication 

   

Egypt   13405 21.73 

South Africa   3846 25.47 

Nigeria   2667 15.88 

Morocco   2663 44.38 

Cameroon   1673 26.98 

Kenya   524 22.78 

Ethiopia   412 18.73 

Tanzania   191 13.64 

Ghana   182 18.20 

Burkina Faso   315 45.00 

Mauritius   131 32.75 

Madagascar   120 20.00 

Zimbabwe   106 9.64 

Botswana   100 14.29 

Benin   91 6.07 

 

Table 6 Top 10 most productive journals on antimicrobial activity of medicinal plants research within the study period

Rank Journal  Number
of articles

PI IF Country of
origin

Journal
abbreviation 

Access
type

Publisher

1 Journal of Heterocyclic
Chemistry 

43 12.0  1.484  USA  J Heterocycl
Chem 

Hybrid  Wiley-Blackwel 

2 Phosphorus, Sulfur and
Silicon and  related Elements 

43 2.0  1.046  UK  Phosphorus
Sulfur 

Hybrid  Taylor & Francis
Ltd 

3 Journal of
Ethnopharmacology 

42 1.9  3.690  Netherland  Silicon Relat
Elem 

Hybrid  Elsevier 

4 African Journal of
Biotechnology 

40 1.8  0.782a  Nigeria  J
Ethnopharmacol 

OA  Academic
Journals 

5 Molecules  35 1.6  3.267  Switzerland  Afri J Biotechnol
Molecules 

OA  MDPI
(Multidisciplinary
Digital
Publishing
Institute)

6 South African Journal of
Botany 

35 1.6  1.792  Netherland  S Afr J Bot  Hybrid  Elsevier 

7 Fitoterapia  33 1.5  2.527  Netherland  Fitoterapia  Hybrid  Elsevier 

8 Egyptian Journal of
Chemistry 

31 1.4  ESCI  Egypt  Egypt J Chem  OA  National
Information
Documentation
Center 

9 Journal of Essential Oil
Plants

27 1.2  0.824  UK  J Essent Oil-Bear
Plants 

OA  Taylor & Francis
Ltd 

10 Journal of Applied
Pharmaceutical Science 

25 1.1  0.620 India  J Appl Pharm
Sci 

OA  MediPoeia 
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 OA: Open access; TA: Toll access; IF: Impact factor; PI: Participation index

 

Table 7 Top 10 most productive authors on antimicrobial activity of medicinal plant research within the study period

Rank Author name Number of
articles

Percentage of 196
articles

Country A�liation 

1 Kuete, V 31 16 Cameroon University of Dschang, Cameroon / University of Mainz,
Germany 

2 van Vuuren, SF 22 11 South
Africa

University of Witwatersrand, South Africa 

3 Afolayan, AJ 21 11 South
Africa

University of Forte Hare, South Africa 

4 Viljoen, AM 21 11 South
Africa

Tshwane University of Technology, South Africa 

5 Abdel-Rahman,
AAH

18 9 Egypt Assuit University, Egypt / Mansoura University, Egypt

6 Amr AEGE 18 9 Egypt National Research Center Egypt / King Saud University,
Saudi Arabia 

7 El-Sayed, WA 18 9 Egypt National Research Center Egypt / Qassim University
Saudi Arabia 

8 Al-Omar, MA 17 9 Egypt National Research Center Egypt / 

King Saud University, Saudi Arabia 

 

9

 

Ngadjui, BT

 

16

 

8

 

Cameroon

University of Yaoundé, Cameroon

 

10

 

Beng, VP

 

14

 

7

 

Cameroon

University of Dschang, Cameroon

 

Table 8 Top 10 most cited articles on antimicrobial activity of medicinal plant research within the study period
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Rank Article  Authors  Source  Access
type 

Total
Citation
(TC)

Total
Citation
per
Year
(TCpY)

1 Methods for in vitro evaluating antimicrobial
activity: a review. 

Balouiri M, Sadiki M,
Ibnsouda SK. (2016)

Journal of
Pharmaceutical
Analysis

OA  1169 233.8 

2 Antioxidant activities of some spice essential
oil on linoleic acid oxidation in aqueous
media

Farag RS, Badei AZMA,
Hewedi FM, El-Baroty
GSA. (1989)

Journal of the
American Oil
Chemistry Society

TA  419 13.1 

3 Synthesis of halogen derivatives of benzo(h)
chromene and benzo(a) anthracene with
promising antimicrobial activities

Khafagy MM, El-Wahab
AHF, Eid FA, El-Agrody,
AM. (2002)

IL FARMACO  TA  370 19.5

4 Synthesis and antimicrobial activities of
some new benzimidazole derivatives

El-Masing AH, Fahmy
HH, Abdelwaheed.
(2000)

Molecules OA  312 14.9

5 Antibacterial activity of South African plants
used for medicinal purposes

Rabe T, and van Staden
J. (1997)

Journal of
Ethnopharmacology

OA  290 13.4

6 South African Salvia species: A review of
biological activities and phytochemistry

Kamatou GPP, Makunga
NP, Ramogola WPN,
Viljoen AM. (2008)

Journal of
Ethnopharmacology

OA  174 15.8

7 Antimicrobial activity of South African
medicinal plants

van Vuuren SF. (2008) Journal of
Ethnopharmacology

OA  172 15.6

8 A broad review of commercially important
southern African medicinal plants

van Wyk BE. (2008) Journal of
Ethnopharmacology

OA  153 13.9

9 Antibacterial activities of medicinal plants
used for the treatment of diarrhoea in
Limpopo Province, South Africa

Mathabe MC, Nikolova
RV, Lally N, Nyazema
NZ. (2006)

Journal of
Ethnopharmacology

OA  149 11.5

10 Cameroonian medicinal plants:
pharmacology and derived natural products

Kuete V, and Efferth T.
(2010)

Frontiers in
Pharmacology

TA  145 16.1

 TO: Toll Access, OA: Open Access               

Figures

Figure 1

Schematic diagram that illustrates the literature search, inclusion and exclusion criteria used to conduct the systematic review studies.
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Figure 2

Annual scienti�c production on antimicrobial activities of medicinal plants in Africa against bacterial and fungal microbes between 1980 to
2019.
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Figure 3

Geographical distribution and number of participation index studies of authors on antimicrobial activities of medicinal plants against bacterial
and fungal microbes between 1980 to 2019 in the different African countries.

Figure 4

Analysis of word-cloud authors’ collaboration network visualisation maps generated from the systematic review studies. (A) Top 20 authors’
collaboration networks, (B) Top 20 institutional collaboration networks, (C) Top 20 country collaboration networks. Each coloured node
represents authors, institutional, and country collaboration, connected lines depict collaboration network frequency, while node diameter
shows collaboration network strength.
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Figure 5

Visualisation word cloud or word occurrence frequency of top 50 keywords used in antimicrobial activity research of medicinal plants against
bacterial and fungal microbes.


