U plants

Review

Research on Moringa (Moringa oleifera Lam.) in Africa

Hamid El Bilali *@©, Iro Dan Guimbo 2, Romaric Kiswendsida Nanema 3, Hamidou Falalou 4, Zakaria Kiebre 3,

Veli-Matti Rokka >

check for
updates

Citation: El Bilali, H.; Dan Guimbo, L.;
Nanema, R.K.; Falalou, H.; Kiebre, Z.;
Rokka, V.-M.; Tietiambou, S.R.F,;
Nanema, J.; Dambo, L.; Grazioli, E;

et al. Research on Moringa (Moringa
oleifera Lam.) in Africa. Plants 2024, 13,
1613. https://doi.org/10.3390/
plants13121613

Academic Editors: Ahmed A. Hussein
and Ahmad Cheikhyouseef

Received: 3 April 2024
Revised: 29 May 2024
Accepted: 5 June 2024
Published: 11 June 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Sheirita Reine Fanta Tietiambou
Francesca Grazioli °Y, Abdel Kader Naino Jika 1°02, Maria Gonnella 11

6(9, Jacques Nanema 7, Lawali Dambo 8,

and Filippo Acasto 2

International Centre for Advanced Mediterranean Agronomic Studies (CIHEAM-Bari), Via Ceglie 9,

Valenzano, 70010 Bari, Italy

Department of Rural Engineering, Water and Forests, Faculty of Agronomy, Abdou Moumouni University,

Niamey P.O. Box 237, Niger; danguimbo@yahoo.fr

Department of Plant Biology and Physiology, Joseph Ki-Zerbo University, PB 7021, Ouagadougou 03,

Burkina Faso; romaric.nanema@uijkz.bf (R.K.N.); zakaria.kiebre@ujkz.bf (Z.K.)

4 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Niamey BP 12404, Niger;
falalou.hamidou@icrisat.org

5 Natural Resources Institute Finland (Luke), Myllytie 1, 31600 Jokioinen, Finland; veli-matti.rokka@luke.fi

6 University Centre of Gaoua, Nazi BONI University, 01 BP, Bobo-Dioulasso 1091, Burkina Faso;

tietiambou.fanta@gmail.com

Programme Agrinovia, Joseph Ki-Zerbo University, 03 BP, Ouagadougou 7021, Burkina Faso;

jacquesnanema@yahoo.fr

Department of Geography, Faculty of Letters and Human Sciences, Abdou Moumouni University,

Niamey P.O. Box 237, Niger; lawali.dambo@gmail.com

Alliance Bioversity International—CIAT (Centro Internacional de Agricultura Tropical), Via San Domenico 1,

00153 Rome, Italy

Department of Crop Production, Faculty of Agronomy, Abdou Moumouni University,

Niamey P.O. Box 237, Niger; kaderjika@gmail.com

11 Ingtitute of Sciences of Food Production, National Research Council of Italy (CNR), Via G. Amendola 122/0,

70126 Bari, Italy; maria.gonnella@ispa.cnr.it

Italian Agency for Development Cooperation (AICS), Ouaga 2000—Secteur 54, Arrondissement n. 12,

Ouagadougou 01, Burkina Faso; filippo.acasto@aics.gov.it

*  Correspondence: elbilali@iamb.it

10

Abstract: While Moringa oleifera Lam. is gaining importance in Africa, especially sub-Saharan Africa, it
is unclear whether research is following the quick pace of its development on the continent. Therefore,
this article analyzes the landscape of research dealing with moringa in Africa. This systematic review
draws upon 299 eligible articles identified through a search carried out on the Web of Science in April
2023. Research on M. oleifera is rather recent in Africa but interest is increasing among scholars. While
the research field is multidisciplinary and cross-sectoral, the literature seems to focus on biological
and environmental sciences. Moreover, research is performed mainly in South Africa, Nigeria, Egypt,
and Ghana. The analysis suggests a significant potential contribution of moringa to food security
and nutrition, climate change mitigation/adaptation, farming systems resilience, and livelihoods. Its
versatility and diverse applications and uses make moringa particularly interesting for developing
countries, such as African ones. However, this review also underscores some factors hindering its
development. Therefore, there is a need to strengthen research on moringa to unlock its potential in
Africa. Investments in research, innovation, and development can help address the many challenges
that Africa faces and contribute to the transition towards sustainable and resilient food systems.

Keywords: neglected and underutilized species; NUS; orphan crops; M. oleifera; drumstick tree;
horseradish tree; bibliometric; food security; livelihoods; climate change; SUSTLIVES

1. Introduction

Agriculture still plays an important socio-economic role in Africa. Indeed, the most
recent data from the World Bank [1] show that the contribution of the primary sector (viz.
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agriculture, forestry, and fishing) to the gross domestic product (GDP) in African countries
ranges from 1.6% in Libya and 1.8% in Botswana and Djibouti to 60.4% in Sierra Leone and
62.7% in Somalia. Data regarding the share of employment in agriculture [2] show that it
ranges from 1% in Djibouti to 70% in Mozambique, 71% in Niger, 73% in Burkina Faso, 74%
in Madagascar, and even 86% in Burundi (Appendix A). Food insecurity and malnutrition
present significant challenges throughout the African continent [3]. The overall prevalence
of undernourishment in the population remained high in the period 20202022, with figures
ranging from 3.0% in Tunisia, 4.3% in Seychelles, and 4.9% in Ghana to 46.0% in Lesotho,
48.7% in Somalia, 48.7% in the Central African Republic (CAR), and 51.0% in Madagascar.
The situation becomes even more concerning when considering the prevalence of moderate
or severe food insecurity, with figures ranging from 14.7% in Seychelles and 20.3% in
South Africa to 81.3% in CAR, 82.4% in Malawi, 87.3% in South Sudan, 88.2% in Congo,
and 89.2% in Sierra Leone during the same period (Appendix A). Moreover, evidence
suggests that Sub-Saharan Africa [4-7] will experience the most significant impacts of
climate change. Agriculture, which relies primarily on rainfall, is highly susceptible to
climate variability [8,9]. The above-mentioned challenges highlight the urgent need for the
transition towards sustainable and resilient agri-food systems in Africa [10].

Neglected and underutilized species (NUS) are widely recognized as valuable assets
in promoting sustainable development and transitioning to sustainable and resilient agri-
food systems [11]. Generally, crops can be classified into two categories: major crops and
underutilized crops, which are also known as orphan, neglected, minor, promising, or
local crops [12]. These terms are used interchangeably to refer to crops that have received
little attention from researchers, plant breeders, and policymakers [13,14]. Of the 300,000
to 500,000 plant species known worldwide, 30,000 are edible [15]. Although the number
of edible plants varies, some scholars consider 10,000 as a realistic estimate [16,17]. Over
7000 crop species have been cultivated, domesticated, or collected from the wild throughout
human history [15,18]. However, only about 150 species are commercially cultivated, and
103 of them provide up to 90% of dietary calories [19,20]. Accordingly, tens of thousands of
edible plant species are underutilized [21].

The promotion of neglected and underutilized crop species has been reported
to contribute significantly to agrobiodiversity conservation [14,22], food and nutrition
security [12,14,23-25], climate change adaptation and mitigation [23], environmental in-
tegrity and health [23], human health [23], and rural livelihood sustainability and re-
silience [14]. In this regard, Mabhaudhi et al. [23] stated that “Owing to reports of their
potential under water scarcity, there is an argument to promote them to sustainably address chal-
lenges such as increasing drought and water scarcity, food and nutrition insecurity, environmental
degradation, and employment creation under climate change” (p. 695). Mabhaudhi et al. [23]
argued that research, enabling policies and strategies, and investments are needed to pro-
mote NUS as an essential development tool in the Global South. Mabhaudhi et al. [26]
assume that the promotion of NUS could also contribute to the achievement of the Sus-
tainable Development Goals (SDGs), specifically SDGs 1 (No poverty), 2 (Zero hunger),
3 (Good health and well-being), and 15 (Life on land). Therefore, it is essential to conduct
research to unlock the potential of NUS [27], especially in developing countries [21].

One such NUS is Moringa oleifera Lam. M. oleifera is a fast-growing, deciduous tree
of the family of Moringaceae, native to the Indian subcontinent [28,29]. Common names
include moringa, drumstick tree, horseradish tree, and ben oil tree or benzolive tree [29,30].
Synonyms include Guilandina moringa L., Hyperanthera moringa (L.) Vahl, and Moringa
pterygosperma Gaertn. nom. illeg. [31]. The species was first described in 1785 by the French
naturalist Jean-Baptiste Lamarck [32]. M. oleifera is grown mainly in semiarid, tropical, and
subtropical areas [33]. It is particularly suitable for dry regions as it can be rainfed, without
the need for irrigation [33]. Moringa is mainly grown in South and Southeast Asia, and
India is the largest producer [33]. However, besides South and Southeast Asia, the species
is nowadays grown in different world regions, including Central America, the Caribbean,
South America, Africa, and Oceania [33].
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Moringa can be cultivated for its immature seed pods (called “drumsticks”), leaves,
and/or seeds/kernels used for oil extraction and water purification [28,33,34]. Apart from
the green fruits/seed pods, the leaves (leaflets, stalks, and stems), seeds, flowers, and roots
are edible as well [28,34,35]. Indeed, moringa has numerous applications in cooking across
world regions [34]. The leaves are considered the most nutritious part of moringa, being a
significant source of vitamins (e.g., B, C, K, beta-carotene/provitamin A) as well as minerals
(e.g., manganese) and proteins [35-38]. For this, ground seeds of moringa have been used
for the fortification of various foods (e.g., wheat flour) to increase their content of proteins
and minerals (e.g., iron, calcium) [34,39-42]. Mature seeds as well as young fruits/pods can
be used to produce an edible oil called ben oil for its high concentration of behenic acid [43].
The cake of seeds, resulting from oil extraction, can be used as a fertilizer /compost or for
water purification [44]. Indeed, the seed cake is used, thanks to the flocculation process,
to produce potable water [45,46]. Moringa seeds include dimeric cationic proteins [47]
that absorb water impurities and colloidal particles, which are then removed as sludge
by settling or filtration. This application of moringa, which is accessible and affordable, is
particularly relevant in many remote, developing regions where moringa is grown that have
no access to potable water networks [46]. The oil extracted from moringa seed can also be
used as a biofuel [48]. Furthermore, different parts of the plant (cf. bark, sap, roots, leaves,
seeds, and flowers) have been used in traditional, folk medicine [28,49-62]. In this regard,
Xiao et al. [63] argued that “Moringa can not only eliminate pathogens, including bacteria, fungi,
viruses, and parasites, but also inhibit chronic inflammation, such as asthma, ulcerative colitis,
and metabolic diseases”. Moringa has been used traditionally in medicine to treat various
diseases such as anemia, diabetes, cardiovascular diseases, and various infectious [53]
as well as paralysis, helminthiasis, sores, and skin infections [54]. Different analgesic,
antihypertensive, antioxidant, anti-inflammatory, diuretic, hepatoprotective, antimicrobial,
antiviral, neuroprotective, and anti-cancer pharmacological properties have been attributed
to M. oleifera [59,60,64]. The uses of moringa also include as a micronutrient, a natural
anthelmintic, an adjuvant, or even a fodder/feed for livestock [62,65-68].

Its versatility and diverse applications and uses make moringa particularly interesting
for developing countries, such as African ones [50]. Indeed, it has the potential to boost food
security, improve nutrition, support sustainable land management and land reclamation,
and foster rural development [28,50,69-71]. Moringa has been used successfully to combat
malnutrition, especially among children and lactating women [28,35]. In this regard,
Keatinge et al. [72] stressed that moringa can play a central role in the attainment of the
United Nations’ Sustainable Development Goal 2 “Zero hunger”. Since the plant thrives in
harsh conditions, including arid and semiarid environments, it can provide a year-round
versatile and nutritious source of food [73]. Therefore, more than 140 organizations have
initiated worldwide programs for the cultivation of moringa for malnutrition eradication,
water purification, and/or the production of cooking oils [28].

Despite its huge potential, the previous reviews that dealt with moringa in Africa
(Appendix B) are generally old and/or with partial coverage from both geographical and
topical/thematic points of view. Furthermore, no one combined bibliometric and con-
tent/topical analyses for the whole African continent. Therefore, there is no recent system-
atic review, which denotes a concrete research gap. In this context, the present systematic
review analyzes the landscape of research on moringa in Africa. It provides an overview of
both the bibliographical metrics and the topics addressed in the scholarly literature.

2. Materials and Methods

This systematic review follows the guidelines of PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) [74,75]. It is based on a search carried out
on the Web of Science Core Collection on April 7, 2023. The search was performed using
the following search string: (moringa OR “M. oleifera” OR “drumstick tree” OR “horseradish
tree” OR “ben oil tree” OR “benzolive tree”) AND (Africa OR Algeria OR Angola OR Benin OR
Botswana OR “Burkina Faso” OR Burundi OR “Cabo Verde” OR “Cape Verde” OR Cameroon



Plants 2024, 13, 1613

4 of 44

OR “Central African Republic” OR Chad OR Comoros OR Congo OR “Céte d’Ivoire” OR “Ivory
Coast” OR “Democratic Republic of the Congo” OR Djibouti OR Egypt OR “Equatorial Guinea”
OR Eritrea OR Ethiopia OR Eswatini OR Gabon OR Gambia OR Ghana OR “Guinea-Bissau” OR
Guinea OR Kenya OR Lesotho OR Liberia OR Libya OR Madagascar OR Malawi OR Mali OR
Mauritania OR Mauritius OR Morocco OR Mozambique OR Namibia OR Niger OR Nigeria OR
Rwanda OR “Sao Tomé and Principe” OR Senegal OR Seychelles OR “Sierra Leone” OR Somalia
OR “South Africa” OR “South Sudan” OR Sudan OR Swaziland OR Tanzania OR Togo OR
Tunisia OR Uganda OR Zambia OR Zimbabwe). The search on WoS returned 553 potentially
eligible documents. The selection of eligible documents was informed by the methodology
adopted by El Bilali [76] and El Bilali et al. [77].

Table 1 describes the various steps of the selection process. Specifically, three inclusion/
eligibility criteria were taken into account: geographical coverage (viz. the eligible docu-
ment deals with at least one African country); thematic focus (viz. the eligible document
deals with Moringa oleifera); and document type (viz. only research articles, chapters, or
conference papers were considered eligible; editorials, letters to editors, and commentaries/
notes, as well as reviews, were excluded). Following the screening of titles, 17 documents
were excluded because they dealt with non-African countries mainly from South and
Southeast Asia. Further 134 documents were excluded after the analysis of abstracts as
they did not meet at least one of the eligibility /inclusion criteria: 53 did not deal with
Africa; 69 dealt with other species of moringa, e.g., Moringa stenopetala, Moringa peregrina,
or Moringa ovalifolia (articles dealing with Moringa pterygosperma, which is considered
erroneously a synonym of M. oleifera, were considered eligible); and 12 were editorial
materials. Finally, the analysis of full texts led to the exclusion of 103 documents, including
47 reviews [35,37,38,41,42,50-61,63,64,67,70-72,78-101].

Table 1. Selection of the eligible documents included in this systematic review.

Number of
Selection Step Potentially Selection Step Description
Eligible Records

Identification of records on 553

the Web of Science (WoS)

Merging of search results 553 No duplicates

Screening of records based 17 records excluded because they dealt with non-African countries,

on titles & 553 e.g., China, India, Israel, Italy, Oman, Pakistan, the Philippines, Taiwan,
Thailand, and the United States
134 records excluded:

Screening of records based 536 e 69 records because they did not address M. oleifera

on abstracts e 53 records because they did not deal with Africa/African countries
e  12records because they were editorial materials without abstracts
103 records excluded:

: 6 records because they did not address M. oleifera
Scrutiny of full text 402 * Y
crutiny ot futl texts e 50 records because they did not deal with Africa/African countries

e 47 records because they were reviews

Inclusion in the systematic 299 _

review

Therefore, 299 articles (Appendix C) were included in this systematic review, includ-
ing 270 journal articles and 29 proceeding papers, and underwent analyses. First, the
bibliographical metrics and the geography of the research field were analyzed. Then, the
selected records were interrogated in relation to different topics (Table 2).
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Table 2. Analyses undergone by the eligible documents on moringa in Africa.

Item

Description

Used Method Reference(s)

Bibliographical metrics

Journals/sources, research/subject areas, SDGs, authors,
affiliation institutions/organizations and countries, and
funding agencies

El Bilali [102], El Bilali [76],
and El Bilali et al. [77]

Research eograph African countries where studies on moringa were El Bilali [76] and
geography performed El Bilali et al. [77]
Crop production, animal production/livestock, El Bilali [76] and

Agriculture subsectors

and fisheries/aquaculture

El Bilali et al. [77]

Food chain stages

Production (agronomy), processing,
distribution/retail /marketing, consumption, and waste
management

El Bilali [102], El Bilali [76],
and El Bilali et al. [77]

Food security and nutrition

Food security dimensions/pillars: availability, access,
utilization/use, and stability

El Bilali [103], El Bilali
[102], and El Bilali [76]

Climate change mitigation/adaptation

Resilience of farming systems El Bilali [102]

Climate and ecosystem resilience

Contribution to livelihoods and income generation

Gender issues El Bilali [102]

Socio-economic impacts

El Bilali [102] and
El Bilali [76]

Factors hindering the development of moringa in Africa

Constraints and recommendations .
and recommendations

The systematic review conducted had some limitations that need to be taken into
account. Firstly, the selection of the Web of Science database for the search process implies
that only high-quality scholarly literature was considered. However, in turn, this means
that grey literature (e.g., reports) and research published in journals not indexed in WoS
were not taken into account. Secondly, the search terms used could have affected the
results obtained, although various synonyms were used to broaden the initial screening
basis. Despite these limitations, this research is noteworthy as it is the first of its kind and
provides a starting point for future studies and research projects on M. oleifera in Africa and
other regions.

3. Results and Discussion
3.1. Bibliometrics of Research on Moringa in Africa

The preliminary results of the analysis suggest that Africa has a low share of the
research on moringa. Indeed, a search carried out on the same date (7 April 2023) on the
Web of Science Core Collection but without making any reference to Africa [viz. (moringa
OR “M. oleifera” OR “drumstick tree” OR “horseradish tree” OR “ben oil tree” OR “benzolive
tree”)], thus considering all articles that potentially dealt with moringa worldwide, yielded
5422 documents. Considering that the specific search dealing with the scholarly literature
addressing moringa in Africa returned just 553 records, this implies that research in Africa
represents only about 10% of the scholarly literature on moringa worldwide.

Research on M. oleifera is rather recent in Africa. Indeed, the first publication dates
back to 1995 [104]. However, analyzed data suggest an increase in interest in the subject
matter, manifested by an increase in the annual output of articles. Indeed, during the
considered period (1995-2023), the annual output of papers ranged from 1 in 1995 and 1996
and 0 in some years during the 1990s (cf. 1997) and at the beginning of the century (2001,
2004, 2005) to 31 publications in 2017, 41 in 2020, and a peak of 56 in 2021. Thirteen articles
were published in 2015; this is, at least to a certain extent, thanks to the 1st International
Symposium on Moringa that was held on November 15, 2015, in Manila (the Philippines).
Similarly, the peak reached in 2021 might have been due to the organization of the 2nd
International Symposium on Moringa in Pretoria (South Africa), whose proceedings were
published in Acta Horticulturae in 2021.
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As for sources and journals (Table 3), the most important ones were Acta Horticulturae
(27 articles, 9.03%), South African Journal of Botany (21 articles, 7.02%), 1st International
Symposium on Moringa (13 articles, 4.35%), Journal of Ethnopharmacology (9 articles, 3.01%),
and the Egyptian Journal of Chemistry and 2nd International Symposium on Moringa (7 articles/
2.34% each). In a bibliometric analysis carried out in 2021 using the Scopus database,
George et al. [85] found that the South African Journal of Botany leads worldwide in terms
of publication number. The selected 299 publications were published in 182 sources and
journals, which suggests that, so far, there is no earmarked publication outlet.

Table 3. Bibliographical metrics of the scholarly literature on moringa in Africa.

Journals/Sources (a) *

Subject Areas (b) *

SDG (o) *

Authors (d) *

Affiliation
Institutions (e) *

Affiliation
Countries/
Regions (f) *

. . SDG 3—Good health and . Egyptian Knowledge .
Acta Horticulturae (27) Plant sciences (56) well-being (132) Du Toit E. S. (6) Bank (33) South Africa (66)
South African Journal Food science University of N
of Botany (21) technology (36) SDG 2—Zero hunger (60) Ndhlala A. R. (6) Kwazulu Natal (18) Nigeria (50)
I International . .
Symposium on Horticulture (30) SDG 6—.Cle<im waterand Abdalla A. M. (4) Unlver.51ty of Egypt (34)
. sanitation (56) Pretoria (16)
Moringa (13)
Journal of SDG 13—Climate . National Research
Ethnopharmacology (9) Agronomy (24) action (53) Bancessi A. (4) Centre (12) Ghana (22)
. Integrative . .
Egyptlan.] ournal of complementary SDG 15—Life on land (38) Catarino L. (4) vaers1ty of USA (19)
Chemistry (7) . Limpopo (12)
medicine (22)
II International Pharmacology—
Symposium on colosy SDG 1—No poverty (18) Ezzo M. 1. (4) CGIAR (10) Tanzania (15)
. pharmacy (21)
Moringa (7)
. . o Agricultural
il ) KhamzinaA.(4)  Research Councilof  England (14
y South Africa (8)
Food Science Multidisciplinary SDG 14—Life below . Kv\{ame.Nkru.mah
. . Kolanisi U. (4) University Science France (13)
Nutrition (6) sciences (18) water (4)
Technology (8)
. . SDG 12—Responsible . .
PLOS One (5) Chemistry medicinal consumption and Lamers].P. A. (4) University of Fort Germany (11)
17) . Hare (8)
production (3)
Applied Ecology and Merwad A. R M.A. Agricultural
X Mkandawire T.,
Environmental . Research Center
. SDG 5—Gender equality, Ncube B., .
Research, BMC Chemistry R Egypt, Cairo
oy SDG 7—Affordable and Noulékoun E, X X Kenya (11)
Complementary and multidisciplinary (16) L University, North
. . clean energy (1) O'Neill J. G., : .
Alternative Medicine, Pritchard M West University
Molecules (4) N South Africa (7)

Siwela M. (4)

* Figures in brackets refer to the number of publications by journal/source (a), subject area (b), SDG (c), author (d),
affiliation (e), or country (f).

Concerning the subject areas, most of the eligible publications fell under the areas of
Plant sciences (56 articles, 18.73%), Food science technology (36 articles, 12.04%), Horti-
culture (30 articles, 10.03%), Agronomy (24 articles, 8.03%), Integrative complementary
medicine (22 articles, 7.34%), Pharmacology—pharmacy (21 articles, 7.02%), and Environ-
mental sciences (20 articles, 6.69%). However, the selected articles could be categorized
into 67 subject areas (e.g., chemistry, nutrition dietetics, forestry, biology, biochemistry,
microbiology, ecology, chemical engineering, environmental engineering, environmental
studies), which may explain why the research field is rather multidisciplinary. The multi-
disciplinary and multisectoral character of the research field is confirmed by the numerous
Sustainable Development Goals (SDGs) that it addresses; indeed, the selected articles dealing
with moringa addressed 11 SDGs, but the most prominent ones were SDG 3 “Good health
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and well-being” (132 articles, 44.147%), SDG 2 “Zero hunger” (60 articles, 20.07%), SDG 6
“Clean water and sanitation” (56 articles, 18.73%), and SDG 13 “Climate action” (53 articles,
17.73%). Notwithstanding, it can be argued that the focus of the literature was on biologi-
cal and environmental sciences (including agronomic sciences), while social sciences and
economics were underserved. This is corroborated by the study of George et al. [85], who
concluded, following their bibliometric analysis on moringa, that “The research areas on the
plant are mainly on the pharmacological, food and nutritional uses as well as its applications in
water treatment, environmental management and biofuel production” (p. 12).

The bibliometric analysis showed that the most prominent, productive authors
(six articles each) were based in South Africa, namely, Elsa S. du Toit (Department of
Plant and Soil Sciences, Faculty of Natural and Agricultural Sciences, University of Pretoria,
South Africa) and Ashwell R. Ndhlala (Vegetable and Ornamental Plants Institute, Agri-
cultural Research Council, South Africa). Nevertheless, the analysis also suggested that
there is no consistency in the research field as many authors have only one article. Indeed,
the 299 selected articles were authored by 1199 scholars. This means that even authors
that deal with moringa do this in a sporadic, rather than a systematic, way. This, in turn,
might be due to the absence of structured, articulated national research projects/programs
on moringa.

The analysis of affiliation institutions and countries suggested that aside from some
international organizations such as CGIAR (Consultative Group for International Agricul-
tural Research), the most active centers in the research field are based in Egypt (Egyptian
Knowledge Bank, National Research Centre, Agricultural Research Center Egypt, Cairo
University, Zagazig University) and South Africa (University of Kwazulu Natal, University
of Pretoria, Agricultural Research Council of South Africa, University of Limpopo, Univer-
sity of Fort Hare, North West University South Africa, University of Zululand). Prominent
African research centers dealing with moringa are also located in Ghana (Kwame Nkrumah
University Science Technology, University of Ghana, University for Development Stud-
ies), Malawi (University of Malawi), Nigeria (Obafemi Awolowo University, University of
Nigeria, University of Ibadan, Bayero University), Benin (University of Abomey Calavi),
and Botswana (Botswana University of Agriculture and Natural Resources). However,
some research centers and universities are based outside Africa, especially in Germany
(University of Bonn). The 299 selected articles were authored by scholars affiliated with
426 research centers and universities. The results concerning the affiliation institutions are
corroborated by those regarding affiliation countries. Indeed, the list of affiliation countries
was dominated by South Africa (66 articles, 22.07%), Nigeria (50 articles, 16.72%), Egypt
(34 articles, 11.37%), and Ghana (22 articles, 7.36%). This result is only partly in line with
the findings of George et al. [85], who pointed out Egypt, Nigeria, and India as the countries
with the best international linkages in the research field, but not South Africa. However,
the top ten countries included two other African countries (viz. Tanzania, Kenya) and,
especially, many non-African countries (viz. USA, England, France, Germany). The list
of the 71 affiliation countries included many others from Africa (e.g., Ethiopia, Burkina
Faso, Malawi, Cameroon, Botswana, Tunisia, Uganda, Algeria, Benin), Europe (e.g., Por-
tugal, Scotland, Belgium, Italy), and even Oceania (e.g., Australia) and North America
(e.g., Canada).

As for funding agencies, apart from some South African ones (e.g., National Research
Foundation South Africa, University of Pretoria, University of Kwazulu Natal, College
of Health Sciences Durban, South African Medical Research Council) that ensured do-
mestic funding, most funding came from international organizations (e.g., CGIAR) and
foundations (e.g., Bill Melinda Gates Foundation) or foreign institutions, particularly those
in Europe (e.g., European Union; Fundagio para a Ciéncia e a Tecnologia, Portugal; Federal
Ministry of Education Research, Germany; Deutscher Akademischer Austausch Dienst DAAD,
Germany; the Spanish Government; the UK Research Innovation; Alexander von Humboldt
Foundation, Germany) and North America (e.g., United States Agency for International
Development (USAID), USA; International Development Research Centre (IDRC), Canada).
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3.2. Geography of the Research on Moringa in Africa

The analysis showed that there are considerable differences among African countries
(Table 4). Most studies were carried out in a few countries that dominated the list of
affiliation countries, namely, South Africa, Nigeria, Egypt, and Ghana. Indeed, the lion’s
share of studies on moringa were carried out in South Africa (55 articles, 18.39% of those
selected), Nigeria (51 articles, 17.05%), Egypt (35 articles, 11.70%), Ghana (22 articles, 7.35%);
these four countries alone made up more than half of all the studies on moringa in Africa.
While the results regarding Nigeria and Egypt were somewhat expected, as these are among
the most populous countries in Africa, those regarding South Africa and Ghana might
denote a certain dynamism of their research systems. In contrast, many African countries
were only marginally addressed in the research field; for instance, in many countries (viz.
Central African Republic, Chad, Eswatini/Swaziland, Liberia, Libya), there was only one
study on moringa. No article focused specifically on moringa in 22 African countries
(viz. Angola, Burundi, Cabo Verde, Comoros, Congo, Djibouti, Equatorial Guinea, Eritrea,
Gabon, Gambia, Guinea, Lesotho, Mali, Mauritania, Morocco, Namibia, Rwanda, Sao Tomé
and Principe, Seychelles, Somalia, South Sudan, and Zambia). Therefore, there appears to
be a significant deficiency in research related to this field in the countries in question.

While there were no studies on moringa that covered the entire African continent,
there were some multi-country, regional studies available. For instance, Kumssa et al. [105]
investigated the challenges and opportunities for growers of moringa (M. oleifera and
M. stenopetala) in Eastern Africa (cf. Ethiopia and Kenya). de Saint Sauveur et al. [106]
provided an overview of the use of moringa leaves to fight against malnutrition and
micronutrient deficiencies in several West African countries (cf. Burkina Faso, Ghana, and
Senegal). Further studies were rather global, thus dealing with countries from different
continents, including some non-African countries; for instance, Sibeko and Johns [107]
performed a global survey on medicinal plants used by women during lactation and
postpartum recovery and analyzed their health implications.

Table 4. Geography of research on moringa in Africa.

Country or Region (Number of Articles) = Documents

Boukandoul et al. [108]; Boulaadjoul et al. [109]; Braham et al. [110];

Algeria (5) Kebaili et al. [111]; Ouahrani et al. [112]
Adéyeémi et al. [113]; Affonfere et al. [114]; Agoyi et al. [115]; Bachabi et al. [116];
Benin (11) Dougnon and Ito [117]; Gandji et al. [118]; Gandji et al. [119]; Noulekoun et al. [120];

Noulékoun et al. [121]; Noulékoun et al. [122]; Noulekoun et al. [123]

Botswana (5)

Bombo et al. [124]; Nduwayezu et al. [125]; Ntshambiwa et al. [126]; Seifu and
Teketay [127]; Semanka et al. [128]

Burkina Faso (6)

Amante et al. [129]; Amante-Garcia et al. [130]; Etongo et al. [131]; Krieg et al. [132];
Lopez-Grimau et al. [133]; Moussavou et al. [134]

Cameroon (10)

Arsene et al. [135]; Mawouma et al. [136]; Ngounouno et al. [137]; Rébufa et al. [138];
Saha et al. [139]; Tchangoue et al. [140]; Yannick et al. [141]; Yongabi et al. [142];
Yongabi et al. [143]; Yongabi et al. [144]

Central African Republic (1)

Poumaye et al. [145]

Chad (1)

Leone et al. [146]

Cote d'Ivoire (2)

Abrogoua et al. [147]; Kpan et al. [148]

Democratic Republic of the Congo (4)

Kambashi et al. [149]; Kampemba et al. [150]; Mushagalusa Kasali et al. [151];
Tshingani et al. [152]
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Table 4. Cont.

Country or Region (Number of Articles)

Documents

Egypt (35)

Abdalla et al. [153]; Abdallah et al. [154]; Abdel Moniem et al. [155];

Abdelsayed et al. [156]; Abdelwanis et al. [157]; Abdelwanise et al. [158];

Darwish et al. [159]; Desoky et al. [160]; El-Boraie et al. [161]; El-Hadidy et al. [162];
El-Helaly [163]; Ezzo et al. [164]; Hamada et al. [165]; Hegazi et al. [166];

Hemdan et al. [167]; Ibrahim and Abdalla [168]; Ibrahim and Namich [169];

Ibrahim et al. [170]; [171] ¢ Merwad [172]; Merwad [173]; Merwad [174];

Merwad and Abdel-Fattah [175]; Mohamed et al. [176]; Mohamed et al. [177];
Mohamed et al. [178]; Monir et al. [179]; Mosa et al. [180]; Nofal et al. [181];

Nofal et al. [182]; Osman and El-Naggar [183]; Salama et al. [184]; Sarhan et al. [185];
Shaaban et al. [186]; Thabet et al. [187]

Eswatini/Swaziland (1)

Zubuko et al. [188]

Adefa and Tefera [189]; Bartikova et al. [190]; Debela and Tolera [191];
Ejeta et al. [192]; Gebrezgi [193]; Gurmu et al. [194]; Habtemariam et al. [195];

Ethiopia (12) Mekuria et al. [196]; Melesse et al. [197]; Némec et al. [198]; Tafesse et al. [199];
Tafesse et al. [200]
Acheampong et al. [201]; Adu-Dapaah et al. [202]; Amaglo et al. [203]; Amagloh
and Benang [204]; Amagloh et al. [205]; Boateng et al. [206]; Boateng et al. [207];
Ghana (22) Clark et al. [208]; Cudjoe et al. [209]; Doglikuu et al. [210]; Glover-

Amengor et al. [211]; Kudzinawo et al. [212]; Kumah et al. [213]; Mao et al. [214];
Ntibrey et al. [215]; Ochire-Boadu et al. [216]; Peprah et al. [217]; Sarkwa et al. [218];
Senanu et al. [219]; Sengupta et al. [220]; Tabong et al. [221]; Tetteh et al. [222]

Guinea-Bissau (4)

Bancessi et al. [223]; Bancessi et al. [224]; Fernandes et al. [225]; Fernandes et al. [226]

Chang et al. [227]; Kamau et al. [228]; Kilingo et al. [229]; Muluvi et al. [230];

Kenya (6) Walter et al. [231]; Waterman et al. [232]

Liberia (1) Awoyale et al. [233]

Libya (1) Mahklouf [234]

Madagascar (3) Rakotosamimanana et al. [235]; Rubio [236]; Syeda and Riazunnisa [237]
McConnachie et al. [238]; Mwamatope et al. [239]; Mwamatope et al. [240];

Malawi (10) Pritchard et al. [241]; Pritchard et al. [242]; Pritchard et al. [243]; Pritchard et al. [244];

Sagona et al. [245]; Vunain et al. [246]; Warhurst et al. [247]

Mauritius (2)

Mahomoodally and Ramalingum [248]; Neergheen-Bhujun et al. [249]

Mozambique (2)

Cumbe et al. [250]; Marrufo et al. [251]

Niger (6)

Abasse et al. [252]; Bellostas et al. [253]; Freiberger et al. [254]; Halilou et al. [255];
Ratnadass et al. [256]; Sena et al. [257]

Nigeria (51)

Aba et al. [258]; Abubakar et al. [259]; Abubakar et al. [260]; Adeyemi et al. [261];
Adeyemo [262]; Aduro and Ebenso [263]; Agbagwa et al. [264]; Agbede et al. [265];
Agbede et al. [266]; Ajuogu et al. [267]; Akanbi et al. [268]; Amaeze et al. [269];
Amaeze et al. [270]; Amaeze et al. [271]; Anele et al. [272]; Anjorin et al. [273];
Aprioku et al. [274]; Arigbede et al. [275]; Atawodi et al. [276]; Attah et al. [277];
Aviara et al. [278]; Ayotunde et al. [279]; Barminas et al. [280]; Ebiloma et al. [281];
Etuk and Mohammed [282]; Fagbenro et al. [283]; Gambo et al. [284];

Gambo et al. [285]; Gambo et al. [286]; Iwuji et al. [287]; Jimoh et al. [288];

Lawal et al. [289]; Lockett et al. [290]; Mahdy et al. [291]; Manuwa et al. [292];
Namla et al. [293]; Nwosu and Okafor [104]; Obayelu et al. [294];

Ogunbinu et al. [295]; Ogundiran et al. [296]; Ojo et al. [297]; Okoya et al. [298];
Oladeji et al. [299]; Oladeji et al. [300]; Olaoye et al. [301]; Oyekale [302];

Popoola and Obembe [303]; Stevens et al. [304]; Taiwo et al. [305]; Titiloye et al. [306];
Ugese and Iordye [307]

Senegal (6)

Dieye et al. [308]; Diouf et al. [309]; Faye et al. [310]; Gold et al. [311]; Mathieu and
Meissa [312]; Zeitoun et al. [313]

Sierra Leone (2)

James et al. [314]; Ranasinghe et al. [315]
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Table 4. Cont.

Country or Region (Number of Articles)

Documents

South Africa (55)

Adetola et al. [316]; Adhikari et al. [317]; Adhikari et al. [318]; Bassey et al. [319];
Bopape-Mabapa et al. [320]; Chitiyo et al. [321]; du Toit et al. [322]; du Toit et al. [323];
du Toit et al. [324]; Govender and Naicker [325]; Hedhili et al. [326];

Ibrahim et al. [327]; Kivevele and Huan [328]; Lubaale et al. [329];

Mabapa et al. [330]; Maiyo et al. [331]; Managa et al. [332]; Manduwa et al. [333];
Masete et al. [334]; Mhlomi et al. [335]; Modisaojang-Mojanaga et al. [336];
Moichela et al. [337]; Mokgehle et al. [338]; Motis et al. [339]; Moyo et al. [340];
Mudau et al. [341]; Muhl et al. [342]; Naidoo [343]; Ndhlala et al. [344];

Netshiheni et al. [345]; Ngcobo and Bertling [346]; Ntila et al. [347]; Ntila et al. [348];
Olusanya et al. [349]; Omodanisi et al. [350]; Pakade et al. [351]; Pakade et al. [352];
Ralepele et al. [353]; Rapatsa and Moyo [354]; Ratshilivha et al. [355];

Ratshilivha et al. [356]; Rikhotso et al. [357]; Rikhotso et al. [358]; Sebola et al. [359];
Semenya and Maroyi [360]; Semenya and Maroyi [361]; Semenya et al. [362];
Sharaf-Eldin et al. [363]; Swanepoel [364]; Tiloke et al. [365]; Tiloke et al. [366];
Tshabalala et al. [367]; Tshabalala et al. [368]; Zeru et al. [369]; Zungu et al. [370]

Sudan (2)

Ali et al. [371]; Ezaldeen et al. [372]

Tanzania (12)

Alphonce et al. [373]; Alphonce et al. [374]; Bisanz et al. [375]; Hekmat et al. [376];
Kibazohi and Sangwan [377]; Lunyera et al. [378]; Marobhe and Sabai [379];
Mmanda et al. [380]; Munyanziza and Sarwatt [381]; Ndemanisho et al. [382];
Sarwatt et al. [383]; Shija et al. [384]

Togo (2) Abotsi et al. [385]; Fare et al. [386]
Tunisia (6) Bennour et al. [387]; Bennour et al.. [388]; Boumenjel et al: [389];
Gharsallah et al. [390]; Marzougui et al. [391]; Marzougui et al. [392]
Uganda (3) Jilcott et al. [393]; Kaggwa et al. [394]; Kasolo et al. [395]
Zimbabwe (4) Choga et al. [396]; Jambwa et al. [397]; Maroyi [398]; Smith et al. [399]
East Africa * (2) Kumssa et al. [400] (Ethiopia and Kenya); Kumssa et al. [105] (Ethiopia and Kenya)
West Africa ** (1) de Saint Sauveur et al. [106] (Burkina Faso, Ghana, and Senegal)

Sub-Saharan Africa *** (4)

Chadha and Olouch [401] (Kenya, Malawi, Mozambique, Rwanda, Southern Sudan,
Tanzania, Uganda, and Zambia); Chadha et al. [402]; Ondiba et al. [403];
Yamato et al. [404] (Madagascar and Uganda)

Global ****(4)

Ebert and Palada [405]; Meale et al. [406]; Palada et al. [407]; Sibeko and Johns [107]

* Includes articles addressing at least two East African countries. ** Includes articles addressing at least
two West African countries. *** Includes articles dealing with at least two countries from two different regions in
Sub-Saharan Africa. **** Includes articles covering at least one country outside Africa.

3.3. Agriculture Subsectors and Food Chain Stages

As for the agriculture subsectors, while, as expected, most of the selected articles dealt
with crop production, with M. oleifera being a crop/plant, some addressed animal produc-
tion and fisheries/aquaculture. The latter mainly referred to the use of moringa as fodder
for livestock or feed in aquaculture/fish farming. Indeed, moringa has been used as feed or
fodder for many livestock species across Africa [149,165,218,250,336,340,359,369,382,383,397],
e.g., for sheep in Ghana [218]; for pigs in the Democratic Republic of the Congo [149]; for
cattle in Mozambique [250]; for goats in South Africa [340] and Tanzania [382,383]; and
for chicken/poultry in South Africa [336,359], Egypt [165], and Zimbabwe [397]. Similarly,
different parts of moringa, especially the leaves, have been used as feed in aquaculture
and fish farming [113,179,279,354,380,403], e.g., for Tilapia in Tanzania [380], Benin [113],
Egypt [179], Nigeria [279], and South Africa [354]. Moringa has also been used as an eth-
noveterinary remedy against avian diseases in Zimbabwe [397] and tested against parasitic
flatworm (Fasciola gigantica) in Egypt [166].

Production and consumption were the most addressed stages of the food chain, while
intermediate stages, especially marketing and distribution, were generally overlooked
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in the scholarly literature (Table 5). A limited number of studies specifically addressed
the processing of moringa. For instance, Manuwa et al. [292] designed, produced, and
evaluated the performance of a pulverizer of the dried leaves of moringa in Nigeria.
However, many studies referred to the use of processed products of M. oleifera. Processed
products of moringa include leaf powder [114,286,329,399], seed o0il [108,157,278,319,390],
seed cake [162,167,306], seed powder [116,128,215,246], and essential oils from leaves [251].
Further studies dealt with the use of moringa as an ingredient in different processed
foods, e.g., smoked African mud catfish [288], chilled meat [165], and maize chips [325].
Moringa has also been used to improve the conservation of some perishable products such
as sweet oranges [307]. Indeed, moringa is believed to reduce microbial contamination
and conserve the quality and extend the shelf-life of agri-food products. Only a few
papers dealt with the marketing of moringa and its products. For instance, Ojo et al. [297]
analyzed the commercialization potential and factors affecting it among moringa farmers
in southwestern Nigeria. Similarly, Seifu and Teketay [127] explored the potential for the
commercialization of moringa in Botswana. Consumption referred to the use of moringa
as food but also as a medicine/drug. Indeed, the lion’s share of articles included in this
category addressed the use of moringa in traditional, folk medicine against a wide range
of diseases and ailments. Some authors adopted a more holistic approach and dealt with
different food chain stages. Indeed, they referred to supply chains or value chains [202,386].
For instance, Adu-Dapaah et al. [202] provided an overview of recent advances and current
practices used by stakeholders along the value chain of moringa in Ghana from seed
production to planting, processing, and marketing.

Table 5. Food chain stages.

Food Chain Stage *

Articles

Production

Abdalla et al. [153]; Abdelwanis et al. [157]; Abdelwanise et al. [158]; Abotsi et al. [385];
Adeyemo [262]; Adhikari et al. [318]; Adu-Dapaah et al. [202]; Akanbi et al. [268];

Anele et al. [272]; Arigbede et al. [275]; Bartikova et al. [190]; Bopape-Mabapa et al. [320];
Boumenjel et al. [389]; Chang et al. [227]; Chitiyo et al. [321]; Darwish et al. [159];

Diouf et al. [309]; du Toit et al. [322]; du Toit et al. [323]; du Toit et al. [324]; El-Boraie et al. [161];
Etongo et al. [131]; Ezzo et al. [164]; Fagbenro et al. [283]; Fare et al. [386]; Gandji et al. [118];
Gandji et al. [119]; Halilou et al. [255]; Ibrahim et al. [170]; Ibrahim et al. [327]; Krieg et al. [132];
Kudzinawo et al. [212]; Kumssa et al. [105]; Mabapa et al. [330]; Managa et al. [332];

Manduwa et al. [333]; Marzougui et al. [392]; Melesse et al. [197]; Mokgehle et al. [338];

Motis et al. [339]; Munyanziza and Sarwatt [381]; Nduwayezu et al. [125]; Némec et al. [198];
Nofal et al. [182]; Noulekoun et al. [120]; Noulekoun et al. [121]; Noulékoun et al. [122];
Noulekoun et al. [123]; Osman and El-Naggar [183]; Palada et al. [407]; Popoola and

Obembe [303]; Ratnadass et al. [256]; Ratshilivha et al. [355]; Ratshilivha et al. [356];

Rébufa et al. [138]; Sagona et al. [245]; Sharaf-Eldin et al. [363]; Swanepoel [364];

Tetteh et al. [222]; Tshabalala et al. [367]; Tshabalala et al. [368]; Waterman et al. [232];

Yamato et al. [404]; Yannick et al. [141]; Zeru et al. [369]; Zubuko et al. [188]

Processing

Abdelsayed et al. [156]; Abdelwanis et al. [157]; Adeyemo [262]; Adu-Dapaah et al. [202];
Amagloh et al. [205]; Aviara et al. [278]; Bassey et al. [319]; Bennour et al. [387];

Bennour et al. [388]; Bombo et al. [124]; Boukandoul et al. [108]; Braham et al. [110];

du Toit et al. [323]; Ebiloma et al. [281]; Fare et al. [386]; Gharsallah et al. [390];

Hamada et al. [165]; Ibrahim et al. [327]; Iwuji et al. [287]; Jimoh et al. [288]; Kaggwa et al. [394];
Kibazohi and Sangwan [377]; Kivevele and Huan [328]; Kudzinawo et al. [212];

Manuwa et al. [292]; Marrufo et al. [251]; Mohamed et al. [176]; Oladeji et al. [299];

Ouahrani et al. [112]; Ralepele et al. [353]

Marketing /commercialization
and distribution/retail

Bancessi et al. [223]; Obayelu et al. [294]; Ojo et al. [297]; Seifu and Teketay [127];
Tafesse et al. [199]




Plants 2024, 13, 1613

12 of 44

Table 5. Cont.

Food Chain Stage *

Articles

Consumption

Abasse et al. [252]; Abrogoua et al. [147]; Abubakar et al. [259]; Adefa and Tefera [189];

Adetola et al. [316]; Adhikari et al. [317]; Adu-Dapaah et al. [202]; Aduro and Ebenso [263];
Affonfere et al. [114]; Agbagwa et al. [264]; Agoyi et al. [115]; Alphonce et al. [373];

Amaeze et al. [269]; Amaeze et al. [270]; Amaeze et al. [271]; Amaglo et al. [203];

Anjorin et al. [273]; Aprioku et al. [274]; Arsene et al. [135]; Atawodi et al. [276]; Attah et al. [277];
Awoyale et al. [233]; Bancessi et al. [223]; Bancessi et al. [224]; Barminas et al. [280];

Bassey et al. [319]; Bellostas et al. [253]; Bisanz et al. [375]; Boateng et al. [206];

Boateng et al. [207]; Bopape-Mabapa et al. [320]; Chadha and Olouch [401]; Chadha et al. [402];
de Saint Sauveur et al. [106]; Debela and Tolera [191]; Dieye et al. [308]; Doglikuu et al. [210];
Dougnon and Ito [117]; Ebert and Palada [405]; Ezaldeen et al. [372]; Fernandes et al. [225];
Fernandes et al. [220]; Freiberger et al. [254]; Gambo et al. [284]; Gambo et al. [286];

Gandji et al. [118]; Gebrezgi [193]; Gharsallah et al. [390]; Glover-Amengor et al. [211]; Govender
and Naicker [325]; Gurmu et al. [194]; Hedhili et al. [326]; Hekmat et al. [376]; James et al. [314];
Jilcott et al. [393]; Kaggwa et al. [394]; Kamau et al. [228]; Kasolo et al. [395]; Kumssa et al. [400];
Kumssa et al. [105]; Lawal et al. [289]; Leone et al. [146]; Lockett et al. [290]; Lubaale et al. [329];
Lunyera et al. [378]; Mahomoodally and Ramalingum [248]; Marobhe and Sabai [379];

Maroyi [398]; Mathieu and Meissa [312]; Mawouma et al. [136]; Mekuria et al. [196];

Mudau et al. [341]; Munyanziza and Sarwatt [381]; Mushagalusa Kasali et al. [151];
Mwamatope et al. [239]; Mwamatope et al. [240]; Namla et al. [293]; Ndhlala et al. [344];
Neergheen-Bhujun et al. [249]; Netshiheni et al. [345]; Ntila et al. [347]; Ntila et al. [348];
Ntshambiwa et al. [126]; Obayelu et al. [294]; Oladeji et al. [300]; Olaoye et al. [301];

Olusanya et al. [349]; Oyekale [302]; Pakade et al. [351]; Pakade et al. [352]; Peprah et al. [217];
Popoola and Obembe [303]; Rakotosamimanana et al. [235]; Ranasinghe et al. [315]; Rubio [236];
Saha et al. [139]; Semenya and Maroyi [360]; Semenya and Maroyi [361]; Semenya et al. [362];
Sena et al. [257]; Shija et al. [384]; Sibeko and Johns [107]; Smith et al. [399]; Stevens et al. [304];
Tabong et al. [221]; Tafesse et al. [200]; Tiloke et al. [365]; Tiloke et al. [366]; Tshingani et al. [152];
Vunain et al. [246]; Yongabi et al. [142]; Zubuko et al. [188]; Zungu et al. [370]

* Several documents addressed different stages of the food chain.

Moringa has been grown in a variety of agricultural systems ranging from horticulture
(monocropping or intercropping) [256,342] to agroforestry [105,115,118-120,141,191,197,
202,216,272,383,385,389,407]. It has been indicated as suitable for intercropping with veg-
etables, fruit trees, and medicinal and aromatic plants in South Africa [364] and legumes
(cowpea, jack bean, lablab, and pigeon pea) in South Africa [339]. As for agroforestry,
moringa has been investigated in Benin [118-120], Cameroon [141], Ethiopia [105,191,197],
Ghana [202,216], Kenya [105], Nigeria [272], Tanzania [383], Togo [385], and Tunisia [389].
In this respect, Boumenjel et al. [389] concluded that “Moringa represent a promising species
as an ecological solution for use in agroforestry systems, able to minimize the negative effects of
drought and to rehabilitate and enhance the soil of arid zones” (p. 823). Moringa has been also
used in alley cropping/farming in Ghana [202], Nigeria [258], South Africa [339], and West
Africa [407].

As for production, the agronomic practices considered included fertilization and soil
fertility management, pest management, and irrigation (Table 6). Concerning, for instance,
irrigation, El-Boraie et al. [161] studied the effects of different modern irrigation systems
(e.g., drip irrigation, mini-sprinklers) on water unit productivity of moringa vegetative
yield under the conditions of Shalatien (Egypt). As for pest management, the analyzed
studies dealt with, among others, the moringa tree defoliator, Noorda blitealis Walker
(Lepidoptera), in Niger [255], powdery mildew in Ethiopia [190], and the leaf worm in
the Sudano-Sahelian agroecosystems of West Africa [256]. While moringa is known to
be pest-tolerant, its tolerance to pests seems to change from one species to another. For
instance, Némec et al. [198] found that M. oleifera is more suitable than M. stenopetala
for plantations in southern Ethiopia given its higher pest resistance and leaf biomass
production. Further documents dealt with the germination of moringa seeds under different
conditions [322,363,392] as well as the vegetative propagation of moringa [356].
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Table 6. Agronomic aspects addressed in articles dealing with the production of moringa.

Agronomic Practice *  Articles

Abdelwanis et al. [157]; Abdelwanise et al. [158]; Adu-Dapaah et al. [202]; Akanbi et al. [268];
Darwish et al. [159]; Fagbenro et al. [283]; Fagbenro et al. [283]; Kumssa et al. [105];

Noulékoun et al. [123]; Ratshilivha et al. [355]; Zubuko et al. [188]

Bartikova et al. [190]; Halilou et al. [255]; Kumssa et al. [105]; Némec et al. [198]; Ratnadass et al. [256];
Zeru et al. [369]

El-Boraie et al. [161]; Ezzo et al. [164]; Noulékoun et al. [121]; Noulekoun et al. [123]; Osman and

Fertilization and soil
fertility management

Pest management

Irrigation El-Naggar [183]
* Some documents addressed different agronomic practices.

While some articles dealt with the fertilization of moringa (Table 6), others addressed
the use of moringa as a fertilizer or soil amendment. Indeed, moringa extracts (especially
leaf extracts) as well as moringa seed cake have been also used as fertilizers and soil
amendments on various crops across the African continent. It has been also used as a
green manure (Table 7). The results are promising; for instance, Mosa et al. [180] found that
spraying moringa leaf extract (MLE) “improved the vegetative growth, fruit set %, fruit yield
and fruit physical and chemical characteristics as well as leaf nutritional status” of apple in Egypt.
Table 7. Use of moringa in fertilization in Africa.

Document Country Crop/Plant Use of Moringa
Mosa et al. [180] Egypt Apple Foliar application (biostimulant)
Sarhan et al. [185] Egypt Gladiolus (Gladiolus grandifloras) Soil fertilizer
El-Hadidy et al. [162] Egypt Orange Soil fertilizer (moringa seed cake)
Ibrahim and Namich [169] Egypt Cotton Foliar application (biostimulant)
Aba et al. [258] Nigeria Plantain Cover crop/alley cropping
Nofal et al. [181] Egypt African marigold (Tagetes erecta) Foliar application
Agbede et al. [266] Nigeria Tomato Green manure
Ibrahim et al. [170] Egypt Citrus, grape, gllve, loquat, and Soil amendment
persimmon
Hemdan et al. [167] Egypt Orange Soil amendment
Thabet et al. [187] Egypt Date palm Foliar application
Ibrahim and Namich [169] Egypt Cotton Foliar application
Ngcobo and Bertling [346] South Africa Cherry tomato Foliar application
Masete et al. [334] South Africa Cowpea Mulch
Merwad [172] Egypt Pea Foliar application

As in the case of fertilization, while some studies focused on the management of
moringa pests and diseases, others dealt with the use of moringa-based products against
various plant pests. Indeed, extracts from different parts of moringa have been used to
control various pests and diseases across Africa. The main pests and diseases studied
include the late blight (Phytophthora infestans) on tomato in Zimbabwe [396], the char-
coal rot and root-knot nematode on faba bean in Egypt [178], bacteria (Pantoea spp. and
Sphingomonas spp.) on rice in Benin [116], the crown rot disease on banana in Ghana [213],
and the citrus nematode (Tylenchulus semipenetrans) on citrus, grape, olive, loquat, and
persimmon in Egypt [170]. Interestingly, moringa extracts have also been used as additives
to prolong the activity of some bio-pesticides, such as baculovirus in Egypt [163]. While the
green fruits/seed pods, leaves, seeds, flowers, and roots of moringa are edible [28,34,35],
most studies focused on leaves (Appendix D). The focus on leaves might be explained by
the fact that they are considered the most nutritious part of the plant [35-38]. However, the
part of concern depended on the focus of the studies; leaves were generally considered
in studies dealing with food and nutrition (including food supplementation and fortifica-
tion) and those dealing with traditional medicine, while seeds were considered in studies
dealing with the purification and treatment of water. Articles dealing with agronomic
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aspects generally considered the whole moringa plant, without any distinction between
its different parts. Some studies dealt simultaneously with different parts of moringa. For
instance, Abdelwanis et al. [157] analyzed the effects of the foliar application of zinc and
boron on the yield and chemical composition of leaves and the characteristics of the seed
oil. Stevens et al. [304] evaluated the nutrient and vitamin contents of the leaves and seeds
of 10 accessions of M. oleifera from across Nigeria. Fernandes et al. [225] investigated the
nutritional and phytochemical profiles as well as the biological activities of the edible
parts of moringa (viz. flowers, fruits, and seeds) in Guinea-Bissau. In their analysis of the
potential of M. oleifera in Botswana, Seifu and Teketay [127] underscored that “Different
parts of the tree are used to treat, mainly, diabetes, high blood pressure and rheumatism. The leaves
are used to treat most of these ailments although the seeds, stems, bark, roots and fruits have also
been reported to have medicinal values” (p. 471). Referring to the medicinal uses of moringa in
southern Benin, Agoyi et al. [115] found that “among the plant parts used for this purpose, the
leaf was the most used, followed by the roots, bark, seeds and pods” (p. 303).

Different varieties and cultivars of moringa were considered in the analyzed studies
such as PKM-1 and Malawi [332], Drumstick tree PKM-1 (from India), RCA Moringa (Tan-
zania), Marum K (Thailand), Virgin Islands Drumstick (USA), Limpopo (South Africa) [368],
KP1 and KP2 [385], TOT5169 (Thailand), and SH (South Africa) [344].

3.4. Climate and Ecosystem Resilience

The evidence collected from the analyzed articles suggested that moringa can play a
role in addressing many environmental problems and challenges such as climate change,
land degradation and desertification, and water and soil pollution (Table 8).

Table 8. Articles linking moringa with climate and ecosystem resilience in Africa.

Theme *

Documents

Climate change and

Abdalla et al. [153]; Anele et al. [272]; Arigbede et al. [275]; Bombo et al. [124]; Boumenjel et al. [389];
Chitiyo et al. [321]; Debela and Tolera [191]; Ezzo et al. [164]; Ibrahim et al. [327]; Kibazohi and
Sangwan [377]; Kivevele and Huan [328]; Mabapa et al. [330]; Marzougui et al. [392];

variability Meale et al. [406]; Melesse et al. [197]; Moussavou et al. [134]; Munyanziza and Sarwatt [381];
Noulekoun et al. [120]; Seifu and Teketay [127]; Yamato et al. [404]; Zeru et al. [369]

Land deeradation and Abdel Moniem et al. [155]; Desoky et al. [160]; Gandji et al. [119]; Ibrahim and Namich [169];

dese% tification Merwad [173]; Merwad [174]; Nofal et al. [182]; Noulekoun et al. [120]; Noulékoun et al. [121];

Noulekoun et al. [122]; Noulékoun et al. [123]; Osman and El-Naggar [183]

Water and soil pollution

Abdel Moniem et al. [155]; Acheampong et al. [201]; Adhikari et al. [318]; Boulaadjoul et al. [109];
Gold et al. [311]; Kebaili et al. [111]; Kilingo et al. [229]; Marzougui et al. [391];
Ngounouno et al. [137]; Ntibrey et al. [215]; Pritchard et al. [243]; Senanu et al. [219];
Sengupta et al. [220]; Tchangoue et al. [140]; Vunain et al. [246]

* Some documents addressed different themes.

Different articles show that moringa can be a valuable asset in mitigating and/or
adapting to climate change and variability in Africa. Marzougui et al. [392] argued that
“Considering Tunisian climate conditions, results showed that Moringa oleifera is able to accli-
matize to temperatures of this country” (p. 349). After comparing the gas exchange of three
species (viz. moringa, mopane, and manila) in northern South Africa, Mabapa et al. [330]
underscored that “Moringa maintained good leaf yield even under drought condition, indicated its
potential to act as a good sink for CO, assimilation. The results strongly showed the superiority
of moringa in capturing more carbon among the three species. Moringa can therefore be recom-
mended for climate change mitigation in semi-arid areas of Limpopo province and possibly other
areas” (p. 2669). Amante et al. [129] argued that moringa-based coagulant allowed for
water purification in Burkina Faso with lower energy consumption and reduced carbon
dioxide emissions. Moringa can be a valuable asset in marginal agro-ecosystems (e.g., dry
or saline lands). This is due to, among other things, its tolerance to drought and its ability
to grow in harsh conditions. In this respect, Seifu and Teketay [127] stressed that “The
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Moringa tree does not need intensive management, establish easily, adapt well to the arid climate
of Botswana and grow with minimal care” (p. 471). Many scholars considered moringa as
a drought-tolerant/resistant plant [127,330,381,404]. Furthermore, different articles dealt
with the drought tolerance of moringa and/or improving it through some agronomic
practices [153,164,321,389,404]. Recently, M. oleifera has attracted the attention of many
researchers and scholars as a promising methane mitigation strategy [197,327,369,406]. For
instance, the extracts of moringa have been successfully used as additives in Eragrostis
curvula hay to reduce methane production in ruminant nutrition [327]. The production of
biofuel/biodiesel from moringa shows that the species can contribute to efforts to mitigate
climate change. Moringa has been used or tested as a biofuel feedstock in Botswana [124],
Burkina Faso [134], South Africa [328], and Tanzania [377].

Moringa has been also exploited to halt and/or reverse land degradation across Africa.
Indeed, it has been employed in different afforestation/reforestation endeavors. Studies on
this subject matter were mainly carried out in Benin [119-123]. Noulékoun et al. [121] found
that moringa is suitable for the afforestation of degraded croplands in the Sudano-Sahelian
zone of Benin. Moringa has been also used for the remediation of contaminated soils across
Africa [155]. Working on Paulownia seedlings in Cairo (Egypt), Abdel Moniem et al. [155]
concluded that the “Remediation of soil with defatted seeds of Moringa oleifera had promotion
effects on reducing the uptake of metal and decreasing its availability” (p. 6847). Moringa showed
tolerance to abiotic stresses such as salinity in different studies [182,183]. Interestingly,
moringa was used to increase the tolerance to salinity of different crops such as cotton [169],
wheat [173], and Sudan grass [160,174].

Further studies dealt with the role of moringa in addressing water and soil pollution.
Indeed, moringa was used in the treatment of sewage sludges, wastewater, effluents, and
different types of industrial wastes [111,137,215,219,229,246,311,391]. Studies in this respect,
exploiting the potential of M. oleifera seeds as coagulants/flocculants, were carried out
in Algeria [109,111], Kenya [229], Tunisia [391], Cameroon [137,140], Ghana [201,215,220],
and Malawi [246]. Kilingo et al. [229] pointed out that the use of moringa is “a low-cost
sewage treatment technology suitable for poor areas” (p. 36589). Marzougui et al. [391] found
that moringa-treated wastewater “could be used in agricultural irrigation, leading to less use
of chemical nitrogen fertilizers and thus improving sustainability for crops, soils, animals, and
humans”. Vunain et al. [246] added that “Employing Moringa oleifera seed (as powder or extracts)
to treat municipal domestic wastewater effluent presents an alternative practice to improving water
quality effluent of existing wastewater treatment plants in developing countries”.

Moringa has also shown potential in reducing particulate matter air pollution [318].
For instance, Adhikari et al. [318] evaluated the particle trapping abilities of different herba-
ceous plants and trees, including moringa, to mitigate particulate matter (PM) pollution
in Sekhukhuneland, a semi-arid mining region of South Africa. M. oleifera was one of the
six preferred species and the authors concluded that “The six preferred plants may serve as
forerunner species to abate PM pollution in Sekhukhuneland and other arid regions facing similar
climate change and pollution challenges”.

3.5. Food and Nutrition Security

The analyzed scholarly literature suggests that moringa can contribute to food and nu-
trition security in terms of food availability, food access, food utilization, and food stability.

As for food availability, moringa represents an important source of food for an increasing
number of households in Africa. Indeed, the cultivation and, consequently, production of
moringa are increasing across Africa [105,127].

Food access is a marginal topic in the scholarly literature dealing with moringa in Africa.
However, evidence shows that households with access to moringa have a better food and
nutrition security status. Following a study on the impacts of moringa on food and nutrition
security in southern Ethiopia, Tafesse et al. [200] highlighted that “The finding indicated
positive and significant differences among Moringa producer and non-producer smallholder farmers
in selected food and nutrition security proxy variables, weekly calorie intake and food consumption
score (FCS)”.
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Most of the selected articles that addressed food security in relation to moringa
dealt with food utilization and nutrition. Indeed, moringa represents a valuable source
of nutrients such as minerals and vitamins [126,146,191,203,211,225,254,257,273,280,304,
349,370,390,400]. It is also a valuable source of bioactive compounds [126]. However,
the nutritional composition of moringa leaves is influenced by many factors such as soil
properties, agronomic practices, and tree age [320]. Despite its confirmed nutritional
benefits, the consumption of moringa is not adequate; therefore, there is a need to increase
its use through changes in consumption and dietary patterns [106].

Given the interesting nutritional profile of moringa, it comes as no surprise that it has
been used in fortification and supplementation programs in many African countries. Indeed,
moringa-based products have been tested and /or used for the fortification or enrichment
of nutrients in a wide range of products across Africa. It has also been used as a food
supplement (Appendix E). The concerned products include porridges from various cereals
(e.g., sorghum, maize, pearl millet) as well as foods based on roots such as cassava and
even processed foods such as yogurt. Interventions involving the use of moringa in food
fortification and supplementations resulted in an important reduction in anemia among
children [114,384].

Food safety is an important component of food utilization. In this respect, some
authors pointed out that the leaves of moringa can accumulate some pollutants such as
heavy metals [189,233,317], which might pose a risk in terms of human health. Moreover,
interestingly, given its antimicrobial properties, moringa has also been tested as a hand-
washing product [208].

The selected articles also mentioned different health claims regarding moringa. These
were related to numerous diseases, ailments, and illnesses such as cardiovascular dis-
eases, cancers, diabetes, digestive diseases, infectious diseases, malaria, non-communicable
diseases, tropical diseases, venereal diseases, and viral diseases (Table 9). Popoola and
Obembe [303] argued that “All parts of Moringa oleifera are medicinally valuable with overlap-
ping uses in treating myriads of ailments and diseases including body pains and weakness, fever,
asthma, cough, blood pressure, arthritis, diabetes, epilepsy, wound, and skin infection. Moringa
also has robust ability to challenge terminal diseases such as HIV/AIDs infections, chronic anemia,
cancer, malaria and hemorrhage” . Referring to an ethnobotanical survey in southern Benin,
Agoyi et al. [115] stated that “The study revealed up to 46 complete recipes traditionally made
to heal 34 common diseases. These include venereal diseases, cardiovascular diseases, infectious
diseases, tropical diseases, inflammatory complaints, oto-rhino-laryngologocal complaints, skin
infections, digestive diseases, infertility disorders, etc.” (p. 303). Different studies suggest that
food supplementation with moringa leaves improves the quality of life of people living
with HIV [152,274,285]. For instance, Gambo et al. [285] concluded that supplementation
with moringa leaves for people living with HIV (PLHIV) improved their quality of life in
terms of physical and psychological factors, level of independence, and social relationships.
However, some caution is needed, as pointed out by Liu et al. [54]: “Although M. oleifera has
been widely used in traditional medicine, the pharmacological studies that have been conducted so
far are not sufficient for its use in the setting of evidence-based medicine. Little relevant data from
clinical trials of M. oleifera have been reported. The majority of studies of its constituents, such
as carbamates and glucosinolates, have been conducted only in vitro. Owing to a lack of available
data, the pharmacology, toxicity, agricultural economy and dietary benefit of its constituents and
extracts require further evaluation”. In particular, only some articles dealt with the toxicity
of moringa [303]. While some studies underscored the low toxicity of different parts of
moringa, such as the leaves [171], Liu et al. [54] pointed out that moringa is toxic at certain
doses and overuse can cause genotoxicity, with a few studies suggesting its hepatotoxicity
and nephrotoxicity as well as potential blood toxicity. Jain et al. [83] stressed that “Largely,
the pharmacological applications of various bioactive phytochemicals from M. oleifera have been
based on anecdotes and the mechanistic details governing their activities have been elusive”. That
implies that further studies are needed to provide the necessary evidence supporting the
use of moringa in medicine.
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Table 9. Health claims related to moringa.

Concerned Disease(s)/

Document Country Pharmacological Properties Source of Data
Viral diseases (including hepatitis,
Abubakar et al. [259] Nigeria poliomyelitis, monkeypox, sm?lll?qx, Survey (.questl'onnalres
yellow fever, Lassa fever, meningitis, and interviews)
and COVID-19)
Adeyemi et al. [261] Nigeria Anti-hemorrhagic activity Laboratory test
Different diseases including venereal,
Agoyi et al. [115] Benin cardiovascular, infectious, tropical, and Ethnobotanical survey
digestive ones
Ajuogu et al. [267] Nigeria Reproductive horrr}ones and semen Laboratory test
quality
Ali et al. [371] Sudan Malaria and other tropical diseases In vitro test
Amaeze et al. [269] Nigeria Different diseases In vitro test
Amaeze et al. [270] Nigeria Different diseases In vitro test
Amaeze et al. [271] Nigeria Type 2 diabetes mellitus Cross-sectional survey
Atawodi et al. [276] Nigeria Anti-cancer activity In vitro test
Dieye et al. [308] Senegal Diabetes Cross-sectional survey
Doglikuu et al. [210] Ghana Type 2 diabetes mellitus (T2DM) Cross-sectional survey
. . . . Survey
Ejeta et al. [192] Ethiopia Mosquito control (cf. malaria) Laboratory test

James et al. [314]

Sierra Leone

Hypertension
Cardiovascular diseases

Cross-sectional survey

Kamau et al. [228] Kenya Diabetes Cross-sectional survey
Lunyera et al. [378] Tanzania Diabetes mellitus Sur.vey (focus g.roups.and
semi-structured interviews)
Maiyo et al. [331] South Africa Cancers In vitro test
Mekuria et al. [196] Ethiopia Type 2 diabetes Cross-sectional survey
Mudau et al. [341] South Africa Diabetes Ethnobotanical survey
Mushagalusa Kasali et al. [151] DRC Hypertension Ethnopharmacological survey
Mwamatope et al. [240] Malawi Cancer Ethnobotanical survey
Oladeji et al. [300] Nigeria Malaria Survey .(strucfcured
questionnaire)
Omodanisi et al. [350] South Africa Antl-hyperglycgemlc, antl—l'nfle'lmmatory, Laboratory test
and antioxidant activities
Popoola and Obembe [303] Nigeria Different diseases Ethnobotanical survey

Ranasinghe et al. [315] Sierra Leone Malaria Ethnopharmacological survey
Salama et al. [184] Egypt Liver injury/hepatoprotective effects Laboratory test
Semenya and Maroyi [360] South Africa Sinusitis Surve);rsisszswh‘sctured
Tabong et al. [221] Ghana Diabetes mellitus Focus group
Tiloke et al. [365] South Africa Lung cancer In vitro test
Tiloke et al. [366] South Africa Oesophageal cancer In vitro test

In the context of food safety, access to clean water is also crucial because water is used

in, among other things, food preparation and cooking. In this regard, moringa has shown
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good potential for the purification of water (from wells, reservoirs, etc.). Evidence from
the literature suggests that moringa has been successfully used for water purification in
different African countries such as Burkina Faso [129,133], Cameroon [143], Ethiopia [195],
Ghana [204], Guinea-Bissau [224], Ivory Coast [148], Malawi [242-244,247], Nigeria [263],
and Tanzania [379]. Apart from water purification for use as drinkable, potable water,
moringa seeds have been used for the treatment of surface water [144].

While only a few papers dealt with the stability pillar of food security, it is important
to underscore the role of moringa in providing food to the population during the lean
season and drought periods [290], when a limited array of foods are available to households,
especially in arid and semi-arid regions. For that, moringa has been considered as one of the
“famine foods” in, among others, Niger [254] and Kenya and Ethiopia [105]. Furthermore,
moringa used in agroforestry systems [120] can contribute to the stability of food production
in the context of climate change.

3.6. Socio-Economic Impacts

Some studies, although limited, suggested that moringa contributes to rural liveli-
hoods and income generation, especially for small-scale farmers.

Many scholars underscored moringa as an important livelihood strategy and so-
urce of income in countries such as Ghana [212], Ethiopia and Kenya [105], Burkina
Faso [131], Zimbabwe [398], Kenya [232], Senegal [309], and Niger [252]. For instance,
Kudzinawo et al. [212] highlighted the role of moringa in income generation and job
creation in the Bono East Region (Ghana). In this context, growing moringa was also
considered as a poverty reduction strategy [212]. Ebert and Palada [405] assumed that
moringa contributed not only to the improved nutrition and health of smallholder farmers
in developing countries but also to their improved livelihoods and income. Likewise,
Chadha et al. [402] argued that the promotion of indigenous vegetables (including moringa)
is useful not only for health and food security but also for income generation in Africa.

Moringa seems particularly relevant for poor people. Apart from being a source of
income, it helps offset the low quality of services such as healthcare [326] and drinkable
water [311]. The relevance of moringa for health and income generation makes it suitable
in gardening kits that have been used in development and aid interventions in different
countries in Sub-Saharan Africa (e.g., Kenya, Malawi, Mozambique, Rwanda, Southern
Sudan, Tanzania, Uganda, Zambia) [401].

Some studies suggested that moringa can contribute to gender and youth empow-
erment [212,401]. For instance, Kudzinawo et al. [212] argued that the encouragement
of the cultivation of moringa in the Ghanaian region of Bono East can “lead to nutritional
security, youth empowerment and liberation of villages and rural communities from intense poverty”
(p. 216).

Therefore, the development of value chains of moringa can be a valuable asset to
address various challenges, thus contributing to sustainable rural development in Africa.
For instance, Amaglo et al. [71] pointed out that “Identifying innovative policy approaches and
interventions to the commercialization of Moringa oleifera products may enhance the endorsement
of moringa as sustainable source of income for rural households and will contribute to better natural
resources management. This should be done with special focus on smallholder growers to enhance
sustainable agricultural systems” (p. 455). Similarly, Kudzinawo et al. [212] argued that
“Considering the viability of this plantation and the potential it portrays for sustainable develop-
ment, income generation, and job creation, we recommend that governments, non-governmental
organizations, and donor agencies support, invest, and encourage the cultivation, consumption, and
activities of value addition to Moringa oleifera in their programs” (p. 216).

3.7. Constraints to the Development of Moringa in Africa and Proposed Recommendations

Authors highlighted different constraints that hinder the development of moringa.
One of the main problems faced by the actors of the value chain of moringa in Africa is
the lack of and/or difficult access to high-quality, reliable data and information. Indeed,
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Ojo et al. [297] underscored that “Despite the importance of Moringa oleifera tree for food security
at the smallholder farmers” level, there is no consolidated socioeconomic information about the
crop such as its contribution to household food security and income, and its production potential,
commercialization and constraints”. So, the development of research as well as extension and
advisory services on moringa are paramount to ensure its promotion in Africa. Another
challenge is the lack of good-quality seeds. Indeed, referring to the promotion of Indigenous
vegetables (including moringa) in Africa, Chadha et al. [402] argued that “the main constraint
to production is availability of quality seed” (p. 253). Therefore, the development of seed
systems, both formal and informal, is crucial to allow the producers to have access to
affordable, good-quality seeds of moringa. However, producers and value chain actors
face challenges that go beyond access to information and quality seeds. Kumssa et al. [105]
found that moringa growers in Ethiopia and Kenya face several challenges, “including
a lack of reliable information on nutritional and medicinal values, inadequate access to markets
for their products, and pest and disease stresses to their plants”. Therefore, the promotion of
value addition and the marketing of moringa and its products are crucial. Furthermore,
technical advice on the management of pests and diseases seems paramount. Another
challenge relates to the negative perceptions about moringa. Indeed, leafy vegetables,
such as moringa, are sometimes indicated as “famine foods” [254,400] or foods of the
poor. Therefore, there is a need to change perceptions about moringa through awareness-
raising and sensitization campaigns. Particular attention should be devoted to the younger
generations, so education in schools is important.

The scholars formulated different recommendations to develop moringa and exploit
fully its potential in Africa. Some recommendations were rather specific and stemmed
directly from the results of the studies, while others were more general. Different scholars
called for using moringa to address the challenges the African continent is facing. For
instance, Ojo et al. [297] recommended that “for the enormous potential of the moringa tree
species and its various products to be harnessed, stakeholders, NGOs, and policymakers should,
through adequate extension services, widely promote and scale up the domestication of the miracle
tree” (p. 1129). Kudzinawo et al. [212] stressed the opportunity for supporting, invest-
ing, and encouraging the cultivation, use/consumption, and activities of value addition
to moringa. Alphonce et al. [374] called for promoting the use of moringa to address
micronutrient (iron and vitamin A) deficiencies. Amagloh and Benang [204] suggested
using moringa for water treatment in rural areas. Seifu and Teketay [127] recommended
expanding the cultivation and utilization of moringa to contribute to food and nutrition
security. Mohamed et al. [176] suggested cultivating moringa on a wide scale to benefit
from its pharmaceutical and nutraceutical compounds. Mabapa et al. [330] underscored
the opportunity of growing moringa for climate change mitigation in semi-arid areas.
El-Hadidy et al. [162] recommended using moringa seed cake as a natural organic fertilizer
instead of some chemical fertilizers. Ogundiran et al. [296] suggested utilizing moringa for
the phytoremediation of soils contaminated with heavy metals. However, public policies
are needed for the promotion of moringa. In this respect, Kudzinawo et al. [212] called
for paying more attention to moringa in public policies, strategies, and programs for food
security and job creation. Moreover, designing public policies alone is not enough, and
scholars called for concrete actions relating to research, extension, and industrial develop-
ment. For instance, Dieye et al. [308] advised developing research on the use of moringa in
medicine. Halilou et al. [255] underscored the need to train farmers on the management of
moringa pests. Ojo et al. [297] suggested providing adequate extension services to promote
and scale up the domestication and cultivation of moringa. Kasolo et al. [395] suggested
standardizing moringa leaves used in nutrition and herbal medicine.

Nevertheless, beyond single, fragmented actions, the promotion of moringa in Africa
requires an articulated, integrated strategy that spans different domains and sectors. In
this context, the following recommendations have been identified for the development
and promotion of NUS [14]: changing negative perceptions of NUS as being associated
with poverty; building capacity in research, policymaking, marketing, and farming; con-
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ducting more research on NUS especially concerning impacts on nutrition and livelihoods;
establishing on-farm conservation programs for NUS; engaging all stakeholders, including
farmer and women’s organizations, in participatory partnerships to promote and conserve
NUS; improving NUS market chains and developing value-added products; implementing
legal frameworks, policies, and financial incentives to promote NUS; and encouraging
collaboration on NUS and coordinating multi-stakeholder platforms across different sectors.
These recommendations are also relevant for moringa in the African context.

4. Conclusions

To the best of the authors” knowledge, this is the first comprehensive, systematic
analysis of research on Moringa oleifera in Africa. It provides an overview of both the
bibliographical metrics and the topics addressed in the scholarly literature.

Research on M. oleifera is relatively recent in Africa, with a growing interest shown by
the increase in annual research output. The focus is mainly on biological and environmental
sciences, with a lack of attention to social sciences and economics. Funding comes mainly
from international organizations and foreign institutions. Studies on moringa are concen-
trated in South Africa, Nigeria, Egypt, and Ghana, while many African countries have no
research on the topic. The literature mainly addresses the production and consumption
stages of the food chain, while the marketing and distribution stages are often overlooked.
Topics include agronomic practices, agricultural systems, intercropping, and the use of
moringa-based products for fertilization and pest management. Consumption involves
using moringa as food and in traditional medicine. The focus is primarily on the use of the
leaves. The evidence suggests that moringa can help address environmental challenges
and contribute to food security in Africa. It is a valuable source of nutrients and can be
used in fortification and supplementation programs. Moringa also has the potential for
water purification and providing food during lean seasons. Additionally, it can contribute
to rural livelihoods and income generation, especially for small-scale farmers, and may
empower gender and youth in Africa.

Despite its well-documented advantages and benefits, different constraints hinder
the development of moringa in Africa. These include the lack of good-quality, reliable
data and information; lack of quality seeds; inadequate access to markets; difficulty in
managing pests and diseases; and negative perceptions about moringa. Therefore, there
is a need to develop research as well as extension and advisory services on moringa,
develop formal and informal seed systems, foster access to markets, promote processing
and value addition, provide technical advice to producers on the management of pests and
diseases, and change perceptions about moringa through education, awareness-raising,
and sensitization. Nevertheless, beyond single, fragmented actions, the promotion of
moringa requires an integrated strategy. Such a strategy can include building the capacity
of all actors in the agricultural knowledge and innovation system (AKIS); conducting more
research on moringa, especially regarding impacts on nutrition and livelihoods; establishing
community seed banks and on-farm conservation programs; improving markets and value
chains; and creating an enabling policy environment. There is also a need to develop and
implement a multidisciplinary research program on moringa, with provisions for cross-
country and regional collaboration across Africa. Such a regional research program should
cover all scientific disciplines, including natural sciences (e.g., agronomic research on the
adaptation of moringa to changing climates, poor soils, and dry environments) as well as
social sciences and economics. It should also address the relationship between moringa,
food security and nutrition, and the livelihoods of rural communities. Attention should
also be given to political and governance issues.
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Appendix A

Table Al. Agriculture and Food Security in Africa.

Prevalence of

Agricu.ltufe, Forestry, Em.ploymen: in Prevalen'ce of Moderate or Severe
County mdliting Value' - sgratue ot Undemonrihment Mty
poy P (% of Population)
(Value (Year)) (2021) (2020-2022) (2020-2022)

Algeria 11.6 (2022) 10 19.3 58.9
Angola 13.6 (2022) 59 21.6 78.5
Benin 26.9 (2022) 28 9.9 73.6
Botswana 1.8 (2022) 23 229 56.3
Burkina Faso 18.5 (2022) 73 16.2 56.9
Burundi 27.6 (2022) 86 n.a. n.r.
Cabo Verde/Cape Verde 4.8 (2022) 11 18.2 37.0
Cameroon 17.0 (2022) 43 6.4 58.5
Central African Republic 36.2 (2022) 69 48.7 81.3
Chad 22.6 (2022) 69 314 n.r.
Comoros 36.4 (2022) 35 135 79.7
Congo 8.0 (2022) 36 33.3 88.2
Cote d’Ivoire/Ivory Coast 16.7 (2022) 45 77 442
Democgfgﬁi%‘ggf of the 17.4 (2022) 55 353 76.6
Djibouti 1.8 (2022) 1 16.8 49.2
Egypt 10.9 (2022) 20 7.2 28.5
Equatorial Guinea 2.7 (2022) 56 n.a. n.a.
Eritrea 14.1 (2009) 62 na. n.a.
Eswatini/Swaziland 8.6 (2022) 12 11.6 67.0
Ethiopia 37.6 (2022) 64 219 58.1
Gabon 5.6 (2022) 29 23.0 n.r.
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Table Al. Cont.

Agriculture, Forestry,

Employment in

Prevalence of

Prevalence of
Moderate or Severe

Country 21:;:1 Fishoing, Value Agriculture (% of U(r)ldernourishx'nent Food Insecurity
ed (% of GDP) Total Employment) (% of Population) (% of Population)
(Value (Year)) (2021) (2020-2022) (2020-2022)
Ghana 19.6 (2022) 39 49 39.4
Guinea 27.3 (2022) 59 12.9 73.1
Guinea-Bissau 30.9 (2020) 50 379 77.8
Kenya 21.2 (2022) 33 27.8 72.3
Lesotho 6.2 (2022) 30 46.0 56.7
Liberia 36.2 (2022) 41 38.4 81.2
Libya 1.6 (2022) 16 8.4 39.8
Madagascar 21.9 (2022) 74 51.0 64.9
Malawi 21.8 (2022) 62 17.8 82.4
Mali 36.4 (2022) 68 12.8 n.r.
Mauritania 22.2 (2022) 29 8.7 53.7
Mauritius 3.6 (2022) 5 6.8 32.0
Morocco 10.3 (2022) 35 6.3 n.r.
Mozambique 26.7 (2022) 70 30.5 75.4
Namibia 8.4 (2022) 22 17.1 57.7
Niger 42.0 (2022) 71 16.1 714
Nigeria 23.7 (2022) 35 15.9 69.7
Rwanda 24.9 (2022) 55 31.6 n.r.
Sao Tomé and Principe 13.9 (2022) 18 13.1 54.6
Senegal 15.5 (2022) 22 5.7 49.8
Seychelles 2.9 (2022) n.a. 43 14.7
Sierra Leone 60.4 (2022) 43 27.8 89.2
Somalia 62.7 (1990) 26 48.7 79.5
South Africa 2.8 (2022) 21 79 20.3
South Sudan 10.4 (2015) 62 214 87.3
Sudan 5.0 (2022) 41 11.9 51.8
Tanzania 24.3 (2022) 64 235 58.7
The Gambia 22.6 (2022) 49 19.6 60.7
Togo 18.3 (2022) 31 174 62.9
Tunisia 9.8 (2022) 14 3.0 28.5
Uganda 24.0 (2022) 63 31.6 74.2
Zambia 3.1 (2022) 59 29.8 73.1
Zimbabwe 7.2 (2022) 62 38.4 73.6
World 4.3 (2022) 26 9.2 29.5
Source World Bank [1] World Bank [2] FAO et al. [3] FAO et al. [3]

GDP: gross domestic product; n.r. not reported; n.a. not available.
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Appendix B

Table A2. Previous Reviews Dealing with Moringa in Africa.

Review Publication Date Review Type Geographical Thematic Focus
Coverage
Adetola et al. [78] February 2023 Narrative review Africa Bloavaﬂabﬂil;y d(z(fetlson and zinc
Frazzoli et al. [79] January 2023 Narrative review Africa Immune system and epidemics
Mbokane and Moyo [67] December 2022 Narrative review Southern Africa Use of me 'dICII’I'al p lants. as feed
additives in fish diets
Nutrition
Horn et al. [50] October 2022 Narrative review Africa Disease prevention
Water treatment
Usai et al. [51] August 2022 Narrative review Zimbabwe Diabetes mellitus
Golla et al. [80] August 2022 Meta-analysis Global Properties of moringa pods
Ichrak [81] August 2022 Narrative review North Africa Anap hylax1‘s caused by
moringa
Saadat et al. [82] May 2022 Narrative review Global Lung disorders
Odukoya et al. [52] May 2022 Narrative review Sub-Saharan Africa Cardiovascular diseases
Alia et al. [53] January 2022 Narrative review Global Cardiac damage a.nd vascular
dysfunction
Botany
. . . Traditional uses
Liu et al. [54] October 2021 Systematic review Global Phytochemistry, pharmacology,
and toxicity
Jain et al. [83] July 2021 Narrative review Global Biotechnology
' Pharmacological properties
. . . Plant-based diet and
Losso et al. [84] June 2021 Narrative review Sub-Saharan Africa COVID-19
George et al. [85] May 2021 Bibliometric analysis Global Bibliometrics
Peter et al. [55] April 2021 Narrative review Tanzania Diabetes mellitus
Conti et al. [70] April 2021 Narrative review Madagascar Food 1nsecu.r1.ty and
malnutrition
Adeleye et al. [56] March 2021 Narrative review Africa Ethnomedicinal herbs
Mashamaite et al. [86] March 2021 Narrative review South Africa Agronomy
Consumption
Moyo and Rapatsa [87] January 2021 Narrative review Southern Africa Tilapia aquaculture

du Toit [88] 2021 Narrative review South Africa Horticultural research
Gariba et al. [89] January 2021 Narrative review Ghana Pest management on maize
Teye et al. [41] December 2020 Narrative review Africa Food fortification
Xiao et al. [63] December 2020 Narrative review Global Immune disorders
Aumeeruddy and . . .
Mahomoodaily [57] December 2020 Narrative review Global Hypertension
Mollel et al. [90] March 2020 Narrative review Global Health and nutrition

Industrial applications
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. R . Geographical .
Review Publication Date Review Type Thematic Focus
Coverage
Omara et al. [58] March 2020 Narrative review Uganda Cancer
Ecology
Mashamaite et al. [91] March 2020 Narrative review South Africa Social costs and benefits
Legal status
Padayachee and . . Medicinal, pharmacological,
Baijnath [59] March 2020 Narrative review Global and phytochemical properties
Singh et al. [60] March 2020 Narrative review Global Phytochqmcal ar.1d
pharmacological attributes
Muzumbukilwa . . . .
etal. [92] August 2019 Systematic review Global Hepatoprotective properties
Abd Rani et al. [64] February 2018 Narrative review Global Phytochemistry and
pharmacology
Tamilselvi and Health benefits
sev 2018 Narrative review Global Therapeutic and
Arumugam [35] . .
pharmacological properties
Vergara-Jimenez December 2017 Narrative review Global Protect1on.aga1nst chronic
etal. [93] diseases
Domenech Asensi June 2017 Narrative review Global Food applications
etal. [42]
Climate change
Amaglo et al. [71] 2017 Narrative review Global Livelihoods
Food security
Keatinge et al. [72] 2017 Narrative review Global Nutrition
g : Food security
Luoh et al. [37] 2017 Narrative review Global Phytonutrient values of leaves
Lyons et al. [38] 2017 Narrative review Global Nutritional profile of leaves
Olson [94] 2017 Narrative review Global General overview of moringa
Palada et al. [95] 2017 Narrative review Global Research on moringa
Pasternak et al. [96] 2017 Narrative review Niger Moringa Fesegrch and
cultivation
West Africa Medicinal plants against
Fokou et al. [97] 2017 Narrative review (Ivory Coast, Ghana, p. &
. Buruli ulcer
and Benin)
Th.eln?gwam and 2014 Narrative review Global Herbal medicines
Masimirembwa [98]
Shahzad et al. [99] December 2013 Narrative review Global Genetic diversity
Alao et al. [100] December 2011 Narrative review Nigeria Pest management
Naidoo and August 2011 Narrative review South African region Herbal remedies
Coopoosamy [61]
McBurney et al. [101] June 2004 Narrative review Africa Nutritional composition
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Appendix C

Table A3. Selected Articles Dealing with Research on M. oleifera in Africa.

Year

Number of
Articles

References

2023 *

6

Lawal et al. [289]; Lubaale et al. [329]; Mohamed et al. [178]; Naidoo [343]; Ntshambiwa et al. [126];
Sarkwa et al. [218]

2022

36

Abdalla et al. [153]; Abdelwanis et al. [157]; Abubakar et al. [259]; Adhikari et al. [318];

Agbagwa et al. [264]; Aprioku et al. [274]; Bancessi et al. [224]; Bassey et al. [319]; Gambo et al. [284];
Halilou et al. [255]; Hedhili et al. [326]; Ibrahim et al. [170]; Ibrahim et al. [327]; Jambwa et al. [397];
Kaggwa et al. [394]; Kebaili et al. [111]; Kilingo et al. [229]; Kudzinawo et al. [212]; Masete et al. [334];
Mhlomi et al. [335]; Mokgehle et al. [338]; Mosa et al. [180]; Mudau et al. [341]; Mwamatope et al. [240];
Namla et al. [293]; Ojo et al. [297]; Ondiba et al. [403]; Osman and El-Naggar [183]; Ouahrani et al. [112];
Peprah et al. [217]; Saha et al. [139]; Semanka et al. [128]; Smith et al. [399]; Thabet et al. [187];

Yannick et al. [141]; Zeru et al. [369]

2021

56

Aba et al. [258]; Abdel Moniem et al. [155]; Abdelsayed et al. [156]; Adeyemi et al. [261];

Adhikari et al. [317]; Affonfere et al. [114]; Alphonce et al. [374]; Amaeze et al. [269]; Amaeze et al. [270];
Arsene et al. [135]; Bennour et al. [388]; Bombo et al. [124]; Bopape-Mabapa et al. [320];

Boumenjel et al. [389]; Chitiyo et al. [321]; Choga et al. [396]; Cumbe et al. [250]; Darwish et al. [159];
Doglikuu et al. [210]; Ejeta et al. [192]; El-Hadidy et al. [162]; Fernandes et al. [225]; Fernandes et al. [226];
Gambo et al. [285]; Gambo et al. [286]; Gharsallah et al. [390]; Habtemariam et al. [195];

Hamada et al. [165]; Hemdan et al. [167]; Ibrahim and Namich [169]; Iwuji et al. [287]; Managa et al. [332];
Marobhe and Sabai [379]; Marzougui et al. [391]; Marzougui et al. [392]; Mohamed et al. [176];

Moichela et al. [337]; Mushagalusa Kasali et al. [151]; Ngcobo and Bertling [346]; Ngounouno et al. [137];
Nofal et al. [181]; Nofal et al. [182]; Olaoye et al. [301]; Ralepele et al. [353]; Ratshilivha et al. [356];
Rébufa et al. [138]; Rikhotso et al. [358]; Sarhan et al. [185]; Senanu et al. [219]; Sibeko and Johns [107];
Stevens et al. [304]; Swanepoel [364]; Tetteh et al. [222]; Tshabalala et al. [368]; Ugese and Iordye [307];
Waterman et al. [232]

2020

41

Adefa and Tefera [189]; Adéyemi et al. [113]; Attah et al. [277]; Bancessi et al. [223]; Bartikova et al. [190];
Bennour et al. [387]; Braham et al. [110]; Cudjoe et al. [209]; Dougnon and Ito [117]; du Toit et al. [323];
du Toit et al. [324]; El-Boraie et al. [161]; El-Helaly [163]; Gandji et al. [119]; Govender and Naicker [325];
Jimoh et al. [288]; Manuwa et al. [292]; Mao et al. [214]; Merwad [173]; Mmanda et al. [380];

Mohamed et al. [177]; Monir et al. [179]; Mwamatope et al. [239]; Neergheen-Bhujun et al. [249];

Némec et al. [198]; Ntibrey et al. [215]; Ntila et al. [347]; Ochire-Boadu et al. [216]; Okoya et al. [298];
Oladeji et al. [299]; Oladeji et al. [300]; Olusanya et al. [349]; Sagona et al. [245]; Seifu and Teketay [127];
Syeda and Riazunnisa [237]; Tafesse et al. [199]; Tafesse et al. [200]; Taiwo et al. [305]; Tshabalala et al. [367];
Zeitoun et al. [313]; Zungu et al. [370]

2019

25

Abdallah et al. [154]; Adetola et al. [316]; Aduro and Ebenso [263]; Agbede et al. [265]; Agbede et al. [266];
Ajuogu et al. [267]; Akanbi et al. [268]; Alphonce et al. [373]; Boateng et al. [207]; Chang et al. [227];
Desoky et al. [160]; Gebrezgi [193]; Mahklouf [234]; Mansour et al. [171]; Melesse et al. [197]; Modisaojang-
Mojanaga et al. [336]; Netshiheni et al. [345]; Ntila et al. [348]; Rikhotso et al. [357]; Rubio [236];

Shaaban et al. [186]; Shija et al. [384]; Tchangoue et al. [140]; Vunain et al. [246]; Zubuko et al. [188]

2018

21

Amaeze et al. [271]; Awoyale et al. [233]; Bachabi et al. [116]; Boateng et al. [206]; Boulaadjoul et al. [109];
Clark et al. [208]; Ezzo et al. [164]; Gandji et al. [118]; Hegazi et al. [166]; James et al. [314];

Mabapa et al. [330]; Manduwa et al. [333]; Mekuria et al. [196]; Merwad [172]; Noulekoun et al. [120];
Noulekoun et al. [122]; Ogundiran et al. [296]; Salama et al. [184]; Semenya and Maroyi [360];

Semenya and Maroyi [361]; Tabong et al. [221]

2017

31

Abdelwanise et al. [158]; Abotsi et al. [385]; Adeyemo [262]; Adu-Dapaah et al. [202]; Agoyi et al. [115];
Amagloh et al. [205]; Amante-Garcia et al. [130]; Boukandoul et al. [108]; de Saint Sauveur et al. [106];

du Toit et al. [322]; Ebert and Palada [405]; Ebiloma et al. [281]; Fare et al. [386]; Glover-Amengor et al. [211];
Gurmu et al. [194]; Ibrahim and Abdalla [168]; Kampemba et al. [150]; Kpan et al. [148]; Krieg et al. [132];
Kumssa et al. [400]; Kumssa et al. [105]; Mawouma et al. [136]; Merwad [174]; Merwad and

Abdel-Fattah [175]; Motis et al. [339]; Noulekoun et al. [121]; Noulékoun et al. [123]; Omodanisi et al. [350];
Ratshilivha et al. [355]; Sharaf-Eldin et al. [363]; Tshingani et al. [152]
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Year Num.b er of References
Articles

2016 8 Amante et al. [129]; Gold et al. [311]; Kamau et al. [228]; Lunyera et al. [378]; Maiyo et al. [331];
Moussavou et al. [134]; Muhl et al. [342]; Tiloke et al. [366]
Abubakar et al. [260]; Aviara et al. [278]; Bisanz et al. [375]; Etongo et al. [131]; Fagbenro et al. [283];

2015 13 Hekmat et al. [376]; Kivevele and Huan [328]; Leone et al. [146]; Mahomoodally and Ramalingum [248];
Obayelu et al. [294]; Rakotosamimanana et al. [235]; Ranasinghe et al. [315]; Sebola et al. [359]

2014 3 Kambeashi et al. [149]; Ndhlala et al. [344]; Rapatsa and Moyo [354]
Debela and Tolera [191]; Ezaldeen et al. [372]; Kumah et al. [213]; Lopez-Grimau et al. [133]; Maroyi [398];

2013 11 Marrufo et al. [251]; Pakade et al. [351]; Pakade et al. [352]; Popoola and Obembe [303]; Tiloke et al. [365];
Titiloye et al. [306]

2012 8 Abrogoua et al. [147]; Arigbede et al. [275]; Mahdy et al. [291]; Moyo et al. [340]; Oyekale [302];
Poumaye et al. [145]; Semenya et al. [362]; Sengupta et al. [220]

2011 9 Acheampong et al. [201]; Ayotunde et al. [279]; Kibazohi and Sangwan [377]; Meale et al. [406];
Ratnadass et al. [256]; Walter et al. [231]; Yongabi et al. [143]; Yongabi et al. [144]

2010 8 Amaglo et al. [203]; Anjorin et al. [273]; Atawodi et al. [276]; Bellostas et al. [253]; Jilcott et al. [393];
Kasolo et al. [395]; Pritchard et al. [241]; Pritchard et al. [242]

2009 - Amagloh and Benang [204]; Etuk and Mohammed [282]; Ogunbinu et al. [295]; Pritchard et al. [243];
Pritchard et al. [244]; Yamato et al. [404]; Yongabi et al. [142]

2008 2 Anele et al. [272]; Diéye et al. [308]

2007 6 Abasse et al. [252]; Chadha and Olouch [401]; Chadha et al. [402]; Diouf et al. [309]; Mathieu and
Meissa [312]; Nduwayezu et al. [125]

2006 1 Ndemanisho et al. [382]

2003 1 Munyanziza and Sarwatt [381]

2002 3 Ali et al. [371]; Palada et al. [407]; Sarwatt et al. [383]

2000 1 Lockett et al. [290]

1999 2 McConnachie et al. [238]; Muluvi et al. [230]

1998 3 Barminas et al. [280]; Freiberger et al. [254]; Sena et al. [257]

1996 1 Warhurst et al. [247]

1995 1 Nwosu and Okafor [104]

* As of 7 April 2023.
Appendix D

Table A4. Parts of Moringa Addressed in the Selected Articles.

Moringa Part *

Documents

Flowers

du Toit et al. [324]; Ebert and Palada [405]; Fernandes et al. [225]; Krieg et al. [132];
Manduwa et al. [333]; Pakade et al. [351]; Pakade et al. [352]

Fruits/pods/drumsticks

Abdelwanise et al. [158]; Abotsi et al. [385]; Anjorin et al. [273]; Debela and Tolera [191];

du Toit et al. [324]; Ebert and Palada [405]; Gandji et al. [119]; Krieg et al. [132]; Kumssa et al. [400];
Mahomoodally and Ramalingum [248]; Manduwa et al. [333]; Melesse et al. [197];
Neergheen-Bhujun et al. [249]; Sagona et al. [245]; Seifu and Teketay [127]
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Table A4. Cont.

Moringa Part *

Documents

Leaves

Abdalla et al. [153]; Abdel Moniem et al. [155]; Abdelsayed et al. [156]; Abdelwanis et al. [157];
Abdelwanise et al. [158]; Abotsi et al. [385]; Abrogoua et al. [147]; Abubakar et al. [259];

Abubakar et al. [260]; Adefa and Tefera [189]; Adetola et al. [316]; Adéyemi et al. [113];

Adeyemi et al. [261]; Adhikari et al. [317]; Adu-Dapaah et al. [202]; Affonfere et al. [114];

Agbede et al. [266]; Agoyi et al. [115]; Ajuogu et al. [267]; Alphonce et al. [373]; Alphonce et al. [374];
Amaeze et al. [270]; Amaglo et al. [203]; Anele et al. [272]; Anjorin et al. [273]; Aprioku et al. [274];
Arigbede et al. [275]; Arsene et al. [135]; Atawodi et al. [276]; Attah et al. [277]; Bachabi et al. [116];
Bancessi et al. [223]; Barminas et al. [280]; Bellostas et al. [253]; Bennour et al. [387];

Bennour et al. [388]; Boateng et al. [206]; Boateng et al. [207]; Bopape-Mabapa et al. [320];
Boumenjel et al. [389]; Braham et al. [110]; Clark et al. [208]; de Saint Sauveur et al. [106]; Debela
and Tolera [191]; Desoky et al. [160]; du Toit et al. [323]; du Toit et al. [324]; Ebert and Palada [405];
Ebiloma et al. [281]; Ejeta et al. [192]; El-Boraie et al. [161]; Fare et al. [386]; Fernandes et al. [225];
Fernandes et al. [226]; Freiberger et al. [254]; Gambo et al. [284]; Gambo et al. [285];

Gambo et al. [286]; Gandji et al. [118]; Gandji et al. [119]; Gebrezgi [193]; Glover-Amengor et al. [211];
Hamada et al. [165]; Hedhili et al. [326]; Hegazi et al. [166]; Ibrahim and Namich [169];

Ibrahim et al. [170]; Ibrahim et al. [170]; Jilcott et al. [393]; Kasolo et al. [395]; Kumah et al. [213];
Kumssa et al. [400]; Kumssa et al. [105]; Leone et al. [146]; Lubaale et al. [329]; Mahdy et al. [291];
Mahomoodally and Ramalingum [248]; Maiyo et al. [331]; Managa et al. [332]; Mansour et al. [171];
Manuwa et al. [292]; Marrufo et al. [251]; Masete et al. [334]; Mawouma et al. [136];

Melesse et al. [197]; Merwad [172]; Merwad [173]; Merwad [174]; Merwad and Abdel-Fattah [175];
Mhlomi et al. [335]; Mmanda et al. [380]; Modisaojang-Mojanaga et al. [336]; Mohamed et al. [176];
Mohamed et al. [177]; Mohamed et al. [178]; Moichela et al. [337]; Mokgehle et al. [338];

Monir et al. [179]; Mosa et al. [180]; Moyo et al. [340]; Mwamatope et al. [239]; Mwamatope et al. [240];
Naidoo [343]; Namla et al. [293]; Neergheen-Bhujun et al. [249]; Némec et al. [198];

Netshiheni et al. [345]; Ngcobo and Bertling [346]; Nofal et al. [181]; Nofal et al. [182]; Ntila et al. [347];
Ntila et al. [348]; Ntshambiwa et al. [126]; Ojo et al. [297]; Oladeji et al. [299]; Olaoye et al. [301];
Olusanya et al. [349]; Ouahrani et al. [112]; Pakade et al. [351]; Pakade et al. [352]; Popoola and
Obembe [303]; Ralepele et al. [353]; Ratshilivha et al. [355]; Ratshilivha et al. [356]; Rébufa et al. [138];
Rikhotso et al. [357]; Rikhotso et al. [358]; Saha et al. [139]; Sarhan et al. [185]; Sarwatt et al. [383];
Sebola et al. [359]; Seifu and Teketay [127]; Sena et al. [257]; Senanu et al. [219]; Shija et al. [384];
Smith et al. [399]; Stevens et al. [304]; Syeda and Riazunnisa [237]; Tafesse et al. [200];

Tetteh et al. [222]; Thabet et al. [187]; Tiloke et al. [365]; Tiloke et al. [366]; Tshabalala et al. [368];
Tshingani et al. [152]; Zeru et al. [369]; Zubuko et al. [188]; Zungu et al. [370]

Roots

Agoyi et al. [115]; Amaglo et al. [203]; Atawodi et al. [276]; Seifu and Teketay [127]

Seeds (including oil
pressed from seeds
and seed cake)

Abdelsayed et al. [156]; Abdelwanis et al. [157]; Abotsi et al. [385]; Acheampong et al. [201];

Aduro and Ebenso [263]; Agbede et al. [265]; Agoyi et al. [115]; Amaglo et al. [203]; Amagloh and
Benang [204]; Amante et al. [129]; Amante-Garcia et al. [130]; Anjorin et al. [273]; Aviara et al. [278];
Ayotunde et al. [279]; Bachabi et al. [116]; Bancessi et al. [223]; Bancessi et al. [224]; Bassey et al. [319];
Bombo et al. [124]; Boukandoul et al. [108]; Boulaadjoul et al. [109]; du Toit et al. [322];

Ejeta et al. [192]; El-Hadidy et al. [162]; Fernandes et al. [225]; Gandji et al. [119]; Gharsallah et al. [390];
Gold et al. [311]; Habtemariam et al. [195]; Hemdan et al. [167]; Ibrahim and Abdalla [168];

Jimoh et al. [288]; Kibazohi and Sangwan [377]; Kilingo et al. [229]; Kivevele and Huan [328];
Kumssa et al. [400]; Lopez-Grimau et al. [133]; Maiyo et al. [331]; Marobhe and Sabai [379];
Marzougui et al. [391]; McConnachie et al. [238]; Mohamed et al. [176]; Moussavou et al. [134];
Muhl et al. [342]; Nduwayezu et al. [125]; Ngounouno et al. [137]; Ntibrey et al. [215];

Okoya et al. [298]; Popoola and Obembe [303]; Poumaye et al. [145]; Pritchard et al. [242];

Pritchard et al. [244]; Rapatsa and Moyo [354]; Sagona et al. [245]; Semanka et al. [128];

Sengupta et al. [220]; Shaaban et al. [186]; Sharaf-Eldin et al. [363]; Stevens et al. [304]; Taiwo et al. [305];
Tchangoue et al. [140]; Titiloye et al. [306]; Ugese and Iordye [307]; Vunain et al. [246];

Walter et al. [231]; Warhurst et al. [247]; Yongabi et al. [143]; Yongabi et al. [144]; Zeitoun et al. [313]
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Table A4. Cont.

Moringa Part *

Documents

Abdalla et al. [153]; Abdallah et al. [154]; Abdelwanise et al. [158]; Abotsi et al. [385];

Adbhikari et al. [318]; Adu-Dapaah et al. [202]; Agoyi et al. [115]; Akanbi et al. [268]; Anele et al. [272];
Bancessi et al. [223]; Bartikova et al. [190]; Boumenjel et al. [389]; Chang et al. [227]; Chitiyo et al. [321];
Darwish et al. [159]; Debela and Tolera [191]; du Toit et al. [322]; du Toit et al. [323];

du Toit et al. [324]; El-Boraie et al. [161]; Ezzo et al. [164]; Fagbenro et al. [283]; Fare et al. [386];
Gandji et al. [118]; Gandji et al. [119]; Halilou et al. [255]; Kudzinawo et al. [212]; Kumssa et al. [105];
Mabapa et al. [330]; Mahklouf [234]; Manduwa et al. [333]; Mao et al. [214]; Marzougui et al. [392];

Whole plant Mokgehle et al. [338]; Motis et al. [339]; Muluvi et al. [230]; Munyanziza and Sarwatt [381];
Mwamatope et al. [240]; Ndhlala et al. [344]; Neergheen-Bhujun et al. [249]; Némec et al. [198];
Noulekoun et al. [120]; Noulékoun et al. [121]; Noulékoun et al. [123]; Ogundiran et al. [296];
Osman and El-Naggar [183]; Ratshilivha et al. [355]; Ratshilivha et al. [356]; Sagona et al. [245];
Seifu and Teketay [127]; Swanepoel [364]; Tafesse et al. [200]; Tetteh et al. [222]; Tshabalala et al. [367];
Tshabalala et al. [368]; Waterman et al. [232]; Yamato et al. [404];
Yannick et al. [141]; Zubuko et al. [188]
* Some documents dealt with different parts of moringa.
Appendix E
Table A5. Articles Dealing with the Use of Moringa in Food Fortification and Supplementation.
. i Moringa Product/ .
Document Country/Region Product(s) Fortified Part Used Nutrient(s) Concerned
Adetola et al. [316] South Africa Pearl millet porridge Moringa leaf powder Iron, calcium, and magnesium
Affonfere et al. [114] Benin Maize and sprghum o8t Moringa leaf powder Iron (anemia)
porridges
Alphonce et al. [373] Tanzania Fermfznted cassavaﬂ Moringa leaf powder Different mlcroputrlents and
meal “mchuchume proteins
Alphonce et al. [374] Tanzania Fermfnted cassavaﬂ Moringa leaf powder  Iron, sodium, and beta-carotene
meal “mchuchume
Boateng et al. [206] Ghana Different foods Moringa leaf powder Provitamin A
Gebrezgi [193] Ethiopia Maize efllr;i:soybean Moringa leaf powder Proteins, fats, and fibers
Glover-Amengor . . . Different micronutrients
etal. [211] Ghana Different dishes Moringa leaf powder (beta-carotene, Zn, Mn, and Fe)
Clover-Amengor Different micronutrients
& Ghana School lunch menu Moringa leaf powder (copper, manganese, iron, zinc,
etal. [211]
and beta-carotene)
Hekmat et al. [376] Tanzania Probiotic yogurt Moringa leaf powder Different micronutrients
Wholegrain
Lubaale et al. [329] South Africa sorghum-based Moringa leaf powder Iron
porridges
Mawouma et al. [136] Cameroon T:'imarmd Moringa leaf powder Iron and zinc
pulp-acidulated sauce
Different micronutrients (zinc,
Netshiheni et al. [345] South Africa Maize porridge Moringa leaf powder iron, calcium, and magnesium)
and proteins
White maize soft Different micronutrients (Zn, Fe,
Ntila et al. [347] South Africa Moringa leaf powder provitamin A, phenolics, and

porridge

flavonoids)
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