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1

1 Sustainable Uses and 
Prospects of Medicinal Plants
A Brief Overview

Callistus Bvenura and Learnmore Kambizi

The best definition of sustainability is perhaps relative to the purpose for which it is intended. 
As such, different stakeholders and authoritative organisations, such as the United Nations World 
Commission on Environment and Development (WCED), Food and Agriculture Organization of 
the United Nations (FAO), United Nations Environment Programme (UNEP), World Wildlife Fund 
for Nature (WWF), and the 2002 World Summit for Sustainable Development (WSSD), all define 
sustainability in their own terms. However, there is a consensus among these definitions that points 
to the exploitation of resources today in a way that ensures that the same resources are available for 
posterity.

Therefore, sustainable use of medicinal plants in this context is slyly defined as the exploitation 
of medicinal plants today in a way that ensures their availability for future generations. Concerns 
over sustainable uses of resources have led to 140 countries to subscribe to what is known as the 
United Nations 17 sustainable development goals (SDGs). These goals are particularly important 
in the face of incessant climate change. Reports indicate that global temperatures have risen by 
1.1°C between 1901 and 2020, and this has a negative domino effect on both aquatic and terrestrial 
life. The consequent rise in sea levels had devastating effects on all sea life, including the world’s 
coral reefs. A spike in temperatures has also led to a rise in sea levels, floods elsewhere, and severe 
droughts, especially in Sub-Saharan Africa. This means that plants that do not adapt well to chang-
ing conditions, especially some endemic species, may eventually be forced into extinction.

The world’s current known plant species total about 391,000 (Chapman, 2009), with about 28,187 
possessing medicinal properties or being used as herbal medicines (Willis, 2017). Furthermore, 
about 25% of medicines used in the world are derived from medicinal plants (Mohd and Iqbal, 
2019). This 100 billion USD herbal industry is a huge business, with an estimated annual growth 
rate of 15% (Mohd and Iqbal, 2019). It is plausible that this industry grew further during the Covid-
19 pandemic due to an increase in the use of herbal interventions the world over. In the advent of 
this pandemic, there has been a paradigm shift in societies where young people previously shunned 
the use of medicinal plants for treatment of various ailments. The WHO (2022) estimates that over 
80% of the world uses traditional medicines, and most of these medicines are plant based. Although 
comprehensive data on the regional uses of medicinal plants is scarce and inconclusive, about 90% 
of Germans are thought to use herbal medicines while this figure was estimated at 72% in South 
Africa (Williams et al., 2013; Willis, 2017). As much as 70,000 ton of medicinal plant materials are 
thought to be consumed in South Africa, and this market puts food on the tables of close to 134,000 
people and rising (Williams et al., 2013). The continued rise in the use of traditional medicines 
potentially means that wild populations are being depleted and will continue to do so unless some 
conservation measures are taken.

Monoculture, human development such as expanding cities, habitat degradation, alien species 
invasion, among other factors are all contributing to declining species in the wild. The destruction 
or burning of the Amazon rainforest is particularly worrisome, as some species will be lost forever, 
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and their potential applications will be lost with them eventually. It is not very clear, yet if efforts to 
conserve biodiversity, Stop Global Warming, among other initiatives, are exerting a positive effect 
on biodiversity conservation.

However, in South Africa, for example, two species are now extinct, 82 species are reported as 
threatened, and 100 species are of concern (Williams et al., 2013). But efforts are being made to 
ensure the conservation of medicinal plants with records indicating that 1,280 medicinal plants are 
protected from overexploitation in the world (Willis, 2017). Such efforts could go a long way into 
the conservation of these important plants.

Perhaps one of the main problems with regard to the efforts facing medicinal plant conservation 
is the disconnect among the stakeholders along the value chain. Medicinal plant harvesters/traders 
care less about conservation, because their aim is to put food on their tables, while herbalists and 
traditional healers and their peers may not readily accept conservation measures such as species 
protection. These stakeholders view plants as their God-given right and therefore cannot be regu-
lated by any government or organisations of authority. This disconnect can be bridged by engaging 
these stakeholders with governments, researchers, as well as local traditional authorities. The argu-
ments that are often raised by traditional healers and herbalists, among others, point to the fact that 
the plant that is in the forest is more potent than the one that has been cultivated. And yet, research 
has proven that conditions can be manipulated to ensure that the plant that has been cultivated and 
that in the wild are equally potent.

Therefore, in the face of these medicinal plant conservation issues that the world faces, threats 
of extinction, due to biotic and abiotic factors, with overharvesting from the wild taking the centre 
stage, and climate change playing a significant role, it is critical to find ways to mitigate against 
potential species extinction. Sustainable uses of medicinal plants need to be entrenched in the minds 
of all stakeholders before more species are added to the list of those that have become extinct. 
Therefore, this book is dedicated to exploring ways in which medicinal plants can be exploited 
without driving them towards extinction and robbing the future generations of this green gold.
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2 Protecting the Endemism 
of Threatened Cyclotide-
Rich Medicinal Plants
The Tropical African Experience

Alfred Francis Attah and Adeola Tawakalitu Kola-Mustapha

2.1  INTRODUCTION

An estimated 430,000 plant species have been reported to grow on planet earth as human co-tenants 
(Lughadha et al., 2016; Kougioumoutzis et al., 2021), as sustainable sources of food, and as nature-
derived medicines (Butt et al., 2021). The occurrence and spread of these plants appear to be different 
across continents of the planet (Kougioumoutzis et al., 2021), most probably resulting from the cor-
responding interactions between ecological and evolutionary processes (Eco-evolutionary processes) 
that have helped plants to integrate properly to their adaptable habitats (Burak et al., 2018). Eco-
evolutionary processes have, therefore, triggered an uneven distribution of plants across the conti-
nents, leading to continental geographies with megadiverse plant species and countries within these 
continents sharing differing levels of overall richness of plant species (Linder and Evolution, 2014).

The most recent report by the World Health Organization (WHO) recognized the increas-
ing role played by the mainly plant-based traditional and complementary medicine  achieving the 
Sustainable Development Goal 3—ensuring healthy lives and promoting well-being for all at all 
ages—to achieve targeted Universal Health Coverage (UHC) (World Health Organization, 2019; 
Ganguly and Bakhshi, 2020). A conservative estimation suggests that about 1.2 billion population 
in Africa depends on plants, especially the therapeutic potentials of plant biodiversity for their pri-
mary healthcare needs (World Health Organization, 2019). (The population estimate is based on 
data from the United Nations, Department of Economic and Social Affairs, Population Division; 
www.Worldometers.info.) This updated figure, representing about 90% of African population seems to 
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have been encouraged by the devastating COVID-19 pandemic (Attah et al., 2021); The unavailability 
of a globally accepted Western medicine has put a greater pressure on plant biodiversity in a continent, 
whose majority of member states have weak regulations on plant conservation and sustainable utiliza-
tion. At least 10% of the known global plant species are found growing unevenly across Africa (Senkoro 
et al., 2020), and about 70% of African plant species are limited to the tropical African region (Sosef 
et al., 2017), where plant endemism, according to RAINBIO and a recent report, has been estimated to 
be 50% (Raven et al., 2020). Endemism of plants represents the nativity of plant species to a geographi-
cal location, region, country, or continent (Linder and Evolution, 2014). Several of these endemic plant 
species have found useful applications as food and local medicines to the human populations living 
around their geographical distribution (Attah et al., 2016b; Burlando et al., 2019; Senkoro et al., 2020; 
Attah et al., 2021). Scientific investigations of less than 1% of African plants have revealed the pres-
ence of several pharmaceutically useful metabolites—alkaloids, glycosides, tannins, terpenes, essen-
tial oils, polysaccharides, peptides, and therapeutic proteins (van Wyk and Prinsloo, 2020). Among the 
therapeutic biopolymers of pharmaceutical interest is the fortuitous discovery of a class of mini protein 
molecules called cyclotides from African ethnomedicine (Craik et al., 1999) (Figure 2.1). Cyclotides 
represent a unique class of 2–4 kDa knottin peptides having a circular knot backbone and intercysteine 
loops defining the peptide structural architecture (Craik et al., 1999). As members of the gene-encoded 
peptides, cyclotides are ribosomally synthesized and post-translationally modified peptides (RiPPs) 

FIGURE 2.1 Map of Africa showing countries where cyclotides have been identified in plants collected; 
regions of highest endemism of cyclotide-rich flora are in Nigeria, Gabon, Cameroon, Congo, Central African 
Republic, Democratic Republic of the Congo, Ethiopia, Uganda, Kenya, Rwanda, Burundi, Tanzania, and 
Madagascar. (Adapted from https://www. freeworldmaps.net/africa.).

https://www.freeworldmaps.net
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whose mature peptides are mostly generated by proteolysis following removal of the leader as well as 
recognition sequences (Luo and Dong, 2019). Their sequence variability outside the conserved region 
has encouraged a wide range of bioactivities that extends beyond their suitability for drug development 
(Camarero and Campbell, 2019). Additionally, cyclotides possess intrinsic phytochemical capability for 
an ecologically compatible plant protection (Oguis et al., 2019). Meanwhile, host defense-related func-
tion has been associated with cyclotide expression in plants (de Veer et al., 2019; Slazak et al., 2021). 
This means cyclotide expression appears to be common with plants endemic to regions that are more 
prone to pests, diseases, and climatically extreme environments as found in tropical Africa (Yeshak  
et al., 2011; Oguis et al., 2019; Gattringer et al., 2021; Slazak et al., 2021). The notable wide variations 
in conditions associated with rainy and dry seasons common to tropical climates, tropical Africa, in 
particular, has been proposed to have encouraged more pathogen distribution within the region, as these 
pathogen carriers (pests) and the disease-causing organisms require water and humid conditions for 
spread or reproduction (Guernier et al., 2004). Thus, the hypothesis regarding the association between 
the cyclotide-producing plants and their higher distribution in plants growing around the humid tropics, 
wetlands, and other extreme habitats remains to be elaborately investigated. For instance, the distribution 
of a host of plants expressing cyclotides (including Oldenlandia affinis, Rinorea denata, Rinorea oblon-
gifolia, Rinorea subintegrifolia, Clitoria ternatea, Viola abyssinica, Viola odorata) are often limited to 
these extreme conditions that encourage pest/pathogen attack, such as moist and swampy environment 
(Yeshak et al., 2011; Attah et al., 2016a; Slazak et al., 2021; Gattringer et al., 2021). Plants growing within 
this region will tend to require additional arsenal of defense molecules to adapt to unstable extreme envi-
ronments where they grow (Figure 2.1).

Abundant expression of knottin peptides, including cyclotides, within the plant organs in response to 
the increased level of threat in their immediate environment may provide some explanation to the uneven 
distribution of cyclotides in plant species and families across Africa—a factor that may closely be associ-
ated with their resilience and sustained endemism. For instance, Oldenlandia affinis (Roem. & Schult.) 
DC. Rubiaceae, an endemic herb common to the tropics, especially tropical Africa where it has been 
linked to the discovery of cyclotides (Figure 2.2), is commonly found growing in proximity to a body of 
water or during the rainy season in Nigeria. Recently, though this plant has become scarce within this 
region, just as the species is no longer found growing in locations (such as Sobi Hills, Ilorin) documented 
by Herbarium samples deposited some decades back at the Forest Herbarium, Ibadan, Nigeria.

Importantly, O. affinis and other cyclotide-expressing genera such as Rinorea and Allexis (Violaceae) 
are used in Traditional Medicine across tropical Africa (Weidmann and Craik, 2016; Attah et al., 2016b; 
Nworu et al., 2017; Gattringer et al., 2021) where they are endemic; however, no attention has been 
accorded to their conservation despite myriads of increasing threats from divergent sources endangering 

FIGURE 2.2 Cyclotide-rich African Oldenlandia affinis and the first cyclotide blueprint, Kalata B1 detected 
and isolated from the plant. PDB ID: 1JJZ
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the species. The loss of important plant biodiversity endemic to tropical Africa necessitates their con-
servation to protect their endemism. Emerging evidence suggests that African plant biodiversity faces 
existential threat (extinction) until the end of the current 21st century of the Gregorian calendar (Stévart 
et al., 2019). The tropical African flora has been classified under the ‘high level of extinction risk’ 
(Stévart et al., 2019), and many cyclotide-rich medicinal plants within the genera Rinorea and Allexis 
have been listed under the International Union for Conservation of Nature (IUCN) Red list (Table 
2.1). Many species within the cyclotide-rich plant taxons have not been assessed, making their status 
unknown on the IUCN Red list. A typical example of such is Clitoria ternatea L. (Fabaceae), native 
to the humid as well as subhumid tropics, including tropical Africa. C. ternatea is a knottin peptide-
expressing plant with application in medicine and sustainable agriculture (Oguis et al., 2019). This may 
indicate that this plant is facing more daring threat of extinction in Africa where relevant regulations are 
not enforced in many member states. Another instance is the genus Allexis whose four known species 
are restricted to tropical central and Western coast of Africa, yet the three accessed species of this genus 
have all been categorized as vulnerable on the IUCN Red list, while many more endemic Violaceae and 
Rubiaceae cyclotide-rich plants have not been evaluated despite their overutilization and overexploita-
tion. To highlight the ever-increasing threats to cyclotide-rich plants endemic to Sub-Saharan Africa, 
we document for the first time, these endangered and highly valued ethnomedicinal plants whose poor 
to non-existent conservation status deserves an urgent attention to forestall imminent extinction. In 
addition, we also present the compelling need to protect the endemism of these important African 
bioresources whose role in Traditional Medicine, nutrition, and ecological balance buttresses their clas-
sification as biofactories of lifesaving metabolites.

2.2  AFRICAN HERBAL ETHNOMEDICINE AND CYCLOTIDE DISCOVERY

The African flora provides a rich source of medicinal plant and plant parts useful in the manage-
ment of some clinical conditions, and for several decades, the use of herbs, herbal concoctions, and 
traditional phytomedicines has proved invaluable (Mahomoodally and Medicine, 2013). Evaluating 
the chronology of primary care and treatment in Africa is incomplete without recognizing the role 
of herbal ethnomedicine. With a very high biodiversity of plants and cultures, various plant species 
serve as treatments in different regions and communities. One of such uses led to the early discovery 
of cyclotides by Lorents Gran—a Norwegian doctor who discovered that African women drank a tea 
derived from the plant Oldenlandia affinis (Rubiaceae) to accelerate the birth of their children (Gran, 
1973b; Weidmann and Craik, 2016). The plant was found to contain cyclotides that have uterotonic 
activity, hence validating its use for such purpose. Complementary and Alternative Medicine (CAM) 
has been the oldest form of treatment, particularly in Africa. Despite the limited knowledge with 
regard to the pathophysiology of diseases and mechanism of action of plant extracts, some herbs have 
been found to be clinically effective in the management of some conditions. Plant biodiversity in 
Africa provides a rich source of numerous plant species with abundant constituents and metabolites 
with similar or dissimilar constituents. Some components or peptides may occur across multiple gen-
era and species among endemic plants in the region e.g., cyclotides. Cyclotides are macrocyclic pep-
tides discovered in plants. They are distinguished by their unique cyclic cystine knot (CCK) structural 
pattern. A head-to-tail cyclic backbone is cross-braced with a cystine knot generated by six conserved 
Cys residues in the CCK motif (Gran, 1973a; de Veer et al., 2019). Cyclotides are intriguing because of 
their unusual structure, which confers extraordinary stability, as well as their natural activities as plant 
defense peptides, and their vast variety of uses as bioactive molecules in agriculture and medicine (de 
Veer et al., 2019). The presence of cyclotides in some endemic African plants may account for their 
different uses in ethnomedicine. One example is Rinorea dentata (Violaceae family). Rinorea dentata 
(P. Beauv.) Kuntze is a tropical plant that grows in the rainforests of Liberia, Cameroon, Uganda, and 
Nigeria. Parts of its ethnomedical uses among local settlers in the J4 region of the Omo Forest Reserve 
in Ogun State, Nigeria, the plant’s natural habitat, chew its stem for oral hygiene as a malaria treatment 
and to shorten labor or make birth easier in farm animals (Attah et al., 2016b). Allexis cauliflora—a 
plant native to Cameroon, Congo, and Gabon belongs to the Violaceae family and has been found to 
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contain cyclotides (Gattringer et al., 2021). Cyclotide-rich extract of the plant has also been found to 
inhibit human prolyl oligopeptidase (POP) activity (Gattringer et al., 2021). Other members in the 
same genus that contain cyclotides include Allexis anensis, Allexis batangae, and Allexis zygomor-
pha. Rinorea brachypetala can be tropical Africa, from Guinea East to Kenya, and to Zambia and 
Angola in the South (Plant Use, Online). Results of Matrix-Assisted Laser Desorption Time of Flight 
(MALDI-TOF) Mass spectrometry show that it also contains cyclotides (Attah et al., 2016a).

2.3  ENDEMISM OF THE CYCLOTIDE-RICH OLDENLANDIA AFFINIS

The Rubiaceae family’s genus Oldenlandia contains 190 species, several of which are known to be 
used in traditional medicine. From the Ivory Coast in the north to South Africa Transvaal, O. affi-
nis is widely dispersed in Africa’s tropical zone (Figure 2.2). It can also be found on Madagascar 
and in western Asia, with the Malay Peninsula serving as its easternmost outpost. It grows as a 
weed in the grass at altitudes ranging from sea level to 1,500 m above sea level. It appears to avoid 
arid areas (Gran et al., 2000). There have been reports and observations on the ethnomedical uses 
of O. affinis in different cultures across the region. An aqueous extract, also known as ‘Kalata-
Kalata’, in Congo is used to facilitate labor and childbirth. It is also used for this same activity 
in the Central African Republic (Gran, 1973b). O. affinis is blended with honey and used to treat 
learning disabilities in Benin Republic, and the aqueous decoction is used as an anti-colic drink. 
The decoction of O. affinis is utilized as an anti-malarial and anti-febrile medicine in several rural 
communities in South-Eastern Nigeria (Nworu et al., 2017). These activities are based on the pres-
ence of cyclotides peptides, which when compared to other peptides of similar size are extremely 
resistant to chemical, thermal, and biological degradation (Gould and Camarero, 2017). Protease 
inhibitory, anti-microbial, insecticidal, cytotoxic, anti-HIV, and hormone-like effects are all bio-
logical features of naturally occurring cyclotides (Gould and Camarero, 2017).

As much as cyclotides are important in herbal medicine, they can also serve as useful drug mole-
cules in the synthesis of new drugs, hence, highlighting the importance for preservation of endemic 
O. affinis plants. Since the first isolation of cyclotides from O. affinis (Figure 2.1) by Lorent Gran, 
cyclotides have now been discovered in the plant families Rubiaceae (coffee), Violaceae (violet), 
Solanaceae (potato), Poaceae (grass), Cucurbitaceae (cucumber), and Fabaceae (pea) (Slazak et al., 
2020). The environment has an impact on cyclotide production. Depending on the region or season, 
different amounts of certain peptides are detected in the same species. Changes in cyclotide gene 
expression levels appear to be the reason, but breakdown rates may also play a role in forming the 
final peptide suite (Slazak et al., 2020). The protection of the endemism of threatened cyclotide-rich 
medicinal plants such as O. affinis and other plants is highly imperative. When faced with the grow-
ing use of medicinal plants, preserving tropical biodiversity should be prioritized. Most tropical 
plant species lack extinction risk estimates, restricting the capacity to identify conservation priori-
ties despite their critical importance for terrestrial ecosystems (Stévart et al., 2019).

2.4  ENDEMISM OF OTHER CYCLOTIDE-RICH VIOLACEAE 
PLANT FAMILY IN AFRICA: EMERGING THREATS

The threat to the endemism of cyclotide-rich plants in tropical African region is not limited to 
O. affinis, the genus Rinorea (family Violaceae) appear to be top on the list (The IUCN Red List 
of Threatened Species: https://www.iucn.org/). Rinorea Aubl. is a genus made up of an approxi-
mately 250–300 species (World Flora online Consortium—www.worldfloraonline.org), with at 
least 150 mostly endemic species unevenly distributed across tropical African coast including 
Angola, Southern Nigeria, Cameroon, Gabon, and Madagascar (Wahlert et al., 2020) (Figure 2.2). 
This data translates to over 60% of Rinorea endemism in the region whose distribution peaks up 
in Madagascar, recording 80% known species endemism (Wahlert et al., 2020). Following well-
informed prediction, it means several or all these endemic cyclotide-producing tropical medici-
nal plants (Table 2.2) are facing the risk of global extinction before the end of the 21st century.  

https://www.iucn.org
http://www.worldfloraonline.org
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While Africa is unarguably the richest continent in terms of Rinorea species diversity, it is the 
only continent native to the genus Allexis Pierre (family Violaceae; Table 2.2), distributed across 
Tropical West and Central Africa (Olivier et al., 2018; Gattringer et al., 2021). Despite the ende-
mism of a majority of Rinorea species and restricted distribution of the four known species of the 
genus Allexis in limited tropical region of Africa, flora diversity within the continent remains the 
most threatened due to the increasing human populations, combined effect of logging, fuelwood 
collection, overcollection of wild plants for research, and deforestation for agriculture and min-
ing (van Velzen and Wieringa, 2014). The endemism of Violaceae family to tropical Africa has 
been demonstrated by the three largest violaceae genera—Viola, Rinorea, and Hybanthus, which 
account for around 95% global distribution of Violaceae species (Wahlert et al., 2020; Slazak  
et al., 2021) and the genus Allexis with only four accepted species names (http://www.theplantlist.
org/; Table 2.2). While the endemism of the genus Viola in Africa and neighboring oceanic island 
appears to be restricted to extreme geographies, particularly the temperate and mountainous regions 
(Linder and Evolution, 2014), a few such as Viola palmensis, Viola cheiranthifolia, Viola anagae 
have recently been reported in extreme environments (Slazak et al., 2021) located outside African 
mainland; however, the next two largest genera based on the recent circumscription, Rinorea and 
Hybanthus, are mainly pantropical, occurring more in the humid seasonal tropics found within 
the most endangered African flora (Wahlert et al., 2020). Exhaustive ethnomedicinal surveys in 
the recent past no longer document several of these important cyclotide-rich African plants—an 
observation that further supports the level of threat to their endemism. Deliberate efforts should 
therefore be made to ensure sustainable utilization of cyclotide-rich African plants that are now 
becoming extinct in the wild. The sustainability of these threatened plants will mainly be achieved 
via captivity, cultivation in/or outside native range, based on IUCN Red list description and clas-
sification of plants species.

2.5  COMPETITIVE APPROACHES TO SAFEGUARD ENDEMIC 
CYCLOTIDE-PRODUCING AFRICAN PLANTS

There is an urgent need for the proper documentation, conservation, and utilization of the 
cyclotide-rich species of African flora. The chemotaxonomic relevance of cyclotides to Violaceae 
plant family has been emphasized (Burman et al., 2015) as species screened produced the pres-
ence of cyclotides, making them the foremost biofactories for cyclotide diversity, abundance, and 
species distribution (Slazak et al., 2021). The African Violaceae appears to be the least scientifi-
cally investigated family despite its apparent endangered status. Meanwhile, African Violaceae 
has varied uses in the Traditional Mdicine. The potentials of its abundant cyclotides in sustainable 
agricultural plant protection as biomaterials for drug discovery/development as well as their puta-
tive clinical application should form a strong basis for further scientific investigation of the family. 
Therefore, efforts are needed to implement competitive steps and strategies to sustainably safe-
guard the endemism of cyclotide-rich African flora. This is particularly urgent in African regions 
with cyclotide-rich plant diversity, including Tropical West Africa, Ethiopia, Tanzania, and the 
Democratic Republic of the Congo (Figure 2.1), which have been described to harbor over 40% 
of potentially threatened endemic plant species (Stévart et al., 2019). Among others, these strate-
gies comprise land/water protection and management, cyclotide-producing species management, 
education and awareness, livelihood, economic and other incentives, as well as law and policy. 
The botanic garden approach to plant extinction crises remains one of the easy-to-adopt strategy 
(Westwood et al., 2021; van Zonneveld et al., 2021). In line with Article 14 of the United Nations 
Convention on Biological Diversity (www.cbd.int/), adopting environmental impact assessments 
(EIAs) is germane before implementation of lawful projects that may pose as threats to plant bio-
diversity. Hence, to minimize risks associated with the environment, the adverse impacts of these 
projects on plant biodiversity must be identified to circumvent, minimize, or totally prevent nega-
tive consequences (Stévart et al., 2019).

http://www.theplantlist.org
http://www.theplantlist.org
http://www.cbd.int
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2.6  FUTURE PERSPECTIVES

2.6.1  Fighting Plant Biodiversity loss in aFrica

Africa’s fertile ground is host to a wide array of plant species scattered around the continent. An 
approximate one-quarter of global biodiversity comes from Africa. From tropical regions to tem-
perate areas, and even unto arid regions, different plant varieties are native to these zones, but sadly 
there is a continuous decline in the number of plant species in the continent, and some species are 
already going extinct. The importance of preserving this biodiversity hotspot of the world is vital. 
Many greater numbers of African plants have not received investigative scientific attention despite 
their inherent potentials for drug discovery. The role of plant biodiversity underlies the pivotal point 
of almost all ecosystems, and ecosystems will remain adversely affected if the continuous loss of 
species remains unchecked. The loss of biodiversity has an impact on livelihoods, water availability, 
food security, and resistance to catastrophic events, especially for the poorest people in rural regions 
(Bank., 2019).

Tackling plant biodiversity loss is an important issue, and causal factors need to be addressed. 
Causal factors include overcollection, unsustainable agriculture, and forestry methods, urbaniza-
tion, pollution, land use changes, the spread of invasive alien species, climate change, a lack of 
information about the status of most habitats, species, and other vital data (Osawaru et al., 2013). It 
is evident that there is much room for improvement in biodiversity-related programs and policies in 
Africa. Plant conservation should be prioritized and not only considered as a subset of wildlife con-
servation. Governmental institutions and non-governmental agencies need to not only promulgate 
laws but also to enforce them as well. Land use should be closely monitored, especially in regions 
with biodiversity of species and endemic plants. There is also a need for the development and update 
of national plant databases across countries in the region. Plant, animal, forest, and aquatic genetic 
resources in Africa, like those in other regions, are better documented than associated biodiversity; 
just a few nations report having national databases or knowledge-management systems dedicated to 
associated biodiversity (FAO, 2019).

Climate is a strong influencer of the sustainability of plant ecosystems and biomes. Plant 
variety is shaped by climate on a wide scale, with relatively warm and moist (beneficial, produc-
tive) locations sustaining more species (Harrison et al., 2020). Climates are fast evolving toward 
warmer temperatures, which is predicted to result in less water availability throughout the 
growing season in approximately half of the Earth’s terrestrial area (McLaughlin et al., 2017). 
Reduction in water availability adversely affects the sustainability and preservation of plant 
species in the continent. Combatting plant biodiversity loss by responding to climate change 
requires participation and collaboration across sectors, agencies, and governments (Fernández-
González et al., 2005). Climate change is an urgent issue in the 21st century that affects almost 
every sphere of life, and, as detailed in this chapter, it affects cyclotide-rich African tropical 
plants as much. While some countries are working consciously to reduce greenhouse emissions, 
the same level of effort is lacking in under-developed and developing countries. African coun-
tries need to put in place structured efforts and plans to reduce carbon footprint and mitigate 
climate change.

2.6.2  Future oF aFrican Plant Biodiversity

Africa continues to face a reduction in biodiversity and possible extinction of some species. The 
continent is home to a wide array of plants scattered across towns, villages, communities, and ter-
ritorial borders. The highlight of this section is to call to mind the need for action to preserve this 
ecosystem in all its forms and species. The future of African plant biodiversity can be sustained if 
proper actions are taken. Whether plant biomes will be conserved or not is dependent on the conser-
vation efforts implemented or introduced. It is essential to have a grasp of the full diversity of plant 
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species in a database, characterize the rate of decline, and highlight the indices of contributing fac-
tors. According to the mid-term review report from The United Nations Environment Programme 
World Conservation Monitoring Centre (UNEP-WCMC, 2016), lack of institutional, financial, 
and technological resources as well as the capacity to implement National Biodiversity Strategies/
Action Plans (NBSAPs) limit efforts in conserving plant biodiversity. A lack of appropriate and 
harmonized biodiversity indicators to assess conservation needs and NBSAP progress represent 
contributing factors limiting the conservation of plant biodiversity. Other limiting factors include 
data and information deficiencies, and national budgetary constraints. (UNEP-WCMC, 2016). On 
the positive side, some levels of progress have been achieved in Africa towards plant conservation. 
The Nagoya Protocol on Access and Benefit Sharing has been approved by 30 African nations as 
of December 2015 (Aichi Target 16). Several other countries in the region are planning to do the 
same. In addition, at least one NBSAP has been submitted by 44 African Parties (Aichi Target 17) 
(UNEP-WCMC, 2016).

More major conservation efforts, as well as proactive measures such as adjustments in agricul-
tural techniques, enhanced agricultural commerce and improved land-use planning, and will be 
required to prevent and decrease threats to world biodiversity (Tilman et al., 2017). There are sev-
eral biodiversity hotspots in Africa—home to threatened plant species. One example of such spot is 
the Bale Mountains of Ethiopia. It supports the continent’s largest area of afroalpine and subalpine 
ericaceous plants. Despite it being listed by UNESCO as one of the biodiversity hotspots, it has not 
received the needed conservation attention. The protection of critical areas like this is essential to 
maintain the biodiversity of the continent and prevent the extinction of threatened species (Kidane 
et al., 2019).

2.6.3  Protection and sustainaBle use oF endemic cyclotide-rich sPecies in aFrica

Numerous cyclotides have been isolated from the Rubiaceae, Cucurbitaceae, Fabaceae, Solanaceae, 
Poaceae, and Violaceae families. Many cyclotides are found only in certain plant species, although 
others are found in multiple species (Slazak et al., 2020, Ravipati et al., 2017). While some fami-
lies are more abundant than the others and do not face any reasonable threat, some cyclotide-
containing species are very rare and may face danger of extinction. Preserving the availability and 
continued use of these cyclotide-rich species is thus very important. The IUCN Red list provides 
a comprehensive database on the status of extinction risk of plants, animal, and fungi. It ranks 
plants on a risk scale starting from least concerned to near threatened, vulnerable, endangered, 
critically endangered, extinct in the wild and extinct (last on the scale) (IUCN: https://www.iucn.
org/resources/conservation-tools/iucn-red-list-threatened-species). According to the IUCN Red list 
database, Rinorea tshingandaensis belongs to the vulnerable group (Ntore, 2021). Rinorea frisii and 
Rinorea bullata belong to the endangered group (Alemu, 2018; Ravololomanana, 2020), Rinorea 
abbreviate, Rinorea key, and Rinorea rauschii belong to the near threatened group (Bidault, 2020., 
Faranirina, 2019, Centre., 1998.). All of these species belong to the same genus with Rinorea 
dentata under the Violaceae family, which has been validated to possess cyclotides (Attah et al., 
2016b). Despite the poor status of these species, there are little to no conservation efforts put in 
place. Conservation efforts that can help preserve these species include ex-situ conservation, habitat 
restoration, awareness, legislation, and enforcement among others (IUCN: https://www.iucn.org/
resources/conservation-tools/iucn-red-list-threatened-species).

2.7  CONCLUSION AND PROSPECTS

Africa must be deliberate in ensuring the proper utilization of the already endangered cyclotide-
rich plants. Considering the threats to the endemism of these cyclotide-producing plants, their 
intentional cultivation has become necessary to prevent them from getting critically endangered 
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and ultimately going extinct. It is, therefore, pertinent to holistically address the main drivers of 
biodiversity loss of cyclotide-rich plants in Africa in a timely manner, comprising divergent over-
exploitation, increasing reports of invasive species, habitat loss, crude oil pollution, and climate 
change. Local plant habits and habitats, particularly those persisting in restricted areas must be 
urgently protected. Besides in situ conservation measures, cyclotide-rich plants endemic only to 
limited and restricted environments such as the genus Allexis as well as some endemic Rinorea 
species require additional ex-situ conservative strategies such as gene collection from the wild, in 
vitro collections, storage in seed banks, and medicinal plant garden (botanical garden) solutions. 
In Sub-Saharan Africa, only 13 endemic Rinorea species have been accessed and included on the 
IUCN Red list, representing less than 10% of Rinorea species known to the region; yet, over 80% 
of these accessed species have been classified as critically endangered, endangered, vulnerable, 
and near threatened (www.iucnredlist.org). One of the main hindrances to the identification and 
conservation of new Rinorea species lies in the close morphological similarity between species 
of the genus. This has made the identity of over 190 species from Gabon very difficult for taxono-
mists (Sosef et al., 2017). However, modern methods, such as the application of molecular marker-
assisted authentication, are encouraged to resolve the challenges with the classification of endemic 
Rinorea species in a bid to promote their conservation and prevent misutilization (Sonibare, 2021). 
More importantly, the reported expression of cyclotides in every member of Violaceae family as 
well as the unique pattern of species cyclotide signature is of chemotaxonomic relevance, as it 
has the potential to aid in proper species identification, classification, and eventual conservation 
when morphology alone becomes inadequate (Slazak et al., 2021, Burman et al., 2015). Lastly, 
cyclotide fingerprint unique to individual species could serve as chemotaxonomic markers for 
species identification, classification, conservation, and sustainable utilization. A combined effort 
of molecular marker-assisted authentication and cyclotide-based chemotaxonomic approaches are 
suggested as deliberate background strategies that could potentially promote the protection of 
endemic cyclotide-rich African flora diversity.
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3 Traditional Medicinal Plant 
Use in Improving the 
Livelihoods and Well-Being 
of Namibian Communities
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3.1  INTRODUCTION

Much of the world’s biodiversity, i.e., the variety of living organisms in a specific area, is located in 
sub-Saharan Africa (Ngwira et al., 2013; Wilson and Primack, 2020). Biodiversity meets the basic 
needs of traditional people or communities in resource-poor settings, such as food, shelter, fuel, and 
medicines (Ministry of Environment and Tourism, 2018). The rich biodiversity in Africa is also a 
key player in the tourism sector. Therefore, it forms a basis for sustainable development and poverty 
reduction. A very important development in southern Africa’s natural resource governance has been 
community involvement. This is an attempt to achieve sustainable utilization of natural resources 

CONTENTS

3.1  Introduction ............................................................................................................................ 19
3.2  Medicinal Mushrooms ............................................................................................................20

3.2.1  Mushroom Species Contributing to the Well-Being of Namibian Communities ....... 21
3.2.2  Ethnopharmacological Evidence ................................................................................22
3.2.3  Mushroom Species Contributing to the Livelihood of Namibian Communities ........22
3.2.4  Sustainable Use of Selected Mushroom Species ........................................................22

3.3  Manketti (Schinziophyton rautanenii) ...................................................................................23
3.3.1  Manketti Contributing to the Well-Being of Namibian Communities .......................24
3.3.2  Ethnopharmacological Evidence ................................................................................24
3.3.3  Manketti as a Source of Income to Improve Livelihoods ..........................................25
3.3.4  Sustainable Use of Manketti .......................................................................................25

3.4  Devil’s Claw (Harpagophytum procumbens and Harpagophytum zeyheri) ..........................25
3.4.1  Devil’s Claw Contributing to the Well-Being of Namibian Communities .................26
3.4.2  Ethnopharmacological Evidence ................................................................................27
3.4.3  Devil’s Claw Contributing to Livelihoods ..................................................................27
3.4.4  Sustainable Use of Devil’s Claw .................................................................................28

3.5  Governance/Institutional Structures to Access Traditional Knowledge and/or Genetic 
Resources ................................................................................................................................29

3.6  Conclusion and Prospects .......................................................................................................29
Acknowledgements ..........................................................................................................................30
References ........................................................................................................................................30

DOI: 10.1201/9781003206620-3

https://doi.org/10.1201/9781003206620-3


20 Sustainable Uses and Prospects of Medicinal Plants

(Ngwira et al., 2013). Namibia has a rich biodiversity (Ministry of Environment and Tourism, 2018), 
with over 3,159 plant species (Cheikhyoussef et al., 2011). Plants have been said to form part of a 
country’s biodiversity and culture, and play an important role in traditional medicines (TMs).

According to the World Health Organization, about 80% of the world population uses TM, 
including herbal medicine as their only system of health care (World Health Organization, 2013). 
Despite this figure being lower than previously cited (Oyebode et al., 2016), medicinal plants 
continue to play an important role in the livelihoods and well-being of people in both developed 
and developing countries (Smith-Hall et al., 2012; Oyebode et al., 2016). They are mainly used to 
provide treatment of diseases and/or to alleviate symptoms (Mudigonda and Mudigonda, 2010). 
Especially in African countries, the use of medicinal plants is described in the treatment and or 
management of diseases such as HIV/AIDS, malaria, cancer, and chronic ailments such as diabe-
tes and hypertension, among others (Mahomoodally, 2013; Ozioma and Chinwe, 2019). Natural 
therapies may be found in pharmacies and food stores in nutraceuticals or dietary supplements 
(Ekor, 2014).

In Namibia, herbal preparations are used in rural settings (Ministry of Environment and 
Tourism, 2018). For some, herbal-based TM is the preferred treatment method; for others, herbs 
are used as an adjunct therapy to conventional pharmaceuticals. The most common reasons for 
using herbal TM within communities are that it is more culturally acceptable and fulfills a desire 
for more personalized health care; it is more affordable; it has fewer adverse effects and higher 
therapeutic effects; and it allows greater public access to health, for example, communities in 
remote areas often only have access to TMs but not conventional medicines (Oyebode et al., 
2016). There is a need for new medicines for treatment and prevention of diseases, particularly 
those that are life-threatening such as cancer (Drexler, 2010). Scientific and research interest is 
drawing their attention toward naturally derived compounds, as they are considered to have less 
toxic side effects compared to current treatments such as chemotherapy. Some potent plant-based 
anticancer compounds, such as vinblastine, camptothecin, and taxol, have been isolated and char-
acterized from different plant species, including Taxus brevifolia, Camptotheca acuminate, and 
Catharanthus roseus (Zlatić and Stankovic, 2015; Lichota and Gwozdzinski, 2018; Changxing  
et al., 2020). Vinblastine has a market value of US$ 15 million/kg, while camptothecin costs US$ 
0.5 million/kg; these are indicators of the possible value of plant-based anticancer agents on the 
global market. However, an anticancer product resulting from the use of natural resources or any 
medicinal applications from them will require investment in research and development for any 
potential market to be realized.

The objective of this review is to shed light on how natural resources are benefiting and improv-
ing Namibian communities in terms of health and means of livelihood; and how these resources 
are being utilized sustainably, both for personal and commercial use using examples of medicinal 
mushrooms and medicinal plants such as Manketti (Schinziophyton rautanenii) and Devil’s claw 
(Harpagophytum procumbens and Harpagophytum zeyheri). Issues underlying Access and Benefit-
Sharing (ABS) are also highlighted.

3.2  MEDICINAL MUSHROOMS

Mushrooms have a long history as a food source (Valverde et al., 2015), and they are important 
for their healing capacities and properties in traditional medicine (Zhang et al., 2016). According 
to current estimates, mushrooms constitute at least 12,000 fungi species worldwide; out of those, 
2,000 can be eaten, and about 200 wild species are used medicinally (Rathore et al., 2017). Wild 
and cultivated mushrooms have been documented as being a good source of nutrients and bioactive 
compounds (Wandati et al., 2013). There are over 700 types of mushrooms that have been identi-
fied that can be used as nutraceuticals (Sridhar and Deshmukh, 2021). They contain a reasonable 
number of proteins, carbohydrates, minerals, fibers, and vitamins. Furthermore, they are low in 
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calories, sodium, fats, and cholesterol (Ho et al., 2020; Ugbogu et al., 2020). Thus, the consump-
tion of mushrooms can make a valuable addition to the unbalanced diets of people in developing 
countries (Marshall and Nair, 2009). However, there are numerous mushrooms that are not edible.  
‘…many mushrooms are inedible or poisonous, such as the Amanita species that are used on arrows 
when local people hunt wild animals for meat’ (Kadhila-Muandingi and Chimwamurombe, 2012). 
Other mushrooms are resourceful like ectomycorrhizas and are endowed with bioactive compounds 
and produce functional metabolites (Sridhar and Deshmukh, 2021).

Mushrooms are appreciated for their excellent sensory characteristics, flavor, and texture 
(Shivashankar and Premkumari, 2014). In the past, they were eaten mainly because of their distinc-
tive taste (Das et al., 2021), but this has changed during the last few decades. Currently, mushrooms 
are also consumed for health reasons. They have been found to reduce the likelihood of cancer 
invasion and metastasis due to antitumor attributes, to have antibacterial properties, are antidia-
betic, are immune system enhancers, and are cholesterol-lowering agents among other functions 
(Wasser, 2002; Valverde et al., 2015). More than 100 therapeutic effects are produced by mush-
rooms and fungi, of which the key medicinal uses are antioxidant, anticancer, antidiabetic, antial-
lergic, immunomodulating, cardiovascular protector, anticholesterolemic, antiviral, antibacterial, 
antimalarial, antiparasitic, antifungal, detoxification, and hepatoprotective effects; they also protect 
against tumor development and inflammatory processes (Stamets, 2005; Chang and Wasser, 2012; 
Valverde et al., 2015; Ho et al., 2020; Ugbogu et al., 2020). Therefore, mushrooms can help prevent 
life-threatening diseases (Prasad et al., 2015).

Furthermore, therapeutic effects of edible mushrooms have been reported in several preclini-
cal and clinical studies, which indicates that they may be used in the adjuvant treatment of breast 
cancer (Novaes et al., 2011; Figueiredo and Régis, 2017; Berretta et al., 2022; Pathak et al., 2022). 
The use of mushrooms in conjunction with conventional cancer therapies has been associated with 
improvements in the well-being of patients due to reduced side effects, as well as with enhanced 
hematological and immunological parameters (Novaes et al., 2011). Mushrooms may also reduce 
the risk of developing cancer (Figueiredo and Régis, 2017). Certain proteins and antioxidants in 
mushrooms are said to be responsible for this by regulating cancerous cells and cytokine production 
(Pathak et al., 2022).

3.2.1  mushroom sPecies contriButing to the Well-Being oF namiBian communities

Medicinal mushrooms in various Namibian ecosystems include Ganoderma lucidum—a genus 
of wood-inhabiting fungus within the Ganodermataceae family, which can improve health 
and livelihood of the communities (Figure 3.1). Other Ganoderma species found in Namibia 
include Ganoderma tsugae, Ganoderma neo-japonicum, and Ganoderma applanatum (Kadhila-
Muandingi 2010). These species are used for medicinal purposes in the Oshana, Kavango, Zambezi 
(formerly known as Caprivi), and Ohangwena regions of Namibia, where they are predominantly 
distributed (Kadhila-Muandingi, 2010; Shikongo, 2012; Ekandjo and Chimwamurombe, 2021). 
These communities use Ganoderma mushrooms to strengthen babies’ skull bones, improve the 
immune system of pregnant women, treat nose bleeds, for stress, shock, trauma, colds and flu, as 
well as head sores (ringworms) in children, and as a relaxant (Kadhila-Muandingi, 2010; Ekandjo 
and Chimwamurombe, 2021). The indigenous people in these regions also consume other mush-
rooms for medicinal purposes, treating both humans and animals, especially cattle, goats, and 
chickens. They use Termitomyces mushrooms, including pseudorrhiza, for medical applications 
such as prevention of miscarriages in pregnant women, severe diarrhea, sexually transmitted 
diseases, heart problems, cancer, and kidney problems, as well as healing of the umbilical cord 
for the newborn baby. Other mushrooms like truffles are used for eye treatments, while the poi-
sonous mushrooms belonging to the Amanita species are used on arrows for hunting (Kadhila-
Muandingi, 2010). 



22 Sustainable Uses and Prospects of Medicinal Plants

3.2.2  ethnoPharmacological evidence

A study by Mhanda, Kadhila-Muandingi, and Ueitele (2015) determined the minerals and trace 
elements in domesticated Namibian Ganoderma mushrooms. The results show that the fruiting 
bodies of the domesticated G. lucidum are a good source of protein, carbohydrates, crude fiber, 
and some nutritionally important minerals. This analysis found that the contents of moisture, crude 
protein, total lipids, available carbohydrates, dietary fiber, total ash, and calories agreed with the 
values reported in some previous studies done on Ganoderma species (Essien et al., 2013; Sharif 
et al., 2016).

3.2.3  mushroom sPecies contriButing to the livelihood oF namiBian communities

The use of wild mushrooms as food and a source of income is widespread in Namibia. It is very 
common to see local people, particularly young women, selling mushrooms by the roadside after 
the start of the rainy season (Figure 3.2). They stated that Termitomyces schimperi, Terfezia pfei-
lii (Kalahari Desert truffles) are some of the most sought after wild mushrooms in rural areas of 
Namibia. They are aware of wild edible mushrooms, and their importance to people who are gen-
erally poor and many of the mushrooms collected are for personal use (Kadhila-Muandingi and 
Chimwamurombe, 2012). A group of locals called Erari Mushroom Suppliers have received fund-
ing and training to produce oyster mushrooms. They produced about 10 tons for which they earned 
about N$ 3,000.00 collectively; in addition, 13 temporary employment opportunities were created 
(Admin, 2013). 

3.2.4  sustainaBle use oF selected mushroom sPecies

Mushroom cultivation plays an important role in the sustainable use of wild mushrooms that are 
sometimes overharvested by communities for use throughout the year. In addition, it can also 

FIGURE 3.1 A wild indigenous Ganoderma mushroom (© Pauline Kadhila).
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support the local economy by contributing to subsistence food security, nutrition, and medicine, 
and therefore it can directly enhance livelihoods through financial, nutritional, and therapeutic 
advantages (Rautela et al., 2019). Since mushroom cultivation does not require access to land, 
it can be a viable and attractive activity for rural farmers and peri-urban dwellers in the country 
(Kadhila-Muanding and Mubiana, 2008). Mushroom cultivation activities can generate additional 
employment and income through local, regional, and national trade and offer processing enter-
prises opportunities. Indigenous medicinal mushrooms like Ganoderma and other types of mush-
rooms that have been identified as having potential for domestication can be cultivated through 
such opportunities. In fact, a study by Ueitele, Kadhila-Muanding, and Matundu (2014) established 
that Ganoderma mushrooms can be successfully domesticated and grown on corncobs and wood 
chips. As part of their community service, the University of Namibia, through the Zero Emissions 
Initiative (ZERI), is offering courses on mushroom cultivation. It can be a suitable and empower-
ing income-generating option for women, as it can be combined with traditional domestic duties 
at home.

3.3  MANKETTI (SCHINZIOPHYTON RAUTANENII)

Schinziophyton rautanenii or Manketti, as it is commonly known in English, is a deciduous tree 
that grows up to 12 m tall and can provide good shade due to its large canopy (Graz, 2002). It has 
palmately compound leaves (Figure 3.3) and round, plum-sized drupe as fruit, which ripens once 
they have fallen to the ground. Locally, Manketti is known as Mangetti in Otjiherero, or Mungongo 
in Silozi, or Ugongo in Rukwangali. It is indigenous to Namibia, specifically in the Ohangwena, 
Kavango, and Zambezi regions, and other southern African countries, including Zambia, Botswana, 

FIGURE 3.2 Wild harvested mushrooms Kalaharituber pfeilii and Termitomyces schimperi are on display 
for sale along the roads to generate income (© Pauline Kadhila).
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Angola, Zimbabwe, Mozambique, and South Africa (Graz, 2002). Manketti has been used for cen-
turies dating as far back as 7,000 years ago by San communities in the Kalahari Desert for food, 
medicine, energy, and cosmetic applications (Maroyi 2018). 

3.3.1  manketti contriButing to the Well-Being oF namiBian communities

Manketti can be used medicinally; the bark is a remedy for abdominal complaints and diarrhea, and 
can also be used to treat morning sickness, which is when women experience nausea early in the day 
due to being pregnant (Leger, 1997; Quattrocchi, 2012). The roots are used to treat stomach pains 
and oil and skin ailments, which also have antibacterial properties (Maroyi, 2018). Perhaps the most 
interesting medicinal use is that of the leaves, which are used to treat sores on the skin that do not 
heal—a description similar to that of Kaposi sarcoma. Ethnobotanical surveys that were conducted 
in 2011 and 2013 in the Zambezi (then Caprivi) and Kavango regions, respectively, interviewing 
traditional knowledge holders to identify and document plants used within the regions for different 
infirmities, confirmed the medicinal applications for Manketti. The key informants indicated that 
alternative treatment from ethnomedicinal plant sources was mostly used for pain management 
in cancer patients. According to Dushimemaria (2014), another traditional use is to treat sores or 
surface wounds such as scrapes, abrasions, and scratches. Nutrients including phosphorous, mag-
nesium, iron, sodium, zinc, and calcium, and even amino, and fatty acids were found in the fruit of 
Manketti (Gwatidzo et al., 2013; Maroyi, 2018).

3.3.2  ethnoPharmacological evidence

Analysis of the methanolic extracts of the root and bark of Manketti revealed the presence of anti-
cancer classes of compounds such as alkaloids, anthraquinones, coumarins, flavonoids, and triter-
penes (Dushimemaria, 2014). The same study also revealed the extracts to exhibit antioxidant and 
anti-protease activity. Furthermore, inhibition of the growth of cancer cells was also observed for 
the extracts. The extracts displayed in vitro anticancer activity against breast cancer MCF-7, renal 
cancer TK-10, and melanoma UACC-62 (Dushimemaria, 2014). This is a significant finding, because 
Manketti products may be utilized as an adjuvant or alternative cancer treatment, especially given 

FIGURE 3.3 The palmately compound leaves of Schinziophyton rautanenii (© Iwanette du Preez-Bruwer).
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the nation’s rising cancer incidence. Breast cancer (14.5%), cervix uteri (10.7%), Kaposi sarcoma 
(12.6%), and prostate cancer (9.4%) are in the lead among the Namibian population (WHO, 2020).

3.3.3  manketti as a source oF income to imProve livelihoods

Manketti plays an important role in rural areas regarding food security and income genera-
tion (Maroyi, 2018). Indigenous communities in Namibia, including the San, use different plant 
parts, especially nuts and fruits, as sources of food, beverages, oil, and medicines (Graz, 2002; 
Dushimemaria, 2014; Maroyi, 2018). While the kernels or the outer nutshell of Manketti can be 
eaten as a snack, raw or roasted (in the coals of a fire) (Ademe et al., 2014), they can also be 
crushed slightly and added in the preparation of certain food dishes as a thickening agent or for 
their unique flavor and oil (Ademe et al., 2014; Maroyi, 2018). On a larger scale, oil is produced 
for cosmetic applications such as skin and hair care (Ademe et al., 2014). The fruit pulp has been 
used to produce kashipembe (in Rumanyo, a Kavango dialect) or ombike (in Oshiwambo), which 
is a distilled alcoholic beverage (Misihairabgwi and Cheikhyoussef, 2017). The scale of household 
consumption (and home processing) of Manketti products in Namibia remains undocumented and 
are, therefore, entirely unknown in terms of volumes, economic importance, and food security con-
tribution. However, the fruit is also used in exchange for other food sources, such as pearl millet or 
maize, with a 50 kg bag selling for N$ 50–100 (Mallet et al., 2015). A livelihood study of the San/
Vakwangali Natural Resource reported that a 1 l of kashipembe would cost N$ 12.50, about N$ 100 
(U$ S5) today (Cole et al., 1998). Kernels have also been reported to fetch between N$ 15/kg and N$ 
20/kg on the informal market. Manketti kernels are increasingly valued more widely for their out-
standing nutritional content; the oil is known to be stable and a prized cosmetic ingredient. Between 
March 2005 and June 2006, 1.4 t of Manketti oil was sold in France for approximately N$ 80,000 
through CRIAA-SADC (Mallet et al., 2015). Several companies have been formed around selling 
Manketti oil, such as Bio-Innovation Zimbabwe (BIZ), Kalahari Natural Oils Limited, Zambia, 
and Katutura Artisans Project Namibia. According to BIZ, the average yearly income is around 
USD 200 per producer (Masson, 2016). According to the authors, there is a lack of data for income 
from harvesting of Manketti for medicinal uses; traditional practitioners in Zambezi and Kavango 
regions mostly rely on agriculture for their income and not healing. This is because of the low value 
of the Manketti-based traditional medicines. However, research is showing potential for the devel-
opment of therapeutics based on Manketti.

3.3.4  sustainaBle use oF manketti

In the Zambezi, Kavango, and Ohangwena regions, Manketti trees are found in large groves where 
they are dominant or co-dominant trees spaced as close as 20 m apart (Graz, 2002). There are suc-
cess stories of propagation in Zambia and Namibia with the planting of truncheons (living fences) 
(Namibia Nature Foundation, 2017). However, this is limited by the requirements of the species, 
especially regarding soil needs. Commercialization could positively impact rural livelihoods 
through cash income generation, with little impact on the Manketti resources. Data on Manketti 
yields and purchases of nut kernels concluded positively on the feasibility of commercialization 
(Graz, 2002; Maroyi, 2018; Brendler, 2021).

3.4  DEVIL’S CLAW (HARPAGOPHYTUM PROCUMBENS 
AND HARPAGOPHYTUM ZEYHERI)

Harpagophytum—Harpagophytum procumbens and Harpagophytum zeyheri or Devil’s claw, 
also known as grapple plant or wood spider (English), is commonly found in southern Africa in 
countries such as Namibia, Botswana, Zambia, South Africa, Angola, and Zimbabwe (Qi et al., 
2006). Among communities in Namibia, especially the Nama/Damara and Afrikaans speaking, 
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it is called gamagu and or Afrika aartappel. It is also called makakata in Oshindonga, omalyata 
in Oshikwanyama, otjihangatene in Oshiherero, and malamatwa in Silozi. These names, together 
with ‘Devil’s claw’ and ‘grapple plant’ and ‘Harpagophytum’, the latter derived from the Greek 
word ‘harpago’ means ‘grappling hook’, stem from the appearance of the fruit that looks like a hook 
or claw (Figure 3.4) (Mncwangi et al., 2012).

Devil’s claw is a perennial that grows in deep sandy soils. It has a lateral root (taproot) with sev-
eral secondary storage tubers (Brendler, 2021). The taproot can grow 50 cm in length and is found 
up to 2 m deep, and secondary root tubers branch off horizontally (Strohbach and Cole, 2007). The 
latter can store up to 90% water and thus grows very well in dry conditions (Mowa and Maas, 2016). 
In Namibia, it grows well in the dry, harsh environment of the Kalahari Desert, which receives as 
little as 250 mm of rain per annum (Mncwangi et al., 2012). 

3.4.1  devil’s claW contriButing to the Well-Being oF namiBian communities

The secondary storage tubers are used medicinally for which they treat a number of infirmities, 
including arthritis, pain, fever, ulcers, boils, urinary tract infections, postpartum pain, sprains, and 
sores (Mncwangi et al., 2012). In addition to that, the indigenous communities in southern Africa 
specifically use them mostly for fever, arthritis, pain, ulcers, and boils and as a general health tonic 
(Mncwangi et al., 2012). Mcwangi (2012) further indicates that the San and Nama communities of 
Namibia use these plants for said aliments. This was confirmed by a survey that was conducted in 
2017. It was found that the Karas and Hardap communities in the south of Namibia use the tubers 
of H. procumbens to alleviate or treat symptoms of indigestion, such as nausea, abdominal pain, 
diarrhea, bloating, and constipation (personal communication, 2017). They also use the tubers to 
treat fever, diabetes, eye problems, dysmenorrhea, burns, boils, wounds, sores, common cold, and 
swollen glands. Furthermore, the tubers are also taken as a form of cleansing or detox, especially 
after giving birth. The Khoi and San in South Africa also use Devil’s claw in the treatment of fever, 
diabetes, blood diseases, and diarrhea (Mncwangi et al., 2012). The same groups also use it as a 
purgative for loss of appetite, menstrual pains, indigestion, as a bitter tonic, inflammation, syphilis, 
and in child birth (Gxaba and Manganyi, 2022). Devil’s claw is used as complementary or alter-
native medicines in Germany, the United Kingdom, Holland, the United States, and the Far East  

FIGURE 3.4 H. procumbens or Devil’s claw—on the left, the claw or hook-like fruit/seed pod after which 
the plant is named—growing wild in the Kalahari Desert (Source: https://www.cnseed.org/harpagophytum-
procumbens-seed-devils-claw-seed.html).

https://www.cnseed.org
https://www.cnseed.org
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(Gxaba and Manganyi, 2022). In these countries, Devil’s claw is being used for rheumatism and or 
arthritis, and indigestion, urinary tract infections, sores, fever, blood diseases, postpartum pain, 
sprains, ulcers, and as an appetite suppressant (Gxaba and Manganyi, 2022).

3.4.2  ethnoPharmacological evidence

In vitro studies on the biological activities of H. procumbens have been done, which demonstrated 
that extracts of H. procumbens exhibit antimalarial, analgesic, antioxidant, antidiabetic, antiepilep-
tic, and antimicrobial activities (Mncwangi et al., 2012). On the other hand, clinical studies have 
shown Devil’s claw to effectively treat ailments such as rheumatism and osteoarthritis (OA). The 
dosage of Devil’s claw extract ranged from 60 to 3,000 mg and was shown to be effective in treating 
arthritis and rheumatism—an improvement in patients was observed, reduced stiffness and pain, 
as well as increased mobility (Akhtar and Haqqi, 2012). In addition, a study done by Chrubasik, 
Conradt, and Roufogalis (2004) indicated that 8 weeks post-treatment with Devil’s claw extract at a 
dose of 60 mg daily, between 50% and 70% of patients suffering from non-specific low back pain 
or osteoarthritis of the knee or hip, reported improvement in pain, mobility, and flexibility. Safety 
information was reported by Brien, Lewith, and McGregor (2006). The extracts did not show any 
signs of toxicity; however, the data of many of these trials are doubtful mainly because of the 
methods used. However, in vivo studies in mice indicated the consumption of Devil’s claw to be 
non-toxic; these mice were treated daily with H. procumbens capsules for up to 3 months (Al-Harbi 
et al., 2013). A more recent study also showed no toxicity of H. procumbens; in this case, rats and 
aqueous-ethanolic extracts of H. procumbens were used.

The medicinal properties of H. procumbens can be attributed to compounds such as harpagoside, 
harpagide, and procumbide; these are said to be the major active ingredients in Devil’s claw (Akhtar 
and Haqqi, 2012; Manon et al., 2015; Gxaba and Manganyi, 2022). Harpagosides especially have 
been reported to reduce pain and inflammation in joints (Gxaba and Manganyi, 2022). The second-
ary tubers contain twice as many harpagosides as the taproot; however, whole-plant extracts have 
been reported to exhibit higher therapeutic effects than those prepared from individual plant parts 
(Raditic and Bartges, 2014). In addition, increased doses of the active ingredients are reported to 
have a wider therapeutic window (Chrubasik, Conradt, and Roufogalis, 2004; Raditic and Bartges, 
2014). Chrubasik, Conradt, and Roufogalis (2004) also found that H. procumbens preparations 
containing 50–60 mg of harpagosides to relieve joint and lower back pain were more effective in 
alleviating pain and improving mobility than extracts with lower doses. Other compounds that are 
also found in the root include iridoid-glycosides, phytosterols; phenylpropanoids such as verbasco-
side; triterpenes, such as oleanolic acid, 3β-acetyloleanolic acid, and ursolic acid; flavonoids, such 
as kaempferol and luteolin; and unsaturated fatty acids, cinnamomic acid, chlorogenic acid, and 
stachyose (Brendler, 2021).

3.4.3  devil’s claW contriButing to livelihoods

The resettlement farms in Namibia are relatively densely populated and heavily grazed. Thus, for 
settlers without livestock, Devil’s claw harvesting often constitutes the only source of cash income 
(Kala et al., 2006). Local harvesters in rural areas of southern parts of the country who have access 
to the plant may sell the dried tubers to community members. Local harvesters in rural areas of 
southern parts of the country who have access to the plant may sell the dried tubers to other com-
munity members. Harvesting of Devils Claw is conducted as a subsistence activity at a low level and 
not as a business enterprise where harvesting is done on a large scale.

Since Namibia is the largest supplier of devil’s claw (Mowa, 2008), H. procumbens contributes 
greatly to the economy of Namibia. Between 1992 and 2006, Namibia exported 95% of the raw 
material for Devil’s claw, whereas South Africa and Botswana only contributed 2% and 3%, respec-
tively (Mowa, 2008). In 2009, it was estimated that the sales value of H. procumbens was worth 
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1.06 million € (Mncwangi et al., 2012), equivalent to a little over 18 million NAD. Most of the 
time, local communities do not benefit from such trades. In 1997, the Sustainably Harvested Devil’s 
Claw (SHDC) project was established to protect these communities by improving benefit-sharing 
opportunities.

The SHDC project suggests that improved benefit sharing for harvesters leads to better resource 
management and conservation by giving harvesters a financial incentive to ensure the tubers are 
not overharvested. However, the low price paid to harvesters is a major impediment to sustainable 
harvesting of the tubers. The project also shows the importance of traditional knowledge (e.g., the 
best time to harvest and how to avoid damaging the plants).

3.4.4  sustainaBle use oF devil’s claW

Devil’s claw is a protected plant species in Namibia. The main threat to Devil’s claw is overharvest-
ing for medicinal use or income-generating activities. According to Cole (2014), Devil’s claw are 
usually harvested by subsistence farmers residing in resource-poor areas, where available resources 
are shared most of the time. The tubers are an important source of income for many of them. Wild 
harvesting of devil’s claw tubers can be sustainable if only some of the tubers are taken and if 
enough is left behind for the plants to regenerate. However, the tubers have been overcollected in 
some areas, and the species are becoming rarer.

Although difficult to cultivate, it is possible and could solve the problem of sustainability. 
Cultivation on a commercial scale not only helps to reduce the pressure on wild plants but can also 
improve the quality of the harvested product. Cultivation also provides an opportunity to restore 
degraded land where unsustainable harvesting has occurred in the past. But some have pointed out 
the potential negative impact on the livelihoods of small-scale rural harvesters if large quantities 
of cultivated material dominated the export market and drove down prices. Micropropagation tech-
niques such as making use of explants to rapidly multiply parent plants into many progeny plants 
with conserved medicinal properties can be used as a conservation strategy and may potentially 
provide an alternative to wild-harvested supplies for the herbal medicine.

The use of such techniques will also have other advantages such as a lower water requirement in 
the already dry southern parts of the country and the provision of nutrients for plant growth culture 
media to ensure viability of young plants. These approaches can contribute to the sustainability 
of the Devils Claw industry, which is delicately balanced demand for the plant exceeds its supply, 
hence trading in Devils Claw is controlled especially to overseas markets. Communities that trade 
in Devils claw have observed a decrease in the vegetation (medicinal plants) in their surrounding 
areas, and this is partly due to overharvesting and also changing rainfall patterns that are lower in 
volume and also due to longer spells of drought.

Devil’s claw is classified as a protected species in Botswana, Namibia, and South Africa; permits 
are required for harvesting and exporting it. No part of the tubers or roots can be traded within the 
European Union without licensing. As Devil’s claw is a restricted and scarce resource medicinal 
resource, communities that trade in this plant have developed practices that contribute to conserve 
the resource that include domestication and use of sustainable harvesting and pruning techniques. 
When harvesting tubers, they dig a hole away from the plant to avoid plant taproots and fill it in 
afterwards to allow the plants to continue growing.

The SHDC project contributed to the development of Namibia’s policy on devil’s claw and sci-
entific research on the impact of harvest on growth rates to determine annual sustainable yields. 
Harvesters under the auspices of this project voluntarily use sustainable harvesting techniques. 
They are assisted through pre- and postharvest ecological surveys, to set local harvesting quotas, 
and to ensure good resource management practices such as not disturbing taproots, refilling holes, 
etc., are adhered to. The harvesters also strive to provide a high-quality product (Tubers are sliced 
with stainless steel knives to prevent discoloration and are dried on shade-net racks to avoid con-
tamination by sand.). SHDC Harvesting groups are also equipped with scales and have access to 
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secure storage facilities. This allows them to know exactly how much each harvester is supplying, 
how much the group is harvesting, and to collate commercially viable quantities of Devil’s claw 
at central points where it can easily be collected by the exporter. In return, harvesters are paid a 
premium price directly by the exporter (at least 50%, and in some cases up to 1,000%, more than 
prices paid by informal-sector middlemen). Such approaches maintain the balance between harvest-
ing greater yields of Devil’s claw in a sustainable manner and securing greater economic returns 
for the harvesters.

3.5  GOVERNANCE/INSTITUTIONAL STRUCTURES TO ACCESS 
TRADITIONAL KNOWLEDGE AND/OR GENETIC RESOURCES

The Access to Biological and Genetic Resources and Associated Traditional Knowledge Act 2 of 
2017 were enacted to protect local or traditional communities or maintain the country’s rich bio-
diversity through the sustainable use of natural resources. This act is based on the ABS principles 
from the Nagoya Protocol established in 2010; this was adopted at the Convention on Biological 
Diversity (CBD) in 1992. ABS refers to how genetic resources such as medicinal and food plants 
and micro-organisms can be accessed, and how the benefits that result from their use are shared 
between the people or countries using the resources (users) and the people or countries that provide 
them (providers) (Sirakaya, 2019).

The ABS provisions of the CBD are designed to ensure that the physical access to genetic 
resources is facilitated, and that the benefits obtained from their use are shared equitably with 
the providers. This ensures that they are not misappropriated or misused to the disadvantage of 
knowledge holders or custodians of the genetic resource. This also includes valuable traditional 
knowledge associated with genetic resources. These agreements furthermore help governments to 
establish their national frameworks.

ABS is based on prior informed consent (PIC) being granted by a provider to a user and nego-
tiations between parties to develop mutually agreed terms (MAT) to ensure the fair and equitable 
sharing of genetic resources and associated benefits. This policy can lead to more equitable sharing 
of benefits arising from the utilization of genetic resources. Benefits such sharing royalties when the 
resources are used to create a commercial product or non-monetary such as sharing research results, 
or developing research skills and knowledge within local communities. Users and providers must 
understand and respect institutional frameworks such as those outlined by the CBD and the Nagoya 
protocol. The framework in Namibia requires ‘users’ (researchers in this case) to apply for a research 
authorization permit before they can access communities and or genetic resources. The application 
process is done through the National Commission on Research, Science, and Technology (NCRST), 
which submits it to the relevant authorities such as the Ministry of Forestry, Environment, and 
Tourism. The ABS office under this ministry provides the necessary support to the users and issues 
the permit. This office also supervises and mediates the entire process.

3.6  CONCLUSION AND PROSPECTS

Traditional medicines play a significant part in Namibian primary health care as the first treatment 
option for most ailments. They are also an important source of income for Namibian communi-
ties in rural and urban areas; however, they are underutilized. For communities to benefit more, 
value addition to traditional medicine through research needs to be addressed. This highlights their 
beneficial properties and identifies novel uses of products. Sustainable utilization of these natural 
resources is encouraged, as well as cultivation should be done where applicable. Documentation of 
medicinal flora and associated traditional knowledge can contribute to their management and utili-
zation to ensure sustainability. Furthermore, the increased use of medicinal mushrooms and plants 
can contribute to the sustainable development goals (SDGs) of the United Nations, including no 
poverty, zero hunger, good health, and well-being, decent work, and economic growth, sustainable 
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cities, and communities, and responsible consumption, and production. Strengthening this sector 
may benefit and improve the living standard of poor people.

Namibia produces large quantities of agricultural waste; hence communities can venture into 
Agribusiness by cultivating mushrooms. Growing mushrooms is one of the few technologies that 
can produce food and medicine by managing waste. It is an ecofriendly process that does not require 
land and a lot of water as in the production of other vegetables. To unleash the potential of mush-
rooms as a tool for development, there is a need to enhance the communities’ skills by educating 
them about mushrooms, both short-term and long-term skills. This can be beneficial to such com-
munities in reducing poverty, creating employment, and improving livelihood.

Early-stage R&D has shown that Manketti extracts have the potential of being used as pos-
sible anticancer agents—a market worth billions of dollars globally. Further research should be 
conducted to identify a possible cure for cancer—a disease that may claim more deaths than HIV/
AIDs. Devil’s claw has been shown to have anti-inflammatory properties in vitro and in vivo. The 
authors suggest that further and more robust research should be done on Devil’s Claw against dis-
ease models such as diabetes and immune-modulatory activities. This will increase the medicinal 
value of the plants and provide a basis for their integration into mainstream medicine in Namibia. 
However, a medicinal product or any medicinal applications from traditional medicines will require 
investment in research and development for any potential market to be realized.

Downstream activities such as collecting and processing plant material can contribute to the 
local green economy by employing local community members. Harvesting of the plant material 
can be done sustainably with minimal impact on the ecosystem, when alternative plant parts are 
used, e.g., using leaves or stems instead of roots and tubers. The development value chain is to be 
built from the ground up and be a test case for beneficiation of local communities while ushering 
development through utilizing Namibia’s natural resources. However, the Access to Biological 
and Genetic Resources and Associated Traditional Knowledge Act, 2017 may challenge research-
ers or research institutions. Although it is good to have these procedures in place, the process 
may take months, if not years, to complete. However, a starting point could be the engagement of 
communities to develop an ABS-compliant value chain. These challenges need to be addressed 
to ensure that future generations can also enjoy the natural treasures and resources the country 
has to offer.
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4.1  INTRODUCTION

Flowers, also referred to as blossoms or blooms, are the reproductive structures found in angio-
sperms (flowering plants), and their main function is for reproduction. Flowers (Figure 4.1) are 
characterized by visible, attractive, and functional floral structures, sometimes microscopic, though 
some grasses and cultivars only have rudimentary or vestigial flowers (Armstrong, 1998).

Flowers are made up of two main parts: (1) Vegetative—the perianth that consists of calyx, 
corolla, and perigone and (2) Reproductive or sexual parts made up of Androecium consisting of the 
male gametophytes and Gynoecium carrying the female organs (Figure 4.2).

In humans, the use of flowers for cooking and medicine can be traced as far back to Roman, Chinese, 
Middle Eastern, Greece, Thailand, Japanese, and Indian cuisine and cultures (Pires et al., 2019). Edible 
flowers are those that can be consumed safely, eaten as vegetables, herbs, or spices (Table 4.1).
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FIGURE 4.1 Flowers.

FIGURE 4.2 Parts of a flower.



37Antiviral and Immune-Boosting Common Edible Flowers

4.2  EDIBLE FLOWERS

Many cuisines all over the world use edible flowers in many different menus, to add flavor, aroma, 
and color to many dishes like sauces, soups, salads, cakes, beverages, and snacks.

Some foods are flowers or derived from flowers. Some examples include broccoli, artichokes, 
saffron, etc. (www.en.wikipedia.org/wiki/Edibleflower#cite_note-waterfields-2).

Some flowers have also been known to offer health benefits, including antioxidant, anti-inflam-
matory, antimicrobial, antiviral, anti-diabetes, anti-cancer, anti-obesity, anti-stress, immune boost-
ing, hypotensive, and hypocholesterolemic among others (Figure 4.3).

Increased interest in natural and healthy foods has brought attention toward uncommon, unex-
plored, and underutilized edible flowers for alternative uses other than as food. The nutritional, 
nutraceutical, toxicology, bioactive contents, and health benefits of many edible flowers have been 
reported (Rop et al., 2012; Pires et al., 2019; Pinakin et al., 2020; Takahashi et al., 2020).

The COVID-19 global pandemic has led to the emergence of various treatment strategies involv-
ing known antiviral drugs and medications using varied mode of actions for treating affected 
patients. Various medicinal plants all over the world are also being explored for their antiviral 
potentials, especially against COVID-19.

TABLE 4.1
Some Edible Flowers

Scientific Name Flavor Color Common Name

Abelmoschus esculentus Vegetal Medium-yellow Okra

Allium schoenoprasum Onion Lavender-pink Chives

Anethum graveolens Herbal Yellowish-green Dill

Bauhinia purpurea Sour Purple Purple bauhinia, Butterfly tree, Orchid tree

Borago officinalis Anise Lilac Starflower

Brassica oleracea Spicy Green Cabbage, etc.

Calendula officinalis Slightly bitter Yellow, orange Marigold

Cichorium intybus Herbal Blue Chicory

Foeniculum vulgare Mildly anise Yellow-green Fennel

Hibiscus rosa-sinensis Cranberry-like Rose, red Chinese hibiscus

Hibiscus sabdariffa Sour Red Rossele, sorrel

Lavandula angustifolia Sweet, perfumed Lavender Lavender, etc.

Matricaria recutita Sweet apple White Chamomile

Mentha piperita Minty Purple Mint, etc.

Musa paradisiaca Sweet Cream, Yellow Banana, Plantain

Ocimum basilicum Herbal White, lavender Basil

Phaseolus vulgaris Vegetal Purple Common bean

Rosmarinus officinalis Herbal Blue Rosemary

Salvia officinalis Herbal Purple-blue Common sage

Syringa vulgaris Varies Lavender Lilac

Tagetes tenuifolia Spicy, herbal Yellow French marigold

Taraxacum officinale Sweet, honey-like Yellow Common dandelion

Thymus vulgaris Herbal White Thyme

Viola odorata Sweet, perfumed Purple, white Common violet

Viola tricolor Wintergreen Purple and yellow Heart’s ease, etc.

Source: https://en.wikipedia.org/wiki/List_of_edible_flowers.

http://www.en.wikipedia.org
https://en.wikipedia.org
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This review aims to gather information on selected edible flowers having antiviral and immune-
boosting properties as well as their nutrient value—bioactive properties along with the beneficial 
effects they may have on human health. These flowers were selected based on ethnobotanical, 
 folkloric, preclinical (in vitro and in vivo), and clinical studies as available in the literature.

4.3  MUSA X PARADISIACA L.; MUSA ACUMINATA COLLA 
(BANANA INFLORESCENCE/FLOWER/BLOSSOM/HEART)

4.3.1  Botanical descriPtion

Family-Musaceae
Scientific name-Musa x paradisiaca L.; Musa acuminata Colla; English name-Banana
Banana flower or blossom grows on the end of the stem holding a cluster of bananas. It has a deep 

crimson or purple-skinned colored bracts and consists of tightly packed leaves or bracts that wrap 
around rows of thin-stemmed male flowers. It is the inner pale-colored bracts that are used for food.

Banana flowers (Figure 4.4) are arranged in clusters (called hands) on the peduncle, with female 
flowers located near the base and male ones at the distal end of the peduncle. Each hand of flower 
is enfolded by a bract that lifts at anthesis (period at which a flower is fully open and functional). 
Female banana flowers have a massive style, stigma, and stamen, which are usually reduced to 
 staminodes that do not produce pollen, with male organs sometimes absent.

FIGURE 4.4 Banana Flower-Blossom-Heart.

FIGURE 4.3 Health promoting functions of edible flowers.
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Together, the ovary, style, and stigma make up the pistil or carpel. In a banana flower, three pis-
tils fuse to produce a tri-pistillate ovary, style, and stigma (tip of the carpel, which receives pollen 
and on which the pollen grain germinates). Each flower is connected to a cushion of tissue on the 
peduncle by the pedicel. The female flowers reach anthesis before the male flowers.

In botanical references, cultivated banana is often listed as Musa ×  paradisiaca (Musaceae), 
although it is actually a complex hybrid derived from two diploid Asian species: Musa acuminata 
and Musa balbisiana. M. acuminata is a species native to the Malay Peninsula and adjacent regions 
and is thought to have given rise in total or in part to all edible banana varieties, while M. balbisiana 
is found from India eastwards to the tropical Pacific.

Hybridization probably occurred as Musa acuminata plants (2n genome = AA) were increasingly 
cultivated over the distributional range of Musa balbisiana (2n genome = BB). Although the M. 
acuminata cultivars were sterile because of being seedless, they did produce fertile pollen. Natural 
hybridization between M. acuminata (contributing to genome A) and M. balbisiana (contributing to 
genome B) led to the plantain and banana cultivars. All plantains and almost all-important bananas 
are triploid (2n = 3x = 33 chromosomes) and are monocotyledonous plants, belonging to the section 
Eumusa within the genus Musa of the family Musaceae, order Scitamineae.

Banana is the fourth largest crop in the world, widely grown in Latin America and the Caribbean, 
Africa, Asia, Europe, and Oceania (Arias, 2003; Salvador, 2012). Varieties of the genus Musa 
abound all over world, and up to 1,200 varieties of bananas have been identified, with India as the 
largest producer (21% of global production in 2000) of banana.

4.3.2  culinary uses

The leaf, pseudostem, flowers, fruit, or peel of the banana plant are useful nutritionally and medici-
nally traditionally in many parts of the world (Kumar et al., 2012).

Flowers from the banana (Musaecae) plant, also referred to as blossoms or heart are often con-
sumed as vegetable in many Asian countries in curry, boiled, or deep fried, in salads, with rice and 
wheat bread (Wickramarachchi and Ranamukhaarachch, 2005; Liyanage et al., 2016). These flow-
ers also possess very high nutritional value, are rich sources of roughage (dietary fiber), potassium, 
vitamins A, C, and E, minerals, fatty acids, myoinositol phosphates, and alpha-tocopherol. Table 4.2 
shows some of the nutrient content per 100 g banana flower.

TABLE 4.2
Nutritional Composition of Banana Flower

Macronutrients 100 g Banana Flower

Protein (g) 1.6

Carbohydrates (g) 9.9

Fat (g) 0.6

Fiber (g) 5.7

Micronutrients

Calcium (mg) 56.00

Phosphorous (mg) 73.3

Iron (mg) 56.4

Copper (mg) 13.00

Potassium (mg) 553.00

Magnesium (mg) 48.7

Vitamin E (mg) 1.07

Energy (kcal) 51.00

Source: Sheng et al. (2010).
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4.3.3  Phytochemical constituents

With regard to pytochemical constituents, Musaceae blossoms are valuable sources of flavonoids, 
saponin, essential, and non-essential amino acid, tannins, glycoside, and steroid. Other studies have 
reported that Musa paradisiaca flower contains tannins, saponins, reducing, and non-reducing sug-
ars, sterols, saponins, and triterpenes; as well as hemiterpenoid glucoside (1,1-dimethylallyl alcohol), 
syringin, and benzyl alcohol glucoside (Martin et al., 2000; Ahmad et al., 2019). In addition, a tetra-
cyclic triterpene ((24R)-4α-14α, 24-trimethyl-5-cholesta-8, 25 (27)-dien-3β-ol) has been isolated from 
the flowers, 3-rutinoside derivatives—delphinidin, pelargonidin, peonidin, and malvidin have been 
reported (Ketiku, 1973; Jang et al., 2002; Sharma et al., 2019). Umbelliferone and Lupeol, β- sitos-
terol, flavonoids, saponin, and other phenolic compounds such as catechin and isoquercetin, as well 
as arylpropanoid sucroses, triterpenes, benzofurans, stilbenes, and iridoids, are reported as the major 
bioactive components of banana flower (Swe, 2012; Ramu et al., 2017; Sandjo et al., 2019; Chiang  
et al., 2021; Amornlerdpison et al., 2021).

4.3.4  traditional and Pharmacological uses oF Banana FloWers

Traditionally, banana flowers are used for treating bronchitis, diabetes, dysentery, and on ulcers, the sap 
for hemorrhoids, insect, and other stings, and bites, hysteria, epilepsy, leprosy, fevers, acute dysentery, 
and diarrhea. Young leaves are placed as poultices on burns and other skin afflictions; the astringent 
ashes of the unripe peel and of the leaves are taken for dysentery and diarrhea and are used for treat-
ing malignant ulcers; the roots are administered in digestive disorders, dysentery, and other ailments; 
banana seed mucilage is given in cases of diarrhea, and the peel and pulp of fully ripe bananas have 
antimicrobial activities (Imam and Akter, 2011; Kumar et al., 2012; Das et al., 2020; Mostafa, 2021).

The whole banana flower has been studied for its health benefits, which include food supplement 
for diabetics, anti-hyperglycemic, anti-hyperlipidemic, and antioxidant potentials, in addition to low-
ering cholesterol, anti-inflammatory, anti-cancer, and anti-aging (Bhaskar et al., 2012). Some other 
uses include the treatment of bronchitis, ulcers, hemorrhages, and hemorrhoids (Kumar et al., 2012; 
Mathew et al., 2017; Vu et al., 2018; Jouneghani et al., 2020). In addition to the afore-mentioned tradi-
tional uses, banana flowers are valued for their potential to treat liver, menstrual and uterine problems, 
pain, snakebite, wound-healing activities, and inhibition of HIV replication (Swanson et al., 2010; 
Panda et al., 2012; Pereira et al., 2015; Singh et al., 2016; Panda et al., 2020; Jouneghani et al., 2020).

4.3.5  antiviral and immune-Boosting ProPerties

The antiviral and immune-boosting properties of banana flowers have been collated and highlighted 
in this section.

Efficacy of the butanolic extract of M. acuminata Colla flower as antiviral for Acyclovir-resistant 
simple human Herpesvirus types 1 and 2, by inhibiting viral replication, has been reported by 
Martins et al., (2009). Extracts of flowers from Ambon and Klutuk bananas inhibited Tobamovirus 
at 86.34% and 91.22%, respectively (Nurviani et al., 2018). Sharma et al. (2019) reported the isola-
tion of BanLec—a jacalin-related lectin, which has the capacity to bind with high mannose carbo-
hydrate structures including, those found on viruses; an indication that BanLec could serve as an 
antivirucidal agent in the prevention of the sexual transmission of HIV-1.

The antiviral properties of banana flower could be attributed to Umbelliferone-a coumarin and 
Lupeol (Figure 4.5), which are the major bioactive constituents. Coumarins are therapeutic agents, 
occurring naturally as secondary metabolites in plants, bacteria, fungi, essential oils, and can also 
be chemically synthesized (Venugopala et al., 2013; Stefanach et al., 2018). UMB is a 7-hydroxycou-
marin that is pharmacologically active, which because of its simple structure is generally accepted 
as the parent compound for the more complex coumarins, and is widely used as a synthon for a 
wider variety of coumarin heterocycles (Mazimba, 2017).

Current research has shown that coumarins are very effective and potent anti-viral agents against 
human immunodeficiency (HIV) virus, Enterovirus 71 (EV71), chikungunya, dengue, Ebola, 
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coxsackievirus A16 (CVA16), hepatitis C virus (HCV), influenza, and many other viruses (Hassan 
et al., 2016; Wang et al., 2017; Gómez-calderón et al., 2017; Liu et al., 2019; Mishra et al., 2020).

Inhibition of proteins that are essential for viral penetration, replication, and infection, cellu-
lar pathway regulation including NF-κB (nuclear factor kappa-light-chain-enhancer of activated B 
cells), and anti-oxidative pathway including NrF-2 (The nuclear factor erythroid 2 (NFE2)-related 
factor 2) are some of the mechanisms for antiviral action (Liu et al., 2019; Mishra et al., 2020).

Lupeol—a pentacyclic triterpenoid is also pharmacologically active with anti-inflammatory, 
immune-modulatory, anti-cancer, and antiviral activities (Sharma et al., 2020).

Derivatives of lupane triterpenoids (lupeol) inhibit the HIV-1 RT-associated RNase H function 
(Flekhter et al., 2004). In another study, antiviral activity against the human immunodeficiency 
virus (HIV), herpes simplex virus (HSV), and Epstein–Barr virus (EBV) were reported for lupeol, 
betulin, and betulinic acid. Weak antiviral activities against influenza A, HSV, and high anti-HSV 
activity were also reported in vitro (Flekhter et al., 2004; Parvez et al., 2018). Also, Esposito et al. 
(2018) showed that Lupeol showed a very potent inhibition against HIV-1 IN, with an IC50 value of 
17.7 μM (Chaniad et al., 2019).

A study by Mutai et al. (2012) showed that 50 μg/ml of Lupeol and 3-(E)-trans coumaroylbetu-
lin reduced intracellular replication of the HSV-1 virus and disrupted completely (100%) the cell 
monolayer, as well as against HIV integrase (Chaniad et al., 2019). Computational docking also 
indicates that active compounds interacted with IN active sites-Asp64 and residues participating 
in 3-processing and Thr66, His67, and Lys159, strand-transfer reactions of the integration process.

With regards to immune-boosting activities, lupeol was shown to restore the protective immune 
responses and remarkable reduction of parasites against visceral leishmaniasis in a murine model 
(Kaur et al., 2019).

4.3.6  assessment

There has been a long history of the use of banana blossoms for food, especially in Asian countries. 
The nutritional contents are quite high, and it contains high and diverse phytochemicals, especially 
lupeol and umbilliferone, credited with therapeutic properties. Traditionally, banana flower is used 
for anti-diabetic, anti-hypertensive, anti-snake, anti-obesity among others.

However, there has been a paucity regarding clinical and human studies. This should be a matter 
of urgent focus, especially with regard to its potential as a functional food.

4.4  CALENDULA OFFICINALIS LINN.(ASTERACEAE)

4.4.1  Botanical descriPtion

Kingdom: Plantae; Division: Magnoliophyta; Class: Magnoliopsida; Order: Asterales; Family: 
Asteraceae; Genus: Calendula; Species: C. officinalis.

Calendula also called pot marigold (African marigold) is used medicinally in several places all 
over the world and belongs to the Asteraceae (Sunflower or Aster) family.

FIGURE 4.5 (left) Structures of Umbilliferone. (right) Structure of Lupeol.
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Calendula officinalis (Figure 4.6) is an aromatic perennial herb with leaves lance-oblong, which 
can grow in height to 80 cm on branched erect stems. The disc florets are hairy on both the sides, 
tubular, hermaphrodite, 5–17  cm long, with margins entirely or occasionally waved or weakly 
toothed. The blossoms are yellow, with comprising a 4–7 cm thick head surrounded by two rows of 
hairy bracts. Under favorable conditions, the flowers may appear all year long with thorny curved 
achene fruit (Ashwlayan et al., 2018).

4.4.2  culinary uses

Calendula flower petals also called ‘poor man’s Saffron’—contains several nutrients and 
 phytochemicals including carbohydrates, amino acids, lipids, fatty acids, carotenoids, terpenoids, fla-
vonoids, quinones, coumarins, and other constituents (Jan et al., 2017). Its flowers have appetizing 
color and mild flavor, can be eaten fresh or dried, and have been used since the days of the Roman 
Empire to garnish and flavor food, added to soups, stews, salads, omelets, cakes, cookies, color cheese, 
and to replace the saffron color and flavor (Franzen et al., 2019).

4.4.3  nutritional comPosition

Traditionally, edible flowers have been used for human consumption in various cultures to the 
appearance, taste, and esthetics of food. Presently, however, consumers demand foods with ben-
eficial health properties, plus the nutrients in them, for functional qualities like immune-boosting, 
antiviral, hypoglycemic, and hypolipidemic properties—the nutrients needed by the human body 
in health and disease states and the chemical/nutrient content of foods with nutritional potential, 
low calories, and affordability are of on-going research foci. C. officinalis has recently assumed the 
status of an edible flower, although it has been in used as medicine traditionally. Therefore, informa-
tion on its nutrient composition (Table 4.3) is very important.

FIGURE 4.6 Calendula officinalis Linn. Asteraceae.

TABLE 4.3
Nutrient Composition of Calendula officinalis

Nutrients (%)

Moisture 89.34a ± 0.100

Dry matter 10.66c ± 0.100

Ash 0.93b ± 0.005

Ether extract 1.32a ± 0.015

Protein 1.20c ± 0.014

Raw fiber 1.59c ± 0.105

Carbohydrate 5.62

Caloric value 45.52

Source: Adapted from Franzen et al. (2019).
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4.4.4  Phytochemical constituents

The presence of different chemical compounds, including carbohydrates, amino acids, lipids, carot-
enoids, terpenoids, flavonoids, volatile oil, quinines, coumarins, and many other constituents have 
been reported in the different parts of C. officinalis, especially the flowers (Table 4.4).

4.4.5  traditional and Pharmacological uses

Traditionally, Calendula is used for wound healing, jaundice, blood purification, and as an 
 antispasmodic. The pharmacological properties of C. officinalis (Figure 4.7) are many, diverse, and 
include diuretic, hemostatic, immune stimulant, anti-inflammatory, anti-pyretic, antiseptic, anti-
spasmodic, antiviral, astringent, bitter, cardiotonic, carminative, dermagenic, and as a vasodilator. 

TABLE 4.4
Phytochemical Constituents of Calendula officinalis Flower, Leaf, and Root

Plant Part 
Phytochemical/

Bioactive Groups Specific Bioactives

Flowers Terpenoids Lupeol, Ψ-taraxasteol, Erythrodiol, Calenduloside, Calendulaglycoside A, 
Calendulaglycoside B, Cornulacic acid acetate

Coumarins Esculetin, scopoletin, umbelliferone

Flavonoids Isoquercitrin, rutin, calendoflavoside, Quercetin, Isorhamnetin, Isorhamnetin-3-O-
β-D glycoside, Narcissin

Volatile oils Cubenol, α-cadinol, oplopanone, methyllnoleate (73) Sabinene, limonene, α-pinene, 
p-cymene, non-anal, carvacrol, geraniol, nerolidol, T-muurolol, palustron

Leaves Quinones Phylloquinone, α-tocopherol, ubiquinone, plastoquinone

Roots Terpenoids Calenduloside B

Other 
constituents 

Other phytochemicals Loliolide (calendin), calendulin, n-paraffin, glucosides, calenduloside, flavonoids, 
volatile dyes, triterpenes, glycosides

FIGURE 4.7 Pharmacological effects of Calendula officinalis Linn.
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Other actions include antioxidant, wound healing, genotoxic, and antigenotoxic, anti-diabetic, hypo-
glycemic, anticancerous, gastroprotective, and antiviral activities, and immune boosting among 
others and are not toxic (Baskaran, 2015; Jan et al., 2017).

4.4.6  antiviral and immune-Boosting ProPerties

Calendula flower has the ability to fight infections because of its antimicrobial properties, hence 
it is accredited to strengthen the immune system. The tea is often used for relief from coughs or 
nasal congestion. Calendula flower polysaccharide fractions with molecular weight in the range of 
25,000–500,000 were reported to show significant immune-stimulating activity in granulocytes; 
other isolated polysaccharides stimulated phagocytosis of human granulocytes, but there is no 
direct mitogenic effect on human lymphocytes and thymocytes (European Medicines Agency—
Committee on Herbal Medicinal Products—HMPC 2018).

Tincture of C. officinalis flower heads prevented in vitro replication of influenza A2 and influenza 
APR-8 and herpes simplex viruses, though aqueous extract was not active (Baskaran 2017). In addi-
tion, the replication of HIV-1 in acutely infected lymphocytic MOLT-4 cells in vitro was prevented by 
chloroform extract of the flowers. Also, aqueous extract of C. officinalis flowers inhibited the replica-
tion of encephalitis virus, and a chloroform extract inhibited HIV-1 reverse transcriptase activity in 
a dose-dependent intraperitoneal administration (Meenatchisundaram et al., 2009; Baskaran, 2017).

A dichloromethane–methanol (1:1) extract of C. officinalis flowers has potent anti-HIV activity 
in vitro, and the activity was attributed to the inhibition of HIV1-RT and suppression of the HIV-
mediated fusion (Kalvatchev et al., 1997; Muley et al., 2009). The antiviral activity of the flower 
tincture was through suppression of the replication of influenza APR-8, influenza A2, and herpes 
simplex viruses (Arora et al., 2013).

According to the European Medicines Agency (Committee on Herbal Medicinal Products—
HMPC 2018), a tincture of Calendula flower suppressed the replication of herpes simplex, influenza 
A2, and influenza APR-8 viruses in vitro, but the aqueous extract was not active; also, chloroform 
extracts inhibited replication of HIV Type I in acutely infected lymphocytic Molt-4 cells in vitro and 
HIV-I reverse transcriptase activity in a dose-dependent manner.

4.4.7  cautions and contraindications

Care should be taken in the use of Calendula flowers by those who have allergic reactions to other 
members of the Asteraceae family. Although Calendula is generally regarded as on safe (GRAS) 
list and non-toxic, pregnant women or those who want to conceive should use it cautiously because 
of its ability to stimulate menstruation. Muley et al. (2009) reported that calendula flower extract 
caused allergy in nine patients out of 443 (2.03%), when assessed by patch testing method (https://
www.herbrally.com/monographs/calendula).

4.4.8  assessment

Not much work has been done regarding the nutritional composition of calendula flowers. Those 
reports show that calendula flower is nutritious and can be included in the daily human diet because 
they contain essential nutrients necessary for a healthy diet. It is, therefore, imperative that more 
investigation of its nutritive components, including macro and micronutrients, vitamins, amino/
fatty acids profiles, and anti-nutrient components, be evaluated and documented. Further investiga-
tion of its immune-boosting and antiviral potentials are needed, especially at the clinical levels.

4.5  TARAXACUM OFFICINALE F.H. WIGG. 
(ASTERACEAE) (DANDELION FLOWER)

Taraxacum officinale, also known as dandelion, is a commonly available food plant that has a 
long history of human use, which is listed on the US Food and Drug Administration’s ‘generally 

https://www.herbrally.com
https://www.herbrally.com
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recognized as safe’ (GRAS) list for foods and supplements (Jędrejek, 2017; Fatima et al., 2018). 
Dandelion flowers are used to make salads, dandelion tea, wine, jam, syrup, or fritters.

Common dandelion has many pharmacological properties, although most reference to its use is 
in relation to its cultivation for rubber production (Venkatachalam et al., 2013).

4.5.1  Botanical descriPtion

Kingdom: Plantae; Subkingdom: Viridiplantae; Division: Tracheophyta; Subdivision: Spermatophytina; 
Class: Magnoliopsida; Order: Asterales; Family: Asteraceae; Genus: Taraxacum F.H. Wigg. Species: 
T. officinale F.H. Wigg. Common name: Dandelion.

Dandelion belongs to the genus Taraxacum of the Asteraceae family (Figure 4.8). It occurs in 
the tropics, cool highlands, and warm, sub-temperate, and temperate zones around the northern 
hemisphere, and can tolerate drought and frost. It is grown for food and medicine.

4.5.2  culinary uses

All plant parts of dandelion are edible, and its leaves, roots, and flowers are incorporated into differ-
ent food products. Flowers are used to produce wines and desserts, and flavor components in food 
products such as dairy desserts, baked goods, gelatins, candy, puddings, and cheese (González-
Castejón et al., 2012).

4.5.3  nutritional comPosition

There is a dearth in the literature regarding the nutrient content of dandelion flower. Most studies 
were on the phytochemical, antioxidant and biological potentials of the leaves, aerial parts, and 
roots, or in combination with other flowers (Lee et al., 2004; Lee and Hee-Kyung, 2015; Olas, 2022), 
not specifically on the flowers. Table 4.5 shows the nutritional content of dandelion flower.

4.5.4  Phytochemical constituents

Dandelion flower is a well-known phytomedicine with many diverse therapeutic uses. The most 
prominent bioactives in dandelion are sesquiterpene lactones, free sterols, triterpenoids, saponins, 
coumarins, polysaccharides, pectin, and resin (Fatima et al., 2018). Other constituents are luteolin-
7-glucoside and two luteolin-7-diglucosides, hydroxycinnamic, chicoric, monocaffeyl tartaric, and 

FIGURE 4.8 Taraxacum officinale L. Asteraceae.
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chlorogenic acids as well as vitamins C, D, and the B-complex, iron, silicon, and other major micro-
nutrients (Fatima et al., 2018)

4.5.5  traditional and Pharmacological uses

An array of folkloric and traditional medicinal uses has been accredited to dandelion plant and its 
various parts. Dandelion flowers are reputed to have anodyne, cardiotonic, emollient, hepatic, and 
vulnerary activities, as well as the capacity to exhibit ameliorative effects on dyspepsia, bile duct 
disorders, spleen, and liver complaints, inflammatory diseases, and sedative properties.

The roots possess anti-inflammatory, antibacterial, anti-fungal, hepatic, hypnotic, purgative, and 
dyspepsia, bile duct disorders, spleen, liver complaints, and inflammatory diseases, while the leaves 
are credited with antacid, antioxidant, hypotensive, and restorative properties.

4.5.6  antiviral and immune-Boosting ProPerties

Immunomodulatory activities have been reported for polysaccharides from dandelion. It was found 
to restore suppressed immune functions through a dose-dependent pattern, in short-chain aldehyde 
reductase scalded mice (Luo et al., 1993; Venkatachalam et al., 2013).

A study (Shekarabi et al., 2021) reported that dietary supplementation with dandelion flower 
extract gave immune stimulation and resistance against Streptococcus iniae infection in rain-
bow trout (Oncorhynchus mykiss). Rainbow trout fingerlings were randomly assigned to 15 
tanks and fed with 0 (control), 1–4 g/kg dandelion flower extract for 56 days. At the end of the 

TABLE 4.5
Nutritional Composition of Taraxacum 
officinale Flower

Macronutrients %

Moisture 6.35 ± 0.34

Protein 14.9 ± 0.08

Fat 5.30 ± 0.34

Fiber 13.9 ± 0.8

Ash 9.8 ± 0.2

Carbohydrate 49.8 ± 1.1

Micronutrients mg%

Calcium 120.1 ± 0.7

Phosphorus 445.3 ± 12.3

Iron 59.3 ± 3.3

Sodium 218.4 ± 2.2

Potassium 3016.6 ± 175.4

Magnesium 191.9 ± 3.6

Zinc 2.73 ± 0.21

Vitamins mg%

Vitamin B1 (mg%) 0.58 ± 0.13

Vitamin B2 (mg%) 2.70 ± 0.15

Vitamin C (mg%) 134.1 ± 16.1

Niacin (mg%) 8.55 ± 0.80

Vitamin A (RE) 1935 ± 60.7



47Antiviral and Immune-Boosting Common Edible Flowers

trial, total leukocyte, lymphocyte counts, immunoglobulin M, total protein, and lysozyme were 
significantly (P < 0.05) enhanced in trout-fed DFE-added dandelion flower extract (3g/kg) fed 
groups compared to control. In addition, enzyme activities of skin mucus and protein (2 and 
3g/kg), transcription levels of interleukin-1β and interleukin-6 genes (3 and 4g/kg) were up-
regulated in fish fed with dandelion flower extract. Finally, Interleukin-8 and lysozyme gene 
expression were elevated at 3g/kg, while mortality after Streptococcus iniae inoculation was 
significantly reduced.

Dandelion whole-plant extract was also shown to have potent inhibitory activity against HIV-1 
replication and RT activity of the Human immunodeficiency virus type 1 (HIV-1) (Han et al., 2011). 
The leaf extract was also reported to prevent hepatitis C viral reproduction without damage to the 
human cell, as demonstrated through in vitro experiment (Han et al., 2011; Rehman et al., 2016).

Recently, aqueous extracts of dandelion were shown to block protein–protein interaction of spike 
S1 to the human ACE2 cell surface receptor for the original spike D614 and its mutant forms in 
human HEK293-hACE2 kidney and A549-hACE2-TMPRSS2 lung cell lines, as well as pseudo-
typed lentivirus in SARS-COV-2 (Tran et al., 2021).

4.5.7  assessment

This review revealed that dandelion is a well-known vegetable and medicinal plant. Most of the 
studies recorded were on the leaf and root, but not much has been done on the flowers. In addition, 
most of these studies were not clinical. It is, therefore, imperative that future studies should focus 
on the nutritional, pharmacological, and toxicity assessment of dandelion flower using animal and 
human models to validate its efficacy.

4.6  HIBISCUS SABDARIFFA LINNAEUS (MALVACEAE) (ROSELLE)

Hibiscus sabdariffa (roselle/sorrel) is a Hibiscus species and belongs to the family Malvaceae. The 
genus Hibiscus consists of more than 300 species of annual or perennial herbs, shrubs, or trees, but 
the most-studied species is H. sabdariffa, which is cultivated worldwide (López-Romero et al., 2018; 
Peredo Pozos et al., 2020).

4.6.1  Botanical descriPtion

Kingdom: Plantae; Phylum: Spermatophyta; Subphylum: Angiospermae; Class: Dicotyledonae; 
Order: Malvales; Family: Malvaceae (Mallow family); Genus: Hibiscus; Species: Hibiscus sabdar-
iffa L. Common name: roselle.

H. sabdariffa (Figure 4.9) is an annual woody-based shrub that can grow 2–2.5 m in height. 
Leaves are 3–5 lobed, 8–15 cm long, and alternate on the stems. Flowers are white to pale yellow, 
with a dark red spot at the base of each petal, stout fleshy calyx, fleshy, and bright red as the fruit 
matures. Flowers are solitary, axial, nearly sessile, 5–7 cm in diameter, consisting of epicalyx—seg-
ments 8–12, distinct, lanceolate to linear, adnate at base of the calyx; calyx is thick, red, and fleshy, 
cup like, deeply parted, prominently 10 nerved; petals 5, yellow, twice as long as calyx. Stamens are 
numerous; the filaments are united into a staminal column; style is single, 5-branched near summit; 
stigma is capitate (Ross, 2003).

4.6.2  culinary uses

Flowers are used in food, beverage, and non-food medicinal applications in many countries of the 
world, as a source of nutrients and natural pigments to color foods (Pinela et al., 2019). The most 
used parts for food are the flowers and calyx, though other parts including seeds can be eaten raw 
or cooked to provide dietary fibers (Salem et al., 2021).
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4.6.3  nutritional comPosition oF Hibiscus sabdariffa FloWer

H. sabdariffa flower is well known traditionally for its various pharmacological and nutritional 
properties. Currently, it is gaining prominence as a functional beverage, and several studies on its 
nutritional composition have been done and reported.

H. sabdariffa flower is reported to have high protein, carbohydrate, ash, carotene, and iron; other 
reports show high micronutrients and vitamins contents of the flower (Atta et al., 2013; Anel et al., 
2016; Singh et al., 2017; Balarebe et al., 2019). An adapted proximate and micronutrient contents of 
H. sabdariffa flower are shown in Table 4.6.

TABLE 4.6
Nutritional Composition of Hibiscus 
sabdariffa Flower

Macronutrients %

Moisture 10.50

Ash 11.67

Crude Fat 1.00

Crude Fiber 1.17

Protein 4.10

Carbohydrates 68.75

Micronutrients mg/100g

Calcium 1.20

Magnesium 1.57

Phosphorus 5.48

Iron 833.00

(Continued)

FIGURE 4.9 Hibiscus sabdariffa L. roselle/sorrel.
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4.6.4  Phytochemical content

The flower sepals of H. sabdariffa are the richest in bioactive compounds. The phytochemical con-
stituents of roselle are diverse and include micronutrients, e.g., Ca, Fe, and Mg; soluble and insoluble 
dietary fibers; vitamins (e.g., ascorbic acid), anthocyanins (e.g., delphinidin-3-O-sambubioside and 
cyanidin-3-O-sambubioside); phenolics (e.g., chlorogenic acid and protocatechuic acid); flavonoids 
(e.g., quercetin, kaempferol, luteolin, and apigenin) and organic acids (e.g., citric acid and hibiscus 
acid) (Ali et al., 2005; Mojiminiyi et al., 2007; Salem et al., 2021).

4.6.5  traditional and Pharmacological uses

H. sabdariffa is credited with diverse pharmacological uses, including as an anti-hypertensive, anti-
inflammatory, anti-pyretic, anti-nociceptive, anti-diabetic, anti-cancer, antispasmodic, anti-fungal, 
anti-parasitic, antimicrobial, anti-hypercholesterolemia, hepatic, nephroprotective, anti-obesity, and 
hypolipidemic properties (Akanbi et al., 2009; Da-Costa-Rocha et al., 2014; Zhang et al., 2014; 
Jabeur et al., 2017; Torky and Hossain, 2017; Salem et al., 2021).

4.6.6  antiviral and immune-Boosting ProPerties

Several studies have reported the in vitro and in vivo antiviral effects of extracts of H. sabdariffa flow-
ers and calyx. Takeda et al. (2020) reported that the pH of hibiscus tea extract is acidic, which resulted 
in a rapid and potent antiviral activity driven largely by the acidic pH. However, although this was not 
effective in vivo in mice, hibiscus tea extract and protocatechuic acid—one of the major components 
of the extract—showed both potent acid-dependent antiviral activity and weak low-pH-independent 
activity suitable for medication and vaccination, as the activity was not affected by the neutral blood 
environment, and there was no loss to antigenicity of hemagglutinin. Another study (Hassan et al., 
2017) revealed that aqueous extract of roselle has the capacity to inhibit replication of the HSV and 
thus can be used as a potential antiviral agent against HSV (Bhattacharya and Sharma, 2018). D’Souza 
et al. (2016) showed that aqueous extracts of H. sabdariffa successfully reduced Aichi virus (AiV) 
through the alteration of virus structure.

Hibiscus extracts were shown to have potent action against Herpes Simplex Virus-type 1 (HSV-1)  
attributed to the multiple bioactive components in the extract that reacted synergetically and 

TABLE 4.6 (Continued)
Nutritional Composition of Hibiscus 
sabdariffa Flower

Macronutrients %

Potassium 160.50

Manganese 1.00

Sodium 15.33

Zinc 1.17

Copper 0.70

Vitamin C 53

Beta Carotene 285.29

Thiamin 0.05

Riboflavin 0.95

Niacin 0.06

Source: Atta et al. (2013); Anel et al. (2016); 
Singh et al. (2017); Balarebe et al. (2019).
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effectively as virucidal and prophylactic agents (Torky and Hossain, 2017). Baatartsogt et al. 
(2016) reported that of 11 herbal tea extracts tested against H5N1 avian virus, only hibiscus tea 
showed in vitro high antiviral effects on the H5 subtypes of low and highly pathogenic avian influ-
enza viruses H5N1 HPAIV.

4.6.7  assessment

H. sabdariffa flower is a well-known and widely researched edible and therapeutic flower. It is 
mostly used as a tea tonic for the management of many health conditions, including hypertension, 
diabetes, obesity, and immune-boosting properties. Although used and consumed globally, hibiscus 
flower is also limited by lack of human clinical studies. This flower has a great potential for the 
formulation of functional food and beverage production, and source of natural, safe food phyto-
medicines, colorant, and dye.

4.7  CONCLUSIONS AND PROSPECTS

Dietary phytochemicals and bioactive agents have become a very relevant study area of nutrition and 
health. The focus is mainly directed at their therapeutic uses and use in the development of functional 
foods. Increasing scientific evidence suggests that edible flowers and their constituents are arsenals of 
bioactives and therapeutics for diverse ailments, and could be explored as leads for drug development, 
especially for their immune-boosting and antiviral properties. The recent COVID-19 pandemic, which 
caught the global world unprepared and unawares, calls for an urgent evaluation and constant readi-
ness of the immune status of humans to combat such viral challenges. The edible flowers reviewed 
here, banana, Calendula, dandelion, and hibiscus flowers, although having great potentials for antivi-
ral and immune modulation, are underutilized and need further investigations regarding nutritional, 
toxicological, and pharmacological potentials, especially human clinical studies to validate and estab-
lish these effects. In addition, the cultivation of these edible flowers and their recovery from waste 
during the processing of other main parts of the plants should be encouraged.
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5.1  INTRODUCTION

Globally, there are more than 1,000 species of the Rhododendron genus known to be native to the tem-
perate regions of Asia, North America, and Europe, while approximately 80 species with 10 subspecies 
and 14 varieties are known in the Indian subcontinent occurring from the western to eastern Himalayan 
region (Kumari et al., 2015). Rhododendron arboreum has a unique flower color characteristic. A pure, 
red colored flower is seen at lower altitudes, followed by pink color, and a white flower ascends at 
higher altitudes. The species name ‘arboreum’ means tree like (Orwa et al., 2009). It grows at elevations 
from 1,370–3,200 m to 12–30 m. It is an evergreen heavily branched tree that reaches up normally to 
14 m in height and 2.4 m in girth. In the Himachal Pradesh state of India, the plant is found at a higher 
altitude, and its flower is known for its medical and ayurvedic uses. Natives of Himachal Pradesh use 
‘Burans’ for making a sauce, especially in summer, to prevent heatstroke, whereas juice of its flower 
is consumed as an adaptogenic seasonal drink. R. arboreum leaves are reported to contain alkaloids, 
steroids, flavonoids, terpenoids, anthraquinones, glycosides, phlobatanins, phenols, saponins, and tan-
nins (Madhvi et al., 2020; Paudel et al., 2020; Nisar et al., 2011; Kiruba et al., 2011; Saklani and Chandra 
2015). R. arboreum leaves reportedly contain several active phytoconstituents, such as glucosides, gallic 
acid, quercetin, quercetin 3-O-beta-D-glucopyranosyl 1, L-rhamnopyranoside, 7,2’-dime, 2’-methoxy-4’, 
5-methylenedioxy flavone, epicatechin, rutin, ursolic acid, amyrin, epifriedelanol, friedelin, lupeol, 
β-amyrin, syringic acid, hyperoside, coumaric acid, arbutin, β-sitosterol, 22-stigmasten-3-one, linoleyl 
alcohol, ericolin, diethyl ester of terephthalic acid, and 1,2,3-propanetriyl ester. (Gill et al., 2015; Kumar 
et al., 2019; Painuli et al., 2016; Roy et al., 2014). This plant is equally reported to possess hepato-
protective, antioxidant, immunomodulatory, anti-inflammatory, antidiabetic, antinociceptive, antidiar-
rheal, oxytoxic, estrogenic, and CNS-depressant activities (Prakash et al., 2016; Sonar et al., 2012, 2013).  
It was observed that there was a significant influence of geographical location, climate, topography, etc., 
on the phytoconstituents and chemical and biological activities of R. arboreum (Thakur and Sidhu, 2014; 
Anand et al., 2014). The present study focuses on the preliminary screening of antioxidant properties in 
R. arboreum leaves and the isolation, purification and identification of bioactive compounds present in 
their methanolic extract using TLC, column chromatography, and HPLC.

5.2  MATERIALS AND METHODS

5.2.1  materials

Reagents and chemicals that include [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] 
(MTT) and trolox were procured from Hi-Media (Mumbai, Maharashtra, India). RAW 246.7 murine 
macrophage cell line) cell lines were procured from the National Centre for Cell Sciences, Pune, 
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Maharashtra, India. The cells were maintained and continuously subcultured in Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum, amphotericin B (2.5 μg/mL), 
and streptomycin (50 μg/mL) at 37°C and 5% CO2. All chemicals used in the present study, includ-
ing standards, were procured from Sigma–Aldrich and Hi-Media, India. High-performance liquid 
chromatography (HPLC)-grade solvents and water were used in HPLC analysis. For the candidacidal 
assay, a culture of Candida albicans MTCC 3017 available in the Laboratory of Microbiology in 
Graphic Era was used.

5.2.2  collection oF samPles

R. arboreum leaves were collected from the Ani-Jalori bypass district of Himachal Pradesh 
(31o28′28.9524″N, 77o25′21.3852″E), India. The collected leaves were identified (voucher speci-
men Accession No: 115589) by Dr. S. K. Srivastava, Scientist ‘D’, Botanical Survey of India (BSI), 
Dehradun India. The collected leaves were washed with fresh water and dried under the shed for 
2 weeks. The dried leaves were then powdered and kept in sealed packets at 4°C until further use. 
In the present study, the extraction of the pulverized leaves was performed with a Soxhlet apparatus 
using increasing polarity bases (Figure 5.1).

FIGURE 5.1 Flow chart of the study.
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5.2.3  PreParation oF extracts

The pulverised R. arboreum leaf material (10 g each) was separately extracted in 100% metha-
nol, 50% aqueous methanol, and water by the hot percolation method using a Soxhlet apparatus 
continuously for 8 hours. The respective extracts were named methanol extract (ME), aqueous 
methanol extract (AME), and aqueous extract (AE). All the extracts were filtered, collected, and 
concentrated using a vacuum rotary evaporator, dried and stored at −20°C separately (Painuli  
et al., 2018). These extracts were used to analyse their antioxidant activity. For the analysis of 
active phytoconstituents, R. arboreum air-dried leaves (130g) were separately crushed and consec-
utively extracted in different solvents with increasing polarity starting from the less polar solvent. 
Then, the extracts were dried carefully after each solvent for sequential extraction, viz., petroleum 
ether (less polar) < diethyl ether < methanol (more polar) following the hot percolation method in a 
Soxhlet apparatus. The extracts were filtered and concentrated using a vacuum rotary evaporator, 
dried and stored at −20°C.

5.2.4  antioxidant ProPerties

5.2.4.1  DPPH Assay
The 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay was performed as suggested by Brand–Williams 
(Brand et al., 1995). The DPPH stock solution was prepared by dissolving 24 mg DPPH in 100 mL 
methanol and stored at −20°C until needed. The working solution was prepared by mixing a 10 mL 
stock solution in 45 mL methanol to obtain an absorbance of 1.1 ± 0.02 units at 515 nm. A total 
of 150 μL of extract (1 mg/mL) standard solutions (0.01, 0.02, 0.04, 0.08, and 0.1 mg/mL) were 
allowed to react with 2,850 μL of the DPPH solution for 2 hours in the dark. The absorbance was 
measured at 515 nm, and the scavenging activity was calculated. Trolox was used as a standard 
at different concentrations. A negative control (without standard/extract) was also included in the 
study. The results are shown as percent of DPPH-free radical scavenging activity* and µg TE/g 
(µg Trolox equivalent/g) of extract. Triplicate measurements were carried out, and the scavenging 
percentage was calculated as follows:

 *DPPH-free radical scavenging activity (%) =  (Acontrol − Aextract)/Acontrol × 100

Acontrol: Absorbance of control at 515 nm; Aextract: Absorbance of the extract at 515 nm

5.2.4.2  ABTS Assay
The 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) scavenging 
assay was performed as described by Thaipong et al. (2006). ABTS stock solution was prepared by 
adding ABTS (7.4 mM) to potassium persulfate (2.6 mM) in a 1:1 ratio and incubated overnight in 
the dark at room temperature. The appearance of a blue color confirmed the formation of ABTS 
radicals. The working solution was prepared by mixing 1 mL of ABTS stock solution with 60 mL 
of methanol to obtain an absorbance of 1.1 ± 0.02 units at 734 nm. Then, 250 μL of this solution 
was added to each 10 μL of extract (1 mg/mL)/standard solution (0.01, 0.02, 0.04, 0.08, 0.1 mg/mL). 
The plate was incubated for 15 minutes, and then the absorbance was measured at 734 nm. ABTS 
and radical without extract/standard were used as controls. Trolox was used as a standard. The 
results were measured as percent ABTS free radical scavenging activity* and µg TE/g (µg Trolox 
equivalent/g) of extract.

 *ABTS free radical scavenging activity (%) = (Acontrol − Aextract)/Acontrol × 100

Acontrol: Absorbance of control at 73 4nm; Aextract: Absorbance of the extract at 734 nm
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5.2.4.3  FRAP Assay
The ferric reducing antioxidant power (FRAP) assay was also measured through the total antioxidant 
power of the extract by the following method of Benzie and Strain (1999; 1996). The FRAP solution 
was freshly prepared by mixing 25 mL of 30 mM acetate buffer, 2.5 mL of 10 mM 2,4,6-tripyridyl-s-
triazine (TPTZ), and 2.5 mL of 20 mM FeCl3.6H2O solution. Then, 150 μL of extract (1 mg/mL) was 
allowed to react with 2,850 μL of the freshly prepared FRAP solution. The solution was incubated 
in the dark for 30 minutes. The absorbance was measured at 593 nm. The results were expressed in 
µg Trolox/g of extract using a standard curve prepared from the different concentrations of Trolox.

5.2.5  extraction and Phytoconstituent characterization

5.2.5.1  Thin Layer Chromatography Analysis of the Methanolic Extract
R. arboreum methanolic leaf extract (RAM) was subjected to thin-layer chromatography (TLC) 
as per the conventional one-dimensional ascending method, as previously described (Swaroop 
et al., 2005). Aluminum TLC precoated plates (silica gel 60F-254, E. Merck) were subjected to 
the one-way ascending technique. Plates were developed in a twin trough chamber presaturated 
with multiple combinations of mobile phases comprising butanol (B), acetic acid (AA), water 
(W), chloroform (C), and methanol (M) in different ratios, such as B:AA:W::4:1:5, ACN:W::70:30, 
C:M::7:3,9:1,1:9,3:7,5:5,8:2, M:W::9:1, C:AA:W::10:9:1 and M:AA::6:4, 5:5, 7:3, 8:2, 4:6. The Rf value 
was calculated by standard procedures.

5.2.5.2  Isolation of Compounds by Column Chromatography
Column chromatography was performed to isolate and purify the constituents that showed dense 
and clear spots in the TLC of the RAM extract (Swaroop et al., 2005). RAM extract (10  mL) 
was introduced into the column, and then solvent mixtures (eluents) in different ratios were 
added into the column for each separation/elution. The solvents used in increasing polarity were 
chloroform:methanol: 9:1, 3:7, 5:5, 7:3, and 1:9 and methanol:water:1:9, 3:7, 5:5, 7:3, and 1:9, respec-
tively. The fractions obtained were likewise named R. arboreum methanolic fractions 1, 2, and 3. 
They were concentrated, and their purity was determined using thin-layer chromatography.

5.2.5.3  TLC of Purified Fractions
Seven fractions of RAM extract isolated from column chromatography were again subjected to thin-
layer chromatography of varying proportion of toluene:methanol in different ratios with increasing 
polarity (Madhvi et al., 2020; Sonar et al., 2012, 2013). The specificity of the method was confirmed 
by matching the color. Quercetin, kaempferol, ursolic acid, epigallocatechin gallate, and rutin were 
used as standards. The Rf value of each sample was evaluated using these standards. Out of the 
seven fractions, R. arboreum fraction 2 (RAM fr2) showed a prominent spot in toluene:methanol 
(8:1, v/v), and the further presence of active purified phytocompounds at spots 10 and 3 of RAM fr2 
was primitively confirmed, corresponding to the standards ursolic acid and kaempferol.

5.2.5.4  HPLC Analysis
For the HPLC analysis, the protocol suggested by Taralkar and Chattopadhyay (2012) was adopted. 
HPLC grade water, methanol, and acetonitrile were used for the analysis. Ursolic acid and kaemp-
ferol (Sigma–Aldrich) were used as standards. Isolated and purified fractions (1) and (2) were col-
lected from TLC plates and dissolved in ethanol for HPLC analysis (Agilent 1220). An isocratic 
mobile phase of acetonitrile:methanol (80:20 v/v) and acetonitrile:methanol (70:30 v/v) with a flow 
rate of 0.5 and 1 mL/min was selected for identification. The column temperature was maintained 
at 35°C and 30 ± 0.1°C. The detection wavelength was set at 210 and 290 nm. Purified samples and 
standards were filtered using a Millipore syringe filter (0.2 μm). The volume of the standard and 
purified sample to be injected was 20 μL with a run time of 15 minutes.
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5.2.5.5  IR and Mass Spectrometry
IR and mass spectrometry of isolated compounds were performed according to the previous works 
(Janakirman and Jeyaprakash, 2015; Keat et al., 2010).

5.2.6  immunomodulatory ProPerties

To assess the immunomodulatory properties of R. arboreum, we used purified compounds (1) and 
(2) isolated from RAM fr2. Moreover, RAM fr2, which constituted both purified compounds (1) 
and (2), was used as a control. Compounds (1), (2), and RAM fr2 were used at a 1,000 µg/mL 
concentration, including positive and negative controls for the determination of in vitro immuno-
modulatory properties.

5.2.7  candidacidal assay

The method was performed using the protocol of Patil et al. (2010). A volume of 0.25 mL Hank’s 
solution (control) and 0.25 mL of the mixture of human pooled sera (standard) were used. A suspen-
sion of leucocytes (7 × 106/mL) was prepared in 0.25 mL of Hank’s solution. A volume of 0.25 mL 
of C. albicans suspension was added to the suspension and incubated at 37°C in a water bath for 
60 minutes with shaking every 15 minutes. After 30 minutes, 100 µL solution in a sterile glass tube 
was taken for Giemsa staining. After 1 hour of incubation, 0.25 mL of 2.5% sodium deoxycholate 
was added. A volume of 4 mL of 0.01% methylene blue was added to each tube and mixed spun at 
1,500 g at 4°C for 10 minutes. Approximately 300 Candida cells were counted using a hemocytom-
eter. The proportions of dead cells, i.e., those that took up dye color, were determined.

5.2.8  cytotoxicity assay

The isolated purified extracts of R. arboreum leaves (1), (2) and control RAM fr2 were assessed for 
cytotoxicity analysis (Kwon et al., 2016).

5.2.8.1  Cytotoxicity of H2O2

A cytotoxicity assay was performed in RAW 246.7 macrophages exposed to H2O2 (at different 
concentrations, data not shown). Significant toxicity was demonstrated in RAW macrophage cells 
at 18 hours after 30 minutes of exposure to H2O2 at concentrations as low as 0.5 mM. The dose–
response relationship in terms of toxicity in RAW264.7 cells treated with H2O2 was determined. 
Reduction of H2O2 concentration in the culture medium in the presence of RAW cells was also 
measured. The antiproliferative activity was evaluated by MTT reduction assay (Kwon et al., 2016). 
RAW cells (1 × 105) were seeded in 96-well microtiter plates. The plate was then incubated for 
24 hours at 37°C with 5% CO2 to obtain 80%–90% cell confluence. Final concentrations of extracts 
(1) and (2) and control RAM fr2 were maintained in decreasing concentrations (80 μg/mL–1.25 μg/
mL) and for H2O2 (2 mM–0.03125 mM). The plates were incubated for 24 hours at 37°C with 5% 
CO2. After 18 hours of incubation, the cells were washed with phosphate-buffered saline (PBS). 
MTT solution (5 mg/mL in PBS) was added to each well and incubated for another 3 hours at 37°C. 
The medium was removed, and dimethyl sulfoxide (DMSO) was added to dissolve the formazan 
dye. The optical density was measured at 570 nm. All the experiments were performed in triplicate 
and repeated three times, and the results are shown in the form of percent inhibition of the cell line 
using the formula.

 % Cell Inhibition = 100 − % Cell Viability

 % Cell Viability* = A570 of treated cells/A570 of untreated cells × 100

The mean value of the percent inhibition ± SD was used for plotting the bar graphs at each 
concentration.
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5.2.8.2  H2O2 Dose Curve of Purified Compounds
The dose curve of purified compounds (1), (2) and RAM fr2 was obtained using their different 
doses (80 μg/mL–1.25 μg/mL) to determine their maximum tolerated dose for RAW 246.7 cells 
by MTT assay. After dose determination, RAW264.7 cells were treated with compounds pre, post, 
and concomitantly with the administration of H2O2. In pretreated samples, compounds were added 
30 minutes before H2O2 treatment, while in the post-treated sample, extracts were added 30 minutes 
after H2O2 treatment, and concomitantly, the compounds and H2O2 were added simultaneously to 
RAW 246.7 cells. After the determination of pre, post, and concomitant treatment results of the 
respective compounds (1), (2) and RAM fr2, RAW 246.7 cells were treated with their maximum-
tolerated dose 30 minutes prior to the addition of H2O2 in RAW 246.7 cells followed by 18 hours 
of incubation. After completion of 18 hours of treatment following H2O2 addition, media from each 
plate were collected and used to determine the NO concentration by performing a Griess assay. 
Then, 100 µl of MTT was added (0.5 mg/5 mL) to each well, and the cells were incubated in the dark 
at 37°C for 4 hours. The medium was removed after 4 hours, the crystals were dissolved in 100 µl 
of dimethyl sulfoxide, and the absorbance was recorded at 570 nm using an ELISA plate reader. 
Endotoxin-activated plasma (LPS) was used as a positive control, while PBS was used as a negative 
control (Alley et al., 1988).

5.2.8.3  Estimation of Nitric Oxide (NO) Production
RAW 264.7 cells were seeded in 96-well plates at a density of 5 × 105 cells well-1 and incubated for 
24 hours. After incubation for 18 hours, 50 µl of cell culture medium supernatant was mixed with 
an equal volume of Griess reagent (1% sulfanilamide in 5% phosphoric acid, 0.1% N-(1-naphthyl) 
ethylenediamine in H2O) and incubated at room temperature for 15 minutes. The absorbance was 
measured at 540 nm. The nitrite concentrations were determined by extrapolation from a standard 
sodium nitrite curve (Lopez et al., 2015; Othman et al., 2015; Wang et al., 2013).

5.2.9  docking studies

Docking studies were performed on proinflammatory cytokines, i.e., tumor necrosis factor-α  
(TNF-α) and interleukin-1β (IL-1β), using Molecular Operating Environment (MOE 2016) soft-
ware. Three-dimensional crystal structures of the proteins were obtained from the RCSB Protein 
Data Bank (PDB). The accession numbers of the obtained proteins are 2AZ5 (co-crystallized with 
a small-molecule inhibitor 307) for TNF-α and 3O4O for IL-1β. The docking procedure was vali-
dated by re-docking of the native ligands. For 2AZ5, the native co-crystallized ligand was extracted 
and prepared in a manner comparable to that for the test compounds. For 3O4O, the binding site 
was predicted by using the MOE site finder option and dummies were created. Docking was carried 
out using the triangle matcher algorithm (placement stage) and scored by the London dG scoring 
function. Energy minimization of the ligand, preparation of structures of the downloaded enzymes, 
and active site identification were carried out according to the previously reported procedure. The 
assessment of the docking results and investigation of their surface with graphical representations 
were carried out using MOE and a Discovery Studio visualizer.

5.2.10  statistical analysis

Statistical analysis was expressed as the mean ± SEM (standard error of the mean). The results were 
analysed by using one-way analysis of variance (ANOVA) followed by Dunnett’s ‘t’-test to deter-
mine statistical significance.

5.3  RESULTS

The percent yield of R. arboreum leaves with increasing order of polarity were 3.55%, 3.66%, and 
12.97%, for petroleum ether (RAP), diethyl ether (RAD), and methanol (RAM), respectively, as 
evaluated by Soxhlet extraction.
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5.3.1  antioxidant assay

5.3.1.1  DPPH Assay
Different dilutions of Trolox were used to plot a calibration curve, resulting in the standard linear equa-
tion y = −2.861x + 0.963 with the regression coefficient R2 = 0.979. The aqueous and 50% methanolic 
extracts showed DPPH scavenging activities of 87.32 ± 0.007% and 90.02 ± 0.003% at a 1 mg/mL 
concentration, respectively, while the methanolic extract showed the highest DPPH-free radical scav-
enging activity (90.32 ± 0.005%) at a 1 mg/mL concentration (Suppl. Figure 5.1(a), Suppl. Table 5.1A).

5.3.1.2  ABTS Assay
The calibration graph for the percent ABTS activity of Trolox at different concentrations showed a 
linear equation y = −2.993x + 1.272 and R2 = 0.989. The aqueous and 50% methanolic extracts showed 
percent of free radical scavenging activities of 86.74 ± 0.05% and 94.35 ± 0.05%, respectively, while 
the methanolic extract showed the maximum percent scavenging activity (94.50 ± 0.024%) (Suppl. 
Figure 5.1(b), Suppl. Table 5.1B).

5.3.1.3  FRAP Assay
FRAP activities of different dilutions of Trolox were used to plot a standard calibration graph, 
which resulted in the linear equation y = 8.4367x + 0.155 and correlation coefficient R2 = 0.979. The 
absorbance at 593 nm of each extract (1 mg/mL) was measured, and FRAP activity was calcu-
lated in terms of Trolox equivalent µg/gm of the extract. The FRAP activities of the R. arboreum 
methanolic, aqueous, and 50% methanolic extracts were found to be 567 ± 0.15 Trolox mg/gm, 
648 ± 0.03 Trolox mg/gm, and 451.5 ± 0.11 Trolox mg/gm,,respectively (Suppl. Figure 5.1(c), Suppl. 
Table 5.1C). Several works have shown that R. arboreum extracts possess high antioxidant potential, 
including high free radical scavenging activity (Bhandari and Rajbhandari, 2014; Gill et al., 2015).

5.3.1.4  Thin-Layer Chromatography of the Methanolic Extract
Out of the different solvent mixtures used in varying ratios, the C:M:9:1 and M: W:9:1 mobile phases 
showed the best separation, which was further used in column chromatography (Suppl. Figure 5.2).

5.3.2  extraction and Phytoconstituent characterization

5.3.2.1  Thin-Layer Chromatography of Purified Compounds
Out of the seven fractions, RAM fr2 showed a prominent spot in the toluene:methanol (8:1, v/v) 
solvent system. The Rf value of RAM, fr2, spot 10, i.e., compound (1), was 0.92, corresponding to 
the standard ursolic acid at 0.93. The presence of ursolic acid in Rhododendron arboreum leaves 
was also reported in other works (Madhvi et al., 2020; Sonar et al., 2012, 2013). Additionally, RAM 
fr2 showed a prominent spot in the chloroform:methanol (11:3) development system. The Rf value 
of standard kaempferol was evaluated to be 0.33, corresponding to RAM fr2 spot 3, i.e., compound 
(2) at 0.32 (Suppl. Figures 5.3–5.4).

5.3.2.2  HPLC Analysis
Quantification of Active Components: The HPLC calibration curve revealed the presence of urso-
lic acid and kaempferol based on the retention time of the identified peaks compared to standards. 
The concentration of purified compound (1) was estimated to be in the range of 3.59 ± 2.66 mg 
ursolic acid/g of extract. The concentration of the purified compound (2) was estimated to be in the 
range of 0.743 ± 1.52 mg kaempferol/g of extract (Figure 5.2).

5.3.2.3  Structural Characterization
Compound TMS-10: crystallized from methanol. The EI–MS spectrum showed a molecular 
ion peak at m/z 457 that corresponds to the molecular formula C30H48O3. IR (vmax

kBr ): 3,435, 2,941, 
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1,704, 1,033, and 755. EI–MS: (DART-MS) m/z 457 [M]+, other peaks for the fragment ions 
were obtained at 455, 439, 249, 191, and 130 m/z. Scan: 13 times: 0.7–0.9 minutes frag = 150.0 V, 
ISOCRATIC.m.

NMR data were similar to Aziz and Saha (2020). Thus, the compound TMS-10 was identified 
as ursolic acid.

CMS-3 compound: M.P. 222–223°C Analysis of CMS-3 corresponded to the molecular formula 
C15H10O6, which was confirmed by the presence of a molecular ion peak [M]+ at m/z 287 in its 
EI-mass spectrum.

IR (vmax
kBr ): cm−1 3,414, 2,945, 1,601, 1,494, 1,379, 1,306, 1,183, 816, 674, etc.

EI–MS: DART-MS m/z 287 [M]+, 325, 317, 309, 303, and 282.
Scan: 37 times: 0.5–1.1 minutes, frag = 150.0 V

The previous study identified this compound as a flavonoid (Tien et al., 2016). Based on this work 
and on combining and comparing all the NMR data, compound CMS-3 was identified as kaemp-
ferol. The molecular formula was established as C15H10O6 based on a molecular ion peak at m/z 
287 [M+H]+.

5.3.3  candidacidal assay

R. arboretum-purified compounds (1) (csm-3), (2) (tms-10), and RAM fr2 showed significant candi-
dacidal activity equal to 33%, 41.7%, and 31%, respectively, at a concentration of 1 mg/mL. The pos-
itive control (i.e., pooled sera) showed 39% candidacidal activity, while the normal control (Hank’s 
solution) showed 27% candidacidal activity at the same concentration (Figure 5.3).

FIGURE 5.2 HPLC chromatograms of isolated compounds 1 (a) and 2 (b).



66 Sustainable Uses and Prospects of Medicinal Plants

5.3.4  cytotoxicity activity and h2o2 dose–resPonse curve oF the extracts

The role of H2O2 on cell viability was checked at different concentrations from 2 to 0.03125 mM 
for 18 hours. The previous work by Piao et al. revealed that RAW 264.7 macrophages treated with 
12 hours of exposure to 0.5 mM H2O2 induced apoptosis rather than necrosis (Kwon et al., 2016). 
Based on these data, we showed that H2O2 significantly affected cell viability at a dose of up to 
500 µM (the sublethal dose used for experiments) compared to the untreated control. The calculated 
LC50 was approximately 250 µM H2O2 (see Suppl. Table 5.2).

5.3.4.1  Dose Curve of a Purified Isolated Compound
The viability assay performed using different doses of isolated compounds (1), (2), and RAM fr2 
extract showed an increase in the cell viability of RAW 246.7 cells (cells concomitantly treated 
with 0.5 mM H2O2) (Figure 5.4 and Table 5.1). Compounds (1), (2), and RAM fr2 extract exerted 
protective effects against H2O2-induced cytotoxicity, especially at 20 and 40 µg/mL, compared to 
the control (untreated cells).

5.3.4.2  Effect of Purified Isolated Compounds on RAW264.7 
Cells at Different Time Points

Compounds (1), (2), and RAM fr2 (40 µg/mL each) were added at three different times (i.e., pre, 
simultaneously, and post addition of H2O2 to RAW 246.7 cells). The effects of each compound on 
RAW264.7 cells at different times were recorded as percent cell viability (Figure 5.5). Cell viability 
was found to be the maximal when the extracts were added before H2O2 treatment.

5.3.4.3  Estimation of Nitric Oxide (NO) Production
Compounds (1), (2), and RAM fr2 stimulated RAW264.7 cells to produce iNOS. The percent of 
stimulation in pretreatments showed maximum iNOS production, i.e., 644%, 802%, and 460% for 
compounds (1), (2), and control RAM fr2, respectively (Figure 5.6).

5.3.5  docking studies

Docking studies were performed on TNF-α and IL-1β by using Molecular Operating Environment 
(MOE 2016) software. Three-dimensional crystal structures of the proteins were obtained from the 

FIGURE 5.3 Percent of killed C. albicans evaluated by candidacidal assay.
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RCSB Protein Data Bank (PDB). The accession numbers of the obtained proteins are 2AZ5 (co-
crystallized with a small-molecule inhibitor 307) for TNF-α and 3O4O for IL-1β. Three-dimensional 
interaction plots of the identified compounds kaempferol and ursolic acid at the binding site of TNF-α 
are shown in Figure 5.7. Kaempferol forms two hydrogen bond interactions and three π–π stacking 
interactions with the amino acid residues of TNF-α. Ser60 forms a hydrogen bond interaction with the 
hydroxyl groups at 2.87 Å. Tyr151 forms hydrogen bond interactions with the carbonyl oxygen of the 
chromen-4-one ring. Tyr59 forms bifurcated π–π stacking interactions with the chromen-4-one ring. 
Leu120 forms an amide–π interaction with the phenyl ring (Figure 5.7a). Ursolic acid forms hydrogen 
bond interactions with Leu120 and Tyr151. Tyr59 stabilizes the ligand–enzyme complex by forming 
a π–alkyl type of hydrophobic interaction (Figure 5.7b). The computed binding energy values for 
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FIGURE 5.4 RAW 264.7 cells were pretreated with purified compound (1) (a), purified compound (2)  
(b), and isolated fraction RAM Fr2 (c).
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FIGURE 5.5 RAW 264.7 cells treated at different times with purified compound 1 (A), purified compound 
2 (B), and isolated fraction RAM Fr2 (C) and evaluation of per cent cell viability..

TABLE 5.1
Percent Cell Viability of Isolated Compounds (1), (2) and RAM Fr2 in the RAW 264.7-
Cell Line

Concentration of Extracts
(µg/mL)

Percent of Cell Viability (Mean Value with Standard Deviation)

(1) (2) RAM Fr2

80 86.17 ± 0.026 84.98 ± 0.044 73.73 ± 0.045

40 90.37 ± 0.032 90.69 ± 0.031 82.44 ± 0.14

20 87.55 ± 0.072 88.43 ± 0.048 79.45 ± 0.034

10 64.28 ± 0.072 69.72 ± 0.027 74.51 ± 0.124

5 58.85 ± 0.067 61.93 ± 0.073 70.09 ± 0.092

2.5 54.84 ± 0.056 58.52 ± 0.087 51.15 ± 0.069

1.25 49.45 ± 0.0123 52.5 ± 0.017 49.77 ± 0.045
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kaempferol and ursolic acid at the binding site of TNF-α are −5.6430 kcal/mol and −5.6090 kcal/mol, 
respectively.

Three-dimensional interaction plots of the identified compounds at the binding site of IL-1β are 
shown in Figure 5.7. Kaempferol forms five hydrogen bond interactions with the amino acid residues 
present in the binding site of IL-1β. Gln14 forms hydrogen bond interactions with the hydroxyl group 
at a distance of 2.43 Å. Asn166 forms a bifurcated hydrogen bond interaction with the chromen-4-one 
ring carbonyl and hydrogen–oxygen atom at distances of 2.89  Å and 3.05  Å, respectively, while 
Phe167 also establishes bifurcated hydrogen bond interactions with the hydroxyl group of the chro-
men-4-one ring at distances of 2.24 Å and 2.80 Å (Figure 5.7c). In ursolic acid, the carboxylic group 
forms two hydrogen bond interactions with Phe167 and Val170. His178 also stabilizes the ligand–
enzyme complex by forming a π–alkyl type of hydrophobic interaction (Figure 5.7d). The computed 
binding energy values for kaempferol and ursolic acid at the binding site of IL-1β are −6.7754 kcal/
mol and 5.7513 kcal/mol, respectively.

5.4  DISCUSSION

R. arboreum is considered a rich source of secondary metabolites6 and has multiple pharmacological 
properties (Tewari et al., 2018; Prakash et al., 2016; Raza et al., 2015; Roy et al., 2014; Sonar et al., 
2012, 2013). R. arboreum aqueous extracts showed excellent free-radical scavenging activity against 
DPPH, ABTS, and FRAP; indeed, the previous studies reported strong antioxidant activity of R. 
arboreum leaf extracts. Hydromethanolic leaf extracts of R. arboreum prepared through maceration 
have been analysed for antioxidant activity following DPPH and FRAP assays (Prakash et al., 2016, 
2007). Our data revealed that the R. arboretum methanolic extract showed maximum scavenging 
activity by DPPH, ABTS, and FRAP assays, in accordance with the previous work in which the 
methanolic leaf extract retained 78.60% antioxidant activity at 500 μg/mL (Kumar et al., 2014). Aziz 
and Saha (2020) revealed that uroslic acid was completely dissolved in chloroform and methanol, and 
its mass spectrum is m/z 456. Its IR spectrum absorption band at 3,421 cm−1 due to the O–H stretch-
ing vibration, 284 and 1,171 cm−1 due to the C–O stretching vibrations, 2,925 and 2,871 cm−1 for 
saturated C–H stretching vibrations, C=O stretching vibrations was indicated by the absorption band 

FIGURE 5.6 RAW 264.7 cells treated at different times with purified compound 1 (A), purified compound 
2 (B), and isolated fraction RAM Fr2 (C) and evaluation of nitric oxide production.
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found at 1,687 cm−1, and bands at 1,456 and 1,376 cm−1 due to C–H bending vibrations, respectively. 
Our study showed the EI–MS spectrum showed a molecular ion peak at m/z 457 that corresponds 
to the molecular formula C30H48O3. IR (vmax

kBr ): 3435, 2941, 1704, 1033, and 755. EI–MS: (DART-MS) 
m/z 457 [M]+, other peaks for the fragment ions were obtained at 455, 439, 249, 191, and 130 m/z. 
Scan: 13 times: 0.7–0.9 minutes frag = 150.0 V, ISOCRATIC.

The presence of in the 1H NMR spectrum, the one-proton unresolved singlet at δ 5.12 showed the 
presence of an olefinic proton at C-12 in the molecule. This was supported by peaks at δ 138.1 125.4 
in the 13C NMR spectrum, which indicated the presence of an olefinic bond. The triplet at δ 3.08 1H, 
J = 7.2 Hz) clearly showed the presence of >CHOH group, which was further supported by the signal 
at δ 78.8 in the 13C NMR spectrum, indicating the carbon at position-3 in the structure. The presence 
of seven methyl groups in the compound was ascertained by the five 3H singlets at δ 0.97, 0.86, 0.80, 
0.69, 0.66, and two 3H doublets at δ 0.83 and 0.75 in the 1H NMR spectrum. The 13C NMR spectrum 
showed 28 signals for 30 carbons. The two intensified peaks at δ 38.6 and 27.9 were obtained due 
to four carbons. The carbon of carboxyl group (C-28) was indicated by the signal at δ 180.7. In our 
studies, the signal appearing at 11.02 δ indicates the presence of a —COOH group at 28th position in 
the structure. The signal appearing at 3.3 δ indicates the presence of –CH—OH group at three posi-
tions—the –OH group accounting for the peak of 4.28 δ. The presence of signal at 5.12 δ signifies 
the presence of an unsaturated double bound. The seven –CH3 groups appeared between 0.6 and 1.3. 
The shift position of the isolated compound was almost identical with that of the authentic sample of 
uroslic acid.

The previous study suggested a strong relationship between the antioxidant activity of herbal 
extracts and their immunomodulatory potential (Roy et al., 2014). It has been observed that such 
immunomodulatory properties of plant extracts could be imputable to phenolic and flavonoid com-
pounds (Kumar et al., 2014). For example, Belapurkar et al., showed potent antioxidant effects of a 
polyherbal preparation (Belapurkar et al., 2014). These extracts possess immunomodulatory poten-
tial, given their role in neutralizing reactive oxygen species (ROS) and scavenging free radicals. 
In vitro and in vivo studies have shown that phenolic compounds induce macrophage modulation 

FIGURE 5.7 Three-dimensional interaction plots of the identified compounds kaempferol and ursolic acid 
at the binding site of TNF-α (a and b) and IL-1β (c and d).
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and inflammatory mediator secretion from macrophages and other leucocytes (Sonar et al., 2013;  
Gomez et al., 2010). In our preliminary study, the R. arboreum methanolic extract demonstrated 
the presence of phenolic and flavonoid compounds, which suggested the presence of signifi-
cant antioxidant properties and immunomodulatory activity of the R. arboreum extract (Rawat  
et al., 2020). Similarly, the immunomodulatory activity of a methanolic extract of fruit and bark 
of Ficus glomerata Roxb has been evaluated using a nitroblue tetrazolium (NBT) assay, phagocy-
tosis of killed C. albicans assay, and chemotaxis assay (Srikumar et al., 2005). Macrophages are 
the first line of defense in innate immunity against microbial infection, engulfing, digesting, and 
presenting antigens to trigger adaptive immune responses. For this reason, and for its availability 
and experimental reproducibility, we performed an in vitro study on RAW 264.7 macrophages (This 
cell line is frequently used to study immune cellular targets, especially those related to the inflam-
matory process.). Our data showed that compound 2 possessed great candidacidal effects, suggest-
ing antifungal potential that needs to be corroborated in the future by other assays. Moreover, we 
demonstrated that compounds (1) and (2) and isolated fraction RAM Fr2 at 40 µg/mL had the best 
protective activity against H2O2 cytotoxicity (Figure 5.4). R. arboreum extracts seem to not affect 
cell viability and thus cannot be considered toxic to the cells, even if other studies are necessary 
to confirm these data. Moreover, the protective effects of the extracts were more evident when the 
pretreatment was performed (Figure 5.5). This result is in line with the previous work in which tau-
rine chloramine protected RAW 264.7 cells from apoptosis caused by H2O2. Indeed, macrophages 
treated with 0.4 mM H2O2 underwent apoptosis without showing immediate signs of necrosis, and 
the cells pretreated with taurine chloramine were protected from such insult (Piao et al., 2011). The 
pretreatment of cells with R. arboreum extracts can result in the transport of phytoconstituents 
within the cell, where they can exert scavenger activity against reactive oxygen species (ROS) gen-
erated within and outside the cell.

Previous studies revealed that NO levels in LPS-induced RAW264.7 macrophages could be sup-
pressed by plant extracts with high polyphenol content (Kwon et al., 2016; Alley et al., 1988). We 
showed that pretreatment with R. arboreum extract demonstrated immunomodulatory activity on 
RAW 264.7 cells, increasing significantly with NO production (Figure 5.6). The production of NO 
is strictly related to the immune response, and this increase observed in pretreated RAW 264.7 
cells suggests a potential therapeutic tool for NO and a quantitative index of macrophage activation. 
According to He et al., (2019), R. arboreum extracts significantly attenuated cell damage, which 
can be impaired by upregulating iNOS expression (He et al., 2019). Nonetheless, such hypoth-
eses should be confirmed by quantitative analysis, such as protein or gene expression assays (i.e., 
real-time PCR or Western blot). Moreover, NO production, as demonstrated by pretreatment with  
R. arboreum extracts, can be associated with cell viability, again emphasizing that this plant can 
have a role in the macrophage immune response.

Based on in vitro results on the RAW 264.7 macrophage cell line and literature work, we per-
formed docking studies on proinflammatory mediators such as TNF-α and IL-1β (Shawky et al., 
2020). Several studies revealed that these targets are involved in inflammation and can be easily stud-
ied by RAW 264.7-cell lines (Liu et al., 2018; Pan et al., 2017). Indeed, like our data, a recent work 
reported the effects of novel peptides from Porphyridium purpureum in RAW 264.7 cells (Kavitha  
et al., 2019). The two peptides reduced the secretion of TNF-α and IL-6 in RAW 264.7 cells at noncy-
totoxic concentrations, and, by a docking study, they were shown to target the scavenging receptors 
CD36 and SRA1 and the Map Kinase p38. In another study, proinflammatory cytokines (IL-6 and 
TNF-α) were inhibited by extracts and isolated compounds derived from Origanum vulgare (Mir 
et al., 2020). Our molecular docking data revealed that the two identified compounds could inhibit 
the two cytokine mediators with high affinity, as suggested by the computed binding energy values 
for compound 1 and compound 2 at the binding sites of IL-1β (−6.7754 kcal/mol and 5.7513 kcal/
mol, respectively) and TNF-α (−5.6430 kcal/mol and −5.6090 kcal/mol, respectively) (Figure 5.7).  
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These results suggest that NO cell viability was not altered, and that pretreatment with R. arboreum 
extracts can modulate the immune response by influencing IL-1β and TNF-α cytokines. More data 
are needed to reinforce such hypotheses.

5.5  CONCLUSION AND PROSPECTS

The methanolic leaf extract of R. arboreum exhibited free radical scavenging activity and reducing 
potential, suggesting high antioxidant properties. The preparation of R. arboreum extracts with the 
increased polarity of organic solvents using Soxhlet extraction has shown a rich profile of phyto-
constituents, especially phenolics and flavonoids of pharmacological relevance. The identification 
of purified compounds confirmed the presence of ursolic acid and kaempferol (Tien et al., 2016; 
Sathyadevi and Subramanian 2015).

The viability of macrophage cells was found to be the maximal when the purified compounds 
ursolic acid and kaempferol were added before H2O2 treatment, which clearly demonstrated that pre-
treated cells could face H2O2-induced stress. Thus, prior treatment of cells with isolated R. arboreum 
compounds probably resulted in the transport of phytochemicals inside the cell, suggesting the ability 
to scavenge ROS generated in the cell. Therefore, isolated compounds (ursolic acid and kaempferol) 
can be considered the active constituents of R. arboreum exhibiting potential anti-inflammatory and 
antioxidant properties. However, further investigations and toxicological assays are needed to sup-
port these preliminary results on the immunomodulatory activity of R. arboreum extracts.
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6.1  INTRODUCTION

Since the outburst of a very contagious novel Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) in late December 2019, the disease, subsequently named COVID-19, has been caus-
ing unprecedented havoc at a global scale. COVID-19 was originally reported in Wuhan, China in 
late 2019 (WHO, 2020; Onat Kadioglu, 2020). On 13th January 2020, the full genome sequencing 
of the virus revealed that it was a novel coronavirus (GenBank No. MN908947). SARS-CoV-2 is the 
given official name. The disease caused by SARS-CoV-2 has been designated Coronavirus Disease 
2019 (COVID-19) (Kadioglu et al., 2020), and the World Health Organization has declared it a 
global pandemic (WHO). COVID-19—a modern form of coronavirus that is circulating exponen-
tially at a global level has infected people in more than 180 countries and continues to make headline 
news coverage worldwide. While the world pushes for accelerated approvals for vaccine develop-
ment, which is time-consuming, preventative, and unlikely to be a cure, physicians and country 
leaders are considering repurposing old drugs like Chloroquine (CQ)/Hydroxychloroquine (HCQ), 
Remdesivir, and other antimalarials as treatment agents. A Brazilian study report warns that the 
high-dose hydroxychloroquine-group patients had more severe QT prolongation (syndrome of heart 
rhythm disorder, causes arrhythmias) and with a tendency near higher lethality compared to the low 
dose. According to the authors of this study, the proportion of mortality rate was overlapping with 
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patients who did not take CQ (Borba et al., 2020). Thus, work to establish successful therapeutics 
and inexpensive diagnosis against COVID-19 are desperately required.

In the past two decades, the scientific world has been paying tremendous interest in conventional 
medicine forms of traditional medicine disciplines, now named as ‘Complementary and Alternative 
Medicine (CAM)’, CAM also opened a significant category of systematic, holistic patient care med-
icine, and this has made private industry change on how they view medicine in large. Plant-derived 
compounds have become the backbone of herbal medicine and are now a significant component of 
conventional pharmaceuticals. In fact, drugs extracted from natural products resources, especially 
those in the plant kingdom, are of tremendous importance in terms of their possible applications 
for handling a multiplicity of human disorders (Surh, 2011; Patwardhan and Vaidya, 2010). The use 
of natural products as antiviral, anti-pyretic, with immunomodulating activity, and anti-infectives 
(Tripathy et al., 2020) were considered with available literature on plants with antiviral activity, 
and the role of natural products as possible interventions for COVID-19 or what is known on their 
effects on SARS-COV-2 virus explored will be highlighted in this review.

6.2  METHODOLOGY

This review was based on the study of selected publications on plants, isolated natural compounds, 
and traditional medicine practices against virus infections and especially COVID-19. To prepare 
the review, we looked for published scientific publications, reviews, and reports between March 
2020 and mid-February 2021. We included 20 studies, which had discussed experimental results 
on plants and/or the use of traditional medicine against COVID-19. PubMed (http://www.pubmed.
com), Scopus (http://www.scopus.com), Google Scholar (http://www.scholar.google.com), Web of 
Science (www.webofscience.com), and Science Direct were systematically searched using key-
words like ‘Traditional medicine’, ‘COVID-19’, ‘Natural products’, ‘SARS-COV-2’, ‘herbal medi-
cine’, and ‘antivirus’. Furthermore, relevant textbooks, patents, digital documents, and published 
bulletins from World Health Organizations (WHO) were considered to gather all information on 
herbal medicine, plant, natural compound used against viral infection in past. The results from the 
literature review have been organized into different sections.

6.3  RESULTS

6.3.1  mechanism oF inFection By sars-cov-2

Coronaviruses are single-stranded plus-sense RNA viruses that belong to the Coronaviridae family 
and Nidovirales order (Vellingiri et al., 2020). There are four types of coronaviruses namely; α-, 
β-, δ- and γ-coronaviruses. To date, scientists have identified seven coronaviruses that can cause 
diseases in human beings, and these include β-coronaviruses such as Severe Acute Respiratory 
Syndrome Coronavirus (SARS-CoV) and the other being the Middle East respiratory syndrome 
coronavirus (MERS-CoV). These viruses are susceptible to zoonotic transmissions with a broad 
infection rate in mammalian and avian species (Vellingiri et al., 2020; Millet and Whittaker, 2018; 
Wang et al., 2020; Malik et al., 2020). SARS-CoV-2 is a zoonotic virus that belongs to the subge-
nus Sarbecovirus and shares 96.2% sequence homology with a bat coronavirus. It is thought to 
have been transmitted to humans via an unidentified intermediary animal vector from which it has 
spread contagiously from human to human (Vellingiri et al., 2020; Malik et al., 2020).

SARS-CoV-2 infection causes chronic diarrhea and vomiting, as well as a flu-like sickness with 
nausea, cough, sore throat, and exhaustion. A small percentage of patients, such as the elderly and 
immunocompromised people, develop acute respiratory distress syndrome (ARDS), septic shock, 
and multi-organ failure, all of which lead to death. The severe morbidity and mortality associated 
with SAR-CoV-2 infections are due to the host’s excessive and persistent immune response and 
reaction against infection (excessive Host Reaction Process) (Shetty et al., 2020). The presence of 
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the virus, which has been detected by the immune system, causes the milder symptoms that occur 
during the viral response. The SARS-CoV-2 envelope spike glycoprotein (S-protein) attaches to its 
host cell receptor angiotensin-converting enzyme 2 (ACE2) on the cell surface. The viral genome 
is released once the virus particle has entered a host cell. A viral polymerase is used to clone 
mRNA, producing many different variants of viral mRNA (Du et al., 2009). The translation into 
the endoplasmic reticulum (ER) membrane of the translated proteins (spiked protein, membrane, 
and envelope protein) is achieved by translating these RNA copies through an endoplastal ribosome 
attachment and released finally by exocytosis. Cytoplasmic ribosomes translate the nucleocapsid 
proteins into mRNA. The nucleocapside is internalized into the vesicular ER/Golgi (Alanagreh 
et al., 2020).

The SARS-COV-2 virus replicates and mutates, making vaccine development difficult. COVID-
19 does not integrate into the host genome of infected cells, and past research has shown that 
humans produce a strong immune response to coronaviruses. However, it should be recalled that 
attempts to develop a vaccine against the SARS-COV-1 of the 2003 outbreak were not successful. 
Even though the experimental vaccines have shown to have some efficacy in animals, the vaccines 
exhibited severe immunopathology—a severe hyperactive immune response that caused greater 
damage to the animals. Despite current evidence, there could be a chance that a vaccine may be 
developed against the SARS-COV-2. Considering the inadequacies of viral vaccines for the preven-
tion or treatment of viral pandemics, chemotherapeutics still offer hope in the fight for any emerging 
viral pandemics (Li, 2020).

6.3.2  medicinal Plants and their role in viral inFections

Many plants have been used in traditional medicines to treat several illnesses such as fevers, pneu-
monia, coughs, colds, upper respiratory problems, asthma, headaches, loss of appetite, influenza, 
lung inflammation, etc. (Thring and Weitz, 2006; Liu NQ et al., 2009; Clarkson et al., 2004). Some 
plants have been found to have antiviral properties against the herpes simplex virus, while others 
are effective against the SARS virus. The Star anise, Illicum verum Hook. f, has been one of the 
successful traditional medicinal plant to have been developed into the proprietary drug Tamiflu 
(oseltamivir) from the pods of the plant. Now Tamiflu is an antiviral indicated for influenza A and 
B, Swine flu, H1N1 (WHO, 2011), H3N2 (Thorlund, 2011) H5N1, the Avian influenza or ‘bird flu’ 
(McKimm-Breschkin, 2013), and the H7N9 Avian flu (Hay, 2013).

The combination of herbs and their identification was based on the American eclectic medicine 
with evidence from 222 Eclectic physicians in 1919 who provided top herbs for influenza and pneu-
monia. From these 11 botanical remedies; the following endorsements were recorded (influenza; 
pneumonia) Table 6.1 (Brinker, 2007). Echinacea pupurea is now considered a standard herbal rem-
edy for the flu. Modern research now promotes the use of extracts of E. purpurea root, whole plant,  

TABLE 6.1
Eleven Botanical Remedies Endorsed by Physicians during the Spanish Flu

S.No. Plant Name & Family S. No. Plant Name & Family

01 Aconitum napellus, Ranunculaceae 07 Asclepias tuberose, Asclepiadaceae 

02 Actaea racemosa, syn: Cimicifuga racemosa, Ranunculaceae 08 Sanguinaria canadensis, Papaveraceae

03 Lobelia inflata, Campanulaceae 09 Bryonia alba, Curcubitaceae 

04 Atropa belladonna, Solanaceae 10 Eupatorium perfoliatum, Asteraceae

05 Gelsemium sempervirens, Loganiaceae 11 Cephalis ipecacuanha, Rubiaceae 

06 Veratrum viride, Liliaceae 

Source: Abascal (2006).
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or aerial plant juice as more effective in viral respiratory infections (Abascal, 2006). Several clinical 
studies show that a combination of herbs that include Echinacea in a proprietary product formula-
tion and E. angustifolia root in combination with other herbs have been employed successfully for 
both preventing and treating colds and flu (Abascal, 2006).

6.3.3  natural comPounds against viral inFection

Secondary metabolites produced by plants serve an important role in plant physiology and have a 
wide range of potential applications, including antioxidants, anti-inflammatory, anti-cancer, anti-
microbial, and antiviral properties (Panche et al., 2016; Kumar and Pandey, 2013). Various flavo-
noids, such as flavanols and flavonols, have been studied extensively for their antiviral properties 
(Lalani and Poh, 2020; Rane et al., 2020). Few key plants are used in the Indian System of Traditional 
Medicine for antiviral activities and for conditions with similar symptoms to COVID-19.

Curcumin: Turmeric from Curcuma longa L. root is used in the Indian traditional system of 
medicine for the treatment of diseases of the skin, digestive problems, and pain. It is indeed a staple 
medicine ingredient in Ayurvedic medicine—a traditional method of healing. Curcumin, the key 
chemical element in turmeric, has been discovered as having improved antiviral action against 
viruses such as dengue virus (serotype 2), herpes simplex virus, human immunodeficiency viruses, 
Zika, and Chikungunya (Rane et al., 2020; Chiang et al., 2005; Patwardhan et al., 2020).

Apigenin: Apigenin is a compound isolated from sweet basil (Ocimum basilicum L.) and has 
proven as an effective anti-hepatitis B virus, anti-adenovirus, as well as against in vitro studies of 
the African swine fever virus and other RNA viruses (Chiang et al., 2005; Hakobyan et al., 2016).

Pterostilbene: One of the plant secondary metabolites primarily found in the Vaccunium cor-
ymbosum (Blueberries) and Pterocarpus marsupium Roxb. Pterostilbene appears to have a variety 
of preventative and therapeutic characteristics, including preventing the reproduction of a variety of 
viruses, including herpes simplex (HSV) 1 and 2, influenza viruses, and others (Rane et al., 2020; 
McFadden 2013).

Luteolin: It is present in several plants, including broccoli (Brassica olearacea var italic), pepper 
(Piper nigrum L.), thyme (Thymus vulgaris L.), and celery (Apium graveolus). Studies have dem-
onstrated that luteolin has beneficial neuroprotective effects. It also has immunomodulatory and 
antioxidant effects. Both the reactivations of the cell HIV-1 and inhibition of the Epstein–Barr virus 
are inhibited by the highly appreciated flavones. It has antiviral effects on Chikungunya, Japanese 
encephalitis viruses (Rane et al., 2020; Fan et al., 2016), and acute coronaviral syndrome (SARS-
CoV), in addition to these antivirals (Liu et al., 2020).

Quercetin: Quercetin is graded as one of the six-flavonoid sub-classes. For respiratory syncytial 
virus type 1, HSV-1, and HSV-2, quercetin shows dose-dependent antiviral action. It has also been 
suggested that it might be used as an Ebola virus preventive medicine (Fanunza et al., 2020; Nile, 
et al., 2020).

Kaempferol: Kaempferol is one of the most common glycoside aglyconic flavonoids. Kaempferol, 
derived from Ficus benjamina L. (Weeping fig) leaves, has been shown to suppress HCMV, HSV-1, 
HSV-2, and influenza A. (Mani et al., 2020; Zakaryan et al., 2017).

Fisetin: Fisetin is a bioactive molecule of the flavonol group of compounds present in fruits and 
vegetables like strawberry (Fragaria ananassa), apple (Malus domestica), persimmon (Diospyros 
kaki), grape (Vitis vinifera), onion (Allium cepa), and cucumber (Cucumis sativus). Fisetin, a flavo-
nol, has been shown that it inhibits viral entry and fusion of virus cells to prevent CHIKV as well 
as HIV-1 infection (Zakaryan et al., 2017).

Scientific findings are revealing that resveratrol and pterostilbene have antiviral activity in 
viruses like HIV-1(Rane et al., 2020). Resveratrol has been demonstrated to inhibit the poliovirus 
receptor (PVR) and the Coronavirus (MERS-CoV), as well as reduce MERS-CoV nucleocapside 
(N) protein formation (Ghildiyal and Gabrani, 2020; Farshi et al., 2020). Resveratrol has also been 
demonstrated to suppress PVR, which prevents virus multiplication (Rane and colleagues, 2020).
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6.3.4  traditional theraPy against covid-19

As with the many other previous global epidemics associated with coronaviruses, there are currently 
no scientifically proven and validated western or traditional therapies for the treatment of SARS-
CoV-2. The current treatment strategy for COVID-19 is supportive care, which is supplemented by 
the combination of broad-spectrum antibiotics, antivirals, antimalarials, anti-inflammatory, corti-
costeroids, and convalescent plasma aimed at treating COVID-19 symptoms (Vellingiri et al., 2020; 
Yang et al., 2020). Researchers are continually working hard to develop COVID-19 diagnostics, as 
well as medicines and vaccines for the treatment of SARS-CoV-2. To date, treatment involves the 
use of drugs such as Remdesivir, Favipiravir (T-705), and Arbitol that have been shown to be effec-
tive in in vitro studies. Additionally, the use of chloroquine was supported by the drug’s efficacy in 
both in vitro and in vivo studies (Wang et al., 2020).

Even though there is no specific treatment or standard of care for coronavirus infections, cer-
tain methods have been tried to manage the disease. In the Indian system of medicine, these 
approaches may be categorized to include complementary approaches such as Allopathic, Unani, 
and Homeopathic treatments (Vellingiri et al., 2020; Ali and Alharbi, 2020). Additionally, there 
are also claims from various quarters including the use of Traditional Chinese Medicine (TCM) 
and Korean Oriental Medicine (KOM) for the use of herbal traditional medicines in the treatment 
of COVID-19 (Muthappan and Ponnaiah, 2020). There is little to no verifiable facts on the use of 
African traditional remedies to prevent or treat COVID-19. However, there is anecdotal and empiri-
cal evidence that African traditional remedies can be used to treat disorders caused by a viral infec-
tion and other infectious agents.

COVID-19 has been reported to be treated using Chinese Traditional Herbal Medicine (TCM), 
either alone or in combination with western treatments. TCM has been shown to cure SARS, which 
was caused by the SARS-CoV epidemic in 2002, albeit the mechanism of action by which these 
preparations achieve their pharmacological impact is still unknown (Wang et al., 2020; Yang  
et al., 2020). Furthermore, there is now even strong evidence to identify multiple herbal formulae 
and chemical entities contained in TCM with anti-SARS-CoV activity (Yang et al., 2020).

In China, there are now 303 clinical trials examining the efficacy and safety of therapies for 
COVID-19 patients. There are 50 clinical trials (16.5%) on the use of TCM, with 14 (4.6%) of 
these research exploring TCM and Western medicine therapies in combination (Yang et al., 2020). 
The effect of self-made herbal preparations was explored in 22 TCM clinical trials (7.3%), while 
commercially accessible TCM items were studied in 14 TCM trials (4.6%) (Wang et al., 2020; 
Yang et al., 2020). Based on these studies, generally used Chinese herbs against COVID-19 include 
Astragalus membranaceus, Saposhnikovia divaricata (Turcz. ex Ledeb.) Schischk., Glycyrrhiza 
uralensis Fisch. ex DC., Lonicera japonica Thunb., Atractylodes macrocephala Koidz., Forsythia 
suspensa (Thunb.) Vahl, Platycodon grandiflorus (Jacq.) A. DC., Atractylodes lancea (Thunb.) 
DC., Cyrtomium fortunei J.Sm., and Agastache rugosa (Fisch. & C. A. Mey.) Kuntze, (Yang et al., 
2020).

A traditional TCM injection made from a preparation documented by Chinese physicians in 
the 1830s, during the Qing Dynasty, made from a decoction of herbs, Carthamus tinctorius L. 
(Honghua), Paeonia lactiflora Pall. (Chishao), Chuanxiong (Chuanxiong rhizhome), Salvia miltior-
rhiza Bunge (Dashen), and Angelica sinensis (Oliv.) Diels (Danggui). This formula called Xuebijing, 
in an injectable form, is found to ameliorate inflammatory reactions, respiratory distress, and 
hypoxia said to be caused by COVID-19 infection (Yu-Liang Zhang et al, 2020). It is reported that 
the mechanism (Figure 6.1) through which the Xuebijing works is via the ACE2 and some signal-
ing pathways of hypoxia, factor-1, P13K-Akt and NF-kB through the regulation of PK-1, VEGF-A, 
B-cell lymphoma-2, TNF, and other undefined targets (Zhang L et al., 2020).

Another TCM herb, Citrus maxima (Burm.) Merr. (Huanjuhong), with its isolated chemi-
cal compound—naringin, is reported to alleviate multiple respiratory diseases, and its poten-
tial application in the prevention and treatment of COVID-19 is proposed (Su et al., 2020).  
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Naringin is said to be anti-tussive, an expectorant, lung function enhancer, lung injury modulator, 
pulmonary fibrosis attenuator, and antiviral immune response enhancer. A study of a proprietary 
TCM, Shuanghuanglian oral liquid, by the Shanghai Institute of Materia Medica, Chinese Academy 
of Science, jointly with the Wuhan Virus Institute, found that the medicine inhibited the coronavi-
rus (http://3g.163.com/news/article/F49EQ5QP055004XG.html). This study is being further contin-
ued clinically at the Shanghai Public Health Clinical Centre and the Tongji Hospital, Huangzhong 
University of Science and Technology (Li et al., 2020); TCM has been very successful in treating 
other viral diseases such as SAR-COV-2, H1N1, Influenza A H7N9, and Ebola (Cui, 2020), and 
TCM is thought that it could play a significant role in the cure, management, and treatment of 
COVID-19. Zhang et al. (2020) presented three TCM proprietary medicines and three TCM decoc-
tions under clinical evaluations (Tables 6.2 and 6.3 respectively). Based on the reviews conducted on 
TCM formulae and their composition of medicinal plants, it is observed that there are certain key 
plants (Table 6.4) commonly used in TCM preparations.

Traditional Indian medicine systems are one of the oldest medical systems in human history, 
and they play a significant role in meeting global health care needs (Jaiswal and Williams, 2017). 
Ayurveda, Siddha, Unani, Yoga, Naturopathy, and Homeopathy (AYUSH) are traditional Indian 

FIGURE 6.1 Schematic presentation on mode of action of Xuebijing against inflammation, respiratory dis-
tress, and hypoxia, caused by COVID-19 infection via HIF-1α, ACE2 signaling pathway.

http://3g.163.com
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therapeutic techniques that have been effectively used to treat a variety of ailments (Vellingiri  
et al., 2020). In Ayurveda, Rasayana is a therapy described to enhance the qualities of rasa (body 
fluids), to give a person to attain health qualities such as longevity, freedom from health disorders, 
intelligence and enhanced memory power, youthfulness, and optimum development of the physique 
and sense organs. Rasayana medicines are said to increase resistance to various diseases perhaps 
due to their properties of immunomodulation and antioxidant (Chandresh, 2017). Many Rasayana 
plants are said to exhibit pharmacological qualities like immunomodulation, antioxidation, anti-
inflammatory, hypocholesterolaemia, antiasthmatic, hepatoprotective, anti-arrhythmic, cardiotonic, 
antifungal, antiviral, diuretic, and many other medicinal activities (Pattanayak, 2020; Kumar et al., 
2012). The Ministry for Complementary and Alternative Medicine in India has released ayurvedic 
guidelines on how to improve immunity and self-care for managing COVID-19 (Golechha, 2020). 
A comprehensive AYUSH medicine strategy for the D-19 focuses on prevention through behavioral 
improvement, food control, mental recovery, immune-enhancement prophylaxis, and quick treat-
ments (Vellingiri et al., 2020). In mild cases of COVID-19, these AYUSH guidelines recommend 
drinking hot water, eating hot food, and drinking herbal decoctions, gargling medicated water, 
inhaling steam, and using local therapies. These steps are claimed to help with the symptomatic 
alleviation of minor ailments (Tillu et al., 2020). Fresh hot vegetable soups made with Raphanus 
sativus (radish), Trigonella foenu-graecum Linn. (trigonella) leaves, drum stick vegetable pods, and 
pulses (lentils, green gram/mung beans, chickpeas) seasoned with spices like Zingiber officinale 
(ginger), Allium sativum (garlic), Cuminum cyminum (cumin seeds), and Brassica nigra ((L.) K. 
Koch (black mustard) seeds (Tillu et al., 2020).

Although scientific evidence on coronavirus using Indian medicinal plants is still sparse, one 
study found that a few Indian plants utilized in the Tamil Nadu traditional medicine system have 
anti-mouse corona viral activity (a surrogate of SARS-CoV) (Table 6.5). Vitex trifolia L. and 
Sphaeranthus indicus L., for example, have been discovered to lower inflammatory cytokines via 
the NF-kB pathway, which has been linked to respiratory distress in SARS-CoV, while other plants 
have been shown to have antiviral potential (Vellingiri et al., 2020). Although multiple medicinal 

TABLE 6.2
Treatment Efficacy of Three Proprietary TCM Medicines for Coronavirus Pneumonia and 
New Approved Indications

Drug Name

Site of Study%  
(Number of Enrolled 

Participants) Results
New Indications Proposed  

for Drug

Xuebijing 
injection

33 Hospitals (710)  Reduced 28-day mortality by 8.8% in 
patients with severe pneumonia. 
Shortened time in mechanical ventilation 
and reduced length of hospitalization

In severe/critical COVID-19 
pneumonia can be indicated for 
inflammatory response syndrome 
and multiple organ failure

Jinhua 
Qinggan 
granule

Wuhan Frontline 
Hospitals (102)

 Reduced ratio of patients who progressed 
to severe disease condition by 2/3, 
shortened fever by 1.5 days and improved 
WBC, neutrophil and lymphocyte counts

Now for routine treatment of 
fever, cough, and fatigue in 
mild-to-moderate cases of 
coronavirus pneumonia

Beijing Youan Hospital 
(80)

Improved on time to convert viral nuclei 
acid by 2.5 days. Increased WBC and 
lymphocyte counts

Indicated for mild-to-moderate 
coronavirus pneumonia

Lianhua 
Qingwen 
capsule

23 Hospitals (284) Improved lung imaging from 64.1% to 
83.8%. Clinical cure rate improved from 
66.2% to 78.9%. The progression of 
mild-to-severe cases reduced by 50%.

New indication is for fever, 
cough, and fatigue in 
mild-to-moderate cases of 
coronavirus pneumonia
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TABLE 6.3
The Clinical Studies of Three TCM Decoctions and Their Efficacy in Treatment of Novel 
Coronavirus Pneumonia

TCM 
Decoction Composition

Clinical Site (Number of 
Participants in Study) Treatment Results

Qingfei 
Paidu

Ephedrae Herba, Glycyrrhizae 
Radix et Rhizoma Praeparata cum 
Melle, Armeniacae Semen 
Amarum, Gypsum Fibrosum, 
Cinnamomi Ramulus, Alismatis 
Rhizoma, Polyporus Artactylodis 
Macrocephalae Rhizoma, Poria, 
Bupleuri Radix, Scutellariae Radix, 
Pinelliae Rhizoma Praeparatum 
cum Zingibere et Alumine, 
Zingiberis Rhizoma Recens, 
Osmundae Rhizoma, Farfarae 
Flos, Belamcandae Rhizoma, Asari 
Radix et Rhizoma, Dioscoreae 
Rhizoma, Aurantii Fructus 
Immaturus, Citri Reticulatae 
Pericarpium, Pogostemonis Herba.

66 Designated medical 
institutions (1 262)

1,214 cases cured (96.1%) of severe 
cases 73.7% cured and none 
progressed to severe cases. 
Qingfei Paidu two courses over six 
days reduced lung lesions by 90%

Xuanfei 
Baidu

Ephedrae Herba, Pogostemonis 
Herba, Gypsum Fibrosum, 
Armeniacae Semen Amarum, 
Pinelliae Rhizoma Praeparatum, 
Magnoliae Officinalis Cortex, 
Artactylodis Rhizoma, Tsaoko 
Fructus, Poria, Astragali Radix, 
Paeoniae Radix Rubra, 
Descurainiae Semen Lepidii 
Semen, Rhei Radix et Rhizoma, 
Glycyrrhizae Radix et Rhizoma. 

Wuhan hospital of traditional 
chinese medicine, hubei 
provincial hospital of 
integrated Chinese and 
western medicine (70 cases in 
test arm and 50 in control arm

Significant effect on inflammation 
was seen on TCM decoction with 
increased lymphocyte count 
increased by 17.0% c.f. control 
arm. Clinical cure rate increased 
by 22.0%

First affiliated hospital of 
Henan university of Chinese 
medicine (40 mild and 
moderate cases)

Average negative conversion time 
for nuclei acid was 9.7 days. None 
of the cases progressed to severe 
or critical stages. CT diagnosis 
showed a 85.0% improvement rate

Wuhan hospital of traditional 
Chinese medicine, Hubei 
provincial hospital of 
integrated traditional Chinese 
and western medicine and 
jiangxia makeshift cabin 
hospital (500 cases)

For mild and moderate cases, 
Xuanfei significantly alleviated 
fever, cough, and fatigue. CT 
diagnosis showed significant 
improvement. None of the cases 
progressed to severe form.

Huashi 
baidu

Ephedrae Herba, Armeniacae 
Semen Amarum, Gypsum 
Fibrosum, Coicis Semen, 
Atractylodis Rhizoma, 
Pogostemonis Herba, Artemisiae 
Annuae Herba, Polygoni 
Cuspidati Rhizoma et Radix, 
Verbenae Herba, Imperatae 
Rhizoma, Descurainiae Semen 
Lepidii Semen, Citri Grandis 
Exocarpium, Glycyrrhizae Radix 
et Rhizoma.

Wuhan jinyintan hospital (75 
severe cases)

CT diagnosis showed marked 
pulmonary inflammation 
improvement as well as clinical 
symptoms. Time to nuclei acid 
conversion and hospital stay were 
reduced by 3 days.

Street Health Center at 
Jiangjun Road (124 
moderate cases)

There was a significant difference 
in time for nucleic acid negative 
conversion and in symptoms

Dongxihu Makeshift Cabin 
hospital (894 cases of mild and 
moderate cases, 452 in TCM arm)

There was a significant difference 
in time for nucleic acid negative 
conversion and in symptoms
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plants have been identified to either ameliorate the symptoms of COVID-19 or as potential antiviral 
agents, they will have to be further investigated and validated as possible antiviral agents in the 
treatment of SARS-CoV-2.

In a recent in-silico study, the extracts of Indian traditional medicinal plants for instance, 
Nyctanthes arbor-tristis L. (harsingar), Tinospora cordifolia (Willd.) Miers (giloy), Aloe barbaden-
sis miller (aloe vera), Curcuma longa (turmeric), Azadirachta indica A. Juss. (neem), Withania som-
nifera (ashwagandha), Zingiber officinale (ginger), Allium cepa L. (red onion), Ocimum sanctum 
(tulsi), Cannabis sativa L. (cannabis), and Piper nigrum (black pepper) have been found to inhibit 
the COVID-19 protease enzyme. The results revealed that all these plants possess COVID-19 pro-
tease inhibitor capabilities to some degree. Nyctanthes arbor-tristis (harsingar), Aloe barbadensis 
miller (aloe vera), and Tinospora cordifolia (giloy) were shown to be the most powerful COVID-19 
protease inhibitors of the 11 plants investigated, based on binding affinity, log P, and log S val-
ues. Curcuma longa (turmeric), Azadirachta indica (neem), Withania somnifera (ashwagandha), 
and Zingiber officinale are all potential COVID-19 protease inhibitors (ginger). All these plant 
extracts are reported to have higher inhibitory potentials than chloroquine and hydroxychloroquine 
(Srivastava et al., 2020).

Unani and Ayurvedic methods of treatment are mainly based on the use of plant botanicals 
(Revathy et al., 2012). Glycyrrhiza glabra, Allium cepa, Allium sativum, Ocimum sanctum, Ocimum 
tenuiflorum, Piper nigrum, Cinnamomum verum, Daucus maritimus, Curcuma longa, and other 
plants have been recorded to be utilized in Unani and Ayurvedic medicine. These plants’ aqueous 
extracts, along with lemon juice and honey, have been demonstrated to be beneficial against flu and 
common cold viral infections. These botanical formulations may hold promise in the prevention, 

TABLE 6.4
Herbs Commonly Used in TCM Preparations and Recommended for Use in COVID

 Atractylodis Rhizoma Ephedrae Herba

Pogostemonis Herba Glycyrrhizae Radix et Rhizoma Pinelliae Rhizoma Praeparatum

Gypsum Fibrosum Descurainiae Semen Lepidii Semen Rhizoma Atractylodis Macrocephalae

Armeniacae Semen Amarum Coicis Semen Poria cocos

INDEX 1x 2x 3x 4x

Number of times the plant appears in different formulations of TCM* in this review.

TABLE 6.5
Indian Medicinal Plants with Anti-Mouse Corona Viral Activity

S.No. Plant Name S.No. Plant Name

01 Indigofera tinctoria (AO), 07 Gymnema sylvestre

02 Leucas aspera 08 Sphaeranthus indicus

03 Clerodendrum inerme Gaertn 09 Evolvulus alsinoides

04 Vitex trifolia 10 Abutilon indicum

05 Cassia alata 11 Clitoria ternatea

06 Pergularia daemi

http://S.No
http://NameS.No
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treatment, and management of COVID-19 (Ali and Alharbi, 2020), and they are worth additional 
investigation in controlled preclinical and clinical research to establish their efficacy and safety.

One study investigated the potential of Cannabis sativa L. extracts with a high CBD content 
in modulating ACE2 expressions in COVID-19 gateway tissues. Extracts of Cannabis sativa L. 
were made to see how they affected gene expression and molecular cascades that drive inflam-
mation and other important cellular functions. Extracts of novel efficacious Cannabis sativa L. 
types may become a helpful addition armament in the treatment of COVID-19 and a superb GRAS 
(Generally Recognized as Safe) adjunct therapy, according to the findings of this study (Wang  
et al., 2020). Furthermore, these findings could lead to the development of cannabis-based COVID-
19 prophylactic treatments that target reduced viral entry via the oral cavity, including as mouth-
washes and throat gargles, and can be used in clinical practice as well as at home for self-medication  
(Wang et al., 2020).

Several compounds have been reported to demonstrate antiviral bioactivities, such as flavo-
noids, in medical plants (Khaerunnisa et al., 2020). The possible inhibitors of COVID-19 Mpro are 
kaempferol, quercetin, luteolin-7-glucoside, desmethoxycurcumin, naringin, apigenin-7-glucoside, 
oleuropine, curcumin, catechin, epicatechin gallate, zingerol, gingerol, and allicin, which on the 
whole are antioxidants. An empirical silicon analysis showed that the drugs are identical in efficacy 
to nelfinavir, known as Viracept—an antiretroviral drug used to treat Human Immunodeficiency 
Virus (HIV). Nelfinavir is a class of medication compounds called protease inhibitors (PIs) and is 
usually used along with other antiretroviral drugs. Much research has documented the presence and 
abundance in nature of these phenolic compounds, especially medicinal plants (Khaerunnisa et al., 
2020).

Sweet wormwood, or Artemisia annua L., is a member of the Asteraceae family. It is native to 
China, but it has long been used as a pressed juice and tea to cure malaria, and its symptoms in 
Africa and Asia (Efferth, 2017; Lang et al., 2019). Extensive scientific research shows that A. annua 
has antiviral, anti-malarial, anti-diabetic, and anti-cancer properties. An in vitro study by Li et al. 
(2005) reported that compounds extracted from A. annua exerted good anti-SARS-CoV activity 
with 50% effective concentration among 200 herbal extracts tested (Islam et al., 2020; Shahrajabian 
et al., 2020). These findings serve as evidence that A. annua can, therefore, be explored for pos-
sible antiviral activity against SARS-CoV-2. A. annua has also been investigated for its potential 
antiviral activity against multitudinous haemorrhagic fevers; including yellow fever, congo fever, 
Hanta virus fever, typhoid fever, meningococcal infection, and Ebola virus to name a few (Saleem 
et al., 2020).

Chloroform extracts of A. annua have been shown to relax the airway smooth muscle in a mouse 
model in vivo. The relaxing effect was linked to limiting voltage-dependent Ca2+ channels-mediated 
Ca2+ influx and increasing BK-mediated K+ conductance, according to this study. These findings 
support the development of A. annua as a new bronchodilator for the treatment of obstructive airway 
disorders (Huang et al., 2017). Of particular interest is the use of A. annua together with a concoc-
tion of other medicinal plants in Madagascar for a product— COVID-Organics (CVO) and claimed 
to be a cure for COVID-19. Very little is known of the composition of CVO other than that one of 
the ingredients is A. annua. The studies conducted to support this indication for CVO are also very 
scanty. Although WHO has distanced its support for the Madagascar product, many African coun-
tries have shown support including procuring the CVO for their countries. WHO Afro is setting up 
technical and advisory committees on COVID-19 to help stimulate research on COVID-19 in the 
continent, and to establish collaborating centers with appropriate facilities and expertise to guide 
the continental research on COVID-19.

The anti-malarial drug artemisinin isolated from plant A. annua L and the plant itself are under 
investigations against COVID-19 infections in a clinical trial study in Madagascar (https://www.
sciencemag.org/news/2020/05/unproven-herbal-remedy-against-covid-19-could-fuel-drug-resis-
tant-malaria-scientists). WHO acknowledges that conventional, complementary, and alternative 
medicines have many advantages, and that Africa has a long history of conventional and traditional 

https://www.sciencemag.org
https://www.sciencemag.org
https://www.sciencemag.org
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medicine use, which play significant roles in the disease treatments of the continent’s population. 
As alternative COVID-19 therapies, medicinal plants such as A. annua L. must be considered, and 
their effectiveness and adverse side effects must be checked (https://www.afro.who.int/news/who-
supports-scientifically-proven-traditional-medicine) before they can be recommended for inclusion 
in the national drug policies and recommended for new treatment. Similarly, these traditional thera-
pies should be researched and tested before again they could be outrightly rejected by resolutions of 
the World Health Assembly (WHA) on traditional medicines (WHA56.3 2003; WHA44.34 1991; 
WHA30.49 1977; WHA40.33 1987; and WHA42.43 1989)

African traditional medicines, although they have been used for centuries, have not been coded 
and documented nor have their philosophies been described. There are many extemporaneous 
preparations and formulations used in traditional medicines, and these are neither documented nor 
systematically tested. There is, however, a lot of literature on the use of African medicinal plants 
for different diseases. Many medicinal plants have been reported for use in respiratory problems, 
asthma, fevers, anti-infectives, pneumonia, and as antivirals (Beuscher et al., 1994; Mehrbod et al., 
2018; Ogbole et al., 2018; Silva et al., 1997; Konéa et al., 2007; More et al., 2012).

There has been an increased demand for A. afra for its use in COVID-19 in South Africa and 
neighboring countries. The environmental status of A. afra will be stressed as the demand for the 
plants and its unsustainable harvesting continues uncontrolled. The plant is used for coughs, whoop-
ing cough, influenza, asthma, fever, hepatitis, loss of appetite, colic, headache, intestinal worms, 
and malaria (van Wyk, 2008). Other uses of the plant include in stomach and intestinal upset, mea-
sles, jaundice, and parasitic infections such as roundworms, pinworms, tapeworms, hookworms, 
and flukes. The use of A. afra in COVID-19 is unknown and not documented. So, the use of the 
plant against COVID-19 is taken with care, as appropriate preclinical and clinical studies for this 
indication are needed.

6.4  CONCLUSION AND PROSPECTS

COVID-19 is a new pandemic and very contagious. WHO has described COVID-19 as a pan-
demic whose research and development of interventions are in their infancy (Wang, 2020). While 
all attempts and funding have been redirected to find the cure or prevention for COVID-19 and 
acknowledging the costs of developing the preventative vaccines and chemotherapy, the cost of 
which may be prohibitory to many patients that really need the medications and that such interven-
tions may take months to years to be made available, the use of traditional medicines should be 
explored and not forgotten.

TCM and the Indian Systems of Traditional Medicines have been systematized and formalized 
over the years. Traditional formulations that have been utilized for the prevention and treatment 
of old and new diseases have been documented in these medical systems. The use of the Chinese 
wormwood plant, qinghao, A. annua led to the isolation of artemisinin and its derivatives artesunate 
for complicated malaria (Liao, 2009; Tu, 2011), and the Chinese anise plant from which Tamiflu or 
oseltamivir, used for the treatment of viral infections (Hay, 2013), are giving hope for the continued 
and sustained research in traditional medicines based on indigenous knowledge for search for new 
compounds for new and emerging diseases as well as the old diseases such as malaria that have 
plagued especially the developing and third world.

India, through the AYUSH ministry, has seen the institutionalization of traditional Indian medi-
cines into the national health care system, thus giving birth to internationally accepted comple-
mentary medicines disciplines such as, Ayurveda, Siddha, Unani, Yoga, and homeopathy. These 
medicines disciplines have formalized and standardized traditional practices and formulae without 
changing them and their chemical extractions to find active chemical moieties.

The African traditional medicine system, despite its century’s old use, is being disadvantaged 
by its lack of systematization, philosophy, Materia Medica, formulae, and general documentation. 
Its principles and theorems have not been systematically documented. However, the medicines 

https://www.afro.who.int
https://www.afro.who.int
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continue to gain popularity, and this is an advantage for the African continent to research and 
document its medicines and medicinal plants. There is now research emerging on the screening and 
pharmacological testing of African medicines where some plants that have been known to be used 
for disease and symptoms of colds, flu, fever, and respiratory infections are beginning to emerge 
(Mehrbod, 2018; Ogbole, 2018; Silva et al., 1997; Konéa, 2007).

Current research is being driven by the pharmacology of medicinal drugs to determine the active 
chemicals in the plants, and standardize the dose and understand their pharmacokinetics and phar-
macodynamics. Some natural compounds like kaempferol, quercetin, luteolin, curcumin, gingerol, 
allicin etc., should be studied to find new prophylactic and treatments for the COVID-19 disease. 
Researchers in China, India, and Africa are also looking at the traditional formulae and repurpos-
ing them through clinical trials for new indications for COVID-19 (Zhang, 2020). As per the WHO 
request, there is a need to continue the preclinical and clinical research and development of tradi-
tional medicines. Traditional medicines continue to give evidence of their potential to contribute to 
finding a prevention or cure treatment for COVID-19. Research in any traditional medicine that has 
preclinical data or shows promise of safety and efficacy and the WHO should be approached for 
solidarity support for peer review and joint multicenter clinical trials. We hope that this review will 
help the researcher as a reference point for the future studies. There is a need to develop research 
strategies to address emergency research and pandemics using traditional medicines and medicinal 
plants.
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7.1  INTRODUCTION

The use of herbal medicines in the management of communicable and non-communicable  diseases 
is widely accepted and has a very long history of practice (Mahomoodally et al., 2013; James  
et al., 2018; Saini et al., 2022). Globalisation has resulted in the use of traditional herbal medi-
cines as complementary or alternative medicines (CAM), which are easily accessible and cost-
effective therapy options. The ease of access and cost-effectiveness of traditional herbal medicines 
has resulted in widespread use mainly as CAM (Welz et al., 2019) in regions of the world including 
Southern Africa.

Populations of Southern Africa use traditional herbal medicines in management of respiratory 
conditions, including acute bronchitis, common cold (Mahomoodally et al., 2013), and severe acute 
respiratory syndrome coronavirus (SARS-CoV-2) (Mathew et al., 2020; Attah et al., 2021; Mfengu  
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et al., 2021). In recognition of increasing popularity of traditional herbal medicines, Southern 
African countries including Zimbabwe and South Africa have developed policies to promote incor-
poration of traditional herbal medicines and other CAM in local health systems (National Health 
Strategy for Zimbabwe 2016–2020; James et al., 2018; Abrams et al., 2020). The incorporation of 
traditional herbal medicines and other CAM in local health systems has led to increased research 
and efforts to further develop CAM in the management of common diseases, including acute bron-
chitis, common cold, and SARS-CoV-2.

In Southern Africa, respiratory conditions are commonly treated with remedies prepared from 
plants including Achyranthes aspera Linn., commonly known as isinama in Zulu; moxato in Tswana; 
bhomane in Sotho, and udombo in Ndebele, which contains phytochemicals with weak antiviral 
activity but high antioxidant, antihistamine, and anti-inflammatory properties. Achyranthes aspera 
acts as mast cell stabiliser and possesses broncho-protecting effects (Younis et al., 2018). In addi-
tion, A. aspera is rich in ascorbic acid conferring antioxidant properties and boosts immunity 
against SARS-CoV (Adeleye et al., 2021) and common cold. The anti-inflammatory properties of 
Achyranthes aspera may alleviate inflammation caused by SARS-CoV and may be effective in the 
management of SARS-CoV-2 (Adeleye et al., 2021). Achyranthes aspera is added to other excipients 
in Hoopinil syrup, which is taken at a dosage of 10 mL consumed six times per day during treatment 
of common cold and cough (Younis et al., 2018).

A decoction prepared from leaves and roots of Abrus precatorius climbers commonly known as 
rosary pea in English or amabope in Ndebele is a potential remedy for management of SARS-CoV-2 
(Adeleye et al., 2021). The leaf and root of Abrus precatorius contain glycyrrhizin—a phytochemical 
that possesses anti-SARS-CoV-2 effects (Adeleye et al., 2021). Allium sativum, commonly known 
as garlic, possess significant antiviral activity against coronaviruses (Keyaerts et al., 2007). Psidium 
guajava Linn., commonly known as guava in English or koejawal in Afrikaans, with multipurpose 
use in management of malaria and bacterial infections was reported to possess anti-SARS-CoV activ-
ity (Fukumoto, Goto and Hayashi, 2010; Adeleye et al., 2021). A decoction of Psidium guajava Linn. 
tree leaves possess antiproliferative, antimicrobial (Maroyi, 2018), anti-inflammatory, and immune-
system stimulatory activities (Adeleye et al., 2021) and contains phytochemicals with potential to 
break down coronavirus proteins (Laksmiani et al., 2020; Tungadi et al., 2020; Erlina et al., 2020).

Zingiber officinale, commonly known as ginger, possesses high antioxidant, antimicrobial, and 
anti-inflammatory activities (Adeleye et al., 2021). Ginger has potential for inhibition of infec-
tions from coronaviruses (Laksmiani et al., 2020; Rathinavel et al., 2020; Mbadiko et al., 2020) 
and is recommended as a component of remedies for the management of SARS-CoV-2 (Prasad, 
Muthamilarasan and Prasad, 2020; Cinatl et al., 2003). A concoction comprising leaves of 
Eucalyptus globulus and Psidium guajava Linn. in water may be taken orally during management 
of acute bronchitis or common cold (Maroyi, 2018).

Traditional herbal medicines have potential for management of acute respiratory infections; how-
ever, the long- and short-term risks of use should be established in order to safeguard human health. 
This is of importance because traditional herbal medicines containing toxic phytochemicals and 
secondary metabolites that pose adverse health effects or interact with other drugs taken by patients 
were reported (Gamaniel, 2000; Auerbach et al., 2012; Fasinu, Bouic and Rosenkranz, 2012). Safety 
concerns are also linked to adulteration (Newmaster et al., 2013) and poor-quality control during 
preparation of herbal remedies (Chang et al., 2017). Despite concerns on safety, awareness of the 
public on potential toxicity of herbal medicines may be poor, and the general perception may be 
that herbal medicines are always safe. Misinformation on safety of traditional herbal remedies may 
expose patients to risk of adverse health effects and poisoning through consumption of harmful 
doses of phytochemicals. Traditional herbal medicines should, therefore, be analysed and docu-
mented for safety and efficacy.

In this chapter, we highlight and provide a consolidated and critical coverage of traditional 
herbal medicines used in the management of acute bronchitis, common colds, and SARS-CoV-2 in 
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Southern Africa. Information on part of plant used and mode of preparation for traditional herbal 
remedies are also provided.

7.1.1  symPtoms and management oF acute Bronchitis

Acute bronchitis is mainly caused by infection with viruses (Clark et al., 2014; Gencay et al., 2010), 
including rhinovirus, enterovirus, influenza A and B, parainfluenza, coronavirus, human metapneu-
movirus, and respiratory syncytial virus (Clark et al., 2014; Singh et al., 2021). Bacteria are detected 
in 1%–10% of cases of acute bronchitis (Clark et al., 2014; Gencay et al., 2010; Macfarlane et al., 
2001), and atypical bacteria including Mycoplasma pneumoniae, Chlamydophila pneumonia, and 
Bordetella pertussis are rare causes of the disease (Kinkade and Long, 2016).

Acute bronchitis is a temporary inflammatory response to an infection of the bronchi epi-
thelium that arises after a complex chain of events post-infection. A predominant and defin-
ing symptom of acute bronchitis is cough (Kinkade and Long, 2016). The primary diagnostic 
consideration in patients with suspected acute bronchitis is ruling out more serious causes of 
cough including asthma, exacerbation of chronic obstructive pulmonary disease, heart failure, 
or pneumonia (Kinkade and Long, 2016). Supportive care and management of symptoms is the 
mainstay of treatment for acute bronchitis. The role of antibiotics is limited, and over-the-coun-
ter medications are often recommended as first line of treatment for acute bronchitis (Kinkade 
and Long, 2016).

Complementary or alternative medicines are commonly used in management of acute bronchi-
tis (Kinkade and Long, 2016). Rhizomes and tubers of Pelargonium sidoides—a plant native to 
South Africa are used in formulation of remedies for management of acute bronchitis (Nowicki and 
Murray, 2020). The plant possesses mild antibacterial, antiviral, and mucolytic properties (Hart, 
2014).

7.1.2  symPtoms and management oF common cold

Acute upper respiratory tract infection, also known as common cold, is a self-limiting infection 
of the upper respiratory tract mainly caused by rhinoviruses, coronaviruses, and adenoviruses 
(DeGeorge, Ring and Dalrymple, 2019; Schellack et al., 2020). The viruses often infect adults and 
children up to three and eight times a year, respectively, mainly through inhalation of airborne 
particles, direct contact with hands, or objects carrying the pathogens (Pappas, 2018; Cock and 
Van Vuuren, 2020; Schellack et al., 2020). Symptoms of common cold often last up to ten days and 
include cough, sneezing, runny nose, sore throat, congested airways, difficulty breathing, increased 
mucus production, headache, muscular pain, and fever (Ismail and Schellack, 2017; Pappas, 2018; 
Cock and Van Vuuren, 2020, Schellack et al., 2020).

Effective treatments for symptoms of the common cold in adults are limited to intranasal ipratro-
pium, over-the-counter analgesics, decongestants with or without antihistamines, and zinc. Nasal 
saline irrigation, analgesics, and time are the mainstays of treatment for common cold in children 
(DeGeorge, Ring and Dalrymple, 2019).

In Southern Africa, over-the-counter medicines and herbal medicines are often taken concur-
rently during management of common cold (Schellack et al., 2020). Traditional herbal remedies 
have gained popularity in management of common cold due to ease of use, low cost, safety, and 
efficacy. Traditional remedies used in management of common cold typically contain extracts from 
Cussonia spicata, commonly known as mufenje or musheme in Zimbabwe, Artemisia afra, ginger, 
eucalyptus, and peppermint preparations (Liu, Van der Kooy and Verpoorte, 2009; Merhbod et al., 
2018).
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7.1.3  symPtoms and management oF sars-cov-2

Majority of coronaviruses typically cause mild infections of the respiratory tract in humans; how-
ever, coronaviruses that are associated with severe acute respiratory syndrome (SARS) and Middle 
East respiratory syndrome (MERS) cause severe symptoms and may be lethal (Cock and Van 
Vuuren, 2020). Cases of SARS-CoV were first reported in 2003, and new cases were reported in 
Wuhan city of China in December of year 2019, marking the beginning of a new coronavirus epi-
demic caused by SARS-CoV-2. In March of 2020, the World Health Organization declared SARS-
CoV-2 a global pandemic (Lambelet et al., 2020).

The most common symptoms of SARS-CoV-2 are fever, tiredness, and dry cough, which may be 
accompanied by aches and pains, nasal congestion, runny nose, sore throat, or diarrhoea (Orisakwe, 
Orish, and Nwanaforo, 2020). Presently, effective treatments modalities that target SARS-CoV-2 
remain elusive and largely unknown (Orisakwe, Orish, and Nwanaforo, 2020). Due to the broad 
clinical spectrum of SARS-CoV-2, there are no specific therapeutic agents available at present. 
Measures to manage the disease are critical, and a significant population of Southern Africa 
resorted to use of traditional herbal remedies (Adeleye et al., 2021). Several herbal extracts or their 
derivatives have shown potential antiviral efficacy (Mirzaie et al., 2020). A variety of plants are cur-
rently being used in formulation of remedies for management of symptoms of SARS-CoV-2 disease 
(Adeleye et al., 2021). The most used herbal remedy for management of SARS-CoV-2 is Lippia 
javanica, commonly known as “lemon bush” in English, “zinziniba” in Xhosa, and “zumbani” in 
Shona (Mathew et al., 2020; Mfengu et al., 2021). During preparation, the leaves, roots, or twigs are 
boiled in water, and infusion may be taken orally, or steam from the preparation may be inhaled 
(Maroyi, 2017).

7.2  TRADITIONAL HERBAL REMEDIES FOR MANAGEMENT 
OF COMMON COLD AND ACUTE BRONCHITIS

Traditional herbal remedies are often prepared to alleviate symptoms instead of specifically target-
ing the disease. Traditional herbal remedies used in management of respiratory conditions may 
contain extracts from one plant; however, a single plant may not be a solution to a viral respira-
tory infection, and a range of plants containing phytochemicals of diverse modes of action may be 
required. Increased efficacy of herbal remedies can, therefore, be achieved by a combination of two 
or more plants (Yarnell, 2018).

Decoctions and infusions are the most used remedies in management of pathogenic diseases 
(Cock and Van Vuuren, 2018, 2019), including common cold and acute bronchitis (Cock and Van 
Vuuren, 2020). The burning of plant volatiles during management of respiratory diseases is widely 
practiced throughout the world (Mohagheghzadeh et al., 2006). In Southern Africa, burning of 
parts of a plant and inhalation of the smoke is commonly practiced (Cock and Van Vuuren, 2020). 
Moreover, boiling parts of a plant in water and inhalation of the steam, smoking parts of a plant, 
and grinding or pounding plant materials and sniffing the powder are remedies commonly used in 
management of common cold and acute bronchitis (Cock and Van Vuuren, 2020).

About 257 plant species in Southern Africa are used in formulation of traditional herbal remedies 
for management of viral respiratory conditions, including acute bronchitis and common cold (Cock 
and Van Vuuren, 2020). Plant species used in formulation of traditional herbal remedies in Southern 
Africa are listed in Table 7.1. The plant species come from families including Amaryllidaceae, 
Anaradriaceae, Apiaceae, Apocynaceae, Asphodelaceae, Aspleniaceae, Asteraceae, Celestraceae, 
Combretaceae, Fabaceae, Geraniaceae, Lamiaceae, Malvaceae, Myrtaceae, Poaceae, Polypodiaceae, 
Pteridaceae, Rananculaceae, Rosaceae, Rutaceae, Scrophulariaceae, Solanaceae, Verbenaceae, and 
Xanthorrhoeaceae (Cock and Van Vuuren, 2020). Only a few of these species have had their inhibi-
tory activity validated against viral respiratory pathogens via in vitro testing. Most species have 
only had their use to treat viral acute bronchitis, and common cold documented in ethnobotanical 
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surveys and laboratory-based studies are required to validate their traditional use (Cock and Van 
Vuuren, 2020).

The growth forms of plants used in formulation of remedies include ferns, herbs, trees, and 
shrubs. In Southern Africa, there is a prominent use of herbaceous plants in remedies that may be 
attributed to high number of ethnobotanical studies conducted, widespread availability, and vast-
ness of traditional knowledge. Herbaceous plants grow rapidly, and prominent use of herbaceous 
plants has an advantage of sustainable production and use of remedies. Use of different plant growth 
forms in formulation of remedies may be attributed to differences in socio-cultural beliefs, ecologi-
cal status, and variations in practice by formulators (Cock and Van Vuuren, 2020).

Leaves are the most frequently used part in formulation of remedies. Roots, bulbs, rhizomes, 
stems, twigs, flowers, corms, and whole plants were also used in remedies (Cock and Van Vuuren, 
2020). Tree bark is also used in formulation of remedies; however, uncontrolled harvesting of bark 
may damage or kill trees. Tree bark should be used sparingly to limit tree damage and ensure 
sustainable production of remedies. Harvesting parts of plants without inflicting serious damage is 
preferred, particularly, for endangered and threatened species (Cock and Van Vuuren, 2020).

In Southern Africa, ethnobotanical records for most plant species used in formulation of reme-
dies for management of acute bronchitis and common cold are incomplete, and information on parts 
of plant used in formulation of remedies is not available for some species. Further ethnobotanical 
studies are required to provide the important data.

In Southern Africa, few studies have been conducted to isolate bioactive compounds and deter-
mine efficacy, dosage, and safety of the herbal formulations. Only one species, C. glabrum, was 
screened for ability to block a single strain of H1N1 influenza (Mehrbod et al., 2018), and evalua-
tion of antiviral activity against other strains of influenza and other respiratory viruses is yet to be 
conducted (Cock and Van Vuuren, 2020). Other plant species used traditionally in formulation of 
remedies should be evaluated to isolate bioactive compounds and determine efficacy, dosage, and 
safety.

7.3  HERBAL REMEDIES WITH POTENTIAL FOR MANAGEMENT OF SARS-COV-2

Herbal remedies played an important role in providing primary healthcare needs in Southern Africa 
during the on-going SARS-CoV-2 pandemic. Readily available herbal remedies were widely used 
in management of SARS-CoV-2 (Mathew et al., 2020; Attah et al., 2021; Mfengu et al., 2021), 
although there is limited published data to support the efficacy of the various remedies. At present, 
fast tracked attempts are being made to discover, repurpose, or develop preventive and treatment 
options for SARS-CoV-2 from the wealth of indigenous knowledge on use of medicinal plants of 
Southern Africa.

In year 2020, Madagascar authorised use of an indigenous herbal remedy produced from a spe-
cies under the Artemisia genus for the prevention and management of SARS-CoV-2. World Health 
Organisation (WHO) carefully discouraged the official positioning of the remedy as a cure for the 
disease, and emphasised the need for evidence for satisfactory efficacy and safety from clinical 
trials (Attah et al., 2021). World Health Organisation and Africa Centre for Disease Control are 
supporting and cooperating with Madagascar in the design and implementation of clinical trials 
to validate the efficacy and possible adverse effects of the remedy (Attah et al., 2021; WHO, 2020, 
2020a).

In silico analyses are scientific experiments or research conducted or produced by means of 
computer modelling or simulation. In silico analyses including the mining of databases containing 
chemicals originating from plants and computer-based drug design are increasingly being applied 
in drug discovery. The emerging technologies are regularly applied in the rapid identification of 
potential compounds during fast tracked drug discovery in emergency situations, including the on-
going SARS-CoV-2 pandemic (Attah et al., 2021).
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An advantage of in silico analyses is that there is a significant reduction in the time frame for the 
identification of potential active compounds, the plants they originate from, and the analysis of their 
suitability in combating pathogenic diseases and, therefore, speed up drug discovery (Terstappen 
and Reggiani, 2001; Pascolutti and Quinn, 2014; Ubani et al., 2020). Documented potential active 
compounds that have demonstrated in silico inhibitory activity against SARS-CoV-2 pathogenic pro-
teins and isolated from plants available in Southern Africa include amaranthin (134) (Amaranthus 
tricolor L.-Amaranthaceae), myricitrin (32) (Myrica cerifera (L.) Small—Myricaceae), isoflavones 
(30) (Psorothamnus arborescens (A.Gray) Barneby—Fabaceae), nigellicine (21), nigellidine (22), 
nigellone (28), carvacrol (24), hederin (25), thymol (26), thymoquinone (27), thymohyroquinone (29) 
(Nigella sativa L.), Calceolarioside B (135) (Fraxinus sieboldiana Blume—Oleaceae), Licoleafol 
(137) (Glycyrrhiza uralensis Fisch. ex DC—Fabaceae), methyl rosmarinate (31) (H. atrorubens 
Poit), and myricetin 3-O-beta-D glucopyranoside (136) (Camellia sinensis L. Kuntze—Theaceae) 
(Attah et al., 2021). Although in silico findings provide limited evidence, results should form the 
basis for future in-depth in vitro, in vivo, and clinical studies.

Medicinal plants commonly used in Southern Africa that have been evaluated using the molecu-
lar docking method for use in management of SARS-CoV-2 include Acacia senegal. Sutherlandia 
frutescens, Hypoxis hemerocallidea, and Xysmalobium undulantum (Dwarka et al., 2020). The 
bioactive compounds arabic acid and l-canavanine found in Acacia senegal and Sutherlandia fru-
tescens, respectively, exhibited favourable binding modes with strong interactions in the active site 
of 3C-like main protease—an enzyme which plays a major role in viral replication. Hypoxoside and 
uzarin extracted from Hypoxis hemerocallidea and Xysmalobium undulatum, respectively, showed 
favourable binding orientations characterised by strong interactions within the inhibitor-binding site 
of SARS-CoV-2 receptor binding domain and SARS-CoV-2 RNA-dependent polymerase. Further 
evaluation of hypoxoside, uzarin, arabic acid, and l-canavanine may serve as a starting point in the 
discovery of novel SARS-CoV-2 therapeutic (Dwarka et al., 2020).

7.4  CONCLUSION AND PROSPECTS

There is widespread use of traditional herbal remedies in management of acute bronchitis, common 
cold, and SARS-CoV-2 in Southern Africa. Majority of populations in Southern Africa are using 
herbal remedies with limited pharmacological evaluation. Despite extensive ethnobotanical records 
and the relatively large number of remedies formulated from Southern African plant species, only a 
single herbal formulation has been tested for ability to inhibit activity of a respiratory virus. Studies 
should be conducted to evaluate other herbal formulations for ability to inhibit viral respiratory 
pathogens that they are used against. Evaluation of herbal remedies should be conducted to isolate 
the bioactive compounds and determine efficacy, dosage, and safety in management of viral respira-
tory conditions. We encourage increased efforts in cultivation of medicinal plants, creation of new 
markets for various herbal products, enforcement of regulations for conserving ecosystems, and 
engagement of communities in natural resource management and value addition of products derived 
from medicinal plants. Establishment of nurseries and botanical gardens accompanied by local 
community awareness and involvement in the protection of medicinal plant species are advocated. 
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8 Solanum nigrum Seed 
Viability and Germination, 
and Soil Modulation Effect 
on Seedling Emergence

Adijat Funke Ogundola, Anthony Jide Afolayan  
and Callistus Bvenura

8.1  INTRODUCTION

Seed viability is an important factor in seed germination, as it determines the success of crop pro-
duction (Perry, 1980). Seeds possess some properties that are necessary for crop establishment that 
leads to profitable crop production—a goal of every professional crop producer. This goal is driven 
by production of good quality seed lots; after all achieving and maintaining high-quality seed leads 
to seed/crop yield increase. Additional factors of successful crop production involve seed handling 
(mechanisms), seed moisture content, and the prevailing environmental factors that determine crop 
establishment. However, seed germination performance depends on genetic make-up—properties 
that enhance its germination, but the environmental influence matters in seed vigour (ISTA, 2015). 
Early emergence, on the other hand, is described as a trait that describes the crop more competitive 
and, therefore, escapes the shading effect of their competitors in the field (Beheshtian-mesgaran  
et al., 2006). It is also understandable that uniform seedling emergence encourages large-scale seed 
production that enhances marketability and profitability.

Seed production is one of the strategies adopted globally to conserve wild plant species of inter-
est to both scientists and agriculturalists (Modi et al., 2006). However, much importance, priority 
is placed on seed regeneration of wild plants with potential nutraceutical properties and, there-
fore, valuable health benefits (Powell et al., 2013). Among some wild and useful plants that have 
gained the attention of researchers is Solanum nigrum—an annual herbaceous plant belonging to 
the family Solanaceae, commonly known as Black Nightshade. It grows up to 0.6 m in wooded and 
disturbed habitats. The leaves are green ovate to heart shaped with white flowers, which, in turn, 
produce green matured fruits that turn purple or black when ripe (Edmond and Chweya, 1997). 
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This plant grows in the wild in most parts of the world, including the Eastern Cape Province, South 
Africa. S. nigrum is a nutraceutical plant and has been extensively explored by traditional users to 
pharmaceutical applications in the treatment of different diseases and ailments (Odhav et al., 2007). 
The use of this plant as an immune booster and a reservoir of micronutrients have attracted research 
interests on its seed regeneration (Bvenura and Afolayan, 2013). This step ensures a continuous and 
dependable source for the plant. However, the cultivation of S. nigrum is currently restricted to the 
peasant farmers who scavenge for the plant in the wild on occasional needs for folkloric use (Modi 
et al., 2006).

S. nigrum, being a wild vegetable, needs sustainable edaphic conditions for maximum seed-
ling production (Flyman and Afolayan, 2006). Suitable soils with unfavourable soil depth may 
not be adequate for profitable seedling production. However, optimum sowing depth on a suit-
able soil is required to improve crop seedling emergence, which is a desired goal for crop 
establishment (Finch-Savage and Basel, 2016). Seedling emergence may be determined by the 
synergetic influence of two or more factors at a time or singly by soil type, sowing depth, and 
sources of the seeds among others, as reported by Forcella et al. (2000). The synergetic effects 
of sowing depth and temperature, and planting depth and temperature on seedling emergence 
of S. nigrum have been reported (Cousens and Mortimer, 1995; Chauhan et al., 2006). However, 
no study has examined the synergetic influence of soil types and sowing depth on seedling 
emergence of the plant.

Therefore, the current study aimed to investigate the viability, germination, and soil modulation 
effect and sowing depths on S. nigrum seedling emergence.

8.2  MATERIALS AND METHODS

Seeds of S. nigrum were extracted from the pulp of ripe mature berries collected in Alice 
(32046'47"S and 26050' 5"E and 524 m a.s.l) in the Eastern Cape, South Africa. The plant was 
identified by Prof Griesson of Department of Botany, University of Fort Hare, South Africa 
and with Voucher number (BVE11/017), and was deposited at the Giffen herbarium of the same 
University.

A total 100 seeds in triplicates were dried at 110°C to a constant weight in a pre-set incubator, 
after which the differences in weight before and after drying were used to calculate percentage 
moisture content.

Seed viability tests followed the Tetrazolium technique of Grabe (1970), as described for 
Solanaceae by Peters (2000). The seeds were immersed in water overnight at temperatures between 
21°C and 26°C. The seeds were carefully cut longitudinally along the margin to prevent embryo 
damage. The dissected seeds were soaked in 0.1% solution of 2, 3, 5-triphenyltetrazolium chloride 
at 20–25°C for 24 hours in the dark (Etejere and Okoko, 1989). The seeds were removed and washed 
thoroughly in distilled water, soaked in 95% ethanol, and then observed under the light stereo 
microscope. Viable seeds appeared reddish in colour.

Germination tests included eight temperature regimes (5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 
35°C, and 40°C). Seeds of S. nigrum in petri dishes were germinated separately under different 
temperatures, as listed in pre-set incubators.

Continuous light, 12 hours/12 hours light/dark photoperiods, and continuous darkness were car-
ried out in separate Conviron growth chambers (Model E15; Controlled Environment Limited, 
Winnipeg, Manitoba, Canada).

Seeds of S. nigrum were scarified mechanically by scratching the seed’s radicle end with a 100-
grit sandpaper of 10 cm × 10 cm, holding grip between the left and right palms, and gently rubbing 
against each other for 15 minutes (Belel, 2016). About 2 g of soil was mixed with 100 seeds and 
rubbed for 10–15 minutes within palms (van Reinsburg et al., 2012).
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For each of the listed seed germination experiment—three replicates of 50 treated seeds, each 
were placed on the laboratory work bench in sterile petri dishes, lined with 9 cm discs of Whatman 
No. 1 filter paper moistened with distilled water. The seeds were examined daily for 12 days and 
considered germinated when the radicle was visible (De Villalobos et al., 2002).

Soil was collected from a fallow land at Research farm, University of Fort Hare, Alice, Eastern 
Cape, South Africa. The soil was air-dried, ground, and sieved into sand, silt, and clay particles 
using a Vibracion S.L modelo FTLVH-0200 sieving machine. Relative combinations of sand, silt, 
and clay in different ratios to formulate soil types followed the method of Kellogg (1993) as follows: 
sandy clay loam (ST1)-60%, 30%, and 10%, silty clay loam (ST2)-10%, 60%, and 30%, clay loam 
(ST3)-36%, 30%, and 34% loam (ST4)-40%, 40%, and 20% and sand clay loam (ST0), which is the 
control. Three soil samples were taken from each of the soil types and analysed for their chemical 
properties, as shown in Table 8.1.

This experiment was conducted for 12 days in the glasshouse at temperatures ranging between 
28°C and 30°C. The five different soil types (ST0–ST4) were filled into 65 cm × 33 cm nursery trays 
with 200 holes at depths of 0–4 cm. Each treatment had three replicates, and each replicate had ten 
experimental units.

8.3  STATISTICAL ANALYSIS

All recorded data from germination and seedling emergence were statistically analysed using 
MINITAB Release 17. A one-way analysis of variance was used to compare the means of various 
germination and seedling emergence treatments, and a two-way analysis of variance was used to 
determine the interaction between seedling emergence and different sowing depths. Means were 
segregated using Fisher’s Least Significant Difference (LSD) paired wise comparison. The means 
were treated as significantly different at p < 0.05.

8.4  RESULTS

S. nigrum seeds recorded an average moisture content of 6.12%. And the seeds were 74.3% viable. 
The petri-dish revealed the highest mean seed germination percentage (94.67%) under 15°C, 20°C, 
and 25°C temperature regimes and scarification with sandpaper. However, the results for the 10°C 
temperature treatment were not significantly different from the former (Figure 8.1). The First Day of 
Germination (FDG) was on day 3 and Last Day of Germination (LDG) on day 8, as shown in Table 8.1.

This indicates that the seeds quickly germinate if exposed to the right conditions. In the present 
study, continuous and alternating light-induced germination was significantly (p < 0.05) lower than 
the control (Figure 8.2). The FDG reported for continuous darkness (day 8) indicates the important 
role light plays in the germination of S. nigrum seeds. In this study, sandpaper recorded significantly 

TABLE 8.1
First and Last Days of Germination of S. nigrum in Different Seed Treatments

Treatments Photoperiodism Temperatures (°C) Scarification

Germination  
treatments

Control Continuous  
light

Total  
darkness

Alt. Light  
and darkness

5 10 15 20 25 30 35 40 Sand  
paper

sand

First day of  
germination

4 3 8 3 6 3 3 3 3 4 4 3 3 3

Last day of  
germination

9 8 9 8 9 9 8 8 8 8 4 3 8 9
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high germination percentage (94.67%), while sand recorded lower results (75%) relative to the con-
trol (Figure 8.3). 

The effects of soil types on S. nigrum seedling emergence are shown in Figures 8.4–8.8. The 
result of experimental soil analysis was presented in Table 8.2.

Silty clay loam soil recorded the highest seedling emergence at 2 cm depth, while 0 cm and 
4 cm recorded the lowest. Statistical analysis established an interaction between sowing depth and 
seedling emergence, and between soil types and seedling emergence. The current results show that 
sowing depth had a significant (p < 0.01) effect on seedling emergence, while soil types had a sig-
nificant (p < 0.05) effect on seedling emergence. Silty clay loam soil recorded the highest seedling 
emergence at 2 cm depth, while 0 cm and 4 cm recorded the lowest. Statistical analysis established 
an interaction between sowing depth and seedling emergence and between soil types and seedling 

FIGURE 8.1 The effect of temperature on S. nigrum seed germination.

FIGURE 8.2 The effect of light on S. nigrum seed germination.
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emergence. The current results show that sowing depth and soil types had a significant effect on 
seedling emergence.

The highest FGP was recorded in silty clay loam soil (ST2) at 2 cm sowing depth, while the low-
est was observed in the control (ST0), as shown in Figure 8.4.

No seedling emergence was recorded in the control and sandy loam soils at all sowing depths. 
The higher the seedling emergence, the higher the FGP. The results of the current study indicate that 
seedling emergence is inversely related to sand composition. The higher the EG value, the greater 
the potential of the seed lot to germinate. The results of the present study indicate that soil types and 
sowing depth significantly affected the EG. As shown in Figure 8.5, The EG was high in silty clay 
loam (ST2) at all sowing depths. The lowest EG was recorded in clay loam at 3 cm and 4 cm sowing 
depths, and simultaneously in sandy clay loam and the control at 1 cm sowing depth.

The CVG gives an indication of the rapidity of germination. Therefore, the higher the CVG 
value, the faster the time the seeds take to germinate. In the present study, the CVG values in dif-
ferent soil types and sowing depths are shown in Figure 8.6. The lowest CVG was recorded in silty 

FIGURE 8.3 The effect of scarification on S. nigrum seed germination.

FIGURE 8.4 Effect of soil types on final germination percentage (FGP) of S. nigrum.



138 Sustainable Uses and Prospects of Medicinal Plants

TA
B

LE
 8

.2
Ph

ys
ic

al
 P

ro
pe

rt
ie

s 
an

d 
El

em
en

ta
l C

om
po

si
ti

on
 o

f S
oi

l b
ef

or
e 

th
e 

Ex
pe

ri
m

en
t

m
g/

kg

So
il 

ty
pe

s
P

K
N

C
a

M
g

Z
n

M
n

C
u

O
rg

. 
co

nt
%

pH
C

la
y%

Sa
nd

%
Si

lt
 %

ST
0

60
 ±

 0
.7

d
52

4 
± 

0.
7a

3.
4 

± 
0.

7c
13

89
 ±

 0
.5

a
33

2 
± 

0.
1b

6.
0 

± 
0.

3b
29

 ±
 0

.7
d  

10
.5

 ±
 0

.5
c

4 
± 

0.
5c

6.
22

 ±
 0

.7
a

10
 ±

 0
.7

c
60

 ±
 0

.7
a

30
 ±

 0
.5

c

ST
1

62
 ±

 0
c

46
7 

± 
0.

7d
3.

6 
± 

0c
13

57
 ±

 0
.5

b
34

7 
± 

0.
5a  

8.
1 

± 
0.

5a
66

 ±
 0

.7
a  

15
.6

 ±
 0

.7
a

3.
9 

± 
0.

5c
5.

70
.7

b
21

 ±
 0

.5
b

66
 ±

 0
.7

a  
13

 ±
 0

.7
d

ST
2

68
 ±

 0
.7

a
52

4 
± 

0.
5a

5 
± 

0.
5a

12
78

 ±
 0

.5
e

31
6 

± 
0.

0d
5.

9 
± 

0bc
45

 ±
 0

b
10

.6
 ±

 0
c

5 
± 

0.
7a

5.
7 

± 
0.

5b
30

 ±
 0

.5
a  

10
 ±

 0
.5

c  
60

 ±
 0

a

ST
3

60
 ±

 0
.5

b
51

9 
± 

0b
4.

8 
± 

0b
13

18
 ±

 0
c

32
1 

± 
0.

0c
5.

3 
± 

0.
5c

38
 ±

 0
c

10
.3

 ±
 0

.5
c

4.
5 

± 
0b

5.
63

0.
b

34
 ±

 0
a  

36
 ±

 0
.5

c
30

 ±
 0

c

S.
T

4
63

 ±
 0

.7
b

48
2 

± 
0.

5c
4.

6 
± 

0b
12

90
 ±

 0
.5

d
33

0 
± 

0.
5b  

6.
2 

± 
0.

7b  
45

 ±
 0

b
11

.4
 ±

 0
.7

b
4.

8 
± 

0.
7a

5.
63

 ±
 0

.5
b

20
 ±

 0
.7

b
40

 ±
 0

b  
40

 ±
 0

.5
b

V
al

ue
s 

sh
ow

n 
ar

e 
m

ea
n 

± 
SD

 d
if

fe
re

nt
. 

L
et

te
rs

 d
ow

n 
ea

ch
 c

ol
um

n 
re

pr
es

en
ts

 s
ig

ni
fic

an
t d

if
fe

re
nc

es
 a

t p
 <

 0
.0

5.
ST

0,
 s

an
dy

 lo
am

 (
co

nt
ro

l)
; S

T
1,

 s
an

dy
 c

la
y 

lo
am

; S
T

2,
 s

ilt
y 

cl
ay

 lo
am

; S
T

3,
 c

la
y 

lo
am

; a
nd

 S
T

4,
 lo

am



139Solanum nigrum: Seedling Emergence

FIGURE 8.5 Effect of soil types on energy of germination (EG) of S. nigrum.

FIGURE 8.6 Effect of soil types on Co-efficient of velocity (CVE) of germination of S. nigrum.

FIGURE 8.7 Effect of soil types on 50% seedling emergence of S. nigrum.
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clay loam soil at 2 cm and 3 cm sowing depths, and the highest was recorded in sandy clay loam 
(ST1) at 2 cm sowing depth.

The T50 of the current seed population was significantly affected by the soil types, as shown in 
Figure 8.7. The lowest T50 was obtained from silty clay loam (ST2) at 2 cm sowing depth, while the 
highest was in the control soil (ST0).

The GI emphasises both the percentage of germination and its speed. A higher GI value denotes 
a higher percentage and rate of germination. Soil types in this study affected the GI in the order: 
ST2 > ST3 > ST4 > ST1 > ST0, as shown in Figure 8.8. The highest GI was recorded in silty clay loam (ST2) 
at 2 cm sowing depth. This indicates that seeds planted on this soil type had both higher germination 
percentage as well as rate of germination. However, the GI was significantly high in all the soil types in 
comparison with the control. Each of the soil types recorded a significant GI level at 2 cm sowing depth.

8.5  DISCUSSION

Moisture content 6.12% for S. nigrum in this study presumably indicates the ability of S. nigrum seeds 
to be stored for long periods of time without compromising their viability. The result is in accordance 
with an earlier study, which indicated that S. nigrum seeds had a moisture composition between 8.19% 
and 8.36% (Bvenura and Afolayan, 2014). Luna and Wilkinson (2009) reported that most orthodox seeds 
require moisture content between 6% and 10% for them to retain viability after long storage in which the 
result of this study falls within. These findings are also within the range reported by Suthar et al. (2009).

The 74.3% viability of S. nigrum seed lot in this study is an indication that the seeds are capable 
to produce high germination percentage results. The high viability percentage may be responsible 
for the ability of the plant to retain viable in the soil for long time and its consequently germination 
at later stage, causing problems to crops (Edmond and Chweya, 1997).

The high germination percentage 88%–96.4% from control and different treatments in this study 
showed that the seed lot is of good quality and capable of germinating under normal conditions. 
These results are in close agreement with those of Kambizi et al. (2006), who conducted a study 
and reported that 80% germination on Withania somnifera belongs to the same solanaceae family. 
The high germination percentages from seed treated with different temperatures are in close agree-
ment with those of Suthar et al. (2009), who reported 100% germination after incubating seeds of 
S. nigrum at 27°C and the lowest at 5°C as in this study as well. Also, high germination percentages 

FIGURE 8.8 Effect of soil types on Germination Index (GI) of S. nigrum.
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at 20°C and 25°C corroborate those of Larina (2008), who reported high germination at 20°C and 
25°C. However, lower germination percentage (2.67%) recorded at 5°C deviates from the report 
of Brandel (2005), who concluded that breakages in dormancy occur at low temperatures. Lower 
germination percentage at low temperature indicates relatively low metabolic activities at lower 
temperatures (Okuzanya, 1980).

High seed germination percentages 84.75% reported in continuous light and alternating light 
and darkness agree with the report of Gairola et al. (2011). The study highlighted light as one of the 
most important environmental factors that promote seed germination. Failure of seeds to germinate 
in continuous darkness in this study agrees with the report of Beningno-Gonzalez et al. (2009) that 
continuous darkness at constant temperature inhibits seed germination. In addition, Maloof et al. 
(2000) reported that optimal growth and development are directly proportional to light received, 
and the results are in close agreement with those of the present study.

The high germination percentage (96.4%) from the sandpaper treatment is higher than 78% 
reported by Suthar et al. (2009). The present study indicates that the seed lot has a high germination 
potential; however, dormancy may be the inhibiting factor.

In this study, no seedling emergence was observed at 0 cm and 4 cm sowing depth; the result 
compares favourably with those of Chachalis and Reddy (2000). The highest FPSE obtained at 
2 cm depth on the five soil types in our study agrees with the observation of seedling emergence at 
2 cm depth in a study carried out by Zhou et al. (2005). Failure of seedling emergence at 0 cm and 
few seedling emergences at 1 cm sowing depths may be attributed to exposure of the seeds to harsh 
weather elements such as direct sunlight, which in turn could have led to loss of moisture, subse-
quent seed dryness, and failure to break dormancy (Desbiolles, 2002; Suthar et al., 2009).

In this study, observation of seedling emergence evaluated on the fourth day after sowing was 
high in all soil types in 1 cm and 2 cm sowing depths showed that the seed is not prone to delay 
emergence. However, the highest seedling percentage observed in silty clay loam soil at 2 cm 
sowing depth distinguished it as the best treatment. The EG indicates the capacity of seed lot 
germinating on the fourth day of the experiment, and this is a critical day in seed germination 
(Farooq et al., 2005).

High germination index in all the soil treatments at 1 cm and 2 cm sowing depths in this study 
showed the high potential of the seeds of S. nigrum at these sowing depths. However, significantly 
higher result on silty clay loam at 2 cm sowing depth is an indication that S. nigrum seed lot pos-
sessed higher potential to produce healthy seedlings on these treatments. In addition, the result 
indicates that S. nigrum can produce healthy seedlings within a short period, no matter the various 
environmental conditions (Beena and Jayaran, 2010).

8.6  CONCLUSIONS

The present study indicates that S. nigrum seeds are sufficiently viable, but seed dormancy may be 
the factor hindering germination, and this can be overcome in several ways. Sandpaper, 15°C, 20°C, 
and 25°C temperature treatments resulted in high germination of up to 94.6%. Temperatures less than 
5°C, higher than 35°C, as well as continuous darkness hindered germination. Germination was first 
and last observed on the third and ninth day after sowing, respectively. Sowing depth significantly 
affected seedling emergence. Silty clay with the highest seedling emergence record at 2 cm sowing 
depth indicates that there is an influence of soil modulation on S. nigrum seeding emergence.
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9 Indian Medicinal Plants 
and Their Potential 
Against Coronaviruses

Manisha Nigam and Abhay Prakash Mishra

9.1  INTRODUCTION

Coronaviruses (CoVs) have the biggest genome of any RNA virus with such a high rate of recombina-
tion that this category of viruses is continually producing new variants capable of infecting various 
hosts (Wyganowska-Swiatkowska et al., 2020). In humans, they induct respiratory infirmities that 
encompass mild symptoms to severe complications leading to pneumonia and other respiratory ail-
ments. Acute lower respiratory tract infectious diseases are one of the leading causes of morbidity and 
mortality worldwide, accounting for over 4 million fatalities each year (Cock and Van Vuuren, 2020).

In the Indian traditional system of medicine, there are peculiar and acknowledged systems, 
which are Ayurveda, Yoga and Naturopathy, Unani, Siddha, and Homoeopathy (AYUSH) (Prasad, 
2002). People in India rely on indigenous natural sources to cure various respiratory ailments due to 
a lack of healthcare facilities. Across many regions of the world, herbal medicines for the treatment 
of respiratory diseases are commonplace (Alamgeer et al., 2018). There is mounting evidence that 
herbal medications are efficient against viral infections do not acquire resistance, aid in the stimula-
tion of the host immune system, and can affect viruses in a precise way (Wyganowska-Swiatkowska 
et al., 2020). Phytotherapeutic compounds have been used for disease management since prehistoric 
times, but their use has skyrocketed in the recent decade. Plants are a significant source of natural 
chemicals with a wide range of biological and pharmacological effects (Mishra et al., 2018).

The ongoing outbreak of coronavirus disease 2019 (COVID-19) caused by severe acute respi-
ratory syndrome-coronavirus-2 (SARS-CoV-2) has demonstrated the necessity for novel vaccine 
and therapeutic candidates’ development. Although there is currently not any specific cure for 
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COVID-19, except to adopt preventative procedures such as maintaining social isolation, hygiene, 
and improving immunity. As a result, new therapy solutions for the current deadly epidemic can 
be identified by reclaiming the ancient applications of Indian medicinal herbs and formulations. 
Moreover, because of the ingrained side effects of conventional drugs, a substantial populace has 
moved over to traditional medications as a substitute to conventional therapies owing to numer-
ous causes comprising lower cost, easy accessibility, and reduced or no side effects. Many tradi-
tional AYUSH (Ministry of AYUSH, Government of India) formulations that are very well immune 
modulators have been used in respiratory illnesses and allergy illnesses for centuries. AYUSH has 
identified and advised these inventions for their usage as a preventative strategy. Most of these are 
being tested for clinical trials in COVID-19-infected subjects (Ahmad et al., 2021). This chapter 
emphasizes the antiviral activities from several potent Indian folklore plants against coronaviruses 
with emphasis on SARS-CoV-2.

9.2  CORONAVIRUSES: A GENERAL OVERVIEW

Coronaviruses represent a distinct group of huge, enveloped positive-sense RNA viruses belonging to 
the order Nidovirales, comprising four families, namely Coronaviridae, Mesoniviridae, Roniviridae, 
and Arteriviridae. Coronaviridae consists of two sub-families: Torovirinae and Coronavirinae. 
Coronavirinae sub-family again differed into four genera, namely, α -, β-, γ-, and δ-coronaviruses 
(Vellingiri et al., 2020), of which α- and β-coronaviruses are only infectious to mammals, whereas 
γ- and δ-coronaviruses infect birds mostly, though some infect mammals too (Vellingiri et al., 
2020). In the 1960s, coronaviruses were discovered for the first time in humans (Wyganowska-
Swiatkowska et al., 2020). Coronaviruses have previously been viewed as generally innocuous 
respiratory microorganisms to people. Among the coronaviruses identified to infect humans, severe 
acute respiratory syndrome coronavirus (SARS-CoV), Middle East respiratory syndrome coronavi-
rus (MERS-CoV), and SARS-CoV-2 possess the capacity to cause severe maladies, whereas HKU1, 
NL63, 229E, and OC43 exhibit mild signs (Su et al., 2016). SARS-CoV-2—a coronavirus reported 
in China (In Wuhan City December 2019) (Zhu et al., 2020) is seventh among the coronaviruses that 
infect humans and has provoked current global fear (Cock and Van Vuuren, 2020).

9.3  PATHOGENIC EFFECT OF COVID-19

In terms of genomic structure, SARS-CoV-2 shares 75%–80% of the characteristics of SARS-CoV 
and 50% of those of MERS-COV. It is already known that SARS, MERS, and COVID-19 patients 
commonly develop lymphopenia and have a higher likelihood of developing pneumonia and pro-
gressing to respiratory failure (Li et al., 2021). According to clinical and experimental findings 
from studies of COVID-19, the immune inflammatory response is crucial in SARS-CoV-2 infection. 
Several studies have suggested that an abnormal immune response (rather than a direct viral cyto-
pathic effect) plays a much greater role in the effects of COVID-19. Similarly, COVID-19 is thought 
to cause pathological changes to vital organs directly in response to the cytopathic effect of SARS-
CoV-2 as well as indirectly by damaging immune responses triggered by SARS-CoV-2. During the 
early stage of COVID-19, patients were observed to have the highest viral load (To et al., 2020). 
In addition, SARS-CoV and SARS-CoV-2 bind to the same receptor—Angiotensin-Converting 
Enzyme 2 (ACE-2), suggesting that both viruses enter the body via similar pathways. ACE-2 is 
widely expressed in vascular endothelial cells and smooth muscle cells in all organs, which might 
cause extensive vascular endothelial cell injury and possibly contribute to the development of mul-
tiple organ lesions in patients with COVID-19 infection (He et al., 2006; Liang et al., 2020). Recent 
research suggests that cardiac cells expressing high amounts of ACE-2 might serve as target cells 
for SARS-CoV-2 in patients with basic heart failure disease (Chen et al., 2020b). Similarly, there 
has been a report of cardiac injury in 7%–23% of patients with COVID-19, which leads to increased 
mortality (Shi et al., 2020).
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Studies using COVID-19 models suggest that the common type of damage caused by SARS-
CoV-2 infection also occurs within the immune system, and spleen and lymphoid atrophy are asso-
ciated with cytokine activation, suggesting that SARS-Co-V2 might directly damage immune cells 
(Chen et al., 2020a; Chan et al., 2020; C. Huang et al., 2020; Bermejo-Martin et al., 2020). SARS-
CoV-2 can activate pattern recognition receptors (PRRs) in the body, which leads to the antiviral 
innate immune response as well as organ dysfunction and damage to cells (Li et al., 2021). It has 
been observed that both damage-associated molecular patterns (DAMPs) and pathogen-associated 
molecular patterns (PAMPs) may contribute to the systemic dysregulation of the innate immune 
response and play a role in the development of multiple organ dysfunction syndrome (MODS).

Furthermore, Diao et al. found that COVID-19 not only reduced the number of T cells but also 
functionally exhausted the surviving T cells (Diao et al., 2020). Additionally, T-cell subpopula-
tion differentiation and functional imbalances play major roles in some inflammatory conditions  
(Li et al., 2021).

COVID-19 also causes both pulmonary and systemic inflammation, which can lead to MODS in 
high-risk patients (Chen et al., 2020c). According to the number of studies, the primary diagnostic 
criterion for severe or critical SARS-Co-V2 is organ dysfunction, including acute respiratory distress 
syndrome (ARDS), shock, acute myocardial injury, liver injury, renal injury, and MODS being the 
most common. (Xie et al., 2020a; Wang et al., 2020; Yang et al., 2020; Bermejo-Martin et al., 2020; 
Li et al., 2021). However, it is widely assumed that the core pathophysiology of critical COVID-19 
is severe ARDS (Yang et al., 2020). The primary cause of ARDS appears to be the extravagant and 
unrestrained inflammation apparently caused by SARS-CoV-2 infection. In addition, in both severe 
SARS and COVID-19, hypercytokinemia plays a crucial role in pathogenic inflammation. In 2019, 
hypercytokinemia and lymphopenia were found in COVID-19 patients, suggesting that there is a 
specific dysregulated immunological phenotype linked to remarkably high severity (Li et al., 2021).

MERS-CoV and SARS-CoV infect and reproduce rapidly in human macrophages and dendritic 
cells, causing abnormal release of proinflammatory cytokines and chemokines (Yoshikawa et al., 
2009; Li et al., 2021). Viroporin 3a has also been reported to activate the nucleotide oligomerization 
domain-like receptor protein three inflammasome and secrete IL1β in macrophages during SARS-
CoV infection, suggesting that PAMP-PRR signaling in macrophages may result in the production 
of proinflammatory cytokines in COVID-19 (Fu et al., 2020).

Several studies confirmed that lymphopenia (defective acquired immunity) is a prevalent trait in 
COVID-19 patients, and it has been linked to severity of illness and death (Xie et al., 2020a; Wang 
et al., 2020; Guan et al., 2020; Chen and Li, 2020). Immunosuppression might make it difficult 
to get rid of the virus and can lead to secondary infections. In individuals with severe COVID-19 
(5–15.5%), hospital-acquired secondary infection is common. Secondary bacterial infection was 
found in 14.3% of COVID-19 patients, according to a recent meta-analysis, which included 3,448 
patients from 28 trials.

9.4  ANTIVIRAL ACTIVITY OF INDIAN MEDICINAL 
PLANTS AGAINST CORONAVIRUSES

In this situation in which preventive and therapeutic agent has not been established or recommended 
yet for coronaviruses, medicinal plants are a boon of God for curative, supplementary, and recu-
perative patients. Owing to their efficacy, cost-effectiveness, eco-friendliness, feasibility, lesser or 
no side effects herbal plants, and their formulations need to be explored further for therapeutic use 
against viruses with emphasis on coronaviruses. Indian medicinal plants had offered numerous 
novel leads in history (Mukherjee et al., 2007) and possess brilliant potential in providing future 
new chemical entities (NCE) for developing brilliant therapeutic representatives.

The following section detailed the information on some representative Indian medicinal plants 
used against viral contagions that could be anticipated as a conceivable therapeutic strategy against 
the coronaviruses infection including COVID-19.
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9.4.1  Ocimum sanctum

Ocimum sanctum is known as Tulsi, also called holy basil for its religious and spiritual sanctity; it is a 
native plant to the Indian subcontinent. It is greatly recommended for its curative properties since more 
than 3,000 years ago. Many preclinical and clinical reports have evidenced its therapeutic efficacy as 
an adaptogenic, anti-carcinogenic, antibacterial, antidiabetic, anti-inflammatory, antiviral, cardiopro-
tective, and immunity-boosting properties (Jamshidi and Cohen, 2017). Although Eugenol (1-hydroxy-
2-methoxy-4-allylbenzene), the functional constituent in O. sanctum L. has been documented to be 
principally accountable for the medicinal potential, ursolic acid, euginal, limatrol, carvacrol, methyl 
carvicol, caryophyllene, and sitosterol are the other bioactive constituents (Pattanayak et al., 2010). 
Ocimum sanctum is being consumed for pain, cough, cold, diarrhea, fever, bronchitis, and respiratory 
ailments since time immemorial, which are also common symptoms related to coronaviruses-borne 
infections, including COVID-19 (Goothy et al., 2020). It has been documented that Ocimum sp. pos-
sesses tremendous antiviral properties against both DNA and RNA viruses (Chiang et al., 2005), owing 
to its immunomodulatory activity via a humoral and cell-mediated immune response (Mediratta et al.,  
2002). Studies have documented that O. sanctum leaf extract stimulate T & B lymphocytes, particu-
larly Th1 subset, evidenced by enhanced IL-2 production in vitro and in vivo in albino Wistar rats 
(Goel et al., 2010). Moreover, randomized double-blind placebo-controlled trials of ethanolic extract 
of Tulsi leaves on healthy humans were reported to increase immune response with enhancement in 
the level of IFN-γ, IL-4, T-helper cells, and Natural Killer (NK) (Mondal et al., 2011). These stud-
ies further corroborate the role of Ocimum sp. as an antiviral agent. Recently molecular docking 
study on Ocimum-derived phytochemicals, i.e., Ursolic acid, Vicenin, and Isorientin 4′-O-glucoside 
2″-O-p-hydroxybenzoagte have hinted at their role as an inhibitor against SARS-CoV-2 Mpro (Main 
protease), suggesting its possible use against this global contagion (Shree et al., 2020).

9.4.2  Zingiber Officinale

Zingiber officinale, known as Ginger, is a common Indian spice and traditional medicinal plant 
having numerous pharmacological activities, such as antibacterial, antiviral, anti-hypertensive, anti-
oxidant, analgesic antipyretic properties (Chrubasik et al., 2005), and also has been reported to be 
effective against respiratory ailments (Akoachere et al., 2002; Sharma and Chakotiya, 2020). The 
fresh extract of Z. officinale exhibits antiviral properties against the human respiratory syncytial 
virus by blocking its attachment and internalization. It also triggers mucosal cells to secrete IFN-β 
that believably counteract viral infection (Chang et al., 2013). Moreover, it exhibits immunomodula-
tory properties by stimulating humoral and cell-mediated immune responses (Carrasco et al., 2009). 
The bioactive composites of Z. officinale such as gingerdion, zingiberene, nevirapine, 6-ginge-
diol, 6-gingerol, β-sitosterol, germacrene, 6-shogaol, methyl-6-shogaol, α-linalool, etc., restrain 
viral duplication where β-sitosterol is the most effective inhibitor of reverse transcriptase (RT) 
enzyme (Gautam et al., 2020). Recently major components of Z. officinale were evaluated against 
coronavirus (SARS-CoV-2) to explore the effectual inhibitors of the entry point of infection by 
ligand– receptor binding docking study. The virus SARS-CoV-2 initiates its infection to the human 
body via the interaction of its spike (S) protein with the human Angiotensin-Converting Enzyme 2 
(ACE2)—a functional SARS-CoV receptor of the host cells (Xie et al., 2020b). It was revealed that 
phytochemicals Gingerenone and zingiberene possess an effective binding affinity for angiotensin-
converting enzyme 2 (ACE-2), which is required for host cell entry and subsequent viral replica-
tion. Whereas phytochemicals shoagol, zingerone, and zingiberene showed higher binding with 
the extracellular domain of serine protease Transmembrane protease Serine 2 (TMPRSS2). It is 
pertinent to note that cascading of the attachment and subsequent entry of the SARS-CoV-2 virus is 
the utmost critical phase of pathogenesis facilitated by Spike protein, ACE-2, and additionally sup-
ported by TMPRSS2 (Sharma and Chakotiy, 2020). Thus, prohibiting such stages may help to plot 
probable drug targets against this virus. These results were also corroborated by another in silico 
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study where it was documented that Z. officinale reduced viral load and shedding of SARS-CoV-2 in 
the nasal passage, indicating the involvement of certain components of Z. officinale having substan-
tial affinity against virus spike protein and host ACE-2 receptor (Haridas et al., 2021). Moreover, 
Ginger also possesses strong antioxidant, anti-inflammatory, bronchodilatory effect, induces airway 
smooth muscle relaxation, and attenuates the airway inflammation and resistance (Mao et al., 2019), 
thus could prevent severe damage to the lungs, which is also applicable in COVID-19.

9.4.3  curcuma lOnga

Curcuma longa—commonly known as turmeric is an Indian spice widely used in Indian tradi-
tional medicine owing to its therapeutic properties like antiviral, lipid-lowering, antimicrobial, 
analgesic, antiproliferative, anti-inflammatory, and immunomodulatory activity (Dwivedi et al., 
2020). Major bioactives reported from C. longa are curcuminoids, turmerones, and sesquiterpe-
noids. Curcuminoids (a mixture of curcumin, Demethoxycurcumin, and Bisdemethoxycurcumin) 
are responsible for the main pharmacological activities of turmeric (Thimmulappa et al., 2021), and 
Curcumin is the most abundant bioactive curcuminoid in turmeric. Curcumin acts against many 
viruses responsible for respiratory ailments, for example, respiratory syncytial virus, influenza A 
virus (Praditya et al., 2019), and SARS-CoV (Wen et al., 2007).

Numerous studies using computational modeling tools have predicted that curcumin possesses a 
binding affinity for ACE2 receptor of host and spike protein of virus, and thus could anticipate as a 
curative agent for restraining virus attachment to the host (Pandey et al., 2021; Maurya et al., 2020). 
Curcumin also intervenes in several respiratory diseases by modulating inflammation and oxidative 
stress via various mechanisms, e.g., inhibition of lipoxygenase (LOX), cyclooxygenase-2 (COX-2), 
and inducible nitric oxide synthase (iNOS) enzymes that mediate inflammatory processes (Menon 
and Sudheer, 2007). Moreover, it also blocks NF-κB activation—a transcription factor responsible 
for regulating inflammation via tumor necrosis factor α (TNF-α) in most ailments (Hewlings and 
Kalman, 2017). Curcumin also triggers NRF2—a transcription factor and chief modulator of the 
cell’s antioxidant defences, comprising GSH-biosynthesizing enzymes and heme oxygenase-1 (Dai 
et al., 2018). In addition to antioxidant property (direct action), curcumin lessens reactive oxygen 
species (ROS) by restraining NADPH oxidase (indirect action) (Huang et al., 2015).

Interestingly, curcumin also blocks IL-6 trans-signaling and thus inhibits the advancement of 
inflammatory ailments (Zhao et al., 2016a). These studies postulate a strong notion that curcumin 
could lessen virus-induced oxidative stress, cytokine syndrome, and tissue injury; thus it could be 
an effectual therapeutic against COVID-19 (Thimmulappa et al., 2021).

9.4.4  glycyrrHiZa glabra

Glycyrrhiza glabra—commonly known as Mulethi is a dried and processed root of G. glabra—
a widely used medicinal plant found in traditional formulas of Indian culture to treat symptoms of 
viral respiratory tract infections, for instance, sore throat or dry cough (Fiore et al., 2008). Various 
biologically active compounds have been reported from G. glabra, e.g., alkaloids, glycosides, fla-
vonoids, phenolics, saponins, tannins, terpenes, and steroids (Mamedov and Egamberdieva, 2019). 
Glycyrrhizin (GLR)—a triterpenoid saponin from G. glabra inhibits SARS-associated coronavirus 
(SARS-CoV) by restraining its adsorption and penetration during the early steps and also its repli-
cation in Vero cells (Cinatl et al., 2003). GLR has been reported to cure respiratory ailments and 
ARDS by inhibiting the levels of high-mobility group proteins B1 (HMGB1) and IL-33 via modu-
lating the release of proinflammatory cytokines during the preliminary stage of the syndrome from 
stimulated inflammatory cells (Fu et al., 2016). GLR also regulates anti-inflammatory and immuno-
modulatory activity via multiple pathways such as MAPK and Toll-like receptors signaling pathways  
(Zhao et al., 2016b) declining IL-6 release from macrophages, thus leading to reduced cytokine storm 
induction. Moreover, molecular docking studies suggested that GLR stimulates cholesterol-reliant lipid 
rafts disorganization—a critical event for the entry of coronavirus into cells (Bailly and Vergoten, 2020). 
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Recently, through in silico approach, it was showed that the constituents of licorice, i.e., Glyasperin A 
& Glycyrrhizic acid affect the replication process of SARS-CoV-2 (Sinha et al., 2020), where ACE-2 
receptor was interrupted by the former and replication was repressed by the latter.

9.4.5  HOuttuynia cOrdata

Houttuynia cordata is a perennial herb that propagates in the moist and shady regions in Asian 
countries. It possesses effectual antiviral action specifically against enveloped viruses of clinical 
significance. The water extract of H. cordata has been reported to exhibit a biphasic response (Lau 
et al., 2008). It exhibits an immunomodulatory effect in mouse splenic lymphocytes by stimulating 
the propagation of CD4+ and CD8+ T cells along with substantial enhancement in cytokines, IL-2 
and IL-10 secretion. Thus, it may help to prevent SARS-CoV infection by boosting cell-mediated 
immunity. Moreover, it also suppresses SARS coronavirus 3C-like protease and RNA-dependent 
RNA polymerase (Lau et al., 2008).

Recently, two bioactive phytocompounds—6-Hydroxyondansetron and Quercitrin from H. cor-
data have been documented to possess potential against three main replication proteins of SARS-
CoV-2, i.e., Main protease (Mpro), ADP ribose phosphatase (ADRP), and Papain-like protease 
(PLpro) (Das et al., 2021) via molecular docking studies.

9.4.6  tinOspOra cOrdifOlia

Tinospora cordifolia is also known by diverse names such as Guduuchi, Guluuchi, Amrita, Guduchi 
sattva in Ayurveda, and Giloya in folk. It is a deciduous shrub found in the tropical region of India 
and recognized as ‘nectar of life’ because of its immune-strengthening potential. Besides, it is also 
known for its antioxidant, antidiabetic, cytotoxic, and antihepatotoxic activity (Sharma et al., 2012). 
Its bioactive components—Tinocordioside, Magnoflorine, Syringin, and Cordifolioside A are well-
known for its immunomodulatory action (Sharma et al., 2012). Tinocordiside from T. cordifolia 
has been reported to potentially inhibit SARS-CoV-2 Mpro (Main protease), using a molecular 
docking study (Shree et al., 2020). Recently, various secondary metabolites from T. cordifolia, 
i.e., Columbin, N-Maslinic acid, trans-feruloyl-tyramine-diacetate, Tinosporide, Amritoside (C, B 
& A), Palmatoside (G & F), and Tinocordifolin are reported as quintessential bioactives based on 
docking count against SARS-CoV-2 Mpro (Thakkar et al., 2021).

9.4.7  WitHania sOmnifera

Withania somnifera—traditionally recognized as ‘Indian Ginseng’ and ‘Ashwagandha’ is a well-known 
pharmaceutical plant in Indian Ayurveda and ethnic medicines to treat various human ailments (Mishra 
et al., 2000). W. somnifera possess flavonoids, alkaloids and steroidal lactones like somnine, som-
niferinine, somniferine, withananine, withanine, withaferin A & B, pseudo-tropine, pseudowithanine 
tropane, anahydrine, anaferine, choline, isopelletierine, 17-hydroxywithaferin A, dihydrowithaferin A, 
27-deoxywithaferin, withanolides, withanone, withanosines, Quercetin, and Quercetin-3-O-galactosyl-
rhamnosyl-glucoside (Hirayama et al., 1982). It is widely claimed to have antimicrobial, hepatopro-
tective, antidepressant, anti-inflammatory, antioxidant, anti-stress, anticonvulsant, cardioprotective, 
antitumor, antiviral, and immunomodulatory properties (Mishra et al., 2000). The plant and its deriva-
tives have been described for its efficient antiviral action against herpes simplex type-1, hepatitis, H1N1 
influenza, coxsackie virus, HIV, infectious bursitis, and coronaviruses—involving SARS-CoV and 
SARS-CoV-2 (Akram et al., 2018; Straughn and Kakar, 2020). A plethora of in silico analyses recently 
has depicted numerous conceivable antiviral modes of action of the bioactives from W. somnifera via 
impeding host cell protease (TMPRSS2), Viral protease (3CLpro & PLpro), RNA polymerase (RdRp), 
host receptor ACE-2, and viral hydrophobic envelope (E) protein (involved in the formation of enve-
lope, replication, budding, and release of virus progeny from the host) (Shree et al. 2020; Kumar et al. 
2020; Chikhale et al. 2020; Tripathi et al. 2020; Straughn and Kakar 2020; Abdullah-Alharbi 2021).



151Indian Medicinal Plants Against Coronaviruses

Interestingly, W. somnifera also inhibits and lessens numerous proinflammatory molecules,  
i.e., IL-2, -6, & -7, TNF-α, IFN-γ thus clinically improves the COVID-19-associated cytokine storm 
(Kashyap et al., 2020). Moreover, it also acts as an antioxidant agent by inhibiting the viral-induced 
expression of glutathione, ROS generation (Kashyap et al., 2020) against SARS-COV-2-associated 
oxidative stress in the lungs.

9.4.8  allium sativum

Allium sativum, frequently known as garlic, is a valuable herb used since ancient times for culinary 
and medicinal purposes in India. It possesses antimicrobial, immunomodulatory, antimutagenic, 
anti-inflammatory, and antitumor properties as well (Donma and Donma, 2020), owing to the 
presence of sulfur-containing compounds. The most important biologically active sulfur constitu-
ents are Allicin, Alliin, ajoenes, vinyldithiins, and diallyl sulfide (El-Saber Batiha et al., 2020).  
A. sativum has been reported to show antiviral activity against various viruses, especially influ-
enza and infectious bronchitis virus—a coronavirus (Mohajer-Shojai et al. 2016; El-Saber Batiha 
et al. 2020). Interestingly, frequent use of garlic promotes internal antioxidant defence and reduces 
adverse oxidative effects by various modes, e.g., increasing glutathione and cellular antioxidant 
enzymes, ROS modulation and its prevention by inhibiting NADPH oxidase one, and stimulat-
ing Nrf2 and heme-oxygenase one enzyme transcription (El-Saber Batiha et al., 2020). Garlic 
supplementation significantly stimulates CD4+ & CD8+ T cells, macrophages, dendritic, and NK 
cells. Moreover, garlic is also associated with other valuable immunological and hormonal effects, 
as evidenced by the decline in leptin, leptin receptor, peroxisome proliferator-activated receptor-
gamma (PPAR-γ), and IL-6 (Donma and Donma, 2020). Thus, above-mentioned characters hint 
that A. sativum may be beneficial as a preventive measure against coronaviruses infection via 
boosting the immune system and repressing proinflammatory cytokines. Moreover, docking stud-
ies have explored that the synergistic interactions of various substances of the garlic essential oil 
exhibited an inhibitory effect on the ACE2 receptor and the PDB6LU7 protein of the SARS-Co 
V-2virus (Thuy et al., 2020).

9.4.9  pHyllantHus emblica

Phyllanthus emblica—commonly known as Amla is a native plant of India and has extensively been 
investigated for different biological activities such as anti-inflammatory, antioxidant, antiaging, anti-
diabetic, and hepatoprotective properties (Gaire and Subedi, 2014). Interestingly, in Ayurveda, Amla is 
known to be an effective immunomodulator and rejuvenator against senescence and degenerative issues 
by promoting longevity, enhancing digestion, reducing fever, and cough (Gaire and Subedi, 2014).

Corilagin, quercetin, ellagic acid, gallic acid, leutolin, chebulagic acid, and chebulinic acid are 
the representative polyphenols from Phyllanthus spp. that have been reported to exhibit miscel-
laneous pharmacological effects (Jantan et al., 2014). Amla substantially lessens the immunosup-
pressive effect on the proliferation of lymphocyte via restoring INFγ and IL-2 levels (Sai Ram  
et al., 2002). It also increases anti-inflammatory cytokines and reduces proinflammatory cytokines 
levels (Chatterjee et al., 2011). Moreover, there are many reports on its antiviral properties on vari-
ous types of viruses like Herpes simplex virus and Hepatitis B virus (Xiang et al. 2011; Lv et al. 
2014). Moreover, polyphenolics present in P. emblica act as a free radical scavenger (Chaphalkar  
et al., 2017) and may provide strong protection against CCL4-induced pulmonary fibrosis by inhib-
iting lipid peroxidation and increasing levels of SOD and glutathione peroxidase (Tahir et al., 2016).

Besides the above-mentioned plants, there are numerous other Indian medicinal plants recom-
mended by AYUSH, Government of India, in the form of formulations or ingredients as such that 
are well-known for boosting immunity and possess antiviral and anti-inflammatory properties. 
Therefore, these can propose excellent leads against coronaviruses infection, especially COVID-19. 
A list of some of these medicinal plants with their details has been provided in Table 9.1.
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TABLE 9.1
List of Some Indian Medicinal Plants Recommended by AYUSH Targeting COVID-19

S.N.
Name of the 
Plant/ Family

Plant Part 
Used Mechanism of Action In silico Studies

Adhatoda vasica
(Acanthaceae)

Leaves Downregulation of hypoxia, 
inflammation, TGF-β1, enhance 
adaptive immunity, reduce the 
viral load in SARS-CoV2 infected 
Vero cells (Gheware et al., 2021).

Alkaloid vasicine was reported as 
a potential target against 
COVID-19 (Thangaraju et al., 
2021).

Aegle marmelos
(Rutaceae)

Root, stem
bark, fruits

Immunostimulatory, anti
inflammatory, antioxidant
(improve SOD CAT, GSH, and 
GPx) (Yadav et al., 2020). 

Seselin—a compound from leaf 
extract interacts with COVID-19 
main protease, SARS-CoV-2S 
protein and free enzyme of the 
SARS-CoV-2 main protease 
(Nivetha et al., 2021).

Anacyclus 
pyrethrum

(Asteraaceae) 

Root Immunomodulatory, anti-
inflammatory, antimicrobial,
antioxidant (Jawhari et al., 2021).

Gamma sitosterol from a. 
pyrethrum was reported to be 
antiviral against COVID-19, as it 
acts on the main protease 
(3CLpro) (Vincent et al., 2020).

Andrographis 
paniculata 
(Acanthaceae) 

Leaves Anti-inflammatory, antibacterial, 
antitumor,

antidiabetic, anti-HIV,
antifeedant, and antiviral 
anti-SARS-CoV-2 activity

(Jayakumar et al., 2013; 
Sangiamsuntorn et al., 2021).

Andrographolide—a
bioactive was reported as an 
effective inhibitor of SARS-
CoV-2 main

protease (Enmozhi et al., 2021)

Azadirachta 
indica 
(Meliaceae) 

Leaves Antioxidant, antiviral, anti-
inflammatory, antimicrobial 
(Atawodi and Atawodi, 2009).

Nimbolin A, Nimocin, and 
Cycloartanols were

predicted to be the inhibitor of 
SARS-CoV-2 M(Membrane) and 
E

(Envelope) proteins that are 
crucial for virus assembly and 
budding. (Borkotoky and 
Banerjee, 2020).

Carica papaya
(Caricaceae)

Leaves, 
fruits

Immunomodulatory, anti
inflammatory, antimicrobial,
antioxidant (Dwivedi et al., 2020).

Flavonoids are reported to interact 
with a variety of SARS-
Coronavirus-2 protein targets 
(Hariyono et al., 2021).

Cassia 
occidentalis

(Fabaceae)

Aerial 
part, 
seeds

Antibacterial, antifungal,
antimalarial, anti-inflammatory,
antioxidant, hepatoprotective,
and immunosuppressive activity 
(Bhagat and Saxena, 2010).

Cassiaoccidentalins A–C from 
Cassia occidentalis reported with 
excellent binding against 
SARS-CoV-2 3C-Like Protease 
(Bondhon et al., 2020).

Cocculus hirustus
(Menispermaceae)

Whole 
plant

Immunomodulatory, anti-
inflammatory, antimicrobial, 
antioxidant (Logesh et al., 2020)

-

(Continued)
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TABLE 9.1 (Continued)
List of Some Indian Medicinal Plants Recommended by AYUSH Targeting COVID-19

S.N.
Name of the 
Plant/ Family

Plant Part 
Used Mechanism of Action In silico Studies

Cordia myxa
(Boraginaceae)

Fruits Anti-inflammatory, 
immunomodulatory, antimicrobial 
antioxidant (Al-Snafi, 2016)

-

Cynodon dactylon
 (Poaceae.) 

Whole 
plants

Anti-inflammatory, antiviral,
immunomodulatory,
antimicrobial, antioxidant,
antipyretic (Mangathayaru et al., 
2009).

-

Jatropha curcas
(Euphorbiaceae) 

Leaves, 
roots

Anti-inflammatory, antiviral, 
immunomodulatory, 
antimicrobial, antioxidant, 
anti-HIV (Sharma and Singh, 
2012).

-

Mollugo cerviana 
(Molluginaceae) 

Whole 
plant

Antiviral against COVID-19 
(Adhikari et al., 2021), anti-
inflammatory, antimicrobial, 
antioxidant (Napagoda et al., 
2020).

Nigella sativa 
(Ranunculaceae)

Seeds Anti-inflammatory, antiviral, 
effective against respiratory 
disorders, immunomodulatory, 
antimicrobial, antioxidant (Kooti 
et al., 2016).

Caryophyllene oxide,
α-bergamotene, and β-bisabolene 
from Nigella sativa was reported 
with excellent binding against 
SARS-CoV-2 (Duru et al., 2021).

Piper nigrum 
(Piperaceae) 

Fruits Antioxidant, antiviral, anti-
inflammatory, antimicrobial 
(Takooree et al., 2019), Antiviral 
against COVID-19 (Roshdy et al., 
2020).

Piperdardiine and piperanine has 
displayed significant inhibitory 
potential against coronavirus’s 
selected targets (Rajagopal et al., 
2020).

Solanum nigrum 
(Solanaceae)

Seeds Antioxidant, antiviral, anti-
inflammatory, and antipyretic 
(Campisi et al., 2019).

-

Valeriana 
wallichii 
(Valerianaceae)

Roots Antioxidant, antiviral, anti-
inflammatory, antimicrobial 
(Sundaresan and Ilango, 2018).

-

Vitex negundo 
(Verbanaceae) 

Leaves anti-inflammatory, antioxidant, 
insecticidal, antimicrobial (Zheng 
et al., 2015).

The synergistic interaction of 
ursolic acid, oleanolic acid, 
isovitexin, and 3β-acetoxyolean-
12-en-27-oic acid exhibits 
repressive activity against 
papain-like protease (PLpro) of 
SARS CoV-2 (Mitra et al., 2021).
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9.5  CONCLUSION AND PROSPECTS

In this review, we attempted to highlight some of the representative Indian medicinal plants that 
could be used against coronaviruses, with special emphasis on SARS-CoV-2. Uses of plant-based 
medicines possess several benefits over conventional ones, i.e., low cost, less or no side effects, and 
as an alternative to antibiotic-induced drug resistance. There is a broad scope of Indian medicinal 
plants against various acute and chronic ailments, and they have been used since traditional times. 
All the plants described in this review have been used for ages in India against various health issues, 
especially against virus-induced respiratory ailments. Although the exact mechanism of action of 
some of these plants is still unknown, we are of opinion that immune-boosting and modulation, 
anti-inflammatory, and antioxidant properties are some of the mechanisms by which these plant-
based medicines act (Figure 9.1). Thus, we speculate that such properties might be of importance 
against SARS-CoV-2—a coronavirus. Moreover, docking studies on various such plants also cor-
roborated the available literature so far, which hinted that these bioactive compounds from these 
plants may be of immense importance in developing the future drug against coronaviruses.

Nevertheless, further preclinical and clinical findings are required to validate their usage in 
terms of the correct dosage, toxicity levels (if any), and efficacy.
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Stanley Mukanganyama

10.1  INTRODUCTION

The World Health Organization reports that more than 80% of the world’s population depends 
on traditional medicine to cater for their primary health care (WHO, 2019). The search for new 
pharmacologically active agents obtained by screening microbial and plant extracts has led to the 
discovery of many clinically useful drugs that play a major role in the treatment of human diseases 
(Atanasov et al., 2015). It is important to know the biochemistry of plants to avoid issues of toxic-
ity. Zimbabweans use traditional medicines, since they are affordable and believed to be safe than 
conventional drugs.
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10.2  MICROBIAL INFECTIONS

Bacterial and fungal infections have become a major medical problem due to the rise in frequency 
of multi-drug resistance. Pathogenic bacteria can grow, divide, and spread in the body, leading to 
infectious diseases (Rahman et al., 2020). Other bacteria are opportunistic pathogens and do not 
cause infections in healthy humans but cause diseases when the immune system is compromised 
(Price et al., 2017).

10.3  PLANTS AS SOURCES OF ANTI-INFECTIVE COMPOUNDS

Phytochemical screening research serves to identify the active compounds from plant medicine and 
verify their efficiency against the disease-causing microbes. Determination of toxic components 
that may be harmful to human health in the traditional medicines can also be carried out (Mensah 
et al., 2019). Many significant drugs, including artemisinin, paclitaxel, and quinine are products of 
phytochemical research inspired by the ethno-traditional uses of their respective plants. Crude plant 
medicines used by most people in the developing countries are far from being safe. This is because 
some may contain toxic compounds and heavy metals (Vaikosen and Alade, 2017). Therefore, there 
is a need for studies that may lead to the discovery of new and alternative antimicrobials, which are 
relatively safer to humans.

10.4  EVALUATION AND BIOCHEMICAL VALIDATION

Antimicrobial susceptibility tests (AST) are a group of procedures that are used to determine 
which specific antibiotics a particular microorganism is sensitive to (Bonev et al., 2008). In addi-
tion to helping design therapy regimens for infections, AST are also used in drug discovery, for 
in vitro investigations of extracts and pure drugs as potential antimicrobial agents. A variety of 
laboratory methods can be used to evaluate the in vitro antibacterial activity of a compound. Some 
of the AST methods include diffusion methods, thin-layer chromatography bioautography, dilu-
tion methods, time-kill test, ATP bioluminescence, and flow cytofluorometric method (Reller  
et al., 2009). The broth microdilution assay is one of the most basic AST methods and is an exam-
ple of the dilution methods. They are the most appropriate for the determination of the minimum 
inhibitory concentrations (MIC), as they are able to offer possible estimate of concentration of the 
tested antimicrobial agent (Ambaye et al., 1997). When determining the MIC endpoint of broth 
microdilution assays, viewing chromogenic devices is often used to discern growth in the wells for 
the determination of both antifungal and antibacterial activities. The 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay is used for assessing cell metabolism. The assay is 
done by checking for the activity of the NADPH-dependent cellular reductase enzymes, which in 
turn reflects the number of viable cell present. These enzymes can reduce the tetrazolium dye to 
insoluble formazan, which is purple (Braissant et al., 2020),

10.4.1  antiBacterial evaluation

In our initial work, we evaluated the antibacterial activity of ethanolic extracts of 19 (Table 10.1) 
Zimbabwean plants using the agar diffusion assay and determined the MIC and the minimum bac-
tericidal activity using ampicillin as reference.

Accumulation of rhodamine 6G in bacteria was used to determine the activity of extracts as 
drug efflux pump inhibitors (EPIs) (Chitemerere and Mukanganyama, 2011). At least eight extracts 
exhibited activity against all bacteria (Table 10.2). The MIC and the minimum bactericidal con-
centration (MBC) of plant extracts ranged from 0.05 to 0.5 mg/mL and 0.06 mg/mL to >1 mg/mL, 
respectively.
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TABLE 10.1
The Scientific and Vernacular Names of Some of the Plant Extracts Used in Antibacterial 
Evaluation as Well as the Traditional Uses of Some of the Plants

Family Botanical Name 
Local Name 

Voucher Voucher 
Plant Part 

Tested 
Major Traditional Use 

(Reference)

Asteraceae Vernonia adoensis Sch.
Bip. ex Walp.

Musikavakadzi C1 E7 Leaves Boiled and decoction  
drunk to cure TB. 
(Kisangau et al., 2007)

Anacardiaceae Mangifera indica L. Mumango N 17 E4 Stems and 
twigs 

Used for coughs and 
diarrhoea

Chrysobalanaceae Parinari curatellifolia 
Planch. Ex

Muhacha C6 E1, E7 Stems and 
twigs, 

Leaves

Herpes

Leguminosae Xeroderris stuhlmannii 
(Taub.) Mendoça & 
E.P. Sousa

Murumanyama C4 E4 Stems and 
twigs

Stomach ailments (Iwawela  
et al., 2007), mastitis, 
backache (Ruffo, 1991)

Proteacea Faurea saligna Mutsatsati C13 E7 Leaves

Myrtaceae Callistemon citrinus 
Skeels 

UZ2 E7 Leaves Antibacterial, Haemorrhoid 
treatment. (Oyedeji et al., 
2009)

Moraceae Ficus sycomorus L. Mukuyu SCC1, E7 Leaves

Rubiaceae Fadogia stenophylla 
Welw. ex Hiern 

SCC2, E7 Leaves 

Vitaceae Cyphostemma 
viscosum (Gilg & 
R.E.Fr.) Desc. ex Wild 
& R.B. Drumm.

Fodya 
yemusango 

SCC4
E7

Leaves

Rubiaceae Fadogia ancylantha 
Schweinf.

Masamba 
emusango 

SCC7;E7

Ranunculaceae Clematopsis 
scabiosifolia Hutch. 

SCC8;E7 Leaves

Ranunculaceae Salons delagoense Nhundurwa Leaves, 
fruits

Used to treat scabies in 
children (Chigora et al., 
2007)

Myrtaceae Syzigium cumini Linn. 
Skeels 

Muboo C15, E7, E 
12

Leaves, 
fruits

Anti-inflammatory herb, 
treatment of dysentery 
(Kumar et al., 2008)

Rhamnaceae Zyziphus mucronata 
Willd. 

Muchecheni C7 E7 Stems Snake bites and stomach 
ache (Ruffo, 1991)

Celastraceae Gymnosporia 
senegalensis Loes 

Chizhuzhu
musosawafa

N5 E7 Leaves

Verbenaceae Lantana camara var. 
aculeata (L.)

Moldenke

Mbarambati UZ1 E7 Leaves Ring worm infections 
(Chigora et al., 2007)

Fabaceae Brachystegia boehmii 
Taub 

Mupfuti N7 E7 Leaves

Rubiaceae Catunaregum spinosa 
Thunb 

Mutsvairachuru C 17 Leaves

Source: Chitemerere and Mukanganyama (2011). 

http://R.E.Fr
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Leaf extracts of Mangifera indica, Callistemon citrinus, and Vernonia adoensis were bacteri-
cidal against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus cereus, 
and Bacillus subtilis, while the other extracts from Parinari curatellifolia, Lantana camara, and 
Faurea spp were bacteriostatic. The three extracts from M. indica, C. citrinus, and V. adoensis were 
effective drug efflux inhibitors when using Rhodhamine 6G (R6G) as a probe substrate. All the 
subsequent antibacterial work was based on the initial screening of these plants from Zimbabwe. 
Evaluation of bacterial membrane integrity of two species of bacteria—S. aureus and P. aerugi-
nosa, in the presence of ethanolic leaf extracts of two plant species—C. citrinus and V. adoensis 
was also carried out (Chitemerere and Mukanganyama, 2014). Bacterial efflux pump inhibition 

TABLE 10.2
A Summary Table for the Minimum Inhibitory Concentration (MIC) and the Minimum 
Bactericidal Concentration (MBC) Assays

Microorganism G+/G− Plant Species 
MICa

μg/mL 
MBCb

μg/mL MIC amp 

Escherichia coli G− C. citrinus 125 250 8 16

V. adoensis 188 500

Parinari curatellifolia 
(stems) 

188 500

P. curatellifolia 300 500

Mangifera indica 47 250

Pseudomonas aeruginosa G− V. adoensis 188 1,000 16 125

C. citrinus 63 250

P. curatellifolia 
(stems) 

ND >1,000

P. curatellifolia 188 500

M. indica 46 250

Staphylococcus aureus G+ V. adoensis 94 1,000 < 2 8

C. citrinus 47 250

P. curatellifolia 375 500

P. curatellifolia 
(stems) 

250 500

Faurea sp ND >1,000

Bacillus subtilis G+ C. citrinus 24 63 4 8

Asteraceae family 
(flowers) 

292 1,000

V. adoensis 188 188 

Faurea sp 500 >1,000

M. indica 40 125

Bacillus cereus G+ V. adoensis 188 1,000 4 8

C. citrinus 63 125

P. curatellifolia 
(stems) 

179 500

Lantana camara ND >1,000

P. curatellifolia 375 >1,000
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using both leaf extracts was determined by monitoring the transport of Rhodamine 6G (R6G) 
across the cell membrane, and IC50 values were obtained. Membrane permeabilizing properties of 
both the extracts were also evaluated using the membrane potential sensitive dye 3'3 dipropylthiadi-
carbocyanine (diSC3–5). Extracts of C. citrinus and V. adoensis inhibited bacterial efflux pumps. 
Both the plant extracts showed some significant effects on permeability of the bacterial membrane 
(Figure 10.1).

It was suggested that these plant extracts may, therefore, provide new lead compounds for devel-
oping potential EPIs or permeabilising agents that could aid the transport of antibacterial agents 
into bacterial cells. Root extracts from Cissus welwitschii and Triumfetta welwitschii were screened 
for antibacterial activity against E. coli and B. cereus (Moyo and Mukanganyama, 2015a). It was 
discovered that the methanolic root extracts of T. welwitschii were more effective than the aque-
ous extracts, with an MIC and MBC values of 0.125 mg/mL and 0.5 mg/mL, respectively, against  
E. coli and B. cereus. Nucleic acid leakage in B. cereus and E. coli, and protein leakage in E. coli 
were observed after exposure to the extract from T. welwitschii. The extracts from T. welwitschii had 
greater antibacterial activity than the extracts from C. welwitschii. Since extracts from T. welwitschii 
showed greater antibacterial activity, they could serve as a potential source of lead compounds for 
that could be developed into antibacterial agents. Since we had found these preliminary results on 
this plant, we carried out further phytochemical studies to characterise the major compounds in 
this plant were carried out. (Mombeshora and Mukanganyama, 2019; Mombeshora et al., 2021). 
Alkaloids are plant secondary metabolites that have been shown to have potent pharmacological 

FIGURE 10.1 Measurement of 3,3′-Dipropylthiadicarbocyanine Iodide (diSC3-5) dye release overtime from 
S. aureus (A) and P. aeruginosa. (B) Membranes in the presence of permeabilizing agent 1% DMSO, negative 
control ethanol and plant extracts C. citrinus and V. adoensis. Extracts from C. citrinus and V. adoensis showed 
increased dye release compared to the negative control (ethanol) (Chitemerere and Mukanganyama, 2014).
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activities (Mabhiza et al., 2016). The effect of alkaloids from C. citrinus and V. adoensis leaves on 
bacterial growth and efflux pump activity was evaluated on S. aureus and P. aeruginosa. The alka-
loids from C. citrinus were the most potent against S. aureus, whilst the effects on P. aeruginosa by 
both the plant alkaloids were bacteriostatic. P. aeruginosa was the most susceptible to drug efflux 
pump inhibition by alkaloids from C. citrinus. These alkaloids, thus, may serve as potential sources 
of compounds that can act as lead compounds for the development of plant-based antibacterial and/
or their adjunct compounds. The antibacterial activity of V. adoensis extracts was also determined 
in vitro on S. aureus and Pseudomonas aeruginosa by the broth microdilution method and time-kill 
assays. All the extracts had an inhibitory effect on the growth of both the bacteria (Mozirandi and 
Mukanganyama, 2017). The acetone extract was the most potent in inhibition of growth with an 
MIC of 1.6 μg/mL and an MBC of 6.3 μg/mL against P. aeruginosa (Figure 10.2).

Extracts from V. adoensis showed antibacterial properties against P. aeruginosa and S. aureus, 
and protein leakage was proposed as a possible mechanism of action elicited by the extracts. 
Since the leaves of V. adoensis have been reported to have antimicrobial activity (Mozirandi and 
Mukanganyama, 2017; Chitemerere and Mukanganyama, 2011, 2014 ), a follow-up study was carried 

FIGURE 10.2 The effect of most potent V. adoensis extracts on growth of P. aeruginosa, where (A) is effect 
from DCM extract and (B) is effect from acetone extract. Concentrations of extract ranged from 100 to 0.4 
µg/mL. The bacteria concentration used was 1.6 × 106 cfu/mL. Values are expressed as mean cell density at 
590 nm wavelength ± the standard deviation (n = 4) (Mozirandi and Mukanganyama, 2017). As the concentra-
tion of the acetone and DCM extracts were increased, the cell density decreased giving an MIC 1.6 and 100 
µg/mL, respectively.
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out to isolate the bioactive compounds from the leaf extract and evaluate their antibacterial activity 
on S. aureus, Klebsiella pneumoniae, and P. aeruginosa (Mozirandi et al., 2019). The compound 
isolated from V. adoensis was identified as chondrillasterol (Figure 10.3).

Data to elucidate the structure was obtained by NMR and MS studies. (Source: Mozirandi et al., 
2019).

Chondrillasterol exhibited 25%, 38%, and 65% inhibition of growth on S. aureus, K. pneumonia, 
and P. aeruginosa, respectively (Figure 10.4).

FIGURE 10.3 Structure of chondrillasterol isolated from the leaves of V. adoensis. Data to elucidate the 
structure was obtained by NMR and MS studies (Mozirandi et al., 2019).

FIGURE 10.4 The effect of chondrillasterol on growth of bacterial pathogens. The pathogens were suscep-
tible to chondrillasterol and (a) is % remaining viable cells for P. aeruginosa, and (b) is % of remaining viable 
cells for K. pneumoniae while (c) is % of remaining viable cells for S. aureus following exposure to chondril-
lasterol. Concentrations of 1.6 × 106 cfu/mL of bacteria were used. Values are expressed as mean cell density at 
590 nm wavelength ± the standard deviation (n = 4). TSB is tryptic soy broth. Chondrillasterol reduced the cell 
density by 35%, 63% and 75% at the highest concentration of 100 µg/mL for P. aeruginosa, K. pneumoniae 
and S. aureus, respectively (Mozirandi et al., 2019).
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T. welwitschii plant roots are traditionally used to treat symptoms of diarrhoea and fever, sug-
gesting that the plant extracts possess antimicrobial (Moyo and Mukanganyama, 2015a) and 
immunomodulatory effects (Mombeshora and Mukanganyama, 2019). Extracts of leaves from 
T. welwitschii, were evaluated against B. subtilis, S. aureus, P. aeruginosa, Streptococcus pneu-
moniae, Streptococcus pyogenes, and Klebsiella pneumoniae. The results showed that the acetone, 
ethanol, and dichloromethane:methanol extracts had the most potent antibacterial activities against 
P. aeruginosa (ATCC 27853). All the three extracts caused membrane disruption of P. aeruginosa, 
as shown by nucleic acid leakage (Figure 10.5).

The leaf extracts of T. welwitschii were shown to have antibacterial effects against P. aerugi-
nosa. To further explore the antibacterial potential of these phytochemical components, the phyto-
chemical profile of the dichloromethane:methanol leaf extract from T. welwitschii was investigated 
using ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) 
(Mombeshora et al., 2021). Compounds were isolated from the extract using column chromatogra-
phy and thin-layer chromatography. B1 was isolated from the fraction eluted by 90 hexane:10 ethyl 
acetate using column chromatography. B1 showed antibacterial activity against P. aeruginosa with 
the MIC and the MBC value of 25μg/mL. A total of 28 peaks were detected and identified using 
UPLC-MS/MS. The three most abundant phytochemicals identified were catechin, umbelliferone, 
and a luteolin derivative (Figure 10.6).

Seven extracts from P. curatellifolia leaves were prepared using serial exhaustive extraction of 
nonpolar to polar solvents (Mawire et al., 2021). The microbroth dilution method was used to evalu-
ate antimicrobial bioactivities of extracts. The extracts significantly inhibited growth of Klebsiella 
pneumoniae and S. aureus with the DCM:methanol extract showing inhibition of 75% and 90%, 
respectively, at 100 µg/mL concentrations.

10.4.2 antiFungal  evaluation

Thirty-eight Zimbabwean medicinal plant extracts were investigated for antifungal activity against 
Candida albicans and Candida krusei (Mangoyi and Mukanganyama, 2011). These plants were 

FIGURE 10.5 Fluorescence of propidium iodide bound to nucleic acids of P. aeruginosa cells after exposure 
to the acetone, ethanol and DCM/methanol leaf extracts from Triumfetta welwitschii. Cells with no extract 
were used as the control. Values are for mean ± standard deviation (error bar) for n = 3. The asterisks indicate 
a significant difference from the control with ***p < 0.001. As the concentration of the extracts was increased, 
there was a corresponding increase fluorescence compared to the controls (Mombeshora and Mukanganyama, 
2019).
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reported to be used for the traditional treatment of various ailments, including fungal infections 
(Table 10.3).

Nineteen plant extracts, among the 38 investigated, showed significant antifungal activity. MIC 
values ranged from 0.08 to 0.63 mg/mL for both C. albicans and C. krusei. MFCs ranged from 
0.31 to 2.5 mg/mL. Combretum zeyheri extract had the highest antifungal activity in all the cases 
(Table 10.4).

The antifungal activities of six Combretum species (C. zeyheri, Combretum apiculatum, 
Combretum molle, Combretum kraussii, Combretum elaegnoides, and Combretum imberbe) were 
investigated against C. albicans and C. krusei (Mangoyi et al., 2012). The extract from C. zey-
heri had the highest antifungal activity with MIC values of 0.08 and 0.16 mg/mL. There was a 
need to isolate, identify, and characterize compounds from C. zeyheri leaves, which are responsible 
for its antifungal activity (Mangoyi et al., 2015). The compound 5-hydroxy-7,4'-dimethoxyflavone 
(Figure 10.7) was found to be active against C. albicans using broth dilution method.

FIGURE 10.6 Chemical structures of some of the compounds identified from the DCM: methanol leaf 
extract of T. welwitschii. The phytochemical profile of the dichloromethane: methanol leaf extract from T. 
welwitschii was investigated using ultra-performance liquid chromatography-tandem mass spectrometry 
(UPLC-MS/MS) (Mombeshora et al., 2021).
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FIGURE 10.7 Flavonoids isolated from C. zeyheri from Norton, Mashonaland West, Zimbabwe. The 
flavonoids were characterized as (a) 5-hydroxy-7,4′-dimethoxyflavone and (b) 3,5,7-Trihydroxyl-3′,4′-
dimethoxyflavone (Mangoyi et al., 2015).

TABLE 10.4
Minimum Inhibitory Concentrations and Minimum Fungicidal Concentrations of Extracts 
Towards the Candida species

Plant Species (Crude extract) Inhibition of Growth Candida albicans Candida krusei

Combretum zeyheri (leaves) Zone of inhibitiona

MIC
MFC

18.5 ± 0.7 mm
0.08 mg/mL
0.31 mg/mL

18 ± 0.2 mm
0.16 mg/mL
0.31 mg/mL

Combretum molle (leaves) Zone of inhibition
MIC
MFC

17 ± 0.1 mm
0.31 mg/mL
0.63 mg/mL

15 ± 0.3 mm
0.31 mg/mlL
1.25 mg/mL

Cussonia natalensis (leaves) Zone of inhibition
MIC
MFC

16 ± 1.4 mm
0.31 mg/mL
1.25 mg/mL

−

Syzigium cordatum (leaves) Zone of inhibition
MIC
MFC

15 ± 0.1 mm
0.63 mg/mL
1.25 mg/m

12 ± 0.1 mm
0.63 mg/mL
2.5 mg/mL

Syzigium cordatum (bark) Zone of inhibition
MIC
MFC

15 ± 0.1 mm
0.63 mg/mL
1.25 mg/mL

12 ± 0.6 mm
0.63 mg/mL
2.5 mg/mL

Positive control (miconazole) Zone of inhibition
MIC
MFC

20 ± 0.8 mm
0.31 mg/mL
0.31 mg/mL

22.5 ± 0.7 mm
0.63 mg/mL
0.63 mg/mL

Negative control (DMSO) Zone of inhibition 6 mm 6 mm 

Source: Chimponda and Mukanganyama (2011).
a Results are the average (±SD) of two separate antifungal susceptibility test (Each antifungal susceptibility test was fol-

lowed by a disk diffusion assay done in quadruplicate.). 
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Lampranthus francisci is an ornamental succulent plant. In Zimbabwe, the fresh sap from the 
leaves is used to treat fungal scalp infections (Moyo and Mukanganyama, 2015b). The activity of L. 
francisci fresh and dry acetone, ethanol, hydroethanolic, and aqueous extracts against C. albicans 
and C. krusei was determined. The hydroethanolic extracts were the most effective extracts against 
C. albicans. The fresh ethanol extract was the most effective extract against C. krusei. The dry 
acetone extract, dry ethanol extract, and fresh and dry aqueous extracts promoted the growth of  
C. krusei. L. francisci was shown to have fungicidal activity and boosted the growth of immune 
cells, thus, validating its use in ethnomedicine. Sachikonye and Mukanganyama (2016) investi-
gated the antifungal activities of selected flavonoids against C. albicans and C. krusei in vitro. 
Epicatechin had the highest antifungal activity with MIC values of 88 and 213 μg/mL for C. krusei 
and C. albicans, respectively, whilst ferulic acid was shown to have inhibitory effects on drug 
efflux. It was concluded that epicatechin and ferulic acid might serve as templates for the develop-
ment of novel antifungal agents.

10.4.3  antimycoBacterial evaluation

Tuberculosis (TB) was thought to have been eradicated in the early second half of the past century 
(Chimponda and Mukanganyama, 2012) but remains an important public health problem, account-
ing for 8 million new cases per year. Despite improvements in chemotherapy, the treatment of 
TB is severely affected by the development of multi-drug resistance in Mycobacterium tubercu-
losis (Mtb) strains (Higuchi et al., 2008). Thirty ethanol extracts from 19 selected plants from 
Zimbabwe were screened against surrogate mycobacterial species for Mtb: Mycobacterium aurum 
and Corynebacterium glutamicum (Table 10.5) (Chimponda and Mukanganyama, 2012).

V. adoensis and M. indica extracts had the highest growth inhibitory activity against M. aurum 
and C. glutamicum, respectively (Table 10.6). The extract from P. curatellifolia showed drug efflux 
inhibitory effects on M. aurum and C. glutamicum.

Five Combretum plant species—Combretum imberbe, C. zeyheri, Combretum hereroense, 
Combretum elaeagnoides, and Combretum platypetalum were tested against a virulent Mycobacterium 
smegmatis and Mycobacterium aurum (Magwenzi et al., 2014). Only the ethanolic extract from 
Combretum imberbe was active on M. smegmatis, and it had an MIC of 125 μg/mL in the broth 
microdilution assay. However, using Sabouraud dextrose broth, C. platypetalum was found to have 
antimycobacterial effects that were not detected when using the agar-disc diffusion assay. The anti-
mycobacterial effects of the leaf extracts from Syzygium guineense on M. aurum and M. smegmatis 
were also shown by Deeds et al. (2016). The methanol extract of Syzygium guineense was found to 
be the most potent extract that inhibited mycobacterial growth. The antimycobacterial activity of V. 
adoensis and its possible mode of action against M. smegmatis was also investigated (Mautsa and 
Mukanganyama, 2017). The ethyl acetate extract from the leaves was found to be the most effective 
against M. smegmatis with an MIC and MBC of 63 and 125 μg/mL, respectively. Significant nucleic 
acid and protein leakage in M. smegmatis was observed after exposure to the leaf extract. Alkaloid 
extracts from leaves of C. zeyheri, C. platypetalum, C. molle, and C. apiculatum were also assessed 
for antimycobacterial activity (Nyambuya et al., 2017). It was found that the extracts from C. zeyheri 
had significant antimycobacterial effects and thus could serves as a source of antimycobacterial com-
pounds. Root extracts from T. welwitschii were also found to have antimycobacterial activity against 
selected Mycobacteria species (Marime et al., 2014).

10.4.4  anticancer evaluation

WHO estimates that cancer is the leading cause of death from non-communicable diseases (WHO, 
2020). A selected group of 14 medicinal plants was screened for antiproliferative activity against 
two human leukaemia cell lines—Jurkat T and Wil 2 in vitro (Table 10.7) (Mukanganyama et al., 
2012).
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TABLE 10.5
Ethnobotanical Information of Investigated Plants for Antimycobacterial from Zimbabwe

Family Botanical Name Local Name Voucher 
Plant Part 

Tested
Major Traditional Use 

(Reference)

Malvaceae Abelmoschus 
esculentus 
Moench

Derere N15E10 Fruit Okra is a traditional food plant.
Moench It is used for the treatment 
of bronchitis, heart diseases, and 
tuberculosis of the lungs

(www.greenpatio, 2010).

Aloaceae Aloe vera 
barbadensis 
Miller

Gavakava N16E4 Leaves Widely used for external
Miller treatment of minor wounds 
and

inflammatory skin disorders.
It is used for the treatment of 
pneumonia, tuberculosis, and 
cough (Gelfand et al.,1985).

Rubiaceae Catunaregam 
spinosa 
Thunb

Mutsvairachuru 
Murovaduri

C5E7 
C5E4 
C5E1 

Leaves
Bark 
Roots

Leaves are used for pulmonary 
infections, bark is an astringent. 
C5E1 Roots (Serada et al., 2002). 
Various respiratory ailments

(Gelfand et al., 1985).

Leguminosae Rhynchosia 
insignis 

(O.Hoffm.) 
R.E.Fr.

Mukoyo C15E7  Leaves Treatment of diarrhoea
(Chinemana et al., 1985).

Euphobiaceae Croton 
gratissimus 
Burch.

Gunukira
Mufandemenge
Mugugu
Mubvukuta

UZ13E7 Leaves Roots and bark infusions treat 
respiratory disorders

(Roodt, 1998).

Proteaceae Faurea saligna 
Harv

Mutsatstsi C13E7 Leaves Treatment of bilharzias 
helminthiasis (Baerts & 
Lehmann, 1989).

Clusiaceae Garcinia 
huillensis  
Welw

Mutunduru C10E7 Leaves Treatment of cough, pneumonia. 
and tuberculosis

(Gelfand et al., 1985).

Celastraceae Gymnosporia 
senegalensis 
Loes

Chishuzhu 
Musosawafa

N3E7 Leaves Treatment of coughs, pneumonia, 
and TB (Gelfand et al., 1985).

Verbenaceae Lippia javanica Zumbani C3E7 
C3E4
C3E7

Leaves 
Bark
Roots

Leave infusion used to treat 
coughs, colds and fever, 
influenza, measles, malaria, 
and stomach ache (Van Wyk, 
2009).

Anarcardiaceae Mangifera 
indica (L) 

Mumango N17E4 Stems 
Twigs

Treatment of tuberculosis 
(Kisangau et al., 2007).

Olacaceae Olax 
obtusifolia  
De Wild

Gungwe 
Kahungwarara

UZ8E7 
UZ8E4

Leaves 
Stems

Treatment of abdominal pain 
(Chinemana et al., 1985).

 Chrysobalanaceae Parinari 
curatellifolia 

Planch, ex 
Benth

Muhacha C6E7 
C6E4

Leaves
Bark

Skin rashes, tuberculosis, chronic 
diarrhoea, herpes zoster, herpes 
simplex

(Chigora et al., 2007).

(Continued)

http://R.E.Fr
www.greenpatio
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The five most potent medicinal plants showed the following order of potency against Wil 2 cell 
line: P. curatellifolia > Aloe barbadensis > Croton gratissimus > Syzigium guineense > V. adoensis 
with IG50s of 93, 115, 148, 149.8, and 130 μg/mL, respectively.

T. welwitschii extracts were investigated for anticancer activity against Jurkat T cells (Moyo 
and Mukanganyama, 2015c). The extracts decreased cell viability in a dose-dependent and time-
dependent manner and induced apoptosis in the Jurkat T cells. The antiproliferative activity of 
Maerua edulis against human leukaemic Jurkat-T cell line was also investigated by Sithole and 
Mukanganyama, (2017). Anticancer activity of the aqueous, acetone, hexane, and methanol extracts 
of M. edulis root were evaluated against Jurkat-T cells, using 1, 3-bis (2-chloroethyl)-1-nitrosourea 
(BCNU) as a reference drug. Only the methanol extract significantly inhibited the growth of Jurkat-T 
cells, and the effects were found to be irreversible. The leaf extracts of Dolichos kilimandscharicus 
were tested for their antiproliferative efficacy and cytotoxicity effects (Sithole et al., 2020). The 
methanol extract was found to have the most effect against Jurkat-T cell with an IC50 of 33.56μg/
mL. UPLC-MS analysis of the leaf extracts led to the identification of 23 compounds from the etha-
nol extract, and these were suggested to be responsible for the observed effects. Rutin, quercetin, 
luteolin, apigenin, hispidulin, kaempferol derivatives, as well as caffeoylquinic acid were some of 
the compounds that were identified in the extracts (Figure 10.8).

TABLE 10.5 (Continued)
Ethnobotanical Information of Investigated Plants for Antimycobacterial from Zimbabwe

Family Botanical Name Local Name Voucher 
Plant Part 

Tested
Major Traditional Use 

(Reference)

Anarcadiaceae Rhus longipes 
Engl 

Muchokochiana 
Mudzambuya

C11E10
C11E7

Flowers 
Leaves

Treatment of headache
(Maliwichi, 2000).

Solanaceae Solanum 
mauritianum 
Scop

− UZ10E7 Leaves Treatment of menorrhagia (Lewu &  
Afolayan, 2009).

Myrtaceae Syzygium 
guineense 
Guill & Perr

Muboo C8E7 Leaves Chest pain (De Boer et al., 2004).

Combretaceae Terminalia 
sericea  
Burch. ex DC.

Mukonono C14E7 Leaves Roots treat diarrhoea and stomach 
(Van Wyk, 2009); a hot infusion 
of the root bark treats 
pneumonia (Roodt, 1998).

Asteraceae V. adoensis 
Sch.Bip.ex 
Walp

Musikavakadzi C1E10 
C1E7
C1E1

Flowers 
Leaves
Roots

The leaves are used for treatment 
of TB (Kisangau et al., 2007).

Leguminosae Xerroderris 
stuhlmannii 
(Taub) 
Mendonca 
E.P Sousa.

Murumanyama C4E7
C4E4

Leaves
Bark

Mastitis and backache (Ruffo, 
1991).

Rhamnaceae Ziziphus 
mucronata 
Willd.

Muchecheni C7E7
C7E4

Leaves
Stems

Paste of leaves treats boils, 
carbuncles, and swollen glands; 
leaf infusion is taken against 
chest complaints (Roodt, 1998).

Source: Chimponda and Mukanganyama (2012).
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C. zeyheri and C. platypetalum have been shown to have anticancer, antibacterial, antituberculo-
sis, and antifungal effects in both in vivo and in vitro studies (Chiramba and Mukanganyama, 2016). 
The antiproliferative effects of compounds isolated from C. zeyheri and C. platypetalum on Jurkat 
T and HL-60 cancer cell lines in combination with doxorubicin and/or chlorambucil were carried 
out by Wende et al. (2021). It was shown that the compounds CP 404, CP 409 from C. platypetalum 
(Figure 10.9) inhibited the growth of Jurkat T cells in vitro. The combination of the compounds with 
anticancer drugs enhanced their anticancer effects.

10.4.5  antiBioFilm evaluation

Biofilms are huge communities of microbes that are attached to a surface and play an important role 
in persistence of bacterial infections (Muhammad et al., 2020). Biofilms have also been implicated 
in hospital-acquired infections (Haque et al., 2018). Biofilm formation process includes five stages 

TABLE 10.6
Minimum Inhibitory Concentrations and Minimum Bactericidal Concentrations of Extracts 
Towards the Mycobacterial Species

Plant Extract

aZone of Inhibition (mm) 
at 500 (μg/disc) 
bMIC (μg/disc) 
cMBC (μg/disc)

M. aurum Plant Extract 

Zone of Inhibition (mm) 
at 500 (μg/disc)
MIC (μg/disc)
MBC (μg/disc)
C. glutamicum

V. adoensis leaves a28 ± 1 
b31

c250 

M. indica (leaves) 17 ± 1
250

>500

Faurea saligna leaves 18 ± 1 
250

> 500

V. adoensis  
Leaves  
roots

15 ± 1
250

>500

Syzygium guineense 
leaves

19 ± 2 
−

Parinari curatellifolia 
stems

13 ± 1
125

>500

Xerroderris 
stuhlmannii leaves 

18 ± 1 
31 
125

Ziziphus mucronata stems 13 ± 1
125
500

Parinari 
curatellifolia stems 

18 ± 1 
8
63

Lippia javanica roots 12 ± 1
32

>500

Parinari 
curatellifolia leaves 

18 ± 1
63
125

Rifampicin 29 ± 2
2
16 

Rifampicin 40 ± 1
<1
63

Source: Chimponda and Mukanganyama (2012).
a Results are the average (± SD) of two separate antibacterial susceptibility test (Each antibacterial susceptibility test was 

followed by a disk diffusion assay done in quadruplicate). The zone of inhibition being determined at a concentration of 
500 μg/disk.

b MIC – Minimum inhibition concentration
c MBC – Minimum bactericidal concentration
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et al., 2017). The effects of extracts from the leaves of C. zeyheri were investigated in C. albicans 
and C. krusei. The methanol extract, hexane extract, DCM extract, and DCM–methanol extract 
showed potent inhibition of biofilm formation in C. albicans, whilst in C. krusei only the water 
extract and ethanol extract showed inhibition of biofilm formation (Mtisi et al., 2018). The effect of 
chondrillasterol on biofilms formed by P. aeruginosa was investigated by Mozirandi et al., (2019), 
and it inhibited biofilm formation. Chondrillasterol is thus a useful template for the development 
of new antimicrobial agents with both antibacterial and antibiofilm activity. The antibiofilm effect 
of the leaf extract of T. welwitschii was investigated in P. aeruginosa (Mombeshora et al., 2021). It 
was found that the leaf extract and a compound B1 had antibiofilm activity. Chipenzi et al., (2020) 
investigated the effects of tormentic acid and leaf extracts isolated from Callistemon viminalis. 
Production of extracellular polymeric DNA and polysaccharides from biofilms were also deter-
mined. Tormentic acid and the extracts caused a significant decrease in the biofilm extracellular 
polysaccharide content of S. pyogenes, caused detachment of biofilms, and decreased the release 

TABLE 10.7
Plants That Were Used in Anticancer Study, Their Ethnobotanical Uses in Zimbabwe and 
Other Countries

Family 
Plant Name and 

Authority 
Vernacular 

Name
Voucher
Number

Traditional Medicinal Uses of 
Plants

Fabaceae Cajanus cajan (Druce) N8E7 Stomach ailments (Iwawela et al., 
2007).

Myrtaceae C. citrinus (Curtis Skeels) UZ2E7 Haemorrhoid treatment (Oyedeji  
et al., 2009).

Combretaceae Terminalia pruniodes 
(Lawson) 

Mudziyashe N6E7 Diarrhoea (Ruffo et al., 1991).

Asphodelaceae Aloe barbadensis (Mill.) Gavakava N11E7 Sap is used to treat skin rushes and 
the leaves are prepared

Combretaceae Combretum apiculatum 
(L.) 

Muruka C9E7 Coughs, diarrhoea, snake bites 
stomach ache (Ruffo et al., 1991)

Araliaceae Cussonia natalensis  
(Sond) 

Mutobvi UZ9E7 Diarrhoea (Ruffo et al., 1991).

Euphorbiaceae Croton gratissimus 
(Burch) 

Gunukira UZ13E7 Malaria, rabies, gonorrhoea, wounds, 
Ascariasis, internal

worms (Iwawela et al., 2007).

Euphorbiaceae Euphorbia tiraculli (L.) N10E7 Removal of benign moles using the 
latex (Iwawela et al., 2007). Rabies 
treatment.

Chrysobalanaceae Parinari curatellifolia 
(Planch ex Benth) 

Muhacha C6E7 Facilitates conception in women 
(Chigora et al., 2007).

Myrtaceae Syzigium guineense (Will 
D.C) 

Mukute C12E7 Tuberculosis, fevers (Chigora et al., 
2007).

Anacardiaceae Rhus lancea (Barkely) Muchokochiana C11E7 Stomach ailments, fevers 
(Chokunonga et al., 2004).

Fabaceae Xeroderris stuhlmanni 
(Mend) 

Murumanyama C4E7 Stomach ailments (Iwawela et al., 
2007).

Asteraceae V. adoensis (Bip ex Walp) Musikavakadzi C1E7 Induce birth or carry out abortions 
(Iwawela et al., 2007).

Source: Mukanganyama et al. (2012).
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that include adhesion, attachment, micro-colony formation, maturation, and dispersal as shown in 
Figure 10.10.

Bacterial biofilms undergo five stages that can be described as a lifecycle. The first stage is initial 
attachment; here planktonic bacterial cells initiate to colonize a surface by secreting extracellular 
polymeric substances (EPS), shown in green. As bacterial population increases, cells secrete more 
EPS, which irreversibly adheres them to each other and to the surface. The colony matures and then 
disperses. Source: (Stoodey et al., 2002).

Agents that inhibit biofilm formation in M. tuberculosis have the potential to reduce the disease 
treatment period and improve the quality of tuberculosis chemotherapy (Bhunu et al., 2017). P. 
curatellifolia leaf extracts have been used to treat symptoms like tuberculosis in ethnomedicinal 
practices (Mawire et al., 2021). The effect of the leaf extracts of P. curatellifolia on M. smegmatis 
growth and biofilm formation was investigated (Bhunu et al., 2017). The ethanol extract, dichloro-
methane extract, and water extract effectively inhibited biofilm formation in M. smegmatis (Bhunu 

FIGURE 10.8 Chemical structures of compounds identified from UPLC–MS analysis of crude leaf ethanol 
extract from D. kilimandscharicus. The compounds are probably responsible for the aforementioned thera-
peutic benefits (Sithole et al., 2020).
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of extracellular DNA and capsular polysaccharides from biofilms of P. aeruginosa and S. aureus. 
Thus, the plant extracts and/isolated compounds have potential for antibiofilm activities in various 
microbes.

10.4.6  antioxidant evaluations, anti-inFlammatory, and antidiaBetic evaluations

Inflammation is mediated by activated inflammatory cells to protect the body against injury in the 
form of a wound or an infection (Chirisa and Mukanganyama, 2016). Oxidative stress resulting 

FIGURE 10.10 The biofilm lifecycle. Bacterial biofilms undergo five stages that can be described as a life-
cycle. The first stage is initial attachment, 1. Here planktonic bacterial cells initiate to colonize a surface by 
secreting extracellular polymeric substances (EPS). In 2 and 3 there is micro colony formation. In 4, there is 
biofilm dispersal and in 5, we have bacterial attachment on a new surface. As bacterial population increases, 
cells secrete more EPS which irreversibly adheres them to each other and to the surface. The colony matures 
and then disperses. (Self, 2022. BIA laboratory, Department of Biotechnology and Biochemistry, University 
of Zimbabwe.)

FIGURE 10.9 Structures of compounds isolated from C. platypetalum. CP 404 (1): 3-O-(β-D-glucopyranosyl)-
3′,4′,5′,5′,7-pentahydroxyflavone; CP 409: 3-O-(β-L-rhamnopyranosyl)-3′,4′,5′,5,7-pentahydroxyflavone.
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from accumulation of reactive oxygen species has been associated with disease (Boora et al., 2014). 
The search for natural antioxidants of plant origin is necessitated by the side effects associated with 
synthetic antioxidants currently available. In developing countries, problems are associated with the 
means of managing diabetes using antidiabetic drugs due to availability and affordability. A variety 
of plants are being studied for their antidiabetic potential (Makopa et al., 2020). The antioxidant 
activity of C. zeyheri, C. platypetalum, and P. curatellifolia extracts were investigated by determin-
ing nitrite radical scavenging ability (Boora et al., 2014). The aqueous and ethanolic leaf extracts 
of C. zeyheri, C. platypetalum, and P. curatellifolia extracts exhibited nitrite radical scavenging 
activity and were deemed potential sources of natural antioxidants. The anti-inflammatory and 
antioxidant activities of Zimbabwean medicinal plant extracts were investigated by determining 
the effects on COX-1 and COX-2 activity, the erythrocyte membrane stabilization, and albumin 
denaturation inhibition assays (Chirisa and Mukanganyama, 2016). C. zeyheri, C. molle, and P. 
curatellifolia inhibited COX-2, and extracts from P. curatellifolia showed antioxidant activity using 
the DPPH and the TMAMQ free radical scavengers. The antidiabetic potential of the leaf extracts 
from Persea americana was determined against mammalian α-glucosidase in vitro (Makopa et al., 
2020). The methanolic leaf extract showed potent inhibitory activity on α-glucosidase enzyme in a 
time-dependent and dose-dependent manner. Increased expression of haematopoietic prostaglandin 
D2 synthase (H-PGDS) is responsible for allergic reactions promoting the inflammatory processes 
(Lee et al., 2020). Extracts from C. molle (Moyo et al., 2014) and P. curatellifolia (Chimponda and 
Mukanganyama, 2015) were shown to inhibit H-PGDS. These extracts may be potential sources of 
lead compounds for development of anti-inflammatory and anti-allergic compounds.

10.4.7  toxicological evaluations

Medicinal plants are perceived to be non-toxic by the public (Mapfunde et al., 2016). Toxicity stud-
ies, however, have indicated that they can cause numerous side effects; therefore, evaluation of 
safety is required. The effects of constituents of C. zeyheri on mammalian cells were investigated, 
and it was found that the alkaloids, saponins, and ethanol extracts were non-toxic towards mouse 
peritoneal cells and Jurkat T cells (Mapfunde et al., 2016). Concentrations of less than 5 mg/mL 
were not haemolytic to sheep erythrocytes. P. curatellifolia, among its other important pharmaco-
logical activities, has been shown to have significant antiproliferative activity on cancer cell lines 
(Mukanganyama et al., 2012). Toxicity studies were carried out to determine the safety profile of P. 
curatellifolia (Kundishora et al., 2020). It was found that P. curatellifolia leaf extract was not toxic 
to both erythrocytes and immune cells, but the water extract was found to have immunostimulatory 
effects (Figures 10.11 and 10.12 respectively). 

Similarly, extracts from T. welwitschii at 100 µg/mL and V. adoensis (5 mg/mL) were found not 
to have haemolytic effects on sheep erythrocytes (Mozirandi et al., 2017; Mombeshora et al., 2019).

10.5  DEVELOPMENT OF HERBAL BIOPRODUCTS

There are many kinds of herbal formulations such as topical formulations and systemic formula-
tions (Musthaba et al., 2010). They are believed to have less side effects than conventional formu-
lations. The development of bioproducts from plant natural products would be an opportunity to 
create some employment for people to establish agroforests so that they can reap the benefits of 
planting and conserving the medicinal plants. Topical formulations are used to treat diseases relat-
ing to the skin, and they are used externally only (Hagen and Baker, 2017). Skin ailments are seen 
in many people; therefore, there is a need to develop herbal topical formulations that are believed to 
contain less side effects and are more affordable. Topical formulations moisturise the skin, keeping 
it hydrated, protects the skin from direct sunlight and other harmful environmental conditions, and 
provide antimicrobials to fight against infections (Verma et al., 2016).
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FIGURE 10.12 Image showing a 96-well plate for the MTT assay using mouse peritoneal cells, exposed 
to different solvent extracts from P. curatellifolia leaves (black dots in the wells indicate purple-coloured 
peritoneal cells that have sedimented at the bottom of the well). Cells only in row were the negative control, 
while the positive control was daunorubicin 10 μg/mL, a standard anticancer drug (Kundishora et al., 2020).

FIGURE 10.11 A 96-well plate for haemolysis of sheep erythrocytes exposed to P. curatellifolia crude 
(total) and hexane extract. Negative control (−ve control) was a measure of spontaneous haemolysis and 
contained centrifuged erythrocyte suspension in PBS from which an aliquot of the supernatant was with-
drawn and mixed with Drabkin’s reagent. Positive control (+ve control) contained uncentrifuged erythrocytes 
in PBS from which an aliquot was withdrawn and mixed with Drabkin’s reagent to give 100% haemolysis 
(Kundishora et al., 2020).
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10.5.1  antiBacterial herBal BioProducts

Since the plant extracts from Zimbabwe were shown to have antibacterial activities, topical creams 
were prepared. The antibacterial cream was prepared based on the Hydrophylic–Lipophlic balance 
(HLB) method, as published by Chifamba et al. (2013). The method helps with the calculation of the 
amount of each emulsifying agent that should be added to the formulation so that the water and oil 
phases do not separate. When preparing the antibacterial cream, the extract was added to the water 
phase ingredients, since it was soluble in water. Four formulations were prepared that had 1%, 2%, 
5%, and 10% of the extract by weight, respectively. Examples of an antibacterial cream developed 
from C. molle extracts are shown in Figure 10.13.

10.5.2  antiFungal BioProducts

Invasive candidiasis is ranked as a fatal infection that mainly affects critically ill patients as well as 
immunocompromised patients (Friedman and Schwartz, 2019). Topical antifungal agents exhibit 
various modes of action and a few adverse effects. This makes the topical route the most suitable 
for treatment of skin infections (Kaur et al., 2021). Adequate knowledge of the skin barrier struc-
ture and drug permeation properties are vital for rational progress in the development of topical 
formulations (Simões et al., 2018). After determining the potency of the antifungal activities of 
several plant extracts, the extracts were used as the active ingredients in the topical antifungal 
cream formulation (Moin et al., 2020). An antifungal cream made from L. francisci was developed 
(Figure 10.14).

FIGURE 10.13 Antibacterial cream developed from C. molle extract. Post formulation test results showed that 
the topical cream was still active against S. aureus. (Self, 2021. BIA laboratory, Department of Biotechnology 
and Biochemistry, University of Zimbabwe.)
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10.6  CONCLUSION AND PROSPECTS

The transition of a natural compound from a screening hit through a drug lead to a marketed drug 
is associated with increasingly challenging demands for compound amount, which often cannot 
be met by re-isolation from the respective plant sources (Atanasov et al., 2015). Of the reckoned 
250,000–500,000 existing plant species, only a tiny proportion has been scientifically researched 
for bioactivities. To tap into the vast capacities of antimicrobial and anticancer properties of herbal 
plants, our research group has focussed primarily on the use of extracts to produce herbal products. 
The sustainable harvesting of plant parts for the development of phytomedicines (Mangoyi et al., 
2014) will go a long way in conserving the sources of these plants from the rural areas of Zimbabwe, 
where the plants are mainly found. The data provided in these reviewed studies have shown that 
it is possible to scientifically evaluate the efficacy of natural plant products, validate their uses in 
ethnomedicines, as well as provide commercial outputs that can be used for the wellness of local 
populations. Further work is now in progress regarding the commercialisation of these indigenous 
heritable products from Zimbabwe through the established Innovation and Research Centres at 
tertiary institutions in Zimbabwe.
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11.1  INTRODUCTION

Plants are perceived as important natural resources, and they have been a good source of indig-
enous medicine throughout the globe. According to a WHO survey, nearly 80% of the world 
populace, including tribal and rural people, uses herbs as a part of their general healthcare rou-
tine, because of their poor economic condition and cultural acceptability (Pal and Shukla, 2003; 
Hussain et al., 2018).

The annual global medicinal plant trade is around 62 billion USD, which is anticipated to rise 
by 500 billion USD by 2050. However, due to increased commercial trade and human needs, 
the wild species are generally overexploited because of a lack of knowledge in their cultivation 
practices and agrotechnology (Schippmann et al., 2002). Cultivating medicinal plants is criti-
cal for preserving and conserving exotic plant species to meet market demand on a global scale. 
Medicinal plants are used either whole or in combination, and roughly 25–30% of medicinal 
plant derivatives are used in conventional treatment (Ramakrishnappa, 2002). Due to their varied 
applications, plants and their phytoconstituents create new medications with improved therapeutic 
potentials (Mohan et al., 2021).

India and China are the world’s largest producers of herbs and their purified products. India 
ranks second to meet the market need for medicinal plants’ crude and finished raw materials 
(Vasisht et al., 2016). Sustainable cultivation and harvesting practices may help to avoid overex-
ploitation of medicinal plants found in the wild. As long as plants are cultivated sustainably using 
biotechnological approaches, phenotypic and genotypic diversity can be maintained while yield 
and quality increase (Canter et al., 2005) Distribution, sustainable agrotechnology, growth tactics, 
active components, proximate elements, and mineral composition of industrially employed tropical 
medicinal plants are presented in Tables 11.1 and 11.2.

11.2  INDUSTRIALLY IMPORTANT TROPICAL MEDICINAL PLANTS

11.2.1  acOrus calamus linn (sWeet Flag)

Acorus calamus Linn. (Sweet flag) is a flowering plant species with psychoactive properties.  
It is indigenous to Himalayan tracts of India and grows easily in the wild without much consid-
eration (Singh et al., 2011). It requires marshy and swampy habitats for proper growth and yield 
(Kasture and Krishnamurthy, 2016). A. calamus leaves are 0.5–2 cm wide with undulated or 
curved margins (Figure 11.1a). Rhizomes are branched, aromatic, and 2–2.5 cm thick. A. cala-
mus rarely bears flowers, but they are cylindrical and covered with multitude of round spikes if 
flowers are present. They form spadix, which reaches 4.9–8.9 cm during expansion. Fruits are 
generally small and berry-like in shape, which may vary according to their ecotypes (Chandra 
and Prasad, 2017).
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TABLE 11.1
Proximate Constituents of Industrially Utilized Tropical Medicinal Plants

Medicinal 
Plant

Ash Value 
(%)

Moisture 
Content (%)

Carbohydrate
Content (%)

Crude 
Protein 

(%)
Crude Fat

(%)
Crude 

Fibre (%) References

Acorus 
calamus

(Rhizome)

17.3 68.2 37.26 15.62 0.00057 6.5 Manju et al. (2014)

Adhatoda 
zeylanica

(Leaves)

10.57 58.2 16.4 15.6 1.6 6.4 Javed et al. (2010); Kumar 
and Sinha (2013); Chanu 
and Sarangthem (2014); 
Tandel et al. (2018)

Andrographis 
paniculata

(Leaves)

16.13 28.1 36.3 1.5 2.0 15.7 Alobi et al. (2015)

Asparagus 
racemosus

(Roots)

6.2 9.59 58.6 5.6 < 1 18.5 Tripathi et al. (2015); 
Karunarathne et al. 
(2020)

Baliospermum 
montanum

– – – – – – –

Bacopa/
Centella

(Leaf)

1.9/16.4 88.4/84.6 5.9/6.7 2.1/2.4 0.6/0.2 1.05/1.06 Devendra et al. (2018); 
Hashim (2011); 
Seneviratne et al. (2015); 
Chandrika et al. (2015)

Canavalia 
gladiata

(Seeds)

3.20 8.27 54.94 22.97 2.38 8.24 Ibeto et al. (2019)

Cassia 
angustifolia

10.65 8.81 65.76 10.55 4.22 10.61 Hussain et al. (2009)

Coleus 
forskalaei

(Roots)

7.19–8.16 8.03–10.70 6.50–12.68 2.73–7.65 – – Srivastava et al. (2002)

Convolvulus 
pluricaulis

18.77 7.38 – – – – Sethiya et al. (2010)

Costus 
speciosus

(Leaves)

1.98 89.01 5.4 1.73 0.29 – Nadeeshani et al. (2018)

Uraria/
Pseudarthria

(Leaves)

10.4/6.95 10.55/1095 – – – – Nitesh et al. (2012); 
Jayanthy et al. (2013)

Dioscorea sp.
(Tuber)

0.62–1.02 76.43–82.76 11.86–19.48 1.57–3.85 0.13–0.14 0.63–
1.28

Chadikun et al. (2019)

Eclipta alba 15.91 8.73 – – – – Regupathi and Chitra 
(2015)

Glycyrhizza 
glabra

10.3 5.32 24.6 24.1 10.7 – Tuyen et al. (2010); Lim 
(2016)

Guggul 6.42–11.9 9.23–12.19 – – – – Thakur et al. (2018)

Gymnema 
sylvestre

(Leaves)

2.04 79.69 7.17 10.29 0.50 0.29 Perera and Pavitha (2017)

Moringa 
oleifera

(Leaves)

8.05–10.38 7.55–8.65 47.55–56.25 22.99–
29.36

4.03–9.51 6.00–
9.60

Sultana (2020)

(Continued)
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11.2.1.1  Propagation
Generally, A. calamus is propagated via rhizomes/roots. Additionally, it can be grown with seeds. 
The field is thoroughly ploughed before the onset of rain. Farmyard manure (FYM) is applied at 
the rate of 15  mt/ha along with nitrogen and phosphorous as a basal requirement (Kasture and 
Krishnamurthy, 2016). Flowering and fruiting happen in July. After 6–8 months of proper plant 
maturation, the plants are harvested. A higher yield was observed at planting space of 30 × 30 cm, 
which yielded 13,150 kg /ha  rhizome (Tiwari et al., 2012; Kasture and Krishnamurthy, 2016)  
The Indian domestic consumption of A. calamus root/rhizome is estimated at around 500–1,000 MT 
dry rhizome annually (Imam et al., 2013).

11.2.1.2  Chemical Constituents and Utilization
A. calamus or Vacha is rich in bioactive constituents such as alkaloids, phenols, flavonoids, sapo-
nins, tannins, mucilage, and bitter principles (Imam et al., 2013; Muchtaromah et al., 2017; Babar  
et al., 2020). Different solvent extracts of rhizome reported the presence of benzene, 1,2-dimethoxy-
4-(2-propenyl), shyobunone, α-asarone, β-asarone, 7-tetracycloundecanol, 4,4,11,11-tetramethyl, 4a, 

TABLE 11.1 (Continued)
Proximate Constituents of Industrially Utilized Tropical Medicinal Plants

Medicinal 
Plant

Ash Value 
(%)

Moisture 
Content (%)

Carbohydrate
Content (%)

Crude 
Protein 

(%)
Crude Fat

(%)
Crude 

Fibre (%) References

Mucuna 
pruriens

(Seeds)

3.8 10.1 12.65 9.83 7.95 5.4 Rane et al. (2019)

Chlorophytum/
Cucurligo

(Roots)

2.5/7.66 6.5/8.46 6/35.78 8.05/5.89 8.33/0.0043 5/- Nalawade and Rajaram 
(2017); Panda et al. 
(2010); Raaman et al. 
(2009)

Ocimum 
sanctum

(Leaves)

10.07 80.23 1.63 0.17 3.18 4.72 Patel et al. (2019)

Piper longum 8.3 15.70 - - - - Sharma et al. (2019)

Plantago ovata 2.7 12.5 48.6 17.4 6.7 24.6 Romero‐Baranzini et al. 
(2006)

Plumbago 
zeylanica

2.05 10.71 5.52 4.223 4.127 - Kanungo et al. (2012); 
Singh et al. (2018)

Rauvolfia 
serpentina

7.20 10.60 - - - - Rungsung et al. (2014)

Rubia 
cordifolia

4.32 95.5 93.82 3.06 2.58 - Soni et al. (2010)

Sida acuta 6.33 9.03 55.30 19.13 0.67 9.50 Rami et al. (2014)

Stevia 
rebaudiana

(Leaves)

7.41 5.37 61.9 11.4 3.73 15.5 Gasmalla et al. (2014); 
Abou- Arab et al. (2010)

Tinospora
cordifolia
(Stem)

7.96 34.39 69.80 7.74 1.99 56.42 Hussain et al. (2009); 
Rahal et al. (2014)

Withania 
somnifera

(Roots)

6.93 15.68 20.24 6.26 6.89 44 Hameed and Hussain 
(2015)
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TABLE 11.2
Mineral Composition of Industrially Utilized Tropical Medicinal Plants

Medicinal Plant
Calcium
mg/kg

Magnesium
mg/kg

Iron
mg/kg

Zinc
mg/kg

Potassium
mg/kg References

Acorus calamus
(Rhizome)

1585.66 644 89.37 18.3 1507 Manju et al. (2014); FAO (2017)

Adhatoda
zeylanica
(Leaf)

1,010 23 530 1.79 560 Javed et al. (2010); Kumar and 
Sinha (2013); Chanu and 
Sarangthem (2014)

Andrographis 
paniculata

(Leaves)

106.3 124.3 0.466 0.266 125.6 Alobi et al. (2015)

Asparagus 
racemosus

(Root)

3366.5 2082.5 417.0 14.65 Trace amount Krishnamoorthy and 
Chidambaram (2019)

Bacopa/Centella 
(Leaf)

2,020/1740 3,675/870 328.5/52 78/32 -/3450 Hashim (2011); Ranovona et al. 
(2019); Devendra et al. (2018) 
Muszyńska et al. (2018)

Canavalia 
gladiata

(Seeds)

2,320 119.8 56.9 23.9 298.5 Ibeto et al. (2019)

Cassia 
angustifolia

- - 209.6 50 - Hussain et al. (2009)

Coleus forskalaei
(Roots)

- - - 27–67 - Srivastava et al. (2002)

Convolvulus 
pluricaulis

- 531.57 2,460 64.35 9.99 Sethiya et al. (2010)

Costus speciosus
(Leaves)

3,730 610 55.1 4.03 5.31 Nadeeshani et al. (2018)

Uraria/
Pseudarthria

(Leaves)

1,810/N.A. 2,100/- - - 6,700/- Hari et al. (2014)

Dioscorea sp. 170 210 5.2 6.21 8,160 Chandrasekara et al. (2016); 
Padhan and Panda (2020); 
Padhan et al. (2018)

Eclipta alba 1.0 - 8.95 1.04 35.8 Hussain and Khan (2010); 
Choudhury et al. (2017)

Glycyrhizza 
glabra

1,470 1,200 200 44 1,750 Ercisli et al. (2008)

Guggul - - - - - -

Gymnema 
sylvestre

(Leaves)

1,580 604.8 19.26 24.02 - Dey and Kazi (2015)

Moringa oleifera 
(Leaves)

16,700 5,400 160 33.3 1,236 Gopalakrishnan et al. (2016); 
Kumssa et al. (2017)

Mucuna  
pruriens

(Seeds)

5,250 1,630 950 210 130 Ezeokonkwo and Sunday (2015)

Chlorophytum/
Cucurligo

(Roots)

34.5/595 203/591.7 251.8/45.6 48.72/15.7 0.065/46.2 Nalawade and Rajaram (2017); 
Raaman et al. (2009)

(Continued)
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TABLE 11.2 (Continued)
Mineral Composition of Industrially Utilized Tropical Medicinal Plants

Medicinal Plant
Calcium
mg/kg

Magnesium
mg/kg

Iron
mg/kg

Zinc
mg/kg

Potassium
mg/kg References

Ocimum  
sanctum

(Leaves)

35.8 14.9 863.0 39.33 20.4 Patel et al. (2019)

Piper longum 3,444 1353.9 291.3 14.6 13,520 Bhat et al. (2010)

Plantago ovata 1,600 63.5 21.7 99.4 1,000 Bukhsh et al. (2007)

Plumbago 
zeylanica

- - - - - -

Rauvolfia 
serpentina

3.2 1 37.8 53.8 0.4 Harisaranraj et al. (2009)

Rubia cordifolia - - - - - -

Sida acuta 144.28 1221.1 - 325.12 - Nwankpa et al. (2015); Rami  
et al. (2014)

Stevia 
rebaudiana

(Leaves)

1,770 3,260 5,890 1,260 2,115 Abou-Arab et al. (2010)

Tinospora 
cordifolia

(Stem)

102.23 - 26.05 7.34 8,450 Rahal et al. (2014); Modi et al. 
(2020)

Withania 
somnifera

(Roots)

1.835 11.15 7.586 0.099 7.595 Hameed and Hussain (2015)

FIGURE 11.1 (a) Acorus calamus cultivation field and harvesting; (b) Adhatoda zeylanica cultivation field; 
(c) Andrographis paniculata nursery seedling and cultivation field; (d) Asparagus racemosus cultivation field 
and tuber harvest; (e) Asparagus racemosus dried tuber; (f) Baliospermum montanum cultivation field inter-
cropping with C. asiatica; (g) C. asiatica under shade net cultivation; (h) Bacopa monnierri cultivation field; 
(i) C. gladiata plant with pod development stage; (j) Cassia angustifolia cultivation field; (k) Coleus forskohlii 
cultivation field; and (l) Convolvulus pluricaulis plant at harvesting stage.



196 Sustainable Uses and Prospects of Medicinal Plants

7-methano-4Ah-naphth[1,8a-b] oxirene, octahydro-4,4,8,8-tetramethyl, n-hexadecanoic acid, and 
9,12-octadecadienoic acid (Pokhrel et al., 2020). Traditionally, root/rhizome, stem, and leaves are 
used in the treatment of diarrhoea, indigestion, kidney or liver infection, eczema, arthritis, neu-
ralgia, sinusitis, asthma, fever, bronchitis, numbness, cough, inflammation, loss of hair, and other 
disorders (Kasture et al., 2016; Khwairakpam et al., 2018). αAsarone and β-asarone are the main 
components present in A. calamus followed by other bioactive, which are attributed to the medicinal 
property of this plant (Imam et al., 2013; Chatterjee et al., 2021).

11.2.2  adHatOda Zeylanica medic (ardusi)

Adhatoda zeylanica Medic. (syn Justicia adhatoda Linn.) is a gregarious species of plant that is 
commonly known as Ardusi in Gujarati (Figure 11.1b). It is distributed in the sub-Himalayan tracts 
of India and is also grown in different ecological zones of India. A. zeylanica is a small herbaceous 
shrub with 6–8 cm long and 3–4 cm broad leaves (Singh and Kushwaha, 2005; Mehta, 2016). The 
plant has been used in the Indian System of Medicine for ages because of its various medicinal 
properties. Seeds of Adhatoda are non-endospermic, rugose, and sub-orbicular (Mehta and Bajaj, 
2018). The colour of seeds varies from light brown to dark brown. Leaves are generally bitter, and 
fruit capsules are globular in shape (Gantait and Panigrahi, 2018)

11.2.2.1  Propagation
Adhatoda can be easily propagated through tender stem cuttings. Propagation via seeds is limited 
because of the poor germination rate and seed viability (Damor et al., 2019). Before propagation 
of Adhatoda on ridges and mounds through stem cutting, the field must be ploughed and levelled 
properly. Stem cuttings with three to four nodes are ideal for planting. The seed germination phase 
starts from mid-July, and flowering starts from mid-September to February. It starts blooming in 
December, where it sets fruit in late December, which lasts till April (Madhuri et al., 2014; Mehta, 
2016). Almost all the plant parts possess medicinal value, and hence leaves, stems, and roots must 
be correctly harvested. Harvesting is generally carried out from December to January, but the entire 
plant is harvested after 2 years to get a higher yield of roots. Around 10–11 t of material is harvested 
from a 1 ha area (Tandel et al., 2018).

11.2.2.2  Chemical Constituents and Utilization
A. zeylanica has a variety of bioactive compounds that have a variety of health advantages. Alkaloids, 
phenols, flavonoids, tannins, and a variety of other phytoconstituents are found in it. Alkaloids such 
as vasicine and vasicinone are abundant in the leaves, branches, and roots. Apart from quinazoline 
alkaloids, Adhatoda contains significant amounts of vasicine, sterols, and glycosides (Kirtikar and 
Basu, 1994; Khalekuzzaman et al., 2008). Vasicine being the major alkaloid is present at the rate 
of 1.3–1.4%. Flowers are rich in quercetin and kaempferol along with 2-4 dihydroxy chalcone-
4-glucoside (Bhartiya and Gupta, 1982; Rawat et al., 1994). In terms of pharmacological property, 
this plant’s parts possess antibacterial, antioxidant, anti-inflammatory, anti-tussive, abortifacient, 
wound healing, and antimicrobial properties. Leaves and twigs are also used as green manure 
(Jahan and Siddiqui, 2012; Ahmed et al., 2013; Singh and Singh, 2018).

11.2.3  andrOgrapHis paniculata (Burm. F.) Wall. ex. nees (kalmegh)

Andrographis paniculata (Burm. f.) (Kalmegh) is a herbaceous plant native to Asia’s tropical and 
subtropical regions, Tibet, and few other countries such as China, Thailand, Myanmar, and Indonesia 
(Jayakumar et al., 2013). It is a perennial herb that grows to a height of 50 cm–1 m (Figure 11.1c).  
The stem is quadrangular with multiple branches, and the leaves are arranged in opposite directions. 
The flowers are in a raceme with short petioles. They bear 0.5 cm–2.5 cm fruit capsules with mul-
tiple seeds, usually yellowish-brown (Shahjahan et al., 2013; Saffie et al., 2019).
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11.2.3.1  Propagation
A. paniculata can be grown/propagated via stem cuttings or seeds on varied soils with less fertility. 
It generally requires a tropical climate for proper growth, development, and yield. Vegetative propa-
gation is beneficial in some instances, but it is generally propagated through seeds by direct seeding 
or transplanting with proper nursery techniques for large-scale production (Samantaray et al., 2001). 
This plant grows luxuriantly during the onset of rain and starts flowering during September, which 
lasts up to December. Fruiting lasts up to December until temperature differences arise in the north-
ern plains (Chauhan and Krishnamurthy, 2020). After proper maturation, the plant is appropriately 
uprooted, yielding 2.5 t/ha—a reasonable profit to growers and consumers.

11.2.3.2  Chemical Constituents and Utilization
A. paniculata (Kalmegh) is considered “Kings of Bitter,” as it is exceedingly bitter because of 
the presence of numerous phytoconstituents in it (Shahjahan et al., 2013). A. paniculata is used in 
curing and treating diseases since time immemorial. The whole plant, i.e., stem, leaves, and inflo-
rescence/flowers are used in traditional and current drug delivery systems (Farooqi and Sreeram, 
2010). Phytochemical analysis revealed that this plant is abundant in flavonoids, phenols, diterpe-
noid lactones, and tannins, all of which contribute to the plant’s pharmacological capabilities as 
an antioxidant, anti-inflammatory, anti-diabetic, and antibacterial. Andrographolide is the primary 
ingredient of this plant and has been demonstrated in numerous studies to have potent anti-cancer 
properties (Mishra et al., 2007; Aminah et al., 2021).

11.2.4  asparagus racemOsus Willd (shatavari)

Asparagus racemosus (Shatavari) is native to the tropics and subtropics of India. Around 350 spe-
cies of Asparagus are available in India, from which 20 to 22 species are used in the Indian system 
of medicine (Krishnamurthy et al., 2004). The plant is generally tall and woody prickly perennial 
climber (1–2 m in length) bearing tuberous roots with spinescent spine-like leaves (Figure 11.1d and e).  
Flowers are white and tiny, bearing subglobose berries as fruits (Alok et al., 2013).

11.2.4.1  Propagation
Asparagus is propagated via seeds and root crowns. This plant usually grows in various soils, but 
deep ploughing is required, followed by harrowing after certain days. Broad ridges are required 
for plantation. Seeds are sown during the onset of rain, and the roots are harvested in winter after 
proper maturation (Krishnamurthy et al., 2004).

11.2.4.2  Chemical Constituents and Utilization
Asparagus racemosus is rich in essential bioactive constituents such as shatavarin I–IV (sapo-
nins), racemosol (alkaloids), phenols, flavonoids, and vitamins (Singh et al., 2018). Almost all 
the parts of this plant, such as roots, stem, leaves, and flowers, are used to treat several diseases 
like throat infection, tuberculosis, dyspepsia, male genital dysfunction, and female reproduc-
tive system-related problems. Apart from treating various ailments, this plant possesses anti-
depressant, antioxidant, diuretic, anti-HIV, anti-plasmodial, and immunostimulant properties 
(Singla et al., 2014).

11.2.5  baliOspermum mOntanum (Willd.) muell. arg. (danti)

Baliospermum montanum (Willd.) Muell.-Arg. (Danti) from Euphorbiaceae family is monoecious 
undershrub with multiple shoots arising from the base. This plant is generally 1.8–3.5 m in height 
with lanceolate leaves in the upper part and three to five lobed ovate leaves at the base (Figure 11.1f). 
Danti is distributed in subtropical and tropical regions of India, Malaya, Nepal, and Burma (Joshi 
et al., 2017). This plant bears unisexual flowers that start blooming between January and February, 
and forms two to three lobed capsules as fruits with oily seeds (Das, 2008).
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11.2.5.1  Propagation
Both seeds and shoot cuttings can be used to propagate Danti. Cuttings have demonstrated a sprout-
ing rate of 60–70%, compared to seeds with a germination rate of approximately 50%. Generally, 
vegetative propagation by shoot cuttings is preferred through raised beds or by planting the cuttings 
into polybags. Before propagating this plant, the land is prepared by proper levelling, harrowing, 
and ploughing to get a good yield. After proper maturity of fruit capsules, seeds are harvested, and 
the whole plant is individually dug out because every part of this plant is used to prepare herbal 
formulations (Das, 2008; Bijekar et al., 2014).

11.2.5.2  Chemical Constituents and Utilization
Almost every part of B. montanum has been used medicinally due to its numerous and essential 
phytoconstituents. Roots of this plant possess baliospermin, montanin, 12-deoxy-5-hydroxyphorbol 
13-myristate, 12-deoxyphorbol 13-palmitate, and 12-deoxy-16-hydroxyphorbol 13-palmitate as 
major bioactive constituents that are diterpene hydrocarbon in nature (Mali and Wadekar, 2008).  
The leaves are exceptionally high in flavonoids, phenols, hexacosamol, 8-sitosterol, and 
8-D-glucoside, all of which contribute to the plant’s therapeutic properties (Mukherjee et al., 1980; 
Pasqua et al., 2003). Danti is known to have anti-inflammatory, anti-cancer, antibacterial, anthel-
mintic, immunomodulatory, hepatoprotective, and free radical scavenging properties from a phar-
macological perspective (Wadekar et al., 2008a; Johnson et al., 2010; Lalitha and Gayathiri, 2013)

11.2.6  Brahmi (centella asiatica l. urBan  
& bacOpa mOnnieri [l.] Pennel)

Brahmi—an essential medicinal plant with a wide range of therapeutic potential—has been uti-
lized mainly by traditional medicine practitioners for ages. Mandukaparni (Centella asiatica) is a 
perennial herb with rooted and long nodes and internodes (Krishnamurthy et al., 2006), whereas 
Nirbrahmi (Bacopa monnieri) is a creeping herbaceous plant mostly found in marshy and wet 
areas. Both the plants are used to prepare various herbal formulations in the Indian system of medi-
cine (Aparna et al., 2015). C. asiatica possesses reniform crenate leaves with the elongated peti-
ole (Figure 11.1g), and Bacopa possesses simple, succulent, and oppositely arranged oblanceolate 
leaves, on the other hand (Figure 11.1h) (Patel et al., 2020; Lal and Baraik, 2019). Flowers are usu-
ally white or white-to-purple tinged in Centella and Bacopa, respectively. They possess bracteoles 
with short pedicels during flowering in Bacopa, whereas Centella bears flowers as fascicled umbels 
(Krishnamurthy et al., 2006; Belwal et al., 2019).

11.2.6.1  Propagation
Bacopa and Centella can be propagated readily via stem cuttings with rootlets and internodes, as 
seed germination studies have not shown encouraging results. Centella can be planted between 
February and March, while Bacopa can be planted between May and July because it grows sumptu-
ously during rainy seasons (Mathur et al., 2002; Patel et al., 2020). Centella is harvested after 90 days 
of growth when the plants have reached full maturity and are usually conducted in the summer to dry 
harvested leaves properly. Bacopa can be harvested after 70–90 days, with September and October 
being the optimal months for collecting the entire plant and manually separating the succulent leaves 
for a higher yield of chemical components (Krishnamurthy et al., 2006; Singh et al., 2020).

11.2.6.2  Chemical Constituents and Utilization
The major chemical constituents present in Bacopa and Centella are Bacoside and Centelloid, which 
are generally pentacyclic triterpenoid in nature. However, there are many bioactive constituents with 
various therapeutic potentials. Other bioactive constituents include asiaticoside, madecassoside, asi-
atic acid, centellin, and centellicin in Centella and 12 analogues of Bacoside in Bacopa, including 
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two common flavonoids apigenin and luteolin with 3-phenylethanoid glycoside and 4-cucurbitacin 
(Murthy et al., 2006; Yu et al., 2007). C. asiatica and B. monnieri have been used ethnomedicinally 
for their neuroprotective, anti-cancer, anti-ulcer, anti-depressant, anti-diabetic, memory boosting, 
antioxidant, antibacterial, anti-inflammatory, and analgesic properties. The entire plant is used to 
manufacture various formulations due to the presence of bioactive components (Prakash et al., 2017; 
Bala et al., 2018).

11.2.7  canavalia gladiata (Jacq.) dc. (sWord Bean)

Canavalia gladiata (Family: Fabaceae) is an underutilized plant with important medicinal and 
pharmacological properties. It is indigenous to tropical and subtropical regions of Asian and 
African countries. They have also been domesticated in West Indies and Australia (Moteetee, 2016). 
Morphologically, C. gladiata is a perennial climber with about 4–10 m in height (Figure 11.1i). 
They possess trifoliate leaves with large pubescent acuminate leaflets (Purseglove, 1968; Indriani 
et al., 2019). There are two varieties of sword beans, i.e., early and late variety with white and pink 
flowers about 3–4 cm long. Seed pods are large and 3.5–5 cm broad (Das et al., 2016).

11.2.7.1  Propagation
C. gladiata is propagated via seeds. Before sowing the seeds, the land is prepared by proper plough-
ing and by applying 5 MT farmyard manure throughout the land. Both red and white seed vari-
eties of sword beans have varied growth and agronomic traits. With a proper irrigation system, 
these beans can be cultivated in all seasons, including Kharif and rabi. The maturation period is of 
110–120 days. However, tender pods are harvested after 70–75 days after sowing (Ekanayake, 2000; 
Xianzong, 2017)

11.2.7.2  Chemical Constituents and Utilization
Being an underutilized plant C. gladiata is rich in amino acids, minerals, protein, carbohydrates, 
and lectins (Kulkarni et al., 2016). It possesses antioxidant, antimicrobial, anti-inflammatory, hae-
matopoietic, hepatoprotective, and anti-angiogenic activities (Kumar & Reddy, 2014). Monogalloyl 
hexoside, gallic acid, digallic acid, ellagic acid, and trigalloyl hexoside are the major phenolic com-
pounds that contribute to various biological activities exhibited by the plant (Gan et al., 2016). 
Sword beans are generally used for culinary purposes as stews, soup, or fermented food products 
(Bosch, 2004). Roasted beans are also used as a substitute for coffee beans in Central America and 
as ornamental plants in some other regions (Ekanayake, 2000; Seena and Sreedhar, 2005). It was 
also reported that these plants were also used as a cover crop or forage crop (Bosch, 2004).

11.2.8  cassia angustifOlia vahl. (senna)

Cassia angustifolia (Senna), Family-Cesalpinaceae is an anthropoid drug used basically for laxative 
properties. Although about 25–26 species of Cassia have been documented to have potential laxa-
tive properties across the world, C. angustifolia and C. acutifolia (Alexandrian Senna) are by far 
the most extensively utilised species in various pharmacopoeias due to their bulk availability and 
laxative property. This plant is indigenous to Sudan, but it is widely distributed in India in differ-
ent ecological regions, including Gujarat, Rajasthan, Tamil Nadu, Karnataka, and Andhra Pradesh 
(Ramchander et al., 2017; Kumar and Jnanesha, 2017). C. angustifolia is a perennial undershrub 
of about 1–2 m tall (Figure 11.1j). Leaves are primarily large and pinnately compound. Flowers 
are zygomorphic with 12–13 mm long pedicels and 6–9 mm wide yellow–green sepals. They bear 
dehiscent hairy pods with multiple seeds (Săvulescu et al., 2018).
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11.2.8.1  Propagation
Cassia angustifolia is primarily propagated by seeds after proper ploughing and land prepara-
tion. Generally, seeds are sown/seeded between September and November, and 10 t/ha farmyard 
manure is applied to facilitate the basal nutrient requirement for proper growth and yield. (Kumar 
and Jnanesha, 2017). Mostly, well-drained soil is essential, as this plant is sensitive to water-logged 
conditions (Sastry et al., 2007). Flowers begin to bloom 50–60 days after sowing, and harvesting is 
done in batches. After 90 days, the first batch is harvested, and the second batch is harvested after 
30 days. This is done to obtain the optimum yield of sennoside.

11.2.8.2  Chemical Constituents and Utilization
C. angustifolia, a traditional medicinal herb, contains phenols, flavonoids, tannins, alkaloids, anthra-
quinones, and saponins. Sennoside A and Sennoside B are the main bioactive components of Cassia, 
along with quercimeritrin, scutellarein, and rutin (Ahmed et al., 2016). Both pods and leaves have 
sennoside A and B with minor other sennoside compounds. Additionally, carbohydrates such as 
mannose, sucrose, fructose, and glucose are included (Agarwal and Bajpai, 2010). C. angustifolia is 
pungent and traditionally used to relieve constipation. Apart from its laxative effect, this plant offers 
various biological activities, including anti-cancer, anti-parasitic, free radical scavenging, and anti-
microbial activity (Ahmed et al., 2016; Jnanesha et al., 2018). According to the traditional medicinal 
system, both pods and leaves are included in a variety of Ayurveda remedies (Laghari et al., 2011).

11.2.9  cOleus fOrskOHlii Briq

Coleus forskohlii Briq, belonging to the family Lamiaceae, is an essential medicinal plant with var-
ied pharmacological and biological activities. It is a perennial herb native to India and is also found 
in Nepal, Sri Lanka, Thailand, and Burma (Lokesh et al., 2018). C. forskohlii grows about 1–2 ft in 
height, and flowers are like those of other family members. Roots are thick, succulent, and fascicu-
late (Figure 11.1k). While the entire plant is enriched with bioactive compounds, roots are usually 
employed for pharmacological and therapeutic purposes (Srivastava et al., 2002).

11.2.9.1  Propagation
Coleus can be easily propagated by the terminal or rooted stem cuttings and seeds (Patel, 2016). 
Cuttings are generally planted between June and July, and are harvested after 4–5 months of plant-
ing for matured tubers (Bhattacharjee et al., 2020).

11.2.9.2  Chemical Constituents and Utilization
The tuberous succulent roots of Coleus possess forskolin (diterpene in nature), which has beneficial 
properties. Apart from this, Coleus is also rich coleoside, α-cedrol, 4β, 7 β, 11-enantioeudesmantriol, 
α-amyrin, myrianthic acid, uvaol, betulic acid, coleonolic acid, and euscaphic acid (Kavitha et al., 2010). 
Being aromatic, the essential oil from the roots, stem, and leaves also includes 3-decanone, bornyl 
acetate, caryophyllene oxide, limonene, sesquiterpene hydrocarbon, β-sesquiphellandrene, γ-eudesmol, 
β-phellandrene, α-pinene, α-copaene, sabinene, βcaryophyllene, and α-humulene (Paul et al., 2013). 
C. forskohlii is therapeutic to treat heart disease, glaucoma, asthma, obesity, microbial infections, and 
thrombosis (Kavitha et al., 2010; Ganash and Qanash, 2018).

11.2.10  cOnvOlvulus pluricaulis choisy (shankhPushPi)

Convolvulus pluricaulis is a nootropic herb used in the treatment of multiple ailments. This herb 
is native to the northwest regions of India, and is also spread throughout tropical Africa and Sri 
Lanka (Austin, 2008; Nisar et al., 2012). It is perennial, with branches about 30 cm long and ellipti-
cal leaves arranged in an alternate position (Figure 11.1l). According to the traditional medicinal 
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system, this herb is reported as brain/nervine tonic and is used in different dosage forms to boost 
memory (Ganie et al., 2015; Sethiya et al., 2015).

11.2.10.1  Propagation
C. pluricaulis is propagated through seeds. Propagules are raised during June–July. Flowers are 
bluish, white, or purple, whereas, fruits are globose. The plant is harvested after proper maturity 
between September and October (Agarwa et al., 2014).

11.2.10.2  Chemical constituents and Utilization
Carbohydrates abound in C. pluricaulis (Shankhpushpi), including glucose, maltose, and rhamnose. 
They include a high concentration of secondary metabolites such as phenolics, flavonoids, gly-
cosides, triterpenoids, kaempferol, taraxerone, delphinidine, -sitosterol, N-hexacosanol, taraxerol, 
hydroxycinnamic acid, and steroids. According to the Ayurvedic medicine system, the entire plant 
is used in the treatment of various diseases. C. pluricaulis has several natural biostimulants and 
shankhpuspi, which help with wear and tear mechanisms and weight loss (Bhowmik et al., 2012; 
Saroya and Singh, 2018). Ethnomedicinal importance and utilization of C. pluricaulis include treat-
ment or curing of anaemia, anorexia, anxiety, asthma, hypertension, bronchitis, blood disorders, 
burning/heating sensation, dementia, diabetes, epilepsy, leukoderma, cough, menorrhagia, vertigo, 
syphilis, ulcer, urinary infections, and pyrexia (Balkrishna et al., 2020).

11.2.11  cOstus speciOsus (koen ex. retz.) sm. (insulin Plant)

Costus speciosus (Family: Costaceae) is a perennial plant distributed in tropical and subtropical 
regions of Africa, Asia, and America. Both C. speciosus and C. pictus are known as Insulin plants 
(Naik et al., 2017). It is succulent, growing to a height of around 2–3 m, with lanceolate leaves and 
dense creeping roots at the base (Figure 11.2a) (Dubey et al., 2010; Choudhury et al., 2012). C. 

FIGURE 11.2 (a) Costus speciosus cultivation field; (b) Desmodium gangeticum cultivation field;  
(c) Desmodium gangeticum harvested plants; (d) Pseudarthria viscida cultivation field; (e) Uraria picta plant; 
(f) Dioscorea cultivation field; (g) Eclipta alba plant; (h) Glychrhizza glabra plant; (i) Commiphora wightii 
plant and gum resin harvest; (j) Gymnema sylvestre cultivation field and leaf harvest(dry); (k) Moringa  oleifera 
cultivation field; and (l) Mucuna pruriens cultivation field.
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speciosus is used by tribal people to control diabetes, and it also possesses significant phytophar-
macological effects. (Khan and Ramu, 2018).

11.2.11.1  Propagation
Due to low seed viability and germination rate, Costus is propagated vegetatively by stem cuttings or 
culms (Rani et al., 2012). This plant thrives in moist, humid environments. Between July and August, 
flowers begin to bloom, producing fruits with a white fleshy aril. The ripening of fruit is followed by 
leaf shedding and the plant’s eventual death during November, while the rhizome remains dormant 
from December to March, with new stems growing in April (Benny, 2004; Rajesh et al., 2009).

11.2.11.2  Chemical Constituents and Utilization
C. speciosus is used for food, medicine, and ornamental purposes. It has diverse phytochemicals 
and bioactive constituents, including phenols, flavonoids, steroids, alkaloids, glycosides, saponins, 
and tannins. It also possesses diosgenin, costusosides, eremanthin, dioscin, prosapogenins A, prosa-
pogenins B, β-sitosterol, β-carotene, β-D-glucoside, aliphatic hydroxyl ketones, triterpenes, starch 
mucilage, fatty acid, abscisic acid, α-amyrinsterate, β-amyrin, lupeol palmitates, and corticosteroid 
from the leaves and rhizomes (Maji et al., 2020). Ethnomedicinally, it is used to treat hyperlip-
idemia, headache, inflammation, cancer, asthma, bronchitis, anaemia, jaundice, and pneumonia 
(Pawar and Pawar, 2014; Al-Attas et al., 2015).

11.2.12  desmOdium gangeticum (l.) dc (shalParni)

Desmodium gangeticum (L.) DC is an undershrub native to the sub-Himalayan zones of India. It is also 
distributed throughout Africa, China. Malay, Burma, and Ceylon. It grows to a height of approximately 
1.0–2.0 m (Figure 11.2b and c) and has alternate unifoliate broad leaves (Vishwakarma et al., 2009). 
Roots are a crucial component of Dashmoolarishta. D. gangeticum is also a nerve tonic, which is why it 
is used to treat typhoid, chronic fever, and inflammation (Kirtikar and Basu, 1918; Pathak et al., 2005).

11.2.12.1  Propagation
D. gangeticum is easily propagated from seeds and does not require pretreatment for germination. 
It thrives on loamy and clayey soils. Between March and April, nursery propagules are raised. 
Flowering and fruiting occur twice a year in May/June and September/October (Das, 2008).

11.2.12.2  Chemical Constituents and Utilization
D. gangeticum is used in the preparation of various ayurvedic formulations. Studies have revealed 
desmodin, gangetin, and hordenine as the major bioactive constituent of D. gangeticum. Apart from 
this, Pseudarthria viscida (Figure 11.2d) and Uraria picta (Figure 11.2e) are also used in the prepa-
ration of Dashmoolarishtha. Both the allied species are part of Desmodium or Dashmmol drug plant 
(Naik and Krishnamurthy, 2018). Desmodin, gangetin, and hordenine have been shown to exhibit a 
variety of biological activities. Ethnomedicinally, Desmodium is used to alleviate oxidative stress, 
i.e., scavenging free radicals, and manage skin diseases, boils, blisters, whooping cough, fever, and 
dysentery (Singh et al., 2015).

11.2.13  diOscOrea sPP.

Dioscorea spp. (Dioscoreaceae Family) is a highly beneficial tuberous plant. It is often referred to as 
Yam. Its rhizome, roots, and tubers have been used medicinally since prehistoric times. Dioscorea 
spp. occurs throughout Asia, Africa, and Latin America (Viruel et al., 2016). Dioscorea spp. is a 
climber (Figure 11.2f), which sprouts from tuber/rhizome (Govaerts et al., 2007). There are 600 spe-
cies in the Genus Dioscorea, from which ten species are being cultivated and domesticated. It includes 



203Industrially Utilized Tropical Medicinal Plants

white yam, yellow yam, water yam, air potato, bitter yam, Chinese yam, and lesser yam. They are 
consumed as a local staple food with important medicinal properties (Behera et al., 2009).

11.2.13.1  Propagation
Dioscorea spp. can be propagated in various ways, including tubers, minisets, and vine cuttings 
approximately 8 cm long, as seed stock propagation is arduous, complicated, and time consum-
ing. Seeds are typically light and flat, making them disperse easily (Kumar et al., 2017). It bears 
dioecious flowers, and fruits are in small capsules. Usually, Dioscorea spp. is planted carefully on 
ridges, mounds, holes, and flat surfaces with proper mulching to maintain soil moisture. Harvesting 
is carried out after 8–9 months of planting, indicated by the dieback of leaves and vines (Andres 
et al., 2017).

11.2.13.2  Chemical Constituents and Utilization
Dioscorea spp. contains a variety of secondary metabolites, with saponins being the most abundant. 
Apart from saponins, other metabolites viz., phenolics, quinones, clerodane diterpenes, cyanidins, 
and diarylheptanoids from Dioscorea spp. have been identified and quantified (Ou-Yang et al., 2018). 
Compounds like diosgenin and more than 100 steroidal saponins are also reported from Dioscorea 
spp. (Jesus et al., 2016). Despite being a major food source, Dioscorea spp. has been associated with 
various biological actions, including cytotoxic, neuroprotective, immunomodulatory, anti-allergic, 
anti-inflammatory, and neuroprotective. It also possesses anti-proliferative, contraceptive, and anti-
microbial properties (Salehi et al., 2019)

11.2.14  eclipta alba (l.) hassk (BhringraJ)

Eclipta alba (L.) Hassk (Asteraceae Family) is known in India and Bangladesh as Bhringraj (also 
known as Keshraj, which means Ruler of hair) due to its extensive ethnomedicinal properties. It is 
distributed in India, Bangladesh, China, Thailand, and Brazil. It is an annual herb with 3–5 cm long 
blackish-green leaves that prefers moist conditions (Figure 11.2g). Typically, the stem is pubescent, 
flat, erect, or extensively branched, and of a darkish green colour (Soni and Soni, 2017). This plant is 
well-known in the Indian system of medicine for treating skin disorders, hair greying, hepatoprotec-
tive, and respiratory diseases (Mithun et al., 2011).

11.2.14.1  Propagation
E. alba can be propagated by seeds and stem cuttings. Propagules can be raised between February 
and March but they are transplanted between April and August upon the climatic conditions. It 
bears white compressed achene and narrowly winged flowers, whereas fruiting occurs between 
October and November (Pareek and Kumar, 2015; Soni and Soni, 2017).

11.2.14.2  Chemical Constituents and Utilization
Eclipta is an appetite stimulator and mild bowel regulator. It has varied bioactive constituents such 
as alkaloids, flavonoids, glycosides, coumestans majorly, and de-methyl wedelolactone and wede-
lolactone. The entire plant is known to have important ethnomedicinal and pharmacological prop-
erties in treating cough, asthma, senility, headache, and problems associated with hair fall and 
greying of hair. Apart from this, they are known to possess biological activity such as anti-cancer, 
analgesic, antioxidant, anti-myotoxic, antiviral, anti-hepatotoxic, spasmogenic, anti-inflammatory, 
hypotensive, and ovicidal properties (Mithun et al., 2011; Balakrishnan et al., 2018)

11.2.15  glycHrHiZZa glabra linn (Jethimadh)

Glychrhizza glabra Linn (Fabaceae Family) is commonly known as Jethimadh. It is a perennial plant 
of about 2–2.5 m in height with multipotent pharmacological properties. It is distributed throughout 
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India, including Punjab, Jammu Kashmir, and sub-Himalayan tract. It has 8–15 cm long pinnate 
leaves with 10–17 leaflets (Figure 11.2h). Rhizome/roots are responsible for treating stomach ulcers, 
digestion problems, fever, epilepsy, and rheumatism (Nassiri-asl et al., 2012; Lohar et al., 2020).

11.2.15.1  Propagation
Cuttings are frequently used to propagate G. glabra, since seeds have a very low germination rate. 
Propagules are mostly raised during the spring season by adequate field preparation and the use of 
FYM as a basal nutrient requirement. Flowers are purple, which bear glabrous compressed pods 
with reniform seeds (Kriker, 2013). Harvesting takes place between November and December, as 
this plant matures during the winter season (Khaitov et al., 2021).

11.2.15.2  Chemical Constituents and Utilization
G. glabra possesses substantial bioactive constituents and is well-known in Siddha, Unani, and 
Ayurveda for treating various ailments. The roots/rhizomes of the plant possess ethnomedicinal prop-
erty. Apart from this, it is also used as a flavouring agent. Several studies have reported the second-
ary metabolites present in G. glabra, which include glycyrrhizin, triterpenoids, glycosides, saponins, 
quercetin derivatives, flavones, liquiritic acid, liquoric acid, licuraside, liquiritoside with glycyrrhetinic 
acid, and glycyrrhizin being the major phytochemical constituent (Yang et al., 2015; Rizzato et al., 
2017). This plant is therapeutically known to be anti-tussive, anti-tumour, antimicrobial, antiviral, anti-
diabetic, anti-coagulant, anti-cancer, and possesses immunomodulatory properties (Batiha et al., 2020).

11.2.16  guggul

Commiphora wightii (Arnott) Bhandari and Boswellia serrata (Roxb) belonging to the Burseraceae 
family are called Guggal. These plants are indigenous to different ecological zones of Asia and 
Africa. The gum resins (Figure 11.2i) extracted from both the allied species are used in Ayurveda 
for ages (Thosar and Yende, 2009). Morphologically, C. wightii is 2–3 m tall with trifoliate leaves, 
and while B. serrata possesses lanceolate–ovate leaflets. The gum resin extracted from these allied 
species can alleviate tumours, obesity, sores, obesity, ulcers, and other ailments (Siddiqui, 2011; 
Reddy et al., 2012).

11.2.16.1  Propagation
Leafless stem cuttings are usually preferred for raising propagules of guggul, as poor germination is 
observed when raised through seeds. They are also propagated through air layering and plant tissue 
culture techniques (Jitendra et al., 2009). Flowers are sessile in C. wightii and appear throughout the 
year, whereas small and white flowers are observed in B. serata. These plants prefer sandy-to-loamy 
soil for their growth and development. It requires at least 6–7 years for the plant to get a good yield 
of gum resin and is usually harvested between November and February (Jain and Nadgauda, 2013; 
Soumya et al., 2019).

11.2.16.2  Chemical Constituents and Utilization
Guggul is rich in Guggulusterone, i.e., M, E, and Z, steroids, resin, volatile oils, M-dehydoguggulsterone, 
Guggulsterol(I–V), lignans, triterpenoids, flavones, and ferrulates. It also contains monoterpenes, 
diterpenes, and boswellic acid (Hazra et al, 2018). Traditionally, guggul is used in treating gout, 
arthritis, rheumatoid, body ache, weight loss, and inflammation. The gum obtained from this plant is 
also utilised to treat endometritis, bronchitis, dyspepsia, bone fractures, and thrombosis (Rout et al., 
2012). Certain pharmacological activities of guggul include cardioprotective, anti-hyperglycemic, 
thyroid-stimulating, fibrinolytic, hypolipidemic, cytotoxic, and antimicrobial activities (Bhardwaj 
et al., 2019).
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11.2.17  gymnema sylvestre r. Br. (gudmar)

Gymnema sylvestre R.Br. (Asclepiadeace Family) is indigenous to India, Africa, Japan, Malaysia, 
Srilanka. Australia, Indonesia, and Vietnam. This plant is believed to neutralize body sugar, and 
hence it is commonly known as gurmar/gudmar. G. sylvestre is a perennial plant with elliptical or 
ovate leaves (Figure 11.2j) that grows up to 500–600 m tall (Saneja et al., 2010). The stem is usu-
ally hairy and brown. The characteristic feature of this plant is its bitter and astringent taste, which 
can mask the taste of sweetness for few hours (Kanetkar et al., 2007; Krishnamurthy et al., 2015).

11.2.17.1  Propagation
Nodal cuttings and seeds can both be used to propagate G. sylvestre. Flowers are zygomorphic 
and start blooming between April and November, whereas fruiting occurs between December and 
March (Pandey, 2012). Field preparation is carried out by applying farmyard manure before com-
mencing the cultivation of G. sylvestre, and harvesting is generally carried out at 12th month after 
flowering to get high productivity of leaves with gymnemic acid. (Krishnamurthy et al., 2015).

11.2.17.2  Chemical Constituents and Utilization
G. sylvestre is a good source of bioactive constituents with ethnomedicinal and modern applica-
tions. Leaves contain various triterpene saponins, alkaloids, anthraquinones, flavonoids, and gly-
cosides (Khramov et al., 2008). Gymnemic acid (I–VII) and Gymnema saponins are the major 
constituents of this plant and are well-known for treating diabetes (Tiwari et al., 2014). Additionally, 
it is used to treat snakebites, malaria, rheumatoid arthritis, obesity, and hyperlipideamia, among 
other conditions. Some of the biological activities exhibited by G. sylvestre include antioxidant, 
antibacterial, anti-arthritic, anti-inflammatory, anti-cancer, hepatoprotective, and immunomodula-
tory action (Yaseen and Shahid, 2020).

11.2.18  mOringa Oleifera lam. (drumstick tree)

Moringa oleifera Lam. (Moringaceae Family) is a fast-growing nutritionally rich tree species with 
various medicinal, biological, pharmacological, and nutraceutical properties. The entire plant is used 
to heal numerous ailments, hence garnering it a moniker “miracle tree” (Patel and Krishnamurthy, 
2021). It is indigenous to tropical and subtropical regions of India and Africa. However, it is also 
grown in different ecological zones of Brazil, Zimbabwe, Bangladesh, and Pakistan. Moringa can 
easily withstand mild frost and drought conditions, reaching up to 12 m in height (Figure 11.2k). 
Leaves are compound, bipinnate, and composite, bearing three to five opposite leaflets (Abubakar 
et al., 2011; Gadzirayi et al., 2013).

11.2.18.1  Propagation
Stem cuttings and seeds are used in growing Moringa, and it is carried out with the onset of rain. 
However, with proper irrigation facilities, it can be planted at any time of the year. Flowers start 
blooming during the winter season, and pods harvesting is carried out after 160–180 days of sow-
ing. Leaf material is primarily harvested after 90 days of sowing (Gadzirayi et al., 2013; Sekhar 
et al., 2017).

11.2.18.2  Chemical Constituents and Utilization
Moringa is known to have diverse bioactive constituents, such as glucosinolates (Glucomoringin 
and Glucosoonjnain), alkaloids, phenols, flavonoids, tannins, saponins with essential amino acids, 
protein, and minerals (Patel and Krishnamurthy, 2021). The entire plant, including the gum resin, 
has biological and therapeutic properties. Biological activities include antioxidant, anti-cancer, 
anti-tumour, anti-hypertensive, antimicrobial, anti-trypanosomal, anti-leishmanial, antiviral, anti- 
fertility, anti-inflammatory, and anti-depressant activity (Kaur et al., 2015; Abd-Rani et al., 2018). 



206 Sustainable Uses and Prospects of Medicinal Plants

Apart from the biological and pharmacological activities, it is enriched with nutraceutical proper-
ties that can help combat malnutrition and anaemia (Falowo et al., 2018).

11.2.19  mucuna pruriens l. (dc). (velvet Beans)

Mucuna pruriens L. (DC) (Fabaceae Family) is an underutilized legume with anti-Parkinson 
 properties. It is an annual climber that can reach a height of 50 ft and has trifoliate broad leaves 
(Figure 11.2l). This species is indigenous to India and Africa. The active ingredient L-Dopa (5–6%) 
is used to treat neurodegenerative disorders. It produces an abundance of green foliage and is uti-
lised as a green cover or animal food (Krishnamurthy et al., 2003; Natarajan et al., 2012).

11.2.19.1  Propagation
Seeds are used as a starting material or propagating material in the case of M. pruriens by applying 
10 MT/ha of farmyard manure as a part of field preparation. Flowers are zygomorphic to actinomor-
phic and bear pods with itching trichomes (Krishnamuthy et al., 1996; Krishnamurthy et al., 2003). 
This plant matures after 7–8 months of germination, and pods are harvested when they turn brown 
(Krishnamurthy et al., 2005).

11.2.19.2  Chemical Constituents and Utilization
M. pruriens, an underutilized legume, is an excellent source of bioactive compounds such as phe-
nols, flavonoids, tannins, and alkaloids. Additionally, it contains both albumin and globulin protein 
fractions and carbohydrates, calcium, phosphorus, and amino acids. It also contains significant oleic, 
linoleic, palmitic, and other minerals (Siddhuraju et al., 1996; Patel et al., 2020). Pharmacologically, 
it has antioxidant, anti-tumour, aphrodisiac, anti-diabetic, antibacterial, analgesic, antivenin, and 
anti-inflammatory properties (Kumar et al., 2016; Pathania et al., 2020). Seeds are generally utilized 
for medicinal purposes because of the presence of L-Dopa, whereas leaves cover crops and feed 
non-gastric non-ruminant animals (Peniche-Gonzalez et al., 2018).

11.2.20  musli—saFed musli and kali musli

Chlorophytum borivilianum Santapau and Fernandes (Liliaceae Family), and Cucurligo orchoides 
Gaertn (Amarylladaceae) are commonly known as Safed musli and Kali musli, respectively. They 
are under endangered species because of overexploitation and collection of these plants from the 
wild (Chauhan et al., 2010; Singh et al., 2012). It is reported that this plant is distributed throughout 
India and Africa. C. borivilianum has lanceolate leaves (Figure 11.3a), whereas C. orchoides has 
simple 15–45 cm long leaves (Figure 11.3b) attached at the base. Roots are elongated, and hence 
both Safed (White roots) and Kali musli (Black roots) are differentiated based on the colour of their 
roots (Singh et al., 2006; Khanam et al., 2013).

11.2.20.1  Propagation
Roots stocks and seeds are used as propagating material in terms of musli. Rootstock is mainly 
preferred because of the poor germination rate of seeds (Kothari and Singh, 2003; Mehta and Singh, 
2014). C. borivilianum requires optimum soil and temperature for proper growth, and are unable to 
bear higher temperatures. Therefore, they are planted from July to October, and they are harvested 
between March and April after proper maturity (Juju et al., 2017; Khanam et al., 2013). However, 
only a few discs and roots are removed to facilitate the next planting/cropping season. C. orchoides 
is planted between February and March and is harvested after 7 months to get high-yielding rhi-
zomes (Tewari and Singh, 2019).
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11.2.20.2  Chemical Constituents and Utilization
Fleshy roots of musli (Safed and Kali musli) are a good source of phytochemicals and are used in 
the traditional system of medicine for ages. Green leaves are utilized by the tribal belt of Gujarat, 
Chhattisgarh, and Madhya Pradesh for culinary purpose (Vijaya and Chavan, 2009). C. borivil-
ianum and C. orchoides abound with over 110 phytocompounds, including tannins, phenols, fla-
vonoids, cucurligoside, glycosides, saponins, sapogenins, mucilage, fructans, and furostane and 
spirostane glycosides (Kaushik, 2005; Jena et al., 2021). They are aphrodisiacs and are used in the 
treatment of male sexual dysfunction. Apart from this, they have antioxidant, hepatoprotective, 
oestrogenic, and immunomodulatory activities (Wang et al., 2021).

11.2.21  Ocimum sanctum linn. (tulsi)

Ocimum sanctum (Lamiaceae family) is known as the “Queen of herbs” and “Holy Basil” because 
of its potent medicinal and therapeutic potential (Mahajan et al., 2016). It is distributed and grown 
across the globe. This plant is a subshrub, erect, multi-branched, about 35–60 cm tall, with green-to-
purple leaves (Figure 11.3c). The stem is hairy with aromatic leaves and toothed petiole (Pattanayak 
et al., 2010). Holy basil is used to treat headaches, malaria, and coughs and bolsters the immune 
system (Joshi et al., 2017).

11.2.21.1  Propagation
O. sanctum can be grown from seeds and nodal cuttings. It thrives well in moist conditions, and 
soil preparation is accomplished by spreading 15 t of farmyard manure/ha during April and June. 
Harvesting is carried out after 3 months of planting and subsequently after 60–65 days regularly to 
get a good yield of essential oil (Bhattacharjee et al., 2020).

FIGURE 11.3 (a) Chlorophytum borivilianum root harvest; (b) Curculigo orchioides cultivation field and 
tuber harvest; (c) Ocimum sanctum plant; (d) Piper longum plant; (e) Piper chaba plant; (f) Plantago ovata 
cultivation field; (g) Plumbago zeylanica cultivation field; (h) Rauwolfia serpentina cultivation field; (i) Sida 
cordifolia plant; (j) Stevia rebaudiana cultivation field; (k) Tinospora cordifolia cultivation field and stem 
harvest; and (l) Withania sonmifera cultivation field and dry root harvest.
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11.2.21.2  Chemical Constituents and Utilization
O. sanctum have important plant secondary metabolites such as phenolics, flavonoids, triterpenoids, 
neolignans, fatty acids, β-sitosterol, mucilage, minerals, and various proximate constituents (Patel 
et al., 2019). Pharmacologically, it has antioxidant, anti-cancer, radiation protection, anti-stress, 
anti-diabetic, anti-inflammatory, mosquitocidal, and antimicrobial property. O. sanctum is used as 
a whole or combined with other herbs to treat ulcers, vomiting, skin diseases, and other ailments 
(Bano et al., 2017; Singh and Chaudhuri, 2018).

11.2.22  piper lOngum l. (PiPPali)

Piper longum L. (Piperaceae family), well-known as long pepper, is a perennial climber found in 
India, America, and Sri Lanka. It has cordate leaves with woody roots (Figure 11.3d) and was the 
most valued plant during the Roman era. It is used for analgesic and carminative purposes (Zaveri et 
al., 2010). Piper chaba Hunter is also an allied species of the Piperaceae family known to substitute 
for Piper longum. Both the species have various biological properties, and P. chaba is a creeper 
plant that spreads through the ground morphologically (Figure 11.3e). It may also grow around trees 
and have ovate leaves found mostly in West Bengal, India (Haque et al., 2018).

11.2.22.1  Propagation
Stem or vine cuttings are used as propagating material. The seedlings are raised by transplanting 
them in well-drained soil. Field operations include proper ploughing, harrowing, and weeding at 
proper intervals. Male flowers are larger and slender when compared to female flowers and bear small 
ovoid berries as fruits. Their planting season varies from June to July and September to October, and 
the fruits are harvested when they turn brown (Rameshkumar et al., 2011; Islam et al., 2020).

11.2.22.2  Chemical Constituents and Utilization
Piper longum is reported to possess various biological properties, including analgesic, anti-inflamma-
tory, anti-fertility, antimicrobial, antioxidant, anti-diabetic, anti-arthritis, anti-helminthic, hepatopro-
tective, anti-asthamic, anti-cancer, nootropic, and anti-angiogenic properties (Yadav et al., 2020). It 
is because of the presence of a substantial amount of phytoconstituents such as piperine (alkaloid in 
nature), pipernonaline, piperettine, methyl piperine, asarinine, pellitorine, piperlonguminine, piperlong-
umine, retrofractamide A, pergumidiene, and a complex mixture of essential oils along with vitamins 
A, E, caryophyllene, p-cymene, pentadecane, thujone, terpinolene, zingiberene, and dihydrocarveol 
(Gani et al., 2019; Sharma et al., 2020).

11.2.23  plantagO Ovata Forsk—(isaBgul)

Plantago ovata (Plantaginaceae family) is cultivated and distributed throughout temperate and 
tropical regions of India, primarily in Gujarat, Haryana, and Punjab. Being annual, P. ovata is stem-
less, with narrow and linear leaves arranged in an alternate position (Figure 11.3f). Seeds are ovoid 
and concave at one side, with membranous cover as seed coat. It is widely used to cure constipation, 
dysentery, and diarrhoea (Sarfraz et al., 2017).

11.2.23.1  Propagation
Seeds serve as a starting/propagating material in P. ovata. However, recent tissue culture tech-
niques are also involved in providing quality material for planting. P. ovata requires cool and 
dry conditions for proper growth and yield (Ghadheri et al., 2012). Field preparation plays an 
essential role in getting a good yield of this plant, and it requires proper ploughing, harrowing, 
weeding, and removal of clods. Seeds are sown between October and November, and harvest is 
done between February and March when the spikes turn brown (Bannayan et al., 2008; Kumar 
et al., 2016).
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11.2.23.2  Chemical Constituents and Utilization
Seeds and husk are the most widely used part of P. ovata because of their essential phytocom-
pounds. It accounts for the availability of mucilaginous fibre, polysaccharides, phenols, iridoids, 
cumatines, tannins, sterols, and alkaloids to treat various ailments. Recent research indicates that 
P. ovata may have various pharmacological applications in treating disease conditions, including 
hyperlipidemia, hypercholesterolemia, piles, rheumatoid arthritis, and constipation. (Marjhan and 
Kalam, 2018). The husk is also used to prepare Orodispersible tablets (ODT) with improved rheo-
logical properties (Abbas et al., 2021).

11.2.24  plumbagO Zeylanica linn.—(chitrak)

Plumbago zeylanica (Plumbaginaceae—Family) is a perennial plant distributed throughout 
India, and is mostly cultivated in the southern part of India for its roots and milky white juice 
obtained from the leaves. Being an undershrub, it grows 1–2 m tall with simple and opposite leaves  
(Figure 11.3g) (Chauhan, 2014). Roots are striated and light in colour with excellent medicinal prop-
erties. Along with P. zeylanica, the roots of P. rosea are also utilized in China and India (Chaudhari 
and Chaudhari, 2015).

11.2.24.1  Propagation
Stem cuttings with few nodes and seeds are primarily used as propagating material. However, seeds 
are not recommended for cultivation because of their erratic seed viability and poor growth rate. 
The flowers of P. zeylanica are whitish and red in P. rosea (Patel et al., 2016). They start blooming 
between September and November, and bear fruits between January and February. Harvesting of 
roots is preferred after attaining maturity of 12 months to the date of sowing. Due to their sensitivity 
to water-logged conditions, field preparation is critical to obtaining a high production of roots, and 
deep ploughing in conjunction with disc ploughing is essential to sustain that output (Chaplot et al., 
2006; Jalalpure, 2011).

11.2.24.2  Chemical Constituents and Utilization
P. zeylanica possesses biodynamic properties because of the presence of various phytoconstituents 
in it. Phenols, flavonoids, tannins, glycosides, and sterols are present in P. zeylanica. Plumbagin—a 
stirring yellowish compound present abundantly in roots of this plant is napthoquinone in nature 
(Roy and Bharadvaja, 2017; Aleem, 2020). Pharmacologically, it has anti-diabetic, anti-cancer, anti-
inflamatory, larvicidal, and wound-healing properties. Several studies have revealed the efficacy 
of green synthesized nanoparticles using P. zeylanica on pathogenic microbial strains (Patel and 
Krishnamurthy, 2015; Velammal et al., 2016).

11.2.25  rauWOlfia serpentina Benth. ex kurz.—(sarPagandha)

Rauwolfia serpentina (Apocynaceae—Family) is a perennial undershrub bush with lanceolate–
ovate leaves (Figure 11.3h). It is distributed around tropical regions of India, Burma, and Sri Lanka. 
Roots comprise of tuberous taproot system (Isha et al., 2021). The entire plant is therapeutically 
important since the ancient times, and, specifically, they are used as an antidote for insect stings, 
snake venom, and chomps (Bunkar, 2017).

11.2.25.1  Propagation
R. serpentina can be cultivated through seeds, stem cuttings, root cuttings, and recently through 
in vitro plant tissue culture techniques. They rely on neutral-to-acidic soil for proper growth and 
development. This plant is usually harvested after a year of transplanting to get a high yield of roots 
(Biradar et al., 2016; Subandi and Dikayani, 2018).
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11.2.25.2  Chemical Constituents and utilization
R. serpentina has been explored and utilized due to its prevailing therapeutic properties and 
phytocompounds being majorly alkaloids including indole alkaloid—resperine, ajamalicine, 
ajmaline, indocine, resperiline, serpentinine, serpentine, and various other isolated compounds 
(Rukachaisirikul et al., 2017). Apart from this, tannins, phenols, and flavonoids have also been 
reported. Roots are the most widely used part of this plant, because the association of larger moieties 
of alkaloids contribute to the clinical properties (Kumari et al., 2013; Kalam and Majeed, 2020).

11.2.26  rubia cOrdifOlia l.—(mangistha)

Rubia cordifolia (Rubiaceae—Family) is a perennial climbing plant with its stem attached to a 
woody base. Roots are flexuose with reddish bark. It is cultivated in India, Malaysia, Japan, Africa, 
and Indonesia, among other places (Khare, 2004). It is well-known for the red dye extracted from 
the roots—a highly effective blood purifier. Leaves are ovate, arranged in whorls of four, and bears 
terminal flowers with globose/didymous fruits (Deshkar et al., 2008; Nyeem et al., 2018).

11.2.26.1  Propagation
R. cordifolia is propagated through nodal root cuttings and seeds. However, seeds are preferred for 
large-scale cultivation to balance the cost-effective ratio. Field operation includes adequate plough-
ing, harrowing, planting, and weeding soil to maintain its texture and porosity. Farmyard manure is 
applied as a basal nutrient source, and harvesting is carried out 2 years after planting to get a good 
yield of roots (Verma et al., 2016; Ali et al., 2020).

11.2.26.2  Chemical Constituents and Utilization
R. cordifolia, commonly known as Manjistha, is a well-known herb proven to be effective against tuber-
culosis, cancer, contusion, metrorrhagia, and rheumatism (Zhao et al., 2011). Napthohydroquinones 
and hydroquinones are the major phytochemical constituents, followed by terpenoids, saponins, 
tannins, and quinones. The root dye is used as a food colourant. Pharmacologically, this medicinal 
herb has been reported to have anti-inflammatory, hepatoprotective, anti-diabetic, cardioprotective, 
anti-arthritic, wound healing, nephroprotective, antimicrobial, and anti-allergic properties (Kumari 
et al., 2021; Srinivasulu et al., 2021).

11.2.27  sida cOrdifOlia l.—(Bala)

Sida cordifolia L. (Malvaceae—Family) is an undershrub with densely stellate, hairy, and ovate 
leaves with stout stems and roots (Figure 11.3i). It is distributed throughout Asia, Africa, and the 
southern part of America (Sankar et al., 2012; Galal et al., 2015). However, another allied species 
Sida acuta is used as an adulterant in ayurvedic preparations because of similar chemical con-
stituents in S. cordifolia. Moreover, S. acuta is also an undershrub with lanceolate leaves, and it is 
distributed in tropical regions of India. The allied species are known as Bala or Nagabala in various 
ancient scriptures of medicine (Mohideen et al., 2002; Tcheghebe et al., 2017).

11.2.27.1  Propagation
S. cordifolia can be easily propagated via stem cuttings and seeds. Before the sowing process, the 
land is prepared by continuous ploughing, and removing pebbles and weeds to get a fine tilth soil 
(Krizevski et al., 2009). Early flowering is observed when it is grown through stem cutting. The field is 
usually enriched with minerals by applying FYM and green manure at regular intervals, and manual 
harvesting is carried out after attaining the maturity of 1 year (Pramanick et al., 2015).
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11.2.27.2  Chemical Constituents and Utilization
Sida spp. is rich in flavonoids, alkaloids, and phyto-steroids. It possesses analgesic, anti-inflam-
matory, depressive, anti-fertility, antibacterial, anti-cancer, and nephroprotective characteristics 
pharmacologically. It has been reported that seeds possess alkaloid, mucin, resin, and fatty acids, 
whereas the aerial parts and roots are rich in palmitic acids, β-sitosterol, stearic acid, asparagine, 
choline, betaine, and resin, respectively (Khurana et al., 2016; Rodrigues et al., 2020)

11.2.28  stevia rebaudiana Bert.

Stevia rebaudiana Bert. (Asteraceae—Family) is a perennial plant smaller in size and can adapt to 
varied climatic conditions. It can grow up to 3–80 cm in height with sessile and lanceolate–oblan-
ceolate trichotomous leaves on upright woody stems (Figure 11.3j) (Ramesh et al., 2006). This plant 
is well distributed in India, China. Brazil, Thailand, and Japan. The leaves contain an abundant 
natural sweetener, which is mostly used for diabetic patients (Pandey, 2018).

11.2.28.1  Propagation
Stevia rebaudiana can be cultivated/propagated through seeds, stem cuttings, and plant tissue cul-
ture techniques (Singh et al., 2017; Pandey, 2018). It bears tubular flowers with an achene single-
seeded fruit. Manual harvesting is carried out 4–5 months after planting and subsequently after 
every 3 months until 3 years (Rayaguru and Khan, 2008).

11.2.28.2  Chemical Constituents and Utilization
Stevioside, steviolbioside, and rebaudioside (A—E) are the major chemical constituents in S. rebau-
diana followed by glycosides, tannins, alkaloids, and flavonoids. Additionally, it was discovered 
that the leaves are high in niacin, riboflavin, thiamine, carotene, and dulcoside, contributing to the 
plant’s herbomineral and therapeutic properties (Goyal et al., 2010; Ahmad et al., 2020).

11.2.29  tinOspOra cOrdifOlia (Willd.) miers—(galo/giloy)

Tinospora cordifolia (Menispermaceae—Family) is an immunomodulatory plant with immune-
boosting properties. It is distributed in the tropics and subtropics of India. Based on their morpho-
logical and chemical constituent similarity, there are three main Tinospora species viz., T. crispa, 
T. malabarica, and T. cordifolia. They are closely related and frequently employed as adulterants in 
many ayurvedic formulations and preparations. Leaves are simple-cordate and alternate on a fibrous 
stem with greyish brown to cream bark having rosette lenticels (Figure 11.3k) (Modi et al., 2020; 
Yates et al., 2021).

11.2.29.1  Propagation
T. cordifolia can be cultivated through stem cuttings and seeds. For large-scale cultivation, vegeta-
tive propagation is most widely preferred (Patel et al., 2013; Kumawat et al., 2019). T. cordifolia 
usually prefers light and well-drained sandy–loamy soil. As a basal nutrient requirement, farmyard 
manure is applied during land preparation to maintain soil nutrient density. Flowers are yellow, 
which produce drupelets fruits with tiny seeds. Harvesting is carried out when the plant matures 
during the autumn season (Kumar and Jnanesha, 2017; Kumar and Jnaneha, 2019).

11.2.29.2  Chemical Constituents and Utilization
Pharmacologically, this herbal plant is reported to have antioxidant, antibacterial, anti-diabetic, 
anti-cancer, anti-stress, and hepatoprotective properties. Chemically, T. cordifolia contains steroids, 
lignans, terpenes, and alkaloids, the main base of its pharmacological properties. Apart from this, 
Giloy is also helpful in treating fever, dysentery, skin disorders, and urinary tract infections (UTI) 
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(Patel et al., 2020). The stem is the most popular component, since it contains numerous chemical 
elements such as diterpene glucoside and amritoside A–D (Sharma et al., 2019).

11.2.30  WitHania sOnmifera (l.) dunal,—(ashWagandha)

Withania sonmifera (L.) Dunal (Solanaceae—Family) is an evergreen perennial plant widely dis-
tributed in India and across the world’s tropical regions. It is widely used as indigenous medicine 
for ages. Leaves are simple, entire, and arranged alternately on the stem. The entire plant is covered 
with trichomes and has fleshy brownish-white roots (Figure 11.3l). The roots, followed by stems and 
leaves, are used for therapeutic purposes (Gupta and Rana, 2007; Kothari et al., 2015).

11.2.30.1  Propagation
Withania somnifera (Ashwagandha) is cultivated through seeds and stem cuttings. To ensure feasi-
bility and homogeneity in large-scale production, in vitro tissue culture techniques have been used 
to cultivate this plant (Patel and Krishnamurthy, 2013). Field operation includes ploughing, harrow-
ing, and disking to remove clods and granulate the land to a fine tilth soil. Usually, farmyard manure 
and organic fertilizers are applied to maintain the nutrient density of soil. Harvesting is carried out 
after 150–180 days of planting/sowing (Jat et al., 2021).

11.2.30.2  Chemical Constituents and Utilization
Roots of Withania are used in the Indian traditional system of medicine for the treatment of various 
diseases. Pharmacologically, it has antioxidant, haematopoietic, and immune-boosting properties 
(Patel and Krishnamurthy, 2013). They are prescribed for bronchitis, female disorders, and hiccups. 
Phytochemically, roots have alkaloids, steroids, amino acids, volatile oil, and withaniol, whereas 
the leaves have withanolide and withaferin A. Fruits, bark, and stems are known to have amino 
acids and certain minerals, respectively (Uddin et al., 2012; Kherde et al., 2020).

11.3  CONCLUSION AND PROSPECTS

Cultivation of highly demanded and largely consumed medicinal plants used in industry are impor-
tant in order to maintain consistency in quality and efficacy, and therefore commercialization pro-
cess of medicinal plants have the potential to replace crops as a sustainable source of employment 
and livelihood improvement in both developed and developing countries due to the high and grow-
ing interest in these products. Technological advances used during the propagation process will 
meet the high standards of the pharmaceutical industries for high-quality medicinal plant resources. 
Additionally, issues including incorrect identification, contamination, pest infestation, harvesting, 
limited supply, and processing techniques for plant materials are ought to be solved
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12.1  INTRODUCTION

Since the ancient time Medicinal and Aromatic Plants (MAPs) are not only a source of afford-
able herbal products but also source of revenue. The demand for herbal medicines, wellness prod-
ucts, nutraceuticals, pharmaceuticals, fragrances, cosmetics, essential oils, and aroma compounds 
is steadily increasing in the domestic and global markets. It has been estimated that around 90% 
MAPs are a collection from natural habitats of which 70% are from destructive harvesting (Ved 
and Goraya, 2017). According to Kalaichelvi and Swaminathan (2009) of the 360,000 plant spe-
cies reported in the world, 40% plants are cultivated in India owing to its 16 agro-climatic zones. 
Around 7,195 plants are used in Indian System of Medicine (ISM) of which, 4,720, 1,773, 1,122, and 
751 plant species are used in folk medicine, Ayurveda, Siddha, and Unani, respectively (Table 12.1).

Limited commercial cultivation has forced industries and traders to rely on the wild collections 
to meet the growing demands. As a result, many plants have become endangered, vulnerable, or 
threatened. With declining supplies from wild sources and increasing worldwide demand, inten-
sifying the cultivation of MAPs becomes an important approach (Rao et al., 2004). However, the 
scope for horizontal expansion of cultivable area is not viable. But it is feasible to integrate MAPs 
in the existing cropping systems along with the predominant food/fodder/pulses/commercial/horti-
cultural crops of the region.

In developing countries, where traditional healthcare systems prevail, most people depend on 
medicinal plants to meet their primary health needs. Many of the modern-day drugs contain plant 
extracts or active ingredients as an integral part. Industrialized nations also use medicinal plants 
as ingredients in many pharmaceuticals. Now in the present time, about 24%–27% of drugs are 
estimated to be derived from the plant sources (Singh, 2022). Across the globe, many cosmetics and 
household products contain plants of therapeutic or medicinal value. Medicinal plants are hardy 
and robust, and can be grown successfully in various agro-climatic conditions and wide range of 
soils. Medicinal herbs have wider adaptability to the adverse climatic conditions. Some crops are 
best suited to the mixed and relay cropping. Medicinal crops do not require high land management 
of pest and diseases. It can be cultivated as mixed crop or as sole crop.

12.2  DEMAND AND SUPPLY OF MAPs IN INDIA

The continuous and rapid growth of the herbal-based industry globally shows the success of adapta-
tion of the ISM in India as well as worldwide. The review of demand and supply status of MAPs 
in India has pointed towards continuous opacity in the herbal trade. Research and development in 
MAPs have led to new frontiers in dietary supplements, culinary herbs, flavour and fragrances, 

TABLE 12.1
Medicinal Plant Wealth in India 

World : 3,60,000 species

India : 40% plants grown in16 agro-climatic zones

Ayurveda, Siddha, Unani : 7,195 plants

Folk medicines : 4,720 plants

Ayurveda : 1,773 plants

Siddha : 1,122 plants

Unani : 751 plants

Source: Kalaichelvi and Swaminathan (2009). 
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aroma therapy, and natural dyes, etc. Shift in interest on use of MAPs in fields allied to medicine 
has opened newer markets for MAPs. With the ever-increasing interest in MAPs throughout the 
world, there is corresponding growth in their trade. The National Medicinal Plants Board (NMPB), 
New Delhi under Ministry of AYUSH, Government of India, is the Nodal agency making con-
certed efforts to understand the diversity of medicinal plants in trade and estimate their annual 
consumption. To get a holistic picture of the diversity of herbal raw drug entities in trade, the 
NMPB commissioned a nation-wide survey to evaluate demand and supply of medicinal plants 
in India during 2016–2017 (Goraya and Ved, 2017). This study reported that 960 medicinal plant 
species are in commercial use based on survey of domestic herbal industry, raw drug mandis and 
rural households, and analysis of foreign trade data. The study estimated the total trade of herbal 
raw drugs for the year 2005–2006 at 319,500 MT, including exports of 56,500 MT and 86,000 MT 
consumed by the rural households. Again, the study was repeated in the year 2014–2015 by NMPB 
through Indian Council of Forestry Research and Education in strategic partnership with FRLHT. 
They reported an inventory of 1,178 species of medicinal plants used in domestic herbal industry, 
rural household, present in wild and cultivation, botanicals in commercial use, and botanicals in 
foreign trade. The demand for herbal products in India was 512,000 MT during the year 2014–2015. 
This is 62% higher in volume than what has been reported during 2005–2006. This is due to a 
rapid increase in the export volume of botanicals from 56,500 MT in 2005–2006 to 134,500 MT in 
2014–2015 i.e., more than double with an increase of 138% (Goraya and Ved, 2017).

Supply of medicinal plants is met mainly through three sources: from wild, cultivation, or 
import. Majority of the species are still sourced from the wild, whereas 12 major medicinal plant 
species (isabgol, henna, senna, mentha, tulsi, ashwagandha, ghritkumari, pippali, and pippal mool, 
bach, artemisia, vetiver, and kuth) are being cultivated in an area of about 202,000 hectares across 
the country (Goraya and Ved, 2017). About 65,000 MT of herbal raw drugs is sourced by imports 
of which more than 31,000 MT is on account of imports of ‘Gum Arabic’ alone, whereas the other 
major imported species include long pepper, Garcinia, and asafoetida, with a collective import vol-
ume of just about 3,600 MT (Goraya and Ved, 2017).

12.2.1  market Potential and trade oF maPs: indian scenario

India is origin to about 17,000 species of higher plants out of which 7,500 species are known for 
medicinal uses. Growth of the herbal-based healthcare and wellness sector across the world is show-
ing an exponential increase steadily. India being the native of many medicinal crops possesses the 
most diverse cultural traditions in the use of medicinal plants and capable of earning high foreign 
exchange by its export. The international trade of MAPs is dominated by only few countries. India 
and China are the global leaders in the production and availability of MAPs, whereas main consum-
ers are Republic of Korea and Japan. Hong Kong, the USA, and Germany stand out as important 
trade centres. India is a big exporter of herbs and herbal extracts to countries such as United States 
of America, China, Germany, and Vietnam. In India, isabgol (Plantago ovata), chakoda/Powad 
Beej (Senna tora), and sonpaa (Senna alexandrina) were recorded as the top three exported botani-
cal drugs with export volumes of >32,000 MT, >28,000 MT, and >13,000 MT, respectively. With 
respect to consumption of botanical drugs by the domestic herbal industry, Aloe vera stands first 
with an estimated consumption of 15,700 MT (dry wt.), followed by amla (14,200 MT), isabgol 
(13,700 MT), and harad (6,000 MT) with a consumption of >5,000 MT. India’s MAP trade caters 
to the needs of 8,600 domestic herbal industrial units, thousands of practitioners of ISM who use 
medicinal herbs for preparing herbal formulations, and millions of households that use herbal raw 
drugs on day-to-day basis for their healthcare. Reports based on demand and supply analysis shows 
that 242 species of herbal raw drugs are in high commercial demand i.e., >100 MT. Further analysis 
of these 242 species revealed that supply source of 15 species (6%) is from import; 54 species (22%) 
are obtained from cultivation; 59 species (25%) are wild collected from landscapes outside forests; 
and 114 species (47%) are collected from forests (36 species from the Himalayan temperate forests 
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and 78 species from tropical forests). Thus, these medicinal plant species are obtained from differ-
ent sources under different local names, transported through various raw drug markets before the 
material finally reaches the herbal industry and the retail shops across different states in the coun-
try. Medicinal plant trade in India is mainly through the following entities:

• Trade through Conventional Herbal Raw Drug Mandis.
• Trade through Krishi Upaj Mandis.
• Trade through Specialized Herbal Mandis.
• Trade through Cooperatives/Federations/Corporations.
• Trade under Buy-back Agreements.

12.3  NEED FOR SUSTAINABLE CULTIVATION OF MAPs

Despite India’s long history in the collection, use, and trade of medicinal plants, its share in the 
international export is only 2.5%. The main reasons behind this shortfall are the lack of regulatory 
framework in trade, lack of good agricultural and quality control practices, lack of organic cultiva-
tion techniques, and lack of processing technologies and well-organized marketing of MAPs.

Increasing commercial demand, unmonitored trade, habitat destruction, unregulated, and 
unscrupulous destructive harvesting have exerted growing pressure on plant populations in the 
wild, because of which of many of the naturally growing medicinal plants have moved towards 
extinction. The International Union for the Conservation of Nature and Natural Resources (IUCN) 
estimates that at least 10,000 species of MAPs are under threatened status worldwide (IUCN, 2020). 
Conservation of such threatened species is of utmost importance to retain their survival and use. 
Sustainable cultivation of these species becomes a necessity for meeting the consistent demand for 
their use. Export of potential herbs like Sarpagandha has been banned by the Indian government 
due to its threatened status. Similarly, many of the indigenous crops capable of earning substantial 
export value can be conserved through sustainable cultivation. In the present scenario, cultivation 
of MAPs has been accepted by many farmers not only as an additional source of income but also as 
a strategy for crop diversification. Majority of the medicinal plants are hardy in nature and capable 
of growing in harsh and extreme climatic conditions, thus they provide viable opportunity for cul-
tivation in extreme conditions where other food crops or horticultural crops cannot be grown. For 
example, Isabgol in Rajasthan, Senna in Tamil Nadu, and Atis in high-altitude areas form a remu-
nerative substitute for the traditional crops being grown by the progressive farmers. Moreover, the 
herbal-based pharmaceutical industries also promote the procurement of cultivated raw material 
rather than the wild collected, as they can assure and certify the quality of the material in required 
quantities. Companies like Dabur India Ltd., Natural Remedies, Himalaya Drug Company, Sami 
Labs, Patanjali, Sri Baidyanath, Emami, and Ipca Laboratories have created farmer clusters in dif-
ferent parts of the country for cultivation of medicinal plants according to their priority. These 
initiatives by the domestic herbal industries have increased the area under medicinal plant cultiva-
tion. The cultivation is also promoted by the herbal units that are engaged in making ‘extracts’, 
units making very specific formulations requiring large volume of limited number of species with 
consistent quality, and the firms engaged in export of herbal raw drugs. The NMPB is playing a 
pivotal role in promoting the cultivation of MAPs through its various schemes and programmes by 
providing financial support, organizing training programmes, assisting in farmer cluster formation, 
providing sources of quality planting material, and guiding with respect to marketing opportuni-
ties. NMPB Board supports the cultivation of 116 species with three sets of subsidy regimes for 
three different sets of species (NMPB website), which is 20% for 59 listed species, 50% for 38 
listed species, and 75% for 19 listed species. Hence, the cultivation and utilization of our indigenous 
plant resources in a sustainable way is the most judicious way of conserving them for the benefit of 
mankind and nature.
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12.4  PROPAGATION AND SUPPLY OF QUALITY 
PLANTING MATERIAL OF MAPs

Cultivation of MAPs and eventual returns is mainly reliant on the quality of planting material used 
(QPM). Quality assurance is the focus issue right from the selection of planting material to the fin-
ished product. Major factors limiting QPM production involve less attention on genetic improvement, 
limited knowledge on breeding systems, and lack of information on seed production, storage, and ger-
mination protocols. Greater emphasis on documentation of available information pertaining to agro-
technology, in situ and ex situ conservation programmes, and efficient methods of propagation of RET 
plants can help in conservation, propagation, and availability of QPM to the users. The challenges in 
this regard are many, as the MAPs are a large inherently complex group having varied growing habits, 
habitats, and breeding systems. Developing the minimum seed standards for seed certification, Good 
Agricultural Practices (GAP) and Distinctness, Uniformity and Stability (DUS) descriptors for differ-
ent MAPs, and certification of agencies producing QPM is the need of the hour. Increased availability 
of QPM enhances reliability, traceability, safety, and acceptance of these commodities.

From National Ayush Mission, it is proposed to establish seed centres with research wing to 
stock and supply certified germplasm of priority medicinal plant species for cultivation. Research, 
production, and supply of quality seeds and planting material through research organisations, state 
agriculture universities, forest departments, NGOs, and corporate sector needs to be strengthened 
to meet the requirement of quality planting material of MAPs.

Though most MAPs species are regenerated sexually in nature, the multiplication rate is slow and 
thus insufficient to meet the commercial requirements. Hence, vegetative propagation methods like 
cuttings, grafting, budding, layering, runners, suckers, tissue culture, etc., can be used to supply uni-
form, high yield, and quality-producing propagules. In some important MAPs, such as Centella asi-
atica, Bacopa monnieri, Mentha sps., Aloe barbadensis, Cissus quandrangularis, Gymnema sylvester 
etc., crops raised through vegetative means is better to obtain higher yield compared to seeds. Yet, for 
some other spp. like Artemisia annua, Artemisia palens, Withania somnifera, Ocimum spp., Psoralea 
corylipholia, Sasuurea lappa, Velvet bean etc., propagation through seeds is the better option.

12.5  CULTIVATION OF MAPs AS SOLE CROPS

Many MAPs can be profitably grown as sole crops in different agro-climatic areas. The following 
are examples of success stories of the cultivation of MAPs as sole crops.

12.5.1  cultivation oF ashWagandha (WitHania sOmnifera) in madhya Pradesh

Ashwagandha is a high-value crop adapted to drier parts of the country and valued for its roots. 
The largest cultivation clusters of ashwagandha are located in Neemuch district of Madhya Pradesh. 
This is a 6-month crop grown purely as a sole crop under direct sunlight. Sowing is done in July 
and becomes ready for harvest by December–January. On full maturity, the plants are uprooted and 
roots are spread for drying, threshed, cleaned, and then chopped into pieces. A fully mature crop 
yields an average of 4.4 MT of fresh roots that on drying to come to about 1.5 MT/ha. In addition 
to the cultivation of ‘ashwagandha’ in Neemuch and surrounding areas of Madhya Pradesh and 
Rajasthan, extensive areas have been brought under ‘ashwagandha’ cultivation in Guntakul and 
Kurnool area of Andhra Pradesh. Similarly, its cultivation has also been initiated over about 100 ha 
in Gadag, Hospet, and Bellary region of north Karnataka.

12.5.2  cultivation oF PiPPali/hiPPali (piper lOngum) in andhra Pradesh

Piper longum is valued for its dried spikes and roots (piplamool), which is an important raw drug 
in the ISM. Visakhapatnam district of Andhra dominates in the production of P. longum covering 



232 Sustainable Uses and Prospects of Medicinal Plants

around 4  –80  ha area. It is a shade-loving crop of 2-year duration, and its cultivation is purely 
organic based only on cow and buffalo dung. Spikes are harvested at full maturity, when they turn 
to greenish-black in colour and then dried. Roots are harvested after 2 years, dried and sold as 
piplamool. About 1,500 kg of dried roots is produced from 1 acre area, and the average sale rate of 
dried roots is Rs. 100 per kg.

12.5.3  cultivation oF mentHa sPP. in hills oF uttar Pradesh

Mentha has been cultivated for 20 years in over 50 ha area by 150 farmers in Hakkabad Khinjana 
and surrounding villages in Barabanki district of Uttar Pradesh. Planting is done in the month of 
February, first harvest is done in 60 days, and subsequent harvest is done at 50–60-days’ interval. 
The harvested shoots are air-dried for 10–12 hours and subjected to distillation to extract ‘mentha’ 
oil. The total average annual yield of oil from both the cuts is about 200 l/ha.

12.5.4  cultivation oF rosemary in karnataka

Rosemary, an emerging highly demanded aromatic herb valued for its essential oil by the pharma-
ceutical, cosmetic, and food flavouring industry, has been brought under viable cultivation in Gadag, 
Bellary, and Chamrajnagar districts of Karnataka. At present, it is cultivated in about 10 ha of area. 
It is propagated through rooted softwood stem cuttings of 6 inch long and are planted in the field 
at 60 × 60 cm spacing. Whole herb is harvested during October and March, spread in the open for 
seven days, with frequent turning over to ensure uniform drying. An average yield of 3 MT per ha 
is expected from a well-maintained field, and the current sale price was reported to be Rs. 100 per 
kg of dried leaves.

12.5.5  cultivation oF senna and isaBgol in guJarat and raJasthan area

Senna and Isabgol are important export-oriented medicinal crops having laxative and purga-
tive properties. They are dry region crops well adapted to the states of Rajasthan and Gujarat. 
Traded Isabgol is entirely sourced from cultivation in Rajasthan, Gujarat, and Madhya Pradesh. 
In Rajasthan, Isabgol is cultivated in about 2,400 ha area. Crop is propagated by seeds at 4 kg/ha. 
Sowing is usually done in November–December and harvested in 110–130 days (March–April). The 
harvested plants are air-dried and threshed with tractor/bullocks. A good crop yields 800–900 kg 
of seeds/ha.

‘Sonamukhi’ is the species of Senna that is cultivated in Rajasthan. Senna cultivation is purely 
organic, as the crop comes up very easily without using any fertilizers or pesticides. The pro-
cessed ‘senna’ is largely exported to Japan, Germany, USA, and China. An estimated area of about 
5,000  hectares is under ‘senna’ cultivation in the districts of Jalore, Jodhpur, Pali, and Barmer. 
A hectare of well cultivated ‘senna’ yields about 1.5  MT of ‘farmer-grade’ dried matter, which 
contains about 30% leaf rachis/branchlets, which fetches a price of Rs. 10–12 per kg. ‘Tinnevelley 
senna’ is widely grown as sole crop in Tirunelveli, Virudhunagar, and Thoothukudi districts of 
Tamil Nadu. Further, farmers from drought-prone areas of Paramakudi, Mudukulathur, Kamudhi, 
and Kadaladi districts are cultivating senna instead of paddy.

12.5.6  cultivation oF glory lilly (glOriOsa superba) in tamil nadu

In Tamil Nadu, Glory lilly is one of the major cash crops for more than 20 years. It is cultivated in 
around 3,336 ha majorly in Oddanchatam and Palani regions of Dindigul district, Dharmapuram, 
Mulanur, Vellakovil region of Tirupur district, and Aravakurichi region of Karur district. The seeds 
are exported to other countries for the extraction of principle medicinal compounds.
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12.6  INTEGRATION OF MAPs IN DIFFERENT FARMING/CROPPING SYSTEM

A significant constraint in commercial cultivation of MAPs is availability of cultivable land. In view 
of the increasing demand for food grains production with increasing population and urbanization, 
there is a limited scope for bringing the lands under sole cultivation of MAPs. Several challenges 
like changes in demand and consumption patterns, degradation of natural resources, limited culti-
vable land, water availability, climate change, biotic, and abiotic stresses etc., are emerging recently 
(Lele et al., 2010). Hence, adoption of integrated farming approach is need of the hour for economic 
upliftment of the farmers.

While diversifying crops, the need to maintain current levels of cropped area under food and 
related crops need not be overemphasized. Thus, it is essential to incorporate MAPs in existing 
cropping systems in the form of intercrops, mixed crops, multistorey crops, crop rotations, under 
crops etc. It is a viable practice to utilize the available resources effectively for additional remunera-
tion. This leads to sustainable production of MAPs, conservation of endangered species, and also 
helpful to meet out huge industrial demand.

These systems not only improve the production but also improve economics, equity, and oppor-
tunities for knowledge-based rural enterprise. MAPs-based cropping systems in North India have 
shown that farmers gain significantly higher profits from their lands (Solanki, 2018). These systems 
have not only influenced the economics but also paved way for agro-based enterprise in the region. 
Incorporating MAPs in existing farming systems improves crop production efficiency and associ-
ated enhancement of quality of life through knowledge-based enterprises.

12.6.1  need For croPPing/Farming systems in india

• Climate change scenario.
• Proliferation of pest and diseases in main crops.
• Land holding size: 90% small and marginal >1.12 ha.
• Dependence on one crop.
• Avoid risks due to failure of one crop.
• Increased and regular productivity/income.
• Improvement of soil fertility.
• Water availability.
• Cultivable land availability for medicinal crops.
• Long pre-bearing stage in perennial crops.
• Congenial microclimate.
• Value added crops—medicinal crops.

The following points should be considered while selecting crops for intercropping system.

• Select the crops with different growth habits, root growth, duration, and families.
• Tall-growing crops with short-growing crops.
• Bushy crops with erect-growing crops.
• Fast growing crops with slow-growing crops.
• Deep-rooted crops with shallow-rooted crops.
• Short duration crops with long-duration crops.
• Legume crops with non-legume crops.
• Crops should have least allelopathic effect.
• Crops selected should be of different families to avoid pests and diseases.
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12.6.2  intercroPPing

To derive the maximum benefit of soil moisture, nutrients, and other inputs, medicinal crops can be 
successfully grown as intercrops. Intercropping of MAPs with crops of the same category or with 
food and vegetable crops, and fruit trees will give extra income without affecting the growth and 
yield of the main crop. Co-cultivation of Kalmegh [Andrographis paniculata (Burm. F.) Wall ex. 
Nees] with food crops (maize and pearl millet), pulse crop (pigeon pea), and vegetable crop (okra) 
showed that intercropping of kalmegh with pigeon pea in equal ratio leads to the maximum produc-
tivity, andrographolide content, and economic returns (Verma et al., 2021).

12.6.3  cultivation oF maPs With Plantation croPs

Among the different perennial crops, palms (coconut, arecanut, and oil palm) offer very good scope 
for intercropping with MAPs, as they are widely spaced crops.

12.6.3.1  Cultivation of MAPs with Coconut Crop
Coconut is an important cash crop of south India and very widely spaced crop (6–9 m), wherein, 
many MAPs can be effectively intercropped during early as well as later stage of crop growth 
period. In Karnataka, different MAPs are grown in the interspaces of coconut garden. Some of the 
crops like lemon grass (Cymbopogon spp.) are adapted well for the coconut shade and yielded better 
than the sole crop. But yield of most of the intercrops (tulsi, kalmegh, medicinal coleus, makoi, gar-
den rue, arrow root, roselle, kacholam, lepidium, cowhage, ambertte, citronella, and vetiver) were 
reduced due to the shade effect and yield reduction was the highest in case of coleus (Basavaraju 
and Nanjappa, 2011). Long pepper, mandukparni, brahmi, patchouli etc., are crops that prefer shade 
for their growth and development, and are suitable for combined cultivation in coconut garden to 
fetch additional profits. Some of the crops suitable for intercropping under coconut are as follows:

Shrubs/herbs: Kacholam, kachchura (Kaempferia galanga), arrow root (Maranta arundinacea), 
Aadusoge, vaasa (Adhatoda beddomei), karigantige (Nilgiranthus ciliates), shatavar (Asparagus 
racemosus), nagadanthi (Baliospermum montanum), long pepper (P. longum), Java long pepper 
(Piper chaba), medicinal coleus (Coleus aromaticus), ghritakumari (Aloe vera) etc.

Aromatic grasses: Vetiver (Vetiveria zizanioids), lemongrass (Cymbogon flexuosus), citronella 
(Cymbopogon winterianus), etc.

Trees: Patanga chekke (Caesalpinia sappan), bilva patre (Aegle marmelos), aane mungu 
(Oroxylum indicum), sriparni (Gmelina arborea), Stereospermum sauveolens, ashoka (Saraca 
asoca), agnimandha (Premna serratifolia).

12.6.3.2  Medicinal Plants in Arecanut Plantation
Even though majority of the crops perform better under coconut, but it will not be same in case 
of arecanut due to closer spacing and high level of shade. In a study conducted at Sirsi, Uttara 
Kannada district of Karnataka during 2004–2005 in a 5-year-old arecanut plantation, it was found 
that only Stevia rebaudiana, A. paniculata, and Catharanthus roseus could be grown profitably 
under the arecanut compared to Aloe vera, Alpinia galangal, Coleus forskohlii, and Ocimum sanc-
tum, as their biomass yield reduced drastically under arecanut. A. racemosus and N. ciliates were 
found to be promising, as their kernel-equivalent yield was the highest throughout the study period. 
But, as far as the net return is considered, Cymbopogon flexuous and A. racemosus were the best 
option for an arecanut grower to utilize the area under arecanut (Channabasappa et al., 2008). 
Even B. monnieri, Ocimum basilicum, shatavari, vetiver, long pepper, Java long pepper, brahmi, 
Nilagirianthus ciliatus, periwinkle, aloe, aswagandha, senna, safed musli could be considered, as 
they also reported to give high returns per rupee investment and better system productivity. List 
of MAPs that can be profitably grown as intercrop at optimum spacing under arecanut plantation 
is given in Table 12.2.



235Medicinal and Aromatic Plants in India

12.6.3.3  Intercropping of Medicinal Plants in Oil Palm-Based Cropping System
Like coconut plantation, oil palm inter-space can also be effectively utilized for intercropping. The 
lesser galangal (Alpinia calcarata Rosc.) is highly adaptable to various oil palm canopy shade con-
ditions. The plant showed better growth and yield under the shade of oil palms of age group ranging 
from 5 to 15 years. Substantial additional income could be obtained by growing lesser galangal as 
an intercrop in oil palm plantations (Jessykutty and Jayachandran, 2009).

12.6.3.4  Intercropping of Medicinal Plants in Black Pepper
Black pepper (Piper nigrum) is a widely spaced spice crop and considerable interspaces remain 
unutilized during the early years of planting, which is often subjected to soil erosion when it is 
devoid of vegetation or heavy weed growth, as a result more labour is required for weeding. These 
interspaces could be effectively utilized for growing MAPs, namely A. beddomei (chittadalodakam), 
Desmodium gangeticum (orila), Pseudarthria viscida (moovila), Plumbago rosea (chethikoduveli), 
Niligirianthus ciliatus (karimkurunji), A. calcarata (chittaratha), Crysopogon zizanioides (rama-
cham), and A. racemosus (shathavari) (Thankamani et al., 2012).

12.6.4  intercroPPing oF aromatic Plants

Lemongrass can be suitably fitted in the intercropping system involving pulses and short-duration 
aromatic crops like Indian basil and chamomile. Chamomile performs well as an intercrop with 
lemongrass, as it is a winter season crop and the vegetative growth of grass remains slow dur-
ing winter months. Such practice reduces the weed problem and helps in the proper utilization of 
inter-row spaces between trees like Eucalyptus, poplar, and casuarinas under agro-forestry systems. 
Among the different tree species and lemongrass combinations, the highest net economic return has 
been obtained under poplar plus lemongrass system ( Singh et al., 2006).

TABLE 12.2
Cultivation Details of Some Important MAPs as Intercrops in Arecanut Plantation

Crop Family Spacing (cm) Planting Material Habit/Duration

Vetiveria zizanoides 
(Vetiver)

Poaceae 45 × 30 Root slips 15 months

A. racemosus 
(Asparagus)

Liliaceae 60 × 60 Roots 18 months

P. longum Linn.
(Long pepper)

Piperaceae 60 × 60 Rooted cuttings Perennial

B. monnieri 
(Brahmi)

Scrophulariaceae 20 × 10 Rooted cuttings Perennial

Nilgirianthus ciliatus Acanthaceae 60 × 60 Cuttings 15 months

Catharanthus roseus 
(L.) G. Don.(Periwinkle)

Apocynaceae 30 × 20 Seed 12 months

Aloe vera Linn
(Aloe) 

Liliaceae 60 × 45 Suckers Perennial

Cymbopogon flexuous 
(Lemon grass)

Poaceae 45 × 45 Root slips, Perennial

Ocimum basilicum 
(Basil)

Lamiaceae 45 ×  30 Seed 3 months

Artemisia pallens)
(Davana) 

Asteraceae 30 × 15 Rooted cuttings Perennial
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12.6.5  maPs With Field croPs

The arable land is shrinking with increasing population, and there is a need to develop sustainable 
and area-specific cropping models to accommodate MAPs along with field crops without affecting 
the food grain production.

Senna (Cassia angustifolia) can be effectively intercropped with chickpea than safflower, lin-
seed, mustard, wheat to obtain better senna herb yield along with the maximum net return (Rathod 
et al., 2010). Patchouli (Pogostemon patchouli) was intercropped with legumes (black gram and 
soybean) and vegetables (French bean and okra) at CSIR-CIMAP, Bengaluru to utilise the space 
during the initial growth stages of patchouli. It was found that growing patchouli with French bean 
is much remunerative over growing patchouli alone when gross returns were considered (Singh, 
2008). Intercropping system for menthol mint was studied with other annuals (cow pea, okra, radish, 
chillies, and sunflower). Among various intercrops tried, radish gave good returns with the highest 
mint oil equivalent yield (Singh et al., 1998b). Similarly, Citronella (Cymbopogon winterianus)-
based intercropping system in semi-arid tropics was standardized. Similarly in another study, grow-
ing lentil—a legume as intercrop was highly beneficial, as this combination over yielded the sole 
citronella even in terms of yield of citronella oil. Further, growing lentil decreased the nitrogen 
requirement and resulted in the highest oil yield at optimum nitrogen level, besides giving better 
economic returns (Ram et al., 2000).

12.6.6  medicinal Plants in multi-story croPPing system

In this system, crops of different heights are grown together on the same piece of land, utilizing 
land, water, and space most efficiently and economically. Under the shade of traditionally grown 
multipurpose trees that produce flowers, fruit, nuts, timber, etc., coffee, tea, and cocoa can be inter-
cropped. Tall and perennial medicinal trees like amla (Emblica officinalis), ashok (Saraca indica), 
bael (A. marmelos), custard apple (Anona squamosa), drumstick (Moringa oleifera), Eucalyptus 
globules, sandalwood (Santalum album), and soap nut tree (Sapindus mukorossi) can be inter-
cropped with annual crops during the initial years until the tree canopy covers the ground. These 
intercrops manage to provide some income to farmers when the main trees have not started yield-
ing. Eucalyptus citriodora can be effectively grown along with coffee, lemongrass, and palmarosa. 
As its growth is somewhat slow in the first 4 years, intercropping with pineapple, yam, and veg-
etables are proved to be profitable (KAU, 2014).

12.6.7  croP rotation

Crop rotation is growing two or more crops in a sequence in the same land within a specified time 
period (usually 1 calendar year). This system allows utilization of land throughout or most part of 
the year, helps in conservation of the soil fertility, irrigation water and reduces pest incidence (Ram 
and Kumar, 1996; Kumar et al., 2002). In the Indo-Gangetic plains, the rice-wheat crop rotation 
with corn mint (Mentha arvensis) has been effectively practiced in a large area.

12.6.8  sequential croPPing

Growing two or more crops in a year in a sequence on the same field is referred to as sequential 
cropping. The succeeding crop is planted after the preceding crop has been harvested. The aromatic 
crops, palmarosa (45 cm × 30 cm spacing), lemongrass, Java citronella, Jamrosa, and geranium were 
grown throughout the year with 60 cm × 30 cm spacing in one series (continuous cropping) of treat-
ments, while in the other series (sequential cropping) agricultural crops sorghum, red gram (pigeon 
pea), maize (60  cm × 20  cm spacing), pearl millet, sunflower (with 45  cm × 45  cm spacing), and 
castor (90 cm × 30 cm spacing) were grown in kharif (rainy season), followed by geranium in rabi 
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(winter season). Sequential cropping of maize sunflower and sorghum with rose-scented geranium 
as a rabi crop was more productive and profitable (Rs. 99,270/ha–Rs. 106,925/ha) as compared to 
continuous cropping of aromatic crops (Rao et al., 2000).

12.6.9  alley croPPing

Alley cropping is growing different agricultural/horticultural crops in the lane between widely 
spaced rows of woody plants. The tree-crop competition was less during the initial stages resulting 
in at par yield, later on yield tends to decrease in subsequent harvest (Wolz, 2018).

12.6.10  maPs and agroForestry

It is a land management system where agricultural crops are grown with tree crops and live-
stock simultaneously or sequentially on the same piece of land. Aromatic crops like Mentha and 
Cymbopogon spp. can be economically intercropped with Populus deltoides or Eucalyptus spp. 
up to initial 5 years, and can also be grown on field bunds and soil conservation bunds in crop-
lands (Fonzen and Oberholzer, 1984). Scented geranium with Eucalyptus citriodora (lemon- or 
citron-scented gum), aromatic crops with fuel and timber trees such as Leucana leucocephala, 
Casuarina sp., and Grevillea robusta can be intercropped economically. Vetiver can be planted 
on contour strips, on farm bunds, or as a live hedge barrier, which can control soil/water erosion. 
Hardy medicinal trees like amla, ashoka, arjuna etc., can be grown in community lands in villages 
and degraded lands (Chadhar, 2001). Similarly, in West Bengal, Costus speciosus is recommended 
as a major under-storey crop in social forestry programmes (Konar and Kushari, 1989). Tree growth 
in agroforestry system was found to be improved possibly due to the inputs given to the intercrops 
(Rao et al., 2004). Further, these intercropping systems gave 2–4 times greater economic returns 
than sole cropping.

12.6.11  silvi-medicinal system

Silvi-medicinal system is the integration of trees and medicinal plants to produce a wide range of 
products like food, fodder, fruit, fibre, pulp, and medicinal plants. In this system, shade-tolerant 
medicinal plants would be integrated as lower strata species in multi-strata system. It would be cul-
tivated in a short cycle in the existing stands of the plantation crops. Tall and perennial medicinal 
trees are planted at wide spacing in this system as shade providers and boundary markers. These 
trees allow 30%–50% of light to reach the ground, which is ideal for growing some MAPs. The 
interspaces in between the trees are utilized for growing agriculture or medicinal crops. Trees such 
as A. marmelos, A. squamosa, Azadirachta indica, E. officinalis, Jatropha curcas Moringa, Prunus 
africana, Santalum album, S. indica, Sapindus mukorossi, Terminalia chebula, T. Arjuna etc., can 
be grown as intercrop with annual crops during initial years until the tree canopy covers the ground. 
However, the time up to which intercropping can be done depends upon the spacing and nature of 
the trees grown.

12.7  MAPs FOR DRY LANDS

Dry land agriculture is characterized by uncertain monsoon resulting in low crop yield. Despite 
irrigation facilities available in the near future, 60%–70% of the land remains dry land, and it needs 
to be exploited. In India, out of the net sown area of 143 M ha, the dry land accounts for 93.13 M ha 
(68.4%). This dry land agriculture accounts for 40% population, 60% of cattle heads, and contribut-
ing 44% to the total food grain production in India. Coarse cereals, pulses, oil seeds, and cotton 
are the principal dry land crops. Traditional crops are no more economical to the dry land farmers. 
Medicinal plants have higher demand in the market and are found to be highly remunerative than 
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traditional dry land crops. MAPs suitable for dry land farming are ashwagandha,guduchi, gudmar, 
kalmegh, makoi, sarpagandha, senna, shatavarai, tulsi (Narashima Reddy, 2006).

12.8  MAPs FOR WASTELANDS

Specific crop should be evaluated for each category of the wasteland. Medicinal plant cultivation 
may seem highly attractive, but it has certain limitations that should not be overlooked while ven-
turing into its cultivation in wasteland. Some MAPs are suitable for wasteland that does not have 
much fertility; thereby unutilized land can be brought into cultivation. Such plants are senna (C. 
angustifolia), periwinkle (V. rosea), medicinal coleus (Coleus forskholii), keelanelli (Phyllanthus 
niruri), shatavari (A. racemosus), medicinal solanum (Solanum khasianum), aswagantha (W. som-
nifera), aloe (Aloe vera), gloriosa (G. superba), poonaikali (Mucuna pruriens), and jatropa (Jatropa 
carcasana).

12.9  ORGANIC NUTRIENT MANAGEMENT IN 
MEDICINAL AND AROMATIC CROPS

The NMPB, New Delhi and the Food and Agriculture Organization (FAO) insist that MAPs should 
preferably be cultivated organically. Today’s emerging healthcare system relies largely on organi-
cally grown MAP products compared to their conventional counterparts (Aishwath and Tarafdar, 
2008). For example, organically grown Psyllium (P. ovata) husk fetched six times higher price than 
the conventional produce. The price of organically grown senna leaves was two times higher, and 
pods rated 40% more than the conventional produce. Therefore, it is essential that India has to shift 
from chemical or conventional farming to organic farming in the medicinal and aromatic sector. 
Good number of evidence exists on the response of important medicinal and aromatic crops to min-
eral fertilizers. Brahmi, sarpagandha, long pepper, guggal, kalmegh, lemon grass, palmorosa, cit-
ronella, plants exhibited visual changes in colour and morphology of plants. Organic farming relies 
mainly on the natural breakdown of organic matter, using techniques like green manure, compost-
ing, crop rotation, concentrated manures, bio-fertilizers, and liquid organic manures ( jeevamruta, 
beejamrutha, panchagavya etc.,). All the above soil inputs are the major sources of organic matter, 
which adds humus in the soil on decomposition.

Smitha et al. (2010b, 2015) and Rao et al. (2010) revealed that long pepper (P. longum L.) is 
an organic manure loving crop and application of 40 t Farm yard manure + 2 t vermicompost + 2 t 
neem cake + 10 kg/ha bio-fertilizers helped in realizing better growth, yield, and quality param-
eters. Cultivation of Safed musli with the application of 10–15 t/ha FYM for improved yield, macro 
and micronutrients uptake, as well as soil properties was well documented (Chandra et al., 2003). 
The improved productivity of ambrette, brahmi, king of bitters, long pepper with the application 
of farm yard manure is well documented (Rao et al., 2010). The application of distillery effluent 
at 100 cm3/ha encouraged the growth of amla buddings and improved properties of the soil (Singh 
and Gaur, 2004). Similarly, in aromatic crops like palmarosa, davana, jamarosa, menthol mint and 
South American marigold, the application of farmyard manure enhanced the herb and oil yield (Rao 
et al., 2001; Patra et al. 2000). Application of 15 t of FYM/ha in palmarosa increased the mean herb 
and oil yield at 8% and 10%, respectively (Maheshwari et al., 1991). Singh et al. (1998a) suggested 
mixing of compost with degraded soil low in organic matter in 1:2 proportions before sowing in 
A. paniculata, Abelmoschus moschatus, Plumbago zeylanica, Psoralea corylifolia, P. ovata, Ruta 
graveolens, W. somnifera, Solanum xanthocarpum, and Hyoscyamus niger. Galangal (K. galangal 
L.) intercropped with coconut had higher content of N in plants applied with FYM (24 t/ha & 32 t/
ha and vermicompost (21 t/ha & 28 t/ha), respectively (Maheshwarappa et al., 2000). Velvet bean 
applied with vermicompost at 5 t/ha gave 30.4% more yield as compared to control (Rao and Rajput, 
2005). Saha et al. (2005) reported that vermicompost and vermin wash application for Aloe vera 
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crop has increased content of gel, moisture, gel ash, and aloin. Application of vermicompost (5 t/ha) 
in patchouli proved effective, realizing higher herbage yield and essential oil content (Singh, 2011; 
Devendra Kumar et al., 2014).

Application of different leguminous crop residues in sacred basil (Ocimum sanctum) significantly 
improved the soil’s physicochemical and biological properties compared with control (Smitha et al., 
2019). Similar results were also reported in Black Night Shade (Solanum nigrum), where the plants 
were supplied with 75% through fertilizers + 25% through poultry manure recorded better growth 
and yield parameters (Smitha et al., 2010a). Combined application of FYM with bio-fertilizers in 
Indigofera tinctoria improved the herbage yield (Sindhu et al., 2016). Salman (2006) in Ocimum 
basilicum and Umesha et al. (2011) in Solanum nigrum, Chand et al. (2012) in Mentha arvensis 
also reported similar results. In Brahmi (B. monnieri), Smitha et al. (2021) reported the application 
of 100% FYM (N equivalent basis) + Arka microbial consortium at 12.5 kg/ha/year resulted in the 
production of the highest cumulative dry herbage yield of 2 years (16 t/ha).

12.10  MAPs CULTIVATION IN PROBLEMATIC SOILS

The soils that are unfavourable for the cultivation of crops because of one or more unfavourable soil 
properties/characteristics like soluble salts, soil reaction, ESP, water logging, aeration, etc. adversely 
affect the optimum soil productivity are called problematic soils. These types of soils are often 
barren with less production potential for the majority of the traditional agricultural/horticultural 
crops. To meet the demand, it is imperative to utilize the hitherto lying ecological and economical 
unproductive barren lands for growing MAPs. The return from the crop production in the first year 
in these lands may be low when compared with normal soils, but it gets improved due to continuous 
cropping, and higher yield could be attained in the forthcoming years. In India, about 10 M ha land 
have been affected by salinity and alkalinity problems in different parts of the country, comprising 
Uttar Pradesh, Gujarat, West Bengal, Rajasthan, Punjab, and Haryana.

Studies have shown that some MAPs can be effectively grown on problematic soils with better 
economic returns compared to other traditional agricultural crops. Some of the aromatic grasses 
that have the potential for hyper accumulation of salt helps in reclaiming the saline soil. Palmarosa, 
lemon grass, and vetiver grown for 2 years on sodic soils having pH 10.6, 9.8, and 10.5, respectively, 
was found to reduce the pH to 9.4, 8.95, and 9.50, respectively. The continuous growth of palmarosa 
may reduce the sodicity and improve the physicochemical properties of sodic soils (Subash Chand 
et al., 2014). Like other aromatic grasses vetiver can reduce the sodicity, improve the physicochemi-
cal properties of sodic soils, and also has a potential to reduce soil and water erosion due to its well-
distributed fibrous root system (Xia and Shu, 2003). Studies have also shown that isabgol (P. ovata) 
can also be grown profitably in sodic soils. Amla and Bael/wood apple (A. marmelos) withstand 
saline and alkali conditions, and can be grown on salt-affected soils.

12.11  SOILLESS CULTURE/TERRACE CULTIVATION OF MAPs

‘Health security’ through growing medicinal herbs in home gardens is gaining popularity, nowa-
days, since it has become more of a necessity than merely a hobby. With people moving towards 
a safer and organic way of living, the role of medicinal plants in day-to-day life has increased. 
Increasing urbanization, industrialization, and pressure on land resources have squeezed major-
ity of the population into limited space in their apartments or houses, paving the need for terrace 
cultivation. Terrace gardens also make good use of frequently unused and wasted space. Besides 
the aesthetic benefit, terrace gardens also provide food, reduces temperature, maintain humidity, 
architectural enhancement, habitats for birds, and pollinators, recreational chances, and ecological 
benefits. Fresh herbs are often easy to grow in a confined space, may it be in pots on the terrace or 
even in a window box inside a kitchen. Many of these herbs can be eaten fresh, used as salads, juice, 



240 Sustainable Uses and Prospects of Medicinal Plants

chutney, tambuli, decoction, curries, and are also used in our primary health care needs. These can 
be grown in soilless media (cocopeat, vermiculite, rockwool, pumice, wood residues, barks etc.,) 
in terrace garden to achieve health and nutritional security. Herbs have to be grown as per their 
requirements for temperature, light, nutrients, and water to get optimum yield and quality. Some 
plants require full sunlight for optimum growth and yield e.g., tulsi, aloe, ashwagandha, guduchi, 
coleus, stevia, rosemary, thyme etc. The rule of the thumb is that the herbs should get the minimum 
of 4–7 hours of direct sunlight per day. On the other hand, herbs like brahmi, mandukaparni, long 
pepper, mints etc., require partial shade for better growth and yield. It can be accommodated in 
shaded places, or provision for shade can be made using 50% shade net (preferably green shade net). 
These can be grown organically without the use of pesticides and can be picked and used in fresh 
form as and when required.

12.12  HYDROPONICS/AEROPONICS PRODUCTION OF MAPs

Awareness regarding the use, cultivation, and utilization of MAPs has amplified tremendously in 
the recent past. The rapid climate change has brought unpredictability in weather parameters result-
ing in changes in the active principle contents of some MAPs. Though protected cultivation through 
hydroponic and aeroponic offer a solution for sustainable cultivation of MAPs, it is still at infancy. 
High-valued MAPs can be profitably produced using hydroponic/aeroponic technology round the 
year by controlling the growing conditions and mineral nutrition to stimulate higher phytochemi-
cal production. Aeroponic cultivation can be taken up in those MAPs where root is the economic 
part. This technique can provide high-quality roots that are free from pesticides and soil-borne 
diseases. Recently, many MAP species are cultivated in different hydroponic/aeroponic system with 
controlled temperature, humidity, and irrigation intervals with enhanced yield and active principle 
content (Giurgiu et al., 2017).

12.13  CONCLUSION AND PROSPECTS

MAPs are globally valuable sources of herbal products, flavours, fragrances, pharmaceuticals, 
and nutraceuticals, the demand for which is increasing continuously. Increasing demand is putting 
immense pressure on the available natural resources, leading to its extinction. Thus, to fulfil the 
increasing domestic and global demand as well as to conserve the biodiversity, sustainable cultiva-
tion of MAPs should be initiated across the country. In situ and ex situ conservation, GAP, organic 
farming, integration of MAPs in different farming systems, etc., should be adequately taken into 
account for the sustainable cultivation and utilization of MAPs to meet the regular supply of raw 
drugs apart from conserving biodiversity. India being provided with varied agro-climatic conditions 
can support the cultivation of one or the other medicinal plants in every zone. Medicinal crops can 
be cultivated as a viable and remunerative substitute for any traditional crop of a particular region. 
The trailing factors in promoting medicinal plant cultivation include lack of market support, price 
support, and dominance of traders. India owes the potential to become the world leader in medicinal 
plant trade if future strategies are directed towards the elimination of these constraints. Future pros-
pects should involve location-specific systematic research for elite cultivars, steady supply of high-
yielding quality planting material, developing good cultivation practices, organic farming, cropping 
systems, and a dependable price and market support for the betterment of farming community.
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Knowledge Systems in 
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13.1  INTRODUCTION

Many rural communities use indigenous knowledge (IK) for decision-making related to human 
and animal health, education, food security, and natural resources management. Similarly, many 
indigenous plants are sources of food, medicine, energy, and shelter (Rankoana, 2016). The utilisa-
tion of indigenous plants by local communities is not random and haphazard, rather, local com-
munities have utilised their indigenous knowledge systems (IKS) to foster sustainable utilisation 
and conservation of indigenous plant resources. Only a small proportion of this knowledge has 
been documented, yet it remains a valuable repository that provides us with information on how 
numerous local communities have interacted with the flora and fauna of their changing environment 
(Tanyanyiwa and Chikwanha, 2011).
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In a study by the United Nations Food and Agriculture Organization, it was projected that the 
world forest resources, inclusive of medicinal plants, were declining at a staggering rate of about 
114,000 km2 per year (Tanyanyiwa and Chikwanha, 2011). Awuah-Nyamekye (2013) argued that 
biodiversity degradations are more of social matters, and thus a condensed method with only the 
Eurocentric approach cannot wholly provide the sustainable utilisation and conservation of medici-
nal plants or avert the degradation of biodiversity, in general. Some investigators have opined that 
the conservation of plant resources with religious and cultural methods are more sustainable than 
approaches that are based on regulation or legislation (Berkes et al., 2000). Certainly, conservation 
strategies that are developed to restrain biodiversity decline, including unsustainable utilisation of 
medicinal plants, will not function effectively if they are void of indigenous approaches that reflect 
the culture of the people. Hence, many conservation agencies have ignited interest in the contribu-
tion of IK in the protection of the earth’s biological diversity (Tanyanyiwa and Chikwanha, 2011). 
Therefore, changing peoples’ behavioural patterns is a crucial component in the implementation 
and success of every biodiversity policy or conservation strategy. Soini and Dessein (2016) con-
firmed IK’s role as the sole behavioural guide for rural communities—IK is culturally enshrined 
and comprised of behavioural corrective norms capable of changing local peoples’ perspectives 
towards biodiversity resources. In this line of thinking, this chapter considers the indigenous cul-
tures and strategies that have shaped the sustainable utilisation and conservation of medicinal 
plants. Indigenous practices important for the sustainable utilisation and conservation of medicinal 
plants by rural communities are enshrined in myths, taboos, values, folklore, traditional beliefs, 
rituals, and traditional institutions (Bélair et al., 2010; Richmond et al., 2013).

According to Ajani et al. (2013), IKS are very helpful towards the sustainable utilisation and con-
servation of medicinal plants because of their participatory, cost-effective, and sustainable values. 
The participatory nature of IKS emanates from the fact that IKS promotes the spirit of socialism 
or communalism and thus advocates for the highest level of community participation in conserva-
tion projects. Secondly, hiring conservation experts who are paid on an hourly basis in biodiversity 
projects is expensive, whereas, with less or no monetary reward, IK can be easily obtained from IK 
holders or local people (G’Nece, 2012). Because of these immense values of indigenous knowledge, 
international agencies responsible for biodiversity conservation have advised national conservation 
partners to critically consider IK during the planning and formulation of biodiversity conservation 
policies and strategies. For example, Article 8 of Chapter 10 of the United Nations Convention on 
Biological Diversity stipulates that each contracting party should preserve, respect, and maintain 
knowledge of local and indigenous communities embodying traditional and local lifestyles that are 
relevant for the sustainable use and conservation of biological diversity (G’Nece, 2012). Thus, the 
current review assessed the extent of IKS in the sustainable utilisation and conservation of medici-
nal plants. This literature is expected to identify and explore existing knowledge on IK conservation 
of medicinal plants and will serve as an important reference for future research in the field.

13.2  METHODS AND MATERIALS

This study followed a systematic approach, as described by Moher (2015) and Shamseer et al. 
(2015), called the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). 
A literature search was conducted from June 2021 to October 2021. The information on indigenous 
ways of conserving medicinal plants and the role of IKS on the conservation status of medicinal 
plants were retrieved from different online databases such as Google Scholar, PubMed, Science 
Direct, Scopus, and JSTOR. In addition, theses, dissertations, and books were retrieved from the 
library of the University of Mpumalanga (UMP), South Africa. Keywords and terminologies such 
as Africa, ethnobotany, ethnomedicine, ethnopharmacology, IKS, sustainability, conservation, 
medicinal plants, myths, taboos, and cosmological beliefs were used to search for relevant arti-
cles. Furthermore, the bibliographies from the retrieved articles were searched and saved on the 
Endnote reference manager (Version X9). For each study, the following information was collected:  
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Latin name of plant used, plant parts, traditional conservation methods, and conditions or thera-
peutic uses of plants. Articles that were excluded were review articles, those solely concerned with 
modern medicines or those that were not of subject matter. A total of 1,204 articles were obtained 
based on the keywords used for the search. Additional data was collected from four sources located 
at University of Mpumalanga (UMP) library. Following the removal of duplicates, the remain-
ing seven were screened with respect to the eligibility criteria, and those publication on western 
methods of conservation excluded from the selection because they did not meet the criteria and the 
scope of the study. The study accessed the full texts of the resultant 350 publications—the research 
papers (systematic or literature) exclusively dealing with current western conservation methods. 
Thereafter, 302 articles were removed due to a lack of sufficient information regarding the scope of 
this review, while 48 articles were included to complete this study (Figure 13.1).

13.3  RESULTS AND DISCUSSION

13.3.1  cosmological BelieFs in the sustainaBle utilisation oF medicinal Plants

Many African communities believe that the universe or cosmos is full of spirits, and this belief 
in connection with the distinct spirits in the universe or cosmos is said to be the ‘cosmological 
belief’ (Adom, 2014). For example, the Asante’s in Ghana and the Xhosas in the Eastern Cape,  

FIGURE 13.1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for the 
exclusion and inclusion of articles for the current review.
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South Africa believe that these spirits are organised in hierarchical order in the cosmos according 
to the potency of their power. For example, God (the supreme deity) is the head, followed by the 
ancestors, lesser spirits, and witchcraft (Adom, 2014). This cosmological belief system shapes and 
controls the behavioural patterns of local peoples and, therefore, impacts local peoples’ interac-
tions with medicinal plants. For example, the Asantes and the Xhosas believe that if they abuse 
medicinal plants and other forest resources, God and/or their ancestors will hold them accountable. 
Many locals believe that their ancestors monitor their negative behaviours (such as over-harvesting) 
towards medicinal plants and show displeasure to defaulters by afflicting them with sicknesses, sud-
den death, and other distressing problems (Adom, 2014). This belief regulates their attitude toward 
medicinal plants and encourages sustainable practices because many locals do not want to incur the 
punishment of their ancestors.

The use of medicinal plants as a source of primary health is embedded in every indigenous 
community (Abdillahi and Van Staden, 2012; Van Wyk et al., 2013). South Africa has a diverse 
population and rich biodiversity, and it has long-practiced biodiversity conservation. The conser-
vation includes the cultural and religious beliefs and taboos that the divinities reside in them and 
protect the communities from different misfortunes. For instance, Limpopo province proclaimed 
some of the significant biodiversity and rich cultures in the region (Magwede et al., 2019). Different 
communities are using their belief systems to conserve certain plants found in the region (Constant 
and Tshisikhawe, 2018). Local or indigenous communities have different elements and conservation 
techniques that are attached to African belief systems that preserve and protect the environment. 
Myths are made-up stories that serve as explanations in the African understanding of reality (Jaja, 
2014).

13.3.2  traditional institutions/indigenous legislation

Traditional leadership are the primary custodians of rural areas and plays a significant role in pro-
tecting and preserving the indigenous resources through igniting the cultural values and norms 
within the communities. Traditional leadership in Africa pre-existed both the colonial and apart-
heid systems and was the only known system of governance among indigenous people (Koenane, 
2017). Even today, despite the rapid urbanisation, traditional institutions still have an impact on 
local communities (Dzramedo et al., 2013), particularly in most rural areas, communities still value 
the custodianship of traditional leadership to protect their natural resources, such as medicinal 
plants and animals (Chibememe et al., 2014). Rankoana (2016) articulated that traditional leader-
ship extends their authority duties to monitor the compliance of different rules placed for harvest-
ing indigenous plants and the over-exploitation of the plants through different mechanisms, which 
vary from community to community. In South Africa, the responsibility for maintaining medicinal 
plants, both for their essential value as well as to ensure they continue to supply communities with 
food, medicine, and fuel, is inadequately implemented in many rural communities. Although South 
African laws recognizes both customary law and conventional law, due to the different community 
settings, the use and protection of medicinal plants vary from community to community through 
the cultural norms and values instilled within that community.

In most rural areas, the harvest of useful medicinal plants in large quantities is prohibited as it 
is done through the department of environmental affairs that is mandated to conserve biodiversity. 
However, ethics amongst these local communities play a crucial role in the sustainable harvesting 
of medicinal plants, with several laws and rules known as taboos to regulate their people’s relation-
ship with the environment, this includes use and protection of medicinal plants. Laws and rules that 
include regulating and exploitation are enforced by rites for the felling of big trees and the killing of 
certain animals to ensure the protection of these organisms and also to make the ecosystem secure.

For example, certain trees such as Boscia albitrunca (Burch.) Gilg & Benedict and Ziziphus 
mucronata Willd are not to be felled for fuelwood (Schmidt, 2022). Using traditional institutions, 
under the guidance of the headmen, they enforce community involvement in land preparation for 
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farming to ensure the containment of fire hazards. Furthermore, the most useful plant species are 
protected by traditional leadership through regulating medicinal plant closures and open forests. 
This allows the environment to enable the regeneration of species in ecosystems through diversifica-
tion of use, avoiding over-exploitation of the medicinal plant in that particular community. Most of 
these practices observed in South Africa are similar in several African countries (Asiedu-Amoako 
et al., 2016). Traditional leadership claims the ownership of specific plant and animal species and 
preventing other members of the community from using them. As a result of their royal position, 
these animals are safeguarded throughout the chieftaincy. Despite their importance to the commu-
nity and the ecosystem, most of these tree species are thought to be extinct or endangered in their 
indigenous habitat.

13.3.3  sPiritual BelieFs and WorldvieWs/traditional BelieFs

The use of medicinal plants as a source of primary health is embedded in every indigenous com-
munity (Abdillahi and Van Staden, 2012; Van Wyk et al., 2013). The use of traditional medicinal 
plants is often associated with tangible culture and the environment that need to be preserved and 
conserved for future generations. According to Rankoana (2016), the use of indigenous medici-
nal plant knowledge is beneficial not only for cultural conversation and biodiversity but also for 
primary healthcare. South Africa has a diverse population and rich biodiversity, and it has long-
practiced biodiversity conservation. The conservation includes the cultural and religious beliefs and 
taboos that the divinities reside in them and protect the communities from different misfortunes. 
For instance, Limpopo province proclaimed some of the significant biodiversity and rich cultures 
in the region. Different communities are using their belief systems to conserve certain plants found 
in the region (Constant and Tshisikhawe, 2018). Local or indigenous communities have different 
elements and conservation techniques that are attached to African belief systems that preserve and 
protect the environment. Myths are made-up stories that serve as explanations in the African under-
standing of reality (Jaja, 2014).

13.3.4  myths and taBoo oF medicinal Plants

According to Adu-Gyamfi (2011) ‘taboo’ means ‘forbidden’, thus, taboos are the dos and don’ts in 
a society, and a breach could lead to repercussions from the custodians of the society (the tradi-
tional authorities) or from the deities and the ancestors who gave out such restrictions. For example, 
Asante locals who abused taboos related to the felling down of medicinal plants with powerful 
ancestral spirits believed to be in-dwelt in them were afflicted with infertility, seizures, lack of 
appetite, hallucinations, and untimely death (Eshun et al., 2012). Similarly, Boaten (1998) states that 
there were taboos against the felling of highly economic and medicinal plants like Butyrospermum 
parkii (G.Don) Kotschy, Elaeis guineensis Jacq., and Khaya ivorensis A. Chev. Such plants could 
only be cut down when granted a permit by the traditional authorities and accompanied by profuse 
ritualistic performances.

Myths and taboos have been used to conserve various indigenous resources for sustainability 
(Kangalawe et al., 2014). The use of myths and taboos is based on prior knowledge of the importance 
of specific genetic resources. Specifically, traditional leadership and their institutions use myths and 
taboos to protect medicinal plants. Most of these taboos are meant to intimidate the community to 
haphazardly harvest these species. These taboos create fear and respect for certain places and species 
among communities. According to Palgrave (1983), Z. mucronata is considered lightning-resistant; 
anyone sheltering under it during a storm is regarded to be safe. It is also thought that a drought will 
most likely follow if this tree is cut down after the first rains. While, Gardenia volkensii K. Schum 
is often left growing in villages, as it is believed to protect against lightning (Van Wyk et al., 1997).

Brackenridgea zanguebarica Oliv is a plant of great medicinal and magical importance 
(Magwede et al., 2019). According to Mabogo (1990) and Netshiungani and Van Wyk (1980), this 
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plant has been used against undesired witchdoctors, to ward off lightning as well as evil spirits, and 
to cure a host of different diseases; it is believed that young men are barred from having children 
if they touch the plants, and young women are discouraged from touching the plants because they 
will suffer non-stop menstruation. The plant is protected through folklore and myths that it is only 
harvested by elderly women only facing the sun, and these are serious tails that one would not 
be able to adjust to. These measures serve to keep the plant from being overharvested, and they 
eventually become alternative norms and taboos rather than formal legal frameworks. According 
to Mutshinyalo and Siebert (2010), this is one of the conservation strategies that is applied by local 
inhabitants to mitigate over-exploitation.

13.4  CONSERVATION OF MEDICINAL PLANTS USING IKS

13.4.1  harvesting Practices

13.4.1.1  Restrictions on the Cutting of Green Plants
The traditional chiefs have adopted some control measures on the collection of green plants as 
plant sustainability. The measures include the prohibition on cutting green plants of any species in 
specific areas (Rankoana, 2016). In most areas, especially the villages, people are prohibited from 
collecting green plants due to traditional beliefs. It is also believed that ancestors will be angry and 
bad things will happen to the village if plants are collected from the graveyard (Rasethe et al., 2013).

Sporobolus pyramidalis P.Beauv. Aristida sp. and Aristida congesta Roem. & Schult are sup-
posed to be collected under compliance with the traditional rules. These species are supposed to 
be harvested at the culms. If these grasses are collected from February to April, before the harvest 
of other crops, which are still in the fields, it is believed that a hailstorm will be formed, and it will 
destroy the crops in the fields. The conservancy of the grass species is further established by a fine 
set up by the chief of the community. Moreover, the collection of medicinal plants is restricted to 
the collection of few leaves to sustain the plant species (Rankoana, 2016) Furthermore, the cutting 
of Philenoptera violacea (Klotzsch) Schrire is restricted; it is believed that its cutting will result in 
the separation of marriage in the family (Constant and Tshisikhawe, 2018).

Harvesting of some species is restricted to a certain time and seasons of the year. Ateba et al. 
(2012) indicated that seasonality plays a major role when harvesting medicinal plants from the field. 
According to Magodielo (2018), harvesting of medicinal plants during certain seasons are prohibited 
according to Batswana culture. According to the Batswanas, plants are not supposed to be harvested 
during winter, which is from June to September. It was emphasised that the harvesting of medicinal 
plants should not take place during September. September is known as ‘Lwetse’ in Setswana lan-
guages, meaning sick; therefore, plants are prohibited to be harvested during that time. Medicinal 
plants are known to be sick around September. Thus, Traditional Health Practitioners (THPs) are 
encouraged to harvest during summer and store for the winter season (Magodielo, 2018). The THPs 
are forced to obey these indigenous rules to avoid the scarcity of medicinal plants. Contrarily, spe-
cies such as Peltophorum africanum Sond their roots are soaked and used to cleanse the wounds, 
and it cannot be harvested in summer. It was reported that its harvest during summer can cause the 
hailstorm, heavy rains/floods (Ateba et al., 2012)

Furthermore, the timeframe is also important when harvesting medicinal plants. Medicinal plants 
are not supposed to be harvested during midday; it is believed that this is the time where ancestors 
are taking care of the plants/forest, and is the time for the plants to rest and breath (Magodielo, 
2018). The preferred time for harvesting medicinal plants is in the morning because it is the time 
where traditional healers believe that plants are fresher and more alive.

13.4.1.2  Exclusive Harvesting of the Leaves of Certain Species
Leaves are reported to be the most effective plant parts for treating either human or livestock ail-
ments. It is generally believed that decoction is the most effective method for treating various human 
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or livestock ailments (Afolayan et al., 2009). Decoction is a method whereby plant parts are boiled in 
water to treat a certain ailments (Mkwanazi et al., 2021). Exclusive harvesting of leaves from certain 
plants is allowed but is restricted according to the traditional rules of the specific local community 
(Rasethe et al., 2013). Restrictions are mostly based around entering the sacred places. Herb-like 
Lycopodiella cernua (L.) Pic. Serm. should not be harvested, as there will be a danger after harvest-
ing (Van Andel and Havinga, 2008). Therefore, the harvest can take place, but the headman must be 
told in advance about the harvest of the plants (Constant and Tshisikhawe, 2018). Exclusive harvest-
ing of the leaves is also origin specific and time specific. According to the VhaVenda community, 
only tender leaves of the following plants can be harvested: Amaranthus hybridus Vell., Cucurbita 
pepo L., Momordica balsamina L., Momordica boivinii Baill and Phytolacca octandra L. However, 
C. pepo and M. balsamina are not supposed to be harvested by women who are menstruating, as it 
is believed that the plant will lose its healing powers (Constant and Tshisikhawe, 2018).

13.4.1.3  Collection of Lateral Roots from Medicinal Plant Species
Different plant parts are considered to be used for healing purposes, where roots as compared to 
leaves are the plant parts that are mostly used (Cheikhyoussef et al., 2011). Thus, roots are believed 
to carry the healing power as compared to other plants parts. During the harvesting of the lateral 
roots, it was reported that the dug hole must be left open and not to be closed after harvesting the 
roots, as this will be the reason why the patient does not get healed. It is believed that this hole will 
be closed as time goes by or during the activities happening around the area. It is also important 
not to disturb the main root system, as it will disturb some of the plants growing around the plants 
where roots are collected from (Magoro et al., 2010). Leaving the hole unclosed has some advan-
tages because most THPs do not collect roots for healing from the previously dug plants, as will 
be indicated by the opening around the root. The THPs claim that by collecting the roots from the 
previously collected plants, they believe that the previous collector has taken all the healing pow-
ers. The latter indicates that roots can be collected in smaller quantities whereby sustainability 
will be guaranteed, whereas larger quantities will create the disappearance of the medicinal plants 
(Semenya et al., 2013). Plants such as Elaeodendron transvaalense (Burtt Davy) R.H.Archer and 
Burkea africana Hook will be affected by the large quantity collection of the roots due to their slow-
growing habits (Akerele et al., 1991).

Semenya et al. (2013) further reported that Bapedi THPs from Limpopo Province in South Africa 
continue to collect large quantities of the plants in the fear of the scarcity of the plants. Awareness is 
more recommended to teach the Bapedi traditional healers on how the plants can still be collected 
in small quantities. This urgent awareness is supported due to the continued harvesting of the plants 
by uprooting the whole plant such as Callilepis salicifolia Oliv and Geigeria aspera Harv, whereby 
their entire root system gets removed from the ground (Magoro et al., 2010). Generally, uprooting 
of the whole plant leads to the disappearance of the plant species. The selection of tools to be used 
when harvesting medicinal plant roots is very important. The use of sophisticated sharp stools such 
as axes, forks, knives, and spades are more destructive as compared to the olden day’s tools such as 
pointed wooden sticks and stone axes (Semenya et al., 2013). It is believed that these sophisticated 
tools might damage some of the root systems.

13.4.1.4  Seed Propagation (Sustainability)
Seed propagation is a vital method of sustainability, multiplication, and continuous food supply to 
the families (Rankoana, 2016). Traditional people believe in the season when propagating various 
seeds. According to the latter seeds are season specific. It was reported that seeds such as Vigna 
subterranea L. Verdc. are not supposed to be planted before January or/and are not supposed to 
be planted before Zea mays L. If these seeds are propagated before January, it is believed that it 
will reduce the chances of rainfall and cause lighting (Tshikukuvhe, 2017). The multiplication of 
fruits can be done through the distribution of seeds in the smallholdings for use by family members 
(Constant and Tshisikhawe, 2018).
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13.5  THE IMPORTANCE OF PLANT CONSERVATION THROUGH IK 
PRACTICES HELPS STRENGTHEN CULTURAL INTEGRITY AND VALUES

It is very important to understand the IK practices before conserving the medicinal plants, because 
80% of people worldwide depend on medicinal or traditional health care from medicinal plants 
(Kefalew et al., 2017; WHO, 2013). Due to various methods that are available concerning IK 
(Chirwa, 2017), these methods are, however, focusing on enlightening local livelihoods and at the 
same time promoting the wise use of medicinal plants (Chirwa, 2017). Information regarding the 
conservation of medicinal plants should be passed on to other people or generations. Kefalew et al. 
(2017) reported that information about the conservation of medicinal plants is only known by elders, 
and they pass the information to first sons, and the information will be kept secret if they do not have 
first sons. Conservation of medicinal plants through IK practices is very important because local 
people can still benefit from the knowledge that their elders passed to them, and they can reduce 
more travelling to get western medicines, because IKS will provide more information regarding 
their local medicinal plants. Information from IK deals mostly with prohibitions, whereby these 
prohibitions help with the increase of vegetation of medicinal plants (Ayaa et al., 2016).

13.6  CONCLUSIONS AND PROSPECTS

Biodiversity management through cultural practices helps strengthen cultural integrity and values. 
It is proposed that these knowledge systems should be preserved, expanded, and applied to sustain 
the indigenous plant resources and the livelihood of communities that depend on indigenous plants 
for food, medicine, fuel, and fodder. Culturally relevant species of flora and fauna as well as their 
habitats have been conserved using IKS. This is because these species are culturally intertwined 
with the customs and beliefs of the people. That is why Wilder et al. (2016) recommend to scientists 
and conservation planners of projects to incorporate IK systems in biodiversity conservation poli-
cies and strategies while teaming up with the local people in its planning or development. This will 
ensure the smooth implementation and success, rather than declining their involvement and having 
failures and losses of revenue (Golo and Yaro, 2013).

It is very important to understand the IK practices before conserving the medicinal plants, 
because majority of people worldwide depend on medicinal or traditional health care from medici-
nal plants, due to various methods that are available concerning IK. These methods are, however, 
focusing on enlightening local livelihoods and at the same time promoting the wise use of medici-
nal plants. Therefore, it is recommended that information regarding the conservation of medicinal 
plants should be passed on to other people or generations. In addition, more ethnobotanical studies 
should record this information for future uses.
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14 Metabolomics Approach
A Tool for Understanding 
Alzheimer’s Disease
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14.1  INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disease that is the most common cause of demen-
tia. It mainly arises due to neuronal injury in the cerebral cortex and hippocampus area of the brain, 
and it is mostly characterized by the formation of intraneuronal fibrillary tangles, deposition of 
amyloid plaque, and loss of cholinergic neurons (Alzheimer’s, 2015). The clinical manifestation 
results in cognitive impairment, deficiencies in learning and memory, progressive loss of reason-
ing and judgment, and eventually dementia. The social impact is the gross impairment of daily 
life activities including personality changes, impairment of speech, and eventual behavioral and 
psychological disturbances (Rizzi et al., 2014). Other than being a major cause of dementia and 
hence a disruptor of regular lifestyle of a person, AD is also considered to be a disorder leading to 
a significant number of deaths (Dement, 2016). The global epidemiology of AD varies, and there 
are reports of exponential increase in the estimation of the absolute number of cases of people who 
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have dementia (Qui and Fratiglioni, 2018). Globally, it was discovered that AD affects more than 45 
million people in 2015, and this number is estimated to triple by 2050 (Pince et al., 2015). In terms 
of monetary value, AD and other forms of dementia are projected to cost more than 1.1 trillion by 
the year 2050 (Hendrix et al., 2016).

The major risk factors of AD are strongly connected to impairments in learning and in mem-
ory. AD is also closely related with aging, which has been reported to account for up to 50% of 
cases due to the tremendous growth of the elderly population. Aging is a complex physiologi-
cal process that unfolds gradually as we get older and is also greatly influenced by increase of 
neuronal cell death and eventual neurodegeneration, alongside genetic and environmental condi-
tions (Daulatzai, 2017). Aside aging, other risk factors closely associated with AD include diet, 
socioeconomic status, hormonal level, and vascular factors among many others. The impacts of 
these risk factors contribute significantly to the AD disease progression and eventually aggra-
vate the conditions of inflammation, oxidative stress, Aβ plaques, and acetylcholine degenera-
tion (Heemels, 2016). However, a considerable fraction of this disease can affect the younger 
population at the early onset.

In the etiology of AD, AD can be classified into early onset Alzheimer’s Disease (EOAD) and 
late-onset Alzheimer’s disease (LOAD), although 90%–95% of AD cases belong to the LOAD cat-
egory, as it usually occurs in people over the age of 65 years. The EOAD is caused by genetic muta-
tions in amyloid precursor protein (APP) and presenilin (PS1 and PS2) proteins. It is less common, 
as it only affects people between the age of 30 and 65 years (Zhang et al., 2017). On the other hand, 
LOAD cases are more ‘sporadic’ and are associated with several other mechanisms, such as hyper-
tension, dyslipidemia, hypercholesterolemia, obesity, and diabetes that have also been reported to 
contribute to LOAD (Mendiola-Precoma et al., 2016). Differences in gender also have a significant 
impact on onset of AD, as more than 60% of AD individuals are composed of post-menopausal 
women (Udeh-Momoh et al., 2021).

Presently, there is no known cure nor pharmacologic treatment to stop the AD process, and the 
current clinically approved drug only gives symptomatic relief. The first drug to be approved for the 
treatment of AD was Tacrine; but this was associated with hepatoxicity and later withdrawn from use 
(Godyń et al., 2016). There are five drugs currently approved by FDA and in use clinically; they are 
Donepezil (Aricept®), Rivastigmine (Exelon®), Galantamine (Razadyne®), Memantine (Namenda®), 
and Namzaric ® (a combination of Donepezil and extended release Memantine) (Deardorff et al., 2016). 
Tacrine, Donepezil, Rivastigmine, and Galantamine are acetylcholinesterase inhibitors (AChEIs), 
which enhances the function of acetylcholine neurotransmission in the synapses, while Memantine 
is a NMDA receptor antagonist, which reduces the excitoxicity that arises from excessive binding of 
glutamate neurotransmitter to NMDA receptor; thereby reducing neuronal damage in AD (Santos,  
et al., 2016). In addition to these approved drugs, other drugs categorized as disease-modifying ther-
apies (DMTs) for the management of AD are been developed, and some are currently undergoing 
the pre-clinical or clinical phase of drug development. Such drugs include ponezumab (a monoclo-
nal antibody) (Leurent et al., 2019); resveratrol (promotes protease degradation of Aβ peptide) (Ji and 
Zhang, 2008); and secondary metabolites isolated from medicinal plants, which include Neocoylin, 
(-)- gallocatechin gallate, myricetin, and quercetin, withanolide A, asiatic acid, and some alkylphenolic 
acids (potential Beta site APP Cleaving Enzyme-1 inhibiting drugs) (Williams et al., 2011; Coimbra 
et al., 2018). Curcumin is also a medicinal plant isolate, which is Aβ aggregation inhibitor (Corbett  
et al., 2012); Manzamine A and Hymenalsidine are alkaloids that function as tau hyperphosphorylation 
inhibitors, while Nilvadipine is a calcium channel antagonist subjected to clinical trials (Godyn et al., 
2016). Chemical structures of some of these drugs and metabolites are shown in Figure 14.1.

The main limitations associated with the use of these drugs are that they give only symptomatic 
relief and are unable to give no permanent cure nor change the disease progression in AD (Revi, 2020). 
Continuous use of these drugs is also associated with side effects that span from nausea, vomiting, diar-
rhea, dizziness, drowsiness, headache, anorexia, dyspepsia, asthenia to anxiety, confusion, impaired bal-
ance, arrhythmias, hypertension, muscle spasms, urinary incontinence, and hallucinations (Abeysinghe 
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et al., 2020); Thus, the trend in on-going researches is to find therapies that would continuously manage 
the symptoms of AD and would only be associated with minimal side effects. Natural products have 
therefore served as an alternative drug candidate for AD therapy due to their multiple components, tar-
gets, and signaling pathways. However, there is limited data available of high-throughput mechanism by 

FIGURE 14.1 Some drugs and drug candidates used in pharmacotherapy of AD.
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mechanism of action of such natural products used as drug candidate in the therapy of AD. Thus, new 
methods that can investigate the mechanisms of action of natural products are necessary. This has led 
to the exploration of metabolomics as a new approach as an effective tool for exploring the mechanisms 
of natural products in the therapeutic pathway of AD (Yi et al., 2017).

Metabolomics employs the use of modern analytical technologies to systematically acquire 
the qualitative and quantitative information of low-molecular-mass metabolites. Metabolomics is 
widely applicable in drug safety and toxicity by monitoring dosage and clearance in the blood, 
plasma, and other body fluids. Apparently, it is equally a more cost-effective and inexpensive alter-
native of drug discovery, as the conventional method of identifying drug leads and bringing them to 
the market is quite expensive (Russell et al., 2013; Weng et al., 2018). In AD research, metabolomics 
is particularly useful in the diagnosis of AD, identification of their biomarkers, and in the discovery 
of novel therapeutic targets. This has further led to the exploration of metabolomics into the anti-
AD mechanisms of natural products, thereby creating new perspectives for AD treatment research.

Numerous studies on the pathophysiology and pharmacotherapy of AD as well as the use of 
some natural products drug leads in the drug development for AD research have been reported. 
However, there is a lack of comprehensive report on the role of metabolomics in understanding the 
mechanism of action of these natural products. Herein, this review aims to highlight few biomarkers 
that have been indicated in the diagnosis of AD, as well as enlist the mechanism of actions of some 
natural products through metabolomics studies.

14.2  MATERIALS AND METHOD

Academic databases were searched and focus was given to quality peer-reviewed papers pub-
lished within the last 10 years. Published articles from Scopus, PubMed, Scifinder, Google Scholar, 
Science Direct, Medline, Clinical Trials.org, and Alzheimer Association reports were downloaded 
and studied intensively and information obtained there-in were harmonized.

14.3  METABOLOMICS

Metabolomics is a high-throughput approach that is primarily focused on small-molecule/metab-
olite identification and characterization (Zampieri et al., 2017). The goal of the metabolomics 
approach is to analyze a set of metabolites (metabolome) and the changes that occur as a result of 
environmental and genetic interactions in a given biological system (Rischen et al., 2019). These 
metabolites include amino acids, nucleic acids, vitamins, and lipids as biomarkers, and, of course, 
phytochemicals. It has been reported that more than 50% of drug entities currently for human use 
are derived from pre-existing metabolites. In other words, metabolomics can be described as a 
wholesome approach for addressing complex problems in drug development. The development in 
metabolomic findings makes it to be highly relevant in various fields, such as nutrition (Hall et al., 
2008; Liu et al., 2015), environment (Lankadurai et al., 2013), chemotaxonomy (Kim et al., 2016), 
and pharmacology (Pontes et al., 2017), especially in discovering the most important biomarkers for 
a given disease and or treatment (Chagas-Paula et al., 2015; Chan et al., 2015).

In metabolomics research, the most important components are metabolite fingerprinting and 
metabolite profiling. Metabolite fingerprinting requires detection of all metabolites in the sample 
without the need for their identification. The earlier metabolite detection includes the use of chro-
matographic techniques such as paper and thin-layer chromatography. In recent times, some more 
refined techniques such as Fourier-transform infrared (FTIR), Raman, nuclear magnetic resonance 
(NMR), and mass spectrometry (MS) are more commonly used. NMR spectroscopy (Bingol and 
Brüschweiler, 2014; Nagana Gowda and Raftery, 2015) and MS (Gika et al., 2014) are usually the 
analytical tools often used in large-scale and in complex analyses involving millions of data variables.

Metabolomics analyses can be separated into the categories of targeted or untargeted analysis. In 
targeted analysis, the metabolites under investigation are usually known; MS-based metabolomics 
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approach is usually the method for targeted analysis; on the other hand, untargeted analysis focuses 
on the metabolic profiling of the total complement of metabolites (‘fingerprint’) in a sample. NMR is 
commonly used in metabolomics fingerprinting studies (Jorge et al., 2015).

14.3.1  nuclear magnetic resonance (nmr) versus mass sPectrometry 
(ms): the most common analytical technique in metaBolomics

Nuclear magnetic resonance (NMR) and mass spectrometry (MS) are most commonly used tech-
niques in metabolomics profiling of samples such as plant extracts and biofluids; this is as a result of 
the low sample sizes that is required. NMR spectroscopy is quantitative and does not require extra 
steps such as separation or derivatization for sample preparation for sample preparation, however 
it has a low sensitivity compared with Mass Spectrometry (MS). Different ionization techniques 
and mass analyser technology in MS approaches can be used in order to increase the number of 
metabolites that can be detected (Emwas, 2015). Therefore, the high reproducibility of NMR-based 
techniques and the high sensitivity and selectivity of MS-based techniques accords them superiority 
over other analytical techniques. Comparison between the merits and demerits of these techniques 
is listed in Table 14.1.

14.3.2  samPle PreParations For metaBolomics studies

14.3.2.1  Sample Preparation from Biofluids
Biofluid samples most commonly used in metabolomics are blood serum and plasma, urine, and 
fecal extract. However, it is important to consider several factors in choosing biofluid sample suit-
able for a given situation, i.e., which biofluid can reveal the most details on the biochemical system 
of the sample host. In addition, blood serum and plasma reflect the most endogenous metabolites 
(Kromke et al., 2016). Blood samples should be kept on ice for coagulation for about 20 minutes and 
further centrifuged at 1,500 rpm for 10 minutes at 4°C to separate the serum. Preparation of blood 

TABLE 14.1
Comparison between the Advantages and the Disadvantages of NMR and MS Techniques 
in Metabolomics 

Parameters NMR Techniques MS Techniques

Cost • High • Moderate

Reproducibility • High reproducibility • Lower reproducibility

Sensitivity • Low sensitivity 
• Detects most organic molecules

• High sensitivity 
• Detects most organic and some inorganic molecules

Resolution • Low resolution • High resolution

Quantitativity • Possible with no required standards • Possible, but with required standards

Destructivity • Non-destructive • Destructive

Sample preparation • Minimal preparation required • Moderate-to-high preparation required

• Can be directly applied to fluids and tissues • Extraction of metabolites is required

• Sample recovery is possible • GC–MS is for volatile samples; requires 
derivatization for non-volatile samples

• LC–MS may form adducts

Detection • Detects all metabolites in specific range • Detects metabolites within broader range

Source: Adapted from Lajis et al. (2017).
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plasma samples is first dispensed into tubes containing anti-coagulants such as ethylenediaminetet-
raacetic acid (EDTA). The prepared biofluid samples are then frozen at temperature of−80°C and 
thawed with cold PBS at 4°C when ready to use. (Pinto et al., 2015).

14.3.2.2  Sample Preparation from Plants
Sample preparations in plant or microalgae for metabolomics studies usually involve collection 
from plant or microalgal tissue, root, fruits, leaves, and flowers (Pontes et al., 2016). The sample 
preparation procedure is normally carried out at low temperature, and liquid nitrogen is mostly 
used to quench enzymatic reactions and degradation of compounds. The sample must also be frozen 
at−80°C and then followed by lyophilization to remove water. The most commonly used solvent for 
extraction processes in plant sample preparation are methanol, perchloric acid, or methanol–chlo-
roform/water mixed in different proportions (Wu et al., 2014); chloroform may also be the solvent 
of choice for non-polar compounds, while water is good for extraction sugars.

14.3.2.3  Sample Preparation from Animal Tissues
Sample preparation of animal tissues also includes extraction of the content with perchloric acid, 
and centrifuging to obtain the supernatant and freezing of the sample with liquid nitrogen and stor-
ing at−80°C (Ferrer et al., 2008).

14.3.3 data acquisition and Processing in metaBolomics

14.3.3.1  Data Acquisition Tools
Data acquisition in metabolomics employs the use of technologies such as nuclear magnetic reso-
nance, liquid chromatography, and/or MS. This facilitates its application in identification of lead 
drug entity as well as disease monitoring up to its metabolism, toxicity, and even post-market sur-
veillances (Bhogal and Balls, 2008; Puri et al., 2021). Proper identification of metabolites is usually 
carried out after statistical data analysis, and it is very important in data interpretation.

In the growing need to identify more novel metabolites, a number of computational-aided struc-
tural elucidation (CASE) approaches have been developed. Also, important resources employed in 
metabolic studies are a number of comprehensive web-based databases that assist in identifying the 
relevant biomarkers and drug leads. Such databases include NAPRALERT, DrugBank, the Human 
Metabolome Database (HMDB) ChemSpider, Lipidmaps, Massbank, MS analysis and Mestrelab, 
Madison Metabolomics Consortium Database (MMCD), Biological Magnetic Resonance Bank 
(BMRB), and Chenomx NMR Suite for NMR analysis (Romano and Joseph, 2019).

14.3.3.2  Data Processing
The first step in data analysis is to explore and find statistical methods suitable for analyzing collected 
data. After data acquisition and profiling, the identified metabolites are then quantified and statisti-
cally processed (Worley et al., 2013); (See schematic representation in Figure 14.2). Multivariate data 
analysis (MDA) is the most commonly used statistical processing method that is mostly employed to 
carry out an unsupervised analysis of collected data. This can be further classified into unsupervised 
MDA methods such as Principal Component Analysis (PCA); and Supervised MDA methods such 
as Partial least squares (PLS) and Partial least square discriminate analysis (PLS-DA).

14.3.3.2.1  Principal Component Analysis (PCA)
The most common method used here to analyze metabolites from different samples is the PCA. 
PCA is an unsupervised MDA that allows the reduction of a large number of variables, thereby 
producing smaller number of principal components. The produced new principal components form 
linear combinations with the detected metabolites, such that there are variations between the obser-
vations (Gromski et al., 2015). In metabolomics studies, PCA is recommended to be carried out first 
to have a rapid overview of the MDA, before the other supervised techniques such as the PLD–DA 
are employed (Liu, 2019).
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14.3.3.2.2  Partial Least Squares (PLS)
PLS is a supervised MVDA method that can discriminate and separate samples data based on X 
variables (chemical shifts data), at the same time correlate them with one or several Y variables 
(external data on the same sample, e.g., bioassay results). In addition, the PLS model can also be 
used to predict Y of new data sets and suggests the chemical and biomarkers (Wold et al., 2001; 
Maulidiani et al., 2013).

14.3.3.2.3  Partial Least Square Discriminate Analysis (PLS–DA)
PLS-DA is a supervised MVDA meaning that additional special information based on the analysis 
conducted on the samples data are provided for discrimination. This model orders and groups sam-
ples depending on provided information about sample classes. The approach in PLS-DA method, 
the approach is to optimize the covariance between the independent variables X (the metabolomics 
data) and the corresponding dependent variables Y by finding linear subspace of the explanatory 
variables (Lajis et al., 2017). The main difference between the two supervised analysis (PCA and 
PLS-DA) is that the PLS-DA model is performed with prior data input and information obtained 
from this model is the correlation between the data sets.

14.3.4 metaBolite identiFication

Metabolite identification is one of the major tasks in metabolomics and it is usually carried out 
after the quantification and statistical data analysis. Proper identification of metabolites is essential 
for accurate biological interpretation, especially in multiple metabolomics studies. Currently, the 
NMR- and MS-based, either alone or in combination, are the commonly used techniques.

14.3.4.1  NMR-Based Identification
NMR spectroscopy has been one of the two most widely used analytical tools to accurately identify 
metabolites, actualize high-throughput analysis, and to augment new derivatization and detection 
methods (Emwas et al., 2019). NMR-based approach is a non-destructive technique that allows 
the identification of compounds through the analysis of chemical shifts or coupling constants  

FIGURE 14.2 Schematic representation of processes involved in metabolomics studies.
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(Crook and Powers, 2020). It is based on the resonance frequencies of the sample in a magnetic 
field; however, it is less sensitive and needs a higher sample size compared with MS-based methods 
(Markley et al., 2017). It is a good choice of profiling for samples with relatively high abundance. 
1H-NMR is the most widely used technique in NMR-based metabolomics, followed by 13C-NMR 
technique, which can provide information on the structural backbone for metabolite identifica-
tion. 2D-NMR such as COSY (which provides spectral information between cross-peaks) is more 
recently developed and is a useful tool for metabolomics analysis because of its increased resolution 
(Bojstrup et al., 2013; Nagana et al., 2017). These represent superimposed spectra of the individual 
components that make up a mixture. NMR is also a non-invasive analytical method employed in 
metabolomic profiling, thus, extensively used in analysis of natural products. Here, metabolites can 
be visualized, and the relative patterns can be interpreted accordingly in combination with appro-
priate statistical methods. (Cardoso-Taketa et al., 2008). Some studies carried out to establish the 
applications of these analytical techniques include the profiling of metabolomes in wild-type mice 
using 1H-NMR in combination with partial least squares – discriminant analysis (PLS-DA) statisti-
cal analysis (Graham et al., 2013).

Spectra acquisition in NMR requires the use of high magnetic field frequency of 500 MHz and 
above to achieve high spectral resolution in analysis of complex or mixture samples. Appropriate 
facilities should be used to avoid overlap between the peaks of 1H-NMR spectra, or this might con-
sequently lead to a wrong interpretation. All spectra acquired should have their base line corrected 
and aligned to avoid errors in the chemical shifts, and this can be done using a known solvent peak. 
Normalization is carried out to standardize analysis parameters, such as differences in the sample 
concentration and number of scans or when more than one NMR spectrometer is used in spectral 
recording. Finally, after NMR spectral data is processed, the data are converted into the format that 
can easily be executed by the statistical process of choice (Pontes et al., 2017).

14.3.4.2  MS-Based Identification
MS is an analytical technique used in separating metabolites through their ionization and resolution 
according to their mass-to-charge (m/z) ratios. It provides high-throughput resolution of metabo-
lites and is commonly combined with gas chromatography (GC), liquid chromatography (LC), or 
capillary electrophoresis (CE). MS-based identification is higher in sensitivity and selectivity, and is 
highly affected by extraction procedures and matrix effect (Zhang et al., 2016).

14.3.4.2.1  Gas Chromatography–Mass Spectrometry (GC–MS)
GC–MS technique uses a fragmentation pattern in combination with retention time by use of library 
search. However, the data obtained is restricted to only the metabolites available in such libraries. 
GC–MS-based metabolomics is the analytical tool that is relatively the most inexpensive, easiest to 
operate, and having the highest reproducibility (Beale et al., 2018). It is, however, only suitable for 
volatile and semi-volatile metabolites, while chemical derivatization has to take place for the non-
volatile metabolites. These derivatization procedures cannot still be applicable to heat-labile metab-
olites. GC–MS data processing is based on commercialized libraries such as NIST, Wiley, Replib, 
and many others (Vinaixa et al., 2016). GC–MS was combined with the same PLS–DA statistical 
analysis in a study to compare metabolic differences between AD and healthy patients; the results 
revealed modifications in 23 metabolites and several others (Gonzalez-Dominguez et al., 2015). 
Recently, GC–MS-based metabolomics has been used extensively in the evaluation of the efficacy 
of natural products against AD. A GC–MS-based metabolic profiling approach was performed to 
elucidate the metabolic phenotypes using AD cell model (Yi et al., 2017).

14.3.4.2.2  Liquid Chromatography–Mass Spectrometry (LC–MS)
LC–MS-based metabolomics is the most versatile and well-suited technique employed in metabolo-
mics (Zhou et al., 2012). This analytical technique has wider metabolite coverage, as it is not restricted 
to volatile components. LC–MS is usually employed to identify and quantify very polar compounds, 
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which include amino acids and steroids and fatty acids. It is usually performed with the aid of electron 
spray ionization (ESI) and atmospheric pressure chemical ionization (APCI) to easily identify the 
metabolite, since it does not cause fragmentation of the molecule (Yang, 2013). However, it has low 
reproducibility of data due to different instruments employed and the diversity of compounds available.

Hyphenated techniques with LC systems include low-resolution MS (LRMS) procedures such as 
quadrupole (Q) and high-resolution mass spectroscopy (HRMS) procedures such as time of flight 
(TOF) or Orbitrap (Chen et al., 2020). Like the GC–MS, commercialized databases are also avail-
able for LC–MS, which include Massbank and Metlin; however, they, have only been able to detect 
the limited number of metabolites (Horai et al., 2010).

It is a highly relevant technique in illustrating the effectiveness of natural products in AD treat-
ment. Five ginseng species were subjected to metabolomics profiling using a LC–MS tandem 
technique in combination with multivariate statistical analysis techniques (PCA). The PCA of the 
profiling identified that these five herbs can be grouped into five different groups based on their 
phytochemicals (Xie et al., 2008). This result has demonstrated the reliability of LC–MS as a reli-
able method for rapid analysis of metabolites present in a natural product.

14.3.4.2.3  Other MS-Based Analytical Methods
Capillary electrophoresis–mass spectrometry (CE–MS) is a newly developed analytical technique 
relevant for metabolomics studies that relies on mass-to-charge ratio for separation of metabolites. 
This method requires much less amount of sample and is suitable for the separation of charged 
metabolites (Ramautar et al., 2009).

Two-dimensional chromatography–mass spectrometry has greater peak capacity and is suit-
able for analyzing complex biological samples than one-dimensional chromatography (Cook et al., 
2015). It has been reported that more than a 100,000-peak capacity of metabolites was identified 
through RPLC and HIPIC–MS-based metabolic profiling.

Direct-infusion mass spectrometry (DI–MS) is an analytical technique that allows a high-through-
put analysis and a very rapid analysis of samples. DI–MS can also be hyphenated with high-resolu-
tion MS, such as Orbitrap and Fourier transform mass spectrometry (FTMS). FTMS actually has 
the highest mass resolution, thereby, reaching more than 1,000,000 resolving power. FTMS is very 
expensive and has very high maintenance cost, hence is highly restrictive (Lisa et al., 2017). This has 
made DIMS very resource analytical tool and provides the most comprehensive information.

14.3.5  aPPlication oF metaBolomics Biomarkers in ad

Biomarkers are needed in the etiology, diagnosis pathophysiology, and treatment of AD. Currently, 
the diagnosis of AD is not accurate, and there is also no cure for patients with AD. However, 
very recently, biomarkers are employed to aid in the predictive and accurate diagnosis and treat-
ments of AD. Lipid and sugar metabolisms are highly indicated in the metabolomic biomarkers in 
AD. Recently, several studies have reported aberrations in lipid metabolism such as stearoyl-CoA 
desaturate and sphingolipids (Hejazi et al., 2011; Trushina et al., 2013) phospholipids, which can 
be used to accurately identify cases of memory loss (Mapstone et al., 2014). Several reports on the 
aberration in the cerebral glucose metabolism is also a biomarker indicated in the pathophysiology 
of AD to precede loss of cognitive function. Activation of all these metabolism pathways may offer 
a new therapeutic strategy for the management of AD.

Biomarkers are recognized as measured characteristics that act as indicators of an underlying 
pathogenic process of a disease progression (McGhee et al., 2014). Here different biomarkers have 
been identified as related to AD, which are the amyloid β (Aβ), tau pathology, and neurodegeneration 
(A/T/N system). The Aβ system can be measured by PET imaging of amyloid plaques or cerebrospi-
nal fluid (CSF) of Aβ42, the tau system can be measured by CSF phosphorylated tau and or tau PET 
imaging, while neurodegeneration can be measured by elevated levels of CSF total tau, decreased 
glucose metabolism detected by FDG-PET imaging, and brain atrophy by using structural MRI 
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(Jack et al., 2018). Metabolomics strategies have the power to compare the metabolome in biological 
samples under normal conditions with altered states promoted by diseases, including AD.

In addition, biochemical variation such as oxidative stress, neuro-inflammation, mitochondrial 
dysfunction, lipid down-regulation, and disruption of the neurotransmitter pathway is also highly 
significant in the AD pathogenesis. A study carried out by Ibanez et al. (2013) has proposed a 
substantial metabolomic profile using reversed-phase chromatography based on an ultrahigh per-
formance LC coupled with quadrupole time-of-flight mass spectrometry (UPLC–Q–TOFMS). This 
platform has been able to identify taurine, creatine, xanthine, and lipid mediators among other 
metabolites as potential biomarkers for early AD detection (Enche Ady et al., 2017). Some identified 
biomarkers relevant in AD research are listed in Table 14.2.

TABLE 14.2
Some Identified Biomarkers in AD Research 

Sample Type No of Patients
Analytical 
Platform Identified Biomarkers References

Plasma AD (n = 15)
MCI (n = 10)
Control (n = 15)

UPLC–MS–MS Cylcarnitines, arginine, phenylalanine, 
creatinine, symmetric dimethylarginine, and 
phosphatidylcholine

Lin et al. 
(2019)

Serum AD (n = 30)
MCI (n = 20)
Control (n = 30)

UPLC–QqQ–
MS

Cholic acid, deoxycholic acid, and its glycine 
and taurine conjugated forms

Mahmoudian 
Dehkordi  
et al. (2019)

Serum and 
plasma

AD (n = 188)
MCI (n = 392)
Control (n = 226)

UPLC–QTOF–
MS

MUFA-containing lipids
PUFA-containing lipids

Barupal et al. 
(2019)

Plasma AD (n = 30)
MCI (n = 20)
Control (n = 30)

UPLC–QTrap–
MS

Glycochenodeoxycholic acid, glycodeoxycholic 
acid, and glycolithocholic acid

Marksteiner  
et al. (2018)

Cerebrospinal 
fluid (post 
motem)

AD (n = 15)
Control (n = 15)

UPLC–QqQ–
MS

Methionine sulfoxide, 3-methoxy-anthranilate, 
cadaverine, and guanine

Muguruma  
et al. (2018)

Plasma AD (n = 68)
Control (n = 1,974)

UPLC–QTrap–
MS

Anthranilic acid, glutamic acid, taurine, and 
hypoxanthin

Chauraki et al. 
(2017)

Brain tissue 
plasma 
(Animal)

APP/PS1 mice 
(n = 9)

Wild-type mice 
(n = 9)

UPLC–QQQ–
MS

Polyamine, amino acids, and serotonin Pan et al. 
(2016)

Saliva AD (n = 660)
MCI (n = 83)

FUPLC–TOF–
MS

Cytidine, sphinganine 1-phosphate, and 
3-dehydrocarnitine

Liang et al. 
(2016)

Plasma AD (n = 90)
MCI (n = 77)
Control (n = 51)

Orbitrap–MS Diacylglycerol levels Wood et al. 
(2016)

Serum AD (n = 29)
MCI (n = 18)
Control (n = 46)

QTrap–MS Acetyl-l-carnitine and acyl-l-carnitine level Cristofano  
et al. (2016)

Brain tissue;  
Cerebrospinal 
fluid

AD (n = 10)
Control (n = 10)

UPLC–QqQ–
MS

Carboxylic acid
Amines

Takayama  
et al. (2015)

Serum AD (n = 23)
Control (n = 21)

GC–MS Lactic acid, isocitric acid, glucose, oleic acid, 
adenosine, cholesterol, urea, pyroglutamate, 
amino acids, fatty acids, and cysteine

Gonzalez-
Dominiguez., 
et al. (2015) 

(Continued)
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14.3.6  aPPlications oF metaBolomics in investigating  
the anti-alzheimer eFFect oF natural Products

The journey to the development of effective drug agents with high therapeutic effects against AD 
has been challenging, as available therapies only give symptomatic relief. Recently, prospecting for 
bioactive constituents that have interesting and novel activity or mechanism of action from natural 
resources, such as plants, animals, and microbes, is the focus of most researchers. Natural prod-
ucts have, therefore, served as an alternative drug candidate for AD therapy due to their multiple 
components, targets, and signaling pathways. However, their complex nature makes it very difficult 
to validate their pharmacological mechanism of actions. The metabolomics approach has, there-
fore, been selected as a tool in investigating the anti-Alzheimer effect of natural products due to 
their effectiveness in handling multicomponent variables. The applications of LC–MS-based, GC–
MS-based, and NMR-based metabolomics in investigating the effectiveness of natural products 
with anti-Alzheimer potentials is listed in Table 14.3.

14.4  LIMITATIONS

Metabolomics is highly applicable in the identification of bioactive natural products from plants 
because of their high chemical diversity and complex nature. Metabolites are usually extremely 
complex with a very large range of chemical diversity, thus multiple analytical techniques that 

TABLE 14.2
Some Identified Biomarkers in AD Research 

Sample Type No of Patients
Analytical 
Platform Identified Biomarkers References

Brain tissue AD (n = 35)
MCI (n = 48)
Control (n = 40)

UPLC–QTOF–
MS

Cholesteryl esters (ChEs) including ChE 32:0, 
ChE 34:0, ChE 34:6, ChE 32:4, ChE 33:6, and 
ChE 40:4

Proitsi et al. 
(2015)

Serum AD (n = 19)
Control (n = 17)

UPLC–QTOF–
MS 

ICP–MS

Phosphatidylcholines, 
phosphatidylethanolamines, plasmenylcholines, 
and plasmenylethanolamines

González-
Domínguez  
et al. (2014)

Brain tissue AD (n =1 5)
Control (n = 15)

1H NMR Alanine and carnitine Graham et al. 
(2014)

Brain tissue 
and plasma 
(Animal)

APP/PS1 mice (n-6)
Wild-type mice 
(n = 6)

1H NMR Ascorbate, creatine, butyric acid, aspartic acid, 
acetate, citrate and amino acids

Graham et al. 
(2013)

Plasma
Cerebrospinal 
fluid

AD (n = 11)
MCI (n = 13)
Control (n = 14)

UPLC–QTOF–
MS

Lysine, cholesterol, and sphingolipids Trushina et al. 
(2013)

Brain tissue AD (n = 10)
Control (n = 10)

UPLC–TOF–
MS

Spermine and spermidine Inoue et al. 
(2013)

Cerebrospinal 
fluid

AD (n = 75) UPLC–QTOF–
MS

Taurine, sphingosine-1-phosphate, creatinine, 
and xanthine

Ibanez et al. 
(2012)

Plasma AD (n = 89)
MCI (n = 91)
Control (n = 46)

UPLC–TOF–
MS

Phosphatidylcholine, plasmalogens, 
sphingomyelins, sterols, and 
dihydroxybutanoic

Oresic et al. 
(2011)

Source: Adapted from Reveglia et al. (2021).
UPCL, ultra-performance liquid chromatography; HPLC, high-performance liquid chromatography; FUPLC, fast ultrahigh 
performance liquid chromatography; QTOF, quadrupole time of fight; QqQ, triple quadruple; QTrap, triple quadrupole linear 
ion trap; AD, patients with Alzheimer disease; MCI, patients with Mild Cognitive Impairment.
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TABLE 14.3
Some Identified Metabolites from Natural Products with Anti-Alzheimer Effects

Natural Product
Botanical 

Source Family Subject Sample
Analytical 
Platform Biomarkers References

Pinus Pinus species Pinaceae Humans Human 
melanocyte 
cells

HPLC–
MS/MS

Flavonoids, phenolics, 
lignans, diterpenes, and 
fatty acids

Saber et al. 
(2021)

Centella Centella 
asiatica (L.) 
Urban

Apiaceae – – HPLC–
QTOF

Amino acids, choline 
derivatives, fatty acids, 
flavonoids, and 
terpenoids

Alcazar 
Magana  
et al. 
(2020)

Bacopa extract Bacopa 
monnieri L.

Plantaginaceae AlCl3-induced 
AD rat

Serum UPLC–
ESI/MS

Curcurbitacins, sterol 
glycosides, and 
jujubogenin glycocides

Waly et al. 
(2019)

Rosmarinus 
extract

Rosmarinus 
officinalis L.

Lamiacaeae AlCl3-induced 
AD rat

Serum UPLC–
ESI/MS

Phenolic diterpenes, 
flavonoids, lignan, 
phenolic acids, and 
dihydrochalcones

Waly et al. 
(2019)

Rhodiola extract Rhodiola 
crenulata

Crassulaceae Aβ1–42-
induced AD 
mice

Hippocampus FT–ICR–
MS

Amino acids, 
sphingolipid, and 
glycerophospholipid

Zhang et al. 
(2019)

G-Rg1 and 
G-Rg2

Panax ginseng 
C.A. Meyer)

Araliaceae APP/PS1 mice Brain UPLC–
MS

Hypoxanthine, 
Sphingolipids, and some 
lysophosphatidylcholines 
(LPCs) (C 16:0. 18:0, 
13:0; 15:0,18:1, and 
18:3)

Li et al. 
(2016)

Valeriana 
extracts

Valeriana 
amurensis 
P.A.Smirn. ex 
Kom.

Caprifoliaceae Aβ 
25–35-induced 
AD mice

Plasma UPLC–
MS

Amino acids, 
phospholipids, and lipids

Wang et al. 
(2016)

Kaixin-San 
herbal formula

P. ginseng C. 
A. Mey; 
Polygala 
tenuifolia 
Wild; Poria 
cocs (Schw. 
Wolf); and 
Acorustata 
rinowii Schott

- (d-Gal)–
induced and 
AlCl3-induced 
AD rat

Urine; serum UPLC– 
QTOF– 
MS

Lipids, sphingolipids, 
glycerophospholipid, 
glyoxylate, and 
dicarboxylate

Chu et al. 
(2016)

Shengmai San 
herbal formula

P. ginseng C. 
A. Mey; 
Ophiopogon 
japonicas and 
Schisandra 
chinensis

- (d-Gal)–
induced and 
AlCl3-induced 
AD ratt

Urine UPLC– 
QTOF– 
MS

Glyoxylate and 
dicarboxylate 
metabolism, inositol 
phosphate, and 
sphingolipids

Sun et al. 
(2015)

Total 
Ginsenoside

(Triterpenoid 
saponins)

Panax ginseng 
(C.A. Meyer)

Araliaceae Aβ1–42-
induced AD 
mice

Plasma UHPLC– 
QTOF– 
MS

Amino acids, 
sphingolipid, 
phospholipids, and 
carnitine 

Gong et al. 
(2015)

(Continued)
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should be sought as a single analytical platform is incapable of the comprehensive analysis required 
(Buckberger et al., 2018). The profiling and identification of the components of different plant 
extracts and fractions in combination with their corresponding biological activities using metabolo-
mics cannot be over-emphasized. Globally, metabolomics lacks proper validation and standardiza-
tion in sample collection and data processing. Also, the reproducibility of various metabolomics 
investigations can rarely be guaranteed, as different samples are obtained from different sources 
with diverse demographic distribution of age, sex, and race.

Another limitation is in the identification of biomarkers that are specific for the early diagnosis 
of AD and treatment targets of anti-Alzheimer drugs.

14.5  CONCLUSIONS AND PROSPECTS

Over the years, metabolomics has been recognized to be suitable for translational research and 
pre-clinical applications within an integrated network of biological systems. At the initial stage, 
application of metabolomics studies in AD research is mostly in biomarker discovery to further 
understand AD pathogenesis and, thus, identify plausible drug targets in its therapy. Such biomark-
ers identified include lipid, purine, amino acid metabolism, as well as oxidative phosphorylation. 

TABLE 14.3 (Continued)
Some Identified Metabolites from Natural Products with Anti-Alzheimer Effects

Natural Product
Botanical 

Source Family Subject Sample
Analytical 
Platform Biomarkers References

Docosahexaenoic 
acid (DHA)

- - CHO-AbPP695 
cells

Cell GC–TOF–
MS

Succinic acid, citric acid, 
malic acid, glycine, 
zymosterol, 
cholestadiene, and 
arachidonic acid

Bahety  
et al. 
(2014)

Green tea 
polyphenols

Camellia 
sinensis (L.) 
Kuntze

Theaceae  (d-Gal)– 
induced AD 
rats

Plasma UPLC–
MS

Amino acids, 
phospholipids, and 
lecithins

Fu et al. 
(2011)

Huperzine A Huperzia 
serrata 
(Thunb.) 
Trevis

Hypericaceae Scopolamine-
induced AD 
rats

Brain UPLC–
TOF–MS

Amino acids Shi and Luo 
(2011)

Ligustrazine Ligustrum 
chuanxiong 
Hort.

Apiaceae Scopolamine-
induced AD 
rats

Brain UPLC–
TOF–MS

Amino acids Shi et al. 
(2010)

Epimedium Epimedium 
grandiflorum 
C. Morren

Berberidaceae Scopolamine-
induced AD 
rats

Serum HPLC–
MS

Lipids (unsaturated and 
saturated acid), amino 
acids, nucleotides, 
carnosine, and 
ergothioneine

Yan et al. 
(2009)

Epimedium Epimedium 
grandiflorum 
C. Morren

Berberidaceae Scopolamine-
induced AD 
rats

Urine NMR Pyruvates; oxidative 
phosphorylation

Wu et al. 
(2008)

Source: Adapted from Yi et al. (2017).
UPLC–ESI/MS, ultra-performance liquid chromatography electron spray ionization mass spectrometry; FT–ICR–MS, fourier 
transform ion cyclotron resonance mass spectrometry; UPCL, ultra-performance liquid chromatography; HPLC, high-performance 
liquid chromatography; QTOF, quadrupole time of fight; (d-Gal), D-Galactose; and AlCl3, Aluminum chloride.



268 Sustainable Uses and Prospects of Medicinal Plants

Nowadays, Metabolomics is also widely applied in AD research by identifying natural products that 
have pharmacological effects, especially in animal models. Future prospects of the application of 
metabolomics to AD research are to validate data processing procedures to establish more accurate 
and reproducible metabolites. This will enhance the search for more drug leads that will ensure total 
treatment in patients living with AD disease.
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15.1  INTRODUCTION

The need to thoroughly delineate species for producing accurate medicinal species inventories is 
of importance, considering most questions such as speciation in evolutionary biology, conserva-
tion biology, and bioprospecting depend, in part, on species inventories and our knowledge of the 
species. Erroneous species’ boundaries or names may result in the use of the wrong plants for 
medicinal research. Molecular identification of plants using DNA barcodes and reconstruction of 
molecular phylogenies have demonstrated versatility and are exceptionally useful tools (Donoghue, 
2008; Sanmartin and Ronquist, 2004; Pennington et al., 2006).

Apart from the bio-screening aspect, phylogenetics in medicinal plant use can broaden our 
understanding of traditional ethnobotanical knowledge. The findings that some plant lineages are 
more heavily used than others (Bennett and Husby, 2008), and the fact that there is a degree of 
agreement in those lineages between disparate cultures, (Saslis-Lagoudakis et al., 2011, Leonti  
et al., 2003) imply that phylogenetic relationships underlie people’s selection of medicinal plants in 
traditional medicine and in a fashion that overcomes cultural differences. Apart from some unpub-
lished study findings presented at conferences and other academic platforms (Bletter, 2000), such 
discoveries have not been examined in terms of phylogenetic framework. By superposing medicinal 
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properties on lineages with wide distributions, cross-cultural phylogenetic patterns in ethnobotany 
can be observed, including the agreement in usage of closely related lineages in distant cultures 
(Bletter, 2000).

The traditional system of medicine suffers from substitution and adulteration of medicinal 
herbs with closely related species, and the efficacy of the drug decreases if it is adulterated and, in 
some cases, can be lethal if substituted with toxic adulterants (Patel et al., 2017). There are various 
approaches to discovering active drug compounds from traditional medicine, collectively referred 
to as bioprospecting. The methods include chemical testing for active compounds, in vitro testing 
of plant extracts (Clarkson et al., 2004), and traditional ones such as organoleptic, macroscopic, 
microscopic, and chemical profiling methods (Techen et al., 2014). Due to the inadequacies of the 
above methods, medicinal plant authentication at DNA level has been introduced. Many molecular 
methods are increasingly getting investigated to identify medicinal plants (Cowan et al., 2006). This 
is because DNA authentication is more reliable (Patel et al., 2017).

Conservation of correctly identified medicinal plants is also very crucial. Cryopreservation—a 
method of preserving biological constructs, which has been useful in human and plant tissue preser-
vation since the 1950s, offers opportunities for long-term conservation of medicinal plant material. 
Specifically, cryopreservation refers to the storage of damage-susceptible biological constructs such 
as organs, organelles, cells, tissues, and/or extracellular matrices under cryogenic conditions (Wen 
and Wang, 2010). This is normally at ultra-low temperatures of –196°C. DNA identification and 
verification of DNA stability of cryopreserved material play a critical role in building reliable and 
safe medicinal plant gene banks or libraries.

15.2  TAXONOMY AND PHYLOGENETICS

15.2.1  adulteration and misidentiFication

The main source of livelihood for many herbalists involves trading of medicinal plants. However, 
unfavourable economic restraints can force herbalists to substitute rare species with inexpensive 
and easily accessible species, thereby camouflaging and selling the different species under the same 
name. As such, deliberate adulteration of coveted ingredients is often difficult to discern from cases 
of under- or over-differentiation or misidentification. Adulteration or misidentification occurs either 
intentionally or inadvertently (by misidentification). Therefore, phylogenetic techniques are used to 
accurately identify species and their phytochemistry at molecular level. For example, Bellakhdar et al. 
(1991) reported that Colchicum autumnale L (Bukbuka)—a plant traditionally used in the treatment 
of renal disorders and acute arthritis in Morocco is taken off the market because it is highly potent. 
Phylogenetic identification indicated some misidentification of the plant based on the vernacular name 
provided by the herbalist. Other cases of adulteration or misidentification comprise both samples of 
l-harmel, which instead of harmala L in fact was identified as Carlina brachylepis (Kool et al., 2012). 
In yet another case, Kool et al. (2012) reported that Peganum harmala—a plant putatively known 
as l-harmel in the local language is actually Carlina brachylepis (Batt.) Meusel and A. Kästner. 
Furthermore, ’aqirqarha—a relatively upmarket product whose samples have been profitably mis-
identified as Catananche is phylogenetically Anacyclus. Taxonomic limitations can easily be over-
come by molecular phylogenetic trees that measure plant species’ phylogenetic distance in medicinal 
flora (Faith, 1992). Hence, phylogenetic methods can subdue taxon-based cross-cultural comparisons 
and associated limitations, and bring about robust measures to synthesise and interpret cross-cultural 
patterns in medicinal floras. Phylogenetic tools have been used to show clustering of traditionally used 
(Saslis-Lagoudakis et al., 2011) and bioactive species (Zhu et al., 2011), and to describe cross-cultural 
trends in plant use (Hart and Cox, 2000). With the inclusion of molecular sources of characters and 
refinements to phylogenetic theory, taxonomy and evolutionary biology discipline have become more 
incorporated as a unit. Terms such as molecular taxonomy and phylogenetics are or should be sub-
sumed as a single research niche, for example, systematics (Adams et al., 2009).
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15.3  TAXONOMIC UNDER- AND OVER-DIFFERENTIATION

It is not unusual in some countries for a group of species to be assigned the same vernacular 
name. This is mainly caused by failure to separate between species that are closely related or are 
under taxonomic under-differentiation. A classic example is that of ’ud-mserser, where molecu-
lar phylogenetics showed that the superior-quality samples, as differentiated by the herbalist, 
appeared to be related to a single genus, while those of lesser quality were also found to belong 
to a different genus, although they all belonged to the same family (Kool et al., 2012). Thus, over-
differentiation at the taxonomic level has been widely reported and unfortunately has the potential 
to put the lives of herbal medicine consumers at risk (Bellakhdar et al., 1991). Such cases referred 
to above are currently being scientifically addressed using different phylogenetic methods that 
have enhanced the identification of plant species down to molecular levels. It remains, however, 
to be seen how accurate phylogenetic analysis can be integrated with ethnobotanical knowledge 
to address these setbacks completely since most of medicinal plant knowledge is derived from 
ethnobotany.

15.4  METHODS IN TAXONOMY

Several phylogenetic techniques have been explored in taxonomy and still more work is being 
done. This is due to the difference in the efficiency of these methods when they are used on dif-
ferent organisms, be it bacteria, fungi, plants, and even on animals. So many different results 
have been reported, and yet no consensus has been reached on which is the best method to use 
for purposes of taxonomy and species’ discovery. A diverse number of different users previously 
had no access, meaning that the need to incorporate new sequences into a consistent universal 
taxonomic framework is essential and in demand. According to Macdonald et al. (2012), reference 
phylogenies are essential for providing a taxonomic framework for the interpretation of marker 
genes and metagenomic surveys, which continually displays novel species at an exceptional rate. 
There is evidence now that taxonomic doubts are now being addressed correctly using phyloge-
netic techniques.

15.5  PHYLOGENETIC TAXONOMY

Biological classifications should reflect only phylogenetic relationships, meaning that only mono-
phyletic groups should be given formal taxonomic names (Swofford et al., 1990). Recognising the 
limits of the Linnaean system, Queiroz and Gauthier (1994) developed a system of ‘phylogenetic 
taxonomy’ to suggest how the rules of biological nomenclature could be reformulated with evolu-
tion as the central organising principle. The crucial advancement of phylogenetic taxonomy is the 
non-use of ranks as well as the definition of taxon names strictly in terms of evolutionary history. 
On the other hand, the possibility of different names referring to the same entity, better known as 
taxonomic synonymy, is better clarified by phylogenetic definitions (Queiroz and Gauthier, 1992). 
Although this was declared more than 20 years ago, there is evidence that this approach has not 
changed significantly.

According to Reynolds (2007), the field of chemosystematics was developed based on what 
was presumed to be shared chemistry in closely related species. However, today, instead of using 
chemical affinities as a basis for taxonomic classification, the distribution of chemistry is better 
understood by the application of phylogenetic techniques. But a combination of phytochemical and 
phylogenetic studies so far reveal a solid phylogenetic signal in plant chemical composition distri-
butions that can be used as a tool in the search for novel natural products (Bay-Smidt et al., 2011; 
Larsen et al., 2010; Muellner et al., 2005; Wink, 2003; Wink and Mohamed, 2003).
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15.6  THE BARCODING OF LIFE

The Barcoding of Life initiative (Hebert et al., 2003a, b) has envisioned a standardised method to 
alleviate difficult species identifications and to discover cryptic species by focusing sequencing 
efforts on target genes, like cytochrome c oxidase subunit 1(Cox1), MatK, trnl, and others. This 
method has been rendered inexplicit for reliable species diagnostics in some cases, and character-
based identification systems have been brought forward as preference to proceed with the Barcoding 
of Life Project (DeSalle et al., 2005). The CBOL Plant Working Group (2009) proposed rbcL and 
matK combined as a universal barcode for land plants but with the option to supplement it with 
one or two other markers such as ITS or psbA-trnH. Table 15.1 shows the results of an experiment 
that was conducted using the different markers that are specifically recommended for use in plants. 
These methods were used to identify samples of medicinal plants collected from a herbal market 
in Morocco.

The possibility to easily associate different stages of life of the same species is one of the merits 
of DNA barcoding of species’ life stages (Blaxter, 2004). In situations where taxa are difficult to 
propagate in the laboratory, DNA barcoding becomes very valuable. The benefits of short DNA 
sequences in associating adult stages with their immature counterparts in some species have thus 
been reported (Barrett and Hebert, 2005; Hebert et al., 2004b). Although DNA barcoding is a lim-
ited aspect of systematics and taxonomy, the difference between classification and identification 
may not be very clear; thus cox1 sequencing has increasingly become a reliable tool for new species 
discovery (Besansky et al., 2003; Hebert et al., 2004a, b; Smith et al., 2006).

The inclusion of both organellar DNA and nDNA, for example, mtDNA markers (or plastid DNA 
for plants), has been proposed as an ideal molecular systematic approach, while differences between 
partitions can be used to augment the interpretation of the evolutionary history of the taxa under 
consideration (Rubinoff and Holland, 2005). The dramatic increase in interest to infer large-scale 
phylogenies has been due to the easy accessibility of sequence data for a wide range of organisms 
(Bininda-Emonds, 2000). This increased interest in phylogenomic studies that produce data sets to 
infer phylogeny based on countless markers has led to an increase in character sampling but for a 
limited number of model taxa (Dunn et al., 2008; Rokas et al., 2003; Wildman et al., 2007).

There is no doubt in molecular research that the polymerase chain reaction (PCR) has become 
an indispensable tool, more so, in cryopreservation efforts in museums conducting phylogenetic 
studies of tissues with an interest to preserve genetic diversity (Webster and Brian, 2001). The 
thrust of DNA barcoding is the provision of efficient methods for species’ identification and thus has 
the potential to contribute positively to biodiversity research. DNA barcoding is thus expected to 
make major contributions to phylogenetics, population genetics, and taxonomic research, in general.  

TABLE 15.1
Different Molecular Markers That Are Recommended for Use in Plants 

Molecular Marker Sequencing Success Rate

RpoC1 The high amplification rate in the chloroplast region marks the main advantage 

PsbA-trnH Although the sequencing success for this locus was lower that of RpoC1, it was generally 
high for reference sequences 

ITS Once a sequence was obtained, ITS was shown to be the most useful marker, with 63.8% and 
29.8% species and genus level sample identification, respectively

BLAST To successfully identify market samples, BLAST in collaboration with critical evaluation of 
the absence or presence of GenBank species and species distribution data were employed 

RAxML 51.3%

Source: Kool et al. (2012).
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The routine identification of sample specimens as well as flagging unusual specimens for compre-
hensive taxonomic studies are some of the uses of DNA barcoding (Hajibabaei et al., 2007). For 
example, Kool et al. (2012) investigated the commercialised medicinal roots of some medicinal 
plants in the souks of Marrakech in Southern Morocco using a regional reference database as well 
plastid genome (matK, psbA-trnH, and rpoC1) sequence data and the nuclear genome (ITS). These 
are markers that have been used and are recommended specifically for plants.

15.7  INTEGRATION OF PHYLOGENETICS AND ETHNOBOTANY

15.7.1  Phylogenetic ethnoBotany

In plant-based drug discovery, phylogeny-guided techniques and time-efficient approaches are based 
on the theory that phytochemicals are constrained to evolutionary plant lineages (Saslis-Lagoudakis 
et al., 2011). The use of ethnomedicinal information in some of these approaches has been reported 
(Fabricant and Farnsworth, 2001). Medicinal plant reports are often used as proxies for bioactivity, 
which are then superimposed on phylogenetic trees, for example the work of Saslis-Lagoudakis  
et al. (2012). Evolutionary techniques are then used to forecast the potential bioactivity of various 
plant lineages based on medicinal plant use distribution across the phylogeny (Ernst et al., 2016).

Phylogenetic conservatism (Crisp et al., 2009; Prinzing et al., 2001) in herbal medicinal plants is 
not new. For example, Lukhoba et al. (2006) reported that the genus Plectranthus of the Lamiaceae 
family comprises 62 of 300 species with ethnomedicinal uses, the majority of which fall within the 
same large phylogenetic clade and, therefore, suggesting potential phylogenetic patterns in medici-
nal properties within the genus. This concurs with many other conclusions made by researchers who 
have analysed the relationship between phylogeny and the medicinal properties of plants. Regardless 
of the lack of quantification in these studies, the report of Forest et al. (2007) quantitatively showed a 
significant clumping in the phylogeny of some ethnomedicinal Cape flora of South Africa. Rønsted 
et al. (2008) also reported similar findings in Narcissus spp. with medicinal properties.

15.7.2  Phylogenetic analysis and BioProsPecting

Instead of taking a random approach to searching for new drugs (bioprospecting), several search 
algorithms have been proposed to give the process a greater degree of certainty and make it more 
accurate. These encompass those based on ethnomedicinal information or indigenous traditional 
knowledge (ITK), ecological associations, evolutionary rationale, data mining, and phylogenetic 
rationale. But, due to the recent development of molecular phylogenetic techniques and consequent 
rapid development of angiosperm phylogenetic trees (APG III, The Angiosperm Phylogeny Group, 
2009), the phylogenetic rationale is now the most widely accepted technique. The increase to access 
of information on fundamental structural and controlling elements, such as transcription factors as 
well as metabolites and their converting enzymes, coupled with phylogenetic association, and sys-
tems including allosteric regulation and their conservation, provides a platform for more directed 
bioprospecting (Muller et al., 2004).

Secondary metabolite expression of some structural types has been known to surface occasion-
ally in various parts of the plant kingdom. Differential gene expressions or convergent evolution 
could be the potential sources of these discrepancies (Wink, 2003). Therefore, the metabolite con-
stituents of plants could potentially reveal more information on bioactive patterns of plants and their 
interaction, instead of relying on morphological characteristics. These metabolite constituent-based 
categorisations have the potential to not only reveal plant phylogenetic relationships but also to har-
ness for studying bioactive properties, exploring hidden nutritional or economic uses, and predicting 
medicinal properties of plants and their relationships through bioprospecting (Liu et al., 2017).

According to Lagoudakis et al. (2015), a phylogenetic framework may prove to be insightful 
when investigating commonalities among psychoactive plants, which are rather ubiquitous in many 
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various cultures of the world. In the previous authors’ observations, information is allocated to 
nodes instead of a single species at a time, thereby facilitating trait distribution studies. It has been 
shown in phylogenetics that phytochemical traits and medicinal uses of culturally diverse medicinal 
plants are shared by plants that are closely related regardless of the plants’ geographic or cultural 
differences, meaning that these traits are not randomly distributed on the phylogeny (Lagoudakis 
et al., 2012; 2015). Furthermore, phylogenetic analysis has been used to reveal if patterns of cul-
tural convergence in psychoactive plants are similar (Xavier and Molina, 2016), while some stud-
ies report that culturally important psychoactive plant phylogeny possesses a certain inclination 
towards targeted plant families and for specific psychoactive effects such as sedative, stimulant, 
and hallucinogenic effects among others (Alrashedy and Molina, 2016). According to Proches  
et al. (2008), the use of phylogenetic analysis can help humans to expand their diets/culinary hori-
zons by pinpointing relatively new sources of food for propagation by revealing information on 
families from the existing database, which are already being exploited. But psychoactive chemicals 
are phylogenetically clustered, as shown by reports that indicate that psychoactive effects can only 
be found in groups (Alrashedy and Molina, 2016). This clearly shows the importance of using phy-
logenetic techniques in bioprospecting.

The phylogenetic clustering of secondary metabolites as well as of medicinal traits are widely 
reported (Lagoudakis et al., 2012; Lagoudakis et al., 2015; Wink, 2003, 2013; Wink et al., 2010; 
Xavier and Molina, 2016). The existence of similar psychoactive chemicals in lineages that are not 
phylogenetically related, hence suggesting convergent evolution or differential regulation of genes 
of similar metabolic pathways, does not take away from the fact that many traditionally used psy-
choactive herbs show phylogenetic conservatism in pharmacology as well as phytochemistry and 
may thus be explored as potential novel neurological disorder therapeutics. This, therefore, provides 
further evidence of the potential of psychoactive plants as springboards for the discovery of psycho-
therapeutic drugs (McKenna, 1995).

15.7.3  Phylogenetic rationale

Wink (2003) suggested a phylogenetic rationale, since phylogeny forms an evolutionary link 
between various taxa, and thus creates a platform for common metabolic pathway discovery and 
empirical biomedical natural compound prospecting. Without any other additional information, the 
phylogenetic search algorithm (based on the taxonomic neighbourhood) can be regarded as the first 
step to the discovery of other means of existing secondary metabolites, novel biological molecules, 
and activities (Wink, 2003). The key success factor of this method relies on the assumption that 
there is a phylogenetic inertia for the compounds being searched. Numerous earlier workers have 
effectively utilised the phylogenetic avenue to discover alternative sources for existing high-value 
metabolites (Kingston, 2000).

The cancer treatment drug—taxol (Kingston, 2000) is a frequently mentioned example of the 
predictive value of the phylogenetic approach. Taxol was initially extracted from the bark of the 
Pacific yew, Taxus brevifolia Nutt. The high demand for taxol necessitates the discovery of alterna-
tive source of the compound. A different source of taxol (the precursor baccatin III) was established 
quickly and efficiently by seeking for the compound in T. baccata—a close relative of T. brevifolia 
(Kingston, 2000). This example of screening for taxol that might have taken years to discover was 
streamlined into a simple task by integrating the principle of genetic descent with modification, 
which is a phylogenetic approach.

In essence, the phylogenetic rationale could be used to bioprospect for a range of products, 
including searching for known chemical moieties in unknown floristic systems to unravelling newer 
sources of a certain bioactivity. In recent years, this has been greatly facilitated by the develop-
ment of molecular phylogenetic tools and the subsequent rapid build-up of angiosperm phylogenetic 
trees (APG III, The Angiosperm Phylogeny Group, 2009). Phylogenetic techniques have been sci-
entifically useful in bioprospecting, because they have enabled scientists to make more accurate 
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molecular analysis of plant secondary metabolites, consequently leading to quicker drug discovery. 
The use of phylogenetic analysis in bioprospecting has received so much attention to an extent that 
computational methods have also been developed to make the analysis faster and more accurate. 
Phylogenies inference with computational methods has numerous biological and medical research 
applications, for example, conservation biology and drug discovery. Bioprospecting is one of the 
domains where these applications have been implemented.

15.8  PHYLOGENETIC TECHNIQUES IN CRYOPRESERVATION

Germplasm conservation assumes that the material is conserved under conditions ensuring genetic 
stability. Various contributing factors, however, associated with in vitro culture and conservation 
procedures may consequently lead to somatic variations (Srivastava et al., 2012). Hence, it is cru-
cial to continually observe genetic stability during the period of in vitro conservation. Generally, 
the genetic fidelity of recovered plants is evaluated at the biochemical, morphological, cytologi-
cal, and molecular levels (Srivastava et al., 2012). The sequence-related amplified polymorphism 
(SRAP) assay has thus been used to assess genetic stability and detect DNA-level variation. Martín 
and González-Benito (2005) observed that there existed a low variance rate of 0.01%. Similarly, a 
mutation frequency of 0.10% was found by randomly amplified polymorphic DNA (RAPD) assay 
in the chrysanthemum plants cryopreserved by encapsulation–dehydration (Martín and González-
Benito, 2005). Subsequently, using amplified fragment length polymorphism (AFLP) to anal-
yse the genetic stability of chrysanthemum throughout all stages of an encapsulation–dehydration 
cryopreservation protocol showed that most differences were affected by the preculture process of 
high-concentration sucrose solution, which showed that genetic variation could appear throughout 
the cryopreservation process, and the ultra-low temperature itself was not the only stress risk of 
the conservation technique. Ai et al. (2011) concluded that further monitoring of genetic stability 
throughout the cryopreservation process and optimising of cryopreservation protocol should be the 
next work. Their study showed the existence of low genetic variation in plantlets regenerated from 
cryopreserved shoot-tips of Rubescens.

As reported by Urbanova et al. (2005), phylogenetic methods so far indicate that the capabil-
ity of cells to regenerate as well as differentiate into whole plants, and their viability cannot be 
the only factors to assess cryopreservation; however, genetic stability of the regenerated plants at 
DNA level can also be assessed. To evaluate DNA stability, several methods such as restriction 
fragment length polymorphism (RFLP), RAPD, AFLP, or the amplification of variable number 
tandem repeats (VNTR) sequences can be employed. But although alterations in DNA sequences 
are possible, these are not commonly observed after cryopreservation (Lui et al., 2017; Zhai et al., 
2003). Genetic stability in recovered plants is one important aspect of cryopreservation concern. 
Cryopreserved materials can thus be preserved theoretically without genetic alteration for an unlim-
ited period (Hao et al., 2002). It is essential to determine whether the materials retrieved from in 
vitro conservation are genetically identical to the material accessed.

Different phylogenetic methods and genetic markers have been used to compare genomic DNA 
patterns, including RFLP, RAPD fragments, simple sequence repeat (SSR) analysis, and AFLP 
(Kaczmarczyk et al., 2011). This confirms that phylogenetic methods have received extensive appli-
cations in testing different parameters during cryopreservation. Various studies have established 
the presence of genetic stability (Castillo et al., 2010) and where changes in the genome have been 
detected, for example in sugarcane and potato with RFLP markers, the changes could not be related 
to the process of cryopreservation itself (Castillo et al., 2010; Harding, 2004).

Cryopreserved tissues have been found to contain unaltered DNA fragment patterns in compari-
son with the control samples during the examination of embryos (Hao et al., 2002; Helliot et al., 
2002; Peredo et al., 2008; Zhai et al., 2003). However, intra-clonal variation in the RAPD profiles 
was detected in two separate non-frozen cell lines that were pre-treated with sorbitol and dimeth-
ylsulphoxide (DMSO). However, regardless of the success of the RAPD technology in detecting 
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genetic alternation occurrences, some reproducibility limitations in this technology have been 
reported, and this has led to its replacement with SSR and AFLP (Ahuja et al., 2002; Castillo  
et al., 2010; Urbanova et al., 2005). Some researchers have suggested the use of SSR and AFLP 
after cryo-procedures in future genetic fidelity studies showing mixed feelings on the use of phylo-
genetic methods (Salaj et al., 2007). The rapid development of DNA-based methods has also led to 
increased interest in plant genetic integrity assessments after in vitro culture tests and cryopreserva-
tion. Plant tissue culture-induced changes in genetic profiles or somaclonal variation in specimens 
are also well known and reported (Martín and González-Benito, 2005). Some of the genetic changes 
in plant, protists, and animal cells have long been linked to Dimethylsulphoxide (Me2SO). Aronen 
et al. (2005) found some variations in Abies cephalonica’s non-frozen embryonic cultures that were 
subjected to Me2SO using RAPD markers, while Harding (2001) reported that RFLPs of ribosomal 
DNA led to polymorphism in slow-growth potato plantlets and not in cryopreserved specimens. 
Unfortunately, reports on genetic stability of plantlets obtained from cryopreserved apices using 
different techniques are scarce. AFLP polymorphic fragments have been found with a significantly 
diverse frequency between Prunus plantlets derived from frozen and non-frozen apices, using 
encapsulation–dehydration and slow freezing methods, although all plants that were regenerated 
were phenotypically true-to type (Martín and González-Benito, 2005). Such conclusions were only 
arrived at after the use of phylogenetic methods that allow for genetic evaluation before, during, and 
after cryopreservation.

A PCR-based randomly amplified DNA fingerprinting (RAF) was used to explore the genomic 
DNA structure in papaya plants, while the Amplified DNA Methylation Polymorphism (AMP) was 
used to monitor the specimens’ methylation patterns. In terms of molecular analysis, the following 
techniques have been used to assess stability after cryopreservation; RFLP (Harding and Benson, 
2000), SSR, (Harding and Benson, 2001), RAPD (Gagliardi et al., 2003), and AFLP (Turner  
et al., 2001). Although some minor changes have been detected in recovered plants using these 
techniques, the consensus among these reports indicate overall stability after cryopreservation, as 
outlined by Harding (2004). A phylogenetic technique termed RAF was employed to screen for 
changes in genomic DNA primary structure by Kaity et al. (2008). These authors reported that the 
main advantage of this arbitrarily primed PCR marker technique is that no prior knowledge of DNA 
sequence is required, allowing rapid and reproducible amplification and detection of markers from 
any organism.

RAPD, ISSR, and SSR analysis can be used to evaluate genetic fidelity of the cryopreserved lines 
of spices. The genetic fidelity of lines of spices that have been cryopreserved have previously been 
evaluated using ISSR, RAPD, and SSR techniques. The methods of Winirmal Babu et al. (2003, 
2007) and Ravindran et al. (2004) were employed to develop these profiles. Morphological charac-
ters coupled with RAPD profiles using 24 operon primers showed genetic fidelity among randomly 
selected Aimpiriyan and Subhakara black pepper micropropagated plants, indicating the potential 
to clone commercial black pepper using micropropagation protocols (Nirmal Babu et al. 2003). 
Drosophila melanogaster specimen DNA quality has also been isolated and assessed using the 
quantitative PCR (QPCR) technique. The significant damage to DNA owing to cryopreservation has 
implications on genetic studies that employ the use of enzyme amplifications as well as phylogenet-
ics. But, for long-term preservation of tissues, more so when used for sequencing where only a short 
strand is required in the PCR reaction, cryopreservation is the most reliable genomic technique that 
is available and will conceivably be around a long time (Webster and Brian, 2001).

15.9  CONCLUSION AND PROSPECTS

The relatedness of organisms can be questioned if only the phenotype is analysed, but, however, 
phylogenetic analysis has revealed such relatedness at molecular level, ushering in a much more 
accurate way of identifying these organisms. The existence of different languages has had a nega-
tive bearing on the taxonomy of medicinal plants in many different countries of the world. This has 
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resulted in taxonomic under- and over-differentiation. At the same time, the existence of homonyms 
and synonyms has been another result of the existence of many languages, probably caused by spe-
cies divergence and convergence, which has also resulted in erroneous botanical identifications. 
All the problems mentioned above have been and are still being resolved by the advent and use of 
phylogenetic techniques. These techniques have been used to analyse medicinal plants down to 
molecular level, and they have revolutionised the field of taxonomy ushering in a more accurate way 
of identifying and classifying plants. Phylogenetic techniques have also ushered in a more efficient 
way of discovering active drug compounds from traditional medicine, collectively referred to as 
bioprospecting. Using phylogenetic techniques, scientists have discovered that certain plant groups 
are more likely to have bioactive compounds than others, and such phylogenetic studies of plant spe-
cies have helped in new drug discovery. Combining traditional knowledge of medicinal plants and 
phylogenetic analysis has been proposed as being able to uncover neglected species of high promise. 
It can be argued that the use of phylogenetic techniques in bioprospecting can enhance in terms of 
time taken to discover a drug and improve accuracy in drug discoveries.

Conservationists are now relying more on phylogenetic analysis to be able to correctly identify 
species, and craft the correct conservation approach and help in the setting up of conservation 
legislation, including conservation resources allocation. Conservation of biological material is only 
effective and dependable if it does not alter the DNA of the conserved material. Phylogenetic tech-
niques have thus been and are still being used to test whether the DNA of cryopreserved biological 
material remains true-to type. It is without doubt that phylogenetic methods have proved to be indis-
pensable in taxonomy, bioprospecting, and cryopreservation. Remarkable achievements have been 
made using each or a combination of the following phylogenetic methods: PCR, randomly amplified 
DNA fingerprinting (RAF), AMP, RFLP, RAPD, AFLP, SSR, and MSAP.
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16 Spices as Potential Human 
Disease Panacea

Adenike Temidayo Oladiji and Johnson Olaleye Oladele

16.1  INTRODUCTION

According to International Standards Organisation (ISO) based in Geneva, spices are defined as 
natural plants, vegetable materials, or food products used for seasoning, flavouring, and improving/
imparting aroma in foods (Peter, 2001). They serve as ingredients in the preparation of many local 
and international delicacies, and are also useful in food and soup preparation in eateries and homes. 
Spices are typically dried seeds, barks, roots, or vegetable substance used whole or in powdered 
form. For instance, saffron occur as flower stigma, ginger as root, cinnamon as bark, clove as bud, 
and cumin as aromatic seed. They are also consumed as components of diets mixed with food 
items such as nuts, legumes, vegetables, fruits, cereals, milk and milk products, or as whole spices. 
Furthermore, spices are used as appetite stimulants and to generate visual appeal to food (Opara and 
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Chohan, 2014). They have been documented as agents that improved the nutritional quality of foods 
by contributing to the total nutrient intake of protein, carbohydrates, vitamins, fats, protein, and 
minerals. Spices are not only used as food supplements to flavour and/or add colour to foods, but 
they are also employed in traditional medicine as herbs in the management and treatment of diverse 
diseases in different regions of the world (Srinivasan, 2005). Spices are applied as herbs primarily 
in their isolated form from their extracts.

Spices contain several phytochemicals that have proven health benefits (Kaefer and Milner, 2011) 
and are sources of natural antioxidant such as flavonoids, phytoestrogens, volatile oils, phenolic 
diterpenes, terpenoids, phenolic acids, and carotenoids (Kennedy and Wightman, 2011). Spice phy-
tochemicals such as piperine (black pepper), cuminaldehyde (cumin), linalool (coriander), zing-
erone (zinger), capsaicin (red chillies), eugenol (cloves), and curcumin (turmeric) have been reported 
to prevent lipid peroxidation (Oboh and Rocha, 2007; Oladele et al., 2020a). Furthermore, apigenin, 
fisetin, and curcumin have been shown to inhibit coronavirus-2 in an in-silico study and have poten-
tial as drug candidates for the treatment of COVID-19 due to their antioxidant and anti-inflam-
matory properties (Ademiluyi et al., 2020; Oladele et al., 2020b, c). Polyphenols from turmeric 
(Curcuma longa L.) and ginger (Zingiber officinale) have also demonstrated radical scavenging and 
antioxidant properties (Sclbert and Williamson, 2000). Spice antioxidants have gained relevance 
among manufactures, scientists, and consumers, because they are natural. There is an increase in 
the awareness among the consumer of danger posed by intake of synthetic antioxidants because 
of their high instability and high volatility at high temperatures. Thus, attention has been moved 
towards the use of natural antioxidants in food processes (Oboh and Rocha, 2007).

Some scientific studies have reported that spices displayed bioavailability enhancement ability, 
hypolipidaemic property, anti-inflammatory ability, antimicrobial activity, anti-carcinogenic poten-
tial, carminative attribute, digestive stimulant activity, neuroprotective effects, and are important 
source of natural antioxidant (Srinivasan, 2005). Epidemiological, basic, and clinical findings have 
also reported that nutrients from spices reduced the risk and burdens of diseases in human health 
(Iyer et al., 2009; Oladele et al., 2020d).

In Nigeria, the most populous country in Africa, various types of indigenous spices are used to 
add desired flavours and properties to the African/Nigerian foods. Common spices such as clove, 
chili pepper, turmeric, black pepper, sweet basil, and ginger are frequently part of regular African 
household meals and are used as Galenical in traditional African medicine due to their putative 
health benefits. For example, ‘Pepper soup’ is noted for its spicy, aromatic, pungency, and sensory 
flavour due to its constituents such as black pepper, chili peppers, ginger, alligator pepper, clove, 
garlic, Bastered melegueta, Ethiopian pepper, and other spices.

The upsurge in request for natural, safer, and cheaper therapeutics due to high cost and trepida-
tion surrounding the adverse effects of modern/conventional drugs is inspiring awareness in the use 
of phytomedicine for treatment and management of diseases (Oladele et al., 2020e, f). Thus, this 
chapter focuses on the phytochemistry, health benefits, and pharmacological activities of some of 
the selected tropical food spices also used in Nigeria.

16.2  CINNAMON

16.2.1  sources oF cinnamon

Cinnamon is a tropical plant and one of the most prevalent and significant spices used glob-
ally not only for culinary but also for traditional and contemporary medicines. About 250 spe-
cies have been documented among the Cinnamomum genus across the globe (Vangalapati et al., 
2012). Taxonomically, cinnamon belongs to family Lauraceae, and four species are of economic 
significance and are traded globally. These are Vietnamese cinnamon (Cinnamomum loureiroi), 
Indonesian cinnamon (Cinnamomum burmannii), Chinese cinnamon (Cinnamomum cassia 
or Cinnamomum aromaticum), and Ceylon cinnamon (Cinnamomum verum or Cinnamomum 
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zeylanicum) from India and Sir Lanka (Ribeiro-Santos et al., 2017). The inner bark is mainly used 
as spice, and cinnamon is used mainly in the essence and aroma industries owing to its outstand-
ing fragrance, which can be integrated into diverse kinds of perfumes, deodorants, food items, and 
medicinal products (Huang et al., 2007).

16.2.2  chemical constitutes oF cinnamon

The most vital components of cinnamon are trans-cinnamaldehyde and cinnamaldehyde. They are 
constituents of the essential oil, which imparts the fragrance and contributes to the different bio-
logical activities performed by cinnamon (Yeh et al., 2013). Experimental studies have reported 
that trans-cinnamaldehyde is present in different species of Cinnamomum (Chang et al., 2008), and 
(E)-cinnamaldehyde is one of the main components of essential oil extracted from C. Zeylanicum. 
(E)-cinnamaldehyde has been reported to display anti-tyrosinase activity (Marongiu et al., 2007), 
having cinnamaldehyde as the major compound accountable for the activity (Chou et al., 2013).

Polyphenols and volatile phenols are the two major classes of chemical compounds isolated 
from cinnamon. Cinnamon comprises different kinds of resinous compounds, such as cinnamic 
acid, cinnamate, cinnamaldehyde, and some essential oils (Figure 16.1) (Muchuweti et al., 2007). 
Furthermore, isolated polyphenols in cinnamon includes ferulic, p-coumaric, protocatechuic, gal-
lic, caffeic, and vanillic acids (Figure 16.2) (Chou et al., 2013). Its bark consists of catechins and 
procyanidins. The constituents of procyanidins consist of procyanidin A-type and B-type linkages 
(Figure 16.3) (Peng et al., 2008). Procyanidins isolated from cinnamon has been reported to have 
antioxidant activities (Tanaka et al., 2008). The presence of cinnamaldehyde is responsible for the 
spicy taste and fragrance of cinnamon (Maata-Riihinen et al., 2005). Cinnamon’s colour darkens as 
it increases in age—a process that enhances the resinous compounds present in the spice. Some of 
the essential oils that have been isolated from cinnamon include α-thujene, terpinolene, α-terpineol, 
eugenol, cinnamyl acetate, trans-cinnamaldehyde, l-bornyl acetate, α-cubebene, caryophyllene 
oxide, e-nerolidol, b-caryophyllene, and l-borneol (Figure 16.4) (Tung et al., 2010).   

16.2.3  Biological and medicinal signiFicance oF cinnamon

16.2.3.1  Anti-Inflammatory Activity of Cinnamon
Studies have established the anti-inflammatory activity of constituents of cinnamon and its essential 
oils (Tung et al., 2010). Phytocompounds with proven anti-inflammatory activities have been isolated 
from cinnamon; these include quercetin, oroxindin, hypolaetin, hibifolin, hesperidin, gnaphalin, 

Cinnamic acid Cinnamaldehyde

Cinnamyl acetate

FIGURE 16.1 Resinous compounds isolated from cinnamon.
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and gossypin (Cho et al., 2013). Furthermore, 2’-hydroxycinnamaldehyde isolated from C. cassia 
bark was reported to suppress nitric oxide production through the inactivation of the nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB), thus suggesting 2’-hydroxycinnamalde-
hyde as a potential anti-inflammatory mediator (Lee et al., 2005). Similarly, phytochemicals con-
tained in C. ramulus exhibited anti-inflammatory activities through inhibition of nitric oxide (NO) 
production, cyclooxygenase-2 (COX-2), and inducible nitric oxide synthesis (iNOS) expression in 
the brain, suggesting it has therapeutic potential for the prevention and/or treatment of inflamma-
tion-induced neurodegenerative diseases (Hwang et al., 2009). Furthermore, the aqueous extract of 

P-coumaric acid Caffeic acid

Eugenol Gallic acid

Protocatechuic acid Vanillic acid

Ferulic acid

FIGURE 16.2 Phenolic compounds isolated from cinnamon.
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cinnamon reverses serum level of tumour necrosis factor-α mediated by lipopolysaccharide (Hong 
et al., 2012). The ethanol extract of C. cassia exhibited anti-inflammatory activities by suppressing 
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB)-induced activation of Src/
spleen-tyrosine kinase (Src/Syk) (Yu et al., 2012).

B-caryophyllene Eugenyl acetate

Terpinolene Caryophyllene oxide 

Coumarin Benzyl benzoate 

Caryophyllene Procyanidin type-A polymer

FIGURE 16.3 Other compounds isolated from cinnamon.
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16.2.3.2  Anti-cancer Activity of Cinnamon
Anti-cancer activities of some phytochemicals isolated from cinnamon have been reported.  
For instance, cinnamaldehydes have been documented as inhibitors against angiogenesis (Kwon  
et al., 1997). Procyanidins isolated from aqueous extract of cinnamon demonstrated protective role 
against carcinogenesis by suppressing angiogenesis process via the inhibition of the vascular endo-
thelial growth factor subtype 2 (VEGFR2) kinase activity (Lu et al., 2010). Cinnamic aldehyde has 
been suggested as a potential anti-cancer agent inhibiting the production of interleukin-8 (IL-8), 
tumour necrosis factor alpha (TNF-α), and suppressing the activity of NF-κB in A375 cells (Cabello 
et al., 2009). The anti-tumour and tumour growth inhibitory properties of CB403—a phytochemi-
cal obtained from cinnamaldehyde and 2’-hydroxycinnamaldehyde further potentiate cinnamon as 
an anti-cancer agent (Jeong et al., 2003).

Anti-cancer effect of aqueous extract of cinnamon has also been reported via the enhancement 
of the antioxidant enzyme activities and detoxification process of glutathione-s-transferase, with 
associated decrease in lipid peroxidation level in animals with colon cancer (Bhattacharjee et al., 
2007). The essential oils from C. Cassia suppress alpha melanocyte-stimulating hormone-mediated 
melanin secretion, thus inhibiting oxidative stress in murine B16 melanoma cells (Chou et al., 2013). 
Trans-cinnamaldehyde from C. Osmophloeum has also exhibited anti-cancer effect via increasing 
tumour cell apoptosis and limiting tumour cell growth (Fang et al., 2004).

16.2.3.3  Antioxidant Activity of Cinnamon
Spices and medicinal plants have gained special interest as reservoirs of helpful antioxidant com-
pounds that can be used to mitigate the pathogenesis of several diseases (Shaj, 2006). Foods contain-
ing antioxidant compounds perform crucial functions in human health, helping to prevent diseases 
and serving as health-enhancing agents. They help to prevent damage in metabolic diseases, 
attacks from free radicals, and age-related syndromes in animals and humans (Halliwell, 2011).  

Linalool E-nerolidol 

l-borneol  Borneol

FIGURE 16.4 Hydroxyl compounds isolated from cinnamon.
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The essential oils, eugenol, (E)-cinnamaldehyde, and linalool have been reported to effectively 
inhibit peroxynitrite-induced nitration and lipid peroxidation (Chericoni et al., 2005). Another study 
has also documented the antioxidant activities of different extracts of cinnamon, which includes 
methanol, aqueous, and ether extracts (Mancini-Filho, 1998). Cinnamon displayed the highest anti-
oxidant activity among 26 other spices used in a comparative study, suggesting cinnamon as a 
source of antioxidant (Shan et al., 2005).

Similarly, Lin et al. revealed the antioxidant activity of hot water and ethanol extracts of the dry 
bark of C. cassia. The ethanol extract of C. cassia exhibited substantial inhibition (96.3%) com-
pared to α-tocopherol (93.74%) (Lin et al., 2003). Taken together, cinnamon showed higher antioxi-
dant activities compared to other dessert spices (Murcia et al., 2004). Rats treated with bark powder 
of C. verum (10%) for 90 days exhibited antioxidant activities similar to that shown by glutathione 
(GSH), lipid conjugate dienes, and hepatic and cardiac antioxidant enzymes (Dhuley, 1999). A study 
examined the effect of different concoctions of spices on antioxidant and oxidative stress markers 
in high fructose-fed insulin-resistant rats. The concoction that contained 1 g/100 g cinnamon bark 
exhibited marked antioxidant activity (Suganthi et al., 2007). Flavonoids isolated from cinnamon 
have antioxidant and free-radical-scavenging activities (Okawa et al., 2001), while mixture of alco-
hol and aqueous extract (1:1) of cinnamon in an in vitro study inhibited lipid peroxidation and fatty 
acid oxidation (Shobana and Naidu, 2000).

Volatile oils from C. zeylanicum exhibited substantial antioxidant activities (Jayaprakasha and 
Rao, 2011). Lee et al. (2002) reported the inhibitory effects of cinnamaldehyde against nitric oxide 
production as well as the expression of inducible nitric oxide. The highest inhibitory effects were 
documented as 41.2%, 71.7%, and 81.5% at 0.1, 0.5, and 1.0 µg/µL, respectively (Lee et al., 2002). 
Cinnamon oil has been reported to display superoxide-dismutase- (SOD-) like activity, as showed 
by the inhibition of the inhibiting capacity of pyrogallol autoxidation (Kim et al., 1995). A study 
on extracts (aqueous, alcohol, and n-hexane extracts) of C. malabatrum leaves to evaluate the phy-
tochemical contents and antioxidant activities showed that all of the extracts contained phenolic 
compounds and exhibited inhibition against free radicals such as nitric oxide, lipid peroxide, and 
hydrogen peroxide (Aravind et al., 2012). Studies on the antioxidant activities of various parts (buds, 
leaf, and barks) of C. cassia found that ethanol extract of all the plant parts exhibited significant 
antioxidant properties (Yang et al., 2012).

16.2.3.4  Anti-diabetic Activity of Cinnamon
A comparative study on the insulin-potentiating effects of many spices reported that the aqueous 
extract of cinnamon was 20-fold higher than some other spices (Broadhurst et al., 2000). A com-
pound named ‘insulin-potentiating factor’ (IPF) has been isolated from cinnamon, and various stud-
ies have established the anti-diabetic effects of cinnamon extracts (Crawford, 2009). Naphthalene 
methyl ester—a new phytocompound characterised from hydroxycinnamic acid derivatives has 
been shown to have anti-diabetic properties via its ability to lower blood glucose level (Kim et al., 
2006). Furthermore, beneficial effects of cinnamon bark against streptozotocin-induced diabetes in 
rats has been reported (Onderoglu et al., 1999).

Cinnamon has been reported to improve glycaemic control in diabetics due to its ability to boost 
insulin secretion (Lee et al., 2013). The antioxidant and anti-inflammatory activities of cinnamon 
in the pancreas may confer protection to pancreatic β cells (Lee et al., 2013). Isolation and charac-
terisation of polyphenol type-A polymers from cinnamon with insulin-like activity has also been 
reported as possible anti-diabetic agents of cinnamon. Some of the polyphenols present are isorh-
amnetin, kaempferol, quercetin, catechin and rutin (Li et al., 2008; Yang et al., 2012), and aqueous 
extract of cinnamon (rich in these polyphenols) exhibited insulin-like activity (Cao et al., 2007). 
The aqueous extract also significantly reduced the absorption of alanine in intestine of rats. Alanine 
plays a critical function in gluconeogenesis, acting as a substrate for gluconeogenesis (Kreydiyyeh 
et al., 2000).
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16.2.3.5  Neuroprotective Activity of Cinnamon
Parkinson disease (PD)—the second most common neurodegenerative disease after Alzheimer 
disease is becoming widespread among aged individuals of 65 years and above with prevalence 
rate of 2% (Oladele et al., 2020f). A study reported that cinnamon metabolite (sodium benzoate) 
upregulates DJ-1 via modulation of mevalonate metabolites (Khasnavis et al., 2012). Alterations in 
the DJ-1 gene induced PD protein 7 (PARK7), which is an autosomal recessive form of early-onset 
Parkinsonism (Bonifati et al., 2004). PARK7 is one of the major neuroprotective proteins in the 
brain that defend cells against free radical attack and harmful effect of oxidative stress (Khasnavis 
et al., 2012). In another study, the two major pathological features of Alzheimer disease—fila-
ment formation and tau aggregation were significantly reduced following administration of aqueous 
extract of C. zeylanicum. The extract also enhanced complete fragmentation of recombinant tau 
filaments and facilitated alteration on the morphology of paired helical filaments from Alzheimer 
disease brain (Peterson et al., 2009). Cinnamon and its sodium benzoate metabolite also enhance 
the activities of neurotrophin-3 (NT-3) and brain-derived neurotropic factors (BDNF) (Jana et al., 
2013).

A phytochemical isolated from cinnamon has been reported to significantly decrease the devel-
opment of β-amyloid polypeptide (Aβ) oligomers and ameliorates its toxic effect on neuronal 
pheochromocytoma (PC12) cells (Frydman-Marom et al., 2011). This study revealed that the phyto-
chemical enhances movement and completely eliminated the tetrameric species of Aβ in the brain 
of the fly model of Alzheimer disease, decreases plaques, and enhances the cognitive functions of 
transgenic mice models (Frydman-Marom et al., 2011). Cinnamophilin—a novel thromboxane A2 
receptor antagonist isolated from C. philippinensis (Yu et al., 1994) has been documented to protect 
against ischaemic damage in rat brain, thus enhanced neurobehavioral outcomes and has a positive 
effect on abridged brain infarction (Lee et al., 2009).

16.3  ONION

16.3.1  sources oF onion

Onion (Allium cepa L.) has been treasured as a medicinal plant and food since time immemorial. 
Onion is documented to be one among the quondam vegetables and was mentioned in some ancient 
scriptures (Singh, 2008). It is a vegetable bulb plant common to most cultures and consumed glob-
ally (Figure 16.5). Onion is extensively cultivated (with global production of 74,250,809  tonnes 
from an area of 4,364,000 hectares), second only to tomato (FAO, 2012). In 2015, the global onion 
production is estimated to be 78.31 million tons, with the average productivity of 19.79 t/ha (FAO, 
2015). The name is possibly derived from the Latin unus meaning ‘one’, and it is introduced to 

FIGURE 16.5 Onion bud.
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Britain by the Romans, where it is then transported to the Americas (Burnie et al., 1999). Onion is 
a member of the Amaryllidaceae family; it smells when crushed and is either biannual or peren-
nial plant (depending on the cultivar) (WHO, 1999). The plant has tubular leaves, bulb, and shallow 
adventitious fibrous roots (Ranjitkar, 2003). It is frequently referred to as ‘Queen of the kitchen’ due 
to its highly cherished aroma, unique taste, flavour, and the medicinal activities of its phytochemi-
cals (Griffiths et al., 2002). Onion is a rich source of dietary flavonoids, fructans, and organosulphur 
compounds, and has much usefulness, for instance, it is used as condiment, as spice, in curries, in 
salads, or in food processing such as in flakes, paste, or pickles.

16.3.2  chemical constitutes oF onion

Phytochemical investigations on A. cepa showed that it contains many phytocompounds that confer 
its unique taste, flavour, and therapeutic properties. Sulphur-containing compounds have been iso-
lated from onion such as iso-alliin, propiin, methiin, dipropyl disulfide, dipropyl trisulfide, allicin, 
S-alk(en)yl-l-cysteine sulfoxides (such as alliin and c-glutamylcysteine), and lipid-soluble sulphur 
compounds (e.g., diallyl sulfide, diallyl disulfide), all of which contribute to the unique taste and 
smell of fresh onion (Vazquez-Armenta et al., 2014). Thiopropal S-oxide—a compound from the 
sulphur volatiles is an irritating lachrymatory factor distinctively found in onions, which is con-
verted by the action of the enzyme alliinase to methylpentanols (Thomas and Parkin, 1994).

Moreover, different phenolic compounds such as kaempferol, quercetin, protocatechuic acid, gal-
lic acid, and ferulic acid have been isolated from four kinds (red, violet, white, and green) of A. cepa 
(Prakash et al., 2007). Similarly, different types of anthocyanins have been isolated from onion. These 
anthocyanins include: 5-carboxypyranocyanidin 3-O-β-glucopyranoside, 5-carboxypyranocyanidin 
3-O-(6’-O-malonyl-β- glucopyranoside, malvidin 3’ -glucoside, peonidin 3’ -glucoside petunidin 3’ 
-glucoside acetate, peonidin 3-O-(6’-O-malonyl-β-glucopyranoside), peonidin 3-O-(6’-O-malonyl-
β-glucopyranoside)-5-O-β-glucopyranoside, cyanidin 3,4’-di- O-β-glucopyranoside, cyanidin 
7-O-(3’-O-β-glucopyranosyl-6’-O-malonyl-β-glucopyranoside)-4’-O-β-glucopyranoside, and cyani-
din 3-O-(3’-O-β-glucopyranosyl-6’-O-malonyl-β-glucopyranoside)-4’-O-β-glucopyranoside (Fredotovic  
et al., 2017; Perez-Gregorio et al., 2010).

Various kinds of flavonoids such as quercetin 3,4’-diglucoside, isorhamnetin 3,4’-diglucoside, 
quercetin 7,4’-diglucoside, quercetin 3,7,4’-triglucoside, querctin 3-glycosides, delphinidin 3,5-digly-
cosides, quercetin-3-monoglucosid, quercetin-4’-monoglucoside, quercetin-3,4’-diglucoside, and 
quercetin aglycon have been reported in different types of onions (Figure 16.6) (Zhang et al., 2016). 
Non-reducing sugars and pyruvic acid have been confirmed to be present in onions (Dhumal et al., 
2007). The pyruvic acid content, which is a product of alkenyl-cysteine sulfoxide enzymatic deg-
radation, is used as an indirect measure of the pungency of A. Cepa (Yoo et al., 2006). Oxalic, tar-
taric, succinic, malic, citric, and ascorbic acids are the organic acids identified in the bulb extracts. 
Aldehydes and ketones have also been detected in onion (Liguori et al., 2017).

16.3.3  Biological and medicinal signiFicance oF onion

16.3.3.1  Antioxidant Activity of Onion
Oxidation of lipids, proteins, and DNA by the activities of free radicals and reactive oxygen/nitro-
gen species (ROS/RNS) is one of the processes that contribute significantly to the pathogenesis of 
some disease conditions, such as neurodegenerative diseases (e.g., Parkinson’s disease, Alzheimer’s 
disease), inflammatory diseases (e.g., Ulcerative colitis), cardiovascular disorders, cancer, and age-
ing (Oladele et al., 2020f, g, h). Experimental studies have demonstrated that phytochemical-based 
diets, especially those rich in fruits and vegetable, supply the body with enough phytochemicals and 
antioxidants (such as glutathione, vitamins C, and E, flavonoids, phenolic compounds) that can help 
the cells mitigate oxidative stress-induced cellular damage (Dimitrios, 2006).
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Onion contains flavonoids and anthocyanins such as kaempferol and quercetin in the conjugate form 
(quercetin 3,7,4’-O-β-triglycopyranoside, quercetin 3,4’-O-β-diglycopyranoside, and quercetin 4’-O-β-
glycopyranoside), which are effective antioxidants against oxidation of low-density lipoproteins (LDL) 
and non-enzymatic lipid peroxidation. Quercetin and its dimerized compounds have demonstrated 
great antioxidant activities compared to α-tocopherol (Park et al., 2007). The top–bottom and brown 
skin of industrial onion wastes have been suggested to be a source of functional ingredients, because 
it contained high levels of flavonoids and phenolic compounds with high antioxidant activity (Benitez 

Quercetin Quercetin-3-o-beta-glucoside

Quercetin-4’-o-beta-glucoside Quercetin-3,4’-o-beta-glucoside

Saponin Isorhamnetin 

Rutin 

FIGURE 16.6 Compounds isolated from onion.
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et al., 2011). Similarly, the antioxidant activity of different extracts of red onion peel were examined 
using many methods. It was documented that the ethyl acetate extract has the highest amounts of poly-
phenols and could be a natural antioxidant in nutraceutical products (Singh et al., 2009).

16.3.3.2  Anti-carcinogenic and Anti-mutagenic Activities of Onion
Anti-carcinogen activities of onion and related Allium species have been documented in different 
experimental studies (Galeone et al., 2006). Chemoprevention of onion has been reported against skin 
cancer (Byun et al., 2010), endometrial cancer (Galeone et al., 2009a), ovarian cancer (Shen et al., 
1999), breast cancer (Levi et al., 1993), liver cancer (Fukushima et al., 2001), bladder (Malaveille et al., 
1996), prostate cancer (Hsing et al., 2002), brain cancer (Hu et al., 1999), lung cancer (Le Marchand  
et al., 2000), colorectal cancer (Tache et al., 2007), and gastric cancer (Gonzalez et al., 2006).

The anti-carcinogenic mechanisms of onion have been suggested to involve induction of apopto-
sis and inhibition of cell division to prevent cellular proliferation (Brisdelli et al., 2007); suppression 
of oxidative damage due to its antioxidant action (Raso et al., 2001); inhibition of gene transcrip-
tion (Bora and Sharma, 2009); repression of bioactivating enzymes of procarcinogens (Platt et al., 
2010); modification of carcinogen pathogenic pathways by inducing phase II enzymes such as UDP-
glucuronosyl transferase, NAD(P)H-dependent quinine reductase, and glutathione S-transferase 
(GST) (Tsuda et al., 2004), which enhances the carcinogen hydrophilicity, thus easing its excretion 
from the body (Brisdelli et al., 2007), and suppression of cyclooxygenase and lipoxygenase activi-
ties (anti-inflammatory effect) (Rosa et al., 2001).

S-methylcysteine, S-allyl cysteine, N-acetylcysteine, dipropyl disulphide, dipropyl sulphide, and 
diallyl disulphide are some of the isolated phytocompounds in onion that have shown anti-cancer 
effects against kidney, liver, lung, mammary gland, oesophagus, forestomach, and colon cancers 
(Bora and Sharma, 2009). Similarly, luteolin (3,4,5,7-tetrahydroxyflavone) and quercetin are flavo-
noids isolated from onions with anti-inflammatory (Ueda et al., 2002; Zayachkivska et al., 2016), 
anti-angiogenic (Bagli et al., 2004), antioxidative (Manju et al., 2005), anti-metastatic, and anti-
proliferative (Lee et al., 2006) effects in cancer cell assay.

16.4  RED CHILI PEPPER

16.4.1  sources oF red chili PePPer

A major commercial crop that is grown worldwide is chili (Capsicum spp.). It is a dicotyledonous 
flowering plant with various names that belongs to the family Solanaceae. It has a variety of nutri-
tional and medicinal values, such as spicy pepper, chili pepper, and bell pepper etc., Capsicum bac-
catum, Capsicum pubescens, Capsicum chinense, Capsicum annuum, and Capsicum frutescens are 
the five domesticated types of chili pepper. One of the commercially significant species of the genus 
Capsicum is red chili pepper (C. frutescens L.), also identified as bird pepper (local name in Yoruba, 
Ata wewe) (Figure 16.7) (Forero et al., 2008). The fruit has a conical shape of about 2 cm in length 
and 0.5–1 cm in diameter. In the culinary world, chili peppers (Capsicum spp.) with their distinctive 
pungent taste are an essential ingredient. Chili pepper is endowed with vivid, appealing colour and 
attractive fragrance. Although these fruits are gastronomically demanding but are frequently used 
in cuisine by people from all over the world (Bosland et al., 2012; Russo, 2012). Scientific research 
has documented the flavour and nutritional components of chili (C. frutescens) peppers (Bosland  
et al., 2012; Russo, 2012). Like their purposeful benefits, chili peppers are entirely used due to their 
taste, which depends on the compounds associated with the aroma and flavour.

16.4.2  chemical constitutes oF red chili PePPer

Red chilis are rich source of vitamin A and consist of significant quantity of antioxidants, including 
vitamin A, vitamin B-complex vitamin groups such as thiamin (vitamin B1), riboflavin, pyridoxine 
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(vitamin B6), and niacin and flavonoids such as lutein, alpha-carotene, zea-xanthine, beta-carotene, 
and cryptoxanthine. It also comprises various minerals such as magnesium, iron, manganese, and 
potassium. Violaxanthin, ferulic acid, sinapic acid, and lutein are other bioactive compounds found in 
Chili (Chopan and Littenberg, 2017). The key bioactive compound in chilli is capsaicin, and is respon-
sible for its incomparable taste and various fitness benefits. Capsaicin is traditionally used to treat and 
manage headaches, mastectomy pain, arthritis pain, psoriasis, osteoarthritis, post-herpetic neuralgia, 
and diabetic neuropathy; it is also used to protect against stroke, improves heart health, heal intestinal 
problems, and lowers blood sugar level (Jin et al., 2009). There are also several patents for herb or ani-
mal repellents, insecticides, and capsaicinoid-containing pesticides (Eich, 2008). Scientific research 
on humans has confirmed that capsaicin has the anti-cancer effect against prostate cancer cells (Diaz-
Laviada, 2010). The pungency of C. frutescens pods are recognised for their dietetic, neurological, and 
pharmacological effectiveness. This pungency is due to the presence of Capsaicinoids—non-volatile 
alkaloids that are acid amides of C9-C11 branched-chain fatty acids and vanillylamine (Figure 16.8). 
They have been reported to decrease the blood cholesterol level when used at low levels in the regular 
diet and displayed significant antibiotic activity (Govindarajan et al., 1991).

16.4.3  Biological and medicinal signiFicance oF red chili PePPer

16.4.3.1  Immunomodulatory Properties of Red Chili Pepper
Chilli pepper contains phytocompounds that can improve the body’s immune system such as 
β-carotene or pro-vitamin A, and vitamin C is present abundantly in green chilli peppers. Vitamin 
A, also known as the anti-infection vitamin, has been reported to boost immunity in healthy mucous 
membranes, which serve as the first line of defence of the body against attack of pathogens and line 

FIGURE 16.7 Red chili pepper.
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the intestinal tract, lungs, nasal passages, and urinary tract. Capsaicin also improves the defence 
mechanism of the body (Payan et al., 1984). Vitamin C in Capsicum is a vital immune supportive 
bioactive compound that enhances the repair process of injured brain tissues, enhances bone health, 
and decreases the risk of cancer, paediatric asthma, and oxidative stress (Sancho et al., 2002; Ahuja 
et al., 2006). Capsaicinoids are also known for their immunosuppressive activity. Capsiates and their 
dihydro derivatives are the major capsaicinoids of sweet pepper that do not stimulate the vanilloid 
receptor type1 (VR1). It, however, shares some biological processes mediated in a VR1-independent 
manner with capsaicin, such as inhibition of early and late processes involved in T cell activation.

16.4.3.2  Effects of Red Chili Pepper on Cardiovascular Diseases
Red chili (cayenne) has been documented to decrease platelet aggregation, triglyceride levels, and 
blood cholesterol, as well as enhance the formation of blood clots via dissolution of fibrin in the 
body (Payan et al., 1984). Similarly, regular diet containing hot chili have been reported to prevent 
stroke and pulmonary embolism, improve rate of heart attack, and lower blood pressure (Wead 
et al., 1987). Studies of flavonoids in Capsicums have suggested that they are beneficial towards 
preventing coronary heart disease, as they are vasodilative and can improve hypotension and blood 
flow. This is most likely due to the tachykinins, which are known bioactive ingredients in Capsicum 
(Clement et al., 2012). Spicing meals with chili peppers have also been documented to prevent the 
deposition of fats in blood vessel walls caused by free radicals—a first step in the pathogenesis of 
atherosclerosis (Ahuja and Ball, 2006).

Homocapsaicin 

Dihydrocapsaicin 

N-vanillyldecanamide 

Capsaicin 

Nordihydrocapsaicin 

Nonivamide 

Homocapsaicin I

Homodihydrocapsaicin I

Homodihydrocapsaicin II

FIGURE 16.8 Chemical structures of phytochemicals in chili pepper.
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16.4.3.3  Anti-Inflammatory Properties of Red Chili Pepper
The potent inhibitor of substance P—a neuropeptide associated with inflammatory processes is 
capsaicin (8-methyl-N-vanillyl-6-nonenamide). It reduces inflammation by enhancing blood flow 
to the site. Capsaicin is important in the treatment of sensory nerve fibre disorders, together with 
pain associated with arthritis, diabetic neuropathy, and psoriasis. Capsaicin-containing diet was 
reported to delay the onset of arthritis and reduced paw inflammation in animals injected with a 
substance that induces inflammatory arthritis (Clement et al., 2012). Capsicum’s anti-inflammatory 
activity has been shown to relieve arthritis-related pain (Clement et al., 2012) and neurogenic pain 
such as that associated with Crohn’s disease (Sancho et al., 2002). The anti-inflammatory action of 
capsaicin can interfere with the oxygen radical transfer mechanism common to the cyclooxygenase 
and lipoxygenase pathways. As such, capsaicin is sold as a very potent ointment that relieves pain.

16.4.3.4  Anti-carcinogenic and Anti-mutagenic Properties of Red Chili Pepper
The prevention and treatment of cancer is another bioactive consequence of tannins found in the 
Capsicum molecule (Clement et al., 2012). The antioxidant effects of Capsicum indicate that other 
forms of cancer such as some hormone-related prostate cancers can be treated. It can also inhibit 
cancer cell growth and degrade weakened cellular structures in the human body (Ernst, 2011). 
Capsaicin has been documented to mitigate experimentally induced tumourigenesis and mutagen-
esis (Oyagbemi et al., 2010). Capsaicin causes apoptosis of some cancer cells and has a putative 
role in the prevention of cancer (Surh, 1999). A ligand-dependent transcription factor is Peroxisome 
proliferator-activated receptor γ (PPARγ)—a member of the super family of nuclear receptors. 
Peroxisome proliferator-activated receptor γ (PPARγ) pathway may be linked to capsaicin-induced 
apoptotic cell death in HT-29 human colon cancer cells. In a variety of cancer cells, PPARγ activa-
tion results in growth arrest and/or apoptosis.

16.4.3.5  Other Health Benefits of Red Chili Pepper
Capsicum comprises astringent tannins and is being used to treat gastrointestinal disorders (clement 
et al., 2012). When ingested, Capsicum operates as mucilage by enhancing the secretion of gastric 
mucus. Many studies have shown the use of Capsicum in the treatment of peptic ulcer disease with 
its anti-inflammatory properties (Ernest, 2011). Similarly, many clinical studies have demonstrated 
the efficacy of Capsicum when applied topically to treat fibromyalgia symptoms (Kim et al., 2008). 
The Capsicum chili pepper vitamins are known to have antioxidant effect on cell tissue that can 
suppress ageing (Clement et al., 2012). Cayenne’s production of capsaicin has the known effect of 
dilating the arteries, thereby helping to reduce blood pressure. Furthermore, regular diet containing 
chili pepper has been found to lower insulin requirements and suppress the risk of hypernsulinae-
mia associated with type 2 diabetes. C-peptide/insulin is another vital clinical tool in diagnosis of 
diabetes, which reveals the rate of hepatic insulin clearance in the body. Diet containing chili pepper 
has been reported to increase the ratio of C-peptide/insulin (Oyagbemi et al., 2010). Phytochemicals 
in chili pepper such as carotenoids and vitamin C can also enhance insulin regulation (Kiran et al., 
2006).

16.5  CONCLUSION AND PROSPECTS

This chapter showed that spices are natural plants, vegetable materials, or food products used for 
seasoning, flavouring, and improving/imparting aroma in foods, and possess great beneficial poten-
tials not only as foods but also as traditional and modern medicine. These spices (cinnamon, onion, 
and red chili pepper) are regarded as essential spices serving as very rich sources of variety of 
phytochemicals, most of which are biologically active. The practice of application of these spices 
in diverse traditional systems of medicine expands their importance from culinary (in cooking) 
to therapeutic agents as well as use in cosmetics, and suggests their significance in economy and 
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agriculture. Scientific studies have documented that several bioactive compounds in these spices: 
sesquiterpenes, aromatics, volatile constituents, essential oils, resinous compounds, sulphur-con-
taining compounds, and phenolic compounds have both pharmacological and biological activities 
that enhance their use in traditional medicine. Cinnamon, onion, and red chili pepper have been 
used in the treatment and/or management of headaches, cancer, mastectomy pain, hypertension, 
diarrhoea, arthritis pain, psoriasis, obesity, osteoarthritis, post-herpetic neuralgia, diabetic neuropa-
thy, and strokes. These three spices have also been reported to improve heart health, heal intestinal 
problems, as well as lower blood sugar levels.

Despite the massive migration of people internationally, local taste desires and culinary customs 
will persist. Therefore, there is a growing need to fashion a new cultural ethnographic market for 
these spices and their products. In addition to the demand due to taste and culinary practices, sci-
entific studies have increased the awareness of the nutraceutical benefits of these spices. To meet 
this continuous demand and trade of these spices, biotechnology is one of the most promising 
approaches that can enhance their production and protection while also maintaining the quality.
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17.1  INTRODUCTION

Medicinal plants include all flora that have been a source of medicine to man and animals from the 
ancient times due to their proven therapeutic effects that could be found in orthodox drugs (Ahn, 
2017). During that time, plants were only used empirically with no mechanistic knowledge of their 
pharmacological activities or bioactive chemicals. The link between man and his search for drugs 
in nature dates to ancient times, as evidenced by writings, historic monuments, and even plant-based 
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medication. In his search for natural drugs and struggle against illnesses, man learned to hunt for 
drugs in leaves, barks, roots, seeds, fruits, and other parts of plants, leading to the evolution of ideas 
about the use of medicinal plants (Petrovska, 2012). Only in the 18th century did Anton von Störck, 
who studied poisonous herbs like aconite and colchicum, and William Withering, who studied 
foxglove for oedema treatment, lay the groundwork for rational clinical investigation of medicinal 
herbs (Atanasov et al., 2015).

Through metabolic processes, plants synthesize various phytoconstituents that are implicated as 
carriers of biologically active compounds of high medicinal importance thought to be responsible 
for different pharmacological effects attributed to plants (Ahn, 2017; Patwardhan & Mashelkar, 
2009). Medicinal plants may be administered to heal a particular illness, different kinds of diseases, 
or used to maintain normal health condition (Smith-Hall et al., 2012; Sneader, 2005). Modern sci-
ence has recognized the bioactive potential of these phytoconstituents, and it has incorporated them 
in modern pharmacotherapy—a variety of plant-based drugs known to ancient civilizations and 
used for ages (Petrovska, 2012). The evolution of thoughts about the use of plants as medicine and 
food, as well as the propagation of the medicinal potential of plants, has created different layers of 
medicine–food continuum required to advance the biocultural adaptation of humans to the occur-
rence of diseases and prevention (Jennings et al., 2015; Júnior et al., 2015).

Information on the use of plants lacks the state-of-knowledge synopsis needed to harness vari-
ous documents that are scattered across a wide range of disciplines, sectors, and countries around 
the world. This delays the systematic integration of herbal medicine into national healthcare sys-
tems in many nations, though there are some remarkable examples of herbal medicine integration 
into national health legislation (Smith-Hall et al., 2012). In a fact sheet entitled “The Millennium 
Development Goals and the United Nations Role”, the United Nations’ Department of Public 
Information emphasized the significance of medicinal plants in health care and as major contribu-
tors to the realization of the millennium development goals (Smith-Hall et al., 2012; United Nations, 
2002). Nowadays, trade in botanical drugs and herbal products has elicited interest across the world 
having created a multi-billion-dollar market, which was projected to even exceed 7 trillion dollars 
by 2050 (Mosihuzzaman, 2012; Sen et al., 2011), although not without omissions in terms of finan-
cial records, global database of plant families or species involved, business routes, registered trade 
channels, and partners, retailers, and final consumers of herbal products. The potential market in 
herbal medicine has forced leading pharmaceutical industries to diversify their products by produc-
ing and upselling herbal products using their trademarks and retail channels to get involved fully in 
the business (Cunningham, 1989; Fokunang et al., 2011), thereby propagating the commercializa-
tion and consumption of plant-based drugs.

It is thus glaring that the commercialization of medicinal plants has reconstructed the market 
structure of drugs production and marketing globally with attendant wealth creation, and deliberate 
and unintended destruction of biodiversity. This chapter reviews the opportunities that are created 
by large-scale harvesting, growing, and trade in medicinal plants as well as the threats it portends 
to biodiversity to reassess conservation priorities and implement various recovery plans proposed 
by conservation botanists.

17.2  DIVERSITY OF MEDICINAL PLANTS

The distribution of life on earth is characterized by striking latitudinal variation in species rich-
ness based on palaeontological, biogeographic, ecological, and geospatial indices (Brown, 1990; 
Rocchini et al., 2015). Assessment of species richness is important to macroecology, conservation 
planning, and comparative community studies to estimate the number of endemic species in a geo-
graphic area detected from spatial and temporal changes in species distribution (Bye et al., 1995; 
Iknayan et al., 2014).
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According to the Leipzig Catalogue of Vascular Plants (LCVP; version 1.0.2), there are 351,176 
plants in the world with accepted names spread within 13,422 genera, 561 families, and 84 orders 
derived from relevant plant taxonomic databases and coherently versioned to accommodate 
future updates (Freiberg et al., 2020). The global distribution of medicinal plants is not uniform 
(Jamshidi-Kia et al., 2018) largely due to environmental inequalities; however, more than 72,000 
plants are used worldwide as botanical drugs and in cosmeceutical applications (Chen et al., 2016b; 
Hassanpouraghdam et al., 2022; Jimoh & Kambizi, 2022; Schippmann et al., 2006).

The African continent is endowed with a huge diversity of plant species numbering over 50,000, 
a quarter of which are being used in the treatment of diseases since ancient times (Iwu, 2014). Of 
recent, African medicinal plants have gained some prominence as dietary supplement with the 
rising prevalence of polyherbacy, polypharmacy, and multi-drug therapy. The increased usage of 
herbal products as drugs and nutritional supplements in developed nations has created a new vista 
in the use of medicinal plants in global health care delivery (Benzie & Wachtel-Galor, 2011; Iwu, 
2014; Ritchie, 2007)

17.2.1  misidentiFication oF medicinal Plants

Inaccurate identification of medicinal plants has caused a major setback to the use, adoption, and 
promotion of herbal drugs. This has compromised further the quality of remedies received by con-
sumers and predisposed them to higher levels of medical hazards in several ways (Street et al., 
2008). In the developing countries and all over the world, most of the trade in medicinal plants takes 
place indoor or on the streets where wrong prescription of botanical drugs is done by poorly trained 
vendors who identify plants based on visual features without reference to the morphology, chemical 
diversity, and ethnopharmacology of the species (Snyman et al., 2005).

The consequences of misidentification of medicinal plants may be fatal, as it may lead to poison-
ing due to overconsumption, abuse, or misapplication (Abdul et al., 2018; Ali et al., 2021). In some 
cases, uses and abuses of drugs derived from misidentified plants may ultimately induce certain 
behavioural changes occasioned by variations in protein–protein interactions, synaptogenesis and 
neurogenesis, neuro-dendritic networks, gene expression, and protein synthesis depending on the 
molecular and cellular reaction to drug exposure (Kreek et al., 2005). In the long run, changes in 
the genetic factors due to misidentified and misapplied plant drugs may alter the pharmacodynam-
ics and pharmacokinetics of other drugs administered for the treatment of certain chronic diseases 
(Kreek et al., 2005), although the relative health risk of botanical drugs may have been overempha-
sized (Kroll et al., 2006; Wu et al., 2020).

Nevertheless, the recent advances in deoxyribonucleic acid (DNA) biotechnology have offered a 
panacea to identifying plants accurately at intraspecific and interspecific levels via DNA barcoding 
techniques (Olatunji & Afolayan, 2019; Vigliante et al., 2019). This approach proves to be effec-
tive, as it provides a baseline for proper delimitation of plants using their molecular characteristics, 
enhances botanical authentication, and promotes effective management of adulteration in the pro-
duction and administration of herbal drugs, which minimizes the concerns of quality assurance of 
plant-based drugs (Simmler et al., 2018; Snyman et al., 2005; Street et al., 2008).

17.2.2  overharvesting oF medicinal Plants and threats to Plant diversity

The number of wild medicinal plants available globally continues to decline due to large-scale over-
harvesting and destructive methods of plant collection being used by profit-making plant hoarders 
(Groner et al., 2022; Williams et al., 2013). This is evident in the fact that these indiscriminate har-
vesters do not take into consideration conventional conservation practices and seasonal limitations 
that influence the availability of plant species (van Wyk & Prinsloo, 2018).
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The dynamics of supply and demand for medicinal plants is a major factor that drives over-
harvesting of wild stock, as most harvesters are lured into the business for economic gains (Liu 
et al., 2019). This is so because a premium price is placed on wild plants in the market, and they 
are most sought-after (Liu et al., 2014). Once a plant species or a group of plants is noted to pos-
sess certain pharmacological benefits, plant poachers go after such a plant and its close relatives 
wherever they exist to meet the market demand. This portends danger to the wild population of 
the plant species, as its natural population may be artificially driven into extinction due to exces-
sive harvesting, thereby resulting in genetic erosion and biodiversity loss (Jimoh & Jimoh, 2021; 
Liu et al., 2014).

Other contributing factors to the excessive harvesting and destruction of wild population of 
medicinal plants include the competing demand for land use for industrialization, animal graz-
ing, road construction, recreational centres, schools, hospitals, aesthetic, sport facilities, and a ris-
ing interest in herbal drug production and trade (Castle et al., 2014; Jimoh & Jimoh, 2021). Thus, 
increased harvesting pressure has caused severe consequences on the ecological integrity of bio-
diversity and may have accelerated the declining status of overexploited plants, species rarity, and, 
sometimes, their extinction (Chen et al., 2016a; van Andel & Havinga, 2008).

17.2.3  oPPortunities For local trade and Foreign 
direct investment in medicinal Plants

Exportation of the American medicinal plants was part of the international drug trade by the sec-
ond-half of the 18th century across the Western and Northern Europe (Gänger, 2015). During this 
period, the Peruvian balsam, sassafras, cinchona, jalap root, guaiacum, sarsaparilla, ipecacuanha, 
and other plant products that formed part of the standard medical repertoire were supplied as stan-
dard medical remedies by pharmacies in Europe, Iberian Peninsula, Italian Peninsula, England, 
Russia, and major territories of the Holy Roman Empire (Curth, 2006; Gänger, 2015).

Nowadays, over 3.5 billion people depend on medicinal plants for healthy living, well-being, 
and economic survival worldwide (Cock et al., 2018; Khasim et al., 2020; Rajasekharan & Wani, 
2020; Singh, 2015). This has translated to economic fortune for individual households and a source 
of foreign direct investment for developing economies. Although, records of market flows and gov-
ernance of inter-border trade for medicinal plants are poorly documented (He et al., 2018), about 
702,813 tonnes of medicinal plants worth USD 3.60 billion was traded globally in the year 2014 
(Vasisht et al., 2016).

The United State of America, Europe, and Japan are the major consumers of medicinal plants 
products in the world. These include phytopharmaceuticals, tannins, spices, gums, essential oils, 
crude extracts, cosmetic ingredients, and all kinds of exudations from trees or products derived 
from plants (Vasisht et al., 2016). The annual demand for herbal products and plant-based medi-
cine grows at the rate of about 25%, and, with this pace, the World Health Organization has esti-
mated that the market value of this demand may worth more than 5 trillion USD by the year 2050 
(Rajasekharan & Wani, 2020; Sen et al., 2011).

Thus, commercialization of medicinal plants is important to the global economy, as it sig-
nificantly improves the local economies of indigenous people in different regions of Sub-Sahara 
Africa, Asia, Latin America, and many horticultural industries that develop and exchange culti-
vation protocols, grow, and trade in medicinal plants (He et al., 2018; Schippmann et al., 2006; 
van Andel & Havinga, 2008; van Wyk & Prinsloo, 2018; Vasisht et al., 2016). As a result, medici-
nal plants are crucial to community livelihoods, economic growth, and human capital develop-
ment, as they serve as a vehicle for redistribution of wealth, knowledge, and emerging medical 
approaches for the treatment of chronic diseases. Some medicinal plants that are traded globally 
are listed in Table 17.1.
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17.3  A SYSTEMATIC REVIEW OF RESEARCH TREND 
ON TRADED MEDICINAL PLANTS

In this systematic review, data from scientific publications such as journals, conference proceed-
ings, and books were extracted using the bibliometric techniques (Jimoh et al., 2022). The trend 
of research outputs on medicinal plants was monitored with a comprehensive technology to assess 
the scientific significance of authors’ contribution to knowledge, the academic community, and 
the impact of research findings to the industrial sector via various publication outlets (Jimoh et al., 
2022; Jimoh & Kambizi, 2022).

Since time immemorial, medicinal plants have been the fulcrum of human civilization having 
aided the survival of man in terms of health and wealth, and have attracted interest from indus-
tries, households and communities, although certain societal, psychological, and biochemical 
barriers limit the effective utilization of herbal medicine (Jimoh et al., 2020; Jimoh & Kambizi, 
2022; Srivastava et al., 2019). The main focus of this bibliometric analysis was to assess and 
synchronize various contributions made by researchers on commercially important plants that 
are traded globally for their medicinal values with a view to identify notable researchers and the 
impact of their contributions as documented in the literature, given the rising demand for natu-
ral products from plants as drugs, food, and diet fortification in the last 10 years, and the need 
to conserve the wild relatives of the affected plants and preserve their natural reserve (Balogun  
et al., 2020; Jimoh et al., 2021; Khasim et al., 2020). This may prevent overexploitation of medici-
nal plants being harvested indiscriminately for commercial purposes and enhance biodiversity 
conservation, as attention may be shifted to other plants having similar or equivalent bioactive 
constituents.

17.3.1  material and methods

17.3.1.1  Data Sourcing
Data used for the analysis were extracted from the Web of Science platform, which is a leading 
multi-disciplinary academic databases globally. It provides access to review articles, research arti-
cles, abstracts, conference proceedings, books, short communications, and technical papers across 
171 million platforms of which 79 million are core collection (Liu, 2019). Keywords such as ‘plant-
based natural products’, ‘medicinal plants’, herbal products’, ‘medicinal plant trade’, ‘Sales of 
herbal products’, ‘Sales of medicinal plants’, ‘Sales of botanical drugs’, ‘medicinal plants trade’, 
‘trade in plant-based natural products’, ‘trade in herbal products’, ‘commercial medicinal plants’, 
‘natural products market’, ‘commercial herbal products’, ‘commercial botanical drugs’, ‘botanical 
drugs trade’, ‘medicinal plant market’, ‘herbal products market’, ‘botanical drugs market’, ‘natu-
ral products market’, ‘green plants market’, ‘flora market’, ‘flora species trade’, ‘herbal trade’, 
‘herbal market’, ‘herbal commerce’, ‘flora commerce’, ‘trade in medicinal plants’, ‘plant prod-
uct trade’, and ‘natural products commerce’ that are directly associated with commercialization 
of medicinal plants were used. The keywords were separated with ‘OR’ otherwise known as the 
Boolean operator. The title search was used to avoid accumulation of false results from unrelated 
data (Jimoh et al., 2022).

The analysis was based on 7,425 articles obtained in plain text file format from the Web of 
Science database (Tenen, 2017) since the beginning of this millennium (2000–2021) after which 
documents from early access and unrelated publications were selectively excluded (Jimoh et al., 
2022; Smith et al., 2021). The extracted files in plain text file format were exported to R-studio 
(version 4.0.2) in which the Biblioshyny tool was used to map the retrieved datasets over the web 
interface (Aria & Cuccurullo, 2017) using bibliometric indices like annual scientific production, 
most productive journals/source, collaboration network, most productive countries, most productive 
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authors, bibliographic coupling, and thematic map. The relative productivity of authors was evalu-
ated based on the citation matrix of their publications (Adetunji et al., 2022; Smith et al., 2021).

17.3.2  results and discussion

17.3.2.1  Main Data Summary from Web of Science
The main data summary of all documents retrieved from Web of Science is presented in Table 17.2. 
This includes main information about data, document types, document contents, authors, and authors’ 
collaboration.

TABLE 17.2
Main Data Summary from Web of Science

Description Results

Main information about data
Timespan 2000:2021

Sources (Journals, Books, etc) 1,422

Documents 7,425

Average years from publication 8.99

Average citations per documents 22.51

Average citations per year per doc 2006

References 23,6292

Document types
Article 6,132

Article; book chapter 2

Article; proceedings paper 102

Biographical item 1

Book review 13

Correction 58

Editorial material 130

Letter 66

News item 17

Review 896

Review; book chapter 8

Document contents
Keywords Plus (ID) 11,556

Author's Keywords (DE) 16,400

Authors
Authors 22,425

Author Appearances 31,956

Authors of single-authored documents 402

Authors of multi-authored documents 22,023

Authors collaboration
Single-authored documents 485

Documents per Author 0.331

Authors per Document 3.02

Co-Authors per Documents 4.3

Collaboration Index 3.17
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17.3.2.2  The Annual Scientific Production
The number of articles produced on medicinal plants and trade in herbal medicine grew steadily 
from year 2000 to 2021 from 130 to 573 articles, respectively. During this period, the lowest num-
ber of articles (116) was published in the year 2001, while the highest number of publications (573) 
was recorded in 2021, representing 7.72% of the total number of articles published within 22 years 
under review (Figure. 17.1). Articles published in the year 2002 had the highest mean total citation 
per article of 67.23 generated by 124 articles, indicating that these articles are of higher impact 
than those published in 2000 and 2001. However, article citation depends on publishing journals, 
cited articles, authors’ collaborative network, authors’ impact, and journal visibility (Aksnes, 2006; 
Onodera & Yoshikane, 2015).

17.3.2.3  Twenty Most Productive Authors
In the past 22 years, a total number of 22,425 authors have published articles on medicinal plant-
related topics. This includes multi-authored papers where about 98.21% of authors participated, 
whereas 1.79% of the papers were single-authored (Table 17.1). The high volume of multi-authored 
papers may be attributed to successful collaboration among medicinal plant researchers. Likewise, 
it could be deduced from the bibliometric data that Van Staden J—a leading South African-based 
phytomedicine expert was the most active and topmost researcher having contributed the high-
est number of articles and citation matrix in medicinal plant-related research for the period under 
review (Figure. 17.2; Table 17.3). This justifies earlier claims that South Africa is a major hotspot of 
plant diversity, some of which are exploited for pharmacological and commercial purposes (Fennell 
et al., 2004; Street et al., 2008; van Wyk, 2008; Williams et al., 2013). Other leading authors are 

FIGURE 17.1 Annual scientific production on medicinal plants from 2000 to 2021 as indexed in the Web of 
Science database. Note: MeanTCperYear (Mean total citation per year); MeanTCperArt (Mean total citation 
per article).
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FIGURE 17.2 Twenty topmost authors’ production over time.

TABLE 17.3
A Bibliometric Impact of Top 20 Authors on Herbal Trade and Medicinal Plant Related 
Research

Authors Articles
Articles 

Fractionalized h_Index g_Index m_Index TC PY_Start

Van Staden J 64 19.66 30 52 1.304 2,770 2000

Ahmad M 42 7.31 15 30 0.833 939 2005

Wang Y 42 8.46 16 25 0.941 645 2006

Kumar A 37 10.02 14 26 0.824 714 2006

Zhang Y 33 5.35 9 29 0.5 855 2005

Li J 31 5.40 11 21 0.579 481 2004

Khan MA 28 5.08 11 23 0.786 553 2009

Shinwari ZK 28 6.79 15 27 0.75 1,029 2003

Li Y 27 4.26 11 22 0.688 519 2007

Mahmood A 27 6.51 17 24 1.417 855 2011

DE 26 3.81 13 25 0.565 903 2000

Sultana S 26 4.38 15 26 1.071 808 2009

Khan S 25 5.04 10 18 0.588 349 2006

Kumar S 24 5.66 10 17 0.476 308 2002

Wang X 24 3.83 9 14 0.563 244 2007

Zhang H 24 4.97 12 18 0.667 362 2005

Liu Y 23 3.67 10 17 0.667 324 2008

Wang H 23 3.82 8 18 0.471 344 2006

Zafar M 22 3.13 13 22 0.929 687 2009

Chen J 21 4.42 9 15 0.5 241 2005
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Ahmad M and Wang Y whose publication years started in 2005 and 2006, respectively, and have 
contributed 42 papers each (Figure. 17.2; Table 17.3).

17.3.2.4  Twenty Most Productive Countries
Based on these bibliometric data, India leads other countries in herbal medicine- and medicinal 
plant-related research that was conducted from 2000 to 2021 (Figure. 17.3). However, South Africa, 
Nigeria, and Egypt were ranked 7th, 15th, and 19th positions, respectively, ahead of the United 
Kingdom (UK).

17.3.2.5  Twenty Topmost Affiliations
The Quaid-i-Azam University based in Islamabad, Pakistan was the most relevant affiliation on 
herbal medicine and medicinal plant research, as supported by the bibliometric data. Two universi-
ties from Africa namely—the University of Kwa-Zulu Natal and University of Witwatersrand made 
the 11th and 19th positions, respectively (Figure. 17.4).

17.3.2.6  Journal Dynamics
The Journal of Ethnopharmacology was the most sought-after source for publication of herbal med-
icine-related research (Figure. 17.5). This may not be unconnected with the journal’s scope of pub-
lishing experimental observation of the biological activities of plants utilized in folk medicine and 
its openness to a well-informed ethnobotanical approach to the study of indigenous drugs. Other 
important journals are Journal of Medicinal Plant Research, Phytotherapy Research Journal, South 
African Journal of Botany, African Journal of Biotechnology, Pharmaceutical Biology, among oth-
ers (Figure. 17.5). 

FIGURE 17.3 Countries production frequency.
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FIGURE 17.4 Twenty most relevant affiliations.

FIGURE 17.5 Journal dynamics.
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17.4  CONCLUSION

The economic value of medicinal plants is growing steadily, as evidenced by the two-decade bib-
liometric analysis of medicinal plants that are traded globally. Increasing demands for medicinal 
plants has significantly improved the income profile of individuals that harvest plant for trade and 
economies of some developing countries. Concerted efforts should be made to retrieve the statistics 
of lost species due to their high medicinal values and capture the economic potential of trade in 
medicinal plants. This is important to safeguard the natural plant reserve from incessant depletion 
orchestrated by desperate individuals who are only after monetary gains at the expense of biodiver-
sity conservation.
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18 Ethnomedicinal and Other 
Ecosystem Services Provided 
by Threatened Plants
A Case Study of Cycads

Terence Nkwanwir Suinyuy, Peter Tshepiso Ndhlovu, 
John Awungnjia Asong, Bongani Petros Kubheka, 
Babajide Charles Falemara and Wilfred Otang Mbeng

18.1  INTRODUCTION

Ecosystem services (ESs) are the benefits that humans derived from ecosystems (Nicholson et al., 
2009). The Millennium Ecosystem Assessment (MEA) highlights the impact of natural ecosystems 
to human well-being and determines the trend and status of ESs globally (Millennium Ecosystem 
Assessment, 2005). Four categories of ESs have been identified, namely, provisioning services 
(food, medicines, fuel wood), cultural services (aesthetic value, recreation and tourism, spiritual, 
and religious use), supporting services (ecosystem processes like nitrogen fixation), and regulating 
services (regulation of climate, diseases, and water) (Millennium Ecosystem Assessment, 2005).

Natural ecosystems such as forests, grasslands, and other natural areas provide a variety of ESs 
to society. Such important ecosystems are to be carefully managed to secure the provision of ESs in 
the short and long term. However, these ecosystems have witnessed changes that have been accom-
panied by loss of biodiversity such as plants that are vital to the provision of ESs. The loss of plants 
will eventually lead to them being threatened with extinction.

The tenth meeting of the Conference of Parties (COP 10) to the CBD in 2010 adopted a global 
strategic plan for biodiversity from 2011 to 2020. This strategic plan includes, besides strategic 
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goals, also 20 targets, known as the Aichi targets. The Aichi targets of the CBD include the preven-
tion of extinction of threatened species and enhancement of the benefit of all from ESs (Marques 
et al., 2014). This is because threatened plants may provide important ES, and a decline in their 
abundance and probably extinction will eventually lead to a loss in provision of ESs. Eventually, 
such a loss will negatively affect the people whose livelihoods are strongly tied to local ES. The 
conservation of threatened plants is, therefore, imperative for ensuring sustainable development 
and provision of essential ESs. Many plant species are subject to extinction due to anthropogenic 
and natural causes, and there is a concern that this may lead to a collapse in their natural ecosys-
tem and ESs. One such plant group that is threatened with extinction and may provide important 
ESs is the cycads. Currently, the provisioning of ESs is not included and rarely discussed in cycad 
conservation planning, as it is considered a threat to the existence of the plants. Nonetheless, these 
extraordinary plants have provided avenues for some of the most important studies in ecologi-
cal and evolutionary biology (Suinyuy and Johnson, 2021), as conservation efforts will not only 
conserve the cycads but both the ecological and evolutionary processes that are important for the 
persistence of the plants (Cowling et al., 1999) for continuous provision of ESs. There is, there-
fore, a need for the inclusion of ESs in the formulation of conservation strategies of such plants, 
especially, as these systems that provide ES have to be carefully managed for the provision of the 
present and the future ES.

Cycads are gymnosperms that originated about 300 million years ago and are considered the 
oldest extant seed plants (Norstog and Nicholls, 1997). They are regarded as flagship species of 
conservation importance, as they have a higher proportion of threatened species with more than 
50% being threatened globally and are listed as Rare or Endangered in the International Union 
for Conservation of Nature (IUCN) Red List (Millennium Ecosystem Assessment, 2005). Once 
widely distributed when the world’s climate was mild and permitted larger ranges, today their 
ranges have reduced to tropical and subtropical habitats. They have attracted much interest from 
diverse groups and are collected for their educational, economic, medicinal, and aesthetic value. 
Cycads are of particular biological interest, providing important information for understanding 
the evolution of angiosperms and gymnosperms because their morphological characteristics are 
intermediate between ancient plants such as ferns and more derived plants including angiosperms 
(Brenner et al., 2003). They are slow-growing, long-lived, perennial, and dioecious plants that have 
developed specific interactions with insect visitors having highly specialised mutualisms with the 
plants (Suinyuy and Johnson, 2021). Their irregular coning nature may disrupt these mutualisms 
and affect reproduction. Most species are range-restricted and occur in fragmented populations, 
experiencing much localised seed dispersal, low recruitment and seedling survival (Raimondo and 
Donaldson, 2003), and high seed death rate due to herbivory, fire, and other natural and anthro-
pogenic disturbances. Consequently, the impact of climate change (extreme weather conditions) 
together with these factors could promote the decline of cycads, and disrupt the ecosystem func-
tion and the provision of ESs.

In addition to their biological, conservation, and evolutionary significance, there have been sev-
eral studies on the importance of cycads to humans throughout history. This has led to the develop-
ment of several conservation actions and monitoring programmes to keep the status of this group 
of plants in check. Several studies on the uses of cycads have focused on their significance as an 
important food source in time of famine (Thieret, 1958; Whitelock, 2002), ethnobotany, ethnologi-
cal and economic importance (Thieret, 1958), and its neurotoxicity and toxicity. Furthermore, other 
studies have documented key information on benefits, importance, and uses of cycads in North and 
Central America (Blake, 2012; Bonta, 2010), Australia, South Africa (Bamigboye and Tshisikhawe, 
2019; Cousins et al., 2011, 2012) India (Krishnamurthy et al., 2013; Varghese and Ticktin, 2006), 
and Japan (Hayward and Kuwahara, 2013). Currently, there is no published synthesis on the impor-
tance of cycads to human well-being, making it difficult for researchers and conservation practitio-
ners working on cycads to access such information, which may be critical in conservation planning. 
The purpose of this review is, therefore, to bring together the different studies on the benefits, 
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importance, and use of cycads to humans and to highlight the importance of cycads in provid-
ing ESs with the hope that this aspect will be incorporated into cycad conservation programmes. 
Furthermore, the review seeks to highlight opportunities for further study and to provide an addi-
tional aspect to be incorporated in the future research and cycad conservation-related work.

18.2  MATERIAL AND METHODS

Following procedure from the previous studies (Wang et al., 2016), different search engines such as 
Web of Science, Science Direct, and Research Gate, as well as Google Scholar, PubMed, Science 
Direct, Scopus, and JSTOR, were used to look for relevant studies. In addition, thesis, dissertations, 
books, and conference proceedings were retrieved from the University of Mpumalanga (UMP) 
library. Since ES is not yet discussed in cycads, searches on related papers and research works 
on ES used keywords and terminologies like benefits, importance, uses, and ecosystem functions, 
ecological functions and services, environmental functions and services, and ethnobiology and 
ethnobotany of cycads. These terms are sometimes used interchangeably with ES, which is the 
benefit that humans derived from either natural (Daily, 1997) or human-modified (Costanza et al., 
1997; Millennium Ecosystem Assessment, 2005) ecosystems. The bibliographies from the retrieved 
papers were also checked and saved using Endnote index manager. All the scientific plant names 
were validated in references to The Plant List (www.theplantlist.org) and International Plant Names 
Index (IPNI) (https://www.ipni.org/), South African National Biodiversity Institute (SANBI) Red 
List of South African Plants (redlist.sanbi.org/species).

18.3  RESULTS AND DISCUSSION

18.3.1  Provisioning services

18.3.1.1  Ethnomedicinal Services of Cycad
Cycas species are one of the largest groups of gymnosperms (Wang et al., 2016). They provide differ-
ent services to both humans and the environment, including educational and ethnomedicinal services. 
They have enormous ethnomedicinal uses recorded among indigenous communities globally due to 
the fact that gymnosperms have evolved for many years as a result. Humans have had a long history of 
interaction with the Cycas species. As a result of their evolutionary history of more than 280 million 
years ago (Haynes, 2011) and human interaction, cycas provide a variety of ESs, including education 
and ethnomedicine. Among these different ecosystem species, ethnomedicine services are the highest 
percentage of services provided, accounting for 34.92% (Table 18.1 and Figure 18.1) of the total ESs 
rendered by Cycas species. Currently, 25 species grouped in six genera of Cycas are being used to 
treat over 32 different health conditions in seven countries around the world (Table 18.2).

18.3.1.1.1  Ailments Cycas is Used on
Cycas is reported to be used in many ailments. Some are used to cure boils and skin diseases using 
young leaves. Diabetic people use it as a food supplement (Radha and Singh, 2008). Cycads are 
used for sexual potency, as they are aphrodisiac. They are also known to improve sperm count. For 
this purpose, it is mainly used as an invigorating and nutritive tonic made from the pith of the stem, 
dry seeds, and flour from the seeds (Varghese et al., 2012). The male cones are widely used to cure 
rheumatoid, arthritis, and muscle pains. Powdered endosperm is used to relieve burning sensations 
and general debility, while the tender leaves relieve flatulence and vomiting. A poultice made from 
bark and seeds is used to treat swellings and sores. A piece of young female cone is eaten daily to 
treat painful urination, paralysis, piles, ulcers, other stomach ailments, indigestion, and snake bite 
(Hayward and Kuwahara, 2013). Some people use cycas stem for disinfection of the umbilical cord 
during childbirth (Bonta et al., 2019 and Vovides et al., 2010).

http://www.theplantlist.org
https://www.ipni.org
http://redlist.sanbi.org
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TABLE 18.1
Classification of Ecosystem Services by Cycad spp

Ecosystem Services Species Citations (N) Citations (%)

Aesthetic All cycads 1

Ceratozamia fuscoviridis 1

Cycas spp 1

Dioon spp 1

Dioon spp, Zamia spp 1

Encephalartos transvenosus 1

Stangeria, Zamia, some Encephalartos 1

Aesthetic total 7 5.56%

Agricultural Ceratozamia latifolia 1

Cycas micronesica 1

Cycas revolute 1

Cycas thouarsi 1

Dioon edule 1

Dioon sonorense 3

Dioon spp 1

Encephalartos spp 2

Macrozamia riedlei 2

Stangeria eriopus 2

Zamia loddigesi 1

Zzmia integrifolia 1

Agricultural total 17 13.49%

Carbon sequestration Cycas panzhihuaensis 4

Cycas revolute 1

D. sonorense 1

Carbon sequestration total 6 4.76%

Educational All cycads 1

D. mejiae 1

Educational total 2 1.59%

Ethnomedicinal Zamia sp. 1

Ceratomzamia mexicana 1

Cycas beddomei 6

Cycas circinalis 8

Cycas media 1

Cycas pectinata 5

Cycas revolute 2

Cycas rumphii 1

D. sonorense 1

Encephalarots villosus 1

Encephalartos ferox 1

Encephalartos longifolius 1

Encephalartos natalensis 1

E. transvenosus 2

(Continued)
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TABLE 18.1 (Continued)
Classification of Ecosystem Services by Cycad spp

Ecosystem Services Species Citations (N) Citations (%)

S. eriopus 1

Zamia aff. Nesophila 1

Zamia cunaria 1

Zamia dressleri 1

Zamia ipetiensis 1

Zamia loddigesii 1

Zamia manicata 1

Zamia neurophyllida 2

Zamia oblique 1

Zamia pseudoparasitica 1

Zamia sp. 1

Ethnomedicinal total 44 34.92%

Food Ceratozamia latifolia 1

Ceratozamia tenuis 1

C. beddomei 2

C. circinalis 1

Cycas media 1

Cycas pectinata 1

Cycas revolute 1

Cycas sphaerica 1

Cycas spp 1

Dioon edule 1

D. mejiae 1

D. sonorense 1

Dioon spinulosum 1

Encephalartos hildebrandtii 1

Encephalartos manikensis 1

E. transvenosus 1

Macrozamia communis 1

Zamia oblique 1

Food total 19 15.08%

Goods C. circinalis 1

Cycas seemannii 1

D. mejiae 2

Dioon spinolosum 2

E. transvenosus 1

Zamia floridana 1

Goods total 8 6.35%

Insect repellent Ceratozamia tenuis 1

Cycas bedommei 1

C. circinalis 1

Insect repellent total 3 2.38%

(Continued)



338 Sustainable Uses and Prospects of Medicinal Plants

TABLE 18.1 (Continued)
Classification of Ecosystem Services by Cycad spp

Ecosystem Services Species Citations (N) Citations (%)

Spiritual and religious use Ceratozamia fuscoviridis 1

Cycas angulate 1

C. circinalis 1

Cycas hainanensis 1

Cycas pectinata 1

Cycas revolute 3

C. seemannii 3

Cycas szechuansis 1

Dioon holmgrenii 1

D. mejiae 1

Dioon merolae 1

Dioon spp 1

E. natalensis 1

E. transvenosus 1

Encephalartos villosus 1

S. eriopus 1

Spiritual and religious use total 20 15.87%

Grand total 126 100.00%

FIGURE 18.1 Distribution of types of uses per ecosystems services (n = 126).
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Different parts of Cycas species have been employed for the treatment of different health condi-
tions. Among the parts used, the stems (n = 12), male cones (n = 11), and roots (n = 8) are the most 
utilised parts. The application of the various Cycas species for medicinal purposes is an indication 
of huge deposits of phytochemicals present in the cells of this unique group of plants. It will not be 
an overstatement to recommend a multidisciplinary approach to further explore this plant species to 
produce affordable pharmaceuticals for all mankind.

18.3.1.1.2  Species that are Mainly Used
Among the six genera, the most represented genus is Zamia (n = 11), followed by Cycas (n = 6), 
Encephalartos (n = 5), while the other genera Stangeria, Ceratomzamia, Dioon, are represented 
by a single species each. Despite Zamia being the most represented genus, Cycas circinalis (n = 8) 
is the most used species used for treating different ailments in children and adults, ranging from 
general well-being, reproductive, and excretory problems (Tables 18.2 and Figure 18.1). Among the 
different health problems treated with Cycas species, aphrodisiac (n = 9), stomach ailments, muscle 
and joint pain (n = 8), and wounds (n = 5) are the most popular health problems treated using the 
Cycas species (Table 18.1). Among the seven countries, India followed by Panama and South Africa 
are the leading countries in terms of the number of disease-treated Cycas species and the number 
of species used (Table 18.3).

18.3.1.1.3  Countries that Developed Ethnomedicines from Cycas
According to available data, Cycas species are used in seven countries for medicinal purposes with 
India (n = 19), Panama (n = 11), and South Africa (n = 7) being the top three countries where Cycas 
species have been used for various health conditions representing 36.07% of the total ESs, as com-
pared to the rest. It is not a coincidence that the three countries top the list for the exploitation of 
Cycas species for medicinal purposes. For instance, India is reported to have one of the oldest indig-
enous medicinal systems of the world, while South Africa has approximately 371 years of recorded 
use of plants for medicine (Gurib-Fakim, 2006; Haynes, 2011). The Indian traditional medicine 
system, ‘Ayurveda’ is one of the oldest indigenous medical systems in the world that recorded the 
use of medicinal plants as far back as 500 BC (Gurib-Fakim, 2006; Haynes, 2011).

Although, Cycas spp are used for health purposes in many countries, very little has been docu-
mented for educational purposes. Cycas have been planted in most botanic gardens around the 
globe, where they serve as useful educational tools, especially in conservation studies. Globally, 
all cycads species and Dioon sonorense have been spotted in botanic gardens where they are used 
for educational purposes. Their usage accounts for approximately 1.59% of the services provided 
by Cycas in the ecosystem and approximately 1.64% when evaluated among countries (Table 18.3). 
Most of the cycads have been reintroduced in some parks to shield them from extinction and at the 
same time serving as study materials for naturalist, boosting ecotourism, and thereby generating 
natural capital (Maunder, 1992).

18.3.1.2  Food Ecosystem Services
According to the results obtained, the food ESs provided by cycad constitutes 15.08% of the total 
ESs (Table 18.2). Many communities in countries rely on it as a staple food providing starch or carbo-
hydrates (Martínez et al., 2020). This includes countries like Japan, Panama, Zanzibar, Zimbabwe, 
Mexico, India, and Mozambique (Calonje et al., 2011; Varghese and Ticktin, 2006; Vovides et al. 
(2010). The only country that uses the whole plant for food is Mexico. Probably the reason Mexico 
is using the whole plant is the fact that it is one of the countries that started consuming cycads as 
far back as the 16th century; so they learnt different ways of using the whole plant. However, the 
only species that is used as the whole plant is D. sonorense. It is used in brewing alcohol as one of 
the ingredients (Vovides et al., 2010). Among the countries that use food ESs of cycad, Mexico and 
India are leading (Table 18.3).
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TABLE 18.3
Classification of Cycads Ecosystem Services by Countries

Ecosystem services Country Citations (N) Citations (%)

Aesthetic Fiji, Tonga, Vanuatu, India 1

Global 2

Mexico 2

Mexico and Northern Central America 1

South Africa 1

Aesthetic total 7 5.74

Agricultural Honduras 1

Japan 1

Mexico 3

Mexico 1

Mexico and Northern Central America 2

South Africa 5

USA 2

Agricultural total 15 12.30

Carbon sequestration China 4

Mexico 1

Spain 1

Carbon sequestration total 6 4.92

Educational Global 1

Honduras 1

Educational total 2 1.64

Ethnomedicinal Australia 1

Bangladesh 2

Guam 1

India 19

Mexico 3

Panama 11

South Africa 7

Ethnomedicine total 44 36.07

Food Australia 3

Honduras 1

India 5

Japan 1

Mexico 5

Mozambique/Zimbabwe 1

Panama 1

South Africa 1

Zanzibar 1

Food total 19 15.57

Goods Honduras 1

India 1

Mexico 3

South Africa 1

(Continued)
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Other people use just plant parts of cycads, not the whole plant. It is reported that some commu-
nities use leaves as vegetables and grind seeds to make flour; others are using stems to make flour 
(Table 18.2). Most people who use leaves as cooked vegetables are in India (Krishnamurthy et al., 
2013; Radha and Singh, 2008; Varghese and Ticktin, 2006). The other countries that use seeds use 
them to make flour for porridge and bread. Some communities detoxify seeds before making the 
flour by drying or smoking them; others repeatedly rinse them before grinding (Bonta et al., 2019; 
Martínez et al., 2020). The main reason for detoxification is that consumption of cycads as food 
is associated with neurological diseases in humans (Giménez-Roldán et al., 2021; Spencer, 2020). 
Other studies reported that consumption of flour from cycads seed increases liver toxicity due to 
toxins such as cycasins (Giménez-Roldán et al., 2021). The association of cyanobacteria and cycad 
also increases brain diseases due to neurotoxic effect caused by the combination of the cycad toxins 
and compounds produced by cyanobacteria (Giménez-Roldán et al., 2021)

Among the cycads genera that provide food ESs, Cycas (42%) dominates (Table 18.3). It domi-
nates because all its plant parts (seeds, stem, and leaves) can be used in various foods. Stem and 
seeds are used to make flour for different kinds of bread and porridge (Hayward and Kuwahara, 
2013). Moreover, seeds may be consumed raw or roasted as a source of starch (Kaur, 2006). Some 
people slice leaves dry and fry them before eating, while others just cook them and eat as vegetables 
(Bonta et al., 2019). Zamia and Macrozamia genera are the least consumed (Table 18.2). Zamia is 
only used in Panama to make flour out of the seeds and stem, while Macrozamia is used only in 
Australia to make flour out of the seeds. The dominating species of Cycas in providing food ser-
vices is Cycas beddomei. It is reported more than others in India.

18.3.1.3  Ecosystem Services Provided by Cycads: Goods
Cycads provide many ecosystem goods; surface fibres, obtainable from the evergreen, strong, and 
leathery leaves of different species of cycads (Cycas revoluta, C. circinalis, Encephalartos trans-
venosus, Macrozamia spiralis), are reportedly used for roof thatching (Lal, 2003; Varghese and 

TABLE 18.3 (Continued)
Classification of Cycads Ecosystem Services by Countries

Ecosystem services Country Citations (N) Citations (%)

Goods total 6 4.92

Insect repellent India 2

Mexico 1

Insect repellent total 3 2.46

Spiritual and religious use Australia 1

China 3

Honduras 1

India 2

Mexico 2

Mexico and North and Central America 2

Philippines 1

South Africa 4

The Americas, SE Asia, 1

Vanuatu 3

Spiritual and religious use 
total

20 16.39

Grand total 122 100.00
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Ticktin, 2006), preparation of twines, ropes, cloths, mats, baskets, paper, brooms, yarns, stuffing 
pillows, producing mattresses, and many other purposes (Lal, 2003; Zarchini et al., 2011). Seeds 
of some species like Cycas seemannii, Dioon spinolosum, and Dioon mejiae are used in making 
cloths, pins, toys, bracelets, ornaments, and whistles (Bonta et al., 2019; Keppel, 2009; Vovides  
et al., 2010). Oil can also be extracted from the seeds of cycads, especially C. revoluta, and pro-
cessed into cooking oils as well as biodiesel (Pasaribu et al., 2020). Starch is similarly obtainable 
from the processed stem of C. revolute, which is utilised as food during the starvation period (Lal, 
2003; Zarchini et al., 2011). The stem is also used in making clothing and ropes (Lal, 2003). A total 
of 6.35% of studies were conducted on goods ESs, as provided by cycad plant species. These were 
focused majorly on species, including D. mejiae, D. spinolosum, C. circinalis, C. seemannii, E. 
transvenosus, and Zamia floridana (Table 18.2). Most of the studies investigated on ESs provided 
by cycads in form of goods services (4.92%) were conducted in Mexico, Honduras, India, and South 
Africa (Tables 18.2 and 18.3).

18.3.2  cultural services

18.3.2.1  Aesthetic Services of Cycad
In the current study, all cycad species have aesthetic values (Table 18.2). Furthermore, E. trans-
venosus, Ceratozamia fuscoviridis, Dioon spp, and Zamia were used for multiple aesthetic ser-
vices, such as growing in homes and public gardens for landscaping. In Fiji, Tonga, Vanuatu, 
and India, the leaves of C. circinalis, Cycas pectinata, C. revoluta, and C. seemannii are har-
vested for floriculture. The whole plant of Dioon spp is being used in Mexico and Northern 
Central America for landscaping (Bonta et al., 2019), and Dioon spp and Zamia spp are being 
used in home and public gardens for landscaping in Mexico (Vovides et al., 2010). In South 
Africa, Ravele and Makhado (2010) reported that the leaves of E. transvenosus are harvested 
for decoration.

18.3.2.2  Ecosystem Services Provided by Cycads: Spiritual and Religious Uses
The spiritual and religious ESs provided by cycads transcends time and historical diversity with 
age-long spiritual and traditional norms (Bonta et al., 2019). This is one of the reasons why the 
plant is well known and appreciated with significant conservation value all over the world. Bonta 
et al. (2019) recorded 16 cycad species dedicated for religious uses, including ceremonies such 
as death, birth, and concept of afterlife and transcendence during death. The spines of the leaves 
are worn as crowns during Holy Week processions, Good Friday, or Palm Sundays to connote 
painful crowns of thorns. The leaves used during these religious periods are kept in the church 
and burnt after a year for ash-on-ash Wednesdays in the Catholic church (Bonta et al., 2019). In 
addition, the leaves of this multipurpose plant species are also made into wreaths and placed on 
graves in commemoration of the dead. Cycad leaves are also consumed as sacraments in churches 
(Bonta et al., 2019) due to the durable and malleable nature of the leaves. Catholics use the leaves 
for decoration during wedding and significant feasting days (Bonta et al., 2019). According to 
Ala and Osborne (2009), this unique plant species is usually planted around graves and dance 
grounds, as well as it symbolises authority of traditional chiefs, while the Hindus used the leaves 
in shrines for deities (Bonta, 2010). Particularly, Encephalartos natalensis species is believed to 
drive away evil spirits when planted in homesteads (Zukulu et al., 2012), while Stangeria eriopus 
species keep bad spirits away, and it is believed to make the human body invisible when ingested 
orally (Ndawonde et al., 2007). A total of 15.87% of research papers reported spiritual and reli-
gious ESs provided by cycads, while more studies were focused on C. revoluta and C. seemannii 
(Table 18.2).
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18.4  CONCLUSIONS AND PROSPECTS

The number of cycads and their benefits to humans reported in this review provides evidence that 
cycads harbour a high diversity of plant species that will continue to play an important role in ESs. 
Medicinal services are the most cited, followed by food and goods. Cultural services are the second 
most cited ESs provided by cycads. The high citation of medicinal uses is not surprising, because 
cycads occur mostly in least developed countries, where local indigenous people rely on plants to 
treat their illnesses. It is, therefore, imperative that local people should be included and involved in 
the development of cycad management strategies.
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19 Discovery of Antibacterial 
Lead Compounds from Three 
South African Marine Algae

Omolola Afolayan

19.1 INTRODUCTION

Marine organisms such as algae have been documented in the literature as producers of second-
ary metabolites with a broad spectrum of therapeutic activities (Carroll et al., 2020). Species of 
the genus of brown algae, Dictyota, are known to produce bioactive natural products including 
terpenes. At least 233 diterpenes have been reported (Chen et al., 2018). The biological activity 
of some of the metabolites produced exhibit biological activities that include antimicrobial, anti-
inflammatory, anti-plasmodial, anti-viral, and cytotoxicity (Ioannou et al., 2013). Likewise, the 
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members of red algae of the Laurencia genus have been widely studied with over 700 isolated 
natural products (Wang et al., 2013). The major metabolites produced comprise halogens, typically 
bromine and some chlorine atoms chamigrane-type sesquiterpenes (Suzuki et al., 2009). However, 
there are few reports of diterpenes, triterpenes, and C-15 acetogenins from this genus. This class of 
natural products serves as promising drug candidate or as lead in discovery, because they are struc-
turally unique and diverse, and exhibit significant pharmacological activities. Considering that the 
species of these genera are known to produce bioactive compounds, especially antibacterial agents, 
the present study aimed to explore the chemical constituents of three marine algae namely, Dictyota 
naevosa, Laurencia pumila, and Laurancia sodwaniensis for antibacterial lead compounds.

19.2 MATERIALS AND METHODS

19.2.1 general exPerimental Procedures

Column chromatography was carried out using silica gel 60 (0.040–0.063 mm) purchased from 
Merck (Darmstadt, Germany). High-performance liquid chromatography (HPLC) separations 
were performed using Agilent technologies equipped with a UV  100 detector at 250  nm and a 
Whatman  10 µm semi-preparative column (50  cm). All NMR spectra were measured with an 
AvanceCore Bruker spectrometer operating at 400 MHz for1H-NMR at 100 MHz for 13C NMR in 
CDCl3. All the solvents that were used for extraction were redistilled before use. Deuterated chlo-
roform, dichloromethane, ethyl acetate, hexane, methanol, and silica gel 60 were purchased from 
Merck (Darmstadt, Germany). Silica gel 60 (0.040–0.063 mm) was obtained from Merck KGaA 
(Germany). Diaion® HP20SS was purchased from Supelco (USA). Nuclear magnetic resonance 
spectroscopy (NMR) data were recorded on a AvanceCore Bruker spectrometer at 400 MHz in 
deuterated chloroform. Chemical shifts were measured in parts per million (ppm) and referenced to 
undeuterated solvent signals at δH 7.26.

19.2.2 Biological material

A sample of D. naevosa (collection code: SB20140302-3), L. pumila (collection code: KZN13107-1), 
and Laurencia sodwanienisis (collection code: KZN1311-1) were collected by hand at the coast of 
KwaZulu-Natal in March 2014, October 2013, and November 2013, respectively. Botanical identifi-
cation was done by Professor John J. Bolton at the University of Cape Town, South Africa. Voucher 
specimens were deposited at the Marine Biodiscovery collection, University of the Western Cape. 
Samples were stored at –20°C until further use. D. naevosa is a brown alga with flat, broad lamina, 
and dichotomy axes (Anderson, et al., 2016). L. pumila is green with several branches emerging 
from a rhizoidal holdfast, sparsely branched thallus, and club-shaped apices (Francis, 2014). L. sod-
waniensis is a yellowish-brown alga connected by discoid holdfast with sparsely branched fronds 
(Francis, 2014; De Clerck and Tronchin, 2005).

19.2.3 extraction and isolation

Frozen specimens of D. naevosa (3.3  g), L. pumila (2.3  g), and L. sodwaniensis (23.2  g) were 
submerged in CH3OH (75 mL) at 4°C overnight. The solvents were decanted, and the algae was 
re-extracted three times with CH3OH-CH2Cl2 (1:2, 75°mL) at 36°C. The two organic fractions were 
combined, and the solvents were dried under reduced pressure to yield 529.6, 105.7, and 180.7 mg of 
organic extracts, respectively.

D. naevosa crude extract (388.7 mg) was separated by silica gel column chromatography and 
eluted in n-hexane (100%), n-hexane–EtOAc (90:10; 80:20; 60:40; 40:60; 20:80) EtOAc (100%), 
EtOAc–MeOH (50:50), and MeOH (100%) to obtain nine fractions (Fr1–Fr9). Fraction 2 (40.5 mg) 
eluted with n-hexane–EtOAc (90:10) was further purified with a semi-preparative normal phase 
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HPLC (Agilent Technologies phenomenox silica gel 10  µm column 50  mm) and eluted with  
n-hexane–EtOAc (90:10) at a rate of 3 mL/min resulting in the isolation of 1 (4.90 mg).

L. pumila crude extract (105.7 mg) was chromatographed by silica gel column and eluted in 
n-hexane (100%), n-hexane–EtOAc (90:10; 80:20; 60:40; 40:60; 20:80), EtOAc (100%), EtOAc–
MeOH (50:50), and MeOH (100%) to obtain nine fractions (Fr1–Fr9). Fraction 3 (7.0 mg) eluted 
with n-hexane–EtOAc (80:20) was further purified with a semi-preparative normal phase HPLC 
(Agilent technologies phenomenox silica gel 10 µm column 50 mm) and eluted with n-hexane–
EtOAc (80:20) at a rate of 3 mL/min resulting in the isolation of 2 (1.10 mg).

L. sodwaniensis crude extract (180.7 mg) was purified by silica gel column chromatography with 
n-hexane (100%), a mixture of n-hexane–EtOAc (90:10; 80:20; 60:40; 40:60; 20:80), EtOAc (100%), 
EtOAc–MeOH (50:50), and MeOH (100%). As a result, nine fractions were obtained. Compound 3 
(86.9 mg) was identified in fraction 3 [(n-hexane–EtOAc (80:20)].

19.2.3.1 Pachydictyol A
Pachydictyol A (1): colourless oil, 1H-NMR (CDCl3, 400 MHz), and 13C NMR (CDCl3 100 MHz) 
(See Tables 19.1 and 19.2.).

19.2.3.2 C-15 Acetogenin
C-15 acetogenin (2): colourless oil, 1H-NMR (CDCl3, 400 MHz), and 13C NMR (CDCl3 100 MHz) 
(See Tables 19.1 and 19.2.).

19.2.3.3 Cartilagineol
Cartilagineol (3): white solid,1H-NMR (CDCl3, 400 MHz), and 13C NMR (CDCl3 100 MHz) (See 
Tables 19.1 and 19.2.).

19.2.4 culturing oF mrsa 33591 test strain

Culturing of MRSA 33591 test strain Luria-Bertani (LB) broth consisting of 0.5% tryptone, 0.5% 
sodium chloride, and 0.25% yeast extract in 500 mL distilled water at pH 7.0 was prepared and auto-
claved at 121°C for 30 min. MRSA ATCC 33591 was inoculated into 5 mL LB broth and incubated 
at 37°C for 24 hours, shaking at 160 rpm. The 5 mL cell culture was diluted into 250 mL LB broth 
and incubated as per the aforementioned growth parameters. The optical density (OD) of the culture 
for use in TLC-bioautography was measured at 600 nm, and the culture OD was adjusted to 0.5 for 
TLC-bioautography.

19.2.5 thin-layer BioautograPhy assay

A 20 µg of compounds (1–3) was spotted on a 1 × 1 cm2 partitioned block on a 20 × 10 cm TLC silica 
gel plate in duplicate. An antibiotic standard (10 µL) vancomycin with a concentration of 10 mg/mL 
was spotted on each silica TLC gel plate as a positive control, and 20 µg of dichloromethane (DCM) 
was used as a negative control. A sterile cotton wool swab was used to apply MRSA 33591 onto the 
silica gel plates. The plates were incubated at 37°C in an enclosed plastic container containing a 
moist paper towel for 24 hours. Thereafter, the plates were treated with 20 µL of 0.25% (w/v) MTT 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (tetrazolium dye) and re-incubated 
for 3 hours, then evaluated for the appearance of purple spots (indicative of organism growth) or 
white spots (indicative of organism growth inhibition) (Suleimana et al., 2009).

19.2.6 microdilution assay

A 500 µg/mL stock solution of each algae extract and compound was prepared by dissolving in 
dimethyl sulfoxide (DMSO). Serial dilution to concentrations of 0.39, 0.78, 1.56, 3.12, 6.25, 12.5, 25, 
and 50 µg/mL was established for each sample. A 20 µL of the serial dilution was added to 96-well 



358 Sustainable Uses and Prospects of Medicinal Plants

TABLE 19.1
1H NMR Data in CDCl3 (400 and100 MHz) of Compounds 1–3

Position δH (Multiplicity, 
J, Hz) Literaturea

1 δH (Multiplicity, 
J, Hz) Literatureb

2 δH (Multiplicity, 
J, Hz) Literaturec

3

1 2.6 (1H, m) 2.62 (m) 3.16 (brd, 1.5) 3.16 (m) 2.05 (dt, 13.6, 
4.2) 1.70 (dd, 

6.0, 3.2)

2.06 (td, 13.6, 
3.8)

1.74 (m)

2a
  B

2.2 (2H, m)
2.4 (2H, m)

2.20 (2H, m) 
2.48 2H, m)

— — 2.38 (dd, 13.6, 
2.8) 1.82 (dd, 

6.0, 3.2)

2.39 (m)
1.82 (m)

3 5.2 (1H, brs) 5.33 (brs) 5.55 (brd, 9.5) 5.56 (m) — —

4 — — 6.03 (dtd, 10.8, 
7.6, 0.9)

6.33  
(dt, 

J = 6.8, 
15.6)

4.45 (m) 4.42  
(ddd, 11.7,  
4.8, 2.5)

5 2.2 (1H, m) 2.20 (m) 2.77 (m) 
2.95 (m)

2.83 (m) 
2.87 (m)

3.08 (d, 16.0)
2.78 (dd, 16.0, 

4.0)

3.08 (d, 16.4)
2.78 (m)

6 3.8 (1H, d, J = 7) 3.91  
(d, J = 6.9)

3.59 (brddd, 8.8, 
5.6, 3.3)

3.59 (m) — —

7 1.5 (1H, m) 1.55 (m) 4.07 (ddd, 10.6, 
5.4, 3.3)

4.06 (m) — —

8 1.8 (2H, m) 1.80 (m) 2.46 (brddd, 13.0, 
5.4, 5.4) 

3.18–3.49 (m)

2.48 (m) 
3.22 (m)

2.70 (t, 11.9)
2.45 (m)

2.70 (t)
2.45 (m)

9 2.25 (2H, m) 2.23 (m) 5.52–5.69 (m) 5.62 (m) 3.68 (dt, 11.9, 4) 3.67  
(dt, 11.9, 4.1)

10 — — 5.52–5.69 (m) 5.61 (m) 4.41 (q, 3.7, 1.6) 4.42 (m)

11 1.4 (1H, m) 1.52 (m) 2.58 (brddd, 13.0, 
5.4, 5.4) 

3.18–3.49 (m)

1.75 (m) 
1.53 (m)

— —

12a
 b

1.1 (2H, m)
1.4 (2H, m)

1.19 (m)
1.52 (m)

4.27 (ddd, 10.5, 
5.4, 3.1)

4.25 (m) 1.31 (s) 1.32 (s)

13a
 b

1.6 (2H, m)
1.8 (2H, m)

1.60 (m)
1.80 (m)

3.23 (ddd, 8.4, 
5.9, 3.1)

2.68 (m) 1.04 (s) 1.06 (s)

14 5.02 (1H, br. t, 
J = 7.5)

5.10  
(brt, J = 7.1)

1.82–1.98 (m) 1.88 (m) 5.20 (sl) 
4.97 (sl)

5.19 (sl)
4.95 (sl)

15 — — 0.86 (t, 7.5) 0.86 (m) 1.75 (sl) 1.74 (sl)

OH — — — — 2.27 (d, 11.3) 2.25 (m)

16 1.61 (3H, s) 1.60 (s) — — — —

17 1.75 (3H, brs) 1.76 (brs) — — — —

18 4.6 (2H, br) 4.74 (br) — — — —

19 0.94 (3H, d, 
J = 6.0)

0.99  
(d, J = 5.8)

— — — —

20 1.54 (3H, s) 1.60 (s) — — — —

a Gedara et al. (2003) (1H NMR measured in CDCl3 at 400 or 500 MHz).
b Awakura et al. (1999).
c Da Silva Machado et al. (2011).
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plate containing 180 µL of bacterial inoculum per well for a final volume of 200 µL per well, with 
each one tested in triplicates. Positive control included 180 µL of culture plus 20 µL of vancomycin 
(10 mg/mL). Negative control was 180 µL of culture and 20 µL of DMSO, and the sterile control 
was made up of 180 µL of broth and 20 µL of DMSO. Following dispensing of samples and controls 
into the plate as per setup, the plate was covered with a Breathe-Easy® sealing membrane and was 
incubated for 24 hours at 37°C. Following incubation, 20 µL of 0.25% (w/v) MTT was added to each 
well and further incubated at 37°C for 3 hours. The plate was placed in a microplate reader, and the 
optical density was read at OD570. The readings were used to calculate the percentage growth of 
each sample using the following formulae outlined:

 ( )
×

% growth = 
Final value (mean of triplicate dilution concentration) 100

MRSA mean of triplicate negative control

 
( )

( )
×

% growth positive control = 
mean of triplicate vancomycin dilution concentration 100

MRSA mean of triplicate negative control

 
( )

( )=
×

% growth negative control   
mean of triplicate DMSO dilution concentration 100

MRSA mean of triplicate negative control

TABLE 19.2 
13C NMR Data in CDCl3 (400 and100 MHz) of Compounds 1–3

Position
δC  

(Literature)d 1
δC  

(Literature)b 2
δC  

(Literature)c 3

1 46.9 46.8 82.5 82.3 24.3 24.3

2a
2b

34.7 34.7 — 81.6 32.5 32.4

3 124.0 124.0 111.3 111.9 73.3 73.3

4 141.4 141.4 140.3 141.6 57.2 57.1

5 60.4 60.4 34.6 34.3 33.8 33.8

6 75.0 75.0 81.4 81.6 44.0 43.9

7 47.8 47.7 62.2 63.2 147.2 147.1

8 23.5 23.5 33.5 33.3 39.4 39.3

9 40.7 40.6 128.5 129.3 69.6 69.6

10 152.6 152.5 130.0 130.0 76.4 76.3

11 35.0 35.0 34.3 29.8 43.7 43.7

12a
12b

35.4 35.4 54.7 63.5 24.8 24.8

13a
13b

25.8 25.6 84.0 63.2 25.3 25.3

14 124.6 124.7 27.9 29.1 114.7 114.7

15 131.6 131.5 9.7 10.4 33.1 33.1

OH 25.6 25.6 — — — —

16 15.9 15.9 — — — —

17 107.1 107.1 — — — —

18 17.5 17.5 — — — —

19 17.7 17.7 — — — —

20 46.9 46.8 — — — —

b Awakura et al. (1999). 
c Da Silva Machado et al. (2011). 
d Ayyad et al. (2011) (13C measured in CDCl3 at 150 MHz).
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19.3 RESULTS AND DISCUSSION

19.3.1 isolation oF 1

The brown alga D. naevosa was collected by hand at the coast of KwaZulu-Natal, South Africa. A 
series of column chromatographic separations of the organic crude extract and further purification 
through semi-preparative HPLC afforded compound 1 (Figure 19.1) were performed. Following 
detailed analysis of 1D and 2D NMR spectroscopy and comparison with literature data, the struc-
ture of 1 was elucidated.

19.3.2 structure elucidation oF 1

Compound 1 showed a protonated molecular ion peak at m/z 289.2535 corresponding to a molecular 
formula of C20H32O (calcd for 289.2533). Following the evaluation of the 1D and 2D NMR spectral 
data for 1 in CDCl3 and comparison with literature data, the spectroscopic values for all the signals 
were assigned. The 1H NMR spectrum of 1 showed the presence of two methine signals at δ 5.33 
(H-3) and 5.01 (H-14), four methyl signals at δ 1.76 (H-17), 1.60 (H-16), 1.55 (H-20), 0.94 (H-19), 
and six methylene signals at δ 4.70 (H-18), 2.23 (H-9), 2.20/2.48 (H-2), 1.60/1.80 (H-13), 1.80 (H-8), 
and 1.19/1.52 (H-12) (Table 19.1). The 13C NMR spectrum revealed 20 carbon signals consistent 
with a diterpene skeleton (Table 19.2). The HSQC spectrum showed that olefinic protons at δ 5.3 
(H-3) and 5.01 (H-14) were attached to carbons at δ 124.0 (C-3) and 124.7 (C-14), respectively. The 
COSY spectrum showed correlations of 2.62 (H-1) –2.20/2.48 (H-2), 2.20 (H-5), 2.20/2.48 (H-2)–
5.33 (H-3), 1.55 (H-7)–3.91 (H-6), and 1.52 (H-11). The pentene ring is established based on a COSY 
correlation between 2.20 (H-5) and 3.91 (H-6). The isoprenyl is then linked to the ring through a 
COSY bond between 1.19/1.52 (H-12) and 1.60/1/80 (H-13). The methylene proton at 4.70 (H-18) 
showed HMBC correlation of 40.6 (C-9), and 2.23 (H-9) showed a correlation of 47.7 (C-7). The 
HMBC correlations of the methyl proton at 1.76 (H-17)–124.0 (C-3) and 60.4 (C-5) completed the 
methylated pentene ring of the diterpene. All spectroscopic data for compound 1 are in agreement 
with literature data reported for pachydictyol A (Gedara et al., 2003; Ayyad et al., 2011). Compound 
1 was first isolated from brown alga Pachydictyon coriaceum by Hirschfeld et al. (1973). Its occur-
rence in other algae species has been reported from Dictyota flabellate (De Andrade Moura et al., 
2014), Cystoseira myrica (Ayyad et al., 2003), and P. coriaceum (Robertson and Fenical, 1977).

19.3.3 isolation oF 2

A specimen of L. pumila was collected manually from the coast of KwaZulu-Natal, South Africa. 
The compound was extracted by column chromatography and subsequently subjected to a semi-
preparative normal phase HPLC for further separation and purification to yield 2. The 2D NMR 

FIGURE 19.1 Chemical structures of compounds (1–3) isolated from Dictyota naevosa, Laurencia pumila, 
and Laurencia sodwaniensis, respectively.
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spectroscopic results for structural elucidation of 2 (Figure 19.1) are discussed and compared with 
those reported in the literature.

19.3.4 structure elucidation oF 2

The 1H NMR spectrum of 2 indicated the presence of a terminal methyl signal at δ 0.89 (H-15) and 
four methylene signals at δ 2.83 (H-5), 2.48 (H-8), 2.58 (H-11), and 1.88 (H-14). An acetylenic signal 
at δ 3.16 (H-1), and further upfield, four olefinic proton signals were exhibited at δ 5.61 (H-10), 5.62 
(H-9), 5.56 (H-3), and 6.33 (H-4) (Table 19.1). The 13C NMR spectrum displayed fifteen carbon 
signals (Table 19.2). This included four methylene signals at δ 34.3 (C-5), 33.3 (C-8), 29.8 (C-11), 
and 29.1 (C-14), an alkyne carbon signal δ 81.6 (C-2), and nine methine carbon signals at δ 82.3 
(C-1), 111.9 (C-3), 141.6 (C-4), 81.6 (C-6), 63.2 (C-7), 129.3 (C-9), 130.0 (C-10), 63.5 (C-12), and 63.2 
(C-13). The presence of four methine carbons signals δ 111.9 (C-3), 141.6 (C-4), 129.3 (C-9), and 
130.0 (C-10) is indicative of two double bonds for which 111.9 (C-3) and 141.6 (C-4) forms part of a 
linear chain, while 129.3 (C-9) and 130.0 (C-10) is indicative of a double bond in a ring. The methine 
carbons 81.6 and 63.5 confirm an ether linkage. A nine-membered ring was established based on 
the HMBC correlation of δ 2.68 (H-13) to the carbon δ 81.6 (C-6). The enyne side chain of the ring 
was established by long-range correlation of δ 6.33 (H-4)– δ 81.6 (C-2) and a COSY correlation of 
δ 6.02 (H-4) and δ 5.56 (H-3). The skeleton is indicative of a C-15 acetogenin, which is not uncom-
mon in the Laurencia species. A literature search of the spectral data revealed a close relationship 
to 3Z, 12R, 13R-obtusenyne, as reported by Awakura et al. (1999) and Noite et al. (1991). The major 
difference observed between 2 and 3Z, 12R, 13R-obtusenyne was the13C chemical shift at δ C-11, 
C-12, and C-13 (Table 19.2). This suggests the presence of a different electronegative compound 
or halogen at position 12 other than bromine.13C NMR spectrum prediction of compound 2 on 
ChemDraw 18.2, that is, substituting bromine at position 12 for chlorine gave a similar spectrum to 
the obtained compound 2. A literature search for compound 2—a dichloronated version of 3Z, 12R, 
13R-obtusenyne did not yield any result. Further experiments to confirm the structure could not be 
carried out due to the small quantity of material available and the fact it requires further purifica-
tion. This could, in fact, generate a novel halogenated C-15 acetogenin compound from L. pumila.

19.3.5 isolation oF 3

The alga L. sodwaniensis was collected by hand from the shoreline in KwaZulu-Natal, South 
Africa. The compound was purified through the application of the organic extracts to a silica gel 
column for chromatographic separation to yield 3 (Figure 19.1). Compound 3 was analysed by 1D 
and 2D NMR spectroscopy.

19.3.6 structure elucidation oF 3

In compound 3, the 1H NMR showed three distinct methyl signals at δ 1.03 (H-13), 1.32 (H-12), and 
1.74 (H-15). Five overlapping methylene proton signals were observed at δ 1.74/2.06 (H-1), 1.82/2.39 
(H-2), 2.78/3.08 (H-5), 2.45/2.70 (H-8), 4.95/5.19 (H-14) as well as three methine signals at δ 4.42 
(H-10), 3.67 (H-9), and 4.42 (H-4) (Table 19.1). The 13C NMR spectrum showed 15 carbon signals 
consistent with sesquiterpenes (Table 19.2). Five of these carbon signals were confirmed as methy-
lene carbons with a13C DEPT-135 NMR spectrum showing signals at δ 24.3 (C-1), 32.4 (C-2), 33.8 
(C-5), 39.3 (C-8), and 114.7 (C-14). Three methyl signals were observed at δ 24.8 (C-12), 25.3 (C-13), 
and 33.1 (C-15). The presence of halogenated carbons was established by the three-carbon signals 
observed at 57.1 (C-4), 73.3 (C-3), and 76.3 (C-10). The deshielding of the methyl group at δ 33.1 
(C-15) is indicative of the close proximity of a halogen to the methyl group. The HMBC spectrum 
showed a correlation of 4.42 (H-4) –33.1 (C-15). Since a brominated methine appears generally 
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upfield from its chlorinated analog (Crews et al., 1984), the 13C signal at 57.1 (C-4) is indicative of 
a bromomethine at 57.1 (C-4) and chlorination at 73.3 (C-3). All spectroscopic data for compound 3 
were in agreement with literature data reported for cartilagineol by Da Silva Machado et al. (2011) 
which was isolated from the Brazilian red alga Laurencia dendroidea. The HR-LCMS of fraction 
3 from which 3 was derived showed a base peak at m/z 305.1527, which is not consistent with any 
of the fragments expected from the ionisation of 3. The molecular ion of 3 was also expected at 
414.6 g/mol; however, it is not present in the HR-LCMS.

19.3.7 Biological activity oBserved For comPounds 1–3

The compounds (1–3) displayed antibacterial activities against MRSA at a concentration of 
20 µg/mL from the TLC bioautographic assay (Figure 19.2). The active extracts and compounds 
(1–3) were represented by the presence of clear spots on the TLC plates that effectively inhibited 
the growth of MRSA. Similar observations were made by Suleimana et al. (2009) who used the 
TLC bioautographic procedure to screen hexane, acetone, dichloromethane, and methanol extracts 
of seven South African plants.

19.3.8  the suscePtiBility assessment oF extracts and comPounds 
1–3 against mrsa By Broth microdilution

The susceptibility of MRSA to D. naevosa, L. pumila, and L. sodwaniensis extracts and isolated 
compounds is shown in Figure 19.3. Neither the extracts nor the compounds showed striking activ-
ity against MRSA when tested by the microdilution method. This is in direct contrast to the results 
obtained from the TLC-bioautography assay. The result shows that the dilution concentration at 
which D. naevosa extract appears to show some activity against MRSA growth was at 1.56 µg/mL 
and with the least percentage growth of 93.74%. MRSA growth was only slightly suppressed 
at 3.12 µg/mL and 0.78 µg/mL. Ideally, it is expected that the higher concentration would show 
increased MRSA inhibition; however, these concentrations appear to enhance the growth of the 
organism. Similar observation was reported by Luziatelli et al. (2019) who observed that vegetal-
derived bioactive compounds and extracts from a tropical lettuce stimulated the growth of epiphytic 
bacteria with biological control activity against pathogens. In addition, the extract may not be fully 

FIGURE 19.2 Thin-layer bioautographic assay of compounds 1, 2, and 3 against MRSA. (a) 1, (b) 2, (c) 3, 
(d) Vancomycin, and (e) Dichloromethane. All the assays were in duplicates; clear zone-inhibition of MRSA 
by compounds.



363Antibacterial Lead Compounds: South African Marine Algae

FIGURE 19.3 Evaluation of susceptibility of MRSA to extracts and compounds of Dictyota naevosa, 
Laurencia pumila, and Laurencia sodwaniensis by broth microdilution method.
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solubilised in liquid medium (Delgado et al. 2005). The result also showed that MRSA growth was 
not susceptible to L. pumila and L. sodwaniensis extracts, as the percentage growth was above 
100% when tested within the set concentration range evaluated. Similar to D. naevosa, the highest 
concentrations of L. pumila and L. sodwaniensis extracts resulted in the highest MRSA percentage 
growth. Based on these observations, it appears that the susceptibility of MRSA to algal extracts 
is not dose-responsive. Perhaps, higher concentrations could have been tested, but it is likely that 
the poor solubility of the compounds is the reason for the poor activity. Vancomycin has been 
reported as effective anti-mycobacterium; therefore, it was used as the standard (Rens et al., 2014). 
Figure 19.3 also shows the susceptibility of MRSA to compounds 1, 2, and 3. The result shows that 
MRSA growth was not susceptible to 1, as the percentage growth was above a 100% across the 
dilution concentration ranges. The D. naevosa extract from which 1 was isolated shows inhibitory 
activity against MRSA growth at 3.12 µg/mL, 1.56 µg/mL, and 0.78 µg/mL, whereas an increase in 
growth was observed at these concentrations with the purified compound. This suggests that 1 may 
be insoluble, or that the dilution concentration at which 1 suppresses MRSA growth is at 12.5 µg/
mL. The growth of MRSA is also susceptible to 3 at 3.12 µg/mL, 1.56 µg/mL, 0.78 µg/mL, and 
0.39 µg/mL. It is also quite possible that the antibacterial activity is dependent on the synergistic 
action of other bioactive components present in the extracts (Pérez et al., 2016). It has been well 
documented that taking the whole plant or extracts with no isolation of components, as practiced in 
traditional medicine, produces a better therapeutic effect than individual compounds. According to 
Thomford et al. (2018), this is important as most of the plant metabolites likely work in a synergistic 
fashion or concurrently to give the plant extract its therapeutic effect.

A contrast in the activity of these metabolites in nutrient broth and TLC silica plate is observed. 
On the TLC silica plates, the extracts showed inhibition of MRSA growth, whereas an increase 
in growth rate was detected in the liquid medium. Factors that can influence growth include the 
medium in which the metabolites were applied whether solid or liquid and also the nutrients present 
in the liquid medium (Wiegand et al., 2008). The application of MRSA on a solid surface such as 
the silica gel plate permits for direct contact with the metabolites, whereas the liquid medium with 
nutrients may have caused MRSA to thrive.

19.4 CONCLUSION AND PROSPECTS

This study describes the isolation of a diterpene pachydictyol A (1) from D. naevosa—a C-15 
acetogenin (2) from L. pumila, and a chamigrane sesquiterpene cartilagineol (3) from L. sod-
waniensis. These compounds (1–3) were isolated for the first time in these species. Structural elu-
cidation of the compounds was based on a detailed analysis of the spectroscopic data generated 
with reference to literature data. The compounds (1–3) displayed antibacterial activity against 
MRSA, following a TLC-bioautograpy assay. Broth microdilution assay of the algae extracts 
and compounds against MRSA was carried out, and poor antimicrobial activity was observed. 
Due to insufficient material availblity, additional tests could not be carried out. The extrac-
tion and re-isolation of the compounds on a larger scale from the algae species are important. 
Greater quantity of extracts will enable further separation and purification of the compounds 
by chromatographic means to better characterise the compounds structurally. In addition, the 
compounds can then be incorporated into solid lipid nanoparticles to improve solubility, follow-
ing which further biological and cytotoxicity assays can take place to gain clarity on the mode 
of action of isolated compounds.
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20.1  INTRODUCTION

Beauveria bassiana is an endophytic entomopathogenic fungus that occurs naturally and ubiquitously 
in the soil (Espinoza et al., 2019). B. bassiana can form a mutually beneficial symbiotic relationship 
with a plant. It can live in a plant’s tissues without causing infection while strengthening plant defence, 
and the plant serves as the host in exchange (Behie et al., 2014). While some fungal species live as 
latent or inactive pathogens that become active and multiply when their host plants are under stressful 
environmental conditions, others are neutral and offer no benefit (Sikora et al., 2007). B. bassiana has 
been reported by several authors to enhance the production of bioactive compounds that improve plant 
resistance to pests and diseases, the rate of nutrient uptake tolerance to abiotic and biotic stresses, and 
growth (Gana et al., 2022). Furthermore, endophytic fungi could induce plant production of antioxi-
dants, and protect host plants from pathogens and environmental stresses (White and Mónica, 2010). 
Hence, the endophytic fungi–plant relationship could be explored for the cultivation of targeted high-
valued medicinal plant species to optimise their medicinal properties by increasing the quantity and 
quality of secondary metabolites, which are responsible for the bioactivities demonstrated by plants 
(Dutta et al., 2014; Caruso et al., 2020). Several studies are ongoing to investigate alternative ways to 
improve the phytochemical constituents in plants by manipulating the biotic and abiotic environmen-
tal factors (Li et al., 2020). Hence, inoculating plants with an endophytic fungus such as B. bassiana—
a biotic approach can be explored to enhance the production of secondary metabolites and induce the 
production of antioxidants in host plant species (Macuphe et al., 2021).

Soil cultivation of medicinal plants, another approach for cultivating medicinal plants, has 
many challenges, including exposure to pests, high pesticides, and fertilisers (Chen et al., 2016). 
Consequently, researchers are looking for other, more environment-friendly, cost-effective alterna-
tive methods. Hydroponics is a feasible alternative approach for cultivating medicinal plants (Giurgiu 
et al., 2014); the biotic and abiotic factors can be manipulated to optimise the secondary metabolite 
production and improve the bioactivities of plants (Vu et al., 2006). Plants’ secondary metabolites play 
a vital ecological role in plants’ defence, protection, and signalling mechanisms (Griesser et al., 2015).

Helichrysum petiolare Hilliard belongs to the plant family Asteraceae or Compositae, and it’s 
commonly known as silver bush everlasting (English), akruie (Afrikaans), and imphepho (Xhosa). 
The species is endemic to South Africa and predominantly found in the Free State, Western Cape, 
Eastern Cape, and Northern Cape Provinces (Maroyi, 2019). The height of H. petiolare ranges from 
30 to 120 cm. It grows better in drier inland and sheltered slopes in the fynbos biome, transition 
zones, and forest margins at an altitude that ranges from 120 to 1,420 m above the sea level (Maroyi, 
2019). Van Wyk and Gericke (2013) recorded H. petiolare as one of the most popular Helichrysum 
species; it is utilised as herbal medicine against colds, coughs, headache, fever, menstrual pain, and 
infections in South Africa. Phytochemical studies showed that H. petiolare extracts and their iso-
lated compounds have anti-fungal, anti-bacterial, anti-inflammatory, antioxidant, anti-tyrosinase, 
anti-genotoxicity, and cytotoxicity activities (Akinyede et al., 2021; Maroyi, 2019). Furthermore, the 
aerial parts (flowers, leaves) of H. petiolare are a rich source of terpenoid and non-terpenoid com-
pounds (Giovanelli et al., 2018; Lourens et al., 2004; Ras, 2013). It has been reported that the etha-
nol and methanol extracts of H. petiolare exhibited good antioxidant (DPPH) activities with IC50 
values of 44.3 μg/mL and 28.7 μg/mL, respectively (Akinyede et al. 2021, Maroyi, 2019). Hence, 
this research study aimed to primarily assess the effects of B. bassiana on secondary metabolite 
contents and antioxidant activity of H. petiolare.
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20.2  MATERIALS AND METHODS

20.2.1  research design

A greenhouse experiment of this research study was carried out at the Cape Peninsula University 
of Technology (CPUT), Bellville campus, Western Cape, South Africa. Potted H. petiolare plants 
were exposed to a fungus (B. bassiana [SM 3 strain]) or control treatment in a completely random 
design. The effect of the fungus inoculation on secondary metabolite contents and antioxidant activ-
ity was evaluated.

20.2.2  Plant materials

H. petiolare (Silver Bush Everlasting) seedlings were purchased from Stodels Nurseries (Pty) Ltd. 
in Bellville, Western Cape Province, South Africa. H. petiolare seedlings were maintained under 
the following conditions: 28 ± 2°C, 60–80% RH, and 14/10 natural light/dark regime in a glasshouse 
at the Cape Peninsula University of Technology, Bellville campus, Western Cape, South Africa. 
Each plant was gently removed from the seedlings trays and transplanted into a substrate mix of 
silica sand, peat moss, vermiculite, and perlite at a 1:1:1:1 ratio. Prior to transplanting, the substrate 
was sterilised with 1% sodium hypochlorite for 15 minutes and rinsed with sterile distilled water 
three times.

20.2.3  Fungus PreParation

Cultures of a B. bassiana strain (SM 3) previously isolated from a vineyard and identified molecu-
larly by Moloinyane and Nchu (2019) were used in this study. The method described by Moloinyane 
and Nchu (2019) was used to culture the fungus. Briefly, the B. bassiana strain was cultured on 
selective medium for fungus as follows: half strength (19.5 g/1,000 mL) of Potato Dextrose Agar 
(PDA) (Sigma-Aldrich Pvt. Ltd., Johannesburg, South Africa), 0.04  g streptomycin, and 0.02  g 
ampicillin sodium salt. The PDA was prepared on 9 cm diameter Petri dishes, and fungal cultures 
were incubated as described in Macuphe et al. (2021). The matured conidia were harvested using 
a sterile spatula and transferred into a 50 mL centrifuge tube containing 25 mL sterile water. The 
centrifuge tube was capped and shaken for 3 minutes and mixed vigorously for 2 minutes using 
a vortex mixer (MI0101002D Vortex Mixer, Silverson Machines, Inc., East Longmeadow, MA, 
USA) at 3,000 rpm to homogenise the conidial suspension. Furthermore, the homogenous conidial 
suspension was transferred into 1,000 mL bottles comprising 500 mL sterile distilled water and 
0.05% Tween 80 (Polysorbate, Sigma-Aldrich, Johannesburg, South Africa). The desired conid-
ial concentration, 1 × 108 conidia m/L, was determined using a haemocytometer (Bright-Line™, 
Sigma-Aldrich, Johannesburg, South Africa) and observed with a light microscope at 400× magni-
fication. The method described by Latifian and Rad (2012) was employed to assess fungal viability. 
Germination percentage was evaluated on a 100-spores count at 40× magnification. Each plate was 
replicated four times, and over 90% conidial germination was observed.

20.2.4  greenhouse exPeriment

This experiment was carried out in a CPUT greenhouse, Bellville campus in the Department of 
Horticultural Sciences, Western Cape, South Africa. The following conditions were maintained in 
the greenhouse: 25 ± 5°C, 65% ± 5% relative humidity, and the average light intensity was 31.77 kilo 
lux. Two weeks old H. petiolare seedlings were transferred into 15 cm pots containing a substrate mix 
of the substrates, silica sand, peat moss, vermiculite, and perlite, mixed at a ratio of 1:1:1:1. Twelve 
plants were placed into 15 cm pots individually. This experiment consisted of a control treatment 
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and a B. bassiana treatment. Each plant was drenched with 100 mL of conidial suspension (1 × 108 
conidia m/L) of B. bassiana, and the control plants were drenched with 100 mL of sterile distilled 
water with 0.05% Tween 20. Each treatment had six replicates (n = 6) (Figure 20.1). The plants were 
fed using recommended commercial hydroponics fertiliser NUTRIFEED® hydroponic fertiliser 
(Starke Ayres Pvt. Ltd., Cape Town, South Africa) that had the following ingredients: N (65 mg/kg), 
P (27 mg/kg), K (130 mg/kg), Ca (70 mg/kg), Cu (20 mg/kg), Mo (10 mg/kg), Fe (1,500 mg/kg), Mg 
(22 mg/kg), S (75 mg/kg), B (240 mg/kg), Mn (240 mg/kg), and Zn (240 mg/kg). The fertiliser was 
diluted with sterile distilled water to a concentration of 10 g/ 5,000 mL, and 200 mL was added to 
each plant weekly. Moreover, each H. petiolare plant was watered twice a week with distilled water. 
Furthermore, each plant was watered with distilled water once a week for 6 weeks. This experiment 
was replicated three times.

FIGURE 20.1 Helycrysum petiolare plants inoculated with Beauveria bassiana conidia.
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20.2.5  Fungal colonisation oF Plant tissue

The successful fungal colonisation of the tissues was determined using the method described in 
Moloinayne and Nchu (2019). Briefly, After 21 days post-treatment, fresh leaves were picked off 
plants and taken to the laboratory to assess fungal colonisation. Leaf sections were surfaced and 
sterilised in the following sequence: 0.5% sodium hypochlorite for 2 minutes, 70% ethanol for 2 
minutes, and then rinsed with sterile distilled water for 1 minute. The sterilised leaf sections were 
placed on selective solid agar plates made up of half-strength PDA (19.5 g/1,000 mL of sterile water 
containing 0.04 g streptomycin and 0.02 g ampicillin sodium salt). They were incubated at 25 ± 2oC. 
Based on the fungal outgrowth on leaf sections, 83% of plants had successful fungal colonisation.

20.2.6  samPle PreParation For chemical analyses and antioxidant activities

Only plants that showed successful fungal colonisation (83%) were randomly selected to analyse 
secondary metabolite contents. Plants were oven dried at 35°C for 168 hours and were ground and 
transferred into plastic bags.

20.2.7  analysis oF secondary metaBolites on leaves oF inoculated Plants

20.2.7.1  Total Polyphenol
The Folin–Ciocalteu method was used to determine the total polyphenol content of the crude 
extracts (Swain and Hillis 1959; Singleton et al., 1999). A volume of 25 μL of the crude extract 
was mixed with 125 μL Folin–Ciocalteu reagent (diluted 1:10 with distilled water) (Merck, South 
Africa). A volume of 100 μL (7.5%) aqueous sodium carbonate (Na2CO3) (Sigma-Aldrich, South 
Africa) was added to each well after 5 minutes, followed by the absorbance reading of the solution 
in the microplates. The results were expressed as mg gallic acid equivalents per gram dry weight 
(mg GAE/g DW).

20.2.7.2  Total Flavonol
The flavonol content was determined using the protocol described by Daniels et al. (2015). Quercetin 
standard concentrations of 0, 5, 10, 20, 40, and 80 mg/L in 95% ethanol (Sigma-Aldrich, South 
Africa) were used. 12.5 μL of the crude extracts were mixed with 12.5 μL 0.1% hydrochloric acid 
(HCl) (Merck, South Africa) in 95% ethanol in the sample wells and then incubated for 30  minutes 
at room temperature. The results were expressed as mg quercetin equivalent per g dry weight 
(mg QE/g DW).

20.2.8  gc–ms analysis

20.2.8.1  Sample Preparation
Twelve potted plants, six from each treatment, were used for this analysis. Only plants that showed 
fungal colonisation among the fungus-treated plants were used for GC–MS analysis.

20.2.8.2  GC-MS Analysis (Headspace)
The GC-MS method described by Moloinyane and Nchu (2019) was adopted for this research study. 
The whole leaves from the fresh lettuce plants were removed and freeze-dried at −80°C (overnight), 
and then crushed in liquid nitrogen. A mass of 1 g of the crushed leaves was transferred into a solid-
phase microextraction (SPME) vial, and then 2 mL of 12% ethanol solution (v/v) at 3.5 and 3 mL of 
20% NaCl were added to the vial. The samples were mixed vigorously using a vortex mixer. Finally, 
the headspace of the samples was analysed using a Divinylbenzene/Carboxen/Polydimethylsiloxane 
(DVB/CAR/PDMS) SPME fibre (grey).
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20.2.8.3  Chromatographic Separation
The volatile compounds were identified and separated in the lettuce plants using a gas chromato-
graph (6890N, Agilent Technologies Network) coupled to an inert Xl EI/CI Mass selective detector 
(model 5975B, Agilent Technologies Inc., Palo Alto, CA). The protocol described in Moloinyane 
and Nchu (2019) was used. The GC–MS system used was combined with a CTC Analytics PAL 
autosampler. The volatiles were separated on a polar ZB-WAX (30 m, 0.25 mm ID, 0.25 µm film 
thickness) Zebron 7HG-G007-11 capillary column. Helium was used as the carrier gas at the flow 
rate maintained at 1 mL/min. The injector temperature was 250°C, with a split ratio of 5:1, and oven 
temperature was timed at 35°C for 6 minutes, at a rate of 3°C/min to 70°C for 5 minutes, then at 
4°C/min to 120°C for 1 minute, and finally increased to 240°C at a rate of 20°C/min and maintained 
for 2.89 minutes. The mass selective detector was operated in full scan mode while maintaining 
the source, quad, and transfer temperatures at 230°C, 150°C, and 250°C, respectively. The electron 
impact mode at ionisation energy of the mass spectrometer was run below 70 eV, scanning from 35 
to 500 m/z. Relative ratios were used to estimate quantities of volatiles, and they were determined 
using the expression (peak area/IS peak area) × IS concentration (IS = Internal standard). A cut-off 
match quality of at least 90% was used for organic volatile compound identification.

20.2.9  antioxidants

20.2.9.1  Sample Materials
The plant materials (H. petiolare) were oven dried at 35°C for 168 hours. The dried plant materi-
als were ground, and the powered material was transferred into plastic bags. Twelve samples were 
weighed, and 0.1 g of powdered plant material was transferred into centrifuge tubes. The samples 
were extracted with 25 mL of 60% ethanol and placed inside the incubator for 24 hours.

20.2.9.2  Sample Preparation
The dried samples were ground, and the powdered material was transferred into plastic bags. Twelve 
samples per treatment were weighed, and 0.1 g of powdered H. petiolare samples were transferred 
into 50 mL centrifuge tubes. Tomato samples were extracted with 25 mL of 60% ethanol and placed 
inside the incubator for 24 hours (Macuphe et al., 2021).

20.2.9.3  Ferric-Reducing Antioxidant Power (FRAP)
The ferric-reducing antioxidant power assay method was adopted by Benzie and Strain (1996). 
The assay is based on the reduction of the ferric–tripyridyltriazine compound to its ferrous in the 
presence of antioxidants. The reagent used for this research study were as follow: 2.5  mL of a 
10 mmol/L TPTZ (2,4,6- tripyridyl-s-triazine, Sigma-Aldrich, Johannesburg, South Africa) solu-
tion in 40 mmol/L HCl plus 2.5 mL of 20 mmol/L FeCl3 and 25 mL of 0.3 mol/L acetate buffer 
and kept at pH 3.6 was freshly prepared and warmed at 37°C (Macuphe et al., 2021). The aliquots 
of 40 μL of the sample supernatant were mixed with 0.2 mL sterile distilled water and 1.8 mL 
FRAP reagent. Following the incubation at 37°C for 10 minutes, the spectrophotometric method 
was used to determine the absorbance of the reaction mixture at 593 nm. The standard solution was 
1 mmol/L FeSO4, and the result was represented as the concentration of antioxidants with a ferric-
reducing capacity of 1 mmol/L FeSO4.

20.2.9.4  Trolox Equivalent Antioxidant Capacity (TEAC)
The TEAC method was used to assess the antioxidants’ potential to scavenge free radicals in toma-
toes in a method described by Miller et al. (1993). The TEAC value is calculated by comparing 
the antioxidant’s ability to scavenge the blue–green coloured 2,2′-azino-bis-(3-ethylbenzthiazoline-
6-sulphonic acid) radical (ABTS+) radical cation to the water-soluble vitamin E analogue’s ABTS•+ 
radical cation scavenging ability.
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20.2.10  statistical analysis

The total phenolic contents are reported as Mean ± SE, and the one-way analysis of variance 
(ANOVA) was used to compare the means among the treatments. All computations were completed 
with the software programmes STATISTICA® (13.5.0.17) and the Paleontological Statistics package 
for education and data analysis (PAST 3.14). Post-hoc analysis based on the Tukey test was used to 
separate the means. P-values of <0.05 were considered significant.

20.3  RESULTS

20.3.1  total Flavonol (mg qe/l)

Generally, the results showed that there was a significant difference between fungus-treated plants 
and control (DF = 1.22; F = 12.35; P = 0.002), as shown in Table 20.1.

20.3.2  total PolyPhenol (mg gae/l)

Generally, the results showed that there was no significant difference between fungus-treated plants 
and the control (DF = 1.22; F = 0.48; P = 0.49), as shown in Table 20.1.

20.3.3  gc–ms

The GC–MS results showed that there was no significant difference in the overall number of volatile 
compounds between B. bassiana-treated plants and control plants (Table 20.2), except for the sig-
nificant variations in the quantities (area ratios) of a detected individual compound—p-anisic acid 
methyl ester that was observed (DF = 1.5; P <0.05).

20.3.4  antioxidants

20.3.4.1  FRAP (µmol AAE/L)
The results showed that there was no significant difference (DF = 1.22; F = 0.06; P = 0.81) between B. 
basianna-treated plants and control, as shown in Table 20.3.

20.3.4.2  Trolox Equivalent Antioxidant Capacity (µmol TE/L)
The results showed that there was no significant difference between the fungus-treated plants and 
the control plants (DF = 1.22; F = 1.06; P = 0.32), as shown in Table 20.3.

20.4  DISCUSSION

The fungal strain of B. bassiana used in this study was successfully re-isolated from 83% of the 
leaf tissue of H. petriolare, suggesting that the fungus colonised the entire plant. The previous stud-
ies reported successful colonisation of many plant species following inoculation with B. bassiana 

TABLE 20.1
Effect of Beauveria bassiana on Secondary Metabolites of Helichrysum petiolare Extracts 
(n = 24)

Treatments Polyphenols (mg GAE/L) Flavonols (mg QE/L) Alkaloids (mg AE/L)

Control 76.96 ± 3.35a 31.94 ± 1.69b N.D

Fungal control 80.29 ± 3.43a 42.73 ± 2.56a N.D
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TABLE 20.2
The Mean Area Ratio of Volatile Compounds (Mean ± SE) of Control and Fungal Treated of 
Helichrysum petiolare

Compounds Volatiles Control Fungal Treated DF F Value P. Value

Alpha-pinene 6.51 ± 0.98A 7.99 ± 1.38A 1.10 0.77 0.40

Beta-pinene 14.88 ± 3.32A 15.00 ± 3.25A 1.10 0.01 0.98

Alpha-terpinene 1.21 ± 0.17A 1.04 ± 0.12A 1.10 0.66 0.43

Limonene 1.88 ± 0.90A 1.98 ± 0.99A 1.10 0.04 0.84

1,8 Cineole_(eucalyptol) 16.85 ± 2.90A 23.26 ± 4.09A 1.10 1.63 0.23

Dodecane 0.39 ± 0.10A 0.77 ± 0.19A 1.10 3.24 0.10

Trans-2-hexenal 0.78 ± 0.08A 0.66 ± 0.08A 1.10 1.05 0.33

Trans-beta-ocimene 84.88 ± 23.74A 78.33 ± 18.17A 1.10 0.05 0.83

Para-cymene 0.79 ± 0.09A 0.83 ± 0.10A 1.10 0.12 0.74

Terpinolene 0.78 ± 0.12A 0.67 ± 0.10A 1.10 0.48 0.50

Neo-allo-ocimene 1.53 ± 0.30A 1.96 ± 0.27A 110 1.11 0.31

Allo-ocimene 1.54 ± 0.28A 1.94 ± 0.19A 1.10 1.41 0.26

Tetradecane 1.56 ± 0.22A 1.44 ± 0.12A 1.10 0.22 0.65

m-di-tert-butyl_benzene 0.50 ± 0.17A 0.30 ± 0.04A 1.10 1.27 0.29

Mentha-1,4,8-triene 1.74 ± 0.30A 1.40 ± 0.23A 1.10 0.79 0.40

1-Octen-3-ol 10.17 ± 0.68A 9.81 ± 0.89A 1.10 0.10 0.76

Alpha-copaene 8.04 ± 1.74A 7.32 ± 1.20A 1.10 0.12 0.74

Alpha-gurjunene 1.90 ± 0.59A 1.24 ± 0.31A 1.10 0.98 0.35

6,7-Dimethyl-1,2,3,5,8,8a-hexahydronaphthaln 1.90 ± 0.64A 2.43 ± 1.30A 1.10 0.82 0.39

Beta-caryophyllene 4.36 ± 1.34A 3.08 ± 0.56A 1.10 0.78 0.40

Terpinen-4-ol 3.84 ± 0.58A 3.55 ± 0.38A 1.10 0.17 0.69

Lavandulyl_acetate 13.99 ± 2.55A 14.27 ± 1.94A 1.10 0.01 0.93

Ylangene 5.71 ± 1.31A 4.68 ± 0.76A 1.10 0.46 0.52

Longifolene 1.84 ± 0.77A 0.73 ± 0.19A 1.10 1.94 0.19

Aromadendrene 6.14 ± 1.53A 4.70 ± 0.92A 1.10 0.66 0.44

Beta-selinene 74.53 ± 20.14A 51.97 ± 9.66A 1.10 1.02 0.34

Alpha-chamigrene 20.22 ± 2.89A 18.41 ± 1.88A 1.10 0.27 0.61

Meryntyl_acetate 5.77 ± 1.80A 3.64 ± 0.79A 1.10 1.17 0.31

(-)-Aristolene 1.23 ± 0.60A 0.36 ± 0.20A 1.10 1.91 0.20

Alpha-Guaiene 2.48 ± 0.55A 2.06 ± 0.31A 1.10 0.45 0.52

Alpha-himachalene 5.13 ± 2.14A 1.97 ± 0.58A 1.10 2.04 0.18

Alpha-bulnesene 2.37 ± 0.58A 1.33 ± 0.18A 1.10 2.87 0.12

Valencene 7.05 ± 1.76A 5.43 ± 0.93A 1.10 0.69 0.43

Guaia-1(10),11-diene 13.77 ± 4.23A 13.07 ± 2.47A 1.10 0.57 0.47

Delta-cadinene 99.77 ±22.52A 76.72 ± 12.07A 1.10 0.81 0.39

Dihydro-alpha-agarofuran 152.46 ± 31.06A 107.75 ± 13.30A 1.10 1.75 0.22

Myrentol 1.46 ± 0.49A 0.86 ± 0.15A 1.10 1.40 0.27

Trans-calamenene 1.32 ± 0.30A 1.27 ± 0.26A 1.10 0.01 0.92

1s,cis-calamenene 1.54 ± 0.29A 1.32 ± 0.13A 1.10 0.43 0.53

Patchouli alcohol 620.19 ± 123.88A 433.31 ± 45.47A 1.10 2.01 0.18

Phenylethyl valerate 0.70 ± 0.11A 1.03 ± 0.40A 1.10 0.84 0.38

Viridiflorol 0.65 ± 0.14A 0.52 ± 0.07A 1.10 0.76 0.41

Epiglobulol 0.91 ± 0.23A 0.61 ± 0.10A 1.10 1.37 0.17

(Continued)
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(Macuphe et al., 2021; Moloinyane and Nchu, 2019). The inoculation of H. petiolare with the conid-
ial suspension of B. bassiana had various effects on secondary metabolites. The total flavonol con-
tents were significantly influenced by the fungus-treated plants, while the total polyphenol contents 
were not affected. The phytochemical analysis also revealed that the fungus had no significant 
effects on the overall amount of volatile chemical constituents; however, significant variations in the 
quantity (area ratio) of a detected individual compound—p-anisic acid methyl ester was observed. 
Previously, Ludwig-Müller (2015) reported that some endophytic fungal strains could increase the 
synthesis of secondary metabolites such as flavonoids in host plants.

The antioxidant outcomes showed that there was no significant difference between fungus-
treated plants and the control. However, acetone and methanol extracts of H. petiolare have dem-
onstrated prominent antioxidant activity, which corroborated with our findings (Aladejana et al., 
2021). Flavonoids are known to stabilise reactive oxygen species (ROS) via their scavenging 
actions through the oxidation of free radicals into more stable but less active or reactive radicals. 
Moreover, flavonoids with potent antioxidant activities have been shown to effectively modulate 
oxidative stress-related diseases through clearly defined mechanisms of action (Akinyede et al., 
2022). Flavonoids and phenolics with potent antioxidant activities have been shown to effectively 
modulate oxidative stress-related diseases through clearly defined mechanisms of action (Akinyede 
et al., 2022). Numerous plants and their phytochemical constituents have been reported to be benefi-
cial in preventing, alleviating, or treating oxidative stress-induced diseases (Etsassala et al., 2020).

TABLE 20.3
Effect of Beauveria bassiana on Antioxidant Activities of 
Helichrysum petiolare Extracts (n = 24)

Treatments FRAP (µmol AAE/L) TEAC (µmol TE/L)

Control 350.60 ± 20.06a 478.49 ± 19.02a

Fungal control 344.59 ± 15.31a 506.49 ± 19.51a

TABLE 20.2 (Continued)
The Mean Area Ratio of Volatile Compounds (Mean ± SE) of Control and Fungal Treated of 
Helichrysum petiolare

Compounds Volatiles Control Fungal Treated DF F Value P. Value

Alpha-cadinol 2.75 ± 1.38A 2.06 ± 0.79A 1.10 1.13 0.31

Gleenol 0.88 ± 0.27A 0.42 ± 0.12A 1.10 2.46 0.15

p-Anisic acid, Methyl ester 0.75 ± 0.07B 1.09 ± 0.08A 1.10 9.20 0.01

Valeranon 13.99 ± 2.37A 10.64 ± 1.37A 1.10 1.49 0.25

Eudesm-4(14)-en-11-ol 0.40 ± 0.12A 0.22 ± 0.03A 1.10 1.20 0.19

Tau-Cadinol 1.49 ± 0.27A 1.32 ± 0.20A 1.10 0.26 0.62

T-Muurolol 1.45 ± 0.34A 1.21 ± 0.16A 1.10 0.78 0.40

(+)-epi-Bicyclosesquiphellandrene 0.82 ± 0.22A 0.55 ± 0.08A 1.10 1.32 0.28

Globulol 7.85 ± 3.65A 2.37 ± 0.30A 1.10 2.24 0.17

Trans-sesquisabinene hydrate 6.78 ± 2.65A 2.75 ± 0.63A 1.10 2.18 0.17

4-Isopropyl-1,6-dimethyl naphthalene 2.56 ± 0.39A 2.09 ± 0.11A 1.10 1.37 0.27

Geranyl-p-cymene 1.63 ± 0.45A 1.01 ± 0.16A 1.10 1.69 0.22

2,4-di-tert-butyl phenol 0.61 ± 0.16A 0.38 ± 0.04A 1.10 2.00 0.19
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While many studies have studied the effects of endophytic fungus on the protection of plants 
against abiotic and biotic stresses (Dutta et al. 2014; Agbessenou et al., 2020), few studies have been 
focused on the effects of endophytic fungi on medicinal plants (Espinoza et al., 2018), especially 
H. petiolare. Hence, the positive influence of B. bassiana inoculum on total flavonol contents in 
this study suggests that endophytic B. bassiana could be used to manipulate secondary metabolite 
productions during cultivation. Beyond their role in agricultural plant protection against pests and 
pathogens, endophytic entomopathogens, such as B. bassiana, could be used to optimise commer-
cial cultivation of high-valued medicinal plants.

20.5  CONCLUSION AND PROSPECTS

B. bassiana inoculum significantly enhanced the flavonol contents in the fungus-treated plants. 
However, the B. bassiana inoculation had little effect on the volatile compounds and antiox-
idant activities. Endophytic B. bassiana could be used to optimise the cultivation of medicinal 
plants. Future studies on the effects of B. bassiana inoculation on other Helichrysum species are 
recommended.
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21 Ethnobotanical Study 
of Plants Used for the 
Management of Diabetes 
Mellitus in South Africa

Learnmore Kambizi and Callistus Bvenura

21.1  INTRODUCTION

Diabetes mellitus is a multifaceted metabolic disorder characterised by hypoinsulinaemia or insu-
lin resistance, and consequent hyperglycaemia and other cardiovascular complications (Jung et al., 
2006). It manifests in two forms, namely insulin-dependent diabetes mellitus (IDDM), also known 
as type 1 diabetes, and non-insulin-dependent diabetes mellitus (NIDDM), also known as type 2 
diabetes. The diabetic condition affects about 10% of the global population, and most cases are 
in developing countries (Wild et al., 2004). In South Africa, an estimated 1.8% of the population 
is living with diabetes (Azevedo and Alla, 2008). The South African National Burden of Disease 
estimates the age standardised death rate of diabetes to be between 40 and 80 deaths per 100,000 
people (Rheeder, 2006). These figures warrant rigorous research into low-cost and readily available 
antidiabetic agents, such as medicinal plants.

An estimated 60% of the South African population uses traditional medicine to cure various ail-
ments (Mander, 1998). Medicinal plants comprise a greater portion of traditional medicines. It is thus 
important to record the knowledge on these plants, as they are possible future sources of novel alterna-
tive treatments. The use of plant derivatives containing high concentrations of essential nutrients and 
other phytochemicals has been proposed for the treatment of diabetes (Oyedemi et al., 2009). Natural 
products, especially of plant origin are potential sources of novel antidiabetic principles (Marles and 
Farnsworth, 1995), hence the shift in global interest towards the use of plant-based medication (Erasto 
et al., 2005). Plant remedies are preferred, as they are readily available, inexpensive, and are perceived 
to be effective with fewer or no side effects compared to conventional medication (Farnsworth, 1994). 
Moreover, the use of plant remedies is part and parcel of culture among rural communities.

Ethnobotanical surveys are the method often used to search for important plant species 
(Farnsworth, 1994). Thus, an ethnobotanical survey is the first step towards prospecting for antidia-
betic agents of plant origin, and these surveys have been conducted in the Eastern Cape Province 
(Erasto et al., 2005; Oyedemi et al., 2009). However, these surveys are inexhaustive due to the vast-
ness of the region and varied vegetation, hence the survey among communities in the study area.
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21.2  METHODOLOGY

The ethnobotanical survey was conducted to collect data from key informants who comprised tra-
ditional medical practitioners and knowledgeable community members. A total of 30 informants 
participated in the survey. All informants were requested to give verbal consent prior to participat-
ing in the survey. Only willing informants were interviewed.

Non-probability sampling techniques were employed, whereby the key informants were identi-
fied opportunistically by signposts, enquiries in the neighbourhood, and from other informants. At 
least two personal visits were arranged with each key informant. A rapid appraisal tool in the form 
of a structured questionnaire was used to obtain ethnomedical information. The questionnaire was 
administered through guided interviews and general conversations. To effectively communicate, 
conversations were conducted in the local language (Xhosa) and later translated into English. Subtle 
probing techniques were used to get the maximal information. Financial rewards and gifts were 
given to encourage the respondents to part with their information, not as a way of buying them but 
establishing a good rapport. Personal visits proved to be the most appropriate method due to the 
remoteness of the locations visited, the relatively low literacy levels of key informants, and their 
willingness to participate in the survey. The survey questions elicited for information that includes: 
the diagnosis of diabetes mellitus, local names of plants used for the treatment of diabetes mellitus, 
plant part(s) used, methods of preparation of remedies, dosage, and the most common age group 
treated.

Where possible, plant and picture specimens were collected either from informants or during 
walks in the forest accompanied by rural dwellers or traditional medical practitioners. Specimens 
were initially identified by their local names. The specimens were shown to at least two other 
informants to confirm identification and/or identify the plant(s) using alternative local names. 
Identification of specimens using binomial names was done at the Kei Herbarium with the aid of 
herbarium curators. Voucher specimens were prepared and deposited in the Kei Herbarium. An 
inventory of plants used for the management of diabetes mellitus was compiled. Only plants sup-
ported by at least two references were included in the inventory (Jayakumar et al., 2010).

21.3  RESULTS AND DISCUSSION

The study revealed 30 plant species used for the management of diabetes in the study area 
(Table 21.1). The diagnosis of diabetes among traditional medical practitioners is largely based 
on observation of clinical symptoms.

Analysis of the diagnostic methods used (Figure 21.1) revealed that 97% of the respondents 
depended wholly or in part on the presentation of clinical symptoms to diagnose diabetes. Only 3% 
of the respondents use divination alone to diagnose diabetes mellitus. The respondents claimed to 
diagnose diabetes in their patients by symptoms such as rapid weight loss, weakness, and blurred 
vision, ants on urine signifying the presence of sugar, slow healing wounds, and polyuria. Being a 
complex disorder, diabetes mellitus can only be treated by a few individuals among the traditional 
medical practitioners, and, even then, they treat the symptom and not the underlying cause of the 
symptom. According to Bryant (1966), indigenous knowledge systems work on the premise that the 
symptom is the disease, hence the symptoms are treated, which are not necessarily the root cause of 
the ailment. Traditional medical practitioners have limited knowledge of human anatomy and physi-
ology, as their practice is based mainly on the experience acquired from trial-and-error methods.

Based on the number of plants used per family, Asphodelaceae tops the list with a 10% (three 
plants) representation, followed by Asteraceae, Apiaceae, and Hyacinthaceae with 6% (two plants) 
representation each, respectively. The rest of the families are represented by a single plant species. 
Compared to the previous studies conducted by Erasto et al. (2005) and Oyedemi et al. (2009) in 
the region, our findings reveal that there are more plants used traditionally for the management of 
diabetes mellitus. A total of 17 plant species (56.7%) are reported for the first time in the Eastern 
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TABLE 21.1
Plants Traditionally Used for the Management of Diabetes Mellitus 

Family and 
Species Name Local Name(s) Plant Part Used Preparation and Dosage

Hyacinthaceae
Albuca sertosa

Bowiea volubilis Harv. ex 
Hook.F.

Inqwebeba

Umagaqana

Corm

Corm

Half a cup of decoction made from bulbs of 
Dioscorea spp corm of Albuca spp and corm of 
Bulbine spp taken orally once a day.

As discussed under A. africanus

Asphodelaceae
Aloe ferrox Mill.

Bulbine spp

Salenxiweni

Ikhala

Ibhucu

Root

Leaves

Leaves

Corm

One cup of root and leaf decoction or infusion 
taken three times a day.

Decoction of leaves of A. arborescens and roots of 
Rubus spp. Leftover concoction is thrown away 
as it becomes poisonous with time.

A leaf decoction taken three times a day before meals.

As discussed under Albuca spp.

Apiaceae
Alypedia amatymbica Eckl. & 
Zeyh 

Daucus carota

Iqwili

Young carrot

Roots

Whole plant

Teaspoon of root powder eaten or fresh root 
chewed, as discussed under Curcubita spp.

Young fresh plants chewed after meals.

Polygonaceae
Rumex spp Idololenkonyane Root, leaf As discussed under S. Africana. Eaten as a 

vegetable. Quarter cup of root decoction taken 
orally before meals.

Asteraceae
Artemisia afra Jacq. ex Wild

Helichrysum odorratissimum 
(L.) Sweet

umhlonyane

Impepho

Twigs

Whole plant

Decoction or infusion of twigs taken before meals 
can be mixed with H. dorratissimum.

Whole plant decoction taken orally three times a 
day before meals.

Mesmbyranthemaceae
Carpobrotus edulis (L.) L.Bolus Unomatyumtyum Bulb Bulb crushed and mixed with equal amount of 

crushed tuber of R. digitata. A decoction is made, 
and four tablespoons are taken orally in the evening.

Asparagaceae
Asparagus africanus (Lam) 
Oberm.

Umayime
 
Rhizome Decoction made from A. africanus rhizome, and 

bulbs of H. albifos and B. volubilis taken orally 
twice a day.

Cannabaceae
Cannabis sativa L. Umya Leaves One cup of leaf decoction taken before meals.

Curcubitaceae
Curcubita spp Uselentaka Leaves Decoction prepared from leaf and roots of Curcubita 

spp, root of A. amatymbica, and root of R. multifidus. 
Three tablespoons of the remedy are taken three 
times a day. Leaves are eaten as a vegetable.

Ebenaceae
Euclea spp Idungamuzi Stem bark Half cup stem bark tincture taken orally twice a day.

Gunneraceae
Gunnera perpensa L Uphuzi Rhizome Rhizome crushed and mixed with crushed root of P. 

prunelloides. A decoction is made from the 
mixture. Three tablespoons are taken orally two 
times a day.

(Continued)
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Cape as used for the treatment of diabetes mellitus. These findings suggest that narrowing the study 
area in these kinds of surveys may help researchers to document more indigenous knowledge as far 
as medicinal plants are concerned. The families Asteraceae, Hypoxidaceae, and Asphodelaceae 
appear to be the common contributors of plants used for the treatment of diabetes mellitus in the 
region. Similar to our findings, both Erasto et al. (2005) and Oyedemi et al. (2009) reported the 
use of Aloe, Bulbine, and Helichrysum species. The species used, however, seem to depend on its 
availability in a given area, as evidenced by the use of different species in the three different study 
areas. Erasto et al. (2005) also reported the use of Artemisia afra in the treatment of diabetes, as we 

TABLE 21.1 (Continued)
Plants Traditionally Used for the Management of Diabetes Mellitus 

Family and 
Species Name Local Name(s) Plant Part Used Preparation and Dosage

Amarallydaceae
Haemanthus albifos Umathunga bulb As discussed under A. africanus.

Anacardiaceae
Harpephyllum caffrum Bernh Umgwenya Stem bark Stem bark decoction or infusion taken before meals.

Dioscoreaceae
Dioscorea spp ingcolo Tuber Half a cup of decoction of Dioscorea spp, roots of 

Albuca spp, and Bulbine spp roots taken orally 
once a day.

Euphorbiaceae
Spirostachys africana Sond. Umthombothi Stem bark Infusion of inner part of bark taken before meals 

concurrently with root decoction of Rumex spp.

Loganiaceae
Strychnos henningsii Gilg. Umnonono Roots Decoction prepared from roots of S. henningsii, R. 

multifidus, and G. perpensa taken orally once a day.

Canellaceae
Waburgia salutaris (Bertol.f.) 
Chiov

Isibharha Stem bark Half a teaspoon of ground bark is infused in a cup 
of boiling water and taken orally. Can be taken 
with Hypoxis spp decoction.

Hypoxidaeceae
Hypoxis spp Ugobeleweni, Corms Three tablespoons of decoction of crushed corms 

are taken orally.

Lamiaceae
Leonotis leonurus (L.) R.Br. Isikrakrisa Stem and leaves One cup stem and leaf decoction taken twice a day.

Rubiaceae
Pentanisia prunelloides 
(Klotzsch ex Eckl. & Zeyh)

Icimamlilo Rhizome As discussed under G. perpensa.

Myrtaiceae
Psidium guajava Umgwava Leaves Crushed leaf infusion taken three times a day.

Ranunculaceae
Ranunculus multifidus Forssk. Umvuthuza Root As discussed under S. henningsii.

Myrsinaceae
Rapanea melanophloes (L.) Mez Umaphipha Stem bark A decoction prepared from stem bark mixed with P. 

prunelloides root and Aloe spp leaves is taken daily.

Vitaceae
Rhoicissus digitata (L.f.) Gilg & 
Brandt

Uchithibhunga Tuber As discussed under C. edulis.

Rosaceae
Rubus spp Umbhimbi Roots As discussed under A. arborescens.
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did. Similarly, Oyedemi et al. (2009) reported the uses of Albuca sertosa, Strychnos heningsii, and 
Leonotis leonorus in the management of diabetes. The repeated citation of similar plant genera and 
species may imply the effectiveness of the plants in the treatment of the diabetic condition. Thus, 
such plants must be considered for pharmacological evaluation.

Antidiabetic properties are distributed among various plants from different families. However, 
no general conclusions can be drawn from families that exhibit antidiabetic activity. The presence of 
similar phytochemicals, however, may give direction in which to search for antidiabetic principles 
(Jayakumar, 2010). The general consensus by respondents was that bitter plant remedies are effec-
tive in the treatment of diabetes mellitus. This concurs with the findings by Thring and Weitz (2006) 
on their study of medicinal plant use in the Bredasdorp/Elim region of Southern Overberg in the 
Western Cape Province of South Africa, in which they reported that bitter plants were implicated 
by most of their respondents in the treatment of diabetes mellitus. In their study entitled: Evaluation 
of Virgin Olive Oil Bitterness by Total Phenol Content Analysis, Beltran et al. (2007) assert that 
bitterness in plants is related to phenolic content. Phenolic and flavonoid compounds have been 
implicated as having various antidiabetic properties (Atangwho et al., 2009).

Underground plant parts were the most frequently cited, followed by the leaves, stem bark, and 
whole plants. Uprety et al. (2010) also made similar observations in their study on the indigenous 
use and bio-efficacy of medicinal plants in the Rasuwa District, Central Nepal. Underground plant 
parts include roots, tubers, bulbs, and corms. The preference for underground plant parts to prepare 
remedies concurs with scientific assertions that roots generally contain high concentrations of bio-
active compounds (Baral and Kurmi, 2006; Uprety et al., 2010). It is noteworthy that these findings 
contradict other literature findings, where the leaves are usually cited as the most frequently used 
(Erasto et al., 2005; Thring and Weitz, 2006) and potent plant part (Muanda et al., 2011). Based on 
phytochemical distribution and variety, leaves have been demonstrated to be the richest compared 
to other parts of plants (Muanda et al., 2011), thus it makes sense that they are the most preferred 
plant part.

Remedies are made from a single plant or from a mixture of plants; however, polyherbal rem-
edies are preferred. The preference for polyherbal remedies could be explained by the fact that 
polyherbal remedies contain a greater number of phytochemicals, minerals, vitamins, and increased 
dietary fibre amounts required to alleviate the diabetic condition (Atangwho et al., 2009). These 
components are believed to work singly or synergistically in alleviating diabetes symptoms. In some 
cases, animal products such as snake powder and common ingredients such as sugar and salt are 
added probably to enhance potency and/or palatability.

The choice of method of remedy preparation is influenced by the nature of the plant material and 
probably the ease with which the medicinal principles can be extracted. The fact that underground 
plant parts, which are the commonly used plant parts, are usually tough justifies decocting as the 
method of choice, which aggressively extracts the medicinal components from tough plant parts. 

FIGURE 21.1 Methods used by respondents to diagnose diabetes mellitus.
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Moreover, rural dwellers have a limited choice with regard to more effective solvents for the extrac-
tion of medicinal principles. Water is the readily available solvent followed by alcohol, which is 
beyond the reach of many rural folks.

Remedies are frequently administered orally as teas for long periods of time, ranging from 
2 weeks to a lifetime. This is consistent with findings of similar studies carried out in the region 
by Erasto et al. (2005) and Oyedemi et al. (2009). Plant remedies may also be taken as emetic or 
enematic preparations. Of the cited plants, C. edulis and Harpephyllum caffrum are also used in 
the preparation of emetic and enematic preparations, respectively. According to the respondents, 
enemas and emetics are often used as cleansers before medication intended to treat the diabetic 
condition is administered. The survey revealed inconsistency in the dosage of the remedies. With 
traditional medical practitioners, plant material is often measured in handfuls, and remedies are 
taken in cupfuls. There is no standardised dosage for taking remedies. Literature revealed that the 
cited plants are used for the treatment of various ailments, and some edible ones such as Rumex spp 
are eaten as vegetables (De Beer and Van Wyk, 2011).

Based on the frequency of citation by key informants, H. caffrum was observed as the most 
frequently used plant for the treatment of diabetes mellitus. Literature revealed that these plants 
are used for the treatment of other ailments besides the management of diabetes mellitus. In South 
Africa, Helichrysum odorratissimum smoke is used during traditional magical-medicinal healing 
ceremonies to invoke ancestral spirits.

The decoction from the stem bark of H. caffrum is implicated in the treatment of bacterial and 
fungal infections (Chinyama, 2009; Buwa and Van Staden, 2007;Van Wyk, 2010). An infusion of 
the stem bark is used as a wash for the treatment of acne and eczema, whereas a paste made from 
burnt bark is used in the treatment of fractures. The survey revealed that the plant has magical 
uses; it is often used as a love potion. In vivo screening of H. odorratissimum and H. caffrum crude 
extracts for hypoglycaemic properties is underway.

All respondents agreed that plant material was easier to find during the spring or summer season, 
when the plants had leaves and or flowers. At least two plants, for example Aloe species and H. caf-
frum, were available and could be easily identified all year round. Incidents of wrong identification 
and consequent herbal intoxication are common among rural communities. These are attributed 
to sending inexperienced persons to collect plant material and the absence of plant parts used for 
identification, which are usually fruits, flowers, and leaves.

All respondents strongly believe that their herbal remedies are equally effective or even bet-
ter than the conventional medicine prescribed by modern medical practitioners. They, however, 
acknowledge that medicinal plant remedies may be harmful to patients. According to Street  
et al. (2008), it would be naive to assume that plant extracts are inevitably safe. Secondary 
plant metabolites are active chemicals intended for defence against competitors and predators. 
These are the chemicals that confer medicinal properties to plants. It would be dangerous to 
assume that plants are harmless because they are natural. Herbal intoxication is a common 
phenomenon among rural communities, and it may lead to death (De Villiers and Ledwaba, 
2003). The westernised and traditional healing paradigms must recognise, accept each other, 
and work in unison to reduce herbal intoxication cases and to improve health delivery to many 
communities.

The survey revealed that diabetes mellitus is more prevalent in people aged 35 and above. The 
respondents, however, agreed that nowadays the prevalence of diabetes mellitus in the younger gen-
eration is increasing, as observed from the age groups of their patients and community members.

21.4  CONCLUSION AND PROSPECTS

The study has revealed 30 plant species used for the management of diabetes mellitus. This information 
may offer alternative and affordable ways to manage the condition. However, remedies must be taken 
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with caution, since information on the safety of most plant species is scanty. Documentation of important 
plant species such as medicinal plants is imperative, as these may be a source of novel drug principles.

ACKNOWLEDGEMENTS

Research reported in this book chapter was supported by the South African Medical Research 
Council (SA MRC) under a Self-Initiated Research Grant. The views and opinions expressed are 
those of the authors and do not necessarily represent the official views of the SA MRC.

REFERENCES

Atangwho, I.J., Ebong, P.E., Eyong, E.U., Williams, I.O., Eteng, M.U., and Ebung, G.E. (2009). Comparative 
chemical composition of leaves of some antidiabetic medicinal plants: Azadirachta indica, Vernonia 
amygdalina, and Gongronema latifolium. African Journal of Biotechnology, 8(18), 4685–4689.

Azevedo, M. and Alla, S. (2008). Diabetes in Sub-Saharan Africa: Kenya, Mali, Mozambique, Nigeria, South 
Africa, and Zambia. International Journal of Diabetes in Developing Countries, 28(4), 101–108.

Baral, S.R. and Kurmi, P.P. (2006). A compendium of medicinal plants in Nepal. Rachana Sharma, Kathmandu. 
American Journal of Plant Sciences, 8(6), 534.

Beltran, G., Ruano, M.T., Jimenez, A., Uceda, M., and Aguilera, M.P. (2007). Evaluation of virgin olive oil 
bitterness by total phenol content analysis. European Journal of Lipid Science and Technology, 109(3), 
193–197.

Bryant, A.T. (1966). Zulu Medicine and Medicine Men, Struik, Cape Town.
Buwa, L.V. and van Staden, J. (2007). Effects of collection time on the antimicrobial activities of Harpephyllum 

caffrum bark. South African Journal of Botany, 73(2), 242–247.
Chinyama, R.F. (2009). Biological activities of medicinal plants traditionally used to treat septicaemia in the 

Eastern Cape, South Africa. MSc thesis. Nelson Mandela Metropolitan University.
De Beer, J.J.J. and Van Wyk, B.E. (2011). An ethnobotanical survey of the Agter-Hantam, Northern Cape 

Province, South Africa. South African Journal of Botany, 77, 741–754.
De Villiers, F.P. and Ledwaba, M.J.P. (2003). Traditional healers and paedeatric care. South African Medical 

Journal, 93(9), 664–665.
Erasto, P., Adebola, P.O., Grierson, D.S., and Afolayan, A.J. (2005). An ethnobotanical study of plants used for 

the treatment of diabetes in the Eastern Cape Province, South Africa, African Journal of Biotechnology, 
4(12) 1458–1460.

Farnsworth, N.R. (1994). Ethnopharmacology and drug development, Ciba Found Symposium, 185, 42–59.
Jayakumar, G., Ajithabai, D.M., Sreedevi, S., Viswanathan, P.K., and Remeshkumar, B. (2010). Ethnobotanical 

survey of plants used in the treatment of diabetes. Indian Journal of Traditional Knowledge, 9(1), 
100–104.

Jung, M., Park, M., Lee, H.C., Kang, Y.H., Kang, E.S., and Kim, S.K. (2006). Antidiabetic agents from medic-
inal plants. Current medicinal chemistry, 13(10), 1203–1218.

Mander, M. (1998). Marketing of indigenous medicinal plants in South Africa. In: A Case Study in KwaZulu 
Natal. Food and Agricultural Organisation of the United Nations, Rome.

Marles, R.J. and Farnsworth, N.R. (1995). Antidiabetic plants and their active constituents, Phytomedicine, 
2, 137–189.

Muanda, F., Koné, D., Dicko, A., Soulimani, R., and Younos, C. (2011). Phytochemical composition and 
antioxidant capacity of three Malian medicinal plant parts. Evidence-Based Complementary and 
Alternative Medicine: eCAM, 2011, 674320.

Oyedemi, S.O., Bradley, G., and Afolayan, A.J. (2009). Ethnobotanical survey of medicinal plants used for the 
management of diabetes mellitus in the Nkonkobe municipality of South Africa. Journal of Medicinal 
Plants Research, 3(12), 1040–1044.

Rheeder, P. (2006). Type 2 diabetes: the emerging epidemic. South African Family Practice, 48(10), 20.
Street, R.A., Stirk, W.A., and Van Staden, J. (2008). South African traditional medicinal plant trade- Challenges 

in regulating quality, safety and efficacy. Journal of Ethnopharmacology, 119, 705–710.
Thring, T.S.A. and Weitz, F.M. (2006). Medicinal plant use in the Bredasdorp/Elim region of Southern over-

berg in the Western Cape Province of South Africa. Journal of Ethnopharmacology, 103(2), 261–275.
Uprety, Y., Aselin, H., Boon, E.K., Yadav, S., and Shrestha, K.K. (2010). Indigenous use and bio-efficacy of 

medicinal plants in the Rasuwa District, Central Nepal. Journal of Ethnobiology and Ethnomedicine, 6, 3.



386 Sustainable Uses and Prospects of Medicinal Plants

Van Wyk, C. (2010). Antifungal activity of medicinal plants against oral Candida albicans Isolates. The 
Preliminary Program for IADR South African Division Meeting & Skills Transfer Workshop, 13–14 
September.

Wild, S., Roglic, G., Green, A., Sicree, R., and King, H. (2004). Gobal prevalence of diabetes: estimates for 
the year 2000 and projections for 2030. Diabetes Care, 27(5), 1047–1053.



387

22 Traditional Healthcare 
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22.1  INTRODUCTION

The healthcare system in India is based on traditional medicine systems like Ayurveda, Unani, 
Siddha, Yoga, Naturopathy, and Homeopathy. As Ayurveda derivates from Ayu, which is life, and 
Veda, which is science, it means knowledge. Hence, Ayurveda refers to the science or knowledge of 
life. Ayurveda is the earliest Indian system of healthcare focused on views of man and his illnesses, 
where positive health means metabolically well-balanced human beings.

It is both a curative and a preventive form of therapy. Ayurvedic medicine is thousands of years 
old, but it is still as relevant as it was in ancient times. It is generally well known and agreed that it 
was utilized in India more than 5,000 years ago (Ros, 2011). Ayurvedic philosophy emerged between 
10,000 and 2,500 B.C. in India. Rigveda and Atharvaveda (10,000 years–5,000 B.C.)—an ancient 
Indian knowledge—contains references to health and disease. Previously, they were mainly taught 
verbally from generation to generation. Ayurveda texts like Charak Samhita, which describes 341 
plants and plant products for use in medicine, was documented in 1,900 B.C., whereas Sushruta 
Samhita (based on surgery) was documented in 600 B.C., which describes 395 medicinal plants, 57 
drugs of animal origin, and 64 minerals and metals. Charak Samhita classified plant drugs into 50 
groups based on their Sanskrit name (Mukherjee, 2001).

Twenty-one thousand plants used as medicinal remedies around the world have been listed by 
the World Health Organisation (WHO). Among these, there are about 150 species used commer-
cially on a large scale (Zohary and Hopf, 2000). Since India produces the most medicinal herbs in 
the world, it is known as the botanical garden of the world. Approximately, 2,000 natural drugs 
are included in the Indian Materia Medica, almost all of which come from traditional systems and 
folklore practices in India (Narayana, Katayar, and Brindavanam, 1998). About 400 of these drugs 
come from mineral and animal sources, while the rest come from plants.
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The Himalayas form a chain of mountains extending across 3,500 km from Afghanistan to China 
in a global context. Nearly 7,000 remedial plants are found there (Sheng-Ji, 2001). Uttarakhand—a 
state of India located in the Northwest Himalayas—harbors several wild medicinal, aromatic, edi-
ble fruits, vegetables, and spice plant species.

The extreme climate and different altitudinal zones of Uttarakhand create a remarkable range of 
habitats and micro-habitats, thus offering a great variety of useful plants to flourish and possibilities 
of exploring novel, active phytochemicals in the plants. Extreme cold, arid climate, scanty rainfall, 
high winds velocity, snowstorms, and high ultraviolet radiation characterize high-altitude regions. 
The vegetation adapts to the extreme conditions of these places.

Different environments and different climate conditions influence the biodiversity of the place. 
Several plant species are distributed in all Uttarakhand regions, and inhabitants use them for health-
care since ancient times. Indeed, inhabitants of Uttarakhand have developed a great traditional 
healthcare system by using various plant species.

Kirata and Tangan in ancient and Bhotiyas in medieval modern times had been dealing with the 
lucrative trade of herbal medicine (Sheng-Ji, 2001; Purohit, 1997; Semwal et al., 2010).

Most people use medicinal plants as medicines, and only the traditional healthcare system is 
used by the majority of the population, especially in high-altitude regions (Semwal et al., 2010; Dhar 
et al., 2000; Dhawan, 1997; Gaur et al., 1983). Nowadays, the application of plants in healthcare 
practices is decreasing due to a plethora of reasons such as:

• The younger generation does not have any interest in learning indigenous knowledge; 
instead, they prefer modern medicine.

• The majority of people know the economic value of medicinal plants, but they ignore their 
health-promoting properties and their use in the treatment of different ailments.

• The change in lifestyle by moving to a more Western one (Hazlett and Sawyer, 1998; 
Kalakoti and Pangety, 1988; Samal et al., 2004).

• The drug composition is considered a “family secret,” and it is orally transmitted from 
generation to generation only in the Vaidya’s families. According to ethical and popular 
belief, Vaidya does not reveal drug composition to common people to avoid misuse and 
earnings that could make it unsuccessful (Sharma et al., 1997; Ved et al., 1998).

People in some remote areas in the hills still live according to a traditional lifestyle, so they use the 
local plants to cure diseases and other purposes. As wild edibles are used by local inhabitants and 
play a significant role in their diet, they are especially beneficial in areas where the varieties and 
availability of marketed foods are limited. Wild edibles contain secondary metabolites in appre-
ciable amounts and have the potential to be developed as functional food ingredients (Saklani et al., 
2011).

Following important steps must be taken for the revival of the traditional healthcare system of 
Uttarakhand:

• To identify the medicinal plant resource base of Uttarakhand.
• To underline the activity and role of medicinal plants in the state healthcare system.
• Assess the value of documenting the conservation and sustainable utilization of medicinal 

plants by traditional communities.
• To evaluate the change of values and customs of the Uttarakhand inhabitants and their 

effects on the traditional healthcare system.
• Assess the present state of knowledge from every part of the state.
• Survey methods of study area for some unique cultural studies.
• The study of income-generation activities for some villagers.
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22.2  STUDY AREA

The study area covers the present state of Uttarakhand (North-West Himalayas), located 28,043′ N 
to and 31° 27′ N latitude and 77° 34′E–81°02′ E longitude, covering an area of 53,483 km out of 
which 34,651 km2 is a forest area. It borders China (Tibet) in the north, Nepal in the east, Himachal 
Pradesh in the northwest, and Uttar Pradesh in the south, which is enriched with an immense diver-
sity of flora due to the region’s eco-geographical and eco-climatic conditions. Plants in this region 
have high medicinal potential, including biological properties. It is rich in natural resources, espe-
cially, because of the several glaciers, rivers, dense forests, and snow-clad mountain peaks it nurses. 
Eco-geographical and eco-climatic conditions influence biodiversity and variety of plant species 
used in drug formulations. Several ethnic communities live in harmony with biodiversity. Among 
the tribes, Bhotias, Rajees, Tharus, and Boxas live in Uttarakhand (Figures 22.1 and 22.2), and they 
still practice their healthcare system (Saklani, 1998). A field survey was carried out in order to col-
lect information from traditional healers and older men and women about the use of herbal species 
in the treatment of different diseases, especially methods and techniques adopted.

For this reason, the nearby forest and agricultural lands were explored with the help of local 
inhabitants and practitioners of herbal medicine.  

22.3  RITUALS FOR COLLECTION OF MEDICINAL PLANTS

Over the years, local inhabitants of Uttarakhand harvest medicinal plants only during the “Nanda 
Ashtami” festival, during which selected villagers, the “Jagaryas,” start to harvest flowers to offer to 
the goddess, Nanda. In this way, the collection begins. Harvesting medicinal plants before this ritual 
involves divine punishment, which results in natural disasters like flash flood, earthquake, landslip, 

FIGURE 22.1 Map of Uttarakhand, India.
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or drought. The festival takes place at the end of September and the beginning of October—the 
sowing period of most high-altitude medicinal plants. This practice avoids plant depredation and 
ensures the maintenance of variations. Other traditional rules are followed and respected in the 
Bughiyals for harvesting practices of medicinal plants. Men selected by Goddess herself are the 
only persons who can access the Bughiyals. They are considered mediators between the supernatu-
ral powers and the local inhabitants. Plant collection starts in the morning. To avoid over-exploita-
tion of the natural habitat of medicinal plants, the selected men wear a white cotton dhoti, despite 
cold conditions, and they are fasting. Thus, the time spent on the land is less, and the pollination 
processes are not disturbed, as the activities are minimal in the morning. Moreover, local citizens 
visit the site with their shoes off during the growing season to be more cautious about the sprouting 
vegetation while walking. These precautions guarantee the maintenance of the natural habitat and 
the potential regeneration of the plant. A traditional mechanism for long-term wild harvesting has 
also been developed. Upon returning from the forest, inhabitants must leave a sample of the crop 
in a temple (located at the village entrance) as a gift to the goddess; violation of the rule results in 
punishment. In this way, wild resources are harvested sustainably, and seeds from harvesting were 
spread to establish re-growth. The inhabitants explained that the plant roots such as Arnebia ben-
thamii, Angelica glauca, and Dactylorhiza hatagirea must be harvested after the seed is set to avoid 
decomposition and thus preserve the raw material.

In many villages besides Vaidyas, elderly people, both men and women, know different medici-
nal plants, especially species often used for common illnesses such as stomachache, headache, 
fever, cold, cough, viral fever, dysentery, diarrhoea, minor sores, and scratches, but they still believe 
in the efficacy of medicines given by Vaidyas (Table 22.1). However, individuals have preference to 
visit Vaidyas to identify their dilemma, and then select the medicinal herb based on the nature of 
diseases and the person because dose response is not the same in different persons. The method of 
administration depends on the plants, for example, some herbs are administered on an empty stom-
ach because they are more effective, and the consumption of certain foods is restricted for those 
undergoing medication. It is not uncommon for some plant species to combine with many other 
herbs in precise quantities. Generally, the medicinal plants are powdered before the administration; 

FIGURE 22.2 The landscape of Uttarakhand state of India (pictures taken by Dr. Sarla Saklani).
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TABLE 22.1
Medicinal Plants Traditionally Used by Vaidyas in Uttarakhand

S. NO Plants
Traditional 
Name Family Useful Part Traditional Uses

1. Achyranthes aspera L. Latjiri, 
Apamarg

Amaranthaceae Climber 
whole

Ringworm, asthma

2. Aconitum balfourii Stapf Mithabish Ranunculaceae Herb root Leucoderma

3. Aconitum heterophyllum 
Wall. ex Royle

Atis Ranunculaceae Herb root Fever, stomachache

4. Acorus calamus L. Buch Araceae Herb whole Dyspepsia, cough 

5. Adhatoda vasica Nees Vashika Acanthaceae Shrub leaves Bronchitis, fever 

6. Allium cepa L. Pyaz Liliaceae Herb bulb Stomach disease

7. Allium humile Kunth Jambu faran Liliaceae Herb leaves Gastric, digestion

8. Allium sativum L. Lashun Liliaceae Herb bulb Stomach disease

9. Aloe vera (L.) Burm.f. Ghirt kumara Liliaceae Herb leaves Diabetes, skin 
disease

10. Angelica glauca Edgew Choru Apiaceae Herb root Fever, gastric

11. Rhododendron arboreum 
Sm.

Buransh Ericaceae Flowers, 
leaves, bark, 
root

Health tonic, 
rheumatism, gout, 
coughs, piles and 
liver disorders, 
early stage of 
cancer

12. Arisaema tortuosum 
(Wall.) Schott

Bag-Mungri Araceae Herb fruit Piles

13. Arnebia benthami 
(Kitam.) Rech.f.& Riedl

Balchari Boraginaceae Herb root Hair disease

14. Aesculus indica (Wall. ex 
Cambess.) Hook.

Pangar, Indian 
Horse 
Chestnut

Hippocastanaceae Tree root 
bark

Rheumatic pain

15. Asparagus racemosus 
Willd.

Sataver, 
Jhirna

Liliaceae Shrub root Epilepsy

16. Berberis aristate DC. Chatru Berberidaceae Shrub root Eye disease

17. Berberis lycium Royle Kinmor Berberidaceae Shrub root Piles

18. Bergenia ciliate (Haw.) 
Sternb.

Silphori Saxifragaceae Herb root Kidney stone, piles,
paralysis

19. Betula utilis D. Don Bhojpatra Betulaceae Tree bark, 
leaves

Gout, rheumatism,
blood purify

20. Brassica campestris L. Sarsoo Brassicaceae Herb leaves, 
seed

Anaemia, skin 
disease

21. Cannabis sativa L. Bhang Cannabaceae Herb leaves Piles

22. Capsicum annuum L.  Mirch Solanaceae Herb fruit Rabies, snake bite

23. Carica papya L. Papeeta Cucurbitaceae Tree fruit Skin disease, 
anti-worm

24. Carum carvi L. Kala jeera Apiaceae Herb seed Stomachache

25. Cedrus deodara (Roxb.
ex.D.Don) G.Don

Devdar Pinaceae Tree bark Rheumatism, back 
pain

26. Centella asiatica (L.) 
Urb.

Brahmi Apiaceae Herb leaves Leucorrhoea, 
epilepsy, mental 
tonic

(Continued)
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TABLE 22.1 (Continued)
Medicinal Plants Traditionally Used by Vaidyas in Uttarakhand

S. NO Plants
Traditional 
Name Family Useful Part Traditional Uses

27. Chlorophytum tuberosum 
(Roxb.) Baker

Safed musli Anthericaceae Herb leaves Cutaneous

28. Citrus aurantifolia 
(Christm.) Swingle

Kaghzi 
Nimbu

Rutaceae Tree fruit Common cold

29. Coriandrum sativum L. Dhaniya Apiaceae Herb leaves Stomach disorder

30. Cucumis hardwickii 
Royel

Elaroo Cucurbitaceae Herb root Urination

31. Cucumis sativus L. Kakree Cucurbitaceae Climber seed Urinary disorder

32. Curcuma domestica 
Valeton

Haldi Zingiberaceae Herb rhizome Blood purifier, eye 
disease

33. Cymbopogon martini 
(Roxb.) W. Watson

Mirchya 
ghass

Poaceae Herb leaves Itching

34. Cynodon dectylon (L.) 
Pers.

Dub ghass Poaceae Creeper 
whole

Vomiting, dysentery, 

35. Dactylorhiza hatagirea 
(D. Don) Soo

Hatajari Orchidaceae Herb root Cuts, wounds

36. Daucus carota L. Gajar Apiaceae Herb root, 
seed

Anaemia, 
abortifacient

37. Elettaria cardamomum 
(L.) Maton

Badi elachi Zingiberaceae Herb seed Heart disease, 
asthma

38. Eupatorium perfoliatum 
L.

Bashya, 
Gandhel

Asteraceae Shrub leaves Cuts

39. Evolvulus alsinoides 
(9L.) L.

Sankhpusphi Convolvulaceae Herb leaves Bronchitis, cough, 
brain tonic

40. Ficus semicardata Buch. 
- Hem.ex Sm.

Khina Moraceae Tree fruit Milk, provide 
strength, baldness

41. Glycine max (L.) Merr. Kala bhatt Fabaceae Climber seed Kidney stone

42. Hedychium spicatum Sm. Van-Haldi Zingiberaceae Herb rhizome Asthma, energetic

43. Hippophae salicifolia D. 
Don

Amesh Elaeagnaceae Tree fruit Cold, cough, cancer

44. Juglans regia L. Akhrot Juglandaceae Tree embryo Pregnancy

45. Lilium polyphyllum D. 
Don

Cheerkaguli Liliaceae Herb flower Fever

46. Lyonia ovalifolia (Wall.) 
Drude

Anyar Ericaceae Tree buds Itching

47. Macrotyloma uniflorum 
(Lam.) Verdc.

Aheth Fabaceae Herb seed Kidney stone

48. Megacarpaea polyandra 
Benth. ex Madden

Bermula Cruciferae Herb root Boils, wounds

49. Mentha arvensis L. Podina Lamiaceae Herb leaves Stomach disorder

50. Microstylis muscifera 
(Lindl.) Ridl.

Reebjak Orchidaceae Herb tuber Tonic

51. Microstylis wallichii 
Lindl.

Jeevak Orchidaceae Herb bulb Bronchitis, tonic

52. Momordica charantia L. Karela Cucurbitaceae Climber fruit, 
seed

Rheumatic, 
stomachache

(Continued)
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TABLE 22.1 (Continued)
Medicinal Plants Traditionally Used by Vaidyas in Uttarakhand

S. NO Plants
Traditional 
Name Family Useful Part Traditional Uses

53. Murraya koenigii (L.) 
Spreng.

Curry Leaf, 
Kadhipatta

Rutaceae Leaf, root, 
bark

Appetite, digestion, 
tonic, piles, 
leucoderma, blood 
disorder

54. Musa paradisca L. Kela Musaceae Tree spadix Cough, cold

55. Myrica esculenta 
Buch.- Ham. Ex. D.Don

Kafal Myricaceae Tree fruit Cardiac disorder

56. Nardostachys grandiflora 
DC.

Jatamansi Valerianaceae Herb rhizome BP, jaundice, leprosy, 
heart

57. Ocimum sanactum L. Tulsi Liliaceae Herb leaves Bronchitis, 
constipation

58. Paeonia emodi Royle Chandra Paeoniaceae Herb whole Vomiting, epilepsy, 
dysentery

59. Panicum milaceum L. Cheena Poaceae Herb seed Measles

60. Phyllanthus emblica L. Anowla Euphorbiaceae Tree fruit, 
bark

Blood purifier,
sore throat

61. Picrorhiza kurrooa Royle Kutaki Scrophulaceae Herb root Typhoid fever, 
jaundice

62. Pinus wallichiana A. B. 
Jacks.

Kail Pinaceae Tree resin Arthritis

63. Piper nigrum L. Kali mirch Piperaceae Herb fruit Common cold

64. Pistacia integerrima J.L. 
Steward ex Brandis

Kakersinghee Anacardiaceae Tree leaves Jaundice, chronic, 
wounds

65. Plantago ovate Forssk. Isabgol Plantaginaceae Herb seed Stomachache

66. Podophyllum hexandrum 
Royle

Bankakri Podophyllaceae Herb root Cancer

67. Polygonatum 
cerrhifolium (Wall.) 
Royle

 Bakrolu, 
Mahameda

Liliaceae Herb root Boils, wounds

68. Polygonatum 
verticillatum (l.) All.

Salam misri, 
Meda

Liliaceae Herb root Anaemia, 
leucorrhoea

69. Potentilla fulgens Wall. 
Ex Hook

Bajaradanti Rosaceae  Herb leaves Toothache

70. Prinsepia utilis Royle Bhekal Rosaceae Shrub fruit Rheumatism

71. Prunus persica (L.) 
Batsch

Aaru Rosaceae Tree leaves Anti-worm

72. Pyracantha crenulata 
(Roxb. ex D.Don) 
M.Roem.

Ghingharu Rosaceae Leaves Diarrhoea, 
immunomodulator

73. Quercus 
leucotrichophora A. 
Camus

Banj Fagaceae Tree seed Snake bite

74. Raphanus sativus L. Muli Brassicaceae Herb root Jaundice

75. Rauvolfia serpentina (L.) 
Benth. ex Kurz

Sharpgandha Apocynaceae Herb root Cough, heart
disease

(Continued)
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TABLE 22.1 (Continued)
Medicinal Plants Traditionally Used by Vaidyas in Uttarakhand

S. NO Plants
Traditional 
Name Family Useful Part Traditional Uses

76. Reinwardtia indica 
Dumort.

 Phiunli Linaceae Herbpetal Tongue wash

77. Rhamnus virgatus Roxb. Chadolu Rhamnaceae Tree bark Eczema, ringworm

78. Rheum australe D. Don Dolu Polygonaceae Herb root Internal wounds

79. Rhododendron 
anthopogon D. Don

Awon Ericaceae Tree leaves Ringworm

80. Rumex hastatus D. Don Almoru Polygonaceae Herb leaves Wounds, bleeding

81. Sapindus mukorossi 
Gaertn.

Reetha Sapindaceae Tree fruit Snakebite

82. Saussurea costus (Falc.) 
Lipsch.

Kuth Asteraceae Herb root Toothache,
jaundice, snakebite

83. Saussurea obvallata 
(DC.) Edgew.

Brahm kamal Asteraceae Herb flower Leucorrhoea, mental
Disorder

84. Selinum tenuifolium
Wall. ex C.B. Clarke

Bhutkeshi Apiaceae Herb root Cough, asthma

85. Sesamum orientale L. Til Pedaliaceae Herb seed, 
leaves

Aphrodisiac, body
Pain

86. Smilax aspera L. Kukurdara Smilaceae Climber root Rheumatic, arthritis

87. Solanum nigrum L. Makoi Solanaceae Herb fruit Liver, piles,
diarrhoea

88. Spondias pinnata
(L.f.) Kurz

Amra Anacardiaceae Tree leaves Ear disease

89. Swertia chirata 
Buch.-Ham. ex Wall.

Cherayita Gentianaceae Herb whole Fever, diabetes

90. Taxus baccata L. Thuner Taxaceae Tree bark Anti-cancer, bone
fracture

91. Terminalia arjuna (Roxb. 
ex DC.) Wight & Arn.

Arjuna Combretaceae Tree bark Bone fracture

92. Terminalia bellirica 
(Gaertn.) Roxb.

Bahera Combretaceae Tree fruit Provide strength

93. Terminalia chebula
Retz.

Haira Combretaceae Tree Strengthened body, 
stomachic

94. Thalictrum javanicum 
Blume

Peeli jari, 
Mameri

Ranunculaceae Herb root Diabetes, jaundice

95. Tinospora sinensis 
(Lour.) Merr.

Gilai Menispermaceae Climber 
whole

Fever, leprosy,
urinary

96. Trigonella foenum-
graecum L. 

Methi Fabaceae Herb leaves Pneumonia

97. Valeriana hardwickii 
Wall.

Tagar Valerianaceae Herb root Urinary disorder,
joint pain

98. Verbascum Thapsus L. Akulbeer Scrophulaceae Herb whole Bronchitis, asthma

99. Vigna mungo (L.) Hepper  Kali dal Fabaceae Climber seed Bone fracture

100. Withamia somnifera (L.) 
Dunal

Ashwagandha Solanaceae Herb whole Rheumatism, ulcer, 
carbuncle

101. Zanthxylum armatum 
DC.

Timru Rutaceae Shrub bark Toothache

Zingiber officinale 
Roscoe

Adrak Zingiberaceae Herb rhizome Paralysis, epilepsy
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this form is considered more effective than others like pills or tablets by the local people. Many 
times, leaves, stems, fruits, and root/tuber were crushed by using mortar and pestle, and then they 
were boiled in water. Generally, the external application of medicine was employed for the treat-
ment of burns, wounds, headaches, cuts, boils, and skin diseases. For example, concoctions were 
applied unswervingly on the bruise or the disease-ridden body part, or plant paste was useful to set 
bone dislocation or fracture and for muscular pain. In addition, to cure ailments like fever, garlands 
made from the stem or the roots were worn.

22.4  METHODS USED FOR THE FORMULATION

Ancient people together with Vaidyas know the healthy properties of plants and their use for com-
mon diseases such as headache, viral infection, cough, fever, stomachache, diarrhoea, and dysen-
tery. Generally, people prefer to interface with Vaidyas who identifies the problem and the right 
treatment indicating the exact doses and times. The dose response of each drug depends on the 
person and on time.

The different formulations are guarded by Vaidyas in their diary in coded language.
The methods of formulation and uses of herbal drugs vary depending on the disease. In some 

cases, different plant species can be mixed in specific amounts. Medicinal plant associations are 
widely used in modern phytomedicine to achieve a synergistic effect between them; thus, it is con-
sidered a very important and effective method to use herbal drugs.

Some popular formulations (Tables 22.2 and 22.3) are:

• Powders
• Decoctions
• Juices
• Infusions
• Bhasma
• Paste

The powder form is the most used being the most effective, according to a popular thought. 
Regarding the decoctions, parts of the plants like leaves, fruits, seeds, and roots are crushed using 
mortar and pestle, and boiled with water. Then, the liquid is drunk cold or hot, or, in some cases, it 
is rubbed on the body in the case of wounds or infections. Bathing the patient directly in the decoc-
tion is recommended in case of skin diseases. Paste formulations are useful for bone dislocation or 
fracture and muscular pain. Roots and stems of the plant are woven into a garland for treating some 
ailments like fever.

22.5  EROSION OF TRADITIONAL KNOWLEDGE BASE

The influence of modernization and the limitations on medicinal plant extraction have reduced the 
use of traditional medicine in favour of allopathic drugs. In remote, high-altitude areas, the folk 
healthcare system is on the edge of vanishing. Earlier, there were many birth attendants, boneset-
ters, herbalists, and wandering monks; but, today, the number of them is gradually decreasing. As 
tribal folk maintains their oral tradition of passing on knowledge from generation to generation, 
they are slowly losing the wealth of information conserved as an unwritten materia medica. Many 
aspects of tribal knowledge remain secret. The information could relate to the occurrence, charac-
teristics, therapeutic effects, processing methods, and the use of the plants themselves for treatment.

The poorest people still use the traditional healthcare system and contact the traditional Vaidyas; 
but they also prefer allopathic drugs for some ailments instead of the Ayurvedic system, as it has a 
slow effect and takes a longer time to cure the ailment.
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TABLE 22.2
List of Uttarakhand Indigenous Medicinal Plants, Their Formulation, and Uses

S. NO Scientific Name Folk Name Parts Used Uses Mode of Treatment

1. Achyranthes bidentata 
Blume.

Dansh Root As laxative Decoction in 1.0 L water 
is to be given two times.

2. Artemisia nilagirica (C. B. 
Clarke) Pamp.

Patti, kunj Whole plant For urinary 
tract 
infection

Brew up in 1.0 L water; 
1.0 cup is to be given 
with gur.

3. Artemisia sacrorum Ledeb. Kapar Patti, 
jholpatti

Leaf/Bud For hair fall Brew in 2.0 L of water; 
one cups is to be given 
twice a day.

4. Abies webbiana Lindl. Raisal 
barmi 
radha

Bud In cough Brew up in 3.0 L water is 
to be given thrice a day.

5. Abina cordifolia Hook. F Haldu Bud & leaf For wound & 
fever

Apply a paste of fresh 
buds to the sore. 0.5 L of 
leaves decoction is to be 
given three times a day 
during fever.

6. Acacia catechu Wild. Khair Stem In the urine 
problem, 
dysentery

Decoction in 0.5 L water; 
one cup is to be given 
four times a day.

7. Achyranthes aspera L. Chirchira Whole plant For teeth 
problem

Whole plant decoction in 
0.5 L water.

8. Aconitum balfouria Stapf. Meethabish, 
bishjahar

Root In wound One matured root burn in 
1.0 L of oil is to be given 
as ointment.

9. Acorus calamus L. Banj Root Fever, pain Two matured roots with 
fibrous food are to be 
given daily.

10. Adiantum venusthum G. 
Don.

Hanshraj Seed For chest 
problems 
and hair fall

One palmful seed to be 
given with fibrous food.

11. Aesculus indica (Wall. ex 
Cambess.) Hook.

Pangar Fruit In stomach 
problem

The decoction of one 
palmful of fruit in 0.5 L 
water should be 
administered with gur.

12. Agrimonia pilosa Ledeb. Kafliya Whole plant For 
purification 
of blood

Half palmful whole plant 
decoction in 3.0–4.0 L 
water; 0.75 part is to be 
given with gur in the 
morning.

13. Ajuga parviflora Benth. Ratpatia Whole plant In arthritis Brew up one palmsful 
whole plant part in 
0.75 L water; one cup is 
to be given every day.

14. Allium stracheyi Baker. Jambu Whole Plant For stomach 
problem

Two palmful of whole 
plant part is to be given 
thrice a day.

(Continued)
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TABLE 22.2 (Continued)
List of Uttarakhand Indigenous Medicinal Plants, Their Formulation, and Uses

S. NO Scientific Name Folk Name Parts Used Uses Mode of Treatment

15. Allium wallichii Kunth. Jangali 
lasun

Root In infection Two nodes are given 
daily.

16. Aloe vera L. Patquar Leaf Stomach 
problem

Juice of leaves is to be 
given 0.5 cups a day.

17. Althaea officinalis L. Jangalihauli Root For 
termination 
of 
pregnancy

Three/four matured root 
decoction in 1.0 L water.

18. Anagallis arvensis L. Vish 
khaparia

Fruit/
Leaf

As pain killer Two palmful fruit/ leaves 
are to be given daily.

19. Anemona obtusiloba Don. Kakaria Leaf In sinus A cotton bud is dipped in 
a leaf paste using ghee to 
clean the sinuses.

20. Artemisia maritime L. - Bud/
Leaf

For 
Indigestion

One palmful bud/leaves 
decoction in 1.0 L water; 
1.0 cup is to be given 
daily.

21. Artemisia parviflora Roxb. Patti, 
dhopani

Leaf/ Bud For 
roundworm

One palmful leaves/ bud 
brew up in 1.0 L water is 
to be given 0.125 L in 1h 
intervals.

22. Asparagus racemosus 
Willd.

Kairuwa Bud In liver 
problem & 
to enhance 
lactation

One palmful bud is to be 
given twice a day.

23. Atropa belladonna L. Dhatur 
jahar

Leaf In injury as a 
pain killer

Apply an ointment made 
from a paste of one 
handfuls of leaves burnt 
in oil.

24. Berberis aristata DC Kilmori Root & 
stem

In fever, 
weakness

One palmful root/ stem 
brew up in 0.5 L water; 
one cup is to be given 
daily.

25. Bergenia ciliata Moench. Silfhora Root For 
hydrophobia

Two handful root 
decoction in 0.5 L water; 
1.0 cup is to be given 
thrice a day.

26. Betula utilis Don. Bhuj, 
bhojpatra

Seed To protect 
from worm

Two small pinches.

27. Boerhaavia diffusa L. Parnata Leaf In blood 
dysentery, in 
dropsy

Juice of leaves given 
thrice a day.

28. Brassica napus L. Kali sarso Seed In poor 
appetite

Twice a day, take two 
handfuls of seed with 
fibrous meals and gur.

29. Butea frondosa Koen. Dhank Flower, 
seed

As painkiller Paste

(Continued)
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TABLE 22.2 (Continued)
List of Uttarakhand Indigenous Medicinal Plants, Their Formulation, and Uses

S. NO Scientific Name Folk Name Parts Used Uses Mode of Treatment

30. Calendula officinalis L. Ganda 
(Tokar)

Leaf In bleeding Juice

31. Calotropis procera R. Br. Ank Root In indigestion One palmful powder of 
root brew up in 1.0 L 
water; one cup is to be 
given twice a day.

32. Canna indica L. Kewara Root In disinterest, 
in afra

One handful of roots 
powder is to be 
administered with gur.

33. Capsella bursa-pastoris, 
Moench.

Torighash Whole plant For sikka rog Two handfuls of whole 
plant part brew up in the 
water are to be taken 
twice.

34. Capsicum annum L. Khusane, 
marac

Fruit As oil 
massage.

One palmful fruit brew up 
in 3.0 L water; one cup 
is to be given twice a 
day.

35. Cardamine impatiens L. - Whole plant For Tantrika 
in calf

One handful whole plant 
concoction in 1.0 L 
water is to be given two 
times for vigor.

36. Cassoa absus L. Banar, 
chakwar

Seed In urine 
problem

One palmful seeds 
concoction in 0.5 L 
water; one cup is to be 
given thrice a day.

37. Centella asiatica (L.) 
Urban

Brahmi Leaf For brain 
fever

A paste made from green 
leaves is applied to the 
forehead.

38. Chenopodium album L. Bethuwa Leaf/seed For worm Two palmful seed is to be 
given before breakfast.

39. Cinnamomum tamalaNess. Kiriya, 
karkiriya, 
dalchini

Leaf In stomach 
problem, in 
gastric 
problem

Leaves and bark powder 
with half handful of fiber 
food.

40. Clerodendrum 
infortunatum Gaertn.

Aranyo Bark In afra One cup of powdered bark 
decoction in 2.0 L water 
is to be taken three times 
per day.

41. Cuminum cyminum L. Jeera Seed For 
indigestion

One palmful seed in 
0.25 L water is to be 
given daily.

42. Cureuma angustifolia 
Roxb.

Banhaldi Root In gastric 
problems, 
anti-worm

Paste of root.

43. Datura metel L. Dhatura Seed As a pain 
killer (for 
external use 
only)

25g roasted seed in 1.0 L 
oil used for massage.

(Continued)
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TABLE 22.2 (Continued)
List of Uttarakhand Indigenous Medicinal Plants, Their Formulation, and Uses

S. NO Scientific Name Folk Name Parts Used Uses Mode of Treatment

44. Datura stramonium L. Dhatura Leaf In injury as a 
pain killer

Paste of one palmful 
leaves is to be applied as 
an ointment.

45. Delphinium denudatum 
Wall

Nirwishi, 
munel

Seed In epilepsy One palmful root 
decoction in 0.5 L water; 
two spoonsful is to be 
given thrice a day.

46. Digitalis purpurea L. Prawasit, 
degitelis, 
tilpushpi

Leaf In burning One palmful leaves 
roasted with oil are to be 
used as an ointment.

47. Emblica officinalis Gaertn. Aula, awla Fruit In eye 
disease/
good health

Two palmful fruits 
powdered with fibrous 
food.

48. Ephedra gerardiana Wall. Gidjing Stem In pain One cup of decoction 
made from one bunch of 
stem pieces in 2.0 L of 
water is given in the 
morning.

49. Equisetum arvense L. Horsetel Whole plant For urinary 
problem

1/2 palmful whole plant 
decoction in 1.0 L water.

50. Euphorbia
prolifera Buch. Ham. ex. 
Don.

Duwila Fruit Used in dog 
bite

Powder

51. Foeniculum vulgare Mill. Saup Seed For 
hookworm

Before breakfast, a 
handful of seed in 
0.125 L of water is 
administered.

52. Fragaria vesca L. Pudalia 
Kafal

Leaf To protect 
abortion

Two palmful leaves are to 
be given daily.

53. Fumaria parviflora Lamk. Pitpapara Whole plant In skin 
etching(disease)

One palmful whole plant 
decoction in 1.0 L.

54. Gentiana tenella (Roltb) H. 
Smith.

Kutuki, 
katuwi

Fruit In hysteria, In 
weakness

25g of the bark of fruits 
decoction in 1.0 L water; 
1.0 cup is to be given 
with honey daily.

55. Geranium ocellatum Camb. Bhiljari Whole plant As insecticide Powder of the whole plant 
with fibrous food is to be 
given twice a day.

56. Hedychium spicatum 
Hamex. Smith

Kapur 
Kachari

Root For fever & 
cough

The root is to be given 
with gur.

57. Holarrhena 
antidysenterica, Wall.

Quiar, 
indraw

Seed & bark In fever, 
gastric & 
dysentery

One handful powder of 
bark/ seed brew up in 
1.0 L water; 1.0 cup is to 
be given with gur.

58. Hyoscyamus niger L. Bran juwan Leaf & 
Seed

As pain killer As an ointment, a paste of 
leaves and seeds is used.

(Continued)
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TABLE 22.2 (Continued)
List of Uttarakhand Indigenous Medicinal Plants, Their Formulation, and Uses

S. NO Scientific Name Folk Name Parts Used Uses Mode of Treatment

59. Hypericum cernuum Roxb. Vaya, culi Whole plant For 
Hodgkin’s 
disease, For 
wound

Two palmful whole plant 
decoctions in 1.0 L water 
are to be given two 
times.

60. Juglans regia L. Akhore Leaf/ fruit In stomach 
problems, as 
anti-worm

Two palmful leaves or two 
green fruits decoction in 
1.0 L water; one cup 
with two spoons of 
honey is to be given 
thrice a day.

61. Juniperus
communis L.

Jhora, 
khichiya

Fruit In liver 
disease

Twelve fruits daily.

62. Litsea umbrosa Ness. Circira Leaf In bone 
injury

Leaves paste in water as 
an ointment.

63. Linum usitatissimum L. Alsi Whole plant For strength Two palmful whole plant 
decoction in 1.25 L 
water are to be given two 
times.

64. Litsaea polyantha Juss. Cirira Leaf In injury Powder of bark & leaves 
in cold water as an 
ointment.

65. Lobelia pyramidalis Wall. Bran 
tambacoo

Whole Plant For liver 
disease

Two palmful whole plant 
decoction in 0.75 L 
water; one spoon is to be 
given with honey thrice a 
daily.

66. Mallotus
philippinensis Muell. & 
Arg.

Roli, kasela Fruit To protect 
from worm

Fruit extract with one 
palmful fibrous food is 
to be given once a day.

67. Melilotus alba Ledeb. Banmethi Whole plant For stomach 
problem and 
indigestion

One palmful whole plant 
is to be given three times 
in a day for vigor.

68. Mentha arvensis L. Pudina, 
eliachi

Whole plant In post-
pregnancy 
problems

Two palmful whole plant 
decoction in 1.0 L water; 
0.25 part is to be given 
thrice a day.

69. Ocimum sanctum L. Tulsi Whole plant In fever Two palmful whole plant 
is to be given twice a 
day.

70. Origanum vulgare L. Jangali tulsi Whole plant Indigestion 04 palmful whole plant 
with fibrous food is to be 
given twice a day.

71. Plantago ovata
Forssk.

Isabgol Seed In dysentery Semisolid paste of one 
palmful seed in 0.5 L 
water is to be 
given thrice a day.

(Continued)
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TABLE 22.2 (Continued)
List of Uttarakhand Indigenous Medicinal Plants, Their Formulation, and Uses

S. NO Scientific Name Folk Name Parts Used Uses Mode of Treatment

72. Paeonia emodi Wall. Bhoi Pawin Root In stomach 
problem

One matured root 
decoction in 0.75 L 
water; one cup is to be 
given with 100 g gur 
thrice a day.

73. Pimpinella diversifolia DC Dhanjari Seed For lactation One palmful seed is to be 
given daily.

74. Piper longum L. Pipal fruit In low 
appetite, As 
oil massage

Powder of fruit or oil of 
fruit powder is used for 
massage.

75. Plantago major L. Vrantank Leaf In injury, 
teeth 
problem, 
fever

Paste of leaves in water 
(for teeth pain). Two 
bunch of leaves 
decoction in 1.0 L of 
water; 1/6 part is to be 
given thrice a day.

76. Potentilla argyrophylla  
Wall. ex Lehm.

Danti, brajdanti Leaf/
Root

For stomach 
problem

One palmful leaves/Two 
matured root decoction 
in 0.17 L water is to be 
given thrice in a day.

77. Primula denticulata Smith. Vish Khaparia Fruit In cough, useful 
for mammary 
glands

Two palmful flower are to 
be given with gur.

78. Punica granatum L. Darim Skull of fruit As antimicrobials One palmful skull of fruit 
decoction in 0.5 L water; 
one cup is to be given 
three times a day with 
gur.

79. Quercus semecarpifolia Sm. - Bark In dysentery Two palmful bark 
powdered decoction in 
one cup of water are to 
be given twice a day.

80. Quercus dilatata Lindl. Banj Bark In dysentery Two palmful of bark 
powdered decoction in 
1.0 L water; one cup is 
to be given twice a day.

81. Reinwardtia trigyna Planch. Pyuli Root In wound One bunch of root 
decoction in 0.5 L water; 
one cup is to be given in 
a gap of two days.

82. Rhamnus virgata Roxb. Chaitula Fruit In leg swelling 05 matured fruits 
decoction in 0.25 L 
water is to be given 
daily.

83. Rheum emodi Wall. Dolu, archa Root For blood 
purification, for 
energy

One matured root 
decoction in 1.0 L water 
is to be given three 
times.

(Continued)
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TABLE 22.2 (Continued)
List of Uttarakhand Indigenous Medicinal Plants, Their Formulation, and Uses

S. NO Scientific Name Folk Name Parts Used Uses Mode of Treatment

84. Ribes grossularia L. Caktu Whole plant For preventing 
abortion

One palmful whole plant 
is to be given daily.

85. Ricinus communis L. Erind Leaf For internal injury Oil

86. Rosa moschata Herrm. Kunj pani Fruit For leucorrhoea, 
bleeding, 
pregnancy 
termination.

Two palmful fruit with 
one spoon honey are to 
be given daily.

87. Rubus lasiocarpus Sm. Kala Hisalu Leaf In pregnancy The leaf is useful for 
cows, especially in 
pregnancy pain.

88. Rubus paniculatus Sm. Kala Hisalu 
(Kadula)

Leaf In pregnancy Two palmful leaves 
decoctions in 0.5 L 
water; one cup is to be 
given twice a day.

89. Rumex hastatus D. Don Bhilmora Whole plant For skin disease, 
in fever

One palmful whole plant 
decoction in 0.75 L 
water; one cup is to be 
given thrice a day,

90. Senecio rufinervis DC. - Seed For wound Three palmful seed is to 
be given twice a day.

91. Salix elegans Wall. Garbainsh Fruit In rickets Three palmful fruits 
decoctions in 1.0 L water 
one cup is to be given 
thrice a day.

92. Salvia lanata Roxb. Sania, sunip Whole plant For vomiting, 
painkiller

Two palmful whole plant 
with gur and fibrous 
food thrice a day.

93. Satyrium nepalense D. Don. Salangmishri Root As tonic Two palmful roots 
decoctions in 0.75 L liter 
water are to be given ½ 
parts twice a day.

94. Scutellaria angulosa Benth. Karuijhar Whole plant In acidity One palmful whole plant 
decoction in 0.5 L water; 
one spoon is to be given 
with honey thrice a day.

95. Senecio chrysanthemoides DC. Ratpatia Whole plant For skin disease Two palmful whole plant 
decoctions in 0.75 L 
water; one cup is to be 
given daily.

96. Swertia purpurascens Wall. Ciraita Whole Plant In fever, in weak 
appetite.

Two palmful whole plant 
decoctions in 1.0 L 
water; one cup is to be 
given thrice a day.

97. Tagetes erecta L. Hazari Fruit In vomiting, in 
healing wound

One palmful fruit is given 
with fibrous food at the 
time of vomiting. 
External use for filling 
wounds.

(Continued)
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TABLE 22.2 (Continued)
List of Uttarakhand Indigenous Medicinal Plants, Their Formulation, and Uses

S. NO Scientific Name Folk Name Parts Used Uses Mode of Treatment

98. Tanacetum nubigenum Wall. - Leaf/ Fruit As energy syrup, 
anti-microbial.

One palmful leaves/ 
fruit decoction in 1.0 L 
water; one spoon is to be 
given with honey.

99. Thymus serpyllum L. Van ajmain Whole plant In chest pain One palmful whole plant 
decoction in 0.5 L water; 
one cup is to be given 
twice a day.

100. Trifolium repens L. Garila Whole plant For satrika (back 
pain/sciatica)

04 palmful whole plant is 
to be given Two times a 
day.

101. Urtica dioica L. Kandali Leaf Skin disease, for 
lactation

One palmful leaves is to 
be given with fibrous 
food in 1hour intervals.

102. Valeriana hardwichii wall. Samyo, Dhup Root For clostridium 
titaini (tetanus)

04 matured root 
decoctions in 2.0 L liter 
water; 0.25 L is to be 
given twice a day.

103. Verbascum thapsus L. Akalvir Leaf In bronchitis One palmful leaves 
decoction in 0.75 L 
water; one cup is to be 
given thrice a day.

104. Viola serpens Wall. - Root For liver Two palmful root 
decoctions in 1.0 L water 
is to be given three times 
with honey.

105. Viola biflora L. - Whole plant In calf for heart & 
faint problem

Two palmful whole plant 
Two times a day for 
attack. Three or four 
parts of two palmsful 
whole plant with a spoon 
of honey are to be given 
two times for heart and 
skin problems.

106. Viola patrinii DC - Root For liver Two palmful root 
decoctions in 1.0 L water 
are to be given two times 
for vigor.

107. Viscum album L. Bana Fruit In pregnancy 
problem

Six fruits with milk twice 
a day.

108. Woodfordia floribunda Salisb. Dhow Flower As energy syrup One palmful dry flower 
decoction in water.

109. Zingiber officinale Roscoe Banhaldi Root Internal injury, as 
anti-worm

Paste of root.
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TABLE 22.3
Medicinal Plants of Uttarakhand Used in Various Ayurvedic Drugs

S.NO Ayurvedic Formulation Botanical Name Local Name Parts Used

1. Abana Nepeta hindostana (B. 
Heyne ex Roth) Haines

Billilotin Whole plant

2. Abana, Bonnisan, Geriforte, Koflet lozenge, 
Luol, Mentat, Renalka, Anxocare, Digyton, 
Bresol, Chyavanaprasha

Elettaria cardamomum 
(L.) Maton

Elaechi Seed

3. Abana, Diabecon, Diakof, Geriforte, 
Herbolax, Himcocid, Koflet, Menosan, 
Septillin, Rumalaya forte, Himpyrin, 
Regurin, Yastimadhu, Bleminor

Glycyrrhiza glabra L. Muleti Stem and root

4. Abana, Diabecon, Diakof, Koflet, 
Ophthacare, Rumalaya, Canisep, 
Scavonvet, Hiora-K-mouthwash, Bresol, 
Dabecon

Ocimum sanctum L. Tulsi Whole plant

5. Abana, Diakof, Mentat, Purim, Talekt, 
Dental cream (Himalaya), Anxocare, 
Appetonic forte,

Embelia ribes Burm.f. Vidanga Seed, fruit and bark

6. Abana, Mentat, Anxocare, Galactin, 
Hiora-mouthwash

Foeniculum vulgare 
Mill

Sanuf Whole plant

7. Abana, Mentat, Rumalaya, Anxocare Nardostachys jatamansi 
(D. Don) DC.

Jatamansi Herb

8. Agnikumar ras, Anand bhairavras, 
Pushyanug churn, Ativisha churn, 
Chandraprabha vati. 

Aconitum heterophyllum 
Wall. ex Royle

Atis Roots

9. Amritpras ghrit, Dantasodhak, Yavih Juglans regia L. Akhrot Leaves, stem bark, 
and fruits

10. Appentonic fote, Lesuna Allium sativum L. Lasuna Bulb

11. Aragvadhadirsta, Aragvadhadighrita, 
Aragvadhadi tel, Agni- kumar churn, 
Kankayan gutika

Cassia fistula L. Amaltas Fruits and roots

12. Arogyavardhi vati, Laxmi narayan ras, 
Mahayogray guggulu, Amritarista, 
Cruminillsyrup, Livertone, Carminex, 
Pigmeto, Livomyn, Hepatogard, Calcury 
Apimore (Teb& tonic) 

Picrorhiza kurrooa 
Royle

Kutaki Rhizomes and roots

13. Arshonyte forte Shorea robusta Gaertn. Sal Leaves and bark

14. Arvindasava, Pushyanug churn, Sarivadi 
vati, drakshavleha.

Nelumbo nucifera 
Gaertn.

Kamal Rhizome, flowers

15. Arvindasava,Chandrakala ras, 
Chandanasava, Mahasudorshan kwath 
Livomyn drops 

Fumaria indica 
(Hausskn.) Pugsley

Pit papra Whole plant

16. Asbwagandha churn, Ashwa gnadha 
rasayan, Ashwagan dharista, Kamdev ghrit, 
Chyaranpras, Phalaghrit Mahamash tel, 
Manoll, M2 tone

Withania somnifera (L.) 
Dunal

Aswagandha Roots

17. Ashmeriher kwath, Pashanbhedadi kwath, 
Pushyanug churn, Vatvidhv ansak ras. 
Cystone tablets.

Bergenia ligulata Engl. Silpara Rhizomes

(Continued)
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TABLE 22.3 (Continued)
Medicinal Plants of Uttarakhand Used in Various Ayurvedic Drugs

S.NO Ayurvedic Formulation Botanical Name Local Name Parts Used

18. Bharmi churn, Bharmi ghrit, Brahmi 
rasayan

Bacopa monnieri (L.) 
Wettst.

Jalbirahmi Whole plant

19. Bharmi Vati, Panchtikta guggula, Madusnhi 
rasayan, Dantmanjan. 

Zanthoxylum armatum 
DC

Timroo Whole plants

20. Bhringrajasava, Sutsekherras Anand bhairas 
ras, Acidocid syrup, Geriforte 
Mahabhringraj tel, Gandhak rasayana, 
Livomyn, Neo, Ojus, M2- tone, 
Hepatogard.

Eclipta prostrata (L.) L. Bhringraja 
(Asteraceae)

Whole plants

21. Bilvadi kwath, Bilava churn, Bilva-majjadi 
yog, Dasamoo -larist, Tentex forte, Lukol, 
Diarex, Sumento (Tablets).

Aegle marmelos (L.) 
Corrêa

Bael Fruit and roots bark

22. Bonnisan, Geriforte, Liv 52, Herbolax Cassia occidentalis L. Kasondi Herb

23. Brahmi vati, Brahmi ghrit, Brahmi tel, 
Saraswatarista, Geriforte, Mental (Teb & 
syp)

Centella asiatica (L.) 
Urb.

Brahmi Whole plant

24. Brahtyadi kwath, Dasamoolarista, Dasamool 
kwath, Chyavanpras, Mahasudarshan 
churn, Mahanarayan tel 

Solanum anguivi Lam. Kandyari Whole plant

25. Canisep, Scavon Linum usitatissimum L. Atasi Seed

26. Chayavanpras, Amlaki churn, Triphala chrn, 
Triphala ghrit, Brahmi amla tel, Fresh fruit 
pulp

Emblica officinalis 
Gaertn.

Amla Fruit

27. Chayavanpras, Mahamash tel, Narsingh tel, 
Grabbdharin vati,

Dioscorea bulbifera L. Genthi Roots

28. Chitrakadi vati, Chitrak haritake, Chitrak 
ghrit Mahasankh vati, Mahamritaunjay ras, 
Pigmento, Liv-52, Alarsin, Vigiroll 

Plumbago zeylanica L. Chitrak Roots

29. Chyavanpras, Triphala ghrit, Bramh 
rasayan, Mahanarayan tel 

Polygonatum 
verticillatum (L.) All.

Kantula Rhizomes

30. Chyavranpras, Swanshar kwath, Kashhar 
kwath, Satpatradi churn, Tonali Livomyn, 
Livomap (tab & syrup)

Phyllanthus fraternus 
G. L. Webster

Jarmala Whole plant

31. Cold balm (Himalaya), Erina, Savon Eucalyptus globulus 
Labill.

Lyptus Leaf, bark, and oil

32. Confido, Gerifort, Steman, Tentx forte Argyrcia nervosa Vriddadaru Whole plant

33. Confido, Lukol, Serpira Rauvolfia serpentina 
(L.) Benth. ex Kurz

Sarpgandha Root

34. Confido, Lukol, Speman, Tentex royal, 
Spemanvet 

Hygrophila auriculata 
(Schumach.) Heine

Talimkhana Root, leaf, and seed

35. Confido, Speman, Galactin, Chyvanprasaha Leptadenia reticulata 
(Retz.) Wight & Arn.

Dori Leaf and root

36. Cyston, Diakof, Koflet, Nefrotec Onosma bracteatum 
Wall.

Bal-jari Root

37. Cystone, Nefrotec Achyranthes aspera L Apamarga Herb

38. Cystone, Nefrotec Didymocarpus 
pedicellata R.Br.

Shilapuspha Leaf

(Continued)
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TABLE 22.3 (Continued)
Medicinal Plants of Uttarakhand Used in Various Ayurvedic Drugs

S.NO Ayurvedic Formulation Botanical Name Local Name Parts Used

39. Cystone, Nefrotec Vernonia cinerea (L.) 
Less.

Kalijiri Leaf, flower, and 
seed

40. Dadimastak churn, Dadimadi ghrit, 
Lavanbhaskar churn Eladi churn.

Punica granatum L. Dadim Fruits

41. Dasomoolarista, Dasamooll kwath, 
Pushyanug churn, Amritarista, 
Mahanarayan tel Chayavanpras etc. 

Oroxylum indicum (L.) 
Kurz

Tantia Root bark

42. Devdaryadi kwath, Mahamash tel, 
Khadirarista Dasant lep, M2 Tone 

Cedrus deodara (Roxb. 
ex D. Don) G. Don 

Devdara 
(Pinaceae)

Wood oil and bark

43. Diabecon Abutilon indicum (L.) 
Sweet

Atibalaa Fruit, leaves, bark, 
seed, and roots

44. Diabecon, Chyavanparash Gmelina arborea Roxb. Gambhari Bark, root

45. Diabecon, Diabetes, Nourishing cream 
(Himalaya)

Pterocarpus marsupium 
Roxb.

Bijesar Gum leaf and 
flower

46. Diakof, Koflet Hyssopus officinalis L. Jufa Whole plant

47. Diarex, Evecare, Dental cream (Himalaya) Acacia nilotica (L.) 
Delile

Babool Tree bark

48. Erand pak, Erand tel Balarista, Pradrantak 
lauh, Bishgorbh tel, Cibolic capsules

Ricinus communis L. Arandi Roots, root bark, 
leaves, and seeds

49. Erina plus Hibiscus rosa-sinensis 
L.

Gudehal Fruit

50. Erina plus Pongamia pinnata L. Karanjua Flower and seed

51. Essential oil Tagetes minuta L. Jangali 
genda

Flowering tops

52. Evecare, Renalka Hemidesmum indicus 
(L.) R.Br.

Anantamul Shrub

53. Evercare, Menosan Sarca asoca (Roxb.) 
Willd.

Ashoka Bark and leaf

54. Evercare, Styplon, Himfertin, M2- Tone Symplocos racemosa 
Roxb.

Lodhra Bark

55. Femiplex Amaranthus polygamus 
L.

Chuali Leaves

56. Femiplex Lawsonia alba Lam. Mehandi Leaves

57. Femiplex, Crush Hygrophila spinosa T. 
Anderson

Talimkhana Leaves, seeds, and 
roots

58. Femiplex, Livomyn Berberis aristata DC. Kingore Roots, root bark, 
stem

59. Femiplex, M2-tone (Tablets & tonic) Bombax malabaricum 
DC.

Semal Bark, fruits, and 
seeds

60. Femiplex, Neo, M2-Tone, Ojus, Himaplasia, 
Tentex Geriforte, Lukol, Renalka.

Asparagus racemosus 
Willd.

Satawari Roots

61. Femiplex. Ficus glomerata Roxb. Gular Fruit, bark, and 
roots

62. Foot cream (Himalaya), Revitalizing hair 
oil, Geriforte aqua, Immunol

Trigonella foenum-
graecum L.

Methi Seed and fruit

63. Gangadher churn, Pushyanug churn, 
Abhyarista, Ashokarista, Arvidiasava, 
Femiplex

Woodfordia fruiticosa 
(L.) Kurz

Kurz Flowers

(Continued)
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TABLE 22.3 (Continued)
Medicinal Plants of Uttarakhand Used in Various Ayurvedic Drugs

S.NO Ayurvedic Formulation Botanical Name Local Name Parts Used

64. Geriforte, Bonnisan, Liv-52 Achillea millefolium L. Momoduru Herb

65. Geriforte, Diabecon Sphaeranthus indicus L. Mundi Whole plant

66. Giloy satva, Amritasava, Amritarista, 
Ashwaganda churn, Chandra, prabha Vati, 
Guduchi tel, Livonyn, Calcury, Pigmento 
Livosyp Dibecon, Mentat, Rumalaga 
Gasex, Geriforte, Liv- 52. Diakof, Manoll, 
Apimare

Tinspora cardifolia 
(Thunb.) Miers

Giloy Stem

67. Hair loss cream (Himalaya), Hairzone Butea parviflora Roxb. 
Ex. DC.

Palashbheda Bark, root, and 
stem

68. Haritaki churn, Triphala churn, Agastgy 
haritaki aveleha, Abhyarista, Triphala ghrti, 
Chitrak, Haritaki, M2 tone, Hepatogard, 
Ojus, Mentat, Liv-52, Herbolax Pilex, 
Menosan, Gerforte, Menosan 

Gerforte, Abana

Terminalia chebula 
Retz.

Harrd Frits

69. Herbalax Operculina turpethum 
(L.) Silva Manso

Triputa Root

70. Inflamin vet Nerium odorum Aiton Kaner Leaf and root

71. Jyotismasti tel, Himcotin cream, Sexotex 
cream Gerifort, Remem, Sumenta (Tab & 
syrup)

Celastrus paniculatus 
Willd.

Kaunya Seeds and seeds oil

72. Kafsina, Kofteb, Bans cough syrap, 
Cheston, Mehasudarsan ark.

Viola pilosa Blume Vanfsa Whole plants

73. Kanchanar gugulu, Kanchnar kwath, 
Ushirasava, Chandanasava

Bauhinia variegata L. Kanchnar Stem bark

74. Kankasava, Maha laxmi vilas ras, Asthma 
relief Alarex, Spasmolin

Datura stramonium L. Dhatura Leaves, flowering 
tops, and seeds

75. Kantakariavleha, Kantakari ghrit, 
Vyaghiharitaki, Chyavanpras, 
Dasamoolarist, Dasamool kwath 

Solanum surattense 
Burm. f.

Kantakari Whole plants

76. Katphaladi churn, Purhyanug churn, 
Khadiradi gutika, Irimedadi tel, Brihatphal 
ghrit. 

Myrica esculenta Buch. 
-Ham. ex D. Don

Kaphal Barks and fruits

77. Kawanch pak, Kawanch churn, Kamdev 
ghrit, Ashwagandha churn, Musli pak, 
Dhatupaustic churn, Agstya haritaka, 
Badam pak, Strenex, Tentax forte, Speman 
tab.

Mucuna pruriens (L.) 
DC.

Kauch Roots and hairs on 
pods

78. Krimikuthar ras, Krimighatini vati, Kshisadi 
ghrit, Herbinol cream

Mallotus philippensis 
(Lam.) Müll.Arg.

Kmbhal Ripe fruits

79. Krmighna churn, Krimimudgar ras, 
Krmikutharras, Plashbeejj churn. Plash 
ghrit, Crush Lukol

Butea monosperma 
(Lam.) Taub.

Dhak Tree Gum, seeds, 
and flowers

80. Kutajarista, Kutajahan vati, Kutajawteha ras, 
Karpur ras

Holarrhena 
antidysenterica (Roth) 
Wall. ex A.DC.

Karu Barks and seeds

81. Lavanbhaskar churn, Rheum austral D. Don. Chukri Rhizomes and roots

(Continued)
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TABLE 22.3 (Continued)
Medicinal Plants of Uttarakhand Used in Various Ayurvedic Drugs

S.NO Ayurvedic Formulation Botanical Name Local Name Parts Used

82. Lip balm, Oxitard Daucus carota L. Gajar Seeds

83. Liv-52 Tecomella undulata 
(Sm.) Seem.

Rohitaka Bark

84. Livomyn Coriandrum sativum L. Dhaniya Fruit

85. Livomyn, Pigmento Tephrosia purpurea (L.) 
Pers.

Pal Whole plant

86. Livomyn, Pigmento, Hepatogard, Purim, 
Talekt

Andrographis 
paniculata (Burm. f.) 
Wall.

Kalmegh Whole plant

87. Livomyn, Pigmento, Livosyp, Diabecon, 
Herbolax, Reostra

Aloe barbadensis Mill. Kumari Leaves

88. Livomyn, Vomiteb Zingiber officinale 
Roscoe

Aadarak Rhizome

89. Livosyp, Hepatogard, Pilex Azadirachta indica A. 
Juss.

Neem Leaves and wood

90. Lodhrasava, Vasasava, Sudarshan churh, 
Chandraprabha vati, Yograj guggulu, 
Dasamoolarista, Aswagandharisata 

Cinnamomum tamala 
(Buch. -Ham.) T. Nees 
& Eberm.

Tejpatta Leaves and bark

91. M2 -Tone Sida cordifolia L. Balu Leaves and roots

92. M2-Tone Eugenia jambolana 
Lam.

Jamun Bark and seed

93. M2-Tone Ficus benghalensis L. Bargad Fruits, barks, and 
leaves

94. M2-tone Mangifera indica L. Aam Fruits, seeds, and 
bark

95. Maha laxadi tel Sapindus mukorossi 
Gaertn.

Ritha Fruits

96. Mahamanjisthadyarista, 
Mahamanjisthadi ark, Manjisthadi tel, 
Mahanarayan tel, Ashwagandharista. 

Rubia cordifolia L. Majethi Roots

97. Manoll Spinacia oleracea L. Palak Leaves and fruits

98. Manoll, Calcury Tribulus terrestris L. Gukhru Seeds

99. Mohavishgarbh tel, Nirundi tel, Rumalaya 
cream, Langali rasayan.

Gloriosa superba L. Kalihari Rhizomes and 
seeds

100. Muscle & Joint rub (Himalaya) Hyoscyamus niger L. Parasika 
yavani

Seed

101. Neo, Gerifort Alternanthera sessilis L. Matsyakshi Herb leaves

102. Neo, Gerifort Allium cepa L. Pyaj Whole plant

103. Nirgundi ghrit, Nirgundi kwath, Nirgundi 
tel, Bishagarbh tel, Rumalagy cream, 
Himcolin cream.

Vitex negundo L. Siwain Leaves roots and 
fruits

104. Ojus Vitis vinifera L. Angoor Whole plant

105. Ojus, Femiplex, M2-Tone, Apimore Cuminum cyminum L. Zeera Frit

106. Parpaundrik kwath, Khadiradi vati, and 
Surma. 

Cassia absus L. Cheaksu Seeds

107. Pigmento Cyperus rotundus L. Motha Tuberous roots

(Continued)
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TABLE 22.3 (Continued)
Medicinal Plants of Uttarakhand Used in Various Ayurvedic Drugs

S.NO Ayurvedic Formulation Botanical Name Local Name Parts Used

108. Pigmento Melia azedarach L. Daikan Leaves, barks, and 
fruits

109. Pigmento Solanum nigrum L. Makoi Whole plant

110. Pigmento and Diabacon Swertia chirayita Roxb Chiraita Whole plant

111. Pigmnto Acacia catechu 
(L. F.) Willd.

Kher Wood bark

112. Pilex, Styplon Mimosa pudica L. Lajjalu Root

113. Priyangwadi tel, Ashwagandharista, 
Dasamoolarist, Chandana sava, 
Draksharista, Eladi churn. 

Callicarpa macrophylla 
Vahl.

Daiya Flowers buds

114. Punarnava kwath, Punarnava -sova, 
Punarnavadi mandoor, Punarnavadi 
guggulu, Abana, Crush, Lukol, Geriforte, 
Livomyne,

Boerhavia diffusa L Punarnava Roots

115. Pushyanug churn, Aswagantharista, 
Khadirarista, Patrangasava,

Berberis lycium Royle Daruharidra Roots, root bark, 
stem

116. Pusyanug churn, Pathadi kwath, Mahayograj 
guggulu Agnimukh churn 

Cissampelos pareira L. Pahre Roots

117. Refreshing fruit pack (Himalaya) Ficus carica L. Fig Fruit and latex

118. Rumalaya forte, Rumalaya gel, Shallaki Boswellia serrata Roxb. 
ex Colebr.

Shallaki Bark and gum

119. Rumalaya gel, Muscle & joint rub 
(Himalaya)

Mentha arvensis L. Pudina Leaves

120. Rumalaya gel, Rumalaya liniment, Pain 
balm (Himalaya)

Gaultheria 
fragrantissima Wall.

Jalan-thrait Leaf and fruit

121. Rumalaya gel/ Rumalaya vet, Cold balm, 
Pain balm (Himalaya) 

Pinus roxburghii Sarg. Chir Bark and resin

122. Sanjivani vati, Saraswat Ashwagandharista, 
Laghu vishgarbha tel, Abana tebles, 
Sumento, Pigmento, Mentat, Alarsin,  
M2 -Tone. churn

Acorus calamus L. Vacha Rhizomes

123. Septilin, Rumalaya, Pain massage oil 
(Himalaya), HimRop vet, Himfertin 

Moringa pterygosperma 
Gaertn.

Shigru Root

124. Shatyadi chrun, Dasamoolarista, Kankayan 
gutika, Vomiteb, Chikara, Lahmina, 
Jivahakalpa, Himanshu tel.

Hedychium spicatum 
Sm.

Banhaldi Rhizomes

125. Shringyandi churn, Dashmularista, 
Kantakari Avaleha, Chyavanpras 
Nokufcough, Kasni. 

Pistacia khinjuk Stocks Kakarsingi Leaves, petiole, and 
branches

126. Som kalp, Swankalp. Ephedra gerardiana 
Wall. ex Stapf

Tutgautha Stem

127. Sumenta, Mental, Menosan, Geriforte, 
Reosta, Liv-52 Mentat.

Terminalia arjuna 
(Roxb. ex DC.) Wight 
& Arn.

Arjuna Bark

128. Sumento Evolvulus alsinoides L. Sankhpuspi Whole plant

129. Surma (Yogi Pharmacy) Thalictrum foliolosum 
DC.

Kirmuri Roots

(Continued)
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Nowadays, the trade of medicinal plants is increasingly giving more importance to earning. 
Thus, local inhabitants exploit medicinal plants without considering traditional methods and mech-
anisms destroying the immense wealth of the Himalayas. This also involves the loss of oral tradition 
of passing information about traditional uses to subsequent generations.

22.6  THE PRESENT STATE OF KNOWLEDGE

Documentation of inventories of medicinal plants in the Himalayas, which includes information on 
the species, parts used, and distribution area, is one of the main contributions. Therefore, it is pos-
sible to find a comprehensive listing of medicinal plants in the country and their biological activity. 
Plants utilized in traditional medicines (Figure 22.3), formulation of traditionally used herbal drugs, 
and medicinal plants used in Ayurvedic formulation are listed in Tables 22.2 and 22.3 (Kala 2011, 
2015; Negi et al., 2011; Pandey and Verma 2005; Prakash, 2014; Samant et al., 1998; Rawat and 
Vashistha, 2011).

22.7  CONCLUSION AND PROSPECTS

Deforestation and illicit collecting play a role in the decreased availability of several plant species 
in their native habitat. The knowledge flow has been disrupted by subsequent generations’ lack of 
interest. The Indian Himalayan ethnic community’s traditions and customs were impacted by socio-
economic and cultural developments. The only people who still have information about medicinal 
herbs, traditional healthcare practices, and use as well as information about seeding, harvesting, 
extraction, and formulation are the elder people and, particularly, the Vaidyas.

TABLE 22.3 (Continued)
Medicinal Plants of Uttarakhand Used in Various Ayurvedic Drugs

S.NO Ayurvedic Formulation Botanical Name Local Name Parts Used

130. Tagardi kwath, Chandana lodhrasava, 
Sumaya (Valeriancaceae) Sarivadyasava, 
Chandrasekhar ras, Newrocardine, 
Nervoplex Mondo- valerian, Neocardial 
liquid, Sumenta.

Valeriana jatamansi 
Jones

Sumayan Rhizomes

131. Talisadi churn, Lavanbhaskar churn, 
Sudarshan churn, Kanksava 

Taxus baccata L. Thuner Leaves and bark

132. Tentex forte Strychnos nuxvomica L. Kuchla Seed

133. Tranquil Abrus precatorious L. Ratti Seed and roots

134. Triphala churn, Triphala kwath, Sanjivani 
vati, Kutajavaeleha, Herbotone Hepatogard

Terminalia bellirica 
(Gaertn.) Roxb.

Bahera Fruits

135. Vasakamadu, Vasavaleha, Vasakasva, Kasni, 
Kankasava Livomyn, M2-Tone, Styplon, 
Diakof, Geriforte.

Adhatoda zeylanica 
Medic. 

Vasaka Leaves and roots

136. Vidari churn, Laxamivilasras, Narsing 
churn, Ashwagandha churn, Saraswatista, 
Chyvanpras. 

Pueraria tuberosa 
(Willd.) DC.

Siralu Tuber

137. Vigroll Abies pindrow (Royle 
ex D. Don) Royle

Raga Bark

138. Vomiteb Cinnamomum 
zeylanicum Blume

Dalchini Bark

139. Vomiteb, Mental, Himacospaze, Bonnisan, 
Abana

Anethum sowa Roxb.ex Sowa Leaves
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23 Physicochemical 
Characterization, Antioxidant, 
and Anti-Inflammatory 
Activities of Turmeric-
Black Cumin Homegrown 
COVID-19 Herbal Mixture

Ayodeji Oluwabunmi Oriola, Gugulethu Mathews 
Miya and Adebola Omowunmi Oyedeji

23.1  INTRODUCTION

The global index cases of the novel Severe Acute Respiratory Syndrome Coronavirus-2 (nSARS-COV-2) 
infection were reported on 13 December 2019 in Wuhan, China, alluding to the name COVID-19. It 
was declared a pandemic on 11 March 2020, spreading to more than 180 countries, including Nigeria 
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(Cai et al., 2020; Wang et al., 2020; WHO, 2020). Nigeria’s COVID-19 index case was announced on 
27 February 2020, causing the enforcement of a national lockdown on 30 March 2020 (NCDC, 2020).

Nigeria is a Sub-Sahara West African nation with a land mass of 923,768 km2 and a population 
of about 213 million people—the most populated in Africa and the sixth most populated country in 
the world (Worldometer, 2021). The World Health Organization (WHO) categorised Nigeria among 
the top-13 high-risk African countries for COVID-19 because of the enormous human population 
and inadequate healthcare facilities (Amzat et al., 2020).

So far, Nigeria has not fared badly in terms of COVID-19 morbidity and mortality. As of 6 November 
2021, about 213,000 cases have been reported, with a significant decline in daily reported cases to 116 
people from a record high 2,464 new cases on 23 January 2021. As of 31 December 2021, a total 
87,617 COVID-19 cases were reported in Nigeria with less than 2.4% death since the first (index) case 
on 27 February 2020. Within the stated period, a total 2,905 deaths were recorded, with a significant 
decline in mortality from about 22 new daily deaths in January 2021 to about three new daily deaths 
in December 2021 (NCDC, 2022). Though the capacity for testing in Nigeria cannot be compared with 
countries such as the USA, Brazil, and the UK, which have so far recorded higher and unprecedented 
deaths due to COVID-19, one thing is clear: There is a strong believe in folkloric medicine as a comple-
mentary and/or an alternative to orthodox medicine in Nigeria. Perhaps, this might be playing a signifi-
cantly role by helping to reduce the burden of COVID-19 infection in such a densely populated country.

Nigeria has a rich flora diversity but inadequate modern healthcare facilities; hence, many resorted 
to nature rather than to the hospitals for health solutions. Interestingly, herbal medicine is not extant 
to the world, as it has been reported that about 80% of plant-derived drugs are linked to their origi-
nal ethnomedicinal uses (Fabricant and Farnsworth, 2001). Currently, some immune-boosting herbs 
and spices are used in Nigeria as homegrown mono- and polyherbal remedies for the prevention and 
management of COVID-19 and other flu-related diseases. Among such are the rhizomes of turmeric 
and the seeds of black cumin often used in the form of an infusion (Orisakwe et al., 2020).

Turmeric, Curcuma longa L. (Zingiberaceae) is a rhizomatous, perennial herb that grows up 
to 5  ft. It has short stem, large oblong leaves, yellow flowers, and yellowish-to-brownish yel-
low pyriform rhizomes (Mukherjee et al., 2013). Black cumin or Black seeds, Nigella sativa L. 
(Ranunculaceae) is an annual herbaceous plant that grows up to 25 cm tall with finely divided 
linear leaves. The flowers are tender and are usually pale blue and white, while the fruits are in 
the form of inflated capsules comprising about five united follicles, each bearing blackish seeds 
(Farhan et al., 2021). Both turmeric and black seeds thrive in tropical and sub-tropical climates, 
and they are widely cultivated across the continents of Asia, South America, and Africa. They find 
many applications as culinary, food additives/preservatives, herbal medicines, and in cosmetics 
(Mukherjee et al., 2013). They are also known to be essential oil-bearing plants, used in the Asian 
ethnomedicine for the treatment of diabetes, jaundice, and other liver ailments (ElBahr et al., 2014) 
amidst others. In the Asian ethnomedicines, herbal infusions from these plants and the essential 
oils are used for the management of digestive, circulatory, respiratory, and reproductive ailments, 
while they are used as natural remedy for respiratory ailments, hypertension, diabetes, arthri-
tis, wounds, cancer, fever, headache, memory loss, and dermatological-related ailments in the 
African ethnomedicines (Khan et al., 2011; ElBahr et al., 2014). Currently, the turmeric black seed 
herbal mix is claimed to be used ethnomedicinally for the management of COVID-19 in Nigeria  
(Table 23.1). Among such claims was the testament of the Executive Governor of Oyo State, in 
Southwest Nigeria, that he was healed of COVID-19 after about 1 week of treatment with the 
 turmeric black cumin herbal mix (Punch Newspaper, April 7, 2020).

These extracts and essential oils have been reported to show biological potentials, such as 
 antioxidant, immune-modulating, neuroprotective, cardioprotective, hepatoprotective, antiviral, 
anti-inflammatory, analgesic, anti-ulcer, anti-hyperglycaemic, antimicrobial, anti-cancer, anti-
malarial, and anti-fertility activities among others (Krup et al., 2013; Sambhav et al., 2014; Khan 
and Afzal, 2016; Ansari et al., 2020). Exposure of guinea pigs to infusions or aerosols of black cumin 
seeds protected the animals against citric acid aerosols-induced cough in a manner comparable with 
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those of codeine aerosols (Boskabady et al., 2003; Boskabady et al., 2004). Furthermore, a co-
administration of turmeric and black cumin has been reported to demonstrate significant clinical 
efficacy in metabolic syndrome, especially in reducing human cholesterol level, and their significant 
role in the management of diabetes had been emphasized (Amin et al., 2015). In recent times, the 
ethanol extract of black seed and the aqueous extract of turmeric have been reported to exhibit anti-
viral activities individually against SARS-COV-2 infection (Uchejeso et al., 2021). An infusion of 
the herbal mixture is gaining more attention as an immune booster for the prevention and manage-
ment of COVID-19 in Nigeria (Adeleye et al., 2019; Orisakwe et al., 2020).

Some bioactive compounds such as curcuminoids (curcumin, ar-curcumene, desmethoxycurcumin, 
monodemethoxycurcumin, bisdemethoxycurcumin, dihydrocurcumin and cyclocurcumin), sesqui-
terpenoids (ar-tumerone, α- & β- turmerones, curlone, zingiberene, β-phellandrene, sabinene, and 
elemene), triterpenoids, alkaloids, and sterols (β-sitosterol and stigmasterol) have been identified in tur-
meric rhizomes (Chattopadhyay et al., 2004; Sambhav et al., 2014). Also, antioxidant, anti- inflammatory 
compounds such as flavonol glycoside and dihydroflavonol glycoside have been reported in turmeric 
(Jiang et al., 2015). Essential oils such as thymol, thymoquinone, dithymoquinone, p-cymene; saponins 
(α-hederin); and alkaloids (nigellicimine, nigellicine, nigellidine, and nigellamine) have been reported 
in black cumin seeds with considerable biological activities, which include antioxidant, anti-inflamma-
tory, and cytotoxic activities (Khan and Afzal, 2016; Yimer et al., 2019).

Currently, there is dearth of information on the chemical composition of the turmeric-black 
cumin herbal mix. It is expedient that the antioxidant and anti-inflammatory potentials of any 
locally made herbal remedies for COVID-19 be determined, since this novel infectious disease has 
been reported to be characterized by high level of inflammation, and oxidative damage to the lungs 
and other associated organs (Vollbracht and Kraft, 2022). It is on this backdrop that we investigated 
the turmeric black cumin homegrown COVID-19 herbal mixture. The physicochemical profiles of 
the EOs were obtained, while the in vitro antioxidant and anti-inflammatory activities were also 
determined, with a view to validate and potentiate its medicinal use.

23.2  MATERIAL AND METHODS

23.2.1  herBal raW materials

The herbal raw materials (HRMs), turmeric rhizome powder, and black cumin seeds were purchased 
from the herbal store, SpicYem® Spices and Foods, Ile-Ife, Osun State 220005, Nigeria (Geographic 
latitude 7°33′00″N and longitude 4°33′00″E; Geomagnetic latitude 7°30″N and longitude 4°28″E), 

TABLE 23.1
Acclaimed Use of Turmeric-Black Cumin Herbal Mixture by COVID-19 Survivors in Nigeria

Status of Claimant Mode of Herbal Preparation/Use References

Executive Governor of Oyo State Infusion of the herbal mix or its oil with honey and 
vitamin C

Punch Newspaper, April 
7, 2020

Journalist Infusion or decoction of the herbal mix with alligator 
pepper, ginger, lemon, and bitter leaf

The Guardian Newspaper, 
August 13, 2020

A former Governor of Anambra State Infusion of the herbal mix with ginger, lemon, steam 
inhalation

Vanguard Newspaper, 
April 24, 2020

A 22-year-old university graduate Infusion of herbal mix with pineapple and ginger The Guardian Newspaper, 
April 7, 2021

A Health professional and HR 
administrator

Infusion and decoction of the herbal mix The Guardian Newspaper, 
April 7, 2021

A former President of the Federal 
Republic of Nigeria

A mixture of herbs comprising turmeric rhizomes and 
black cumin seeds

Sahara reporters, March 
6, 2021
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each registered with batch numbers RC: 875523 and RC: 875523, respectively. The HRM was obtained 
from C. longa L. (Zingiberaceae) and N. sativa L. (Ranunculaceae); both the plants confirmed with the 
http://www.theplantlist.org as kew-235249 and kew-2381679, respectively. The HRMs were  combined 
in equal ratio (200 g each), homogenized, and kept in a Ziploc bag prior to extraction.

23.2.2  extraction

The homogenized HRMs (400 g) was hydro-distilled for its essential oils (EOs) on a Clevenger 
apparatus set at 70°C–100°C for 4 hours, according to Oyedeji et al. (2014). The extraction jar was 
allowed to cool, after which it was re-distilled to obtain six successive batches of EOs. The EOs 
were collected in 10 mL amber vials labelled I–VI, and they were stored in the cold room at −4°C.

23.2.3  Physicochemical analyses

The colour, odour, and percentage yield of the six EO batches were determined. Thin-layer chro-
matography (TLC) bioautography was carried out on silica gel 60 F254 GF plates (0.25 mm, 
Merck KGaA, Germany), with TLC plates developed in a pre-saturated tank of n-hexane–Ethyl 
acetate (9:1) in duplicate. The chromatograms were monitored at 254 and 365 nm wavelength 
under the UV-Vis spectrum. They were subsequently activated with 10% sulfuric acid and the 
replicate with 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical (Sigma–Aldrich, St Louis, MO, 
USA), for a general detection of the phytoconstituents and their free radical scavenging poten-
tials, respectively.

The EOs were analysed using Gas Chromatography Mass Spectrometry (GC–MS), according 
to the method of Miya et al. (2021). It involved the separation and characterisation of the EOs on 
Bruker 450 Gas Chromatograph connected to a 300 MS/MS mass spectrometer system (Germany). 
The GC–MS was operated in EI mode at 70 eV. The chromatogram comprised an HP-5 MS fused 
silica capillary system with 5% phenylmethylsiloxane as stationary phase. The capillary column 
parameter was 30 m length × 0.25 mm internal diameter × 0.25 μm film thickness. The column 
temperature was increased from 50°C to 240°C at a rate of 5°C/minutes, while the final temperature 
was maintained at 450°C for a duration of 66 minutes. The carrier gas was helium (1.0 mL/minutes 
flow rate), the scanning range was 35–450 amu, and the split ratio was 100:1. One microliter (1 μL) 
of the diluted oil (in hexane) was injected for analysis. The constituents were identified by com-
parison of their mass spectra data and retention indices with those available in our research group’s 
GC–MS library as well as those in reported in the literature.

23.2.4 2 ,2-diPhenyl-1-Picrylhydrazyl (dPPh) sPectroPhotometric assay

This was carried out according to a standard procedure that was previously described by Oriola 
et al. (2021). Here, 0.5 mL of 0.1 Mm DPPH radical in methanol was added to 0.5S mL of serial 
diluted test samples (EOs and L-ascorbic acid) at 3.125–100 µM concentration range in triplicate. 
The reaction mixture was incubated in the dark at 37°C for 30 minutes. The absorbance was mea-
sured at 515 nm on a 680-Bio-Rad Microplate Reader (Serial Number 14966, USA). The percentage 
inhibition of the radical was calculated thus:

 % DPPH inhibition
ABSsample-ABScontrol

ABScontrol
100= 



 ×

where ABS sample is the absorbance of test sample, i.e., EOs or L-ascorbic acid, while ABS control 
is the absorbance of negative control (methanol).

The inhibitory concentration (IC50) of each test sample was determined from the dose–response 
curve.

http://www.theplantlist.org
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23.2.5  nitric oxide (no) inhiBition assay

The inhibitory effect of the essential oils against the NO radical was investigated using the method 
described by Jimoh et al. (2019). Here, 0.5 mL of test samples at varying concentrations (3.125–100 µM) 
were added to sodium nitroprusside (2 mL, 0.2 Mm) in triplicates. The reaction mixture was incubated 
at 25°C for 3 hours. Then, 0.5 mL of the mixture was mixed with Griess reagent (0.33% sulphanil-
amide dissolved in 20% glacial acetic acid and mixed with 1 mL of naphthylethylenediamine chloride 
(0.1%w/v)). The mixture of the complex and Griess reagent was then incubated at room temperature 
for 30 minutes. Thereafter, it was measured at an absorbance of 540 nm on a 680-Bio-Rad Microplate 
Reader (Serial Number 14966, USA). The percentage inhibition of NO radical was calculated as thus:

 % NO inhibition
ABSsample-ABScontrol

ABScontrol
100= 



 ×

where ABS sample is the absorbance of test sample, i.e., EOs or L-ascorbic acid, while ABS control 
is the absorbance of negative control (sodium nitroprusside in methanol).

The IC50 of each test sample was also determined.

23.2.6  hydrogen Peroxide inhiBition assay

The ability of the essential oils to inhibit peroxyl ion radical was measured using standard colorimetric 
method, as described by Okeleye et al. (2015). The test samples (400 µL each) were serially diluted 
from 100 to 3.125 µM concentrations and mixed with 60 µL of hydrogen peroxide solution (4 mM) 
prepared in a 0.1 M phosphate buffer saline (pH 7.4) in triplicate inside a 96-well plate. The reaction 
mixture was incubated at room temperature (≈25°C) for 10 minutes. Thereafter, the absorbance was 
measured at 405 nm on a 680-Bio-Rad Microplate Reader (Serial Number 14966, USA). The percent-
age inhibition of the peroxyl radical was determined using the formula:

 % inhibition of peroxyl radical
ABSsample-ABScontrol

ABScontrol
100= 



 ×

where ABS sample is the absorbance of test sample, i.e., EOs or L-ascorbic acid, while ABS control 
is the absorbance of negative control (1% DMSO).

23.2.7  Ferric-reducing antioxidant PoWer (FraP) assay

The procedure was based on the ability of the essential oils to reduce the greenish ferric ion 
(Fe3+) 2,4,6-tri-(2-pyridyl)-1,3,5-triazine (TPTZ) to bluish ferrous ion (Fe2+) at 593 nm absorbance 
 measurement, as previously described by Benzie and Strain (1999). Thus, the ferric-reducing power 
of the essential oils was determined as ascorbic acid equivalent (AAE) from the calibration curve 
of the positive control (L-ascorbic acid) at concentrations 1000.00, 500.00, 250.00, 125.00, 62.50, 
and 31.25 µM in methanol.

23.2.8  in vitrO anti-inFlammatory test

This was performed using the egg albumin denaturation assay method by Chatterjee et al. (2012). 
Here, a reaction mixture comprising 0.2 mL of albumin content of fresh chicken egg, 2.8 mL of 
phosphate buffer saline (pH 6.4), and 2 mL each of the EOs at varying concentrations (6.25–100 µM) 
was prepared in triplicate. The mixture was incubated at 37°C for 15 minutes away from direct light 
and thereafter boiled at 70°C for 5 minutes in a thermostatic water bath. The resulting mixture was 
cooled, and the absorbance was measured at 655 nm on a 680-Bio-Rad Microplate Reader (Serial 
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Number 14966, USA). Diclofenac was similarly tested as the standard drug, and the percentage 
inhibition of the samples was calculated thus:

 



 ×% inhibition of protein denaturation =

ABSsample-ABScontrol
ABScontrol

100

where ABS sample is the absorbance of test sample, i.e., EOs or Diclofenac, while ABS control is 
the absorbance of negative control (vehicle), i.e., 1% dimethylsulfoxide (DMSO).

The inhibitory concentration (IC50) of each test sample was determined from the dose–response curve.

23.2.9  statistical analysis and WorkFloW

Data obtained from the antioxidant and anti-inflammatory tests were expressed as mean ± stan-
dard error of mean (SEM) using Microsoft Excel version 365 (Microsoft Corporation, Washington 
DC, USA). The results were analysed using One-Way Analysis of Variance (ANOVA), followed 
by the Student–Newman–Keul’s post-hoc test on a GraphPad Prism 5 (GraphPad Software Inc., 
San Diego, CA, USA). P <0.05 was set as the level of significance. The experimental work done 
(workflow) is presented in Figure 23.1.

23.3  RESULTS

Six hydro-distilled batches of essential oils (I–VI) were obtained from the herbal mixture, as pre-
sented in Table 23.2. The EOs were generally woody in aroma. The aroma became roasty from 
batches III to V, and it was smoky in batch VI with increased colour intensity from yellow to dark 
brown upon re-distillation. A sequential increase in the EO yield from batches I to IV was observed, 
while there was also a reduction in yield from IV to VI. The Marc (herbal mixture) became foamy 
on the sixth hydro-distillation batch, which suggested an exhaustive extraction of the EOs, hence, 
the termination of the steam distillation process.

TLC bioautography revealed strong free radical scavenging potentials of the EOs with qual-
itative improvement in the DPPH radical scavenging property upon re-distillation from I to VI  
(Figure 23.2). Table 23.3 shows the chemical composition of the six EO batches. There were 14  
major peaks on the GC chromatograms of the EOs representing 14 major constituents, based on the 

400 g, 1:1

Hydro-dis�lla�on method
Clevenger Apparatus

Set @70-100°C for 4 h

x6

GC-MS Analysis

Physical Characteriza�on
(colour, odour, % yield)

Six batches (I – VI) of EOs

Turmeric Rhizome Powder

Black Cumin Seeds

OH

O
CH3

CH3

CH3

CH3OCH3

Ar-Turmerone 2-Methoxyphenol

I II III IV V VI

Major Chemical Components

An�oxidant – DPPH, NO, Fe3+, H2O2
An�-inflammatory – Egg Albumin Denatura�on

FIGURE 23.1 Flow chart for the study.



419Turmeric–Black Cumin Home-Grown COVID-19 Herbal Mixture

retention time and the peak area. They were categorized as 11, 6, 3, 2, 1, and 2 compounds (peaks) 
for batches I–VI, respectively (Figure 23.3). Reaction mechanisms for the elicitation of α-turmerone, 
p-hydroxy methylbenzene from ar-turmerone (Figure 23.4), and guaiacol from p-cymene  
(Figure 23.5) were proposed.

where EOs batches (I–VI); TLC solvent system: Hexane–EtOAc (75–25); antioxidant active 
(Ax), yellowish appearance against the purple 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical; 
and appearance of reddish-to-reddish brown oily substance suspected to be guaiacol (G)

 100
 

1
 KI

Rt Rtz

Rt z Rtz
zexp ( )( )

( )= −
+ −

+












TABLE 23.2
Characteristics of Essential Oils Obtained from the Herbal Mixture (400 g)

EOs Batch Colour Sensory Characteristics % Yield

I Creamy Earthy, woody 2.89

II Golden yellow Earthy, woody 2.95

III Reddish Woody, nutty, roasty 3.08

IV Reddish brown Woody, nutty, roasty 3.19

V Reddish brown Woody, nutty, roasty 3.01

VI Dark brown Woody, smoky 2.87

EOs: Essential oils; I–VI: Essential oil batches; % Yield expressed as w/w (g) × 100.

FIGURE 23.2 TLC-Bioautography of the essential oil batches.
[Essential oils (EOs) batches (I-VI); TLC solvent system- Hexane-EtOAc (75:25); antioxidant active (Ax)- 
yellowish appearance against the DPPH purple background; reddish brown oily substance suspected to be 
Guaiacol (G).]
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where KIexp = experimental Kovats index; Rt = retention time of sample; Rtz = retention time of 
lower n-alkane; z = number of carbons in the molecule; and KI lit. = Kovats index reported in litera-
ture (Babushok et al., 2011).

where reactions steps: (1) thermal & enzymatic oxidation by p-cymene methyl monooxygen-
ase (Pp-cymaA 1.14.15.25); (2) dehydrogenation by p-cumic alcohol dehydrogenase (Pp-cymB 
1.1.1.M33); (3) dehydrogenation by cumic aldehyde dehydrogenase (Pp-cymC 1.2.1.29); (4 and 5) 
oxidation by p-cumate-2,3-dioxygenase (Pp-cmtAa Pp-cmtAb Pp-cmtAc Pp-cmtAd 1.14.12.25); 
(6) oxidative demethylation by demethylase; (7) decarboxylation by decarboxylase; and (8) methyla-
tion by methyl transferase (Defrank and Ribbons, 1977).

23.3.1  in vitrO antioxidant activity

The result in Table 23.4 showed the level of antioxidant of the turmeric-black cumin essential oil 
batches I–VI, with respect to their ability to scavenge DPPH and hydrogen peroxide free radicals, 
the inhibitory activity against nitric oxide (NO) radical, and the ferric ion reducing ability, with 
reference to the positive control (L-ascorbic acid).

TABLE 23.3
Chemical Profile of Essential Oils from Turmeric-Black Cumin Herbal Mixture

Peak Constituent Rt
KI 

exp KI lit. CAS No. 
% Composition 
of EO Batches

Rt KIexp KIlit. CAS No. I II III IV V VI

1 α-Phellandrene 6.94 1164 1168 99–83–2 - 1.54 - - - -

2 p-Cymene 10.49 1354 1270 99–87–6 1.75 0.76 - - -

3 o-methoxyphenol 
(Guaiacol)

12.63 1485 1859 90–05–1 - - - - - 43.21

4 p-hydroxy 
methylbenzene

25.70 1965 - - - - 27.46 - - -

5 Ar-Curcumene 30.15 1941 1737 644–30–4 3.37 - - - - -

6 2-epi-α-Funebrene 30.71 1939 1419 65354–33–8 0.75 - - - - -

7 β-Sesquiphellandrene 31.86 1932 1771 20307–83–9 3.51 - - - - -

8 Ar-Turmerol 33.91 1922 1560 38142–57–3 0.57 - - - - -

9 1,2-Benzenediol, 
o-(2-methylbenzoyl)

34.82 #99434 1.25

10 1,2-Benzenediol, 
o-(4-methylbenzoyl)

34.84 #99441 0.28

11 Ar-Turmerone 37.22 1904 1664 532–65-0
#53122

53.69 56.39 70.27 98.66 99.10 55.88

12 α-Turmerone 37.46 1903 1654 180315–
67–7

13.23 18.40 - - - -

13 Curlone 38.62 1897 1650 87440–60–6 19.18 22.49 0.97 0.91 - -

14 (E)-Atlantone 41.06 1884 1743 108645–
54–1

2.33 0.17 - - - -

Total 99.91 99.75 98.70 99.57 99.10 99.09

( )( )
( )

=
−

+ −
+













100
 

1
 KI

Rt Rtz

Rt z Rtz
zexp

Where: KIexp = Experimental Kovats index; Rt = Retention time of sample; Rtz = Retention time of lower n-alkane; and 
z = Number of carbons in the molecule; KI lit. = Kovats index reported in Literature (Babushok et al., 2011). 
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FIGURE 23.3 Chemical composition of essential oils from Turmeric-Black Cumin Combined Spice.

FIGURE 23.4 Plausible structural rearrangement for the elicitation of some major components of the 
 essential oils.
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23.3.2  in vitrO anti-inFlammatory activity

The result in Table 23.5 showed the anti-inflammatory activity of the essential oils obtained from the 
turmeric-black cumin herbal mixture. The bioactivities of the oils are presented in terms of their abil-
ity to inhibit the denaturation of protein under colorimetric reaction conditions. The result also showed 
concentration-dependent increase in the anti-inflammatory response of the EOs within 6.25–100 µg/mL 
concentration range.

23.4  DISCUSSION

23.4.1  chemical comPosition

Gas Chromatography–Mass Spectrometry (GC-MS) analysis showed that majority of the EO batches 
are sesquiterpenoid (C15) compounds. They included aromatic (ar)-turmerone, α-turmerone, cur-
lone, ar-curcumene, β-sequiphellandrene, and (E)-atlantone (Table 23.3). Liju et al. (2011) reported 
ar-turmerone, curlone, and ar-curcumene as the major EO components of turmeric rhizome, while 
p-cymene and β-sequiphellandrene were among the major EO components reported in black cumin 

FIGURE 23.5 Plausible structural re-arrangement for the elicitation of Guaiacol (o-methoxyphenol) from 
p-Cymene. Key Reactions Steps: (1) thermal & enzymatic oxidation by p-cymene methyl monooxygen-
ase (Pp-cymaA 1.14.15.25); (2) dehydrogenation by p-cumic alcohol dehydrogenase (Pp-cymB 1.1.1.M33);  
(3) dehydrogenation by cumic aldehyde dehydrogenase (Pp-cymC 1.2.1.29); (4 and 5) oxidation by p-cumate-
2,3-dioxygenase (Pp-cmtAa Pp-cmtAb Pp-cmtAc Pp-cmtAd 1.14.12.25); (6) oxidative demethylation by 
demethylase; (7) decarboxylation by decarboxylase; (8) methylation by methyl transferase (Defrank and 
Ribbons, 1977).

TABLE 23.4
In Vitro Antioxidant Properties of Essential Oils Obtained from Turmeric-Black Cumin 
Herbal Mix

EO Batches
DPPH

IC50 (µM)
NO 

IC50 (µM)
H2O2 

IC50 (µM)
FRAP

(mgAAE/g)

I 66.70 ± 0.83f 45.06 ± 2.55e 71.21 ± 2.84f 258.19 ± 27.91a

II 32.25 ± 0.68d 49.09 ± 1.17f 58.20 ± 3.07e 493.64 ± 40.72bc

III 47.10 ± 1.55e 29.41 ± 1.23d 30.61 ± 1.88d 561.72 ± 33.67c

IV 33.31 ± 1.44d 19.42 ± 0.97b 25.15 ± 1.37c 455.11 ± 31.33b

V 26.36 ± 0.95c 21.51 ± 1.72bc 29.01 ± 2.40d 501.43 ± 26.08bc

VI 16.10 ± 0.14b 23.18 ± 0.63c 13.17 ± 1.11b 715.46 ± 21.65d

L-ascorbic acid 10.23 ± 1.22a 6.73 ± 0.39a 8.09 ± 0.51a NA

Values with different alphabets in superscript are significant at P < 0.05.
where n = 3; data expressed as mean ± standard error of mean (SEM); concentration that inhibits the 2,2-diphenyl-1-picryl-
hydrazyl (DPPH), nitric oxide (NO) or hydrogen peroxide (H2O2) radical by 50% (IC50); ferric-reducing antioxidant power 
(FRAP) expressed as mg of ascorbic acid equivalent per gram (mgAAE/g) of test sample; not applicable (NA); Essential oil 
(EO) batches I–VI; and positive control (L-ascorbic acid). 
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seed (Edris, 2009; Kiralan, 2014; Ashfaq et al., 2021). Thus, the result implies that turmeric rhi-
zomes may be playing a major contributory role to the EO components of the herbal mixture.

Ar-turmerone and curlone were the major constituents identified in batches I–IV; batch V 
comprised majorly ar-turmerone (99.10%), while guaiacol (43.21%)—an o-methoxyphenol—was 
formed in batch VI in addition to ar-turmerone (55.88%) (Table 23.3). Guaiacol is a yellowish-
to-brownish oily compound, often produced as an artefact of thermal oxidation and/or enzymatic 
degradation, reported in the industrial brewing of malt as a flavour during coffee and whisky 
productions, and in the pyrolysis of lignin (Dorfner et al., 2003; Gallegos, 2017). It is also found 
in the EOs of celery seeds and tobacco leaves (Burdock, 1995). Ar-turmerone (32.24%), zingib-
erene (27.70%), and β-sesquiphellandrene (13.14%) have been reported as the major component of 
turmeric oil grown in Korea (Hwang et al., 2016). P-cymene constituted the major (60.50%) EO 
component of the black cumin seed grown in Tunisia, according to Bourgou et al. (2010).

Water has been reported as an important condition for deprotonation (Hu et al., 2016). Therefore, 
since our herbal mixture stayed in water for long during the distillation process, deprotonation of 
ar-turmerone gave curlone (β-turmerone), which could attain stability by isomerization to form 
α-turmerone, thus, justifying the compositional increase of α-turmerone from 13.23% in batch I to 
18.40% in batch II, as presented in Table 23.3. Furthermore, thermal degradation of ar-turmerone 
under the influence of demethylase enzyme might have brought about the elicitation of benzene, 
1-methyl-4-(1-methyl-3-buten-3-ol)—another major compound identified in the batch III EO, clas-
sified as p-hydroxy methylbenzene. Furthermore, we proposed an alternative route by McLafferty 
structural rearrangement of ar-turmerone and consequently an α-cleavage of its propyl substituent 
to elicit the compound (Pavia et al., 2001) (Figure 23.4).

Guaiacol could be biosynthetically derived from p-cymene—a monoterpenoid (C10) compound 
reported in black cumin seeds (Khan and Afzal, 2016). Thermal and enzymatic degradation of p-cymene 
to form dihydroxy-p-cumate and subsequently o-methoxyphenol were presented in Figure 23.5,  
based on the report of Defrank and Ribbons (1977). Here, thermal oxidation of p-cymene influenced by 
methyl monooxygenase enzyme (Pp-cymaA 1.14.15.25) could result in the production of p-isopropyl 
benzylalcohol, which, in turn, could undergo two-step dehydrogenation mediated by cumic alcohol, fol-
lowed by cumic aldehyde dehydrogenase enzymes, to give p-cumate. An ortho, meta- dioxygenation of 
the latter by p-cumate-2,3-dioxygenases would result in 2,3-dihydroxy-p-cumate, which could, in turn, 
undergo oxidative demethylation and decarboxylation influenced by demethylase and decarboxylase 

TABLE 23.5
Anti-Inflammatory Activity of Essential Oils Obtained from Turmeric Black Cumin Herbal Mix

EO Batches

Inhibition of Protein Denaturation (%)
IC50 ± SEM

(µg/mL)100 µg/mL 50 µg/mL 25 µg/mL 12.5 µg/mL 6.25 µg/mL

I 61.45 ± 16.35ab 13.97 ± 3.16a 5.66 ± 0.94a 2.91 ± 0.55a 0.53 ± 0.15a 103.63 ± 31.02e

II 71.26 ± 1.32b 59.33 ± 0.62c 49.87 ± 140d 34.04 ± 0.77d 18.65 ± 3.07d 44.21 ± 0.98c

III 97.26 ± 1.69d 86.56 ± 1.53e 73.56 ± 1.47f 27.06 ± 2.12c 10.26 ± 2.93c 31.22 ± 1.24b

IV 62.16 ± 1.09a 51.72 ± 1.96b 34.31 ± 0.69b 20.34 ± 1.24b 5.04 ± 1.53b 61.93 ± 1.77d

V 83.64 ± 2.04c 71.09 ± 1.77d 44.56 ± 2.32c 16.71 ± 5.45b 3.54 ± 2.26b 44.76 ± 2.51c

VI 97.88 ± 1.36d 87.89 ± 1.00e 75.15 ± 2.19f 37.75 ± 1.24e 20.34 ± 2.84d 25.36 ± 1.61a

Diclofenac 99.74 ± 0.15e 88.68 ± 4.14e 66.05 ± 1.77e 52.52 ± 4.12f 20.96 ± 5.30d 21.57 ± 2.66a

Where:   n = 3; data expressed as mean ± standard error of mean (SEM); data with different alphabets in superscripts 
were considered significant at P < 0.05 down the columns; while those with same alphabets in superscripts were 
comparable (P > 0.05) when subjected to Student–Newman–Keul’s post-hoc test; essential oil (EO) batches I–
VI; Diclofenac (standard anti-inflammatory drug); and concentration that inhibits egg albumin (protein) dena-
turation by 50% (IC50).
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enzymes, respectively, to form a hydroxyphenol. Finally, the single proton on the ortho-hydroxy func-
tional group of hydroxyphenol could become substituted to form o-methoxyphenol under the influence 
of a methyltransferase enzyme (Figure 23.5). Perhaps, the structural rearrangement from p-cymene to 
o-methoxyphenol could only have been possible because of the repeated cooling and re-distillation that 
formed part of our experiments. Similarly, structural rearrangement from methyl eugenol to isoeugenol 
methyl ether, α-pinene to terpineol, and 1,8-cineol to terpineol upon cooling and re-distillation of three 
Melaleuca species for their EOs has been reported (Oyedeji et al., 2014).

23.4.2  Biological activities

TLC-bioautographic profile of the EOs (Figure 23.1) indicated strong free radical scavenging 
property against the stable DPPH-free radical solution. Our result on the quantitative antioxidant 
activity (Table 23.4) showed concentration-dependent increase in antioxidant activity across the 
6.25–100 µg/mL concentration range. Likewise, repeated HD appeared to have impacted signifi-
cantly on the DPPH, NO, Fe3+, and H2O2 radical scavenging properties of the EOs. The Batch VI oil 
was the most active with IC50 values of 16.10 ± 0.14 and 13.17 ± 1.11 µg/mL against DPPH and H2O2 
radicals, respectively. It also showed considerable Fe3+-reducing ability under acidic condition (pH 
3.6). Thus, the FRAP activity was 715.46 ± 21.65 mg ascorbic acid equivalent per 1,000 mg of the 
sample, which translated into about 72% of the antioxidant power of L-ascorbic acid.

However, the fourth (IC50 = 19.42 ± 0.97 µg/mL) and fifth (IC50 = 21.51 ± 1.72 µg/mL) oil batches 
demonstrated comparable (P > 0.05) activities in terms of their ability to inhibit the nitric oxide radi-
cal. It is noteworthy that turmeric oil and its ethanol extract have been reported to exhibit IC50 values 
of 4.5 mg/mL and 27.2 ± 1.1 µg/mL, respectively, against the purple DPPH radical (Mallmann et al., 
2017; Sabir et al., 2021). Also, black cumin oil had previously been reported to exhibit an in vitro 
DPPH radical scavenging activity of 460 µg/mL (Burits and Bucar, 2000), which is far less in activ-
ity than what has been obtained in this study.

The EOs of the individual plants have been reported to exhibit considerable antioxidant activi-
ties (Burits and Bucar, 2000; Kazemi, 2014; Eleazu et al., 2015; Tanvir et al., 2017; Awan et al., 
2018; Akter et al., 2019); hence, establishing the capacity of the herbal mixture to scavenge free 
radicals for the prevention and management of diseases. Ar-turmerone, α-turmerone, and cur-
lone identified in this study are known components in turmeric, regarded as natural antioxidants 
(Jayaprakasha et al., 2002; Liju et al., 2011). Turmerones have been implicated as immune modula-
tory, anti-inflammatory, antiviral, and more recently as an anti-SARS-COV-2 agents (Park et al., 
2012; Paciello et al., 2020; Rattis et al., 2021). Curlone is an isomer of α-turmerone, and a natural 
antimicrobial and cytotoxic compound (Essien et al., 2015), while β-sequiphellandrene identified 
in the herbal mixture has been reported in turmeric as an antimicrobial and cytotoxic compound 
(Tyagi et al., 2015). P-Cymene and α-phellandrene elicited by black cumin seed in this study are 
known antioxidant, antinociceptive, anti-inflammatory, and antimicrobial compounds (Bourgou 
et al., 2010; Schuff et al., 2019). p-Cymene [1-methyl-4-(1-methylethyl)-benzene] is an alkyl- 
substituted naturally occurring aromatic hydrocarbon. It has been reported to increase the activity 
of antioxidant enzymes in vivo, thus, reducing oxidative stress (Quintans et al., 2013; de Oliveira 
et al., 2015). p-Cymene also showed anti-inflammatory activity, modulated cytokine production 
(tumour necrosis factor (TNF-α, interleukin-1β-IL-1β, interleukin-6-IL-6), in vitro (murine mac-
rophage-like cell line RW 264.7), and in vivo (Female C57BL/6) by inhibiting nuclear factor-κB 
(NF-κB) and mitogen-activated protein kinase (MAPK) signalling pathways involved in synthesis 
of pro-inflammatory cytokines (Zhong et al., 2013).

Guaiacol (43.21%)—an artefact in the 6th EO batch in this study is an ortho-methoxyphenol 
proposed to be derived from p-cymene (Figure 23.4). It is noteworthy that guaiacol is an expecto-
rant, a disinfectant, and an EC 1.1. 1.25 (shikimate dehydrogenase) inhibitor (Dionisio et al., 2018). 
This compound has been reported as an essential oil component of celery seeds and tobacco leaves 
(Burdock, 1995). It has also been reported to demonstrate symptomatic relief of coughs associated 
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with colds, bronchial catarrh, influenza, and upper respiratory tract infections such as laryngitis and 
pharyngitis in mammals. It is used empirically as an expectorant to lessen the amount of mucous 
in the chronic stages of bronchitis and bronchiectasis. It is frequently prescribed in humans for its 
stimulant expectorant action as a constituent of a steam inhalant. It has also been employed as a 
local anaesthetic in dentistry, in a manner like thymol (Remington and Osol, 1975).

Our finding on the herbal mixture and the reported pharmacological properties of the individual 
plants may, in part, validate the ethnomedicinal use of the herbal mixture as an infusion for the 
treatment of SARS-CoV-2 infection and other flu-related ailments in Nigeria. However, in isolated 
cases of guaiacol self-medication, hypertension and general cardiovascular collapse have been 
reported (Clayton and Clayton, 1982). Therefore, there is the need for further preclinical and clini-
cal studies to potentiate the herbal mixture in relations to its implicated local use as a remedy for 
SARS-CoV-2 infection.

This study marks the first report on the chemical composition, antioxidant, and anti-inflam-
matory activities of essential oils from combined turmeric-black cumin homegrown (Nigerian) 
COVID-19 herbal mixture.

23.5 CONCLUSION AND PROSPECTS

Exhaustive hydro-distillation of turmeric-black cumin herbal mixture afforded six EO batches. 
The EOs were generally woody in aroma with colour and yield variations. A total 14 chemical 
components were identified from the GC–MS profiling. Sesquiterpenoids such as ar-turmerone, 
α-turmerone, and curlone were identified as the major constituents of the EOs. The sixth EO batch 
elicited guaiacol in substantial amount. TLC bioautography of the EOs showed that they possess 
considerable free radical scavenging property. It suffices to mention that tumerones and curlone are 
natural antiviral agents, while guaiacol is a known expectorant; hence, it may justify the basis for 
the folkloric use of the herbal mixture as a remedy for COVID-19 and other flu-related ailments.
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24 Effect of Climate Change 
on Medicinal Plants and 
Traditional Medicine-
Based Health Security in 
Nasarawa State, Nigeria

Oluwakemi Abosede Osunderu

24.1  INTRODUCTION

Medicinal plants and their knowledge form a veritable stock of raw materials for production of not 
only medicines but also food. Worldwide, the estimated business volume of herbal medicine alone 
is over USD 60 billion. Ethnomedicine or Traditional Medicine is an integral part of any cultural 
habitat and its people. The use of remedies from plant sources, animal parts, minerals, or microor-
ganisms for the relief of illnesses arising from disease conditions predates history, and about 70% 
of these traditional medicines are plant based. The World Health Organization (WHO) posits that 
medicinal plant refers to any part, tissue, or organ of a plant species containing substances usable 
for therapeutic purposes or which serve as templates for the synthesis of more useful drugs with 
minimal side effects (WHO, 2006). Medicinal plants and their products are derived from natural 
forests in form of tree barks, roots, leaves, flowers, fruits, and exudates. The bulk of the traditional 
medicine in Nigeria is prepared from plants, and less than 5% of medical preparations come from 
soil minerals, domestic, and wild animal sources. Medicinal plants are commonly traded in open 
markets (Osunderu, 2017). Trade in medicinal plants is a huge economic activity that supports an 
estimated population of over 124 million Nigerians on a regular basis (Soladoye et al., 2013). WHO 
has long been aware of the very vital role Traditional Complementary and Alternative Medicine 
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(TCAM) practitioners from member states play in health delivery systems, more importantly the 
rural areas of African Countries, and had encouraged member states in the use and exploitation of 
all available resources in tackling primary healthcare.

The WHO in its Alma-Ata declaration of 1978 gave due recognition to the role of traditional 
medicine (TM) and traditional medicine practitioners (TMPs) in achieving comprehensive and 
affordable healthcare delivery, previously tagged “Health for All in the 21st Century”.

TM refers to health practices, approaches, knowledge, and beliefs incorporating plant-, 
animal-, and mineral-based medicines, spiritual therapies, manual techniques, and exercises, 
applied singularly or in combination to treat, diagnose, and prevent illness or maintain well-
being (Onyiapat et al., 2017). TM plays a primary role in people’s health, as they have been 
used as therapies for thousands of years, there is a wide range of therapies and practices, vary-
ing greatly from country to country and from region to region (Osunderu, 2017). The most 
well-known are the Ayurveda of India and traditional Chinese medicine, and these systems of 
medicines have now spread to other countries. TM practices include herbal medicine; it is also 
known as complementary/alternative medicine. TM has always maintained its popularity world-
wide (WHO, 2022). For more than a decade, there has been an increasing use of TM (in form of 
complementary and alternative medicine (CAM)) in most developed and developing countries 
(Awodele et al., 2012).

Climate change is the significant increase in the earth’s temperature over a long period of time. 
McLean and McMillan (2009) describe climate change as “a phenomenon where solar radiation 
that has reflected back off the surface of the earth remains trapped at atmospheric levels due to the 
build-up of carbon dioxide and other greenhouse gases rather than being emitted back into space”. 
The effect of this is the warming of the global atmosphere. It is a long-standing phenomenon, as 
the mix up of the various gases that make up the earth’s atmosphere has changed over long periods 
of time, so average global temperature has fluctuated. This is largely caused by human activities 
(anthropogenic factors) through the combustion of fossil fuels for industrial or domestic usages. 
Biomass burning has resulted to the production of greenhouse gases and aerosols that have affected 
the composition of the atmosphere Umezurike (2012). Consequently, the degradation of these natu-
ral resources (through deforestation and erosion) has impoverished the environment, leading to a 
poorer ecosystem function—less production of biodiversity (medicinal plants) and fewer pollinating 
insects for example. The land suffers; a lower level of carbon in the land means it is unable to sup-
port vegetation, because organic matter levels rich in carbon are reduced by erosion and the loss of 
trees. Organic matter is important, because it keeps the soil “healthy” and acts as a buffer against 
drought brought about by climate change.

24.2  CURRENT HERBAL MEDICINE DEVELOPMENT AND RESEARCH

The government of Nigeria desires to maintain and encourage the growth and development of 
traditional medical practice through coordination and control. The government agencies include 
NAFDAC, NIPRID, NGOs, and tertiary institutions. They work together to facilitate national and 
international collaborative research development and promotion of TMs. They research, collate, 
and document all TM practices and products to preserve the nation’s positive indigenous knowledge 
on traditional medical, science and technology development, and promote safe, efficient traditional 
therapies and facilitate their integration into the national healthcare delivery system (WHO, 2022).

Traditional delivery, obstetrics, and gynaecology are services rendered by traditional birth atten-
dants (TBAs) in Nigeria. They are widely practiced in the rural and urban areas of the country, and 
are highly patronised by over 75% of Nigerians because of the increasing costs of health care in our 
conventional health institutions, as emphasised by Essentials of Community Health. Their positive 
contributions to healthcare delivery system cannot be ignored. The services of TBAs are readily 
accessible, personalised, and relatively cheap. However, this practice is not perfect, and it has been 
improved upon (Osunderu, 2008).
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The type of method of diagnosis is related to the symptoms observed. (WHO, 2022). This is 
one of the deficiencies of TM practice, as the method of diagnosis is not adequate in most cases, 
although they still enjoy increasing popularity (Duru et al., 2019).

Forest products are the primary source of medicines used by TBAs in Nigeria. Several medicinal 
plants of global importance originated in Africa. The number of TBAs far outnumber that of their 
allopathic counter parts. The National Demographic and Health Survey report (NHS, 2021) indicate 
that only 37% of births take place in conventional health centres or hospitals.

24.3  METHODOLOGY

24.3.1  area oF study nasaraWa (north central)

Nasarawa state is a major contributor to the agricultural and forestry subsector of the Nigerian 
economy. The vegetation map of Nasarawa State is shown in Fig 24.1. Nasarawa state is located at 
Coordinates: 8°32′N 8°18′E in the North Central region of Nigeria, bordered to the east by the states 
of Taraba and Plateau, to the north by Kaduna State, to the south by the states of Kogi and Benue, and 
to the west by the Federal Capital Territory. Named for the historic Nasarawa Emirate, the state was 
formed from the west of Plateau State on 1 October 1996 (GDL, 2021) The state has 13 local govern-
ment areas, and its capital is Lafia—located in the east of the state, while a key economic centre of the 
state is the Karu Urban Area—suburbs of Abuja—along the western border with the FCT.

Of the 36 states of Nigeria, Nasarawa is the fifteenth largest in area and the second least popu-
lous with an estimated population of about 2.5 million as of 2016 (NBS, 2022). Geographically, the 
state is mostly within the tropical Guinean forest–Savanna mosaic ecoregion. Important geographic 
features include the river Benue forming much of Nasarawa State’s southern borders and the state’s 
far northeast containing a small part of the Jos Plateau.

Nasarawa State is inhabited by various ethnic groups, including the Koro and Yeskwa in the 
far northwest; the Kofyar in the far northeast; the Eggon, Gwandara, Mada, Ninzo, and Nungu in 
the north; the Alago, Goemai, and Megili in the east; Eloyi in the south; the Tiv in the southeast; 
the Idoma in southwest; and the Gade and Gbagyi in the west while the Hausa and Fulani live 

FIGURE 24.1 Vegetation map of Nasarawa State.



434 Sustainable Uses and Prospects of Medicinal Plants

throughout the state. Nasarawa is also religiously diverse, as about 60% of the state’s population 
are Muslim, with around 30% being Christian and the remaining 10% following traditional ethnic 
religions (Sa’adatu and Abubakar, 2012).

Economically, Nasarawa State is largely based around agriculture, mainly of sesame, soybeans, 
groundnut, millet, maize, and yam crops. Other key industries are services, especially in urban 
areas, and the livestock herding and ranching of cattle, goats, and sheep. The state has been beset 
by violence at various points throughout its history, most notably the ongoing conflict between 
herders and farmers primarily over land rights. Several practitioners were questioned through 
interviews and questionnaire, as regards the type of plants, their uses, and methods used in the 
treatment of diseases.

24.3.2  materials and methods

For the purpose of data collection in this study, field trips, collection of available medicinal plants 
species used for the treatment of diseases, determination of their species type, description of their 
morphological features, oral interviews of Traditional Medicine Boards officials, administration 
of structured questionnaires on relevant target groups, that is, TMPs, CAM Practitioners, and the 
General Public (GP) were carried out. Ethnomedicinal surveys were also conducted in the study 
area for collection of data related to the medicinal use of forest products in the treatment of cancer, 
in addition to the pharmacological screening of the plants, to determine the level of their efficacy in 
the treatment of cancer, and to validate the claims of the TMPs. Pharmacological screening of the 
plants could not be completed due to lack of funds.

To identify the locations with high concentration of TMPs in the study area, primary data were 
obtained through oral interviews of the officials of the Department of Hospital Management of 
the State’s Ministry of Health. Multistage sampling technique was employed. By personal inter-
view through administration of structured questionnaires to respondents who are TMPs, CAM 
Practitioners, and the GP in the study area. Information obtained through administration of ques-
tionnaires was based on sampling frame that was obtained from officials at relevant Government 
Ministries and Management of Boards of Traditional Complementary and Alternative Medicine 
Practitioners in the state

24.3.3  samPling technique

One hundred TMPs within the study areas were selected using multistage sampling technique. The 
second stage involved purposive selection of three Senatorial Districts [Karu (Northwest Senatorial 
District) and Doma (North South Senatorial District) of Nasarawa State], given the prominence of TM 
practice and utilisation of TM products according to the Nasarawa State board of TMPs. The third 
stage, that is, the selection of local government areas was based on the prominence given to Traditional 
Medicine Practice and utilisation of TM products according to the states board of TMPs. The fourth 
stage employed random selection of ten wards in each of the three selected local government areas 
in each of the Senatorial District using the list of wards available at the offices of the Independent 
National Electoral Committee in the state. This was used as the sampling frame. Thirty (30) wards 
were then sampled in the state. The fifth stage involved random selection of TCAM Practitioners and 
participants from the public in each of the 30 wards making a sample size of 100.

Primary data collected included, among others, the socioeconomic characteristics such as age, 
gender, state of origin, occupation, marital status, religion, ethnicity, language understood, method 
of diagnosis, availability of medicinal plants, educational qualification, year of experience, and 
types of medicinal plants used. The data also covered healing activities as well as constraints to 
practitioners. Data that were collected were used to determine the available plants, popularity, and 
acceptance of TM in Nigeria.
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24.3.4  analytical tools/techniques

Data collected for this research work were analysed using descriptive statistics; frequencies and per-
centages as well as means were adopted to describe the socioeconomic characteristics of the TMPs, 
orthodox, and the GP in the study area. The data also described the pattern of practice, and identi-
fied constraints and the interrelationship between the different study groups within the study areas.

24.5  RESULTS

24.5.1  analysis oF the data From nasaraWa state

The raw questionnaire data are shown in Appendix 24.1.
Thirty species of medicinal plants were identified from the information supplied by the TMPs. 

Table 24.1 shows the distribution of the species in relation to the source, status, parts of the plant 
used, and availability within the study area.

The life forms of these plants (Table 24.1) show that the trees constituted the highest number 
(66%), followed by shrubs (20%), herbs (11%), and rhizomes (3%) In all, the family Leguminosae 
was dominant with four species. This was followed by Annonaceae, Anacardiaceae, 
Euphorbiaceae, and Caesalpinioideae (three species each). The existence of other plant families 
in Table 24.1 demonstrates the rich forest diversity in North Central Nigeria. This also shows 
the dynamism in ecosystem maintenance. A number of these are also used for economic pur-
poses and are consumed as food in one way or the other (Mallik and Panigrahi, 1998). Some 
of these include: Anacardium occidentalis, Mangifera indica, Musa sapientum, Citrus medica, 
Vernonia amygdalina, etc.

Majority of the TMPs source their medicinal plants from free areas and rarely cultivate 
them (Appendix 24.1). Data also shows that some of the plants are already scarce, and species 

TABLE 24.1
Availability of Medicinal Plants Used for the Treatment of Diseases in Nasarawa State, Nigeria

S/No Species Family 
Floral 
Type Source

Status of 
Availability Parts Used

1. Anona senegalensis Pers Annonaceae Shrub Free areas, 
forest

Abundant Fruit and leaves 

2. Xylopia aethiopica
(Dunal) A. Rich

Annonaceae Tree Free areas, Abundant Leaves and branches 

3. Khaya ivorensis A. Chev. Meliaceae Tree Free areas Rare Stem, branches,
and bark

4. Citrus medica Linn. Rutaceae Shrub Free areas, 
forest

Abundant Leaves

5. Spondias mombin Linn. Anacardiaceae Fruit  
Tree

Farmland, 
free areas, 
forest 

Scarce Fruits and bark

6. Enantia chlorantha Oliv. Annonaceae Tree Free areas, 
forest

Scarce Bark

7. Alstonia boonei
De Wild

Apocynaceae Tree Free areas, 
forest

Scarce Leaves, bark, and root

8. Ricino Dendron heudelotii 
(Baill) Heckel

Euphorbiaceae Tree Free areas, 
forest

Scarce Leaves, bark

9. Morinda lucida Benth. Rubiaceae Tree Free areas, 
forest

Abundant Leaves

(Continued)
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TABLE 24.1 (Continued)
Availability of Medicinal Plants Used for the Treatment of Diseases in Nasarawa State, Nigeria

S/No Species Family 
Floral 
Type Source

Status of 
Availability Parts Used

23. Zanthoxylum zanthoxyloides Rutaceae Herb
Forest\wild, 
cultivate Abundant Branches, stem, and bark

24. Agerantum conyzoides Compositae Shrub Wild Abundant Root

25. Allium sativum Linn Liliaceae Rhizome
Forest\wild, 
cultivate Abundant leaves, Branches, stem, and root

26. Helianthus annuus Asteraceae Shrub
Forest/wild, 
cultivate Abundant Leaves

27. Securine gavirosa Euphorbiaceae Shrub
Forest\wild, 
cultivate Abundant Leaves and stem

28. Vitellaria Sapotaceae Tree
Forest\wild, 
cultivate Abundant Leaves, stems and root

29. paradoxa Poaceae Shrub
Forest\wild, 
cultivate Abundant Fruit

30. Saccharum Piperaceae Shrub
Forest/wild, 
cultivate Abundant Leaves, stems and roots

31.
officinarum
Piper guineensis
Garcinia koli Guttiferae Tree

Forest\wild, 
cultivate

Forest\wild, 
cultivate Abundant

Leaves, stems, roots and fruits
Fruits and leaves

10. Vitex doniana Sweet Verbenaceae Tree Free areas, 
forest

Abundant Fruit and leaves

11. Magnifera indica Linn. Anacardiaceae Fruit  
tree

Free areas, 
forest, 
plantation

 Abundant Leaves, fruits, bark, branches, 
and stem

12. Piliostigma thinningi Milne 
Redhead

Leguminosae Sub: 
Mimosoidae

Shrub Free areas, 
forest

Abundant Leaves

13. Azadirachta indica A. Juss Meliaceae Tree Free areas, 
plantation

Abundant Leaves, branches, and stem

14. Ficussur Forssk. Moraceae Tree Free areas, 
forest

Abundant Fruit and bark

15. Margaritaria discoidea 
(Baill.) Webster

Euphorbiaceae Tree Free areas, 
forest, dry 
outliers

Scarce Leaves, branches, stem, bark, 
and roots

16. Erythrophleum suaveolens 
(Gull. and Perr.)

LeguminosaeSub: 
Caesalpinioideae

Tree Forest Rare Leaves, branches, stem, bark, 
and root

17. Cordia millenii Bak. Bignoniaceae Tree Free areas, 
forest

Scarce Leaves, branches, and stem

18. Vernonia amygdalina 
(Schreb) Del.

Asteraceae Tree Free areas, 
forest

Abundant Leaves, branches, bark, and 
root

19. Daniellia oliveri Rolfe Leguminosae Sub: 
Caesalpinioideae

Tree Savannah 
forest, 
re-growth

Abundant Branches, stem, bark, and root

20. Zingiber officinale Rossae. Zingiberaceae Herb Free areas, 
forest

Abundant Rhizome 

21. Sida acuta Malraceae Herb Forest\wild, 
cultivate

Abundant Leaves, branches, stem, and 
root

22. Mirabilis nyctaginea Nyctaginaceae Herb Forest\wild, 
cultivate

Abundant Leaves, branches, stem, and 
root
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regeneration is by growing in the wild. According to the reports by Gbile et al. (1981) and 
Amaede et al. (2016), the Nigerian ecosystems are at greater risk of extinction, if urgent atten-
tion is not given to the cultivation of medicinal plants. The results of the present study also 
show that about 90% of the TMPs use the whole plant for treatment, that is, they make use of 
the fruits, stems, barks, and leaves at the same time. Furthermore, this study revealed that forest 
products used for the treatment of cancer are multipurpose; they are used as firewood, medicine, 
foods, chewing sticks, and animal feeds (Agerantum conyzoides). This corroborates the works 
of Soladoye et al. (2013).

The results identified seven species belonging to seven different families: Rutaceae, Asteraceae, 
Anarcardiaceae, Annonaceae, Meliaceae, Guttiferaceae, and Leguminaceae topping the TMPs pri-
ority list. The list of plants used by the TMPs are in consonant with earlier reports of Soladoye 
et al. (2014), who have reported extensive use of plants in Southwest Nigeria. The supply of medici-
nal plants and other forest products have contributed immensely to the traditional healthcare and 
income to stakeholders in the traditional healthcare sector. Availability of medicinal plants, par-
ticularly of choice species in medical preparations, has been a determining factor to the prices of 
traditional healthcare delivery.

Forest products exploitation from the study area was mainly of wild stocks, where the species 
occur naturally in the forest. This has resulted into special investment problems with medicinal 
plants, because most medicinally important species that might seem worth developing as new 
crops are undomesticated. These often have a limited yield, mature irregularly, are very vari-
able, are not suited to current planting and harvesting machinery, or present many other prob-
lems such as:

• Seeds are often difficult to obtain;
• expertise and knowledge are often in very short supply (and often are regarded as trade 

secrets);
• plant breeding and silviculture have become necessary;
• management techniques will have to be developed; and
• markets will have to be located or developed.

The application of ecosystem services and goods in the well-being of Nigerians is extensive, 
although traditional agriculture in Nigeria is having difficulties, and there is a great need for ini-
tiative that involves new crops and new products. Medicinal plants are mostly obtained in rural 
settings—both from wild plants and from plants cultivated on small farms; therefore, there is a 
need for governmental initiatives that encourage rural development in a sustainable fashion. Private 
sector interest alone is often insufficient to initiate or expand projects such as the medicinal plant 
initiative suggested, and government funding is needed as a catalyst.

24.5.2  limitations oF the research ProJect

• The major limitation of the research project was lack of adequate fundings.
• Limited cooperation from practitioners due to suspicion and the previous unfulfilled 

promises.
• Dearth of information on TM practices in Nigeria.

24.6  CONCLUSION AND PROSPECTS

From the study carried out in Nasarawa, North Central Nigeria, majority of Nigerians depend 
directly on medicinal plants. TM is patronised because it is easy to gain access to healers, and 
treatments are cheap (Sofowora, 1993; NBS, 2020). The bulk of the TM in Nigeria is prepared 
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from plants, and less than 5% of medical preparations come from soil minerals, domestic and wild 
animal sources. Medicinal plants are commonly traded in open markets. These plants and their 
products are derived from natural forests in form of tree barks, roots, leaves, flowers, fruits, and 
exudates. Trade in medicinal plants is a huge economic activity that supports an estimated popula-
tion of over 124 million Nigerians on a regular basis (Tade, 2020). Also, there is a strong compelling 
need to preserve the natural biodiversity for continuity’s sake and taking cognizance of the fact that 
the very vast flora in Africa remains a source for future drug discovery and new ethnopharmaceu-
ticals, especially contraceptives.

Forest products exploitation from the study areas was mainly wild stocks where the species 
occur naturally in the forest. Therefore, there is a need for government to ensure the uniformity and 
regulation of herbal medicine practices to achieve the millennium development goals on health. The 
following recommendations are suggested:

• For the government to achieve the millennium development goals on health, attention must 
be given to the role played by TCAM Practitioners in the treatment of disease.

• Government should put policies in place to encourage youths to learn the practice by 
setting up ethnoforestry institutions. They should also provide incentives such as IPR 
(Intellectual Propriety Rights) protection for the older TMPs, which will encourage them 
to share information.

• There should be the standardisation of morphological/biochemical methods to identify the 
medicinal plants and uniform method to analyse the effect of cultivated species on drug 
quality.

• The research department should be encouraged to establish a herbal research unit for drug 
production research, teaching, and training.

• TMPs should be allowed to offer consultation in our general hospitals alongside the ortho-
dox doctors so that the patient has a wide choice of healthcare to choose from; this is of 
practice in other countries such as Ghana.

• The time has come for economic and financial policymakers, the international financial 
community, and/or international domestic investors to start large-scale cultivation of 
medicinal plants, especially those with proven efficacy and safety. Most of these plants 
grow well even on deteriorating soil.

• There is need for government to recognise and formulate policies that will maximise the 
medicinal properties of forest products.

REFERENCES

Awodele, O., Agbaje, E.O., Abiola, O.O., and Awodele, D. (2012). Doctors’ attitudes towards the use of herbal 
medicine in Lagos, Nigeria. Journal of Herbal Medicine, 2(1), 16–22.

Duru, C., Nduka, I., and Obikeze, O. (2019). Complementary and alternative medicine use for treatment of 
acute illnesses in children living in Yenagoa, Nigeria. Journal of Complementary and Alternative 
Medical Research, 8(4), 1–9.

Gbile, Z.O., Ola-Adams, B.A., and Soladoye, M.O. (1981). Endangered species of the Nigerian flora. Nigerian 
Journal of Forest, 8, 14–20. 

Sa’adatu, H.L and Abubakar, W.S.I. (2012). Muslims of Nasarawa State: A Survey, NRN Background Paper 
No. 7. University of Oxford, London, UK.

McLean I. and McMillan A. (2009) Oxford Dictionary of Politics. Oxford University Press, India.
Onyiapat, J. L., Okafor, C., Okoronkwo, I., Anarado, A., Chukwukelu, E., Nwaneri, A., and Okpala, P. 

(2017). Complementary and alternative medicine use results from a descriptive study of pregnant 
women in Udi local government area of Enugu state, Nigeria. BMC complementary and alternative 
medicine, 17(1), 189.



439Traditional Medicine-Based Health Security

Osunderu, A.O. (2008). Sustainable Production of Traditional Medicine in Africa; Appropriate Technologies 
for Environmental Protection in the Developing World. In: Yanful, E.K. (ed.), Springer, Dordrecht, 
45–51.

Osunderu, O. (2017). Medicinal and Economic Values of Forest Products in the Treatment of Cancer in 
Southwest Nigeria. Natural Products Chemistry and Research, l5(6), 1000288.ISSN:2329-6836.

Sofowora, A. (1982). Medical Plants and Traditional Medicine in Africa. John Wiley & Sons. UK.
Soladoye, M.O., Ikotun, T., Chukwuma, C., Ariwaodo, J., Ibhanesebor, G.A., Agbo-Adediran, O.A., and Owolabi, 

S.M. (2013). Our plants, our heritage: preliminary survey of some medicinal plant species of South-western 
University Nigeria Campus, Ogun State, Nigeria. Annals of Biological Research, 4(12), 27–34.

Soladoye, M.O., Chukwuma, E.C., Sulaiman, O.M., and Feyisola, R.T. (2014). Ethnobotanical survey of plants 
used in the traditional treatment of female infertility in Southwestern Nigeria. Ethnobotany Research 
and Applications, 12, 81–90.

Tade, O. (2020). What’s triggered new conflict between farmers and herders in Nigeria. The Conversation. 
Accessed 18 January 2022. https://theconversation.com/whats-triggered-new-conflict-between-farmers- 
and-herders-in-nigeria–145055.

Umezurike, C. (2012). The Implications of climate change for democratic governance in Nigeria. The Social 
Sciences, 7(3), 412–423.

World Health Organization. (2002). Traditional Medicines – Growing Needs and Potential. WHO policy 
respective on Medicine, Geneva (WHO/EDM/2002. 4)

World Health Organization (2006). WHO Report on Traditional Medicine. my documents/WHO traditional 
medicine.htm 15/06/2006.

World Health Organization. (2019). WHO Global Report on Traditional and Complementary Medicine. https://
www.who.traditionalmedicine/2019. Accessed 8 July 2022.

APPENDIX 24.1

AGE

SEX

Variable Frequency Percentage

Below 20 years 0 0

20–29 years 4 7

30–39 years 4 7

40–49 years 28 48

50–59 years 10 17

60 years and above 12 21

Total 58 100

Variable Frequency Percentage

Male 54 93

Female 4 7

Total 58 100

https://www.who.traditionalmedicine
https://www.who.traditionalmedicine
https://theconversation.com
https://theconversation.com
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RELIGION

MARITAL STATUS

EDUCATIONAL LEVEL

USE OF FOREST PRODUCTS

DURATION OF PRACTICE

Variable Frequency Percentage

Single 0 0

Married 38 65

Divorced 8 14

Widowed 12 21

Total 58 100

Variable Frequency Percentage

Primary 18 31

Secondary 26 45

Post-Secondary 14 24

Total 58 100

Variable Frequency Percentage

Yes 54 93

No 4 7

Total 58 100

Variable Frequency Percentage

Christianity 20 34

Muslim 38 66

Others 0 0

Total 58 100

Variable Frequency Percentage

Less than 2 years 6 10

2–5 years 4 7

6–10 years 12 21

11 years and above 36 62

Total 58 100
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HOW DID YOU BEGIN PRACTICE?

CAN YOUR PRACTICE TREAT/CURE ALL DISEASES?

AREA OF SPECIALITY

WHERE DO YOU HOLD YOUR CONSULTATION?

HOW MANY PATIENTS DO YOU SEE IN A WEEK?

Variable Frequency Percentage

Inheritance 40 69

Apprenticeship 4 7

Hobby 10 17

Others 4 7

Total 58 100

Variable Frequency Percentage

Yes 28 48

No 26 45

I don’t know 4 7

Total 58 100

Variable Frequency Percentage

Fertility problems 8 14

Mental cases 4 7

General 10 17

Others 36 62

Total 58 100

Variable Frequency Percentage

Clinic 14 24

Home 36 62

Others 8 14

Total 58 100

Variable Frequency Percentage

Less than 10 26 45

10–20 16 28

20–50 6 10

>50–above 10 17

TOTAL 58 100
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DO YOU KEEP RECORD OF PATIENTS?

WHERE DO YOU SOURCE YOUR HERBS?

HOW FREQUENTLY DO YOU HARVEST YOUR HERBS?

MAJOR WAY(S) OF HARVESTING

AVAILABILITY OF FOREST PRODUCTS

Variable Frequency Percentage

Yes 34 59

No 24 41

Total 58 100

Variable Frequency Percentage

Forest 24 41

Garden 6 10

Market 16 28

Others 12 21

Total 58 100

Variable Frequency Percentage

Monthly 20 34

Weekly 26 45

Daily 12 21

Total 58 100

Variable Frequency Percentage

Plucking 22 38

Uprooting 18 31

Cutting 18 31

Total 58 100

Variable Frequency Percentage

Yes 22 38

No 32 55

Indifferent 4 7

Total 58 100
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WHAT FOREST PRODUCTS DO YOU USE?

HOW LONG HAVE YOU BEEN PRACTICING?

Variable Frequency Percentage

Water 4 7

Animal parts 8 14

Minerals 4 7

Plants 42 72

Variable Frequency Percentage

Over 20 Years 22 38

15 Years 6 10

10 Years 12 21

5 Years 8 14

Indifferent 10 17

Total 58 100
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Index

abdominal 24, 26, 170, 175
abuse 248, 311
abused 249
acetylcholine 256
active compounds 41, 57, 128, 149, 162, 276, 310
acute myocardial injury 147
acute respiratory distress syndrome (ARDS) 76, 147
acute upper respiratory tract infection/common cold 93
aeroponics 240
aerosols 414–415, 432
agroforests 181
agrotechnology 191
Alley cropping 237
alternative antimicrobials 162
Alzheimer’s 255–256
amyloid plaque 255, 263
amyloid precursor protein (APP) 256
anaesthetic  425,
anaradriaceae 94
ancestors 248–250
androecium 36
angiosperms 47, 279, 280, 334
annual sustainable yields 28
anthesis 38–39
anthraquinones 24, 58, 205
anthropoid drug 199
antiallergic 21
anti-Alzheimer effect 265–267
antibiotics 79, 93, 162, 317
anticancerous 44
anti-carcinogenic 148, 288, 297, 300
anticholesterolemic 21
anti-depressant 199, 205
antihepatotoxic 150
antihistamine 92–93
antimalarial 21, 27, 75, 79, 152, 414
anti-microbial 8, 403
antimicrobial susceptibility tests (AST) 162
antimutagenic 151
antiparasitic 21
anti-plasmodial 197, 355
anti-protease activity 24
antispasmodic 43, 49
antitumor 21, 150–152
aphrodisiac 170, 206, 207, 335, 340, 347, 394
aromatic perennial herb 42
arrows 21
artemisinin 84–85, 162
arteriviridae 146
artichokes 37
arylpropanoid sucroses 40
astringent 40, 43, 171, 175, 205, 300

back pain 27
bacterial membrane integrity 164
barcoding 278–279, 311
behavioral 81, 255, 294
benzofurans 40

benzyl alcohol glucoside 40
betulinic acid 41
bioactive contents 37
bioactivities 5, 168, 184, 368, 422
biochemical validation 161, 162
biodiversity loss 12, 14, 312
biofilms 177–180
biofluid 259, 260
biogeographic 310
biological magnetic resonance bank (BMRB) 260
bioluminescence 162
biopolymers 4
bioproducts 161, 181, 183
bioprospecting 275–276, 279–281, 283
bleeding 394, 398, 402
bloating 26
botanical remedies 77
brain cancer 297
breast cancer 21, 24, 25, 297
broccoli 78
burns 26, 40, 395

calories 21, 22, 42
calyx 36, 47, 48, 49
camptothecin 20
cancerous cells 21
candidacidal assay 62, 65, 67
capillary electrophoresis–mass spectrometry (CE–MS)
capsaicinoid 
cardiotonic 43, 46, 81
cardiovascular collapse 425
cardiovascular diseases 299, 316
cardiovascular protector 
carminative 208, 288
carpel 39
cell metabolism 162
cerebral cortex 255
chemokines 147
chemotaxonomic 11, 14
chemotherapy 20, 85, 174, 179, 314
childbirth 26 
chloroform 44, 61, 64, 65, 69, 70, 84, 260, 356
chlorogenic acid 49
chloroquine 75, 79, 83
cholinergic neurons 255
chondrillasterol 167, 178
chromogenic devices 162
chronology 7
cinnamaldehyde 289, 290, 292, 293
cinnamomic acid 
cleansing 26
codeine aerosols 415
colorectal cancer 297
commercially viable quantities 29
communalism 246
communicable 91, 174
computational 41, 149, 260, 281
conservative 3, 14
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conventional drugs 288
corolla 36
cosmological beliefs 246–247
coumarins 40, 42, 43, 45
crop diversification 230
crop rotation 236
crude plant medicines 162
cryopreserved 276, 281, 282, 283
cuisines 
cultivated mushrooms 20
cutting of green plants 250
cytofluorometric 162
cytotoxicity assay 62, 364

data sourcing 318
deficiencies 13, 255, 433
deficiency 40, 41, 47, 78, 84
dendritic 147, 311
deoxyribonucleic acid 311
dermagenic 
detoxification 21, 292, 349
dicotyledonous 297
disease-causing microbes 162
docking studies 63, 66, 71, 149–151, 154
drug efflux inhibitors 164
dry land agriculture 237
dysmenorrhea 26
dysregulated immunological phenotype 147

eclectic medicine 77
eco-friendly 
ectomycorrhizas 21
endometrial cancer 297
endophytic fungi 368, 376
enzymatic degradation 423
epidemic 79, 146
epidemiology 255
ethanolic leaf extracts 69, 164, 181
ethnobotany 246, 276, 277, 279, 334, 335
ethnopharmacology 246, 311, 322
ethno-traditional uses 162
exclusive harvesting 250, 251
exportation 312
ex-situ conservation 13
extracellular polymeric substances (EPS) 179
eye treatments 21

fats 299
fingerprinting 258, 259, 282, 283
fisetin 78, 288
flavor 21, 25, 37, 42, 45
folkloric 38, 46, 134, 414, 425
food security 25
foreign direct investment 312
Fourier-transform infrared (FTIR) 258
fungal infections 162, 169, 384
fungi 13, 20, 21, 40, 277, 368, 376
future generations 1, 2, 30, 249

gametophytes 36
gas chromatography–mass spectrometry (GC–MS) 262, 422
gastric cancer 297
gastronomically 297
gastroprotective 44

gene expression 8, 47, 71, 84, 279, 311
genomic 146, 277, 278, 281, 282
genomic structure 146
genotypic diversity 191
geospatial indices 310
germacrene 148
germplasm 231, 281
gingerdion 148
grapple plant 25, 26
greenhouse gases 432
growth rates 28
gynoecium 36

hallucinations 249, 256
hallucinogenic 280
harpagide 27
health benefits 37, 40, 133, 288, 300
health security 239, 431
heart problems 21
heatstroke 58
heavy metals 162
hemiterpenoid glucoside 40
hemorrhoids 40
herbaceous plants 127, 133, 196, 198, 414
herbal formulations 127, 128, 181, 198, 229
hippocampus 255, 266
homegrown 413, 414, 415, 425
homeopathy 80, 85, 387
homoeopathy 145
hormone 8, 292, 300
horticultural industries 312
hot percolation 60
hotspots 13
human health 38, 92, 162, 288, 292
human macrophages 147
human metabolome database (HMDB) 260
human metapneumovirus 93
hydroethanolic 174
hydrophylic–lipophlic balance (HLB) 183
hydroponics 240, 368, 370
hydroxychloroquine (HCQ) 75, 83
hygiene 7, 9, 146
hypercytokinemia 147
hyperglycaemia 379
hypertension 20, 50, 201, 256, 301, 414, 425
hypocholesterolemic 37
hypoglycemic 42
hypoinsulinaemia 379
hypolipidaemic 288, 314
hypotensive 37, 46, 203

immune boosting 44
immune-modulatory 30, 41
immunomodulating 21, 76
immunostimulant 197
immunosuppression 147
incentives 11, 438
income generation 25
indigenous communities 25, 26, 246, 248, 249, 335
indigenous herbal remedy 127
indigenous knowledge systems 245, 380
indigenous legislation 248
indigenous people 21, 248, 312, 351
infectious diseases 145, 162
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infirmities 24, 26, 145
informants 24, 380
innate immune response 147
innocuous respiratory microorganisms 146
insecticidal 8, 153
insecticides 298
insulin resistance 379
inter-border trade 312
International Standards Organisation 287
intoxication 317, 384
intraneuronal fibrillary tangles 255
iridoid-glycosides 27
iridoids 40, 209
isoquercetin 40

kidney problems 21
knottin peptides 4, 5

land use 12, 312
legislation 13, 246, 248, 283, 310
life-threatening diseases 21
liquid chromatography–mass spectrometry (LC–MS) 262
liver injury 147
local trade 312
lung cancer 297
lymphoid atrophy 147
lymphopenia 146–147
lyophilization 260

macroecology 310
macrophage cells 62, 72
malvidin 40, 295
marine algae 355, 356
medicinal herbs 146, 228, 229, 239, 387
medicinal mushrooms 19, 20, 21, 23, 29
medieval 388
melanoma 24, 292
memory 81, 199, 201, 255, 256, 263, 315, 414
menstrual pains 26
mestrelab, madison metabolomics consortium database 

260, 334, 335
metagenomics 277, 365
microalgal tissue 260
microbial infections 161, 162, 200
microorganism 146, 162, 164, 431
millennium ecosystem assessment 333, 334, 335
minimum bactericidal concentration 162, 177
minimum inhibitory concentration 162, 164, 173, 177
misapplication 311
miscarriages 21
misidentification 275, 276, 309, 311
mitochondrial dysfunction 264
modernization 395
monoculture 2
multi-drug 162, 174, 311
multiple organ lesions 146
multi-story cropping system 227, 236
multivariate 260, 263
mycobacterium tuberculosis 174

nasal congestion 44, 94
naturopathy 80, 145, 387
nausea 24, 26, 76, 256
nerve tonic 202

neurodegeneration 256, 263
neurodegenerative 9, 206, 255, 290, 294, 295, 314
neuro-dendritic 311
neurogenesis 311
neuro-inflammation 264
neurotransmitter 256, 264
nevirapine 148
nidovirales 76, 146
non-communicable diseases 91, 174
non-reducing sugars 40, 295
nuclear genome 279
nuclear magnetic resonance 255, 258, 259, 260, 356, 365
nutraceuticals 20, 228, 240

oleanolic acid 27, 153, 315
onion 294–297
ornamental 174, 199, 202
ornamental succulent plant 174
orthodox drugs 309
osteoarthritis 27, 298, 301
ovarian cancer 297
overconsumption 311
over-differentiation 275, 276, 277, 283
overexploitation 2, 7, 14, 189, 191, 206, 318
over-the-counter medicines 93

paclitaxel 162
palaeontological 310
palmately compound leaves 23
parkinson disease 294, 314, 316
partial least square discriminate analysis 260–261
pathogenic bacteria 162
pathogenic diseases 94, 128
pathological changes 146
pathophysiology 7, 147, 258, 263
pelargonidin 40
peonidin 40, 295
peppermint 93
perianth 36
perigone 36
peri-urban 23
pharmacodynamics 86, 311
pharmacokinetics 86, 311
pharmacotherapy 257, 258, 310
phenolic compounds 40, 71, 84, 199, 290, 295, 296, 301
phenotypic 282, 191
phenylpropanoids 27
phylogenetics 275, 276, 277, 278, 279, 280, 282
phylogeny 278, 279, 280
physicochemical 239, 413, 415, 416
phytochemical screening 162
phytocompounds 61, 150, 207, 209, 210, 289, 295, 297, 298
phytoestrogens 288
phytomedicines 7, 50, 184, 185
phytopharmaceuticals 312
phyto-steroids 211
phytosterols 27
pigments 47, 48
pistil 39
plant based 1, 276, 431
plant hoarders 311
plastid genome 279
plum-sized drupe 23
poisonous herbs 310
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pollen 38, 39
pollination 390
pollution 12
polyherbacy 311
polyherbal remedies 381, 414
polypharmacy 311
population genetics 278
postharvest ecological surveys 28
postpartum pain 26, 27
post-treatment 27, 371
poultices 40
pregnancy 392, 397, 400, 402, 403
pregnant 21, 24, 44
pretreatment 68, 71, 72, 202
primary care 7
primary healthcare 127
principal component analysis 260
procumbide 27
proinflammatory cytokines 63, 71, 147, 149, 151
proinflammatory molecules 151
protected species 28
protein leakage 165, 166, 174
pruning techniques 28
pseudorrhiza 21
pseudostem 39
psychoactive 191, 279, 280
psychological 255, 318
pterostilbene 78
purgative 9, 26, 46, 232
purified fractions 57, 61
pytochemical constituents 40

quinine 43, 162, 297

red list 5, 6, 7, 8, 11, 13, 14, 334, 335
religious uses 350
Remdesivir 75, 79
renal cancer 24
renal injury 147
resettlement farms 27
respiratory conditions 91, 92, 94, 
respiratory syncytial virus 78, 93, 148, 149
respiratory tract infectious diseases 145
respondents 380, 383, 384, 434

saffron 37, 42, 100, 287
scarified 134
seed propagation 251
seedling emergence 133, 134, 135, 136, 137, 141
sequence data 278, 279
sequential cropping 236, 237
sexually transmitted diseases 21
silvi-medicinal system 237
sinusitis 126, 196, 316
skin mucus 47
snakebites 205
social isolation 146
soil modulation 133, 134, 141
soilless culture 239
spiritual beliefs 249
sprains 26, 27
sprouting 390
stakeholders 1, 2, 437
staminodes 38
stigma 38, 39, 47, 48, 287

stilbenes 40
storage tubers 26
subsistence food security 23
subtropical 196, 197, 199, 201, 205, 334
subtropics 197, 211
succulent 174, 198, 200, 201
sustainable harvesting 28, 184, 248
synaptogenesis 311
synergetic 134
syringin 150
systemic inflammation 147

taboo 249
taproot 26, 209
taxol 20, 280
technological advances 212
Termitomyces mushrooms 21
terrace cultivation 239
terrestrial 1, 8, 12
tetracyclic triterpene 40
thermal degradation 423
threatened plants 11, 333, 334
tincture 44, 116, 123, 381 
tormentic acid 178
toxic compounds 162
traditional beliefs 249
traditional chiefs 250
traditional institutions 246, 248
traditional remedies 79, 93
trans-cinnamaldehyde 289, 292
trauma 21
triterpenes 24, 27, 40, 43, 202, 356
tropical medicinal plants 191, 192, 193, 194, 195
truffles 21, 22

umbelliferone 40, 43
umbilical cord 21, 335, 346
unbalanced diets 21
under-differentiation 277
underutilized 37, 50, 199, 206
unsaturated fatty acids 27
unsustainable harvesting 28, 85
urinary tract infections 211

vaccine 75, 77, 145
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verbascoside 27
vermicompost 238, 239
vestigial flowers 36
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