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Preface

In prehistoric times, humans undoubtedly acquired nature’s benefits by discovering 
medicinal and aromatic plants (MAPs) that were food and medicine. Today, a vari-
ety of available herbs and spices are used and enjoyed throughout the world and 
continue to promote good health. As the benefits from medicinal and aromatic 
plants are recognized, these plants will have a special role for humans in the future. 
The enormous demand in botanicals results in a huge trade from local to interna-
tional level. Until the last century, production of botanicals relied to a large degree 
on wild collection. However, utilization and commerce of wild plant resources are 
not detrimental in themselves, For example, the increasing commercial collection, 
largely unmonitored trade, and habitat loss lead to an incomparably growing pres-
sure on plant populations in the wild. Throughout time, medical care has continually 
progressed, moving from illnesses to vaccinations and new medicines along with 
improved healthcare facilities that can more accurately diagnose and treat health 
problems. Advancements in modern medicine and medical care have enabled peo-
ple to live longer and healthier lives. New medicines from plant materials and anti-
biotics from microflora have defeated most diseases. Medicinal and aromatic plants 
are of high priority for conservation action as wildcrafting will certainly continue to 
play a significant role in their future trade: the sustainable commercial use of their 
biological resources may provide a financial instrument for nature conservation. 
The international market is also quite welcoming for MAPs and essential oils. The 
increasing environment- and nature-conscious buyers encourage producers to pro-
duce high-quality essential oils. There has been growing preference for organic and 
herbal-based products in the world market. Similarly, the world is shifting from 
crude export to processing of herbal products and essential oils.

The present book covers a wide range of topics, discussing the role of MAPs in 
healthcare and their industrial uses. Moreover, this will be a unique reference book 
on the topic highlighting various healthcare, industrial, and pharmaceutical applica-
tions that are being currently used on immensely important MAPs and its future 
prospects. In this volume, we highlighted the working solutions as well as open 
problems and future challenges in MAPs research. We believe that this book will 
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initiate and introduce readers to state-of-the-art developments and trends in this 
field of study.

The book comprises 27 chapters, most of them being review articles written by 
experts, highlighting wide range of topics, discussing the role of MAPs in health-
care, industry, and their pharmaceutical applications. We are hopeful this volume 
would furnish the need of all researchers who are working or have interest in this 
particular field. Undoubtedly, this book will be helpful for general use of research 
students, teachers, and those who have interest in MAPs.

We are highly grateful to all our contributors for accepting our invitation and for 
not only sharing their knowledge and research but for venerably integrating their 
expertise in dispersed information from diverse fields in composing the chapters 
and enduring editorial suggestions to finally produce this venture. We also thank the 
Springer Nature team for their generous cooperation at every stage of the book’s 
production.

Lastly, thanks are also due to well-wishers, research students, and authors’ fam-
ily members for their moral support, blessings, and inspiration in the compilation of 
this book.

Aligarh, India� Tariq Aftab
Jeddah, Saudi Arabia� Khalid Rehman Hakeem  

Preface
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Chapter 19
Multiple-Usage Shrubs: Medicinal 
and Pharmaceutical Usage and Their 
Environmental Beneficiations

Jameel R. Al-Obaidi, Bilal Salim Al-Taie, Muhammed Yahya Allawi, 
and Khalid H. Al-Obaidi

19.1  �Jojoba (Simmondsia chinensis)

Jojoba (Simmondsia chinensis) is dioecious monogenetic grey-green, drought reni-
tent, wind-pollinated shrub (Al-Obaidi et al. 2013), belonging to Simmondsiaceae 
family, with other common names including lemon leaf, coffee nut, wild hazel and 
buck nut. Jojoba is almost woody, eternal green, everlasting shrub, producing tiny 
seeds which contain fluid wax extremely analogous to sperm of whale in promi-
nence (Al-Obaidi 2019).

The origin of S. chinensis shrub is the Sonoran Desert of Northern Mexico and 
the United States in Baja California and South-West Arizona (Azzam et al. 2012), 
where it is utilized as treatment shrub for different diseases including the healing of 
wounds, curing some types of ulcers and treatment of skin scratches (Ibrahim et al. 
2017). Worldwide, economical value of the plant leading several states such as 
Argentina, Chile, the Palestinian territories, Egypt, Saudi Arabia, Mexico, India and 
Australia to cultivate jojoba for more than three decades attributable to economic 
significance (Abdel-Mageed et al. 2014). S. chinensis has waxy esters containing a 
chain of alcohols and fatty acids (Miklaszewska and Banaś 2016).

Jojoba roots can permeate into 4–5 m deepness, and this elongating shape of root 
enables them to survive in arid circumstances, and leaves are oval 20–30 mm long 
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and 10–15  mm wide, blue-green or grey-green, leather in shape and elongated 
(Ashour et al. 2013). In a normal environment, S. chinensis can tolerate high tem-
peratures and dehydration and, therefore, may be classified as a xerophytic plant 
(Arya and Khan 2016). Commonly male shoots begin to flower more early than 
female; the flower originates through the second year of plant development (Ince 
and Karaca 2011). Flowers are small, green to yellow, 5–6 protecting sepals without 
petals, female flower initiates independently at another branching node, soft green 
with elongated sessile with no insects attracting odour in female, meantime the male 
flowers arise as clusters (Ibrahim et al. 2017). Jojoba grows in tough, sandy soil that 
allows water to drain at a moderate rate and without water in 5–8 pH. Furthermore, 
the shrub prefers highly sanded soil with minimum organic materials; also it can 
resist salinity conditions, with minimum or no fertilization (Aldababseh et al. 2018). 
Jojoba grows in rainfall standards of 220–400 mm/year (Al-Hamamre 2013). Soil 
temperature is around 20 °C, and the plant can grow in high temperature, the opti-
mum being 27–33 °C (El Mogy 2012). Extremely low temperature below −3 °C 
particularly at flowering may kill new seedling plantations, although mature sap-
lings may combat frozen temperatures and the frost may not affect their viability but 
may decrease yield (Sandouqa and Al-Hamamre 2019). Reproduction of jojoba 
may be via seed, which is the simplest and more inexpensive process resulting in 
more male than females; the ratio may reach 5:1 (Inoti 2017), another propagation 
methods by tissue cultures (Eed and Burgoyne 2015). Vegetative reproduction is 
preferable more than others due to its ability to resolve the problem of male bias, 
and only the eligible plant can be selected (Al-Obaidi et al. 2017b). To speed up the 
plant growth, plantations should be in warming periods of the year especially when 
the temperature of soil around or higher than 21  °C, with depths of 20–33  mm 
(Kumar et  al. 2013b). Jojoba blooming takes place at the beginning of winter 
through March to May (Genaidy et al. 2016). At the end of the fourth year of a 
plantation, jojoba will produce higher economic yield (Khan et al. 2017).

Distinguishably, jojoba differs from other related oil seed shrubs such as corn, 
peanut and soybean in which the production of oils as the essential storage lipid, 
jojoba wax comprise 50% of seed dry mass (Al-Obaidi et  al. 2013). Previously, 
jojoba oil has been recorded to have a strong potency in skin treatment and cosmet-
ics industry; these valuable oils are vital in the manufacture of skin care moisturiz-
ers (Zięba et  al. 2015). In addition to that, jojoba is utilized to fight and reduce 
desertification in wide areas (Sánchez et al. 2016) and also in the production of hair 
conditioner and curing agent for psoriasis and acne (Odoms 2012). Easily-removed 
lubricants anti-inflammatory efficacy (Guirguis et al. 2013). In recent years, it is 
used as biofuel and easily-removed lubricants (Shah et  al. 2010). The shrub has 
powerful activity in food improvement (Kassem et al. 2011).

J. R. Al-Obaidi et al.
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19.1.1  �Medicinal and Pharmaceutical Significances of Jojoba

Local American citizens use S. chinensis as medical agent for cold recovery, 
wounds, sore throats and verruca (McKeon 2016). Insecticidal, antifungal and anti-
feedant properties of jojoba have been recorded previously (Clericuzio et al. 2014). 
Oily extracts of jojoba are also observed to have antimicrobial action against many 
pathogenic microorganisms (Al-Ghamdi et al. 2019). In Sudan, a prior study indi-
cated the antiproliferative and antimicrobial activities of jojoba oil (Elnimiri and 
Nimir 2011).

Jojoba extracts and milky fluids displayed functional antimicrobial activities 
against some pathogens such as Escherichia coli, Salmonella typhimurium, Candida 
albicans and Clostridium perfringens (Abu-Salem and Ibrahim 2014). Oily extracts 
of jojoba showed anti-inflammatory properties in rat, causing a decrease in prosta-
glandin rate and fluid accumulation; also alcoholic seed extract revealed antioxidant 
activity which in turn can keep rat liver in safe versus fumonisin B1-stimulated 
hepatotoxicity (Abdel-Wahhab et al. 2016). Additionally, crudely seed extracts of 
the shrub recorded important antimicrobial action against yeast and bacteria (Dey 
et al. 2014). Coats of seed combined with jojoba male and female leaves possess 
antibacterial and cytotoxic ability against cell lines of cancer (Hani et  al. 2014). 
Cyclooxygenase-2, an enzyme responsible for pain and inflammation, and its value 
in carcinogenesis appear in high productivity of prostaglandins, preventing apopto-
sis; modifying pro-carcinogens into carcinogens, angiogenesis and increased perva-
siveness; and modifying immune system (Wang et  al. 2018). Jojoba releases 
cyclooxygenase inhibitor which was shown to have antitumour activity (Abdel-
Mageed et al. 2016). Flavonoids also considered valuable antioxidant compounds 
having a beneficial role in the treatment of disturbances such as inflammation, can-
cer and asthma (Abdel-Mageed et al. 2014). Lipoxygenase inhibitor and antioxidant 
isolated from jojoba is an enzyme which has importance in leukotriene synthesis, 
which was indexed to play a serious role in the elimination of free radical disorders.

Simmondsin and its derivatives, 4-demethylsimmondsin-2′-ferulate, 
simmondsin-3′-ferulate and 4,5-didemethylsimmondsin, are correlated with the 
antioxidant activity of jojoba (Hani et al. 2014). Stability of jojoba liquid wax and 
its tolerance to rancidity and oxidation (Mishra et al. 2011) reported to have stability 
in penicillin products; jojoba oil is the optimum liquid wax in this matter (Bilin 
et al. 2018). In pharmaceutical industries, Egyptian jojoba oils are preferred due to 
the high content of triglycerides and carboxylic acids (Al-Ghamdi et  al. 2017). 
Mixing 30 ml of 0.5,1 N (HCL, NaOH) with 70 ml ethyl alcohol, is the most prom-
ising extraction method for the assessment of antibacterial and antioxidant activities 
of all handling processes especially in phytomedicines, the output is natural com-
pounds and the remaining particles utilized to carbon activation (Akl et al. 2019).

Jojoba therapy by natural extracts may create new prospects for medicinal inven-
tions of coriaceous wounds (Pazyar et al. 2014). Jojoba oils are suitable for all types 
of skin; it encourages wound healing by enhancing collagen production in tissues 
(Ranzato et  al. 2011). Human sebaceous gland secretions contain wax esters 

19  Multiple-Usage Shrubs: Medicinal and Pharmaceutical Usage and Their…
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obtained from the redistribution of purified plant oil including omega-7 fatty acid 
and purified oil of jojoba due to its unparalleled chemical structure with high simi-
larity to human sebum (Brown et al. 2016). Chemical analysis study revealed that 
jojoba oil own antioxidant characteristics use for repression and tackling several 
illnesses such as diabetes and stroke (Manoharan et al. 2016).

Alcohol derivatives of jojoba oil such as 15-tetracosenol, 13-docosenol and 
11-eicosenol, possess many pharmacological properties particularly as antiviral 
activity; these traits make jojoba oil worthy (Sánchez et al. 2015). Moreover, they 
work as carrier oils valuable in hair healthiness (He et al. 2017). Micro-emulsion of 
jojoba oil is reported to have ability in decreasing the troublesome of Tazorac which 
is the ethyl ester of tazarotene acid, increasing its skin sedimentation and enhancing 
treatment of psoriatic illness (Nasr et al. 2017). Jojoba wax owning anti-inflammatory 
properties, according to that, they can eliminate neutrophil seepage as noticed by 
lowering myeloperoxidase efficacy and decreasing carcinoma necrosis and nitrous 
oxide production, it was shown that jojoba waxy compounds may be valuable 
armoury against psoriasis (Pazyar and Yaghoobi 2016).

Bright significance of jojoba oil is to restrain shaving wound, segmented lips, 
windburn and sunburn (Arafat and Basuny 2018). Antimicrobial activity of jojoba 
oil through mixing with hydrated lime combined with saline plays an active role in 
exceeding the rehabilitation of invading microorganisms Enterococcus faecalis and 
Candida albicans on teeth (Fayed et al. 2018). A study on callus culture of jojoba 
showed that the synergistic effect between 2,4-D and kinetin resulting in the pro-
duction of phytochemical active compounds; in addition to that this mechanism 
may be used medically as the origin of antimicrobial items (Solliman et al. 2017).

When hyperglycaemia happens by insulin disturbance through diabetes, and 
raising of reactive oxygen species standards will lead to cellular defect, polypheno-
lic acid will be the strongest weapon to decrease the oxidative stress (Plummer et al. 
2016). The affluence and variation in jojoba seed particles make the shrub a vigor-
ous agent to inhibit the devastation of RINm5f beta cells encouraged by hypergly-
caemia, lessening 59% of simmondsin and 69% of reactive O2 species for watery 
extract (Belhadj et al. 2018). Jojoba volatile oils, one of the unique properties that 
can be used with other essential oils, can work as carriers for massage oils in aroma-
therapy process (Michalak 2018).

Rapid penetration of jojoba oils showed that serum non-esterified fatty acid 
(NEFA) levels are increased half an hour after transcutaneous donating of jojoba oil, 
mode of action for the raising NEFA levels attributable for increased lipolysis via 
patatin-like phospholipase upregulation in the liver and minimizing fatty acids run-
off by fatty acid transport proteins in skin (Matsumoto et al. 2019). Jojoba oil physi-
cal and chemical characteristics close to meibomian gland excretions, used in either 
treatment of dry eye symptoms or for medications acceptance by meibomian tis-
sues. Moreover, jojoba wax tears utilized to extenuate eye harassment and irritabil-
ity as well as blur, jojoba wax is efficacious upon local application to permeate the 
lid edge until reaching gland tissues where may impact as therapeutic agent alone, 
or with an assistant agent (Maskin 2013).
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19.1.2  �Industrial and Commercial Uses of Jojoba

S. chinensis is a remarkable industrial plant; with attentions raised about the obtain-
ability of perfect raw substances for several industries to depress the cost of the 
product, jojoba industry relies on its oil; also the remaining seed materials are 
important in biofuel, animal meals and cosmetics (Agarwal and Khan 2018).

Bio-lubricants are preferable more than traditional lubricants, due to valid vis-
cosity, little emissions, less volatility and high flash properties (Pathak et al. 2019) 
and higher flashing point activity of shrub-related bio-lubricants obtained from the 
high molecular weight of neutral fats (Matiliunaite and Paulauskiene 2019). 
Naturally, industrialization processes require more lubricants; regrettably, the wide 
usage of petroleum-dependent oils contributes to ecological pollution; thus natural 
vegetable oils are an excellent solution for providing bio-lubricants which are more 
friendly to the environment (Al-Obaidi et  al. 2017a), in addition to its high-
performance hydropower oil applications (Bhaumik et al. 2019). Jojoba lubricants 
preferable more over the world in term of high tolerance to pressure and elevated 
temperature, consequently to high boiling point 389 °C of jojoba oils, their consis-
tency in the cutting process is impressive (Bilin et al. 2018). Formulation mode of 
jojoba bio-lubricant performing by mixing it with some engine materials, increasing 
its specialization in term of industrial standards for 10 W oil products synergisti-
cally, resulting 238 °C flashpoint, 242.2 viscosity point and low stream point at 5 °C 
(Hassan et al. 2019). Mixing a small amount of jojoba oil and mineral oil showed 
greater friction than mineral alone, adding nano-graphene particles to 20% of jojoba 
oil which had increased lubrication potential than mineral oil; therefore this ratio of 
combining may be superior to replace mineral lubrication process (Alotaibi and 
Yousif 2016; Kannan and Rameshbabu 2018). The environmental analysis showed 
that using jojoba bio-diesel leading to restrict emissions and better engine stream-
line, a combination of 10% of jojoba bio-lubricant resulted in perfect records in 
comparison with SAE20W40 mineral oil (Gupta et  al. 2020). During the last 
50 years, the energy demand has been steadily growing, and the scientists show that 
this may increase with time, and then the number of harmful gas emissions will 
increase and motivate global warming (Du et  al. 2018). Blending properties of 
jojoba wax may be developed; enhancing physio-chemical properties of wax will 
lead to using it as an alternative fuel source, initially by blending wax with diesel 
resulting in an effective tool for decreasing engine troubles related with high viscos-
ity of jojoba methyl ester (Agarwal et al. 2020). Jojoba oil is known to be incen-
tively converted into bio-diesel, the energy can be increased and CO2 emissions will 
be lowered by 52% by utilizing composts as fertilizers, 50% of fossil fuel used in 
esterification step and all types of diesel-fuel for road cars and agriculture machines, 
can be replaced by jojoba bio-diesel (Sandouqa and Al-Hamamre 2019). Another 
study by using raw oil of jojoba when blended with petroleum-diesel leading to a 
noticeable reduction in hydrocarbon and nitrogen oxide emissions, associated with 
reverse effect with electromagnetic waves to heater walls (Al Omari et al. 2019). 
Jojoba meal is a valuable term in the food industry; after oilseed purification, the 
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remainder consists of 26–33% protein as crude, fibres, vitamins and carbohydrates 
(Chaudhary and Tripathi 2017). Jojoba seed can be used in frying due to high-
temperature tolerance, also used to liquefy salad despite being indigestible (Krist 
2020). Researchers recommend that it is useful if the farmers adding jojoba meal as 
a constituent of fish feeding, its ability in enhancing animal general health, improv-
ing blood system, increase resistant to invading pathogens and disease recovery 
(Sarhan et al. 2019).

Jojoba oil also has anticorrosion activity showed by preparation of three green 
rust inhibitors, through the reaction of brominated-jojoba oil with several amines, it 
was recorded that concentration of rusted iron decreasing, relating with rising of 
jojoba oil inhibitor, under chemical analysis procedure (Nasser 2017). Another sig-
nificance of using jojoba oil as an antifoaming agent in the hydrocarbon industry, 
low amount of shrub natural oil having a good value of foam inhibition under low 
temperature 20 °C, heat stability of its oil also beneficial in calorimetric methods 
(Cevada et al. 2017; Khairi 2019). In the cosmetic industry, jojoba oil has a precious 
impact in main markets, and many main companies use it as raw materials (Bilin 
et al. 2018). In Northwestern Mexico, three ecospecies of jojoba analysed by Inter 
Simple Sequence Repeat (ISSR) markers revealed about 83% polymorphism over 
many other genotypes for usage in the cosmetic industry (Araiza-Lizarde et al. 2017).

19.1.3  �Environmental Influence

The ability of S. chinensis to grow in arid and hot environment 35–48 °C will lead 
to acclimation with variable undesirable habitats of the world; nowadays agriculture 
of jojoba is wide in the United States, Australia, Peru, India and some regions of 
Asia, on marginal areas (Sturtevant et al. 2020). Despite the solar radiation intensity 
and dry conditions, jojoba has typical adaptation system; a study proved that 
regional environment may affect plant expression of dimorphic properties, during 
midday jojoba direct its leaves to the sun due to the lack of Paraheliotropic leaf 
movement (Eskander et al. 2018).

In terms of bioremediation, S. chinensis seeds were examined and extracted with 
many solvents, at all concentrations, the result showing a significant larvicidal effect 
on Culex pipiens fourth instar larvae, which considered a vector of many diseases of 
birds, humans and other animals. Also, LC50 of 1.905% for jojoba oils against 
Spodoptera littoralis second instar larvae invading cotton in Egypt, results indicated 
a decrease in pupal, larval intervals for the second instar larvae survival (EL-Sabagh 
et  al. 2019). Cooperation between jojoba roots and endophytes, promoting 
rhizogenesis of the shrub, stress restriction caused by biotic, abiotic agents, activat-
ing defence mechanisms in shrub through enhancing enzymes activities of jojoba 
(Perez-Rosales et al. 2018). The usage of jojoba seed residues in the removal of 
dyes and heavy metals such as ferric ions from wastewater, these dyes are muta-
genic, dangerous and poses a threat not only to human but also environment, so the 
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treatment of these toxicants is by adsorption potential of jojoba seeds (Al-Zoubi 
et al. 2020).

Globally, thousands of hectares of crops suffering from salinity, thus adding of 
proline to jojoba soil causing superior influence in reducing salinity and rising salt 
tolerance of other shrubs for the same soil in related areas (Alotaibi et al. 2019). 
Previous work concluded that plant-bacteria interaction is a useful pattern in reduc-
ing salinity, inoculation of Azospirillum brasilense Az39 and Cd strains on jojoba 
soil leading to reduce the deleterious effects of NaCl on jojoba root formation, 
increasing plant salt tolerance (Gonzalez et al. 2015).

Low conservation, drought-tolerant, prolonged-live and low-burning hazards of 
S. chinensis, so it can be utilized on highways and roads as wayside implantations 
and fences, as well as soil stabilizer in green straps surrounding desert towns 
anguished from air-particles pollution (Khan et al. 2017). In Sinai desert, Egypt, 
plantation of jojoba as the antidesertification plant is remarkable; S-700, S-B and 
S-610 are superior jojoba clones providing altitude production and may be recom-
mended for trade plantations in arid and semi-arid areas such as Saudi Arabia and 
Iraq (Bakeer et al. 2017). In the same desert, jojoba cultivated as antidrought shrub 
due to high tolerance to water stress according to several morphological alterations 
such as leaf thickness increasing and leaf dimensions detraction, originally jojoba 
influenced by high irrigation intervals (Khattab and Amin 2018). Supporting 
research in transcriptional profiling after RNA sequencing had detected the genes 
responsible for jojoba antidrought advantage; samples were collected under normal 
and high water stress conditions in Saudi Arabia (Al-Dossary et al. 2020).

S. chinensis AA-5 was tested previously to strengthen the phytoremediation 
capacity of Jojoba in the aquatic system; results showed the ability to remove nickel 
and cadmium heavy metals (Kara et al. 2013). In India, plantation of jojoba is con-
sidered safe and environmentally friendly, leading agricultural companies which 
suffering from gerbils and rodents, to use protein meal fat-free of jojoba as antifeed-
ant, according to dose-dependent, this meal has an extraordinary mortal effect on 
farm-destructive animals (Chaudhary and Tripathi 2017).

19.2  �Aloe vera

Mentioned throughout recorded history and given a high ranking as an all-purpose 
herbal plant, Aloe vera is considered to be one of the most potent Aloe species, with 
commercial importance and popularity in research (Kumar et al. 2017a). A. vera is 
well-known for its considerable medicinal properties; it is one of the richest natural 
sources of health for human beings. Various parts of the plant contain approximately 
75 nutrients (Radha and Laxmipriya 2015), as well as tens of active compounds 
including amino acids, vitamins, carbohydrate, minerals, saponins, anthraquinones, 
lignin and salicylic acid (Misir et al. 2014). Historical findings regarding A. vera 
date back to hundreds of years B.C. in old Egypt and Mesopotamia (Manvitha and 
Bidya 2014). Old Egyptians, Arabs, Romans and Indians also recognized the heal-
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ing properties of this plant, especially that related to skin and hair treatment (Joseph 
and Raj 2010). A. barbadensis Miller, commonly referred to as A. vera, is one of 
few hundred species of Aloe belonging to family Liliaceae that is native to Arabian 
peninsula but have been found also in dry tropical and subtropical areas (Kumar 
et al. 2020).

Complex carbohydrates obtained from natural sources such as plants have shown 
diverse biological activities such as wound healing, enhancement of the reticuloen-
dothelial system, stimulation of the immune system, treatment of tumours and 
effects on the haematopoietic system (Talmadge et al. 2004). Generally, A. vera has 
many potential uses both for humans and animals such as gel, latex and the whole 
leaf extract, whose biological ingredients may act alone or in synergy (Christaki and 
Florou-Paneri 2010). A. vera also well-known for its anti-inflammatory, antioxi-
dant, antidiabetic, relief of sunburn, immune booster, antiageing and anticancer 
properties (Langmead et al. 2004). A. vera is a perennial shrub with the ability to 
store water in the leaves to survive during the dry season/condition. The thick fleshy 
leaves of A. vera plants contain not only cell wall carbohydrates such as cellulose 
but also carbohydrates such as acetylated mannans (Ni and Tizard 2004). A. vera 
leaves have a long history as a therapeutic plant with diverse healing applications. 
Many biological activities were linked to the presence of polysaccharides in the 
leaves gel (Hamman 2008). But those A. vera properties could also be linked to 
volatile compounds, cellulose, lignin, pectin, hemicellulose phenolic compounds, 
minerals and vitamins (Hęś et al. 2019).

19.2.1  �Medicinal and Pharmaceutical Applications

The plant A. vera is used in ayurvedic, homoeopathic and allopathic streams of 
medicine, and not an only tribal community but also most of the people for food and 
medicine (Sahu et al. 2013). The chemistry of the plant has revealed tens of different 
compounds which include many medicinal and pharmaceutical with potential clini-
cal applications (Nazeam et al. 2020). A. vera is anthelmintic (Mwale and Masika 
2015), laxative (Guo and Mei 2016), aperients, carminative (Thompson 2008), 
deobstruent, depurative, diuretic, stomachic and emmenagogue (Chinnadurai et al. 
2018). Pharmacologically, it is considered an immunity booster with detoxifying 
properties; it is also recommended for supporting treatment with antibiotics to elim-
inate drug-induced gastritis and other adverse effects. It has been reported that the 
polysaccharides in A. vera gel have potential therapeutic properties, antioxidant, 
wound healing, antibacterial, antiviral, antifungal, antidiabetic and antineoplastic 
activities (Kaushik et al. 2014; Kumar et al. 2019).

A. vera has been reported to have antifungal activity, hypoglycaemic activity, 
anti-inflammatory, anticancer, immunomodulatory, gastroprotective and antihepa-
totoxic properties (Hamman 2008). It is good for conjunctivitis, dysentery, kidney 
pains sprains, stomatitis, sore throat, skin burns, scalds, scrapes, sunburns, wounds 
pimples, acne, cuts dandruff, hair fall and baldness (Alapati and Sulthana 2015). 
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Dried juice of leaves has the potential to be used in dysmenorrhoea and diseases of 
the liver. It is used in jaundice due to viral hepatitis and in spleen disorders. Gel topi-
cally is emollient, anti-inflammatory and antimicrobial used for wound healing and 
sunburn. A. vera detoxifies the body and is considered as the best colon cleanser. It 
prevents constipation, controls diabetes and clears acne and skin allergies and dark 
spots (Verma et al. 2013).

A. vera also exhibits skin protective properties, and it has been used in this role 
throughout history since ancient times (Qadir 2009). It has been demonstrated that 
A. vera and its active compounds have effective therapeutic properties on several 
chronic skin diseases such as psoriasis and eczema (Khan et al. 2016). A. vera gel 
can be used for the treatment of pimples and protection of the skin from ageing, and 
it is thus used in the cosmetics industries providing moisturizing effects (Sahu et al. 
2013). The leaf gel materials of A. vera and few other Aloe species was shown an 
in vivo study shown the ability to rehydrate skin (Fox et al. 2014). A. vera juice 
showed promising repair properties for UV-induced human hair damage (Daud and 
Kulkarni 2011). Also study on rats indicated that extract of A. vera gel can promote 
hair growth (Pamudji et al. 2015).

The results of the recent study depicted that A. vera gel extract has significant 
anti-inflammatory property particularly in an increased dose of gel extract (Afzal 
et al. 2020). The ability of healing wounds has been reported in many earlier studies 
(Rahmani et al. 2014; Keorochana et al. 2015; Oryan et al. 2016; Hormozi et al. 
2017; Ranjbar and Yousefi 2018; Oryan et al. 2019; Abdel-Mohsen et al. 2020b; 
Zhang et al. 2020). In a comparison study of A. vera gel dressing with a simple 
dressing on the wound immediately after caesarean section. In the A. vera-treated 
group, wound healing and pain reduced faster than the control group in the first 
24 hours (Molazem et al. 2015). In another study, wounds of patients were treated 
with A. vera gel two times a day in combination with current treatments, and the 
control group only used conventional treatments, while the A. vera-treated patients 
wound healing occurred in about a month, while in the control group it took 
2 months (Avijgan et al. 2016). A. vera, together with other two Aloe species, have 
shown the ability to speed up the healing of wounds in keratinocytes with negligible 
toxicity on normal human keratinocyte cells (Fox et al. 2017). A. vera gel used to 
treat nulliparous episiotomy patients, the pain reduced after 10 days of treatment 
(Sabzaligol et al. 2014). The dental and oral disease also reported being treated by 
A. vera gel (Nair et al. 2016).

Acetone extract from A. vera shown growth inhibition effect on pathogenic bac-
terial species Staphylococcus aureus and Salmonella enterica (Adzitey et al. 2019). 
The results showed A. vera inner gel expresses antibacterial properties against 
Helicobacter pylori and therefore, in combination with antibiotics, could represent 
a novel strategy for the treatment of the infection of H. pylori, especially in cases of 
multiresistant (Cellini et al. 2014). The orally administered A. vera supplemented 
probiotic lassi was found to prevent Shigella dysenteriae-induced infection (Hussain 
et al. 2017).

Aqueous extract of A. vera shows hepatoprotective activity against carbon tetra-
chloride CCl4-induced hepatotoxicity in rats (Salama et al. 2016). While ethanolic 
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extract of A. vera leaves shows renoprotective action against gentamicin-induced 
nephrotoxicity in rats (Virani et al. 2016). On the other hand, A. vera gel could sup-
press the mRNA expression of lipogenic genes in mice by modulating various phar-
macological pathways (Kumar et al. 2013a). A. vera-positive effect on the treatment 
of diabetes was observed with the intervention of its supplementation significant 
reduction which was observed in blood glucose, lipid profile and blood pressure of 
the diabetic patients (Choudhary et al. 2014). A clinical study has shown the hyper-
glycaemic activity of A. vera gel patients with type 2 diabetes (Pothuraju et al. 2016).

In vitro and in vivo antioxidant activities of A. vera gel constituents have been 
reported (Kang et al. 2014). Numerous studies have shown that different compounds 
in A. vera leaves have anticancer properties by modulating the growth of various 
cancers (Ahmet et  al. 2016). Another study also demonstrated that aloe-emodin 
caused cell apoptosis in colon cancer cells (Suboj et al. 2012). An immunomodula-
tory study on rats showed that A. vera gel extract is taken orally at a dose of 200 and 
400  mg/kg exhibiting significant phagocytic activity as compared with aspirin 
(Bhalsinge et al. 2018). A. vera extract revealed nerve protective activity by reduc-
ing the mitochondrial damage in the rat brain (Wang et al. 2010) and antiparkinson 
and antioxidant activities in mice (Bagewadi and Rathor 2014).

A herbal product used with an aqueous extract of A. vera showed antiviral activ-
ity against influenza A and influenza B viruses (Glatthaar-Saalmüller et al. 2015). 
A. vera gruel plays a significant role in the adjuvant therapy of HIV infection 
(Olatunya et al. 2012). In summary, compounds found in A. vera exhibited antioxi-
dation activities in vitro and in vivo, suggesting that A. vera could be beneficial in 
combating diseases related to oxidation stress in the body such as cancer, diabetes 
as well as cardiovascular disease (Yang et al. 2017).

19.2.2  �The Industrial Importance of A. vera

A. vera gel enables the plant to hold water for a long time and has soothing effects 
as well. So, A. vera has found an extensive application in cosmetic and skincare 
industries, such as cleansers, moisturizers, deodorants, sun lotions, toothpaste and 
shaving creams (Benítez et al. 2015). The use of A. vera gel extract in the prepara-
tion of functional foods started 40 years ago in North America and Europe (Maan 
et al. 2018). Since then its applications have been expanded to the functional and 
nutraceutical foods especially for the preparation of health drinks, also used as a 
flavouring component and preservative (Park and Jo 2006). The addition of basil 
seed mucilage to A. vera gel or their application as an edible coating could be a 
promising approach to maintain postharvest quality and control physiological pro-
cess of apricot fruits during cold storage (Nourozi and Sayyari 2020).

Also chitosan-A. vera combination can be used to extend the storage life of 
mango fruit (Shah and Hashmi 2020). Edible films based on potato starch, chitosan 
and A. vera gel (AV) as modifiers were evaluated towards their potential application 
in food or cosmetics industry. All the samples with A. vera gain the increase resis-
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tance to microbial action (Bajer et al. 2020). Development of water-resistant car-
boxymethyl cellulose-coly vinyl alcohol - A. vera packaging film; it delayed lipid 
peroxidation and inhibited the growth of bacteria in the minced chicken meat 
(Kanatt and Makwana 2020).

Green synthesis of cubic In2O3 nanoparticles (NPs) (5–50  nm) was reported 
using indium acetylacetonate and A. vera plant extract solution (Dinesh et al. 2015). 
Highly stable and spherical ZnONPs using A. vera extract have also been synthe-
sized (Abdullaeva 2017).

The most promising materials for wounds and burns dressing are still based on 
natural polymers such as polysaccharides (alginates, chitin, chitosan, heparin, chon-
droitin), proteoglycans and proteins (collagen, gelatin, fibrin, keratin, silk fibroin, 
eggshell membrane) (Mogoşanu and Grumezescu 2014). Recently reports illus-
trated the importance of A. vera in wound dressing manufacturing (Abdel-Mohsen 
et al. 2020a; Dadashzadeh et al. 2020). Preparation of solid lipid nanoparticles mod-
ified with A. vera for antiviral drug delivery applications showed promising result 
(Joshy et al. 2016). The mucilaginous nature of A. vera gel also helps it to serve as 
a protective barrier between skin and beard in shaving creams (Lad and Murthy 
2013). The A. vera fibre-reinforced biocomposites have a huge potential to be used 
in applications such as automobile interior trims, consumer electronics like mobile 
phone body parts as well as non-toxic toys for children (Chaitanya and Singh 2018).

19.2.3  �Environmental Impact

Recently, A. vera and its by-products have attracted attention for employment in 
environmental applications; this plant grows readily in hot and dry climates. It has 
been reported that different agro-climatic conditions have effects on phytochemical 
diversity and antioxidant potential of A. vera plant (Rahman et al. 2017). Antioxidant 
activity was higher in A. vera plants grown in India concluding that more metabo-
lites are produced in plants under low-temperature stress conditions (Kumar et al. 
2017b). Investigation shows that the A. vera is effective and inexpensive adsorbent 
for the removal of Pb, Cd, Ni, Cu, Cr (III) and (VI) from contaminated soil by heavy 
metals (Shokri et al. 2016). The surface properties of activated carbon from A. vera 
leaf shells were modified by sulfuric acid A. vera-acid activated carbon (AV-AAC) 
and then used as a novel adsorbent to remove para-chlorophenol (p-CP) and methy-
lene blue (MB) from aqueous solutions (Zeydouni et al. 2020). An effective, low-
cost, rapid adsorption rate and high adsorption capacity adsorbent synthesized from 
waste A. vera leaves, which has been used to remove the maximum concentration of 
Cr (VI) from the synthetic solution (Prajapati et al. 2020). A. vera waste biomass-
based sorbents, as well as modified counterparts, are used for the removal of heavy 
metals, dyes and other pollutants from aqueous media (Giannakoudakis et al. 2018). 
The emergence of environmental issues such as air pollution has greatly required 
the need for cheap, adaptable and eco-friendly remediation systems for purifying 
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the environment. A. vera emits oxygen at night; it is almost a “no-maintenance” 
plant and caters to a lot of beauty benefits too (Kulkarni and Zambare 2018).

The pyrolysis treatment of A. vera leaf is cost-effective, friendly to the environ-
ment and profitable, with which the highest performance in biochar and condens-
able fuel is obtained with lower gas production (Strubinger et  al. 2017). Green 
composites (biocomposites) comprising lignocellulosic fibres are low-cost sustain-
able materials having huge potential to replace petroleum-derived commodity and 
engineering plastics (lignocellulosic). A. vera fibres exhibited eco-friendly fibre to 
limit the environmental hazards of conventionally used chemical fibre (Chaitanya 
and Singh 2016, 2018; Ramesh et al. 2020).

19.3  �Moringa oleifera

Highly content of minerals and vitamins as well as food diversity in Moringa oleif-
era Lam has been led scientists to name it the miracle tree it is a type of native medi-
cal grass which is common in the equatorial and subequatorial areas (Abdull Razis 
et al. 2014). Moringa has seven-time vitamin C more than oranges, ten-time vitamin 
A more than carrots (Gopalakrishnan et al. 2016), 17-time calcium more than milk, 
nine-time protein more than yoghurt, 15-time potassium more than bananas and 
25-time iron more than spinach (Rockwood et  al. 2013). As the most economic 
prominent species among others belong to the family Moringaceae, there are other 
names for this shrub as drumstick or horseradish, Mulangay, Benzolive and Mlonge; 
the name drumstick came from the shape of the tote bag or pendulous, like the ten-
der and turned stick used for flogging the drum. Perhaps the name radish came from 
the pendant, the slim and tender shape of the unripe fruits of the tree so much as the 
siliqua of the radish (Abdull Razis et al. 2014; Sandeep et al. 2019). India is one of 
the bigger producers of moringa, a yearly harvest of about 2.2 million tonnes (Raja 
et al. 2016).

The vegetative parts of M. oleifera consist of stems, twigs, compound leaves, 
flowers, fruity pods as well as the seeds; all parts are traditionally utilized for vari-
ous purposes; leaves are usually the most utilized in the world (Mallenakuppe et al. 
2019). Moringa is rapid growing and retains green leaves (Chukwuebuka 2015); the 
leaves have two or three leaflets with the latter being the most common where it 
takes spiral shape on the branch (Agyepong 2009). The flower is aromatic and 
androgynous, with five yellowed-white petals and contain different veins. In more 
fixed seasonal heat and with stable rainfall, bloom can occur two times or even 
along the year (Alhakmani et al. 2013).

At the maturity, the tree become grown and divide vertically from the three cor-
ners along with the pods; then the blackish-brown seeds are released; adult Moringa 
tree of 15–20 feet high can produce thousands of seed pods and therefore produce 
uncounted seeds every year (Zaku et al. 2015).

M. oleifera proliferates by seed plantation, seedling growing and parts of the 
stem. Seed plantation is favoured, seeds often sow at the deepness of 2 cm, deeper 
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than that may cause a decrease in the growth rate (Aslam et al. 2019). Moringa can 
live a broad extent of soil situation, but predominating choose neutral acidic soil 
where it takes to grow 5–12 days after planting (Mallenakuppe et al. 2015; Raja 
et al. 2016). M. oleifera is considered as a worthy food resource; it is utilized in the 
food industry as well as in the development of stable feed in animal feeding which 
has been palliated (Sahay et al. 2017). Some researchers have highlighted the use of 
M. oleifera as supplement therapy or for use in the prevention of disease (Mohammed 
et al. 2012; Gadzirayi et al. 2012; Alegbeleye 2018). M. oleifera extracts are often 
added with canned foods to preserve their chemical and physical properties, as well 
as increase the shelf life of the product (Gull et  al. 2016). Different parts of the 
M. oleifera shrub have shown antimicrobial activities (Zaffer et al. 2014) and anti-
oxidant and antidiabetic properties (Vargas-Sánchez et al. 2019). M. oleifera has 
been used to treat over 300 diseases in India and Africa continent (Gopalakrishnan 
et al. 2016).

19.3.1  �Medicinal Uses and Pharmaceutical Applications

Considerably all parts of M. oleifera have potential use in treating different infec-
tions and inflammatory diseases relating to cardiac, gastrointestinal, haematologic 
and tumour maladies (Abdull Razis et al. 2014). M. oleifera leaves provide impor-
tant sources for antioxidant, group of different vitamins, metals and amino acids and 
a wide range of protein sources (Saini et al. 2016). Additionally, anticancer activity 
of the plant is relating to its antiproliferative action; in addition to that cancer cells 
can be targeted by reactive O2 species from M. oleifera (Tiloke et al. 2013; Reetu 
et al. 2020). Phenolic compounds such as Robigenin and Flavin meletin indicated 
by HPLC having a potential antiproliferative action against apoptosis, thus indicat-
ing that extracts of M. oleifera leaves have potential of cancer prevention and some-
times may be used as cure site for cancer (Sreelatha et al. 2011). Nectar production 
by shrub flower may have anti-inflammatory action (Gopalakrishnan et al. 2016). 
Some cases of skin infections, some conditions of anaemia and gastrointestinal 
ulcers may be treated with selectively wood extracts medications termed alkaloid 
spirochim (Vergara-Jimenez et al. 2017).

Depending on the massive medicinal qualifications of M. oleifera, leaf extracts 
from this plant possess antioxidant and phytochemical properties (Yaméogo et al. 
2011). Moreover, medical co-agents contributing to decreasing cholesterol level 
enhance the immune system, antiulcer, toxin illuminating agent, diuresis and treat-
ing of spasticity also observed (Okiki et al. 2015). M. oleifera has inhibition effect 
against microbial pathogenicity combined with recently organized studies indicat-
ing that aqueous extract of the plant showed a noticeable effect against Bacillus, 
S. aureus and Escherichia coli with scheduled doses (Saadabi and Zaid 2011). This 
shrub has great antifungal properties versus Aspergillus niger and slightly lower 
with Aspergillus nidulans and Aspergillus terreus (Kekuda et al. 2010). Leaf extracts 
in ethyl alcohol of this plant also had an inhibition effect indicated against the earth-
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worm Pheretima posthuma (Rastogi et al. 2009). In a comparison study between 
moringa seed extract and nonsteroidal anti-inflammatory aspirin, the study showed  
the high anti-inflammatory effect of seed extracts considerably reduced inflamma-
tion signals and increased detoxification in lipopolysaccharide-induced bone mar-
row macrophages (Jaja-Chimedza et al. 2017). The shining side of pharmaceutical 
applications for M. oleifera is wound healing (Tang et  al. 2017; Li et  al. 2020). 
Mixing an equal percentage of calcium-alginic acid-polyethene glycol ethyl ether 
methacrylate (PEGMA) with M. oleifera and Aloe vera increase cell viability after 
few days, in comparison with scaffolds free of shrub extracts showing that two plant 
extracts combination with calcium-alginic acid-PEGMA possessing considerable 
chance in wound healing medications (Rubio-Elizalde et  al. 2019). These equal 
amount of both two plant extracts combined with calcium-alginic acid-PEGMA 
highly affects human skin cells to proliferate rapidly after 7–10 days due to exis-
tence of bioactive compounds in the gel of both M. oleifera and A. vera (Skotti et al. 
2014). Recent studies signalize utilizing of naturalistic nontoxic compounds which 
rely on substitution of chemical compounds with plant natural products, for instance, 
in slabs, moisturizer, suspension and salve (van Wyk and Wink 2015; Hwang and 
Lyga 2017; Young 2019). M. oleifera gum production is a real pharmaceutical 
example of synthetic cream polymers used in wound healing or injuries events pre-
scribed by pharmacologists (Uphadek et al. 2018). Diabetes considered to be one of 
the most traditional illnesses is included in the applications of M. oleifera pharma-
cology leaves of moringa used to treat type 1 and type 2 of diabetes (Taweerutchana 
et al. 2017). Once a prior investigation for utilizing the hydrous extract of leaves to 
recover streptozotocin of type 1 and insulin hormone of type 2 with rat laboratory 
animals (Cerf 2013).

As shown previously, all parts of the shrub extracts are of medical value and also 
in terms of the bark of M. oleifera stem can be used in different properties in pre-
venting pain in addition to elimination irritant reactions, thus providing results 
using traditionally in inflammatory cases (Kumbhare and Sivakumar 2011). 
Petroleum naphtha, ethyl ethanoate and methanolic leaf extracts of M. oleifera were 
discussed in many published papers to have an analgesic effect (Manaheji et  al. 
2011; Dubey et al. 2013; Al-Abri et al. 2018). Antipyretic characteristic has also 
been examined practically with baker’s yeast; therefore according to previous 
results, methanolic extracts showed an elevated level of effectiveness (Reddy and 
Kuber 2017). Natural compounds of M. oleifera may be developed using ameliora-
tion of anti-inflammatory medications relating to chronic diseases (Muangnoi et al. 
2012). Substantially phytochemical ingredients of M. oleifera such as amphipathic 
glycosides, tannic acid, phenolics, flavonoids, limonene and alkaloid organic com-
pounds; the presence of these substances with diverse shape among the same genus 
will lead to broad pharmacological uses with wide circumstances (Rani et al. 2018). 
Polyphenolic antioxidant natural components can lower the oxidation level in cells 
by free radicals (Vergara-Jimenez et al. 2017). In return to the high ratio of M. ole-
ifera polyphenols combined with studies of methanol extraction of leaf materials 
such as sophoretin, meletin, 3-caffeoylquinate 3-caffeoylquinic acid, sophorin and 
condensed tannin, all contributing to decreasing tissue damage (Gopalakrishnan 
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et al. 2016). In addition to a group of leaf extracted polyphenols such as C16H12O5 
flavon, Apigenin-8-C-glucoside flavone, ortho-coumaric acid 2-hydroxycinnamic 
polyphenolic acid, β-(4-hydroxyphenyl) acrylic polyphenolic acid and vanillate 
indicated to have anticarcinogen activity (Joshi and Mehta 2010). Furthermore, with 
the pharmaceutical benefits of leaves active compounds, beta-carotenoids, alpha-
Tocopherol and amphipathic glycosides having pain-reducing conducts and some 
alleviating properties (Tejas et al. 2012). Group of polyphenolic extracts and phar-
maceutical applications also is revealed in stem bark and root (Maurya and Singh 
2014). M. oleifera leaf extracts show in vivo ability to modulate metabolic disorder 
features (Irfan et al. 2020) and adjust adiponectin besides inhibiting adipogenesis in 
3 T3-L1 adipocytes cells (Muni Swamy et al. 2020). Additionally, histopathological 
studies proved that M. oleifera minimizes cirrhosis of the liver (Hamza 2010). 
Extraction experiment of seed protein interacts with sodium lauryl sulphate was 
reported that protein had important antiseptic attitude, related protein is with inte-
grated sites with sodium lauryl sulphate and markup protein-lauryl sulphate compo-
nent (Bhaskar et al. 2013). Oily extracts of M. oleifera can be used as an aromatherapy 
machine and skin softener with good stability on the skin and moisturizing agent 
(George et al. 2018). Ethanolic extracts of shuck have a reliable hypotensive action 
at 0.03 gm/kg. isolation of ROC(=S)NR2 and isothiocyanates from plant leaves, 
assisted by production of O-ethyl-four-[(α -l-rhamnosy loxy)-benzyl] carbamic 
acid, β-sitosterol and others showing elevated hypotensive activity (Biswas 
et al. 2012).

19.3.2  �The Industrial Importance of Moringa oleifera

There are more than 90 chemical compounds in M. oleifera of high nutritional 
value, inclusive of carbohydrates, proteins, fats and feeding fibres; protein is the 
most considerable in the part of plant among sundry nourishment, forming about 
25% of arid weight (Anwar et al. 2007). M. oleifera is utilized in the tropics as a 
feeding resource to process the lack of nutrition, especially in newborns (Brilhante 
et al. 2017). M. oleifera seeds can be applied as physical treatment of water in civil 
and rustic regions, lowering of microorganism loading and hold off parasitic worms 
(Mangale Sapana et al. 2012). M. oleifera utilized to decrease 90% of turbidness 
and colour of polluted water; M. oleifera seeds were frugal and more active than 
Al2(SO4)3 in decreasing the turbidness of polluted water with 95% efficiency com-
pared to 80% of Al2(SO4) (Gámez et al. 2015).

Also, this plant has been used to limit the spread of some harmful species of 
insects (De Oliveira et al. 2011). M. oleifera has insecticide, larvicide and ovicide 
action versus the transports of Anopheles stephensi and Aedes aegypti (Prabhu et al. 
2011). The larvicide action of proteins, such the water-dissoluble M. oleifera lectin 
acquired from seeds, has been versus organophosphate-reluctant phase four 
A. aegypti maggot (Agra-Neto et al. 2014).
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The cultivation of aquatic plants for food in developed countries considered a 
public effort, to decrease ecological harm caused by contaminants. To reduce the 
use of chemicals and antibiotics for water treating, M. oleifera could acts as an 
alternate (Adesina and Omitoyin 2011). Suspensions acquired from M. oleifera 
shrivelled seeds decrease organic compounds and turbidness, on account of the effi-
ciency of the seed extract, which remove acids of humus from water; together, these 
seeds encourage deposition and minimize bacterial loading in polluted water 
(Ferreira et al. 2011). The germicide possibility of M. oleifera against fungi and 
bacteria, return to a normal state from water animal farming merit interest, since 
these microbial considered a major cause of economic losses in the animal and 
agriculture field, besides, health troubles (Brilhante et al. 2017).

Furthermore, besides the repressing effects of M. oleifera on various microor-
ganisms, it has been notified that raw extracts of leaves and seeds also prevent an 
enzyme that breaks down proteins and peptides of microorganism. It is acting as a 
muscular degenerating of fish and prawn during storage (Bijina et al. 2011). Moringa 
oil can be a perfect thermic, oxidative and cooking stabilization (Ogunsina 
et al. 2014).

A group of scholars highlighted the importance of mixing of M. oleifera seeds 
powder with wheat powder for cake products, raising the protein ratio approxi-
mately from 13% to 23%, as well as the ratio of fibres, and Fe, Zn, Ca, fats and dust 
also increased (Dachana et al. 2010). M. oleifera oil contribution as biofuel also 
been reported (Chinma et al. 2014).

19.3.3  �Environmental Impact

M. oleifera is a type of equatorial multi-function shrub which is adapted to a semi-
dry environment (Noulèkoun et al. 2018). M. oleifera utilized in water treating espe-
cially seeds and leaves. They have no noticeable secondary impact and are safe and 
decomposed by bacteria or other living organisms (Eman et al. 2014). M. oleifera 
considered a positive polymer that has several ionizable groups, which have shown 
to be efficient in water treating as a replacement for aluminium sulphate (Araújo 
et al. 2013).

M. oleifera is considered God’s gift to some countries, especially in Asia and 
Africa (Mahmood et al. 2010). One of the several functions of M. oleifera shrub 
being able to contribute in the elimination of heavy minerals from water. M. oleifera 
removed most of the iron, 98% copper and cadmium (Shan et al. 2017). Fungus 
contamination is causing several diseases that infect plants which cause remarkable 
losses due to the reduction of yield (Labandeira and Prevec 2014). The aggressive-
ness of fungal diseases is related to toxic and dangerous impacts on the environment 
treated usually using chemicals (Yadav et al. 2013). M. oleifera proteins revealed an 
antifungal impact in vitro (Lacerda et al. 2014). M. oleifera Chitin Binding Protein 
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(MOCBP) is a stable glycoprotein efficiency in extremely high heat and pH (Batista 
et  al. 2014). MOCBP3 is having wide activity versus some fungi diseases as 
Fusarium oxysporum and Colletotrichum spp. (Gifoni et al. 2012). M. oleifera seeds 
play a significant role in reducing pollution of palm oil waste that contains many 
organic and inorganic substances (del Real-Olvera et al. 2016). The oils extracted 
from moringa seeds have shown their effectiveness as a healthy natural coagulant 
for treatment of liquid waste (Othman et al. 2011). Moringa seeds worked as a good 
fertilizer for maize farms by improving and diversifying the solid nutrients 
(Emmanuel et al. 2011).

Agronomical investigations are based on the use of genetically engineered 
M. oleifera seeds to fertilize maize, resulting in refinement of soil nutritional con-
tents. M. oleifera leaf extracts were exercised in curing the land polluted by crude 
oil, repairing processes for soil to prepare it for agriculture (Abd El-Hack et  al. 
2018). Hydrocarbon declination rate can be monitored and stimulated using mor-
inga oil (Ukpaka 2016). Moringa is an exciting tree in extenuating climate counter 
changes, which are a real threat for a long time in countries in the Arabic region like 
Saudi Arabia (Robiansyah et  al. 2014). M. oleifera cultivated widely as a forest 
shrub which plays an important role in reducing the temperature, aerial CO2 concen-
tration and sedimentation (Mridha 2015). The plant has high CO2 absorption rate 
which is about 20 times more than other shrubs; the ability to store carbon makes 
the plant as a good potential shrub to reduce carbon footprint (Daba 2016). M. ole-
ifera leaf extract is considered a natural shrub growth improver, not only enhancing 
plant regeneration and mass production but also encouraging bearing under stress 
events (Yasmeen et al. 2012). Leaf extracts are considered as a tool to overcome 
injuries affecting maize and increase productivity rates of genetically engineered 
maize seeds at minimum temperatures (Afzal et al. 2012). Leaf extracts of M. oleif-
era play a vital role as antidrought in wheat farms (Yasmeen et al. 2013).

In Asia, particularly in Saudi Arabia harsh and dry circumstances leading culti-
vars to farm large areas of M. oleifera, as a desertification-reducing agent (Mridha 
2015). A similar scenario applied in African regions such as southern Ethiopia 
(Lemma and Mohammed 2016). Also, a study in Sudan showed that M. oleifera can 
grow under the little amount of water with no rains up to 1 month, due to the high 
nutritional value especially with proteins, K, Fe and Ca, versus Moringa peregrina 
which has few proteins and metals (Ali et al. 2015).

Industry in some countries like Australia relies on M. oleifera as a source of bio-
diesel production (Omonhinmin et al. 2020) to meet emission requirements. Despite 
low level of performance and high NOx releasing versus fossil fuels, biofuel has 
decreased emissions of hydrocarbon, carbon oxide and carbon dioxide in contrast to 
fossil fuel (Azad et al. 2015). Biodegradable and coagulation properties, numerous 
sources, leading to use M. oleifera taking off chemical O2 demand and overall dis-
solved solids in local landfill wastes, attributing that valuable and frugal alternative 
over another classical method (Sivakumar 2013).
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19.4  �Acacia

Genus Acacia has a hard history in the world; it is classified as large trees and 
bushes. Some Acacia sorts are important, while others saw them as harmful plants 
(Rahman et  al. 2019). Nourishment instability, lack and poor diet considered an 
issue worrying many countries around the world, particularly in drier regions. One 
of the most important reasons behind food deficiency is the increment in desertifica-
tion and changing climatic conditions which lead to the lack of interest in some 
important wild species (Tasisa and Nemomissa 2019). Acacia is one of the shrubs 
that lives in the drier regions on earth, as it represents the largest part of the arid 
regions of the Middle East and Africa (Winters et al. 2018). Acacia has over 1000 
different species distributed worldwide around the arid and semi-arid areas (Lake 
2015). Acacias also considered native to equatorial and subequatorial zones, in par-
ticular Australia where they are called wattles (Khan and Sahito 2013). They are 
also known as mimosa and Arabic gum (Acacia senegal) (Choudhary et al. 2020).

Acacias’ special leaf takes the shape of small split leaflets that give the leafstalk 
a plumy or fernlike look. In most Australian and Pacific Ocean species, the leaflets 
are repressed or absent completely; a petiole may be perpendicularly coordinated 
and carry forks or severely turned needles at their bas;, these are familiar as phyl-
lodes, which are a winged leaf stalk that functions as a leaf (Maiti et al. 2016).

The flowers possess five tiny petals, roughly unobserved by the tall of the male 
fertilizing organ of a bloom, and are coordinated in dense groups or cylinder mass; 
they are xanthous or pale yellow coloured in various species, milky in some or lilacs 
such as Acacia purpureopetala or red such as Acacia leprosa (Ghouila et al. 2012; 
Gleed and Franklin 2018). Acacia flower can be featured from the flower of genus 
Albizia, by their male fertilizing organs (stamens), which are not connected at the 
basis. Also, different from mimosa flowers, Acacia possesses more than ten stamens 
(Prenner 2011).

Acacia seeds are distributed generally by being thrown away from the legume 
when it crackles, commonly under the impact of the sun. In some time the grains 
may stay suspended in the air by a filamentous stalk from the unfold legume, the 
chromatic funicle and aril effective as a substance that attracts bird (Abdelbasit et al. 
2014). Most of Acacia species are important economically (Nigussie et al. 2020). 
The adhesive substance of Acacia especially A. senegal produces Arabic gum, a 
substance used in glue, as a medicinal drug, pontiff, desserts and other products 
(Nasir et al. 2012). A few types of Acacia include alkaloids which affect the mind, 
and some include potassium fluoroacetate, a rodent venom (Gonzales and 
Tolentino 2014).
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19.4.1  �Medicinal Uses and Pharmaceutical Applications

Medicinal plants made about 70–80% of world people plantation fundamentally in 
the developing countries, it is usually utilized for major health care, healthier life-
style combining the ability to cure some disease with the minim side effect. Various 
part of the plant has different various biologically active compounds and diverse 
pharmacologic behaviour (Carvalho et  al. 2014). Acacia species is one of the 
wealthiest biological resources, which include flavonoids, morphine, quinine, phe-
nolic resins, saponins, carbohydrate and other organic compounds (Jelassi et  al. 
2016). Several parts of Acacia have various phytochemical compositions and vari-
ous pharmacological activities (Amadou et al. 2020). Bark extracts of Acacia cate-
chu had a role in treating skin pain, scarring, mouth ulcers and bronchitis (Sunil 
et al. 2019a). Also showed good efficacy in the possibility of using it as a catalyst 
for the immune system (Sunil et al. 2019b).

It has been observed that the ethanol Acacia extracts play a major role in wound 
healing, especially plant’s bark because of the high content of flavonoids and alkalis 
(Suriyamoorthy et al. 2014). Boiling pods of Acacia is useful in the diseases of both 
urinary and genital organ and stops early ejaculation (Castillo-Mitre et al. 2017). 
Also, pods are utilized in aired cough (Farzana and Tharique 2014). The pods and 
leaf extracts are utilized for body revitalize (Dasgupta and Roy 2010). Acacia nilot-
ica is used as contractile, bleeding stops, and emollient (Akbar 2020).

The fruits of Acacia tree are beneficial in treating infection of the intestines, diar-
rhoea and diabetes (Semenya and Maroyi 2012). A study estimated extracts of 
Acacia farnesiana for diabetes treatment in mice, showing that aqueous extract 
safely lowered glucose grade in the blood (Akbar 2020). Root’s ash reported as an 
agent that can help in stopping diarrhoea and decrease uric acid in the urine (Das 
et al. 2015). Beneficial in wounding healing and helpful in burning (Iftikhar et al. 
2010). Different plants parts are utilized to strengthen hair relieve ear pain and treat 
cholera, purge and contagious diseases (Wuthi-udomlert and Vallisuta 2011). Other 
studies evaluated the slough healing activity of Acacia farnesiana methanol leaf 
extracts against ulcer-motivated sample in rats. Outcomes offered the methanol 
extracts decreased the ulcer indicator contrast to monitoring ranitidine (Dwarakanath 
et  al. 2013). Also demonstrated that Acacia auriculiformis extracts act to inhibit 
acetylcholine esterase and in turn enhance memory (Sharma et al. 2014a). It has 
been reported that the Acacia plant extracts had a more positive effect than a pla-
cebo gel on mouth infections, especially gingival and teeth broach (Rajvaidhya 
et al. 2012). In in vitro study, on Swiss albino mice, Acacia gum gave faster-wound 
renewal; also it can maintain proper moisture level at wounding surface (Parwani 
et al. 2019). A mixture of Acacia gum-sodium alginate gel with low concentrations 
of ZnONPs used to treat wounds and limited the growth of some pathogens 
(Raguvaran et  al. 2017). In another study, Arabic gum was used to decrease 
C-reactive protein levels, which can be used as natural fibres for treatment Sickle 
cell disease (SCD) patients (Kaddam and Kaddam 2020). In vivo research shows 
that in 74 patients having haemoglobin SS, Acacia gum reduced transaminase and 
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bilirubin level in the blood, without affecting aspartame about renal function 
(Kaddam et  al. 2019). A. nilotica is an important attractive appearance medical 
plant; it is a source of many active compounds which can be used for medicine 
expansion with a greater possibility of prosperity, where flavonoids and alkalis form 
a large percentage of the plant extract with anti-inflammatory and antioxidative 
properties (Rather and Mohammad 2015).

A. nilotica showed high content of alkali lignin, which acts as an antioxidant 
(Barapatre et al. 2015). Unpurified root extracts of A .nilotica reveal notable effect 
against a Plasmodium berghei in mice, due to its high content of terpenes, diter-
penes, sesquiterpenes and derivatives of gallic acid such as tannins (Jigam 
et al. 2010).

Acacia polyacantha methanolic extracts revealed the highest antioxidant proper-
ties compared to extraction using acetone (Mohammedelnour et al. 2017). It has 
been observed that there is a correlation between the contents of phenolic com-
pound and antioxidant activity in Acacia mearnsii (Missio et al. 2017). Extract of 
A. nilotica seeds shows the ability to lower arterial blood pressure and supplies 
guide of antihypertensive effectiveness (Malviya et al. 2011).

Safari and his group explained the water leaf extracts s of A. nilotica have anti-
nociceptive and anti-inflammatory effects, also showing the ability to reduce fever 
in albino mice (Safari et al. 2016). These properties attributed to the existence of 
compounds as alkaloid, phenolic acid and plant pigments (Jigam et al. 2010). Acacia 
modesta has tranquillizer and anti-inflammatory effects, as well as analgesic effects 
related to the opioid regulation (Bukhari et al. 2010). The flower extracts of Acacia 
dealbata contain approximately 25% phenolic compounds, leading to possess it dif-
ferent biological properties such as tumour cells killing, antitoxins and anti-
inflammatory (Casas et al. 2020).

The stem bark extracts of A. nilotica have a strong antibacterial effect against 
S. aureus, Proteus mirabilis and Klebsiella pneumoniae; phytochemical analyses of 
extracts showed existences anthraquinones, saponins, tannins and flavonoids 
(Deshpande 2013). In another study, the outcomes showed that the methanolic 
extracts of A. farnesiana exhibited good antimicrobial effect, getting suppression 
zones approximately 2.8 cm against Vibrio cholerae, as well as, has been isolated 
and diagnosed methyl gallate compound which has efficient against the last microbe 
(Sánchez et  al. 2013). A. polyacantha leaf extracts also showed significant anti-
staphylococcal action, this activity is attributed to the existence of epicatechin 
compound in the extracts (Ashu et al. 2020). The extracts of Acacia pods and leaves 
showed antimalarial and antibacterial properties (Sadiq et al. 2017).

 A. nilotica used in the folk medication to prevent the growth of some pathogen 
fungi (Safavi et  al. 2015). A. nilotica showed potent activity versus Aspergillus 
fumigatus, due to its nilobamate as a modern compound for better treatment against 
some pathogenic fungi (Mbatchou and Oumar 2012). A. nilotica has an antiparasite 
activity, specifically to reduce the growth of trypanosomes (Sulaiman et al. 2020).

Also, an aqueous extract of A. nilotica leaves showed inhibition impacts against 
some type of fungi including Candida albicans, Aspergillus niger and A. fumigatus 
(Sharma et al. 2014b). All the extracts of the Acacia sinuata contain a considerable 
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amount of phenol and various types of plant pigments (flavonoids), and they also 
exhibited antifungal activity (Vijayasekhar et al. 2016). Leaves and fruits of A. nilot-
ica aqueous extracts showed inhibitory effects against Bovine Herpes Virus 
type-1(BHV1); the highest ratio of inhibition was 61.1% at concentration 0.156 mg/
ml for leaf extract (Goel et al. 2011). Leaf extract of Acacia mellifera showed anti-
HBV efficiency (Malviya et  al. 2011). Caffeoyl and coumaroyl extracted from 
leaves of Acacia cochliacantha had anthelmintic action against Haemonchus con-
tortus (Castillo-Mitre et al. 2017).

19.4.2  �The Industrial Importance of Acacia

Acacia is an important species and plays a varied role in the livelihoods of rustic 
populations in all sides of the world (Miller et al. 2011). While Acacia lumber was 
previously utilized for building boats or ships as well as bridges, currently, it is uti-
lized to produce furniture. Researchers worked to introduce even better wood qual-
ity cultivation of Acacia such as Acacia hybrid and second-generation Acacia 
mangium (Jusoh et al. 2014).

The existence of chemicals used for antiinsect applications is considered harmful 
to cultivated plants and animals in nature, and it is considered a big environmental 
concern and their unfavourable effect on human health (Gill and Garg 2014). Coal 
of Acacia etbaica was found to be an efficient and cheap alternative for the elimina-
tion of a large group of pesticides and other synthetic organic compounds with 
chlorinated aromatic molecules from water solutions (Gebrekidan et  al. 2015). 
A. nilotica extract is used to colour woollen yarns, which showed high stability after 
washing; also, it possesses antioxidant and antipoisoning activity (Rather et  al. 
2017). In a previous study, the various solvents for obtaining colour from a tropical 
Acacia (A. nilotica) bark and their effectiveness, water, acidic, alcoholic and alkali 
solvents were studied. A dye obtaining in alkali exhibited high colour potential with 
more stability (Kumar et al. 2015). The product of biofuel intended as a substitute 
for diesel from A. nilotica seeds oil, which contains a high level of unsaturated fatty 
acid, is also highlighted (Adhikesavan et al. 2015). Acacia biomass (A. mangium 
and A. auriculiformis) may be used as a raw material in heating decomposition 
(Ahmed et  al. 2018). A. mangium was also used to produce fuel pellets (Amirta 
et al. 2018). Acacia concinna were used to synthesize eco-friendly silver nanopar-
ticles which could have many industrial and medical applications (Kumar Sur et al. 
2018). In the food biotechnology industry, the leaf extracts of Acacia leptoloba, 
Acacia auriculiformis and Acacia disparrima have the potential to prevent bacteria 
which caused food toxicity (Cock 2012). Acacia gum can be used to limit some 
biological activities, by adding it in the culture media as an antibacterial agent 
(Dwivedi et al. 2020). Gum powder of A. modesta may be utilized for decreasing 
shrink, internal treating inside the Source Code Control System (SCCS), for pro-
moting the viscidity of the cementitious systems (Rizwan et al. 2018). Moreover, 
the wide range of antimicrobial ability indicates the possibility to use Acacia trees 
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extracts as natural feed keeper (Cock 2017). Also, Arabic gum utilized with canella 
and garlic as an alternative, natural meat and fishes preservatives (Rakshit and 
Ramalingam 2013).

High level of phenolic compounds in the flowers Acacia extracts showed activity 
against Salmonella enterica and Escherichia coli; this led to using them as preserva-
tive substances in the feed, medication and the manufacture of cosmetic (Stankov 
et al. 2018). Another study in vivo proved that the cream which contains Acacia 
bark extracts decreases sebaceous glands excretions (Atif Ali et al. 2012). As well, 
Acacia concinna pods support hair growth and prevent appearance small pieces of 
dead skin (Gediya et al. 2011). Recently, Acacia trees have contributed to the manu-
facturing of furniture, fibre concrete, gates and car parts characterized by rapidly 
degradable, friendly of environment, lightweight and strong (Muhammad 
et al. 2019).

19.4.3  �Environmental Impact

In case of environmental alteration and its negative impact to forests globally, 
Acacia trees are considered one of the most successful forest trees to resist drought 
and climate change in the world due to its root system, where Acacia tortilis has a 
major ability to resist the cruelty of drought (Aref et al. 2013; Winters et al. 2018). 
A. mangium is a species with significant potential for phytoremediation and its 
capacity to transport heavy minerals such as aluminium and iron (Zuhaidi and 
Vijayanathan 2018). Other minerals such as zinc, copper and cadmium can be 
treated by using A. mangium (Majid et al. 2011). It has been shown that extracts of 
A. concinna pods had high performance and qualification as anticorrosion sub-
stances (Haldhar et al. 2020). Acacia saligna and A. polyacantha exhibited guide of 
cumulation of Ni, Cu and Fe and thus may be utilized for phytoremediation 
(Masvodza et al. 2013). Although A. mangium have a positive impact on the ecosys-
tems but may be negatively interfering with other types of trees (Koutika and 
Richardson 2019). Acacia seyal negatively affected sorghum yield, due to competi-
tion for shading and nutrients (Deng et al. 2017). Mixing between A. mangium and 
Eucalyptus grandis led to the exploration of deep soil with a positive impact of 
forest (Germon et al. 2018). A. nilotica can be used as an indicator of the presence 
of air pollutants such as copper and cobalt (Attahiru et al. 2015). Acacia raddiana 
showed the ability to boost the potential of microbial groups and enhances carbon 
and nitrogen content in soil (Fterich et al. 2012; Pereira et al. 2018). Polypropylene 
compounds extraction from dark Acacia bark have good properties, such as higher 
strength and extreme crystallization heat and thermic stabilization (Taflick et  al. 
2015). A. concinna pod extracts exhibited a repressive effect against weeds in agri-
culture crops (Boonmee and Kato-Noguchi 2017). The water extracts of the phyl-
lodes, roots, stalks, seeds and blooms of Acacia cyanophylla exhibited inhibition on 
the seed germination of two weeds Silybum marianum L. and Peganum harmala 
L. (El Ayeb et al. 2013). Acacia seyal seeds have impacted on growing and produc-
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tion of Sorghum bicolor positively in Striga hermonthica-invaded region (Eltayb 
et al. 2013). Acacia trees help to reduce the temperature surrounding urban environ-
ment, by increasing the shade (Aguilera et al. 2015). It also improves water and air 
quality through the absorbance of pollutants and interferes with dust and small par-
ticles (Attahiru et al. 2015), as well as oxygen production and reduction of ozone 
erosion (Abbasi and Abbasi 2017). It reduces wind risk and speed (Wittmann 
et al. 2018).

19.5  �Conclusion

Multi-usage plants have been utilized and cultivated by humans for thousands of 
years for different purposes. It is all started by the utilization for food consumption 
of the wild plants and then growing those plants for remedies, and then it progressed 
to be utilized in different aspects of life. The examples of this are the four plants 
given within this chapter representing a group of plants which could be a good can-
didate to be cultivated for medicinal and pharmaceutical purposes and at the same 
time directly or indirectly will be of great benefit to the environment in terms of 
increasing oxygen rate and reducing the carbon footprint. More efforts from govern-
ment and non-governmental organization need to be directed to the cultivation of 
these plants especially at the local communities in many developing countries for 
economical, environmental and social benefits.
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