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Abstract: A severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) led novel coronavirus disease (COVID-19) outbreak spread through China has become the biggest global public health challenge today. The virus upon several mutations has led to the resurgence of more infectious and lethal variants infecting over 298 million people with more than 5.46 million deaths worldwide by the end of December, 2021. Though vaccines are available, various preventive measures particularly a high body immunity is still extremely important which determines the likelihood of disease severity and subsequent recovery in the current and future pandemics. This review acknowledges the potentiality of miraculous Moringa oleifera Lam. against recently evolved novel coronavirus and accompanying health complications. Moringa a well-proven super-food, densely packed with an abundant quantity of 92 minerals, several vitamins, 46 antioxidants, and numerous bioactive compounds, thus own a massive therapeutic potential for healing all levels of nutritional deficiencies and poor immunities and cure above 300 diseases. Moringa acts as anti-asthmatic, anti-cancerous, anti-diabetic, anti-inflammatory, hypotensive, hepatic, renal and cardio-protective, and anti-viral in nature. Thus it may reduce the severity of COVID-19 infections and associated serious medical emergencies. In addition, self-isolation at home or the workplace has put people at increased risk of physical and mental sicknesses, which could be simply addressed by integrating this wonderful plant into everyday diet. Furthermore, the immune-modulatory properties and viral inhibiting nature of moringa contribute to reduced risk of COVID-19 infection and quicker recovery from its symptoms. As per the existing pieces of literature, it is a great time to harness the esteemed moringa for safeguarding people from the terrible ongoing COVID-19 situation and other future pandemics.
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1  Introduction

Coronaviruses of the coronaviridae family cause a range of lethal diseases in mammals and birds [1]. Recently, one of these viruses viz., severe acute respiratory syndrome coronavirus (SARS-CoV-2, formerly 2019-nCoV) triggered a severe respiratory disease outbreak in Wuhan, China [2,3] when the first human coronavirus was identified in 1965 [4]. Within no time, the virus has spread to several countries with high morbidity and mortality. The World Health Organization (WHO) immediately declared it as a ‘Global Health Emergency’ on January 30, 2020, and a ‘Global Pandemic’ on March 11, 2020. Soon, this virus has invaded in almost every country or territory across the world. As on January 03, 2022, it has infected over 298 million people and resulted in more than 5.46 million deaths worldwide [5]. The virus was reported to follow a droplet-borne transmission particularly through droplets of saliva or any discharge from the nose of infected individuals upon sneezing or coughing, with an incubation period of 2 to 14 days. Infected patients initially experienced mild respiratory illnesses, dry cough, tiredness, and fever and shortly started developing serious symptoms like breathing difficulty or shortness of breath, chest pain, loss of speech or taste dysfunction, multi-organ infections, which when left uncured, has led to severe medical complications or death. However, most of the COVID-19 patients (>80%) recover by themselves without requiring any special treatments or medications [6]. The virus is extremely contagious, infecting people of all age groups with a variety of symptoms. Furthermore, numerous studies have undoubtedly reported the higher sensitivity of people with already underlying medical conditions like asthma, chronic obstructive pulmonary diseases, influenza or pneumonia-like infections, hypertension, cancer, diabetes, cardiac or liver diseases, obesity, pregnancy, poor immunity, a habit of smoking, etc. towards COVID-19 infections [7]. Generally, viruses widespread in the population get an opportunity to replicate at an exceptionally high rate and undergo random genetic mutations to produce new variants with altered survivability, transmissibility, and infectivity [8,9]. Such variants or strains can be termed as sub-types of any major virus species with different characteristics. Being the RNA virus, it has soon evolved itself into several new strains with inherently better infection potential and affinity to escaping antibodies. These ‘variants of a great concern’ were reported in different countries imposing a great challenge to humanity particularly in a populated country like India. Though the SARS-CoV-2 virus upon continuous mutations pops up every day into several new strains, not all of them are important [10,11]. The deadly second COVID-19 wave has made India the world’s second worst-hit country, after the United States of America, leaving all its hospitals and crematoriums overwhelmed. India has alone reported above 35 million confirmed COVID-19 cases with more than 0.48 million fatalities so far according to WHO. Like earlier ‘Spanish flu’ caused by the H1N1 virus in 1918–19, the advanced surges of the COVID-19 were observed to be more devastating, posing a greater risk on public health [12]. The second and third waves of COVID-19 have challenged the whole medical system by infecting more than 0.8 million people every day worldwide (Fig. 1). By the end of 2021, the resurgence of this virus in the form of a new variant viz., “OMICRON” has become a major concern recently which again received the global attention.
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Figure 1: Global COVID-19 cases and death by WHO region as on January, 2022 (Source: WHO, 2022)

Another major task is to stop the re-infection of COVID-19 after getting vaccinated with the recommended doses [13–15]. Although, the vaccine is an effective means of preventing COVID-19 infections, no specific drugs or vaccines are available to cure the COVID-19 infections. Thus, it is extremely crucial to maintain a strong and healthy body immunity throughout the pandemic to avoid and recover any sort of medical complications [16,17]. Besides, people confined at home during the pandemic have been reported to be more lethargic, with a lot of confusion and anxiety over having COVID-19 infections [18–20], which has led to a reduction in all forms of physical activities and a rise of about 28% in everyday sitting and unhealthy food intake patterns [21–23]. This added tension makes people more susceptible to different physical and psychological conditions [24]. The consumption of selective foods enriched with essential minerals, vitamins, antioxidants, and bioactive compounds not only keep overall health maintained but also enhances the body immunity and develop confidence by protecting against the myriad of potentially hazardous diseases [12,25–27]. The psychological and dietary interventions are in turn vital determinants for increasing the effectiveness of approaches to public health vis-a-vis COVID-19 and future pandemics [28,29].

An unhealthy dietary pattern is often a major cause of a variety of chronic and Non-Communicable Diseases (NCDs) including cardiovascular diseases, strokes, cancer, diabetes, obesity, hypertension, etc. which are becoming more prominent global public health concerns [21,30–32]. Moreover, the changed food habit on the account of corona-phobia (fear of COVID-19) has further increased the risks of health issues [33]. On the contrary, regular healthy dietary intake not only optimizes proper body functioning but also strengthens the immune system, which subsequently reduces the development of serious chronic symptoms linked with COVID-19 [34]. Also, strong immunity increases the possibility of rapid recovery after COVID-19 infection [16]. Vitamins A, C, D, E, riboflavin, folic acid, cyanocobalamin, and minerals like copper (Cu), iron (Fe), selenium (Se), and zinc (Zn) are the most crucial micronutrients required for boosting the efficacy of T-cell mediated immunity and adaptive antibody responses [35]. Equally, consuming raw and unprocessed foods fortified with essential minerals, vitamins, amino acids, dietary fibers, and antioxidants greatly reduces the danger of NCDs which lead directly to increased mortality amid COVID-19 [16]. Usually, the energy intake should be by energy expenditure. Unhealthy weight gain could be avoided by keeping daily fat consumption below 30% of total energy intake avoids [36] particularly, saturated fats (<10%) and trans-fats (<1%) [37]. Free sugars below 10% of total daily energy intake do not permit diabetes and obesity [38], while daily salt intake of less than 5 g helps to prevent hypertension and the chances of heart diseases in the adult population [39].

There are several evidences that the ethnobotanical herbs enriched with ample immuno-modulatory bioactive compounds exhibit anti-viral properties by inhibiting either viral attachment, cell penetration, or viral RNA and protein synthesis. Additionally, plant-based foods increase the useful bacterial population in the intestinal which contributes up to 85% of body immunity [16]. During COVID-19, people were recommended to consume citrus fruits and red bell peppers for vitamin C [40], garlic, ginger, and turmeric [41] for antioxidants and anti-inflammation, oysters, cashews, and clams for zinc, and legumes, nuts, green leafy vegetables, and whole grains for magnesium, which lessen anxiety levels and quickly overcome infections through boosted immunity [16,42–44]. Studies have shown that some people have used Moringa oleifera for COVID-19 prevention, and its active ingredients can be used for treatment/prevention of COVID-19 [45–47]. Though several good sources of vitamins, minerals, and antioxidants are available worldwide, one of the most wonderful trees is M. oleifera, a promising super food that is packed with several times higher amounts of micronutrients, antioxidants, and bioactive compounds of vital nutritional and pharmacological applications [48]. These bioactive ingredients have multi-mechanistic modes of action against different types of viruses. All of the assumptions mentioned herewith are based on the idea that the mechanism of immune responses to COVID-19 are more or less similar to those of other coronaviruses and can be verified by future SARS-CoV-2 findings. This review highlights a unique opportunity of exploiting the potential of M. oleifera and its products for boosting the nutrition status and body immunity for effective prevention and cure of COVID-19 infections.

2  Methodology

The information on the topic was retrieved from peer reviewed articles downloaded through various search engines, including PubMed, Google Scholar, Research gate and Scopus and many more. Different keyword combinations were used for retrieving the desired piece of information. Based on the scientific studies done on nutritional and therapeutic potential of M. oleifera, a perspective have been made in this review for boosting nutrition status and immunity defence amidst the ongoing COVID-19 disaster.

3  Moringa oleifera: An Overview

Moringa oleifera Lam. (Synonymously M. pterygosperma Gaertn.) is a fast-growing, drought-tolerant, perennial tree of the moringaceae family [49–53]. It is often nicknamed as ‘moringa’, ‘drumstick’, ‘horseradish’ ‘ben oil tree’ and has been considered as ‘nature’s gift to mankind’ since it is potentially the most nutrient-rich plant ever discovered on the planet. Though this shrubby plant is indigenous to the Southern Himalayan tract of North-Western India [54], it eventually got spread worldwide owing to its usefulness and high adaptive nature across diversified climates [55]. The genus Moringa with just 13 species from all across the world (Fig. 2) forms one of the most phenotypically and morphologically diverse groups among angiosperms that contain smaller plants to giant trees. However, M. oleifera is the most popular, studied, and widely distributed species for thousands of years [56,57]. In the sub-Himalayan region of India, Pakistan, Afghanistan, and Bangladesh, it was first reported as a medicinal herb around 2000 years Before Christ (BC) [58] and even before the first century Anno Domini (AD) as ‘Shigon’ in ancient literature called ‘Shushruta Sanhita’ [59]. Traditional uses of moringa have been well documented in Romans, Greeks, Egyptians, Unani, and Siddha medical systems [60–62]. In the recent few decades, moringa got ‘rediscovered’ because of its incredible multi-dimensional health care applications and henceforth retitled as miracle tree’, ‘tree of life’, ‘wonder tree’, ‘mother’s milk’ or ‘mother’s best friend’ [63–65]. Every part of this plant, i.e., leaves, pods, seeds, flowers, bark, and roots is edible and can be consumed by cooking or in the form of traditional medicines as it has got a great potential to treat malnutrition particularly in developing countries [65–69].
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Figure 2: Worldwide geographical distribution of different species of Moringa [70]

Moringa leaves and pods are commonly consumed as vegetables in many countries. Leaves can be dried and crushed into a powder which is quite easy to store and consume by the users without losing any nutrition [71–73]. Seeds are also useful as they contain ‘Ben oil’ which is enriched with oleic acid (∼76%) conferring its resistance to oxidative degradation and a potential source for biodiesel and cosmetic industries [74,75]. Flowers also directly form part of the regular diet as they have hypo-cholesterolemic and anti-cancerous properties [76,77]. Roots and bark can also be consumed as a pickle or any other form which have hepato-protective, anti-inflammatory, anti-ulcer, and antimicrobial properties [50,54,76].

Morphologically, the moringa tree grows up to a height of 5–15 m, with a thick, straight and corky trunk; small, pale green, tri-pinnate compound leaves; 15–90 cm long pods, and a tuberous tap root system [78,79] as shown in Fig. 3. The yellowish-white, hermaphrodite and fragrant flowers (1–3 cm in size) are present in clusters of 15–25 cm area, and composed of sepals (05), petals (05), stamens (05) with anthers, and one pistil. Flowers primarily exhibit the anemophilous and entomophilous modes of pollination [80]. Fruits or pods are angular trilobite capsules containing up to 10–30, winged or wingless seeds [81]. It can be well adapted to a range of humid or dry hot climates and almost all kinds of soils with an annual rainfall of 250–3000 mm [82–84], and it is hence sometimes also referred to as ‘Never Die’ plant [85,86]. It has a true diploid set of chromosomes (2n = 28) and a genome size of ∼315 Mb [55,87,88]. As moringa species has a significant importance in terms of enhanced biodiversity, ethnobotanical, nutritional, pharmacological, and socio-economical perspectives, there is huge opportunity for commercial and industrial exploitation. Interestingly, India is a leading producer of moringa in the world with an annual production of over 2.2 million tonnes of tender fruits and 80% of the global moringa leaf supplier from a 43,600-hectare area [89]. Also, the Indian moringa products have predominantly captured the global market of over USD 8 billion worth) and are expected to grow more in the near future [89].
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Figure 3: (a) Plant, (b) leaves, (c) mature pods, (d) tender pods, (e) seeds, (f & g) flowers, and (h) roots of Moringa oleifera

3.1 Nutritional Significance

Despite the huge multi-dimensional progress made during the 21st century, the world has almost 690 million people (approximately 8.9%) undernourished [5]. The United Nations has declared the ongoing decade (2016–2025) as a ‘Decade of Action on Nutrition to make people understand and eliminate malnutrition in all its forms’ [90]. A tree like M. oleifera has proven itself as a superfood because it acts as a storehouse of nutrients, vitamins, minerals, antioxidants, and essential amino acids (Table 1). It is enriched with 92 minerals, 46 types of antioxidants, 36 anti-inflammatory agents, and vitamins [91–93]. From leaves to roots, moringa offers good quantities of important phytonutrients required for the overall growth and development of the body in addition to boosting the immunity [66,82,94,95]. In addition, it retains a larger number of electrolyte minerals, which keep the body hydrated even under dry conditions [96]. Altogether, it acts as an exceptionally rich source of low-cost nutrition. However, the nutritional content of the moringa tree varies based on the type of species, geographical location, season, and environmental conditions [97,98].
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3.1.1 Micronutrients

Essential nutrients are not synthesized in the body therefore, they are supplemented through diet. Moringa is an incredibly rich source of micronutrients besides having high quantities of proteins, carbohydrates, fibers, vitamins, and organic acids. Importantly, it is easily accessible to various third-world countries which are seriously struggling to combat malnutrition [98]. Further, numerous popular and scientific literatures in last few decades have highlighted the importance of moringa and thus, it has gained a huge focus worldwide [99]. The leaves are loaded with minerals like calcium, potassium, iron, and zinc [93,100] which can directly substitute the mineral tablets/capsules/syrup for supplementing the body metabolism and functions. The quantity of minerals in moringa is so high that 100 g of its dried leaf powder contains twice the fiber content than in wheat, 17 times more calcium than in milk, 9 times more proteins than in yogurt, 15 times more potassium than in bananas, 14 times more iron than in beef, 25 times more iron than in spinach, and 36 times more magnesium than in eggs [85,101–103] as shown in Fig. 4. Right from the child to adolescent to an old aged person, anybody can consume it in the way they like. Malnourished children (around 3 years’ age) deprived of breast milk can easily be cured by just feeding 100 g of its leaf powder that supplies around 75% and 50% of its daily iron and protein requirements, respectively, besides essential minerals, vitamins, and amino acids. Its high iron content provides a strong choice against anemia. A pregnant mother would just require around 6 spoonfuls of moringa leaf powder to fulfil her daily iron and calcium requirements [72]. Higher fiber (∼46.78%) and protein (∼20.66%) content of immature pods cures digestive problems and colon cancer [93,97]. Further, the amino acid profile of moringa is equivalent to milk and eggs which makes it as outstanding source of plant based-proteins for vegans and vegetarian as shown in the Table 2. Leaves, pods, and flowers contains up to 44%, 30%, and 31% of amino acid content. The flowers are also a good source of dietary fibers and antioxidants [101]. Beside this, moringa serves as a vital source of essential fatty acids, a prerequisite for optimal cellular health. The matured seeds contain odourless, sweet, non-drying, and healthy vegetable oil (35%–45% with 76% PUFA) which is equivalent to the olive oil rich in omega-3 fatty acids and proteins, and has a high thermal and oxidative stability [77,102,103]. This alternative source of oil becomes important as most of Africa’s and Asia’s poor communities are obliged to use cheaper quality oil due to inaccessibility to a healthier cooking oils and may pose severe health issues [65]. Another interesting fact is that the vegetables lose their nutrient content upon cooking or processing but it has been seen that the raw, cooked and dried leaves of moringa can be preserved with no refrigeration for a long time without sacrificing much of their nutrients [71].
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Figure 4: Comparative nutritional value of moringa and other important nutritional sources per 100 g of edible portion [97–99]
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3.1.2 Vitamins

Vitamins are the organic molecules required essentially by the body metabolism but have to be supplemented through external diets [98,104]. Moringa has been observed to have exceptionally high quantities of vitamins like β-carotene (Vit A), B complexes viz., thiamine (Vit B1), riboflavin (Vit B2), niacin (Vit B3), pyridoxine (Vit B6), and folates (Vit B9), ascorbic acids (Vit C), and alpha-tocopherol (Vit E). A 100 g of dry leaf powder of moringa holds 7 times higher vitamin C than oranges, 10 times higher β-carotene than carrots, and 4 times more vitamin E than almonds [97–99]. A child can fulfil all his/her vitamins A and C requirements just by consuming 20 g of moringa leaves. The availability of β-carotene and vitamin C also induces antioxidant and anti-inflammatory activities in the body [105]. Sterols present in the pods potentially inhibit the formation of free radicles. However, the seasonal variation can significantly impact the vitamin content as a higher abundance of β-carotene was found in the hot and humid season, while ascorbic acid and iron were more abundant in the cool and dry season [106].

3.1.3 Antioxidants

Antioxidants are the substances that delay the aging of cells and the body by preventing the formation and neutralization of unstable molecules which otherwise lead to heart diseases, cancer, and other serious illnesses [112]. They enhance the life of an individual by acting as ‘free radicle scavengers’. Moringa owns a wide range of vital antioxidants which in combination are proven to be more effective than a single antioxidant due to synergistic mechanisms [88,113–115]. Compounds like ascorbic acid, flavonoids, phenols, carotenoids, terpenoids, saponins, and tannins play a major role in antioxidant activities in the body [116]. Among phenolics, gallic acid and chlorogenic acid whereas, among flavonoids, rutin, luteolin, quercetin, apigenin, and kaempferol are the potent natural antioxidants available in moringa [104]. Flavonoids intake protects against various chronic diseases accompanied by oxidative stress. Similarly, polyphenols act as major plant molecules for reducing oxidative damage in tissues through scavenging free radicals. Quercetin is also a robust antioxidant that exhibits numerous therapeutic properties. The high quantities of antioxidant compounds also enhance the overall shelf-life of lipid containing foods by preventing lipid oxidation [117,118]. Thus, moringa particularly its leaves are unambiguously the rich source of cost-effective, natural antioxidants particularly for nutritionally deprived societies.

3.2 Therapeutic Significance

The traditional medicine practitioners were well acquainted with the remedial properties of plants against various sicknesses even without knowing the bioactive molecules present in them. The modern medical researchers are more focused on the plant-based bioactive molecules for treating the chronic diseases and disorders as they pose almost no side effects [118]. In general, these bioactive molecules or secondary metabolites are responsible for adaptation and survival mechanisms of the plants but could be well used in developing medicines for curing various human and animal diseases. A well-known phrase, “Give the body what it needs and it will heal itself” cites well particularly when it comes to the highly esteemed plant like moringa, which is a hub of medicinal properties for curing more than 300 diseases in human [78,94,119] as listed in Fig. 5. Numerous scientific studies on humans have expounded its health curing properties. Either leaves, fruits, seeds, flowers, roots or its bark, all contains a plentiful of pharmacologically useful compounds [120]. People in India and African countries consider moringa as a folk medicine for ages.

[image: images]

Figure 5: Spectrum of major human disease curing potential of moringa plant parts [76,94,119–128]

3.2.1 Bioactive Compounds and Their Biological Activities

The therapeutic potential of moringa is due to abundance of a wide repertoire of minerals, vitamins, antioxidants, phytochemicals viz., alkaloids, carotenoids, flavonoids, glucosinolates, glycosides, iso-thiocyanates, phenols, polyphenols, sterols, saponins, tannins, terpenes, and their derivatives [51,103,120,122–124] as shown in Table 3. Several studies have highlighted the usefulness of moringa leaves, pods, flowers, seed, seed oil, roots, and bark against prominent diseases like cancer, diabetes, hypertension, hyper-glycemia, hyper-cholesterol, high blood pressure, depression, atherosclerosis, tuberculosis, rheumatoid arthritis, chronic anaemia, haemorrhage, infertility, inflammation, ulcers, tumours, epilepsy, skin allergies, digestive or gastrointestinal disorders, diarrhea, asthma and other respiratory diseases, knee join disorders, memory disorders, fever, wounds, body and tooth aches, cough, gouts, cramp, syphilis, and sexually transmitted diseases and microbes like bacteria, fungus and viruses, as well as regulates diseases related to kidney, lever, heart, eyes, and thyroids, etc. [48,63,68,76,78,93,94,104,120,121,124–129,139]. In Ayurveda, the tri-doshas or illnesses like Vata (space & air), i.e., energy of movement, pitta (fire & water), i.e., energy of digestion and metabolism, and Kapha (earth & water), i.e., energy of structure and lubrication, are accounted for all kind of physical, physiological, mental, and emotional health of an individual [140,141]. Moringa is said to heal up the vitiation of these illnesses naturally [94,142]. Among diseases, cancer is a very prominent one that has grasped millions of the people worldwide. Compounds like benzyl isothiocyanate, glucosinolates, hexadecanoic acid ethyl ester, niazimicin, and rhamnosides in moringa potentially exhibit a protective role against DNA damage in cells associated with cancer and tumor progression [104,142,143].
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Consuming moringa leaves cures pancreatic and breast cancers [89,140]. It acts well against diabeties and treats both Type-1 diabetes, i.e., non-production of insulin and Type-2 diabetes i.e., insulin resistance [76,144–146]. The flavonoids particularly quercetin and phenols scavenge ROS in mitochondria and protect the beta cells which controls the body glucose level [147,148]. A high quantity of phenols and phenolic derivatives present in moringa are responsible for the antioxidant and neuroprotective activities [114,149]. Moringa reduces the acidity in gastric ulcers (∼86.15% at 500 mg concentration), thus acts as an antiulcer agent [150,151]. Phenols and flavonoids inhibit the pancreatic cholesterol esterase activities and thereby play significant roles in regulating hyperlipidemia [148,152]. Hypertension is a growing sickness among people worldwide possibly due to imbalanced physical, mental, and dietary activities. Compounds like thiocarbamate, isothiocyanate, niazinin, niazimicin, hydroxybenzoate, and β-sitosterols from leaves and pods of moringa exert the lowering effects on high blood pressure and hypertension [122,153,154]. The leaf extract exhibits a significant anti-inflammatory and immunomodulatory effects through ethyl acetate, flavonoids, and phenols which majorly inhibit the NF-κB pathways [155,156]. Quercetin present in the leaves shows hepatic and renal-protective properties by lowering hepatic lipids and lipid peroxidation activities [157].

Almost all parts of moringa plant exhibit anti-microbial activities particularly due to alkaloids, flavonoids, gallic acid, isothiocyanates, phenols, pyterigospermin, moringine, saponins, and tannins present in it. Development of bacteria like Enterococcus faecalis, Streptococcus aureus, Streptococcus mutans, Candida albicans, Staphylococcus aureus, Staphylococcus epidermidis, Salmonella enterica, Pseudomonas aeruginosa, Klebsiella pneumonia, Escherichia coli, fungi like Aspergillus spp., Candida spp., Fusarium solani, Hortaea werneckii, Microsporum canis, Mucor spp., Penicillium sp. Rhizopus sp., Trichoderma spp., and Trichophyton spp. can be checked through moringa [119]. Besides this, several reports have highlighted its antiviral activities as well such as against Immunodeficiency Viruses (HIV/AIDS), Herpes Simplex Virus type 1 (HSV), Hepatitis B Virus (HBV) in humans, and Epstein Barr Virus (EBV), Foot and Mouth Disease Virus (FMDV), and Newcastle Disease Virus (NDV) in animals, particularly due to the action of niaziminin, a thiocarbamate which prevents RNA viruses [158]. Recently, new compounds viz., glucomoringin and vitexin have been extracted from moringa which exhibited strong inhibitory properties against the H1N1 virus [135]. The extract of moringa plant parts was also reported to have the anti-hyperthyroidism, [159–163], anti-trypanosomal, a parasitic protozoan [164], anti-leishmanial [165], antihelmintic against Pheritima posthuma [166], anti-atherosclerotic [167], anti-spasmodic [123], and analgesic [168] functions. Its leaves and fruits contain high quantities of β-carotene, thus can prevent cataracts and night blindness [120]. Consuming moringa flowers can help in curing urinary problems and also increase the mother’s milk production. Moringa seed oil is useful against diarrhoea and also has laxative properties. Further, the extracts of moringa have also been reported with the hepato-protective [43], renal-protective, and cardiovascular-protective [76,120,169,170] functions. The root extract inhibits the development of uterus and blastocyst implantation, therefore, traditional Indian women often used this as a natural oral contraceptive [171,172]. The therapeutic functions of different bioactive compounds of moringa have been proven through numerous scientific experiments and all of them have supported the traditional medicinal utility followed since pre-historic time in countries like India. In general, moringa offers a natural, reliable, safe, and cost-effective means of preventing and curing several major chronic diseases in humans and animals and is therefore considered as a miracle or wonder plant [68].

4  Protective Role of M. oleifera against COVID-19 and Comorbidities

Confining at home and restricting regular activities during pandemics like COVID-19 significantly impacted the health of a common man. Ensuring a healthy lifestyle through adequate nutrition is highly anticipated during the COVID-19 pandemic particularly for people with poor immunity or COVID infection [41]. The sufficient intake of minerals particularly zinc and iron, as well as vitamins like A, B6, B12, C, and E are the pre-requisite for keeping the body immunity strengthened during the pandemic to fight against various health issues. Zinc is an essential constituent of the human proteome and is involved in a variety of signalling events of antiviral responses, whereas iron forms an integral part of haemoglobin that carries oxygen to all the body parts [173]. Ascorbic acid is an important water-soluble vitamin required for strengthening the general body immunity. In this backdrop, several scientific studies have the M. oleifera as a storehouse of proteins, carbohydrates, lipids, dietary fibers, minerals, vitamins, antioxidants, and hundreds of bioactive compounds, thus constituting a part of optimum nutrition for ensuring the body against any assault by the virus [45]. As every part of moringa plant is densely packed with essential nutrients, even a small quantity of it in the regular diet can fulfil the daily nutritional requirements. It supplies vitamin C in higher quantity than the daily dietary requirement for men (90 mg/d) and women (75 mg/d) [99]. The daily requirements of almost all important minerals and vitamins can also be easily achieved by consuming moringa on daily basis. This protect the individual’s metabolic health perfectly against any underlying chronic illnesses [81]. Furthermore, consuming moringa reduces the physical and mental fatigue, and improves the mental clarity of the people self-isolated at home. Effective hand-washing product from the moringa leaves has also been reported that exhibited strong microbial inhibition. Using such natural hand-washing products could be a good alternative to synthetic and chemical-based products which may have some adverse effects in the long-term.

Particularly, COVID-19 which is mainly associated with immune-inflammatory injury and enhanced oxidative stress that alters the regular functioning of multiple body organs. Antibodies and cell-mediated immune responses through CD8 and CD4 T cells are primarily required to overcome such infections. Acquiring tolerance against COVID-19 definitely requires an elevated immune response, and moringa acts as a potent immune-stimulant for significantly enhancing the number of immune responsive cells even at low concentrations viz., 0.1 μg/mL of extract [113]. Thus, its potentiality in boosting the body’s immunity and treating numerous underlying diseases makes it a promising candidate for both easier preventing as well as curing the suspected COVID-19 patients besides sustaining a good physical and mental health [53,94,113,174–177]. The antioxidants and secondary metabolites in moringa detoxify the body and repair the damaged body cells in the course of COVID-19 infection. The leaves are clinically used for treating bronchitis, sore throat, headaches, and constipation, etc., which corresponds to the symptoms of COVID-19 infections [178]. Studies have shown antiviral properties of biomolecules like kaempferol, pterygospermin, morphine, quercetin, rutin, β-sitosterol, niazirin, niaziminin, niazimicin, isorhamnetin, apigenin, etc. [76,94,176,179,180]. These bioactive molecules either prevent the virus to enter the cell or do not allow their viral RNA or protein formation, thus checking their attack in the body. Moreover, the abundance of ascorbic acid and 46 types of antioxidants in moringa diminishes the chances of inflammation, hypertension, cancer, cardiovascular diseases, oxidative damage, and many other diseases in the body which have been reported to increase the severity of COVID-19 symptoms with higher mortality [48]. These compounds from moringa plant can exhibit significant therapeutic activities against COVID-19 by blocking a wide range of signalling pathways as depicted in Fig. 6. However, comprehensive in-depth studies may be required to have a better understanding on these aspects. Importantly, the molecular docking studies have identified ellagic acid and apigenin in moringa as potentially antiviral compounds particularly against the SARS-CoV-2 virus. Recently, the S protein and SARS-CoV-2 main proteinase 3CL Mpro are two essential proteins required by SARS-CoV-2 for its multiplication. The inhibition of 3CL Mpro by natural inhibitors from M. oleifera have been recently demonstrated [175,181–183] which indicates its potential as a natural drug candidate against COVID-19.
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Figure 6: Schematic illustration of multi-site inhibitory action of bioactive compounds of Moringa oleifera against SARS-CoV-2

5  Ways to Consume Moringa oleifera

A popular phrase, “What’s old is new again” suits well to the age-old moringa, as recently it has been brought into mainstream nutrition and therapeutic care in several countries. Every part of moringa plant can be consumed in several ways [94]. Leaves are consumed either as leafy green vegetables or as powder, whereas fresh, young pods are consumed by boiling or frying in different dishes. The young seeds in the pod are quite soft and have a great potential to detoxify the bloodstream [77]. Flower buds are highly nutritious and consumed as fried snacks or added to a range of dishes [73]. Tuberous roots are used to prepare pickles and powder which can be consumed in any way. Though the moringa has a strong food safety profile, it does not exhibit any considerable side effects. Studies have suggested ∼70 g or 10–12 teaspoons of moringa as a single dose or 7–8 g/day for 28 days to be a safe dose for consumption [184]. A number of moringa based products are available in the market (Table 4). The various ways to consume moringa are as follows;
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Steep as tea: Just like tea leaves, add some fresh or dry moringa leaves or powder to the boiling water and consume it as usual tea. The taste can be improved by adding honey and lemon as desired.

Stir into water: Moringa leaf powder can be directly dissolved in cold or warm water and drank afterwards.

Blend in juice/shake/soup: Moringa powder is slightly bitter and sweet in taste, which can directly be added in shakes or soup to boost nutrition intake.

Mixed in smoothie: Moringa fresh leaves or powder well combines with cooked food work as a smoothie for high quality and flavour it may be blended with suitable fruit.

Augment in curries: Leaves can be simply consumed as green leafy vegetables, while tender pods can be cut into pieces and mixed in a wide range of delicious curries/recipes. It adds extra nutrition, flavour and taste in the dish.

Bake with anything: Moringa leaves or powder can be directly added to a vast array of baked items. At home, it can be simply added to the wheat flour just like coriander leaves.

As salad: Slightly roasted fresh moringa leaves or powder can be directly added or sprinkled onto the salad or mixed with cooked rice for improved flavour and digestion.

As pickles: Moringa pods or roots can be consumed as nutritious and tasty pickles.

Capsules/tablets: Moringa powders are available in the form of capsules and tablets. Usually, 1-4 capsules or tablets twice a day can be directly consumed with warm water. It is simple, convenient and the most popular way to consume moringa.

Moringa syrup: The readymade moringa syrups are available in the market or can be prepared at home. Drinking 1–2 teaspoons of syrup twice a day will help in reducing blood pressure and other chronic diseases.

Moringa oil: Moringa seed oil can be used as cooking oil or essential skin or hair oil for deep hydration.

6  Safety and Efficacy of Consuming Moringa oleifera

People have been using moringa as a folk medicine since ages [185]. In last few decades, numerous scientific experiments on the positive and negative effects of moringa on human and animals, particularly rodents, have been carried out [72,154,186,187] and efficacy and risks of different extracts have been assessed. A very high degree of safety was established at certain dose in most of the experiments [51,180]. However, the safety of consuming moringa may depend upon the dosage, plant part used, and the type of preparation to be administered [188]. In general, no toxicity or adverse effects were observed in human-based studies at lower doses.

The general recommendation is starting with a small dose and increasing slowly as per the need up to a maximum limit. However, preference to any superfood supplement requires to check the brand’s recommended dosage for optimal effectiveness. The bioactive compounds in moringa do not have any mutagenic effects and liver injury. Therefore, they could be effectively utilized for drug development by the industries. However, the dosages significantly above the quantity recommended may have some negative effects [186,189,190]. Therefore, more scientific investigations are required to understand the nature of adverse effects of doses administered orally in humans [191]. As a cost-effective and safe pharmacologic and nutritional alternative for public health and marginal farmers, moringa has achieved a significant international hype and trade growth during the last few decades [192].

7  Conclusion

COVID-19 has emerged as a global epidemic outbreak leaving probably none of the countries unaffected. In a small period of time, the virus has mutated itself several times and resulted into a more infectious and deadly forms which led to the death of millions of people worldwide. Although people are getting vaccinated, the risk of infection still remains high particularly in the populated nations. The level of immunity determines the likelihood of disease severity and accompanying symptoms; thus, the selection of a balanced diet is crucial for an enhanced nutrition and robust body immunity, which certainly reduces the menace of disease complications including death. Moringa oleifera serves as a socio-economically important plant with a plentiful of nutritional, pharmacological, and industrial applications. It has a multi-faceted usage in bioscience besides curing a range of general health problems, chronic diseases, vitamin and nutritional deficiencies. Several scientific studies have suggested that the high quantities of nutrients, vitamins, antioxidants, and bioactive molecules in moringa can prevent the risk of viral attack and heal up the body during viral attack. Further, the molecular docking studies highlighted its potentiality as natural drug candidate against COVID-19. This would act as inexpensive and eco-friendly alternative to synthetic medicines against COVID-19 particularly for a poor and vulnerable sector of the society who get a limited access to costlier modern technological resources. Its high level of safety further confirms the effectiveness of moringa in healing the body and achieving a high level of confidence. Therefore, it is a great time to exploit the immune-modulatory properties of this esteemed and high-quality gift of nature either through direct consumption or pharmacological development to safeguard people from the scariest ongoing and future pandemics. As a matter of fact, the saying ‘prevention is better than cure’ is always important to be considered. Therefore, developing a strong immune system by adding these wonderfull tree products to the human lifestyle can be a commendable move towards building a reliable first wall of defence to fight the current and future pandemics rather than becoming a prey of them immediately.
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Table 1: Approximate nutritional value per 100 g edible portion of M. oleifera Lam.

Components Per 100 g of

Fresh pods Fresh leaves Leaf powder Seeds
Energy (kcal) 37 64 305 -
Water (g) 88.20 78.66 1072 ND
Protein (g) 2.10 9.40 24 35.97
Carbohydrates (g) 8.53 8.28 36 8.67
Lipids (g) 0.20 1.40 6.0 38.67
Fibers (g) 3.2 2.0 20.6 2.87
Cholesterol (ug) 0 0 0 -
Vitamin A (ug) 4 378 3639 -
Thiamine (B;) 0.053 0.257 2.6 50
Riboflavin (B,) 0.074 0.660 1.29 60
Niacin (Bg) 0.620 2.220 8.2 -
Pentathonic acid (By) 0.794 0.125 - -
Vitamin C (mg) 141 51.7 172 4.5
Vitamin D (ug) 0 0 -
Vitamin E (mg) - - 56 751.67
Oxalic acid (mg) 10 101 - -
Sodium (mg) 42 9 220 -
Potassium (mg) 461 337 1467 -
Calcium (mg) 30 185 1897 45
Phosphorus (mg) 50 112 297 75
Magnesium (mg) 45 42 473 635
Iron (mg) 0.36 4.0 32.5 -
Zinc (mg) 0.45 0.60 2.4 -
Copper (mg) 0.084 0.105 0.9 5.20
Manganese (mg) 0.259 1.063 - -
Selenium (ug) 0.7 0.9 - -
Sulphur (mg) 137 137 870 -

Source: Nutrient database of the United States Department of Agriculture (https://ndb.nal.usda.gov/ndb/foods) [76,94].
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Table 3: Major bioactive compounds of different parts of Moringa oleifera plant and their nutritional and
therapeutic properties

Plant Taste Major bioactive compounds Major nutrients Therapeutic properties References
part
Leaves Bitter taste  Phenols: Caffeic acid, Abundance of fiber, fat, Treat unbalanced conditions of  [91,102,121,129—
with cold Chlorogenic acid, Ellagic acid,  proteins, essential amino vata, pitta and kapha. 131]
effects Ferulic acid, Galic acid, Gentisic acids, minerals (i.e., Ca, Mg, Act as analgesic, anti-cancer,
acid, Sinapic acid, Syringic acid, P, K, Cu, Fe, S), vitamins anti-diabetic, anti-obesity, anti-
Coumaric acid like A, By, B, Bg, C inflammatory, anthelmintic, anti-
Flavenoids: Astragalin, aging, anti-microbial, anti-ulcer,
Rhamnetin, Isorhamnetin, antipyretic, anti-pneumonia,
Apigenin, Daidzein, Epicatechin, anti-microbial, anti-viral, and
Luteolin, Myricetin, Quercetin, ophthalmic and cardio and
Isoquercetin, Rutin, Epicatechin, neuro-protective.
Vicenin, Kaempferol and Cure scurvy, wounds and tumors,
derivatives sore throats, headaches,
Glucosinolates and bronchitis, eye and ear infections
isothiocyanates: as well as increase mental clarity,
Glucomoringin, Isothiocyanates self-confidence and feeling of
and their derivatives certainty.
Terpenes: Luteins, Luteoxanthin
Alkaloids and sterols:
Marumoside A, vincosamides,
Niaziminin, B-sitosterol, Lupeol
Oxalates and phytates:
Oxalates, Phytates
Others: Niazirin, Niaziridin,
Niazirinin,
Vanillin, Alloses, Benzoic acid,
Benzyl glucosinolates,
Glucoconringin, Sinalbin,
Salicylic acid, Tocopherols
Pods Both sweet  Terpenes: Luteins, Luteoxanthin,  Rich in fiber, fat (oleic and  Treat unbalanced conditions of ~ [132]
and bitter B-carotene, zeaxanthin linoleic acid), proteins, vata and kapha. Act as hepato
taste (based  Isothiocyanates: Isothiocyanates, carbohydrates, minerals, and sleen-protective and treat
on plant Others: Niaziridin, Carbamates,  vitamins diarrhea, joint pains. Also
type) Hydroxybenzoates, improve the physical strength
Thiocarbamates, Undecanoates and overall confidence
Seeds  Acrid, bitter Alkaloids and sterols: Rich in fiber, fat (Ben oil),  Treat unbalanced conditions of vata [83,102,133,134]

in taste with
cold effect

Flowers Bitter and

Roots

Stem
and
Bark

acrid in taste

Bitter and
acrid in taste
with
thermogenic
property

Acrid, bitter
in taste and
have
thermogenic
property

Niazimicin, Pterygospermin,
carbamates, B-sitosterol
Flavenoids: Quercetin
Glucosinolates and
Isothiocyanates:
Glucomoringin, Isothiocyanates,
Glucotropaeolin,

Others: Moringin, o-
Phellandrene, Vanillin, Decenoic
acid, p-cymene

Alkaloids and sterols:
Pterygospermin
Flavenoids: Quercetin,
Isoquercitrin, Kaempferol,
Kaempferitrin, Rhamnetin

Flavenoids: Procyanidins
Alkaloids and sterols:
Aurantiamide acetate, Morphine,
Moriginine, Pterygospermin
Others: Aurantiamide acetate

(a rare dipeptide), Dibenzyl urea

Alkaloids and sterols:
Moringine, Moringinine,
B-sitosterol, B-sitostenone
Others: Vanillin, 4-
hydroxymellein, Octacosanoic
acid

proteins, essential amino
acids, minerals, vitamins (A,
B, C)

Minerals
(Ca, Mg, K), essential amino
acids and high quality nectar

Rich in minerals
(Ca, Mg, Na)

Minerals
(Ca, Mg)

and kapha.

Act as analgesic, anti-microbial,
anti-inflammatory, anti-pyretic,
purgative, anthelmintic, anti-
diabetic, ophthalmic and treat
Chrohn’s disease, hyperthyroidism,
arthritis, theumatism, gout, cramp,
epilepsy, and sexual diseases. Also,
cure neuralgia, inflammations,
intermittent fevers, ophthalmopathy,
and hypertension.

Overcome depression, feelings of
hopelessness and renew the spirit
and reinvigorate the mental strength

Unbalanced conditions of vata and
kapha.

Possess anti-cold, anti-oxidant,
anti-cancer, anti-obesity, anti-
inflammatory, anti-tumors, hypo-
cholesterolemic, anti-arthritic,
diuretic and aphrodisiac
properties.

Act as and cure splenomegaly,
swollen lymph nodes, neck glands
and improves digestion, memory,
and heal emotional wounds and
traumas

Cure unbalanced conditions of vata
and kapha.

Exhibit anti-aging, anti-ulcer, anti-
cholesterol, anthelmintic, antilithic
analgesic, emmenagogue, sudorifc,
diuretic, ophthalmic, anti-
infammatory, alexipharmic,
antiepileptic, anti-asthmatic, anti-
lithic properties.

ImproveS digestion, cure
constipation, and eye diseases

Treat unbalanced conditions of vata
and kapha.

Act as abortifacient, antifungal,
cardiotonic, anti-ulcer, anti-parasitic,
rubefacient, vesicant, anti-
tumoranti-ulcers.

Cure ringworm, ascites, fungal
diseases, Eye diseases, delirious,
and prevent enlargement of spleen
and formation of tuberculous glands
of neck.

Also enhance feelings of serenity
and balance of mind.

[102,132,135,136]

[137,138]

[137,138]
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Table 4: List of moringa based food supplements available in the market (up to May 2021)

Product Brands Purpose of the product
form
Tablets Herbal Hills, Geo Fresh Immunity booster, anti-inflammatory, contains
vitamins, supports a number of body functions
& organs, strengthens joints, and promotes
digestion and metabolism
Capsule Nutra Vigour, PAX, Vigora life, Way2Herbal, Immunity booster, Optimum nutrition and high
Morpheme, Green virgin, Simple Life, energy level
Sunfood, Organic India, Green Opia,
Mahaved
Powder Miracle Garden, Sun Potion Boost body immunity and reduce poor
Organic Veda, Kiva, MRM, Zokiva, Feel cholesterol, Nourishing, cleansing, and energy
Good, Global, Organic traditions, Sunfood,  boosting
Microingredients, Nova, Holy Natural, Improve overall nutrition, promote sound sleep,
Nutriorg stabilize blood pressure, and strengthen
Carmel Organics, Perennial Lifesciences, digestion
Natures Velvet, Inlife, Vitaminhaat, Pure Achieve optimum nutrition, health &
Nutrition, Unifibe, Nutriwish, Geofresh, wellbeing, boosts metabolism and energy levels
Biotrex, Kuli Kuli, Maju Superfood, FGO,  Boost energy, source of multi-vitamins,
Nirvasa, antioxidants, alkalizing properties
Energy and vitality booster, rich source of
nutrients, vitamins, and anti-oxidants. Improve
mobility, flexibility, clarity, focus, and
concentration
Rejuvenating herbal tonic
Rich in minerals, immune vitamins, fibers,
amino acids, proteins and polyphenols.
Gluten free, Source of vitamins, minerals,
antioxidants and essential amino acids
Boost stamina and lower cholesterol, detoxify
the body and improve immunity
Source of vitamins, minerals and antioxidants
Excellent source of vitamins and bioflavonoids
and help delay the ageing and lowering the
appearance of fine lines and wrinkles
Tea Traditional Medicinals, The tea shelf, Immunity booster, Natural Multi-Vitamins,

Syrup

Vahdam, Saptamveda

Kapiva, Auric

Good For Skin & Hair, Protein Rich, Improves
Digestion and weight loss

Energy booster, Strengthen muscle and bones
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Table 2: Essential and non-essential amino acid profile of Moringa oleifera

Amino acid (mg) Per 100 g of

Pods Fresh leaves Dry leaves
Essential amino acids
Arginine 360 406.6 1325
Histidine 110 149.8 613
Isoleucine 440 299.6 825
Leucine 650 492.2 1950
Lysine 150 342.4 1325
Methionine 140 117.7 350
Phenylalanine 430 310.3 1388
Threonine 390 117.7 1188
Tryptophan 80 107 425
Valine 540 374.5 1063
Non-essential amino acids
Amino acid (g) Pods Fresh leaves Seeds
Alanine ND 1.8-3.0 6.9
Aspartate ND 1.4-2.2 5.0
Cysteine ND 0.01-0.10 2.0
Glutamate ND 2.5-2.5 20.9
Glycine ND 1.3-1.5 10.9
Proline ND 1.2-1.4 4.5
Serine ND 1.0-1.2 4.4
Tyrosine 0.8 0.01-2.60 1.6

Note: ND: Not Determined, Source: [97,101,107-111].
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