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COVID-19, a viral outbreak has taken toll on millions of lives in a very short span of time. This spread
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can be mainly due to ease of travel. Remedy for viral infections is extremely difficult as they keep
changing their characteristics often. Though, vaccines have been under study for coronavirus, none has
been approved yet. Till then, nutritional supplement is the only way to protect the human body against
such lethality. As per World Health reports, every year about 2.7 million deaths occur due to poor diet
lacking in enough and essential dietary fibres, vitamins and minerals received from vegetables and
fruits. Immune system must be improved and developed through proper dietary management.
Recommended diet includes green, low fat, vegetarian foods to boost immunity. They contain variety
of nutrients including vitamins, minerals, fibre and many phytochemicals. These secondary metabolites
and phytochemicals constitute a major part in developing immunity. Phytochemicals are the most
important element in the pharmaceutical and medical industry too. Intake of water, vitamins like A, C ,
B complex, minerals like zinc and magnesium and other micronutrients keep the infections at bay.
Thus, including foods rich in these substances help to fight diseases including cancer, diabetes,
cardiovascular disorders, etc. The nutrients from vegetables like tomato, onions, bell peppers, crucifiers,
etc., and medicinal crops like turmeric, ginger and garlic combat against these viral infections.

1. Introduction
1.1 Coronavirus: Epidemiology and pathophysiology
COVID-19 is a world wide pandemic that is considered as ‘once in

a century pandemic’ that has costed more than 1 million lives with
approximately 50 million of people contracted this deadly virus. It
is caused by severe acute respiratory syndrome virus (SARS-CoV2),
virus originating from Wuhan, China (Zhu et al., 2020). It is
enveloped by a single stranded RNA of the coronavirus family. This
family subdivided into four genera as alpha, beta, delta, and gamma;
of which alpha and beta cause COVID-19 in humans (Weiss and
Leibowitz, 2011). This viral infection affects the respiratory tract
of humans leading to fever, cough, lung infection, etc., and eventually
causing death in worst cases. Transmission of the virus occurs
mainly through human contact via infected droplets from cough,
sneeze, saliva and faeces matter. It is also proved that virus lives
for up to 3 days in non living things that have been in contact with
the virus (Li et al.., 2020).
The pathophysiology of the disease is described below. The virus
primarily attacks the respiratory tract by creating an association
with the epithelial cells of the lungs. Replication of the virus in the
nucleus forms new viral proteins that increase the severity of the
infection (Tang et al., 2020). The main symptoms of COVID-19 are
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onset of fever, cough, breathing difficulty, anosmia and fatigue. In
severe cases, pneumonia is developed with severe symptoms,
causing acute respiratory disorders (Huang and Wang, 2020).
1.2 Coronavirus: Testing and treatment
Testing methods vary for different circumstances. Nucleic acid
testing is considered as the gold-standard method for diagnosis
stage. RT-PCR is used to identify and amplify the viral load in lesser
time. Antigen test kits are developed that uses nasopharyngeal or
oropharyngeal swabs to detect the viral load (Pan et al., 2020;
Wölfel et al., 2020; Kim et al., 2011). These locations are chosen as
they contain maximum quantity of virus. The specificity of the
test is high whereas the sensitivity is low, leading to many false
positive results. Antibody test kits are used to identify IgM and
IgG antibodies and these data can be used to identify plasma donors
(Wu et al., 2020).
Treatment of COVID-19 involves various stages depending on the
severity of the viral infection. Patients with asymptomatic illness
and mild symptoms like fever, cough, fatigue, etc., needs to selfisolate themselves and requires no further clinical treatment until
their condition worsens. Patients with moderate and severe illness
suffering with different levels of breathing difficulty require medical
supervision as their health deteriorates. Antiviral drugs,
immunotherapy and oxygen therapy is applicable at this stage of
disease. Critical illness includes disorders like acute respiratory
distress syndrome (ARDS), cardiac distress, etc. At this stage, failure
of multiorgans is seen. Various treatments and procedures are
preferred. N95 respirators and other PPE (personal protective
equipment) like gloves, masks, gown, eye protection, face shield,
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etc., are essential for the patients and those in contact with them.
High flow nasal cannula oxygen, mechanical ventilation,
norepinephrine, dexamethasone, etc., are recommended. Immunotherapy uses the antibodies of SARS-C o V2 or plasma for the
treatment. Therapeutic treatment includes usage of antiviral drugs
which are still under study. Favipiravir is one of the drugs approved
by National Medical Products Administration of China. Production
of vaccine for COVID-19 is very difficult as it usually takes many
years to be out in market. Many vaccines have been developed and
a few of them are under trial. None of the vaccine has been approved
to be used against the virus yet (Corum et al., 2020). Thus, till the
advent of a successful vaccine or therapy, the only possible way to
keep us away from the diseases is undertaking nutritious way
apart from social distancing and isolation.
1.3 Boosting immune system
Foods improving immunity of a person should be included in the
diet. Plant based foods increases the immune system of the body. It
improves the gut microflora and helps fight infections. Immune
system is the most important working of human body against an
infection; especially bacteria and virus. This system activates when
a foreign body enters the body. To keep the immune system hale
and healthy, nutrition is the topmost priority. Poor nutrition
increases the infection and its susceptibility. Immune function
decreases with age and depleting nutrition. Deficiency in vitamins,
minerals, protein, omega-3-fatty acid, fibre, etc., reduces the
capability of the immune system. This virus affects infants and old
age people in larger proportion; whose immune system is weak
(Patel, 2020). Micromanagement of diet is crucial to boost the
immunity against COVID-19. Consumption of low fat, plant-based
foods inflates the immunity. Studies show that vegetarians produce
more white blood cells than non-vegetarians (Davison et al., 2016).
Canned foods with high salt content, junk foods, oily foods,
carbonated drinks should be avoided in general. To keep the virus at
bay, avoiding food from outside is essential. Disinfection process
is highly required.
A recent trend of following ‘Functional foods’ for the improvement
of overall health is increasing among the people. The health benefits
of such foods are indispensable and inexhaustible. Vegetables and
fruits are especially rich in all the essential nutrients like vitamins,
minerals and other phytochemicals. These nutrients in general
provide improvement in many health disorders like heart diseases,
cancer, diabetes and cholesterol, immune dysfunction, etc. These
nutrients provide protection against these diseases by following
certain mechanisms that modify or change the foreign body’s
metabolism; thereby restricting their growth and replication.
Constituents of water soluble vitamins are essential for emotional
well being (Kaplan et al., 2007). Constituents of fat soluble
vitamins, especially beta carotene and its components are essential
in providing protection for the body against oxidative stress,
inflammatory responses, etc. (Miller, 2011).
The vegetables chosen for the discussion in this review paper are
crucial and fundamental for boosting immunity. The goodness of
these commonly available vegetables has discussed in detail.
Beetroots are known for its disease preventing and health promoting
nature. Bell peppers are rich in its antioxidant properties from

phytochemicals. They are available throughout the world. Tomatoes
are rich in lycopene content that is highly required to maintain the
immune system healthy. They provide great radical scavenging
property. Broccoli is one of the unexplored, most nutritious
vegetables. It is abundant in vitamin A, C and iron that helps in
boosting the immunity. Carrot is one of the vegetables that is ranked
among top ten grown crops across the world, meaning it is highly
consumed and easily available. It is of high commercial value due to
the amount of nutrients present in them. Eggplants are ranked high
as a nutrient rich vegetable with providing a variety of nutrients
like fibre, vitamins, minerals and phenolic compounds. Apart from
vegetables, a few immune boosting medicinal crops like ginger,
garlic and turmeric are also discussed in this review. Ginger and
turmeric are strong anti-inflammatory agents. They induce the
functioning of immune cells. This study reveals many mechanism
and processes of the vegetables that enhances their potential of
becoming chief immune boosters.

2. Immunonutrition diet against COVID-19
Nutritional status of an individual determines the nutritional status
of a nation. Many factors like age, sex, lifestyle, health, etc., determine
the nutritional status. Various nutrients like zinc, magnesium, iron,
vitamins A, B, C, E, etc., help increase the immunity. Foods that
increase the immunity in general are fruits (apple, melon, papaya,
etc.), vegetables (bell peppers, garlic, lime, ginger, broccoli, etc.),
whole grains and nuts, etc. Some of the important components that
boost immunity are discussed below:
2.1 Vitamin A
Vitamin A is composed of a chemical structure called retinol which
is acquired by the diet as carotenoid or provitamin A (Tang, 2010).
The most active form of retinol is retinoic acid. Vitamin A promotes
the functioning of T-cells, which improves the immune response
against many viral diseases (Weiss et al., 2015; Jayawardena
et al., 2020). Vitamin A is also known for its antioxidative and
antimicrobial properties. It induces the production of interleukins
like IL-1and IL-1β against virus. It also has the capacity of pulmonary
regeneration during its mechanism (Yang et al., 2015). Retinoid
develop innate immunity via an interferon mechanism (Trottier,
2009). Animal studies indicate to increase the immune responses
against COVID-19 virus through vitamin A supplements (Jee, 2013).
Some good vegetable sources of vitamin A are carrots and sweet
potatoes.
2.2 Vitamin B
Vitamin B is often referred as B complex in supplementations;
which plays an important role in cell mechanisms and also involve
in immune cells and improve the inflammation conditions (Spinas
et al., 2015). Vitamin B1 and B3 induces the production of some or
all of IL-1β, IL-1, IL-6, COX-2, and TNF-α. Vitamin B2 and B7
regulates inflammatory mechanisms. Vitamin B6 especially is
involved in T cell mechanism. B6 and B12 play a key role in innate
and adaptive immune responses. Computational studies suggest
that proteins 3-C-like protease (M-pro) and a papain-like protease
(PL-pro) on COVID virus are counteracted by vitamin B 12 through
bindings and dockings (Kandeel and Al-Nazawi, 2020). Vitamin B
complex is found in vegetables like potato, chilli peppers, green
leafy vegetables, etc.
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2.3 Vitamin C

3. Vegetables boosting immunity

Vitamin C (ascorbic acid) is associated with boosting immunity. It
treats inflammations caused due to infections. It acts in phagocytosis
and chemocytosis through T-lymphocyte mechanism. Vitamin C
acts as antioxidant in lungs (Erol, 2020). 90 mg/day for men and
75 mg/day for women is the RDA. Vitamin C supports the immunity
system of the body by reducing the time period of the disease and
also its potency and severity. Vitamin C has antiviral activity to an
extent; also aiding innate and adaptive immunity (Webb, 2007).
Some of the good vegetable sources of this nutrient are bell peppers,
spinach, cauliflower, eggplant, green vegetables like broccoli,
mushrooms, etc., develop the immunity in human body.

Vegetables contain a complex of nutrients like vitamins, minerals,
fibre, phytochemicals, etc., they act as nutraceuticals improving
the condition of entire body and all organs. Vegetables are very
important in boosting immunity as they possess high antioxidant,
anticarcinogenic properties. They fight against free radicals in body.
Different vegetables possess different nutrients; therefore, all of
them must be consumed on a regular basis. Micronutrients such as
Vitamin C, carotenoids, etc., have a prime role as antioxidant, treating
degenerative diseases, inflammatory disorders, some cancers, etc.
(Raison and Miller, 2011). Some of the vegetables that boost the
immunity against COVID-19 are discussed below:

2.4 Vitamin D
Vitamin D helps in constricting microbial infections. Since vitamin
D’s pathway consist of various steps, its potency is reduced many
folds. Thus, vitamin D decreases the viral infection by declining its
mortality (Pike and Christakos, 2017). Viruses usually destroy the
gap junctions and promote viral infection growth and affect the
cell. This is protected by vitamin D mechanisms. This is done in
3 ways, namely; adaptive immunity, physical barrier, and natural
cellular immunity. Vitamin D turns into 25 (OH) D in the liver and
125 (OH) 2D (calcitriol) in kidney or any other organ. Studies show
that 125 (OH) D restricted rotavirus, in vitro and in vivo. Similarly,
vitamin D supplements controlled common cold and restricted
dengue to a certain extent. Innate immunity of an organism is also
improved by vitamin D as it introduces 125-dihdroxyvitamin D
into antimicrobes which induces antimicrobial activity (Beard,
Bearden and Striker, 2011). Vitamin D also induces the production
of T-1 helper cells and T-2 helper cells. These in general encourages
T regulatory cells, thereby suppressing the inflammatory responses.
Less exposure to sunlight decreases the levels of 25 (OH) D. Vitamin D
supplements also increases the generation of antioxidant and
glutathione, which is an antimicrobial supplement recommended
against COVID-19 (Holick, 2007). Many kinds of mushrooms are a
good source of Vitamin D.
2.5 Vitamin E
Vitamin E is composed of many kinds of tocopherols; maintaining
the overall health of a person, especially the immune system. These
tocopherols act as antioxidant. It protects against bacterial and
viral infections. It functions primarily by controlling the lipid
peroxidation by protecting the PUFA in membranes (Liang et al.,
2003). Vitamin E has positive effect in treating upper respiratory
disorders. Supplementing vaccines along with vitamin E has supreme
efficacy (Meydani, 1997). Good sources of vitamin E are green
leafy vegetables like broccoli, asparagus and spinach. The complex
of vitamin C and E have a great potential as immune boosters against
virus.
2.6 Zinc and magnesium
Zinc is one of the most important minerals that aids in production
of immune cells, in innate and adaptive responses (Wessels et al.,
2017). It also aids in T-cell function. Magnesium (Mg) also plays a
key part in regulation of immune system. Mg is also involved in the
respiratory and circulatory system; where it helps in the delivery
of oxygen; thereby playing an important role in COVID-19 .
Mushrooms, green beans, asparagus and kale are good source of
zinc. Spinach, okra and potatoes are good source of magnesium.

3.1 Tomato (Lycopersicon esculentum Mill.)
Tomato is one of the major vegetables used in Indian diet (Figure 1).
Since it is a non starchy vegetable, its high consumption regulates
diabetes and cholesterol. Studies on animals and humans suggest
that tomato rich diet increased HDL cholesterol by 15% and
decreased the LDL cholesterol by 8% (Periago et al., 2008).
Tomatoes contain all four carotenoids (alpha- and beta-carotene,
lutein, and lycopene). Since all are present, the synergetic effect on
body is huge. The brightest shade of tomatoes has maximum
lycopene and beta-carotene in them (Figure 2). It has good
antioxidant property and filled with vitamins and minerals that
make them a powerful immune booster (Freeman and Reimers,
2010). Ascorbic acid is present in huge quantities in tomato after
citrus crops. This improves the immunity in body. Vitamin C and A
present in tomatoes make up for 40% and 15%, respectively of
daily recommended intake of that vitamin (Bhowmik et al., 2012).
Minerals like potassium, magnesium, iron and phosphorus are rich
in tomatoes contributing to good functioning of nervous system
and muscles. 8% of potassium and 7% of iron from RDA is found in
tomatoes. Tomatoes are made up of phytochemicals like carotenoids
consisting 60% of lycopene, 10% of phytoene, 10% neurosporene
and 15% carotenes (Clinton, 1998). Lycopene accounts for the
antioxidant property in them. These antioxidants neutralize the
free radicals present in body that has the capacity to destroy the
healthy functioning body cells. Lycopene is found mostly on the
walls of the vegetable and the body absorbs it better when cooked
in olive oil according to a study conducted by Ohio State University.
Apart from this goodness, they offer anti-inflammatory and
anti-thrombotic functions (Shidfar et al., 2011). They also protect
body from cardiovascular diseases, osteoporosis and skin diseases.
The leaf, stem, roots of the plant have phenolic compounds like
gallic acid, chlorogenic acid, ferulic acid, caffeic acid, rutin, and
quercetin. These are said to have antiviral effects. Chlorogenic acid
and coumaric acid present in tomatoes hinders the effect of
nitrosamine, which reduces the risk of lung cancer; also, by
rectifying the damage done by smoking (Bhowmik et al., 2012).
Research conducted in the University of Montreal revealed that
when people consumed diet with high quantities of tomato, it
prevented pancreatic cancer. Vitamin K along with calcium present
in tomatoes strengthen bone functioning. Researchers found that
intake of certain amount of tomato per day reduce the risk of
several cancers including prostrate, renal, stomach, lungs and
breast. Studies conducted in France indicate that human intestinal
cells absorb more carotenoids from tomato with peels rather than
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without the latter. The major advantage of this fruit is that it does
not lose its nutritional value while cooking, canning or any such
processes. Also, its bioavailability increases after cooking
contrasting to other vegetables, thereby making it easier and
desirable to consume more.

Figure 1: Bunch of tomatoes.

3.2 Bell pepper (Capsicum annum L.)
Bell peppers, native of America are used medicinally for many uses
(Figure 3). They are available in different colours: green, yellow,
orange, red, etc. (Igbokwe et al., 2013). They possess compounds
of interest like β-carotene and other important carotenoids;
capsantine, capsorubin, and cryptocapsin (Deepa et al., 2006).
These chemicals offer to destruct free radicals. Along with these
are found other flavonoids like quercetin, luteolin, and capsaicinoids
that prevent oxidative damage and provide antioxidant properties
(Hasler, 1998). All the above mentioned phytochemicals contribute
to preventing diseases like cancer, CVD, diabetes, etc. Carotenoids
and flavonoids work as anti-inflammatory agent (Blanco-Rios
et al., 2013). Of all the carotenoids, lycopene content is higher in
peppers. It is rich in antioxidants and has chemotherapeutic and
anti-inflammatory properties, antimutagenic properties (Sancho
et al., 2002). One of the special properties of lycopene is that they
cannot get converted into vitamin A; thus, available completely for
free radical scavenging (Cruz et al., 2013). Research suggests that
red bell peppers extract induced B-cell proliferation and, thus
increases the immunoglobins concentration. Similarly, increase in
T-cells and macrophages were seen (Moklesur et al., 2010). One
research conducted in Japan found that the production of
immunoglobins (IgM in B cells) increased by many folds when the
specimen (mice) was introduced with the extracts of red bell
peppers. This study also reveals that the active component of the
pepper extract is a heat sensitive, non-protenious substance. Bell
peppers are a very good source of vitamin A, C and K. They boost
the immune system apart from being anticancerous and antioxidant
(Bosland, 1996). About a cup of red bell peppers has 150% of
vitamin C of RDA.
Vitamin C is the most important nutrient to boost immunity and
fight microbes. Vitamin K helps against oxidative damage along
with clotting mechanisms. Rich in vitamin C, bell peppers act as a
strong immune boosting crop. Studies by many people suggest
that the quantities of β-carotene are higher in red coloured varieties
followed by orange, yellow and found least in green peppers (Marin
et al., 2004) (Figure 4). The vitamin C content is higher at the initial

Stage I

Stage II

Stage III

Stage IV

Stage V

Stage VI

Figure 2: Ripening stages of tomato.
(Source: Gawande and Thengane, 2018)

stage of ripening of the vegetable and decreases due the course
(Markus et al., 1999). Lycopene content is highest in red variety,
followed by yellow and orange and lowest in green varieties. It is
found that lycopene is nine times more in red peppers than in green
peppers (Igbokwe et al., 2013). Antioxidant content is found higher
in red peppers followed by green, orange and yellow (Sun et al.,
2007). This concentration is dependent on the concentration of
total phenols found in the peppers as the vegetable ripens. Bell
peppers can be used to increase the antibody production and,
thereby destroy infections caused by virus and bacteria.

Figure 3: Bell pepper.
Green represents the ripeness stage
where fruit surface is completely green

Green/0% Level

25% red level: Represents 10%,
20% and 30% red of the surface

25% Level

50% red level: Represents 40%,
50% and 60% red of the surface

50% Level

75% red level: Represents 70%,
80% and 90% red of the surface

75% Level

Red represents the ripensess stage
where fruit surface is completely red.

Figure 4: Ripening stages of bell pepper.
(Source: Hariri et al., 2014)

Red/100% Level
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3.3 Carrot (Daucus carota L.)
To develop immune system, proteins and lipids play a major role
in immune system which is gathered from legumes and such foods.
But vitamins and minerals are gained only from vegetables. Such
important nutrients are very rich in carrots (Table 1). Carrots belong
to Apiacea family (Nguyen and Nguyen, 2015). They consist of
stem and root, of which roots are the widely consumed part of the
plant. Carrots are found in different colours like yellow, orange,
white, purple, etc. (Figure 5). The most consumed orange carrots
are rich in provitamin A and beta carotene (Dias, 2012). Red carrots
are rich in lycopene. Purple carrots are rich in anthocyanins (Sun et
al., 2009). Phenolic compounds and its role in immune system are
indispensable. These aromatic groups comprise of phenolic acids,
flavonoids, tannins, lignans, stilbenoids, and curcuminoids
(Goncalves, 2013). They have high antioxidant property and play
a vital role in defence mechanism (Tsao, 2010). Consumption of these
phenolic groups has relation to antiageing, anti-inflammatory, anticarcinogenic and antiproliferative effects (Soto-Vaca et al., 2012).
Apart from these effects, it also aids in the management of diabetes,
BMI (body mass index) and cholesterol (Wright et al., 2013). Carrots
are mainly known for their vitamin A concentration. One carrot has
upto 400% of RDA of vitamin A. Carotenoids present in carrots is
highly bioavailable, making it desirable for vitamin A supplementation
(Van et al., 2000). Vitamin A restricts the entry of virus and bacteria
into the respiratory tract by regulating the mucous membrane. It
induces the release of WBC’s and other immune cells into the body
when a predator is identified. Vitamin C present in carrots also induces
the immune cells and performs antioxidant reactions. Interferons,
one of the most important immune cells are increased with vitamin C.
Vitamin B6 is necessary for carrying information relating to immune
responses that fights the infection. Vitamin E reverses ageing of cells,
which increases the declining activity of immune cells. Minerals rich
in carrots relating immunity are zinc, iron and copper. Zinc develops
immune cells proliferation, iron backs up inflammatory process,

copper increases production of WBS’s. Carrots are rich in carotenoids,
anthocyanin, flavonoids, polyacetylenes, etc. Carrot is made up of
flavonoids, namely; kaempferol, quercetin and luteolin (Horbowicz
et al., 2008). Carotenoids and anthocyanins are found in greater
quantities. Carrots are rich in different types of carotenoids,
namely; ‘β-carotene (75%); α-carotene (23%); lutein (1.9%); and
β-cryptoxanthin, lycopene, and zeaxanthin’ (Soltoft et al., 2011).
The main component in carrots is β-carotene, a phytonutrient that
helps develop the immune system (Ghosh, 2020). β-carotene found
in carrots inhibits the division of RNA of the virus inside the human
body (Liu et al., 2010). It also acts an anti-inflammatory agent that
increases leucocyte count and, thereby boosts immunity. Activation
of lymphocytes, a type of immune cell is increased with higher
intake of carrots (Wright et al., 2013). Polyacetylenes are a type
of phytochemical found in carrots due to the presence of aliphatic
C17-polyacetylenes of the falcarinol type (Christensen, 2011). These
C-17 bonds provide resistance against breast and various cancers.
Studies find that these compounds provide anticancerous,
antibacterial, antifungal and anti-inflammatory effects (Baranska
et al., 2013).

Figure 5: Carrots.

Table 1: Nutritional values of carrot
S.No. Minerals
1
2
3
4
5
6
7
8
9

Values in mg/100 g Vita min s

Potassium (K )
Sodium (Na)
Phosphorus ( P )
Calcium (Ca)
Magnesium (Mg)
Iron ( Fe)
Zinc (Zn)
Manganese (M n)
-

320.00
69.00
35.00
33.00
12.00
0.30
0.24
0.143
-

Choline (B4)
Ascorbic acid (C )
Niacin (B3)
Alpha tocopherol ( E )
Pantothenic acid (B5 )
Pyridoxine (B6 )
Thiamine ( B1 )
Riboflavin (B2)
Retinol (A )

Values in mg/100 g
8.80
5.90
0.983
0.660
0.273
0.138
0.066
0.058
835.00 µg

Macronutrients
Carbohydrates
Proteins
Fat
Energy
-

Values in g/100 g
9.58
0.93
0.24
41 kcal
-

(Source: Dias J . C ., 2014).

3.4 Onion (Allium cepa L.)
Onion is one of the most used vegetable in everyday food. It is one
of the oldest cultivated plants and is a native to central Asia
(Figure 7). It is used not only for culinary purpose, but also for
therapeutic purposes. Onion consists of 25 active compounds that
are rich in medicinal value (Table 2). It is capable of stimulating
immunity for cold, flu and other respiratory problems. Studies
indicate that these compounds enhance the body’s immune
functions (Christy et al., 1996). It also has the ability to control

diabetes, cholesterol and obesity. Platelet aggregation is inhibited
which is involved in defence mechanism. Various cancers
including breast, colon and ovarian, etc., are controlled due to
onion extracts as they hinder replication and proliferation process
of the cancer cells (Sanderson et al., 1999). Onions are so rich in
flavonoids, fructans and organosulfur compounds that provide
antimicrobial activity and antiviral activities (Goldman, 2020).
Other nutrients like selenium, zinc and vitamins encourages it to
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become immune booster (Agustin-Bunch, 2020). Studies show that
viral infections like polio, rhinovirus, hepatitis C, ebola, SARS, etc.,
were affected by quercetin. Phytochemicals found in onions hinder
the protein in virus. Flavonoids like sorhamnetin, kaempferol
myricetin, and quercetin are present in onion that restricts the viral
replication and distribution in body cells. Animal studies conducted
by Tafteng et al. (2012) revealed that there is a proven positive
correlation between onion extract and immune system. These
extracts were fed to rats as pellets along with their regular diet.
There was significant increase in CD4 cells and T cells due to the
ingestion of the onion extract. Also, the WBC (white blood cells)
count was drastically increased, proving enhanced functioning of
immune system. Onions are rich in vitamins and minerals too. The
iron content is abundant in iron that it could be used in treating
anaemia. Also, used in the treatments of urinary infections and
heart disease (Tripathi, 2006). When applied externally on body, it
acts as antibacterial and antifungal. It is rich in calcium and
chromium and other compound like allyl propyl disulfides, thiols,
and isomers of allyl propyl disulphides that stimulates insulin
aiding in controlling diabetes.
A compound found in onion called GPCS (2-L-glutamyltrans-s-1propenyl-l-cysteine sulfoxide) inhibits the activity of osteoclasts
that weakens bone functioning. Antimicrobial effects of onion
against bacteria, virus and fungal infections are studied under
various circumstances. The compound that provides antibacterial
effect are organosulphur compounds as they inhibit the growth of
both gram-positive and negative bacterial species such as Baccilus,
Streptococcus, etc., and Salmonella, E. coli, etc., respectively

(Škerget et al., 2009). Apart from onion extracts, onion peel
extracts also showed restricting effect Staphylococcus aureus
(Lee et al., 2011). Similarly, dehydrated onion when introduced
into meat cuts inhibits enterobacteriaceae (Park et al., 2008).
Antiviral activity is also seen in onion due to the presence of
compound, quercetin. This compound also enhances the
bioavailability (Wu et al., 2005). It prevents and protects against
deadly viruses such as retrovirus, parvovirus, influenza hepatitis
virus, etc. (Goren et al., 2002). Not only onion but onion plant
varieties such as shallots, garlic, leeks, etc., that possess this specific
compound, Quercetin have antiviral effect. Antifungal effect is also
found in onion by disrupting the cellular activities of fungi. Oxygen
intake, growth, lipid and protein synthesis of fungi all are hindered
by onion extract (Gupta, 2001).

Figure 7: Onions.

Table 2: Nutritional values of carrot
S.No. Minerals
1
2
3
4
5
6
7

Values in mg/100 g Vita min s

Potassium (K )
Phosphorus ( P )
Calcium (Ca)
Magnesium (Mg)
Zinc (Zn)
Manganese (M n)
Copper (C u)

161.0
32.0
25.0
11.0
0.19
0.142
0.043

Folate (B9 )
Ascorbic acid (C )
Pantothenic acid (B5 )
Pyridoxine (B6 )
Thiamin ( B1 )
Riboflavin (B2)
-

Values in mg/100 g
21.0 µg
8.1
0.135
0.132
0.051
0.03
-

Macronutrients
Carbohydrates
Proteins
Fat
Sugars
Dietary fiber
Water
Energy

Values in g/100 g
10.27
1.21
0.11
4.66
1.9
98.02
44.0 kcal

(Source: Rodrigues et al., 2003).

3.5 Beetroot (Beta vulgaris L.)
Beetroot, a native of Africa and widely used in Europe, is used in
daily diet in various forms as salad dressing, in borscht and also as
normal vegetable by boiling (Figure 9). They provide abundant
carbohydrate and starch content. It is also used as a food colouring
agent in many food processing units. Protein and fibre content are
also rich in beetroots. Fat content is very low contributing to low
calorific value (Neelwarne and Halagur, 2013). It is rich in vitamin
B complex, A, C and K (Kale et al., 2018) (Table 3). Beetroots
possess phytochemicals like betalains, betacyanins, carotenoids
and betaxanthins, flavonoids, polyphenols and saponins (Baiao
et al., 2017). They also contain certain bioactive compounds like
saponins, alkaloids and many amino acids like proline, valine,
tyrosine, etc. Apart from these, beets are rich in minerals like
potassium, sodium, iron, etc., that promote many heath factors

(Babrykin et al., 2019). All the components present in beetroots
provide them the antioxidant, antimicrobial and anti-inflammatory
capacity (Jasmitha, 2018). These components vary according to
different varieties of beetroots. Apart from varieties, different parts
of the plant provide different quantities of the compounds. For
example, carotenoids are found more in leaves than in tuber area
(Lechner and Stoner, 2019). Betalain is a compound found in
abundance in this particular vegetable. It is water soluble
nitropigment that is found in epidermal tissues of the crop. This
compound provides antioxidant, anti-inflammatory and
anticancerous activities (Sun-Pan et al., 2006). Apart from
these properties, they also prevent the human body from cardiovascular diseases ( CVD ), neurodegenerative diseases, etc.
(Khan, 2016). Studies and investigations on bioavailability of the
beet extracts such as betalains in vivo indicate that the compound
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is absorbed into circulation system without any change in their
chemical form and are highly available in that manner, although the
concentration absorbed is comparatively low to other compounds.
Studies suggest that the high antioxidant property of beetroots is
due to their radical scavenging activity (Wootton-Beard et al.,
2011). Beetroots are rich in vitamins that increase the WBC (white
blood cells). It has other important properties like detoxifying
capacity preventing the body from cancer (Nangia, 2018). They
also possess antimutagenic effects due to the presence of methylnitro-nitrosoguanidine (MNG) (Hussain et al., 2018). Antimicrobial
and antiviral properties are also found in beetroots (Strack et al.,
2003).

Figure 9: Beetroot.

Table 3: Nutritional values of onion
S.No. Minerals
1
2
3
4
5
6
7
8
9
10

Values in mg/100 g Vita min s

Potassium (K )
Phosphorus ( P )
Calcium (Ca)
Magnesium (Mg)
Zinc (Zn)
Manganese (M n)
Copper (C u)
Iron ( Fe)
Sodium (Na)
Selenium (Se)

442.00
54.00
22.00
31.00
0.480
0.447
0.102
1.090
106.00
1.00 µg

Folate (B9 )
Ascorbic acid (C )
Pantothenic acid (B5 )
Pyridoxine (B6 )
Thiamin ( B1 )
Riboflavin (B2)
Niacin (B3)
-

Values in mg/100 g
148 µg
6.7
0.211
0.091
0.042
0.054
0.454
-

Macronutrients
Carbohydrates
Proteins
Fat
Sugars
Dietary fiber
Water
Energy
-

Values in g/100 g
13.0
2.19
0.23
9.19
3.8
149.11
58 kcal
-

(Source: Clifford et al., 2015).

3.6 Cucumber (Cucumis sativus L.)
Cucumbers are a native of Indian subcontinent (Figure 11). These
vegetables are of gourd family with green outer cover and are known
for its unique taste (Figure 12). Cucumbers are the fourth largest
grown plant after tomato, onion and cabbage (Eifediyi and Remison,
2010). It has immense water content, approximately 96% of the
vegetable (Vivek et al., 2017). Cucumber is rich in vitamin C, A and
β-carotene. It also contains minerals like potassium, manganese,
sodium and silicone (Table 4). It contains less antioxidant activity
and other phenolic compounds when compared to other vegetables
in discussion (Chu et al., 2002). But, this vegetable is very useful in
maintaining hydration levels during viral infections. High water
content aids in easy digestion by eliminating toxins from the body.
This vegetable is also used in maintaining blood pressure and body
mass index (Kashif et al., 2008). Lignans present in cucumber such
as lariciresinol and secoisolariciresinol prevent many types of
cancers including ovarian, breast, prostrate, etc. (Wang et al., 2007).
Some of the phytonutrient present in cucumber are cucurbitacin A,
B, C, D; flavonoids like quercetin, kaempferol, luteolin promote
antioxidant and anti-inflammatory properties (Kumar et al., 2010).
These cucurbitacin A, B, C, D are found to inhibit the cancer growth
pathways in the body.
Animal studies conducted show the increase in scavenging of
free radicals accounting for its antioxidant activity (Egbung et al.,
2013). Cucumber extract is found to restrict the action of proinflammatory enzymes like cyclo-oxygensase 2 promoting antiinflammatory properties. Tannins present in cucumbers also
promote anti-inflammatory properties including analgesic
properties (Ekeanyanwu et al., 2010). These tannins also possess

antimicrobial properties by cell disruption mechanisms (Ibrahim
et al., 2014). Studies suggest that cucumber possess good
antimicrobial activity. Osugwu et al. (2015) reported that the
extracts of T. cucumerina leaves made by ethanolic extraction
show an inhibition activity against all human pathogenic microbes
except E.coli and the same extract made by aqueous extraction
method inhibited only a few a human pathogen including S. aureus,
P. aeruginosa and S. typhi. The seed extracts of cucumber show
antimicrobial activity against Serratia marcescens, E .coli,
Streptococcus thermophilous, Fusarium oxysporium and
Trichoderma reesei (Sood et al., 2012).

Figure 11: Cucumbers.
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Figure 12: Cucumbers.
Table 4: Cucumber: Nutritional facts (per 100g) and nutrients (mg %)
Folates

7 µg

2%

Niacin

0.098 mg

<1%

Pantothenic acid

0.259 mg

5%

Pyridoxine

0.040 mg

3%

Riboflavin

0.033 mg

3%

Thiamin

0.027 mg

2%

Vitamin A

105 IU

3.5%

Vitamin C

2.8 mg

4.5%

Vitamin E

0.03 mg

0%

Vitamin K

16.4 mg

13.6%

2 mg

0%

147 mg

3%

16 mg

1.6%

0.28 mg

3.5%

Sodium
Potassium
Calcium
Iron
Magnesium

13 mg

3%

Manganese

0.079 mg

3.5%

Phosphorus

24 mg

3%

0.20 mg

2%

Zinc

3.7 Crucifiers
Crucifiers are a group of vegetables that include broccoli,
cauliflower, sprouts, cabbage, turnip, artichoke, etc. In general,
all these vegetables are rich in dietary fibre, vitamin A, B, C and
minerals like iron, potassium, phosphorus, calcium, etc. The outer
leaves of have more nutrients than the inner florets (Ulger et al.,
2018). Artichokes can be consumed raw in salads. Sulforaphane
found in artichokes induces the functioning of antioxidant enzymes

which attacks free radicals and boost immunity in the body. Studies
suggest that influenza virus is combated by vitamin C induced
immune responses, promoting antiviral properties (Kim et al.,
2013). Cauliflower possesses compounds like choline and
glutathione that suppress virus (Morris et al., 2012). Vitamins K,
C and manganese in cauliflower gives it a diminishing oxidative
stress and keeps the body hale. Cauliflowers possess high
antioxidant capacity and anti-inflammatory. They are composed
of different types of phytochemicals like carotenoids and
tocopherols and phenolic compounds, vitamins and minerals
(Murillo and Mehta, 2001). They can be used to treat ailments
like CVD, some cancers, neurodegenerative disorders, etc. Sulphur
compound, glucosinolates found in cauliflower inhibit the
carcinogenesis pathway restricting the growth of tumour cells
(Xiaojiao and Kezhen, 2012). These crucifiers prevent breast,
lung and stomach cancers. Phytochemicals like betacarotene,
betacryptoxanthin, caffeic acid, cinnamic acid, ferulic acid,
quercetin, rutin, and kaempferol present in cauliflowers aid in
anti-inflammatory process by inhibiting the action of free radicals.
Cabbages are known for its rich phytochemical content including
vitamins (A, B complex, C, E and K) and minerals. They are low in
fat content and, hence used by people looking to control body
weight (Hasan and Solaiman, 2012). Cabbages are used to treat
diseases and disorders like cancer, diabetes, etc. Autoimmune
diseases like Alzheimer can also be treated due to its antioxidant
property. Compounds like indole-3-carbinol and glucosinolates
boost the immune system (Shama et al., 2012).
3.8 Broccoli (Brassica oleracea L.)
Broccoli is a native of Italy. It is one of the most nutritious
crucifers with green core. It is used world wide for its high
nutritional benefit (Table 5). It is rich in vitamins like A, C , B
complex and minerals like iron, selenium and calcium (Mishra
and Mukherjee, 2012). It possesses anticancer property due
to the compound di-indolymethane. This compound also
ensures proper functioning of the immune system (Shubha et
al., 2020), thus promoting antiviral and antibacterial property
of the vegetable. Antitumorous capacity is attributed by the
presence of a compound known as glucoraphanin, sulphoraphane
and indole-3-carbinol that disrupts the growth of cancer cell.
Thus, it prevents breast, colon and rectal cancer (Phillip, 2011).
β-carotene and lutein are also present in broccoli. Sulforaphane
(SFN) is a major compound found in broccoli that provides antiinflammatory property. Vitamin C present in broccoli is highly
useful in boosting immunity and protecting the defence
mechanism of the body (Jagadish et al., 2007). It also possesses
antiviral property (Antonenko et al., 2013). Aryl hydrocarbon
receptor ( A h R ), a protein that regulates intra epith elial
lymphocytes that coordinates the proper functioning of
immune cells is rich in these crucifiers.
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Table 5: Nutritional values of broccoli
S.No. Minerals
1
2
3
4
5
6
7
8
9
10

Values in mg/100 g Vita min s

Potassium (K )
Phosphorus ( P )
Calcium (Ca)
Magnesium (Mg)
Zinc (Zn)
Manganese (M n)
Copper (C u)
Iron ( Fe)
Selenium (Se)
Sodium (Na)

293.0
67.0
40.0
21.0
0.45
0.194
0.061
0.67
1.6 µg
41.0

Folate (B9 )
Ascorbic acid (C )
Pantothenic acid (B5 )
Pyridoxine (B6 )
Thiamin ( B1 )
Riboflavin (B2)
Phylloquinone ( K )
Alpha tocopherol ( E )
Choline
Retinol (A )

Values in mg/100 g
108 µg
64.9
616.0
0.2
0.063
0.123
141.1 µg
1.45
40.1
77 µg

Macronutrients
Carbohydrates
Proteins
Fat
Sugars
Dietary fiber
Water
Energy
-

(Source: Liu et al., 2018).

3.9 Green leafy vegetables
Green leafy vegetables include lettuce, chards, moringa leaves,
spinach, Amaranthus, etc. (Figure 14). They are rich in iron, fibre
and calcium. Vitamins especially A, C and B are loaded in these
varieties. Different parts of the plants offer different kinds of
nutrient. Green leaves have high nutrient content, whereas thin
leaves (spinach and moringa) have higher amount of vitamin.
Spinach is loaded with vitamin C and A that reduces the risk of
common cold (Hussein, 2020). It is also rich in minerals like
magnesium, iron, calcium and manganese. It aids in digestive system
working. It is also a mild laxative that clears the bowel system
keeping the toxins away from human body system. It also has
anti-inflammatory properties (De and De, 2020). Moringa olifera
are a native of Indian subcontinent which is known for its
exceptionally high nutrient content. They are rich in iron, zinc,
magnesium, potassium and calcium. Vitamin A, B complex and C
are found in abundance (Mbikay, 2012). M. oleifera has 7 times
more vitamin C than orange, 10 times vitamin A than carrot, 17
times calcium than milk, 15 times potassium than bananas and 25
times iron than spinach. High fibre content is used in the treatment
of colon cancer and low fat content is used in controlling diabetes
(Oduro et al., 2008).
Other important bioactive compound present is polyphenols (260
mg/100 g), quercetin (100 mg/100 g), kaempferol (34 mg/100 g)
and β-carotene (34 mg/100 g) (Arabshahi et al., 2007). It also
shows high antioxidant capacity restring free radicals from
damaging the normal cellular function, thus preventing many
disorders like diabetes (Cerf, 2013). It also shows anticancer
properties through compounds like (Hermawan et al., 2012).
Research studies suggest that Moringa leaves boost immunity
especially in HIV patients as they possess antiretroviral property
(Monera and Maponga, 2012). Extracts of these leaves are
resistant to microbes including Bacillus subtilis, Staphylococcus
aureus and Vibrio cholera (Viera et al., 2010). This is due to the
presence of compounds pterygospermin, moringine and benzyl
isothiocyanate. Overall, they are a good antidiabetic, antitumor,
antioxidant, anti-inflammatory, antimicrobial food. In cabbage
and lettuce, the outer cover of leaves contains more minerals and
vitamins (Ulger et al., 2018). These properties aid in boosting the
immunity. Basella leaves also possess vitamins like A, B, C, E, K
(Deb et al., 2018), along with antiviral property that can mainly
target against COVID-19 (Lin et al., 2009) (Figure 15).

Figure 14: Spinach.

Figure 15: Benefits of green leafy vegetables.
(Source: Singh et al., 2001)

Values in g/100 g
7.18
2.38
0.41
1.39
3.3
89.25
35 kcal
-
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3.10 Brinjal (Solanum melongena L.)
Brinjal is an Asian vegetable, also known as aubergine in European
countries. It is available in many different shapes and colours
(Figure 16). It is ranked among top 10 vegetables that have high
radical scavenging capacity (Cao et al., 1996). This is due to the
high quantities of phytochemicals including chlorogenic acid and
flavonoids including glucoside, nasunin and delphinidin (Cassidy
et al., 2013). This works as anti-inflammatory and antiobesity agent.
Apart from this benefit, extracts of brinjal also proves to be
anticancerous (Afshari et al., 2016). It is loaded with phytonutrients
that aid in curing diabetes and cholesterol as they possess very less
calories (Caguiat and Hautea, 2014). The nutrients rich in brinjal
are vitamins and minerals like iron, magnesium, calcium, etc.,
along with fibre and protein (Table 6). These minerals are important
for bone functioning (Bhasker and Kumar, 2015). Brinjals are
useful for treating many common ailments like piles, tooth ache,
inflammation, throat pain, etc. (Mak, 2013).
Purple colour of the peels is due to the presence of a compound
known as anthocyanin. They are proven to be effective against
diabetes, CVD, etc. It also shows antioxidant properties (Casati
et al., 2016). Glycoalkaloids found in brinjals possess anticancer
feature especially against lung cancer (Shen et al., 2017). Since
fibre is found in abundance, it removes toxins from thorax area
and protects the body against stomach and colon cancer (Fraikue,
2016). Nasunin anthocyan, an antioxidant combats free radicals
and protects cell membrane (Butu and Rodino, 2019). Higher

phenol content was observed in brinjal which contribute to high
antioxidant capacity (Santas et al., 2008). Similarly, high ascorbic
acid content is also found in brinjal that attributes to boosting
immune system. They also possess antiviral, antimicrobial and
anticancerous activity. Peels of the vegetable contain DR2B and
DR2C extracts that disrupt the replication process of virus
restricting the disease (Di Sotto et al., 2018). Studies show that
antimicrobial effect is found against certain microbes like Escherichia
coli, Staphylococcus aureus, Bacillus subtilis, Vibrio cholerae,
Pseudomonas sp. and B. cereus (Ahmed et al., 2016).

Figure 16: Brinjal.

Table 6: Nutritional values of brinjal
S.No. Minerals
1
2
3
4
5
6
7
8
9
10

Potassium (K )
Phosphorus ( P )
Calcium (Ca)
Magnesium (Mg)
Zinc (Zn)
Manganese (M n)
Copper (C u)
Sodium (Na)
Iron ( Fe)
-

Values in mg/100 g Vita min s
229.0
24.0
9.0
14.0
0.36
0.232
0.081
2.0
0.23
-

Folate (B9 )
Ascorbic acid (C )
Pantothenic acid (B5 )
Pyridoxine (B6 )
Thiamin ( B1 )
Riboflavin (B2)
Choline
Niacin
Phylloquinone ( K )
Alpha tocopherol ( E )

Values in mg/100 g
22 µg
2.2
0.281
0.084
0.039
0.037
6.9
0.649
3.5 µg
0.3

Macronutrients
Carbohydrates
Proteins
Fat
Energy
-

Values in g/100 g
5.88
0.98
0.18
25 kcal
-

(Source: Naeem and Ugur, 2019).

3.11 Elephant foot yam (Amorphophallus campanulatus (Roxb.) Bl.)
Elephant yams belong to Araceae family, with its maximum growth
occurring in Asia and certain African countries (Figure 18). Tubers
are usually rich in starch content and less in protein content.
Micronutrients like minerals like iron, zinc, magnesium and
calcium contribute to its healthy nature (Englberger et al., 2003).
Zinc found in yams plays a vital role in boosting the immune
system by interacting with the central and humoral immunity
(Shankar and Prasad, 1998). Magnesium is used in maintaining
proper functioning of central nervous system (CNS) (Hass and
Levin, 2006). The root extract of this plant is used in Ayurvedic
treatments for tumours, inflammations, asthma, etc., due to the
presence of alkaloids, flavonoids and phenols (Singh et al., 2017).

These low fat, high nutritional content tuber is used for tumour,
arthritis, etc. (Singh and Neeraj, 2012). Hypoglycaemic effect and
low LDL content is found in these yams and, hence can be used in
the treatment of diabetes and obesity, respectively (Reddy et al.,
2013). High fibre content found can be used in the treatment of
CVD (Gordon, 2002). Vitamins A and C present as alpha-tocopherol
and ascorbic acids act as radical scavengers. Lycopene and Betacarotene present improve their antioxidant properties. They protect
the damage caused by reactive oxygen species and other free
radicals (Figure 19). Components such as quercetin, 3, 5diacetyltambulin, amblyone, salviasperano, etc., found in this
vegetable gives it antioxidant, antitumor, in vitro cytotoxic,
antibacterial, antifungal, anti-inflammatory, immunomodulatory
properties (Patel et al., 2012).
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Figure 19: Benefits of yam.
(Source: Dufie et al., 2013)

Figure 18: Elephant foot yam.

4. Medicinal crops
4.1 Turmeric (Curcuma longa L.)
One of the most used spices in Indian cooking, turmeric is a rhizome
powder of a herb form ginger family. It is mainly grown in Asian
countries and used in their cuisines. The major compound found in
turmeric is curcuminoid due to which they impart yellow (Lampe et
al., 1910). 12 g/day is considered as a safe limit for consumption.
Turmeric is said to possess antioxidant activity along with
antibacterial and antiviral activity (Srimal and Dhawan, 1973). It has
high immune activity towards foreign bodies (Table 7). This is done
by inducing immune response via T cells, B cells and other immune
cells in the body. Studies suggest that curcumin initiate proliferation
and activation of T cells (Ranjan et al., 2004). It also increases
lymphocyte production and CD4+ cells which are an integral part of
the immune system (Li and Liu, 2005). Animal studies with mice
suggest that B-cells were activated in their mucosal line (Churchill

et al., 2000). Curcumin decreases the release of ROS (reactive
oxygen species) from macrophages (Joe and Lokesh, 1994). They
also initiate phagocytosis via macrophages.
Natural killer cells (NK cells) are a type of immune cells that are
stimulated by turmeric extracts. Rise in cytokine is the main concern
in corona which is very easily tackled by turmeric (Hewlings and
Kalman, 2017). Curcumin and turmeric extracts are mainly useful as
they are able to differentiate between disease causing foreign bodies
and other body cells, thus providing good treatment. Due to its high
immune efficiency, they are used in the treatment of auto immune
diseases. Alzheimer’s is treated by down modulating the cytokine
(Lim et al., 2001). Also used in the management of diabetes by
controlling the blood sugar levels by increasing the antioxidant activity
(Arun and Nalini, 2002). Turmeric is also in treating many such
diseases and disorders like CVD, arthritis, scleroderma, etc.

Table 7: Nutritional values of turmeric
S.No. Minerals

Values in mg/100 g Vita min s

1

Potassium (K )

2
3
4

Zinc (Zn)

5

Manganese (M n)

6

Copper (C u)

0.122

7

Iron ( Fe)

5.17

Values in mg/100 g

196.0

Alpha tocopherol ( E )

0.42

Phosphorus ( P )

28.0

Vitamin B, K, choline

Less than 2%

Magnesium (Mg)

20.0

Macronutrients
Carbohydrates

Values in g/100 g
6.31

Proteins

0.91

Fat

0.31

-

-

0.42

-

-

Dietary fiber

2.1

1.861

-

-

Water

1.21

-

-

Energy

29 kcal

-

-

-

-

(Source: Ikpaema et al., 2014).

4.2 Ginger (Zingiber officinale Rosc.)
Ginger is also a rhizome used in almost all cuisine over the whole
world as a condiment realizing its health properties (Figure 21).
They are rich in nutrients like vitamins and minerals and also in its
antioxidant property. It is also used for its anti-inflammatory
properties (Butt and Sultan, 2011). It is used to treat common
ailments like cold and cough, CVD, asthma, allergies and diabetes,
etc. It is also used in cancer treatment (Ahui et al., 2008). Animal
studies done on rat indicate that there is slight increase in RBC and

platelet count due to consumption of ginger extract (Tende et al.,
2014). Other studies suggest an increase in immunoglobins IgG
and Ig M levels after ginger extract administration (Khalil and
El-housiney, 2013). There was an increase in lymphocyte count
and neutrophil count after consumption of ginger extract as per a
study conducted with smokers and non-smokers. There was a good
response with the non-smoker community to this ginger extract in
accordance with immune cells and their functioning (Figure 22).
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4.3 Garlic (Allium sativum L.)
Garlic is known for its health promoting properties and is used for
many centuries as for its medicinal uses and also its culinary value.
It is consumed as a whole bulb, paste and juice (Figure 23). It
belongs to Alliaceae family. Garlic is low in proteins, fats and
carbohydrates but rich in minerals and vitamins (Table 8). Due to
low fat and carbohydrates, they are used for management of diabetes
and obesity (Augusti, 1996). Allicin and disulphide compounds
attribute this hypoglycaemic effect. Garlic extracts are useful in
the treatment of cold and flu, respiratory ailments, cancer and also
infections by microbes. High sulphur component in garlic interfere
with the carcinogenesis mechanism, thereby establishing their
anticancerous activity. It inhibits the proliferation of cancer cells,
preventing breast cancer, colon cancer, etc. Garlic is known for
many of its medicinal uses, especially its antiviral activity. Allicin
exhibits antibacterial activity against E. coli and such bacteria;
antifungal property against Candida albicans and such fungal
species. These are attributed due to the presence of chemical
compounds like alcohol dehydrogenase, RNA polymerase, etc.
Animal studies done with rats reveal increase in CD4 T-cells in
animals treated with garlic extract (Banerjee et al., 2002). This
increases the immune stimulating properties (Tang et al., 1997).
Activation of T-cells, lymphocytes and natural killer (NK) cells
were found with administration of garlic extract boosting the
immunity (Sumiyoshi, 1997). It is composed of many flavonoids
and anthocyanins. Organosulfur compounds like quercetin inhibits
RNA replication of virus (Kumar and Pandey, 2013). Studies show
that viral infections like polio, rhinovirus, hepatitis C, Ebola, SARS,
etc., were affected by quercetin.

Figure 21: Ginger.

Figure 22: Health benefits of ginger.
(Source: Khan et al., 2019)

Figure 23: Garlic.

Table 8: Nutritional values of garlic
S.No. Minerals

Values in mg/100 g Vita min s

Values in mg/100 g

Macronutrients

Values in g/100 g

1

Selenium (Se)

1.3 µg

Ascorbic acid (C )

2.8

Carbohydrates

2.98

2

Manganese (M n)

0.15

Pyridoxine (B6 )

0.111

Proteins

0.57

3

Copper (C u)

0.027

Thiamin ( B1 )

0.018

Dietary fiber

0.2

4

-

-

-

-

Water

5.27

5

-

-

-

-

Energy

13 kcal

(Source: Ansary et al., 2020).
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5. Conclusion
Many vegetables and fruits are rich in phytochemicals and other
nutrients that are necessary to battle diseases. Vitamins, minerals,
antioxidants are found in excess in various vegetables. Thus, a
combined and balanced diet is recommended. Nutritional
supplements are very much required to fight diseases apart from
other therapies. Viral infections especially COVID-19 that is costing
millions of lives.
COVID-19 has become a worldwide pandemic that is destabilizing

Ahmad, T.; Cawood, M.; Iqbal, Q.; Ariño, A.; Batool, A.; Tariq; Azam and
Akhtar (2019). Phytochemicals in daucus carota and their health
benefits: Review article. Foods, 9:424.
Ahmed, F.A.; Mubassara, S. and Sultana, T. (2016). Phytoconstituents,

bioactivity and antioxidant potential of some commercial brinjal
(Solanum melongena L.) cultivars of Bangladesh. Jahangirnagar
University Journal of Biological Sciences, 5:41-50.
Ahui, M .L.; Champy P. and Ramadan, A. (2008). Ginger prevents

Th 2 -mediated immune responses in a mouse model of airway
inflammation, J. Immunopharm., 8 (12):26-32.

human health in all possible direct and indirect ways. The nutritional
status of a person is affected by various factors such as age, gender,
lifestyle, etc. Thus, to maintain a hale environment, a robust immune
system is essential. Micronutrients like vitamin A, B, C, etc., along
with mineral intake like zinc, iron contribute to the same. Many
vegetables and fruits are rich in phytochemicals, antioxidants and
other nutrients that are necessary to battle diseases. Vitamins,
minerals, antioxidants are found in excess in various vegetables.
Thus, a combined and balanced diet is recommended.

Aman, F. and Masood, S. (2020). How nutrition can help to fight against
COVID-19 pandemic. Pak. J. Med. Sci.; pp:36.

The working and functioning of the micronutrients and nutritional
supplements to boost immunity and their defence mechanism against
the harmful microorganisms are well explained in this work.
Vegetables that provide these benefits such as tomato, onion,
beetroot, etc., along with medicinal herbs like turmeric, ginger and
garlic are studied. The nutraceutical and therapeutic value of these
vegetables are very much required to fight diseases apart from
other therapies. Viral infections, especially COVID that is costing
millions of lives all over the world, must be prevented than cured.
This is mainly done by boosting one’s immunity. An appropriate
diet with essential nutrients is required to handle such infections
rather than vaccines. Apart from improving the diet, staying
hydrated, staying active with physical exercises and de
stressing oneself plays an important role in overcoming
the diseases. Even after recovery of diseases, immunity is the key
to a healthy life thereafter.

Arshad, M.S.; Khan, U. and Sadiq, A. (2020). Coronavirus disease
( COVID-19 ) and immunity booster green foods: A mini review.
Food Sci. Nutr., 8:3971-3976.

Acknowledgements
The authors wish to acknowledge the Department of Science and
Technology for their financial support extended for the project
TITE SEED / TITE / 2019/77 .
Conflict of interest
The authors declare that there are no conflicts of interest relevant
to this article.
References
Abbey, B.W.; Nwachoko, N. and Ikiroma. G.N. (2017). Nutritional value

of cucumber cultivated in three selected states of nigerial. Biochem.
Anal. Biochem., 6 (3):1-3
Adnan A. Khan; Shiba Khan; Unaiza Khan and Kuntal Das (2020). The
COVID-19 pandemic. A scoping review. Ann. Phytomed., 9(1):18-26.
Afshari, F.; Serah, H.; Hashemi, Z.S.; Timajchi, M.; Olamafar, E.; Ghotbi, L.,
Asadi, M.; Elyasi, Z. and Ganjibakhsh, M. (2016). The cytotoxic effects

of eggplant peel extract on human gastric adenocarcinoma cells
and normal cells. Mod. Med. Lab J., 1:42-48.

Ansary, J.; Hernandez, F.Y.T.; Gil, E.; Cianciosi, D.; Zhang, J.; Zabaleta,
E.M.; Gandara, S.J.; Giampieri, F. and Battino, M. (2020). Potential

health benefit of garlic based on human intervention studies: A
brief overview. Antioxidants, 9 (7):1-31.
Antonenko, Y.N.; Khailova, L.S.; Knorre, D.A.; Markova, O.V.; Rokitskaya,
T. I . a nd I l ya s ova , T. M . (20 13 ). Penetrating cations enhance

uncoupling activity of anionic protonophores in mitochondria.
PLoS ONE, pp:8.

Ashok, A.D.; K. Kayalvizhi and Ravivarman, J. (2020). Indian vegetable diet

in immunity development against viral diseases. Int. J. Curr.
Microbiol. App. Sci., 9(06):3411-3417.
Augusti, K.T. (1996). Therapeutic values of onion and garlic. Indian
Journal of Experimental Biology, 34 :634-640.
Babarykin, D.; Smirnova, G.; Pundinsh, I.; Vasiljeva, S. and Krumina, G. (2019).

Red beet (Beta vulgaris) impact on human health. Journal of
Biosciences and Medicines, 7:61-79.
Baião, D.; Silva, D.; Aguila, E.M.D. and Paschoalin, V. (2017). Nutritional,

bioactive and physicochemical characteristics of different beetroot
formulations. Food Additives, 13 (1):39-49.
Baidya; Bijay; Sethy and Priyanjani (2020). Importance of fruits and
vegetables in boosting our immune system amid the COVID-19. 1:50-55.
Balasundram, N.; Sundram, K. and Samman, S. (2006). Phenolic compounds

in plants and agriindustrial byproducts: Antioxidant activity,
occurrence, and potential uses. Food Chem., 99 :191-203.
Baliga, M.S.; Haniadka, R.; Pereira, M.M.; D’Souza, J.J; Pallaty, P.P; Bhat,
H.P. and Popuri, S. (2011). Update on the chemopreventive effects
of ginger and its phytochemicals, Crit. Rev. Food Sci. Nutr., 51(6):

499-523.
Banerjee, S.K., Maulik, M., Mancahando, S.C., Dinda, A.K., Gupta, S.K. and
Maulik, S.K. (2002). Dose dependent induction of endogenous

antioxidants in rat heart by chronic administration of garlic. Life
Sciences, 70 :1509-1518.
Baranska, M.; Roman, M.; Dobrowolski, J.; Schulz, H. and Baranski, R.
(2013). Recent advances in Raman analysis of plants: Alkaloids,
carotenoids, and polyacetylenes. Curr. Anal. Chem., 9:108-127.
Basu, S.; Das, M.; Sen, A.; Choudhury, U. R. and Datta, G. (2014). Analysis

of complete nutritional profile and identification of bioactive
components present in Alocasia indica tuber cultivated in Howrah
District of West Bengal, India. Asian Pacific Journal of Tropical
Medicine, pp:S527-S533.

75
Beard, J. A.; Bearden, A. and Striker, R. (2011). Vitamin D and the antiviral state. Journal of Clinical Virology, 50 (3):194-200.
Bess ler, H. and Djaldetti, M . (2018). Broccoli and human health:

Immunomodulatory effect of sulforaphane in a model of colon
cancer. International Journal of Food Sciences and Nutrition,
8 :946-953.
Bosland, P.W. (1996). Capsicums: Innovative uses of an ancient crop. In:
J. Janick, Ed., Progress in New Crops, ASHS Press, Arlington.

pp:479-487.
Butt, M . S. and Sultan, M .T. (2011). Ginger and its health claims:
Molecular aspects, Crit. Rev. Food Sci. Nutr., 51(5):383-393.
Butu, M. and Rodino, S. (2019). Fruit and vegetable based beverages:

Nutritional properties and health benefits. Natural Beverages,
13 :303-338.
Caguiat, X.G.I. and Hautea, D.M. (2014). Genetic diversity analysis of
eggplant (Solanum melongena L.) and related wild species in the
Philippines using morphological and SSR markers, Sabrao J. Breed.
Genet., 46 (2):183-201.
Cao, G.; Sofic, E. and Prior, R.L. (1996). Antioxidant capacity of tea and

common vegetables. Journal of Agriculture and Food Chemistry,
44 :3426-3431.
Casati, L.; Pagani, F.; Braga, P.C.; Scalzo, R.L. and Sibilia, V. (2016).

Nasunin, a new player in the field of osteoblast protection against
oxidative stress. J. Funct. Foods, 23 :474-484.
Cerf, M.E. (2013). Beta cell dysfunction and insulin resistance, Front.
Endocrinol., 4:1-12.
Chisty, M.; Quddus, R.; Islam, B. and Khan, B. (1996). Effect of onion extract

on immune response in rabbits. Bangladesh Medical Research
Council Bulletin, 22 :81-85.
Christensen, L.P. and Brandt, K. (2006). Bioactive polyacetylenes in food

plants of the Apiaceae family: Occurrence, bioactivity and analysis.
J. Pharm. Biomed. Anal., 41:683-693.
Christensen, P.L. (2011). Aliphatic C17-polyacetylenes of the falcarinol

type as potential health promoting compounds in food plants of
the Apiaceae Family. Rec. Patents Food Nutr. Agric., 3:64-77.
Chu, Y.F.; Sun, J.; Wu, X.Z. and Liu, R.H. (2002). Antioxidant and anti-

proliferative activities of common vegetables. Journal of
Agricultural and Food Chemistry, 50 :6910-6916.
Churchill, M.; Chadburn, A.; Bilinski, R.T. and Bertagnolli, M.M. (2000).

Inhibition of intestinal tumors by curcumin is associated with changes
in the intestinal immune cell profile. J. Surg. Res., 89:169-175.
Clifford, T.; Howatson, G.; West, D. and Stevenson, E. (2015). The potential

benefits of red beetroot supplementation in health and disease.
Nutrients, 4 :2801-2822.
Clifford, T.; Howatson, G.; West, J.D. and Stevenson, J.E. (2015). The

potential benefits of red beetroot supplementation in health and
disease. Nutrients, 7(4):2801-2822.
Clinton, S. (1998). Lycopene: Chemistry, biology and implication for
human health and disease. Nutrition Reviews, 56(2):35-51.
Corum, J.; Grady, D.; Wee, S.L. and Zimmer, C. (2020). Coronavirus

vaccine tracker. The New Work Times.

Deepa, N.; Kaur, Ch.; Singh, B. and Kapoor, H.C. (2006). Antioxidant

activity in some red sweet pepper cultivars. J. Food Comp. Anal.
19 :572-578.
Di Sotto, A.; Di Giacomo, S.; Amatore, D.; Locatelli, M.; Vitalone, A.; Toniolo,
C.; Rotino, G.L.; Lo Scalzo, R.; Palamara, A.T.; Marcocci, M.E. and
Nencioni, L. (2018). A polyphenol rich extract from Solanum
melongena L. DR2 peel exhibits antioxidant properties and anti-

herpes simplex virus type 1 activity in vitro. Molecules, Basel,
Switzerland, 23 (8):2066.
Dias, J.S. (2012). Major classes of phytonutriceuticals in vegetables and

health benefits: A review. Journal of Nutritional Therapeutics,
1 :31-62.
Dias, J.S. (2012). Nutritional quality and health benefits of vegetables: A
review. Food and Nutrition Sciences, 3:1354-1374.
D r. A s hok, A . D . ; R a v iv ar ma n, J . and D r. K ay al v i zhi, K . (2 0 20).
Nutraceutical value of salad vegetables to combat COVID-19. J.
Pharmacogn. Phytochem., 9 (3):2144-2148.
Dufie, F.W.; Oduro, A.; Ellis, O.W.; Asiedub, R. and Dixonb, M.B. (2013).

Potential health benefits of water yam (Dioscorea alata). Food
Funct., 4 :1496-1501.
Egbung, G.E.; Atangw1ho, I.J.; Iwara, I.A.; Odey, M.O. and Eyong, E.U. (2013).

Chemical composition of root and stem bark extracts of Nauclea
latifolia. Archives of Applied Science Research, 5(3):193-196.
Eifediyi, E.K. and Remison, S.U. (2010). Growth and yield of cucumber

(Cucumis sativum L.) as influenced by farm yard manure and
inorganic fertilizer. J. Plant Breeding and Crop Sci., 2(7):216-220.
Ekeanyanwu, R.C.; Njoku O.U. and Ononogbu, I.C. (2010). The phytochemical

composition and some biochemical effects of Nigerian tigernut
(Cyperus esculentus L.) tuber. Pakistan Journal of Nutrition,
9 (7):709-715.
Elhariri, E.; El-Bendary, N.; Hassanien, E.A.; Badr, A.; Hussein, M.M.A.
and Snasel, V. (2014). Random forest based classification for crops

ripeness stages. P. Kr¨omer et al. (eds.), Proceedings of the fifth
Intern. Conf. on Innov. in Bio-Inspired Comput. and Appl. IBICA
2014, Advances in Intelligent Systems and Computing 303,
Springer International Publishing, Switzerland. pp:205-215.
Englberger, L.; Aalbersberg, W.; Ravi, P.; Bonnin, E.; Marks, G.C. and
Fitzgerald, M.H. (2003). Further analyses on Micronesian banana,

taro, breadfruit and other foods for provitamin a carotenoids and
minerals. J. Food Comp. Anal., 16(2):219-236.
Erol, Adnan. (2020). High-dose intravenous vitamin C treatment for

COVID-19 (a mechanistic approach) Erol Project Development
House for the disorders of energy metabolism Silivri-Istanbul,
Turkey. OSF Preprints. doi:10.31219/osf.io/p7ex8.
Erol, N.; Saglam, L.; Saglam, Y.S.; Erol, H.S.; Altun, S.; Aktas, M.S. and
H ali ci , M .B . (2019 ). The protection potential of antioxidant

vitamins against acute respiratory distress syndrome: A rat trial.
Inflammation, 42 :1585-1594.
Fraikue, F.B. (2016). Unveiling the potential utility of eggplant: A review,
Conference Proceedings of INCEDI, pp:883-895.
Freeman, B.B. and Reimers, K. (2010). Tomato consumption and health:
Emerging benefits. American Journal of Lifestyle Medicine, 5:182-191.

Davison, G.; Kehaya, C. and Jones, A. (2016). Nutritional and physical

Gawandae, B.M. and Thengane, G.V. (2018). Arduino based tomato ripening
stages monitoring system. IJIRSET, pp:7.

activity interventions to improve immunity. American Journal
of Lifestyle Medicine, 10 :152-169.

Ghosh, A. (2020). The wonderful benefits of carrots. J. of Nutr.,
199 (20):21-31.

76
Gonçalves, E.M.; Pinheiro, J.; Abreu, M. and Silva, C.L. (2010). Carrot

(Daucus carota L.) Peroxidase inactivation, phenolic content
and physical changes kinetics due to blanching. Journal of Food
Engineering, 97 :574-581.
Gordon, D.T. (2002). Intestinal health through dietary fiber, prebiotics,
and probiotics. Food Technol., 56 :22-23.

Jac ks on, S.J . and Singleton, K . W. (2004 ). Sulforap hane i nh ibits
mammary cancer. J. of Nutr. 134 (9):2229-2236.
John, Philip (2011). Sulforaphane from broccoli destroy cancer cells.
Mol. Nutrition and Food Research, 45 :57-68.

Goren, A.; Goldman, F.; Trainin, Z. and Goldman, R. (2002). Antiviral

Jagdish, S.; Upadhyay, A.K.; Kundan, P. and Anant, B. (2007). Variability
of carotenes, vitamin C, E, and phenolics in brassica vegetables.
Journal of Food Composition and Analysis, 20 (2):106-112.

composition derived from Allium cepa and therapeutic use thereof.
United States Patent. Patent No.: US 6:340-438. B1. Jan. 22.

Jagetia, G.C. and Aggarwal, B.B. (2007). ‘Spicing up’ of the immune system
by Curcumin. Journal of Clinical Immunology, 1:19-35.

Gupta, N. and Porter, T.D. (2001). Garlic and garlic-derived compounds

Jayawardena, R.; Sooriyaarachchi, P.; Chourdakis, M.; Jeewandara, C.
and Ranasinghe, P. (2020). Enhancing immunity in viral infections,
with special emphasis on COVID-19 : A review. Diabetes Metab.
Syndr. Clin. Res. Rev., 14:367-382.

inhibit human squalene monooxygenase. The Journal of Nutrition,
131 :1662-1667.
Hasan, M.R. and Solaiman, A.H.M. (2012). Efficacy of organic and organic

fertilizer on the growth of Brassica oleracea L. (Cabbage). Int. J.
Agric. Crop. Sci., 4(3):128-138.

Jee, J.; Hoet, A.E.; Azevedo, M.P.; Vlasova, A.N.; Loerch, S.C.; Pickworth,
C.L.; Hanson, J. and Saif, L.J. (2013). Effects of dietary vitamin A

Hasler, C.M. (1998). Functional foods: Their role in disease prevention
and health. Food Technol., 52 :63-69.

content on antibody responses of feedlot calves inoculated
intramuscularly with an inactivated bovine coronavirus vaccine.
Am. J. Vet. Res., 74:1353-1362.

Hass, E. and Levin, B. (2006). Staying healthy with nutrition, rev: The

Joe, B. and Lokesh, B.R. (2000). Dietary n 3 fatty acids, curcumin and

complete guide to diet and nutritional medicine. Berkeley,
California: Celestial Arts Publisher.
Hermawan; Nur, K.A.; Sarmoko; Dewi D.; P utri P. and Meiyanto E.
(2012). Ethanolic extract of Moringa oleifera increased cytotoxic
effect of doxorubicin on HeLa cancer cells. J. Nat. Remedies, 12:

108-114.
Hewlings, S. and Kalman, D. (2017). Curcumin: A review of its’ effects on
human health. Foods, 6:92-92.
Holick, M. F. (2007). Vitamin D deficiency. New England Journal of
Medicine, 357:266-281.
H or bowi c z, M . ; K os s on, R. ; G r zes i uk, A. a nd Bs ki , H. D. (2 00 8).

Anthocyanins of fruits and vegetables: Their occurrence analysis
and role in human nutrition. Vegetable Crops Research Bulletin,
68 :5-22.
Huang, C.; Wang, Y. and Li, X. (2020). Clinical features of patients infected

with 2019 novel coronavirus in Wuhan, China. The Lancet,
395 (10223):497-506.
Hussain, E.A.; Adiq, Z. and Zia-Ul-Ha, M. (2018). Betalains: Biomolecular

aspects. Springer International Publishing: London.
Hussein, J. (2020). Immune-boosting foods to help get you through cold
and flu season. J. of Food Science, 31(1):61-68.
Hwang, J.H. and Lim, S.B. (2014). Antioxidant and anti-inflammatory
activities of broccoli florets in LPS-stimulated RAW 264.7 Cells.
Preventive Nutrition and Food Science, 2:89-97.
Ibrahim, I.D.; Muhammad, I., Ashiru, S.; Sani, I.; Shehu, K.; Aliero, A.A.
and Aliyu, R.U. (2014). Qualitative and quantitative phytochemical

screening of Mimoso pudica plant extracts (touch me not).
American Journal of Biological Chemistry, 2(2):8-16.

capsaicin lower the release of lysosomal enzymes and eicosanoids
in rat peritoneal macrophages. Mol. Cell Biochem., 203(1-2):153-161.
Jovic, T.H.; Ali, S.R.; Ibrahim, N.; Jessop, Z.M.; Tarassoli, S.P.; Dobbs, T.D.;
Holford, P.; Thornton, C.A. and Whitaker, I.S. (2020). Could vitamins
help in the fight against COVID-19 ? Nutrients, 12 :2550.
Kale, R.G.; Sawate, A.R.; Kshirsagar, R.B.; Patil, B.M. and Mane. R.P. (2018).

Studies on evaluation of physical and chemical composition of
beetroot (Beta vulgaris L.). International Journal of Chemical
Studies, 6:2977-2979.
Kandeel, M. and Al-Nazawi, M. (2020). Virtual screening and repurposing of
FDA approved drugs against COVID-19 main protease. Life Sci.,
251 :15.
Kashif, W.; Kamran, Q.M. and Jilani, M.S. (2008). Effect of different

nitrogen levels on growth and yield of cucumber (Cucumis sativus
L.). J. Agric. Res., 46 (3):259-266.
Khalil and EL-houseiny, W. (2013). Ginger (Zingiber officinale): An

antiparasitic and its effect on health status of Clarias gariepinus
infested with gill monogenea, Egypt. J. Aquac., 3:55-62.
Khan, M.I. (2016). Stabilization of betalains: A review. Food Chem.,
197 :1280-1285.
Khan, S.; Pandotra, P.; Qazi, K.A.; Lone, A.S.; Muzafa, M.; Gupta, P.A. and
Gupta, S. (2019). Medicinal and nutritional qualities of Zingiber
officinale. Fruits, Vegetables, and Herbs, Chapter, 25 :525-549.
Kim, C.; Ahmed, J.A. and Eidex, R.B. (2011). Comparison of nasopharyngeal

and oropharyngeal swabs for the diagnosis of eight respiratory
viruses by real-time reverse transcription-PCR assays. PLoS ONE,
6 (6). doi: 10.1371/journal.pone.0021610.
Kim, Y.; Kim, H.; Bae, S.; Choi, J.; Lim, S.Y. and Lee, N. (2013). Vitamin C

Igbokwe, G.E.; Aniakor, G.C. and Anagonye, C.O. (2013). Determination
of β-Carotene and vitamin C content of fresh green pepper

is an essential factor on the antiviral immune responses through
the production of interferon-α/β at the initial stage of influenza
a virus (H3N2) infection. Immune Network, 13 (2):70-74.

(Capsicum annnum), fresh red pepper (Capsicum annum) and
fresh tomatoes (Solanum lycopersicum) fruits. Bioscientist, 1:89-93.

Kumar, D.; Kumar, S.; Singh, J.; Rashlimi, N.; Vashistha, B.D. and Singh,
N. (20 10). Free radical scavenging and analgesic activities of

Ikpeama; Ahamefula; Onwuka, G.I. and Nwankwo (2014). Nutritional

Cucumis sativus L. fruit extract. Journal of Young Pharmacist,
2 (4):365-368.

Composition of tumeric (Curcuma longa) and its antimicrobial
properties. International Journal of Scientific and Engineering
Research, 5(10):57-70.

Kumar, S. and Pandey, A.K. (2013). Chemistry and biological activities of

flavonoids: An overview. The Scientific World Journal, pp:1-16.

77
Lampe, V.; Milobedeska, J. and Kostanecki, V. (1910). Ber. Dtsch. Chem. Ges.,
43 :2163.
Lechner, J.F. and Stoner, G.D. (2019). Red beetroot and betalains as cancer
chemopreventative agents. Review Molecules, 24 :1602.
Lechner, J.F.; Wang, L.S.; Rocha, C.M.; Larue, B.; Henry, C.; McIntyre,
C.M.; Riedl, K.M.; Schwartz, S.J. and Stoner, G.D. (2010). Drinking

Mirabeau, T. and Samson, E. (2012). Effect of Allium cepa and Allium

sativum on some immunological cells in rats. African Journal of
Traditional, Complementary and Alternative Medicines, pp:3.
Mishra, P.K. and Vommika, Mukherjee (2012). Broccoli, a rich source of

nutrition and medicinal value. Proceedings Nat. Seminar on Natural
Resource, VBU, Hazaribag, pp:38-41.

water with red beetroot food color antagonizes esophageal
carcinogenesis in N -nitrosomethylbenzylamine-treated rats. J.
Med. Food, 13 :733-739.

Monera, T.G. and Maponga, C.C. (2012). Prevalence and patterns of
Moringa oleifera use among HIV positive patients in Zimbabwe: A
cross-sectional survey, J. Public Health Africa, 3:6-8.

Lee, K.A.; Kim, K.T.; Nah, S.Y.; Chung, M.S.; Cho, S. and Paik, H.D. (2011).

Morris, D.; Khurasany, M.; Nguyen, T.; Kim, J.; Guilford, F.; Mehta, R.; Gray,
D. ; Saviola, B. and Venketaraman, V. (2013). Glutathione and
infection. Biochim Biophys Acta, 1830 (5):3329-3349.

Antimicrobial and antioxidative effects of onion peel extracted
by the subcritical water. Food Science and Biotechnology, 20:543-548.
Li, Q.; Guan, X. and Wu, P. (2020). Early transmission dynamics in Wuhan,

China, of Novel oronavirus-infected Pneumonia. New England
Journal of Medicine, 382(13):1199-1207.
Li, W.; Huang, C.; Wang, Y. and Li, X. (2020). Clinical features of patients

infected with 2019 novel coronavirus in Wuhan, China. Lancet,
395 (10223):497-506. Science, 310 (5748):676-679.
Li, X. and Liu, X. (2005). Effect of curcumin on immune function of mice.
J. Huazhong. Univ. Sci. Technol. Med. Sci., 25(2):137-140.

Murillo, G. and Mehta, R.G. (2004). Cruciferous vegetables and cancer
prevention. Nutr Cancer, 41 (1-2):17-28.
Naeem,Y. and Ugur, S.M. (2019). Nutritional content and health benefits

of eggplant.Turkish Journal of Agriculture-Food Science and
Technology, 7 (sp3):31-36.
Nangia, N. (2018). What are the best vegetables to boost your immune system.
Science, 79 (2):101-111.
Neelwarne, B. and Halagur, S.B. (2013). Red beet: An overview. In: B

neelwarne, Red beet biotechnology-food and pharmaceutical
applications. Springer Science+Business Media, New York, pp:1-43.

Liang, Y.; Wei, P.; Duke, R.W.; Reaven, P.D.; Mitchell Harman, S.; Cutler, R.G.
and Heward, C.B. (2003). Quantification of 8-isoprostaglandin-F2
and 2-3-dinor-8-iso-prostaglandin-F2 in human urine using liquid

Nguyen, H.H.V. and Nguyen, L.T. (2015). Carrot processing. In handbook

chromatography-tandem mass spectrometry. Free Radical Biology
and Medicine, 34 :409-418.

of vegetable preservation processing, 2nd ed.; Hui, Y.H., Evranuz,
E.Ö., Eds.; CRC Press: Boca Raton, FL, USA. pp:449-478.

Liliana, C. and Oana-Viorela, N. (2020). Red beetroot: Composition and

Oduro, W.O. and Ellis, D. (2008). Owusu, Nutritional potential of two leafy

health effects: A review. Journal of Nutritional Medicine and Diet
Care, pp:2.

vegetables: Moringa oleifera and Ipomoea batatas leaves, Sci.
Res. Essays, 3:57-60.

Liu, Q.; Bengmark, S. and Qu, S. (2010). Nutrigenomics therapy of hepatisis
C virus induced-hepatosteatosis. BMC Gastroenterol., 10 :49.

Osuagwu, G.G.E and Ejikeme, F.O. (2015). The antimicrobial activity of

Liu, X. and Lv, K. (2012). Cruciferous vegetables intake is inversely

associated with risk of breast cancer: A meta-analysis. Breast,
22 (3):309-313.
Liu, M.; Zhang, L.; Ser, S.L.; Cumming, R.J. and Kang-Mo-Ku (2018).

Comparative phytonutrient analysis of broccoli byproducts: The
potentials for broccoli byproduct utilization. Molecules, 23(4):900.
Mahassni, S.H. and Bukhari, O.A. (2019). Beneficial effects of an aqueous

the leaves of some wild cucurbitaceae species from South-East
Nigeria. Human Journals Research Article, 2(4):21-30.
Pan, Y.; Zhang, D.; Yang, P.; Poon, L.L.M. and Wang, Q. (2020). Viral load of
SARS-CoV -2 in clinical samples. The Lancet Infectious Diseases,
20 (4):411-412.
Park, S.Y.; Yoo, S.S.; Shim, J.H. and Chin, K.B. (2008). Physicochemical

properties, and antioxidant and antimicrobial effects of garlic
and onion powder in fresh pork belly and loin during storage.
Journal of Food Science, 73:C577-C583.

ginger extract on the immune system cells and antibodies, hematology,
and thyroid hormones in male smokers and non-smokers. Journal
of Nutrition and Intermediary Metabolism, pp:10-17.

Patel, M. (2020). How does COVID-19 affect your respiratory system. Sci.
Res. Essays, 4:39-45.

Marín, A.; Ferreres, F.; Tomás-Barberán, F.A. and Gil, M.I. (2004).

Periago, M.J.; Jacob, K. and Boehm, V. (2008). Influence of lycopene and
vitamin C from tomato juice on biomarker of oxidative stress and
inflammation. Br. J. Nutr., 99 :137-146.

Characterization and quantitation of antioxidant constituents of
sweet pepper (Capsicum annuum L). J. Agric. Food Chem., 52 :
3861-3869.
Márkus, F.; Dood, H.G.; Kapitány, J. and Biacs. P.A. (1999). Change in the

carotenoid and antioxidant content of spice red pepper (paprika)
as a function of ripening and some technological factors. J. Agric.
Food Chem., 47 :100-107.
Mbikay, M. (2012). Therapeutic potential of Moringa oleifera leaves in

chronic hyperglycemia and dyslipidemia: A review, Front.
Pharmacol., 3 :1-12.
Meydani, S.N. (1997). Vitamin E supplementation and in vivo immune
response in healthy elderly subjects. JAMA, 277:1380-1386.

Pike, J.W. and Christakos, S. (2017). Biology and mechanisms of action of
the vitamin D hormone. Endocrinology and Metabolism Clinics,
46 :815-843.
Podsędek, A.; Redzynia, M.; Klewicka, E. and Koziołkiewicz, M. (2014).

Matrix effects on the stability and antioxidant activity of red
cabbage anthocyanins under simulated gastrointestinal digestion.
BioMed. Res. Int., 21 :79-86.
Ranjan, D.; Chen, C. ; Johnston, T.D.; Jeon, H and Nagabhushan, M.
( 2 0 0 4 ) . Curcumin inhibits mitogen stimulated lymphocyte
proliferation, NFκ B activation, and IL-2 signaling. J. Surg. Res.,
121 (2):171-177.

78
Rasquinha, R.G. (2013). Broccoli boosts your immunity. Science, 21:11-17.

Singh, B. and Hathan, B.S. (2014). Chemical composition, functional

Reddy, H.A.; Jamuna, J.B.; Paramahans, V.S. and Mallikarjuna, A.S. (2013).

properties and processing of beetroot: A review. Int. J. Sci. Eng.
Res., 5 (1):679-684.

Antidiabetic effect of elephant-foot yam (Amorphophallus
paeoniifolious (Dennst.) Nicolson) in streptozotocin-induced
Diabetic Rats. Intl. J. Biomed. Pharma. Sci., 7(1):1-6.

Singh, G.; Kawatra, A. and Sehgal, S. (2001). Nutritional composition of

Rodrigues, A.S.; Fogliano, V.; Graziani, G.; Mendes, S.; Vale, A.P. and
Goncalves, C. (2003). Nutritional value of onion regional varieties

Škerget, M.; Majheni, L.; Bezjak, M. and Knez, Z (2009). Antioxidant,

in Northwest Portugal. Electronic Journal of Environmental
Agricultural and Food Chemistry, pp:519-524.
Sancho, R.; Lucera, C.; Macho, A.; Calzado, M. A.; Blanco-Molina, M.;
Minassi, A.; Appendino, G. and Mu˜nnoz, E. (2002). Immunosuppressive

activity of capsaicinoids: Capsiate derived from sweet peppers
inhibits NF -κ B activation and is a potent antiinflammatory
compound in vivo. Eur. J. Immunol., 32:1753-1763.
Sanderson, J.; Mclauchlin, W. and Williamson, G. (1999). Quercetin inhibits

hydrogen peroxide-induced oxidization of the rat lens. Free Radical
in Biology and Medicine, 26 (6):639-645.
Santas. J.; Carbó, R.; Gordon, M.H. and Almajano M.P. (2008). Comparison

of the antioxidant activity of two Spanish onion varieties. Food
Chem., 107 :1210-1216.
Sarkar, D. and Rakshit, A. (2017). Red cabbage as potential functional

foo d in the present perspective. International Journal of
Bioresource Science, pp:1.
Sawitri, Komarayanti, Wiwik, Suharso and Elfien, Herrianto (2020). Local

fruits and vegetables of Jember District that can increase immunity
during the Covid-19 Pandemic. J. Pharm. Biol., 2(1):21-27.
Shama, S.N.; Alekhya, T. and Sudhakar, K. (2012). Pharmacognostical and

phytochemical evaluation of Brassica oleracea Linn var. capitata
f. rubra (the red cabbage). J. Pharm. Biol., 2(2):43-46.
Shankar, A.H. and Prasad, A.S. (1998). Zinc and immune function: The

biological basis of altered resistance to infection. Am. J. Clin.
Nutr., 68 (2):447S-63S.
Shen, K.H.; Hung, J.H.; Chang, C.W.; Weng, Y.T.; Wu, M.J. and Chen, P.S.
(2017). Solasodine inhibits invasion of human lung cancer cell
through downregulation of miR-21 and MMPs expression. ChemicoBiological Interactions, 268:129-135.
Shidfar, F.; Froghifar, N.; Vafa, M.; Rajab, A.; Hosseini, S. and Shidfar, S.
(201 1). The effects of tomato consumption on serum glucose,
apolipoprotein B , apolipoprotein A I , homocysteine and blood

pressure in type 2 diabetic patients. Int. J. Food Sci. Nutr.,
62 (3):289-294.
Shubha, K.; Reetu; Anand, S. and Mukherjee, A. (2020). Broccoli: A
potential functional food. Food and Scientific Reports, 1(5):26-28.
Silva Dias, J.C. (2014). Nutritional and health benefits of carrots and
their seed extracts. Food and Nutrition Sciences, 5:2147-2156.

selected green leafy vegetables, herbs and carrots. Plant Foods for
Human Nutrition, 56 :359-364.
radical scavenging and antimicrobial activities of red onion
(Allium cepa L.) skin and edible part extracts. Chemical and
Biochemical Engineering Quaterly, 23 :435-444.
Søltoft, M.; Bysted, A.; Madsen, K.H.; Mark, A.B.; Bügel, S.G.; Nielsen, J.
and Knuthsen, P. (2011). Effects of organic and conventional growth

systems on the content of carotenoids in carrot roots, and on
intake and plasma status of carotenoids in humans. J. Sci. Food
Agric., 91 :767-775.
Sood, A.; Kaur, P. and Gupta, R. (2012). Phytochemical screening and

antimicrobial assay of various seeds extract of cucurbitaceae family.
International Journal of Applied Biology and Pharmaceutical
Technology, 3 (3):401-409.
Soto-Vaca, A.; Gutierrez, A.; Losso, J.N.; Xu, Z. and Finley, J.W. (2012).

Evolution of phenolic compounds from color and flavor problems
to health benefits. J. Agric. Food Chem., 60 :6658-6677.
Spinas, E.; Saggini, A.; Kritas, S.K.; Cerulli, G.; Caraffa, A.; Antinolfi, P.;
Pantalone, A.; Frydas, A.; Tei, M. and Speziali, A. (2015). Crosstalk
Between vitamin B and immunity. J. Biol. Regul. Homeost. Agents.,
29 :283-288.
Srimal, R.C. and Dhawan, B. (1973). Pharmacology of diferuloyl methane

(curcumin), a non-steroidal anti-inflammatory agent. J. Pharm.
Pharmacol., 25 (6):447-452.
Strack D.; Vogt, T. and Schliemann, W. (2003). Recent advances in betalain
research. Phytochemistry, 62 :247-269.
Sumiyoshi, H. (1997). New pharmacological activity of garlic and its
constituent (review). Folia Pharm. Japonica, 110(Supp.1):93-97.
Sun, T., Simon, P.W. and Tamumuhardjo, S.A. (2009). Antioxidant

phytochemicals and antioxidant capacity of biofortified carrots
(Daucus carota L.) of various colors. Journal of Agricultural and
Food Chemistry, 57 :4142-4147.
Sun, T.; Xu, Z.; Wu, C.T.; Janes, M.; Prinyawiwatkul, W. and No, H.K. (2007).

Antioxidant activities of different colored sweet bell peppers
(Capsicum annuum L.). J. Food Sci., 72:S98-S102.
Sung, D.; Lee, J.H.; Kim, H.; Jung, J. and Young, H. (2013). The effect of
ginger extracts on the antioxidant capacity and IgG concentrations

in the colostrum and plasma of neoborn piglets and sows. Livestock
Science, 145:(3):117-112.
Sun-Pan, B.; Kuo J.M. and Wu, C.W. (2006). Flavor compounds in foods. In:

zdzislaw E sikorski, chemical and functional properties of food
components. (3rd edn), CRC Press, Taylor and Francis Group.

Simon, P.W. (2000). Domestication, historical development and modern
breeding of carrot. Plant Breeding Reviews, 19 :157-190.

Tang, G. (2010). Bioconversion of dietary provitamin A carotenoids to
vitamin A in humans. Am. J. Clin. Nutr., 91:1468S.

Singh, A. and Neeraj, W. (2012). Osmotic dehydration of Amorphophallus

paeoniifolius slices and it’s phytochemical investigation. Int. J.
Pharm. Life Sci., 3(1):1797-1801.

Tang, Y.W.; Schmitz, J.E.; P ersing, D.H. and Stratton, C.W. (2020).
Laboratory diagnosis of COVID-19: Current issues and challenges.
Journal of Clinical Microbiology, 58(6).

Singh, A.K.; Chaurasiya, A.K. and Mitra, S. (2017). Assessment of

Tang, Z.Z., Sheng, S., Liu, X., Jian, K.S. and Yan, M. (1997). Preventive

antinutritional changes in elephant foot yam (Amorphophallus
paeoniifolius Dennst-Nicolson) cultivars. Vegetable Science,
44 (2):57-61.

function of garlic on experimental oral precancer and its effect
on natural killer cells. Bulletin of Human Medicine and Universe,
22 :31246-31248.

79
Tende, J.A.; Ayo, J.O.; Mohammed, A. and Zezi, A.U. (2014). Effect of

Weiss, S.R. and Leibowitz, J.L. (2011). Coronavirus pathogenesis. Advances

garlic (Allium sativum) and ginger (Zingiber officinale) extracts
on haemato-biochemical parameters and liver enzyme activities
in Wistar rats, Int. J. Nutr. Food Sci., 3(5):380-386.

in virus research, pp:85-164. doi: 10.1016/b978-0-12-3858856.00009-2.

Trottier, C.; Colombo, M.; Mann, K.K.; Miller, W.H. and Ward, B.J. (2009).
Retinoids inhibit measles virus through a type I IFN -dependent
bystander effect. FASEB J ., 23:3203-3212.
Ulger, T.G.; Songur, A.N.O.C. and Cakiroglu, F.P. (2018). Role of vegetables

in human nutrition and disease prevention, vegetables: Importance
of quality vegetables to human health. Ed. Asaduzzaman and Toshiki
Asao. In. Intech Open.
U zua zokaro, M .M . A. ; Okwe s il i , F.C. N. and Chioma, A. A . (20 1 8).

Phytochemical and proximate composition of cucumber (Cucumis
sativus) fruit from Nsukka, Nigeria. African Journal of
Biotechnology, 38 :1215-1219.
Van het Hof, K.H., West, C.E., Weststrate, J.A. and Hautvast, J.G. (2000).

Dietary factors that affect the bioavailability of carotenoids. J.
Nutr., 130:503-506.
Viera, G.H.F; Mourão, J.A; Ângelo, Â.M.; Costa, R.A. and Vieira R.H.S.D.F.
(2010). Antibacterial effect (in vitro) of Moringa oleifera and

Annona muricata against Gram-positive and Gram-negative
bacteria, Rev. Inst. Med. Trop. Sao Paulo, 52 :129-132.
Vivek, K.B.; Ji-Eun, K.; Yong-Ha, P. and Sun, C.K. (2017). In vivo

pharmacological effectiveness of heat-treated cucumber (Cucumis
sativus L.) juice against CCI4-induced detoxification in a rat model.
Indian Journal of Pharmaceutical Education and Research,
51 (2):280-287.
Wang, Y.H.; Joobeur, T.; Dean, R.A. and Staub, J.E. (2007). Cucurbits-genome

mapping and molecular breeding in plants. Vegetables, pp:375.

Wessels, I.; Maywald, M. and Rink, L. (2017). Zinc as a gatekeeper of
immune function. Nutrients, 9 (12):1286.
Wölf el, R.; C orman, V.M . and Guggemos , W. (2020 ). Vi rologi cal
assessment of hospitalized patients with COVID-2019 . Nature,
581 (7809):465-469.
Wootton-Beard, P.C.; Moran, A. and Ryan, L. (2011). Stability of the total

antioxidant capacity and total polyphenol content of 23 commercially
available vegetable juices before and after in vitro digestion
measured by FRAP, DPPH, ABTS and folin-ciocalteu methods. Food
Research International, 44 :217-224.
Wright, O.R.L.; Netzel, G.A. and Sakzewski, A.R. (2013) . A randomized,

double-blind, placebo-controlled trial of the effect of dried purple
carrot on body mass, lipids, blood pressure, body composition,
and inflammatory markers in overweight and obese adults: The
QUENCH Trial. Can. J. Physiol. Pharmacol., 91 :480-488.
Wu, C. P.; Calcagno, A. M.; Hladky, S. B.; Ambudkar, S.V. and Barrand, M.
A. (2005). Modulatory effects of plant phenols on human multidrug
resistance proteins 1, 4 and 5 (ABCC1 , 4 and 5). FEBS Journal,

272(18):4725-4740.
Wu, F.; Zhao, S. and Yu, B. (2020). A new coronavirus associated with
human respiratory disease in China. Nature, 579(7798):265-269.

doi: 10.1038/s41586-020-2008-3.
Yang, C.; Yang, X.; Du, J.; Wang, H.; Li, H.; Zeng, L.; Gu, W. and Jiang, J.
(2015). Retinoic acid promotes the endogenous repair of lung

stem/progenitor cells in combined with simvastatin after acute
lung injury: A stereological analysis. Respir. Res., 16:140.

Webb, A.L. and Villamor, E. (2007). Update: Effects of antioxidant and

Zhu, N.; Zhang, D. and Wang, W. (2020). A novel coronavirus from patients

non-antioxidant vitamin supplementation on immune function.
Nutr. Rev., 65:181-217.

with pneumonia in China, 2019. New England Journal of Medicine,
382 (8):727-733. doi: 10.1056/nejmoa2001017.

Citation A. Indhuleka, R. Sanjana, J. Janet and V. Ragavi (2020). Importance of vegetables as healthier diet in the
management of COVID-19 pandemic. Ann. Phytomed., 9(2):62-79. http://dx.doi.org/10.21276/ap.2020.9.2.6

