
146

Article Info
Article history
Received 11 May 2021
Revised 26 June 2021
Accepted 27 June 2021
Published Online 30 June 2021

Keywords
COVID-19
Functional foods
Fruits
Antioxidant
Immune health

Role and significance of fruits in boosting immunity against COVID-19 infections
A. Indhuleka, R. Sanjana*, J. Janet and V. Ragavi
Department of Science and Humanities, Sri Krishna College of Engineering and Technology, Coimbatore-641008, Tamilnadu, India
*Department of Business Management, Sheffield Hallam University, Sheffield, United Kingdom

Abstract
Novel coronavirus disease-19 (COVID-19) has been declared as a world pandemic which is responsible for high
mortality rate. Finding a clinical cure for the same is difficult due to its variable characteristics. Thus,
prevention is the most adaptive way to improve the current pandemic situation. Various studies suggest that
patients with compromised immune health are the most susceptible host for this virus. This can be overcome
by consumption of functional foods rich in nutritional components that boosts the human immune health.
Recommended diet to improve the functioning of immune system includes vegetables, fruits, legumes, etc.
They contain high quantities of protein, vitamins, minerals and phytochemicals that enhance the antioxidant
and anti-inflammatory capabilities. Nutraceutical rich fruits like apples, papayas, citrus, berries and pineapples
are under consideration to boost the immunity and keep the infections at bay. Apart from dietary
supplementation, a good sleep combined with exercise routine can enhance the functioning of immune
system and decrease the viral impact to a greater extent.
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1.   Introduction

1.1  Coronavirus and importance of enhancing the immunity

The first case of coronavirus, (SARS-CoV-2) was found in Wuhan,
China during December 2019. From then, the virus has spread all
over the world, making it a world-wide pandemic which caused
millions of deaths and still counting. This viral infection is more
susceptible to elders and babies whose immune strength is weak
(Zhu et al., 2020). This virus is an enveloped single stranded RNA
that is classified as alpha, beta, delta and gamma; of which alpha
and beta is the main cause for COVID-19. Coronavirus primarily
attacks the respiratory tract and destroys the epithelial cells. This
causes cough, breathing difficulty, onset of fever, fatigue, etc., as
symptoms (Huang et al., 2020). Transmission of the virus happens
through human contact via the infected droplets of the COVID-19
patients while performing actions such as talking, sneezing, coughing,
etc. Thus, minimizing the contact and wearing masks and other
protective equipment reduces the contractibility. Therapeutic
treatment suggests the usage of antiviral drugs and application of
vaccines. With ongoing research on the latter, prevention of the
viral outbreak by nutrient-rich diet is the most advisable form of
strengthening immune system that is supplied by taking in more of
vegetables, whose importance has been reviewed in detail by
Indhuleka et al. (2021).

Evidences show that it is difficult for the viral load to enter into the
system of people with strong immune health. Foods possessing
antiviral and immune boosting capacities work in many mechanisms

to deter the virus by boosting the immune system, fastening the
antiviral functioning inside the body and reducing the complications
of the virus attack on body parts. Fruits and vegetables have positive
effect on the human body by alleviating many chronic ailments like
cardiovascular disease (CVD), diabetes, respiratory disorders,
cancer, etc. The complete nutraceutical effect can be experienced
by a complex vitamin, minerals, polyphenols, terpenoids,
flavonoids, etc. (Alkhatib et al., 2017). Fruits are rich in vitamins A,
B, C, D, E and minerals like zinc, selenium, magnesium, iron, etc.,
that boost the immunoprotective properties. Fermented foods and
fruit juices increase the good gut microbiota which improves the
immune health. They reduce the harsh effects of cancers, CVD and
other metabolic disorders (Kang et al., 2005). Reactive oxygen
species are produced due to various enzymatic reactions happening
inside the body. This decreases the efficacy of the immune system
and weakens it. Thus, scavenging of these radicals are vital to
improve this condition, where comes the play of antioxidants.
Antioxidants are rich in various fruits. All these compounds work
in such a way that they modify the metabolism or mechanism of
the pathogens, thus restricting the replication and production
process of the virus. Some of the fruits reviewed on their basic
nutritional properties and their mechanism to boost immune health
are apples, papaya, pineapples, olives, citrus and berries, etc.

2. Nutraceuticals in fruits

Nutraceuticals are compounds that exert health benefits to human
health. These compounds are extracted from the food and can be
consumed as a part of daily diet to prevent the attack of some
serious disorders. Some of such nutraceuticals that boost immunity
in human are in the form of functional products like fibre, vitamins,
polyphenols, etc. Studies suggest that these polyphenols act as
antioxidants that hinder the pathways of chronic ailments
(Siriwardhana et al., 2013).
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2.1 Dietary fibres

Fibres are complex carbohydrates that are rich in fruits, vegetables,
nuts and legumes. Consumption of these in the right amount has
many health benefits. They also improve the gut microbiome. These
in turn produces SCFA-short chain fatty acids that are vital in
immunomodulatory mechanisms (Tan et al., 2014). They also
regulate inflammatory actions. Not just by increasing the favourable
microbes, they also destroy the pathogenic microbes and improve
the immune health. This maintains good functioning of the nasal
and respiratory tract. Increased immune cells in mice are observed
when injected with probiotics. Studies conducted reveal that
consumption of extra 10 g of fibre reduced the risk of respiratory
ailments by 34% (Kan et al., 2008).

2.2 Vitamins

2.2.1 Vitamin A

Carotenoids are one of the important sources of vitamin A. They
play an important role in keratinization, differentiation, stratification
and defence in human body. They form mucous layer important for
enhancing antigen non-specific immunity functions (McCullough
et al., 1999). Retinoic acid is another active form of vitamin A
which promotes the activation of NK immune cells. This acid also
regulates adaptive immune system (Worbs et al., 2017). Thus, a
diet rich of vitamin A is always required to combat COVID-19 and
such viral infections.

2.2.2 Vitamin B

Vitamin B complex is a rich set of vitamins that performs various
functions in body regulation. Vitamin B2 along with UV radiations
was used to reduce the viral load in MERS-CoV. Vitamin B1 and B3
induces the production of some or all of IL-1β, IL-1, IL-6, COX-2,
and TNF-α. Vitamin B3 is used in the treatment of lung inflammation.
Vitamin B6 is related to humoral and cell-mediated immunity. Vitamin
B12 acts as an immunomodulator. Research shows that AIDS patients
showed deficiency in vitamin B complex (Poudel-Tandukar and
Chandyo, 2016).

2.2.3 Vitamin C

Vitamin C in the form of ascorbic acid, is the most important vitamin
to enhance immunity in the body cells. It has high radical scavenging
capabilities making it a natural antioxidant. They perform as a
cofactor for many immunomodulatory pathways (Carr et al., 2015).
Ascorbic acid plays a role in maturation and differentiation of T-
cells, NK cells and they also stimulate neutrophil production
(Huijsken et al., 2015). People affected with cold, pneumonia and
major respiratory ailments showed vitamin C deficiency. Thus,
consumption of vitamin C via daily diet is highly essential to
maintain a good immune health.

2.2.4 Vitamin D

Calcitriol, the active form of vitamin D looks after the bone health.
It also regulates the immune health by expressing the T-cells which
can perform only after binding to the calcitriol (Mosekilde, 2005).
Vitamin D also stimulates the action of other immune cells. The
immune modulatory effects of vitamin D include, fighting directly
against microbes, monocytes and other innate antigen presenting
cells (APC), in particular dendritic cells (DC). APC are responsible
for the initiation of the adaptive immune response by presenting

the antigens to T cells and B cells and are able to modulate them by
either immunogenic or tolerogenic signals such as cytokines and
expression of co-stimulatory molecules. Studies show that vitamin
D supplementation reduces the number of SARS-CoV-2 virus
particles from attaching to the body cells.

2.2.5 Vitamin E

Vitamin E is made of tocopherols and tocotrienols. They are
important in the protection of influenza like infections (Meydani
et al., 2005). Vitamin E along with vitamin C synergistically shows
many health benefits. They act as antioxidants and reduce the
oxidative stress; also shows anti-inflammatory activities. Vitamin
E regulates the innate and adaptive immune system by increasing
the NK, B, T immune cells (Marko et al., 2007).

2.3 Minerals

2.3.1 Zinc

Zinc deficiency is proven to increase the susceptibility of viral
infections. The un-chelated zinc form shows antiviral activity. This
element is vital for the differentiation of immune cells. Zinc helps
in proliferation of CD8 + t-cell; which is an important cell in
boosting immunity (Wintergerst et al., 2007). It acts as co-factor
for many enzymes that functions for antioxidant. Studies suggest
that pneumonia attacks patients with zinc deficiency (Barnet et
al., 2010). Supplementation of zinc reduced the symptoms of cold
and flu.

2.3.2 Iron

Vitamin A and iron deficiency go hand-in-hand since vitamin A
modulates iron metabolism. Iron is an important element in proper
DNA functioning. Iron also helps in proliferation of T-lymphocytes
(Alpert, 2017). Antibody production is improved in system by
having adequate levels of iron intake. This strengthens the innate
and adaptive immunity in the body.

2.3.3 Selenium

Selenium is important in antioxidant actions. They proliferate T-
lymphocyte involved in immunoglobin production during the
attack of pathogens (Saeed et al., 2016). Selenium improves the
vaccine response. This element is directly connected to innate
immunity.

2.4 Polyphenols

Polyphenols are a group of secondary plant metabolites. They
have at least one aromatic ring along with more hydroxyl groups.
These polyphenols are grouped according to their chemical
structures as flavonoids, flavanones, flavans, flavanols,
anthocyanidins, proanthocyanidins, dihydroflavonols, isoflavones,
flavan-3-ol and non-flavonoids (benzoic acids, xanthones, stilbenes,
chalcones, lignans, benzophenones, coumarins, simple phenols,
hydrolysable tannins, benzoic and cinnamic acids).

2.5 Flavonoids

Flavonoids comprise of benzoic ring with pyran rings. They are
divided as flavonols and flavanols. These are mainly present in
citrus and berry fruits. Flavanones are comprised of hesperetin,
naringenin, eriodictyol, naringin, neohesperidin, narirutin, and
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hesperidin (Ren et al., 2016). Naringenin regulates the glucose levels
and maintains lipid profile. They also intrude the cell proliferation
of cancer cells which reduce the risk of cancer (Gupta et al., 2014).
Quercetin is rich in strawberries and raspberries with high
antioxidant capacity. This compound reduces the risk of asthma,
diabetes and cancer (Knekt et al., 2002). Catechin reduces the
oxidative stress. Epicatechin improves insulin secretion, thereby
regulating diabetes and obesity (Cremonini et al ., 2016).
Anthocyanins are responsible for the colour of the fruits. They
decrease the oxidative damage of protein and DNA by scavenging
the radicals (Thilavech et al., 2016). They also induce apoptosis
and reduce the risk of cancer. The fruits containing these components
are recommended for cancer patients in their diet.

The non-flavonoid compounds comprise of resveratrol, gallic acid,
ellagic acid, chlorogenic acid, ferulic acid, caffeic acid and coumaric
acid. Resveratrol is mainly found in grapes, cranberries and
blueberries. It reduces the body fat and regulates obesity. The
concentration of good bacteria such as (Lactobacillus and
Bifidobacterium) increases and improves the gut microbiota (Brown
et al., 2015). Chlorogenic acids are found in apples, berries and
grapes. They reduce the inflammation process. Ferulic acid also
acts an anti-inflammatory agent by reducing the activity of NFkB
(Hole et al., 2012). Coumaric acid and caffeic acid shows high
antioxidant capacity. Gallic acid and ellagic acids are found in
blackcurrants and berries, respectively; both showcasing antioxidant
and anti-inflammatory activities.

3.  Immunity boosting fruits

Table 1: Fruits and their active ingredients in boosting immunity

Fruit (Common name) Scientific name Family Active ingredient boosting immunity

Dates Phoenix dactylifera L. Palmaceae Vitamin A, flavonoids, iron

Olive Olea europaea L. Oleaceae Vitamin E, triterpenoids, PUFA

Passion fruit Passiflora edulis Passifloraceae Vitamin A. vitamin C

Persimmon Diospyros kaki L. Ebenaceae Vitamin C, vitamin E, tannins, phenolic acid

Pineapple Ananas comosus L. Bromeliaceae Vitamin C, bromelain, flavonoids, malic acid

Papaya Carica papaya L. Caricaceae Ascorbic acid, papain, proteolytic enzymes

Dragon fruit Selenicereus undatus Cactaceae Vitamin C, vitamin D, zinc, carotenoids,

oligosaccharides as prebiotics

Prickly pear Opuntia ficus-indica Cactaceae Ascorbic acid, vitamin E, tocopherol

Muskmelon Cucumis melo L. Cucurbitaceae Caffeic acid, ferulic acid, minerals (B, Ca, K, Se, Zn)

Watermelon Citrullus lanatus Cucurbitaceae Vitamin C, L-citrulline, minerals (Mg, Ca, Zn, Cu, K)

Apple Malus domestica Rosaceae Vitamin A, vitamin C, short chain fatty acids as

prebiotic, phytosterols

Pear Pyrus communis L. Rosaceae Vitamin C, zinc, iron, chlorogenic acid

Apricot Prunus armeniaca L. Rosaceae Carotenoids, ascorbic acid, flavonoids, zinc

Orange Citrus sinensis Rutaceae Vitamin C, vitamin E

Citron Citrus medica Rutaceae Carotenoids, ascorbic acid, phenolic acid

Lemon Citrus limon Rutaceae Carotenoids, ascorbic acid, zinc

Strawberry Fragaria ananassa Rosaceae Vitamin C, ellagic acid, procyanidins

Blueberry Vaccinium corymbosum Ericaceae Flavanoids, polyphenols

Cranberry Vaccinium macrocarpon Ericaceae Vitamin C, vitamin E, ellagic acid, anthocyanins

Blackberry Rubus fruticosus Rosaceae Carotenoids, anthocyanins, iron
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3.1 Dates (Phoenix dactylifera L.)

Date palm fruit belongs to the family Palmae called as Arecaceae. It
is a monocotyledonous species that is found mostly in arid and
semi-arid regions (El Hadrami and Al-Khayri, 2012).  The date
palm trees take up to 8 years to bear fruits that are about 3 to7 cm
in length and 2 to 3 cm in width. Most of the fruits contain stone
inside. The colour of the fruit varies from red to brown during
various ripening stages. The four ripening stages are kimiri, balah,
rutab and tamar (unripe to fully ripen stage, respectively). Dates
are rich in fibre content that varies depending on the types, ripening
stages and the climatic conditions (Elleuch et al., 2008).

Dates

Fibres are highest in kimir stage (250 g/kg) and decreases drastically
as it proceeded to tamar stage (50 g/kg). This is due to the fact that
as they ripe, the fibres are enzymatically converted to soluble
components that produce fresh and tender date fruit. On average,
the fibre content ranges from 8-13 g/100 g in fresh fruits and 18-30
g/100 g in dried fruits. Apart from high dietary fibre, dates also
contain high carbohydrate in the form of sugar content (sucrose,
glucose and fructose). The sugar content in fresh fruits are less than
in dry fruits as the drying process reduces the water activity,
thereby increasing the sugar content (Myhara et al., 1999).  Unlike
fibres and sugar, date fruits possess very less protein and lipid
content. The protein content in fresh and dry dates is 1.50 and 2.14
g/100 g. These proteins account for non-oxidative browning
reactions. A variety of amino acids are present in these fruits such
as aspartic acid, proline, glycine, histidine, valine, leucine and arginie,
unlike theronine, serine, methionine, isoleucine, tyrosine,
phenylalnine, lysine, and alanine (Assirey, 2015). These fruits also
possess a range of saturated fatty acids (capric, lauric, myristic,
palmitic, stearic, etc.) and unsaturated fatty acids (palmitoleic, oleic,
linoleic, and linolenic acid). These acids improve the organoleptic
properties of the fruit. Minerals such as iron, zinc, manganese,
potassium, calcium, phosphorous, etc., are found in abundance in
this fruit. Studies done in Indian variety of dates showed that
potassium was found the maximum (713-894 mg/100 g), followed

by calcium (70.33-195.33 mg/100 g), magnesium (53.33-58.33 mg/
100 gm) and phosphorous (15- 52.66 mg/100 gm) (Vinita and Punia,
2016). Iron ranged from 4-6 mg/100 gm. Vitamin B-complex, C, K
and A are found in dates. The vitamin content is higher in fresh
fruits rather than dried dates. These vitamins are very important in
regulating the proper functioning of liver and kidney (Vayalil, 2012).

Tannins, plant polyphenols give the astringent taste to the fruit.
Its contents decrease as the ripening proceeds. Phenolic acids, a
secondary plant metabolite is rich in date fruit. Their content
increases from 193.7 mg/100 g in fresh fruit to 239.5 mg/100 g in
dried fruits as the tannins are degraded and the enzymes are activated
during drying process at high temperatures. Korkobbi date variety
has the highest phenolic content whereas the Tunisian date variety
has the least content (Chaira et al., 2009). Carotenoids are fat-
soluble pigments that provide colour to the fruit. They are an
important source of vitamin A which possess radical scavenging
ability, and thus acts as an antioxidant. Their concentration is lower
in dried fruits. Carotene rich date fruits protect the human body
from chronic ailments. Anthocyanins, a flavonoid, are also present
in the fruit that give colour to the fruit (Al-Farsi et al., 2005).  All
these phytochemicals possess antioxidant properties by inhibiting
the protein oxidation, peroxidation, LDL and VLDL oxidation (Vayalil,
2002). Apart from radical scavenging, they also possess medicinal
attributes like hepatoprotective capacity, nephrotoxic protection,
and neuroprotective ability. Dates possess low glycaemic index
(GI). In spite of having rich sugar content, the synergetic effect of
minerals and vitamins provide the glucose balance in controlling
diabetes. The rich dietary fibre content enhances insulin sensitivity
and other gut hormones (Weickert and Pfeiffer, 2008).
Hypercholesterolemia and hypertension are controlled due to the
mineral concentration (Mg, Ca, Na, K) through renin-angiotensin
system.

3.2 Olive (Olea europaea L.)

Olive fruit belongs to the family Oleaceae which is found mostly in
tropical and sub-tropical regions. The fruit measures about 2.5 cm
approximately with a stone inside also called as pit. Olive fruits are
composed of water (50%), protein (1.6%), oil (22%), carbohydrate
(19.1%), cellulose (5.8%), inorganic substances (1.5%), and phenolic
compounds (1%-3%) (Anagnostopoulou et al., 2006). Along with
these nutritional compounds are found certain bioactive components
like phytosterols, tocopherols and triterpenoids that are non-
phenolic compounds and phenolic acids, phenolic alcohols and
flavonoids that are phenolic compounds.

The tocopherols are a source of vitamin E that acts as natural
antioxidants by defending the body against free radical attack. It
protects the body against various cancers. The triterpenoids found
in olive fruit are maslinic acid and oleanolic acid which mainly
account for antidiabetic activity along with anti-inflammatory and
anticancer activities (Mullauer et al., 2010).  These acids exhibit
good insulin secretion and response by reducing postprandial
hyperglycaemia (Castellano et al., 2013). These triterpenoids also
exert antitumour activity by apoptosis, cell proliferation, etc., on
breast cells. Anti-inflammatory effect is shown by inhibiting the
NO production and TNF-α (Huang et al., 2011). These fruits also
have other phenolic compounds like oleuropein that exhibits anti-
tumour, anti-inflammatory, antidiabetic and antioxidant activities
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in large scale. These biological effects improve the human health
(Bulotta et al., 2014).

Olives

3.3  Passion fruit (Passiflora edulis Sims)

Passion fruit

The passion fruit belongs to the family Passifloraceae that has
around 600 species of fruits and flowers together found mostly in
tropical and sub-tropical regions. The fruits are found in different
colours like purple, orange and yellow depending on the maturing
stages which grows up to 4- 10 cm in length (López-Vargas et al.,
2013). These fruits are rich in vitamins, especially A and C, minerals
and other bioactive components like flavonoids, anthocyanin,
phenolic acids, tocopherols, etc. All these compounds beneficially
account as health promoting activities like management of diabetes,
glucose levels and insulin levels and in the gut microbiota. Also,
some of them act as good antioxidant and anticancer agents. Some
of the important flavonoids that exert health benefits are apigenin-
3-rhamnoside, luteolin-3-glucoside, quercetin and kampferol.
Another polyphenolic compound called piceatannol is a strong
antioxidant and also reduces the proliferation of cancer cells showing
strong anticancer properties (Piotrowska et al., 2012). Passion fruit
contain wide range of vitamins in which ascorbic acid, a water-
soluble vitamin is found in abundance. This acts as good anti-
oxidant contributing to a healthy immune system (Janzantti et al.,
2012). Carotenoid, a form of vitamin A is also found in this fruit. It
is made of lycopene, carotenes, etc., that provide colour to the fruit

(Strati et al., 2012). Many researchers suggest that moderate
consumption of passion fruit acts on LDL cholesterol and decreases
the risk of many cardio vascular disorders (Kendall and Ryan,
2009).

De Souza et al. (2012) studied that fruit juices of passion fruit
improved the HDL and decreased the LDL; thereby controlling the
lipid profile. Similarly, Marques et al. (2016) experimented with
passion fruit peel flour in the diet of HIV patients. Same effects
were obtained proving the capacity of the fruit to perform as reducing
agent of hyperlipidaemia and hypercholesterolemia. Anusooriya et
al. (2014) suggested that aqueous extract of passion fruit reduced
blood glucose levels. Some studies also reveal that insulin-positive
cells were positively developed due to the consumption of these
fruit, providing antidiabetic activity. Anti-inflammatory activity is
required to avoid long-term over-inflammations that might cause
disorders in body like rheumatic arthritis. This is found by different
activities like leucocyte migration, inhibition of interleukin-8
(IL-8) and matrix metalloproteinase (MMP-1) (Montanher et al.,
2007). All these actions are taken care mostly by the flavonoids
found in the fruit (Flores et al., 2012).

3.4 Persimmon (Diospyros kaki L.)

Persimmons are a type of fruit that belong to the family Ebanaceae
that roots to Asia, specifically China. It grows as a tree up to 10-16
meter in length. This fruit is low in protein and fat. Carbohydrates
are mainly composed of sugar (glucose, sucrose and fructose). Other
micronutrients like vitamins (A and C) and minerals are found in
the fruit (magnesium, potassium and phosphorus). Ascorbic acid
acts as a good anti-oxidant by limiting the free-radicals. The amount
of vitamin C and vitamin A in one fruit satisfies about 46% and
31% of the daily requirements (Rao and Rao, 2007). Vitamin A in
the form of carotenoids gives the fruit its colour along with
providing certain medical benefits like reducing degenerative diseases
and cancer (Abuajah et al., 2015).

Persimmon fruits

Tannins are found in greater quantity in this fruit which provides
its astringent property. Tannins are mainly composed of catechin
(epicatechin gallate, epigallocatechin gallate, epigallocatechin) that
provides the antioxidant, antimicrobial, antiviral, anticarcinogenic
capacity. Persimmons also provide positive effect against CVD,
urinary tract disorders, etc. (Abuajah et al., 2015). The phenolic
acid present in the fruit exerts the following activities; antioxidants
exhibit potential antifungal, antibacterial, anti-inflammatory, and
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anticancer (Gu et al., 2008). The high fibre content in persimmons
reduces the appetite, thereby blocking the glucose in the intestine.
This technique reduces the blood sugar level and the cholesterol
level, aiding in maintaining the sugar level and the lipid profile
(Gorinstein et al., 2011). High antioxidant content present in
persimmon fruit traps the LDL oxidation which obesity and CVD.
24-hydroxyursolic acid, a triterpenoid found in this fruit inhibit
the growth of cancer cells (Khanal et al., 2010).

3.5 Pineapple (Ananas comosus L.)

Pineapples are a native to South America that grows well on tropical
and sub-tropical regions. There are many varieties of the pineapple
based on their shape, size, etc. Pineapples are made up of
carbohydrates as a form of dietary fibre and sugar, along with a
wide source of vitamins (A, B, C) and minerals (Ca, Fe, P).

Pineapple

The antioxidant activity was exerted due to the presence of
carotenes and ascorbic acids in the fruit that varies depending on
the maturation stages. Studies by Zdrojewicz et al. (2018) suggest
that one ripe pineapple satisfies about 16% of recommended dietary
allowance of vitamin C. Thiamine quantity in pineapple looks after
the nervous system in human body. Also, manganese present in the
fruit satisfies about 73% of RDA. This mineral is very important
for maintaining blood glucose level and insulin secretion (Zdrojewicz
et al., 2018). Similarly, fibre content is rich in this fruit (69.1- 81.5
g/100 g) that it regulates proper bowel movement and limits the
risk of CVD, diabetes and colon cancer (Dittakan, et al., 2018).
Phenolic acids and flavonoids are present in huge quantities in
pineapples that give the radical scavenging property to the fruit
making it a strong antioxidant.

Antioxidant activity is also found due to other components like
flavonoids, isoflavones, flavones, anthocyanin, catechins and
phenolic acid. Other compounds found in their ripe stage are esters,
terpenes, terpenoids, alcohols, phenols, and aldehydes (Adiani et
al., 2020). These compounds have a positive effect against microbes.
Pineapple is a source of natural proteolytic enzyme called bromelain

that shows some therapeutic activities like antioxidant, anticancer,
anti-inflammatory activities (Zdrojewicz et al., 2018). Hence, the
fruit can also be replaced for proteolytic enzyme for soft tissues.
This compound also exerts other vital health benefits to treat
bronchitis, pneumonia, gastrointestinal infections and mainly
protection against bacterial and parasites infections. Malic acid
present in pineapples enhance the human body immune system.

3.6  Papaya (Carica papaya L.)

Papaya belongs to the family Caricaceae that grows extensively in
tropical and sub-tropical regions. The papaya tree is a native of
Central America. The whole plant is used for different purposes by
people of different regions. As a whole, medicinal benefits are exerted
from the roots, stems, leaves, seeds, and ripe and unripe fruits
(Pandey et al., 2016). Seeds form up to 6-8% of the fruit which is
made of proteins (27.8%), lipids (28.3%), crude fibre (22.6%),
sucrose (75%), etc. They also have a variety of bioactive compounds
like alkaloids, glucosinolates, isothiocyanate, phenolic acids, and
flavonoids (Gogna et al., 2015). These are used for many health-
related treatments like diabetes, hypercholesterolemia and
hypertension. Leaves of the papaya plant consist of biocompounds
like flavonoids, saponins, tannins, phenolics, alkaloids, etc.

Papaya fruit

These aid in the treatment of diabetes and a few STD’s like
gonorrhoea, syphilis, etc. (Ezikanyi et al., 2016). Anti-inflammatory
effect is seen both in seeds and leaves (Owoyele et al., 2008). Anti-
cancer effects against of stomach cancer, lung cancer, pancreatic
cancer, colon cancer, and leukaemia are observed (Pandey et al.,
2017). Extracts of papaya leaves increase the immune responses
by stimulating the production of cytokine and aids in betterment of
human health (Otsuki et al., 2010). Papaya fruits vary in colour
from green to yellow depending on the ripening stage. It is consumed
without seeds. The ripe fruit is a rich source of alkaloids, phenolic
acids, flavonoids, saponins, tannins, carotenoids, vitamins like A,
B and C and minerals along with dietary fibre. Saponins,
cardenolides and folic acid in the fruit prevent CVD (Oloyede, 2005).
Papain component present in papaya is associated with
antimicrobial, anthelmintic, antimalarial, antifungal in human. Papain
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also breaks down the fibrin present in cancerous cells, thus proving
to be an anticancer agent. Pandey et al. (2016) exclaimed that papaya
fruit also has secondary metabolites that showed immunomodu-
latory and anti-inflammatory effects. Papain with other proteolytic
enzymes like trypsin and chymotrypsin decreases the TGF  β1
concentrations, and thereby treating rheumatoid arthritis. Ripe
papaya fruit increases IgM level that enhances the humoral immunity
(Sadek, 2012). The phenolic compounds present in papaya show
antioxidant properties. It also maintains health of the gastrointestinal
tract by keeping a good gut microbiota. The carotenoid present in
the fruit is responsible to prevent degenerative diseases like cancer
(Rivera-Pastrana et al., 2010). Fermentable pineapple products
improved the antioxidant defence immune mechanism in elder
patients that lacked basic antioxidant state. They offer protection
on leucocytes enhancing the immune responses (Marotta et al.,
2006). Many countries use pineapple extract to treat malaria, dengue
and other fungal infections. The leaf extract has been used to increase
the blood pallet count (Dharmarathna et al., 2013). Apart from the
above said medicinal properties, they also possess immune
stimulating and antioxidant capacity that enhances immunity.

3.7 Dragon fruit (Selenicereus undatus (Haworth) D.R. Hunt)

Dragon fruit

Dragon fruit originates from Mexico and Central America belonging
to the Cactaceae family. This fruit is rich in fibre and carbohydrates
in the form of sugar (glucose, fructose and sorbitol). A wide range
of vitamins (A, B, C) and minerals (Ca, Fe, Mg, P, K, Na, Zn) are
present in the fruit (Jaafar et al., 2009). Flavonoids found in the
fruit prevent CVD. Polyphenols in the fruit exerts the antioxidant
activity on obesity disorders (Song et al., 2016). The fibre content
helps in regulation the bowel movement and easy digestion. This
helps in controlling the glucose level. The vitamin B complex act as
a multivitamin and regulates the cholesterol levels. The high
quantities of vitamin C act as good antioxidant and enhance the
immune system. Dragon fruits possess high levels of oligosac-
charides (8.60%-50.01%) that behaves as prebiotic component.
These prebiotics have a positive correlation with boosting the
functioning of immune system (Kazemi et al., 2019). These
prebiotics promote the growth of probiotics, beneficial gut bacteria

that prove to be beneficial in regulating the immune system (Zhang
et al., 2018). Research on understanding the effect of oligosaccharides
as a prebiotic source to improve the immune health of rats was
done with dragon fruit powder which was formed by spray-drying
technique. The results show that there was increase in the good
bacteria (bifidobacteria and lactobacilli) and decrease in the bad
bacteria (bacteroides and clostridia). Similarly, the immunoglobulin
levels were recorded. There was significant increase in the same.
The plasma of rats fed with the fruit powder had increased levels of
IgA (7.273 +/- 3.681 times) and IgG levels (16.207+/- 11.133 times).
Thus, the prebiotic effect of in vitro consumption of dragon fruit
has successfully established positive immune response (Campos
et al., 2012).

3.8 Prickly pear (Opuntia ficus-indica (N.L.) Mill.)

The prickly pear belongs to Cactaceae family that has its native at
Mexico which grows well in arid and semi-arid regions. The fruit is
usually eaten with its seeds. This fruit is rich in fibre content that
it prevents cancer, diabetes and thus obesity. The fruit pulp is rich
in minerals like potassium and magnesium while the seeds were
greater in calcium. This fruit is rich in vitamin E and vitamin C. The
concentration varies according to types and harvesting parameters.
Valente et al. (2011) found that prickly pear had 10 times more
ascorbic acid than dragon fruit. Also, the fruit peels had double the
vitamin C than the fruit pulp. Vitamin E is found in the form of
tocopherols. Bioactive compounds like phytosterol, phenolics,
flavonoids, etc., are also found. The phytosterols control the lipid
profile and plasma cholesterol, thereby regulating CVD (Ostlund,
2002).

Carotenoids in the form of carotenes, lutein, etc., are found in prickly
pear that also prevents CVD along with a few cancers. These
compounds provide colour to the fruit. Polyphenols offer anti-
inflammatory, antiproliferative activity and antiallergenic activity
(Costa et al., 2015). 60% of the fatty acids present in this fruit are
unsaturated, thus providing good cholesterol content to the body
by controlling the lipid profile. The combined effect of the
compounds provides different protective effects like antioxidant,
anti-inflammatory, antiproliferative activities. The antioxidant
capacity in the prickly pear fruit is greater than many other fruits
grapefruit, orange, apples, etc. (Butera et al., 2002). This high
activity is devoted to the presence of compounds like vitamin C,
carotenoids, quercetin and kaempferol. Polyphenols provide the
anti-inflammatory effect. The extracts of prickly pear reduced the
production of COX2, TNF-α, and IL-6. They also inhibited the NO
synthesis, thereby reducing the secretion of cytokine (Antunes-
Ricardo et al., 2015). The antiproliferative effect inhibits the cancer
cell formation. This activity is attributed to the flavonoids in the
fruit, especially indicaxanthin. This compound also shows
immunomodulatory effects (Tesoriere et al., 2004). Other
compounds like isorhamnetin diglycosides, ferrulic acid and
betacyanins inhibit cell proliferation colorectal cancer cells
showcasing their antiproliferative activity (Serra et al., 2013). Other
polyphenols present in prickly pear reduces the risk of diabetes
and CVD.
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3.9 Muskmelon (Cucumis melo L.)

Muskmelon

Muskmelon belongs to Cucurbitaceae family which originates back
to East Africa. They vary in shapes from oval to elongated and
colour from white to magenta. This fruit is composed of 905-97%
of water that act as a good hydrating fruit. They also contain
carbohydrate, fibre and protein content; low in fat and cholesterol.
Vitamins and minerals provide enough health properties to the fruit
(Lester, 1997). Muskmelons possess anti-inflammatory, analgesic
and antioxidant capacity (Arora et al., 2011). These activities
attribute to secondary metabolites. The carbohydrates are in the
form of sugar (mono-and-di) and starch. Although, the fat content
is very minimal, the available fatty acids are omega-3 and omega-6
which are good fatty acids. Vitamin A is in the form of carotenoids,
carotenes, lutein, etc. The vitamin B-complex prevents macular
degeneration. The ascorbic acid is very rich in muskmelon that acts
as antioxidant. 100 g of the fruit has 40 mg of ascorbic acid. Vitamin
K in the fruit prevents CVD and regulates blood clotting. The fruit
has minerals sources like calcium, magnesium, zinc and selenium
that are important for better immune system functioning and
improved defence mechanism in human body. The antioxidant
capacity of muskmelon is attributed to the presence of compounds
like ascorbic acid, carotenoids, tocopherols, phenolic acids and
flavonoids. These compounds present in various parts of the fruit
like peel, pulp, seeds, etc., all aid in radical scavenging (Mehra et
al., 2015). Luteolin is a flavonoid that disrupts the cancerous cell
growth and reduces the risk of a few cancers like breast, lung and
colon (Yang et al., 2014). Caffeic acid and ferulic acid possess
antioxidant capacity, antiproliferative effect and antimicrobial, anti-
inflammatory and antioxidant activities, respectively (Prasad et
al., 2011). Highly nutritious muskmelon fruit has many health
benefits that helps keep the body in a good state.

3.10 Water melon (Citrullus lanatus (Thunb.) Matsum. &
Nakai)

Watermelon

Watermelons belong to Cucurbitaceae family that has its native at
Africa. It is one of the most consumed fruit all over the world. This
fruit varies in shape, size, colour and rind patterns. Water melons
are composed of 90-95% water. Apart from this, they also possess
sugars, vitamins and minerals. The sugar component is made of
glucose, fructose and sucrose; with fructose dominating that provides
the sweetness to the fruit (Candir et al.,  2013). Vitamins A and C
are the main vitamins present in the fruit. These vitamins perform
many biological functions like collagen synthesis and neurotrans-
mission. They are also very important in immune system
functioning. Vitamin A in the form of carotenoid acts as antioxidants.
A range of minerals like magnesium, calcium, zinc, copper, potassium,
etc., are present in water melon. These minerals aids in different
functioning of the body parts along with stimulating immune
responses. Apart from the nutritional composition, certain bioactive
compounds give the fruit good health benefits. Lycopene and
carotenoid in this fruit act as radical scavenging components; thereby
enhancing its antioxidant capacity (Kim et al., 2014). Lycopene
also aids in prevention of chronic ailments like cancer, hypercholes-
terolemia, diabetes, etc. (Naz et al., 2014). The polyphenols and
the flavonoids prevent biological disorders like diabetes and CVD.
Consumption of this fruit reduces the bad cholesterol LDL; thereby
maintaining the lipid profile. Altas et al., (2011) exclaimed that
watermelon juice protects the kidney, liver and brain from carbon
tetrachloride toxicity. Watermelon is very important in proper
functioning of the immune system because of the presence of an
aminoacid known as L-citrulline. This acts as an effective precursor
of L-arginine that gets oxidised to nitric oxide; which is an essential
component in modulation of proper immune responses (Wu et al.,
2007).

3.11 Apples (Malus domestica Borkh.)

Apples

Apples belong to the family Rosacea whose native is Central Asia.
It is one of the most consumed fruit (20-30 kg/ capita per year) all
over the world with various kinds of varieties like Gala, Topaz,
Golden delicious, Granny smith, etc. It is grown well in temperate
to sub-tropical regions. Due to the health attributes, the fruit has
gained itself a proverb, “An apple a day keeps the doctor away”.
This is due to the fact that it is rich in sugar and other essential
micronutrients and phytochemicals. The energy gained by
consuming 100 grams of apple is 55 kcal which is in the form of
carbohydrates as sugar (glucose, fructose and sucrose). Apples are
low in fibre, protein content and lipids. Vitamin B-complex (300
μg/100 g), vitamin C (10 mg/100 g), vitamin E (0.5 mg/100 g) are
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relatively high in apples that attribute to its high antioxidant activity
(Rad et al., 2014). The fermentable fibres produce short chain fatty
acids to act as prebiotic sources that improve the gut microbiota;
thereby enhancing the immune health. Phytonutrients like flavonoids,
polyphenols and triterpenes are rich in apples. These are mainly
found on the peels than the pulp. Thus, peeling the apples before
consumption significantly reduces 25% of the phenolic acid (Kevers
et al., 2011), 40% of ascorbic acid (Lata and Tomala, 2007) and 50%
of fibre (Leontowicz et al., 2007). Thus, the best way to consume an
apple is without peeling it while it is grown organically, that does
not hamper the components of the peels. These phenolic acids act as
radical scavengers and also alter few gene expressions that improve
the anti-inflammatory activity and boost the body’s own antioxidant
action. Triterpenes exhibit antiproliferative and anti-inflammatory
actions (Mueller et al., 2013). Phytosterols lower serum cholesterols
and also improve functioning of immune system in body (Worbs et
al., 2017).  Studies show that apple consumption reduces the blood
pressure due to the availability of potassium (Oude Griep et al.,
2013). Other studies found that combined consumption of apples
with pears provide greater synergetic benefits like higher antioxidant
capacity, reduced risk of stroke, reduced risk of diabetes, reduced
risk of cancers, etc. (Wedick et al., 2012). Overall, apples offer many
health benefits like protection against chronic ailments-CVD, T2DM,
cancer, etc., and all these indirectly contribute to a healthier immune
system.

3.12  Pears fruits (Pyrus L.)

Pears

Pears belong to the family Rosaceae whose native is Middle East
and subalpine regions. The most important genus is Pyrus genus
with various subspecies. It is a seasonal fruit that is consumed for
its high health benefits apart from juicy and tasty attributes. It
varies in shapes, size and colours. It is composed of carbohydrates
in the form of sugar (glucose, fructose, sorbitol and sucrose); that
aid in the treatment of diarrhoea (Reiland and Slavin, 2015). Fibre
in the fruit eases digestion but also improve the gut health. The
fatty acids present in the fruit increases the absorption of trace
elements that helps the body improve the general health by
enhancing disease resistance capability (Sha et al., 2011), which is
the need of the hour to fight against any viral attack. A range of
minerals found in pears contribute to different health ailments.
Potassium ensures salt balance while calcium and magnesium protect

bones. Iron is important for circulatory system. Zinc plays a vital
role in the immune health. The peel of the fruit consists of flavanols
and hydroxycinnamic acid while the pulp consists only of the
hydroxycinnamic acid (Fattouch et al., 2008). Polyphenols and
phenolic acid attributes to radical scavenging activity. Chlorogenic
acid found in pears is known for its chemoprotective and antitumor
capacities (Krakauer, 2002). They also possess immune
strengthening properties.

3.13  Apricot (Prunus armeniaca L.)

Apricot (Dried)

Apricots belong to Rosaceae family which originates from Chinese
regions that grows well in temperate regions. These fruits are grown
over 3000 years for its health benefits. Though, it is a watery fruit
with 86.35% of water constituent, it is also consumed as a canned
and dried fruit. The protein content of the dried apricot (3.39 g/100
g) is much more than that of the fresh fruit (1.40/100 g). Sugars
present in this fruit are glucose, sucrose and fructose with sucrose
dominating others. Apricots are rich in minerals like calcium (13
mg/100 g), iron (0.39 mg/100 g), magnesium (10 mg/100 g), manganese
(0.077 mg/100 g), zinc (0.20 mg/100 g) selenium (0.1 μg/100 g), etc.
Vitamins A, B complex, C, E and K are found in these fruits.
Tocopherols, carotenoids and ascorbic acid content enhance the
antioxidant capacity of the plant (Sass-Kiss et al., 2005). A range
of polyphenols including chlorogenic acid, and quercetin-3-
rutinoside alleviates chronic ailments like cancer, diabetes and CVD
(Dragovic-Uzelac et al., 2007). The activity of antioxidant from
the extract of apricots are as follows descending order of sulphur
dioxide-treated sun-dried>sun-dried>fresh (Güçlü et al., 2006).
Oomah and Mazza (2000) reported many health benefits like
treating CVD, cancers, etc. Melanoidins, a phytochemical in apricot
protects mitochondrial damage and cell apoptosis; thereby
preventing CVD (Cossu et al., 2012). The apricot kernel oil is used
in the treatment of myocardial infarcts (Zhang et al., 2011). This
oil also lowers the cholesterol level and maintains the lipid profile
in control; thus, used in the treatment of hypercholesterolemia. By
supressing the NO synthesis, anti-inflammatory action is showcased
by the consumption of apricots. The methanol extracts of apricot
bitter kernels showed antimicrobial activities against Gram-negative
bacteria Escherichia coli. Similarly, aqueous bitter extracts showed
antimicrobial effects against Gram-positive bacteria Staphylococcus
aureus (Tian et al., 2011).
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3.14  Citrus fruits (Citrus L.)

Citrus fruits belong to Rutaceae family and is one of the most
important crops in the world both for production and economic
value grown mostly in tropical and subtropical regions. They vary
according to different sizes and shapes. They have juicy pulp under
a peel. These fruits are consumed as such or as juices. The citrus
genus is very varied with categories as follows: “sweet oranges (C.
sinensis), mandarins (C. unshi), tangerines (C. tangerina, and C.
reticulata), and clementines (C. clementine), sour/bitter oranges (C.
aurantium), lemons (C. limon), limes (C. aurantifolia and C.
latifolia), grapefruit (C. paradisi) and pummelos (C. grandis),
hybrids (e.g., tangelos, tangors, and limequats), and citrons (C.
Medica)” (Ortiz, 2002). There are many beneficial compounds found
in this fruit including fibre, vitamins (A, B, C) and minerals (P, Mg,
Cu) and other phytochemicals (Gonzalez-Molina et al., 2010).

Oranges

Lemons

Carotenoids, limonoids, alkaloids, flavanoids and phenolic acids
are present in the citrus fruits that exert medicinal benefits like
antioxidant property, protection against CVD and enhancing the
immune health. The quantity of these phytochemicals vary
according to maturation and storage conditions of different variety
of the fruits (Vikram et al.,2015). Citrus fruits are known for its
vitamin C content, a water-soluble vitamin. Consumption of these
fruits satisfies 100% of the vitamin C RDA. Studies suggest that
200 mg/ day of vitamin C offers various health benefits (Frei, 2012).
This compound is highly essential for human health as they act as
an excellent source of antioxidant. 40-55% of the antioxidant
potential comes from ascorbic acid of oranges, mandarins and
grapefruit (Szeto et al., 2002). They improve the immune health
by stimulating WBC functioning. Ascorbic acid reduces the severity
of cold (Wintergerst et al., 2006). Vitamin C is also involved in iron
metabolism, acts as neurotransmitter and as a co-factor in many
enzymatic reactions (Palacios, 2006). Carotenoids (lutein, lycopene,

terpenes, etc., are found extensively in citrus fruits. Especially
Tangerines contain more pro-vitamin A and carotenoid that acts as
a major source of vitamin A. 100 g of this fruit satisfies 72% vitamin
A RDA (Arscott et al., 2010). Health benefits of vitamin A include
improved eye health and bone functioning lowers CVD and cancer
promoting properties (Nishino et al., 2009). Immune system has
positive effects by the intake of vitamin A from citrus fruits
(Katsuura, et al., 2009).

Fibres found in this fruit promote lactation and improves the feeling
of satiety. Fibre consumption actively reduces blood glucose levels,
cholesterol level and thus reduces the risk of CVD. This component
also promotes healthy gut microbiota. Flavonoids and limonoids
have anti-inflammatory properties (Habauzit et al., 2011). They
also act as antiviral and antibacterial agents (Vikram et al., 2015).
Phenolic acids mainly caffeic acid, ferulic acid and chlorogenic acid
have high radical scavenging capacity. Gallic acid acts as a strong
antioxidant (Karamac et al., 2005). The order of highest to lowest
scavenging capacity of the phenolic acids are “gallic > gentisic >
syringic > caffeic > protocatechuic  >  sinapic  >  ferulic  >  isoferulic
>  vanillic >  p-coumaric >  o-coumaric  >  m-coumaric  >  salicylic
k” p-hydroxybenzoic” (Jabri Karou and Marzouk, 2013). The
essential oils that contain geraniol and terpinolene extracted from
the citrus fruits also exert antioxidant capabilities (Singh et al.,
2010). Naringin, sudachitin and quercetin found in these fruits
provide anti-inflammatory activities by inhibiting NO synthesis
(Wang et al., 2011). The secondary metabolites found in citrus
fruits like flavonoids, limonoids, and coumarins exert anticancer
properties (Takuji et al., 2012). Poncirin showed inhibitory action
against gastric cancer cells (Zhu et al., 2020) as quercetin and
tangeretin affected the growth of cancer cells (Pan et al., 2002).All
these evidences proves that citrus has antiviral activity too.
Hesperidin is a flavone that shows promising chemopreventive
properties. Citrox is a pharmaceutical formulation of various citrus
flavonoids. This acts as antimicrobial formulations in oral hygiene
(Hooper et al., 2010).

Oranges are filled with various phenolic compounds including
flavonoids and flavones. Hesperidin and naringenin are rich in
oranges. Hydroxycinnamic acid, caffeic acid, and ferulic acids are
rich in oranges. Mandarin and their hybrids have various species
flavones like hesperidin and naringin. Narirutin is another compound
found extensively in mandarins. Lemons have huge quantities of
flavone glycosides,while limes have hesperidin, eriocitrin, etc.
Pummelo is one of the original varieties of the citrus genus. They
are rich in narirutin, eriocitrin, naringin, and neohesperidin.
Grapefruit is a hybrid of pummelo and sweet oranges. They are
found in red and white (with lycopene/ without lycopene). The
main constituent of this fruit is narirutin and naringin. Citron is the
most primary species of this genus. They have hesperidin, eriocitrin
and apigenin, the most abundant flavone in citron. Grape fruit
consists of various elements that confer health benefits. The
antioxidant capacity from vitamin C, carotenoids and other
polyphenols prevent CVD, cancer, etc. They also prevent infection
and boost the immune system (Codoner-Franch and Valls-Belle´s,
2010). Vitamin C in the form of ascorbic acid and vitamin A in the
form of carotenoids also prevent cancer and CVD. They help in the
absorption of Fe and Zn. These elements help strengthening the
immune system. Polyphenols, lycopene and flavonoids act as anti-
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inflammatory, anticarcinogenic, antiproliferative and antiviral agent.
Coumarins and flavonoids in this grapefruit act as antimicrobial
and antiviral agents (Vikram et al., 2015).

Studies showed that long term consumption of orange juice increased
antioxidant levels and reduce the cholesterol levels (Constans et
al., 2015). They have anti-inflammatory activity and anti-
carcinogenic activities. Vitamins C, B and A exerts medical benefits.
Ascorbic acids regulate many bodily functioning like
neurotransmission, collagen synthesis, etc. Citric, malic, succinic,
tartaric, malonic, and oxalic acids are present in this fruit. Flavonoids
and carotenoids present in oranges provide protection against CVD.
They behave as anti-inflammatory agents, antitumor and antiviral
agent (Yi et al., 2008). Lemons are a native of Asia which are grown
in tropical, semitropical and regions of warm temperatures. These
are highly acidic in nature. They possess huge quantities of vitamin
C, minerals and other polyphenols that confer health benefits.
Ascorbic acid and B-complex vitamins become antioxidant
responding compounds. Vitamin C maintains the lipid profile. The
flavonoids in lemon act as anti-inflammatory, antitumour, anti-
proliferative and antimicrobial agent (Abeysinghe et al., 2007).
Carotenoids reduce the risk of cancer and CVD. Terpenoids act as
anti-inflammatory and antimalarial agent. They also prove to be
anticarcinogenic agent (Poulose et al., 2005). The dried peels of
lemon increases white blood cell count, and thereby improve the
immune health.

3.15 Berries

Berries are one of the richest fruits in terms of natural compounds
like fibre, vitamins, minerals and polyphenols. These compounds
exert various health benefits and are used in disease prevention.
These compounds provide a synergetic effect on human digestive
system establishing a healthy gut microbiota. They protect the
body against CVD, diabetes, obesity, cancer, etc. All this together
improves the immune system of a person. They are also made up
of rich phenolic acids like cinnamic acid, lignans, folates, alkaloids,
carotenoids, etc., (Afrin et al., 2016). Berries are made of 15% of
sugar along with fibre which makes it beneficial for diabetic people
(Ramadan et al., 2008). Berries are composed with a range of
vitamins like A, B-complex, C and E. In general, the vitamin content
is rich in honeyberry while vitamin C is rich in blackcurrant and
strawberry (Pantelidis et al., 2007). These vitamins reduce the
oxidative stress and acts as antioxidant by radical scavenging. This
ultimately boosts the immune system (Hakala et al., 2003). Both
macronutrients and micronutrients are found in this fruit. They are
rich in iron, phosphorus and calcium along with manganese, sodium
and copper. These minerals play a vital role in maintaining the
regular functioning of the body systems. They look after the bones
and teeth along with membrane functioning. Minerals in berries
maintain the hormonal balance in the body along with electrolyte
balance (Hardisson et al., 2001). Anthocyanins are a group of
flavonoids that are found in most of the berries including blueberries,
blackberries, raspberries, cranberries, strawberries, blackcurrants,
grapes, etc. They offer protection against various ailments (Zierau
et al., 2002). They behave as anti-inflammatory, antioxidant and
anticancer agents (Xue et al., 2002). Presence of ellagic acid makes
the fruit a good antimicrobial and antiviral agent. They also show
chemopreventive activities (Bushman et al., 2004).

Similar benefits are expressed due to the presence of gallic acid and
quercetin. They also act as a strong antioxidant. Due to the presence
of high quantities of quercetin, raspberries are used for the treatment
of cold and flu. They also exhibit anticancerous properties. High
tannin content makes it a good antiseptic agent. Berry varieties
including raspberries, blueberries, cranberries, and strawberries
possess great amounts of vitamin C that provide immense immune
health for the protection of body against pathogenic organisms.
Flavonoids like bioactive compounds provide protection from
microbes in liver, kidney, etc. (WHO, 2002). Flavonoids including
anthocyanin exhibit anti-inflammatory activities and provide
protection against CVD (Quettier-Deleue et al., 2003). The ellagic
acid shows antiproliferative action that destroys the cancer cell
growth (Valente et al.,2011). Cranberries, cloudberries, red
raspberries, strawberries, and bilberries possess antimicrobial
properties against harmful pathogens. The ellagitannins present in
these berries provide this effect by behaving as an anti-adherent
compound which prevents attaching and colonising of the pathogens.
They are proven to be effective against Salmonella spp.,
Staphylococcus spp., Helicobacter spp., and Bacillus spp.,
Escherichia spp., Clostridium spp., and Campylobacter spp. Apart
from non-adherence, many techniques are followed by these phenolic
compounds to showcase the antimicrobial action. Some of them are
destabilization of cytoplasmic membrane, inhibition of extracellular
microbial enzymes and depriving the microbes of the growing
conditions (Puupponen-Pimiä et al. , 2005). The order of
antimicrobial activity of berries against gram-negative bacteria:
‘cloudberry > raspberry > strawberry > lingonberry > blueberry >
cranberry > sea buckthorn berry > blackcurrant’ (Nohynek et al.,
2006).

Strawberries   Blueberries

Cranberry juice comprises 65% of  proanthocyanidins that reduces
and eliminates the adhesion property of the bacteria to the body
(Burger et al., 2000).  This is used in the treatment of plaque in oral
health. Black raspberries that have high quantities of quercetin
show antitumor activities that attribute to the presence of flavonoids
(Rossi et al., 2007). These berries also reduce the size of lesion in
cancer. Similar activities are found in blueberries and strawberries
(Stoner et al., 2010). Anthocyanins show anti-tumour activities.
Grape powder intrudes Wnt pathway that prevents cancer cell
development. Epicatechin, a flavanol decreases the risk of colorectal
cancer. A healthy gut microbiota is essential to maintain good immune
responses. The vital good bacteria are “Firmicutes, Bacteroidetes,
Actinobacteria, Proteobacteria, Verrucomicrobia, and Fuso-
bacteria”. Studies suggest that consumption of 25 g of blueberry
extract daily increase the lactobacilli and bifidobacteria. These
bacteria improve the immune health (Vendrame et al., 2011). Human
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trials of consumption of dried-grapes for 9 weeks increased the
concentrations of lymphocyte (NK, T, and B cells) (Amagase et
al., 2009). Consumption of a mix of berries increases the
effectiveness of the functioning of the immune system. Elderberries
(Sambucus spp.) are a type of berry that is widely grown in Europe,
Asia, etc. This kind of berries possess high flavonoids that shows
antioxidant activities, antitumor properties, antibacterial and
antiviral properties (Walker et al., 2013). Wolfberry (Lycium
barbarum L.) are also known as Goji berries. These berries show
protective effect against respiratory and pulmonary ailments (Chen
et al., 2018).

Blackberries Golden berries

Emblic berries (Phyllanthus emblica  L.) locally known as Amla has
numerous health benefits due to the presence of varied flavonoids
and tannins (Rao et al., 2013). Lingonberries (Vaccinium vitis-idaea
L.) native to Scandinavia, possess a variety of phenolic groups that
shows protective effects against many disorders. They show
antioxidant, antimicrobial and anti-inflammatory activities (Afrin
et al., 2016). Sea buckthorn berries possess huge quantities of vitamin
C that boosts the immune health of the body. Grapes (Vitis vinifera
L.) are rich in phenolic acids and flavonoids, especially resveratrol
that shows high antioxidant activities and anti-inflammatory
activities (Afrin et al., 2016). Pomegranates (Punica granatum L.)
has high quantities of polyphenols in their peel and husk that
attributes to its anti-inflammatory activities. They also contain
punicalgin and ellagitannin that induces apoptosis (Olajide et al.,
2014). They also show anticancerous and antimicrobial properties.
Strawberries contain various phytochemicals like ellagic acid,
catechin and quercetin and vitamins like C and E that shows
protection against cancer and CVD. Studies suggest that consumption
of strawberries enhance the immune response by stimulation the
production of immune cells (Zunino et al., 2014). Kiwi is a kind of
berry that has the second most antioxidant content after plums;
this property attributes to anti-inflammatory activity and anti-
allergic activity (An et al., 2016). Blueberries (Vaccinium
corymbosum L.) and mangosteen (Garcinia mangostana L.) also
possess various bioactive components like any other berry. They
also induce the production of immune cells. They also show anti-
inflammatory actions by the production of NO and inflammatory
cytokines (Bumrungpert et al., 2010). Raspberries (Rubus sp.)
exhibit anti-inflammatory actions due to the presence of rich
anthocyanin content in them (Shin et al., 2014). Both blackberry
and cranberry comprise of anthocyanin and cyanidins, ellagitannins
and quercetins that give them the rich antioxidant capabilities and
anti-inflammatory activity (Skupień and Oszmiański, 2004). Other
berries like blackcurrants, jamun berries and barberries also show
various health promoting interests.

4.  Conclusion

The coronavirus that has taken a toll in everybody’s life can be
controlled and prevented by a nutrient-rich diet. Evidences suggest
that people with weak immune system are attacked and the recovery
rate of the latter is very minimal. Hence, boosting the immune
health with fruits and vegetables is the prime aim of prevention.
This review article highlights the nutraceuticals and their mechanisms
to improve the general health. Vitamin and mineral rich fruits reduces
the risk of various chronic ailments that directly or indirectly helps
avoiding the deadly virus. Dietary fibre acts as anti-inflammatory
agent. Vitamin A and C are a good source of antioxidants. Vitamins
A, C, B, E and minerals like zinc, selenium, etc., positively impact
the immune functions. Various phytochemicals synergistically
increase the immunomodulatory functions. Intake of probiotic
improves the gut microbiota that enhances the immune health.
Combining the dietary benefits, overall health can be improved by
an active lifestyle which keeps the body away from any kind of
disease.
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