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Abstract
The outbreak of COVID-19 in 2019 followed by its new variants till now in 2021, made it more necessary
to find more identify effective antiviral agents to be included in daily life to combat SARS-CoV-2 and
support vaccines and their effect. Fruits are always considered good for health and many studies are
trying to find the solution and different compounds with antiviral properties in fruits. Recently, many
in vivo and docking studies found many phytochemical compounds effective against COVID-19. In this
review, we tried to collect data from different studies. We found that fruits are most valuable gift with
great healing property.
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1.  Introduction

The new decade of the 21st century started with the emergence of a
novel coronavirus SARS-CoV-2 or COVID-19 in December 2019,
which is another community health problem and has been the focus
of global attention due to a pneumonia epidemic of unknown cause
(Kumar et al., 2021). It has emerged in the huanan seafood market,
where livestock animals are also traded, in Wuhan State of Hubei
Province in China (Lai et al., 2020). The first case of the COVID-19
epidemic was discovered with unexplained pneumonia on December
12, 2019, and 27 viral pneumonia cases with 7 being severe were
officially announced on December 31, 2019 and possible influenza
and other CoVs were ruled out by laboratory testing. Chinese
authorities announced on January 7, 2020 that a new type of
coronavirus (novel coronavirus, nCoV) was isolated (Imperial
College of London. Report 2: estimating the potential total number
of novel coronavirus cases in Wuhan City, China, Jan 2020 (Imai et
al., 2020). This virus was named as COVID-19 by WHO on January
2019. New variant cases are still being identified, primarily in other
Asian and African countries and in many countries such as the
trans-oceanic USA and UK (Pulliam et al., 2021).

During COVID-19, World Health Organization (WHO) announced
special dietary suggestion and guidelines for maintaining strong
immunity to combat chronic diseases like viral infection including
COVID-19. As per WHO, a person should take 5 fruits and vegetables

per day but during COVID-19, the serving recommendation was
increased to 9 (5 fruits and 4 vegetable) per day (Moreb et al.,
2021). Many researches confirmed the entry of SARS-CoV-2 in
human is aided by angiotensin-converting enzyme (ACE2) which
is a transmembrane enzyme and its level was associated with dietary
patterns of the population are found related to ACE levels in their
body and in some researches rate of mortality is also connected to
the deity intake (Chew et al., 2011; Jaiswal, 2020).

Figure 1: Different fruits and the phytochemical components
against SARS-CoV-2.
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From the studies till now, it is identified that protein deficiency can
cause the low antibody production and more chances of getting
infection (Martindale et al., 2020). The level of nutrition in a body
is fundamental necessity for controlling inflammation and oxidative
stress, which are directly and indirectly connected to immune system
(Cena and Chieppa, 2020). Many nutrients like omega-3 fatty
acids, vitamins, and minerals with many phytochemicals
(polyphenols, carotenoids) contain anti-inflammatory properties
(Garofolo et al., 2021; Rothenberg, 2021). The dietary fibre found
in fruits and vegetables helps in gut microbiota stimulation and
produce probiotic effect by supporting the growth of bacteria like
Bifidobacterium sp., also help in reducing pathogenic bacteria such
as Clostridium sp. (O'Shea et al., 2012; Egbuna et al., 2021). These
are important to be considered especially in case of SARS-CoV-2
infection due to gastrointestinal problems during COVID-19 and
even after recovery (Khan et al., 2021; Rudrapal et al., 2021). In
this article, we are providing the information regarding intake of
fruits in COVID-19 and their role as immunity booster to combat
and recover from this pandemic (Komarayanti et al., 2020; Khanna
et al., 2021;Yedjou et al., 2021).

2.  Fruits with healing properties

2.1 Citrus fruits

Fruits are good source of vitamins, alkaloids, and flavonoids with
many other phytochemicals which are beneficial for human health.
They are also useful for treating many diseases (Rudrapal et al.,
2021; Shaikh et al., 2021). The six common flavonoids found in
citrus fruits including Citrus reticuata (mandarin), Citrus maxima
(pummelo), and Citrus sinensis (sweet orange) are naringin,
naringenin, hesperetin, hesperidin, neohesperidin, and nobiletin
(Asjad et al., 2013; Cheng et al., 2020). In COVID-19 chronic patient,
cytokine storm is observed increase in concentrations of interleukins
(IL-1, IL-10), TNF-, and IFN in plasma (Peterson and Dwyer,
1998; Tripoli et al., 2007). Corticosteroids are recommended to
reduce inflammation in lungs, indicating use of anti-inflammatory
substances, can help in reducing the severity of COVID-19 clinical
symptoms. Anti-inflammatory activity of Citrus naringin was
tested in lipopolysaccharide (LPS) treated rats as LPS was found
to induce COX-2, IL-1, and IL-6 (Meneguzzo et al., 2020). Naringin
in 10, 20, 40 µg/ml concentration significantly reduce the effect of
COX-2, iNOS, IL-1, and IL-6 and help in lowering the cytokine
storm (Tutunchi et al., 2020). As per WHO and different studies on
WH-Human_1 sequence of SARS-CoV S-protein shares identical
structure of 3-D structure in RBD domain and significant binding
affinity toward human ACE2 which is expressed in lungs, kidney,
brain, and digestive tract and critical for SARS-CoV-2 entry in host
cell (Liu et al., 2016). Zheng and Liu (2020) did docking study to
find the interaction of flavonoids with ACE2 (Zheng and Liu et al.,
2020). The results showed high binding activity between naringin
and ACE2 with docking energy of –6.85 kcal/mol and potential
binding site at TYR-515, GLU-402, GLU-398, and ASN394, similarly,
naringenin shows bind with ACE2 with docking energy of –6.05
kcal/mol and with possible binding site at LEU-143, PRO-146, and
LYS-131 (Muchtaridi et al., 2020). Hesperidin and hesperetin also
showed potential binding affinity to ACE2 with docking energy of
–4.21 kcal/mol and –6.09 kcal/mol with binding sites at ASN-277,
ARG-273, HIS-505 with hesperetin, and TRP-69, LEU-351, ASP-
350 with hesperidin (Biagioli et al., 2021). This study also focused

on comparison between the docking studies between chloroquine,
baicalin with hesperetin, narigenin, and naringin reporting good
potentials of these three flavonoids similar to chloroquine to inhibit
the ACE2 (Guler et al., 2021).

2.2 Kiwi as immunity booster

Kiwi fruit is also known with names like “China Miracle fruit”,
“Horticulture wonder of New Zealand”, and so on. Kiwi contains
good amount of vitamin C, carotenoids, polyphenols, and dietary
fibres (Arshad et al., 2020). Researches on kiwi found it to a potential
immunity booster. In vitro and in vivo studies on animal models
shows significant influence of different biomarkers related to
oxidative stress and immune system and also recorded to reduce
the frequency and severity of upper respiratory tract infection in
comparison to vitamin C supplements alone (Aslam et al., 2017).
Kiwi fruit contains the ability of DNA protection from free radicals
(Kim et al., 2020; Öztürk and Yücedag, 2021). The flavonoids and
phytonutrients present in kiwi was found to reduce shortness of
breath by 32%, night cough by 27%, running nose by 28%, and
chronic cough by 25% (Reddy, 2020). Doctors observed that
COVID-19 patients who eat three kiwis a day, had low risk of age
related muscular degeneration (ARMD) (Arumugam et al., 2021).

2.3 Apples

Apples are always considered best for as per the famous saying,
“an apple a day, keeps a doctor away”. Apples contain high amount
of vitamin B, C, and antioxidants, which not only helps in promoting
immunity, but also improves digestive system (Kamal et al., 2019).
Riboflavin (vitamin B2), a photosensitizer that was used together
with UV light to reduce the viral load of batches of blood transfusion
and in controlling the titer of MERS-CoV (Middle East respiratory
syndrome) related coronavirus which cannot be detected (Cardoso
et al., 2012). In vivo study in mice reported that riboflavin decreases
inflammation in lungs with significant reduction in neutrophil
infiltration (Lu et al., 2004). Some studies also suggest that vitamin
B6 supplementation increases total lymphocyte, T-helper and T-
suppressor cells. It is also found to significantly reduce inflammation
(Nieva et al., 2006). Apples are also reported to show anti-
inflammatory activity in human lung cells and tracheal epithelial
cells by increasing the pro-inflammatory cytokines and chemokine
signalling effect (Chaudhuri et al., 2015). Apple and its juice were
found to decrease cell proliferation and allergic reactions of IgE and
mast cell. Apple peels also found to activate macrophages to facilitate
tissue repair and direct inhibition of pro-inflammatory pathway
by increasing expression of Arg1 gene in lungs (Chaudhuri et al.,
2015). Combinations of boysenberry with apple reduce lung
inflammation by increasing granulocyte apoptosis mediated
interleukin 17A and F (Pajares et al., 2011).

2.4 Some other fruits

Other than citrus fruits and apple, some other fruits are also recorded
to have nitrate contents present in their flesh, seeds, and skin.
Fruits like grapes and berries contain nitrate, resveratrol,
anthocyanin, and quercetin which shows protective activity in lung
damages and injuries inhibiting TNF-, IL-8, modulation Th1 and 2
cells, holding neutrophil and eosinophil recruitment. All of these
are responsible of causing cytokine storm in lungs of a COVID-19
patient (Criado and García, 2004). The extract of grape seeds also
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reported to relive viral complications by stopping viral replication,
it reduce pro-inflammatory IL-6, IL-88, IL-1, reduce the expression
of mucins (Swathi Krishna et al., 2021). The strawberry and
blackberry are also big source of dietary nitrates. Study on rat’s
shows that strawberry extract reduce level of IgG and IgM in hepatic
cells. The extracts of blueberry and strawberry helps in cell survival,
and DNA repair (Zhang and Liu, 2020). They are also found to
work as immune modulator (Wang et al., 2014).

These fruits also contain flavonoids which help in regulating immune
response by regulating receptors and BRD4 (bromodomain
containing protein 4) (Nagarajan et al., 2014). Some researchers
reported them also to activate nuclear factor erythroid derived 2
related factor 2 (Nrf2), which help in regulating cytokine storm

during SARS-CoV-2 infection (Liskova et al., 2021). Pedunculagin,
tercatain, and castalin are some hydrolysable tannin showing strong
connection sites like Cys145 and His41 on 3 CL pro protein of
SARS-CoV-2 (Mendonca and Soliman, 2020). Studies by Mazza
and Miniati (2018) reported the presence of anthocyanin in
strawberry and high amount of it in bush blueberries (Chrz et al.,
1993; Mazza and Miniati, 2018). The molecular docking studies of
anthocyanin’s ligands from berries shows three compounds,
pelargonidin-3-glucose, pelargonidin 3 rhamnoside, and procyanidin
B2 were targeted on amino acid responsible for interaction between
S protein and ACE2 (Karppinen et al., 2018). This will cause
disturbance in attachment of SARS-CoV-2 virus with ACE2 in host
cell receptor preventing viral infection (Karppinen et al., 2018).

Figure 2: Different phytochemicals found in fruits to fight against COVID-19.
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3.  Conclusion

Fresh fruits are very important for heath especially during this
COVID-19, when need of strong immunity is very high. Fruits
which contain significant amount of nitrate can hold the progression
of viral disease immediately by either activating or inhibiting
different pathways related to SARS-CoV-2 progression. Fruits are
home based cheap and readily available remedies that can be
implemented to limit the spread of COVID-19 pandemic.
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