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Abstract

Since the end of 2019, the covid-19 is critically overhanging general health and called as pandemic by World Health
Organization. Alternative approaches are very important for its control along with specific drugs for covid-19. Hence, the main
objective of the present article is to provide an overview on the function of horticultural crops enriched with antioxidants as a
possible alternative opportunity in combating the covid-19. Natural antioxidants such as vitamins, bioactive molecules, various
polyphenols and some of micro nutrients have promising abilities for being used as antiviral agents. This promising feature is
accompanied with its effect on decreasing the levels of ROS in infected cells, inhibiting replication of several strains of different
viruses and preventing the proliferation of cancer cells. Results highlighted the anti-viral effects of different antioxidants which
can be summarized in three groups; 1) polyphenols with anti-inflammatory and anti-allergy effects; 2) vitamins with inhibitory
effects on oxidation processes, preserving the epithelium and improving immune function in the elderly and 3) minerals effecting
on the formation of antibodies and improving immune system. According to these comprehensive facts of the review,
antioxidants propose promising goals for improving oxygenation rates and glutathione levels, decreasing sodium intake and
blood pressure, strengthening immune response and prevention of the chronic human diseases.
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INTRODUCTION

When the calendars showing December 2019, the most
important outbreak of the 21%t century had appeared in Wuhan,
China, with the name of Corona Virus illness, induced by the
Severe Acute Respiratory Syndrome Coronavirus 2. Then, it
was called as covid-19 by World Health Organization and has
received a lot of consideration because of widespread infection
of the mentioned new strain all over the world (Ho et al.,
2020). With the help of the huge travelling options in the 21%
century, the number of positive SARS-CoV-2 infections had a
tremendous increase all over the world, and then it was called
as pandemic in March 2020 by WHO. As of 9 February 2021,
Covid-19 has reported to cause the death of more than 2.3 M
people, with more than 107 M people infected worldwide
(Anonim, 2021). The family of this covid-19 is called as
Coronaviruses (CoVs), which its main characteristics are the

enveloped positive-sense RNA and club-like spikes (Xian et
al., 2020). It is known that this family had single-stranded
RNA, contaminating animals and humans, and cause to
respiratory, gastrointestinal, hepatic, and neurologic maladies
(Dhama et al., 2020). The severity of this disease is enhanced
with the increase in oxidation and inflammation, mainly in the
presence of persistent diseases. Active oxygen species (AOS)
induced free radicals cause the oxidation and is specified as a
disorder in the equilibrium between the level of AOS and
antioxidative barriers (Reshi et al., 2014). Results imply that
covid-19 participates with the hemoglobin durability and leads
the prohibition of heme transformation following great iron
distribution. Progression of the malady may cause to a relevant
iron dysmetabolism and ferroptosis following by hypoxia and
enhancement cell oxidation conditions (Cavezzi et al., 2020).
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The first Corona Virus vaccines had been approved for
emergency use after December 2020. However, since it is still
very difficult for everyone to reach vaccine and the
effectiveness of the vaccines are under debate, the application
of broad-spectrum antibiotics along with famously antivirals
and corticosteroids are advised. Use of herbs and traditional
remedies, established upon the natural and organic substances
are a method of treatment, too. Active compounds of different
natural products can be used against coronavirus but it is clear
that the amount of their effectiveness must be tested in vivo
and it should also be combined with other chemical treatments.
The oxidative stress caused by covid-19 was reported to cause
damages on the nucleic acids, which might likely decrease the
efficiency of Corona Virus vaccines (Bakadia et al., 2021).
Recently World Health Organization and participants “effort
altogether on the response - tracking the pandemic, talking to
crucial intermediation, by distribution of essential
pharmaceutical stocks to those in need- they are racing to
expand and spread secure and efficient vaccines”.

According to recent available information, vaccines trains
human body against viruses/infections and prepare body’s
natural defenses by activating the immune system. Therefore,
the body becomes ready for infections and whenever it is
infected by the maladies-inducing agents later, the body might
directly respond and prevent itself from illness. Together with
an effective vaccine, it is also important to include foods
enriched with antioxidants in the diet and strengthen the
immune system as well as to continue the essential public
health actions to suppress transmission and reduce mortality.
After this huge pandemic, a global recession occurred where
public health measures also strengthen to reduce the rate of
viral transmission; and these together caused an alteration in
the consumer behavior. This caused an increase in the
consumption of nutraceuticals and functional foods especially
in the developed countries where the consumers have ability
to reach those foods (Aday & Aday, 2020). Moreover,
existence of minerals and antioxidants derived from
horticultural crops are more important in order to induce
immune system of the human. Hereafter, United Nations Food
and Agriculture Organization (FAO) called the year 2021 as
international year of fruits and vegetable in order to emphasize
fruits and vegetables as dietary essentials. Therefore, the goal
of the present work is to investigate the mode of action of
antioxidants and phytochemicals of horticultural crops
including fruits, vegetables and medicinal plants in combating
covid-19. Our review focuses on the effect of weak body
immunity in countering with Corona Virus and then the mode
of action of antioxidants derived from horticultural
commodities in strengthening the immune system of the body
and combating with covid-19.

MALNUTRITION AND WEAK IMMUNE SYSTEM
Homeostasis is the case of steady internal, physical, and
chemical situations preserved by living organisms and the
nutrition is very determinant for the maintenance of
homeostasis, including immune function (Childs et al., 2019).
The immune system has known for several centuries to be
related with nutrition. Thus, malnutrition is accepted as the
primary cause of immunodeficiency. Several previous review
works have indicated the effect of nutritional deficiencies on
weakened immune responses and increased mortality,
especially in the elderly people. In common situation of the

Corona Virus pandemic, nutrition related guarded system
induction and strengthening are very important. Although
some vaccines got emergency application, it is still absent in
the worldwide use, and its efficacy and longevity are not well-
known, the “nutritional status-immune response” of
individuals is still very important (Romano et al., 2020). Thus,
malnutrition is considered as an important agent in the
incidence of viral disease, which causes to increase in the rate
of infected people and the risk of mortality and malady
especially in the elderly. Besides to that, Damage to human
homeostasis due to viral infection increases the need for
various nutrients and vitamins, including zinc, selenium,
vitamins A, B, and C (Gombart et al., 2020). In fact,
maintaining variety, balance and proportion in nutrient intake
helps the body's general health, including strengthening the
immune system. The results of several studies indicate that
micronutrient deficiencies lead to poor performance of the
safety system, especially in terms of safety performance,
mediator cells, phagocytic function, production of cytokines,
antibody reactions, etc. In fact, nutrient deficiencies are the
most important reason for the worldwide weakness of the
human body immunity (Chandra, 1999). On the other hand,
malnutrition increases  capacity to  opportunistic
microorganisms and reduce the effectiveness of drug
treatments (Katona and Katona-Apte, 2008). Therefore, a
balanced diet which is supplemented with horticultural
antioxidants and phytochemicals will be more essential in
improving the effect of drug treatments and also increasing the
immune factors in people infected with the corona virus. In
this case, along with the effective chemical drugs against
SARS-CoV-2, it is necessary to find natural drugs as a
supplementary approach to cope and prevent the spread of the
virus.

CLINICAL FEATURES

A broad-spectrum study on the clinical appearance of
Corona Virus, such as infection without specific signs, mild
upper respiratory and pulmonary alveolar collapses, together
cause severe infections which stops oxygen exchange (Soto et
al., 2020) with respiratory failure, and where it results with
moderate to intensive care requirement (Dhama et al., 2020).
The infection symptoms of covid-19 usually vary depending
on the time of the beginning of the malady and the patients
may have “malaise, headache, sore throat, runny nose, and
tachypnea, as well as fatigue, anorexia, myalgia, and sputum
production during the disease period. In addition, they may
develop mild-to-severe respiratory problems, with symptoms
such as fever, cough, and dyspnea”. The mentioned malady
has an intense transmission capacity by aspiration of epidemic
aerosols and principally needs to an incubation period of 3-14
days, which case to maladies varying from the asymptomatic
to fatal consequences (Yang et al., 2020). Current knowledge
also suggests that the intensity of Corona Virus infection
generally depending on the lymphocytopenia, and the patients
who died from Corona Virus had lower lymphocyte counts in
comparison with survivors (Yang et al., 2020). Patients also
noted to exhibit symptoms of significant systemic
inflammation, such as increasing in the levels of C-reactive
protein (CRP), the rate of erythrocyte sedimentation (ESR),
procalcitonin, chest CT score, and decrease in lymphocyte
(LY) count. Chest CT score had positive correlation with white
blood cell (WBC) count, CRP, ESR, procalcitonin, and
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abnormal coagulation function, a negative correlation with LY
count and some patients had lymphocytopenia at the reception
time (Zhang et al., 2020).

ANTIOXIDANTS

Antioxidants are compounds produced by aerobic
microorganisms that keep the amount of active oxygen species
(AOS) in plant organelles at low concentrations (base
concentrations), although they may be participated in signal
transmission cascades, preventing the incidence of oxidative
stress and cytotoxicity symptoms (Mittler et al., 2004). The
production site of various antioxidant compounds inside the
cell is summarized in Table 1. During optimum growing

conditions, the level of AOS production in plant organelles is
little, about 240 micromoles per second of superoxide anion,
and in the basal state 0.5 micromoles of hydrogen peroxide in
chloroplasts, which are usually in equilibrium with the amount
of anti-oxidant molecules (Racchi, 2013). However, biotic and
abiotic stresses increase the level of reactive oxygen species
(ROS) in the body and an unregulated cell oxidation may be
induced. Application of exogenous protective compounds
called antioxidants can prevent or delay oxidative stress.
Epidemiological investigations have also recommended that
using fresh fruits and vegetables in daily diet, having phenolic
and non-phenolic antioxidants has a negative correlation risk
with chronic diseases (Naska and Trichopoulou, 2014).

Table 1. Resources of the essential antioxidant in plant different organelles.

Organelle Essential antioxidants

Chloroplast Ascorbate peroxidase, Glutathione reductase, Glutathione peroxidase,
Monodehydroascorbate reductase, dehydroascorbate reductase, Cu/ZpSOD, EeSOD,
Ascorbate, Glutathione, Carotenoids,o-Tocopherol

Mitochondrion ~ MpnSOD. Ascorbate peroxidase, Monodehydroascorbate reductase, dehydroascorbate
reductase, Glutathione reductase, Glutathione peroxidase, Ascorbate, Glutathione

Cytosol Ascorbate peroxidase, Monodehydroascorbate reductase, dehydroascorbate reductase,
Glutathione reductase, Glutathione peroxidase, Cu/ZnSQD, Ascorbate, Glutathione

Vacuole Ascorbate, Glutathione, Flavonoids

Nucleus Ascorbate, Glutathione

Peroxisome Catalase, Ascorbate peroxidase, Ascorbate

Apoplast Peroxidase, Ascorbate

Reference: adopted from Racghi (2013)

According to Halliwell and Gatridge (2007), the ways of
antioxidants function are 1) to prevent ROS formation either
by inhibiting enzymatic defense or by chelating important
elements in production of free reactive oxygen species; 2)
Elimination of ROS and increasing the expression of
antioxidant defense mechanisms. Furthermore, the antioxidant
potency is very important in which infers to biologically useful
properties of fresh fruit and vegetables. The importance of the
study of antioxidant compounds in horticultural commodities
include 1) Antioxidant compounds protect fruit tissue against
toxic ROS and therefore make products tolerant against stress
(Van Breusegemet al., 2008); 2) Due to the presence of these
compounds, fruits have a high nutritional value in human and
animal nutrition; 3) Many fruits are perishable and after
harvest, have a relatively short shelf life that causes many
changes in their texture, color and aroma. These changes are
sometimes associated with a decrease in antioxidant
compounds (Stevens et al., 2008); 4) Antioxidant compounds
are involved in reducing the growth and yield of agricultural
products. According to the localization of antioxidants in the
tissue, they can be subdivided into three categories;

1) Intracellular antioxidants functioning inside
the cells: Enzymes such as catalase, glutathione
peroxidase, glutathione reductase, superoxide
dismutase and ceruloplasmin.

2) Antioxidants in the cell membranes: Small
molecules such as ascorbate, uric acid, glutathione, a
tocopherol, B-carotene and vitamin E.

3) Extracellular antioxidants present in the
extracellular liquids: Proteins like albumin,
transferrin and metallothioneins (Khavinson et al.,
2003).

THE EFFECT OF ANTIOXIDANTS ON
SYSTEM

Viral diseases are required to have the prevention of viral
replication followed by cell survival. Therefore, medicines
with antioxidants, which have anti-virus effects, are
promising. The results of curing with antioxidants in sepsis,
acute respiratory disease syndrome and acute lung injury are
known but treatment with antioxidants has not been yet
examined in covid-19. Soto et al. (2020) suggested that
antioxidants improve oxygenation ratio, level of glutathione
and make the immune system of patients to be stronger. This
then help to diminish the necessity for mechanical ventilation
or reduce the time required for that. In general, they can reduce
mortality rates in acute lung injury/acute respiratory distress
syndromes and finally will help the patients affected by covid-
19. At the corona virus patients, the elevation of blood pressure
(BP) level was also reported (Smyth et al., 2019). Thus,
consumption of potassium-rich fruits and vegetables including

IMMUNE
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sweet potatoes, avocados, spinach, beans, bananas and also
coffee can likely regulate the BP. The mechanism of
potassium is mainly associated with decrease in Na* intake
which is a secure basis to have low blood pressure
(McDonough et al., 2017).

According to the published literature information, it is clear
that deficiency of one or more of some micronutrients and
vitamin (i.e. Zn, vitamin A, C and E) compromises the immune
response, and makes the individuals more susceptible to
infections by virus and to a worse maladies anticipation
(Ayseli et al., 2020). Therefore, during the covid-19 pandemic,
enrichment the body with optimum intake of Zn and vitamins
C and D may express a promising medicinal tool against the
viral infections and incidence of the inflammatory diseases
(Name et al., 2020). In general, using any of these vitamins is
not mandatory and is not a major treatment for the mentioned
disease in this paper but it can be used as adjunctive therapy.

For example, vitamin C is one of the most potent
antioxidants which is able to donate electrons. That is
biosynthesized inside the mitochondria and transported to
other parts of the cell through a proton-electrochemical
gradient. Vitamin C characteristics of the horticultural crops
are very important for the consumers and producers too.
Ascorbic acid or vitamin C may cause immune system to be
stronger and the skin to be firmer by supporting the epithelial
barrier against the entrance of pathogenic microorganisms and
improve the adaptive immune systems (Carr and Maggini,
2017). Vitamin C also protects the host cells from phagocytes
against free radicals.

In common colds and other infections, the ratio of vitamin
C is reduced in the plasma, leukocytes and urine. A study in
mice showed deficiency of vitamin C at the time of influenza
injuries more in the lungs (Li et al., 2006). The effect of
ascorbic acid in strengthening immune system is related to its
accumulation in phagocytic cells such as Neutrophils. The
mentioned situation can improve chemotaxis condition,
phagocytosis and finally eliminates bacteria and viruses. In a
study the chick embryo tracheal organ cultures were infected
by coronavirus. The results showed that exposure of infected
culture to ascorbate make that to be more resistant against
coronavirus (Atherton et al., 1978). On the other hand, vitamin
C acts as an antihistamine and inhibits symptoms such as
sneezing, itchy nose, runny nose and prevents nasal congestion
and swelling of the sinuses or even pneumonia (Field et al,
2002). The most common infection site in covid-19 is lower
respiratory tract, so this vitamin can be used as a potentially
effective option in treatment of respiratory infections caused

by covid-19. Vitamin C-rich fruits that include 12 mg or more
vitamin C per reference amount are qualified to carry the label
“rich in vitamin C”. Here there are some fruits with different
levels of vitamin C including oranges (53.2 mg 100g FW1),
tomatoes (13.7 mg 100g FW-1), pineapple (47.8 mg 100g FW-
1), apple (4.6 mg 100g FW1), bananas (8.7 mg 100g FW™),
strawberry (80 mg 100g FW™'), melons (10-29 mg 100g FW1)
and grapes (3.2 mg 100g FW) (Fenech et al., 2019).
However, an average requirement (AR) of 90 mg/day for men
and 80 mg/day for women had been established by the
European Food Safety Authority (EFSA Panel on Dietetic
Products and Nutrition and Allergies [NDA], 2013).

Polyphenols have pharmacological activities including
antioxidant activity, anti-inflammatory characteristics,
anticancer characteristics, antibacterial properties, antifungal
activities and antiviral characteristics too. Antiviral activity of
flavonoids such as luteolin, apigenin, amentoflavone,
quercetin, epigallocatechin gallate and gallocatechin gallate is
due to preventing of the proteolytic activity of SARS-Cov 3C-
like protease, which is the important key in viral replication
(Solnier & Fladerer, 2020). Polyphenols also have other
activities such as inhibition of lipid-peroxidation, capillary
permeability and fragility, cyclo-oxygenase, and lipoxygenase
enzyme activity (Rusznyak and Szent-Gyorgyi, 1936).
Phenolics are reported to contribute to the antioxidant
complement of several colorful (red, purple or blue) fruit
species such as Blackberry, Raspberry and Jostaberry with
426.2, 129.2 and 125.4 mg 100g™* FW, respectively (Okatan,
2020).

In several berries, the amount of antioxidant capacity
(which is measured as oxygen radical absorbing capacity
called ORAC) has been noted to have a positive relationship
with the amount of their anthocyanin and total phenolic (Kalt
etal., 2001). Since antioxidant capacity, as a result of phenolic
compounds, can be decreased during different processing
procedures of fruits (i.e. cutting or freezing), it is better to be
consumed as raw (without processing). The mode of function
of some effects of polyphenolic compounds is not completely
demonstrated. A total knowledge of some variables of
polyphenol bioavailability; such as the kinetics of adsorption,
accumulation and elimination, will comfort the pattern of this
projects. In addition to the fruits and vegetables, using of
medicinal plants and herbs is going to be common in different
societies due to their richness in antioxidants compounds.
Some of the antioxidant derived from fruits and vegetables and
also herbs are illustrated in Tables 2 and 3, respectively.
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Table 2. The amount of antioxidants in some horticultural commodities.

Horticultural commodity Antioxidant level (mmol 100g FW-1) References
Pecan 10.6 Raman, 2018
Blueberry 9.2 Raman, 2018
Strawberry 54 Raman, 2018
Artichokes 4.7 Raman, 2018
Raspberries 4 Raman, 2018
Kale 2.7 Raman, 2018
Red cabbage 22 Raman, 2018
Beans 2 Raman, 2018
Beet 1.7 Raman, 2018
Spinach 0.9 Raman, 2018
Berries and berry products 37.08 Carlsen et al., 2010
Fruit and fruit juices 2.36 Carlsen et al., 2010
Grains 0.73 Carlsen et al., 2010
Herbal/traditional plant 120.18 Carlsen et al., 2010
Legumes 1.18 Carlsen et al., 2010
Nuts and seeds 15.83 Carlsen et al., 2010
Vegetables 1.50 Carlsen et al., 2010
Table 3. Antioxidants isolated from some herbal spices.
Spice Antioxidants References
Rosemary Carnosic acid, garnosol, rosemarinic acid, rosmanol Shyjala and Peter, 2004
Sage Carnosol. carnosic acid, rosmanol, rosmarinic acid Shyjala and Peter, 2004
Oregano Derivatives of phenolic acid, flavonoids, tocopherols Shyjala and Peter, 2004
Thyme ;;ﬁg;ﬁim thymol, p-cymene, caryophvllene, caryone, Shyjala and Peter, 2004
Summer savory Rosmarinic acid, carnosol, carvagrol. thymol Shyjala and Peter, 2004
Marjoram Flavonoids Shyjala and Peter, 2004
Allspice Pimentol Shyjala and Peter, 2004
Tumeric Curcumin Tsag, 2015
Red pepper Capsaicin Tsao, 2015
Chilli pepper Capsaicin, ¢apsaiginol Tsag, 2015
Clove Eugenol Tsao, 2015
Tumeric Curcumin Tsao, 2015

MODE OF ACTION OF SOME HORTICULTURAL
COMMODITIES AGAINST COVID-19

Berries are very important fruits in terms of their unique
color, taste and flavor, high contents of minerals and vitamins
and a wide variety of uses in the food industry. They have
different types of phytochemicals in different levels including
phenol, antioxidant, anthocyanin and ascorbic acids (Okatan,
2020). Phenolic compounds, mainly anthocyanins, in the
berries give high antioxidant capacity to the fruits (Giindesli et
al., 2019). Regarding to a FRAP analysis; berries have
maximum 9.2 mmol of antioxidants per 100 grams. The
positive effects of berries on human health can be summarized
as neutralizing the detrimental effects of ROS, reducing
inflammation and altering the expression of some genes.
Similarly, Raman (2008) also noted that the anthocyanins of
blueberries help to reduce the risks of cardiovascular diseases,
lowers LDL cholesterol levels and blood pressure. One of the
most popular species of the berries is strawberry. The
strawberry fruits are characterized with their sweet taste,
versatile and rich source of vitamin C and antioxidants.
Strawberries are reported to provide maximum 5.4 mmol of
antioxidants per 100 grams (Raman, 2018). Similar to general

group of berries, strawberries also contain anthocyanins,
which give the red color to the fruits.

One of the common signs of covid-19 is fever. Fever
increases both energy and micronutrient requirements (Muller
at al., 2003). Citrus fruits are known to contain high levels of
flavonoids and vitamin C. These phytochemicals decrease
inflammation and boost immunity, which may help to fight
fever, and indirectly help to fight with covid-19. On the other
hand, vitamin A preserves the entirety of the epithelium in the
respiratory and gastrointestinal tracts. For example,
Scrimshaw et al. (1968) reported that “no deficiency in
nutrients except for vitamin A has more positive correlation
with encountering to infectious diseases”. Another important
ROS scavenger is vitamin E. The best way to strengthen the
immunity system in elderly is dilation in hypersensitivity skin
response and production of antibody after vaccination. In a
previous work, it was noted that the vitamin E improves the
resistance of elderly mice body to influenza virus infection and
reduces the risk of acquiring upper respiratory infections in
nursing home residents. Vitamin E also has an inhibitory effect
on lipid peroxidation (Meydani et al., 2005). Current
knowledge with the citrus fruits also recommends that the
hesperidin and ascorbic acid derived from citruses can prevent
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infectious diseases, including covid-19 by counteracting the
cell damaging effects of the reactive oxygen species triggered
by viral infections and inflammation. Similarly, Bellavite and
Donzelli (2020) suggested that the citrus fruits can have a
potential to be used as medicine against severe acute
respiratory syndrome coronavirus. Besides to that, there are
some other important fruits like oranges, kiwi, papaya and
guava and some vegetables like spinach, bell pepper, eggplant,
beetroots and cauliflower that are recognized to be high in
vitamin C and are supporting for immune system. Overall, the
existing literature suggests that these products are important to
be included in diet. Spirulina and curcumin, as they are rich in
vitamin C and minerals, have the most effects on strengthening
immunity of elderly people (Erol, 2020). The presence of
minerals in fruits and vegetables in connection with their roles
in preventing infectious diseases and strengthening the
immune system is related to their involvement in the formation
of antibodies against pathogens (Katona and Katona-Apte,
2008). Garlic, ginger, turmeric, acid lime, aonla, spinach,
broccoli etc. must be included in human diet to boost up the
immune system and protect body against infectious diseases

because they are the most potent anti-viral items (De and De,
2020).

It was recently noted by Wagner et al. (2020) that
lymphocytopenia could be an easily obtained, useful, early and
prognostic agent in assigning the clinical cycle and the
intensity of covid-19 in patients. In this regard, some of
minerals such as Zn is known to decrease T and B lymphocytes
counts; and represses delayed hypersensitivity, cytotoxic
activity and antibody production (Fawzi, 2004). Besides,
potassium, zinc and magnesium supplementation either reduce
the incidence of and inhibition of mortality induced by
pneumonia or can effect on diarrhea (Katona and Katona-Apte,
2008). Moreover, banana is a horticultural commodity full of
energy, carbohydrate, fat, protein, vitamin A, vitamin B, and
vitamin C, K, P, Ca and Fe. Bananas are good anti-oxidants
that are able to cure infection, slow the aging process, promote
heart health, improve digestion, promote mental relaxation,
support menstrual health, regulate blood sugar and cure
anaemia (De and De, 2020). Results of some literatures about
the effect of special antioxidants derived from horticultural
crops and medicinal plants on pathogen and also the way of
their function are summarized in Tables 4 and 5, respectively.

Table 4. Some of horticultural crops, their antiviral comppunds and effects on immune system

Horticultural Active compounds Type of virus The way of effect on Reference
crops pathogens
Green Tea Epigallo catechin gallate, SARS-CoV-2  anti- Ghosh et al.,
epicatechin gallate and and inflammatory and antiseptic ~ 2020;
gallocatechin-3-gallate influenza Matsumoto et
al., 2005
Red Grape Resveratrol MERS-CoV. Reduced expression of viral  Burns et al.,
and berries (3.5.4-trihydroxy-trans-stilbene) nuecleocapsid protein. 2002; salehi
etal., 2018
Mexican Luteolin SARS-CoV. inhibition of the proteolytic  Solnier &
Oregano (34,5, 7-tetrahydroxyflavone) activity of SARS-CoV 3C-  Fladerer,
like protease 2020
Soybeans Daidzein SARS-CoV. inhibition of the proteolytic  Solnier &
(7-hydroxy-3-(4-hydroxyphenyl)- activity of SARS-CoV 3C-  Fladerer,
4H-chromen-4-one) like protease 2020
Citrus Quercetin SARS-CoV. inhibition of the proteolytic ~ Solnier &
(3.3'.4".5,7-pentahydroxyflavone) activity of SARS-CoV 3C- Fladerer,
like protease 2020
Parsly. Apigenin SARS-CoVY. inhibition of the proteolytic  Solnier &
(4', 5, 7,-trihydroxyflavone) activity of SARS-CoV 3C- Fladerer,
like protease 2020
Ginkgo Amentoflayone SARS-CoVY. inhibition of the proteolytic  Solnier &
(bis-apigenin coupled at 8 and 3' activity of SARS-CoV 3C-  Fladerer,
positions, or 3',8"-biapigenin) like protease 2020
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Table 5. Medicinal plants and their antiviral effective material

Extracted effective

Plant X Mode of action Activity Reference
material
. inhibited replication of - Di sotto et
Hupmdys lupulus L. (Cannabacsag)  Hydroalcoholic various viral strains anti-influenza 15 ¢
Cibotium, cytopathogenic effect (CPE)
barometz. Gentiana seabra, Digscorea on Vero E6 cells under in SARS-CoV Wenetal.,
batatas, Cassia tora and Taxillus vitro ke 2013
chinensi conditions
o . . Fadys et al.,
Curcuma longa (Zingiberacess) Curcumin inhibits the production of anti-SARS- 2017;
‘ e pro-inflammatory cytokines  CoV-2 Manoraran,
etal., 2020
inhibited Middle East Lin et al
Grape, peanut, red wine and mulberry  Resveratrol Respiratory Syndrome MERS-CoV. 2017 N
Coronavirus () replication -
. Hesperidin and vitamin binding to SARS-CoV-2 B”QJ’IQY}I’.:" &
Citrus . < SARS-CoV-2  Dongzelli,
C proteins 2020
Cinnamon Cinnamaldehvde inhibits the TNF-a-induced Leeetal.,
inflammation through 2018
suppression of NF-xB SARS-CoV-2
activation
CONCLUSION antioxidant power, prevent lipid peroxidation, maintain cell

In the present review, we had tried to describe the antiviral
properties of some phytochemicals and antioxidants of
horticultural crops. On the other hand, the effects of bioactive
components of fruits and vegetables and their nutritional
values were reviewed to supply a reference material for
combating covid-19. Corona virus is a drastic and dangerous
infectious malady. The disease is mostly spread through
respiratory droplets of the people to be in direct contact with
each other. Regarding the covid-19 pandemic, minerals and
bioactive substances that are able to improve the body
immunity to prevent or decrease the danger of drastic advance
and prognosis of this infectious disease become related.
Although the effect of zinc and vitamins C and D similar with
antioxidants in the response of body immunity to infectious
disease are unavoidable but also the need to use chemical
drugs and vaccinations to suppress the rapid spread of corona
virus is still essential. In this way, World Health Organization
is in cooperation with scientists, business, and global health
organizations through the ACT accelerator to enhance the
pandemic response. Although there is a global effort to
develop an effective vaccine against covid-19, basic and
essential public health actions must be taken to prevent the
spread of the mentioned disease and to decrease its mortality.
Vaccines, in general, save a lot of people each year by
improving and strengthening the human body’s immunity
system and to find and combat the infectious microorganisms
they target.

Adding of horticultural commaodities into the diet causes to
keep the role of antioxidants in body defense pathway.
Vitamin C can lead to strengthening immune system and
protection against infection caused by corona virus. Since the
exact mechanism of covid-19 has not been fully elucidated and
no specific drug has been developed for it, control could be
mainly achieved by the dietary supplemented with
antioxidants as well as the interruption of the transmission
cycle. Different kinds of antioxidants are able to increase
immune system function, decrease secretion of inflammatory
cytokines, reduce oxidative stress and increase the body's

membrane integrity, maintain strong connections between
cells, prevent changes in the virus genome and improve
chemotaxis and phagocytosis. Review of the existing literature
suggest that consuming common fruits and vegetables, which
have high antioxidants, anthocyanin, nutrient and vitamin
contents may contribute much more to the reduction of ROS
and help to fight against covid-19.
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