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ABSTRACT

Coronavirus disease (COVID-19) has swept across the globe, affecting over 179 countries, with
about 650,805 thousand deaths globally and over 16,341,920 million reported cases in the world.
Hence, the need for novel drugs and different approaches for high quality treatment of the novel
coronavirus may be a necessity. Since, the commencement of the coronavirus spread, significant
efforts have been made to forestall and cure the virus by World Health Organization (WHO).
However, no particular treatment has been certified, although, therapeutic methods have been
outlined but, these therapeutic approaches have different drawbacks and lack the specified
performance for the treatment of the new coronavirus disease. Thus, in response to these
therapeutic drawbacks, this review helps to suggest possible immunomodulatory foods and plant
species which could be used as anti-SARS-Cov2 therapy to forestall infection and strengthen
immunity of the masses against SARS-CoV-2 and in COVID-19 patients.

Keywords: Coronavirus; SARS-CoV-2; immunomodulatory foods; functional plants; antiviral
compounds.
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1. INTRODUCTION

Coronaviruses (CoVs) are groups of viruses
common among many animals, including
humans. They cause respiratory illnesses in
humans and gastrointestinal illnesses in animals
[1]. Under the microscope, virions of CoVs have
large peplomers that make it appear as a crown,
hence the name corona, meaning “crown” or
“halo” [2,1,3]. Before 2003, human CoVs weren't
considered a deadly virus because the circulating
strains then were causing mild symptoms in
immunocompetent people. Typically, coronavirus
symptoms include runny nose, cough,
pharyngitis, headache, and fever which will last
for several days. However, in
immunocompromised  patients, there's a
possibility that the virus could cause a lower
respiratory disease like pneumonia and
bronchitis [2,1]. In 2003, the world was shocked
by the primary pandemic of the 21st century; the

Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV) emerged in
Guangdong, China, leading to 774 deaths and
quite 8000 patients [4,1,5]. Nine years later, a
strain of CoV evolved in Saudi Arabia to cause
the center East Respiratory Syndrome
Coronavirus (MERS-CoV), approximately 2500
cases are confirmed, including 861 deaths with a
fearful case—fatality rate of 34.4% [5].

The first cases of coronavirus disease 2019
(COVID-19) was reported to occur from a
zoonotic transmission in Wuhan, China in
December 2019, and linked to an outsized
seafood market that traded in live wild animals.
The causative virus, severe acute respiratory
syndrome coronavirus 2 (SARS- CoV-2) is
capable of human- to- human transmission and
spread rapidly to other parts of China then to
other countries. Table 1 shows the global
number of cases and deaths emerging from

Table 1. Coronavirus Disease (Covid-19) global cases

Continents Cases Deaths
Africa 726,105 12,257
Americas 8,728,962 339,651
Eastern Mediterranean 1,494,697 38,371
Europe 3,261,042 210,897
South-East Asia 1,838,380 41,366
Western Pacific 291,993 8,250
Globally 16,341,920 650,805

Source: WHO. [6]

Table 2. Potentials of functional plants against new coronavirus disease

Methodology Bioactive Plant References
substances
Use of plant extract/ Utricadioica Utricadioica (Stinging nettle) [34,35]
lectin Agglutinin Allium porrum (Leek) [34]
Allium porrum Psoelea corylifolia [36]
Agglutinin (APA) T. nucifera (Japanese [37]
Plant extract nutmeg-yew)
Use of plant secondary Quercetin Allium cepa (Onion) [38,39,19]
metabolites Allium sativum (Garlic)
Cephrarenthine Stephania spp [40]
Glycyrrhizin Glycyrrhiza glabra (Licorice) [41,42,43]
Diarylheptenol Alnus japonica (Alder) [44]
Flavoniod Pterogyne Nitens [45]
Aloe-emodin Aloe vera [46,47,48,49,50]
Use of plants to Viral N Antigen Nicotiana tabacum (Tobacco) [51,52]

express vaccinal
proteins
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Fig. 1. Covid-19 cases in Nigeria
Source: NCDC. [22]
CASES BY SEX
Female
36%
Male 64%

Fig. 2. Coronavirus cases by sex in Nigeria
Source: NCDC. [22]

different continents as at 28th July 2020. While
Fig. 1 shows the coronavirus cases in Nigeria
between February 29th to July 27th 2020. From
the figure, it was observed that there's a sharp
increase within the number of latest cases,
recovery rate and death rate. The sharp increase
observed might be as a result of the convenience
on lockdown, thanks to the poverty rate, and
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unemployment within the country and the
ineffective laid down rules by the government.
Covid-19 showed a difference in death rate
between males (64%) and females (36%) as at
July 27th 2020. The differences might be as a
result of ACE2 which is found on the X
chromosome, there could also be alleles that
confer resistance to COVID-19, explaining the
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lower death rate in females [12]. Alternatively,
the oestrogen and testosterone sex hormones
have different immunoregulatory functions, which
could have influence immune protection or
disease severity [21].

The features of covid-19 are its apparent ability
to spread readily and its propensity to cause
severe disease in older adults and patients with
existing health conditions [7]. Just like the other
respiratory  coronaviruses, SARS-CoV-2 is
transmitted primarily via respiratory droplets, with
a possible, but unproven, fecal-oral transmission
route. On infection, the median time period
is approximately 4-5 days before symptom
onset [8,9,10,11] with 97.5% of symptomatic
patients developing symptoms within 11.5 days
[10].

On hospital admission, patients with covid-19
typically exhibit a fever and dry cough; less
commonly, patients also experience difficulty in
breathing, muscle or joint pain,
headache/dizziness, diarrhoea, nausea and
expulsion of blood [8,12,13,14,15,16], within 5-6
days of symptom onset, SARS- CoV-2 viral load
reaches its peak, significantly before that of the
related SARS- CoV, where viral load peaks at
about 10 days after symptom onset [17,18,19,
20]. Severe covid-19 cases progress to acute
respiratory distress syndrome (ARDS), on
average around 8-9 days after symptom onset
[15,1].

1.1 The Current Methods Applied for the
Treatment of the New Coronavirus

The present methods of COVID-19 treatment are
composed of the administration of medicine like
Remdesivir, Chloroquine, Arbidol and Favipiravir
and, approaches like interferon therapy [23,24].
A variety of the targets considering the inhibition
of the RNA transcription, RNA modification, virus
packaging enzymes, the capsid and therefore the
surface proteins assist the virus to diffuse into
the cells and may be a considered strategy to
deactivate or prohibit the propagation of RNA
virus in cells and tissues [23]. Currently, further
studies are been investigated on the biochemical
materials that would inhibit the most proteases of
the virus or the compounds that would inhibit the
propagation rate of the virus within the cells. The
plants provide an ultimate, natural source of
enzyme and viral propagation inhibitors to be
implicated as a treatment method of disorders
caused by SARS-Cov and SARS-Cov2.
Fortunately, there's a substantial similarity
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between the SARS-Cov and SARS-Cov2 virus
which is 80% identity and 96% similarity of the
genome [25,7]. It's also observed that there's a
76.10% identity between the mentioned viruses
[26]. Based on this similarity, it is expected that
the results of the studies about the SARS-Cov
could be implied for the research in the SARS-
Cov2 to a high degree.

2. IMMUNOMODULATORY EFFECT OF
FOODS AND NATURAL PLANT
AGAINST SARS-COV-1 AND SARS-
COov-2

Coronavirus can be treated using nutrition, the
common cold, SARS-CoV-1, and SARS-CoV-2
fall under the same coronavirus family; hence,
are regarded as the same viral type [27]. An
evidence has showed that vitamin D decreased
the risk of COVID-19 outbreak in winter, which is
a time when 25-hydroxyvitamin D (25(OH)D)
level is low. Thus, vitamin D intake may reduce
the risk of influenza and COVID-19 infections
and related deaths [28]. Many foods and herbs
have been known to display antiviral and
immunomodulatory activities such as; Aloe vera,
Angelica gigas (Korean angelica), Astragalus
membranaceus (Mongolian milkvetch),
Ganoderma lucidum (lingzhi mushroom), Panax
ginseng (ginseng), and Scutellaria baicalensis
(Chinese skullcap) has been reported to exhibit
immunomodulatory  properties  [29].  Their
activities are based on selectively stimulating
cytokines, activating lymphocytes, increasing
natural Kkiller cell counts and enhancing
macrophage actions. Rice bran, wheat bran,
Lawsonia alba (hina), Echinacea purpurea
(eastern purple coneflower), Plumbago zeylanica
(Ceylon leadwort), and Cissampelos pareira Linn
(velvetleaf) also exhibit immunomodulatory
properties by  stimulating phagocytosis.
Eucalyptus essential oil has been reported to

improve the innate cell-mediated immune
response that can be used as an
immunoregulatory agent against infectious
diseases [30]. Collectively, using these

immunomodulatory foods and herbs could
enhance the immune system and protect the
body against COVID-19. Numerous studies,
although limited to in vitro, in vivo studies,
reported the bioactive components of foods and
herbs against SAR-CoV-1 but only a few clinical
studies have been carried on the effects of
specific foods and herbs against the SAR-CoV-1,
as most clinical studies have been done on food
and herb combinations, or the traditional Chinese
formulas [31].
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2.1 Functional Plants Potentials for the
Management of the Coronavirus
Related SARS Disease

Plants provide a good source of viral protein
inhibitors for the treatment of SARS. Generally,
they will express metabolites which will provide
an inhibitory effect on the enzymes, proteins and
therefore the propagation of the virus. Although,
numerous studies have focused on the SARS
2003, there are a lower number of studies with
the main target on the COVID-19 disease and
articles are limited in the studies of the functional
plant compounds [32,33]. The fact that the
majority of the active proteins in the infection
cycle of SARS-Cov2 are conserved, it is
expected that the results from the other
researches about previous generations of
coronaviruses especially SARS-Cov might be
applicable to the new coronavirus.

2.2 Plant Lectins

The plant immunity is an elaborate system which
will efficiently detect and deactivate the invading
pathogens with a spread of tools considering cell
surface and intracellular receptor proteins. Plant
lectins are carbohydrate-binding proteins which
will act as immunologic receptors and defense
proteins and, are found in some plant species
like tobacco, soy, and leek. Plant lectins are
considered among the plant-based compounds
that would be targeted as one of the treatments
for COVID-19.

2.2.1 Utrica dioica agglutinin lectin

Stinging nettle (Utrica dioica) has been utilized in
various countries as ftraditional medicine for
years. This plant has been reported to possess
therapeutic effects on cardiovascular, immunity,
neuronal and digestive systems [53]. The
agglutinin lectin is extracted from the rhizomes of
the common Urtica dioica. Previously, it had
been indicated that from the lectins that were
extracted from the selective plant species, the
Allium porrum Agluttinin (APA) of leek, Utrica
dioica Agglutinin (UDA) of Urtica dioica and
NICTABA lectin of Tobacco (Nicotiana tabacum)
were able to show the very best inhibition
tendency to ban the proliferation rate of the virus
to 50% (EC50) at 1.3 pg/ml, pure extract with low
toxicity in-vitro [34]. Similarly, further studies also
confirmed that the UDA have an impression on
the inhibition of the SARS-Cov virus in-vitro [54].
Experiments have proposed and show that the
lectins will interrupt the viral attachment and
lectins has the very best performance effects
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once they are delivered at the first stages of the
infection cycle [34]. The study also showed that
the UDA prevents the virus attachment by
inhibition of the SARS-CoV spike (S)
glycoprotein [35]. The evidence from the
previous research showed that UDA are often an
appropriate compound for further research within
the COVID-19 arena.

2.2.2 Aloe-emodin

Aloe vera (L.) Burm.f. considered as a
“miraculous plant” or “wonder plant” is a
medicinal plant that has been used for more than
3000 years in various cultures [55]. Aloe vera is a
high-potential anti- COVID-19 plant drug and has
been used for the management of the disease in
the Democratic Republic of the Congo. Several
experimental studies have shown that the Aloe
vera plant is endowed with formidable virucidal
properties with a broad spectrum of action. From
the point of view of toxicity, the innocuousness of
the extracts of this plant has been proven
experimentally both in vitro and in vivo. For
instance, Aloe vera contains virucidal secondary
metabolites such as anthraquinones and some
antiviral drugs (Lopinavir, ritonavir), which may
act alone or in synergy with pharmacological
targets like SARSCov -2 protease 3CLPro
[56,57,58]. In addition to intrinsic antiviral
properties, Aloe vera is also endowed with anti-
inflammatory and immunomodulatory properties
[59]. To this effect, it is not excluded that a phyto-
drug based on Aloe vera extracts can attenuate
in the patient, the expression of pro-inflammatory
factors and receptors is likely to induce acute
respiratory distress which is the main cause of
mortality associated with COVID-19 while
strengthening the immune system. As
combination of therapies based on viral protease
inhibitors are the best therapeutic option, Aloe
vera and its major secondary metabolites may
play an important role in the management of
COVID-19. These data pave the way for clinical
research on anti-COVID-19 herbal medicine.
Indeed, in addition to its secondary metabolites
endowed with virucidal properties, Aloe vera
contains zinc (40.8 ppm) [60]. This chemical
element, although indispensable as an enzymatic
co-factor, a slight increase in its intracellular
concentration inhibits the replication of
retroviruses including SARSCoV-1 which is
important in the management of COVID-19.

2.2.3 Psoralea corylifolia

Psoralea corylifolia belongs to the Leguminosae
family, the seeds of which are a permitted food
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additive in many countries, especially South
Korea. The major bioactive components of the
seeds of P. corylifolia are flavonoids and
chalcones, including bavachinin, psoralidin, and
isobavachalcone [36]. Moreover, the constituents
of P. corylifolia have been found to exhibit
antioxidant, antibacterial, anti-inflammatory and
antidepressant activities [61,62,63]. Psoralea
corylifolia has also been reported to have
inhibitory activities of baculovirus-expressed
BACE-1, DNA polymerase and topoisomerase |l
[64,65]. It was also reported that glycosidase
inhibitory phenolic compounds are found in this
species [65]. During an intensive research
program into biologically active metabolites from
Psoralea corylifolia, it was found that the ethanol
extract showed significant inhibition against
SARS-CoV PLpro. In the study, six aromatic
compounds were isolated and targeted against
SARS-CoV PLpro from the seeds of P.
corylifolia. The isolated compounds were
evaluated separately for their inhibitory activities
against PLpro. Their inhibition mechanisms were
ascertained using Lineweaver—Burk and Dixon
plots.

2.2.4 T. nucifera (Japanese nutmeg-yew)

T. nucifera, a Taxaceae tree found in snowy
areas near the Sea of Jeju Island in Korea has
been used in traditional Asian medicine as a
remedy for stomachache, hemorrhoids and
rheumatoid arthritis [66]. As part of an ongoing
investigation of potential SARS-CoV 3CLpro
inhibitors from medicinal plants, ethanol extracts
of the leaves of Torreya nucifera was done using
a fluorescence resonance energy transfer
(FRET) assay. The isolation of 12
phytochemicals—eight diterpenoids and four
biflavonoids—with SARS-CoV 3CLpro inhibitory
activity from the ethanol extracts of the leaves of
T. nucifera was done and the starting material by
virtue of its observed 3CLpro inhibition (62% at
100 Ig/mL). All isolated compounds were
examined for their 3CLpro inhibitory activities by
enzymatic inhibition assay. The isolated
compounds, biflavonoid amentoflavone [67] was
identified as a potent inhibitor of SARS-CoV
3CLpro, exhibiting an IC50 value of 8.3 IM.

2.3 Natural Plant Secondary Metabolites

Secondary metabolites are always considered as
non-necessary compounds for plant living cells,
such metabolites are expressed in response to
biotic and abiotic stresses. There are sorts of
plant secondary metabolites that are studied for
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the inhibition of SARS-Cov and are found to
possess a robust antiviral and anti-SARS-Cov
activity [42,68,35]. Examples of such compounds
are discussed below.

2.3.1 Quercetin

Allium genus plant contains Organosulfur
compounds like onions (e.g. Allium cepa), garlic
(e.g. Allium sativum) and leek (Allium porrum),
an organic macromolecule that contain sulfur in
their biochemical structure. During a recent study
for SARS-Cov2, it had been revealed that the
organosulfur materials from the A. porrum can
have significant potential in inhibition of the
Human ACE2 enzymes and thus features a
potential to inhibit and to attach the SARS-Cov2
to the cells [69]. Quercetin may be a flavonoid
that's abundantly available in onion and garlic
species and is found as sulfonic substituents
(although less occurring) [39]. Quercetin-3-f-
galactoside was observed by Chen et al. [3] to
possess inhibition activity of 3CLPro of SARS-
Cov. Further studies have also confirmed the
inhibition of 3CLPro of the SARS-Cov by both
Quercetin and Quercetin-3-B-galactoside in-vitro
[38,19]. It had been also confirmed that quercetin
3-B-D-glucoside has the potential to inhibit the
3CLPro of the MERS-Cov [19]. This compound is
found to possess low toxicity to the cells in-vitro,
and it's one among the main natural components
that are targeted for the treatment of the COVID-
19 disease.

2.3.2 Cepharanthine

Cepharanthine is a natural alkaloid (secondary
metabolite) derived from plants of the genus
Stephania native to Southeast Asia. Over the
years, numerous members of the plant species
have been used in Asia as typical treatment for
delirium [40]. Cepharanthine is an agent that has
proven preclinical promise in the treatment of
SARS. An in vitro experiment was once
performed to examine the extent of anti-SARS-
CoV activity using VeroE6 cells infected with
SARS-CoV [70]. The researchers split the cells
into four groups where cells in the first group
were pre-treated with cepharanthine prior to
infection and cells in the second group were
treated with cepharanthine post-infection with the
virus. The third group had cells co-treated with
cepharanthine and the virus.

The fourth group of cells was also co-treated with
cepharanthine and the virus but the mixture of
cepharanthine and virus were incubated at 37°C
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for 2 hrs prior to application on the VeroE6 cells.
Following treatment, viral cytopathic effect was
inhibited by a cepharanthine concentration of 10
pg/ml across all groups, with the 50% inhibitory
concentration (IC 50) ranging between 6.0 pug/ml
and 9.5 pg/ml for the four treatments. Even
though Zhang et al. [45] had no clear explanation
for their findings, their results were not totally
surprising as cepharanthine has also been
demonstrated to inhibit similar  human
coronaviruses such as the human coronavirus
type OC43 (HCoV-0OC43).

Given the excellent impact of cepharanthine on

HCoV-OC43 and SARS-CoV; there is a
likelihood that cepharanthine will exhibit
comparable results on the newly observed
SARS-CoV-2.

2.3.3 Glycyrrhizin

Glycyrrhizin is the major component within the
licorice (Glycyrrhiza glabra) root [71,72]. The
compound has been used traditionally for the
treatment of gastritis, bronchitis, and jaundice
and is reported to possess antioxidant and anti-
inflammatory activity which will stimulate the
formation of interferons within the body [73]. It's
been shown that Glycyrrhizin can decrease the
attachment of the SARS-Cov agents to the cells
especially during the initial phase of the virus
infection cycle [74].

Glycyrrhizin  are composed of flavonoids,
glycyrrhetinic acid, [-sitosterol and hydroxyl
coumarins [73] and has been observed to
possess an anti-SARS-Cov activity by Cinatl et
al. [75]. Pilcher [74] later regarded the licorice
plant and Glycyrrhizin as a prospective method
of creating a billboard drug against SARSCov,
adding to the very fact that there's an extended
way until a billboard drug for the SARS-Cov is
formed. Chen et al. [41] further confirmed that
Glycyrrhizin possess anti-SARS-Cov and various

review articles are published as results of
positive  antiviral activity of  Glycyrrhizin
[76,77,78].

A case study of using 30 pg/mL of glycyrrhizin in
in-vivo behavior for COVID-19 disease, has
noted the glycyrrhizin as a possible inhibitor of
SARS-Cov2 [33,78]. However, no studies are
found on the SARSCov, for approval of the in-
vivo effectiveness of the glycyrrhizin. Yet, haven
supported the positive results of the mentioned
studies, this compound could be a possible for
the event of an anti-COVID-19 disease drug.
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2.3.4 Diarylheptanoids

Diarylheptanoids are found in Alder, Alder bark
contains the anti-inflammatory salicin, which is
metabolized into salicylic acid in the body [79].
Some Native American cultures use red alder
bark (Alnus rubra) to treat poison oak, insect
bites and skin irritations. Blackfeet Indians have
traditionally used an infusion made from the bark
of red alder to treat lymphatic disorders and
tuberculosis. Park et al. [47] studied inhibitory
potential of 9 diarylheptanoid derivatives
(platyphyllenone, hirsutenone, platyphyllone,
platyphyllonol-5-xylopyranoside, hirsutanonol,
oregonin, rubranol, rubranoside B and
rubranoside A) isolated from Alnus japonica
Steud (Betulaceae) of Korean origin in the same
manner against both SARS-CoV 3CL""° and PL”™®
using a continuous fluorometric assay.

Firstly, the stem bark ethanol extract of the plant
was identified with a marked PLP™ inhibition,
which led to isolation of the afore mentioned
diarylheptanoids  containing basically 1,7-
diphenylheptane  skeleton. Among them,
hirsutenone (IC5,=3.0+£1.1 pM), hirsutanonol
(IC50=24.1£2.0 yM), oregonin (IC50=44.5+5.3
MM), rubranol (ICsy=35.2+ 1.7 yM), rubranoside
B (ICs50=7.2+2.2 pM) and rubranoside A
(IC50=14.4+£3.0 pyM) were found to be the
promising inhibitors of SARS-CoV PL"® in
deubiquitination activity assay in comparison to
that of curcumin (IC5o=5.7 uM) as the reference
compound. a, B-Unsaturated carbonyl group with
a catechol moiety was correlated with the higher
inhibition  in  these  molecules, whereas
monohydroxyl substitution led to diminish of the
inhibitory effect. Within the same work, the
glycoside derivatives of these diarylheptanoids
were also tested and found to exhibit poorer
inhibition than the diarylheptanoids. When they
were tested against recombinant SARS-CoV
3CL"®, the findings showed that the
diarylheptanoids displayed a  noteworthy
selectivity towards the coronaviral proteases.

2.3.5 Flavonoids

Flavonoids are an important class of natural
products and have several subgroups, which
include chalcones, flavones, flavonols and
isoflavones [80]. Flavonoids have many functions
besides antioxidant effects and they also have
antiviral abilities. Shimizu et al. [81] had found
that flavonoids from Pterogyne Nitens could
inhibit the entry of the hepatitis C Virus. Jo et al.
[82] had suggested that the anti-coronavirus
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activity of some flavonoids (Herbacetin, rhoifolin
and pectolinarin) was due to the inhibition of 3C
like protease (3CLpro). Other flavonoids
(Herbacetin, isobavachalcone, quercetin 3-p-d-
glucoside, and helichrysetin) were also found to
be able to block the enzymatic activity of MERS
CoV/3CLpro [83]. Moreover, Ryu et al. [37] had
reported that biflavonoids from Torreya nucifera
also brought inhibition effect of SARS CoV/3CL

(pro).
2.3.6 Nicotianamine

Nicotianamine is an important metal ligand in
plants and it is found in a novel angiotensin
converting enzyme 2 inhibitor in soybean [82]. It
has also showed to be another potential option to
be used to reduce the infection of COVID 19.

2.4 The Effectiveness of the Anti-viral
Plants’ Oral Delivery

The uses of plant cells as a bioreactor are
normally subjective to several ethical and
environmental considerations. This process
normally, will leads to the generation of a new
transgenic plant, it's probable that the
propagation of plant species as a result of the
uncontrolled breeding might affect the species
within the ecosystems, create an imbalanced
niche or even cause poisoning to the species
which may consume the plant randomly.
Consequently, the transgenic plant culture
should be done monitored and administered
under restricted control [84]. However, the
question is usually whether the direct oral
delivery of the compounds is going to be also
effective in terms of getting antiviral activities. It
had been confirmed by several studies that the
majority of the plant that possess anti-SARS
agents can inhibit the connection of the viral
agents to the cells [74]. However, it is often
postulated that the majority of plant anti-viral
agents might apply a protective behavior against
the doorway and propagation of the viral agents
within the host body. During this case, adding the
edible plant species that produce anti-SARS-Cov
compounds like leek, onion, garlic and Urtica
dioica root (the common nettle) against infection
to the food diet might be a good strategy against
infection of the new COVID-19 disease.

3. CONCLUSION

Considering the high similitude of the genome,
receptors of SARS-Cov and SARS-Cov2.
Functional plant could as well provide a natural,
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cost effective and less side effects approaches of
drug discovery against covid-19 disease. This
study suggests that plant species like
Utricadioica dioica and T. nucifera (Japanese
nutmeg-yew) could help manage, prevent
infections and strengthen immunity of the
masses against SARS-CoV-2 and in COVID-19
patients. Overall, more studies are needed to
further assess the anti-viral ability of these plant
species and functional foods.
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