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ABSTRACT

Coronavirus disease 2019 (COVID-19) is an infectious fatal disease caused by the Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2) with millions of individuals infected globally within few months of its outbreak. During infection,
the SARS-CoV-2 main protease binds directly to Angiotensin-converting Enzyme 2 (ACE2) receptor of the human host
cells, most especially in the lungs where it replicates and causes respiratory infections. Currently, there is neither universally
recommended nor approved treatment for the morbid disease caused by this virus. Therefore, the urgent need for therapy has
led to the use of medicinal plants such as tropical food spices which have been previously used as antivirals. Thus, this review
described the coronaviruses, the causative virus of COVID-19, the role of ACE2 in SARS-CoV-2 infection, health complications
in COVID-19, the general importance of tropical spices, the potential beneficial role of tropical spices as potent inhibitors of
SARS-CoV-2 and the mechanisms of action of some selected tropical spices: turmeric, onion, garlic, red chille pepper, black
pepper and cinnamon; based on prior knowledge of their medicinal values. This might help to promote the use of spices and/or
their isolated compounds as functional foods, nutraceuticals and potent alternative medicines to provide fast optimal relief or
cure for COVID-19.
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1. INTRODUCTION

The outbreak of the novel Coronavirus Disease 2019 (COVID-19)
was firstly reported in Wuhan, China in December 2019 and spread-
ing speedily to nearly every country of the world. It became a public
health emergency of international concern on 30th January, 2020 and
a global health pandemic by World Health Organization (WHO) on
11th March, 2020 [1,2]. This disease infects people of all ages and
races, however, older people (40 years and above) and individuals with
underlying medical conditions (e.g. cardiovascular disease, diabetes,
chronic respiratory disease, cancer etc.) are more vulnerable and may
get worse because of its deadly complications, most especially, multi-
ple organ failure. As at 25th July, 2020, the outbreak has escalated to
over 15.8 million cases with about 641,243 deaths being confirmed
and reported globally. This disease is caused by the Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), studies had
established that SARS-CoV-2 had similar sequence with the SARS-
CoV and bat coronavirus which were earlier reported [3]. During
infection, the SARS-CoV-2 main protease and spike glycoprotein
binds directly to Angiotensin-converting Enzyme 2 (ACE2) receptor
of the human host cells, most especially in the lungs where it replicates
and causes respiratory infections [4]. Presently, there is neither uni-
versally recommended nor approved treatment for the morbid disease
caused by this virus. Thus, to develop therapy; it is expedient to have a
thorough understanding of the basic mechanism of pathogenicity. In
the interim, researchers are working very hard on how to provide safe
and natural alternative medicines to the public before making avail-
able a specific drug or vaccine in a timely fashion [5].

The current available therapies are antiviral, antibiotic, antimalarial
and anti-inflammatory drugs including monoclonal antibodies
[6-8]. Previous studies had explained the importance of medicinal
plants over synthetic drugs in various diseases conditions, a lot of this
medicinal plants such as tropical spices possess anti-infective, antiviral,
anti-inflammatory, antimalarial and antioxidant properties [9-11].
About 49% of all natural products molecules or derivatives approved
for human use by the US Food and Drug Administration have been
linked directly to spices [12]. The consumption of spices is very high
in the tropics, coincidentally, these spices are not consumed singly
but often combined to produce significant health effects. Previous
studies had indicated that spices possess phenolic-rich constituents
which provides the molecular basis for their added medicinal benefits
[11,12]. The potency of isolated compounds from some Indian spices
as inhibitors of SARS-CoV-2 main protease has been tested recently
[13], therefore, it is expedient to consider tropical spices as a prom-
ising panacea for COVID-19. Here, we described the coronaviruses,
the causative virus of COVID-19, the role of ACE2 in SARS-CoV-2
infection, health complications in COVID-19, the potential benefi-
cial role of tropical spices as potent inhibitors of SARS-CoV-2 and
the mechanisms of action of some selected tropical spices: turmeric,
onion, garlic, red chille pepper, black pepper and cinnamon; based on
prior knowledge of their medicinal values.

2. BRIEF DESCRIPTION OF CORONAVIRUS

Coronaviruses are important pathogens which cause respiratory
and enteric diseases in mammals and some birds. They are single-
stranded RNA viruses that belong to the Kingdom Riboviria,
Family Coronaviridae, Subfamily Coronavirinae and Order
Nidovirales [14,15]. They are classified into four genus which

include Alpha, Beta, Gamma and Delta. It is believed that the Alpha
and Beta coronaviruses came to existence from bats while Gamma
and Delta coronaviruses are thought to have emerged from birds
and pigs [16]. About 39 different species have been identified, most
of these species are enzootic with just only a few causing disease
in humans [17]. The human coronaviruses affects the respiratory
tract and cause mild-to-moderate illnesses which include common
flu and cold. Almost all the human population comes into contact
with these viruses at a particular time [18]. At present, the Human
Coronaviruses (HCoVs) include HCoV-229E, HCoV-OC43,
HCoV-NL63, HCoV-HKU1, SARS-CoV, SARS-CoV-2 and Middle
East Respiratory Syndrome Coronavirus (MERS-CoV) [19,20]. The
HCoV-229E and HCoV-NL63 belong to the Alpha-coronaviruses
while the remaining HCoVs are Beta coronaviruses. The HCoV-
229E, HCoV-NL63, HCoV-HKU1 and HCoV-OC43 strains of
coronavirus give rise to moderate respiratory diseases in humans
while SARS-CoV and MERS-CoV are among the pathogens
included in the WHO?s list of high-priority threats [21,22] with the
capability to cause severe pneumonia [23]. The sudden emergence
of a new pathogenic virus reported in 2019 and the Coronavirus
Study Group of the International Committee on Taxonomy of
Viruses named the virus as SARS-CoV-2 [15]. This followed the
emergence of its antecedent virus named SARS-CoV in 2002. The
outbreak of this viral infection affected the human population for
about a year, spreading across 37 countries of the world with over
8000 reported infected cases and almost 800 deaths [24,25].

3. SEVERE ACUTE RESPIRATORY
SYNDROME CORONAVIRUS-2

The SARS-CoV-2 belongs to the genus Beta-coronavirus and under
the species SARS-related coronaviruses. They belong to group 2B and
shares 70% similarity in genetic sequence with SARS-CoV [26] and
96.2% sequence homology with the bat coronavirus [27]. It is the
seventh isolated coronavirus species with ability to cause disease in
human. They had identified two strains of this virus, the ‘C and S’
strains; the L strains are more common and they probably emerged
from ‘S’ strain. The genomic formation and adaptive nature of this
virus are not well understood by researchers due to its high rate of
mutation [28]. However, symptoms from this virus progress slowly
over an incubation period of about 14 days and the virus replicates in
the upper and lower respiratory tracts during this time [29]. Generally,
the symptoms observed during this infection are fever, cough, breath-
ing difficulty and lungs lesion [30]. Furthermore, these symptoms
progress to life-threatening respiratory disorder in its advanced stage
[31]. Reports have also shown that this virus could induce neurolog-
ical disorders in patients [32,33]. Moreover, some infected persons
are asymptomatic with such individuals unknowingly spreading the
virus and thus posing a substantial difficulty for the virus to be con-
tained. Consequently, governing authorities of most nations of the
world have made rules that minimize human contact, e.g. social dis-
tancing and impromptu shutdown of public places [5].

3.1. Role of Angiotensin-converting
Enzyme 2 in SARS-CoV-2 Infection

The SARS-CoV-2 possesses positive-single stranded enveloped
RNA viruses (+ssRNA) with genome size of about 27-32 kilobases
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[34]. The main protease of SARS-CoV-2 is mainly involved in
polyprotein processing, they contain four important structural and
functional proteins, these are: envelope protein (E), membrane pro-
tein (M), spike protein (S) and nucleocapsid protein (N) [17]. The E
protein is involved in the development of capsid and the whole viral
structure and the virus attaches to the host cells using M protein
[35,36]. The transmembrane S protein glycol possess three main
divisions which anchors host cells, these are: large ectodomain
(this consist of S1 receptor-binding and S2 membrane fusion sub-
units), single-pass transmembrane anchor and short intracellular
tail [37]. SARS-CoV-2 main protease has at least 11 cleavage sites
where viral replication and toxicity takes place. The viral genome
has two kinds of receptors, these are: the receptor binding domain
and Receptor Binding Motif (RBM) [38-40]. The RBM of S protein
binds directly to ACE2 in host cells, this is a vital event in the cel-
lular entry of SARS-CoV-2 on the respiratory tract epithelium of
infected patient [41]. The RBM of SARS-CoV-2 has a major amino
acid residue (Glutamine 493) that favors its attachment and fusion
with the ACE2 protein of the human cell, most especially, the lungs
and thus, causing respiratory infections in humans [38,42]. Thus,
the inhibition of these viral targets might prevent the binding and
replication of SARS-CoV-2.

Angiotensin-converting enzyme 2 protein is an important compo-
nent of the Renin-Angiotensin-Aldosterone System (RAAS). It is
a type I integral membrane glycoprotein with an N-terminal extra-
cellular domain which comprises two ¢ohelical lobes having a cat-
alytic site with a coordinated zinc ion between the lobes [24]. This
enzyme is produced in several human organs, but prominent in the
lungs, kidney, heart, endothelium, gut, central nervous system and
intestine [43,44]. It plays a critical role in regulating blood pres-
sure, inflammation and fibrosis, thus, they mediates heart failure,
hypertension, myocardial infarction, diabetic cardiovascular com-
plications and chronic kidney diseases [45,46]. ACE2 catalyzes the
conversion of angiotensin I and II into angiotensin 1-9 and angio-
tensin 1-7, respectively [45,47], the latter acts at the Mas receptor
[48]. Angiotensin (1-7) promotes vasodilation, sodium and water
excretion, reduce sympathetic nervous system tone and increase
nitric oxide production [49-51]. Therefore, the inhibition of the
ACE2 protein is absolutely paramount to reduce the binding of the
host receptor to SARS-CoV-2 and consequently results in the pre-
vention and treatment of COVID-19 [52-54]. Thus, agents with
ACE2 protein inhibitory properties might be a promising panacea
and novel therapy for COVID-19 treatment [55-57].

4. HEALTH COMPLICATIONS IN COVID-19

Coronavirus disease 2019 patients often develop respiratory symp-
toms such as pneumonia coupled with accelerated organ damage
which causes multiple organ failure at the advanced stage of the
disease. These conditions are partly driven by sustained increased
inflammatory cytokine and are the most notable cause of death in
infected patients. In addition, heart and kidney structural dam-
ages coupled with abnormalities in heart, gut and liver functions
are also involved. All these suggest ongoing systemic manifesta-
tion of myocardial, renal, enteric and hepatic damages [34,46,58].
Altered RAAS and ACE2 coupled with SARS-CoV-2 infection in
the cardiovascular system is reflected through incidences of acute
myocardial injury, arrhythmias, cardiac arrest, sepsis, septic shock,

viral myocarditis and heart failure [59,60]. In fact, altered levels of
ACE2 was reported in individuals with gut dysbiosis and diabetes
[61,62]. Furthermore, the expression of ACE2 in luminal surface of
the enterocytes in Gastrointestinal Tract (GIT) provides an alter-
nate route for enteric SARS-CoV-2 infection. Duan et al. [62] and
Hashimoto et al. [63] demonstrated that leaky GIT in experimental
models were improved or made worse depending on the levels of
ACE2 protein. This may likely be responsible for the GIT discom-
fort and diarrhea reported in some COVID-19 infected patients
coupled with the presence of viral RNA in their faeces [64,65].
Moreover, tissue and systemic inflammation occurs due to altered
ACE2 which causes the up-regulation of inflammatory cytokines
such as interferon-y, interleukin-6 and chemokine [4,58]. Thus,
people with pre-existing ailments such as hypertension, diabetes,
respiratory, inflammatory and gastrointestinal disease are all at
higher risk of COVID-19 infection [66].

5. GENERAL IMPORTANCE OF
TROPICAL SPICES

Spices are natural plants or vegetable products or their mixtures
in whole, crushed or powdered form which serves as esoteric food
adjuncts or additives and majorly used as flavors, colorants, pre-
servatives and sometimes as aroma and palatability enhancers
[11,67,68]. The distinctive scents of virtually all spices can be
detected on the breath following oral ingestion. The classification
of spices depend on their origin, the active principle present in
them or the parts used [69]. The basic classification of spices and
few examples in each category are presented in Table 1.

The pictures of some common tropical spices is depicted in
Figure 1. The various spices are often mixed with diets containing
cereals, legumes, nuts, fruits, vegetables, milk and milk products.
They also serve as basic ingredients in preparing soup with abil-
ity to improve nutritional benefits of food and/or food products.
However, spices are not among the suggested food groups required
to get balanced diets [70]. Beside their nutritional importance, they
could also provide added significant medicinal values. Many studies
have reported that spices possess phenolic-rich constituents which
provides the molecular basis for their added medicinal benefits
[11,71,72]. The chemical structures of major phenolic compounds

Table 1 Basic classification of spices with examples

Classes Examples

Pungent spices
Aromatic fruits

Pepper, ginger, chillies and mustard

Cardamom, nutmeg, coriander,
fenugreek and aniseed

Cinnamon and cassia

Clove and pimento

Turmeric, saffron and paprika

Basil, bay leaf, parsley, rosemary,
tarragon and thyme, oregano
aromatic plants

Dill, fennel, coriander, fenugreek,
berberis and black pepper

Garlic, onion, celery, turmeric
and ginger

Aromatic barks

Eugenol containing spices

Colored spices

Leaves and/or branches of
and chervil

Ripened fruits or seeds of plants

Roots or bulbs of certain plants

This table represents the classification of spices based on their origin, the active principle
present in them or the parts used.
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Figure 1 Pictures of some common tropical spices.

in the selected tropical spices are shown in Figure 2. The various
reported medicinal importance of these phytochemicals include
purgative, laxative, expectorant, carminative, diuretic, antioxidant,
antimicrobial, hypolipidemic, antidiabetic, anti-inflammatory,
anticarcinogenic, antihelminthic, hypocholesterolemic, antihy-
pertensive, antidiabetic and neuroprotective effects amidst others
[67,73-75]. Specifically, phytochemical compounds in spices like
red chilli pepper, onion, garlic, turmeric, mustard and horseradish
have been reported to possess expectorant activities [76,77]. Thus,
this review shows that spices are important functional food ingre-
dients which might mitigate and assuage the symptoms, side effects
and fatality of COVID-19.

5.1. Tropical Spices as Potent Inhibitors of
SARS-CoV-2 and their Mechanisms
of Action

A very possible option for treatment of COVID-19 symptoms
and its associated complications might involve the use of tropical
spices which have been previously proven to be effective in the
management of cold, flu and all other common viral symptoms.
Previous studies have shown that the active phytochemicals, in
spices are probably responsible for their observed important physi-
ological properties coupled with synergistic effects when combined
[78,79]. Spices contain several phytoconstituents which activates
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Figure 2 Chemical structures of bioactive compounds in common
tropical spices.

gastric receptors and thus producing an afferent reflex through the
medulla of the brain. Likewise, a lesser stimulus might also activate
the respiratory and cough centres in the medulla by acting on adja-
cent mucokinetic centre [76]. However, phytochemicals provide
efferent vagal fibres to the bronchial gland and reflex activation
which results in marked increase in basal respiratory tract secre-
tion and thus leading to enhanced expectoration [77]. The reported
bioactive compounds in the various spices have diverse biological
activities. The red chilli pepper owes its stimulatory qualities to
the active compound, capsaicin. It has been used in recent years in
the management of pulmonary nerve, malignant growth, cardio-
vascular and gastrointestinal disorders [79,80]. Another important
active compound is allyl isothiocyanate from mustard and horse-
radish that are associated with the induction of lachrymal, nasal
and respiratory gland secretion [77]. In addition, onion contains
pungent sulfur volatiles compounds with stimulatory effects on
lachrymal and respiratory exocrine glands. Some other active phy-
tochemicals in spices include: curcumin and 6-gingerol in ginger
[81,82]; allicin, ajoene and S-allylcysteine in garlic [78,83] and other
widely distributed flavonoids such as apigenin, quercetin, kaemp-
ferol and genistein [84,85]. Generally, spices act on the lungs through
a gastro-pulmonary expectorant reflex and thus, they might be able
to provide relief to COVID-19 patients and could also serve as pro-
phylaxis [86]. Below are the descriptions of some spices that have
proven to be highly beneficial in the treatment of flu and other viral
infections such as the newly emerged COVID-19.

5.1.1. Turmeric

Turmeric (Curcuma longa L.) is an important spice belonging to
the family of ginger (Zingiberaceae) and natively grown in India,



A.O. Ademiluyi et al. / eFood 1(5) 347-356 351

Southeast Asia and Africa for its rhizome. The crude extracts of
turmeric rhizome has been reported to possess anti-inflammatory,
anti-diabetic, hepatoprotective, hypolipidemic, anti-diarrhoeal,
anti-asthmatic and anti-cancerous effects [87]. This plant rhi-
zomes contain several secondary metabolites (e.g. curcuminoids,
sesquiterpenes, steroids etc.) with the curcuminoid curcumin
being the major bioactive substance and the main component of
the yellow pigment obtained from this rhizome [88]. Curcumin
is a symmetric molecule of two phenol rings; diferuloylmethane
and diarylheptanoid connected by ¢; [-unsaturated carbonyl
groups [89]. It is approved as a food additive and also functions
as a food coloring agent in many processed food products such as
baked goods, sweets, cheese etc. Curcumin has a broad spectrum
of medicinal values ranging from anti-viral, anti-inflammatory,
anti-amyloidogenic and anti-cancerous activities [75,90,91]. The
antiviral activity of curcumin against several human viruses such
as hepatitis viruses, influenza viruses, emerging arboviruses like
the Zika virus or chikungunya virus, human immunodeficiency
virus, herpes simplex virus 2, human papillomavirus and respira-
tory syncytial virus have been reported. Basically, the underlying
mechanisms of action of curcumin against these viruses involve
acting as entry and replication inhibitors by preventing the virus
from binding to ACE2 protein [89,92-94]. In the same vein, cur-
cumin might likely act against SARS-CoV-2 due to their ability to
inhibit the activity of p21-activated kinase 1, Activator Protein 1
(AP1) and transcription nuclear factor-kB signaling pathways
of COVID-19 [95]. There was high binding affinity between the
chemical structure of curcumin and SARS-CoV-2 main protease,
this structure-activity relationship suggest that curcumin might be
able to prevent SARS-CoV-2 viral replication [96].

5.1.2. Onion

Onion (Allium cepa) bulb is widely grown and consumed world-
wide due to its valuable and medicinal significance. The crude
extracts of onion were reported to be effective in minimizing New
Castle viral infection and potato virus infection by inhibiting their
entry and attachment to cells [97]. It contains three major non-
volatile and odorless cysteine sulfoxides, these are: isoalliin,
methiin, and propiin. Isoalliin is the main cysteine sulfoxides, con-
taining about 80% of the total amount while methiin and propiin
are present in low amounts in onion [98,99]. Onion contains quer-
cetin and kaempferol as its main flavonoid compounds with reports
showing that these compounds affect the growth of many viruses
[100] and thus, exhibiting strong antiviral activity which could also
be attributed to its zalcitabine, allicin and ribavirin contents [101].
However, quercetin is the main active compound in onion with
strong anti-infective and anti-replicative effect on viruses [102]
like poliovirus, hepatitis viruses and influenza type A virus [103].
In addition, Chen et al. [104] reported that quercetin was able to
inhibit SARS-CoV virus by targeting cellular processes, preventing
its entry and attachment to host cells and also by inhibiting RNA
polymerase, reverse transcriptase, integrase, protease and protein
assembly which are necessary for viral replication. Quercetin could
also fortify the immune system by promoting early interferons
production, modulating interleukins, promoting T cell maturation
and phagocytic activity, therefore, it could be a promising panacea
for SARS-CoV-2 [105]. The molecular docking of quercetin to the
main protease of SARS-CoV-2 shows high binding affinity, thus,

quercetin might be able to prevent SARS-CoV-2 viral entry and
replication [106].

5.1.3. Garlic

Garlic (Allium sativum) has been used as a medication for common
colds, influenza and other kinds of infections [107,108]. Garlic
clove is a potent mucolytic drug, that is, an oral mucus-loosening
drug and thus classified as a mucoregulator. Therefore, it might be
useful in the treatment of different respiratory conditions such as
asthma, cough and other pulmonary diseases. In addition, it is rich
in antioxidant compounds which could further protect the lungs
[86,109]. Previous studies have proven that crude garlic extract
also possesses strong antiviral properties. It has been shown to be
effective against common cold virus [110], influenza A and B viral
infections [111], cytomegalovirus [112,113], rhinovirus, human
immunodeficiency virus, herpes simplex virus 1 [114], herpes
simplex virus 2 [115], infectious bronchitis virus [116], viral pneu-
monia and rotavirus [102]. It is believed that crude garlic extract
exerts their antiviral activity by interacting with the viral cell sur-
face charge molecule and subsequently blocking viral entry into
host cells [117]. The main phytochemicals which impart antiviral
properties to garlic are the organosulfur compounds, garlic has
more than 30 sulfur containing compounds with allicin being the
most prominent [115,118]. Reports have also shown that allicin
acts by blocking the release of pro-inflammatory cytokines such
as interleukin-6 and tumor necrosis factor, and by downregulating
the extracellular-signal-regulated kinase/mitogen activated pro-
tein kinase signaling pathway, this could further enhance inhibi-
tion of SARS-CoV-2 viral replication in host cells membrane by
preventing the virus protein maturation, its replication and further
spread [119,120]. In addition, studies have shown that the essential
oil obtained from garlic is a unique source of organosulfur com-
pounds, most importantly, allicin, which possesses strong antiox-
idant, antiviral, antibacterial, antifungal, anticancer, antimicrobial,
hypoglycemia, hypotension, antithrombotic, immunomodulatory
and cholesterol lowering properties [121]. The high organosulfur
compounds of garlic essential oil has been reported as an ACE2
inhibitor, thus, losing the host receptor, using the molecular dock-
ing method. Therefore, it could be very useful in the prevention
and/or treatment of SARS-CoV-2 specifically and also in other
viruses that cause flu or pneumonia [122].

5.1.4. Red chilli pepper

Red chilli pepper (Capsicum spp) is a popular and commonly used
spice all around the world. The name, chilli, originates from Nahuatl
chilli via the Spanish word chile [123]. The crude extract of red chilli
pepper is being used as an alternative medicine for the treatment
of inflammation, acute tonsillitis, nausea, sore throat problem and
vomiting [124,125]. The active compound in chilli pepper is capsa-
icin, it is responsible for the pungency of this spice fruit. Capsaicin is
an alkyl vanillylamine (capsaicinoid), a potent liberator of substances
from non-adrenergic and non-cholinergic nerve terminals in the air-
ways capable of inducing various respiratory tract effects including
sneezing and the secretion of mucus [126]. Gonzalez-Paz et al. [96]
reported that the molecular docking studies of capsaicin with SARS-
CoV-2 main protease generated a more stable thermodynamic
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structures when compared with some other compounds, this sug-
gests that capsacin could be a good inhibitor of proteases, therefore,
preventing viral replication of SARS-CoV-2.

5.1.5. Black Pepper

Black pepper (Piper nigrum Linn) belongs to the family Piperaceae,
sometimes called Long Pepper. It is a flowering vine cultivated
for its fruit which is used as a spice often after drying [127]. The
crude extract of black pepper fruits had antiviral activity against
Vesicular stomatitis Indiana virus and Human para influenza virus
in HeLa cell line. The antiviral action was attributed to its ability
to fracture, disrupt and completely collapse the plasma membrane
of pathogens, thereby, increasing cell permeabilization and disrup-
tion of membrane integrity [128]. The main active compound is
piperine which has a similar action to that of capsaicin. It confers
the pungent pepper taste and produce salivation and numbness of
the mouth effects. The crude extracts of black pepper fruit is used
in the treatment of digestive tract and respiratory tract related dis-
eases and also improves the bioavailabity and adsorption of drugs
and other phytochemical compounds such curcumin and catechin
[129,130]. Previous researches had reported that black pepper is
a powerful anti-oxidant that could be used to treat asthma, colon
toxins, bronchitis, influenza, sinus, congestion, chronic indigestion
and fever [131,132]. They act by clearing up colds in the chest and
lung via bringing out of unwanted mucous and phlegm. Piperine
prevents viral infections via inhibition of its entry and attachment
to host cells, thus, they could be beneficial in the treatment of SAR-
CoV-2 [133-135]. The chemical structure-activity relationships of
piperine and SARS-CoV-2 main protease indicated high binding
affinity, thus, it might be able to prevent viral replication [96].

5.1.6. Cinnamon

Cinnamon (Cinnamommum spp) is an aromatic tree belonging to
the family, Lauraceae. It is one of the most widely studied flower-
ing families which comprises of about 250 species. They are ever-
green trees that are widely cultivated for its bark which is used
as spice in Asia, Australia, South America, Africa and Europe
[136,137]. The crude extract of cinnamon bark provides relieve
from various lung-related disorders such as pneumonia, infec-
tious disease and malignant pleural effusion [138,139]. Likewise,
the bark extracts are used in the treatment of fever, inflammation,
influenza, the common cold, cough, diarrhea, nausea and pain
[136]. In addition, its extract has anti-RNA viral effects and inhib-
ited the wild type SARS infection, in vitro possibly by blocking
cell entry via endocytosis [140]. The oil of cinnamon contains
cinnamaldehyde and cinnamic acid-agents (45-65% of the essen-
tial oil) with strong antiviral, antibacterial, antifungal, anticardio-
vascular, anticancer, anti-inflammatory, antiulcer, antidiabetes,
antihypertensive, antioxidant and cholesterol and lipid-lowering
properties [141-143]. Eugenol is contained as a second major con-
stituent that contributes significantly to the biological activity of
cinnamon [144]. These compounds inhibits viral protease enzyme
and thus prevents processing of polypeptides which is necessary
for viral replication [145]. The in silico molecular docking studies
of phytochemical compounds from cinnamon indicated that they are
strong inhibitors of the main protease enzyme and S glycoprotein of

SARS-CoV-2, therefore, these compounds of natural origin have
been proposed to be sources of reliable medication to combat
COVID-19 [146].

6. CONCLUSION

This review reports the medicinal benefits of few tropical spices that
man has used for many years in the treatment of several ailments
especially respiratory disorders. It discusses their distinct bioactive
compounds and the various biochemical pathways that these medic-
inal plants may target in order to reduce respiratory disease burden.
This could make them potent inhibitors of SARS-CoV-2 and thereby
providing treatment regimen for COVID-19. Thus, it is recom-
mended that spices should become part of our major food ingredi-
ents in order to protect our lungs, boost our immunity and prevent
SARS-CoV 2 infection. However, further screening of these already
known antiviral medicinal plants might be very vital.
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