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Spices-dried aromatic parts of plants (leaves, seeds, bark, roots, rhizomes, buds, etc)
used to enhance flavour, taste and colour (sensory quality) of foods, are increasingly finding
other useful roles in healthcare beyond their primary use as culinary organoleptic
enhancers. Several spices are currently being investigated for their potential health
benefits, because of the failing efficacy, toxicity and high cost associated with
conventional drugs. One such spice: Syzygium aromaticum (L.) Merr. and L.M.Perry
[Myrtaceae] (Clove), has a multi-dimensional role in diet, medicine, functional foods and
nutraceuticals, agriculture, among other industries. Peer-reviewed articles, mostly from
PubMed and Google Scholar, were consulted for the purpose of this review. The nutritional
and phytochemical contents, selected biological activities as well as some functional foods
and beverages of clove and their uses for human health are presented. Although these
observations are largely empirical, the efficacious attributes have led to their
pharmacological applications in the indigenous system of medicine all over the world
and bridge between food, diet and medicine. Considering the GRAS status of clove, more
studies on bioavailability, accumulation, toxicity, dosage and efficacy of clove as a spice
drug or functional foods in biological systems especially in humans are required.
Meanwhile, clove and its products can be used as co-adjuvants in the prevention,
treatment and management of chronic diseases. Further, many applications of clove in
food, health, cosmetics, pharmaceutics, nanoparticles and agricultural industries are still
open for investigations.

Keywords: culinary spices (food additives for taste), clove, pharmacological, nutritional content, functional foods
and nutraceuticals

1 INTRODUCTION

The interest of consumers and researchers into how food and diet prevent and treat many disease
conditions and promote human health has increased in recent years. The concept of food has gone
beyond the supply of basic nutrients, to optimal nutrition-the capacity of food to over and above the
supply of macro- and micro-nutrients, to promote health and well-being of individuals, reduce or
prevent the risk of developing diseases and sometimes reverse them (Viuda-Martos et al., 2011).

A complex relationship exists between food, health, and humans. Naturally, foods provide normal
growth and development, but recent trends have demonstrated that foods can also provide health
benefits that co-exist with traditional medical approaches to disease treatment when fortified with
phytonutrients. Foods beyond the basic nutritional functions have potential benefits to promote
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health, longevity and reduce the risk of diseases. A rapidly
increasing area of research is that of functional foods and
nutraceuticals also referred to as foods with physiological or
health benefits (Myrie and Jones, 2011). The terms fortified or
functional foods are used to describe extracts and whole foods
that provide protective, preventive and possibly curative effects in
cancer and other chronic disease progression (Litwin et al., 2018).
Nutraceuticals on the other hand refer to components/extracts of
food and non-food commodities taken in the medicinal forms
such as tablets, capsules, powders, liquids and potions. Functional
or fortified foods resemble traditional foods in their form, but
provide health benefits beyond what is rendered by their nutrient
components (Shahidi, 2009).

Plant foods contain many phytomedicines-bioactive
compounds known as “phytochemicals.” Some groups of
phytochemicals which have, or appear to have significant
health potentials are carotenoids, phenolic compounds
(flavonoids, phytoestrogens, and phenolic acids), phytosterols
and phytostanols, tocotrienols, organosulfur compounds, and
non-digestible carbohydrates (dietary fiber and prebiotics).
Bioactive plant components from medicinal plants, foods,
herbs, and spices are being widely examined for their ability to
provide health benefits against coronary heart disease,
hypercholesterolemia, high blood pressure, diabetes,
inflammation, cancers, microbial, viral, and parasitic infections
and play a role in supporting treatment with modern medicine
(Quilez et al., 2003; Izuegbuna et al., 2019; Ozdal et al., 2021).

Spices are aromatic or pungent vegetable substances, often
dried seeds, buds, fruits, roots, or barks, primarily used for
flavouring, colouring or preserving food, or to mask other
flavours (Dubey, 2017). In the culinary arts, it is any dried
part of a plant, other than the leaves, used for seasoning and
flavouring a recipe, but not used as the main ingredient. The
green leafy parts of plants used in this way are considered herbs.
Every other part of the plant, including dried bark, roots, berries,
seeds, twigs, or anything else that is not the green leafy part, is
considered a spice. Several reports of their flavour enhancement,
reduction of the need for salt, sugar and fat, preservative, digestive
improvement, bioactive component and health promoting uses
abound in the literature.

For ages, spices have been used as seasonings, colourants and
flavourings, as well as for medicinal purposes by a huge
population of the world to treat several health problems such
as cancer, diabetes, obesity, hepatic, renal, and cardiovascular
diseases (Baselga-Escudero et al., 2017; Otunola and Afolayan,
2018; Jiang, 2019; Batiha et al., 2020). Several spices are currently

being investigated for their potential health benefits, because of
the failing efficacy, toxicity and high cost associated with
conventional drugs.

1.2 The Role of Spices in Food/Diet
The use of spices and herbs (Table 1) dates back to time
immemorial and transcends early civilization. In most cuisines,
spices are used as adjuncts to flavour, colour, or enhance the taste
of foods. Because of their strong flavours, spices are used in small
quantities and therefore do not add high amount of extra calories
to the diet. However, some spices have considerably high protein,
fats, carbohydrates, mineral elements, vitamins, and
phytonutrients/phytochemicals contents; thus making them
excellent sources of bioactive compounds which contribute to
the total biological activity of the whole meal, thus providing
means of managing degenerative disorders and metabolic
diseases (Bhathal et al., 2020).

Addition of spices to foods have resulted in improved flavour,
value addition, preservative effects and longer shelf-life. For
example, garlic and red chilli added to butterfat improved the
flavour, red chilli, fennel or clove are used for pickles, while
improved storage stability of groundnut oil was effected with red
chilli and cinnamon leaves (Madsen and Bertelsen, 1995). Spices
are also known to enhance digestion through the stimulation of
digestive (pancreatic, terminal and small intestine) enzymes and
secretion of bile, thus aiding the digestion and absorption of
dietary fats (Platel and Srinivasan, 2000a; Platel and Srinivasan,
2000b; Srinivasan, 2005).

The nutritional content of spices especially with regards to
macro- and micro-nutrients are important and vary from spice
to spice and is dependent on several factors which include the
part of the plant, harvesting technique, processing method,
vegetative state, and environmental conditions, amongst
others (Ereifej et al., 2015). These authors reported that a
study of selected spices from Jordan revealed that dry matter of
spices could range from 83.6 to 92.4%; ash 4.5–10.4%;
carbohydrates 4.5–31%; protein 2.9–21.2%; fat 1.7–19.7; and
fibre 25.7–59.2.

Another study reported that on dry weight basis, the crude
protein of spices and herbs could range from 4.6 to 22.1%; fat
(ether extract) 7.5–36.0%, total carbohydrate 34.6–71.9% and free
fatty acids (as percent oleic acid) were generally low indicating
good storage stability, while the flavour imparting essential oils
(as percent oleoresin) were fairly high and ranged from 0.1 to
5.2% (Achinewhu et al., 1995). These data indicate that spices can
contribute nutrients to the diet.

TABLE 1 | Uses of spices.

Dietary Medicinal Cosmetic Religious

Flavouring Antioxidants, Anticancer Perfumes Anointing oils
Colouring Anti-obesity, Antidiabetic Deodorants Incense
Pungency Antihelmintic, Cardioprotective Antiseptic soaps Purification rites
Deodorizing/masking Antimicrobial, Insect repellent Hair health Rituals
Sugar replacement Aromatherapy
Salt replacement
Fat reduction
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Spices are also very important in food preservation and safety.
They help to eliminate the risk of food spoilage caused by lipid
oxidation and spoilage microbes. Polyphenolic compounds in
spices confer antioxidant properties which scavenge free radicals,
chelate transitionmetals, quench singlet oxygen, and thus prevent
oxidation in foods (Hyldgaard et al., 2012). Again, spices can
prevent the growth of spoilage microorganisms (food
preservation) and inhibit or regulate the growth of pathogenic
organisms leading to food safety (Tajkarimi et al., 2010).

1.3 Medicinal Uses of Spices
Most spices along with their culinary uses, also have health-
enhancing properties and have been used traditionally and
culturally for the prevention, treatment and management of
several diseases and ailments. The health benefits of spices are
many and diverse, and range from strengthening the immune
system, as nutritional supplements, control of blood sugar and
cholesterol levels. In addition to these, spices have anti-
inflammatory, antioxidant, anti-obesity properties and can
help in preventing other diseases like mental conditions,
cancer and other chronic conditions (Gottardi et al., 2016).
The therapeutic effects of several spices including Zingiber
officinale Roscoe (ginger), Capsicum frutescens L. (cayenne
pepper), Cinnamomum verum J. Presl (cinnamon), Piper
nigrum L. (black pepper), Curcuma longa L. (turmeric),
Trigonella foenum-graecum L.(fenugreek), Salvia rosmarinus
Spenn. (rosemary) and Allium sativum L. (garlic) against
several communicable, non-communicable, and chronic
diseases have been reported (Tapsell et al., 2006; Dearlove
et al., 2008; Kaefer and Milner, 2008; Panickar, 2013; Opara
and Chohan, 2014: Jiang, 2019; Otunola and Afolayan, 2020). The
specific biological activities that support human health in spices
are attributed to the presence of phytonutrients/phytochemicals
or bioactive compounds which have high antioxidant effects.
Several spices and herbs and their bioactive compounds (Table 2)
have and are currently undergoing extensive studies to evaluate
and validate their beneficial therapeutic effects (Tapsell et al.,
2006; Kochhar, 2008; Islam et al., 2013; Srinivasan, 2013; Otunola
and Afolayan, 2015; Baselga-Escudero et al., 2017; Jiang, 2019).

Syzygium aromaticum (L.) Merr. and L. M. Perry (clove) is as a
common aromatic spice with wide global usage in cuisines and
alternative medicine. In traditional and folkloric medicine, the oil
is use in dentistry because of its strong analgesic and antiseptic
properties (Pulikottil and Nath, 2015; Devkota and Adhikari-
Devkota, 2020). Extracts and essential oil of clove has wide

applications medicinally as anti-cancer, antimicrobial, anti-
halitosis, anti-diabetic, anti-obesity, anti-inflammatory;
antioxidant, antiviral, aphrodisiac, amongst other uses
(Hussain et al., 2017; Salama et al., 2018; Kaur and Kaushal,
2019; Batiha et al., 2020; Saeed et al., 2021).

This review aimed at collating the nutritional and
pharmacological importance of clove an important culinary
spice as a typical example of spices (foods) at the interface of
diet and medicine specifically, to show that food can be medicine.
The specific objective was to collate information on the main uses
and functional properties of clove, culinary and medicinal
(traditional and modern) and to highlight studies reporting
these functionalities. It is a summary of some of the major
culinary, medicinal and functional properties of Syzygium
aromaticum (L.) Merr. and L. M. Perry (clove) and includes a
section on functional foods and nutraceuticals containing clove.

2 METHODS

Information for this review was retrieved from repositories and
search engines including PubMed, Google Scholar and Science
Direct. Studies and reviews related to the culinary, nutritional and
health benefits of clove, with emphasis on antioxidant,
antimicrobial, anticancer, anti-diabetes, anti-inflammatory and
anti-obesity potentials as well as functional foods from clove,
published from 1995 to 2021, in peer-reviewed journals and
reviews were retrieved. The search terms included Syzygium
aromaticum, clove, phytochemical, culinary, pharmacological,
anti-cancer, antimicrobial, anti-obesity, anti-diabetes,
functional foods from clove.

2.1 Syzygium aromaticum (L.) Merr. and L.
M. Perry [Myrtaceae]
Clove are the unopened flower bud of the clove tree of the
family Myrtaceae. It is a species native to Indonesia and is used
as a culinary spice globally (Kunnumakkara et al., 2009; Sachan
et al., 2018). It is native to the Molucanna Islands (Indonesia),
but now widely cultivated in many tropical regions like
Zanzibar, Madagascar, Pakistan, India and Sri Lanka for
commerce. As far back as 300 BC, Indonesia was the focus
of Arab, Chinese, Indian and European traders for the major
Indonesian spices of the time especially cloves (Syzygium
aromaticum (L). Merr. and L. M. Perry) and nutmeg
(Myristica fragrans Houtt.) (Sihotang et al., 2018).
Historically, these spices were the cause for many
exploration and expansion during the 15th century because
they were highly sought after, caused great competition on
finding the most efficient navigational route and conflict
among those who wanted to monopolize the spice trade
(https://mrlambertchemistry.wordpress.com/; Sihotang et al.,
2018). A recent review (Haro-González et al., 2021) of Clove
(Syzygium aromaticum L. Myrtaceae) essential oil revealed
that the essential oil has numerous biological activities and
wide application relevant to human and animal health,
cosmetic, medical, flavouring, pesticide and food industries.

TABLE 2 | Some spices and their major bioactive components.

Spice Bioactive components

Rosemary Carnosic acid, carnosol, rosemarinic acid, and rosmanol
Sage Carnosol, carnosic acid, rosmanol, and rosmarinic acid
Oregano Derivatives of phenolic acids, flavonoids, and tocopherols
Thyme Carvacrol, thymol, cymene, caryophyllene, carvone, and borneol
Marjoram Flavonoids
Garlic Allicin, alliin
Ginger Zingiberol, gingerol, zingiberene, and shogaol
Pepper Capsaicin, vitamin C, D, and carotenoids
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2.2 Scientific Classification
Clove belongs to the Kingdom: Plantae; Division: Magnoliophyta;
Class: Magnoliopsida; Order: Myrtales; Family: Myrtaceae;
Genus: Syzygium; Species: S. aromaticum (Clove); Name:
Syzygium aromaticum (L.) Merr. and L. M. Perry (Bhowmik
et al., 2012; Rahajaan, 2018; Saeed et al., 2021).

2.3 Description
Sujanapal and Kunhikannan (2017) described Syzygium
aromaticum as a small evergreen tree, 6 m tall, conical crown,
leaves 7–12 × 3–5 cm, elliptic or oblanceolate, base attenuate or
cuneate, apex acuminate, margin entire, glabrous, coriaceous,
punctate beneath; lateral nerves many, parallel, obscure, with
intramarginal nerve; petiole 10–20 mm long, slender, glabrous.
The flowers are pinkish-white, fragrant, in 4 cm long cymes; calyx
1.5 × 6 mm, tubular, verrucose with four hook-like involute
ascending segments; petals up to 10 × 5 mm, elliptic,
calyptrate; stamens many, inflexed in the bud; ovary inferior.
Berry globoid or ellipsoid, dark purple with persistent calyx ring
on the top. The flower buds are of commercial value as spice.

2.4 Nutritional Content and Culinary/Dietary
Uses of Clove
Clove belongs to the generally regarded as safe (GRAS) foods
list. It is used to flavour foods and beverages especially rice,
masala and soups. Nutritionally, 100 g of clove contain 66 g
carbohydrates, 6 g protein, 13 g fat and has 274 calories, as well
as rich in vitamins A and B6; iron, calcium, magnesium and
phosphorus (https://www.wildturmeric.net/clove-health-
benefits-medicinal-uses/). Clove spice is pungent and
astringent, enhance circulation, digestion and metabolism as
well as alleviate stomach disorders (Dey and Mukherjee, 2021).
Nutritionally, 100 g of ground clove is reported to contain
Water 5.40–6.86 g; Food energy 323 (Kcal); Protein 5.98 g; Fat
20.06 g; Carbohydrate 61.22 g; Ash 5.88 g; Ca 0.646 g; P
105 mg; Na 243 mg; K 1102 mg; Fe 8.68 mg; Thiamin 0.
115 mg; Riboflavin 0.267 mg; Niacin 1.458 mg; Ascorbic acid
80.81 mg; Vitamin A 53 RE (Tainter and Grenis, 1993; Dey and
Mukherjee, 2021). Clove has been used in some food
formulations to enhance the nutritional, preservative and
biological activities of such products. Some of these are
highlighted.

A study on the sensory, antioxidant, and maillard reaction
profiles of rye-buckwheat cakes enhanced with selected spices,
which included clove revealed that the phenolic content,
antioxidant capacity, browning properties, and overall
acceptability of cakes enriched with clove, allspice, and
spice were elevated and best (Przygodzka et al., 2015).
According to Schlieck et al. (2021), addition of a blend of
essential oils of clove, rosemary and Origanum vulgare L.
(oregano) and vitamin E to replace conventional chemical
antioxidants in dog feed improved the food quality and health
of beagles considerably. Another study used and compared
clove, ginger and Cymbopogon citratus (DC.) Stapf (lemon
grass) as flavourants in cakes. The outcome revealed that clove
spiced cake had a very nice texture, taste and nutrients and was

best in terms of acceptability by consumers (Forlemu and
Amadou, 2021). Other culinary uses of clove are as
studding for Allium cepa L. (onions), Solanum lycopersicum
L. (tomatoes), salads, herbal teas, and soups, to flavour meat
products, cookies, pastries, sandwiches, pickles, puddings,
chewing gums, spiced fruits, chocolates, soft drinks and
candies (Hussain et al., 2017).

2.5 Metabolites of Clove
Several studies have investigated and reported on the metabolites
present in the essential oil and various extracts of clove.

Alma et al. (2007) reported the presence of 18 components in
clove bud essential oil, and the most abundant was eugenol (87%),
chavibetal (19.7%), β-caryophyllene (13%). A GC-MS analysis of
the essential oil of clove by El-Ghallab et al. (2020) revealed a total
of 13 bioactive compounds of which Eugenol, β-Caryophyllene,
eugenyl acetate and α-Humulene were the most abundant.
Several other authors have reported varying abundance of
phytochemicals for clove essential oil, but all pointed to the
fact that eugenol was the major bioactive component (Viuda-
Martos et al., 2007; Hussain et al., 2017; Shahidi and Hossain,
2018; Sgorbini et al., 2015). Other bioactives present in clove are
kaempferol, quercetin and its derivates, caffeic, ferulic, elagic, and
salicylic acids, as well as other minor constituents like
α-humulene, β-humulene, methyl salicylate, crategolic acid,
and benzaldehyde, that account for the characteristic pleasant
fragrance of clove (Hussain et al., 2017). Six sesquiterpenes,
α-cubebene (1.3%), α-copaene (0.4%), β-humulene (9.1%),
β-caryophyllene (64.5%), γ-cadinene (2.6%) and δ-cadinene
(2.6%) have been characterized from the hydrocarbon fraction
of the freshly distilled Indian clove bud oil (Gopalakrishnan et al.,
1984).

Nassar et al. (2007) evaluated the chemical constituents of
clove (Syzygium aromaticum, Fam. Myrtaceae) using GC-MS,
chemical and spectroscopic methods including 1D and 2D NMR
for identifications of the compounds. They reported sixteen
volatile compounds in the n-hexane extract with eugenol
(71.56%) and eugenol acetate (8.99%) as the major
components; limonin, ferulic aldehyde, and eugenol in the
dichloromethane extract; tamarixetin 3-O-b-D-
glucopyranoside, ombuin 3-O-b-D-glucopyranoside and
quercetin from the ethanol extract. They also reported the
hepatoprotective activity of the ethanol extract against
paracetamol-induced liver injury in female rats.

Hemalatha et al. (2016) subjected the methanol, acetone and
chloroform extracts of clove to phytochemical analysis and
confirmed the presence of phenols, flavonoids, alkaloids,
tannins, and saponins. The dichloromethane extract of clove
bud oil showed the presence of carbohydrates, terpenoids,
glycosides, steroids, sterols, tannins, and phenolic compounds
(Kumar et al., 2010); some other studies of methanol extract
reported saponins, alkaloids, flavanoids, cardiac glycosides,
tannins, and steroids and forty-six phenolic compounds in
methanol extract of clove (Jimoh et al., 2017; Kaur and
Kaushal, 2019). Clove ethanolic extract contained fixed oil,
tannins, phenolic compounds, terpenoids, cardiac glycosides
but no saponin (Rosarior et al., 2021).
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2.6 Medicinal and Pharmacological
Importance of Clove
Historically, clove have been used in Ayurveda, Chinese and
Western traditional medicine as a painkiller for dental
emergencies (Daniel et al., 2009; Sachan et al., 2018). The
antimicrobial, antioxidant, antiviral, anaesthetic, antiparasitic,
antioxidant action, antiperspirant action, antiseptic property,
carminative action, deodorant, digestive disorders, rubefacient,
immune-boosting, stomachic actions Alzheimer’s disease, among
many others have been reported (Sujanapal andKunhikannan, 2017;
Sachan et al., 2018). Most of the medicinal and pharmacological
properties attributed to clove are premised on its various
phytochemical and bioactive constituents especially eugenol. The
medicinal and pharmacological importance of clove essential oil and
extracts are numerous and while transcending its dietary role, acts/
points to the important link between food and medicine.

2.7 Antioxidant Activity
Clove oil has been accredited with high antioxidant activity,
perhaps one of the best known oil for food or supplement,
which is attributed to the phenolic compounds especially
eugenol, thymol and eugenol acetate (Yadav and Bhatnagar,
2007; Dai et al., 2013; Nam and Kim, 2013; Mittal et al., 2014;
Uddin et al., 2017; Kaur and Kaushal, 2019). The high antioxidant
capacity of eugenol has been compared to that of pyrogallol and
BHT. According to Fankem et al. (2017) clove essential oil
exhibited ten times higher antiradical activity than BHT; and
seven times greater than cocoa butter and clove essential oil
mixture. When a linoleic acid emulsion was treated with 15 μg/ml
of clove oil, 97.3% inhibition of lipid peroxidation was observed
compared to inhibition by standard antioxidants like trollox,
BHA, α-tocopherol and BHT which showed 95.6, 95.4, 84.6, and
99.7% inhibition respectively (Gulcin et al., 2012). Clove
ethanolic extract exhibited dose-responsive antioxidant effect
and better reducing potential, against DPPH, ABTS, and
Ferric chloride respectively (Rosarior et al., 2021). Clove and
lavender (Lavandula angustifolia Mill.) ethanol and aqueous
extracts at 20, 40, and 60 μg/ml showed inhibitions up to 95%
when tested as superoxide radical capture, scavenging of DPPH
radical and as metal quelants (Cortés-Rojas et al., 2014). The
powerful antioxidant activity of both extracts were attributed to
strong hydrogen donating, metal chelating and free radical
scavenging capacity.

Clove extract was also reported to exhibit antioxidant
properties when tested using ferric reducing antioxidant
power, oxygen radical absorbance capacity, DPPH, hydroxyl
and superoxide radicals scavenging activities (Suantawee et al.,
2015). According to Chatterjee and Bhattacharjee (2015)
Mayonnaise formulated with eugenol-lean clove extract
showed distinctly higher antioxidant activity and reducing
power than mustard-formulated mayonnaise and the market
sample.

2.8 Assessment
Although clove extracts and oil have been credited with very high
antioxidant capacity, the antioxidant activities reported here are

mostly “in vitro”, which according to Gafner (2018) is present in
all plants and as such not useful without additional data.
Moreover, the tests (ABTS, ORAC, DPPH, TEAC, NO, and
FRAP† assays) used for measuring total antioxidant activity,
are non-specific, prone to interferences and the results are
often unreliable; also the assurance that in vitro antioxidant
activities will be observed in animal or human studies is
uncertain.

2.9 Antimicrobial Activity
2.9.1 Antibacterial
Yassin et al. (2020a) evaluated the antibacterial efficiency of
acetone, dichloromethane, ethanol and petroleum ether
extracts of clove against Escherichia coli, Salmonella typhi,
Staphylococcus aureus and Methicillin-resistant Staphylococcus
aureus (MRSA). The researchers reported that the
dichloromethane extract exhibited the highest antibacterial
potency against the pathogenic isolates.

A study by Radünz et al. (2019) showed that unencapsulated
and encapsulated clove essential oil at 0.304 mg/ml inhibited S.
aureus, E. coli, L. monocytogenes, and S. Typhimurium bacteria,
independent of the microorganism membranes and in situ
inhibition against S. aureus in meat products similar to
burgers. The bactericidal action of clove essential oil is
attributed to eugenol, which ruptures the bacterial cytoplasmic
membrane, allowing leakage of ions and intracellular proteins,
leading to cell death.

The high antibacterial effect of ethanol and methanol extracts
of clove against Escherichia coli, Pseudomonas aeruginosa and
Klebsiella pneumoniae clinical isolates have been reported (Garba
et al., 2019). Ethanolic extract of clove was shown to have broad
spectrum (Gram-positive and Gram-negative) inhibition on five
pathogens causing urinary tract infections, this inhibition was
stronger than that shown by pure eugenol at the same
concentration (Rosarior et al., 2021). Antibacterial activity of
methanol extract was reported for Klebsiella pneumonia
(Hemalatha et al., 2015).

Eugenol, the major component of clove oil was shown to have
bactericidal action against Proteus mirabilis at the minimum
inhibitory concentration of 0.125% (v/v) and at 0.25% (v/v) it
reduced viability and completely inhibited P. mirabilis population
within 30 min of exposure (Devi et al., 2013).

Another study showed that hexane extract of clove (Eugenia
caryophylata), at 0.2% exhibits the highest inhibition against the
pathogenic potato black stem and soft rot bacteria, Erwinia
carotovora subsp. atroseptica when compared to ethanol
extracts of cinnamon (Cinnamomum zelanicum) and datura
(Datura metel) at the same concentration (Al-Jeboory et al.,
2012).

2.9.2 Antifungal
Yassin et al. (2020b) showed that Syzygium aromaticum (clove)
ethyl acetate extract exhibited the highest antifungal activity
against C. tropicalis, C. albicans, C. glabrata, and with
minimum inhibitory concentration of 250 μg/disc and 500 μg/
disc respectively, while the minimum fungicidal concentration
was 0.5 mg/disc against C. tropicalis and 1 mg/disc against the C.

Frontiers in Pharmacology | www.frontiersin.org January 2022 | Volume 12 | Article 7932005

Otunola Otunola GA 2021

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


albicans and C. glabrata. The main bioactive compounds in the
extract were eugenol (58.88%), eugenyl acetate (23.86%), trans-
caryophyllene (14.44%) and α-humulene (1.88%).

Clove oil was reported to show maximum antifungal activity
against C. tropicalis, C. albicans, and C. guilliermondii (Kumar
et al., 2012). Encapsulated clove oil also exhibited strong
antifungal action against Fusarium oxysporum (Estrada-Cano
et al., 2017) and antiseptic effects on meat products at a
concentration above 0.070% (Wang et al., 2018; Kaur and
Kaushal, 2019).

2.9.3 Antiviral Activity
Aqueous extract of clove was reported to exhibit a dose-
dependent antiviral effect against Feline Calicivirus, used as a
surrogate for Human Norovirus, a food-borne virus. The effect
was attributed to the main bioactive component-eugenol which
showed similar antiviral activity to clove extract, although at
lower level, an indication that other components in clove worked
synergistically with eugenol to inactivate Feline Calcivirus
(Aboubakr et al., 2016).

Eugenol and Eugenin isolated from clove bud essential oil was
also shown to have potent inhibitory effect against herpes simplex
virus at a dose of 10 μg/ml (Milind and Deepa, 2011). The
antiviral efficacy of aqueous extracts of clove against herpes
simplex virus type 1 (HSV-1) and influenza A virus when
combined with acyclovir has also been reported (Batiha et al.,
2020).

2.9.4 Assessment
According to the above mentioned studies, both the extracts and
essential oil of clove possess antimicrobial activity. Most of these
activities were dose dependent, broad spectrum and based on
disruption of the microbial cytoplasmic membrane resulting in
leakage of cytoplasmic content and subsequent cell death.
However, most of the studies did not give the mechanism or
type of inhibition, but all reported that clove can be used as a
natural antibacterial, antifungal and antiviral agent in human/
animal health, as well as the inhibition of pathogenic and spoilage
microorganisms in foods and plants.

2.10 Anti-Inflammatory Properties of Clove
2.10.1 In vitro
Anti-inflammatory activity of clove (Eugenia caryophyllata)
essential oil was evaluated by simulating inflamed human skin
cells in a dermal fibroblast system (HDF3CGF). Clove essential
oil at a concentration of 0.001% showed strong anti-inflammatory
action, demonstrated through resistance to the production of pro-
inflammatory biomarkers like interferon-inducible T-cell
α-chemoattractant (I-TAC), vascular cell adhesion molecule-1
(VCAM-1) and collagen III expression at gene and protein levels
(Han and Parker, 2017).

Bachiega et al. (2012) reported that aqueous extract of clove
and eugenol in non-cytotoxic concentrations exerted
immunomodulatory or anti-inflammatory action on cytokine
production by murine macrophages incubated with clove or
eugenol (5, 10, 25, 50 or 100 µg/well) for 24 h. They showed
that 100 µg/well of clove inhibited the production of IL-1β, IL-6,

and IL-10, eugenol did not affect IL-1β production but inhibited
IL-6 and IL-10. They concluded that the immunomodulatory/
anti-inflammatory effects of clove was by inhibiting LPS action
and the possible mechanism of action may be through
suppression of nuclear factor-κB pathway by eugenol, because
it was the major bioactive of clove extract.

2.10.2 In vivo
Nikoui et al. (2017) investigated the anti-inflammatory and
antipyretic effects of clove oil in healthy dogs after surgery.
Animals surgically operated in the abdomen were grouped
into four and administered 25 mg/kg of clove oil, 20 mg/kg
betamethasone (anti-inflammatory), 15 mg/kg phenylbutazone
(anti-pyretic), or nothing as control for 5 days consecutively.
The researchers reported that clove oil-treated animals had
significantly reduced edema, white blood cells, neutrophils,
band neutrophils and rectal temperature compared to control.
Also, histopathology assay showed that clove oil reduced
inflammation significantly in dogs.

Also, the use of pure clove oil in the aromatherapy treatment
of arthritis and rheumatism, in combination with honey for
dermatitis and the paste (water and clove powder) for bites
and cuts have been reported (Hussain et al., 2017).

Further, Naji et al. (2017) evaluated the anti-inflammatory
capacity of Syzygium aromaticum extract (SAE) using formalin
test and showed that mice fed with different doses of SAE
exhibited visible increase in analgesia time and decrease in
licking number (p < 0.05) compared to untreated animals.

Bachiega et al. (2012) showed that clove and eugenol exhibited
immunomodulatory and anti-inflammatory action on cytokine
production by murine macrophages when administered in non-
toxic doses. In addition, clove oil at 0.05 and 0.20 ml/kg showed
anti-inflammatory effect equal to that of anti-inflammatory drugs
like etodolac and indomethacin at 0.025 and 0.1, and 0.05 and
0.2 ml/kg doses, respectively (Vicidomini et al., 2021).

2.10.3 Assessment
The anti-inflammatory actions of clove extracts and essential
oils though documented, were mostly performed using in vitro
and in vivo assays using cell lines and animals respectively. No
clinical study involving human subjects were reported. Many
studies evaluated the anti-inflammatory potentials using
eugenol the major bioactive component of clove. The
studies report the potential of clove extracts and oil and
provide support for its use in folk medicine. However, well
planned studies across all levels (in vitro, in vivo and clinical/
human) including dosages are urgently needed to validate the
anti-inflammatory use of clove.

2.11 Anti-Cancer Activity
2.11.1 In vitro Studies
Toxicity
Cytotoxicity of acetone, dichloromethane, ethanol and petroleum
ether extracts of clove against human colon cancer (HCT) cell
lines using MTT assay were investigated (Yassin et al., 2020a).
The test revealed that ethanol extract of clove gave maximum
cytotoxic potency against HCT cell line, dichloromethane extract
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was least effective, whereas the petroleum ether and acetone clove
extracts showed only moderate cytotoxicity against HCT cells.

Another study by Kello et al. (2020) revealed that treatment of
MCF-7 cells with ethanol extract of clove (CBE) induced intrinsic
caspase-dependent cell death associated with increased oxidative
stress mediated by oxygen and nitrogen radicals, release of
mitochondrial pro-apoptotic factors, signalling of oxidative
stress-mediated DNA damage with modulation of cell
antioxidant SOD (superoxide dismutase) system, and
modulation activity of the Akt, p38 MAPK, JNK, and Erk 1/2
pathways.

Nirmala et al. (2019) evaluated the anticancer (cytotoxicity)
potential of a clove bud essential oil-based nanoscale emulsion
system (CB-4) against thyroid cancer cell line (HTh-7) using
MTT, colony formation and Annexin V-FITC assays. The
authors reported that 0.7 μL/ml of CB-4 was cytotoxic against
thyroid cancer cell lines (HTh-7) but not to non-cancerous cells
(Hek-293); also significant reduction was observed in the number
of cancer cell colonies when treated with CB-4 for 7–10 days,
while Annexin V-FITC confirmed that the clove bud oil-based
emulsion has antiproliferative action on growth of HTh-7 cell
line, an indication that apoptosis may be responsible for cell death
though necrosis was also observed when stained with propidium
iodide.

Khan et al. (2018) tested fluorescent magnetic submicronic
polymer nanoparticles (FMSP-nanoparticles) alone (1.25, 12.5,
50, 75, and 100 μg/ml) and combined with crude clove extracts
(50 μg/ml) on human breast cancer cells (MCF-7) for 24 and 48 h,
using Trypan Blue, 4′,6-diamidino-2-phenylindole (DAPI) and
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assays. They showed that when treated with FMSP-
nanoparticles alone, cancer cell viability was decreased to
55.40%, but decreased drastically to 8.50% when treated with
combination of FMSP-nanoparticles and crude clove extracts.

Another study reported that clove essential oil at
concentration of 0.011% was potent against proliferation of
human dermal fibroblasts by significantly inhibiting the
production of pro-inflammatory biomarkers (vascular cell
adhesion molecule-1 (VCAM-1), interferon γ-induced
protein 10 (IP-10), interferon-inducible T-cell α
chemoattractant (I-TAC), and monokine induced by γ
interferon (MIG) and tissue remodelling protein molecules,
namely, collagen-I, collagen-III, macrophage colony-
stimulating factor (M-CSF), and tissue inhibitor of
metalloproteinase 2 (TIMP-2); as well as modulation of
gene expression and altering signalling pathways critical for
inflammation, tissue remodelling and cancer signalling
processes (Han and Parker, 2017).

The in vitro antitumor effects of clove ethyl acetate extract and
the bioactive component (oleanoic acid) responsible for the
activity was investigated (Liu et al., 2014). The ethyl acetate
extract and oleanoic acid were reported to be cytotoxic, inhibit
tumor growth, promote G0/G1 cell cycle arrest and apoptosis in
several human cancer cell lines in a dose-dependent manner,
selectively increased protein expression of p21WAF1/Cip1 and
γ-H2AX and downregulated expression of cell cycle-regulated
proteins.

Anti-proliferative activity of aqueous, ethanol and oil extracts
of clove against HeLa (cervical cancer), MCF-7 (ER + ve) and
MDA-MB-231 (ER—ve) breast cancer, DU-145 prostate cancer,
TE-13 esophageal cancer cell lines and normal human peripheral
blood lymphocytes was investigated. The results showed that
clove oil at 300 μl/ml caused maximum (80%) and apoptotic cell
death in TE-13 cells within 24 h, but minimal cell death in DU-
145 cells with no significant cytotoxicity in human PBMC’s at the
same dose (Dwivedi et al., 2011). β-caryophyllene had no
cytotoxic effect, but clove oil and eugenol were cytotoxic. They
proposed the possibility that natural compounds found in clove
could be used for the development of new treatment for
esophageal cancer.

2.11.2 In silico Studies
Azadi et al. (2020) using in silicomathematical modelling and 1H
Nuclear Magnetic Resonance spectroscopy on clove oil treated
Raji cells, used the Metaboanalyst software to predict that 50%
inhibitory concentration of clove oil was 50 μg/ml and 74 genes
with differentiating metabolites consisting of amino acids,
cholesterol and fucose. They also predicted that clove oil
mechanism of anti-cancer action was against novel enzymes,
like 24-dehydrocholesterol reductase and 7-dehydrocholesterol
reductase in cholesterol biosynthesis, dehydrofolate reductase in
one carbon metabolism and serine palmitoyl-transferase long
chain in sphingolipid biosynthesis.

2.11.2 In vivo Studies
Kubatka et al. (2017) showed that dietary administration (0.1 and
1%) of clove was effective against induced mammary carcinoma
in rat model through significant decrease in tumor frequency but
not latency. The antitumor effect was mediated through caspase
three activation, reduction of protein (Bcl-2, Ki67, vascular
endothelial growth factors A, MDA, CD24, CD44) expressions
and increased methylation of RASSF1A promoter, as well as
expressions of ALDH1A1, H4K16ac, and H4K20me3. Colon
cancer was induced in mice by injecting them with naked HT-
29 tumor cells, the mice were then treated with ethyl acetate
extract of S. aromaticum once daily for 5 days. The authors
reported that tumor growth was significantly reduced in the
extract-treated group (Kubatka et al., 2017).

In vivo, the antitumor activity of ethyl acetate extract and
oleanoic acid from clove were investigated using the HT-29
tumor xenograft model (Liu et al., 2014). The extract showed
higher activity than oleanoic acid (one of its bioactive
components) and 5-fluorouracil (a chemotherapeutic agent) at
suppressing the growth of colon tumor xenografts. Most of the
changes reported were at the mRNA level, suggesting
transcriptional regulation by ethyl acetate extract. The authors
concluded that clove extract and oleanoic acid, could be novel
therapeutic agents for the treatment of colorectal cancer.

2.11.3 Assessment
From the studies reviewed, clove extracts, essential oils and
bioactive components exerted anti-cancer properties in vitro
through cytotoxicity, apoptosis, chemopreventive, tumor
formation, antiproliferative, modulation of gene expression
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and cancer signalling processes actions. In silico evaluation have
also been used to predict anti-cancer potential of clove. In vivo,
clove extracts inhibited tumor growth through caspase three
activation, gene and protein expressions. Unfortunately, as
with anti-inflammatory action of clove, no human studies
have been documented so far. Thus it is pertinent that future
studies be initiated to investigate the anticancer effect of clove in
humans including the dosage. Presently though, since clove is a
GRAS food, it can be used as an adjuvant in cancer treatment.

2.12 Anti-Diabetic Activities
The anti-diabetic effects of clove essential oil and extracts are well
documented. It is assumed that clove extract mimics the action of
insulin on gene expression of glucose-6-phosphatase and
phosphoenolpyruvate carboxykinase; and that expression of
several genes are regulated by clove and insulin in the same
pattern (Milind and Deepa, 2011).

2.12.1 In vitro
Adefegha and Oboh (2012) reported that polyphenol-rich
extracts from Syzygium aromaticum (L.) Merr. and Perry
(Clove) buds inhibited the activity of carbohydrate hydrolyzing
enzymes linked to type 2 diabetes and Fe2+-induced lipid
peroxidation in rat pancreas in a dose-dependent manner
in vitro. The authors reported that alpha-glucosidase inhibition
was significantly higher than that of alpha-amylase and could be
the mechanism by which clove elicits exerts its ameliorative effect
on type 2 diabetes.

2.12.2 In vivo
Dietary intake of clove by streptozotocin-induced diabetic male
Sprague-Dawley rats led to reduced tissue and cardiac muscle
damage, reduced blood sugar and lipid peroxidation, decrease in
hyperglycaemia-induced oxidative tissue damage and cataract
formation in the eye lens (Lakshmi and Manasa, 2021).

Hydroalcoholic extracts of clove reportedly improved serum
biomarkers, antioxidant status, and histopathological changes in
kidneys of streptozotocin-induced diabetic rats by ameliorating
glycaemic control, lipid profile and preventing kidney damage
(Abtahi-Eivari et al., 2021).

Sammy et al. (2020) reported that when streptozotocin
induced diabetic rats were administered aqueous extract of
clove at 250 mg/kg body weight with metformin, glucose, ALT,
AST, and other biomarkers were significantly downregulated
compared to the untreated or no clove streptozotocin treated
diabetic rats. Also, Abdulrazak et al. (2018) showed that high fat
diet-induced type 2 diabetic rabbits treated with 12.5% dietary
clove and 12.5% fermented ginger respectively for 6 weeks
exhibited significant (p < 0.05) decrease in blood glucose levels
and that the clove supplement effectively sustained anti-
hyperglycemic activity, lower effect on leptin levels, with
significant increase in insulin levels compared to diabetic
control group.

According to Abd El-Rahman (2015) dietary inclusion of
Syzygium aromaticum at 3, 5, 7 and10% for 4 weeks in the
diet of alloxan-induced diabetic rats, caused significant
decrease in serum glucose, total cholesterol, LDL-C, VLDL-C,

triglyceride levels, AST, ALT, and ALP, as well as liver function
and lipid profile.

Adefegha et al. (2014) reported that induced type 2 diabetes rat
model fed on diets containing clove bud powder at 20–40 g kg−1
exhibited reduced blood glucose level compared to control
diabetic rats without clove bud powder supplementation; in
addition, reduced α-glucosidase and liver enzymes activities
along with elevated levels of antioxidant status were observed.

Aqueous extracts of cinnamon and clove at 10 μg/ml showed
very strong and potent inhibition of protein glycation in zebra
fish (Jin and Cho, 2011).

2.12.3 Clinical
Bi et al. (2017) reported a study in which 36 people with T2Dwere
given capsules containing 0, 1, 2, or 3 g of cloves per day for
30 days and a 10-days washout period. Results from the study
showed that although no significance differences in responses to
the dose was observed, diabetic patients who took clove
supplement exhibited decrease in serum glucose, total
cholesterol, triglycerides and LDL, compared to diabetic
patients who did not.

2.13 Anti-Obesity Activities
2.13.1 In vitro
An alcoholic extract of clove (containing majorly-eugenol
(42.27%), acetyl eugenol (29.12%), caryophyllene (15.40%),
and humulene (3.22%) was reported to inhibit S-phase DNA
replication of HepG2 cells and adipocyte differentiation of OP9
cells (Ding et al., 2017). In vitro treatment using clove ethanol
extract on 3T3-L1 cells showed that the extract efficiently
inhibited the conversion of cells into adipocytes in a dose-
dependent manner (Jung et al., 2012).

2.13.2 In vivo
Ding et al. (2017) reported that an alcohol extract of clove
[containing majorly-eugenol (42.27%), acetyl eugenol
(29.12%), caryophyllene (15.40%), and humulene (3.22%)]
prevents obesity in a mouse model by acting as a natural fatty
acid inhibitor. The extract also reduced the development of high
fat diet-induced obesity, body and abdominal adipose tissue
weight, regulate total triglyceride, low-density lipoprotein
cholesterol and lower lipid accumulation in the liver and
epididymal adipose tissues.

In another study, Jin and Cho, (2011) showed that an aqueous
extract of cinnamon and clove at 10 μg/ml administered to hyper-
cholesterolaemic zebrafish exerted a potent dose-dependent
cholesteryl ester transfer protein (CETP) inhibitory and
hypolipidaemic activities; and that clove extract-fed group had
the smallest increase in body weight and height and the strongest
antioxidant activity after a 5-weeks high cholesterol diet.

Another study reported that clove ethanol extract reduced
diet-induced obesity in mice fed high fat diet supplemented with
0.5% (w/w) for 9 weeks through down-regulation of adipogenic
and lipogenic gene expression (Jung et al., 2012). Another study
reported that simultaneous administration of clove and curcumin
(Curcuma longa L.) extract on high fat diet-induced mice for
5 weeks led to reduced food intake, weight gain, adipose tissue,
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liver weight, and regulation of lipid profiles (Pérez Gutiérrez and
Arrioja, 2021).

2.13.2 Assessment
Regarding antidiabetic and anti-obesity potential of clove, most of
the studies were on extracts and essential oils of clove and were
mostly in vivo using mice or rat models and in vitro using cell
lines and enzyme based assays. The activities were marked with
reduction in fasting blood glucose, protein glycation, increased
insulin production, improving glucose tolerance, and glucose and
lipid metabolism-related enzyme activities and conversion of cells
into adipocytes among other physiological actions. Only one
clinical study in humans was reported for antidiabetic
property of clove. These studies however, are not detailed
enough, neither are they supported with human studies
considering the GRAS status of clove.

Therefore, future studies should focus on the effect of clove on
humans through randomized clinical trials, targeting specific
biomarkers to confirm and validate the folkloric uses of clove
as therapy for diabetes and obesity.

2.13.3 Functional foods and Nutraceuticals prepared
with clove.
Paschoalinotto et al. (2021) showed that a tisane (T5) composed
of lemon thyme, tutsan, cloves and cinnamon, exhibited
health-promoting effects (lipid peroxidation inhibition,
anti-inflammatory, and anti-diabetic activities) and
potential for application in the food and nutraceutical
industries.

In another study, Günes-Bayir et al. (2020) investigated the
effect of adding clove (Syzygium aromaticum) in three different
concentrations (0.1, 0.3, and 1%) and propolis (0.03%) to
probiotic yoghurt as follows: 1) yoghurt without propolis or
clove (control group); 2) yoghurt with propolis (0.03%); 3)
yoghurt with propolis (0.03%) and clove (0.1%); 4) yoghurt
with propolis (0.03%) and clove (0.3%); 5) yoghurt with
propolis (0.03%) and clove (1.0%) respectively on the
microbiological, chemical and sensory properties of probiotic
yoghurts. They reported that whereas propolis exerted
antibacterial effect on bacteria colonies except Streptococcus
thermophiles, clove reduced the suppressive effect of propolis
on bacteria colonies by supporting the number of B. animalis
subsp. lactis growth, improving the microbial qualities and
sensory acceptability of the probiotic yoghurts positively.

Nirmala et al. (2019) prepared nanoscale-based emulsions
from essential oil of clove buds (Syzygium aromaticum) and
varying concentrations of Tween 20 and Tween 80 surfactants.
Cytotoxicity of the stable oil-based emulsion was evaluated using
MTT colony formation, and Annexin V-FITC assays against
thyroid cancer cell line (HTh-7). The authors reported that
the product has potential as alternative cancer candidate drug
because it showed apoptotic and reductive effect on cancer cell
proliferation.

Cinnamon (Cinnamomum zeylanicum), fenugreek (Trigonella
foenum-graecum), shallot (Allium hirtifolium Boiss) and clove
(Syzygium aromaticum) were evaluated for their antidiabetic
efficacy in rats, singly and as a polyherbal formulation

(Tetraherbs) in streptozotocin (STZ)-induced diabetic rats
with fasting blood sugar above 350 mg/dl. The rats were
treated orally with 75 mg/kg dose ethanolic extracts of each
specie separately, or in equal combination formulation
(Tetraherbs) at 100–300 mg/kg once daily for 28 days.
Tetraherbs gave a higher blood glucose lowering activity and
pancreatic β cell regeneration than for each plant (Kiani et al.,
2018).

Another study by Ramos et al. (2017) evaluated an herbal
extract containing green mate (Ilex paraguariensis), clove
(Syzygium aromaticum), and lemongrass (Cymbopogon
citratus) optimized in fermented milk with or without sweet
potato pulp. Addition of a lyophilized extract (1 g 100 g−1) of
87.5% clove and 12.5% green mate increased the antioxidant and
total phenolic content, though fermented milk with added sweet
potato pulp had the best sensory acceptance. Twenty-one-day
storage revealed slight decrease in total phenolic acid and total
reducing capacity. The authors proposed the addition and use of
this extract for the development of new dairy foods with potential
functional properties.

The safety and anti-ulcerogenic activity of a Clovinol, a
novel polyphenol-rich extract of clove buds (Syzygium
aromaticum L) was reported by Issac et al. (2015). Clovinol
was derived as a water soluble free flowing powder from clove
buds, without the characteristic pungency and aroma. The
extract was characterized by electrospray ionization-time of
flight mass spectrometry (ESI-TOF-MS) and evaluated for
antioxidant, anti-inflammatory and anti-ulcerogenic
activities in mice and rat models. The product exhibited
significant antioxidant and anti-inflammatory effects
measured by cellular antioxidant levels and inhibition of
carrageenan-induced paw swelling in mice; while its anti-
ulcerogenic activity was confirmed by greater than 97%
inhibition of ethanol-induced stomach ulcers in Wistar rats
administered at 100 mg per kg b w. orally and up regulation of
in vivo antioxidants. Lipid peroxidation, oxidative stress and
gastrointestinal health of ulcer induced rats were also
improved by Clovinol, which was shown to be safe at 5 and
2.5 g per kg body weight for acute and 28 days of repeated dose
toxicity studies respectively.

Babajide et al. (2013) blended equal portions of cucumber
(50%) and pineapple (50%) juices with clove and ginger powder
at 0.25% (CPCLG1), 0.5 (CPCLG2), 0.75% (CPCLG3), and 1%
(CPCLG4) (w/v) respectively to develop a new fruit drink with
health benefits. They reported the presence of alkaloids,
flavonoids, saponins, steroids, tannins, terpenoids and
phlobatannins. Various Quantities of isoquinoline, octanoic
acid, metroprolol, fumaric acid, benzoquinone, and betaxolol
among others.

Balaji et al. (2012) investigated the antidiabetic potentials of a
novel polyherbal preparation containing Asparagus racemosus,
Emblica officinalis, Salacia oblonga, Syzygium aromaticum, and
Tinospora cordifolia in equal ratios. The authors showed that the
product reverted the activities of glycolytic and gluconeogenic
enzymes in diabetic rats and that lipid profile, antioxidant status
and glycogen content were improved, with decrease in lipid
peroxidation.
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2.13.4 Assessment
The studies reported here are some examples of the use of clove in
preparation of functional foods and beverages, tailored towards
the management of some chronic diseases. Some of these show
that the therapeutic property of clove can withstand food
processing/thermal changes and are carried through to the
final products. However, more studies are needed to determine
appropriate vehicles, doses, shelf-life and toxicity/adverse
consequences in human trials to validate these therapeutic
claims. These functional foods however, can be used co-
adjuvantly in the prevention, treatments and management of
chronic diseases.

3 CONCLUSION, LIMITATIONS, AND
FUTURE RESEARCH NEEDS

The traditional, historical and cultural use of spices in diet and
medicine cannot be overemphasized, because along with their
culinary uses, most spices also have health-enhancing properties
as demonstrated by clove (Syzygium aromaticum (L.) Merr. and
L. M. Perry [Myrtaceae]).

Traditionally and pharmacologically, the medicinal uses of
clove spice are diverse and seemingly unending. This review
collated available information on nutritional and phytochemical
constituents, forms (powders, extracts, infusions, and
combination with other spices, etc.), concentrations/dosages,
selected biological/health activities, as well as functional foods
derived from clove spice were considered.

Some of these include use of clove oil for toothache, dental
caries and pyorrhea; headache, sore throat, respiratory disorders
(coughs, colds, bronchitis, asthma, sinusitis, and tuberculosis)
and digestive system ailments. In traditional medicines of
Australia and Asian countries, clove is used for ear ache, anti-
inflammatory, analgesic, antipyretic, antifungal, antibacterial and
peptic ulcer treatments. Other uses include as an anaesthetic,
hepatoprotective, anthelmintic, memory recall, anti-stress,
analgesic, anticonvulsant, antimycotic, insecticidal,
antimutagenic, and antiulcerogenic amongst other uses

(Milind and Deepa, 2011; Agrawal et al., 2018; El-Ghallab
et al., 2020; Yadav et al., 2020).

This overview has revealed documented scientific evidence
that clove spice possesses antioxidant, anti-microbial, anti-
viral, anti-inflammatory, anti-cancer, anti-diabetic and anti-
obesity functions amongst other reported properties.
However, this could be further buttressed through clinical
studies.

Thus, the medicinal and pharmacological importance of spices
are an excellent validation of the common statement “Let food be
thy medicine and medicine thy food; ’’ and the link between food
and medicine.

The review was limited by the fact that so many of the studies
reported were in vitro with very few clinical studies. Most of the
studies also did not report the percentage of effectiveness of the
extract or oil and the mechanism of action.

Future research needs and focus should be on well-planned
and executed studies on the medicinal properties of clove using
different models including in vitro, in vivo, ex vivo, and clinical/
human studies. Considering the fact that clove is a GRAS food, it
is important that human studies be performed and documented.
More studies on bioavailability, accumulation, toxicity, dosage
and efficacy of clove as a spice drug or functional foods in
biological systems especially humans are required. Further,
many applications of clove in the food, health, cosmetics,
pharmaceutics, nanoparticles, and agricultural industries are
still open for investigations.

AUTHOR CONTRIBUTIONS

GAO is responsible for all aspects of this review.

FUNDING

This study was supported by the South Africa National Research
Foundation, Research and Innovation Support and Advancement
(NRF: RISA) CSURG: Grant No: 121264.

REFERENCES

Abd El-Rahman, A. N. (2015). Anti-Diabetic and Hepatoprotective Effect of Clove
(Syzygium Aromaticum Linn) on Rats Induced by Alloxan. J. Home Econ. 25
(3), 133–150.

Abdulrazak, A., Tanko, Y., Mohammed, A., Mohammed, K. A., Sada, N. M., and
Dikko, A. A. (2018). Effects of Clove and Fermented Ginger on Blood Glucose,
Leptin, Insulin and Insulin Receptor Levels in High Fat DietInduced Type 2
Diabetic Rabbits. Niger. J. Physiol. Sci. 33 (1), 89–93.

Aboubakr, H. A., Nauertz, A., Luong, N. T., Agrawal, S., El-Sohaimy, S. A., Youssef,
M. M., et al. (2016). In Vitro antiviral Activity of Clove and Ginger Aqueous
Extracts against Feline Calicivirus, a Surrogate for Human Norovirus. J. Food
Prot. 79 (6), 1001–1012. doi:10.4315/0362-028X.JFP-15-593

Abtahi-Eivari, S. H., Shokoohi, M., Ghorbani, M., Kalarestaghi, H., Shoorei, H.,
Bahrami, J., et al. (2021). Effects of Hydroalcoholic Extracts of Clove (Syzygium
Aromaticum) on Serum Biomarkers, Antioxidant Status and Histopathological
Changes of Kidneys in Diabetic Rats. Crescent J. Med. Biol. Sci. 8 (4), 269–275.

Achinewhu, S. C., Ogbonna, C. C., and Hart, A. D. (1995). Chemical Composition
of Indigenous Wild Herbs, Spices, Fruits, Nuts and Leafy Vegetables Used as
Food. Plant Foods Hum. Nutr. 48, 341–348. doi:10.1007/BF01088493

Adefegha, S. A., Oboh, G., Adefegha, O. M., Boligon, A. A., and Athayde, M. L.
(2014). Antihyperglycemic, Hypolipidemic, Hepatoprotective and
Antioxidative Effects of Dietary Clove (Szyzgium Aromaticum) Bud Powder
in a High-Fat Diet/streptozotocin-Induced Diabetes Rat Model. J. Sci. Food
Agric. 94 (13), 2726–2737. doi:10.1002/jsfa.6617

Adefegha, S. A., and Oboh, G. (2012). In Vitro inhibition Activity of Polyphenol-
Rich Extracts from Syzygium Aromaticum (L.) Merr. & Perry (Clove) Buds
against Carbohydrate Hydrolyzing Enzymes Linked to Type 2 Diabetes and
Fe(2+)-Induced Lipid Peroxidation in Rat Pancreas. Asian Pac. J. Trop. Biomed.
2 (10), 774–781. doi:10.1016/S2221-1691(12)60228-7

Agrawal, P., Kotagiri, D., and Kolluru, V. C. (2018). Comparative Analysis of
Antimicrobial Activity of Herbal Extracts against Pathogenic Microbes. Adv.
Biochem. Biotechnol. 10, 2574–2578. doi:10.29011/2574-7258.000063

Alma, M. H., Ertaş, M., Nitz, S., and Kollmannsberger, H. (2007). Chemical
Composition and Content of Essential Oil from the Bud of Cultivated Turkish

Frontiers in Pharmacology | www.frontiersin.org January 2022 | Volume 12 | Article 79320010

Otunola Otunola GA 2021

https://doi.org/10.4315/0362-028X.JFP-15-593
https://doi.org/10.1007/BF01088493
https://doi.org/10.1002/jsfa.6617
https://doi.org/10.1016/S2221-1691(12)60228-7
https://doi.org/10.29011/2574-7258.000063
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Clove (Syzygium Aromaticum L.). BioRes 2, 265–269. doi:10.15376/
biores.2.2.265-269

Al–Jeboory, H. H., Al–Fadhial, F. A., Al–Ani, R. A., and Aish, A. A. (2012).
Inhibition Activity of Clove Hexane Extract, Cinnamon and Datura Ethanol
Extract against Erwina Carotovora Sub Sp. Atroseptica Causative Agent of Soft
Rot and Black Stem Disease. Iraqi J. Agric. Sci. 43 (4), 41–48.

Azadi, M., Alemi, F., Sadeghi, S., Mohammadi, M., Rahimi, N. A., Mirzaie, S., et al.
(2020). An Integrative In Silico Mathematical Modelling Study of the Anti-
cancer Effect of Clove Extract (Syzygium Aromaticum) Combined with In Vitro
Metabolomics Study Using 1HNMR Spectroscopy. Iranian J. Biotechnol. 18 (3),
e2336. doi:10.30498/IJB.2020.141102.2336

Babajide, J. M., Olaluwoye, A. A., Taofik Shittu, T. A., and Adebisi, M. A. (2013).
Physicochemical Properties and Phytochemical Components of Spiced
Cucumber-Pineapple Fruit Drink. Niger. Food J. 31, 40–52. doi:10.1016/
s0189-7241(15)30055-2

Bachiega, T. F., de Sousa, J. P., Bastos, J. K., and Sforcin, J. M. (2012). Clove and
Eugenol in Noncytotoxic Concentrations Exert Immunomodulatory/anti-
Inflammatory Action on Cytokine Production by Murine Macrophages.
J. Pharm. Pharmacol. 64, 610–616. doi:10.1111/j.2042-7158.2011.01440.x

Balaji, V., Williams, A. A., Sathish, S., Mayilvanan, C., Narasimhan, A., and
Balasubramanian, K. (2012). Antidiabetic Potentials of a Novel Polyherbal
Preparation Formulated According to Principles of Siddha System of Medicine.
J. Evid. Based Complement. Altern Med 17, 180–190. doi:10.1177/
2156587212451027

Baselga-Escudero, L., Souza-Mello, V., Pascual-Serrano, A., Rachid, T., Voci, A.,
Demori, I., et al. (2017). Beneficial Effects of the Mediterranean Spices and
aromas on Non-alcoholic Fatty Liver Disease. Trends Food Sci. Tech. 61, 14.
doi:10.1016/j.tifs.2016.11.019

Batiha, G. E., Alkazmi, L. M., Wasef, L. G., Beshbishy, A. M., Nadwa, E. H., and
Rashwan, E. K. (2020). Syzygium Aromaticum L. (Myrtaceae): Traditional Uses,
Bioactive Chemical Constituents, Pharmacological and Toxicological Activities.
Biomolecules 10 (2), 202. doi:10.3390/biom10020202

Bhathal, S. K., Kaur, H., Bains, K., and Mahal, A. K. (2020). Assessing Intake and
Consumption Level of Spices Among Urban and Rural Households of Ludhiana
District of Punjab, India. Nutr. J. 19 (1), 121–122. doi:10.1186/s12937-020-00639-4

Bhowmik, D., Kumar, K. S., Yadav, A., Srivastava, S., Paswan, S., and Dutta, A. S.
(2012). Recent Trends in Indian Traditional Herbs Syzygium Aromaticum and
its Health Benefits. J. Pharmacognosy Phytochemistry 1 (1), 13–22.

Bi, X., Lim, J., and Henry, C. J. (2017). Spices in the Management of Diabetes
Mellitus. Food Chem. 217, 281–293. doi:10.1016/j.foodchem.2016.08.111

Chatterjee, D., and Bhattacharjee, P. (2015). Use of Eugenol-Lean Clove Extract as
a Flavoring Agent and Natural Antioxidant in Mayonnaise: Product
Characterization and Storage Study. J. Food Sci. Technol. 52, 4945–4954.
doi:10.1007/s13197-014-1573-6

Cortés-Rojas, D. F., Fernandes de Souza, C. R., and Oliveira, W. P. (2014). Clove
(Syzygium Aromaticum): a Precious Spice. Asian Pac. J. Trop. Biomed. 4 (2),
90–96. doi:10.1016/S2221-1691(14)60215-X

Dai, J. P., Zhao, X. F., Zeng, J., Wan, Q. Y., Yang, J. C., Li, W. Z., et al. (2013).
Drug Screening for Autophagy Inhibitors Based on the Dissociation of
Beclin1-Bcl2 Complex Using BiFC Technique and Mechanism of Eugenol
on Anti-influenza A Virus Activity. Plos One 8, e61026. doi:10.1371/
journal.pone.0061026

Daniel, A. N., Sartoretto, S. M., Schmidt, G., Caparroz-Assef, S. M., Bersani-
Amado, C. A., and Cuman, R. K. N. (2009). Anti-inflammatory and
Antinociceptive Activities A of Eugenol Essential Oil in Experimental
Animal Models. Rev. Bras. Farmacogn. 19, 212–217. doi:10.1590/s0102-
695x2009000200006

Dearlove, R. P., Greenspan, P., Hartle, D. K., Swanson, R. B., and Hargrove, J. L.
(2008). Inhibition of Protein Glycation by Extracts of Culinary Herbs and
Spices. J. Med. Food 11 (2), 275–281. doi:10.1089/jmf.2007.536

Devi, K. P., Sakthivel, R., Nisha, S. A., Suganthy, N., and Pandian, S. K. (2013).
Eugenol Alters the Integrity of Cell Membrane and Acts against the Nosocomial
Pathogen Proteus mirabilis. Arch. Pharm. Res. 36 (3), 282–292. doi:10.1007/
s12272-013-0028-3

Devkota, H. P., and Adhikari-Devkota, A. (2020). “Cold Pressed Clove (Syzygium
Aromaticum) Oil,” in Cold Pressed Oils 2020 Jan 1 (London, UK: Academic
Press), 273–276.

Dey, B. K., and Mukherjee, S. S. (2021). Potential of Clove and its Nutritional
Benefits in Physiological Perspective: A Review. Int. J. Physiol. Nutr. Phys. Educ.
6 (1), 103–106.

Ding, Y., Gu, Z., Wang, Y., Wang, S., Chen, H., Zhang, H., et al. (2017). Clove
Extract Functions as a Natural Fatty Acid Synthesis Inhibitor and Prevents
Obesity in a Mouse Model. Food Funct. 8 (8), 2847–2856. doi:10.1039/
c7fo00096k

Dubey, S. (2017). Indian Spices and Their Medicinal Value. Ijper 51, s330–s332.
doi:10.5530/ijper.51.3s.41

Dwivedi, V., Shrivastava, R., Hussain, S., Ganguly, C., and Bharadwaj, M. (2011).
Comparative Anticancer Potential of Clove (Syzygium Aromaticum)-an Indian
Spice-Aagainst Cancer Cell Lines of Various Anatomical Origin. Asian Pac.
J. Cancer Prev. 12 (8), 1989–1993.

El Ghallab, Y., Al Jahid, A., Jamal Eddine, J., Ait Haj Said, A., Zarayby, L., and
Derfoufi, S. (2020). Syzygium Aromaticum L.: Phytochemical Investigation and
Comparison of the Scavenging Activity of Essential Oil, Extracts and Eugenol.
Adv. Tradit Med. (Adtm) 20 (2), 153–158. doi:10.1007/s13596-019-00416-7

Ereifej, K. I., Feng, H., Rababah, T. M., Tashtoush, S. H., Al-U’datt, M. H., Al-
Rabadi, G. J., et al. (2015). Microbiological Status and Nutritional Composition
of Spices Used in Food Preparation. Fns 06, 1134–1140. doi:10.4236/
fns.2015.612118

Estrada-Cano, C., Anaya-Castro, M. A., Munoz-Castellanos, L., Amaya-Olivas, N.,
Garcia-Triana, A., and Hernandez-Ochoa, L. (2017). Antifungal Activity of
Microencapsulated Clove (Eugenia Caryophyllata) and Mexican Oregano
(Lippia Berlandieri) Essential Oils against Fusarium Oxysporum.
J. Microbiol. Biochem. Tech. 9, 567–571. doi:10.4172/1948-5948.1000342

Fankem, P. M., Kwanga, S. N., Sameza, M. L., Tchoumbougnang, F., Tchabong, R.,
and Ngoune, T. (2017). Antioxidant and Antifungal Activities of cocoa Butter
(Theobroma Cacao), Essential Oil of Syzygium Aromaticum and a Combination
of Both Extracts against Three Dermatophytes. Am. Scientific Res. J. Eng. Tech.
Sci. 37, 255–272.

Forlemu, A. L., and Amadou, B. A. (2021). Production of Cake Using Herbs and
Spices as Flavourants (Clove, Ginger, Lemongrass). Int. J. Innovative Analyses
Emerging Tech. 1 (3), 1–7. Available at: http://openaccessjournals.eu/index.
php/ijiaet/article/view/112.

Gafner, S. (2018). Scientific Journals Increasingly Skeptical of Antioxidant
Research. HerbalEGram 117, 35.

Garba, L., Lawan, H. S., Puma, H. U., Abdullahi, M. M., Yusuf, I., and Mukhtar, M.
D. (2019). Phytochemical Screening and In Vitro Bacteriostatic Effects of
Syzigium Aromaticum (Clove) Extracts on Clinical Bacterial Isolates.
J. Biochem. Microbiol. Biotechnol. 7 (1), 5–9.

Gopalakrishnan, M., Narayanan, C. S., and Mathew, A. G. (1984). Sesquiterpene
Hydrocarbons from Clove Oil. J. Lebensmittel-Wissenschaft Technologie B 17,
42–43.

Gottardi, D., Bukvicki, D., Prasad, S., and Tyagi, A. K. (2016). Beneficial Effects of
Spices in Food Preservation and Safety. Front. Microbiol. 7, 1394. doi:10.3389/
fmicb.2016.01394

Gülçin, İ., Elmastaş, M., and Aboul-Enein, H. Y. (2012). Antioxidant Activity of
Clove Oil - A Powerful Antioxidant Source. Arabian J. Chem. 5, 489–499.
doi:10.1016/j.arabjc.2010.09.016

Güne-Bayir, A., Bilgin, M. G., Kutlu, S. S., Demirci, D., and Gölgeci, F. N. (2020).
Microbiological, Chemical and Sensory Analyzes of Produced Probiotic
Yoghurts Added Clove and Propolis: Probiotic Yoghurt Added Propolis and
Clove. Icontech Int. J. 4 (2), 1–14. doi:10.46291/ICONTECHvol4iss2pp1-14

Han, X., and Parker, T. L. (2017). Anti-inflammatory Activity of Clove (Eugenia
Caryophyllata) Essential Oil in Human Dermal Fibroblasts. Pharm. Biol. 55 (1),
1619–1622. doi:10.1080/13880209.2017.1314513

Haro-González, J. N., Castillo-Herrera, G. A., Martínez-Velázquez, M., and
Espinosa-Andrews, H. (2021). Clove Essential Oil (Syzygium Aromaticum L.
Myrtaceae): Extraction, Chemical Composition, Food Applications, and
Essential Bioactivity for Human Health. Molecules 26, 6387. doi:10.3390/
molecules26216387

Hemalatha, R., Nivetha, P., Mohanapriya, C., Sharmila, G., Muthukumaran, C.,
and Gopinath, M. (2016). Phytochemical Composition, GC-MS Analysis, In
Vitro Antioxidant and Antibacterial Potential of Clove Flower Bud (Eugenia
Caryophyllus) Methanolic Extract. J. Food Sci. Technol. 53 (2), 1189–1198.
doi:10.1007/s13197-015-2108-5

Frontiers in Pharmacology | www.frontiersin.org January 2022 | Volume 12 | Article 79320011

Otunola Otunola GA 2021

https://doi.org/10.15376/biores.2.2.265-269
https://doi.org/10.15376/biores.2.2.265-269
https://doi.org/10.30498/IJB.2020.141102.2336
https://doi.org/10.1016/s0189-7241(15)30055-2
https://doi.org/10.1016/s0189-7241(15)30055-2
https://doi.org/10.1111/j.2042-7158.2011.01440.x
https://doi.org/10.1177/2156587212451027
https://doi.org/10.1177/2156587212451027
https://doi.org/10.1016/j.tifs.2016.11.019
https://doi.org/10.3390/biom10020202
https://doi.org/10.1186/s12937-020-00639-4
https://doi.org/10.1016/j.foodchem.2016.08.111
https://doi.org/10.1007/s13197-014-1573-6
https://doi.org/10.1016/S2221-1691(14)60215-X
https://doi.org/10.1371/journal.pone.0061026
https://doi.org/10.1371/journal.pone.0061026
https://doi.org/10.1590/s0102-695x2009000200006
https://doi.org/10.1590/s0102-695x2009000200006
https://doi.org/10.1089/jmf.2007.536
https://doi.org/10.1007/s12272-013-0028-3
https://doi.org/10.1007/s12272-013-0028-3
https://doi.org/10.1039/c7fo00096k
https://doi.org/10.1039/c7fo00096k
https://doi.org/10.5530/ijper.51.3s.41
https://doi.org/10.1007/s13596-019-00416-7
https://doi.org/10.4236/fns.2015.612118
https://doi.org/10.4236/fns.2015.612118
https://doi.org/10.4172/1948-5948.1000342
http://openaccessjournals.eu/index.php/ijiaet/article/view/112
http://openaccessjournals.eu/index.php/ijiaet/article/view/112
https://doi.org/10.3389/fmicb.2016.01394
https://doi.org/10.3389/fmicb.2016.01394
https://doi.org/10.1016/j.arabjc.2010.09.016
https://doi.org/10.46291/ICONTECHvol4iss2pp1-14
https://doi.org/10.1080/13880209.2017.1314513
https://doi.org/10.3390/molecules26216387
https://doi.org/10.3390/molecules26216387
https://doi.org/10.1007/s13197-015-2108-5
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Hussain, S., Rahman, R., Mushtaq, A., and Zerey-Belaskri, A. E. (2017). Clove: A
Review of a Precious Species with Multiple Uses. Int. J. Chem. Biochem. Sci.
(Ijcbs) 11, 129–133.

Hyldgaard, M., Mygind, T., and Meyer, R. L. (2012). Essential Oils in Food
Preservation: Mode of Action, Synergies, and Interactions with Food Matrix
Components. Front. Microbiol. 3, 12. doi:10.3389/fmicb.2012.00012

Islam, S., Nasrin, S., Khan, M. A., Hossain, A. S., Islam, F., Khandokhar, P., et al.
(2013). Evaluation of Antioxidant and Anticancer Properties of the Seed
Extracts of Syzygium Fruticosum Roxb. Growing in Rajshahi, Bangladesh.
BMC Complement. Altern. Med. 13 (1), 142. doi:10.1186/1472-6882-13-142

Issac, A., Gopakumar, G., Kuttan, R.,Maliakel, B., andKrishnakumar, I. M. (2015). Safety
and Anti-ulcerogenic Activity of a Novel Polyphenol-Rich Extract of Clove Buds
(Syzygium Aromaticum L). Food Funct. 6 (3), 842–852. doi:10.1039/c4fo00711e

Izuegbuna, O., Otunola, G., and Bradley, G. (2019). Estimation of Phytochemical,
Vitamins Composition and Antioxidant Activity of Pelargonium Inquinans
Leaves. Pharmacognosy J. 11 (2), 237. doi:10.5530/pj.2019.11.37

Jiang, T. A. (2019). Health Benefits of Culinary Herbs and Spices. J. AOAC Int. 102
(2), 395–411. doi:10.5740/jaoacint.18-0418

Jimoh, S. O., Arowolo, L. A., and Alabi, K. A. (2017). Phytochemical Screening and
Antimicrobial Evaluation of Syzygium Aromaticum Extract and Essential Oil.
Int.J.Curr.Microbiol.App.Sci 6, 4557–4567. doi:10.20546/ijcmas.2017.607.476

Jin, S., and Cho, K. H. (2011). Water Extracts of Cinnamon and Clove Exhibits
Potent Inhibition of Protein Glycation and Anti-atherosclerotic Activity In
Vitro and In Vivo Hypolipidemic Activity in Zebrafish. Food Chem. Toxicol. 49
(7), 1521–1529. doi:10.1016/j.fct.2011.03.043

Jung, C. H., Ahn, J., Jeon, T. I., Kim, T. W., and Ha, T. Y. (2012). Syzygium
Aromaticum Ethanol Extract Reduces High-Fat Diet-Induced Obesity in Mice
through Downregulation of Adipogenic and Lipogenic Gene Expression. Exp.
Ther. Med. 4, 409–414. doi:10.3892/etm.2012.609

Kaefer, C. M., and Milner, J. A. (2008). The Role of Herbs and Spices in Cancer
Prevention. J. Nutr. Biochem. 19 (6), 347–361. doi:10.1016/
j.jnutbio.2007.11.003

Kaur, K., and Kaushal, S. (2019). Phytochemistry and Pharmacological Aspects of
Syzygium Aromaticum: A Review. J. Pharmacognosy Phytochemistry 8 (1),
398–406.

Kello, M., Takac, P., Kubatka, P., Kuruc, T., Petrova, K., and Mojzis, J. (2020).
Oxidative Stress-Induced DNA Damage and Apoptosis in Clove Buds-Treated
MCF-7 Cells. Biomolecules 10 (1), 139. doi:10.3390/biom10010139

Khan, F. A., Akhtar, S., Almohazey, D., Alomari, M., and Almofty, S. A. (2018).
Extracts of Clove (Syzygium Aromaticum) Potentiate FMSP-Nanoparticles
Induced Cell Death in MCF-7 Cells. Int. J. Biomater. 2018, 8479439.
doi:10.1155/2018/8479439

Kiani, Z., Hassanpour-Fard, M., Asghari, Z., and Hosseini, M. (2018).
Experimental Evaluation of a Polyherbal Formulation (Tetraherbs):
Antidiabetic Efficacy in Rats. Comp. Clin. Pathol. 27 (6), 1437–1445.
doi:10.1007/s00580-018-2755-9

Kochhar, K. P. (2008). Dietary Spices in Health and Diseases (II). Indian J. Physiol.
Pharmacol. 52 (4), 327–354.

Kubatka, P., Uramova, S., Kello, M., Kajo, K., Kruzliak, P., Mojzis, J., et al. (2017).
Antineoplastic Effects of Clove Buds (Syzygium Aromaticum L.) in the Model of
Breast Carcinoma. J. Cel Mol Med 21, 2837–2851. doi:10.1111/jcmm.13197

Kumar, A., Thakur, S., Thakur, V. C., Kumar, A., Patil, S., and Vohra, M. P. (2012).
Antifungal Activity of Some Natural Essential Oils against Candida Species
Isolated from Blood Stream Infection. J. Krishna Inst. Med. Sci. Univ. 1, 61–66.

Kumar, U., Kumar, B., Bhandhari, A., and Kumar, Y. (2010). Phytochemical
Investigation and Comparison of Antimicrobial Screening of Clove and
Cardamom. Int. J. Pharm. Sci. Res. 1, 138–147.

Kunnumakkara, A. B., Koca, C., Dey, S., Gehlot, P., Yodkeeree, S., Danda, D., et al.
(2009). “Traditional Uses of Spices: an Overview,” in Molecular Targets and
Therapeutic Uses of Spices: Modern Uses for Ancient Medicine Singapore: World
Scientific Publishing Co. Pte.Ltd, 1–24. doi:10.1142/9789812837912_0001

Lakshmi, V. J., and Manasa, K. (2021). Various Phytochemical Constituents and
Their Potential Pharmacological Activities of Plants of the Genus Syzygium.
Ajptr 11 (2), 68–85. doi:10.46624/ajptr.2021.v11.i2.006

Litwin, N., Clifford, J., and Johnson, S. (2018). Functional Foods for Health. Hum.
Nutr. 4, 18.

Liu, H., Schmitz, J. C.,Wei, J., Cao, S., Beumer, J. H., Strychor, S., et al. (2014). Clove
Extract Inhibits Tumor Growth and Promotes Cell Cycle Arrest and Apoptosis.
Oncol. Res. 21, 247–259. doi:10.3727/096504014X13946388748910

Madsen, H. L., and Bertelsen, G. (1995). Spices as Antioxidants. Trends Food Sci.
Tech. 6 (8), 271–277. doi:10.1016/s0924-2244(00)89112-8

Milind, P., and Deepa, K. (2011). Clove: a champion Spice. Int. J. Res. Ayurveda
Pharm. 2 (1), 47–54.

Mittal, M., Gupta, N., Parashar, P., Mehra, V., and Khatri, M. (2014).
Phytochemical Evaluation and Pharmacological Activity of Syzygium
Aromaticum: a Comprehensive Review. Int. J. Pharm. Pharm. Sci. 6 (8), 67–72.

Myrie, S. B., and Jones, P. J. H. (2011). “Functional Foods and Obesity,” in
Functional Foods (Cambridge, UK: Woodhead Publishing Limited), 234–260.
doi:10.1533/9780857092557.2.234

Naji, H. H., Amer, J. O., andWalaa, F. O. (2017). Analgesic and Anti-inflammatory
Effects of Hydro Alcoholic Extract of (Syzygium Aromaticum) in Albino Mice.
Kufa J. Vet. Med. Sci. 8 (2), 56–62.

Nam, H., and Kim, M. M. (2013). Eugenol with Antioxidant Activity Inhibits MM-
9 Related to Metastasis in Human Fibrosarcoma Cells. Food Chem. Toxicol. 55,
106–112.

Nassar, M. I., Gaara, A. H., El-Ghorab, A. H., Farrag, A., Shen, H., Huq, E., et al.
(2007). Chemical Constituents of Clove (Syzygium Aromaticum, Fam.
Myrtaceae) and Their Antioxidant Activity. Revista Latinoamericana de
Química. 35 (3), 47.

Nikoui, V., Ostadhadi, S., Bakhtiarian, A., Abbasi-Goujani, E., Habibian-Dehkordi,
S., Rezaei-Roshan, M., et al. (2017). The Anti-inflammatory and Antipyretic
Effects of Clove Oil in Healthy Dogs after Surgery. PharmaNutrition 5, 52–57.
doi:10.1016/j.phanu.2017.02.003

Nirmala, M. J., Durai, L., Gopakumar, V., and Nagarajan, R. (2019). Anticancer
and Antibacterial Effects of a Clove Bud Essential Oil-Based Nanoscale
Emulsion System. Int. J. Nanomedicine 14, 6439–6450. doi:10.2147/
IJN.S211047

Opara, E. I., and Chohan, M. (2014). Culinary Herbs and Spices: Their Bioactive
Properties, the Contribution of Polyphenols and the Challenges in Deducing
Their True Health Benefits. Int. J. Mol. Sci. 15 (10), 19183–19202. doi:10.3390/
ijms151019183

Otunola, G. A., and Afolayan, A. J. (2020). “AReview of the Anti-diabetic Activities
of Ginger,” in Ginger Cultivation and its Antimicrobial and Pharmacological
Potentials. Editor H. Wang (London, UK: IntechOpen Ltd). ISBN 978-1-
83880-030-7. doi:10.5772/intechopen.88899

Otunola, G. A., and Afolayan, A. J. (2015). Antidiabetic Effect of Combined Spices
ofAllium sativum,Zingiber officinaleandCapsicum Frutescensin Alloxan-
Induced Diabetic Rats. Front. Life Sci. 8 (4), 314–323. doi:10.1080/
21553769.2015.1053628

Otunola, G. A., and Afolayan, A. J. (2018). In Vitro antibacterial, Antioxidant and
Toxicity Profile of Silver Nanoparticles green-synthesized and Characterized
from Aqueous Extract of a Spice Blend Formulation. Biotechnol.
Biotechnological Equipment 32 (3), 724–733. doi:10.1080/
13102818.2018.1448301

Ozdal, T., Tomas, M., Toydemir, G., Kamiloglu, S., and Capanoglu, E. (2021).
“Introduction to Nutraceuticals, Medicinal Foods, and Herbs,” in Aromatic
Herbs in Food 2021 Jan 1 (London, UK: Academic Press), 1–34.

Panickar, K. S. (2013). Beneficial Effects of Herbs, Spices and Medicinal Plants on
the Metabolic Syndrome, Brain and Cognitive Function. Cent. Nerv Syst. Agents
Med. Chem. 13 (1), 13–29. doi:10.2174/1871524911313010004

Paschoalinotto, B. H., Dias, M. I., Pinela, J., Pires, T. C. S. P., Alves, M. J., Mocan, A.,
et al. (2021). Phytochemical Characterization and Evaluation of Bioactive
Properties of Tisanes Prepared from Promising Medicinal and Aromatic
Plants. Foods 10 (2), 475. doi:10.3390/foods10020475

Pérez Gutiérrez, R. M., and Arrioja, M. W. (2021). Rapid Model to Evaluate the
Anti-obesity Potential of a Combination of Syzygium Aromaticum (Clove) and
Cuminun Cyminum (Cumin) on C57BL6/j Mice Fed High-Fat Diet.
J. Visualized Experiments (Jove) 31, 173. doi:10.3791/62087

Platel, K., and Srinivasan, K. (2000a). Influence of Dietary Spices and Their
Active Principles on Pancreatic Digestive Enzymes in Albino Rats.
Nahrung 44 (1), 42–46. doi:10.1002/(SICI)1521-3803(20000101)44:1<42:
AID-FOOD42>3.0.CO;2-D

Frontiers in Pharmacology | www.frontiersin.org January 2022 | Volume 12 | Article 79320012

Otunola Otunola GA 2021

https://doi.org/10.3389/fmicb.2012.00012
https://doi.org/10.1186/1472-6882-13-142
https://doi.org/10.1039/c4fo00711e
https://doi.org/10.5530/pj.2019.11.37
https://doi.org/10.5740/jaoacint.18-0418
https://doi.org/10.20546/ijcmas.2017.607.476
https://doi.org/10.1016/j.fct.2011.03.043
https://doi.org/10.3892/etm.2012.609
https://doi.org/10.1016/j.jnutbio.2007.11.003
https://doi.org/10.1016/j.jnutbio.2007.11.003
https://doi.org/10.3390/biom10010139
https://doi.org/10.1155/2018/8479439
https://doi.org/10.1007/s00580-018-2755-9
https://doi.org/10.1111/jcmm.13197
https://doi.org/10.1142/9789812837912_0001
https://doi.org/10.46624/ajptr.2021.v11.i2.006
https://doi.org/10.3727/096504014X13946388748910
https://doi.org/10.1016/s0924-2244(00)89112-8
https://doi.org/10.1533/9780857092557.2.234
https://doi.org/10.1016/j.phanu.2017.02.003
https://doi.org/10.2147/IJN.S211047
https://doi.org/10.2147/IJN.S211047
https://doi.org/10.3390/ijms151019183
https://doi.org/10.3390/ijms151019183
https://doi.org/10.5772/intechopen.88899
https://doi.org/10.1080/21553769.2015.1053628
https://doi.org/10.1080/21553769.2015.1053628
https://doi.org/10.1080/13102818.2018.1448301
https://doi.org/10.1080/13102818.2018.1448301
https://doi.org/10.2174/1871524911313010004
https://doi.org/10.3390/foods10020475
https://doi.org/10.3791/62087
https://doi.org/10.1002/(SICI)1521-3803(20000101)44:1<42:AID-FOOD42>3.0.CO;2-D
https://doi.org/10.1002/(SICI)1521-3803(20000101)44:1<42:AID-FOOD42>3.0.CO;2-D
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Platel, K., and Srinivasan, K. (2000b). Stimulatory Influence of Select Spices on Bile
Secretion in Rats. Nutr. Res. 20 (10), 1493–1503. doi:10.1016/s0271-5317(00)
80030-5

Przygodzka, M., Zieliński, H., Ciesarová, Z., Kukurová, K., and Lamparski, G.
(2015). Study on Sensory Quality, Antioxidant Properties, and Maillard
Reaction Products Formation in rye-buckwheat Cakes Enhanced with
Selected Spices. J. Chem. 2015, 1–9. Article ID 418639. doi:10.1155/2015/
418639

Pulikottil, S. J., and Nath, S. (2015). Potential of Clove of Syzygium Aromaticum in
Development of a Therapeutic Agent for Periodontal Disease: A Review. South
Afr. Dental J. 70 (3), 108–115.

Quilez, J., Garcia-Lorda, P., and Salas-Salvadó, J. (2003). Potential Uses and
Benefits of Phytosterols in Diet: Present Situation and Future Directions.
Clin. Nutr. 22 (4), 343–351. doi:10.1016/s0261-5614(03)00060-8

Radünz, M., da Trindade, M. L., Camargo, T. M., Radünz, A. L., Borges, C. D.,
Gandra, E. A., et al. (2019). Antimicrobial and Antioxidant Activity of
Unencapsulated and Encapsulated Clove (Syzygium Aromaticum, L.)
Essential Oil. Food Chem. 276, 180–186. doi:10.1016/j.foodchem.2018.09.173

Rahajaan, J. D. (2018). The Meaning of Nutmeg and Clove north Maluku in Popular
Culture. Balong Int. J. Des. 1 (1), 897–906. doi:10.25134/balong.v1i1.1198

Ramos, L. R., Santos, J. S., Daguer, H., Valese, A. C., Cruz, A. G., and Granato, D.
(2017). Analytical Optimization of a Phenolic-Rich Herbal Extract and
Supplementation in Fermented Milk Containing Sweet Potato Pulp. Food
Chem. 221, 950–958. doi:10.1016/j.foodchem.2016.11.069

Rosarior, V. L., Lim, P. S., Wong, W. K., Yue, C. S., Yam, H. C., and Tan, S.-A.
(2021). Antioxidant-rich Clove Extract, a strong Antimicrobial Agent against
Urinary Tract Infections-Causing Bacteria In Vitro. Tlsr 32 (2), 45–63.
doi:10.21315/tlsr2021.32.2.4

Sachan,A.K., Kumar, S., Kumari, K., and Singh,D. (2018).MedicinalUses of SpicesUsed
in Our Traditional Culture: Worldwide. J. Med. Plants Stud. 6 (3), 116–122.

Saeed, M., Khan, M. S., Alagawany, M., Farag, M. R., Alqaisi, O., Aqib, A. I., et al.
(2021). Clove (Syzygium Aromaticum) and its Phytochemicals in Ruminant
Feed: an Updated Review. Rendiconti Lincei. Scienze Fisiche e Naturali 32,
273–285. doi:10.1007/s12210-021-00985-3

Salama, M., El-Ahwany, A. M., Elkenany, E. T., and Abdeldaim, A. A. (2018). An In
Vitro Study on Antimicrobial and Anticancer Potentiality of Thyme and Clove
Oils. Rendiconti Lincei. Scienze Fisiche e Naturali. 29 (1), 131–139. doi:10.1007/
s12210-018-0672-0

Sammy, J. F., Emine, D. G. T., and Nwachuku, E. O. (2020). Evaluation of Anti-
diabetic, Hepatoprotective and Antilipidemic Potentials of Syzygium
Aromaticum (Clove) on Albino Rats. Jocamr 11 (1), 38–50. doi:10.9734/
jocamr/2020/v11i130178

Schlieck, T. M., Petrolli, T. G., Bissacotti, B. F., Copetti, P. M., Bottari, N. B.,
Morsch, V. M., et al. (2021). Addition of a Blend of Essential Oils (Clove,
Rosemary and Oregano) and Vitamin E to Replace Conventional Chemical
Antioxidants in Dog Feed: Effects on Food Quality and Health of Beagles. Arch.
Anim. Nutr. 75 (5), 389–403. doi:10.1080/1745039X.2021.1960091

Sgorbini, B., Bicchi, C., Cagliero, C., Cordero, C., Liberto, E., and Rubiolo, P.
(2015). Herbs and Spices: Characterization and Quantitation of Biologically-
ActiveMarkers for Routine Quality Control byMultiple Headspace Solid-phase
Microextraction Combined with Separative or Non-separative Analysis.
J. Chromatogr. A. 1376, 9–17. doi:10.1016/j.chroma.2014.12.007

Shahidi, F., and Hossain, A. (2018). Bioactives in Spices, and Spice Oleoresins:
Phytochemicals and Their Beneficial Effects in Food Preservation and Health
Promotion. Jfb 3, 8–75. doi:10.31665/jfb.2018.3149

Shahidi, F. (2009). Nutraceuticals and Functional Foods: Whole versus
Processed Foods. Trends Food Sci. Tech. 20 (9), 376–387. doi:10.1016/
j.tifs.2008.08.004

Sihotang, V. B., Yang, G., Chi, X., andHuang, L. (2018). The Ethnobotanical Survey
of Clove, Pepper, and Nutmeg and Their Utilization by Chinese and Indonesian
People. J. Trop. Biol. Conservation (Jtbc) 15, 15â–27.

Srinivasan, K. (2013). Dietary Spices as Beneficial Modulators of Lipid Profile in
Conditions of Metabolic Disorders and Diseases. Food Funct. 4 (4), 503–521.
doi:10.1039/c2fo30249g

Srinivasan, K. (2005). Role of Spices beyond Food Flavoring: Nutraceuticals with
Multiple Health Effects. Food Rev. Int. 21 (2), 167–188. doi:10.1081/fri-
200051872

Suantawee, T., Wesarachanon, K., Anantsuphasak, K., Daenphetploy, T., Thien-
Ngern, S., Thilavech, T., et al. (2015). Protein Glycation Inhibitory Activity and
Antioxidant Capacity of Clove Extract. J. Food Sci. Technol. 52 (6), 3843–3850.
doi:10.1007/s13197-014-1452-1

Sujanapal, P., and Kunhikannan, C. (2017). “The Genus Syzygium in Western
Ghats. “The Genus Syzygium 2017 April 7. Boca Raton, FL: CRC Press, 15–56.
doi:10.1201/9781315118772-3

Tainter, R. D., and Grenis, T. A. (1993). Spice and Seasoning Food Science and
Technology. New York: VCH Publishers.

Tajkarimi, M. M., Ibrahim, S. A., and Cliver, D. O. (2010). Antimicrobial Herb and
Spice Compounds in Food. Food control 21 (9), 1199–1218. doi:10.1016/
j.foodcont.2010.02.003

Tapsell, L. C., Hemphill, I., Cobiac, L., Patch, C. S., Sullivan, D. R., Fenech, M.,
et al. (2006). Health Benefits of Herbs and Spices: the Past, the Present, the
Future. Med. J. Aust. 185 (S4), S1–S24. doi:10.5694/j.1326-
5377.2006.tb00548.x

Uddin, M. A., Shahinuzzaman, M., Rana, M. S., and Yaakob, Z. (2017). Study of
Chemical Composition and Medicinal Properties of Volatile Oil from Clove
Buds (Eugenia Caryophyllus). Int. J. Pharm. Sci. Res. 8 (2), 895–899.
doi:10.13040/IJPSR.0975-8232

Vicidomini, C., Roviello, V., and Roviello, G. N. (2021). Molecular Basis of the
Therapeutical Potential of Clove (Syzygium Aromaticum L.) and Clues to its
Anti-COVID-19 Utility. Molecules 26 (7), 1880. doi:10.3390/
molecules26071880

Viuda-Martos, M., Ruíz-Navajas, Y., Fernández-López, J., and Pérez-Álvarez, J. A.
(2007). Chemical Composition of the Essential Oils Obtained From Some
Spices Widely used in Mediterranean Region. Acta Chim. Slov. 54 (4), 921

Viuda-Martos, M., Sendra, E., Pérez-Alvarez, J. A., Fernández-López, J., Amensour,
M., and Abrini, J. (2011). Identification of Flavonoid Content and Chemical
Composition of the Essential Oils of Moroccan Herbs: Myrtle (Myrtus
Communis L.), Rockrose (Cistus Ladanifer L.) and Montpellier Cistus
(Cistus Monspeliensis L.). J. Essent. Oil Res. 23 (2), 1–9. doi:10.1080/
10412905.2011.9700439

Wang, Y.-F., Jia, J.-X., Tian, Y.-Q., Shu, X., Ren, X.-J., Guan, Y., et al. (2018).
Antifungal Effects of Clove Oil Microcapsule on Meat Products. LWT 89,
604–609. doi:10.1016/j.lwt.2017.11.042

Yadav, A. S., and Bhatnagar, D. (2007). Free Radical Scavenging Activity, Metal
Chelation and Antioxidant Power of Some of the Indian Spices. Biofactors 31
(3-4), 219–227. doi:10.1002/biof.5520310309

Yadav, S., Gupta, S. K., Bharti, D., and Yogi, B. (2020). Syzygium Aromaticum
(Clove): A Review on Various Phytochemicals and Pharmacological Activities
in Medicinal Plant. World J. Pharm. Res. 9 (11), 349–363. doi:10.20959/
wjpr202011-18663

Yassin, M. T., Al-Askar, A. A., Mostafa, A. A. F., and El-Sheikh, M. A. (2020a).
Bioactivity of Syzygium Aromaticum (L.) Merr. & L.M.Perry Extracts as
Potential Antimicrobial and Anticancer Agents. J. King Saud Univ. - Sci. 32
(8), 3273–3278. doi:10.1016/j.jksus.2020.09.009

Yassin, M. T., Mostafa, A. A., and Al-Askar, A. A. (2020b). In Vitro anticandidal
Potency of Syzygium Aromaticum (Clove) Extracts against Vaginal Candidiasis.
BMC Complement. Med. Ther. 20 (1), 25–29. doi:10.1186/s12906-020-2818-8

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Otunola. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org January 2022 | Volume 12 | Article 79320013

Otunola Otunola GA 2021

https://doi.org/10.1016/s0271-5317(00)80030-5
https://doi.org/10.1016/s0271-5317(00)80030-5
https://doi.org/10.1155/2015/418639
https://doi.org/10.1155/2015/418639
https://doi.org/10.1016/s0261-5614(03)00060-8
https://doi.org/10.1016/j.foodchem.2018.09.173
https://doi.org/10.25134/balong.v1i1.1198
https://doi.org/10.1016/j.foodchem.2016.11.069
https://doi.org/10.21315/tlsr2021.32.2.4
https://doi.org/10.1007/s12210-021-00985-3
https://doi.org/10.1007/s12210-018-0672-0
https://doi.org/10.1007/s12210-018-0672-0
https://doi.org/10.9734/jocamr/2020/v11i130178
https://doi.org/10.9734/jocamr/2020/v11i130178
https://doi.org/10.1080/1745039X.2021.1960091
https://doi.org/10.1016/j.chroma.2014.12.007
https://doi.org/10.31665/jfb.2018.3149
https://doi.org/10.1016/j.tifs.2008.08.004
https://doi.org/10.1016/j.tifs.2008.08.004
https://doi.org/10.1039/c2fo30249g
https://doi.org/10.1081/fri-200051872
https://doi.org/10.1081/fri-200051872
https://doi.org/10.1007/s13197-014-1452-1
https://doi.org/10.1201/9781315118772-3
https://doi.org/10.1016/j.foodcont.2010.02.003
https://doi.org/10.1016/j.foodcont.2010.02.003
https://doi.org/10.5694/j.1326-5377.2006.tb00548.x
https://doi.org/10.5694/j.1326-5377.2006.tb00548.x
https://doi.org/10.13040/IJPSR.0975-8232
https://doi.org/10.3390/molecules26071880
https://doi.org/10.3390/molecules26071880
https://doi.org/10.1080/10412905.2011.9700439
https://doi.org/10.1080/10412905.2011.9700439
https://doi.org/10.1016/j.lwt.2017.11.042
https://doi.org/10.1002/biof.5520310309
https://doi.org/10.20959/wjpr202011-18663
https://doi.org/10.20959/wjpr202011-18663
https://doi.org/10.1016/j.jksus.2020.09.009
https://doi.org/10.1186/s12906-020-2818-8
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Culinary Spices in Food and Medicine: An Overview of Syzygium aromaticum (L.) Merr. and L. M. Perry [Myrtaceae]
	1 Introduction
	1.2 The Role of Spices in Food/Diet
	1.3 Medicinal Uses of Spices

	2 Methods
	2.1 Syzygium aromaticum (L.) Merr. and L. M. Perry [Myrtaceae]
	2.2 Scientific Classification
	2.3 Description
	2.4 Nutritional Content and Culinary/Dietary Uses of Clove
	2.5 Metabolites of Clove
	2.6 Medicinal and Pharmacological Importance of Clove
	2.7 Antioxidant Activity
	2.8 Assessment
	2.9 Antimicrobial Activity
	2.9.1 Antibacterial
	2.9.2 Antifungal
	2.9.3 Antiviral Activity
	2.9.4 Assessment

	2.10 Anti-Inflammatory Properties of Clove
	2.10.1 In vitro
	2.10.2 In vivo
	2.10.3 Assessment

	2.11 Anti-Cancer Activity
	2.11.1 In vitro Studies
	Toxicity
	2.11.2 In silico Studies
	2.11.2 In vivo Studies
	2.11.3 Assessment

	2.12 Anti-Diabetic Activities
	2.12.1 In vitro
	2.12.2 In vivo
	2.12.3 Clinical

	2.13 Anti-Obesity Activities
	2.13.1 In vitro
	2.13.2 In vivo
	2.13.2 Assessment
	2.13.3 Functional foods and Nutraceuticals prepared with clove.
	2.13.4 Assessment


	3 Conclusion, Limitations, and Future Research Needs
	Author Contributions
	Funding
	References


