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Backgrounds: Syzygium aromaticum L (S. aromaticum, clove) is a plant species belonging
to the Myrtaceae family. It is cultivated in many African and Asian countries. Folk medicine
practitioners use different parts of this plant to treat gastrointestinal problems, diarrhea,
dental pain, ulcer, and other chronic diseases. Experimental data on phytochemicals and
pharmacological activities of this plant are scattered or unsystematic. Therefore, this review
aimed to explore the available data on phytochemicals and pharmacological activities of S.
aromaticum essential oil and extracts with various polarities.

Materials & Methods: The literature review showed that only a few studies were conducted
on this plant; consequently, there is not enough documented information about its bioactive
phytochemicals and pharmacological activities.

Findings: Most previous studies reviewed reported significant bioactive phytochemical
contents, namely eugenol (49.7%), caryophyllene (18.9%), benzene, and 1-ethyl-3-nitro
(11.1%), along with minor amounts of phytochemicals including carotenoids, gallic acid,
flavonoids, oxalic acid, tannins, amino acids, fatty acids, and cyanidin glycoside. Sugars,
coumarins, oleanolic acid, saponins, glycosides, and lipids were also identified in this species.
The methanol extract of this plant and its different polar fractions were shown to exhibit
significant antimicrobial, antioxidant, anti-allergic, antidiabetic, antihypertensive, anti-
inflammatory, antifungal, and anticancer activities. Furthermore, the plant extracts were also
shown to have chemoprotective and hepatoprotective properties.

Conclusion: This review provides comprehensive data on botanical aspects, phytochemicals,
and pharmacological activities of this plant to researchers to explore traditional/ medicinal
uses and commercial drug production from S. aromaticum.
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Introduction

Natural products, namely plant parts, ani-
mal organs, microorganisms, and marine re-
sources, have been used in different alterna-
tive healing systems to prevent, relieve, and
treat diseases since ancient times . Accord-
ing to previous records, people used plants
and their derived products as medicines in
different alternative systems 60,000 years
ago 31 Drugs derived from natural prod-
ucts are used to treat various diseases in
Chinese medicine, Ayurveda, aromatherapy,
acupuncture, and Korean and Unani medi-
cine 2,

Natural resources are a crucial source of al-
ternative safe medicines. They play a prima-
ry role in health sectors due to their healing
and medicinal values #€. Plants and their
derived products are used as medicines
in primary health care in most developing
countries due to their better acceptabili-
ty, compatibility, adaptability to the human
body, and negligible adverse effects 1. For
decades, plants have been widely used as
medicines due to their bioactive ingredients
isolated from plant parts and used to treat
human diseases. In addition, some medici-
nal plants have edible fruits, and others have
attractive flowers [ 4.

Plant-based medicines have always played
a vital role in human health care, and their
therapeutic role in different cultures is of-
ten well documented 5. According to the
International Union for Conservation of Na-
ture and the World Wildlife Fund, there are
between 50,000 and 80,000 flowering plant
species used for medicinal purposes world-
wide 19, It is estimated that more than 25%
of prescription drugs available worldwide are
derived from medicinal plants. Many studies
have been conducted on medicinal plants and
their active ingredients. Even in the allopath-
ic treatment system, interest in medicinal
plants has recently increased 13,
Syzygium aromaticum is a medicinal plant.
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[ts common name is clove. It has several com-
mon names based on its geographical distri-
bution, namely Cengkih, Kronfol, Chengkeh,
Clove, Chingkeh, T &, and many others 14,
The selected plant species belongs to the
Syzygium genus and the Myrtaceae family.
A brief scientific classification of S. aromat-
icum is presented in Table 1.

Table 1) Scientific classification of S. aromaticum

Kingdom Plantae
Clade Tracheophytes
Clade Angiosperms
Clade Eudicots
Clade Rosids
Order Myrtales
Family Myrtaceae
Genus Syzygium
Species S. aromaticum

The plant species is indigenous to North
Maluku Islands in Indonesia. The largest
clove-producing countries are Indonesia,
Madagascar, and the United Republic of Tan-
zania. Some wild varieties of clove are found
in Bacan, Ternate, Motor, Tidore, Makian,
and Irian Jaya in Indonesia. Clove is cultivat-
ed commercially in Karnataka, Tamil Nadu,
and Kerala states. India is the second largest
clove consumer after Indonesia (1%,

Morphology: The selected S. aromaticum
species is endemic to North Maluku Islands,
Indonesia. It belongs to the Syzygium genus
(16 the largest genus of the Myrtaceae fam-
ily. Clove is only one of the many species of
the Syzygium genus, which has outstanding
economic and medicinal values. Its scien-
tific name is Syzygium aromaticum '), The
selected plant is cultivated in humid tropi-
cal or subtropical countries. The clove tree
is a large evergreen tree that grows up to
8-12 meters in height. It has large leaves
and clusters of red flowers at the end of the
branches. Initially, the buds are pale in col-
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or, then they change to green and finally, the
buds become bright red as they mature. The
buds are customarily harvested when they
are about 1.5-2 cm long. A bud consists of
a long calyx with four spreading sepals and
four unopened petals with a small ball in
the center. The plant could be propagated by
cutting, grafting, seeding, and air-layering.
The oppositely arranged leaves are usual-
ly 15 inches long and 5 inches wide 8. Its
flowering period is from early April to Au-
gust, and the plant has yellowish flowers,
which are 2.5 cm in diameter. A flower usu-
ally consists of more than 20 petals. The ca-
lyx is green and turns to yellow color during
maturity. The trees of this plant bring their
first flowers at the age of seven and contin-
ue to do so for more than 80 years . Their
juicy and sweet purple fruits contain two
cotyledons.

Geographical distribution: Due to its
economic and medicinal values, the select-
ed plant is one of the most valuable spices
worldwide. Various synonymous names are
used for the clove, like Caryophyllus aromat-
icus, Caryophyllus silvestris, Eugenia caryo-
phyllus, Jambosa caryophyllus, and Myrtus
caryophyllus. The plant species S. aromat-
icum is native to Indonesia but has spread
to other countries such as India, Malaysia,
Sri Lanka, Tanzania, and many others [°l,
This tree grows well throughout the Asian
sub-continent and several other tropical or
subtropical countries [2% 211,

Traditional uses: S. aromaticum is one of
the most popular spices in the world. It is
used in both savory dishes and desserts
worldwide 22, Furthermore, it is a frequent
component of herbal teas and perfumes. Tra-
ditionally, clove has been used in Western,
Chinese, and Ayurveda medicine for centu-
ries. Due to their eugenol content, clove ex-
tracts and essential oil are widely used as
analgesics, especially for dental problems.
In this review, many reports were published
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about the antidiabetic properties of this
plant crude extracts and essential oil %,
In addition, they are also used as a natural
stimulant and anthelmintic. Some reviewed
studies reported antidepressant, antithrom-
botic, and antiulcer properties of this plant
(2% 25 Crude extracts and essential oil of S.
aromaticum are frequent components of
various pharmaceutical preparations due
to their carminative, anti-inflammatory, and
antifungal properties [26 271,
Phytochemicals: The major group of com-
pounds in the selected plant is the group
of flavonoids. They are naturally occurring
polyphenols. They have significant antiox-
idant, antimicrobial, antiviral, anti-inflam-
matory, cytotoxic, antidiabetic, antifungal,
antihypertensive, and anti-allergic activities.
In addition, these compounds also show po-
tential anticancer, antiulcer, antidiarrheal,
antipyretic, and gastro-protective activities
(28311 More than 100 chemical compounds
are present in crude extracts of S. aromati-
cum with various polarities. Among them,
there are about 20 chemical compounds
in significant amounts. The rest are mi-
nor chemical compounds based on LC-MS/
MS (liquid chromatography-tandem mass
spectrometry) analysis. Polar extracts such
as methanol, chloroform, ethyl acetate, and
butanol extracts contain most of the bioac-
tive flavonoids and their glycoside deriva-
tives. The major chemical compounds are
flavonoids, namely myricetin rhamnoside
(flavonoids glycoside), myrigalone glyco-
side, quercetin glycoside, myrigalone-B,
and myrigalone-G [ 3% 33 In addition,
three flavonoids benzaldehyde-4-hydroxy,
3,5,7-trihydroxy-3-0-rhamnoside, and pen-
tahydroxy-3-0O-rhamnoside are also isolated
from the ethanol extract of the selected plant
leaves. According to LC-MS/MS analysis, the
plant extracts contain more than 100 com-
pounds; however, only significant phyto-
chemicals are presented in Table 2.
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Essential oil: According to GC-MS/MS anal-
ysis, S. aromaticum essential oil contains
more than 73 compounds. Most of which are
monoterpenes, sesquiterpenes, and their
oxygenated derivatives 2933, A total of 10
major compounds representing 92% of the
total S. aromaticum essential oil include: eu-
genol (49.7%), a-pinene (6%), chavibetal
(9.7%), a-penten-3- ol (13%), B-caryophyl-
lene (6.5%), camphene (11%), eugenol ace-
tate (8.01%), B-pinene (2.19%), trisiloxane
1,1, 1,5, 5, 5-hexamethyl-3,3-bis [(trimeth-
ylsilyl)oxy] (1.7%), limonene (1.28%.), men-
thone (1.99%), and cis-2-octenal (1.29%)
(Table 3). Other chemical constituents such
as o-cadinol, myristicin, 6-cadinene, and
t-muurolol are also detected in small con-
centrations (less than <1%) 2934,

Total phenol content: In some reviewed
studies, the total phenol content of the plant
extracts with different polarities and concen-
trations was determined by spectroscopic
method using Folin-Ciocalteu reagent (FCR)
as described by several authors B3°37l. The
gallic acid standard curve was used to cal-
culate the total phenol contents expressed
as mg gallic acid equivalents per gram of ex-
tract. In this review, previous studies on this
plant crude extracts showed that all polar
extracts, namely hexane, chloroform, ethyl
acetate, butanol, and water extracts, had sig-
nificantly high phenol contents. It was also
noticed that the most polar extract (water
extract) had the highest total phenol con-
tent compared to the other extracts, while
the hexane extract contained the lowest to-
tal phenol content. It means that most of the
phenolic ingredients of the selected plant
are soluble in water solvent. The order of to-
tal phenol content in different extracts was
reported to be as follows: water> butanol>
ethyl acetate> chloroform>hexane extract
38, However, in this study, no report on the
total phenol content of the selected plant es-
sential oil was found in the literature. Gen-
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erally, the total phenol content varied from
region to region, which could be due to geo-
graphical or genetic differences 38,

Total flavonoid content: In some reviewed
studies, the total flavonoid content of the
plant extracts with different polarities and
concentrations was determined by spec-
troscopic method using aluminum chloride
(AICL)) as described by several authors 13491,
The quercetin standard curve was used to cal-
culate the total flavonoid contents expressed
as mg quercetin equivalents per gram of ex-
tract. In this review, previous studies on this
plant crude extracts showed that all polar
extracts had moderate total flavonoid con-
tents in the range of 1.25-2.33 mg/g > *2. It
was also shown that the total flavonoid con-
tent was higher in the water extract than in
the other extracts, while the hexane extract
contained the lowest total flavonoid content.
The order of total flavonoid content in differ-
ent extracts was reported to be as follows:
water> butanol> ethyl acetate> chloroform>
hexane extract *?l. However, in this study, no
report on the total flavonoid content of the
selected plant essential oil was found in the
literature. Generally, the total flavonoid con-
tent varied from region to region, possibly
due to geographical or genetic differences
[39-42].

Biological activities: Generally, biological
activities depend on the chemical ingredi-
ents of the plant. The selected plant extracts
and essential oil were shown in reviewed
studies to have promising activities, namely
antifungal, antibacterial, diuretic, anti-no-
ciceptive, anticancer, antitumor, cardiopro-
tective, antioxidant, kidney reinforcement,
antiseptic, anesthetic, hypothermic, anti-in-
flammatory, chemoprotective, antiviral, an-
ti-vomiting, analgesic, antispasmodic, and
repellent activities 3¢, Some of the specific
biological activities of the selected plant es-
sential oil and extracts with various polari-
ties are described in detail below.
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Table 2) Major phenolic derivatives in the extracts of S. aromaticum
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Antibacterial activity: In this review, the
antibacterial activity of S. aromaticum es-
sential oil and extracts with different polar-
ities and concentrations was investigated in
several studies using the agar gel diffusion
method %%, Previous reports reviewed in
this study showed good antibacterial activity
for the essential oil isolated from cloves 4349,
The antibacterial effects of clove essential oil
at different concentrations was investigated
48, 491 against Gram-positive (Listeria innoc-
ua, Carnobacterium divergens, and Staphy-
lococcus aureus) and Gram-negative (Salmo-
nella typhimurium, Escherichia coli, Serratia
liquefaciens, and Shewanella  putrefacians)
bacteria in some studies, the results showed
the promising growth inhibitory activity
against all the applied bacteria. According
to the literature, the promising antimicrobi-
al activity of this essential oil is due to the
presence of chemical ingredients, mainly
eugenol, eugenol acetate, kaempferol, gal-
lic acid, iso-eugenol, and oleanolic acid .
The mentioned ingredients are denatured
proteins that change the absorption capac-
ity of the cell membrane. Similarly, some re-
viewed studies investigated the antifungal
activities of clove essential oil against five
human foodborne pathogenic fungi, name-
ly Candida albicans, Epidermophyton floccos-
um. Microsporum  audouinii, Trichophyton
mentagrophytes, and T. rubrum. The results
showed the outstanding antifungal activi-
ty of this essential oil at various concentra-
tions. On the contrary, moderate antimicro-
bial activity was reported in these studies
for clove extracts with different polarities
and concentrations against Gram-positive
and Gram-negative bacterial and fungal
strains [49°0,

Antioxidant activity: Antioxidants are re-
sponsible for protecting the human body
against diseases associated with the attack
of free radicals. Therefore, daily consump-
tion of plant-derived antioxidants could
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protect or prevent diseases such as cancer,
Parkinson's disease, Alzheimer's disease,
or atherosclerosis as they are triggered
by oxidative stress [*” 51, Several electron
transfer methods such as Trolox equivalent
antioxidant capacity (TEAC) decolorization,
ferric reducing antioxidant power (FRAP),
2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical scavenging, and copper (II) reduc-
tion capacity are used to evaluate the antiox-
idant activity of plant extracts and essential
oils. The antioxidant activity of the selected
plant extracts was evaluated in some re-
viewed studies using ferric reducing anti-
oxidant power (FRAP), DPPH free radical
scavenging, and copper (II) reduction capac-
ity methods *%-52.. In these studies, all the ap-
plied methods yielded almost similar results
within the range of 89 to 94% (compared to
the gallic acid standard) for the antioxidant
activity of these extracts !, and the water
extract showed the highest antioxidant ac-
tivity, while the hexane extract showed the
lowest antioxidant activity. The order of an-
tioxidant activity of different extracts was
reported to be as follows: water> butanol>
ethyl acetate> chloroform> hexane extract
[51.52] These findings are directly correlated
with the total phenol and flavonoid contents.
In conclusion, these findings show that the
antioxidant activity of the essential oil and
crude extracts with various polarities and
concentrations is influenced by the total
phenol and flavonoid contents of S. aromat-
icum.

Anticancer activity: In vitro anticancer ac-
tivity of different concentrations of hexane,
chloroform, ethyl acetate, butanol, metha-
nol, and water extracts and essential oil of
S. aromaticum was evaluated in some re-
viewed studies using brine shrimp lethality
test (BSL) and MCF-7 breast cancer cell line
[52-56] In these studies, the essential oil at var-
ious concentrations in both methods showed
significant cytotoxic effects. Banerjee et al.
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Table 3) Major chemical constituents in the essential oil of S. aromaticum

10 11 12 13
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O
OH H
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(2006) B¢ reported that polyphenols and
terpenoid ingredients showed antitumor
and anticancer activities in both cell lines
and tumors; in addition, the crude extracts
of the selected plant species also showed
promising in vitro cytotoxic activity in the
BSL method ©°I. In their study, most polar
extracts, namely acetate, butanol, methanol,
and water extracts, showed almost maxi-
mum similar cytotoxic activity [°>5¢. Howev-
er, the literature showed that the hexane and
chloroform extracts had minimum antican-
cer activity in the BSL method ©*¢. Therefore,
all polar extracts contain toxic ingredients
that could kill shrimp nauplii. These results
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are directly correlated with the total phenol
and flavonoid contents. Therefore, the cyto-
toxic activity of essential oil and crude ex-
tracts with different polarities and concen-
trations is influenced by the combined effect
of the total phenol and flavonoid contents of
S. aromaticum. In conclusion, polar extracts
could be used to isolate toxic ingredients,
which may treat cancer cells.

Antidiabetic activity: Currently, several
medicinal plants are traditionally used to
treat diabetic patients. In alternative treat-
ment systems, plants and plant extracts are
used as medicine. Scientists have recent-
ly been looking for new plant ingredients
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to treat diabetic patients, and as a result,
various plants have been reported to have
promising antidiabetic activity. S. aromat-
icum is one of these plants that may serve
as a safe and natural source for developing
novel oral hypoglycemic drugs. The in vitro
method was used in some reviewed studies
to determine the antidiabetic activity of the
plant crude extracts with different polarities
against alpha-glucosidase and alpha-amy-
lase enzymes 7%, [n these studies, all po-
lar extracts, such as methanol, water, ethyl
acetate, and butanol extracts, showed the
maximum activity against alpha-glucosidase
and alpha-amylase enzymes [, and fasting
blood sugar and glycosylated hemoglobin
levels were rapidly reduced (compared to
the control group) when the polar extract of
the selected plant (250 mg/kg body weight
concentration) was administered to allox-
an-induced mice B7¢, The above experi-
ments show that S. aromaticum extracts
with different polarities exhibit potential hy-
poglycemic activity. Therefore, the potential
hypoglycemic activity of the plant extracts
and essential oil at different concentrations
is influenced by the direct combined effect
of the total phenol and flavonoid contents. In
conclusion, polar extracts could be used to
isolate effective ingredients to treat diabetic
patients.

Larvicidal Activity: Mosquitoes are carri-
ers of various diseases, namely dengue fe-
ver, chikungunya, encephalitis, and malaria
1 In most countries, harmful chemicals
are usually used to kill larvae. As a result,
many other species are also killed, and even
worse, mosquitoes have developed resis-
tance against insecticides. Therefore, one of
the best options is to use a larvicidal plant
extract instead of insecticides to kill harm-
ful insects % %31, In this review, different ex-
tracts of S. aromaticum, namely hexane, di-
chloromethane, chloroform, ethyl acetate,
butanol, methanol, and water extracts, were
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used in some studies to evaluate their larvi-
cidal activity against mosquito vectors (3,
In addition, the larvicidal activity of the leaf
essential oil was also tested. In these stud-
ies, the extracts and the essential oil caused
100% mortality in larvae [©*l. These results
show that the extracts and essential oil of S.
aromaticum could be used as a potent natu-
ral source for manufacturing safe larvicidal
agents.

Conclusion

Traditionally, all parts of S. aromaticum and
its extracts are used as medicine in differ-
ent traditional treatment systems to treat
diabetes, inflammation, allergies, viral infec-
tion, and gastric ulcer. The literature review
showed that the plant extracts and essential
oil contain biologically active compounds
used globally as prescription drugs. In addi-
tion, the plant extracts and essential oil were
shown in some studies to exhibit significant
pharmacological activities, including anti-
fungal, antibacterial, diuretic, anti-nocicep-
tive, anticancer, antitumor, cardioprotective,
antioxidant, kidney reinforcement, antisep-
tic, anesthetic, hypothermic, anti-inflamma-
tory, chemoprotective, antiviral, anti-vomit-
ing, analgesic, antispasmodic, and repellent
activities. The following phytochemicals
were isolated from the selected plant ex-
tracts and essential oil: eugenol, 3-caryo-
phyllene, pinene, myricetin rhamnoside,
myrigalone glycoside, quercetin glycoside,
myrigalone-B, and myrigalone-G. All phyto-
chemicals showed significant pharmacologi-
cal activities, so that they are currently used
as medicine in different treatment systems
to treat different ailments. According to pre-
vious reports, the plant extracts and phy-
tochemicals could be use as a good source
for the development of new pharmaceutical
drugs. Animal studies on phytochemicals
and their specific pharmacological activities
are still pending. Therefore, the present re-
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view will help future generations investigate
the pharmacological activities of the plant
extracts and isolated pure compounds. This
review also helps better use phytochemicals
in the pharmaceutical, agrochemical, and
cosmetics industries.
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