Syzygium Aromaticum: A Comprehensive Review of its Phytochemical Composition and Pharmacological Properties

ABSTRACT
Syzygium aromaticum (clove tree) is an aromatic and medicinal plant belonging to the Myrtaceae family. It is native to Indonesia whose flower buds form a spice called cloves. Phytochemical analysis of essential oil showed the presence of eugenol (major compound), saponins, alkaloids, flavonoids, glycosides, tannins and steroids. The essential oil of Syzygium aromaticum possesses various biological activities such as antibacterial, antifungal, antiviral, anticancer, acaricidal, insecticidal, antioxidant, antidiabetic, cardiovascular and anti-inflammatory. In this review we have established a monograph on Syzygium aromaticum, that is the botanical description, the Taxonomic classification, its origin and distribution, its benefits and the chemical constituents of essential oil.
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INTRODUCTION
The role of plants in human life has been increasing day by day due to advancement in the nutritional and medicinal disciplines. The use of medicinal plants has experienced a significant boom in recent years. Several factors can explain this craze, such as the decrease in purchasing power, the high prices of conventional medicines and the distrust of synthetic products. According to the WHO (World Health Organization), herbal medicine is an alternative medicine that uses medicinal plants [101].
[bookmark: _Hlk190680044]Today, many plants are well known in traditional pharmacology as medicines. This is the case of Syzygium aromaticum. It has many therapeutic uses; they control nausea and vomiting, cough, diarrhea, dyspepsia, flatulence, stomach distension and gastrointestinal spasms, relieve pain, cause uterine contractions and stimulate the nerves [12, 65]. 
Syzygium aromaticum (Qoronfel in Arabic), also known as clove, is a dried flower bud belonging to the Myrtaceae family that in indigenous to the Maluku islands in Indonesia but has recently been farmed in different places worldwide [29,20,39].  
Syzygium aromaticum represents one of the richest sources of phenolic compounds, mainly eugenol, caryophyllene and eugenol acetate, volatile compounds of the essential oil of cloves [84]. known for their antioxidant and anti-inflammatory properties [74]. Besides essential oils, clove buds also contain other phytochemicals such as saponins flavonoids, phenolic acids, alkaloids, tannins steroids, resins and glycosides [46, 70]. Cloves have many bioactivities such as antimicrobial, analgesic, antiviral, antispasmodic, anticancer and anti-SARS-CoV-2 [29, 93,88, 44]. In fact, Syzygium aromaticum gives rise to three products of great economic value, the clove, the dried flower bud and the essential oil of clove produced by distillation of leaves [23]. The aim of the present review is to compile updated information on clove’s ethnomedicinal uses, phytochemicals and pharmacological activities so that the therapeutic and pharmaceutical benefits of clove and eugenol could be utilized.
BOTANICAL DESCRIPTION OF THE CLOVE TREE
General appearance: The clove tree (Syzygium aromaticum) is a woody tree 6 to 12m height, which can live up to 150 years. It is an evergreen tree, pyramidal or conical in shape, that has an oblique main trunk. Nowadays, it often looks like a shrub because it is regularly pruned to facilitate picking [10].
Roots: Although the taproot can reach 2 to 3 meters deep, most of the roots are poorly developed and remain superficial (60cm from the ground). The weak anchoring in the soil explains the low resistance of this tree to cyclones. Although it is grown locally, it is native to the Moluccas Islands, a geographical area with no cyclonic risk. The superficial roots form a hairy structure that easily uses the mineral matter in the soil [48]. 
The trunk: With an oblique appearance, it is in fact divided into two parts at the base, which gives it its characteristic pyramid shape. It is covered, as are all the branches, with a smooth, light gray bark. The wood of the branches is hard but fragile. Once the branches are cut or broken, they fork, which gives the tree a bushy appearance. Each branch bears at its end a bouquet of 4 to 10 leaves with a terminal bud [48]. 
The leaves: They are persistent and leathery. They are positioned opposite each other on the branch and their simple blade is about 10cm long and 3cm wide, which gives them an oval or even lanceolate shape. The petiole carrying the blade measures between 0.5 and 1cm long. The veins are numerous but are not very visible and the margin of the leaf is smooth [10, 82, 49]. 
Flowers: They arranged in cymes, with 3 to 20 white flowers, highly aromatic. The corolla is composed of 4 coherent deciduous petals, which alternate with the sepals. The petal falls when the flower opens. The sepals form a gamosepalous calyx with four triangular divisions, first green and then reddish, which is called a hypanthium [10]. The floral receptacle is almost cylindrical, even a little angular. It bears an inferior, bilocular ovary, each cell containing about twenty ovules. Above, the style is short and ends in a bilobed stigma. As for the androecium, the stamens are numerous and grouped into four bundles. What commonly called a “clove” corresponds to the flower in the state of an unopened bud, including the calyx and corolla [14].   As for the less esteemed “clove claws”, these are in fact the floral pedicels. They are called “claws” because these pedicels end with a series of small claw-shaped bracts [31]. 
The fruits: They are called “anthofles” in the trade. They are small elliptical berries; about 2.5cm long and 1cm wide. They are purple in color, usually unilocular, and have one or sometimes two seeds with a red envelope. The nails and claws must be dried before being stored. This storage allows the sale of the harvest throughout the year. As for the leaves, once harvested they are immediately distilled [47, 32]. 


AGROECOLOGY
The clove tree, like many others in the Myrtaceae family, is accustomed to tropical climates. This tree requires a lot of sunshine, because without sun it will not produce cloves. However, when young plants are in the process of being planted, they must be lightly shaded during the first few months. It also needs humidity, heat, and a low altitude, not exceeding 300 meters [59]. The most favorable time for harvesting is determined by the pink color of the clove. The clove tree produces cloves from the 5th year and is harvested once or twice a year. Cloves have a warm, spicy, peppery, pungent aroma and fruity, and leave a numbing sensation in the mouth [13]. 
CHEMICAL COMPOSITION OF CLOVE
Cloves are rich in bioactive substances such as essential oil (about 15 to 20%). According to the European Pharmacopoeia, it contains eugenol (75 to 88% of the oil), eugenol acetate (4 to 15%), and terpene compounds (5 to 14%) especially rich in flower buds, fruiting peduncles and fruits [19,42,45,95]. 
The flower peduncle (claws) contains 5 to 6% of oil, in the leaves the amount of oil is 3 to 4%. Other constituents are also present in cloves such as flavonoids, tannins, phenolic acid, sterols and triterpenes, carbohydrates (starch and cellulosic fiber), mineral salts and chromons [3, 95,19,45,42,72].

TRADITIONAL THERAPEUTIC USE
Clove has long been used in traditional Moroccan medicine to relieve and treat dental problems and rheumatism, against lung diseases, antiseptic is used as an anti-inflammatory [28,105, 106]. In case of headaches, its soothing vapors, obtained after infusion, offer a welcome respite. For infections, its essential oil is applied locally and accelerates healing. And for serene digestion, in herbal tea or in your dishes, it naturally stimulates the body. Traditional Chinese Medicine uses cloves successfully to strengthen the kidneys [30, 86].






Table 1: Chemical constituents of Clove (Syzygium aromaticum) [51, 102].
	Family constituents
	Details of constituents

	

 Essential oil 15 to 20%





Tannins 12%




Flavonoids 0.4%
Chromons
Fats
Others
	Eugenol 80 to 90%
Eugenol acetate 5 to 10%
α &β caryophyllene 5 to 12% and β-caryophyllene 
Eugenol acetate 5 to 10%
Epoxide 0.5%, α humulene 0.6%
Aliphatic ketones

Gallic and ellagic tannins, gallic acid, 
Protocatechuic acid, eugenin, casuarictin, 1,3 di-ogalloyl-4,5-(S) hexahydroxydphenoyl-beta-D glycopyranose, tellimagrandin



Quercein, Kaempferol, Rhamnein, Eugenetin 
Chromons Biflorine, Isobiflorine, chromon heterosides
Fats sterols, sterol glycosides, fatty oil (10%)
Others phenolic acids, triterpenes




PROPERTIES OF CLOVES
Antibacterial activity
[bookmark: _Hlk192676278]Clove is composed of 70% to 90% eugenol and more than 15% essential oil. It is an antiseptic, antibacterial, and antifungal compound and has between 9 and 15% eugenol acetate, which is characterized by antibacterial properties [5]. Solutions with high concentrations of eugenol have a bactericidal effect due to the phenol group [25]. Eugenol causes bacterial lysis in several strains. It is more significant for Gram-negative bacteria. The hydroxyl group of phenol interacts with the cell membrane causing leakage of cytoplasmic compounds. This reaction also induces a structural modification of fatty acids and phospholipids and a disruption of the synthesis of genetic material. As with phenolic compounds, the site of action of terpenes is the cell membrane. They pass through it by diffusion causing swelling and inhibition of respiratory enzymes. In Escherichia coli especially, the presence of eugenol in the bacterial cytoplasm increases the concentration of saturated fatty acids and decreases that of unsaturated fatty acids. This results in an alteration of bacterial morphology. Eugenol inhibits the action of several bacterial proteins or compounds. Virulence factors such as pyocin, violacein and elastase are cited (Fig. 1) [15]. 
[bookmark: _Hlk188536110]The antimicrobial activities of clove have been demonstrated in vitro against a broad spectrum of Gram-negative and positive bacteria such as Staphylococcus aureus, Listeria monocytogenes, Listeria innocua, Carnobacterium divergens, Salmonella typhimurium, Escherichia coli, Serratia liquefaciens, Shewanella putrefacians, Staphylococcus chloeraesius, Yersinia enterocolitica, enterococcus faecalis, Erwinia sp, Bacillus cereus, Bacillus subtilis, Staphylococcus epidermidis, Proteus vulgaris, Klebsiella pneumonia, Condida sp, Pseudomonas aeruginosa and Streptococcus and Enterococcus [18,19,36,27,43,67,71,83,104,103]. 
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Figure 1: Antimicrobial activity mechanisms of Clove (Syzygium Aromaticum)


Antifungal activity 
[bookmark: _Hlk192678361]Clove essential oil has potent antifungal activity against opportunistic fungal pathogens, such as Trichophyton rubrum, Microsporum canis, Trichphyton mentagrophytes, Fusarium monoliforme, Microsporum gypseum, Fusarim oxysporum, Epidermophyton floccosum, Mucor pusillus, Candida guilliermondii, Trichophyton schoenleinii, Aspergillus fumigatus, Aspergillus flavus, Fusarium avenaceum, Absidia corymbifera and Trichophyton verrucosu [76,79]. It was particularly effective on an experimental model of murine vaginitis in an animal model [39,1]. Condida albicans is the most frequently isolated causative pathogen of candidiasis. Eugenol (the main phenolic component of clove essential oil) has a significant antifungal activity during the initial adherence time depending on the concentration of this monoterpene. This monoterpene therefore has significant therapeutic potential for candidiasis infections [11,64,96]. 
Trichophyton rubrum is a global agent responsible for chronic cases of dermatophytosis that have high rates of resistance to antifungal drugs. Eugenol acts on the cell membrane by a mechanism that appears to involve inhibition of ergosterol biosynthesis. The lower ergosterol content interferes with the integrity and functionality of the cell membrane [75]. 
Antiviral activity
Eugenol, the compound isolated from Syzygium aromaticum extract has been documented for its antiviral efficacy towards various Herpes virus strains and the Hepatitis C virus by its action on the synthesis of the viral DNA by inhibiting the viral DNA polymerase enzyme [6,39].  Another research revealed the antiviral efficacy of Syzygium aromaticum aqueous extracts against herpes simplex virus type 1 (HSV-1) and Influenza A virus when combined with acyclovir [40,66].  and non-enveloped viruses such as Poliovirus, Coxsackie virus b1 and Adenovirus type 3 [97]. Clove and other plants with the benefit of being affordable and widely available all over the world, are some one of the medicinal plants now used to prevent and control the SARS-CoV-2- associated disease [17].  
Anti-inflammatory activity
The anti-inflammatory property of eugenol is due to the action on receptors and antigens responsible for inflammation. For the anti-inflammatory aspect, eugenol acts directly by destroying pathogenic germs, it acts on cytokines and immune cells by modifying the inflammatory reaction which indirectly reduces pain. Also, eugenol acts on cellular and nerve receptors which directly reduce pain [2, 8,44,53,73].  
Anticancer activity
Clove essential oil has been studied as a potential anticarcinogenic agent. One study identified that eugenols have antiproliferative and antimetastatic activity against triple negative and HER2 (human epidermal growth factor receptor 2) positive breast cancer cells: in both cases. The same authors against identified that the compound increases the expression of genes involved in apoptosis in cancer cells, such as caspase 3, caspase 7 and caspase 9. On the other hand, another study showed that the combined treatment of eugenol and 5-fluorouracil exhibited cytotoxic activity against HeLa cell lines, inducing their apoptosis [9,58,55,56,54]. 
Acaricidal activity
According to an in vitro study conducted by [62], acaricidal activity gave a mortality rate of 81% on mites. This study showed that clove could be an excellent spray and treatment for mattresses contaminated by Dermatophagoides pteronyssinus (a mite present in houses), in favor of ecological pesticides. Benzyl benzoate is the reference treatment for scabies. Another study conducted by [78] claimed that Syzygium aromaticum is more effective than this treatment, with a high mortality rate after 15minutes, including all types of sarcoptes scabiei (resistant or not). [28] evaluated the acaricidal potential of eugenol against Dermacentor nitens and Rhipicephalus microplus larvae and showed 100% mortality from concentrations of 5 to 20 µl/ml. Ferreira et al., 2018 reported that both clove essential oil and the eugenol showed 100% mortality against cattle tick Rhipicephalus microplus a concentration of < 0.5mg/ml in larvae and 50mg/ml in female Rhipicephalus microplus.
Insecticidal activity 
[91] reported the control of bed bug (Climed lectuarius) by using direct contact and residual contact bioassay using different essential oil-based products. Results showed that clove oil (0.3%) combined with peppermint oil (1%) and sodium lauryl sulfate (1.3%) formulation caused more than 90% mortality of bed bugs nymphs in residual and direct contact assay. [50] demonstrated insecticidal activity of clove oil on Sitophilus zeamais and Acanthoscelides obtectus. The result showed the lethal concentration 50% (LC50) for Sitophilus zeamai was 10.15µl/g and for Acanthoscelides obtectus was 9.45µl/g and caused 100% mortality for both species. [81] Reported the toxicity of terpenoids present in clove essential oil against granary weevil (Sitophilus granaries). Eugenol showed the strongest toxicity in Sitophilus granaries to α-humulene, α-pinene and caryophyllene oxide. It reduced the respiratory and mobility rate in the insects.
Culinary domains
In cooking, it is present in gingerbread, cinnamon biscuits, marinades and infusions [98]. Whole or powdered, it is used to flavor vegetable preserves, apple compotes and other fruits [38].  It is also used as an infusion in tea [37]. 
 Cosmetics field
Clove is used as a room fragrance in the form of an “amber apple” that is made by pricking the entire surface of an orange with cloves. This practice allows the odor of cloves, which is a phenol such as eugenol, to be diffused [37].

 

[image: Une image contenant texte, bouteille]Figure 2: Health benefits of clove (Syzygium aromaticum)


Oral care 
Clove essential oil eliminates intramaxillary metastases, benign tumors, epidermal sarcomas of the maxillary gingiva, maxillary osteitis and sarcomas [69].  The interest in Clove essential oil in case of dental problems is based on the combination of antibacterial and anesthetic properties. At the level of the oral flora, it acts preferentially on Streptococcus mutans, responsible for dental plaque and caries, while eugenol, and β-caryophyllene provide a local anesthetic effect on the gum or tooth [60].  
Antioxidant activity 
In general, the antioxidant activity is due to the presence of phenols and polyphenols in the essential oil [85]. Clove and eugenol possess strong antioxidant activity, which is comparable to the activities of the synthetic antioxidant, butylated hydroxyanisole (BHA) and pyrogallol [26]. Eugenol, the primary component of clove oil, is responsible for many of the antioxidant advantages [100,52,68]. 
According to [33] clove essential oil exhibited ten times higher antiradical activity than butylated hydroxytoluene (BHT), and seven times greater than the cocoa butter and clove essential oil mixture. When the linoleic acid emulsion was treated with 15µg/ml of clove oil, 97.3% inhibition of lipid peroxidation was observed compared to inhibition by standard antioxidants like Trolox, butylated hydroxyanisole (BHA), α-tocopherol and butylated hydroxytoluene (BHT) which showed 95.6, 95.4, 84.6 and 99.7 inhibition respectively [41]. 
[bookmark: _Hlk189729965]Antidiabetic activity
Cloves contain insulin-stimulating constituents in clove extracts that may be responsible for their anti-diabetic properties. In vivo experiments revealed that blood sugar has been enhanced in clove extracts-treated mice [57]. Eugenol ameliorates insulin resistance, oxidative stress, and inflammation in high-fat diet/streptozotocin-induced diabetic rats [4]. The antidiabetic effect of eugenol was also established by several researchers [16,99,91,94]. 
Analgesic and antipyretic activity
Clove and eugenol have been shown to have analgesic properties against toothache and joint pain by activating chloride and calcium channels in ganglion cells [90].  Eugenol in several animal and in vitro models shows its analgesic effect [22,79]. Eugenol has been found to exert antipyretic activity when given intravenously and intragastrically [34]. 
Cardiovascular activity
The consumption of polyphenol-rich foods like clove can lower the risks for cardiovascular disease, arterial sclerosis and other disease related to oxidative stress. Eugenol produces dose-dependent, reversible vasodilator responses, negative inotropic effects in heart muscle, hypotensive effects and smooth muscle relaxant effects [7,21,63,87,89]. 
CONCLUSION
Cloves are a traditional medicine, and they are also used as a spice in food preparations due to their aromatic flavor and pungency. It’s utilized for the prevention and treatment of several human ailments. It is a medicinally powerful herb with a solid heritage and history. Cloves have physical, mental and emotional health benefits. It possesses antioxidants, anti-fungal, anti-viral, antimicrobial, anti-diabetic, anti-inflammatory, antithrombotic, anesthetic, pain relieving and insect repellent properties. This review explores the ethnomedicinal uses, phytochemicals, bioactivities and therapeutic applications of clove and eugenol.
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