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ABSTRACT 

Clove is one of the potent traditional crude drug having mark onset of 

action. Clove may be looked upon as a champion herbal drug known 

till date. The oxygen radical absorption capacity test is a scale 

developed by U.S. Department of agriculture for comparing anti-

oxidant activity. Health benefits from the use of clove have been 

known over the centuries. It is beneficial as a home remedy in curing 

several aliments/diseases. In addition to its culinary uses, the clove 

buds have an abusance of medicinal and recreational uses. The major 

part of the world’s consumption of the clove spice is in the home 

kitchens. However, commercial use of the clove is for the production 

of clove oil that contain active constituents, which possess antioxidant, 

anti-fungal, anti-viral, anti-microbial, anti-diabetic, anti-inflammatory, antithrombotic, 

anesthetic pain reliving and insect repellent responsible for the medicinal properties. Eugenol 

is the main constituent responsible for the medicinal properties of the clove bud. In the light 

of above, we thought it worthwhile to compile an up-to-date review article on clove covering 

its, synonyms, chemical constituents, psychopharmacology and medicinal uses. 

 

KEYWORDS: Clove bud, Eugenia Caryophyllum. 

 

INTRODUCTON 

Clove 

Synonym: Clove flower, Clove bud, Caryophyllum.  

Biological Source: Clove consists of dried flowers of buds of Eugenia Caryophyllum.  

Family-Myrtaceae.  
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Geographical Distribution 

In India it grows in Nilgiri and Kanyakumari and is indigenous to Mollusca Island. It is 

cultivated in Zanzibar, Sumatra and South America.  

 

History Eugenia is Latin term and Caryophyllus in Greek means nut-leaf, which refers to 

nut-like flower bud. Clove is from Latin word clavus meaning a nail, which refers to the 

shape of the whole spice.
[1]

 

 

Cultivation collection  

Clove is an evergreen tree that grows 15 m in height. Seeds are sown in well-drained, rich 

loamy soil, with high humus content. It needs warm humid climate and grows well in vicinity 

of the sea.  

 

Seeds are sown from August to October. Seeds are placed in nursery beds at a distance of 10 

cm. They take 4-5 weeks to germinate. The seedlings of clove are slender and delicate. For 

the first two to three years, the clove is allowed to grow in the shade by planting banana 

plants in between. Clove is collected from 6 years old plants, till 70 years old. The buds are 

gathered when they change from green to crimson and are carefully dried in the sun. 

Collection of cloves is done by picking the buds with stalk or beaten by bamboos.
[2]

 

 

 
 

Morphology 

Size : 10-17.5 mm long   

Shape : Sub-cylindrical slightly flattened.     

Color  : Dark brown  

Taste         : Pungent and aromated, followed by numbness of the tongue.  
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Microscopy  

T. S. of clove through hypanthium shows:  

1) Epidermis: It consists of heavy cuticularised epidermal cells made up of small straight-

walled tubular cells. Many anomocytic stomata interrupt the epidermal cells.  

 

 

Fig. T.S of clove passing through ovary         T.S of clove passing through columella 

 

2) Cortex: Cortex consists of three zones.  

a) Roughly, radially arranged parenchymatous cells with two to three layers of big 

ellipsoidal, schizolysigenous oil glands.  

Parenchymatous cells contain tannin; hence show dark color when stained with ferric 

chloride.  

b) Middle layer consists of thickened wall cells embedding a ring of bicollateral vascular 

bundles. A few thick-walled lignified pericyclic fibers are found to be associated with 

vascular bundles. Xylem is composed of 3-5 lignified spiral vessels. About 15 vascular 

bundles are present in the ring. 

c) Within the ring of vascular bundles is a zone of parenchyma composed of oil spaces 

separated by one-cell thick lamellae, which supports the central columella. 

   

3) Columella: The columella consists of parenchymatous tissues. The outer region of 

columella shows the presence of ring of about 25-30 small vascular bundles. Clusters of 

calcium oxalate crystals occur throughout the tissues. Starch grains trichomes and stone cells 

are absent.  

 

When the T. S. of clove is taken through its ovary, it shows the epidermis, zones of oil glands 

and bicollateral vascular bundles. A zone of ovary is present instead of parenchymal tissues. 

It consists of cells of very strongly thickened cellulose walls limited from the inner side by an 

inner epidermis flooring the wall of the ovary. The dissepiment is parenchymatous and the 

placenta shows the presence of numerous cluster crystals of calcium oxalate. 
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The central collumella possesses a ring of small vascular bundles.
[2] 

 

 

Chemical constituents 

Clove contains 15-20% of volatile oil and 10-13% of tannins, (gallotannic acid) volatile oil 

contains 70-90% eugenol, which is colorless liquid. It contains eugenol acetate (3%) and 5-

8% -caryophyllene. The characteristic aroma of clove is due to the presence of methyl amyl 

ketone, which is in trace amounts.  
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Other non-volatile compounds of clove include various triterpenic acids and esters. 

Stigmasterol, stigmasterol and campesterol have also been reported.  

 

Chemical test 

1) An alcoholic solution of clove oil, when treated with a ferric chloride solution, gives blue 

color due to eugenol.  

2) A water decoction of clove, when treated with ferric chloride, gives bluish-black color 

due to presence of tannins.  

 

Uses 

1) Clove is used as stimulant aromatic and as spice.  

2) Clove oil is antiseptic, counterirritant and carminative.  

3) Clove oil is used as ingredient of tooth paste and mouthwash for relieving toothache and 

as an antiseptic.  

4) The oil is used in perfumery and preparing vanillin (oxidation product of eugenol) 

 

Adulterations 

1) Exhausted clove: In this drug, volatile oil is partially/entirely removed by distillation, so 

contains less volatile oil.  

1) Exhausted cloves are dark in color, more shrunken and float on water.  

2) Clove stalks:  Clove stalks contain only 5% of volatile oil. Clove stalks can be detected 

as it contains thick-walled pitted stone cells, prisms of calcium oxalate and small starch 

grains and reticulate vessels.  

3) Mother clove or clove fruits: These are ripe fruits of clove, which are ovoid, brown 

drupe, one seeded. Mother cloves contain less volatile oil, the presence of which can be 

detected by the starch present in the seed even in powdered form.  

4) Blown cloves are fully expanded flowers from which usually corolla and stamens get 

detached. They contain less volatile oil as compared to clove buds.  

 

Cardamom 

Synonym: Grains of paradise, Cardamom Fruit 

 

Biological Source  

Cardamom consists of dried ripe seeds of Elettaria Cardamomum Maton var.  

Family: Zingiberaceae  
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Geographical Distribution: Cardamom is cultivated in India in Karnataka, Mysore and 

Malabar hills. It is cultivated in Sri Lanka, Thailand and Tanzania.  

 

Cultivation Collection 

Cardamom plant is perennial herb growing 3-4 meters high. Plant is cultivated by sowing 

seeds which are hard and take four months to germinate. Oil must be full of moisture and 

well-drained.  Seeds are planted in nurseries. After one year, the young seedlings are 

transplanted in fields. Fruits are developed on 3-4-year-old plant. Fruits are picked up; just 

before their ripening so as to prevent capsules from splitting. Fruits are dried in the sun or by 

placing trays of the fruits over burning surplus. Slow drying of seeds is done to avoid 

splitting of fruit.  

 

Morphology of fruit and seed 

Cardamom fruit is three sided capsule with a fibrous, papery and longitudinal wrinkled 

pericarp. In each cell two rows of seeds are present in an adherent mass attached to an axile 

placenta. 

Size : 8-15 mm long   

Shape : Oblong ovoid     

Color : Green to pale buff  

Apex : shortly beaked   

Size   : 4 mm long and 2-3 mm broad 

Shape   : Irregularly angular, usually tapering to the base 

Color          : Dark reddish-brown 

Odor          : Aromatic 

Apex          : Strongly aromatic 
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Chemical constituents 

Cardamom contains 2-8% of volatile oil; protein and starch. The volatile oil contains  

50% cineole (Eucalyptol), terpineol, borneol and terpinene seeds contain 1-2% of fixed oil 

starch and protein. Fixed oil contains glycosides of oleic, stearic palmitic and caproic acid. 

 

Uses 

1) Cardamom is aromatic, stimulant. 

2) It is used as flavoring agent 

 

Substitutes and adulterants  

1) Long wild native cardamomums: (Elettaria cardamomum)  

a) These cardamoms are longer and more elongated. 

b) Pericarp is dark greyish-brown. 

c) Seeds have somewhat bitter taste and they are less aromatic. 

 

2) Korarima cardamomum 

Reddish-brown in color. 

 

3) Loose seeds or fully ripe seeds 

Less volatile oil content. 

 

4) Cardamom husk 

Husk can be detected from the authentic drug by presence of more ash content.
[1-2]

 

 

PHARMACOLOGICAL EFFECTS OF CLOVE 

Antibacterial activity 

Natural remedies have been used for a long time for the treatment of various bacterial 

infections. In the recent practice of medicine, the misuse of antibiotics has led to the 

development of bacterial resistance. Therefore, there is a need for identifying novel 

antibacterial agents against which there is minimal or no bacterial resistance. Studies on clove 

oil or its extract may contribute to the development of novel antimicrobial agents to offset the 

effects of resistance to antibiotics. Essential oils have anti-quorum sensing activity which 

might be important in reducing the virulence and pathogenicity of drug-resistant bacteria.
[3-4] 

(Quorum sensing is a means of bacterial intercellular communication. Anti-quorum sensing 

interrupts that process). A combination therapy of clove with antibiotics could be another 

method of overcoming bacterial resistance.  
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Several studies have shown the effectiveness of clove against numerous strains of bacteria.
[5-

14]
 Clove oil and eucalyptus oil exhibited antibacterial properties against the most common 

oral pathogen S. Mutans.
[6-8] 

Cai and Wu13 showed preferential growth-inhibition activity of 

a crude extract of clove against the gram-negative oral pathogens: Porphyromonas gingivalis, 

Streptococcus mutans, Actinomyces viscosus and Prevotella intermedia. Several other studies 

have confirmed the in vitro antibacterial activity of clove against gram negative bacteria like 

Escherichia coli, Klebsiella pneumonia, Pseudomonas aeruginosa, Proteus vulgaris, 

Campylobacter jejuni, and Salmonella enteritidis, and gram-positive bacteria like Bacillus 

subtilis and Staphylococcus aureus.
[9-14]

 Duraipandiyan, Ayyanar and Ignacimuthu.
[15]

 

observed antibacterial activity against Bacillus subtilis, Staphylococcus epidermidis, 

Enterococcus faecalis, Escherichia coli, Ervinia sp, and Proteus vulgaris. Clove oil exhibited 

antibacterial activity against five strains of S. epidermidis (reference strains CIP106510, E13, 

S27, S23 and S38) which is mainly attributed to the presence of eugeno
[l,12]

 extracts of which 

have shown antibacterial activity against Salmonella typhi.
[37]

 Clove oils protects against 

bacterial colonization of the lungs, seen in vitro and in mice infected with Klebsiella 

pneumoniae.
[16-18] 

Mytle, Anderson, Doyle, et al.
[19] 

reported that the growth rates of Listeria 

monocytogenes strains were significantly reduced by treatment with 1% and 2% clove oil. 

Furthermore Ogunwande, Olawore, Ekundayo et al.
[20]

 Found that the essential oil of the fruit 

exhibited antibacterial activity against Staphylococcus aureus, while the leaf oil inhibited the 

growth of Bacillus cereus, with an MIC of 39mg/ mL. Hospital-acquired infections are 

important due to presence of methicillin-resistant Staphylococcus aureus (MRSA) and its 

ability to cause severe soft tissue, bone or implant infections.
[21] 

Clove proved to be beneficial 

against Staphylococcus strains including MRSA and Streptococcus strains.
[22-23]

 The 

antibacterial property of clove is due to the damaging effect it has on the bacterial cell 

membrane. 

 

Several authors have investigated the synergistic interaction of clove oil molecule together 

with a conventional antibiotic.
[24-26]

 Time - kill studies have been used to evaluatethe effect of 

interaction between eugenol together with ampicillin and with gentamicin. The hydrophilic 

antibiotics such as vancomycin and β-lactam antibiotics have a marginal activity on gram 

negative bacteria but exhibit enhanced antibacterial activity when pre-treated with eugeno.
[l5-

25]
 This synergistic effect could be explained by the fact that eugenol is able to damage the 

membrane of bacteria allowing increased penetration of vancomycin and β-lactam antibiotics 

and therefore effecting a greater antimicrobial effect.
[25]

 In a recent study Moon, Kim and 
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Cha.
[24]

 assessed the inhibitory effects of a combination of eugenol and antibiotics on 

cariogenic and periodonto-pathogenic bacteria. Although eugenol is effective against both 

grampositive and gram-negative microorganisms, contrasting results were found in other 

studies.
[28-29] 

Clove was found to be less effective when compared with cinnamon oil.
[29]

 

 

Anti- inflammatory activity Bacteria are responsible for the initiation of periodontal disease, 

but it is the host immune-inflammatory response which is responsible for the progression of 

the disease and destruction of the periodontal attachment. One of the pathways is through the 

synthesis and release of prostaglandin and other arachidonic acid metabolites locally within 

the periodontal tissue. Tissue damage leads to the production of free arachidonic acid, which 

is further metabolized via either the cycloxygenase (COX) pathway to the prostaglandin 

(PGE2), prostacyclin and thrombaxane or the lipoxygenase (LOX) pathway to the 

leukotrienes. Therefore it is recognised that potential COX and leukotrienes inhibitors be 

considered as anti-inflammatory agents.  

 

Few authors have investigated eugenol and acetyl eugenol for potential anti-inflammatory 

action on COX-2 and LOX enzymes.
[29-30]

 Eugenol appeared to directly inhibit COX-2 

enzyme activity, possibly through complete inhibition of PGE2, suppression of the nuclear 

factor kappa B (NF-κB) pathway and inhibition of interleukin (IL) - 6 production.
[31]

 

Bachlega, de Sousa, Bastos et al
[32]

 demonstrated immune-modulatory and anti-inflammatory 

effects of clove, as it inhibited production of IL-1β, IL-6 and IL-10. Likewise, Thompson and 

Eling
[33]

 demonstrated that eugenol inhibited prostaglandin H synthase activity. Similarly 

Raghavendra, Diwakr, Lokesh et al.
[34]

 observed in human polymorphonuclear leucocytes 

that eugenol effectively inhibited the LOX enzyme in a noncompetitive nature. Naidu
[35]

 

demonstrated concentrationdependent inhibition of LOX-catalysed lipid peroxidation (LPO) 

by eugenol. Though no clinical studies have been done, Koh, Murakami, Tanaka et al.
[36]

 

found that eugenol exhibits potent anti-inflammatory effects on cultured human gingival 

fibroblasts.  

 

Antioxidant property The reactive oxygen species (ROS) produced by our body are 

responsible for tissue damage and cell death and can inhibit normal function of cellular lipids, 

proteins, DNA and RNA. This can lead to many chronic diseases such as heart disease, 

cancer and even periodontitis.
[37]

 Clove has been identified as a potent anti-oxidant. 

Antioxidant activity of clove might be due to the higher concentration of phenolic 

compounds such as eugenol (71.56%), eugenol acetate8.99 %) and thymol.,
[38-39]

 The 
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antioxidant activity of clove extract was comparable to that of the natural antioxidant, α-

tocopherol (vitamin E) and butylated hydroxyl toluene (BHT).
[39-40]

 Syzygium aromaticum 

derivatives can prevent injury by ROS by scavenging free radicals, by chelation of transition 

metal ions, by inhibition of oxidant enzymes or by regeneration of α-tocopherol from α-

tocopheroxyl radical.
[39-40]

 

 

The anti-oxidant capacity of clove was present when measured by the metal chelating 

activity, by bleomycin dependant DNA oxidation, by diphenyl-p-picryl hydrazyl (DPPH) 

radical scavenging activity and by the ferric reducing antioxidant power (FRAP
)
.
[38-39] 

Syzygium aromaticum showed the highest antioxidant activity among 19 different extracts 

from Thai medicinal plants.
[63]

 Cloves showed the highest DPPH radical scavenging activity 

(90%), highest FRAP values, high metal chelation ability and DNA oxidation among 

different spices.
[38-39] 

Clove also showed increased ability to inhibit metalion induced LPO.
[38-

39]
  Some of the earlier in vitro studies have demonstrated that flavonoids can scavenge O2, 

OH and peroxyl radicals, and inhibit LPO in different systems.
[43-44]

 High DPPH scavenging 

activity as well as O2 radical scavenging activity and metal chelating activity may be 

responsible for the marked antioxidant action of cloves. Thus the antioxidant properties of 

spices may be attributed to various mechanisms, which include prevention of chain initiation, 

chelation of transition metal ion catalysts, decomposition of peroxides, prevention of 

continued hydrogen abstraction, reductive capacity and radical scavenging activity.
[38]

 

 

The effect of eugenol is concentration dependant. At low concentrations it has anti-oxidant 

and anti-inflammatory effects, whereas at high concentrations it acts as a prooxidant, leading 

to tissue damage resulting from the enhanced generation of free radicals.
[39] 

Clove exhibited a 

higher bleomycin-dependent DNA oxidation activity indicating a prooxidant effect.
[39]

 Clove 

oil thus shows a powerful antioxidant activity, and can be used as an easily accessible source 

of natural antioxidants in pharmaceutical applications. No direct studies on periodontal cells 

or markers have been done to elucidate the effect of clove extracts as an anti-oxidant. 

 

Antifungal activity Clove possesses fungicidal characteristics in vitro and in vivo due to its 

phenolic components, carvacrol and eugenol.
[45-46] 

The potential drawback in the treatment of 

fungal diseases is the possibility of the development of antimicrobial resistance. Combination 

therapy with clove could form an alternative treatment method especially in treating 

fluconazole-resistant or multi-drug resistant fungal diseases. Studies have shown synergistic 
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interaction with the use of eugenol and/or methyl-eugenol or either in combination with 

fluconazole or amphotericin B.
[47]

 

 

Antifungal activity has been seen against Candida albicans and Trichophyton 

mentagrophytes,
[48-49] 

Onychomycosis,
[50]

 Saccharomyces cerevisiae,
[51]

 E. Caryophyllata
[52]

 

and Aspergillus niger.
[53]

 The antifungal activity is due to considerable reduction in the 

quantity of ergosterol, a specific fungal cell membrane component.
[55]

 Eugenol displayed in 

vitro activity against C. albicans cells within biofilms.
[56]

 Garg and Singh
[57]

 conducted an 

experiment using eugenol-loaded lipid nanoparticles in immunosuppressed rats and showed 

significant improvements in the eugenoltreated site. Similarly eugenol exhibited the 

minimum inhibitory concentration (MIC) ranging from 0.06 to 0.25% (v/v) and minimum 

concentration of drug that inhibited 50% of the isolates (defined as MIC50) ranging from 

0.06 to 0.12% (v/v) when tested against 38 strains of Candida species from denture wearers 

and 10 collection strains.
[58]

 

 

Antiviral activity Viruses are highly sensitive to the components of essential oils. The 

antiviral activity of eugenol has been tested against the herpes simplex-1 (HSV-1) and HSV-2 

viruses.
[59-60]

 Hussein, Miyashiro, Nakamura et.al.
[61]

 found that Syzygium aromaticum 

extract was highly active at inhibiting replication of the hepatitis C virus. Synergistic 

interaction between acyclovir and eugenol combination has been seen. 

 

Analgesic activity For many ages eugenol has been used as a natural remedy for relieving 

tooth pain. Similarly this technique in modern dental practice has been adopted by many 

clinicians, in which eugenol can act as an analgesic agent. Eugenol exhibited an analgesic 

effect in different experimental pain models in mice.
[62-63]

 Kurian and co-workers
[84]

 studied 

the anti-nociceptive ability of eugenol (100mg/kg) in several mouse models and found that 

the effect was more pronounced in the inflammatory phase than the neurogenic phase. 

Eugenol can, however, alleviate neuropathic pain.
[84]

 Guenette, Beaudry, Marier et al.
[64]

 in 

their study in male Sprague-Dawley rats, showed that eugenol, at a dose of 40mg/kg, was 

capable of prolonging reaction time to thermal stimuli. All these results suggested the 

possible use of eugenol as an analgesic agent. 

 

Anaesthetic activity Eugenol is cheap and is an easily available topical anaesthetic. It is 

relatively user-friendly and can be used effectively in lower concentrations than other local 
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anaesthetics.
[86]

 It is rapidly metabolized and excreted, thus requiring no withdrawal 

period.87 Eugenol shows good anaesthetic effects on inflamed pulpal tissues.
[67]

 

 

Potential of Clove For Treatment Of Periodontal Disease 

Periodontal disease initiation and progression occurs as a consequence of the host response to 

microorganisms present in dental biofilm.
[1,2]

 The pathogens stimulate the host response 

resulting in the release of harmful by-products such as cytokines and prostaglandins by 

leukocytes, fibroblasts or other host tissue-derived cells and enzymes. These break down 

extracellular matrix components, such as collagen, as well as host cell membranes, 

consequently leading to periodontal attachment loss and bone resorption.
[2]

 

 

Host modulation therapeutic strategies are aimed at inhibition of the progression of 

inflammatory bone loss associated with periodontitis.
[5]

 Although a range of biological and 

pharmacological activities of clove have been reported, there has been a lack of research into 

its therapeutic potential for destructive periodontal disease. Table 2 describes the therapeutic 

use of clove for dental application. 

 

Clove exhibited antibacterial activity against gramnegative anaerobic periodontal pathogens, 

including Porphyromonas gingivalis and Prevotella intermedia. Clove may reduce 

periodontal inflammation by modulation of the signalling pathway (NF-κB) and suppression 

of IL6, COX-2 and TNF-α.
[31-34]

 Besides its anti-inflammatory properties, clove also has 

antioxidant property.
[38-41] 

It has an important property for reducing the oxidative stress which 

is often seen in periodontal disease. It promotes DPPH scavenging activity, hydroxyl radical 

scavenging and inhibits lipid peroxidation.
[38-41]

 It exhibits antifungal activity against 

Candida. and antiviral activity against Herpes Simplex virus (HSV) 1 and 2.80,81 

Analgesic.
[62-64]

 and anaesthetic albicans
47-56

properties66of clove could be a natural way of 

performing painless dental and oral procedures. Additionally, Karmarkar, Choudhury, Das et 

al.
[75]

 observed that dried clove buds rich in eugenol and eugenol derivative were effective in 

preventing bone loss and this property would be beneficial for treating periodontal disease. 

All these studies demonstrated that therapy with clove and its active components like eugenol 

can be beneficial for the treatment of periodontal disease as a natural antiplaque or anti-

gingivitis agent. Research has been particularly lacking in the areas of periodontal disease 

control. Clove can be effectively incorporated in therapeutic agents formulated against 

periodontal diseases in the form of mouthwashes, tooth pastes, topical agents and local drug 

delivery devices. 
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