
IJBPAS, September, 2020, 9(9): 2315-2336 
ISSN: 2277–4998 

 
 

 
2315 

IJBPAS, September, 2020, 9(9) 

BIOACTIVE POTENTIAL OF THE SPICE BLEND ‘BENGALI GARAM MASALA’: 

AN OVERVIEW 

SARKAR D1 AND CHAKRABARTI J2* 

1: Assistant Professor, Department of Zoology, A.P.C Roy Government College,                         

Himachal Vihar, Matigara, Siliguri-734010, West Bengal, India 

2: Associate Professor, Department of Zoology, A.P.C Roy Government College,                         

Himachal Vihar, Matigara, Siliguri-734010, West Bengal, India 

*Corresponding Author: E-Mail: janachakrabarti@gmail.com; 9433015220 

 

https://doi.org/10.31032/IJBPAS/2020/9.9.5190   

ABSTRACT 

Spices are used all over the world as flavouring and colouring agents or as food additives. 

They have been used traditionally as a part of the daily diet, as a home-made remedy to 

various ailments and as purgative, carminative, diuretic etc. The active biomolecules obtained 

from the spices are responsible for their medicinal properties. Bengali garam masala, 

consisting of green cardamom, clove and cinnamon is a quintessential spice blend and an 

integral part of the daily cuisine in Bengal. Blending of these three spices in Bengali garam 

masala also provide a number of health beneficiary effects due to the presence of wide 

varieties of bioactive molecules having therapeutic potentials. This review highlights the 

properties of the three main ingredients used in Bengali garam masala. It delves into the 

active phytochemicals obtained from these compounds and their contribution in the 

pharmacological properties of the crude extract. It also investigates the synergistic action of 

the three, blended to give the garam masala mixture. 

Keywords: cardamom, cinnamon, clove, garam masala, spice, bioactive potential 

INTRODUCTION 

According to the ESA (European Spice 

Association) definition, herbs and spices, 

traditionally added to food, are edible parts 

of plants having aromatic, flavouring and 

visual properties. The word spice comes 

from the French word “espice” meaning 
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“sort/kind” [1]. Though spices and herbs 

are used synonymously, they are different 

in at least two respects. Any part of the 

plant, i.e., root, bark, fruit, seed etc. may be 

used as spice while herbs usually comprise 

of the stem, leaves or flowers of the plant. 

Also, spices, sometimes grounded into fine 

powder, are used for colouring, flavouring 

or preserving food items while herbs are 

mainly used for flavouring or as garnish 

[1]. Spices are important industrially and 

are used for making soaps, perfume, dyes 

and incenses [1]. Apart from the above 

mentioned uses, consumption or topical 

application of both spices and herbs 

provide immense health benefits [1] and are 

used as tonic, anti-spasmodic, anti-

helminthic, stomachic, and carminative [2]. 

In the old world, spices (mainly pepper and 

cinnamon) demanded more attention than 

gems and jewels and were the actual source 

of wealth [1].  Spice merchants of 

Alexandria, Cairo, and Venice were held in 

great esteem and monopolized the business. 

Mixing and addition of spices to food were 

a closely guarded secret and humans were 

bartered in exchange of spices. Even 

prophet Muhammad used the trade as a 

platform to spread the message of God and 

baby Jesus was given two spices, 

frankincense and myrrh, as gifts from the 

three great men [3]. In the Middle ages 

(late 14th- early 15th century), Portuguese 

and Spanish people began to look for new 

trade routes in search of spices and in the 

process discovered new countries; Marco 

Polo discovered China, Columbus 

discovered present day America and 

Ferdinand Magellan travelled the world. 

During this time, cinnamon, clove, nutmeg 

and pepper promised immense riches [3]. 

In recent times, spices are of common 

usage all over the world; knowledge about 

its usage has spread from one culture to 

another. Also, the traditional information of 

their medicinal properties is being 

scientifically validated and the active 

principles isolated by the pharmaceutical 

industry for therapeutic uses. 

India, being a megadiversity country, 

houses a wide variety of spices namely 

chilli, mustard, cardamom to name a few. 

The use of various spices renders a rich 

taste to the Indian cuisine making it famous 

all over the world. India, with 8.8% of the 

share, ranks number three in spice trade of 

the world [1]. The rich aroma, fine taste 

and texture of the Indian spices command 

high prices in the global market [1]. India is 

the largest consumer of spices in the world. 

It also exports chilli, coriander, cumin, 

fennel, pepper and turmeric to China, 

Germany, Malaysia, United Arab Emirates 

and United States [1].  

Besides the traditional use as a flavouring 

agent, spices also play a key role in the 

history of medicine. Their abilities in 

healing myriad ailments added supernatural 
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implications to their powers [3]. In India, 

the history of spices dates back 5000 years 

to Ayurveda where a number of spices have 

been outlined for their remedial properties, 

either by itself or in combination.  Curative 

properties of spices in Rigveda and 

Atharvaveda are most probably the earliest 

documentation of the medicinal use of 

spices [4, 5].  Besides adding variation and 

concealing disagreeable odour, 

traditionally, they were used to aid 

digestion, lowering of body temperature 

and increase in perspiration rate, as 

antiseptic, anti-inflammatory, anti-oxidant 

and carminative agents [1]. Phenolic acids, 

flavonoids, phenolic diterpenes, volatile 

oils and other phenolic compounds isolated 

from spices are the underlying molecules 

responsible for the medicinal properties of 

spices [6-14]. 

Garam masala, a spice blend is widely used 

in Indian cuisine. It consists of a mixture of 

three or more spices, either coarsely 

grounded or finely powdered, whose 

ingredients vary according to the different 

cultures in the different regions of India 

[15]. To enhance the flavour it is mainly 

toasted in oven at a low temperature and 

added near the end of cooking. In the 

eastern part of India, mainly in West 

Bengal, three basic ingredients are used in 

garam masala, namely clove (Syzygium sp), 

cinnamon (Cinnamomum sp) and 

cardamom (Elettaria sp) each of which 

have notable health benefits [4]. Cardamom 

helps in treating genitourinary disorders 

and is a mood elevator. Cinnamon has 

cardioprotective and neuroprotective 

abilities whereas clove is a potent anti-

inflammatory, antioxidant and anti-cancer 

agent [16, 17, 18]. As with other spices, 

various phenolic compounds such as 

flavonoids, natural oils etc. are responsible 

for their healing activity (Table 1). 

Combining the three spices would therefore 

increase the health benefits as the number 

of bioactive molecules with remedial 

potential would be more in the mixture than 

either of the individual spice. Inarguably, 

garam masala helps in reduction of body 

weight, increases metabolism by altering 

cytochrome-b5 and cytochrome-p450 

levels in the liver [5].  An attempt has been 

made in this review to discuss the 

pharmacological properties of the 

individual spices that constitute Bengali 

garam masala and also the spice blend as a 

whole. It also attempts to highlight the 

underlying phytochemicals responsible for 

their medicinal properties. 

MATERIALS AND METHODS 

The components of garam masala, used 

mainly in West Bengal, were confirmed 

from an online database after consultation 

with a few knowledgeable people using the 

same in cooking. The properties of each of 

the components and the spice blend were 

then identified using Pubmed, Science 
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Direct, Google Scholar, etc. The bioactive 

molecules and mechanisms of action were 

also searched using the database mentioned 

above. 

RESULTS AND DISCUSSION 

The ‘Bengali garam masala’ blend is a 

mixture of green cardamom, cinnamon and 

clove in equitable proportions. Cardamom 

belongs to the ginger family; cinnamon 

belongs to the same family as that of bay 

leaves while clove is classified in 

Myrtaceae family. The three spices are 

highly different in their origin yet blends 

together to give a rich and unique taste to 

food.  Also, each of the spices has an array 

of health benefits. The additive and 

synergistic effect of the blend also has 

different bio functions. The myriad 

properties of the garam masala are mainly 

attributed to the polyphenolic and other 

components of each of the spices (Table 1). 

The properties of each of the spices and 

mixture are discussed in detail.  

Table 1: Bengali Garam masala and its biochemical components [19, 20, 21] 
Sl. 
No. 

Scientific Name Common 
Name /Local 

Name 

Family Plant parts used Important Biochemical 
components 

1. Elettaria 
cardamomum 

 
 

Cardamom/ 
‘Elach’ 

 
 
 

Zingiberaceae Plump seed pods 
containing oil-rich 

seeds. 
 
 
 

Limonene, 
1,8-cineole, Terpinolene, 

Myrcene, 
Caffeic acid, Quercetin, 

Kaempferol, 
Luteolin, Pelargonidin 

2. Cinnamomum 
verum 

 

Cinnamon / 
‘Darchini’ 

 

Lauraceae Bark of the 
Cinnamomum 

tree. 
 

Eugenol, Limonene, Terpineol, 
Catechins, Proanthocyanidins, 

Tannins, 
Linalool, 
Safrole, 

Pinene, Methyleugenol, 
Benzaldehyde 

3. 
 
 
 
 

 

Syzygium 
aromaticum 

 

Clove/ 
‘Labanga’ 

 

Myrtaceae Dry bud of  flower 
 

Eugenol, Isoeugenol, 
Acetyleugenol, Sesquiterpene, 

Pinene, Vanillin, 
Gallic acid, 
Flavonoids, 

Phenolic acids 
 

 

Green Cardamom 

Cardamom, belonging to the ginger family 

Zingiberaceae, is popularly known as 

“Elaichi” in India. It is referred to as the 

queen of spices which originated in Bhutan, 

India and Nepal [4, 22]. Two genera of 

cardamom are used as spices namely 

Amomum sp. (brown cardamom or “badi 

elaichi”) and Elettaria sp. (green cardamom 

or “chhoti elaichi”) [3]. Green cardamom is 

a shrub consisting of a large stem giving off 

long, narrow pointed leaves; plump pods 

containing seeds rich in oil. The pods are 

plucked and either sold as green cardamom 

or as white after treatment with sulphur 

dioxide [3]. Cardamom is used in curries, 



Sarkar D And Chakrabarti J*                                                                                                   Review Article 
 

 
2319 

IJBPAS, September, 2020, 9(9) 

breads, pastries and even in Turkish coffee 

[3]. Traditionally, it has been used in 

Ayurveda and Chinese medicine as an 

appetizer, carminative, digestive, treatment 

of cough and cold and as an aphrodisiac [4, 

23]. It is also used for the treatment of teeth 

and gum infections, inflammation of eye, 

throat problems, genito-urinary disorders, 

gastro-intestinal disorders, gall bladder 

stones etc. [4, 8, 9, 22, 24-28]. Health 

benefits of cardamom as reported by 

several investigations include the 

following:  

Anti-microbial property: 

Noumi et al. (2018) reported that the 

essential oil of green cardamom is effective 

against 25 bacterial species and 7 fungal 

species. Gram positive bacteria are more 

effectively inhibited than the gram negative 

ones. The inhibition zones ranges from 6 to 

41.33mm for bacteria and 14.33 to 

21.67mm for fungi as examined by disc 

diffusion assay [29].Cardamom essential 

oil was also tested for their activity against 

B. cereus, C. albicans, L. monocytogenes, 

P. aeruginosa, S. aureus, S. mutans, S. 

thyphimurium by disc diffusion assay. It is 

found that C. albicans and S. mutans are 

the most sensitive; others are intermediate 

in their sensitivity and P. aeruginosa 

resistant to the oil [30]. Cardamom fruit 

and seed extract can inhibit periodontal 

bacteria, Aggregatibacter actinomycete-

mcomitans, Fusobacterium nucleatum, 

Porphyromonas gingivalis, and Prevotella 

intermedia; P. gingivalis and A. 

actinomycetemcomitans being most and 

least sensitive respectively [31]. 

Anti-diabetic and Cardioprotective 

property: 

Elettaria cardamomum is able to modulate 

the glycemic indexes. Serum concentration 

of insulin, glycated haemoglobin (HbA1c), 

triglyceride (TG), homeostasis model 

assessment (HOMA-IR) are decreased 

where as sirtuin-1 (SIRT1) is increased in 

obese patients (N=38) treated with 

cardamom compared in comparison to 

control (N=37) [32]. Overweight pre-

diabetic women, when fed with 3g of 

cardamom for 2 months, total cholesterol 

and low density lipoprotein (LDL) levels 

decreased but insulin sensitivity increased 

[33].  

Anti-inflammatory and Analgesic 

property:  

Cardamom oil obtained by steam 

distillation of crushed fruits inhibits 

carrageenin induced paw edema in male 

albino rats. It also prevents writhing 

induced by p-benzoquinone exhibiting its 

potent analgesic activity [34]. Hexane 

extract of cardamom inhibits carrageenin 

induced paw edema in male Wistar rats at 

50-100 mg/kg b.w.  It also successfully 

inhibits NO production in serum; COX-2 

enzyme in peripheral blood mononuclear 

cells (PBMC); COX-2, TNF-α and IL-6 
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protein in tissue homogenates from rat paw 

[35]. Cardamom fruit and seed extract 

inhibits IL-1β, TNF-α and IL-8. The 

reduction in inflammatory mediators is 

possibly due to the dose dependent 

inhibition of NF-κB pathway in U937 cells 

stimulated with lipopolysaccharide (LPS) 

[31]. Aqueous extract of cardamom (50 and 

100 µg/ml) causes an increase in IL-10 and 

IL-4 in a dose dependent manner in 

presence of Concanavalin A (Con A). It (1-

100 µg/ml) also inhibits LPS and IFN-ɤ 

induced TNF-α and IL-6 production in 

splenocytes obtained from BALB/c mice, 

thus up-regulating Th2 and down-

regulating Th1 in its attempt to bring down 

inflammation. Another important 

inflammatory mediator like NO is also 

reduced [36]. 

Anti-oxidant property:   

In vitro studies have demonstrated that 

hexane extract of E. repens inhibits free 

radical generation, increases metal 

chelating activity, reduces ferri to 

ferrocyanide, and thus increases the total 

anti-oxidant activity. It also prevents 

protein oxidation as seen with bovine 

serum albumin (BSA),  protect plasmid 

DNA from degradation and inhibit lipid 

peroxidation in liver induced by 2,2'-

azobis-2-methyl-propanimidamide 

dihydrochloride (AAPH) and paw 

homogenates induced by carrageenin. It 

also increases the level of superoxide 

dismutase (SOD), catalase and glutathione 

(GSH) in paw homogenates [35]. Nair et al. 

(1998) reported that capsules from 

cardamom can neutralize free radicals due 

to the presence of kaempferol, luteolins and 

quercitin [37].  

Neuroprotection in memory and 

cognition:  

Obesity and brain specific insulin 

resistance may be one of the reasons of 

Alzheimer’s disease. This may be due to 

abnormal GSK3β activation, causing 

accumulation of amyloid beta (Aβ). 

Petroleum ether extract of cardamom can 

alter Alzheimer like conditions in rats 

where type-2 diabetes mellitus has been 

induced. It increases cognitive functions in 

rats as measured by passive avoidance test 

and water maze test. It also decreases 

hippocampal levels of acetylcholinesterase, 

caspase 3 activity, reduces accumulation of 

Aβ and p-tau in brain and increases 

expression of glutamate receptor. It also 

inhibits IL-1β, TNF-α, hippocampal lipid 

peroxidation. It upregulates the activity of 

anti-oxidant enzymes like superoxide 

dismutase (SOD) and glutathione (GSH) 

but downregulates glycogen synthase 

kinase-3beta (GSK-3β) activity in the 

hippocampus [38]. 1,8 cineole extract from 

cardamom seeds (50 and 100 µM) seeds 

inhibits Aβ42 oligomerization  and iron 

induced cell death in SH-ST5Y cells; it is 

more effective than pure 1,8 cineole [39].  
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Anti-cancer property:  

Aqueous extract of cardamom (1-100 

µg/ml) though by itself is not toxic to 

YAC-1 tumour cells, stimulates natural 

killer (NK) cells against YAC-1 cells in a 

dose dependent manner [36]. Oral 

administration of aqueous extract of 

cardamom (500 mg/kg b.w.) inhibits 

tumour multiplicity and burden (fore-

stomach papilloma) in benzopyrene 

induced Swiss albino mice, increases 

antioxidant enzymes like glutathione 

transferase (GST), glutathione peroxidise 

(GPx), SOD, catalase, and inhibits lipid 

peroxidation [40]. 

Gastro protective activity:  

The petroleum ether soluble fraction (50 

mg/kg b.w.) is more potent in reducing 

ethanol induced gastric lesions than the 

insoluble fraction (450 mg/b.w.) obtained 

from the methanolic extract of cardamom. 

The essential oil obtained from the soluble 

petroleum ether fraction (73.3% at 50 

mg/kg) is even more effective than the 

parent (50% at 50 mg/kg) compound in 

reducing gastric ulcers. Similar results have 

been obtained with aspirin induced gastric 

ulcers but in such cases petroleum ether 

soluble fraction is more effective than the 

essential oil [41].  

Cinnamon 

Cinnamon is actually the bark of the 

evergreen tree Cinnamomum 

(Cinnamomum verum, C. cassia or C. 

zeylanicum) belonging to family Lauraceae 

[3, 22]. It is indigenous to South America, 

Carribean Islands and South East Asia 

(India, Sri Lanka, Bangladesh and Nepal) 

[22, 24]. The word cinnamon comes from 

the Greek word “kinnamomon” and its 

genus name Cinnamon is derived from its 

native place “Ceylon”, present day Sri 

Lanka. The spice is actually the inner bark 

of the tree which is carefully harvested 

during the rainy season from the trees 

ageing 25 years or more. Bark from C. 

verum is known as true cinnamon. It is soft 

compared to the others and crumbles easily. 

Bark of C. cassia is harder and difficult to 

grind. Apart from garam masala, it is used 

in several other spice blends such as 

pumpkin pie mix or barbecue rubs to name 

a few. Besides using as a spice, it is also 

used in making candies, potpourris etc. for 

its unique aroma [3]. Traditionally it has 

been used for indurations and tumours of 

liver, abdomen, breast and uterus [42]. It is 

also used as antiseptic, astringent, 

carminative, fungicidal, digestive, 

antidiabetic, neuroprotective etc. [43-48].  

The natural oils and other derivatives 

namely, cinnamate, cinnamic acid and 

cinnamaldehyde (Table 1) seem 

responsible for their protective and 

immunity boosting properties [17, 22], the 

details of which are discussed below: 

Anti-microbial property:  
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Several literatures published during last 

few years have indicated that cinnamon oil 

(C. zeylanicum and C. cassia) is effective 

against a wide range of microbes. Its 

potential role as an anti-microbial agent 

have been demonstrated in different groups 

of pathogenic bacteria such as Bacillus 

subtilis, Clostridium difficile, Enterobactor 

aerogens, Escherichia coli, Hemophilus 

influenzae, Helicobacter pylori, Klebsiella 

pneumoniae, Mycobacterium tuberculosis, 

Pseudomonas aeruginosa, Salmonella 

thyphi, Staphylococcus aureus, 

Streptococcus pneumoniae and Yersinia 

enterocolitica. Cinnamon is also effective 

against wide variety of fungus that includes 

seven species of Aspergillus, five species of 

Candida and three species of Microsporum. 

Anti-fungal activity has also been studied 

against Crytococcus neoformans, 

Epidermophyton floccosum, Hisioplasma 

capsulatum, Mucor plumbeus, Penicillium 

roqueforti and in yeast namely Candida 

lipolytica, Debaryomyces hansenii, 

Saccharomyces cerevisiae, Torulopsis 

utilis, and Zygosaccharomyces rouxii. 

Moreover, it has been claimed in these 

investigations that the cinnamon oil is more 

potent a microbial agent than clove or neem 

oil [17, 49-52]. The essential oil of C. 

zeylanicum is found to be effective against 

human rota virus and the protozoa 

Cryptosporidium parvum [49, 53]. 

Cinnamaldehyde isolated from cinnamon is 

a potent antimicrobial agent. It possibly 

inhibits microbial activity by blocking 

membrane function, cell wall formation and 

affecting the activities of different enzymes 

[54].  

Anti-diabetic property:  

Cinnamon at doses of 5, 10 and 20 mg/kg 

body weight gives protection to pancreatic 

beta cells and enhances insulin secretion. It 

reduces cholesterol in addition to blood 

glucose levels. Methylhydroxychalcone 

polymer, hydroxycinnamic acid 

derivatives, catechin, campherol, quercitin, 

rutin etc. isolated from cinnamon are 

responsible for its anti-diabetic activity [55-

59]. Ethanolic extracts of four types of 

cinnamon, Cinnamomum cassia, C. 

burmanii, C. loureirii, and C. zeylanicum, 

were tested for their alpha amylase and 

alpha glucosidase activity. Cinnamon 

inhibits alpha amylase activity with C. 

cassia showing the highest activity. All the 

extracts show a better performance in 

inhibiting alpha glucosidase with C. 

burmanii having the highest activity. All 

three except C. loureirii also reduce oral 

starch digestion [60]. Furthermore, C. 

zeylanicum also helps in lowering HbA1c, 

low density lipoproteins (LDL) and blood 

glucose along with increase in high density 

lipoproteins (HDL) and circulating insulin. 

Cinnamtannin-B1 obtained from C. 

zeylanicum reduces diabetes by reducing 

absorption of intestinal glucose, increasing 
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cellular uptake of glucose, stimulating 

release of insulin and modulating 

biochemical pathways by upregulating 

glucose metabolism, glycogen synthesis 

and downregulating gluconeogenesis [61]. 

Polyphenols, eugenols, cinnamic acid and 

cinnamaldehyde are responsible for the 

various anti-diabetic properties of 

cinnamon [62].  

Anti-inflammatory property:  

Trans-cinnamaldehyde and p-cymene 

inhibit LPS induced IL-8 in THP-1 

monocytes. It also inhibits NF-κB and 

activator protein (AP-1) in HEK-TLR2 and 

HEK-TLR 4 cells. Trans-cinnamaldehyde 

significantly reduces inducible reporter 

gene secreted embryonic alkaline 

phosphatase (SEAP) in HEK-TLR2 and 

HEK-TLR 4 cells [63]. Trans-

cinnamaldehyde (25-100µM) inhibits LPS 

induced NO, COX-2 and inducible nitric 

oxide synthase (iNOS) in RAW264.7 cells. 

It also inhibits TNF-α, IL-1β and IL-6 in 

the murine macrophage cell line. The anti-

inflammatory effect is mediated by 

inhibiting the ERK, JNK and p38 mitogen 

activated protein (MAP) kinase signalling 

pathways as measured by anti-phospho-

ERK, JNK and p38 antibodies [64]. 2-

hydroxycinnamaldehyde acts as an 

inhibitor in the NF-κB signalling pathway 

[65]. Cinnamon is also effective in treating 

arthritis by inhibiting the mediators of pain 

and inflammation [66].  

Hepatoprotective property:  

Administration of ethanol extract of C. 

zeylanicum (0.01 -0.1 g/kg body weight) to 

male Wistar rats for 28 days prevents 

carbon tetrachloride (CCl4) induced toxicity 

as marked by a decrease in serum aspartate 

transaminase (AST), alkaline phosphatase 

(ALP) and alanine transaminase (ALT) and 

increase in SOD, catalase and total protein. 

Histopathological studies also confirm that 

cinnamon reduces damage induced by CCl4 

in liver tissues though hydropic and 

vacuolar degeneration and lymphocyte 

infiltration at the periphery of central vein 

is observed [67].  The aqueous extract also 

possess hepatoprotective effects but the 

ethanolic extract is better compared 

between the two [68].   

Anti-cancer property:  

Cinnamon is an effective anti-cancer agent. 

It inhibits the growth of various cancer cell 

lines like U937, Wurzburg, Jurkat, cervical 

cancer cell line etc. It up-regulates perforin 

and granzyme levels, various growth 

factors like vascular endothelial growth 

factor-alpha (VEGF-α), fibroblast growth 

factor (FGF), epithelial growth factor 

(EGF), transforming growth factor beta 

(TGF-β), monocyte chemo-attractant 

protein and a number of pro-inflammatory 

mediators like IFN-ɤ, TNF-α [69, 70, 71]. 

On the other hand, it down-regulates 

hypoxia inducible factor-1 alpha (HIF-1α) 

and COX-2 thus preventing angiogenesis 
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[72]. Essential oil inhibits epidermal 

growth factor receptor, matrix 

metalloproteinase-1 and plasminogen 

activator inhibitor-1 (PAI-1) in human 

dermal fibroblast [71]. Eugenol, 

cinnamaldehyde obtained from cinnamon 

are also effective against various cell lines; 

eugenol can be considered potent of the 

two as it is effective against HeLa cells, 

colon cancer cells, HT-29 and HC-T15, 

promyelocytic leukemia cell line, HL-60, 

prostate cancer cell line, PC-3 etc [73-77]. 

Eugenol also inhibits dimethylbenz- 

[a]anthracene (DMBA) croton oil induced 

carcinogenesis beside reducing 12-O-

tetradecanoylphorbol-13-acetate (TPA) 

induced iNOS, COX-2, PGE-2, TNF-α and 

IL-6 [78, 79]. Cinnamon mediates its anti-

cancer activity by encouraging apoptosis. 

Cinnamon and eugenol increase caspase 3, 

8, 9, p53, p21WAF1, Bax, Bid, and inhibits 

Bcl-Xl, Bcl-2 and survivin proteins [75, 79, 

80]. 

Apart from the above mentioned health 

benefits exhibited by cinnamon, essential 

oil of C. zeylanicum obtained from its 

leaves and bark is also used as mosquito 

repellent and to kill the eggs and females of 

human head louse Pediculus humanus 

capitis [81, 82].  

Clove 

Clove is the flower bud of Syzygium sp., 

belonging to the family Myrtaceae. They 

are native of the Spice Islands named 

Maluku of Indonesia [3, 22]. The flower 

bud is picked when bright red and sold as 

spice after drying to give its distinct aroma 

and taste [3]. Clove is named from the 

French word “clou” meaning “nail” due to 

its shape which resembles an irregular nail 

[3, 23, 83]. Due to their unique fragrance, 

they are burned as incense or smoked in 

cigarettes. In the 16th-17th century, the 

British, Dutch, Portuguese and Spanish 

fought between themselves for the 

supremacy of the Spice Islands; such was 

the demand of cloves. The West refers to 

clove as sweet spice whereas in East it is 

used for more zesty preparations [3].  The 

medicinal property of cloves was 

documented in Ayurveda, Chinese 

medicine and Western herbalism.  It is a 

well known as a painkiller for toothaches 

since ages [23, 84]. Traditionally, it is also 

used as an analgesic, anaesthetic, anti-

microbial, antiperspirant, antiseptic, 

antihelminthic, carminative, deodorant, 

digestive, stimulant and against diarrhoea 

and burns [16, 22, 85-88]. Eugenol and 

flavonoids are the active principles 

responsible for the various pharmacological 

properties of cloves (Table 1). The 

activities of the crude extracts and various 

active principles of clove are detailed 

below: 

Anti-microbial Property:  

Clove oil and eugenol is effective against 

both gram negative bacteria like 
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Escherichia coli, Clostridium difficile, 

Pseudomonas aeruginosa, Salmonella 

enteritidis and gram positive bacteria like 

Bacillus cereus, Staphylococcus aureus, 

Streptococcus pneumoniae. Moreover, both 

have antifungal effects on Aspergillus 

flavus, Penicillium expansum, 

Saccharomyces cerevisiae. 1,2,3-triazole 

eugenol glucosides derived from eugenol is 

effective against Micrococcus luteus and 

Salmonella thyphimurium. Eugenil acetate 

is effective against Acinetobacter. It also 

acts as a promising anti-fungal agent. 

Polyhydroxybutyrate-eugenol is effective 

against B. cereus, E. coli, S. aureus bacteria 

and Aspergillus flavus, A. niger, 

Penicillium, Rhizopus [89]. Eugenol affects 

the fluidity and permeability of the fungal 

cell membrane thus disrupting the growth 

of fungi [90]. The anti-microbial activity of 

eugenol is dependent on its ability to 

disrupt cell membrane causing leakage of 

ions and damaging DNA.  

Anti-diabetic Property:  

Powder of clove bud (20 and 40 g/kg b.w.) 

reduces blood glucose levels, carbohydrate 

metabolising enzyme α-glucosidase in 

pancreatic tissue and angiotensin-1 

converting enzyme in Wistar rats on high 

fat diet where type-2 diabetes was induced 

by streptozotocin [91]. Oleanolic and 

maslinic acid derived from clove reduce 

intake of food, blood glucose and ghrelin 

level in diabetic rats induced by 

streptozotocin [92]. 

Anti-cancer property:  

Clove is a potent anticancer agent and is 

effective against various types of cancers 

like breast cancer, cervical cancer, colon 

cancer, liver cancer, ovarian cancer, 

pancreatic cancer, prosprate cancer and 

oesophageal cancer [93]. Ethanolic extract 

of clove inhibited breast cancer and colon 

cancer by arresting cell cycle in the S phase 

and inducing apoptosis [94, 95]. It inhibited 

the growth of HT-29, BEL-7402, SKOV-3, 

PANC-1, DU-145, TE-13 representing 

colon, liver, ovarian, pancreatic, prostate 

and oesophagean cancer cell lines 

respectively [94, 95, 96]. Eugenol 

decreases the viability of HeLa cell lines in 

a dose dependent manner. In HeLa cells 

and cervical cancer cells it induces 

apoptosis by stimulating caspase3, Bax and 

PARP but no change in Bcl2 protein has 

been observed [97]. 

Hepatoprotective and Nephroprotective 

property:  

In diabetic rats fed with clove bud powder, 

liver function enzymes like aspartate 

transaminase (AST) and alanine 

transaminase (ALT) were reduced along 

with reduction in malondialdehyde content 

[91]. The decreased levels of antioxidant 

enzymes, catalase, SOD, GSH and ascorbic 

acid increased after treatment with clove 

[91]. Cold pressed clove oil at 100 and 200 
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mg/kg body weight reduces CCl4 mediated 

toxicity in Wistar rats. It attenuates levels 

of AST, ALT and alkaline phosphatase 

(ALP) along with serum concentrations of 

bilirubin. It also decreases the total lipid, 

total cholesterol, triglycerides, LDL, VLDL 

and lipid peroxidation. HDL level and GSH 

show increase with treatment. Remarkable 

improvement is observed in necrosis and 

degenerated liver tissues after treatment 

though mild degenerative changes subsisted 

at 100 mg/kg b.w and congestion of the 

central blood vessel and sinusoids at 200 

mg/kg b.w has been noticed.  With respect 

to kidney, urea, uric acid and creatinine 

levels decrease and total protein, especially 

albumin and globulin levels increase after 

treatment with clove oil [98].  

Anti-inflammatory and Analgesic 

property:  

Aqueous extract of clove inhibits LPS 

induced lung inflammation by reducing 

ROS generation in human neutrophils, 

myeloperoxidase activity in azurophilic 

granules, metalloproteinase 2, 9 and also 

reducing the neutrophil recruitment in lung 

tissues [99].  3-acetyloleanolic acid, 

derived from clove is the best in pain relief 

as measured by tail flick test; oleanolic acid 

and its other derivatives exhibit similar 

results in reducing pain. In formalin 

induced pain test, 3-acetyloleanolic acid 

again gives the best results. But 

trifluoroacetyl derivatives are observed to 

be better than oleanolic acid. Oleanolic acid 

and all its derivatives significantly reduce 

albumin induced inflammation of hind paw 

in Wistar rats [100].  

Neuroprotective property:  

Clove may be considered as a potent 

neuroprotective agent as many reports on 

its ability to prevent neural disorders are 

available. Some of them are elucidated 

below: 

Alzheimer’s disease: SIRT1 is an 

important molecule in reducing oxidative 

stress which in turn, is responsible for 

Alzheimer’s disease. Ethanol extract of 

clove decreases extracellular and 

intracellular free radical generation and 

increases antioxidant enzymes like GSH, 

SOD and catalase in SH-SY5Y cells where 

neurotoxicity is induced using amyloid 

beta. It also prevents cell death induced by 

amyloid beta toxicity. The extract up-

regulates SIRT1 and decreases ɤ-secretase 

protein thus helping to improve 

Alzheimer’s like condition [101]. 

Schizophrenia: Maslinic acid, obtained 

from clove at 30 mg/kg downregulates 

MK-801, an N-methyl-D7aspartate 

(NMDA) receptor antagonist induced 

hyperactivity in ICR mice. It improves 

sensorimotor gating activity by decreasing 

the amplitude of acoustic startle, increases 

social ability and recognition and prevents 

any adverse effects in the motor system 

indicated by the absence of cataleptic 
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behaviour. It reduces the phosphorylation 

of protein kinase-B, GSK-3β, CREB and 

ERK thus affecting Akt/GSK-3β and 

CREB/ERK signalling pathway [102]. 

Epilepsy: Administration of eugenol 

protects hippocampal neurons of brain from 

excitotoxic, ischemic, and oxidative injury, 

both in vivo and in vitro conditions. The 

protection is due to the ability of eugenol to 

disperse granule cell by suppressing 

activation of mammalian target of 

rapamycin complex 1 (mTORC1) in mouse 

model of epilepsy induced by kainic acid 

[103]. 

Bengali Garam Masala: The spice blend 

A very few investigations are available that 

deal with the evaluation of the bioactive 

potential of the common Indian spice blend 

– garam masala as a whole. Studies reveal 

the beneficial properties of the spice blend 

especially as an antioxidant and as anti-

microbial agent.  

Anti-oxidant property:   

The spice blend shows promising activities 

as an anti-oxidant. Several anti-oxidant 

assays have been performed. DPPH radical 

scavenging assay helps to determine the 

scavenging potential of antioxidant extracts 

based on their capabilities as hydrogen 

donor in tandem with electron transfer. The 

results of DPPH assay of garam masala has 

been found almost equivalent to its 

components except for cardamom. Lower 

activity of cardamom may be due to lesser 

extraction of non-polar bioactives which 

play an important role in DPPH assay. In 

FRAP assay, garam masala scores well 

over its ingredients in regard to the 

reducing capacity. It can be assumed that 

electron transfer mechanism is predominant 

for the spice blend as it is evident from 

FRAP assay. This may be due to the 

presence of polar polyphenols in the spice 

blend and it is also evident from the study 

that polar phenolics are the predominant 

antioxidants present in the aqueous extract 

of garam masala. But on the contrary, 

garam masala shows comparatively low 

level of hydroxyl radical scavenging 

activity than its components and cinnamon 

has the highest capability [4]. 

Antimicrobial property: 

Agar well diffusion method is used to study 

the anti-microbial activity of garam masala 

against some common food borne pathogen 

such as Bacillus cereus, Escherichia coli, 

Staphylococcus aureus and Klebsiella 

pneumoniae. 1:1:1 w/w ratio of the three 

components of garam masala is taken and 

aqueous mixture of different concentrations 

has been prepared. Significant inhibition 

has been achieved at 200 μg/ml 

concentration of the spice mix for both the 

gram-positive and gram-negative bacteria. 

Cinnamon may be the major contributing 

factor for its antimicrobial activity as it 

shows the best antibacterial activity 

amongst the three [4]. Moreover, 
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combination of clove and cinnamon oil is 

effective against both Gram-positive 

organisms (Bacillus cereus, Enterococcus 

faecalis, Listeria monocytogenes, and 

Staphylococcus aureus), and Gram-

negative bacteria (Escherichia coli, 

Pseudomonas aeruginosa, Salmonella 

choleraesuis, and Yersinia enterocolitica) 

[104]. 

CONCLUSION 

Spices have made their way into our daily 

diet since ancient times. They render a 

strong flavour to food even when used in 

minimal quantities. This is beneficial 

because they increase the flavour of food 

without increasing the calories. They also 

add small amounts of minerals and 

micronutrients to diet including calcium, 

iron, magnesium etc. [24].  Optimal use of 

Bengali garam masala in daily cooking is a 

good source of anti-oxidants and has 

antimicrobial properties. Each of the 

individual components is beneficial for 

human health and prevents inflammation, 

cancer, neurological disorders etc. Among 

the three, cinnamon and clove have been 

extensively studied including isolation of 

active components followed by mechanism 

involved. In comparison, fewer studies has 

been found on cardamom and mainly 

executed with the crude extract. The 

preliminary study on the pharmacological 

properties of spice blend, especially the 

Bengali variety, yielded very little 

information. Extensive studies need to be 

done in future to evaluate the immense 

bioactive potential of the blend in 

improving human health. 
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