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ABSTRACT

The present study demarcates antioxidant and actirbial activities of aqueous extracts of garam alasan

Indian spice blend, and its’ components viz. cl®gzygium aromaticum), cinnamon (Cinnamomum veamd)
cardamom (Elettaria cardamomum), for efficient cambgainst detrimental principles like free radisaand
microbes. The antioxidant assays performed were HDP&lical decolorization assay, ferric reducing emtidant

potential assay, hydroxyl radical scavenging assag determination of total polyphenolic contentstidicrobial

activities were done against common food borne q@ghs like Bacillus cereus, Escherichia coli, Stdptoccus
aureus and Klebsiella pneumoniae. The major commhgsarising out from the study was that the spgitend

showed promising activities in the experimentalgpagters. It could be postulated that electron tfansechanism
was predominant for the spice blend as was eviftemt FRAP assay. This might be due to the coniobubf the
polar polyphenolics in the garam masala as waseawidrom their higher total phenolics contents. Bpéee blend
also showed promising activity against Staphylooscaureus and Bacillus cereus. The major contrifgufiactor

for its’ bacteriostatic activity was mainly duettoe presence of cinnamon, as the individual compiosigowed the
best antibacterial activity amongst the three.
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INTRODUCTION

Dietary spices are proved to be beneficial to hutmealth for their antioxidative, chemopreventivetimutagenic,
anti-inflammatory and immune modulatory effectsoefls via action on gastrointestinal, cardiovasgulespiratory,
metabolic, reproductive, neural and other systebhsHerbs and spices have long been used by mardsridod

additives [2]. Spices are imperative both as fumal food ingredients and nutritional supplemestshay not only
enhance the taste and flavour of foods, but alag lcrucial role as supplementary, complementadysynergistic
components [3]. In addition, spices like pepperd ahilies have also been used for treating sewdisairders by
virtue of their potent medicinal properties [4].sktiry of Indian spices dates back to 5000 yearayasveda the

ancient Indian system of medicine used large nurobepices, alone or in combination, for preventagewell as
curative purposes. Remedial properties of dietpiges described in thRigvedaandAtharvavedgpossibly seem to
be the earliest account of the use of herbs in cresl{5]. The heterogenous collection of volatifelanon-volatile
compounds present in spices, condiments and heapguably contribute significant variety and comleto the

human diet to ensure their therapeutic usagedit.d
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Garam Masala is a combination of some common grepiaks used widely in Indian cuisine as an antiaxi [6].
The spices for garam masala are usually toastedvaemperature to bring out more flavor before hending. It is
usually added to a cuisine near the end of cooKihgre's no single garam masala recipe found amtjnedients
differ according to region as well as cultural prefices. But for the most, garam masala
includes coriander, cumin, cardamom, cloves, blaegper, cinnamon and nutmeg. In the region of thagétic
plains of West Bengal, garam masala is used tchéecombination of cloveSyzygium aromaticuyncinnamon
(Cinnamomum verumand cardamomHB]ettaria cardamomuipn each of which contains remarkable medicinal
properties. Clove, by virtue of its’ principal irggtient eugenol and a few flavonoids, shows antanfatory,
immunomodulatory, antimicrobial, carminative, agittbetic and aphrodisiac properties [7]. Cinnamgngipally
contains natural oils and other derivatives, sugltianamaldehyde, cinnamic acid, and cinnamatadtiition to
being an good antioxidant, anti-inflammatory, aiaietic, antimicrobial, anticancer, lipid-loweringand
cardiovascular-disease-protecting substance, ciandras also been reported to have activities agaésological
disorders, such as Parkinson’s and Alzheimer'sadisg [8]. Cardamom is a commonly used spice thadpslarly
known as ‘Elaichi’ in the Indian households. Itaiso known as ‘Queen of Spices’. The dried cardarfraits can
act as a relief for gastric disorders and heartbitrincreases appetite, and is useful in nausehvamiting.
Cardamom seeds are very effective in treating ngamito-urinary disorders, such as gonorrhea, ngphand
frequent micturation. Cardamom has some role asodjdiac, and is extremely beneficial in overcomilegpression
as a mood elevator [9]. Blending of these threeespihat forms garam masala would therefore indtgymovide a
number of health beneficiary effects due to thesgnee of wide varieties of bioactives having thetdic potentials.
Indeed, garam masala was found to possess behediterts like weight reduction, enhancement inrgpe
metabolism and chemoprevention by modulating hepetiels of cytochrombs and cytochromeysg [5].

Critical review of the literature indicated thatvitro antioxidant studies with clove, cardamom and anoa were
mainly performed with the aqueous alcoholic exsaat the substances. In view of the fact that thiestances
comprise garam masala, which is used in cuisirtes,antioxidant profiling should be done with thagueous
extracts to decipher their actual beneficial ralehhuman nutrition. In the light of above discussithe present
study was designed to analyze antioxidant potemtfabhn experimental mixture of garam masala hawimg
ingredients in 1:1:1 weight-to-weight ratio usirgre commorin vitro tests. The study also was probably the first
to adjudicate the effect of aqueous extracts ofamgamasala and its’ components against some foodebor
microorganisms lik@acillus cereusEscherichia coliStaphylococcus aurewndKlebsiella pneumoniae

MATERIAL AND METHODS

Chemicals

2,2-Diphenyt1-picryl hydrazyl (DPPH) were obtained from Himediaglia. Analytical grade of 2-Deoxy-D-ribose
was obtained from Loba Chemie; thiobarbituric ad@i@A), ascorbic acid, gallic acid, Folin-Ciocaltésusolution,
sodium hydroxide and sodium carbonate were obtafreed Merck, India. Muller Hinton Agar and broth wee
purchased from HiMedia, India. All other reagentsl ahemicals used were of analytical grade procfred local
sources. Deionized distilled water was used iretitée study.

Preparation of samples

The samples (clove, cinnamon, cardamom) were pedcinom local markets of Barasat, Kolkata. The dampere
checked for dirt or any visible damages prior te $tudy. Such samples were discarded. 1 gms edble shmples
were taken in 10 ml solvent (40% aqueous etharegpaately, for the preparation of extract. A sangflgaram
masala was prepared by mixing the three spiceslid Weight-to-weight ratio and extracted in samenmer. After
extraction, the samples were heated for 2-3 mind #en centrifuged at 8000 rpm for 5 mins. The rclea
supernatants were used fowitro antioxidant assays.

DPPH radical decolorization assay

The DPPH assay was performed using a previouslgritbesl procedure [10]. 1 ml DPPH solution (0.1 mivBs
mixed with 0.5 ml sample solution and the decréassbsorbance of the mixture after 20 minutes ofibation in
the dark was monitored at 517 nm in a Systroniestspphotometer (model — 2202). The concentratiah ¢auses

a decrease in the absorbance of initial oxidants8a%p is defined as kg of the samples. Gallic acid was used as
positive control and comparing with its’ 4€and the results were expressed as Gallic acidvalgmits (LM/gm
sample).
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Ferric reducing antioxidant power (FRAP)

Ferric reducing potentials of the samples werenmedtd with a previously established procedure witinor
modifications [11]. Briefly, a maximum of 100 ul ektract solution or standard was mixed with 1.9 oflFRAP
reagent and incubated at’@7for 30 mins. FRAP reagent was prepared by migirigM acetate buffer (pH 3.6), 10
mM TPTZ solution and 20 mM Fegsolution. After the stipulated time period, absorbe was measured at 593
nm in a UV-Vis spectrophotometer (model — Systrer#i202). Gallic acid is used as standard. Restdtexpressed
as Gallic acid equivalents (GAE).

Estimation of total phenolics content

Total phenolic compound contents were determinedhieyFolin-Ciocalteau method [12]. The samples (@lb

were mixed with Folin-Ciocalteau reagent (5 ml,LdfO diluted sample with distilled water) for 5 mand aqueous
sodium carbonate (4 ml, 1 M) was then added. Tleralance of the reaction mixture was then measatréd5 nm

in a UV-Vis spectrophotometer (model — Systroni@®2). Gallic acid was used as standard. The reswdte

expressed in terms of pg gallic acid equivalentégmple.

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging potentials of the saaplvere estimated with a previously described phawewith
minor modifications [13]. Briefly, 10 mM each of £6,.7H,0, EDTA, 2-deoxy-D-ribose and.B, solutions were
prepared in water. 0.2 ml each of above four a@dn@l. sample and/or standard solution was mixed tesatube
and incubated at 8C for 90 mins. HO, solution was added last. After the incubation, 110fr2.8% (w/v) aqueous
TCA solution and 1 ml of 1% (w/v) aqueous TBA s@uatwere added to the reaction mixture and kefitoding
water bath for 20 mins. Development of the pink ochophore was measured at 532 nm in a UV-Vis
spectrophotometer (model — Systronics 2202). Gatlid is used as standard. Results were express8dlkc acid
equivalents (GAE).

Bacterial strains used

The bacterial strains used in this study inclueatillus cereugMTCC 1272),Escherichia coliMTCC 1610),
Staphylococcus aurey81TCC 9542) andKlebsiella pneumoniaéMTCC 9544). The strains were obtained from
IMTECH, Chandigarh, India and preserved at Depantnoé Microbiology, Ramakrishna Mission Vidyamarda]ir
Howrah.

Antibacterial activity assay

The antibacterial activity was measured by agat dilsion method. Each bacterial isolates was/jaesly grown
on sterile Muller Hinton Agar (HiMedia M173) plast 35°C for 24 hours. Single colony of each ofidwdates was
grown in Muller Hinton broth (HiMedia M391) for 3olrs at 35°C. After that, each of the isolates imasulated
with 100ul of standardized inoculums of each bacterium rflitates) and spread with sterile cotton swabslI$V
are 6 mm sizes were made with sterile borer intr atates containing the bacterial inoculums. Dédfe working
dilutions of extracts of clove, cardamom, cinnanaod a 1:1:1 weight-to-weight mixture of the abokieeé were
prepared in sterile water in concentrations of 2Bmb, 50 mg/ml, 100 mg/ml and 200 mg/ml. From thdgerent
dilutions, 50ul solution was poured into the wells of the respectulture plates. The plates thus prepared vedte |
at room temperature for ten minutes allowing tHéugion of the extract into the agar. After incuibatfor 24 hours
at 35C, the plates were observed. If antibacterial #@gtivas present on the plates, it was indicatedrynhibition
zone surrounding the well containing the differgititions of extract and nanoparticles. The zon@bibition was
measured and expressed in millimetres. Antibadtad@vity was recorded if the zone of inhibitioragrgreater than
6 mm. The antibacterial activity results were egpeal in term of the diameter of zone of inhibitaod <9mm zone
was considered as inactive; 9-12mm as partialliyectvhile13-18mm as active and >18mm as very adtlv].

RESULTS AND DISCUSSION

DPPH radical decolorization assay

DPPH assay was used to determine the scavengiegt@btof antioxidant extracts based on their céjigls as

hydrogen donor in tandem with electron transfere Tésults of DPPH radical scavenging assay of ganasala
(GM) and was almost equivalent to its’ componemtsept for cardamom (Fig. 1). A very low value ofdamom

might be due to its’ lesser extraction of non-pdlaractives, which play crucial role in this asshywas already
established that DPPH radical scavenging was mdsthg by the non-polar bioactives of the extrat®§.[Presence
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of cardamom thus provided lesser amounts of noargmbactives in GM, which could have some pharragoal
implications systemically.
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Fig. 1: DPPH radical scavenging activities of GM ad its’ components. Results are expressed as gabicid equivalent
(GAE, mean ofn=3).

Ferric reducing antioxidant power (FRAP)
In this assay, the reduction power of the sampkeaets were indicated by their abilities to tramsééectrons

towards the FRAP reagent. The result showed thatsGdied well over its’ ingredients regarding theiducing
abilities (Fig. 2). It was also observed that th&EGvalue of GM was more than its’ DPPH scavengiaduegs,

indicating that electron transfer to be the forenpd&nomena for their antioxidant potentials.
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Fig. 2: Ferric reducing potential (FRAP) of GM andits’ components. Results are expressed as gallidéequivalent (GAE, mean ofn=3).

Total phenolics content
Total phenolic contents of GM and its’ three comgrais were very close as depicted in Fig. 3 withaaginal

improvement in the GM. This assay is performeddnemus medium and in alkaline conditions, whichidatés
contribution of the polar polyphenolics in theiri@mic states towards antioxidant capacities of ékgacts. The
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results obtained from the present assay thus itetidhat polar polyphenolics were the predominatibaidants in
GM when it is extracted with water, as in cooking.
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Fig. 3: Total phenolic contents of GM and its’ compnents. Results are expressed as gallic acid equift (GAE, mean ofn=3).

Hydroxyl Radical Scavenging assay

The scavenging activity for the most deleteriouiaa was highest for cinnamon (Fig. 4). The atyiwas reduced
in GM. Even cardamom showed better hydroxyl radscalvenging than GM. All these observations indidahat
hydroxyl radical scavenging might be accomplishgdhe non-polar bioactives of the extracts, asrésalts largely
resembled to that of the DPPH radical scavengingrpials of the extracts.
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Fig. 4: Hydroxyl radical scavenging activities of ®1 and its’ components. Results are expressed as timbcid equivalent
(GAE, mean ofn=3).

Antibacterial Activity Assay
The antibacterial properties of aqueous extract&bf and its’ components against four common foodnbo

bacteria were assessed quantitatively by detergnitiie diameter of inhibition zones as shown in &abl All
individual peels extracts and their mixtures in @amtrations of 20Qg/ml showed significant inhibition towards all
the selected bacteria (both gram-positive and gragative) except in case of cardamom agadtnspli. Among the
individual components, clove showed maximum effextess against all selected bacteria.
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Table 1: Bacteriostatic activities of GM and its’ omponents

Sample Concentration of the extragts Diameter of zone of inhibition
(ng/ml) (mm)
S.aureus| E.coll B.cereuys K.pneumonjae
Clove 25 14 - 11 10
5C 17 9 15 16
100 19 12 18 18
200 23 14 22 21
Cinnamon 25 - - 13 9
50 11 9 19 16
10C 16 10 26 18
20C 17 13 3C 21
Cardamom 25 - - - -
50 - 11 - 8
100 9 14 - 12
200 12 21 - 13
GM 25 10 - 8 -
5C 15 10 14 -
100 16 14 16 12
200 18 16 20 14
CONCLUSION

The present study elaborated comparison of thexadtnt and antimicrobial activities of a commomlian spice
blend — garam masala, and it's three componerts,clove, cinnamon and cardamom. The study delutmithe

beneficial activities of the spice and the indivalaomponents to get an understanding about tiffesremt combat
against detrimental principles like free radicaisl anicrobes. The major conclusions arising out ftbmstudy was
that the spice blend showed promising activitiethm experimental parameters. It could be postulttat electron
transfer mechanism was predominant for the spieetbhs was evident from FRAP assay. This mightugeta the
contribution of the polar polyphenolics in the garanasala as was evident from their higher totalnphes

contents. The spice blend also showed promisingigcagainstStaphylococcus aurewmndBacillus cereusThe

major contributing factor for its’ bacteriostatictaity was mainly due to the presence of cinnamas,the
individual component showed the best antibactegtivity amongst the three.
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