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ABSTRACT

In this study, the antimicrobial potential of salteextract combination (water-acetone, water-etHamohanol-
acetone) of four Indian food spices; Mango ging@urcuma amada), Black cumin (Nigella sativa), Clove
(Caryophyllus aromaticus) and Cinnamon (Cinnamonvenum, synonym C. zeylanicum) were investigatethaga
two microorganisms namely, Bacillus subtilis andpBiylococcus aureus. Each combination of solvetnaexwas
taken in the ration of 1:1, 1:2 and 2:1 separatdysc diffusion method was used to evaluate anthbial activity.
The results indicated that the spices have diffedexgrees of bacterial growth inhibition, dependmg the strains
and combination of solvent extract used.
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INTRODUCTION

In the last few decades, antimicrobial resistaremmes the emerging problem in India as well as\adt the world
[1,2]. This has gain attention to search for fimdimew alternative natural antimicrobial agents Wwhigll be safer
and effective. Moreover, there is a growing demamngong consumers for the use of natural preservative
additives in processed foods [3]. Natural additiees mostly preferred in comparison to chemicakymthetic
additives because, these are safe, flavor enhamckdevoid of any side effects [4]. Various plaxir@&cts are now
becoming popular as natural antimicrobial presérgator additives [5-7]. Spices are one of the mimleadditives
of most of the Indian cuisine since ancient timkede are used in very small amount to impart flavolor, taste
and aroma in food preparation to improve their {adgity [8,9]. Spices are also being used for #itdhg several
food items from deterioration [10]. Several studiase been shown that spices are considered taibleest source
of bio-active antimicrobial compounds [11].

The typical Indian spices like Mango ging&ufcuma amadg Black cumin Nigella sativa),Clove Caryophyllus
aromaticu3 and CinnamonCinnamomum verupsynonymcC. zeylanicumare commonly used for preparation of
curries, pickles, sauces etc. These spices arebalisg known to have some ethno-medicinal or amtrobial
properties [12]. Antibacterial activities of exttaof different plants against various microorgarsshrave been
reported by many scientists [9-15]. Some spicesvepecifically tested for anti-microbial activitifs6-18]. But
there are a few report available about antibadtetivities of different solvent extract of somelexted Indian
spices and herbs [12,18,19,20]. There are hardhyreports available on the synergistic effects ahbination of
different solvent extract of any spice against cammnicrobes.
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In this studies, the antimicrobial activity of comdtion of different solvent extract as well adeliént combination
rations (water and acetone, water and ethanolnettend acetone) of four common Indian spices as;HMango
ginger Curcuma amadg Black cumin WNigella sativa), Clove (Caryophyllus aromaticys and Cinnamon
(Cinnamomum verumsynonymC. zeylanicu were investigated against two most common migaonisms,
Bacillus subtilisandStaphylococcus aureus

MATERIALSAND METHODS

Spice materials. Four typical common Indian spices (Mango gingegdRlcumin, Clove and Cinnamon) in whole
stem, seeds, flower and bark respectively werehased from spice market in Ashokenagar of distrath 24
Parganas, West Bengal, India during May, 2013 angd for separation of dirt and unwanted materiife spices
were washed thoroughly with sterile double didfillwater,sliced and dried in sunlight for five days. Thecep
samples were then ground to fine powder by a méxtmachine. The powder samples were kept in separate
containers and preserved for further use.

Chemicals: All the chemicals used in this study were of ARGRR grade and purchased from E. Merck or SRL,
India. Nutrient Broth power and Agar power wereghased from Himedia, India.

Preparation of solvent extract of spice powder: 1 g of each dried spice powder was sucked with &hslolvent
(water or ethanol or acetone) in a closed glastaauar for 48 hrs at room temperature. The suspansas filtrated
with whatman-1 filter paper. The filtrate was cotked, dried at 25°C, weighted and re-suspendeduibld distilled
water to a final concentration of 10 mg/ml and stbat 4C for further use.

Combination and ratio of solvent extract of spice used in experiment: Ethanol acetone, ethanol water and
acetone water solvent extract combination of eguicessample was used in this study. Furthermoreh ea
combination was taken again in three differentorafi 1:1, 1:2 and 2:1 respectively. The final vokiof 2Qul of
combined solvent exact was used for disk diffust@thod for assaying antimicrobial activity.

Cultivation and preservation of microbial culture:

The bacterial strainBacillus subtilis(BS) andStaphylococcus aureSA) were collected from the Department of
Biotechnology, Bengal Institute of Technology (BlRolkata, West Bengal. Two strains were culturedresh
nutrient agar slant [Ingredients in gmReptic digest of animal tissue 58odium chloride 5.0Beef extract 1.5
Yeast extract 1.5, Agar power 2.5%, pH 7.4 + 0t237AC for 24 hrs for preservation in refrigerator (X6R Active
nutrient broth culture (24 hrs grown at 37°C) wasedifor antimicrobial activity assay.

Spread plate disc diffusion method:

The spread plate disc diffusion method was usedssay antimicrobial activity of spice extract asalibed by
Jorgenseret al[21]. In details,0.2 ml of freshly grown bacterial suspension oftesirain was spread on a lawn of
nutrient agar containing Petri dish with a stehint glass spreader. Sterile whatman no.1 filtpepdisc (6-mm
diameter) was aseptically placed on platesil 20 Spice’s combined solvent extract of differeatio (1:1, 1:2 and
2:1) was aseptically poured on each disc along wsitrile double distilled water as negative andirdds
concentration of streptomycin (2.5, 5, 7.5ud0nl) as positive control. Plates were allowedttnd for 30 mins at
4°C prior to incubation at 37 °C for 24 hrs. The dasen of zone of inhibition (DIZ) was measured aftdrhrs and
represented to nearest mm.

Activity Index determination (A.l):

For the comparative analysis of antimicrobial &attivof combined solvent extract of four spices wijbsitive
control (Streptomycin) again®acillus subtilisand Staphylococcus aureushe DIZ in mm of positive control
having concentration of 1@/ml was used as reference. The activity indexhefantimicrobial activity of the tested
combined solvent extract was determined by usiegdhowing formula:

The activity index of the combined solvent extragainst a specific microbe = [DIZ in mm measurediag a
sample / DIZ in mm of the reference against sanmeahes]

Statistical Analysis:

All the analysis was carried out in triplicate aexpressed as mean = SD. The data obtained werecsedbjto
ANOVA test to determine whether there was significaifference between extract usedifferences were
considered significant when p< 0.05.
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RESULTSAND DISCUSSION

The results of antimicrobial activity of streptomyof various concentration (u§/ml, Sug/ml, 7.5.g9/ml and
10ug/ml) againstBacillus subtilis(BS and Staphylococcus aureu$A are given in Table.1 and Figure.1l. The
highest DIZ (in mm) againsBS and SA is found to be 18.3mm and 17.6mm respdgtif@ streptomycin
concentration of 1jog/ml.

Table.1: Antimicrobial activity of various concentrations (2.5pg/ml, 5pg/ml, 7.5pg/ml and 10pg/ml) of Streptomycin against BS and SA

Microorganisms Concentrgtlon of DIZ (mm)
Streptomycin (ug/ml)

Bacillus subtilis 25 12
5 15
75 17

10 18.3
Staphylococcus aureus 25 13
5 16
75 17

10 17.6

*DIZ-Diameter of zone of inhibition

(BS) (SA)

Figure.l: Disc diffusion plates showing DIZ at various concentrations (2.5pg/ml, 5pg/ml, 7.5pg/ml and 10pg/ml) of Streptomycin against
BSand SA

The results of antimicrobial activity of differecdmbination of solvent extract of Mango ging€ufcuma amada
are represented in Table.2 and Figure.2. From thessssts, it is observed that water acetone extawthination did
not show any measurable DIZ for all combinatiomosaf1:1, 1:2 and 2:1) against both BS and SA imgarison to
water ethanol and ethanol acetone extract combmatAll ethanol acetone extract combination ratiase shown
relatively greater activity index (Al) in comparisdo water ethanol. The highest activity index (Aainst BS is
measured to be 0.490 for 1:2 ratio of combinatibretbanol acetone extract of Mango ginger, whetbassame
against SA is 0.379 for 1:2 ratio of combinatioretiianol acetone extract.

Table.2: Antimicrobial activity of combination of different solvent extract (water, ethanol and acetone) of Mango Ginger against BS and

SA
Combined solvent extract | Ratio of extract used DIZ (mm)
used for microbial assay for microbial assay SA B.S
DIZ | Al DIZ Al
1:1 N.I - N.| -
Water + Acetone 1:2 N.1 - N.I -
2:1 N.| - N.| -
1:1 N.I - 3.3 | 0.202
Water + Ethanol 1:2 3.6 | 0.216] 4.6/ 0.282
2:1 4.3 | 0.259 4 0.2441
1:1 4.3 | 0.259 5 0.30¢
Ethanol+ Acetone 1:2 6.3 | 0.379 8 0.49
2:1 3.6 | 0.216] 4.3] 0.268

*DIZ-Diameter of zone of inhibition, *S.A-Staphytacus aureus, *B.S-Bacillus subtilies,
*N.I-No inhibition zone, *A.l- Activity index
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Figure.2: Disc diffusion plate showing DIZ of ethanol acetone extract combination of Mango ginger against BSand SA

All water acetone and ethanol acetone extract coatioins of Black cumin (Nigella sativa) have shown
considerably better antimicrobial activity (TableaBd Figure.3) against both SA and BS in comparisowater
ethanol combination. From the results, it is obsdrthat all water acetone extract combinations, (I-2 and 2:1)
have shown comparatively highest potential of aictiabial activity in terms of Al against both BSch8A. The
highest Al against BS is measured to be 0.429 forr&tio of water acetone extract combination cddBl cumin
whereas the same against SA is measured to be 2783 ratio of water acetone extract.

Table.3: Antimicrobial activity of combination of different solvent extract (water, ethanol and acetone) of Black cumin against BS and

SA
Combined solvent extract Ratio of extract DIZ (mm)
used for microbial assay | used for microbial assay S-A B.S
DIZ A.l DIZ A.l
1:1 8.3 0.5 6.3| 0.386
Water + Acetone 1:2 6.3 | 0.379] 6.6 0.404
2:1 13 | 0.783 7 0.42¢
1:1 N.I - 46 | 0.282
Water + Ethanol 1:2 N.| - 4.3 | 0.263
2:1 N.I - N.| -
1:1 4.3 | 0.259 5 0.30¢
Ethanol+ Acetone 1:2 3.6 | 0.216 5 0.304
2:1 3.3 | 0.198 5.3 0.32%

*DIZ-Diameter of zone of inhibition, *S.A-Staphybacus aureus, *B.S-Bacillus subtilies,
*N.I-No inhibition zone, *A.l- Activity index

Figure.3: Disc diffusion plate showing DIZ of water acetone extract combination of Black cumin against BSand SA

Table4: Antimicrobial activity of combination of different solvent extract (water, ethanol and acetone) of Clove extracts against BS and

SA
Combined solvent extract Ratio of extract DIZ (mm)
used for microbial assay | used for microbial assay S-A B.S
DIZ A.l DIZ A.l
1:1 N.| - N.| -
Water + Acetone 1:2 53| 0.319] N.I -
2:1 43 | 0.259] N.I -
1:1 46 | 0.277] 5.3| 0.32%
Water + Ethanol 1:2 4 0.240| 4.6| 0.282
2:1 5.3 | 0.319] N.I -
1:1 7 0.421| 4.3| 0.26
Ethanol+ Acetone 1:2 46 | 0.277] 4.3| 0.263
2:1 46 | 0.277 6 0.364

*DIZ-Diameter of zone of inhibition, *S.A-Staphybacus aureus, *B.S-Bacillus subtilies,
*N.I-No inhibition zone, *A.l- Activity index

Clove (Caryophyllus aromaticysis another most commonly used spices in Indiasélvent extract combinations
of Clove (Caryophyllus aromaticyshave shown considerable antimicrobial activityalfle.4 and Figure.4). All
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ethanol acetone extract combinations (1:1, 1:2 2arid considered to have higher antimicrobial paéénin
comparison to other solvent extract combinationiregjaboth BS and SA (Table.4 and Figure.4). Thghést
activity index for 2:1 ratio of ethanol acetonerext of Clove is measured to be 0.368 against B&eds the same
against SA is measured 0.421 for the 1:1 ratidludreol acetone extract.

Figure4: Disc diffusion plate showing DI Z of ethanol acetone extract combination of Clove against BSand SA

The antimicrobial activities of solvent extract Gfhnamon (Cinnamomum verum, synonym C. zeylanicans)
represented in Table.5 and Figure5. It is cleamfrthese results that all ratios of ethanol acetergact
combination (1:1, 1:2 and 2:1) generates significABl¥ against both BS and SA (Table.5 and Figurérb)
comparison to water acetone and water ethanol etxé@mbination. The 1:1 ratio of water acetonerawtt of
Cinnamon have shown highest activity index (0.38@ainst BS whereas the same against SA is meagutsel
0.481 by the 2:1 ratio of water ethanol extract boration.

Table5: Antimicrobial activity of combination of different solvent extract (water, ethanol and acetone) of Cinnamon extract against BS
and SA

Combined golver}t extract used Ratiot_)f ext_ract used for SA DIZ (mm) BS
for microbial assay microbial assay DIz Al DIZ Al

1:1 53| 0.319] 6.3] 0.386

Water + Acetone 1:2 N.1 - 5 0.306
2:1 N.| - 4 0.245
1:1 46 | 0.277] N.I -

Water + Ethanol 1:2 6.6 | 0.397] N.I -
2:1 8 0.481 5 0.306
1:1 43 | 0.259] 4.3| 0.263

Ethanol+ Acetone 1:2 6.3 | 0.379] 4.6] 0.282
2:1 6.3 | 0.379 3 0.184

*DIZ-Diameter of zone of inhibition, *S.A-Staphytecus aureus, *B.S-Bacillus subtilies, *N.I-No initibn zone, *A.I- Activity index

(WA) (WE)
Figure.5: Disc diffusion plates showing DI Z of water acetone (WA) and water ethanol (WE) extract combination of Cinnamon against BS
and SA

Growing concern about food safety it has recertty tb the development of natural antimicrobialsdatrol food
spoilage microorganisms [22]. In the present studgmbined solvent extract was preferred to chedk th
antimicrobial activity of the four common Indianisps which are used frequently for the prepardaitiaiian dishes.
Combination of solvent extract of spices in sevarases [2B demonstrated synergistic or additive effects on
microorganisms. According to Cain [24], synergisitivity suggested different mode of action of twenbining
compounds. It was reported that Mango ginger costainew antimicrobial compound known as difurocuonel
[25], which has highest activity against gram-gesitoacteria. According to Cowan [26], high resista of gram-
negative bacteria to Mango ginger extracts may be @ the presence of outer layer which is compasfed
lipopolysaccharides, and which acts as an effediargier for many hydrophobic molecules. In thespre study it
was observed that combined solvent extract of Majigger did not generate any antimicrobial progsr{iTable.2)
against two popular gram positive microorganisgsaureusandB. subtiliswhich is rather contradictory according
to the previous results [25,26]. Chloroform andaetil extract of Black cumin seelNi@ella sativd was analyzed
for antibacterial activity again§. aureusandB. cereuswhich was previously found to be resistant to etdéht
antibiotics [27]. In the present study, water anetand ethanol acetone extract combination of Btackin seed
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(Nigella sativa have showed greater antimicrobial property (T&)lagainst the strairs. aureuandB. subtilis.|t
was reported that methanolic extract of Clove wasenmeffective antimicrobial property against graosifive
culture, S. aureusin comparison to ethanolic extract [18]. Our studbmonstrated that water acetone and water
ethanol extract combination of Clove exerted bedtgimicrobial activity (in terms of Al, Table.4painst bothS.
aureusandB. subtilisstrains. The antimicrobial activity of cinnamondige to the presence of cinnamaldehyde, an
aromatic aldehyde that inhibits amino acid decaylame activity and has been proven to be activénagaany
pathogenic bacteria [28]. The electronegative bielasf cinnamaldehydemay interfere in biologicabpesses
involving electron transfer and react with nitroggmtaining components, e.g. proteins and nucleidsa and
therefore inhibit the growth of the microorganisf28]. Researchers evaluated antibacterial acts/ieethanol and
acetone extract of Cinnamon bark agafisaureusandB. subtilis It was reported that acetone extract of cinnamon
did not shown any antimicrobial activity agairt aureusand B. subtilis[30]. But in the present study it was
observed that water acetone, water ethanol and@tlzetone extract combination of Cinnamon barhitgted
considerable antimicrobial property (in terms ofiAlTable.5) againss. aureusandB. subtilis These finding may
be due to synergistic effect of combination of sollvextract of Cinnamon which may not generate soleent
extract.

Among the various compounds present in solventaektof spices, phenolic, terpenoids, and alkal@ids very
important compound that exhibited antimicrobial antioxidant effects31,33. Further studies are required to
determine the effective antibacterial compoundmftbese spices and their full spectrum of efficadyese ethno-
medicinal spices or their combination will open thespect of finding new clinically efficient antionobial
compound.
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