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ABSTRACT

Three Indian spices, namely Brassica nigra, Cinnammm cassia (Blume) and Cuminum cyminum were exdmine
independently, in their different forms (aqueousaets, essential oils and powdered), for antilesieti potentials
against Escherichia coli (MTCC1687) and Staphytmes aureus (MTCC5021). Spice agar method was oftied
investigating antibacterial potentials of powderedpice samples. Minimum inhibitory concentratiafsthe
powdered spice samples were also determined. Itheasoncentration of spice sample that arrestedgiowth of
test bacteria upto 80 % level of the total incubatperiod of 30 days. Agar well assay was folloveedscreening
of antibacterial potentials of aqueous extracts assential oils Results revealed that essentia ofl spices
arrested bacterial strains most effectively followby powdered forms, while aqueous extracts wersd
ineffective. Among powdered spice samples testechgSia (Blume) most effectively arrested testerid strains
and among essential oils under investigation Branidisplayed widest growth inhibitory zones towarndgrobes
under observation. It was also noticed that S. asr@as more susceptible towards test substancesrmapared to
E.coli.

Keywords: Antimicrobial, Brassica nigra, Cinnamomum cassia, Cuminum cymingpiges.

INTRODUCTION

Food borne illness resulting from the consumptibnfaods contaminated with pathogenic bacteriaheirttoxins

have been of great concern in the public health [There is, however, a strong demand for the attolu of

synthetic chemicals in food preservation sectohis pinion is based on the increased concern aheuhealth
risks associated with the use of artificial preagves. Moreover, interest in improving healtidditness through
natural products is also gaining momentum. At preiehas been estimated that about 80% of thedymopulation
rely on botanical preparations as medicine andepvesive to meet the needs as they are considafed. Spices
are vital culinary adjuncts and beside maskingttaidors, these have been used as preservativesmest,

aphrodisiacs and for the treatment of a varietgilofients, since time immemorial.

Brassica nigra(mustard) is of the familiCrucifereae’,and whole seeds &. nigrahave been used in pickles and
salads as a spice and preservative 3 namomum cassia (Blume&emmonly known as cassia, is a member of
‘Lauraceae’family, and is among the earliest, most populacespsed by mankind. Its dried, scented stem barks
sold as whole sticks are called ‘quills’. Powdeggills are an important ingredient of various spidends and are
used as tonic, stomachic and carminati@eminum cyminunfcumin) is native of Mediterranean region and
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belongs to family Apiaceae’. Its seeds mainly find their application wherécgfoods are prepared and thus
commonly used in Indian, Middle Eastern, Maxicaortéguese and Spanish cookery. In the present ;sthoe
spices viz.Brassica nigra, Cinnamomum cassia (Blunae)}d Cuminum cyminumvere investigated for their
antibacterial effects against two food bornépgéens namelyEscherichia coliandStaphylococcus aureus.

MATERIALSAND METHODS

Procurement of spice samples

Dried seeds oB. nigraand C. cyminunmand dried stem barks df. cassia (Blumeyere procured in a single lot, in
the amounts of 500 g each, from a wholesalerespétler, local market, Hisar, India. These spmmges were
cleaned manually for extraneous material, groungotedered form and were kept in airtight containér$urther
use.

Essential oils of all the three test spigesre procured from Aroma Chemicals, Delhi, Indieod@red essential oils
were stored in the dark amber colored, screw cappass bottles and were kept away from light toicvo
physicochemical changes in their compositions. &Hesttles were closed tightly to check the lossatiles and
were opened only for a shortwhile, whenever reguiRurity of the spice essential oils was assuredbycbmpany
to be more than 99.0 %.

Chemicals and culture media

MacConkey agar, MacConkey broth, Nutrient agar ldottient broth were obtained from Hi-Media Pvt. Ltddia.
Dimethylsulphoxide (DMSO) and Sodium chloride (Nla®ere purchaged from Central drug house (CDH) Pv
Limited, India.

Bacterial cultures

Pure bacterial cultures @&scherichia coliMTCC1687) andStaphylococcus aureyTCC5021), were obtained
from Microbial Type Culture Collection (MTCC), Initte of Microbial Technology (IMTECH), Chandigardmdia.
The reference bacterial strains were maintainethem respective media slants, subcultured bimgrithmaintain
their viability and were stored at 4% C. Culture media viz. MacConkey agar and MacConkeytbwere used for
E.coli, while Nutrient agar and Nutrient broth were utilized &raureusTemperatures of incubation f&. coli
and S. aureuswere 48C and 37 C respectively. Culture media and incubation tenapees of bacterial strains
followed in present study were as per MTCC reconuaéons.

Inoculum preparation
A flamed sterile wire loop was used to dislodgeltdvens of test bacterial strains from their resipecpure culture
slants (24h. old) with 10 ml of sterilized nornsalline (NaCl, 0.85% (w/v)) solution under asemtimnditions.
Bacterial suspensions were adjusted with the sasheian to contain approximately 1x1@fu /ml and were
utilized the same day.

Prepear ation of aqueous spice extracts

Aqueous extracts of powdered spice sampldés. ofigra and C.cyminumwere prepared [4]. Powdered spice samples
were steeped overnight (temperature: 24-27°C)adriligied distilled water in a ratio of 1:1 (w: \pllowed by their
homogenization in a blender at high speed for 2. rfiime homogenized spice mixtures were filtered uglo
Whatmann No. 1 filter paper. Filtrates thus obtdjneere sterilized by passing through syringe rilteontaining
0.45 um pore size membrane filters under asepfiditions, collected in sterilized glass vials amere stored at
4+1° C. These stored aqueous extracts were furtkeel within the 2 h. of their preparation.

Screening antibacterial activities of powdered forms of spices

Antibacterial activities of powdered forms of spisamples were examined in culture media using spgze
method [5]. Erelenmeyer flasks (100 ml capacityhtaming 20 ml of appropriate media (containing ragand
powdered spices at different concentration levels, (0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5, 3.8, 8.0, 4.5, 5.0, 5.5,
6.0 (%,w/v)), were autoclaved at 121° C for 20 nérsu After autoclaving, spice agar mixtures (eddout still
molten) were poured into sterilized petriplates emaseptic conditions and these plates were kegistumbed for
30 min. for proper setting of agar. Freshly predamdculum of each test microbe at 100 ul leve$ waenly spread
over the entire surface of the respective solidiflreedia in petriplate using a sterile bent glass$. ®eeded
petriplates were incubated in incubator at appat@temperatures and were examined for bactemaity at 12 h.
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intervals, throughout the incubation period of 3ysl A similar experiment was carried out without anycep
sample that served as contrdhe time for initiation of bacterial growth on caoit (without spice samples) and
media supplemented with different concentratiosmtes were recorded.

Deter mination of minimum inhibitory concentration (M1C) values of powder ed spices

MIC values of the powdered spices towards micrabeter observation were determined from the obsensif
spice agar method [6]. For determining MIC valugmcentrations of spices (%, w/v) were plottedxeaxis and
days of inhibition on y-axis of the graph. The dajapsed prior to initiation of microbial growth meesubstracted
from the days taken by the test mold to grow in ¢batrol samples (without spice).The 80% level rafubation
period was calculated first i.e. 24 days, and thdrrizontal straight line was drawn from this letieeintersect the
curve. From the point of intersection a perpendicuine was drawn indicating the minimum inhibitory
concentration of the reference spice samples.

Screening of antibacterial activities of aqueous extracts and essential oils of spices

Agar-well diffusion technique was used [7]. Fresphgpared inoculum (100 ul) of each referencedit strain
was poured in plates with 20 ml of appropriate raediThe petriplates seeded with bacterial straiesevkept
undisturbed for 30 min. for proper solidificationdasetting of agar to facilitate uniform digging wélls. Sterile
cork borer (diameter, 8 mm) was used to bore vielthe solidified media plates previously seedethviacterial
inocula. Subsequently, different volumes of tedtssances (10 ul of essential oilsBrfassica nigra andCuminum
cyminum Aqueous extracts of reference spices were usdthrae different concentration levels. 50 ul, 80 ul
and 100 ul) were introduced into the wells of agkates. Sterilized dimethylsulphoxide (DMSO) insteaf test
samples of spices served as negative control. Tleses were allowed to stand at room temperaturatfleast 1 h.
for the even diffusion of poured components andewecubated without inversion at their respectiveubation
temperatures in incubator for 24 h. After incitrat zones of inhibition formed around the wellsraveneasured in
millimeters (mm) and results were expressed aséteone of inhibition which represented the suibiva of the
diameter of the well (8 mm) from the measured zone.

Statistical analysis
All the experiments were performed in triplicateshwtwo independent trials and the results obtaiwede highly
reproducible. Values of growth inhibitory zones arean +SD (standard deviation) of three replicages=3.

RESULTSAND DISCUSSION

Antibacterial activities of powdered spices

The data pertaining to antibacterial activitiepofvdered forms of spices are presented in TaldBenigraupto its
highest concentration level of 6.0%, remainedfewive in arresting the growth &. coli, and visible growth of
reference bacterial strain in was noticed Bhday of incubation, as in control set of petrigta However, at 2.5%
level, powdered seeds oB.nigra delayed the growth ofS.aureusby 4 days. The inhibition increased with the
increase in the concentration of spice, and atcartration of 6.0%B.nigra arrested the growth 0§. aureusupto
28 days of the total incubation period of 30 d&yscyminundid not produce any growth inhibitory towar@soli
andS. aureusOn the other hand;. cassiaarrested both the test microbes effectively irturel mediaS. aureus
was inhibited by 4 days at 0.8% level ©f cassia,while E.coli was arrested upto 3 days at 1.0% level of
reference spice. A direct and positive relatiopshas noticed between the concentrationG®€assiaand level of
inhibition produced, and at a concentration lexfel6.0%, it inhibitedE.coli and S.aureudor 26 and > 30 days
respectively. It is quite obvious from the resultsat all the three spices under investigation peaed different
growth inhibitory effects towards bacterial strainsder investigation. Exactly why this differentihibition
occurred is not clear, but may be due to differt@mpositions of microbial membranes and their netat
permeability to antimicrobial components of spio&stimicrobial activity of the spices is knownhbe due to their
volatile aromatic secretions known as essential offonsidering the large number of different gsoop chemical
compounds present in the essential oils of spidess, most likely that antibacterial potentialnot attributable to
one specific mechanism but that there are sevangéts in the cell [8]. Hypothesis have been pseddy different
workers which involve: hydrophobic and hydrogemdiog of active compounds to membrane proteins and
partition in the lipid bilayer [9], perturbation ofiembrane permeability consequent to its exparasimhincreased
fluidity causing the leakage of ions and other celttents, inhibition of membrane embedded enzychestruction
of electrons transport systems, disruption of gmanotive force (PMF) and coagulation of cell @ns [10]. Not
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all of these mechanisms are separate targets; soenaffected as a consequence of another mechdrgsmg
targeted.

Results suggest th&. aureuswas inhibited for greater number of days at lowencentrations of spices as
compared td. coli. The greater susceptibility db.aureusmay be due to the absence of an outer membraheim

cell membrane which makes this g+ve bacteria manmesive to external environmental changes such as
temperature, pH , natural extracts, essential anild other antimicrobial substances [11]. On theerotiand, the
lipopolysacharides in the cell membrane &.coli could provide a barrier to many antimicrobial ageméndering
this g-ve bacteria more resistant to certain agiwatis g+veS.aureus

The growth inhibitory efficacy of powdered spidgegheir descending order towards bacterial stosinthe basis of
MIC values (Table 3) and days of inhibition proddcmay be presented &S: cassia (Blume)> B.nigra>
C.cyminum.

Table 1: Inhibitory efficacies of powder ed spice samplestowar ds E.coli and S.aureus

Spice Days of inhibition
Concentration| B. nigra C. cassia C. cyminum
(%,whv) E.coli| S.aureug E.coli S.aures E.cpli S.aurgeus

0.0 2 2 2 2 2 2
0.1 2 2 2 2 2 2
0.2 2 2 2 2 2 2
0.4 2 2 2 2 2 2
0.6 2 2 2 2 2 2
0.8 2 2 2 4 2 2
1.0 2 2 3 5 2 2
15 2 2 5 7 2 2
2.0 2 2 7 11 2 2
25 2 4 9 14 2 2
3.0 2 8 10 17 2 2
35 2 11 12 21 2 2
4.0 2 15 15 24 2 2
4.5 2 19 17 27 2 2
5.C 2 22 20 3C 2 2
5.5 2 26 22 >30 2 2
6.0 2 28 26 >30 2 2

Table 2: Different levels of inhibition produced by dried and powder ed spices against E.coli and S. aureus

Spice concentration (%, w/v)
Level of B. nigra C. cassia (Blume) C.cyminum
Inhibiton | E.coli | S aureus | E.coli | S.aureus | E.coli | S aureus
40 % ND 3.60 3.50 2.08 ND ND
60 % ND 4.89 4.72 3.18 ND ND
80% (MIC) ND 5.25 5.71 4.00 ND ND

ND: Not detected ; MIC: Minimum inhibitory conceation

Antibacterial activities of aqueous extractsand essential oils

Aqueous extracts of reference spices during agdr agsay (Table 3) did not exhibit growth inhdiit zones
against any bacterial strain under observation. passive nature of aqueous extracts may be dubetmon
extraction of the lipophilic antimicrobial comporsmf spices in aqueous phase or may be due tughevolatility
of essential oil components and their subsequesek during the grinding and extraction procedui@eover,
filteration of extracts in the presentvitro study was done through Whatmann filter paper navhich might have
led to the removal of components, responsiblefyrantimicrobial activity.

Zone inhibition assay results show that essentlal of all the spices at 10 ul/well exhibited tdist zones of
inhibition towards bacterial strains under obsaorgtwhile in control samples with DMSO no growtihibitory
zones were detected (Table 3). The diameter of irawhibitory zones varied with the type of micrabstrain and
essential oil implicated in the study. Essentiblob B. nigra gave widest inhibitory zones towards test microbes
followed by C. cassiaand C. cyminum. The antimicrobial properties of essential oils Bfnigra, C. cassiand
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C.cyminumare chiefly attributed to allylisothiocyanate [L2Jnnamic aldehyde [13] and cuminic aldehyde [14],
respectively, however, the extact mechanisms e timodes of action are still not well understotids worth
mentioning here that all the essential oils undeestigation produced wider inhibitory zones tovegBcaureughan
E.coli. Reasons for greater susceptibility ®f aureusare same as mentioned for the antibacterial patenbf
powdered forms of reference spices.

Table 3: Inhibitory effect of aqueous extracts and essential oils of test spicestowardsE.coli and S.aureus

Zones of inhibition (mm)

Spices Bacterial strains Aqueous extracts Essential cils | DM SO
50ul | 80ul | 100ul 10ul 100 ul

B.nigra E. coli 0.00 | 0.00 0.00 25.00+0.20, 0.00
) S.aureus 0.00 | 0.00 | 0.00 41.0040.62 0.00
C. cassia E. coli 0.00 | 0.00 | 0.00 17.10+0.22 0.00
) S.aureus 0.00 | 0.00 | 0.00 39.00+0.34 0.00
C. cyminum E. coli 0.00 | 0.00 | 0.00 15.10+0.78 0.00
) S.aureus 0.00 | 0.00 | 0.00 20.20+0.24 0.00

DMSO: Dimethylsulphoxide
CONCLUSION

Our present results indicate that powdered fornCatassiaand essential oils of all the spices effectivelyrested
food borne pathogens in culture media andy be further considered for their possible agpions in food
processing and preservation sector. Further studiest be undertaken to elucidate the safety, #akahd
organoleptic aspects of essential oils in diffefemod systems before these substances can ladblyelised in
commercial applications. Furthermore, the exacthrarism of modes of action of spice essential silstill not so
well understood, thus, it would be the next lingedearch.
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