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ABSTRACT

The present study was designed to evaluate the antimicrobial activity of
both agueous and methanol extracts of five Indian spices, namely Allium
sativum, Curcuma longa, Zingiber officinale, Caryophyllus aromaticus
and Cinnamomumtamala. All of these have been traditionally used infolk
medicine and are till used in the alternative system of health care. Antimi-
crobial activity of these commonly used Indian spices was tested against
six strains of both Gram positive and Gram negative bacteria, namely
Saphylococcusaureus, Bacillus cereus, Escherichia coli, Vibrio cholerae,
Klebsiella pneumoniae and Pseudomonas aeruginosa. Susceptibility of
the microorganisms to the extracts of these plants was compared. The
result showed that, the methanol extracts of spices exhibited higher
activity against the tested organisms rather than aqueous extract of those
spices. Minimum inhibitory concentration (M1C) of the methanol extract of
selected spiceswas studied. The results showed that the extracts of cloves
and garlic had good inhibitory action than the extract of turmeric and
ginger. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

In contemporary Indian spicesare used to rustle
up scrumptious delicacies. However the Indian spices
aremorethanjust ingredientsto add flavour and aroma
tofood, asoit hasanimportant rolein economy. The
Indian climate supportsthegrowth of an array of spices
and asaresult the nation produces 75 types of spices
out of 109 listed with the International Organizationfor
Standardization (1S0). These spicesare being used not
only for flavouring foods but a soin medicines, phar-
maceutical, perfumery, cosmetic and severa other
indugtries.

For centuries, Indian spices have madeasignifi-
cant contribution both inthe hedth caresystem and the
foodindustry. Ancient Asian literatureisatreasure of
information rel ated to the problems of health careand
other environmental aspects. Indian spiceshave been
used for yearsindifferent traditional formsof medicine
likeAyurveda, Unani and Sino-Tibetian systems. The
Vedic literature (2500 B.C.) is the main source of
information that contributes to the development of
Ayurveda. Particularly in Ayurveda, spices contributed
amajor amount for the treatment of key disorders of
the body. Spices are used as chief ingredientsin the
preparation of Homeopathic medicine. In ancient In-
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dia, natural herbsand spiceswereconsumed either in
food, or used asmedicinein order to maintain proper
sanitation, hedth and hygiene, andtoincreaselongevity
of lifdd.

In thisrespect, spices, such asclove (toothache,
fever and pain), cinnamon (nervous problems, stom-
ach/intestineinfections), mustard, garlic (antiseptic, di-
uretic), ginger (digestivead, cold), mint etc. havebeen
reported to possess very good medicinal properties.
Apart from beingamajor part of the Indian culinary,
spices a so contribute to the modern allopathic sys-
tem of healthcare by providing large number of medi-
cines or parent compounds. Reports indicate that
spices have dual type of action. Short-term effects
includeinflammation, pain, heat, rednessand swell-
ing. Long-term effectsinclude anti-inflammation, an-
algesic, antimicrobial, antioxidant and antimutagenic
actiong?*l,

A largenumber of plantsare used to combat differ-
ent typesof infectiousdiseases and possessantimicro-
bial activity. Inmodern eracharacterised by increasng
consumer choice, self-medication and quest for naturd
therapy, herbal products are used increasingly asan
aternativeto drugsand supplements”. In particular,
extractsfrom many kinds of oriental spiceplantsare
known to possessantimicrobial effect besidesbeing
used for the purpose of food preservation, appetiser
promotion and medicina purposes®i%, Theessentia
oil of severd plantsshowsactivity against severa bac-
teria, like Saphylococcus, Bacillus, Listeria and
Kleisbellal***2, Conner & Beuchat!*¥ studied essen-
tid oilsof thirty-two spicesfor inhibitory effect onthir-
teenfood spoilageandindustrid yeasts. They dsofound
varying degree of inhibitory action amongst various
Spices, somebeng strongly antimicrobia, whileothers
showingnoantimicrobia activity a dl.

In thiscommunication we have reported the anti-
microbid activity of theextractsof fivewiddy used In-
dian spices against some common gram positiveand
gram negetive pathogenic microorganisms.

MATERIALSAND METHODS

Spicesused for antimicrobial activity

Theantimicrobial activity of fivewell-knownand
commonly used Indian spices, namdy garlic, turmeric,
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ginger, cloveand cinnamon leaf wasverified. All the
selected spiceswere procured from thelocal market.
They were categorised into dry and wet spices. Differ-
ent parts of the plants were used enumerated as
follows

Name of Spices Botanical name Part of plant

Garlic Allium sativum Bulb
Turmeric Curcuma longa Rhizome
Ginger Zingiber officinale Rhizome

Clove Caryophyllus aromaticus Buds

Cinnamon |eaf Cinnamomum tamala Leaf

Preparation of plant / spiceextracts

Clean dry spice sampleswere collected in acotton
bags. Thematerid sweregrinded withthehe p of mixer
grinder. Then these materialswere used for the prepa
ration of aqueousand methanol extracts.

a) Prepar ation of aqueousextract

2gmof grinded materid sweremixed with20 ml of
sterile distilled water and kept on arotary shaker for
12 hoursat 30°C. Theresfter, it wasfiltered with the
help of Whatman No. 1 filter paper. Thefiltrate was
then centrifuged at 2000 rpm for 10 min. Thenthe su-
pernatant was collected and stored at 4°C for further
use.

b) Preparation of methanol extract

10 gm of grinded material swere soaked in 30 ml
of 70% methanol and were kept at 30°C for 12 hours
on arotary shaker. After 12 hoursthe previousportion
of added methanol wasevaporated so to makethesame
volume methanol wasadded and thenit was placed on
arotary shaker for another 12 hoursat 30°C. After that
it wasfiltered through Whatman No. 1 filter paper. The
filtratewas centrifuged at 2000 rpm for 10 min. Then
the supernatant was collected and stored at 4°C for
further use.

For M1C determination the supernatant was col-
lected and allowed to evaporate until completely dry.
Then 30 mg of dry extract wasre-suspendedin 1 ml of
70% methanol. Thefina concentration of the extract
was30mg/ml.

Microorganismsused
Two gram positive (Saphylococcus aureus and
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Bacillus cereus) and four gram negative (Escherichia
coli, Vibrio cholerae, Klebsiella pneumoniae and
Pseudomonas aeruginosa) pathogenic bacterial
sampleswere collected from the Department of Mi-
crobiology, Vidyasagar University, Midnapore. The
organismswere sub-cultured in nutrient broth and nu-
trient agar for usein experiment.

InvitroAntibacterial Study

Following methodswere performed to determine
theantimicrobia activity of spiceextracts—

a The modified agar-well diffusion method of
Cappuccino and Sherman*¥ was employed to
sudy theantimicrobid activity of theplant extracts.
3.7% of Muller Hinton Agar wasmixed with hot
distilled water and autoclaved at 15 b pressure
for 15 minutes. After autoclaving, it wasalowed
to cool to 45°C-50°C. Then the medium was
poured into sterilized Petri disheswithauniform
depth of approximately 4 mm. Theagar medium
wasallowed to cool to roomtemperature. To Stan-
dardizetheinoculumsdensity for sengtivity test, a
BaSO, turbidity standard, equivalent to 0.5 Mac
Farland standards were used. For the transfor-
mation of bacteriato Petridishaswab dippedin
standard inoculumswas used. After dipping, the
swab was used to spread the bacteriaon the me-
diainaconfluent lawn. Then the Petri disheswere
left for 3to 5 minutes. Using cork borer, 6 mm
diameter wellsweremadein al theplates. Differ-
ent extracts were added to the groove with one
blank of each. Plateswereincubated for 24 hours
at 37°C. After 24 hours the plates were exam-
ined. Results were recorded as the presence or
absence of inhibition zone. Theinhibitory zone
around the well indicated absence of bacterial
growth and it was reported as positive and ab-
sence of zoneisnegative. The diameters of the
zoneswere measured usi ng diameter measurement
scale. Theeffect of plant extract was compared
with that of standard antibiotic tetracycline and
levofloxacin.

b) Theminimuminhibitory concentration (MIC) was
evauated by dilution method™! on plant extracts
to observe the antimicrobial activity. Anti-
bacterial agents were incorporate in different

concentrationwithliquid media Thesemediawere
inoculated with thetest bacteriaand incubated.
Thelowest dilution at which thereisno growth of
organismsisconsdered sgnificant. Theturbidity
of thetest sampleis measured by spectrophotom-
eter with respect to blank (mediawithout micro-
organism).
Satistical Analysis

Sincethereadingsof control (distilled water) inthe
invitro antibacterial studiesof medicinal spicewere
zero, thedatawasandyzed by s mplearithmetic means
of thedifferent extracts and standard error was com-
pared to the control. No other statistical test was ap-
pliedto show significancesincetheextractswereether
positiveor negativefor theantibacteria studies.

RESULTS

Aqueous extract of Allium sativum,
Caryophyllus aromaticus and Zingiber officinale
showed low activity against most of thetested organ-
isms, except that Zingiber officinaleisnot effective
against Saphylococcus aureus and Bacillus cereus
(Figurel, 4 & 3). But no antimicrobial activity was
noticed with the agueous extract of Curcumalonga
and Cinnamomum tamala against test organisms
(Figure2 & 5).

Themethanol extract of the spicesshowed differ-
ent levelsof antimicrobid activity toward test organ-
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Figurel: Antibacterial activity of Allium sativumin aqueous
and methanol extr actsagaing both gram (+ve) and gram (-ve)
micr oor ganisms.
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isms. Extract of Allium sativum and Caryophyllus
aromaticusshowed highest antimicrobid activity aganst
all thetested organisms (Figure 1 & 4). Themethanol
extract of Curcumalonga and Zingiber officinale ex-
hibited low antimicrobia activity againgt thetest organ-
isms (Figure 2 & 3). Cinnamomum tamala showed
little antimicrobial activity against Saphyl ococcus
aureus, Escherichiacoli, and Klebsiella pneumoniae
(Figureb)

To screen theantibacterial activity against tested
organisms, tetracycline and levofl oxacin were used as
astandard. It was found that levafloxacin (5ug/ml)
showed higher activity thantetracydin (30ug/ml) against
tested microorganisms(Figure6).
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Figure 2 : Antibacterial activity of Curcuma longa in
aqueousand methanol extr actsagainst both gram (+ve) and
gram (-ve) microor ganisms.
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Figure 3 : Antibacterial activity of Zingiber officinale
in aqueousand methanol extractsagaing both gram (+ve) and
gram (-ve) microor ganisms.
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Figure4: Antibacterial activity of Caryophyllusaromaticus
in aqueousand methanol extractsagaing both gram (+ve) and
gram (-ve) microor ganisms.
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Figure5: Antibacterial activity of Cinnamomum tamalain
aqueousand methanol extractsagaingt both gram (+ve) and
gram (-ve) microor ganisms.
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Figure6: Antibacterial activity of Tetracyclin (30pug/ml) and
L evafloxacin (5ug/ml) standards against both gram (+ve) and
gram (-ve) microor ganisms.
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TABLE 1 showed theMIC va uesof methanol ex-
tractsof sal ected spicesand the standard levafloxacin.
Theresultindicatesthat standard antibioticlevafloxacin
has much higher antimicrobia activity thanthefour se-
lected methanol spice extracts. Among the spice
samples, theeffectivenessof inhibitors can be sequenced
asfollowsin descending order against different patho-

gens. Saphylococcus aureus: Clove > Turmeric >
Garlic > Ginger; Bacillus cereus: Clove > Garlic >
Turmeric> Ginger; Escherichiacoli: Garlic> Clove>
Turmeric> Ginger; ibrio cholerae: Clove> Turmeric
> Ginger > Garlic; Klebsiella pneumoniae: Clove >
Garlic>Turmeric > Ginger; Pseudomonasaer uginosa:
Clove> Turmeric> Garlic> Ginger.

TABLE 1: TheMIC of the Allium sativum, Curcuma longa, Zingiber officinale and Caryophyllus aromaticus methanol

extractsand levofloxacin against themicr oor ganisms.

DatarepresentsM ean + Standard Error of Mean.

MIC (mg/ml)
Microor ganisms Allium Curcuma Zingiber Caryophyllus .
sativum longa officinale aromaticus Levofloxacin
Saphylococcus aureus 2.73+0.16 2.08+0.30 478+ 0.34 0.83+0.08 0.041+ 0.006
Bacillus cereus 2.92+0.21 3.25+0.26 3.84+0.51 2.18+0.19 0.070+0.008
Escherichia coli 1.49+0.11 2.92+0.31 3.15+ 036 1.72+0.24 0.061 + 0.005
Vibrio cholerae 3.05+0.29 2.48+0.27 3.01+0.28 153+0.11 0.034 + 0.004
Klebsiella pneumoniae 2.09+0.18 253+0.12 2.93+0.15 1.61+0.17 0.092 + 0.009
Pseudomonas aeruginosa 224+0.24 1.98+ 0.09 2.76+0.24 1.39+0.13 0.065+0.01
than agueousextract of those spices. Methanol extract
DISCUSSION of Alliumsativum, Curcumalonga, Zingiber officinale

Successful prediction of Indian spicesis largely
dependent on thetype of solvent used in theextraction
procedure. Traditionaly medicind Indian spicesareused
primarily withwater butin our sudieswefoundthat tested
spicesextractinorganic solvent (methanol) provided more
consistent antimicrobial activity compared to those
extracted in water, asal so reported earlier!’s17], These
observationscan berationdized intermsof thepolarity
of the compoundsbe ng extracted by each solvent andin
additiontotheir intringc bioactivity. Inthe present sudy,
the antimicrobia activity of agqueous and methanol
extracts of the five spices, namely Allium sativum,
Curcuma longa, Zingiber officinale, Caryophyllus
aromaticusand Cinnamomumtamalawere examined
toaprdiminary screening for antimicrobid activity agangt
six standard bacteria: two gram positive (Saphyl ococ-
cusaureusand Bacilluscereus) and four gram negetive
(Escherichia coli, Vibrio cholerae, Klebsiella
pneumoniae and Pseudomonas aeruginosa). The
resultsof screeningarepresentedin Figure 1-5. Itisclear
that the methanol extract of selected Indian spices
exhibited higher activity againg thetested organismsrather

and Caryophyllus aromaticus showed pronounced
activity agang dl thetested gram positiveand gram nega
tive microorganismsexcept Cinnamomumtamala. It
wassurprisgngthat thereisdifferenceintheantibacteria
activitiesof theextractsof thedifferent gpices. Thiscould
be dueto the phytochemicad differencesbetween them.
Inour study it wasfound that clove, garlicand turmeric
showed higher antimicrobid activity than ginger. Among
them clove extract showed excellent antibacterial
activity in the present investigation. According to a
review by Snyder*®, similar observationsweremade
where cloves, cinnamon and mustard were recognised
asstrong antimicrobia agents, whileginger and mint as
weak ones. Arora& Kaurt*? tested various spicesfor
antimicrobid activity of thedifferent spicestested; only
garlic and clove were found to possess antimicrobia
activity. Rheeet al.[ reported that clove showed strong
activity towardsE. coli and B. cereus, but reatively less
towards S aureusat 0.5% and 1% concentrations. The
potent antimicrobia activity of clove can be predomi-
nantly attributed to eugenol. These are the phenolic
componentsof clove, whichrender themeffectiveaganst
thetested micro-organisms. Thiswasconfirmed by Farag
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et al.l?Y, where eugenol, amajor component of clove
wasfoundto limit thegrowth of B. cereusby inhibiting
the production of certain enzymesneeded for itsgrowth.
Bhak et al.[?? showed cloveto have strong inhibitory
actions, whilemustard and garlic had only dight antimi-
crobial activity. Figure 1-5 clearly indicatesthat clove
was the most active against all the tested organisms
except E. coli. Whereasgarlicisthemost activeagainst
E. coli. These results are corroborated by some
researchers who believe that Allicin is the principal
antimicrobia compound of freshly crushed garlicd@24,
Inasimilar study carried out by Adler & Beuchat®, the
addition of garlic to a food substrate enhanced the
inactivation of E. coli at varyingtemperatures.
Aswehavefound better result with methal onic ex-
tract of Allium sativum, Curcuma longa, Zingiber
officinale and Caryophyllus aromaticus against most
of thetested pathogens. So, theMIC va ues of methanol
extracts of those spices were performed (TABLE 1).
The results showed that the MIC of Allium sativum
extract against al thetested organismsvaried between
1.49+0.11 and 3.05 + 0.29, MIC of Curcuma longa
extract againg dl thetested microorganismsranged be-
tween 1.98 + 0.09 and 3.25 + 0.26, MIC of Zingiber
officinaleextract againg dl the tudied microorganisms
varied between 2.76+ 0.24 and 4.78 + 0.34, and MIC
of Caryophyllusaromaticusextract against dl thetested
microorganismsranged between 0.83+ 0.08 and 2.18
+0.19. The standard antibiotic levafloxacin had MIC
values varying between 0.034 + 0.004 and 0.092 +
0.009. Theresultsindicate that standard antibiotic has
stronger activity thanthe plantsextractsusedin thisstudy
(TABLE 1). Thishigher amount of inhibitory activity of
antibiotic may bedueto itspure naturewhereasin crude
extractsof gpices, different non-antimicrobid compounds
werepresent. Arora& Kaur™ reported that the antimi-
crobid effect of garlic extract was gpparent within 1h of
incubation. Theextract killed 93% of Saphylococcus
epidermis and Salmonella typhi within 3h. Ginger
showed very mild inhibitory action against the three
pathogenic bacteriaE. cali, B. cerus, S aereusand was
unableto showed littleor noinhibition on different test
bacteria. Mint wasfound to show better antimicrobial
properties. It strongly inhibited (2% and 3%) thethree
food borne pathogens. Among the dry spices, clovewas
theonly spiceto show completebactericidd effect against
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all three food borne pathogens at 3% concentration.
Fabian et al.,?® tested 10% extracts of cinnamon and
cloveagaing B. subtilisand S aureus. They found cin-
namontobeadight inhibitor, whilecloveagronginhibi-
tor at 1:100 and 1:800, respectively.

Recently, Samy?" used methanolic extracts of gin-
ger whichdid not present antimicrobid effect aganst S
aureus and E. coli. However, Indu et a.?¥, using a
different method of ginger extract preparation, verified
aninhibitory action against E. coli aswell ashigh anti-
microbial activity of garlic extractsagainst E. coli and
Salmonella. Ahmad and Aqil®®® concluded that
ethanolic extracts of garlic did not haveanti-E. coli or
anti-Shigella action. Using another methodology,
Vuddhakul et a.B observed that garlic extractsinhib-
ited the growth of V. parahaemolyticus, E. coliand S
aureus,; however, lemongrassand ginger extractsdid
not show any antimicrobial activity. Such behavior of
theantibacterid actionwasaso verifiedby Adonizio et
al .'®1, who used lemongrass extracts and did not ob-
serveantibacteria effects.

Comparisonswith pertinent datafrom literature
indicate that, the methodol ogy adopted in studieson
antimicrobid activity showed themost diverseresults.
Pant extractshave shown different inhibitory effect on
the growth of the bacteria studied. It is therefore
recommended that the natureand number of theactive
antibacterial principles should be considered during
examining each plant extract.

It can be concluded that the results of the present
study givesan ideaabout the antimicrobial activity
of clove, garlic, turmeric and ginger against thetest
strains. These spices act through their natural inhibi-
tory mechanismseither by inhibiting or killing the
pathogens completely. With theincreasing awareness
of peopletowards natural food and natural thera-
pies, spices might act asthe most obvious alterna-
tive. In developing countrieslikeIndia, where spices
are produced and used asfood additives, their use
asantimicrobial agentsand potential preservatives
can be extremely useful.
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