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Antibacterial activity of Syzygium aromaticum (clove) with metal ion
effect against food borne pathogens
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ABSTRACT

The antibacterial properties of “Syzygium aromaticucommonly known as “Clove” tested
against food borne pathogens (S. aureus, P. aeosginE. coli). Agar diffusion susceptibility
test revealed inhibition zone of clove sample. Compo ethanolic extract, methanolic extract
was showing best result against gram positive cal&taphylococcus aureus (MTCC 2940) and
two gram negative cultures Pseudomonas aeruginbBeCC 2453) and E. coli (MTCC 739).
The MIC value was determined by using broth dilutivethods. Methanolic extract of clove was
subjected to get the MIC against test organismsiaméas found to be 2.31 mg/ml for E. coli,
0.385 mg/ml for Stapylococcus aureus and 0.01 mddmIPseudomonas aeruginosa. The
addition of metal ions (Zih, Cu™, Pb™, Ca™, Mg™, Fe™) along with methanolic extract of
clove samples gave positive results against tegfarosms. The metal ions increased
antibacterial properties of clove samples but aftgtimization at various concentrations it
could not increase the antibacterial activity ofrgales compare to 10%, 20%, 30%.

Keywords: Antibacterial properties, metal ions, ethanolic amethanolic plant extract, zone of
inhibition.

INTRODUCTION

The most common bacteria causing food-borne illreegsEscherichia coli Staphylococcus
aureus Salmonella sp., Salmonella typhimurium Listeria monocytogengsClostridium
botulinum Vibrio vulnificus Vibrio parahaemolyticugand others [1][2][3].Now microorganisms
have become resistance to many antibiotics duad@ased use of drugs, which is decreasing
efficiency of conventional medicines. So, it hasdrae necessary to find out new antimicrobial
agents. Prevention of pathogenic and spoilage migemisms in food is usually achieved by
using chemical preservatives but they are resptengds many carcinogenic and teratogenic
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attributes as well as residual toxicity and witlowging concern of microbial resistance towards
conventional preservatives, consumers tend to bpicdaus of chemical additives and thus the
exploration of naturally occurring antimicrobial rfdood preservations receives increasing
attention [4]. Bacteria have the genetic abilityremsmit and acquire resistance to drugs used as
therapeutic agentsSpices have been defined as plant substances ifrdigenous or exotic
origin, aromatic or with strong taste, used to eweathe taste of foods [5][6].The active
ingredients of plants against microorganisms arstipygome of the secondary metabolites. (
alkaloids, glycosides etc.) that are present imdbace in herbs and spices commonly used in
Indian food preparations. Traditional medicines éhdveen used for many centuries by a
substantial proportion of the population of Indi. [Syzygiunspecies Fam. Myrtaceag have
been reported to possess antibacterial and atdirinfiatory activity [8]. It was reported that the
buds ofSyzygium aromaticurfl.) Merr. & Perry (clove) were used in folk metie as diuretic,
odontalgic, stomachic, tonicardiac, aromatic coratitn properties and condiment with
carminative and stimulant activity[9)Syzygium aromaticumcommonly called cloves, and
locally called ‘kenepeli’ and ‘kanumpari’ by thedi@ and Hausa ethnic groups of central and
Northern Nigeria, respectively, is a common spisediin local beverages in the middle belt and
northern part of the country [10].Clove’s Botanicelme isCaryophyllus aromaticugvhich is
derived from the Latin "clavus”, which means naikedo its resemblance with the shape. The
clove tree is an evergreen tropical plant, whiobw#rs twice every year. Cloves are the
unopened buds and harvested when the outer graesslécalyx) have changed from green to a
yellow pink.

The objective of this study was to evaluate thatiavantimicrobial activity of crude ethanolic
and methanolic extracts of clove and increase thibacterial activity of clove by introducing
metal ions with crude sample in varying ratios agaselected three food-associated bacteria
coli, Pesudomonaaeruginosalgram negative) an8taphylococcus aureifgram positive).

MATERIALS AND METHODS

Collection of plant:
The clove was purchased from local market of Luegkndttar Pradesh in March 2011.

Preparation of ethanolic and methanolic plant extrat:

An extract is a mixture of phytochemicals from gugnt which is obtained by extraction of
specific parts of the plant .Clove was dried inraubator at 37°C for 3-4 days and grinded into
fine powder. Now plant material was dissolved i®o76thanol and 80% methanol (2:15 w/v).
Mixtures were kept in the dark for 3 days at ro@mperature in sterilized beakers wrapped with
aluminum foil to avoid evaporation and exposursunlight was avoided. After 3 days, mixtures
were filtered through Whatman no.1 filter paper &egt it in incubator at 37°C till ethanol or
methanol had completely evaporated from mixtureswNethanolic and methanolic clove
samples were dissolved in tris HCI, pH 8.0 (dowbsteount of remaining mixtures respectively).

Tested microorganisms:

Food associated bacteria were obtained from IMTEGHhandigarh. Subcultures were
maintained by MRD LifeSciences, Luckno®taphylococcus aureugMTCC 2940) a gram
positive andPseudomons aerugino$ITCC 2453),Escheriachia col(MTCC 739), both gram
negative were used.
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Screening of bioactive compounds:

The antibacterial activity of ethanolic and methHan@xtracts of clove against three food-

associated gram positive and gram negative bactersaevaluated by using agar well diffusion

method [11]. Nutrient agar plates were prepareécetbanolic and methanolic extract of clove.

50ul inoculum of each selected bacterium was umifpispreaded on agar plates with the help of
glass spreader, after five minutes three wells @pprately 5mm diameter was bored with the
help of borer. The equal volume (50ul) of antiloftetracycline), distilled water and plant

extract were poured into the wells. The plates virerabated at 37°C for 24 hrs.

Determination of minimum inhibitory concentration (MIC) of ethanolic and methanolic
extracts of clove:

The minimum inhibitory concentration (MIC) is dedith as the lowest concentration of the
antimicrobial agent that will inhibit the visiblerayvth of a microorganism after overnight
incubation [12].MIC of methanolic and ethanolic raxts of cloves were determined by broth
dilution method. A two-fold serial dilution of threethanolic and ethanolic extracts of clove and
garlic were prepared.

Effect of metal ions on antibacterial properties ofmethanolic extract:

Antibacterial activity of plant extract againstekrfood associated bacteria were examined in the
presence of metal ions. Six metal ions led, ir@pper, zinc, calcium and magnesium (1%) were
used. Nutrient agar plates were prepared for eactebum and plant extract. 50ul inoculum of
each selected bacterium was uniformly spreadedgan @lates with the help of glass spreader,
after five minutes three wells approximately Smrandeter was bored with the help of borer.
Wells were filled by methanolic extract with sektt metal ions (50ul) with different
concentrationi.e. first well 10% (45ul methanolic extract + 5ul meian), second well 20%
(40ul methanolic extract + 10pl metal ion) and dhivell for 30% (35l methanolic extract +
15ul metal ion). The plates were incubated at ¥6t@4 hrs.

RESULTS AND DISCUSSION

The growing concern about food safety has receldty to the development of natural
antimicrobials to control food borne and spoilageroorganisms [13]. Cloves were used in
Ayurveda, Chinese medicine and Western herbalisth also as a carminative, to increase
hydrochloric acid in the stomach and to improveigtalsis The ethanolic and methanolic
extracts of clove showed good inhibitory activity comparison of selected antibiotic
(tetracycline) against all three food associatexrtdya.

Tablel: Antibacterial activity of ethanolic extract of clove against food associated gram positive armggam
negative bacteria.

Zone of inhibition (mm.)

Pathogens Tetracycline | Plant extract | Distilled water
Staphylococcus aureus 20 16 0
Pseudomonas aeruginosa 18 20 0
E. coli 0 18 0
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Maximum antimicrobial activity of ethanolic extraof Syzygium aromaticunwas obtained
against Pseudomonas aeruginosahereas least irStaphylococcus aureu®istilled water

showed negative result.

Table 2: Antibacterial activity of methanolic extract of clove against food associated gram positived gram
negative bacteria.

Pathogens

Zone of inhibition

mm.)

Tetracycline

Plant extract

Distilled water

Staphylococcus aureus 20 24 0
Pseudomonas aeruginosa 22 19 0
E.coli 15 20 0

Maximum antimicrobial activity of methanolic exttasf Syzygium aromaticurwas obtained
against Staphylococcus aureuwhereas least irPseudomonas aeruginosaistilled water

showed negative result.
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Comparative study of ethanolic and methanolic extrat

Chart showed that methanolic extract of clove wasirlg maximum antibacterial activity
compare to ethanolic extract.

Table 3: MIC of methanolic extracts of clove againsfood associated gram positive and gram negative

bacteria.
Conc. of methanolic O.D. against O.D. against 0.D. against
Test tube extr.acts (mg/ml) E.coli Pseudomonas aeruginosa | Staphylococcus
(600nm) (600nm) aureus (600nm)
Control 83.33 0.12 0.17 0.15
1 13.89 0.25 0.25 0.20
2 2.31 0.12 0.32 0.28
3 0.385 0.55 0.45 0.20
4 0.064 0.56 0.47 0.40
5 0.010 0.65 0.11 0.50

Table showed that methanolic extract of clove wsubjected to get the MIC against test
organisms and it was found to B81 mg/mlifor E.coli,0.385 mg/mlfor Staphylococcus aureus
and0.01 mg/mlifor Pseudomonas aeruginosa.

Table 4: Metal ions activity with methanolic extrad of clove againstStaphylococcus aureus.

Metal ions | Zone of inhibition (mm)
10% | 20% | 30%
Calcium 20 20 18
Zinc 26 25 26
Copper 21 20 20
Magnesium| 21 20 20
Lead 19 18 17
Iron 20 19 19
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Chart showed that methanolic extract of clove waubjected to get the maximum zone of
inhibition againstStaphylococcus aureus the presence ofinc whereas minimum in the
presence of lead.

Table 5: Metal ions activity with methanolic extra¢ of clove againstE. coli.

Metal ions | Zone of inhibition (mm.)
10% 20% 30%
Calcium 17 17 16
Zinc 18 18.5 19
Copper 21 19 18
Magnesium 24 22 18
Lead 18 19 20
Iron 18 20 15
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Chart showed that methanolic extract of clove waubjected to get the maximum zone of
inhibition againstE. coliin the presence ahagnesiumwhereas minimum in the presence of
calcium.

Table 6: Metal ions activity with methanolic extrad of clove againstPseudomonas aeruginosa.

Metal ions Zone of inhibition (mm.)
10% 20% 30%
Calcium 19 18 20
Zinc 20 20 23
Copper 20 20 19
Magnesium 20 20 20
Lead 21 21 19
Iron 19 19 23
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Chart showed that methanolic extract of clove wsubjected to get the maximum zone of
inhibition againstPseudomonas aeruginosa the presence déad whereas minimum in the
presence of calcium.

Figure 1: Antibacterial activity of ethanolic extract of clove.
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Result indicates that ethanolic extract of clovengle was having maximum antibacterial
activity againsStaphylococcus auretnit it was less as compared to methanolic extract.

Figure 2: Antibacterial activity of methanolic extract of clove
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Escheriachia coli Staphylococcus aureus Pseudomonas awsgi

Result indicates that in ethanolic extract onlyfudifon occur while in methanolic extract clear
zone of inhibition occur an&taphylococcus aureus having maximum zone of inhibition as
compared td®>seudomonas aeruginosadE. coli.

Figure 3: Effect of metal ion on antibacterial progerties of clove (methanolic extract).
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CONCLUSION

Antimicrobial component of clovee. Eugenol, carvacrol and thymol are phenolic compsund
found in cinnamon, cloves, sage and oregano. Tasepce of these compounds in cinnamon
and cloves, when added to bakery items, functiomalsl inhibitors in addition to adding flavor
and aroma to baked productsThe currently used antibiotics (such as ampiilli
chloramphenicol, co-trimoxazole) are becoming isgere to these infections which has
resulted in the treatment of the infectious dissagete difficult. Hence it is required to look for
newer antimicrobial agent. It is clear from thisdst and earlier reports that clove appears to
satisfy all of the criteria for antibacterial agenthis study attempts to increase the antibatteria
activity of clove by introducing metal ions withude sample in varying ratios. Most of the
antimicrobial active compounds that have been ifledtwere soluble in polar solvents such as
methanol and ethanol instead of water [14]. Theltegwantibacterial susceptibility assay shows
promising evidence for the antibacterial effectlmive methanolic and ethanolic extract against
three food associatedStaphylococcus aureus, E.cadind Pseudomonas aerugings@ram
positive and gram negative bacteria respectivehtinicrobial activity of methanolic extract of
clove was better than the ethanolic extract of €lagainst all the test organisms which were
showing better result compare to [15].Methanolitrat of clove showed maximum zone of
inhibition 24mm agains®. aureuswvhile minimum was 19 mm againBt aeuginos. Ethanolic
extract of clove showed maximum zone of inhibitid@ mm againstP. aeuginosawhile
minimum was 18mm againdt. coli. Thus, MIC assay are capable of verifying that the
compound has antibacterial activity and that itegiveliable indication of the concentration of
drug required to inhibit the growth of microorgans Methanolic extract of clove was subjected
to get the MIC against test organisms and it wasdao be 2.31 mg/ml fdg. coli,0.385 mg/ml

for S. aureusand 0.010 mg/ml foP.aeruginosawhich was very less as compare[1s]. The
addition of metal ions and its positive resultsiagiatest organisms showed that at various
concentrations it can not increase the antibad¢tagtivity of samples compare to 10%, 20%,
30% almost zone of inhibition were equal slighthanges were presemethanolic extract of
clove were subjected to get the maximum zone abitibn againstS. aureusn the presence of
zinc, copper and magnesium whereas minimum in tegepce of lead, iron and calcium.

Methanolic extract of clove demonstrated zone bflition of 20mm againsE.coli but in the
presence of metal iongse. copper (10%) and magnesium (10% & 20%), plant aeksr
demonstrated zone of inhibition of 21mm, 24mm aRch& respectively.
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