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ABSTRACT
In this study, antimicrobial effects of plant extract of popular spices like Piper nigrum,
Syzygium aromaticum and Elettaria cardamom on some microorganisms Bacillus subtilis
(MTCC 121), Escherichia coli (MTCC 443), Staphylococcus aureus (MTCC 96), Streptococcus
mutans (MTCC 890), Klebsiella pneumoniae (MTCC 1320) were investigated. For this purpose
extract of Piper nigrum, Syzygium aromaticum and Elettaria cardamom were prepared with
Chloroform, Methanol, Hexane and Ethyl Acetate. The extracts were analyzed for its
bio-efficacy through Disc Diffusion Method. The pooled extracts were concentrated and extracts
were loaded into sterile readymade discs in different volumes of 15µl, 20µl, and 25µl/ disc to
conduct the efficacy. Syzygium aromaticum, which was prepared using Chloroform, has a
strong inhibitory activity on Bacteria studied. 

Key words: Indian Spice, Antibacterial efficacy, Pathogen

Introduction

Spice is defined as a natural compound, or a
mixture of natural compounds that is extracted from
the seeds, fruits, flowers, or trunks (skins, roots,
leaves) of several plants, and added to food in order
to provide colour, taste, smell, or flavour. Spices are
used as substances that increase the taste and
variation of food (Bulduk, 2004; Cakmacki and Celik,
1995). The beneficial health effects of extracts from
many types of plants that are used as seasoning
agents in foods and beverages have been claimed for
centuries. 

Furthermore, some spices are reported to have
bactericidal or bacteriostatic activities. As the spices
and condiments are highly used in the Indian system
of cooking, the consumption of spices and condiments
are at large in India. Popular spices like Piper
nigrum, Syzygium aromaticum and Elettaria
cardamom are almost used in every part of South
India. In this study, the purpose was to examine the
inhibitory effects of above said spices against some
pathogens.

The bio-constituents of the above said spices
were extracted using the solvents such as Chloroform,

Methanol, Hexane and Ethyl Acetate. The extracts
were analyzed for its bio-efficacy against few bacteria.

Materials and Methods

Source of Plant Materials

The spices like Elettaria cardamom
(Cardamom), Piper nigrum (Black pepper) and
Syzygium aromaticum (Clove) available in local
markets were procured. Healthy materials were
selected through handpick. Around 50gms of each
were selected for the extraction of bio constituents.
The infected seeds and flowers of the sample were
removed from the samples procured. The sample
procured was again washed in running tap water for
removing the surface contaminants. The washed
materials are dried at room temperature for couple
of hours. After drying the materials were powdered
using Electric blender. The grounded powder was
used for the extraction purpose using different
solvents.

Source of Microorganisms

Pathogenic microbial cultures of Bacillus
subtilis (MTCC 121), Escherichia coli (MTCC 443),
Staphylococcus aureus (MTCC 96), Streptococus
mutans (MTCC 890), Klebsiella pneumoniae (MTCC
1320) were obtained from Microbial Type Culture
Collection & Gene Bank, Chandigarh, India

Preparation of Plant Extract

The extracts were prepared by cold percolation
method. The plant materials were dried under shade
and grind into fine powder using electric blender.
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From each plant 10 grams of dried powder was
soaked in 50ml of chloroform, methanol, hexane and
ethyl acetate for 96 hours with intermediate shaking.
The plant extracts were filtered through Whatman
No.1 filter paper into pill vials. The extracts were
allowed to dry using rotary evaporator and the
concentration was stored in a refrigerator. The stored
product was dissolved again using a same solvents
for required concentration .The pooled extracts were
concentrated and extracts were loaded into sterile
readymade discs in different volumes of 15µl, 20µl,
and 25µl/ disc respectively and allowed to dry for
24hours at room temperature. 

Disc diffusion method

Mueller Hinton Agar plates were spread with
100 µl of actively growing broth cultures of the
respective test bacteria and are allowed to dry for 10
minutes. The sterile readymade discs loaded with
each extract individually (15 µl/disc, 20 µl/disc, and
25 µl/disc) were imposed on the inoculated plates. The
plates were then incubated at 37°C for 2 days. The

developments of inhibition of zone around the extract
loaded discs were recorded.

Results

The plant extract of Syzygium aromaticum
showed active ability to inhibit the growth of Bacillus
subtilis, Escherichia coli, Staphylococcus aureus,
Streptococcus mutans and Klebsiella pneumoniae for
all the three concentration with four solvents. The
most susceptible organisms were Streptococcus
mutans, they were inhibited by all the extracts. The
most resistive organism was Staphylococcus aureus
with Methanol. 

Whereas, in Elettaria cardamom plant extract
showed most active ability to inhibit the growth of
Bacillus subtilis, Escherichia coli, Staphylococcus
aureus and Streptococcus mutans but negative result
was recorded against the bacteria Klebsiella
pneumoniae for all the three concentration and none
of them showed any zone of inhibition. 

However, the results of Piper nigrum showed
a mild formation of zone against Bacillus subtilis,
Escherichia coli and Staphylococcus aureus with

Table: 1 Antimicrobial activity of some spices against tested bacteria

Syzygium aromaticum

S.
No.

Species Chloroform Methanol Hexane Ethyl Acetate

15µl 20µl 25µl 15µl 20µl 25µl 15µl 20µl 25µl 15µl 20µl 25µl
1 Bacillus subtilis 7 11 15 15 17 21 7 9 13 9 11 13

2 Escherichia coli 11 15 21 7 11 15 9 11 15 9 13 17

3 Staphylococcus aureus 13 17 19 5 7.5 9 13 15 17 9 11 14

4 Streptococcus mutans 21 24 24 18 18 20 18 20 22 9 13 17

5 Klebsiella pneumoniae 13 17 19 9 13 15 9 11 15 9 11 13

Piper nigrum

1 Bacillus subtilis 7 9 9 7 9 11 7 7 9 - - -

2 Escherichia coli 7 9 9 - - - - - - - - -

3 Staphylococcus aureus 7 9 9 - - - - - - - - -

4 Streptococcus mutans - - - - - - - - - 7 7 7

5 Klebsiella pneumoniae - - - - - - 5 5 6 - - -

Elettaria cardamom

1 Bacillus subtilis 7 9 11 7 9 9 - 7 9 - 7 7

2 Escherichia coli 9 11 13 7 7 9 9 13 15 7 9 11

3 Staphylococcus aureus 7 9 11 7 7 7 7 9 11 9 11 14

4 Streptococcus mutans 7 9 11 7 9 9 11 11 13 9 11 13

5 Klebsiella pneumoniae 7 7 7 - - - - - - - - -
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Chloroform extract. However, for all other extracts,
the bacteria showed resistance. The zone of inhibition
recorded for other solvents are of not significant. The
antimicrobial test results of the spice samples are
shown in Table.

Discussion

Spices are reported to have bactericidal or
bacteriostatic activities. The inhibitory effects of
spices are mostly due to the volatile oils present in
their composition (Akgul, 1989; Arora and Kaur,
1999; Vazgecer et al., 2004). Antimicrobial
characteristics of the spices are due to various
chemical compounds including volatile oils, alkaloids,
tannins and lipids that are present in their tissue
(Baytop, 1984 and Con et al, 1998). 

Gram-negative bacteria are more resistant to
the antibacterial activity of essential oils than
Grampositive bacteria (Outtara et al., 1997). In many
studies (Katayama and Nagar, 1960, Pruthi, 1980),
essential oils that contain carvacrol and eugenol have
been shown to exhibit the strongest antimicrobial
activity. Barbosa-Canovas et al. (1998) showed that
cinnamon and cloves had a strong inhibitory activity
against microorganisms.

Essential oils of clove possess antimicrobial
properties (Kalemba and Kunicka, 2003). Clove oil
was effective against E. coli, L monocytogenes, S.
enterica (Friedman et al., 2002). A relationship
between the inhibitory effect of essential oils and the
presence of eugenol was found (Ouattara et al., 1997).
Black pepper (P. nigrum) is used to treat asthma,
chronic indigestion, colon toxins, obesity, sinus
congestion, fever, intermittent fever, cold extremities,
colic, gastric ailments and diarrhea. It has been
shown to have antimicrobial activity (Perez and
Anesini, 1994; Dorman and Deans, 2000). However,
in our study, week zone of inhibition was recorded
against the extracts of Piper nigrum.  This may also
be due to strain difference studied by other authors.
Some investigators noted that sensitivity of
microorganisms to chemotherapeutics differs
according to type of strain (Cetin and Gurler, 1989;
Con et al., 1998).

The main factors that determine the
antimicrobial activity are the type and composition of
the spice, amount used, type of microorganism,
composition of the food, pH value, temperature of the
environment, and proteins, lipids, salts, and phenolic
substances present in the food environment. 

In conclusion, cloves and using cardamom as
antimicrobial additives in food may be useful.
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