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Today antibiotic resistance is turning out to be major challenge for the medical world. Thus, focus shifts to 
medicinal plants and natural sources as an alternative to the antibiotics. Herbal sources of drugs have been of 
interest since ancient times, thus easily accepted by general population. Considering  the rich source and easy 
availability, five common spices (Cardamom-Elettaria cardamomum, Clove- Syzygium aromaticum, Asafoetida- 
Ferula assa-foetida, Oregano- Origanum vulgare, Garlic- Allium sativum) have been selected for the study to 
screen them for their antibacterial property against both pathogenic and non-pathogenic species of Vibrio ( V. 
cholerae, V. parahaemolyticus, and  V. vulnificus, V. mimicus and V. alginolyticus). Extraction of the spices were 
done in three solvents i.e., acetone, ethanol and methanol. The study revealed that the methanolic extracts of 
oregano and garlic showed a distinct inhibitory effect against V.mimicus and V. cholera respectively. Clove, 
cardamom and asafoetida also exhibited a range of activities between intermediate to susceptible. Also, some of the 
extracts of spices showed no activity at all against some or all of the target vibrio species.
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ABSTRACT

INTRODUCTION

It's been almost a couple of centuries, as depicted by 
modern history; our world is under severe threat of 
several water borne bacterial diseases, cholera is one of 
those major concerns. Though the history of cholera 
can be traced back into the era of Gautam Budhha or 
Hippocrates, its 1817 when the first pandemic of 
cholera was documented (WHO, 2015). The bacterium 
invades the human body via ingestion of contaminated 
water and food, usually by fecal materials, and resides 
in human gut, attached by a toxin co- regulated pili 
(TCP produced by tcp gene of V. cholerae). Upon 
attachment, it exerts its effect by producing multi 
subunit cholera toxin which in turn results in water and 
salt loss from the body. If the complication is untreated, 
this drastic fluid loss can lead to severe dehydration and 
finally death (Chakraborty and Nandini, 2015).
Spices are a group of esoteric food adjuncts that have 

been in use for thousands of years to enhance the 
sensory quality of foods, the quantity and variety 
consumed in tropical countries is particularly 
ex tens ive .  These  sp ice  ingredients  impar t 
characteristic flavor, aroma, or piquancy and color to 
foods. It is a common experience that their distinct 
aroma stimulates the appetite. Not only are spices used 
as flavorings and seasonings, but many are also used in 
perfumery, cosmetics and toiletries. In addition, 
several spices have long been recognized to possess 
medicinal properties such as tonic, carminative, 
stomachic antispasmodic, and antihelminthic 
(Nadkarni and Nadkarni, 1976). Although these 
observations are largely empirical, these undoubtedly 
e f f i c a c i o u s  a t t r i b u t e s  h a v e  e a r n e d  t h e m 
pharmacological applications in the indigenous system 
of medicine in India and other countries. 
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Over the past two to three decades many beneficial 
effects of the common food spices on the health have 
been understood. There are also new concerns about 
food safety due to increasing occurrence of new food-
borne disease outbreaks caused by pathogenic micro-
organisms. This raises considerable challenges, 
particularly since there is increasing unease regarding 
the use of chemical preservatives and artificial 
antimicrobials to inactivate or inhibit growth of 
spoilage and pathogenic micro-organisms (Arques et 
al., 2008; Aslim and Yucel, 2007; Brandi et al., 2006). 
Spices can be added to foods in several forms: as whole 
spices, as ground spices, or as isolates from their 
extracts.
Many of the spices used today have been valued for 
their antimicrobial effects and medicinal powers in 
addition to their flavor and fragrance qualities. Most of 
the food borne bacterial pathogens examined was 
sensitive to extracts from plants such as cinnamon, 
clove, garlic, mustard, onion and oregano. The 
antimicrobial compounds in spices and herbs are 
mostly in the essential oil fraction. Shan et al. (2007) 
found that of 46 spice extracts evaluated, more than 
50% exhibited antibacterial activity against food borne 
pathogens (Staphylococcus aureus and Echerichia 
coli). The Gram-positive bacteria were more sensitive 
to the antimicrobial compounds in spices than Gram-
negative bacteria. The extent of sensitivity varied with 
the strain and environmental conditions imposed. 
Certain spices can have a direct effect on the rate of 
fermentation by stimulating acid production in starter 

cultures such as grains, seeds, or nutrient liquids that 
have been well colonized by the microorganisms used 
for the fermentation. Phenols, alcohols, aldehydes, 
ketones, ethers and hydrocarbons have been 
recognized as major antimicrobial components in 
spices (Tajkarimi et al., 2001).
Spices are some of the most commonly used natural 
antimicrobial agents in foods. Addition of spices in 
foods not only imparts flavor and pungent stimuli but 
also provides antimicrobial property (Hirasa and 
Takemasa, 1998; Nevas et al., 2004). Natural 
antimicrobial compounds in spices were found to 
possess antimicrobial activity (Shelef, 1983; Kim et 
al., 1995). Although some researchers have studied the 
antibacterial activity of spices against several species 
of bacteria, few serotypes of Salmonella have been 
tested. In addition, the antimicrobial property of spices 
may differ depending on the forms of spices added, 
such as fresh, dried, or extracted forms.  The objective 
of the present study was to investigate the 
antimicrobial properties of ten of the commonly used 
Indian spices which are consumed by Indians in their 
regular diet. If these spices show some antimicrobial 
property against the fatal diseases causing Vibrio 
species, it could help to curb their growth.

MATERIALS AND METHODS
Collection of Spices
All the 5 different spices were purchased in dried form 
from local vendors in Lucknow (Uttar Pradesh). Table- 
1 lists the spices used for the study:

Table 1: List of the spices with their botanical name

S.No Common Name Botanical  name 

1 Cardamom Elettaria cardamomum 

2 Clove Syzygium aromaticum 

3 Asafoetida Ferula assa-foetida 

4 Oregano Origanum vulgare 

5 Garlic Allium sativum 

 
Preparation of the Extract
Spices were grinded and sieved using cheese cloth. 20 
gm of each of the spices, after grinding were soaked in 
200 ml ethanol, methanol and acetone separately. 
These mixtures were soaked for 48 hrs, with 
intermittent vigorous shaking. The mixtures were then 
filtered and the filtrates were vaporized to dryness and 
stored at 40°C until use.

The Bacterial isolation 
Vibrio species were isolated and identified as described 
earlier by Tiwari and Shankar (2015). Isolation was 
done from water samples and identification of different 
Vibrio spp- V. cholerae, V. parahaemolyticus, and V. 
vulnificus, V. mimicus and V. alginolyticus was done 
using mPCR technique.
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Preparation of bacterial culture  
All the bacterial isolates were separately inoculated in 
a liquid media Tryptone Soya Broth (TSB) and 
incubated at 37°C for 24 hours. These bacterial cultures 
were further used for antibacterial assay.
Screening of spice extracts for their Antibacterial 
activity
The Disc Diffusion method was used for testing the 
antibacterial activity of the spices extract. TSA media 
were prepared, sterilized at 121°C and 15 psi for 20 
min. This media was then spread with 200 µL of the 
bacterial suspension and wells punched in the plates 

0were filled with the extract. After incubation at 37 C for 
24 h, diameters of inhibition zones were measured. 
Each experiment was done in triplicate. Well filled with 
only the solvent (ethanol, methanol and acetone) 
served as negative control whereas as well containing 
50 µg amoxicillin was placed in the plate as a positive 
control.
RESULTS AND DISCUSSION
The results of the agar well diffusion test indicated that 
spice extracts of clove, cardamom, oregano, asafoetida 
and garlic exhibited different degrees of inhibition 
against five isolated and identified Vibrio species (V. 
cholerae, V. parahaemolyticus, and V. vulnificus, V. 
mimicus and V. alginolyticus) as reported in the earlier 
work (Tiwari and Shankar, 2015).The zone of 
inhibitions observed in the study is shown in the Table 
1-5.

It was observed that three extracts (acetone, ethanol 
and methanol) of spices exhibited varying degrees of 
antimicrobial activity against various vibrio species. 
Oregano extracted with methanol showed the highest 
activity with maximum zone (22.1 ± 0.60) against 
Vibrio mimicus (V ).Other extracts which exhibited a M

significant activity were ethanolic (13.2±0.52) and 
acetone (13 ± 0.59) of Cardamom against Vibrio 
alginolyticus (V ) in contrast to the activity reported by A

Britto et al. (2012) where methanolic extract showed a 
significant activity, Asafoetida ethanolic extracts 
against Vibrio cholera (13 ± 0.59) and Vibrio 
parahaemolyticus (16 ± 0.52). The results of this study 
have also shown that a distinct antibacterial activity 
was observed by Clove and garlic extracts. Similar 
zones were observed for clove acetone extracts against 
Vibrio alginolyticus and Vibrio mimicus (20 ± 0.62) and 
21.2 ± 0.6 against Vibrio vulnificus, a similar inhibitory 
effect of clove against Bacillus, Klebsiella, 
Pseudomonas, E.coli, Serratia, Citrobacter, Proteus 
and Staphylococcuswere reported by Sethi  et al. 
(2013) 
Garlic methanolic extract (21.1 ± 0.63) and acetone 
extract (20 ± 0.62) also showed an inhibitory effect on 
growth of Vibrio cholera and Vibrio mimicus which 
was similar to the effect reported by Indu et al. (2006) 
where methanolic extract of garlic showed distinct 
activity against gram negative bacteria.

Figure 1: Antibacterial activity of spices by agar well diffusion method; Media used- Tryptone

Soya Agar media; well size-4 mm (a) Garlic extract activity against V (b)Clove extract activity against V (c)Clove P M 

extract activity against VC

(a) (b) (c) 
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Table 1: Antimicrobial activity of Oregano (Origanum vulgare) extract in 3 different solvents against different 
Vibrio spp.

Oregano (Zone of Inhibition in mm) 

Bacterial Spp. AE EE ME PC NC 

VC 8.10±0.43 12.4±0.68 9.1± 0.39 30±1.0 0.0±0.0 

VP 0.0±0.0 20±0.7 0.0±0.0 33±1.0 0.0±0.0 

VA 6±0.21 6.5±0.20 7±0.34 29±0.71 0.0±0.0 

VM 0.0±0.0 0.0±0.0 22.1±0.60 29±0.71 0.0±0.0 

VV 17.33±0.57 11±0.31 13± 0.52 28.7±0.68 0.0±0.0 

 
* V = C V. cholera; V =V. parahaemolyticus; V = V. vulnificus; V = V. mimicus; V = V. alginolyticusP V M A

*AE= Acetone extract; EE=Ethanol extract; ME= Methanol extract; PC= Positive control; NC=Negative control

**Values are expressed as mean ± standard deviation of the three replicates (n=3); Zone of inhibition not include the diameter of the 

well.

Table 2: Antimicrobial activity of Cardamom (Elettaria cardamomum) extract in 3 different solvents against 
different Vibrio spp.

Cardamom(Zone of Inhibition in mm) 

Bacterial Spp. AE EE ME PC NC 

VC 0.0±0.0 0.0 ± 0.0 0.0 ± 0.0 28.7±0.7 0.0 ± 0.0 

VP 4.1±0.23 3.8±0.18 4.2±0.21 28.7±0.7 0.0 ± 0.0 

VA 13±0.59 13.2±0.52 11.1±0.1 32±0.84 0.0 ± 0.0 

VM 5.4±0.21 0.0 ± 0.0 0.0 ± 0.0 30±0.74 0.0 ± 0.0 

VV 0.0±0.0 10±0.41 5.8±0.33 28.7±0.7 0.0 ± 0.0 

 
* V = C V. cholera; V =V. parahaemolyticus; V = V. vulnificus; V = V. mimicus; V = V. alginolyticusP V M A

*AE= Acetone extract; EE=Ethanol extract; ME= Methanol extract; PC= Positive control; NC=Negative control

**Values are expressed as mean ± standard deviation of the three replicates (n=3); Zone of inhibition not include the diameter of the 

well.

Table 3: Antimicrobial activity of Asafoetida (Ferula assa-foetida) extract in 3 different solvents against 
different Vibrio spp.

Asafoetida(Zone of Inhibition in mm) 

Bacterial Spp. AE EE ME PC NC 

VC 12.6±1.5 13±0.59 0.0 ± 0.0 28.7±0.7 0.0 ± 0.0 

VP 0.0 ± 0.0 16±0.52 7.3±1.4 32±0.84 0.0 ± 0.0 

VA 10±0.41 11.5±0.36 0.0±0.0 30±0.74 0.0 ± 0.0 

VM 8±0.31 0.0 ± 0.0 2.8±0.10 30±1.0 0.0 ± 0.0 

VV 12±0.41 15±0.41 6±0.11 33±1.0 0.0 ± 0.0 

 
* V = C V. cholera; V =V. parahaemolyticus; V = V. vulnificus; V = V. mimicus; V = V. alginolyticusP V M A

*AE= Acetone extract; EE=Ethanol extract; ME= Methanol extract; PC= Positive control; NC=Negative control

**Values are expressed as mean ± standard deviation of the three replicates (n=3); Zone of inhibition not include the diameter of the 

well.
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Table 4: Antimicrobial activity of Clove (Syzygium aromaticum) extract in 3 different solvents against different 
Vibrio spp.

* V = C V. cholera; V =V. parahaemolyticus; V = V. vulnificus; V = V. mimicus; V = V. alginolyticusP V M A

*AE= Acetone extract; EE=Ethanol extract; ME= Methanol extract; PC= Positive control; NC=Negative control

**Values are expressed as mean ± standard deviation of the three replicates (n=3); Zone of inhibition not include the diameter of the 

well.

Clove(Zone of Inhibition in mm) 

Bacterial Spp. AE EE ME PC NC 

VC 0.0 ± 0.0 20±0.62 20.6±0.66 30±0.71 0.0 ± 0.0 

VP 0.0 ± 0.0 19.1±0.61 0.0 ± 0.0 32±0.71 0.0 ± 0.0 

VA 20±0.62 18.3±0.54 16.6±0.52 29±0.64 0.0 ± 0.0 

VM 20±0.62 16.4±0.52 12.3±0.43 29.5±0.64 0.0 ± 0.0 

VV 21.2±0.6 21.8 ±0.71 15.9±0.42 30±0.66 0.0 ± 0.0 

 

Table 5: Antimicrobial activity of Garlic (Allium sativum) extract in 3 different solvents against different Vibrio 
spp.

Garlic(Zone of Inhibition in mm) 

Bacterial Spp. AE EE ME PC NC 

VC 0.0 ± 0.0 18±0.33 21.1±0.63 30±1.0 0.0 ± 0.0 

VP 20.1±0.62 16±0.52 11.3±0.39 32±0.98 0.0 ± 0.0 

VA 0.0 ± 0.0 20.7±0.61 0.0 ± 0.0 29±0.72 0.0 ± 0.0 

VM 20±0.62 18.4±0.32 16±0.52 29.5±0.73 0.0 ± 0.0 

VV 19±0.59 17±0.32 15.7±0.41 30±1.0 0.0 ± 0.0 

 * V = C V. cholera; V =V. parahaemolyticus; V = V. vulnificus; V = V. mimicus; V = V. alginolyticusP V M A

*AE= Acetone extract; EE=Ethanol extract; ME= Methanol extract; PC= Positive control; NC=Negative control

**Values are expressed as mean ± standard deviation of the three replicates (n=3); Zone of inhibition not include the diameter of the 

well.

Some extracts displayed no inhibition zone including 
acetone and ethanol extract of oregano against Vibrio 
parahaemolyticus and Vibrio mimicus. Cardamom 
extract showed zero zone of inhibition against Vibrio 
cholera and Vibrio mimicus.
Spices are heterogeneous collections of a wide variety 
of volatile and non-volatile staple dietary additives. 
India with its wide climatic conditions and 
topographical features naturally possesses wide 
variety of spices which are being used in the diet. These 
spices turn an ordinary meal to an extraordinary 
experience. They contain multiple constituents with 
antimicrobial activity including phenols, quinones, 
flavones, tannins, terpenoids, and alkaloids.  Some 
spices and culinary herbs also possess anti- adhesive 
properties, or substances that prevent the adhesion of 
the microbe to the host tissue, thus preventing the 
primary infection point (Pavithra, 2014).This 

investigation was an effort to explore more such 
properties of spices which could prove beneficial for 
the living beings. As these natural properties of spices 
could be exploited to obtain bioactive components 
which turn out to be potential drugs. 

CONCLUSION
Water is one of the basic need for all living organism, 
microorganism prevalent in water are the major cause 
of water borne diseases. The microorganisms which 
play a paramount role in water borne diseases are vibrio 
species. The aim of this work was to identify certain 
active compounds in spices which could inhibit the 
growth of these fatal microbes. It was  observed that 
few spices extracts contain high antibacterial property 
and can be further explored for the isolation of its 
bioactive compound. 
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Methanolic extracts of Oregano (Origanum vulgare) 
and Garlic (Allium sativum) exhibited significant 
antibacterial property in susceptible range against 
Vibrio mimicus and Vibrio cholera. Since Vibrio 
cholera is one of the microorganisms which have the 
most devastating effect, thus garlic can be good source 
of antimicrobial compounds and in future, it can be 
used to isolate the bioactive molecule and characterize 
using more advanced analytical techniques to identify 
and explore them further. 
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