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Abstract

Antibacterial activity of clove extracts (Syzygium aromaticum L.) was proven against five diarrhea causing bacteria.
This was further confirmed when compared with commonly used three commercial antibiotics (ciprofloxacin,
tetracycline and erythromycin) as a positive control. Significant differences (P<0.0001) were observed in the effect of
the antimicrobial agents (clove extracts and antibiotics), and in the sensitivities of the bacterial species (P<0.0001) to
the antimicrobial agents. Clove extracts had significant (P<0.001) activity with the acetone extract demonstrating
highest activity followed by antibiotics and other extracts against tested bacteria. The zone of inhibition of clove
extracts was ranged from 7.33 to 12.00 mm whereas in antibiotics, it was 0.00 to 11.67 mm. Of all the bacteria,
Salmonella typhimurium was the most susceptible against all of the extracts as well as concentrations of clove, while
low MIC (180 mgml?) and MBC (680 mgml?) of the extracts were observed against Shigella dysenteriae.
Consequently, clove has a significant antidiarrheal activity and it could be used as an effective antibacterial agent,

alternative to the use of antibiotics.
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Introduction

In developing countries diarrhea is the most common
causes of morbidity and mortality (Amstrong and
Cohen, 1999) and it caused several million of deaths in
the world annually (Field, 2003). Many bacteria, virus
and protozoa have been isolated from diarrhea
patients, especially  Salmonella  typhimurium,
Escherichia coli, Shigella dysenteriae, Proteus
mirabilis (Prescott et al., 2005; Eja et al, 2007),
Yersinia enterocolitica (Okwori et al., 2007), Vibrio
cholera (Zuckerman et al., 2007), Campylobacter
Jejuni, Clostridium difficile (Prescott et al., 2005) etc.
bacteria are responsible for acute and chronic diarrhea.
Antibiotics are the essential part for combating
harmful bacterial infections in vivo (Kaushik and
Goyel, 2008), but repeated and improper uses of
antibiotics resulting drug-resistant bacteria. To
overcome this problem an alternative therapy is very
much needed and researchers are looking for
developing alternative strategies (Sivam et al., 1997).
The World Health Organization (WHO) has included a
programme for the control of diarrhea, which involves
the use of traditional herbal medicine (Snyder and
Merson, 1982). Various herbs and spices have been
recognized by their medicinal value used as an
alternative antimicrobial agent to antibiotics, and
several plants have been reported to be used in treating
and managing diarrhea diseases (Agunu et al., 2005).
Cloves (Syzygium aromaticum L.) are the aromatic
dried flower buds, and several studies have
demonstrated on potent antibacterial effects of clove
(Cai and Wu, 1996; Bae et al., 1998; Li et al., 2005; Fu
et al., 2007). The present study was undertaken for in
vitro controlling of human diarrhea causing bacteria

by clove extracts using agar disc diffusion assay.

Materials and methods

Collection of plants and Antibiotics

Locally available flower buds of Syzygium aromaticum
L. (Common name: Clove, Family: Myrtaceae) and
three commercial antibiotics namely -ciprofloxacin,
(Beximco

tetracycline and erythromycin

Pharmaceuticals Ltd., Bangladesh) were used during

antibacterial study.

Collection of bacterial isolates

Five bacteria with the accession number Salmonella
typhimurium  BMLRU1021,
BMLRU1023, Shigella dysenteriae BMLRU1025,

Proteus mirabilis BMLRU1027 and Yersinia

Escherichia coli

enterocolitica BMLRU1029 were used in this study.
These bacterial strains were isolated and identified
from stool and urine samples (diarrhea associated)
according to Holt et al. (1994) using their respective
standard strain (collected from ICDDRB, Dhaka,
Bangladesh) in Biotechnology and Microbiology
laboratory, Department of Botany, University of
Rajshahi, Bangladesh.

Preparation of crude extracts

Collected clove flower buds were dried for 3 days in
oven under 60°C then crushed into fine powder using
mortar, pestle and electric blender (Nokia, Osaka-
Japan). Ten-gram dried powder of clove was dipped
into 100ml of different organic solvents (methanol,
ethanol and acetone) separately into a conical flask
followed by air tight with rubber corks, and left for 2
days on orbital shaking (IKA Labortechnik KS 250
Basic Orbital Shaker, Staufen, Germany). The well
refined solution was filtrated through Teton cloth and
Whatman No. 1 filter paper in a beaker followed by
evaporation of solvent using water bath (4 holes
analogue, Thermostatic water bath, China) until
formation of semisolid extract. Semi solid extracts
were dissolved into respective solvent and preserved in

airtight screw cap tube at 4°C for further use.

Preparation of antibiotics

Antibiotics solution was prepared as described by
Ekwenye and Elegalam (2005). The commercial
antibiotics ciprofloxacin (500 mg), tetracycline (500
mg) and erythromycin (250 mg) were crushed
manually using mortar and pestle. Ciprofloxacin and

tetracycline were dissolved in 10 ml de-ionized distill
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water separately, and erythromycin was dissolved in 10
ml ethanol (95%). The solutions were preserved at 4°C
until further use.

Antibacterial assay

In vitro antibacterial activity of clove extracts as well as
antibiotics were tested against five studied bacteria
using agar disc diffusion method (Parekh and Chanda,
2007). Under aseptic conditions, sterilized Whatman
no. 1 filter paper discs (6 mm in diameter) were
impregnated with 10 pl of different solvent extracts
(200, 400, and 600 mgml?) as well as antibiotics
(0.02, 0.04 and 0.06 mgml™") followed by air-drying
and placed on seeded nutrient agar plates. 30 ul of
bacterial suspension (108 cfu ml?) was used for
preparing seeded nutrient agar plates. Negative
controls were prepared using respective solvents. The
Petri-plates were incubated at 37°C for 24h. After
incubation, antibacterial activity was determined by
measuring the zone of inhibition in millimeter scale
against the studied bacteria. Each assay was carried

out in triplicate.

Determination of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC)

MIC and MBC of plant extracts were determined
according to Doughari et al. (2007). For MIC
determination, 0.5 ml of varying concentrations of the
extracts (150, 180, 200, 220, 250, 280, 300, 320, 350,
380, 400, 420, 450, 480, 500, 520, 550, 580, 600, 620
and 650 mgml?) were added with nutrient broth (2 ml)
in test tubes, then a loop-full of the test bacteria (108
cfu ml') was introduced. A tube containing nutrient
broth was seeded only with the test bacteria, as
described above, to serve as control. The culture tubes
were incubated at 37°C for 24 h. After incubation, the
tubes were examined for microbial growth by

observing for turbidity.

To determine the MBC, for each set of test tubes in the

MIC determination, a loopful of broth was collected

from those tubes that did not show any growth and
inoculated onto sterile nutrient agar by streaking. All
the plates were then incubated at 37°C for 24 h. After
incubation the concentration at which no visible

growth was seen, noted as MBC.

Statistical analysis

Statistical analysis (ANOVA) was performed using
software SPSS (version 10.0; SPSS Inc., Chicago IL,
USA) and MSTAT (version 2.10; Russell, D. Freed,
Michigan State University, USA) and expressed as
mean + SEM. Least Significant Difference (LSD) test
was used to speculate further if there was a significant
difference within three clove extracts, three antibiotics,
various concentrations, studied bacteria and
interaction effect between them. P values <0.05 were

considered as significant.

Results

The results reveal that studied three concentrations of
clove extract as well as antibiotics have effective
activity against all tested bacteria (Table-1). In clove
extracts, the zone of inhibition was ranged from 0.00
to 12.00 mm. For 200 mgml-, it was ranged from 0.00
to 7.83 mm, 0.00 to 9.67 mm for 400 mgml-, and 7.33
to 12.00 mm for 600 mgml-. In three type of extracts,
acetone gave the best results (10.00 to 12.00 mm)
followed by methanol (7.50 to 9.83 mm) and ethanol
(7.33 t0 9.33 mm) at highest concentration (600 mgml-
1). In case of antibiotics, the zone of inhibition was
ranged from 0.00 to 11.67 mm. For 0.02 mgml~ it was
ranged from 0.00 to 8.67 mm, 0.00 to 9.67 mm for
0.04 mgml-, and 0.00 to 11.67 mm for 0.06 mgml-. In
three type of antibiotics, ciprofloxacin gave best results
(10.5 to 11.67 mm) followed by tetracycline (0.00 to
11.00 mm), while erythromycin did not show any
activity. Statistical results of antibacterial activity of
three clove extracts showed significant differences
(P<0.0001) in efficacy among the bacterial strains (S),
concentrations (C) of clove extracts (E), type of extracts
as well as their interaction cases- SxC, SxE, CxE and
SxCxE (Table 2).
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Table 1. Antibacterial activities of three solvents extract of S. aromaticum L. and three antibiotics.

Zone of inhibition (mm)

Concentrations
(mgml™) S. typhimurium  E.
coli
200 ET 0.00 0.00
ME 0.00 0.00
2 AC 7.33 £ 0.33 7.33 £ 0.33
Q
] 400 ET 7.00 + 0.00 0.00
% ME 8.33£0.33 0.00
% AC 9.33 £0.33 9.33 £0.33
(&) 600 ET 0.33 £ 0.33 7.50 £ 0.29
ME 9.83 + 0.33 7.67 £ 0.66
AC 11.17 £ 0.17 12.00 + 0.58
0.02 CP 8.67 £ 0.33 7.33 £0.33
TC 0.00 0.00
" ER 0.00 0.00
‘% 0.04 CpP 9.67 £ 0.33 9.00 +0.58
=2 TC 0.00 8.67 £ 0.33
E ER 0.00 0.00
0.06 CP 11.00 £+ 0.58 11.67 +0.33
TC 0.00 11.00 + 0.58
ER 0.00 0.00

dysenteriae
0.00
0.00
7.83 £ 0.441
0.00
0.00
9.67 £ 0.33
7.33 £0.33
7.50 + 0.29
11.17 £ 0.44
7.33 +£0.33
0.00
0.00
9.50 + 0.29
0.00
0.00
11.33 £ 0.33
0.00
0.00

P.
mirabilis

0.00
0.00
0.00
7.67 £ 0.33
0.00
8.17+0.44
9.33 £0.33
7.50 £ 0.29
10.00 £ 0.58
7-33 £ 0.33
0.00
0.00

8.33+0.33
0.00

0.00

10.50 + 0.29
0.00
0.00

Y. enterocolitica

0.00
0.00
7.50 £ 0.29
0.00
7.50 £ 0.50
9.33 £0.33
8.00 + 0.58
9.33+0.33
11.33 £ 0.33
7.17 £ 0.33
0.00
0.00

9.33 £0.33
0.00
0.00

10.67+ 0.33
0.00
0.00

ET = Ethanol extract; ME = Methanol extract; AC = Acetone extract; CP = Ciprofloxacin; TC = Tetracycline; ER = Erythromycin. *Data were

representing mean zone of inhibition (mm) + SEM of three replicates.

According to the LSD test results (Table 3), means of
strain, no significant differences were observed among
E. coli, S. dysenteriae and P. mirabilis. But S.
typhimurium and Y. enterocolitica were significantly
different from others and between themselves. Highest
mean value was found against S. typhimurium (6.926)
and decreasing order of sensitivity of selected species
of bacteria against three extracts was Y. enterocolitica
(5.889) > E. coli (4.87) > S. dysenteriae (4.833) > P.
mirabilis (4.741). In case of mean values of
concentration, increasing the concentration level for
extracts had a significant (P<0.05) inhibitory effect on
all test bacteria. The inhibition area that found is larger
as concentration of extracts is increased and highest
for 600 mgml (9.267) followed by 400 mgml- (5.089)
and 200 mgml? (2.00). The mean value of extracts
shown acetone (8.767) was significantly different from
methanol (3.844) and ethanol (3.744), while no

differences ware found between methanol and ethanol.

Table 2. Statistical results (ANOVA) of antibacterial

activity of three clove extract.

Source of Degree Sumof Mean F Value Prob.
variation of squares Square
Freedom
Replication 2 0.104 0.052 0.1718 -
Strains (S) 4 96.94 24.23 8179 0.00
Concentrations 2 1196.99 598.50 2019.93 0.00
C

(Sx)C 8 117.67 14.71 49.64 0.00
Extracts (E) 2 741.92 370.96 1251.98 0.00
SxE 8 204.70  25.59 86.36 0.00
CxE 4 71.06 17.77 59.96 0.00
SxCxE 16 173.70 10.88 36.70 0.00
Error 88 26.563 0.30 - -
Total 134  2629.94 - - -

Like clove extracts, antibacterial activity of three
antibiotics showed significant differences (P<0.0001)
among the bacterial strains (S), concentrations (C) of
antibiotics, type of antibiotics (A) as well as for
interaction items- SxC, SxA, CxA and SxCxA (Table-
4). Mean separation (Table-5) for antibacterial activity
of antibiotics shows that the mean of strain E. coli

(5.296) in the top and significantly different from
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others. Rest of strains shows no differences among
themselves. Here also concentrations of antibiotic were
different from each other. All antibiotics were
significantly different from each other and highest for
ciprofloxacin (9.267) followed by tetracycline (1.311)
and erythromycin (0.00).

Table 3. Analysis of mean data of the antibacterial

activity of three clove extracts.

Variables Growth inhibition diameter (mm)
Strains

S. typhimurium 6.926 A
E. coli 4.87 C
S. dysenteriae 4.833 C
P. mirabilis 4.741 C
Y. enterocolitica 5.889 B
LSD 0.5148
Concentrations

200 mgml 2.00 C
400 mgml 5.089 B
600 mgml+ 9.267 A
LSD 0.3988
Extracts

Ethanol 3.744 B
Methanol 3.844 B
Acetone 8.767 A
LSD 0.3988

Means followed by different letter(s) down the column are
significantly different at P<o0.05. Data values are means of
three replicates.

Table 4. Statistical analysis of antibacterial activity of

three antibiotics.

Source of Degree  Sum of Mean F Value Prob.
variation of squares  Square
Freedom

Replication 2 0.181 0.091  0.5577 -
Strains (S) 4 107.57 26.89 166.91 0.00
Concentrations 2 80.12 40.06 248.63 0.00
EQ.Cx)C 8 63.81 7.98 49.51 0.00
Antibiotics (A) 2 2263.22 1131.61 7023.77 0.00
SxA 8 207.28 25.91 160.81 0.00
CxA 4 48.83 12.21 75.77  0.00
SxCxA 16 102.36 6.40 39.71  0.00
Error 88 14.319 0.16 - -
Total 134 2887.66 - - -

The MIC and MBC results of clove extracts are
presented in Table 6. The results reveal that MIC
values were ranged from 180 (S. dysenteriae) to 620
mgml? (E. coli and S. dysenteriae). For ethanol

extract, it was ranged from 400 (P. mirabilis) to 620

mgml? (E. coli and S. dysenteriae), 400 (S.
typhimurium) to 600 mgml* (E. coli, S. dysenteriae
and P. mirabilis) for methanol, and 180 (S.

dysenteriae) to 400 mgml- (P. mirabilis) for acetone.

Table 5. Analysis of mean data of the antibacterial

activity of three antibiotics.

Variables Growth inhibition diameter (mm)
Strains

S. typhimurium 3.259 B
E. coli 5.206 A
S. dysenteria 3.13B
P. mirabilis 2.907 B
Y. enterocolitica 3.037B
LSD 0.3782
Concentrations

0.02 mgml-+ 2.533C
0.04 mgml- 3.633 B
0.06 mgml+ 4.431 A
LSD 0.293
Antibiotics

Ciprofloxacin 9.267 A
Tetracycline 1.311 B
Erythromycin 0.000C
LSD 0.293

Means followed by different letter(s) down the column are
significantly different at P<0.05. Data values are means of three
replicates.

In three types of extract, acetone extract gave lowest
MIC value (180 mgml?) against S. dysenteriae
followed by methanol and ethanol (400 mgml). In
case of MBC values, it was ranged from 220 to 680
mgml?! under the same strain (S. dysenteriae). For
ethanol extract, it was ranged from 450 (S.
typhimurium and P. mirabilis) to 680 mgml! (S.
dysenteriae), 450 (S. typhimurium) to 650 mgml— (E.
coli, S. dysenteriae and P. mirabilis) for methanol and
220 (S. dysenteriae) to 450 mgml? (P. mirabilis) for
acetone. In three types of extracts, acetone extract gave
lowest MBC value (220 mgml) against S. dysenteriae

followed by methanol and ethanol (450 mgml-).

Discussion

Although, the primary purpose of spices is to impart
flavor and piquancy to food, the medicinal,
antimicrobial and antioxidant properties of spices have
also been exploited (Souza et al., 2005). Cloves are

antimutagenic (Miyazawa and Hisama, 2003), anti-
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inflammatory (Kim et al., 1998), antioxidant (Chaieb et
al., 2007a), antiulcerogenic (Bae et al., 1998; Li et al,,
2005), antithrombotic (Srivastava and Malhotra, 1991)
and antiparasitic (Yang et al., 2003). On the basis of
this information, antibacterial activities of clove
extracts were evaluated for their antidiarrheal

properties.

Table 6. Minimum inhibitory concentration (MIC)
and Minimum bactericidal concentration (MBC) of
three solvent extracts of S. aromaticum L. against

studied bacterial strains.

Extracts Concentrations (mgml-)

S. E. S. P. Y.
typhimurium coli dysenteriae mirabilis enterocolitica

5 ET 420 620 620 400 580

S ME 400 600 600 600 420
AC 200 200 180 400 200
ET 450 650 680 450 620

Q

[=a]

s ME 450 650 650 650 480
AC 250 250 220 450 250

ET = Ethanol extract; ME = Methanol extract; AC = Acetone extract

The antimicrobial activity has been attributed to the
presence of some active constituents in the extracts.
Clove contains a high eugenol (70-90%) content (de
Guzman and Siemonsma, 1999) which is an
antibacterial compound having wide spectra of
antimicrobial effects against enterobacteria (Burt and
Reinders, 2003; Nanasombat and Lohasupthawee,
2005; Chaieb et al., 2007b). The results of this study
exemplifies that clove extracts have potential source of
antidiarrheal properties because extracts and their
concentrations have significant influence on the
growth of diarrhea causing bacteria and also it has
superior antibacterial activity than antibiotics. Several
investigators conducted related investigation and
recommend clove extracts as a source of antibacterial
agent (Nascimento et al., 2000; Saeed and Tariq,
2008). It has also been reported that, clove oil potently
inhibited the growth of different Gram negative
bacteria (Saeed and Tariq, 2008; Lopez et al., 2005).

Clove extracts had a high activity against E. coli (12.00

mm) and previous studies have documented that E.
coli are known to be multi-drug resistant bacteria
(Saeed et al.,, 2007; Singh et al., 2002). The results
were also in accordance with those reported by many
investigators (Mandee et al., 2003; Smith-Palmer et
al., 2001; Dorman and Deans, 2000; Hammer et al,,
1999; De et al., 1999). All the tested bacteria, which
were resistant to erythromycin and tetracycline, but
significantly inhabited by clove extracts. Salman et al.
(2008) also found comparable results. In this
experiment, extracts showed different degrees of
growth inhibition depending upon the bacterial
strains. These variations were found because strains
are genetically different from each other, and this is
probably due to the differences in chemical
composition and structure of the cell wall of both types
of microorganisms (Kaushik and Goyel, 2008),
microbial growth, exposure of micro- organisms to
plant oil, the solubility of oil or oil components and the
use and quantity of an emulsifier (Bansod and Rai,
2008). Increasing of the concentrations level of
extracts had a significant (P<0.05) inhibitory effect on
all studied bacteria. Similarly Tylor et al. (2001)
reported that active compounds may be present in
insufficient quantities in the crude extracts to show
activity with the dose levels employed and lack of
activity can thus only be proven by using large dose
(Farnsworth, 1993). Extracts prepared in acetone
extract gave better activity than that of other extracts,
and it could be better solubility of active components
in acetone. It has been reported that different
phytoconstituents have different degrees of solubility
in different types of solvents depending on their
polarity (El-mahmood and Ameh, 2007). This
observation clearly indicates that the polarity of
antimicrobial compounds make them more readily
extracted by acetone solvent, and using organic solvent
does not negatively affect their bioactivity against
bacterial species (Kaushik and Goyel, 2008). Of all the
bacteria, S. typhimurium was the most susceptible
against all of the extracts and concentrations of clove

while P. mirabilis was the most resistance bacteria. In
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this study the low MIC and MBC values observed for S.
dysenteriae is a good indication of high efficacy against
this bacteria and high MIC and MBC values are
indication of low activity (Doughari et al., 2007). In all
cases, three clove extracts consistently displayed
superior potency when compared with antibiotics,
while extracts are a mixture of various plant
constituents and antibiotic is a refined and purified
product (ElI-Mahmood and Doughari, 2008).
Comparing among the three extracts with positive
control, acetone extract was found most effective for
antibacterial activity and the degree of antibacterial
property of three extracts can be put in the following

order: acetone > methanol > ethanol.

The results of this study revealed that although crude
extracts of clove are not purified but their activity was
very effective against all tested bacteria, and these
extracts could be used as an effective antimicrobial

agent, alternative to the use of antibiotics.

Acknowledgement

The authors would like to thank the Department of
Pathology, Rajshahi Medical College Hospital,
Rajshahi, Bangladesh, for collecting samples.

References

Agunu A, Yusuf S, Andrew GO, Zezi AU,
Abdurahman EM. 2005. Evaluation of five
medicinal plants used in diarrhoea treatment in

Nigeria. Journal of Ethnopharmacology 101(1-3), 27.

Amstrong D, Cohen J. 1999. Infectious Diseases.
Vol. 1, Section 2. Mosby, Spain, 35.1-35.70 Chapter,
35).

Bae EA, Han MJ, Kim NJ, Kim DH. 1998. Anti-
Helicobacter pylori activity of herbal medicines.
Biological and Pharmaceutical Bulletin 21(9), 990-

1002.

Bansod S, Rai M. 2008. Antifungal activity of
essential oils from Indian medicinal plants against
Human pathogenic Aspergillus fumigatus and A.
niger. World Journal of Medical Sciences 3(2), 81-88.

Burt SA, Reinders RD. 2003. Antibacterial activity
of selected plant essential oils against Escherichia coli

0157: Hy. Letters in Applied Microbiology 36, 162-167.

Cai L, Wu CD. 1996. Compounds from Syzygium
aromaticum processing growth inhibitory activity
against oral pathogens. Journal of Natural Products

59(10), 987- 990.

Chaieb K, Hajlaoui H, Zmantar T, Kahla-Nakbi
AB, Rouabhia M, Mahdouani K, Bakhrouf A.
2007b. The Chemical Composition and Biological
Activity of Clove Essential Oil, Eugenia caryophyllata
(Syzigium aromaticum L. Myrtaceae): A Short Review.

Phytotherapy Research 21(6), 501-506.

Chaieb K, Zmantar T, Ksouri R, Hajlaoui H,
Mahdouani K, Abdelly C, Bakhrouf A. 2007a.
Antioxidant properties of essential oil of Eugenia
caryophyllata and its antifungal activity against a large
number of clinical Candida species. Mycoses 50(5),

403-406.

de Guzman CC, Siemonsma JS. 1999. Plant
Resources of South-East Asia No. 13: Spices, (Bogor,

Indonesia, Prosea Foundation),

De M, Krishna De A, Banerjee AB. 1999.
Antimicrobial screening of some Indian spices.

Phytotherapy Research 13(7), 616-618.

Dorman HJ, Deans SG. 2000. Antimicrobial
agents from plants: antibacterial activity of plant
volatile oils. Journal of Applied Microbiology 88(2),
308-316.

Rahman et al.



A nt. J. Biomol. & Biomed.

Doughari JH, Elmahmood AM, Manzara S.
2007. Studies on the antibacterial activity of root
extracts of Carica papaya L. African Journal of

Microbiology Research 1(3), 037-041.

Eja ME, Asikong BE, Abriba C, Arikpo GE,
Anwan EE, Enyi-Idoh KH. 2007. Comparative
assessment of the antimicrobial effects of garlic
(Allium sativum) and antibiotics on diarrheagenic
organisms. The Southeast Asian Journal of Tropical

Medicine and Public Health 38(2), 343-348.

Ekwenye UN, Elegalam NN. 2005. Antibacterial
activity of ginger (Zingiber officinaly Roscoe) and
garlic (Allium sativum L.) extracts on Escherichia coli
and Salmonella typhi. International Journal of

Molecular Medicine and Advance Sciences 1(4), 411-

417.

El-mahmood AM, Ameh JM. 2007. In vitro
antibacterial activity of Parkia biglobosa (Jacq) root
bark extract against some microorganisms associated
with  urinary infections. Africal Journal of

Biotechnology 6(11), 1272-1275.

El-Mahmood AM,

Phytochemical screening and antibacterial evaluation

Doughari JH. 2008.

of the leaf and root extracts of Cassia alata Linn.
African Journal of Pharmacy and Pharmacology 2(7),

124-129.

Farnsworth NR, 1993. Biological approaches to the
screening and evaluation of natural products. In:
Rasoanaivo P, Ratsimamanga-Urverg S, (eds),
Biological Evaluation of Plants with Reference to the
Malagasy Flora, Monograph from the IFS-NAPRECA
Workshop on Bioassays, (Madagascar), 35-43.

Field M. 2003. Intestinal ion transport and the
pathophysiology of diarrhea. The Journal of Clinical
Investigation 111(7), 931-943.

Fu Y, Zu Y, Chen L, Shi X, Wang Z, Sun S,
Efferth T. 2007. Antimicrobial activity of clove and
rosemary essential oils alone and in combination.

Phytotherapy Research 21(10), 989-994.

Hammer KA, Carson CF, Riley TV. 1999.
Antimicrobial activity of essential oils and other plant
extracts. Journal of Applied Microbiology 86(6), 985-
990.

Holt JG, Krieg NR, Sneath PHA, Staley JT,
Williams ST. 1994. Bergey’'s manual of
determinative bacteriology. Edn.9, Williams & Wilkins,

Co, 176.

Kaushik P, Goyel P. 2008. In vitro evaluation of

Datura innoxia  (thorn-apple) for  potential
antibacterial activity. Indian Journal of Microbiology

48(3), 353-357.

Kim HM, Lee EH, Hong SH, Song HJ, Shin MK,
Kim SH, Shin TY. 1998. Effect of Syzygium
aromaticum extract on immediate hypersensitivity in

rat. Journal of Ethnopharmacology 60, 125-131.

Li Y, Xu C, Zhang Q, Liu JY, Tan RX. 2005. In
vitro anti-Helicobacter pylori action of 30 Chinese
herbal medicines used to treat ulcer diseases. Journal

of Ethnopharmacology 98(3), 329-333.

Lopez P, Sanchez C, Batlle R, Nerin C. 2005.
Solid and vapor-phase antimicrobial activities of six
essential oils: susceptibility of selected food borne
bacterial and fungal strains. Journal of Agricultural

and Food Chemistry 53(17), 6939-6946.

Mandee Q, Hasscun A, Isa Z. 2003.
Antimicrobials activity of certain spice extracts.

Journal of Spices and Aromatic Crops 122, 146-153.

Miyazawa M, Hisama M. 2003. Antimutagenic

activity of phenylpropanoides from clove (Syzygium

Rahman et al.



It J. Biomol. & Biomed.

aromaticum). Journal of Agricultural and Food

Chemistry 51(22), 6413-6422.

Nanasombat S, Lohasupthawee P. 2005.
Antimicrobial activity of crude ethanolic extracts and
essential oils of spices against salmonellae and other
enterobacteria, KMITL Science and Technology
Journal 5(3), 527-538.

Nascimento GGF, Locatelli J, Freitas PC, Silva
GL, 2000. Antibacterial activity of plant extracts and
bacteria.

phytochemicals on antibioticresistant

Brazilian Journal of Microbiology 31(4), 227-156.

Okwori AEJ, Agada GOA, Olabode AO, Agina
SE, Okpe ES, Okopi J. 2007. The prevalence of
pathogenic Yersinia enterocolitica among diarrhea
patients in Jos, Nigeria. African Journal of

Biotechnology 6(8),1031-1034.

Parekh J, Chanda S. 2007. Antibacterial activity of
aqueous and alcoholic extracts of 34 Indian medicinal
plants against some Staphylococcus Species. Turkish

Journal of Biology 32, 63-71.

Prescott LM, Hurley PJ, Klein AD. 2005.
Microbiology. Edn.6, McGraw - Hill Publisher,
Singapore, 1126.

Saeed S, Naim A, Tariq P. 2007. A study on
prevalence of multi-drug-resistant Gramnegative
bacteria. International Journal of Biology and

Biotechnolgy 4(1), 71-74.

Saeed S, Tariq P, 2008. In vitro antibacterial
activity of clove against gram negative bacteria.

Pakistan Journal of Botany 40(5), 2157-2160.

Salman MT, Khan RA, Shukla I. 2008.
Antimicrobial activity of Nigella sativa Linn. Seed oil
against multi-drug resistant bacteria from clinical

isolates. Natural Product Radiance 7(1), 10-14.

Singh G, Kapoor IP, Pandey SK, Singh UK,
Singh RK. 2002. Studies on essential oils: part 10;
antibacterial activity of volatile oils of some spices.

Phytotherapy Research 16(7), 680-702.

Sivam GP, Lampe JW, Ulness B, Swanzy SR,
Potter JD, 1997. Helicohacter pylori — in vitro
susceptibility to garlic (Allium sativum) extract.

Nutrition and Cancer 27(2), 118-121.

Smith-Palmer A, Stewart J, Fyee L. 2001. The
potential application of plant essential oils as natural

food preservation in soft cheese. Food Microbiology

18, 463-470.

Snyder JD, Merson MH. 1982. The magnitude of
the global problem of acute diarrhoeal disease: a
review of active surveillance data. Bulletin of The
World Health Organ 60(4), 605-613.

Souza EL, Stamford TLM, Lima EO, Trajano
VN, Filho JB. 2005. Antimicrobial effectiveness of
spices: an approach for use in food conservation

systems. Brazilian Archives of Biology and Technology

48(4), 549-558.

Srivastava KC, Malhotra N. 1991. Acetyl euginol, a
component of oil of cloves (Syzygium aromaticum L.)
inhibits aggregation and alters arachidonic acid
metabolism in human blood platelets. Prostaglandins

Leukot Essent Fatty Acids 42(1), 73-81.

Tylor JLS, Rabe T, McGraw LJ, Jager AK, van
Staden J. 2001. Towards the scientific validation of
traditional medicinal plants. Plant Growth Regulator
34(1), 23-37.

Yang YC, Lee SH, Lee WJ, Choi DH, Ahn YJ.
2003. Ovicidal and adulticidal effects of Eugenia
cryophyllata bud and leaf oil compounds on Pediculus
capitis. Journal of Agricultural and Food Chemistry
51(17), 4884-4888.

Rahman et al.



ANt ). Biomol. & Biomed.

Zuckerman JN, Rombo L, Fisch A. 2007. The prevention and control. The Lancet Infectious Diseases

true burden and risk of cholera: Implications for 7(8), 521-530.

Rahman et al.



