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ABSTRACT
A wide range of medicinal plant extracts has phytochemicals that possess antimicrobial properties and these plants are used
to treat several infections. The study aimed to assess the antimicrobial activities of some spices extracts and to evaluate the
phytochemicals present in them. The extracts of spices were prepared using Soxhlet apparatus refluxing with methanol and
ethanol. The well diffusion technique was implemented for the evaluation of antimicrobial activities of the extracts and the
zone of inhibitions was recorded in millimeters. The antimicrobial test was done against five bacterial isolates: Escherichia coli,
Proteus mirabilis, Pseudomonas aeruginosa, Salmonella enterica serotype Typhi, and Staphylococcus aureus and a fungal isolate:
Candida albicans. The extracts were concentrated by Rotary Vacuum Evaporator and a stock solution of 200 mg/mL was
prepared by dissolving in 10 % DMSO. Concentrations of 40, 60, 80 and 100 mg/mL extracts were used for antimicrobial
activity. The result of this study showed that clove extracts had the highest antimicrobial property against all the test
microorganisms. Methanolic extract of clove had the highest inhibitory effect against Proteus mirabilis (24.21±0.15 mm),
Pseudomonas aeruginosa (19.78±0.23 mm), and Candida albicans (20.07±0.08 mm) whereas ethanolic extract was effective against
Escherichia coli (20.44±0.16 mm), Salmonella Typhi (21.66±0.31 mm) and Candida albicans (21.11±0.09 mm). Cinnamon and
pepper extracts, leaving some exceptions, also had antimicrobial properties. The presence of phytochemicals: polyphenols,
flavonoids, and tannins are the major components responsible for antimicrobial activity. Thereby, this study successfully
demonstrated the possibilities of using spices extracts in the treatment of microbial infections.
Keywords: Antimicrobial Activity, DMSO, Ethanol, Methanol, Phytochemicals.
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Introduction
Herbal medicine or phytomedicine is the use of plants for
medicinal and therapeutic purposes for the curing of
diseases and improving human health [1]. A large
portion of the world population, especially in developing
countries, relies on the traditional systems of medicine to
treat a variety of diseases [2]. Presently, more than twothirds of the world’s population leans on plant-based
medicines relying on the fact that they are harmless and
efficient against various afflictions [3, 4].
Abundant molecules with antimicrobial properties are
present in medicinal herbs. Several infectious diseases are
treated using a wide range of plant extracts since they
possess antimicrobial potentials. Noticing the side effects
on human health due to synthetic drugs, professionals
are on the way to getting advantages from medicinal
plants. A wide variety of screened plant molecules are
traded as raw materials for several herbal preparations in
the market. Out of reported 422,127 worldwide plant
species, approximately 35,000 to 70,000 plant genera are
utilized for medicinal purposes [5, 6].
Plants have secondary metabolites called phytochemicals
(Phyto from Greek - meaning plant) that protect plants

against microbial infections or pests infestations.
Phytochemicals are active ingredients that possess
therapeutic properties that are considered as a medicine
or drug [1]. Alkaloids, flavonoids, phenolic compounds,
and tannins are the essential phytochemicals present in
the plants with possible therapeutic activities and these
phytochemicals obtained in plant extracts have
demonstrated antimicrobial potential against a wide
range of infectious microorganisms [7, 8].
Microbial infection is a prevailing health problem around
the world. Plants remain one of the potential sources of
effective agents against microbes, including the deadly
infection like tuberculosis (Mycobacterium tuberculosis),
syphilis (Treponema pallidum), gonorrhea (Neisseria
gonorrhoeae), skin and wound infections [9], diarrhea [10],
typhoid fever (Salmonella Typhi), and Pseudomonas
aeruginosa which directly infects the urinary tract, the
pulmonary tract, wounds, burns and also causes other
blood infections [8].
Microbial infection has been a major cause of death
globally. The rapid increase in the development of
resistance to antimicrobial agents by the microorganisms
has led to the new incidence and re-exposure of disease
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making them difficult and expensive to treat. To
overcome these problems Pharmaceutical industries are
in search of alternative antimicrobial agents. Spices
possessing a wide range of bioactive compounds such as
alkaloids, polyphenols, flavonoids, tannins, saponins,
and various antioxidants have great potential as
antimicrobial agents that can counteract pathogenic
microorganisms. The spices extract solely or in
combination with other antibiotics have the potential to
work
effectively
against
several
infectious
microorganisms [9].
Cinnamomum verum (Syn. C. zeylanicum) also known as
Cinnamon is a small evergreen tree belonging to the
family Lauraceae. The volatile oil produced from its leaf
and barks are used as a flavoring agent in the food and
beverage industry [11,12]. It is also used to treat
abdominal pain, impotence, frigidity, dyspnoea,
inflammation of the eye, leukorrhoea, vaginitis,
rheumatism, neuralgia, wounds, toothache, and diabetes
[11]. The principal constituents of leaf, bark and root oils
are eugenol, cinnamaldehyde, and camphor, respectively
[12,13]. Eugenol has been reported to inhibit the growth
of Escherichia coli O157:H7 and Listeria monocytogenes [14].
Cinnamaldehyde has been reported to inhibit the growth
of Staphylococcus aureus, E. coli O157:H7, and Salmonella
typhimurium [15,16].
Syzygium aromaticum also known as Clove is the aromatic
dried flower buds of a perennial tree belonging to the
family Myrtaceae. Essential oil of clove is used as
anodyne for dental emergencies, and against acne, warts,
scars, and parasites. Also, the clove has antimutagenic,
anti-inflammatory,
antioxidant,
antiulcerogenic,
antithrombotic, and antiparasitic, antibacterial, and antiinflammatory properties [3]. Research has shown that
clove oil is an effective mosquito repellent [17]. The major
constituents of clove’s essential oil are carvacrol, thymol,
eugenol, and cinnamaldehyde. Several studies have
demonstrated potent antifungal, antiviral and
antibacterial effects of clove [18]. Aqueous clove infusion
was found to inhibit the growth of germinated spores of
Bacillus subtilis, and inhibit the pathogens Campylobacter
jejuni, Salmonella enteritidis, and Escherichia coli [19]. Clove
oil exhibited antibacterial activity against S. epidermidis,
Salmonella Typhi, Klebsiella pneumoniae, Listeria
monocytogenes, Staphylococcus aureus, and Bacillus cereus
[20].
Zanthoxylum armatum, commonly known as Sichuan
Pepper, belongs to the Rutaceae family. The bark, fruits,
and seeds of Pepper are extensively used in the
indigenous system of medicine as a carminative,

stomachic, and anthelmintic. The seed and bark are also
used as an aromatic tonic in fever, dyspepsia. Because of
their deodorant, disinfectant, and antiseptic properties,
the fruits are used in dental troubles, their lotion for
scabies, and also used to ward off houseflies. Besides this,
it is also used as a flavoring agent in the confectionery
industry, and the manufacturing of soft drinks [21].
Pepper consists of several phytochemicals such as
chlorogenic acid, cinnamic acid, epicatechin, rutin,
trifolin, quercitrin, etc. which have anthelmintic,
antifungal, and anti-insecticidal activities [22,23].
Different solvent extracts of pepper demonstrated
antimicrobial properties against several pathogenic such
as Escherichia coli, Staphylococcus aureus, Salmonella Typhi,
Proteus vulgaris, Pseudomonas aeruginosa, and Klebsiella
pneumoniae [24].
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Materials and Methods
Plant Samples Collection
Plant materials used in the study consisted Cinnamomum
verum (Cinnamon), Syzygium aromaticum (Clove), and
Zanthoxylum armatum (Sichuan Pepper) which were
collected from different parts of Nepal (Table 1). Since
these three spices are most commonly found in the
Nepalese kitchen, the authors selected these spices for
antimicrobial and phytochemical analyses.
Table 1. Nomenclature of the spices and the locality from
which they were obtained for this study.
Common Name Scientific
Part
Collected
Name
used
from
Cinnamomum
Cinnamon
Bark
Kathmandu
verum
Syzygium
Clove
Bud
Kathmandu
aromaticum
(fruit)
Sichuan Pepper Zanthoxylum
Fruit
Salyan
armatum

Chemicals
Barium chloride, Dimethyl Sulfoxide, Folin-Ciocalteu
reagent, Folin-Denis reagent, Methanol, and Sodium
chloride were purchased from Thermo Fisher Scientific
India Pvt. Ltd. Similarly, ethanol was purchased from
Jiangyin Tenghua Co. Ltd., China, and Gallic acid and
Tannic acid were purchased from Loba Chemie Pvt. Ltd.,
India. Additionally, Gentamicin, Muller Hinton agar
(MHA), Nutrient agar (NA), Potato Dextrose agar (PDA),
and sterile swabs were purchased from HiMedia
Laboratories Pvt. Ltd., India.

Microorganisms
The pure cultures of Candida albicans, Esherichia coli,
Pseudomonas aeruginosa, Salmonella enterica serotype
Typhi, and Staphylococcus aureus isolated from patients
were obtained from the Department of Microbiology,
Tribhuvan University Teaching Hospital (TUTH),
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Maharajgunj, and the culture of Proteus mirabilis were
obtained from Nepal Academy of Science and
Technology (NAST), Khumaltar. The bacterial samples
were maintained on NA and fungal samples on PDA at
4ºC for further experiments.

Gentamicin
10 µg disc of Gentamicin was used as a positive control
against bacterial cultures.

Extract Preparation
Air-dried, 30 g spices powder was taken in 120 mL of
absolute methanol and absolute ethanol for 48 hours in
Soxhlet apparatus (Borosil, India) separately and then
Whatman no. 1 filter paper was used to filter the extract
and allowed to evaporate using Rotary Vacuum
Evaporator (Buchi Type) (Victo Lab, India) at 65ºC for
methanolic extract and 50ºC for ethanolic extract [7, 10].
The concentrated extracts were stored in small containers
in a refrigerator (4ºC) for further use.

Standard concentration preparation
Two grams of each alcoholic extract were taken in a vial
and 1mL, 100% Dimethyl Sulphoxide (DMSO) was added
and dissolved in 9 mL of sterile double distilled water.
Thus, 200 mg/mL of stock was obtained as a standard
concentration. The extracts were then autoclaved (Victo
Lab, India) for 20 minutes at 121ºC and 15 pounds per
square inch pressure [23].

Inoculum preparation
A colony of the organism from the stored agar plate was
taken, transferred to a test tube containing 2.5mL
sterilized NB and incubated for about 4 hours at 37ºC in
the incubator (Sanjeev Scientific Udhyog, India) and
standardized the turbidity to 0.5 McFarland solution,
microbial load equivalent to 1.5x108 CFU/mL [24].

Antimicrobial Assay by Well Diffusion Method
MHA plates were prepared and test organisms were
inoculated by spreading the bacterial inoculum on the
surface of the media with the help of a sterile swab. Wells
of 6 mm diameter were punched in the agar by using a
cork borer. 50 μL of extracts with the concentration of 40,
60, 80, and 100 mg/mL were poured into the well. 50μL
of absolute methanol, ethanol, and DMSO (10%) were
used as controls. The plates were incubated at 37°C for 24
hours. Measurement of the diameter of the inhibition
zone was done to evaluate the antimicrobial property
with the help of a Vernier Caliper and recorded in mm
[25].
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Phytochemical Analysis
The extracts of the spices were prepared as described by
Dimitrijević et al (2014) [26] and some modifications
made by Bhattarai et al (2019) [27]. 5 g powdered spice
was ground with 80 % methanol (30 mL) and was kept in
an orbital shaker (Accumax, India) shaking continuously
for about 20 minutes, and filtered through Whatman No.
1 filter paper in a 100 mL volumetric flask. The residue
was again subjected to two more extractions with 30 mL
each of 80 % methanol for a total time frame of an hour.
The volume was made up to 100 mL using 80% methanol
and the extracts were stored in a refrigerator at 4ºC until
further use.

Polyphenol Content
The polyphenol content of sample extracts was measured
by using the Folin-Ciocalteu method, as described by
Mahdavi et al (2010) [28]. 1 mL of extract was decanted in
a volumetric flask of 25 mL containing 9 mL of distilled
water. 1 mL of Folin-Ciocalteu reagent was added and
shaken. After 5 minutes, 10 mL of 7 % Na 2CO3 solution
was added and the volume was made up with distilled
water and mixed. The absorbance was measured at a
wavelength of 765 nm using a Uv-Vis spectrophotometer
(Genesys, USA) against a prepared reagent blank
(distilled water), after incubation for 90 min at room
temperature. The polyphenol content was reported as mg
gallic acid equivalent per 100g sample (mg GAE/100g).
A calibration curve was created from the standard and
used to determine the corresponding gallic acid
concentration of the samples.

Flavonoid Content
Aluminum trichloride (AlCl3) assay as described by
Samatha et al (2012) [29] with some modification done by
Faleye et al (2018) [30] was used for the determination of
flavonoid content. 0.5 mL of 80 % methanol extract was
taken in different test tubes followed by the addition of 2
mL of distilled water and 0.15 mL of sodium nitrite (5 %
NaNO2, w/v). After 6 minutes, 0.15 mL of aluminum
trichloride (10 % AlCl3) was added and incubated for 6
min, followed by the addition of 2 mL of sodium
hydroxide (NaOH, 4 % w/v), and volume was made up
to 5 mL with distilled water. After 15 min of incubation,
absorbance at 510 nm was measured against a reagent
blank of distilled water. The calibration standard curve
was prepared by preparing gallic acid solutions and the
result was expressed as mg of gallic acid equivalents per
100g (mg GAE/100g) of the sample.
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Table 2. Antibiogram of Methanolic Extracts
Spices

Cinnamon

Clove

Pepper

Controls

Conc (mg/mL)
40
60
80
100
40
60
80
100
40
60
80
100
Absolute
Methanol
Gentamicin

Zone of Inhibition (ZOI) mm
P. aeruginosa
S. Typhi
0
0
0
9.02±0.08b
0
10.19±0.07c
0
11.12±0.05d
11.61±0.22d
10.22±0.05c
e
13.99±0.14
11.60±0.26de
f
16.15±0.22
15.66±0.11g
g
19.78±0.23
18.95±0.26h
0
9.35±0.15b
7.07±0.20a
12.06±0.22e
8.46±0.16b
13.46±0.06f
9.74±0.10c
15.12±0.21g

E. coli
0
0
6.60±0.10a
7.20±0.11ab
10.62±0.18d
14.53±0.23f
17.19±0.34g
18.43±0.19h
7.54±0.14b
8.73±0.20c
12.97±0.08e
15.29±0.24f

P. mirabilis
0
0
7.89±0.10a
9.02±0.06b
14.90±0.42d
18.63±0.30e
21.60±0.26f
24.21±0.15g
7.99±0.10a
12.36±0.21c
14.4±0.12d
15.06±0.09d

7.15±0.02bc

7.66±0.24a

7.14±0.27a

20.83±0.02i

18.70±0.08e

29.50±0.03h

S. aureus
0
0
6.52±0.11a
7.87±0.09b
11.69±0.16c
13.60±0.23d
16.68±0.11e
17.41±0.16f
10.99±0.14c
11.43±0.21c
16.65±0.18e
16.99±0.08ef

C. albicans
0
7.16±0.07a
8.02±0.06b
10.00±0.07c
16.50±0.21d
18.48±0.12e
19.52±0.07f
20.07±0.08g
0
0
0
0

7.24±0.07a

7.19±0.14ab

7.45±0.13a

36.63±0.11i

21.84±0.08g

ND

ND= Not Determined
The measurements are the mean values (n, 3) ± standard error of the mean, whereas different alphabets vertically indicate a significant
difference at 0.05 probability level.

Table 3. Antibiogram of Ethanolic Extracts
Spices

Conc (mg/mL)

E. coli
7.60±0.11abc
7.94±0.50bc
8.12±0.08c
10.28±0.08d
10.25±0.12d
13.12±0.19e
15.45±0.29f
20.44±0.16g
0
0
6.75±0.02a
7.08±0.07ab

P. mirabilis
0
8.99±0.10a
10.06±0.05abc
11.97±0.09de
10.41±0.06bc
11.15±0.37cd
12.38±0.68e
13.90±0.05f
0
0
0
0

Zone of Inhibition (ZOI) mm
P. aeruginosa
S. Typhi
0
0
0
0
0
9.57±0.30a
0
14.41±0.30b
a
6.97±0.13
19.13±0.08c
b
9.20±0.10
19.51±0.18cd
10.84±0.17c
20.25±0.12d
11.78±0.08d
21.66±0.31e
0
0
0
0
0
0
0
0

S. aureus
C. albicans
40
0
7.42±0.03a
60
0
9.11±0.45b
Cinnamon
80
7.78±0.08bc
11.14±0.36c
100
8.14±0.15c
12.59±0.18d
d
40
12.5±0.06
17.64±0.48e
e
60
14.42±0.16
18.75±0.39ef
Clove
80
15.10±0.11f
19.28±0.35f
100
15.72±0.08f
21.11±0.09g
40
0
0
60
0
0
Pepper
80
7.48±0.12ab
0
100
8.02±0.12c
0
Absolute
c
ab
a
a
a
8.19±0.26
9.98±0.09
6.75±0.13
8.87±0.27
7.06±0.01
7.28±0.14a
Ethanol
Controls
Gentamicin
20.83±0.02g
18.70±0.08g
29.50±0.03e
36.63±0.11f
21.84±0.08h
ND
ND= Not Determined
The measurements are the mean values (n, 3) ± standard error of the mean, whereas different alphabets vertically indicate
a significant difference at 0.05 probability level.

Tannin Content

The Folin-Denis method was used for the determination
of tannin content [31]. In a test tube containing 7.5 mL of
distilled water, 0.1 mL of the sample extract was added.
0.5 mL of Folin-Denis phenol reagent and 1 mL of 0.5 %
Na2CO3 solution were also added and diluted to 10 ml
with distilled water. The mixture was shaken well and
kept at room temperature for 30 min. Absorbance at 775
nm was measured against the reagent blank and a set of
reference standard solutions of gallic acid. The tannin
content was expressed in terms of mg tannic acid
equivalent per 100g (mg TAE/100g) of extract.

and the significant differences among them were studied
by using Tukey HSD at a 5 % level of significance.

Results
Antimicrobial Activity by Well Diffusion
Method

Experimental analyses were performed in triplicates.
IBM SPSS (Statistical Package for Social Sciences)
Statistics version 20 was used for the statistical analysis.
One-way Analysis of variance (ANOVA) was analyzed

Agar well-diffusion method was employed to evaluate
the antibacterial and antifungal activities of different
concentrations (40, 60, 80, and 100 mg/mL) of the spice
extracts. The result obtained by the well diffusion method
has been summarized in Table 2 and Table 3. The zone
of inhibition greater than 6.5 mm has been taken into
account. From Table 2 the results obtained in this study
revealed that the bacterial strains: E. coli, P. mirabilis, P.
aeruginosa, S. Typhi, and S. aureus, and a fungal strain: C.
albicans to be susceptible against the methanolic and
ethanolic extracts of the three distinct spices. Both the
methanolic and ethanolic extracts of Cinnamon had a
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similar effect against test microorganisms, with little to
no effect at lower concentrations and distinctive effects at
higher doses. However, P. aeruginosa was found to be
resistant to both extracts of Cinnamon. At 100 mg/ml
concentration, the ZOI measurement of methanolic
extract of Cinnamon against E. coli, P. mirabilis, S. Typhi,
S. aureus, and C. albicans were 7.20±0.11, 9.02±0.06,
11.12±0.05, 7.87±0.09, and 10.00±0.07 mm; whereas
10.28±0.08, 11.97±0.09, 14.41±0.30, 8.14±0.15, and
12.59±0.18 mm by the ethanolic extracts of the same
concentration.
The methanolic extract of Clove demonstrated higher
antimicrobial activity against P. mirabilis, P. aeruginosa,
and S. aureus with the ZOI measurement of 24.21±0.15
mm, 19.78±0.23 mm, and 17.41±0.16 mm at 100 mg/ml.
Whereas ethanolic extract was comparatively found to be
most effective against E. coli, S. Typhi, and C. albicans with
20.44±0.16 mm, 21.66±0.31 mm, and 21.11±0.09 mm
inhibition zone at the same concentration.
The methanolic extract of Pepper was effective against all
the bacterial strains: E. coli, P. mirabilis, P. aeruginosa, S.
Typhi, and S. aureus with the ZOI of 15.29±0.24 mm,
15.06±0.09 mm, 9.74±0.10 mm, 15.12±0.21 mm, and
16.99±0.08 mm at 100 mg/ml and had no any effect
against fungal strain i.e., C. albicans. However, the
ethanolic extract had a selective activity against E. coli,
and S. aureus with the ZOI measurement of 7.08±0.07
mm, and 8.02±0.12 mm respectively at the highest
concentration i.e., 100 mg/ml.
Also, absolute methanol and absolute ethanol used as
controls demonstrated antimicrobial property to some
extent. However, 10% DMSO (data not shown) had no
significant actions against the tested microorganisms.

and correlation coefficient respectively). The flavonoids
varied from 117.52±2.68 to 399.70±5.34 mg GAE/100g (y
= 0.0088x, R² = 0.9924) whereas the range of tannin
contents were found to be in between 64.82±1.89 to
326.86±7.96 mg TAE/100g (y = 0.0022x + 0.0055, R² =
0.9767). The phytochemicals followed a similar trend:
Polyphenol> Flavonoids> Tannins, only the exception
being Clove where Tannin contents were slightly higher
than the flavonoid content.
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Discussions

Dose-reliant antimicrobial activity of extracts was
observed, which means with the increase in extract’s
concentration (from 40 to 100 mg/mL) the lethal effect
was more pronounced.
The methanolic and ethanolic extracts of cinnamon were
found to be equally effective against most of the
experimental microorganisms, the only exception being
Pseudomonas aeruginosa. Both extracts showed the highest
inhibitory action against Salmonella Typhi. Vyas et al
(2015) [12], recorded the antibacterial activity of
methanolic extract of cinnamon against S. aureus, and E.
coli and antifungal activity against C. albicans which is in
harmony with the result obtained in this study. Similarly,
Tomar et al (2015) [32] reported ethanolic extract of
cinnamon to be effective against E. coli, S. aureus, and C.
albicans, Al-Mariri et al (2014) [33] noted decent
antibacterial property of the ethanolic extract and the
essential oil of cinnamon against Proteus species.
According to the study performed by Abdelfadel et al
(2016) [34], water extract of cinnamon has potential
antibacterial property against Salmonella species.
Similarly, the methanolic and ethanolic extracts of clove
were found to be effective against all of the
Table 4. Phytochemicals present in Spices
microorganisms used in the experiment. Methanolic
Polyphenol
Flavonoid
Tannin (mg
Spices
(mg GAE/100g)
(mgGAE/100g)
TAE/100g)
extract of clove showed higher inhibition against Proteus
Cinnamon
362.95±19.49b
329.29±1.90b
326.86±7.96b
mirabilis, whereas the ethanolic extract was found to be
Clove
455.86±9.91c
399.70±5.34c
402.24±4.25c
effective against Salmonella Typhi. The one-way
Sichuan
188.48±7.65a
117.52±2.68a
64.82±1.89a
pepper
ANOVA (p<0.05) of methanolic extract demonstrated it
GAE= Gallic Acid Equivalent, TAE= Tannic Acid Equivalent
to be more efficient than Gentamicin against
The measurements are the mean values (n, 3) ± standard error of the
mean, whereas different alphabets vertically indicate a significant
Pseudomonas aeruginosa. ANOVA (p<0.05) argued that
difference at 0.05 probability level.
there is a difference between the treatment but the post
Phytochemical properties
hoc test shows there is no difference between ethanolic
The spices used for the experiment demonstrated a
extract and gentamicin. So, it has the same lethal effect as
decent amount of phytochemical properties which have
gentamicin. Lopez et al (2005) [35] reported clove oil to be
been tabulated in Table 4. Among all the spices used,
efficacious against foodborne bacteria viz S. aureus, E.
clove had the highest amount of phytochemical
coli, P. aeruginosa, and Salmonella species. Also,
properties and pepper showed the lowest. The
Karuppiah et al (2012) [36], found that the alcoholic
polyphenol content in spices ranged from 188.48±7.65 to
extract of clove has an antimicrobial effect against P.
455.86±9.91 mg GAE/100g (y = 0.0178x, R² = 0.9356;
mirabilis. The study performed by Pinto et al (2009) [37],
where x, y, and R2 represent concentration, absorbance,
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noticed the essential oil of the clove has an antifungal
effect against C. albicans.
Additionally, the methanolic extract of pepper was found
to be inhibitory against all of the bacterial strains but not
to the fungal strain (C. albicans), showing the highest
activity against S. aureus. On the contrary, the ethanolic
extract was found to be effective only against E. coli and
S. aureus at higher concentrations. The study performed
by Joshi et al (2009) [38] and Dahal et al (2017) [24]
reported the antimicrobial effect of pepper methanolic
extracts against E. coli, S. aureus, S. Typhi, P. aeruginosa,
and Proteus species which coincides with the result
obtained by our study.
The phytochemical analyses (Table 4) of the spices
confirm the presence of bioactive compounds as
Polyphenols, Flavonoids, and Tannins which in terms are
responsible for antimicrobial, anti-inflammatory, and
anti-cancer activities. The phytochemicals of the test
spices correspond to that reported by Abdelfadel et al
(2016) [34], Yang et al (2012) [39], Al-Numair et al (2007)
[40], Gupta (2013) [41], Mishra et al (2014) [42], and Zhang
et al (2014) [23]. The phytochemicals and their derivatives
are responsible for the antibacterial and antifungal
activities of the plant extracts. Methanol (Polarity index =
6.6) being highly polar than ethanol (Polarity index = 5.2)
is responsible for a higher yield of phytochemicals from
the spices [43]. Therefore, the methanolic extracts of the
spices demonstrated higher antimicrobial properties
with the experimental microorganisms than that of
ethanolic extracts. Cinnamaldehyde, eugenol, linalool,
eugenyl acetate, and cinnamyl acetate present in
cinnamon is responsible for its antimicrobial property
[35]. According to Gupta et al (2015) [44], a higher
concentration of eugenol, β-Caryophyllene, and eugenyl
acetate are responsible for antibacterial and antifungal
activities of clove. Vashist et al (2016) [45] have
documented, volatile components as linalool-8-mono
terpentriol-3, 7-dimethyl 1-octane-3,6,7-triol, transcinnamic acid, etc are the major chemicals responsible for
the antimicrobial effect of pepper.

Conclusion
The spices sample used for investigation constituted
phytochemicals. The spices with a high amount of
phytochemicals were found to be more effective against
various pathogenic microorganisms whereas those spices
with little phytochemicals were not as effective as those
with higher phytochemicals. This result reveals that
phytochemicals are the major constituents of medicinal
plants that are responsible for their antimicrobial
property.
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