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Abstract
In this study, simple extraction methods were used to determine the antibacterial activity of crude extracts of garlic, cloves, cinnamon and turmeric
against Escherichia coli K12 (JM109). These extraction methods include ethanolic extraction, aqueous extraction, soaking, boiling and juicing. These
methods were applied to spices in different forms, for example the soaking method was used for crushed spices while the boiling method was employed
for whole, crushed and powdered forms. The disc diffusion method was utilised to determine antibacterial activity. In the case of garlic, the results
revealed that soaking for 3 hours in a sterile aqueous solution (using the crushed form), boiling (using crushed and powdered forms) and using juice
extraction caused antibacterial activity to occur against E. coli K12 (JM109). Fifteen grams of crushed garlic soaked in 20 ml of sterile aqueous
solution exhibited the best inhibition zone of 19.6 ± 0.64 mm. Cloves extract acquired from using ethanolic extraction, aqueous extraction, soaking and
boiling extraction methods displayed antibacterial activity against E. coli K12 (JM109). In the case of the soaking method, these results were obtained
when crushed cloves were soaked for 3 hours. While in the case of the boiling method, both crushed and powdered cloves were used. The ethanolic
extract of cloves at 0.40 g/ml produced an inhibition zone of 10.0 ± 1.0 mm, while the aqueous extract produced an inhibition zone of 13.3 ± 0.58 at 0.72
g/ml. The antibacterial activities from crude extracts of cinnamon and turmeric were not detected against E. coli K12 (JM109).
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INTRODUCTION

H

erbs and spices have been used in conventional medicine
since ancient times as natural antimicrobial substances
for the treatment of infectious diseases. Thus, much attention has
been given to medicinal plants as alternative antimicrobial
sources and as promoters of good health with no side effects1 [1].
Garlic is a member of the Alliaceae family2 [2] and is one of the best
herbal medications. It was also studied in various levels of the
medical field. Garlic's attributes culminate a mixture of different
substances that are biologically active and which are responsible
for its medicinal effects3 [3]. The constituents of garlic are divided
into two groups: sulphur-containing compounds, including alliin
which is considered the main active compound, and non-sulphur
containing compounds4 [4].
Cinnamon, the evergreen tree of the tropical area, is a member
of the Lauraceae family. It consists of essential oils and other
compounds like cinnamic acid, cinnamaldehyde (which is
considered the main compound) and cinnamate567 [5-7]. Turmeric is a
spice derived from the rhizomes of the plant Curcuma longa
which belongs to the ginger family (Zingiberaceae) [8-10]8910. It has a
wide spectrum of uses in the medical fie ld as it contains antiinflammatory, antioxidant, anti-carcinogenic, anti-mutagenic,
anticoagulant, anti-diabetic, antibacterial and antifungal
properties11 [11]. Turmeric contains 29% curcuminoids which are
composed of a group of compounds. This group contains
curcumin (diferuloylmethane) which constitutes the major
bioactive components, demethoxycurcumin and bisdemethoxycurcumin12 [12]. It also contains volatile oils (tumerone,
atlantone and zingiberone), sugars, proteins and resins [10].
Cloves are the aromatic dried flower buds of a tree in the
Myrtaceae family. It is one of the most valuable spices due to its

various characteristics. It represents a functional ingredient in
numerous products and has applications in the pharmaceutical,
agricultural, fragrance, flavour and cosmetic industries, as well as
various others. Cloves are considered the best source of phenolic
compounds such as eugenol. Eugenol is the main bioactive
component in cloves and shows antimicrobial activity against
both Gram-positive and Gram-negative bacteria13 [8, 13-17]14151617.
The general techniques of medicinal plant extraction are
maceration, infusion, percolation, digestion, decoction, hot
continuous extraction (Soxhlet), aqueous-alcoholic extraction by
fermentation, counter-current extraction, microwave-assisted
extraction, ultrasound extraction (sonication), supercritical fluid
extraction and phytonic extraction (with hydrofluorocarbon
solvents). Some of the current extraction methods for aromatic
plants include microdistillation, thermomicrodistillation,
molecular distillation headspace trapping, solid phase microextraction and protoplast extraction18 [18].
E. coli K12 (JM109) is Gram-negative bacteria which was
used in this study as it is an opportunistic bacterium that can be
cultured in a Biosafety Level 1 Microbiology Laboratory (for low
risk microbes). The objective of this study is to determine the
antibacterial activity of crude extracts of these spices against E.
coli K12 (JM109) using simple extraction methods.
MATERIALS AND METHODS
Bacterial strain
Escherichia coli K12 JM109 [supE44, endA1, hsdR17,
gyrA96, relA1, thiΔ (lacproAB), recA1, F' [traD36pro
AB+lacIqlacZΔM15] was used in this study. The bacterial culture
was maintained at 4°C on a nutrient agar plate. Isolated single
colonies of bacterial cultures on the nutrient agar (NA) plate were
prepared by incubation at 37°C for 12-14 hours.
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E. coli K12 (JM109) standardised suspension for spices
extract susceptibility testing
Three to four colonies from an overnight bacterial culture
were transferred to a tube of sterile normal saline (Klean & Kare)
to make the inoculum suspension. The inoculum suspension was
emulsified to avoid lumps. The inoculum turbidity was compared
to the 0.5 McFarland standard using paper with black lines19 [19].
A visible spectrophotometer at 625 nm wavelength was employed
to determine the optical density (OD = 0.08-0.10) of the
McFarland 0.5 turbidity standard.
Medicinal spices used in this study
Four medicinal spices consisting of garlic (Allium sativum),
turmeric (Curcuma longa), cinnamon (Cinnamon zeylanicum)
and cloves (Syzgium aromaticum) were employed in this study.
The spices were purchased from the Giant hypermarket in Kelana
Jaya, Selangor, Malaysia. The extracts were immediately tested
for antibacterial activity after preparation. Garlic and turmeric
skins were peeled off before treatment. The spices (garlic,
turmeric, cinnamon and cloves) were then cleaned with distilled
water and finally rinsed with 95% denatured ethyl alcohol and
dried at room temperature approximately one hour prior to
treatment.
Preparation of spices' powder forms
The garlic and turmeric were cut into small slices. The spices
were dried in a hot air oven at 50-55°C. The garlic was dried for 23 days. The turmeric, cloves and cinnamon were dried for 8-10
days. The dried spices were crushed using a dry blender20 [20].
Ethanolic extracts
Fifty grams of the dried powdered spices were soaked in 100
ml solution of 95% denatured ethyl alcohol and were kept at room
temperature for 24 hours, followed by filtration using Whatman
no. 1 filter paper. The filtered solutions were allowed to evaporate
at 40-50°C using a water bath until they formed a thick paste. The
paste extracts were weighed and stored at 4°C until they were
applied [20].
To determine the stock concentration of the paste extract, 1 ml
of sterile distilled water was added. The volume of the sterile
distilled water was increased until all the extract had dissolved.
The stock concentrations of the ethanolic extracts were as
follows: garlic - 0.5 g/7 ml (0.07 g/ml), cloves - 2.36 g/6ml (0.4
g/ml), cinnamon - 1.78 g/9 ml (0.2 g/ml) and turmeric - 2 g/10 ml
(0.2 g/ml). The antibacterial activity of the ethanolic extracts
against E. coli K12 (JM109) was determined using the stock
solutions.

Aqueous extracts
The preparation of the aqueous extracts was the same as that
of the ethanolic extracts but instead of using 95% denatured ethyl
alcohol, sterile distilled water was added to each powdered spice.
Initially, 50 g of the dried powdered spices were soaked in 100 ml
of sterile distilled water, however, the saturation point was
reached at this volume. The final volume of sterile distilled water
used for soaking 50 g of dried powdered cinnamon, garlic and
cloves was 200 ml. For turmeric it was 400 ml. As in the case of
ethanolic extracts, the soaked powder was kept at room
temperature for 24 hours, followed by filtration using Whatman
no. 1 filter paper. The filtered solutions were allowed to evaporate
at 40-50°C using a water bath until they formed a thick paste. The
stock concentrations of the aqueous extracts were as follows:
garlic - 4.28 g/4 ml (1.07 g/ml), cloves - 2.16 g/3 ml (0.72 g/ml),
cinnamon - 1.4 g/10.4 ml (0.13 g/ml) and turmeric - 2.1 g/3 ml
(0.7 g/ml). The spices' stock concentrations were used to
determine the antibacterial activity against E. coli K12 (JM109).
Aqueous soaking extraction (crushed form)
The garlic and turmeric were cut into small pieces. The spices
were crushed using the mortar and pestle. Table 1 indicated the
amount of crushed spices and volume of sterile distilled water
used for soaking. Crushed spices were soaked for 3 hours in
sterile distilled water. These extracts were then ready to use for
antibacterial activity testing. The spices were soaked for 3 hours
since soaking at 30 minutes and 1 hour had initially yielded
negative results.
Boiling extracts
The whole, crushed and powdered forms of the 4 spices were
weighed to be 2 g and 10 g. Next, 20 ml of distilled water was
added to the spices then heated gently and brought to a boil using a
hot plate. Once boiled, the spices were removed from the hot plate
and cooled at room temperature prior to the evaluation of
antibacterial activity.
Garlic and turmeric juice extracts
Two grams of garlic and 10 grams of turmeric were minced.
Twenty millilitres of sterile distilled water were added to the
minced spices. Next, the minced spices were ground using a
mortar and pestle for 5 to 10 minutes. The garlic and turmeric
were pureed then strained through a strainer and the juices were
collected.
Antibacterial activity determination by disc diffusion
method
Several 6 mm diameter discs of Whatman no. 3 filter paper

Table 1: Amount of crushed cinnamon, garlic, cloves, turmeric and volume of
sterile distilled water used for soaking.
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were prepared using a paper puncher and sterilised by dry-heating
at 120°C for 60 minutes. The Mueller-Hinton agar (MHA) plate
was swabbed with the E. coli K12 (JM109) standard suspension.
The disc was then immersed in the extract solutions for 5 minutes
and applied to the agar surface with sterilised forceps. The sterile
distilled water was applied as the negative control (no inhibition
zone), and 10 µg/ml ampicillin and 10 µg/ml gentamicin were
used as the positive controls (produced inhibition zone). The disc
diffusion agar plates were incubated at 37°C for 12-16 hours. The
clear zones were checked and the diameters of the inhibition
zones were measured. The disc diffusion experiment of each
extract was performed in triplicate.
Calculation of the mean and standard deviation
The mean and standard deviation (SD) were calculated using
Microsoft Excel 2013.
RESULTS
The lowest amount of spices chosen in this study was 2 g and
the highest amount was 20 g. The amount of sterile distilled water
used to soak and boil was 10 ml and 20 ml, respectively. For the
preparation of juice extracts, only 20 ml of sterile water was used.
The amount of water utilised was based on our initial study where
at 5 ml of aqueous solution used for soaking and boiling, no

antibacterial activity was detected against E. coli K12 (JM109).
The ampicilin (10 μg/ml) and gentamicin (10 μg/ml) were
employed as positive controls and the means of the inhibition
zones (mm) were 16 0.10 and 30 0.18 mm (Fig. 1A). Sterile
distilled water was used as the negative control and no inhibition
zone (clear zone) was detected.
Garlic extract
The inhibition zones on E. coli K12 (JM109) were produced
by crude extracts of crushed garlic soaked in an aqueous solution
for 3 hours, boiled garlic (powdered and crushed) and juice
extracts of garlic (Tables 2 and 3). The soaking and boiling of
whole garlic extracts did not exhibit clear inhibition zones. The
diameter of the inhibition zones increased with the increase in the
amount of crushed garlic (2 g, 10 g and 15 g) soaked in 10 ml and
20 ml of a sterile aqueous solution. Fifteen grams of crushed
garlic soaked in 20 ml of an aqueous solution produced 19.6 0.64
mm inhibition zone, while 20 g of crushed garlic soaked in the
same amount of water produced 16.5 1.0 mm inhibition zone
(Fig. 1B). The reduction in the inhibition zones could be because
at 20 ml of aqueous solution, the volume is already limited to
extracting the bioactive compounds of the 20 g of crushed garlic.
No antibacterial activity was observed when whole garlic was
soaked in an aqueous solution for 3 hours.

Table 2: Antibacterial activity of crude garlic extract from 3 hours soaking extraction
method in aqueous on E. coli K12 (JM109)
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When 10 g of powdered and crushed garlic were boiled in 20
ml of aqueous solution, inhibition of E. coli K12 (JM109) resulted
with inhibition zones of 16.3 0.58 mm and 18.0 1.0 mm,
respectively. Two grams of powdered and crushed garlic boiled in
20 ml of aqueous solution produced extracts with inhibition zones
of 7.5 0.8 mm and 9.6 0.58 mm, respectively. Garlic juice
extracts of 2 g and 10 g in 20 ml of sterile distilled water exhibited
inhibition zones of 12.3 0.58 mm and 17.0 1.0 mm, respectively.
Garlic extracts from the ethanolic and aqueous extraction
methods did not show any inhibition zones against E. coli K12
(JM109). These results were consistent with several studies
where garlic extract discs did not present any inhibition
zones2122[21, 22]. On the other hand, studies conducted by2324[20, 23, 24]
showed antibacterial activity against E coli. In our study, 95%
denatured ethyl alcohol was used instead of non-denatured ethyl
alcohol. However, by using the same type of ethyl alcohol,
ethanolic extracts of cloves exhibited antibacterial activity
against E. coli K12 (JM109). Our result further indicated that the
type of ethanol used for soaking may affect the extraction process.
Cloves extract
The crude extracts of cloves from the ethanolic extraction,
aqueous extraction, soaking and boiling extraction methods
possessed inhibition zones (Table 4). Ethanolic extracts at a stock
concentration of 0.40 g/ml exhibited inhibition zones of 10.0 1.0
mm, while stock concentration of aqueous extract at 0.72 g/ml
exhibited 13.3 ± 0.58 mm (Fig. 2). As in Table 4, crushed cloves,
when soaked for 3 hours in 20 ml of sterile aqueous solution,
produced a slightly higher amount of antibacterial activity
compared to when soaked in 10 ml. Two grams of crushed cloves
soaked in 20 ml of a sterile aqueous solution produced an 11.5
0.57 mm inhibition zone. An increase in the inhibition zone to
18.5 0.68 mm was observed when 20 mg of crushed cloves were
soaked in 20 ml of sterile aqueous solution for 3 hours.
Similar to garlic, whole cloves from the soaking and boiling
methods did not produce any antibacterial activity since no
inhibition zones were observed. This is because the cell walls
were not broken down so the constituents were not extracted.
Prolonged soaking of 12 hours up to 1 week at 4ºC in a tight
container may produce different results. Several studies have

indicated that important bioactive compounds with antibacterial
activity are released by crushing the spices25 [25].
Turmeric and cinnamon extracts
In this study, the crude extracts of turmeric and cinnamon
using ethanolic extraction, aqueous extraction, 3 hours soaking in
sterile distilled water, boiling and juice extraction methods did
not possess antimicrobial activity against E. coli K12 (JM109).
The antibacterial activity of cinnamon and turmeric against other
E. coli strains were reported26 [9, 20, 26]. The differences between the
results obtained in our study and others may be due to the quality
and age of the spices used, as well as the extraction methods.
These methods include the processes of drying, soaking and
evaporating. The quality of the ethanol applied may have also
played a role in creating these differences.
DISCUSSION
Numerous studies showed that the plant extract from herbs as
well as spices possesses antibacterial activities against many
types of pathogenic bacteria at different variable degrees [27, 28]. This
is because the plant has many bioactive compounds that exhibit
antibacterial activities [27]. However, the active part of the plant that
is useful is contained within the cells of the plant. To make use of
these, the cell walls must be broken down and the constituents
must be extracted in a form that can be used by a human.
Unfortunately transforming the cocktail of biochemicals in the
cell is a difficult task. The bioactive compounds vary in their
solubility in water and sensitivity to heat. Although solubility
increases with temperature, some delicate chemicals may be
degraded by exposure to heat. For this reason, most herbalists
prefer to use cold extraction methods, which, if done properly,
involve minimal pharmaceutical processing and therefore might
faithfully reflect the chemical characteristics of the plant.
In this study, the crude extracts from the boiled whole garlic
and the whole garlic soaked in sterile distilled water for 3 hours
demonstrated no antibacterial activity. This could be because the
cell walls of the spices were possibly not broken down as a result
of non-optimal boiling and soaking time. Thus the bioactive
compounds were not released. However, Sah et al. demonstrated
that pieces of cut garlic when boiled at 100ºC for 30 minutes

Table 3: Antibacterial activity of juice and boiling garlic extracts on E. coli K12 (JM109)
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Table 4: Antibacterial activity of crude cloves extract from the ethanolic, aqueous, soaking and
boiling extraction methods on E. coli K12 (JM109)

showed antibacterial activity against E. coli [29]. In our case, the
whole garlic was soaked and then heated gently up to boiling.
After that, the garlic was removed form the hot plate. Perhaps the
boiling temperature and the varying amount of boiling time could
have affected the antibacterial activity of the whole garlic. The
boiled powdered and crushed garlic prepared in this study,
however, possess antibacterial activity against E. coli. This is in
line with the literature on the potential of garlic as natural drugs.
Garlic has also been used in natural food preservatives for fishes
at room temperature and deep-fried fishes, since it retains its
antibacterial activity up to 120 ºC [30]. Concentrated fresh garlic
juice extract was known to exhibit antibacterial activity against
common pathogenic bacteria (Escherichia coli, Proteus

mirabilis, Klebsiella pneumoniae, Pseudomonas aeruginosa, and
Staphylococcus aureus) [31]. Our preparation of diluted fresh garlic
juice and crushed garlic crude extracts from soaking in sterile
distilled water for 3 hours also showed inhibition against E. coli.
According to [32], antibacterial activity was detected when garlic
was crushed and soaked in a different amount of sterile distilled
water for various soaking hours. The antibacterial activity of
crushed and powdered boiling garlic, as well as crushed garlic,
soak in sterile distilled water can be explained because when
garlic is crushed, cut, chewed or dehydrated, pulverized and then
exposed to water, the vacuolar alliinase enzyme rapidly lyse the
cytosolic cysteine sulfoxides (allicin) to form diallyl disulphide
(allicin) [33]. This process is essential for garlic potency. Allicin is a
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highly unstable molecule, which rapidly transforms into sulfides,
including ajoene and dithiins. It has been reported that allicin is
responsible for garlic antibacterial activity [34]. Although it has
been known that allicin acts as an effective antimicrobial agent in
vitro, its effects as an antimicrobial agent in vivo is questionable
since the bioavailability of allicin is reported to be poor [35].
Ethanolic and aqueous garlic extracts, on the other hand, showed
no antibacterial activity against E. coli. Our results are consistent
with the literature [21, 22]. The use of old garlic and/or denatured
ethyl alcohol in the ethanolic extracts preparation might be
responsible for its lack of antibacterial activity. In fact, Sasaki et
al. [36] observed that the use of powder from fresh garlic was more
effective for antibacterial activity than that from old garlic,
though, several other studies [21, 24, 25] indicated otherwise.
Cloves have been used in Ayurveda, Chinese medicine and
Western herbalism [37]. In this study both ethanolic and aqueous
extracts of clove showed satisfactory inhibitory activity in
comparison to the selected antibiotics (10 μg/ml of ampicillin and
gentamycin). The ethanolic extract of clove was more efficient in
its antibacterial activity as compared to the aqueous extract. At a
concentration of 40 μg/ml of ethanolic extract the zone of
inhibition was 10.0 ± 1.0 mm while at 72 μg/ml of aqueous extract
the zone of inhibition was 13.3 ± 0.58 mm. This is because the
antimicrobial components of the clove are more soluble in
ethanol than water resulting in the release of a greater amount of
active components. Our study agreed with the literature [38, 39]. The
ethanolic extract and aqueous extract of cloves gave 18 mm [38] and
7 mm [39] as zones of inhibition, respectively against E. coli.
Although, the initial amount of clove and water used for the
extractions were not similar in each of the studies. Eugenol and
carvacrol are phenolic compounds found in cloves known for the
antibacterial activity. These compounds are also responsible for
aroma and flavor as well as can act as mold inhibitors [38]. On the
other hand, ethanol and aqueous extracts of clove by Hoque et al.
[40]
did not inhibit the E. coli O15:H7. Clove kill and inhibit
microorganisms by destroying cell walls and membranes of the
microorganism, then enter the cells and inhibit the normal
synthesis of DNA and protein [41].
Soaking of the crushed clove for 3 hours and boiling
extraction methods on cloves that were crushed and powdered
showed significant inhibition zone against E. coli. In the 3 hours
soaking method, a slight increase in the inhibition zones was
detected when the amount of water increased from 10 mL to 20
mL while the amount of crushed clove was fixed to 2 g. The
reason could be that when the aqueous amount increases, it helps
to release more soluble active components. Interestingly, our
aqueous infusion from the 3 hours soaking at room temperature
produced inhibition zone of 8.8 ± 0.52 mm while aqueous
infusion left for 24 hours produced similar inhibition zone against
E. coli, 8.73 ± 1.18 mm [42]. Besides the soaking duration, our
method used 2 g of crushed clove soaked in 10 mL of sterile
distilled water and left at room temperature while Saeed and Tariq
[42]
used 10 g of the whole clove soaked in 100 mL of distilled water
with occasional shaking. One possibility could be that the
infusion rate of the active components into the water are much
faster when crushed clove was used instead of the whole clove.
According to Saeed and Tariq [42], the aqueous decoction of 10 g
clove boiled in 100 mL of distilled water for 20 minutes inhibition
zone is 9.07 ± 1.46 mm against E. coli. Instead of prolonged
boiling, we used gradual gentle heating which was brought to a
boil using a hot plate. The inhibition zone of 10 g of crushed and
powdered clove in 20 mL which was gently heated up until
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boiling was 10.4 ± 0.60 mm. We observed quite similar inhibition
zone value comparable with the author [42], although the amount of
water and form of clove used were different. This can be
explained by the fact that longer boiling time was needed to break
the whole clove cell walls in the report [42], but the cell walls of the
crushed and powdered form was already broken and further
breaking by heating gently until boiling will help to speed up the
process of releasing the active components. However, our whole
boiling and soaking clove for 3 hours produces no inhibition zone
against E.coli. The reason was that the soaking time and the
boiling duration were not optimal to break the cell walls. Prolong
incubation time and boiling time might produce positive results.
CONCLUSION
In this study, garlic and cloves displayed antibacterial activity
against E. coli K12 (JM109) while no antibacterial activity was
observed from cinnamon and turmeric. The processes of soaking
crushed garlic for 3 hours in a sterile aqueous solution, boiling
crushed garlic and boiling powdered garlic demonstrated
antibacterial activity against E. coli K12 (JM109). Juice extracts
from garlic also showed such activity. The best inhibition zone of
19.6 ± 0.64 mm was observed when 15 g of crushed garlic was
soaked in 20 ml of sterile aqueous solution. The antibacterial
activity of cloves extract was observed when ethanolic extraction,
aqueous extraction, soaking (for 3 hours) and boiling extraction
methods were employed on cloves that were either crushed or
powdered. Our study further indicated that one of the crucial
factors that determined the success of the extraction process was
the type of ethanol used for extracting the bioactive ingredients.
The ethanolic extract from garlic displayed negative results,
however, the cloves extract from ethanol exhibited antibacterial
activity against E. coli K12 (JM109). An inhibition zone of 10.0 ±
1.0 mm was obtained from 0.40 g/ml of cloves ethanolic extract,
while cloves in an aqueous extract produced an inhibition zone of
13.3 ± 0.58 at 0.72 g/ml.
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