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ESCHERICHIA COLI AND STAPHYLOCOCCUS AUREUS BACTERIA
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ABSTRACT

The study was conducted to detect and
determine the antibacterial activity of
Momordica charantia L. (Bitter gourd)
Allium cepa L. (Onion), and Clitoria
ternatea  (Butterfly  pea)  against
Escherichia coli (ATCC 25922) and
Staphylococcus aureus (ATCC 25923).
The extraction of the plant phytochemicals
was carried out using ethanol as the
solvent. Well diffusion technique was
used to assess the antibiotic susceptibility.
The highest zone of inhibition was
observed in Allium Cepa at 100 mg/ml
against Escherichia coli (17.333 + 0.942
mm). Momordica charantia gave an
inhibition zone of 11.33 £ 0.471 mm at 50
mg/ml against Escherichia coli, which was
the lowest wvalue. Clitoria ternatea
inhibited Escherichia coli growth with a
highest value of 15.00 = 0.816 mm at 100
mg/ml concentration. Observed results
were statistically analyzed by two-way
ANOVA. A significant difference was
identified between the increase of
concentrations in Allium cepa and Clitoria
ternatea. For Momordica charantia,
significant  difference was observed
between the bacterial strains used.
According to  minimal inhibitory
concentration (MIC) results, all plant
samples inhibited the growth of the
microorganisms in either 25 mg/ml, 50
mg/ml or 100 mg/ml concentrations. The
minimum  bactericidal  concentration
testing showed that all samples inhibited
the growth of Escherichia coli and

Staphylococcus aureus in 50 mg/ml and
100 mg/ml concentrations. It was
concluded that plant samples used in this
study showed potential as antimicrobial
compounds. Further studies are required
with enhancements in order to derive a full
evaluation of all these samples and
introduce these plant species as reservoirs
of antimicrobial compounds.

Keywords:  Antibacterial  activity,
phytochemicals, Momordica charantia L.
(Bitter gourd), Allium cepa L. (Onion) and
Clitoria ternatea (Butterfly pea)

INTRODUCTION

Antibiotics can be considered as
powerful medicinal compounds, which is
used against several pathogenic bacterial
infections by either destroying bacterial
cells or stagnating the growth of bacteria
(Martine, 2008). They are widely used in
the treatment and prevention of bacterial
infections. There are different types of
antibiotics, which have been classified
based on their mode of action and some of
them are cell wall synthesis inhibitors,
protein  synthesis inhibitors, DNA
synthesis inhibitors, and mycolic acid
synthesis inhibitors etc. (Kapoor et al.,
2017). Plant phytochemicals sometimes
display antibacterial properties via a
variety of secondary metabolites such as
alkaloids, tannins, flavonoids, and
terpenoids (Zaman et al., 2017). The
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development and use of plant derived
antibacterial compounds have been
increased recently due to the increase in
resistance to conventional antibiotics
(Savoia, 2012).

Antibiotic  resistance  (ABR) is
becoming a serious threat to global health
leading to problematic issues such as
increased mortality, higher medical costs,
and prolonged hospital stays (Ventola,
2015). New resistance mechanisms has
been accumulating over the years and the
number of bacteria becoming resistant is
increasing (Lardy et al., 2004). There are
number of causes for the antibiotic
resistance but extensive usage and misuse
of antibiotics can be given as most
common reasons. People can follow
proper usage directives regarding
antibiotics for the prevention, and to
control the spread of antibiotic resistance.
Novel studies are conducted in order to
combat the antibiotic resistance by
focusing on the mechanisms that generate
resistance in bacteria (Aslam etal., 2018).

Most plants synthesizes a diverse range
of biochemical compounds, which are
responsible for the survival and protection
of the plant, and these active compounds
vary depending on the type of plant. The
antimicrobial properties are present in the
plant as a result of the synthesis of
phytochemicals in secondary metabolism
pathways (Manandhar et al., 2019). Out of
these components, most of them are
phenols or their oxygen-substituted
derivatives such as tannins, terpenoids,
alkaloids, and flavonoids (Cowan, 1999).
The biochemical active properties are
mainly used as virulence attenuators or
antibiotic potentiators for the control of
human pathogenic diseases (Lamothe et
al., 2009).

Allium cepa, also known as onions are
a common food plant, which belongs to
the family Amaryllidaceae, subfamily
Allioideae. Onions have been a major
dietary source since ancient times and has
been used for several medicinal purposes.

Onion bulb is shown to display highest
antibacterial activity among the plant parts
due to the wide range of secondary
metabolites it contains such as terpenoids,
flavonoids, tannins, and alkaloids
(Eltaweel, 2013). According to Skerget et
al., (2009), onions have shown a high
potential of antibacterial activity against
several bacterial strains and fungi species,
which include Escherichia  coli,
Pseudomonas  fluorescens,  Bacillus
cereus, Aspergillus niger, Trichoderma
viride and Penicillium cyclopium. Most of
the previous studies have shown that
alcoholic extracts of Allium cepa display a
higher potential activity than aqueous
extracts. Out of alcoholic solvents, ethanol
has exhibited a higher activity among the
other alcoholic solvents (Lee et al., 2014).

Bitter gourd is a vegetable-fruit, which
belongs to the family Cucurbitaceae and it
is considered as a rich source of minerals
and vitamins. Leaves and fruits contain
various bio reactive compounds such as,
saponins, reducing sugars, glycosides,
phenolic constituents, alkaloids which
display antibacterial and antioxidant
properties (Ekezie et al., 2016).
Momordica charantia is commonly used to
treat diabetes and related conditions
(Joseph and Jini, 2013). A study
conducted by Mwambete, K.D (2009)
showed bitter gourd fruit contains a higher
antibacterial capacity than the leaves
against common bacterial strains and
according to previous studies, methanolic
and ethanolic extracts have displayed a
high antibacterial potential than other
solvents. Defeating the bacterial activities
at low concentrations can be seen in
Momordica charantia, in comparison to
other plants. (Safeed and Tarig, 2005). As
a medicinal plant, bitter gourd has shown
a wide capacity of antimicrobial
effectiveness against many bacterial and
fungi strains.

Butterfly pea is a perennial herbaceous
plant, which belongs to the family
Fabaceae and consist of vivid deep blue
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flowers. Based on its medicinal and
agricultural applications, Clitoria ternatea
has gained a significant interest recently.
Studies have shown that butterfly pea
flower contains higher number of phenolic
compound, which are responsible for the
antibacterial and medicinal properties
(Pahune et al., 2013). A novel discovery
regarding Clitoria ternatea is ‘Butterfly
pea tea’, which is made out of butter fly
pea flower and contains herbal properties
(Oguis et al., 2019). According to the
previous studies, which carried out
regarding the antibacterial properties, the
plant has shown a higher activity for the
alcoholic extracts among other solvents
(Shahzad et al., 2009). Present research
work shows that Clitoria ternatea displays
an antimicrobial activity towards common
bacterial and fungi species (Bacillus
thuringiensis, Staphylococcus aureus,
Escherichia coli, Aspergillus niger,
Penicillium spp) depending on their
bioactive compounds (Kamilla et al.,
2009).

Escherichia coli is a gram-negative
bacteria. Most of the Escherichia coli
types are harmless and helps to keep the
gastro intestinal tract healthy while some
of them are capable of causing diseases.
Escherichia coli O157:H7 can be given as
a common pathogenic strain (Lim et al.,
2013). Extended spectrum of B-lactamases
are the enzymes, which confer the
resistance to most antibiotics and these
enzymes have the ability to inhibit the
activity of given antibiotics. According to
recent studies, the natural phenolic
compounds exhibits antibacterial
properties to lower the bacterial activity
(Ozcelik et al., 2008).

Staphylococcus aureus is a gram-
positive bacteria, which grows aerobically
or anaerobically. It can be found on human
skin and mucous membranes, which
serves as major reserves for the organism
(Foster, 2017). Staphylococcus aureus has
developed resistance to antibiotics
recently by several mechanisms such as

drug binding site alterations and -
lactamase activity. Methicillin-resistant
Staphylococcus aureus (MRSA) is one of
the most common resistant type of the
organism (Enright et al., 2002). However,
there is a possibility to combat the
resistance of these strains by inhibiting the
drug-resisting RNA with the use of plant
phenolic compounds (Mori et al., 2017).

Plant derived antibiotics, which
displays antibacterial activity can be given
as a successful effort to combat increasing
antibiotic resistance. The main objective
of this study is to detect the antibacterial
activity of Allium cepa, Momordica
charantia, and Clitoria ternatea. This study
is demonstrated under the hypothesis; that
the ethanolic extracts of these plant
samples shows antibacterial potential
against Escherichia coli and
Staphylococcus aureus bacterial strains.

The fresh plant samples were tested
against the bacterial strains and the
antibacterial level was determined by
using laboratory techniques such as
Antibiotic Susceptibility Test (ABST),
Minimum Inhibitory Concentration (MIC)
and Minimum Bactericidal Concentration
(MBC) in order to obtain the expected
results.

METHODOLOGY

Sample Collection and processing

Onion (Allium cepa L.), bitter gourd
(Momordica charantia L.), and butterfly
pea (Clitoria ternatea) plant samples were
collected from the local market in
Maharagama and was taken to the
laboratory  avoiding  contaminations.
Under sterile conditions, all samples were
washed with tap water to remove small
particles and the dust. Then the samples
were washed using distilled water for
further removal of contaminants. Finally,
all samples were disinfected by spraying
70% ethanol thoroughly. Samples were
dried under shade for seven days. After
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three days, minor pressure was applied to
the drying samples for further removal of
water. Samples were not exposed to the
direct sunlight during the drying process.
Fully dried samples were pulverized using
an electric grinder (OLAN). The powder
was then sieved in order to obtain the fine
powder.

Extraction of the plant samples were
carried out by maceration using ethanol as
the solvent. Different sample masses and
ethanol percentages were used for the
samples depending on its properties.
Given below are the volumes and ethanol
percentages, which were taken for each
sample separately.

cultures of the bacterial strains;
Escherichia coli (ATCC 25922) and
Staphylococcus aureus (ATCC 25923)
were inoculated in the media using a
sterile inoculation loop. The cultures were
incubated overnight at 37°C. Fresh
overnight subcultures were prepared from
bacterial ~ strains  prior to each
experimentation and were standardized by
diluting using 0.5 McFarland standard
(0.05ml of BaCl2 solution was added into
9.95ml of H2SO4 solution).

Extracted samples were reconstituted in
DMSO (Dimethyl sulfoxide) in order to
obtain different concentrations. Given
below are the different extract powder
masses and final concentrations of each
sample.

Table 2. Reconstitution

Table 1. Ethanol volumes and
percentages for the extraction
Sample name | Powder | Ethanol Volume
volume | percentage | (ml)
()
Allium 10 95% 50
cepa
Clitoria 10 95% 50
ternatea
Momordica 10 70% 50
charantia

Sample name | Extracted | DMSO | Stock
mass (g) | volume | concentration
(ml) (mg/ml)

Allium 2.97 14.85 200
cepa

Momordica 2.39 11.95 200
charantia

Clitoria 3.09 15.45 200
ternatea

As stated in table 01, appropriate
sample volumes and ethanol volumes
were added into 50ml falcon tubes and
placed in the roller mixer (KIMR-II).
Extraction was allowed for 48 hours.
Filtration of the plant extract was carried
out using a muslin cloth. Ethanolic extract
was poured onto a clean piece of muslin
cloth and the filtrate was collected into a
petri plate. It was placed inside the fume
hood (Biobase) with the lid open, allowing
the evaporation of ethanol for 48 hours.

Nutrient broth was prepare by adding
1.95g of powder (HiMedia) and mixing in
150 ml sterile distilled water. The solution
was sterilized by autoclaving 15 minutes
at 121°C, 15Ib/inch3. 15 ml of broth were
taken into two conical flasks. Stock

Well diffusion assay

Mueller Hinton agar (HiMedia) was
prepared by adding 8.5g of and mixing in
225 ml sterile distilled water. The solution
was sterilized by autoclaving 15 minutes
at 121°C, 15lb/inch3. After autoclaving,
the media was poured into petri plates,
avoiding the formation of air bubbles.
Antibiotic susceptibility was tested for
two concentrations (50 mg/ml and 100
mg/ml) for Allium cepa, Momordica
charantia and Clitoria ternatea plant
extracts along with the positive
(Gentamicin 1 mg/ml) and negative
(sterile distilled water) controls. The
procedure was carried out under aseptic
conditions. Overnight incubated and
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100mg/ml

standardized bacterial cultures
Escherichia coli (ATCC 25922) and
Staphylococcus aureus (ATCC 25923)
were inoculated using a sterile cotton
swab. The wells were prepared on the agar
surface using a sterilized pipette tip
(Haron et al., 2016).

\ C} (j o—; Negative

Positive
: / (Distilled water)
— e

(1mg/ml Gentamucin)

50 pl of the concentrations (50 mg/ml
and 100 mg/ml) were loaded into each
well using a micropipette. The plates were
incubated overnight at 37°C in order to
observe the zones of inhibition.

Minimal Inhibitory Concentration
(MIC)

Mueller Hinton broth (HiMedia) was
used as the media and 4.5g were measured
and mixed in 216ml sterile distilled water.
The solution was sterilized by autoclaving
15 minutes at 121°C, 15Ib/inch3. A series
of dilution was prepared separately. All
samples were reconstituted in DMSO and
six concentrations were prepared (200
mg/ml, 100 mg/ml, 50 mg/ml, 25 mg/ml,
125 mg/ml, and 6.25 mg/ml). Same
procedure was performed for all samples
for both Escherichia coli (ATCC 25922)
and Staphylococcus aureus (ATCC
25923) bacterial strains separately.

The Ethanolic plant extract of each
sample were reconstituted in order to
obtain a series of concentrations with the
highest concentration being 200 mg/ml
followed by 100 mg/ml, 50 mg/ml, 25
mg/ml, 12.5 mg/ml and 6.25 mg/ml. 1 ml
of these extract dilution along with 900 pl
of media broth was added. The final plant
extract concentrations were 100 mg/ml, 50

ma/ml, 25 mg/ml, 12.5 mg/ml, 6.25 mg/ml
and 3.125 mg/ml (Galberto et al., 2016).

100 pl of the overnight bacterial culture
suspension diluted in comparison to 0.5
McFarland standard were inoculated to the
prepared tubes. Controls were prepared
containing a positive control (gentamicin
Img/ml), a negative control (tube
containing only seeded broth) and a
sterility control containing only media.
The tubes were incubated overnight at
37°C. After the incubation, turbidity was
compared for each tube and the lowest
concentration with no visible turbidity was
selected as the Minimal Inhibitory
Concentration.

Minimal bactericidal concentration
(MBC)

Tryptone agar (HiMedia) was prepared
by adding 10.8g and was mixed in 270ml
sterile distilled water. The solution was
sterilized by autoclaving 15 minutes at
121°C, 151b/inch3. The tubes
corresponding to the concentrations,
which showed no turbidity following the
minimal inhibitory concentration, were
selected from minimal inhibitory
concentration testing and were streaked on
media plates followed by 24 hours of
incubation at 37°C. The colonies were
counted and the respective plates
displaying 99.9% Kkilling of the bacterial
species and the corresponding
concentration were determined as minimal
bactericidal concentration. The test was
performed under sterile conditions using
aseptic technique (Santas et al., 2016).

Statistical analysis

All the results were statistically
analyzed using Graphpad Prism version
8.4.3 and IBM SPSS® software. The data
represent mean * standard deviation for
three replicates. Two-way ANOVA
analysis was used to analyze the antibiotic
susceptibility data with a 95% confidence
interval and significance denoted by a P
value less than 0.05.

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



RESULTS 50mgml | 100mgml | Positive Negative
{mm) (nam}) {mm) (ram})
Antibiotic Susceptibility Test (ABST) Tscherichia | 113333= | 12000% | 20666=
Momordica charantia coli 047 0816 2567
Staplplococcws | 13000= | 13666% | 21.666%
aurens 0816 1247 2.867
2 W Escherichia coli
g s B Staphylococeus aureus
:' 10

me of

50 100

Concentration (mg/ml)

Figure 3. The antibiotic susceptibility testing using well diffusion test for Momordica
charantia The black bars indicate Escherichia coli and the grey bars indicate

Staphylococcus aureus. The data represent mean = SD for three replicates

Table 4. Two-way ANOVA analysis for
Momordica charantia. (P value <0.05)

Source Type III df Mean F Sig.
Sum of Square
suaras
Corrected Model 0667 3 3222 2.762 11
Figure 2. Well diffusion results for Intercept 1875000 | 1 ] 1875.000 | 1607.143 .00
Momordica charantia first replicate (R1), Bacterial Species 8353 1 8333 | 713 | 0=
second replicate (R2), third replicate (R3) Concenfrafion 1333 | 1333 | 1143 | 316
for Escherichia coli and Staphylococcus “Baceral gilii i 50 RO T
aureus. a) 100 mg/ml, b) 50 mg/ml, c) Species*Concentration
Positive, d) Negative — S - —
ol . Total 1854000 | 12
Table 3. anes of mhlbltl_on measured T =)
for Momordica charantia with the mean

value and standard deviation (SD).

Highest inhibition zone was observed in Dependent variable: Zone of inhibition
100 mg/ml against Staphylococcus aureus. a. R Squared = 509 (Adjusted R
Lowest zone of inhibition was in 50mg/ml Squared = .325)

against Escherichia coli.
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Estimated Marginal Means

Estimated Marginal Means DI"IOMO'I'InhibIﬁ_Dn
BacienalSpacus
Eonk
Stueh

Coneamtration

Figure 4. The profile plot for two-way
ANOVA analysis for Momordica
charantia.

A significant difference was identified
between the two bacterial species with a
value of 0.028 (P value < 0.05). Therefore,
the bacterial strains have an observable
main effect to the plant samples. No
significant  difference was identified
between the two concentrations. However,
there is no interaction effect observed
between the bacterial strains and plant
extracts (P > 0.05)

Allium cepa
Escherichia coli Staphylococcus aureus

o

Table 5. Zone of inhibition measured
for Allium cepa with the mean value and
standard  deviation (SD).  Highest
inhibition zone was observed in 100
mg/ml against Escherichia coli. Lowest
zone of inhibition was in 50 mg/ml against
Staphylococcus aureus

30 mg'ml 100 me'ml Positiva (mm) | Negative (mm)

(mm) (mm)

scherichiacoli | 13333 £1.247 | 17333 20542 | 22000 0.816 -

Staphylococcus | 1433320471 | 15666 =0.471 | 22.333=3.09 -

aureus

204 . R .
— T B Escherichia coli
= 15 I I =3 Staphylococcus aureus
< q0-
s -
N
0

50 100

Concentration {mg/ml)

Figure 6. The antibiotic susceptibility
testing using well diffusion test for Allium
cepa. The black bars indicate Escherichia
coli and the grey bars indicate
Staphylococcus aureus. The data represent
mean + SD for three replicates

Table 6 Two-way ANOVA analysis for Allium cepa (P value < 0.05)

Source Type I Sum o Mean Square T Siz.
of squaras
Corrected Model 14.000" 3 4.667 4308 044
Intercept 2945333 1 2945333 2718.769 000
Bacterial Species 5333 1 5333 4923 037
Concentration 8.333 1 8.333 7.692 024
Bacterial 333 1 333 308 394
Species*Concentration
Error B.667 8 1.083
Total 2968.000 12
Corrected Total 22.667 11

Dependent variable: Zone of inhibition
a. R Squared = 618 (Adjusted R Squared = 474)
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Estimated Marginal Means of ZoneOfinhibition aureus a) 100 mg/ml, b) 50 mg/ml, C)
BacteratSpecies Positive, d) Negative

—Excol
Stagh

/- Table 7. Zone of inhibition measured
for Clitoria ternatea with the mean value
and standard deviation (SD). Highest
inhibition zone was observed in 100
; mg/ml against Escherichia coli. Lowest
zone of inhibition was in 50 mg/ml against
Staphylococcus aureus

Estimated Marginal Means

Concentration 50 me'ml {(mm) 100 me/mal (mm) Positiva (mm) Negative (mm)
Figure 7. The profile plot for tvo-wey ANOVA analysis for Allm cepa E:zcherichia coli 13.666 = 0.471 15.000 £0.816 15.000 + 3.559
A significant difference was identified between the two concentrations with a P value of 0.024.
Therefore, the two concentrations used and the increase of the concentrations have an Staphyloceccus 12.666 £0.471 14.000 £0.861 2333320471
observable main effect to the plant samples. No sigmificant difference was identified between aurens

the two bacterial species and for the interaction effect.

Table 8. Two-way ANOVA analysis for
Clitoria ternatea Clitoria ternatea. (P value < 0.05)
Escherichia coli Staphylococcus aureus

204 P .
- W Eschenichia coll
£ 154 = Swaphylecoccus awrens
2 104
-

04

50 100
Concentration (mg/ml)

Figure 9. The antibiotic susceptibility testing using well djffusion test for Clitoria fernatea.
The black bars indicate Escherichia coli and the gray bars indicate Staphylococcus aureus.
The data represent mean = 5D for three replicates

Soures Type I Sum af Mean Square F Sig.
of squares
Corrected Model 8333 3 2.778 4.167 047
Intercept 2296.333 1 2296.333 3444500 .00
Bacterial Spacies 3.000 1 3.000 4.300 067
or—— T T B Tom G2
Rl 5 T 5 w0 T
SpaciestConcaaton
Figure 8. Well diffusion results for o ot *
Clitoria ternatea first replicate (R1), Tetal zome |12
second replicate (R2), third replicate (R3) Cormected Tol L6687 I

for Escherichia coli and Staphylococcus
Dependent variable: Zone of inhibition
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a. R Squared = .618 (Adjusted R Figure 11. Serial dilution of Momordica
Squared = .474) charantia extract to detect MIC against
Escherichia coli and Staphylococcus
aureus. Tubesl-6 are the different
Bactaiaspecies concentrations used with the highest
—= concentration being 1 (100 mg/ml) and the
least concentration being 6 (3.125 mg/ml).
Tube 7, 8, 9 are positive control, sterility
control and negative control.  Three
replicates are shown (R1, R2 and R3)

Estimated Marginal Means of

= i

Estimated Marginal Means

Table 9. Growth patterns of the

T

) microorganisms in different
concentrations of Momordica charantia.
& _— " MIC was determined as 50 mg/ml and 25

mg/ml  for  Escherichia coli and

Figure 10. The profile plot for two-way Staphylococcus aureus respectively.

ANOVA analysis for Clitoria ternatea. Concentraion (mg'm]) Mieseorganizm:

A significant difference was identified _ Eecherichia coh Sapluloceceus e
between the concentrations with a P value % ~ -
of 0.022.  Therefore, the two 3 ¥ N
concentrations used and the increase of the 122 * :
concentrations have an observable main - . -

effect to the plant samples. No significant
difference was identified between the two
bacterial species and for the interaction

Key +=Growth, -=No growth

effect. Allium cepa
FA — . ichia coli Staphylococcus aureus
Minimum Inhibitory Concentration 1 2 TE 6 18 % 3 5 8 TS
(MIC) T3 =TT N

Momordica charantia

| Escherichia coli Staphylococcus aureus
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Figure 12. Serial dilution of Allium Concantration Microor zanism
cepa extract to detect MIC against (mgiml)
Escherichia coli and Staphylococcus
aureus. Tubesl-6 are the different Fecherichiacoli | Staplylococcus auweus
concentrations used with the highest 100 _ _
concentration being 1 (100 mg/ml) and the =
least concentration being 6 (3.125 mg/ml). B B
Tube 7, 8, 9 are positive control, sterility 25 - +
control and negative control.  Three o3 - "
replicates are shown (R1, R2 and R3)
623 + +
Table 10. Growth patterns of the 3125 T T
microorganisms in different
concentrations of Allium cepa. MIC was
determined as 25 mg/ml and 50 mg/ml for Table 11. Growth patterns of the
Escherichia coli and Staphylococcus microorganisms in different
aureus respectively concentrations of Clitoria ternatea are
shown. MIC was determined as 50 mg/ml
Clitoria ternatea for Escherichia coli and Staphylococcus
aureus
Escherichia coli Staphylococcus aureus Key +=Growth -=No growth
5 Minimal Bactericidal Concentration
(MBC)

- 3 o Momordica charantia

DA BT [ Escherichia coli Staphylococcus aureus

ion of growth inhibition using Momordica charantia plant extracts
Jfor Escherichia coli and Staphylococcus aureus.

Figure 14. Determi

Allium cgpa.

Escherichia coli Staphylococcus aureus

Key + = Growth -=No growth

Figure 13. Determination of growth inhibition using Allium cepa plant extracts for
Escherichia coli and Staphylococcus aureus.
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Clitoria watea

Escherichia coli

Staphylococcus aureus

Figure 16. Determi)

ion of growth inhibition using Clitoria ternatea plant extracts for
Escherichia coli and Staphylococcus aureus.

Table 12. MBC determination by colory count. Given here are the MBC for Momordica charantia

Alltum cepa, and Clitoria ternateg for Escherichia coli and Staphylococcus aureus.

Sample nam= Bacterial spacies Concentration fmg/ml) | Colony count
Excherichia coli 100 Neme
50 1
aureus
Eccharichia coli 50 1
Allium cepa, Staphylacoccus 100 Nons
aureus
Eccherichia coli 100 1
Clitaria tsnai 100 1
aureus
DISCUSSION

Ethanol was used as the solvent for the
extraction. All three samples gave a yield
of extraction around 25% - 30% indicating
ethanol as a suitable solvent as the yield
was high. Ethanol is a polar solvent, which
can interact with bioactive compounds
such as flavonoids and alkaloids. It can
separate the chemical compounds by
forming bonds with water molecules,
which in turn will elute the expected
phytochemicals (Stevanato and Silva,
2019). Different ethanol percentages were
used for the samples depending on the
chemical composition of the phenolic
compounds. Since Allium cepa and
Clitoria ternatea contained more polar
compounds, 95% ethanol was used for a
better elution of the compounds. Both
polar and non-polar compounds were

present in Momordica charantia, therefore
a mixture of alcohol and water (70%) gave
a better separation of the required
components (Nguyen et al., 2019).

Antibiotic susceptibility test (ABST)
was performed to detect the antibacterial
capacity of the plant species. ABST
specifies the effectiveness of the antibiotic
(plant extract) against the bacterial strains
by giving a zone of inhibition (Khan et al.,
2019). All three samples gave zones of
inhibition for both Escherichia coli and
Staphylococcus aureus. As shown on table
3, Momordica charantia inhibited the
growth of Staphylococcus aureus with the
highest zone 13.66 + 1.247 mm (100
mg/ml). The higher concentration gave a
higher zone of inhibition in every
replication. The lowest zone of inhibition
was observed against Escherichia coli
with the value of 11.33 £ 0.471 mm in 50
mg/ml concentration. The comparison in
figure 3 indicates that Momordica
charantia is more effective towards
Staphylococcus aureus than Escherichia
coli with higher values for both the
concentrations.

Table 5 shows the zones of inhibitions
for Allium cepa. Ethanolic extracts of
Allium cepa exhibited antibacterial
properties towards the bacterial strains.
The highest zone of inhibition was
observed in 100 mg/ml concentration with
the value of 17.33 + 0.942 mm. 14.33 +
0.471 mm was observed in 50 mg/ml
concentration against  Staphylococcus
aureus, which is the lowest inhibition
zone. Overall Allium cepa has shown
higher antibacterial properties against
Escherichia coli than Staphylococcus
aureus with larger zones of inhibitions
(Figure 6). These results designate the
chemical composition of the phenolic
compounds in Allium has a higher
capacity to inhibit the growth of
Escherichia coli compared to
Staphylococcus aureus (Maidment et al.,
2015).
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The antibacterial properties of Clitoria
ternatea are given in table 7. The highest
zone of inhibition was observed in 100
mg/ml concentration with the value of
15.00£ 0.816 mm against Escherichia coli.
Plant showed the lowest antibacterial
property against Staphylococcus aureus
with a diameter of 12.66+ 0.471 mm in 50
mg/ml  concentration. 100  mg/ml
concentration gave higher zones of
inhibitions compared to the 50 mg/ml.
Overall, Clitoria ternatea exhibited higher
antimicrobial properties against
Escherichia coli compared to
Staphylococcus aureus (Figure 9), due to
the variations in the chemical prospection
towards the bacterial strains (Kim et al.,
2016).

In the graphs, error bars are shown to
indicate the variability of data and it
indicates the precision of the measurement
(Cemming et al., 2007). In this study,
replications were performed in order to get
a wide range of data but due to some
technical errors such as temperature
changes and pH changes, the data points
got a variation. Both Allium cepa and
Clitoria  ternatea gave significance
differences between the two
concentrations (50 mg/ml and 100 mg/ml)
(Table 6, 8 and figure 7, 10). Momordica
charantia gave a significance difference
between the two bacterial strains (Table 4
and figure 4).

The minimal inhibitory concentration
(MIC) was performed for all the plant
samples. MIC is the lowest concentration
of an antibiotic, which is capable of
inhibiting the growth of a microorganism
(Lambert et al., 2001). The turbidity was
compared in all tubes along with the
controls and the least turbidity containing
tube was selected as the MIC. In
Momordica charantia, the MIC was
determined as 25 mg/ml  for
Staphylococcus aureus and 50 mg/ml for
Escherichia coli. No increase in the
turbidity was observed after the selected
concentration in the samples against both

bacterial ~ strains  (Table 9). In
consideration with previous studies,
Momordica charantia contains high
antibacterial properties against a vast
range of microorganisms. Therefore, the
MIC results further confirmed that the
plant exhibits bacteriostatic properties
even at low concentrations (Costa et al.,
2010).

The MIC determination is given in table
10 for Allium cepa. MIC for Escherichia
coli was selected as 25 mg/ml while the
MIC for Staphylococcus aureus was 50
mg/ml. Allium cepa is a plant, which
possesses high antibacterial properties
concerning previous studies. The phenolic
compounds such as quercetin and
kaempferol have shown inhibitory activity
in low concentrations against several
microorganisms (Santas et al., 2010).
Therefore, in this study Allium cepa have
exhibited antibacterial properties against
Escherichia coli and Staphylococcus
aureus with acceptable MIC values.

Clitoria ternatea exhibited antibacterial
properties when tested for the MIC (Table
11). The ethanolic extracts of the plant
inhibited the growth of both the bacterial
strains at the concentration 50 mg/ml.
According to previous studies, Clitoria
ternatea has exhibited antimicrobial
properties against a wide range of
pathogenic microorganisms (Nadzirah and
Furzani, 2018). Observed results further
confirmed the antibacterial properties
exhibited by the plant. The average value
of the replicates was taken as the MIC for
a better interpretation.

Three controls were used when
determining the minimal inhibitory
concentration. A scientific control is
designed to minimize the effects of
variables other than the independent
variable. This increases the reliability of
the results, often through a comparison
between control measurements and the
other measurements. In this study,
gentamicin was used as the positive
control, which is a commonly used
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antibiotic and at 1 mg/ml concentration,
growth of the microorganisms was
arrested indicating the test organisms are
in CLSI susceptible range (CLSI version
11.1). Sterility of the experiment was
checked with only media containing tube.
No growth was observed indicating that
there were no contaminations occurred
during the practical.

Minimal bactericidal concentration
(MBC) was performed as the last
confirmation experiment for all the
samples. MBC is the lowest concentration
of an antimicrobial agent, which is capable
of killing a microbial agent (Taylor et al.,
2003). As shown in table 12, MBC was
determined for the samples after the
incubation. The MBC of Momordica
charantia was determined as 100 mg/ml
for Escherichia coli and 50 mg/ml for
Staphylococcus  aureus,  with  the
observation of no bacterial growth.
Therefore, the ethanolic extracts of the
plant can completely prevent the growth of
Escherichia coli and Staphylococcus
aureus at the selected concentration.

The MBC for Allium cepa was
determined as 100 mg/ml and 50 mg/ml
respectively for Escherichia coli and
Staphylococcus aureus. According to the
study results, ethanolic extracts of the
plant sample can completely arrest the
growth of the bacterial strains at the
selected concentrations. The MBC differs
between the two bacterial strains due to the
variation in chemical prospection and the
sensitivity of the bacterial strains (Kim,
2007).

Clitoria ternatea inhibited the growth of
Escherichia coli and Staphylococcus
aureus at the concentration 100 mg/ml.
The colony count was observed as one,
indicating that further increasing of the
concentration may completely inhibit the
growth of the microorganisms. Compared
to the other two samples, Clitoria ternatea
exhibited a lower antibacterial property.

It can be concluded that Momordica
charantia, Allium cepa and Clitoria

ternatea exhibited antibacterial activity
against Escherichia coli than
Staphylococcus aureus. When considering
the ABST results, Momordica charantia
showed higher antibacterial capacity
towards Staphylococcus aureus. Allium
cepa and Clitoria ternatea were more
effective against Escherichia coli with
higher inhibition zones. All three samples
were determined with different MIC and
MBC values, which differed due to the
chemical compositions. Therefore, further
studies are required order to develop these
plant extracts into antibiotic compounds
for the treatment of pathogenic bacterial
infections.

The study can be further developed by
optimizing the parameters in order to
improve results and to achieve significant
development. Since the phytochemicals
extracted depends on the extraction
solvent, different solvents such as
methanol, acetone and chloroform can be
used (Thouri et al., 2017). Changing the
concentration of the samples and testing
different varieties of bacteria strains also
could give wide range of differences
regarding the antibacterial activity
spectrum.  The identification  of
phytochemicals, which are responsible for
the antibacterial properties, can be useful
to chemically synthesize the exact
molecules. Methods such as High-
performance  liquid chromatography
(HPLC) or Capture Compound Mass
Spectrometry (CCMS) (Jan et al., 2018)
could be used to discover the chemical
structure of the components to aid
synthesis.

Clinical trials should be followed in
order to introduce the plant extract as an
actual antibiotic compound. Therefore,
prior to clinical trials several in-vivo, in-
vitro and in-silico testing are required. In
addition to the in-vitro performances
carried out in this study, combination of
phytochemicals can be tested in order to
determine the synergistic effect (FIC
index) (Canturk, 2018). The cell
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proliferation inhibition property of the
phytochemicals can be assessed by MTT
(3-(4, 5-Dimethylthiazol-2-yl)-2,  5-
diphenyltetrazolium bromide) assay. To
further develop the study, in-vivo testing
can be conducted using animal model such
as rats in order to determine the toxicity
levels (Lethal Dose 50, Lethal
Concentration =~ 50) of the plant
phytochemicals (Zhang et al., 2017). In-
silico testing can be performed in order to
develop models and study the
phytochemical efficacy against different
targets using docking studies.

ACKNOWLADGEMENT

In preparation of my research project, |
had to take the help and guidance of some
respected people, who deserve my deepest
gratitude. As the completion of this
research project gave me much pleasure, |
would like to show my gratitude to Dr.
Mathi Kandiah (Associate dean of
Biomedical science and Biotechnology
department), Dr. Michelle Benedict and
Ms. Inashki Dissanayake (Module
leaders), and Ms. Supeshala Kotalawala.

I would like to give a special
appreciation to my supervisor, Ms. Upeka
Bandaranayake for giving me good
guidance and courage for my research
project throughout numerous
consultations. | also wish to express my
gratitude to the lab assistants, officials and
other staff members at BMS who rendered
their help during the period of my research
project work.

REFERENCES

Aslam, B., Wang, W., Imran, M., Muzzammil,
S., Rasool, H., Nisar, M., Alvi, R.,
Aslam, M., Qamar, M., Salamat, M.
and Khurshid, M. (2018) 'Antibiotic
resistance: a rundown of a global
crisis', DOVEPRESS, Volume 11, pp.
1645-1658 NCBI [Online].
Available at:

https://www.ncbi.nIm.nih.gov/pmc/a
rticles/PMC6188119/ (Accessed: 16
February 2020)

Cemming, G., Fidler, F. and Vaux, D. (2007)
‘Error bars in experimental biology',
Journal of Cell Biology, 177(1), pp.
7-11  [Onilne]  Available at:
https://www.ncbi.nlm.nih.gov/pmc/a
rticles/PMC2064100/ (Accessed: 7
August 2020)

Canturk, Z. (2018) 'Evaluation of synergistic
anticandidal and apoptotic effects of
ferulic acid and caspofungin against
Candida albicans', Journal of Food
and Drug Analysis, 26(1), pp. 439-
443  [Online]  Available at:
sciencedirect.com/science/article/pii
/510219498170406 (Accessed: 23
August 2020)

Costa, J., Nascimento, E., Campos, A. and
Rodrigues, F. (2010) ‘Antibacterial
activity of Momordica charantia
(Curcubitaceae)  extracts  and
fractions', Journal of Basic and
Clinical Pharmacy, 2(1), pp. 45-51
NCBI  [Online] Available at:
https://www.ncbi.nlm.nih.gov/pmc/a
rticles/PMC3979203/ (Accessed: 6
August 2020)

Cowan, M. (1999) 'Plant Products as
Antimicrobial Agents’, American
Society for Microbiology, 12(4), pp.

564-582 NCBI [Online]. Available

at:
ww.ncbi.nlm.nih.gov/pmc/articles/P
MC88925/ (Accessed: 18 February
2020)

Ekezie, F., Suneetha, J., Maheswari, W.,
Prasad, T., and Kumari, B. (2016)
‘In-vitro Antibacterial activity of
extracts of bitter gourd with selected
media’, Journal of Research, 44(4),
pp. 80-83 Researchgate [Online]
Available at:
https://www.cabdirect.org/cabdirect
[abstract/20183290701  (Accessed:
10 April 2020)

Eltaweel, M. (2013) ‘'Assessment of
Antimicrobial Activity of Onion',
International Conference on
Chemical, Agricultural and Medical
Sciences. [Online] Available at:
https://pdfs.semanticscholar.org/198
5/a45389c8blabfoe9ad2d74334c7c

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



Enright,

8e554712.pdf (Accessed: 12 April
2020)

M., Robinson, A., Randle, G.,
Grundman, H., Spratt, B., and Feil,
E. (2002) 'The evolutionary history
of methicillin-resistant
Staphylococcus aureus (MRSA)',
National Academy of Sciences,
99(11), pp. 7687-7692. DOI:
https://doi.org/10.1073/pnas.122108
599 (Accessed: 11 April 2020)

Foster, T. (2017) ‘Antibiotic resistance in

Staphylococcus  aureus.  Current
status and future prospects’,
Microbiology Reviews, 41(3), pp.
430-449 [Online] Available at:
https://doi.org/10.1093/femsre/fux00
(Accessed: 10 April 2020)

Galberto, J., Nascimento, E., Campos, A. and

Rodrigous, F. (2016) ‘Antibacterial
activity of Momordica charantia
(Curcubitaceae)  extracts  and
fractions’, Journal of Basic and
Clinical Pharmacy, 11(1), pp. 688-
698 [Onlineg]  Available at:
https://www.nchi.nlm.nih.gov/pmc/a
rticles/PMC3979203/ (Accessed: 26
July 2020)

GraphPad Prism version 8.4.3 (686) for

Windows, GraphPad Software, San
Diego, California USA,
www.graphpad.com (Accessed: 20
August 2020)

Haron, J., Jahangirian, H., Vafaei, N., Rezayi,

M., Heji, L. and Abdollahi, Y. (2016)
‘Well  Diffusion  Method For
Evaluation Of Antibacterial Activity
Of Copper Phenyl Fatty
Hydroxamate  Synthesized From
Canola And Palm Kernel Oils',
Digest Journal of Nanomaterials and
Biostructures, 8(3), pp. 1263-1270
[Online] Available at:
http://citeseerx.ist.psu.edu/viewdoc/
download?doi10.1.1.1040.1266&re
p=repl&type (Accessed: 26 July
2020)

IBM Corp. Released 2012. IBM SPSS Statistics

for Windows, Version 21.0. Armonk,
NY: IBM Corp. (Accessed: 20 August
2020)

Jan, S., Christian, B. and Juliette, S. (2018) 'A

Simple HPLC  Method for
Simultaneous  Determination  of

Mycophenolic Acid and
Mycophenolic Acid Glucuronide in
Plasma’, Therapeutic Drug
Monitoring, 21(3), pp. 322-330
[Online] Available at:
https://journals.lww.com/drug-
monitoring/ (Accessed: 22 August
2020)

Joseph, B. and Jini, D. (2013) 'Antidiabetic
effects of Momordica charantia
(bitter melon) and its medicinal
potency', Asian Pacific Journal of
Tropical Diseases, 3(2), pp. 93-102
NCBI  [Online] Available at:
https://dx.doi.org/10.1016%2FS222
2-1808 (13)60052-3 (Accessed: 9
April 2020)

Kamilla, L., Mnsor, S., Ramanathan, S. and
Sasidharan, S. (2009) 'Antimicrobial
Activity of Clitoria ternatea (L.)
Extracts', Pharmocology Online,
1(1), pp. 731-738 [Online] Available
at:
https://pharmacologyonline.silae.it/f
iles/archives/2009/vol1/074.Kamilla
.pdf (Accessed: 12 April 2020)

Kapoor, G., Saigal, S. and Elogavan, A. (2017)
‘Action and resistance mechanisms
of antibiotics: A guide for clinicians',
Journal of Anaesthesiology Clinical
Pharmocology, 33(3), pp. 300-305
NCBI  [Online] Available at
https://dx.doi.org/10.4103%2Fjoacp
JOACP_349 15 (Accessed: 17
February 2020)

Khan, Z., Siddiqui, M. and Park, S. (2019)
‘Current and Emerging Methods of
Antibiotic  Susceptibility Testing',
Diagnostics, 9(2), pp. 1-49 [Online]
Available at:
https://www.ncbi.nlm.nih.gov/pmc/a
rticles/PMC6627445/ (Accessed: 6
August 2020)

Kim, J. (2007) 'Anti-bacterial action of onion
(Allium cepa L.) extracts against oral
pathogenic bacteria’, Nihin
University Science, 39(3), pp. 136-
141  [Online]  Available at:
jstage.jst.go.jp/article/josnusd1959/
39/3/39 (Accessed: 7 Augus 2020)

Kim, N., Ang, K., Nguyen, G. anad Tam, J.
(2016)  'Immunostimulating and
Gram-negative-specific
antibacterial cyclotides from the

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



Lamothe,

Lambert,

butterfly pea (Clitoria ternatea ),
The FEBS Journal, 283(11), pp.
2067-2090 [Onilne] Available at:
https://febs.onlinelibrary.wiley.com/
doi/full/10.1111/febs.13720
(Accessed: 6 August 2020)

R., Mitchell, G., Gattuso, M.,
Malouin, F., Diarra, M., and
Bouarab, K. (2009) ‘Plant
Antimicrobial Agents and Their
Effects on Plant and Human
Pathogens' International Journal of
Molecular Sciences, 10(8), pp. 3400-
3419 NCBI [Online]. Available at:
https://dx.doi.org/10.33902Fijms100
83400 (Accessed: 13 march 2020)
R., Skandamis, W., Coote, P. and
Nychas, G. (2001) 'A study of the
minimum inhibitory concentration
and mode of action of oregano
essential oil, thymol and carvacrol’,
Journal of Applied Microbiology,
91(3), pp. 453-462. NCBI [Online]
Available at:
https://doi.org/10.1046/j.1365-
2672.2001.01428.x  (Accessed: 6
August 2020)

Lardy, H., Johnson, D. and McMurray, W.

(2004) 'Antibiotics as tools for
metabolic studies. I. A survey of toxic
antibiotics in respiratory,
phosphorylative and  glycolytic
systems', Archives of Biochemistry
and Biophysics, 78(2), pp. 587-597
ScienceDirect [Online]. Available
at:
https://www.sciencedirect.com/scien
ce/article/abs/pii/000398615890383
7 (Accessed: 17 February 2020)

Lee, K., Kim, K., Chung , M., and Park, H.

(2014) 'Antioxidant activities of
onion (Allium cepa L.) peel extracts
produced by ethanol, hot water, and
subcritical water extraction', Food
Science and Biotechnology, 23(2),
pp. 615-621. SpringerLink [Online]
Available at:
https://link.springer.com/article/10.

1007/s10068-014-0084-6 (Accessed:
12 April 2020)

Lim, J., Yoon, J. and Hovde, C. (2013) 'A Brief

Overview of Escherichia coli
0157:H7 and Its Plasmid 0157,
HHS Public Access, 20(1), pp. 5-14

NCBI  [Online] Available at:
https://www.ncbi.nIm.nih.gov/pmc/a
rticles/PMC3645889/ (Accessed: 10
April 2020)

Maidment, D., Dembny, Z. and Watts, D.
(2015) 'The anti-bacterial activity of
12 Alliums against Escherichia coli’,
Food and Nutrition Science, 31(5),
pp. 34-59 [Online] Available at:
https://www.emerald.com/insight/co
ntent/doi/10.1108/EUMO005614/full/
hml (Accessed: 6 August 2020)

Martine, J. (2008) 'Antibiotics and antibiotic
resistance  genes in  natural
environments', Environmental
Science, 321(5887), pp. 365-367
[Online] Available at:
https://science.sciencemag.org/cont
ent/321/5887/365 (Accessed: 18
April 2020)

Manandhar, S., Luitel, S. and Dahal, R. (2019)
‘In Vitro Antimicrobial Activity of
Some Medicinal Plants' Journal of
Tropical Medicine, 2019, pp. 1-5
HINDAWI [Online]. Available at:
https://www.hindawi.com/journals/jt
m/2019/1895340/ (Accessed: 13
March 2020)

Mori, A., Nishino, C., Enoki, N. and Tawata, S.
(2017) 'Antibacterial activity and
mode of action of plant flavonoids
against Proteus wvulgaris and
Staphylococcus
aureus',Phytochemistry, 26(8), pp.
2231-2234 Sciencedirect [Online]
Avaialble at:
https://doi.org/10.1016/S0031-9422
(00)84689-0 (Accessed: 13 April
2020)

Mwambete, K.D. (2009) 'The in vitro
antimicrobial activity of fruit and
leaf crude extracts of Momordica
charantia: a Tanzania medicinal
plant', PubMed, 9(1), pp. 34-39
NCBI  [Online] Available at:
https://www.ncbi.nlm.nih.gov/pubme
d/20842240 (Accessed: 12 April
2020)

Nadzirah, J. and Furzani, P. (2018),
Antimicrobial activity from leaf,
flower, stem, and root of Clitoria
ternatea— A review', AIP Conference
proceedings, 2002(1) [Onling]
Available at:

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



https://aip.scitation.org/doi/abs/10.1
063/1.5050140 (Accessed: 6 August
2020)

Nguyen, D., Anhta, N., Bui, A. and Hado, T.

(2019) ‘'Evaluation of the Use of
Different Solvents for Phytochemical
Constituents, Antioxidants, and In
Vitro Anti-Inflammatory Activities of
Severinia buxifolia', Journal of Food
Quality, 19(1), pp. 1-9 [Online]
DOI:
https://doi.org/10.1155/2019/81294
(Accessed: 6 August 2020)

Oguis, g., Gilding, E., Jackson, M. and Craik,

D. (2019) 'Butterfly Pea (Clitoria
ternatea), a Cyclotide-Bearing Plant
With Applications in Agriculture and
Medicine', Frontiers in Plant
Science, 10(1), pp. 645-646 NCBI
[Online] Available at:
https://www.ncbi.nlm.nih.gov/pmc/a
rticles/PMC6546959/ (Accessed: 13
April 2020)

Ozcelik, B., Orhan, D., Ozgen, S. and Ergun, F.

(2008) 'Antimicrobial Activity of
Flavonoids  against  Extended-
Spectrum  p-Lactamase  (ESPL)-
Producing Klebsiella pneumoniae’,
Tropical Journal Of Pharmaceutical
Research , 7(4), pp. 1151-1157
[Online] Available at:
https://www.ajol.info/index.php/tjpr/
article/view/14701 (Accessed: 10
April 2020)

Pahune, B., Niranjane, K., Danao, K., Rokade,

V. and Bodhe, M. (2013)
'Antimicrobial Activity of Clitoria
ternatea L. flower extract and use as
a natural indicator in acid base

titration', Scholars Research
Library, 3(2), pp. 48-51. [Onilne]
Available at:

https://www.semanticscholar.org/pa
per/Antimicrobial-Activity-of-
Clitoria-ternatea-L.-and-Pahune-
Niranjane (Accessed: 12 April 2020)

Safeed, S. and Tariqg, P. (2005) 'Antibacterial

Activities of Mentha Piperita, Pisum
Sativum and Momordica Charantia’,
Parkistan Journal of Botany, 37(4),
pp- 997-1001 Researchgate [Online]
Available at:
https://www.researchgate.net/public
ation/228502180_Antibacterial_acti

Santas, J.

vities
of_Mentha_piperita_Pisum_sativum
_and_Momordica_charantia
(Accessed: 18 April 2020)

, Almajano, M. and Carbo, R. (2010)
‘Antibacterial  and  antioxidant
activity of crude onion (Allium cepa)
extracts’, International Journal of
Food Science and Technology, 45(1),
pp. 403-409 [Online] Available at:
https://ifst.onlinelibrary.wiley.com/d
0i/abs/10.1111/j.1365-
2621.2009.02169.x (Accessed: 26
July 2020)

Savoia, D. (2012) 'Plant-derived antimicrobial

compounds: alternatives to
antibiotics',Future ~ Microbiology,
7(8), pp. 979-990 Available at:
https://doi.org/10.2217/fmb.12.68
(Accessed: 20 April 2020)

Skerget, M., Majhenic, L., Bezjak, M. and Knez,

Shahzad,

Z. (2009) ‘Antioxidant, radical
scavenging and  antimicrobial
activities of red onion (Allium cepa
L) skin and edible part extracts.
Chemical Biochemistry, 23(4), pp.
435-444, Scholar [Online] Available
at:
https://www.semanticscholar.org/pa
per/Antioxidan2C-Radical-
Scavenging-and-

Antimicrobial AOkerget-
Majhen8D/5ab4064b444c8e7bd62d
a5246108f9d093958709 (Accessed:
11 April 2020)

M., Shahzad , A. and Anis, M.
(2009)'Antibacterial potential of the
extracts derived from leaves and in
vitro raised calli of medicinal plants
Pterocarpus  marsupium  Roxb.,
Clitoria ternatea L., and Sanseveiria
cylindrica’, Oriental Pharmacy and
Experimental Medicine , 9(2), pp.
174-181 DOl:
10.3742/0PEM.2009.9.2.174
(Accessed: 3 August 2020)

Stevanato, N. and Silva, C. (2019) 'Radish seed

oil: Ultrasound-assisted extraction
using ethanol as solvent and
assessment of its potential for ester
production’, Industrial Crops and
Products, 132(1), pp. 283-291
[Online] Available at:
sciencedirect.com/science/article/ab

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



s/pii/S0926669019301 (Accessed: 5
August 2020)

Taylor, P., Schoenknecht, F., Sherris, J. and
Linner, E. (2003) 'Determination of
Minimum Bactericidal
Concentrations of Oxacillin for
Staphylococcus aureus: Influence
and Significance of Technical
Factors’, American Society For
Microbiology, 23(1), pp. 142-150
NCBI  [Online] Available at:
https://aac.asm.org/content/23/1/14
2.short (Accessed: 27 March 2020)

Thouri, A., Chahdoura, H., Hichri, A. and
Achour, L. (2017) 'Effect of solvents
extraction on phytochemical
components and biological activities
of Tunisian date seeds (var.
Korkobbi and Arechti)’, BMC
Complemntary ~ Medicine  and
Therapies, 17(1), pp. 248-258
[Online] Avaiable at:
https://www.ncbi.nlm.nih.gov/pmc/a
rticles/PMC5418768/ (22 August
2020)

Ventola, C. (2015) 'The Antibiotic Resistance
Crisis', US National Library of
Medicine, 40(4), pp. 277-283 NCBI
[Online]. Available at:
https://www.nchi.nlm.nih.gov/pmc/a
rticles/PMC4378521/?report=classi
¢ (Accessed: 16 February 2020)

Zaman, S., Hussasin, M., Nye, R. Mehta, V.,
Mamun, K. and Hossain, N. (2017)
'A Review on antibiotic resistance:
alarm bells are ringing. Cureus,
9(6), NCBI [Online]. Available
at:https://dx.doi.org/10.7759%2Fcu
reus.1403 (Accessed: 19 February
2020)

Zhang, M., Das, C., Zage, P. and Wolef, J.
(2017) 'Measuring Cytotoxicity: A
New  Perspective  on  LC50,
Anticancer Research, 27(1), pp. 35-
38  [Online]  Available at:
http://ar.iiarjournals.org/content/27
/1A/35.short (accessed: 23 August
2020)

ISSN 2659-2193 | Volume: 06 | Issue: 04 | 31-12-2020



