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Abstract

Antimicrobial resistance is the most significant threat to global health. The emergence of resistant strains
is accelerated by the misuse of antibiotics. Plant metabolites beneficial in preventing antibiotic resistance
due to their potential to change resistance. Plants contain secondary metabolites which possess
antimicrobial activities in vitro and are used as an effective antibiotic for the treatment of microbial diseases.
Calendula officinalis Linn. is an annual and versatile herb which is widely used in homeopathic remedies.
To treat infectious disease, all plant components (buds, leaves, and blooms) can be utilized dry or fresh.
Cuminum cyminum is an aromatic herb widely used as a food and flavouring additive as well as often used
in alternative medicine. Due to the presence of cuminaldehyde, cumin has great antimicrobial effects
against both gram positive and negative bacteria. The major objective of this study is to determine the
antimicrobial efficacy of cumin seeds and Indian marigold flower against Escherichia coli and
Staphylococcus aureus bacterial strains. The phytochemicals are extracted using an ethanol and methanol
maceration procedure, and their antibacterial capabilities are tested and assessed using ABST testing. The
results reveal that the increasing the concentration of extract causes inhibition of bacterial growth.
Therefore, 50 mg/ml and 100mg/ml concentration had less zone of inhibition (ZOI) compared with highest
concentration which was 150 mg/ml. When the extract concentration was increased to 150 mg/ml, the
bacterial growth inhibition zone increases significantly. When compared to ethanol extraction of cumin
seeds and marigold flowers, the marigold flower showed more anti-bactericidal effects compared to the
cumin seeds.

Keywords: Calendula officinalis, Cuminum cyminum, Antimicrobial resistance, Escherichia coli,
Staphylococcus aureus

1. Introduction various diseases, specifically caused by

- i microorganisms.?
The medicinal plants are extensively used as g

drugs to treat humans and animals to cure the
various diseases since the beginning of human
history. Therefore, medicinal plants are
considered as the backbone of holistic medicine.
Bioactive components of medicinal plants are
widely used to cure various diseases.! Extracts of
the whole plant or plant parts, including barks,
stalks, blooms, leaves, roots, and fruits are
utilized as potent natural medications to cure

Nowadays, antimicrobial resistance
(AMR) is the biggest threats to global health.
Each year, it causes around 2 million infections
and 23,000 fatalities.®> The ability of bacteria,
parasites, viruses, and fungi to grow and
proliferate in the presence of antimicrobial
medications that are ordinarily active to defense
them is known as antimicrobial resistance
(AMR).*
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Plants contains phytochemicals constituents;
tannins, alkaloids, flavonoids terpenoids and
polyphenols. Plants utilizes these compounds as
defense mechanisms against wide range of
microorganisms.® Due to the current scenario,
many ongoing research are conducted regarding
plant based novel medications. Globally, 25% of
prescribed drugs are plant based and more than
13000 plants are studies for last 5 years for
medicinal purposes.®

Calendula officinalis commonly referred
as ‘Indian marigold’ is a perennial herbaceous
plant belongs to Asteraceae family. Marigolds are
native to Europe, eastern and western Asia as well
as in United states.” C. officinalis have angular
hairy stem which can be growing up to 30-60
cm.® Also, it has long elliptical shape leaves.
Marigold flowers are monoecious and has bright
yellow to orange in color, but only dark orange
color flowers have the medicinal value.®
Flavonoids, tocopherols, terpenoids, phenolic
compounds and carotenoids are the main
phytoconstituents which pOSsess
pharmacological activities in C. officinalis.*

Marigold flowers are cultivated due to
its nutritional, economical, and medicinal value.
The petals extract has traditionally been used to
dye natural fabrics (wool, silk).}* Due to
presences of saponins and essential oil, the
extract was widely used for Cosmetic purposes.!?
In folk medicine, marigolds was used to treat
wound healing, infectious diseases and burns
since 12" century.®® In wound healing process,
the extract can stimulate the new tissues and
blood vessels growth by topical application.**

Previous studies prove that marigold has
hepatoprotective, hypoglycemic and antioxidant
properties. According to laboratory experiment,
Calendula petal extracts inhibits the human
immunodeficiency virus (HIV), also neutralize the
oxidative stress and liver damage followed by
Aflatoxin.*

Figure 2. A — C. officinalis (young leaflet
stage), B — C. officinalis (flower bud stage), C
— C. officinalis (flowering stage)*®

The past researchers have shown that
under in vitro conditions, marigold flower and
dried leaves have antibacterial properties against
Klebsiella species, Staphylococcus aureus, and
Escherichia coli in chloroform, methanolic and
ethanol extracts.'® Also, in vitro study confirms it
has great inhibitory progression against skin
microbiota.'’

Marigold's antimicrobial activities were
tested by antioxidant and UV induced DNA
damage prevention activity.'* DPPH and FRAP
phytochemical analysis endorsed that C.
officinalis extract has antimicrobial and
antioxidant action.®

Cuminum cyminum generally known as
‘cumin seeds’ which is an aromatic herb belongs
to the family Apiaceae.?® C. cyminum are
originated from Egypt and Turkey but due to their
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special aromatic effect, the dried cumin seeds are
broadly used in Asian, middle Eastern and Latin
American cuisine.?*The plant can grow up 25 cm,
and has tiny whitish or pink color, umbellate
formation flowers and 3-6 mm elongated, striped
pattern seeds.??

‘Wholeplant Flowers Seeds

Figure 3. Life cycle of the C. cyminum®

Cumin seeds has been in use as an
alternative medicine for a long time, to cure
chronic diarrhea, epilepsy, and jaundice.?* It is
considered as a carminative, antispasmodic and
astringent also, cumin oil inhibits numerous
pathogenic Candida species due to its antifungal
properties.?

[ Dyspepsia ] I Antidiabetic | | Neuroprotective |
Digestive slimul:mﬂ._ Cuminum cyminum _.' Cardioprotective
(Cumin) I
['\llli(l\ilhllll ] l Anti-inflammatory I l(‘llvlnuprcu-nli\ l'I
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Figure 4. Medicinal values of Cuminum
cyminum?

The plant consists of cuminaldehyde,
tannin, and cymene compounds, it has potential
properties in aspects such as antimicrobial,
antidiabetic and hypolipidemic.?” Therefore, due
to their pharmacological characteristics, studies
on C. cyminum roots, stems, leaves, and flowers
have garnered interest.? Previous studies confirm
that cumin extract inhibits the growth of various
pathogens (E. coli, S. aureus, Salmonella species,
and Aspergillus niger).?® Antimicrobial potential
of cuminaldehyde counteracts gram positive and

negative bacteria respectively.*® Cumin has been
shown to inhibit the production of biofilms in
Streptococcus mutans and  Streptococcus
pyogenes.3! Cumin has an exceptional antibiofilm
and guorum sensing inhibitory activities against
gram-negative bacterial pathogens.*

The researchers find, plant origin
antimicrobial compounds have great therapeutic
potential against wide range of microorganism
and have less side effects compared to synthetic
drugs.® Therefore, plant base novel medications
are effective and safe for human and animal
consumption.

Gram positive and negative bacteria
respectively,  Staphylococcus aureus and
Escherichia coli, which contribute for foodborne
diseases and have increased the morbidity and
mortality rate globally.3*

Staphylococcus aureus is responsible for
methicillin-resistant  Staphylococcus aureus
(MRSA) nosocomial disease, currently
resistance for all type antibiotics. Due to the
evolution of organisms carrying extended
spectrum B-lactamases (ESBLs) and plasmid-
mediated AmpC B-lactamases, Escherichia coli
develops inherent resistance to several types of
B-lactamase.®

Both bacteria develop their resistance to
antimicrobials followed by these mechanisms
such as restricting acceptance of drugs,
modification of drugs, enzymatic degradation of
drugs and active efflux of the drugs.®

Due to misuse and repeated usage of
antibiotics, the bacterial pathogens become
resistance. Also, high consumption of antibiotics
caused to escalate the side effects. Inhibiting
efflux pumps and eliminating plasmids cause to
increase the medicinal efficiency of antibiotics,
that could help to decrease the foodborne
pathogens antibiotic resistance throughout the
food chain.®
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2. Methodology

2.1 Collection of medicinal plants. Fresh healthy
and disease-free C. officinalis flowers and
Cuminum cyminum seeds were respectively
collected from home gardens and local market of
Matara district, Sri Lanka.

2.2 Preparation of plant Extracts. C. officinalis
flowers and C. cyminum seeds were thoroughly
washed with tap water then distilled water and the
surface was sterilized with 70% ethanol. The
cumin seeds and separated marigold flower petals
and sepals were shade dried for three days. The
dried plant materials were pulverized to a fine
powder discretely by using mechanical grinder
and passed-through a 0.5 mm mech sieve. About
200 g of marigold flower powder and 250 g of
cumin seeds powder were gained after
pulverization. The plant powder materials were
stored in separate airtight containers for further
investigation.

2.3 Ethanolic extraction of Calendula officinalis
and Cuminum cyminum. Ethanolic extraction was
carried out using marigold and cumin powder
with 70% and 80% of ethanol respectively
according to 1:10 (w/v) ratio. 2g of dried
marigold powder was extracted with the
combination of 14.73 ml ethanol and 5.27 ml of
distilled water. 2 g of cumin powder was added to
80% of ethanol (20 ml) with the combination of
16.84 ml ethanol and 3.16 ml of distilled water.

2.4 Methanol extraction of Calendula officinalis
and Cuminum cyminum. Methanolic extraction
was carried out using marigold and cumin
powder with 70% and 80% of methanol
respectively according to 1:10 (w/v) ratio. Both
ethanolic and methanolic plant extraction
samples were kept in roller mixer at 27°C for 24
hrs. The macerate was filtered with Whatman no
O1-filter paper, and the solvent was kept into
fume hood for 48 hrs for completely evaporation.
Finally, the extracted crude was reconstituted in
DMSO to get stock concentration of 200 mg/ml.

2.5 Bacterial strains. Methanol and ethanol
extracts of C. officinalis and C. cyminum were
tested discretely against Escherichia coli (ATCC
25922) and Staphylococcus aureus (ATCC
25923) bacterial strains.

2.6 Inoculum preparation. 100 pL of Escherichia
coli and Staphylococcus aureus were inoculated
into 5 ml of LB broth in separate falcon tubes and
incubated at 37°C for 24 hours. The bacterial
suspension turbidity was adjusted according to
0.5 McFarland standard by using a Wickerham
card in the presence of the sufficient light.

2.7 Antibiotic Sensitivity Testing. The Mueller
Hinton agar (MHA) was prepared and poured
into petri plates and allowed to solidify for few
minutes at aseptic condition. The bacterial
inoculum was swabbed by rotating the plate
around for uniform distribution on the entire
surface. Finally, the edge of the of the agar plates
were swabbed by using sterilized cotton swab.
Four wells were prepared by using sterile 1000
ML pipette tips. 50ul of reconstituted plant sample
concentrations (50 and 100 mg/mL) and DMSO
and Gentamicin (1 mg/mL) were used as negative
and positive controls, respectively. Then solvents
were introduced into separate respective wells.
The plates were incubated for 24 hours at 37°C in
an upright position. The diameter of the zone of
inhibition was measured to the nearest millimeter
to determine antibacterial activity. The
experiment was done in triplicate and the average
values were calculated.

Sample (100mg/ml) O Sample (50mg/ml)

Positive Control Negative Control

Figure 5. Outline of the petri plate for well
diffusion
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2.8 Statistical analysis. Results were observed
and recorded in triplicates and the data were
analyzed statistically to evaluate correlation
among variables (antibiotic profiles) using the
two- way ANOVA test using the GraphPad Prism
software (version 9.1.0). The students t- test was
used to evaluate the extraction efficacy between
the solvents used. The statistical significance was
denoted as p value < 0.05 for a 95% confidence
interval.

3. Results

3.1 Antibacterial Susceptibility Testing (ABST)
for ethanolic extracts of Indian marigold

Highest ZOI was observed in 150mg/mL against
E. coli while the lowest ZOI was in 100mg/mL
against the same strain.

Ethanolic marigold flower extract
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Figure 7. The antibacterial properties of 100
mg/mL and 150 mg/mL ethanolic extract of
Indian marigold depicted using well diffusion
test. E. coli is represented by the black color bars
and S. aureus is represented by grey color bars.
The bars show mean + SD of the inhibition zones
for three replicates.

Table 2. Two-way ANOVA analysis for
ethanolic extract of Marigold flower

ANOVA SS DF MS F P

Table

Interaction 3.00 1 3.00 1.029 0.3402

Concentration | 16.33 1 16.33 | 5.600 0.0455

Bacteria 1.33 1 1.33 0.4571 | 0.5180

ABST results for E. coli

R1 R2 R3

Figure 6. The ZOls produced by ethanolic
extracts of Indian marigold against E. coli and S.
aureus; (A)= 100mg/mL plant extract, (B)=
150mg/mL plant extract, (C)= positive control
and (D)= negative control, (R= replicate).

Table 1. ZOls measured for ethanolic extracts of
Indian marigold

Residual 23.33 8 23.33

(mm) (mm) (mm) (mm)

100mg/mL [150mg/mL|Positive  |Negative

E.coli | 17.667 = | 21.000 + | 24.666 * | -
0.577 2.646 1.527

S. 18.000 = | 19.333+ | 26.333%1| -
aureus | 1.732 1.55 154

According to the two-way ANOVA
analysis, P value for interaction has 0.34 which is
higher than the 0.05. Therefore, it is not
significant. Also, P value for bacteria is 0.5 which
is higher than the 0.05. Therefore, it is not
significant. The extract concentration is 0.04
value and it was lower than the p value, and it is
significant. Therefore, increasing the
concentration, the main effects are observed and
they are contributing to the main effects.
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3.2 Antibacterial Susceptibility Testing (ABST)
for methanolic extracts of Indian marigold.

Table 3. ZOlIs measured for methanolic extracts
of Indian marigold

(mm)  ((mm)  (mm) [(mm)

50mg/mL |L00mg/mL[Positive [Negative

E.coli [12.100+ [12.833+ [23.000+
0.656 0.764 0.00

S. aureus |[10.000+ [17.500+ [20.00+0.
1.00 0.500 00

Methanolic marigold flower extract
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Figure 8. The antibacterial properties of 50
mg/mL and 100 mg/mL methanolic extract of
Indian marigold depicted using well diffusion
test. E. coli is represented by the black color bars
and S. aureus is represented by grey color bars.
The bars show mean * SD of the inhibition zones
for three replicates.

Table 4. Two-way ANOVA analysis for
methanolic extract of Marigold flower

IANOVA SS DF [MS P

table

Interaction 34.34 1 34.34 60.69 |0.0001

Concentration [50.84 |1 50.84 [89.85 |0.0001

Bacteria 4.941 1 4.941 8.732 10.0183

Residual 4.527 8 4.527

According to the two-way ANOVA analysis, P
value for interaction has 0.0001 which is lower
than the 0.05. Therefore, it is significant. Also, P
value for bacteria has 0.0183 which is also, lower
than the 0.05. Therefore, it is also significant. The
concentration has 0.0001 value and it was lower
than the p value, and it is significant. Therefore,
all the three facts are significantly different and
they are contributing to the main effects.

3.3 Antibacterial Susceptibility Testing (ABST)
for ethanolic extracts of cumin seeds

ABST results for E. coli
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Figure 9. The ZOls produced by ethanolic
extracts of cumin seeds against E. coli and S.
aureus; (A)= 100mg/mL plant extract, (B)=
50mg/mL plant extract, (C)= positive control and
(D)= negative control, (R=replicate).

Table 6. ZOlIs measured for ethanolic extracts of
cumin seeds

50mg/mL 100mg/mL Positive Negative

(mm) (mm) (mm)
(mm)
E. coli 9.900 +£0.794 |10.667+1.155 [26.000+1.73| -
2

S. aureus (11.000+ 0.000 [11.000+0.000 [20.333+1.00| -
0
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ABST results for ethanolic Cumin extract
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Figure 11. The antibacterial properties of 50
mg/mL and 100 mg/mL ethanolic extract of
cumin seeds depicted using well diffusion test. E.
coli is represented by the black color bars and S.
aureus is represented by grey color bars. The bars
show mean + SD of the inhibition zones for three
replicates.

Table 7. Two-way ANOVA analysis for
ethanolic extract of cumin seeds

ANOVA SS DF  [MS F P

table

Interaction 0.4408 |1 0.4408 [15.17 0.3710

Concentration [0.4408 |1 0.4408 [1.567 0.3710

Bacteria 1.541 1 1.541 @4.648 |0.1144

Residual 3.927 8 3.927

According to the two-way ANOVA analysis, P
value for interaction has 0.3710 which is higher
than the 0.05. Therefore, anti-bacteria effect of
this concentration it is not significant. Also, P
value for bacteria has 0.1144 which is higher than
the 0.05. Therefore, it is not significant. P value
of the concentration of the sample is >0.05.
Hence, there is no significant difference between
sample concentration and the antibacterial
activity against the bacterial strains. However, all
the three facts are not significant and they are not
contributing to the main effects.

3.4 Antibacterial Susceptibility Testing (ABST)
for methanolic extracts of cumin seeds

Table 5. ZOls measured for Methanolic extracts
of cumin seeds

50mg/mL 100mg/mL  |Positive Negative

(mm) (mm) (mm)
(mm)

E. coli |16.033+0.850 | 16.867 20.05 = -

0.551 0.7
S. 18.500 + 15.600 + 215+35 | -
aureus | 1.000 0.854

20 -
W Escherichia coli
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50 mg/ml 100 mg/ml
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Figure 10. The antibacterial properties of 50
mg/mL and 100 mg/mL methanolic extract of
cumin seeds depicted using well diffusion test. E.
coli is represented by the black color bars and S.
aureus is represented by grey color bars. The bars
show mean + SD of the inhibition zones for three
replicates.

Table 8. Two-way ANOVA analysis for
methanolic extract of cumin seeds

IANOVA SS DF MS F P

table

Interaction 10.45 1 10.45 ([15.17  |0.0046

Concentration [1.080 1 1.080 |1.567 0.2460

Bacteria 3.203 1 3.203 14.648 |0.0632

Residual 5.513 8 5.513
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According to the two-way ANOVA analysis, P
value for interaction has 0.0046 which is lower
than the 0.05. Therefore, it is significant. Also, P
value for Concentration has 0.2460 which is
higher than the 0.05. Therefore, it is not
significant. The Bacteria has 0.0632 value and it
was not lower than the p value, and it is not
significant.

4. Discussion

The selective pressure that leads to the emergence
of antibiotic resistance in microorganisms is
caused by human overuse of antibiotics.
Emerging multidrug resistant pathogens, often
known as ‘ESKAPE' species represent a severe
threat to global health today.® Medicinal plants
contain  phytochemical compounds which
naturally associated with fighting against
microbial resistance and also have antimicrobial
properties. Therefore, researchers are interested
in plant-based medications as an undisputable
substitution for antibiotics due to high efficacy to
antimicrobial activity with less side effects as
well as low cost.®

The plant age and part are important
parameters for extraction procedure. Recently
matured plants are ideal for researchers. If the
plant part is too old, the phytochemical
compounds have less effective. When it comes to
alkaloids, older plants contain significantly fewer
than younger plants. Phytochemical compounds'
efficacy varies depending on the stage of plant
development.

Also, dried samples are better than the
fresh plant samples. Fresh samples are caused to
quick degradation due to water content of the
sample. When the particle size is reduced, the
solubility and diffusion increase, which leads to
an increase in the extraction rate. As a result, the
powdered sample has a greater surface area
contact with the extraction solvent. Particles
smaller than 0.5mm should be used for better
extraction. The extraction duration, temperature,

growth regions and the quality of the seeds can
affect the differences of the zone of inhibition.*°
In phytochemical extractions, three types of
solvents are used: polar, intermediate-polar, and
non-polar, and the solvents are chosen depending
on the polarity of the solute. Ethanol is a polar
molecule that may dissolve in polar and non-
polar solvents. It's ideal for polyphenol extraction
and is safe for human consumption. Methanol has
been found to be more effective at extracting
polyphenols with lower molecular weights. In
ethanolic extraction, a higher extraction yield was
observed for Calendula officinalis which is 9.5%
compared to the Cuminum cyminum which is
9.0%.

For ZOl, drug solubility, concentration,
media composition and thickness, temperature,
atmosphere and incubation time are all
influenced. Each experiment was carried out at
least three times. The results are expressed as
Mean and SD.

The results revealed that each of the
cumin extract concentrations tested had
antibacterial action against both gram positive
and gram-negative microorganisms. Comparing
the results of methanolic extractions, cumin seeds
showed the maximum ZOIl against S. aureus
which was 18.500 + 1.000 at 50 mg/mL while
showed, 15.600+ 0.854mm for 100mg/ml. For E.
coli bacteria, obtained highest ZOI observed at
the concentration of 100mg/ml (16.867 + 0.551)
compared to concentration of 50mg/ml (16.033 £
0.850). The overall results of the methanolic
extract, the highest anti-bacterial activity was
observed at 50mg/ml for gram positive bacteria.
According to Santajit et al.®, methanolic extract
of cumin for Escherichia coli the inhibition zones
were observed at 250 mg/ml which is 16.67+0.47.
Compared to this study, our results obtained
comparatively high values at low concentration
compared to Sheikh’s study.
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Also, according to the Bouhenni’s study,
at the concentration of 100 mg/ml, S. aureus and
E. coli bacterial strains showed ZOIl with
diameters of 21 mmz 0.333 and 12 mm * 0.66
respectively.*t High ZOI dimeters were found in
the Bouhenni’s investigation for S. aureus. In
contrast, our investigation found 15.600 =+
0.854mm for S. aureus. Masood and Tariq
reported that cumin extract inhibited the S. aureus
and E. coli growth with the diameters 8.9+5.6 and
23.8+1.2 respectively.*? Soniya’s study found
that methanol extracts of C. cyminum inhibited
Bacillus subtilis, E. coli, and Proteus sp. with the
maximum diameter of zones of inhibition.*®

Comparing the results of ethanolic
extracts, S. aureus showed high ZOls at the
concentration of both 100 mg/ml and 50 mg/ml
(11.000 £ 0.000). Cumin ethanolic extract, the E.
coli showed, 9.900 + 0.794mm and 10.667 +
1.155mm for 50 and 100mg/ml respectively.
According to the study done by Mostafa et al*,
C. cyminum extract inhibit the growth of S.
aureus at the concentration of 10 mg/ml which
was 9.5 £ 0.74 but at the same concentration E.
coli showed 0.0 + 0.0, which means at the
concentration of 10 mg/ml, E. coli was totally not
resistant.** Compared to our project, Mostafa et
al®®. got a comparatively high ZOI for S. aureus
at concentration of 10 mg/ml.*> Based on the
Sheikh et al.*! 15.67+0.47 inhibition zones were
recorded at 250 mg/ml against E. coli.®
Cuminaldehyde is the active component in cumin
extract, which has great antimicrobial effects
against both gram positive and negative bacteria.
Cuminaldehyde alters the bacterial cell's outer
layer, preventing ion transfer into and out of the
cell. In the end, this mechanism disrupts the
action of bacterial enzymes.*

In this study reveals that marigold flower
ethanolic extraction showed highest ZOl for
gram-positive bacteria at concentration 150
mg/ml (19.333 £ 1.55mm) compared to 100

mg/ml (18.000 = 1.732). For gram negative
bacteria, higher concentrations are required for
inhibit the growth of the bacteria. According to
that, the maximum ZOIl was measured at 150
mg/ml (21.000 £ 2.646mm) also, at 100 mg/mi
17.667 + 0.577 mm ZOI were observed. Ethanol
extract of marigold showed 14 and 18 mm of ZOl
against Staphylococcus aureus and E. coli
respectively at 50 mg/ml.#’

Previous studies have shown that
methanolic extracts of the marigold flower have
antibacterial activity against Klebsiella species,
Staphylococcus aureus, and Escherichia coli.*
Comparing the results of methanolic extracts, S.
aureus showed highest ZOl at 100 mg/ml (17.500
+ 0.500mm) compared to 50 mg/ml (10.000 +
1.00mm). In E. coli samples, highest ZOI was
observed at 100mg/ml (12.833 + 0.764mm)
compared to 50mg/ml (12.100 + 0.656mm).
Efstratiou et al.'! reported that at 300 mg/ml in
methanolic extract, E. coli showed ZOIl 21 £ 2mm
while S. aureus got ZOI 18 + 2mm.*

The results reveal that when increasing
concentration cause to inhibition of the bacteria.
Therefore, 50 mg/ml  and  100mg/ml
concentration had less ZOIl compared with
highest concentration which was 150 mg/ml.
When the extract concentration was increased to
150 mg/ml, the bacterial growth inhibition zone
increases significantly. When compared to
ethanol extraction of cumin seeds and marigold
flowers, the marigold flower showed more
bactericidal effects compared to the cumin seeds.

When comparing both stains, gram
negative bacteria showed highest inhibitory
properties at the highest concentrations. This
could be due to Gram-negative bacteria having an
additional ~ outer membrane  made  of
lipopolysaccharide,  which  makes  them
impervious to lipophilic, but Gram-positive
bacteria only have an outer peptidoglycan layer,
which is ineffective as a permeability barrier.
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The negative control was DMSO, which had no
antibacterial effect on the microorganisms
examined. Gentamicin, on the other hand,
demonstrated an antibacterial impact on the
microorganisms tested when used as a positive
control antibiotic. It inhibits protein synthesis and
causes death in susceptible bacteria by attaching
to the 30S component of the bacterial ribosome.

Considering results of ANOVA analysis
for ethanolic extraction, the marigold flower has
0.04 value for concentration which is significant.
For, cumin seeds P value of the concentration of
the sample was 0.3710 which is higher than the p
value (0.05). Therefore, there is no significant
difference between sample concentration and the
antibacterial activity against the bacterial strains
in cumin seed concentration. According to the
ANOVA analysis of methanolic extraction, the
cumin seeds have a P value of 0.2460 for
concentration which is more than 0.05. As a
result, it is not significant. For marigold flower,
the concentration has 0.0183 value and it was
lower than the p value, and it is significant.

Conclusion

C. officinalis and C. cyminum have significant
antimicrobial activities against both gram
positive and negative bacteria. The research
findings can be used to development of new
plant-based drugs which has fewer side effects as
well as highly effective for infectious diseases.
As a result, further pharmacological and clinical
research is needed to better understand the mode
of action of medicinal plants and microbes, as
well as the efficiency of herbal drugs in treating
specific bacterial infections.

Many plant-derived medications are
undergoing clinical trials, and at least 100
compounds are in the preclinical stage of
research. Natural products are used to develop
drugs for cancer and infections, which are the two
most common treatment fields.

References

1 R.Gul, S.Jan, S. Faridullah, S. Sherani and N. Jahan.
The Scientific World Journal, 2017;1-7.

2 P. Matowa, M. Gundidza, L. Gwanzura and C.A.
Nhachi. BMC Complementary Medicine and
Therapies, 2020; 20(1).

3  C. Graham. Journal of Global Health Reports, 2017;1.

4 R.C.Founou, L.L. Founou and S.Y. Essack. PloS one,
2017;12(12).

5 A.War, M. Paulraj, T. Ahmad, A. Buhroo, B. Hussain,
S. Ignacimuthu and H. Sharma. Plant Signaling &
Behavior, 2012;7(10);1306-1320.

6 R. Prabhavathi, M. Prasad and M. Jayaramu. European
Journal of Experimental Biology, 2016;6(4);1- 6.

7  C. Ahmadizadeh and B. Jafari. Electronic Journal of
Biology, 2017;13(4).

8 A. Szopa, K. Jafernik, M. Szczykutowicz, K. Koc and
H. Ekiert. Acta Scientiarum Polonorum Hortorum
Cultus, 2020;19(3);47-61.

9 A. Bohra and S. Bissa. Journal of Microbiology and
Antimicrobials, 2011;3(3);51-54.

10 G. Jyotisree, R Sruthi, C.R. Biju and A.S. Menon.
International Journal for Research in Applied Sciences
and Biotechnology, 2020;7(6);78-84.

11 E. Efstratiou, A. Hussain, P. Nigam, J. Moore and M.
Ayub. Complementary therapies in Clinical Practice,
2012;18(3);173-176.

12 F. Andersen, W. Bergfeld, D. Belsito, R. Hill, C.
Klaassen, D. Liebler, J. Marks, R. Shank, T. Slaga and
P. Snyder. European Journal of Medical and Health
Sciences, 2010;4;221S- 243S.

13 M. lIgbal, I. Hussain, A. Habib, M. Ashraf and R.
Rasheed Rasheed. Journal of Chemistry, 2015;1-8.

14 W. Safdar, H. Majeed, |I. Naveed, W. Kayani, H.
Ahmed, S. Hussain and A. Kamal. International
Journal of Cell & Molecular Biology, 2010;1(2);108-
116.

15 N.Jan, K.I. Andrabi and R. John. InProc. Indian Natl.
Sci. Acad, 2017;83(4),769-787.

16 L. Martinez. Journal of Pharmacy and Pharmacology,
2020;8(11);339-344.

17 Y. Panahi, M. Sharif, A. Sharif, F. Beiraghdar, Z.
Zahiri, G. Amirchoopani, E. Marzony and A. Sahebkar.
The Scientific World Journal, 2012;1-5.

18 S. Fatima, S. Govekar, K. Satardekar, S. Barve and P.
Dhawal.  Journal of  Pharmacognosy and
Phytochemistry, 2018;7(5);2378-2383.

19 M. Butnariu and CZ. Coradini. Chemistry central
journal, 2012;6(35).

20 R.K. Johri. Pharmacognosy reviews, 2011;5(9);63-72.

© 2023 BMS The Journal of Applied Learning 55



ISSN 2989-0705 (Online)| Vol 1|Issue 1|July 2023

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

S. Moawad, A. El-Ghorab, M. Hassan, H. Nour-Eldin
and M. El-Gharabli. Food and Nutrition Sciences,
2015;6(07);643-659.

J. Wanner, S. Bail, L. Jirovetz, G. Buchbauer, E.
Schmidt, V. Gochev, T. Girova, T. Atanasova and A.
Natural Product Communications, 2010;5(9);1355-
1358.

N. Singh, S.S. Yadav, S. Kumar and B.A. Narashiman
Phytotherapy Research, 2021;35(9);5007-30.

K. Ghafoor, A. Juhaimi. International food research
journal, 2013;20(4);1669-1675.

C. Romagnoli, E. Andreotti, S. Maietti and R.
Mahendra, D. Mares. Pharmaceutical Biology, 2010;
48(7);834-838.

K. Srinivasan. Food quality and safety, 2018;2(1);1-6.
Z. Ghafari, A. Alizadeh and R. Samani. International
Journal of Biosciences, 2014,4(6),153-159.

I. Bettaieb, S. Bourgou, W. Wannes, |. Hamrouni, F.
Limam and B. Marzouk. Journal of Agricultural and
Food Chemistry, 201;58(19);10410-10418.

A. Dua, G. Garg, B. Singh and R. Mahajan.
International Journal of Research in Ayurveda and
Pharmacy, 2013;4(1);104-107.

Q. Liu, X. Meng, Y. Li, C.N. Zhao, G.Y. Li and H.B
Tang. International journal of molecular sciences,
2017;18(6);1283.

S. Derakhshan, M. Sattari and M. Bigdeli.
Pharmacognosy magazine, 2010;6(21);57-61.

A. Allag, N. Sidik, A. Abdul-Aziz and I. Ahmed.
Biomedical Research and Therapy, 2020;7(9);4016-
4021.

B. Nitha, A. Remashree and . Balachandran.
International journal ~ of pharmaceutical sciences
and research, 2012;61(3);313-317.

J. Sykes. Canine and Feline Infectious Diseases, 2013
;17-28.

N. Mahmoud, H. Altayband and R. Gurashi. Journal of
Environmental and Public Health, 2020;1-6.

N. Wongkattiya, P. Sanguansermsri, I. Fraser and D.
Sanguansermsri. Journal of Complementary and
Integrative Medicine, 2019;16(4).

E. Yilmaz and O. Aslantas. Asian Pacific Journal of
Tropical Medicine, 2017;10(11);1059-1064.

S. Santajit and N. Indrawattana. BioMed Research
International, 2016;1-8.

M. Sarita, L. Shisir and K.D. Raj. Journal of Tropical
Medicine, 2019;5.

D. Debalke, M. Birhan, A. Kinubeh and M. Yayeh. The
Scientific World Journal, 2018;1-8.

M. Sheikh, S. Islam, A. Rahman, M. Rahman, A.
Rahim and F. Alam. Scientifics, 2010;75(1);39-44.

© 2023 BMS The Journal of Applied Learning

42

43

44

45

46

47

48

H. Bouhenni, K. Doukani, D. Hanganu, N. Olah, N.
Sekeroglu, S. Gezici, M. Spinu and M. Niculae. Herba
Polonica, 2021;67(1);18-34.

N. Masood and P.Tarig. Pakistan journal of botany,
2006;38(1);139-145.

M. Soniya, T. Kuberan, S. Anitha. P. Sankareswari.
International  Journal of  Microbiology and
Immunology Research, 2016;2(1);001-005.

A. Mostafa, A. Al-Askar, K. Almaary, T. Dawoud, E.
Sholkamy and M. Bakri. Saudi Journal of Biological
Sciences, 2018;25(2);361-366.

R. Amalia, S. Dewi, A. Margono and M. Usman.
Pesqui Bras, 2019;19(1);1-8.

N. Pal. International Journal of Scientific Research in
Bio Research in Biological Sciences, 2015;2(3);5-8.

B. Cetin, F. Kalyoncu and B. Kurtulus. International
Journal of Secondary Metabolite, 2017;4(3);257-263.

56



	Journal  back cover.pdf
	Page 1




