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Abstract

Medicinal plants are widely used as part of home remedies to cure human diseases. The current
research was conducted to explore the antibacterial effectiveness of Artemisia vulgaris, Nigella sativa,
Origanum majorana, Moringa oleifera, Tetragonolobus purpureus, Camellia sinensis, Dolomiaea
costus, Urtica dioica, and Ephedra viridis against human bacterial pathogens linked to gastrointestinal
diseases. Qualitative and quantitative methods were applied to evaluate the effectiveness of the
plant extracted material toward Escherichia coli, Proteus vulgaris, Bacillus subtilis, and Staphylococcus
aureus. The analysis included agar diffusion method (ADM), Minimal Inhibitory Concentration (MIC),
Broth Microdilution (BMD), and Phytochemical analysis of the extracts. The largest zones of ADM were
obtained from U. dioica seeds against both B. subtilis and S. aureus. N. sativa was second in its ability
to inhibit the same bacteria. M. oleifera showed apparent growth inhibition of B. subtilis. C. sinensis
revealed moderate activity against S. aureus, E. coli, and P. vulgaris. The results of the BMD test showed
that U. dioica, M. oleifera, N. sativa, and C. sinensis were effective against the tested bacteria. MIC_,
ranged from 14.15-271.44 mg/ml against the tested bacteria. Phytochemical analysis showed that the
test plants contained significant and variable antibacterial agents. The diversity of these agents explains
their strong and different ability to inhibit bacterial growth. The research revealed the effectiveness
of U. dioica, N. sativa, and M. oleifera seed extracts in combating bacteria that cause food poisoning
while demonstrating the ineffectiveness of certain plants commonly prescribed to treat such diseases.
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INTRODUCTION

Antibacterial drugs are primarily essential
in minimizing the spread of emerging microbial
infections globally. One important alternative to
treat these diseases is using medicinal plants.
These plants constitute valuable resources
for traditional medicines, alongside chemical
resources. However, the evolution of multidrug-
resistant (MDR) strains has led to the emergence
of a public health problem, limiting the choices for
effective antimicrobials available to treat infections
caused by pathogenic bacteria.!

The development of modern treatments
that have evolved in the last few decades relies on
plants. The World Health Organization approves
including medicinal plants as alternatives to treat
different diseases due to their availability to the
general public, many of them have been used and
proven effective and safe compared to modern
synthetic treatments. The study of medicinal
plants undergoes different preparatory stages,
starting with pre-extraction and then extraction
steps. These actions are necessary for deriving
the bioactive components from these plants.
Therefore, traditional methods such as maceration
and Soxhlet extractions are frequently adopted
when conducting restricted studies or during
handling of small manufacturing enterprises.?

Modern extraction methods have been
used in the processing of medicinal plants,
including ultrasound-dependent extraction
and supercritical fluid extraction techniques.
Modifications have been adopted for these
methods that aim to boost the output without
increasing the expenses needed for extraction.?

The problem of antibiotic resistance in
humans and animals is an ongoing issue; hence, it
is likely to persist for a long time. As a result, there is
an imperative necessity for developing alternative
drugs to cure such infectious diseases. The plants
can release diverse phytochemicals; some of these
metabolites are vital for the plant’s growth and
development, while others provide substances
such as saponins, glycosides, alkaloids, terpenoids,
flavonoids, steroids, quinones, coumarins, and
tannins, which are primarily responsible for its
medicinal properties.*® These natural molecules
constitute the origin of Plant-Derived Antimicrobial

Substances (PDAMs) effectively utilized in treating
bacterial infections.*® The extraction and study
of phytochemicals from these sources have
been expanded over the years, providing the
opportunity to identify numerous compounds with
potential health benefits.

Medicinal plants have been a cornerstone
of traditional medicine for centuries, with their
therapeutic properties largely attributed to a
diverse range of bioactive compounds known
as phytochemicals. These natural products
play a significant role in health and disease
management, offering potential treatments
for various ailments. This essay explores the
categories, sources, mechanisms, and allusions
of phytochemicals found in medicinal plants, with
recent references underscoring their importance
in modern research.'*?

The significance of phytochemicals
extends beyond traditional use; their study has
profound significance for modern medicine.
Integrating phytochemicals into pharmaceutical
development can lead to the discovery of new
drugs and therapies. For example, the extraction
and modification of plant-derived compounds
have paved the way for numerous medications
currently on the market.*®

Furthermore, the rising interest in herbal
medicine has led to a greater emphasis on the
scientific advocacy of traditional practices. Clinical
studies are increasingly focused on understanding
the efficacy and safety of these compounds, aiming
to provide evidence-based recommendations for
their use.*

In Palestine, as in many other countries,
bacterial food poisoning is a disease that affects
individuals who eat contaminated foods. Most
cases of food poisoning in the country resolve
within days; however, food poisoning pathogens
may cause persistent or recurrent infections
from single or multiple bacterial infections, in
addition to poor food storage, preparation, and
hygiene that encourage the growth and spread
of bacteria. According to some health reports,
cases in Palestine indicate high levels of food
poisoning, especially in summer, due to high
temperatures, which increase the risk of food
spoilage. Some cases may also occur due to the
spread of pathogens because of poor sanitation
in some areas.’>®
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Table 1. Diseases caused by the studied bacterial species

Bacteria Disease Ref.
Proteus vulgaris Food poisoning, urinary tract, wound and soft tissue infections [20,23]
(P. vulgaris)

Escherichia coli Urinary tract infection, and some strains cause traveler’s diarrhea and [19]
(E. coli) serious foodborne illness

Staphylococcus aureus Infection of surgical wounds and toxic shock syndrome as well as food [19]
(S. aureus) poisoning

Bacillus subtilis Food poisoning, Infection of central nerve system and pyogenic meningitis ~ [24,25]
(B. subtilis)

Food poisoning is one of the most serious
and potentially life-threatening health problems
for people of all ages. These diseases are usually
caused by bacteria, including E. coli, S. aureus, P.
vulgaris, and B. subtilis, which have a remarkable
ability to contaminate various foods.

E. coli spreads and contaminates foods
such as meat and meat products, as well as
drinking water, causing severe diarrhea, abdominal
pain, and cramps, while S. aureus causes severe
food poisoning when consuming unsanitary
food, causing severe intestinal pain, vomiting,
and nausea. In addition, P. vulgaris is usually
associated with animal products such as meat
and dairy products, causing fever, nausea, and
diarrhea accompanied by severe abdominal pain
and discomfort, while B. subtilis is not limited to a
specific type of food but usually contaminates all
foods, and its toxins cause nausea, vomiting, and
mild diarrhea.’®®

Palestinians often use medicinal plants
based on recipes from folk medicine to treat food
poisoning diseases without relying on scientific
bases, as this is expected to cause substantial
damage to their health. This study aimed to
investigate nine different plants sold and traded in
herbal shops for treating food poisoning diseases
and to evaluate the antibacterial effect of their
extracts against four species of bacteria considered
causative agents of food poisoning in humans
and known for their emerging drug-resistant
characteristics (Table 1).2%2° These bacteria
are widely spread in the Palestinian regions
due to weak health facilities and insufficient
public health perceptions, making them targets
for several research works in the Palestinian
territories.?>?? In this research, both qualitative

and quantitative analyses of the phytochemicals
were also performed.

Studying local plant extracts in the
Palestinian environment is the core motivation
for this research. Even though many of these
plants have been researched worldwide, the
unique traits and potential differences of these
plants in the Palestinian context necessitate a
region-specific investigation. Furthermore, the
research integrates the gap between global studies
and local knowledge, providing deep insights
into Palestinian plant phytochemical content.
Targeting the distinct environmental and cultural
background will give the chance to reveal precious
protectives and aid in local and global scientific
progress.

MATERIALS AND METHODS

Sample Collection

Several plant samples, including leaves,
seeds, and stems, were collected from traditional
medicine shops in the popular markets of the
city of Jenin (32.48333°N 35.3°E) (Table 2). The
samples were identified as medicinal plants
according to Jamous,? Shahzadi et al.,”” Ahmad
et al.?® and Saleem et al.*®

Sap processing

Plant juice was prepared in the
Microbiology and Biochemistry laboratories/
Faculty of Science, Department of Biology and
Biotechnology/The Arab American University of
Palestine. The test plant specimens were allowed
to dry in a hot air oven at 45 °C for 3 hours, then
crushed using an automated grinder to get a fine
powder. After that, they are soaked in a container
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Table 2. Medicinal plants tested for their antibacterial activity in the study

Plant extract Common name Family Parts used
Artemisia vulgaris Mug wort Asteraceae Leaves
Nigella sativa Black seed Ranunculaceae Seeds
Origanum majorana Marjoram Lamiaceae Leaves
Moringa oleifera Moringa Moringaceae Leaves
Tetragonolobus purpureus Sparagus pea Fabaceae Seeds & stem
Camellia sinensis Green tea Theaceae Leaves
Dolomiaea costus Costus Asteraceae Stem
Urtica dioica Stinging nettle Urticaceae Seeds & leaves
Ephedra viridis Mormon tea Ephedraceae Stem

with sterile distilled water 1:20 (w/v) for 2 hours.
Afterward, the suspension was poured over a fine
wire mesh for filtration, the filtrate was centrifuged
for 4 minutes at 2000 g,. Next, aliquots of 100
mL of each plant supernatant were transferred
into labeled Falcon conical tubes and frozen at
-20 °C. Subsequently, the aliquots were dried at
45 °C using a hot air oven, then weighed using a
scale. Finally, the final concentration was adjusted
to 1000 mg/mL using sterile normal saline (0.9%
NaCl).

Preparation of bacterial inoculum

The antibacterial activity of the test
plants was evaluated using four bacterial strains
obtained from the American Type Culture
Collection (ATCC): B. subtilis (ATCC 6633), E. coli
(ATCC 25922), P. vulgaris (ATCC 8427), and S.
aureus (ATCC 25923). The bacterial inoculum
was prepared by selecting colonies from 24-hour
cultures and incubating them at 37 °C in sterile
Mueller-Hinton broth. Thereafter, colonies were
homogenized using sterile normal saline solution
(0.9% NaCl) and mixed for 15 seconds using a
vortex. The suspension of bacterial cells was fixed
by comparing with 0.5 McFarland to get a cell
count equal to 1-5 x 108 colony forming units per
milliliter (CFU/mL).%°

Seeding of petri plates

A spread plate technique was used to
inoculate Mueller-Hinton media with 0.1 mL of
bacterial suspension, spreading was performed
using sterile L-shaped glass rods. Seeding was done
separately in Petri dishes according to Strohl et al.*!
The plates were covered and incubated for 24 hr
at 37 °C.

Antibacterial screening activity

The agar diffusion method (ADM) was
used to evaluate the antibacterial activity of plant
extracts as reported by Chandrasekaran et al.*
Paper discs immersed with the nine selected plant
extracts were placed in the center of the seed
dishes. Each plant sample was tested in triplicate,
then the radius of the inhibition zone around the
discs was measured after incubating the Petri
dishes at 37 °C for 24 hours.?3

Quantitative antibacterial assays

Quantitative antibacterial effect of
plants was determined using Minimal Inhibitory
Concentration (MIC) and Broth Microdilution
(BMD) procedures. These methods were performed
only for plants that showed antibacterial activity
according to the ADM results, namely C. sinensis,
M. oleifera, N. sativa, and U. dioica, while the
other plants were neglected from this analysis
due to their limited or no antibacterial effect.
Antibacterial activity assays were performed using
96-well flat-bottom microtiter plates according to
Hulankova.**Bacterial cell suspensions equivalent
to 0.5 McFarland standard were prepared in
Mueller-Hinton broth. Wells with only broth media
were used as negative controls, while a mixture of
broth and bacterial cell suspension was added as
a positive control.

Various concentrations of plant extracts
between 100-12.5 mg/ml were prepared using
a two-fold serial dilution method. After that,
volumes between 20-2.5 ul of plant extract along
with a fixed volume of 20 pl of bacterial suspension
were added to each well, then the total volume
was adjusted to 200 pl using Muller-Hinton broth.
Following incubation for 24 hours at 37 °C, all plates
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were evaluated for visible bacterial growth using
positive and negative controls for comparison.
Eventually, the optical density for each well was
evaluated by measuring the absorbance through
a plate reader at 570 nm, and the MIC value was
calculated using the following formula:

Inhibition ratio = 1 - (test optical density
(OD) / positive control OD) x 100.3>3® MIC-50 values
were determined by using linear equations of
standard MIC curves versus the concentration of
plant extract.?”

Phytochemical analysis

Phytochemical analysis was performed
only for plants that revealed antibacterial activity
according to MIC and BMD results, namely M.
oleifera, U. dioica, and N. sativa. However, C.
sinensis was excluded from this analysis due to its
limited effect on the bacteria used in our study.
Based on our results, high concentrations of this
plant extract, ranging from 116-170 mg/mL, were
needed to exert an antibacterial effect against the
tested bacterial species.

Sample preparation for phytochemical analysis

Fresh viable plant seeds indicated
above were sampled and stored for 24 hours
inside the oven at 52 °C. After fine grinding, a
concentration of the powder equivalent to 1:5
(w/v) was prepared by mixing it with distilled
water and centrifuging for minutes at 2000 g,.. The
supernatant was separated in labeled tubes, then
kept at 4 °C for subsequent tests.

Qualitative phytochemical analysis

The phytochemical content of the plant
extracted products was determined according to
the subsequent procedures:

Saponins foam test

A tube of crude extract and a 5 mL
distilled water mixture was mixed thoroughly using
a vortex-mixer. The generation of stable foam was
considered an indication of the glycoside content
of saponins. The thickness of the foam in the
tube was measured in millimeters to express the
approximate amount of this compound in the plant
extract.

Flavonoids assessment test

A crude plant extract, mixed with a slight
amount of magnesium ribbon, was subjected to
concentrated HCL, which was added gradually.
A reddish color formation a few minutes later
indicated the presence of flavonoids. The flavonoid
content of the plant extract was expressed by the
degree of color change, expressed using (+): slight
color change, (++): moderate color change, (+++):
Intense color change.

Phenols and tannins evaluation tests

The presence of phenols and tannins
was determined by adding a 2% FeCl, solution to
a tube with the plant extract. The generation of
Blue-green or black color revealed the presence
of phenols and tannins. The amount of these
compounds is indicated by (+) for slight dark green,
(++) for intense dark green, and (-) for orange
(negative result).

Test for glycosides

2 mL of chloroform chemical reagent
and a similar volume of concentrated H,SO, were
poured into a tube containing the crude extract,
followed by gentle mixing. The appearance
of intense red-brown coloration revealed the
presence of glycoside content. The results were
indicated as (+): dark brown, (++): reddish brown.

Quantitative evaluation of phytochemicals
Quantitative measurements of the active

organic content of the seed concentrates were

performed using the following procedures:

Determination of total phenolic content

The phenol composition of the plant
extracts was determined using the Folin-Ciocalteu
procedure.’”?! A previously prepared mixture of 2
mL 2% Na,CO, and 2.5 mL of 10% Folin-Ciocalteu
reagent was added to 1 mL of plant concentrate.
Then the optical density was measured at a
wavelength of 765 nm after incubating the mixture
for 15 minutes at ambient temperature. The
absorbance of each reading is measured twice.
Depending on Gallic acid, a standard curve was
prepared to determine the phenolic content of
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the extract. The values were expressed as gallic
acid equivalent 1 mg (GAE)/g dry matter.

Total tannins content

The Folin-Ciocalteu assay was used
to determine the tannin content according to
Mohammed and Abd Manan.?® In compliance
with their procedure, 0.5 mL of the Folin-Ciocalteu
reagent and 1 mL of 37 % Na,CO, were mixed with
0.1 mL of the aliquot extract prepared in 0.75 mL
of distilled water. After half an hour of incubation,
the optical density was measured at 725 nm
using a spectrophotometer. Blank and standard
curves using gallic acid solutions were prepared
as pointed out above. GAE/g dry matter was used
to express the total tannins content as calculated
from the standard curve with 0-100 mg/GA.*

Total flavonoids content

Colorimetric analysis was used to
measure flavonoid content according to Proestos
etal.* Therefore, 0.15 mLof NaNO, (5 % w/v) was
mixed with 0.2 mL of extract and incubated for
10 minutes at 25 °C. Then, 0.15 mL of AICI3.6HZO
(10% w/v) was added and incubated in the same
way at the corresponding temperature. Next, 0.8
mL of (10% w/v) solution of NaOH was added and
incubated similarly for 10 min. The absorbance of
the color was measured by a spectrophotometer at
510 nm using distilled water as a blank. Quercetin
at concentrations between 0-500 pug/mL dissolved
in 80% ethanol was used to represent the standard
curve. The total flavonoids were expressed as mg
quercetin equivalent (QE)/g dry matter.

Statistical analysis

Two-Sample Tests of Proportions (TSTP)
were used to compare treatments. The results
were analyzed using a level of significance when
o = 0.05. The calculation was done according to
the following equations. **2 Comparison was made
between elements of the treatment.

(131_[32)

\/13(1 - ﬁ)(ni+ ni)

zZ =

Two - Proportion Z-test, pooled for H: P, = P,
P*=(X+X,)/(n +n,)

o, the probability of Type | error (rejecting a null
hypothesis when it is in fact true)
n = sample size, n, = sample 1 size, n, = sample
2 size

P"= (X/n) = sample proportion
P,=hypothesized population proportion,
P,= proportion 1, P,= proportion 2

RESULTS AND DISCUSSION

The present study investigated the
antibacterial activity of nine plant extracts against
the test bacteria in vitro, using ADM, MIC, and
BMD. The results revealed alternating responses of
the bacterial species when treated with different
plant extracts, though most of the extracts showed
valuable antibacterial properties.

Antibacterial testing

Based on ADM, the antimicrobial
activities of plant extracts against test bacteria
were evaluated by measuring the radius of the
growth inhibition zone, as shown in Figure 1.

It is clear from Figure 2 that the largest
bacterial inhibition zone was obtained from U.
dioica seeds, which significantly affected both B.
subtilis and S. aureus, rather than other species
that exhibited less sensitivity. The greatest effect
of extracts was seen against B. subtilis, showing
an inhibitory effect reaching up to 23.83 mm. In
addition, the same extract gave a strong inhibition
zone of 17.83 mm against S. aureus. The findings of

Figure 1. ADM shows the zones of bacterial growth inhibition. (A): U. dioicia/B. subtilis, (B): U. dioicia/S. aureus,

(C): M. oleifera/B. subtilis, (D): N. sativa/B. subtilis
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this study were consistent with another research,
which revealed that the seed extracts of Urtica
spp. have high antibacterial activity against food
and plant pathogenic bacteria.*® Moreover, N.
sativa ranked second in inhibiting the same
bacterial species compared to other species. M.
oleifera exhibited significant inhibition of B. subtilis
growth, followed by C. sinensis, which exhibited a
reasonable effect toward E. coli, S. aureus, and P.
vulgaris.

25

20

Zone diameter (mm)

Plant

N. sativa seed extracts possess particular
significance in traditional treatment in Palestine,
and some of their main constituents have been
reported to be pharmacologically active.**
Moreover, leaf extracts of M. oleifera showed
potential antibacterial effects against Gram-
negative and Gram-positive bacteria, especially
B. subtilis. This result was consistent with the
results obtained by Rahman et al.** who proved
that the extract and juice from the leaves of this

b

O N
\{\6\
N
%

W S. qureus W B. subtilis mP.vulgaris wE. coli

Figure 2. Inhibition zones of plant extracts against bacterial species

Figure 3. MIC results of negative control (A) and positive control (B) and the effect of U. dioicia extracts on B.

subtilis (C) and S. aureus (D)
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Figure 4. Standard curves of BMD and MIC50 of plant extracts against the tested bacteria

Journal of Pure and Applied Microbiology 2218 www.microbiologyjournal.org



Sawalha et al | J Pure Appl Microbiol. 2025;19(3):2211-2226. https://doi.org/10.22207/JPAM.19.3.48

Table 3. Saponin content of the test plants

Plant Foam

extract thickness
(mm)

M. oleifera 7

U. dioica 1

N. sativa 2

plant have a significant impact on various types of
Gram-negative bacteria, including Shigella shinga,
Pseudomonas aeruginosa, Shigella sonnei, and
Pseudomonas spp., and six Gram-positive bacteria,
including S. aureus, B. cereus, Streptococcus-
B-haemolytica, B. subtilis, Sarcina lutea, and B.
megaterium.

On the other hand, the results showed
that A. vulgaris, D. costus, E. viridis, N. sativa,
O. majorana, T. purpureus, and U. dioica leaves
exhibited the least inhibitory effects against the
test bacteria, as the radius of the inhibition zone
ranged from 0.5 to 2.66 mm. This result suggests
that the effect of these species was very minimal,
regardless of the type of bacteria. The possibility
of low bacterial activity can be attributed to
the fact that the active substances in inhibiting
bacterial growth are poorly stored in the leaves
or seeds, or may be related to the normal saline
extraction method, which extracts water-soluble
components; therefore does not reflect the full

Standard curve of Gallic acid concentration

(mg/L)
12
y =0.0421x - 00381
o Ri=09718 o
o
08
g )
506 -
2 .
2
_g 0.4 %8
e
0.2
o
0 i'.
10 20 30
0.2

Concentration

Table 4. Flavonoids content of the test plants

Plant Flavonoid
extract content
M. oleifera +

U. dioica +++
N. sativa ++

(+): Slight color change, (++): Moderate color change, (+++):
Intense color change, (-): No color change

potential for extracting the active compounds
(Figure 2).

Furthermore, the results revealed that
both S. aureus and B. subtilis were more affected
by the antibacterial effects of most plant extracts,
in contrast to the other bacteria, while the
antibacterial effect on P. vulgaris and E. coli was
significantly lower and was nearly identical across
all tested plants (Figure 2).

Different numbers of asterisks indicate
the significance of three independent experiments
performed in triplicate. The more asterisks, the
higher the level of significance.

Minimum inhibitory concentration

The MIC results of the present study
provided essential information on the efficiency
of the antibacterial activity of plant extracts,
indicating how competent a given concentration

Standard curve of quercetin concentration
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Figure 5. Standard curves both Gallic acid and Quercetin concentrations
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Table 5. Phenols and tannins content of the test plants

Plant Phenols &
extract tannins
content
M. oleifera (+)
U. dioica (++)
N. sativa (+4)
(+): Slight dark green, (++): Intense dark green, (-): Orange

(negative result)

Table 6. Glycosides content of the test plants

Plant Glycosides
extract content
M. oleifera (+)

U. dioica (++)

N. sativa (++)

(+): Dark brown, (++): Reddish brown

of antibacterial agents is in inhibiting bacterial
growth. Screening on the 96-well flat-bottom
microtiter plates showed significant and clear
discrimination between wells with positive
samples compared to wells with negative samples
that did not contain the antibacterial agent serving
as a baseline (Figure 3).

Broth microdilution assay

BMD test results showed that the plants,
including U. dioica, N. sativa, and M. oleifera,
had good activity against the tested bacteria,
with some decrease in efficiency when C. sinensis
was used. When MIC, was calculated based on
standard curves, these values ranged from 14.15-
271.44 mg/mL for all extracts tested (Figure 4).

Furthermore, MIC,, values against Gram-
positive bacteria ranged between 14.15 and
240.69 mg/mL, while values for the same assay
for Gram-negative bacteria ranged between 110.1
and 271.44 mg/mL. The MIC results revealed that
U. dioica extracts were generally effective against
most types of bacteria, mainly B. subtilis and
S. aureus. The MIC_, value of this plant extract
against Gram-positive bacteria ranged from
14.5 to 17.19 mg/mL. Simultaneously, the MIC,,

Table 7. Total phenol content of plant seed extract

Seed mg GAE/g
extract dry matter
M. oleifera 8.44 +£1.13
U. dioica 301.13 £8.02
N. sativa 198.95 + 8.77

Table 8. Total tannin content of plant seed extract

Seed mg GAE/g
extract dry matter
M. oleifera 0.64 +0.09
U. dioica 6.30+0.77
N. sativa 1.80+0.48

value in Gram-negative bacteria ranged between
110.1 and 230.9 mg/mL. The MIC_, for N. sativa
against Gram-positive and Gram-negative bacteria
was 43.1-75.31 and 164.59-176.29 mg/mL,
respectively. Gram-positive and Gram-negative
bacteria were also inhibited by C. sinensis extracts
with MIC, values ranging between 122.31-170.31
and 116.72-124.15 mg/mL, respectively. For M.
oleifera, the MIC,_ ranged from 14.15-240.69
and 154.91-271.44 mg/mL for Gram-positive and
Gram-negative bacteria, respectively (Figure 4).

The results of MIC_ can be attributed
to the fact that these plants contain valuable
and varying amounts of phenols, tannins, and
flavonoids, in addition to a reasonable and
varying amount of saponins and glycosides that
are believed to have a strong effect against the
growth and division of bacteria. Both U. dioica
and N. sativa were characterized by containing
substantial quantities of glycosides and moderate
amounts of saponins, while M. oleifera contained
a significant amount of saponins and reasonable
quantities of glycosides.

Phytochemical analysis
Qualitative phytochemical analysis

The following qualitative tests were used
to identify and analyze the presence of specific
antibacterial substances based on their distinct
chemical reactions.
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Table 9. Total flavonoid contents of plant seeds extract

Antibacterial mg QE/g
compound dry matter
M. oleifera 2.72£0.07
U. dioica 121.95+3.55
N. sativa 5.50+0.94

Test for saponins

The results showed that the M. oleifera
seed extract contained the highest amount of
saponin as indicated by the foam thickness in the
test tubes, which reached 7 mm, compared to N.
sativa seeds which gave a foam thickness of 2 mm.
For U. dioica seed extracts, the foam layer was 1
mm thick (Table 3).

Test for flavonoids

The results exhibited that all plants
contained varying amounts of flavonoids, mostly
in U. dioica, then N. sativa, and finally M. oleifera,
which gave the lowest indicator for containing this
compound (Table 4).

Test for phenols and tannins

The results of the analysis revealed that
the seeds of U. dioica contain a large amount of
phenols and tannins, as they showed an intense
dark green color, followed by M. oleifera, and N.
sativa which also showed a slight dark green color
(Table 5).

Test for glycosides

The results showed that the plants
containing the most glucosides content were U.
dioica seeds and N. sativa compared to M. oleifera,
which revealed less content indicated in dark
brown color (Table 6).

Quantitative phytochemical analysis

The following quantitative tests were
used to determine the exact amount of specific
antibacterial substances through precise
measurements.

Total phenolics, tannins and flavonoids
The quantitative test based on the gallic
acid standard showed that the total phenolic

content of U. dioica, N. sativam, and M. oleifera
seed extracts were 301.13 + 8.02, 198.95 + 8.77
and 8.44 + 1.13 mg GAE/g dry matter, respectively
as shown in Table 7. Regarding tannins, the
results of quantitative analysis based on gallic
acid revealed that the percentage of total tannin
contents for those seeds in the same order were
6.30+0.77,1.80%0.48, and 0.64 + 0.09 mg GAE/g
dry matter (Table 8). Standard (mg Gallic Acid
Equivalents/g dry matter) used for determining
these compounds is shown in Figure 5. Concerning
flavonoids, quantitative examination showed that
the seed extracts of U. dioica, N. sativa, and M.
oleifera contain 121.95 + 3.55, 5.50 + 0.94 and
2.72+£0.07 mg QE/g dry matter, respectively (Table
9). Values are expressed as means + SD from four
measurements. Quercetin equivalent (mg QE/g
of dry matter) was used as standard for flavonoid
(Figure 5).

The results indicated that phenols content
was dominant when compared to flavonoids and
tannins in the extract of the test seeds, which is
consistent with a previous report that showed
a high content of phenolic compounds in those
plants.*®*” The fact that such plants contain
these substances is what explains their effective
capabilities against bacteria.

Phenols are natural organic compounds
that play a major role in protecting plants against
bacterial pathogens. These compounds contain
a carboxyl group linked to an aromatic ring
and are characterized by their antioxidant and
antimicrobial properties. Plant phenols have
multiple mechanisms against bacteria, as they
work to weaken or destroy the cell wall, causing
loss of its internal balance and death. They also
inhibit bacterial enzymes necessary for growth
and reproduction, which limits their ability to
spread. Moreover, phenols hinder the oxidation
processes within bacterial cells, leading to their
stress and death. They exhibit the potential to
interfere with signaling systems within bacteria,
causing a significant impairment in their ability to
adapt to the surrounding environment.*

Plant tannins are natural polyphenolic
compounds with antioxidant characteristics while
exhibiting strong antibacterial effectiveness,
making them a focus of interest in medical and
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industrial fields. These compounds inhibit the
growth of bacteria by interfering with bacterial
metabolic processes, preventing their growth
and reproduction. These compounds damage
the bacterial cell wall and interfere with the cell
membrane permeability, leading to loss of vital
substances and ultimately cell death. Furthermore,
they impair bacterial enzymes essential for their
life. They significantly affect cellular signaling and
bacterial communication systems as well (Quorum
Sensing), reducing their ability to form biofilms and
increasing their resistance to antibiotics.*

Flavonoids are also classified as natural
polyphenols and are found largely in plants. They
exhibit protective functions against ultraviolet
rays, pests, and diseases. These compounds are
characterized by their antioxidant, antibacterial,
and anti-inflammatory properties. Moreover,
flavonoids found in plants exert their antibacterial
properties by disrupting the bacterial cell walls
and interfering with the metabolic processes.>
On the other hand, saponins are substances with
detergent properties that can interact with the
lipid portion of bacterial cell walls, increasing cell
permeability, leading to its destruction by harmful
substances.***? Regarding glycosides, which consist
of a sugar group linked to a non-sugar aglycone,
the antibacterial properties are related to their
potential to disrupt the cell wall and plasma
membrane, as well as to inhibit protein synthesis
and metabolic processes in bacteria.>?

U. dioica has exhibited pronounced
effectiveness toward both bacterial groups. The
seeds of this plant contain significant amounts of
phenolic compounds, tannins, and flavonoids in
addition to glycosides, which explains their great
antibacterial efficiency, compared to other plants
that showed a minimal effect. These phenolic
compounds, especially caffeic acid, and flavonoids
such as quercetin, contribute to their antimicrobial
properties by interfering with the function of
bacterial cell membranes and inhibiting enzyme
activity.*’ The current results were consistent with
the study, which revealed that U. dioica extracts
had a significant inhibitory capacity against E. coli,
S. aureus, and Pseudomonas aeruginosa due to
the presence of tannins that hinder the ability of
bacteria to adhere and form biofilms.>*

N. sativa has considerable amounts of
phenolic compounds, flavonoids, and tannins,

placing it second to U. dioica in antimicrobial
qualities. This plant also contains high levels of
glycosides and moderate levels of saponins, which
enhance its ability against various bacteria. Studies
have shown that thymoquinone and polyphenol
components of N. sativa exert inhibitory effects
on bacterial growth by interfering with DNA
replication and protein synthesis.>® Furthermore,
some studies have shown that N. sativa extracts
are effective against multidrug-resistant bacteria,
including methicillin-resistant S. aureus (MRSA)
and Pseudomonas aeruginosa, due to their ability
to disrupt bacterial membranes and impair biofilm
synthesis.*® The flavonoid content of these plants
induces bacterial cell damage by accumulating
toxic reactive molecules inside the cell.
Concerning M. oleifera seeds, they
contain minimal amounts of these biologically
active compounds, though they consist of a
considerable portion of saponins and a moderate
quantity of glycosides, which explains their
effective antibacterial effect.’” In addition, M.
oleifera harbors different flavonoid species such
as kaempferol and quercetin, which activate the
oxidative stress in bacterial cells, causing their
destruction.”*® Furthermore, a study about M.
oleifera extracts revealed that they exert significant
effects against bacteria such as Salmonella typhi,
B. subtilis, and Klebsiella pneumoniae, leading to
disruption of bacterial cell walls and preventing
protein synthesis. Moreover, the tannins in M.
oleifera affect bacterial proteins, impairing their
ability to colonize and infect host tissues.%®
Interestingly, the results showed that
B. subtilis was the most susceptible bacterium,
implying it was the least resistant to medicinal
plant extracts, followed by S. aureus. Gram-
positive bacteria were much more sensitive
and less resistant than Gram-negative bacteria.
The bacterial type, its defense mechanisms, in
conjunction with the type and source of the
active compounds extracted, play vital roles in the
susceptibility of these microorganisms. Based on
our results, P. vulgaris was sensitive to C. sinensis
extracts, while it was resistant to other plant
extracts, especially U. dioica (seed), M. oleifera,
and N. sativa. Such findings are interesting results
emerging from different antibacterial mechanisms
of action from C. sinensis on one side and U.
dioica (seed), M. oleifera, and N. sativa on the
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other side. In the context of these results, Gram-
positive bacteria seemed more sensitive to the
antibacterial action of medicinal plants. This result
can be ascribed to the special construction and
content of the cell wall. As outer layers, Gram-
positive bacteria possess thick (20-80 nm) cell
walls. In contrast, Gram-negative bacteria exhibit
a different cell wall structure with a thickness
of 10 nm and an outer membrane with many
holes and appendages. This membrane protects
bacteria from external danger, mediated mainly by
chemicals, as it acts as a barrier that obstructs the
movement of these substances into the cell.***°

CONCLUSION

The antibacterial activities of U. dioica,
N. sativa, and M. oleifera can be attributed to
the fact that they contain rich phytochemicals,
especially phenols, tannins, and flavonoids.
These compounds have an effective antibacterial
effect by damaging bacterial cell membranes,
reducing enzyme activity, and preventing biofilm
formation. Due to the increasing prevalence of
antibiotic resistance, these plants provide potential
alternatives as natural antibacterial agents.
Therefore, there must be future research that
focuses on clinical trials and formula development
to explore their therapeutic applications in modern
medicine.

On the other hand, the study
demonstrated the great mistakes that people
make when practicing folk medicine and the
wrong prescriptions that herbal shops prescribe to
treat food poisoning diseases. It has been shown
that only three out of nine plants commonly
prescribed to treat these diseases were effective,
namely, U. dioica, N. sativa, and M. oleifera.
This improper action can cause many problems,
as people are exposed to the harmful effects of
overusing these plants while wasting their money
and time. Moreover, this condition may cause an
increase in health problems and complications of
infections due to patients’ beliefs based on the
illusion of waiting for effective results to cure their
disease, as prescribed by folk medicine, before
seeking adequate treatment for their disease. This
situation also facilitates the development of such

infectious diseases and their spread in an epidemic
manner among people.

In addition, future research should focus
onisolating and studying the active components in
the most effective plant extracts. Although there
may be limitations with patenting natural products,
finding strong bioactive extracts still offers great
potential for developing new medicines. This
could include making semi-synthetic or specially
designed treatments with better drug properties.
By concentrating on plants that clearly show
antimicrobial effects, future studies can be more
reliable and help confirm traditional uses. This
work is especially important for creating natural
remedies that target the specific bacteria common
in the region. Over time, this approach could lead
to the discovery of new drugs that work against
drug-resistant bacteria found locally.
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