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Abstract

Background: Considering the increased rate of microbial resistance to antibiotics and chemical side effects of antibiotics, there
is a need for an alternative antimicrobial agent with fewer complications. Medicinal plants are rich resources of phytochemical
compounds with antibacterial activity that could fight off this problem.
Objectives: The aim of this research was to investigate the chemical composition, antimicrobial, and antibiofilm properties of
Malva sylvestris on some pathogenic bacteria.
Methods: Antibacterial effect of the extract was assessed by the well diffusion and broth microdilution methods against Staphylo-
coccus aureus, Enterococcus faecalis, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Escherichia coli. The anti-biofilm property of
the extract was also examined using the crystal violet assay. Finally, the chemical constituents and phenolic compounds of the ex-
tract were determined by gas chromatography-mass spectrometry (GC-MS) and high-performance liquid chromatography (HPLC),
respectively.
Results: The methanolic extract of M. sylvestris showed antimicrobial activity against all tested Gram-negative and Gram-positive
strains by the agar well diffusion method. The minimum inhibitory concentration (MIC) of the extract ranged from 21.9 ± 0.1 to
51.9 ± 0.5 mg/mL against the tested microorganisms. In addition, the minimum bactericidal concentration (MBC) spanned from
43.7 ± 0.1 to 85.8 ± 0.3 mg/mL. The biofilm inhibitory concentration (BIC50) of the extract was found to be 40 - 87 mg/mL against
the tested bacteria. Analysis of the extract by GC-MS indicated that the most abundant compounds were 1-heptacosanol (38.41%),
17-Pentatriacontene (19.78%), and 6,9,12,15-docosatetraenoic acid, methyl ester (8.08%). High-performance liquid chromatography
confirmed the presence of apigenin (6.84 ppm) and salicylic acid (1.5 ppm) as phenolic compounds in M. sylvestris methanolic ex-
tract.
Conclusions: The results of this study represent the high potency of M. sylvestris extract as a source of biologically-active compounds
for the development of future phytotherapeutic products with antibacterial and antibiofilm activity.
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1. Background

A biofilm is a microbial community characterized by
adhesion to biotic or abiotic surfaces, which is embedded
by extracellular polymeric substances. This matrix gives
sanctuary to internal cells and helps them to absorb nutri-
ents and adhere to the associated surfaces (1).

Biofilms play a significant role in the survival of bacte-
rial cells under adverse environmental conditions. More-
over, bacteria in biofilms are more resistant to biocides
and immune system than their planktonic counterparts
(2). It is estimated that about 65% of all bacterial infec-
tions are related to bacterial biofilms. Numerous human
and veterinary pathogens, including Pseudomonas aerug-
inosa, Escherichia coli, Enterococcus faecalis, Staphylococcus

aureus, Klebsiella pneumoniae, Acinetobacter baumannii, and
Salmonella spp., cause infections which are difficult to treat
due to their potency to produce sessile biofilms (3). Bac-
terial cells in biofilms can be released and cause a discon-
tinuous secondary contamination of various products dur-
ing the production process (4). In addition, in the food in-
dustry, equipment and surfaces are often contaminated by
biofilm-producing microorganisms. In most cases, this is-
sue becomes a major problem because these biofilms can
act as a source of cross-contamination in foods (1).

Antimicrobial agents are not effective against biofilm
form, and there are few novel compounds under develop-
ment. In recent years, interest in natural antimicrobial
products to overcome the biofilm form of bacteria has in-
creased (5).
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Medicinal plants are non-toxic or less toxic, cost-
effective, easily accessible, and safe resources for drugs.
Herbs contain phytochemical compounds, such as alka-
loids, terpenoids, tannins, and flavonoids, which have
antimicrobial activity against planktonic (6) and biofilm
forms of bacteria (5, 7).

Malva sylvestris belongs to the Malvaceae family. Pre-
vious studies revealed the presence of sugars, fatty acids,
amino acids, vitamins, mucilages, coumarins, and some
sterols and triterpenes in this plant. Furthermore, it has
been reported that M. sylvestris possesses significant quan-
tities of phenols and total flavonoids (8, 9).

Malva sylvestris commonly grows in Europe, North
Africa, and various parts of Asia. In Iran, M. sylvestris is
found around Tehran, Gilan, and the central and southern
parts of Iran, such as Bandar Abbas and Qeshm (10). In Iran,
M. sylvestris (named as Panirak) is commonly used as a veg-
etable and for medicinal purposes (10). The flowers of this
plant are used for the treatment of bronchitis, eczema, di-
gestive problems, inflammations, cut wound, and dermal
infected wounds (11, 12).

The antimicrobial activity of M. sylvestris extract
against some pathogenic bacteria has been confirmed
previously. Razavi et al. (11) showed that the flowers ex-
tract of M. sylvestris had high antibacterial effects against
some human pathogenic bacteria, such as Enterococ-
cus faecalis, Streptococcus agalactiae, and Staphylococcus
aureus. In a study conducted by Shadid et al. (13), the
acetonic extract of M. sylvestris exhibited strong antibac-
terial activity against Proteus vulgaris and S. aureus with
the MIC values of 0.078 and 0.125 mg/mL, respectively.
Other studies have also shown the cytotoxic properties
of M. sylvestris extract against Salmonella enterica serovar
Typhimurium (14), Listeria monocytogenes (15), Bacillus
cereus (15), methicillin-resistant S. aureus (MRSA) (11), Ag-
gregatibacter actinomycetemcomitans (10), and Candida
species (16). The limitation of previous studies is that in
all these studies, only the antimicrobial properties of the
extract were investigated, and its anti-biofilm properties
on pathogenic bacteria were not evaluated.

2. Objectives

Accordingly, the aim of the present study was to in-
vestigate the antibacterial and antibiofilm activities of M.
sylvestris methanolic extract against P. aeruginosa, E. coli, K.
pneumoniae, S. aureus, and E. faecalis standard strains. The
major bioactive components of the extract were also deter-
mined to identify the relationship between the observed
effects and the compounds.

3. Methods

3.1. Bacterial Strains

The bacterial strains used in this work were P. aerug-
inosa ATCC 9027, E. coli ATCC 10536, K. pneumoniae ATCC
10031, S. aureus ATCC 29737, and E. faecalis ATCC 29212. These
strains were obtained from the Iranian Research Organiza-
tion for Science and Technology and cultured aerobically
in Nutrient Broth (NB) (Merck, Germany).

3.2. Plant Collection and Extraction

Malva sylvestris was obtained from the Botanical Cen-
ter of Peykan Shahr, west of Tehran, Iran. The plant was
authenticated in the Medicinal Plants and Drug Research
Institute Herbarium (MPH) of Shahid Beheshti University
(Tehran, Iran). A voucher herbarium specimen of Malva
sylvestris L. (no.: 2767) was deposited in MPH. Aerial parts
(flower, leaves, and stems) of the plant were thoroughly
washed in distilled water. Thereafter, the plants were air-
dried at room temperature under shade, pulverized in a
hand mill, and saved for future analysis. Plant extraction
was performed by the maceration method as described
previously (17). In detail, 200 g of powdered M. sylvestris
leaves was dissolved in 150 mL of methanol. Then, the sam-
ples were placed in a shaker incubator (Memmert, Ger-
many) at 30°C for three days. Afterwards, suspensions were
filtrated using a filter paper (Whatman no.1, USA) for four
times, and the insoluble parts of suspension were taken.
Rotary vacuum (Hidolph, Germany) was used to remove
the solvent from the extract. The concentrations of 700
mg/mL were prepared with water plus 1% DMSO (Sigma,
Aldrich). Then, the extract was sterilized using a Millipore
filter (0.22 µm) and kept in a dark container at 4°C for fur-
ther analysis.

3.3. Well Diffusion Method

The plant extract was tested for antimicrobial activity
using the well diffusion method as described previously
(18). The bacterial suspension was provided in Mueller
Hinton Broth (MHB) (Merck, Germany), and cell density
was adjusted to the 0.5 McFarland standard. Then, 10 µL
of the mentioned suspension was delivered onto Mueller
Hinton agar (MHA) (Merck, Germany) plates and spread
over the surface of agar. Then, holes of 6 mm in diameter
were dug with a sterile cork borer, and 100 µl of 50, 100,
and 200 mg/mL extract solutions was introduced into the
wells. After incubating the plates at 37°C for 24 h, the inhi-
bition zones around the holes were measured for each of
the tested bacteria. In this study, standard positive control
(penicillin [10µg] and streptomycin [10µg]) (Mast, UK) and
negative control (DMSO 1%) were included.
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3.4. Determination of Minimum Inhibitory Concentration and
Minimum Bactericidal Concentration Values

The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of the extract
were assessed by the broth microdilution method as de-
scribed by Novy et al. (19) with minor modifications. In de-
tail, serial dilutions of the extract ranging from 1.56 to 200
mg/mL were provided in the microplate. A bacterial sus-
pension at the concentration of 108 CFU/mL was also made
and diluted to 1:100. Then, 10 µL of the diluted suspension
was added to each microplate well and incubated at 37°C
for 24 h. Minimum inhibitory concentration was deter-
mined as the lowest concentration that inhibited bacterial
growth. To assess the MBC values, 100 µL from each well
with no visible growth was subcultured on MHA plates,
and the highest dilution that showed no visible growth
was considered MBC.

3.5. Antibiofilm Activity

The effect of the plant extract on biofilm formation was
investigated using the crystal violet assay (20). Serial two-
fold dilutions of the extract were prepared in the concen-
tration range between 2.7 to 700 mg/mL. In addition, bac-
terial colonies were grown at 37°C for 24 h in Trypticase Soy
broth (TSB) (Merck, Germany) (108 CFU/mL), and 1:100 dilu-
tion was prepared in a fresh TSB medium. Then, 100 µL of
this dilution was aliquoted into each well of the sterile flat-
bottomed 96-well polystyrene microplate. Five wells con-
taining medium plus bacteria were considered as control.
After incubation at 37°C for 24 h, the media were discarded,
and the wells were washed completely three times with
sterile distilled water. Thereafter, biofilms were air-dried
and stained with 1% crystal violet dye for 20 min at room
temperature. Then, the excess dye was discarded, and the
microplate was washed three times with sterile distilled
water. Finally, by adding 100µL of 95% ethanol to each well,
the dye attached to the bacterial cells was solubilized, and
after 15 min, the optical density at 570 nm was detected us-
ing a microplate reader (ELx808, BioTek, USA).

The percentage of biofilm inhibition was measured us-
ing the following equation:

(1)% of biofilm inhibition =
ODcontrol − ODsample

OD control
× 100

The lowest concentration of the extract that displayed
50% inhibition against the formation of biofilms was con-
sidered as biofilm inhibition concentration (BIC50).

3.6. Determining the Main Components and Phenolic Com-
pound

The main constituents of M. sylvestris were detected
by using the gas chromatography-mass spectrometry (GC-

MS) analysis according to the previously described method
(21).

The GC-MS assessment was performed by Agilent tech-
nology 7890 A instrument, with a DB-5 fused silica column
(30 m × 0.25 mm; 0.25 µm film thickness) (21). Helium
with the flow rate of 1.1 mL/min was applied as the gas
carrier. The temperature was set from 70°C to 270°C at
10°C/min. The sample was injected by splitting, and the
split ratio was 1:100. The operating parameters of MS in-
cluded the ion source temperature of 200°C and ioniza-
tion voltage of 70 eV. The compounds were identified by
comparison of the retention indexes obtained in the same
column with the reference components. Furthermore,
each obtained mass spectra was compared with those from
usual electronic libraries, including Wiley and Adams.

The separation of phenolic compounds was carried out
by high-performance liquid chromatography (HPLC) ac-
cording to the standard procedure (21). High-performance
liquid chromatography assessment was carried out on
a Knauer reversed-phase liquid chromatography system
(Knauer, Germany).

The separation was performed using an Eclipse XDB-
C18 (4.6 mm × 250 mm, 5 µm) and Agilent (USA) columns
in gradient elution as the mobile phase using water
containing 0.05% formic acid (solvent A) and acetoni-
trile/methanol (80:20, v/v) (solvent B).

3.7. Statistical Analysis

SPSS version 20 was applied for statistical analysis. The
experiments were done in triplicate, and results were ex-
pressed as mean and standard deviation (SD). To compare
mean values, Turkey’s test was applied, and the signifi-
cance level was set at P < 0.05.

4. Results

4.1. Agar Well Diffusion Test

The antibacterial potential of M. sylvestris against five
pathogenic bacteria was evaluated according to their inhi-
bition zone. Table 1 displays the inhibition zone values of
the five bacterial strains. According to the results, the an-
timicrobial effect of M. sylvestris extract increased with an
increase in its concentration. The largest inhibition zone
was observed at the concentration of 200 mg/mL of the ex-
tract against S. aureus and K. pneumoniae (P < 0.05).

4.2. Minimum Inhibitory Concentration and Minimum Bacteri-
cidal Concentration

The antibacterial effect of M. sylvestris extract was as-
sessed against the tested microorganisms according to the
CLSI guidelines. The MIC values of the M. sylvestris extract
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Table 1. Antimicrobial Activity of Malva sylvestris Methanolic Extract Against Pathogenic Bacteria by Agar Well Diffusion and Microdilution Methoda , b

Bacteria

Inhibition Zone, mm

MIC, mg/mL MBC, mg/mLM. sylvestris Extract, mg/mL Antibiotics**
D

50 100 200 P S

Escherichia coli 10.4 ± 0.2B 12.7 ± 0.2C 15.4 ± 0.3C 8.1 ± 0.1D 13.1 ± 0.1B - 43.7 ± 0.1C 85.5 ± 0.3C

Pseudomonas aeruginosa 9.4 ± 0.2C 10.8 ± 0.1D 12.5 ± 0.1D * 10 ± 0.1C - 51.9 ± 0.5D 85.5 ± 0.3C

Klebsiella pneumoniae 13. ± 0.1A 15.9 ± 0.2A 17.8 ± 0.2A 10.1 ± 0.1C 15.1 ± 0.1A - 43.7 ± 0.3C 65.7 ± 0.2B

Enterococcus faecalis 10.4 ± 0.1B 13.3 ± 0.3B 16.3 ± 0.1B 24 ± 0.1B * - 32.8 ± 0.3B 65.6 ± 0.4B

Staphylococcus aureus 13.3 ± 0.3A 15.7 ± 0.2A 18.2 ± 0.05A 25 ± 0.3A 15 ± 0.2A - 21.9 ± 0.1A 43.7 ± 0.1A

Abbreviations: D, DMSO 1% (negative control); MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration; P, penicillin; S, streptomycin.
aValues are expressed as mean ± SD.
bMean values with different superscript letters within the same column are statistically different. *, Resistant, **, positive control.

ranged from 21.9 ± 0.1 to 51.9 ± 0.5 mg/mL, while the MBC
values spanned from 43.7 ± 0.1 to 85.5 ± 0.3 mg/mL (Ta-
ble 1). S. aureus was the most sensitive species, followed by
E. faecalis, K. pneumoniae, and E. coli. The extract showed
lower activity against the growth of P. aeruginosa (51.9±0.5
mg/mL).

4.3. Antibiofilm Activity

The results of in vitro antibiofilm effect of the
methanolic extract of M. sylvestris are shown in Table 2. The
extract displayed antibiofilm effect against both Gram-
positive and Gram-negative strains in a dose-dependent
manner. The highest antibiofilm activity was observed
against S. aureus, E. faecalis, and K. pneumoniae with the
BIC50 value of 40 mg/mL.

Table 2. Anti-Biofilm Activity of the Methanolic Extract of Malva sylvestris

Bacteria A P BIC50

Escherichia coli 0.34 93.66 87

Klebsiella pneumoniae 0.52 95.46 40

Staphylococcus aureus 0.78 89.19 40

Pseudomonas aeruginosa 2.25 > 100 87

Enterococcus faecalis 0.84 98.79 40

Abbreviations: A, absorbance of biofilm, BIC50 (mg/mL), minimum biofilm in-
hibition concentration of extract that displayed 50% inhibition against the for-
mation of biofilm; P, percentage of biofilm growth.

4.4. Volatile Compounds of the Extract

Figure 1 shows the GC-MS chromatogram of the
methanolic extract. The chemical composition of volatile
compounds is also shown in Table 3, where the plant
components are presented in order of their elution on
the DB-5 column. In GC-MS analysis, 11 substances were
detected. According to our results, the major chemical

components were observed as 1-heptacosanol (38.41%), 17-
pentatriacontene (19.78%), and 6,9,12,15-docosatetraenoic
acid, methyl ester (8.08%).

4.5. Phenolic Compounds Analyses

Here, our goal was to analyze the phenolic profile of
the M. sylvestris methanolic extract to gain insight into
its bioactive components. High-performance liquid chro-
matography was applied to quantify the amount of 18 phe-
nolics, including: gallic acid, 3,4-dihydro benzoic acid,
chlorogenic acid, catechin, vanillic acid, caffeic acid, 2,5-
dihydro benzoic acid, coumaric acid, syringic acid, frolic
acid, chicoric acid, rutin, salicylic acid, rosmarinic acid,
quercetin, kaempferol, cinnamic acid, and apigenin. Of
these, only apigenin (6.837 ppm) and salicylic acid (1.511
ppm) were identified. The high-performance liquid chro-
matogram of the extract has been presented in Figure 2.

5. Discussion

Biofilm-producing bacteria are inherently resistant to
antibacterial drugs, which are the major cause of various
infections in human and animals (2). In addition, bacterial
biofilms can cause serious problems in the food industry.
Nowadays, numerous investigations have focused on the
development of nontoxic antibiofilm agents, because such
molecules will not lead to drug resistance in the future (5).
Herbal derivatives with various bioactive compounds are
suitable candidates for the treatment of various infections
caused by bacterial biofilms (22).

In this study, the antibacterial and antibiofilm activ-
ities of M. sylvestris extract were assessed against some
Gram-positive and Gram-negative bacteria. Our results in-
dicated that M. sylvestris extract had antibacterial activity
against all the five pathogenic bacteria. These results were
obtained by both well diffusion and broth microdilution
tests.
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Figure 1. GC-MS chromatogram of the methanolic extract of Malva sylvestris

Table 3. Chemical Compositions, Retention Time, and the Percentage of Volatile Components from the Methanolic Extract of Malva sylvestris

Peak Retention Time Name Percentage, %

1 21.397 Ethyl iso-allocholate 5.5

2 22.87 9,12-Octadecadienoic acid, methyl ester 7.0

3 22.95 6,9,12,15-Docosatetraenoic acid, methyl ester 8.1

4 23.09 Cyclopropanedodecanoic acid, 2-octyl-, methyl ester 2.8

5 24.17 1-Hexadecanoic acid (hydroxymethyl)-1,2-ethanediyl ester 0.7

6 24.48 7-Methyl-Z-tetradecen-1-ol acetate 3.6

7 25.07 3-Methyltricosane 10.0

8 26.66 Oleic acid, 3-(octadecyloxy) propyl ester 2.1

9 27.91 Z-12-Pentacosene 2.0

10 29.60 1-Heptacosanol 38.4

11 31.77 17-Pentatriacontene 19.8

Total - - 100

In the present study, the inhibition of bacterial growth
by M. sylvestris extract was found in a dose-dependent man-
ner. Our findings supported previous results in the litera-
ture that the antibacterial activity of this plant is directly
related to increased extract concentrations (23).

The results indicated that M. sylvestris methanolic ex-
tract inhibited microbial growth with the highest MIC
values against S. aureus (21.9 mg/mL) and E. faecalis (32.8

mg/mL). The extract was also active against E. coli, K. pneu-
moniae (both MIC value of 43.7 mg/mL), and P. aeruginosa
(MIC value of 51.9 mg/mL). In a study conducted by No-
zohour and Jalilzadeh (24), the ethanolic extract of M.
sylvestris could inhibit the growth of E. coli standard strain
with the MIC value of 50 mg/mL, which is in line with our
finding. Compared to our results, Aminnezhad et al. (25)
reported a weaker antimicrobial activity of the ethanolic
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Figure 2. HPLC chromatogram of the methanolic extract of Malva sylvestris. Two signals (A) and (B) were identified as salicylic acid and apigenin, respectively

extract of M. sylvestris against P. aeruginosa with the MIC
value of 62.5 mg/mL. However, in a study by Shadid et al.
(13), a greater antimicrobial activity was found by the ace-
tonic extract of M. sylvestris against S. aureus, E. coli, and P.
aeruginosa with MIC values of 0.125, 12.5, and 3.125, respec-
tively. These differences in antimicrobial activity may be
due to the difference in the solvent system applied in these
studies.

The results showed that the plant extract had a more
effect on Gram-positive bacteria, and the highest antibac-
terial properties were related to S. aureus. This finding
is consistent with the results of other studies in the lit-
erature. For instance, Koohsari et al. (26) investigated
the antimicrobial activity of six native plants in north of
Iran against six Gram-positive (S. aureus, S. epidermidis, and
vancomycin-resistant E. faecalis) and Gram-negative (E. coli,
Salmonella typhimurium, Shigella dysentery) pathogenic bac-
teria. They found that Gram-positive strains were more
sensitive than Gram- negative strains, and the most sen-
sitive bacterium was S. aureus (26). In another study, the
antibacterial activity of 39 methanolic extracts of 25 Aus-
tralian herbs against two Gram-positive (Bacillus cereus
and B. subtilis) and two Gram-negative (P. aeruginosa and
Aeromonas hydrophila) was investigated, the results of
which confirmed the sensitivity of Gram- positive bacteria
(27).

In fact, Gram-negative bacteria showed less sensitiv-
ity to plant extracts than Gram-positive bacteria. Accord-
ing to the studies, cell walls of Gram-positive bacteria
are more penetrable and sensitive to antimicrobial agents
compared with Gram-negative bacteria. The lipopolysac-
charides layer and periplasmic space of Gram-negative
bacteria may be the reason for their relative resistance to
antimicrobials (26). In Gram-positive bacteria, peptidogly-

can layers are porous and allow antibiotics, chemical com-
pounds, and even herbal drugs to access the cell mem-
brane.

It is assumed that the antimicrobial activities of the
plant should be attributed to the presence of various an-
timicrobial compounds in the M. sylvestris extract. Naph-
thoquinones, anthocyanidins, flavonoids, or mucilagi-
nous polysaccharides, that are present in high amounts,
are among the most significant compounds of M. sylvestris
that have antimicrobial properties (11, 28).

A previous study revealed the antimicrobial effect of
anthocyanin extracted from M. sylvestris. Anthocyanin
showed promising antimicrobial activity against S. aureus
but had no cytotoxic activity against both Aspergillus niger
and E. coli. Interestingly, with increasing anthocyanin con-
tent, the bacteriostatic activity was increased (29).

Based on GC-MS analysis, the most detected com-
pounds of M. sylvestris extract were 1-heptacosanol (38.4 %),
17-pentatriacontene (19.8%), and 6,9,12,15-docosatetraenoic
acid, methyl ester (8.1%). 1-Heptacosanol is a long-chain pri-
mary fatty alcohol. As this compound has already been re-
ported to have nematocidal, anticancer, antioxidant, and
antimicrobial activities (30-32), some of the antimicrobial
properties of M. sylvestris extract may be depend on the
presence of 1-heptacosanol. Another most detected com-
pound, 17-pentatriacontene, which has also been identi-
fied from the leaves extract of Eichhornia crassipes, indi-
cated anti-inflammatory, anticancer, antibacterial, and an-
tiarthritic properties (33). In a study by Tabaraki et al. (28),
the GC-MS analysis of M. sylvestris methanolic extract iden-
tified 18 compounds, of which 2-methoxy-4-vinylphenol
was the most abundant compound. In another study,
Miranda-Martinez et al. (9) investigated the GC-MS analysis
of the hydroalcoholic extract of M. sylvestris and observed
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an abundance of hydrocarbons, which is in line with our
findings. In their study, the most abundant compound was
α-linolenic acid (30.61%), followed by hexadecanoic acid
(12.14%) and octadecanoic acid (8.31%).

M. sylvestris is reported to have high phenols and to-
tal flavonoids contents (9). Flavonoids and phenolic com-
pounds are associated with a wide range of health ben-
efits due to their ability to modulate the key functions
of cellular enzymes (34). However, the concentrations of
flavonoids and phenolic compounds in plants are very sen-
sitive to geographical location and environmental and cli-
mate conditions (34).

In the present study, HPLC analysis was performed to
quantify the amount of the 18 phenolics, of which only api-
genin (6.837 ppm) and salicylic acid (1.511 ppm) were iden-
tified. In a study conducted by Daniela et al. (35), HPLC
analysis of the M. sylvestris methanolic extract allowed the
identification of apigenin, quercetin, kaempferol, genis-
tein, myricetin, and 5,7-dimethoxycoumarin. Benso et al.
(36) investigated the HPLC analysis of the ethanol extract of
M. sylvestris and identified the bioactive compound rutin.
Rutin is a flavonoid and has diverse pharmacological activ-
ities, including reducing the risk of chronic diseases and
promoting health (36).

Apigenin, as a plant-derived flavonoid, has displayed
antifungal, antiparasitic, antiviral, and antibacterial activi-
ties (37). The antimicrobial activity of apigenin against Pro-
teus mirabilis, S. Typhi, P. aeruginosa (38), and S. aureus, in-
cluding the methicillin-resistant and methicillin-sensitive
S. aureus (39, 40), has been reported previously. Besides,
synergistic interaction has been observed between api-
genin and other antibiotics (41). A previous study revealed
that cell wall/membrane and nucleic acid processing en-
zymes may be the main targets of apigenin on bacteria.
It affects the type II fatty acid synthetic pathway and D-
Alanine, both of which are involved in cell membrane/wall
synthesis (37).

The antibacterial activity of salicylic acid, as an organic
acid, was also documented previously. Adamczak et al.
(42) reported that salicylic acid could strongly inhibit the
growth of P. aeruginosa, E. coli, S. aureus, and E. faecalis at
the MIC range of 250 - 500 µg/mL. Furthermore, salicylic
acid has anti-inflammatory activity and can be applied as
a topical antibacterial agent due to its potency to increase
exfoliation (43, 44).

As a result, although M. sylvestris extract contains an-
timicrobial compounds that contribute to the antimicro-
bial properties of the extract, the simultaneous presence
of these compounds may strengthen the plant’s antibacte-
rial effects (45).

A large number of investigations have examined
the antimicrobial properties of M. sylvestris derivatives;

nonetheless, there is a limited number of studies inves-
tigating the antibiofilm potential of this plant against
pathogenic bacteria. Furthermore, it is an open gate for fu-
ture investigations. Bacterial biofilm, because of its high
resistance to treatment and the potency to produce noso-
comial infections, remains a global threat. More impor-
tantly, some biofilm-forming species, such as S. aureus, E.
coli, and P. aeruginosa, can cause problems associated with
food-borne diseases and food spoilage. Consequently, the
inhibition of biofilm formation by natural antimicrobial
compounds is expected to be an alternative to traditional
chemical sanitizers (46). Accordingly, research for finding
new efficient molecules to overcome this problem is rec-
ommended (2, 5).

In this research, the bioactivity of M. sylvestris extract
was assessed against the biofilms of some pathogenic bac-
teria. The results (Table 2) showed that the tested extract
inhibited biofilm formation in all the tested bacteria. In
other words, 87, 40, 40, 87, and 40 mg/mL of M. sylvestris ex-
tract inhibited 50% of biofilm formation in E. coli, K. pneu-
monia, S. aureus, P. aeruginosa, and E. faecalis, respectively.

In a similar study, the antibiofilm activity of M. sylvestris
ethanolic extract against Candida albicans biofilm was
proven (47). Extracts from this plant may influence biofilm
formation through interaction with bacterial adhesion
(48), damaging microbial membrane structures (23), in-
hibition of exopolysaccharide production, inhibition of
peptidoglycan synthesis, and/or interference with quorum
sensing (QS) (49). Additionally, some of the antibiofilm ac-
tivity of M. sylvestris extract may be related to the presence
of compounds that exert antibiofilm effects via the disrup-
tion of cell to cell communications or quorum sensing in-
hibition (50).

The limitation of the present work is that our study
reports the antimicrobial and antibiofilm activity of M.
sylvestris crude extract, and the evaluation of the activity
of active components in pure form is necessary to under-
stand the reported effect.

5.1. Conclusions

M. sylvestris extract showed antibacterial property
against both Gram-negative and Gram-positive strains,
and the highest activity was observed against S. aureus.
The extract was able to inhibit biofilm formation in the all
tested bacteria. Our findings support the traditional use
of M. sylvestris in the treatment of various diseases. The re-
sults obtained in this study indicated that the methanolic
extract of M. sylvestris is a valuable source of pharmaceu-
tical natural products, and it can be used for the develop-
ment of new therapeutic formulations. Based on the de-
tected antibiofilm activity, which is reported for the first
time in the present study, M. sylvestris methanolic extract
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can be a promising alternative to antibiotics or food addi-
tives against biofilm-producing bacteria.
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