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This research examined the antimicrobial activity of both crude extracts and fatty acid
extract of nine different marine macroalgae species (Caulerpa racemosa, Ulva
fasciata, Halimeda tuna, Galaxura rugosa, Hypnea cornuta, Jania rubens, Turbinaria
tubinata, Hormophysa cuneiformis and Polycladia myrica). The antibacterial activity of
these extracts was examined against Klebsiella pneumoniae, Bacillus Subtilis,
Escherichia coli and Staphylococcus aureus, while the antifungal activity was
achieved against Aspergillus niger and Candida albicans. The fatty acid macroalgal
extracts recorded the highest antimicrobial activities against Candida albicans,
Staphylococcus aureus and Bacillus Subtilis compared to the crude macroalgal
extracts. Most of the brown macroalgae extracts exhibited significant antimicrobial
activity against the tested fungi and bacteria. The crude and fatty acid extracts of the
selected macroalgae species showed no inhibition zones against Aspergillus niger.
Caulerpa racemosa, Hypnea cornuta Turbinaria tubinata and Hormophysa cuneiformis
showed antimicrobial activity against all the tested pathogenic microorganisms. The
brown macroalga Polycladia myrica recorded the maximum inhibition zone. The fatty
acids extract of the brown alga Hormophysa cuneiformis and the red alga Jania
rubens recorded the highest inhibition zones against the fungus Candida albicans.
This study established that the macroalgal fatty acid extracts exhibited significant
efficacy against both pathogenic fungi and bacteria than the crude macroalgal extract
as well as the standard commercial antibiotic. Marine macroalgae have the potential to
be an essential resource for natural pharmaceutical products against infectious
diseases.
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Introduction . . .
So, the intervention to discover novel natural

In the present time, the alarming rise in antimicrobial
resistance poses a pressing public health threat,
diminishing the effectiveness of conventional antibiotics in
combating infectious diseases. Additionally, globalization
and human migration have played a significant role in the
dissemination of drug-resistant microorganisms. More than
35 000 people die from antimicrobial-resistant infections in
the EU/EEA each year, according to estimates presented
in a new report released today. The estimated number of
deaths in the report examines the years 2016-2020 and
shows an increase from previous estimates. The health
impact of antimicrobial resistance (AMR) is comparable to
that of influenza, tuberculosis and HIV/AIDS combined
(European Centre for Disease Prevention and Control,
2022, November 17).

The estimated global economic losses because of
antimicrobial resistance are estimated to be $100 trillion
USD (Schwartz et al., 2018).
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antimicrobial agents with different modes of action than
the traditional antibiotics is necessary to overcome the
global microbial resistance.

Although, antibiotics derived from terrestrial sources
have been extensively used as therapeutic agents to treat
various diseases, the vast biodiversity of the oceans
presents significant potential for discovering novel
compounds with commercial value. (Smit, 2004). Because
of the diluting effect of seawater and the hard climate they
survive, some chemicals produced by algae possess high
biological activity. These compounds exhibit antibacterial
potential, as they are specifically developed by algae to
combat stresses. (Hughes and Fenical, 2010).

Marine macroalgae, being a rich source of structurally
diverse and biologically active secondary metabolites,
play a crucial role (Rajasulochana et al.,, 2012). These
secondary metabolites serve various functions, including
defense against herbivores, fouling organisms, and
pathogens (Watson and Cruz-Rivera, 2003). In recent
decades, the bioactive compounds obtained from marine
organisms have led to the development of a plethora of
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extracts with applications in the pharmaceutical and
industrial sectors. The various classes of macroalgae
encompass a diverse range of secondary metabolites with
antimicrobial  activity, such as polysaccharides,
polyunsaturated fatty acids, phlorotannins, phenolic
compounds, and carotenoids (Abu-Ghannam & Rajauria,
2013 and Rizzo et al., 2016). Seaweeds produce an
extensive array of metabolites, many of which possess
bacteriocidal properties. The antimicrobial compounds
derived from seaweeds exhibit diverse functional groups,
leading to bacteriostatic effects, such as brominates,
phenols, oxygen heterocyclics, terpenols, sterols, fatty
acids, polysaccharides, and polyacetylenes. (Blunt et al.,
2015 and Chojnacka & Kim, 2015). Algae produce certain
chemicals to combat environmental stresses, and many of
these compounds possess antibacterial potential. The
remarkable biological activity of these compounds can be
ascribed to the diluting effect of seawater and the
demanding conditions in which algae flourish (Hughes and
Fenical, 2010). Fatty acids are organic compounds
characterized by their carboxylic acid functional group and
long aliphatic chains, which may contain unsaturated fatty
acids. (Desbois and Smith, 2010). The antimicrobial
characteristics of fatty acids have been acknowledged for
a considerable period, and it is noteworthy that plants and
algae produce fatty acids as a defense mechanism
against pathogens, including multidrug-resistant bacteria.
(Venkata et al., 2015 and Desbois, 2012). They act as
precursors in the biosynthesis of eicosanoids, which
function as bioregulators involved in numerous cellular
processes (Khotimchenko, 2005). Furthermore,
polyunsaturated fatty acids (PUFAs) play vital roles in
cellular and tissue metabolism, including the regulation of
membrane fluidity, facilitation of electron and oxygen
transport, and enabling thermal adaptation (Funk, 2001).
Marine macroalgae exhibit an intricately diverse lipid
composition, with some species containing relatively high
concentrations of PUFAs, making them of particular
interest for pharmaceutical and food applications (Elenkov
et al., 1996).

Many of marine macroalgal species found in
abundance biomass in Mediterranean Sea, Suez Canal
and Red Sea, Egypt coasts. Therefore, the primary
objective of this study was to assess the comparative
biological potential of the abundant three green
macroalgae (Caulerpa racemosa, Ulva fasciata, Halimeda
tuna), three red macroalgae (Galaxura rugosa, Hypnea
cornuta, Jania rubens) and three brown algae (Turbinaria
tubinata, Hormophysa cuneiformis, Polycladia myrica) as
a source of fatty acids which harvested from Port Said,
Ismailia and Hurghada coastline, Furthermore, in addition
to assessing the antimicrobial activity of crude and fatty
acid extracts, the study also conducted evaluations
against four pathogenic bacteria and two fungal strains.

Materials and Methods
Study area

Marine macroalgae were harvested manually at the
intertidal zone during the low tide on November-December

2022 from three sites. The collection data provides
information on the macroalgae collection used in this
study (Table 1 and Fig. 1).

Macroalgae samples collection and preparation

The Nine marine macroalgae were harvested manually
from various areas representing three classes
(Phaeophyceae, Rhodophyceae and Chlorophyceae) to
represent the diverse of macroalgae functional groups as
shown in Table 2. Upon collection, the samples were
carefully washed with seawater to remove epiphytes and
other marine organisms. Subsequently, the macroalgal
species were transported to the laboratory in sterile
polythene bag for additional analysis and experimentation,
the selected macroalgae had large biomass were
identified according to Gribb (1983), Womersley (1984 &
J987) and Aleem (1993). To remove salt, epiphytes, and
sand particles, the collected samples underwent a two-
step rinsing process: first with tap water and then with
distilled water. Afterward, the samples were air-dried in a
shaded area at room temperature. Once fully dried, the
samples were cut into small pieces and powdered using a
mixer grinder.

The extract preparation of Macroalgal crude

Crude extraction involved the utilization of 95% ethyl
alcohol, while a chloroform-methanol mixture (50-50, v/v)
was employed to extract the fatty acids. In this process,
each 5g sample of powder was soaked in 40 ml of the
respective solvent for a duration of three days. The
resulting crude extracts underwent filtration and
subsequent concentration in a rotatory evaporator at a
temperature of 40 degrees Celsius. These crude extracts
were then weighed and stored in a deep freeze at -20
degrees Celsius until they were ready for testing. (Wong
et al., 1994).

Target pathogenic microorganisms

The antibacterial assay conducted by utilizing the
following Bacillus Subtilis (ATCC 6633), Klebsiella
pneumoniae ATCC13883, Escherichia coli ATCC8739
and Staphylococcus aureus ATCC6538. The antifungal
test conducted by utilizing the following Aspergillus niger
ATCC16404 and Candida albicans ATCC10231. Microbial
strains were obtained from Ultra Biotechnology Research
Lab. The bacterial stock cultures were preserved and
managed using Muller Hinton Agar medium, and the
fungal cultures were sustained on Saboured dextrose
agar medium.

Antimicrobial assay

The agar well diffusion method applied to assess the
antimicrobial activities of the chosen marine macroalgal
extracts. (Magaldi et al, 2004). To initiate the agar plate
experiment, we spread 100 pl of the microbial inoculum
evenly across the entire agar surface. Subsequently,
using a sterile cork borer, we aseptically punched a hole
with a diameter of 6 to 8 mm. Then, we introduced a
desired volume (ranging from 20 to 100 mL) of the
antimicrobial agent or extract solution into the well.
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Table (1): The collection sites, areas and their coordinates

Site Area Latitude Longitude
The Hunting Club | Port Said 31.26941” N 32.31513" E
Mediterranean Sea
Aldunfah Beach Club Il Ismailia 30.58973"N 32.30508’E
Suez Canal
El Ahyaa District Il1 Hurghada 27.1703"N 33.4618’E
Red Sea

Mediterranean Sea

Fig. (1): A- Map of Egypt showing the studying area and b- The study area showing the selected sites location in Port
Said, Suez Canal, and Hurghada.

Table (2): Samples of macroalgae species in the selected areas

Sample No. Macroalgal species area
Chlorophyta
H1 Caulerpa racemosa (Forsskal) J. Agardh Hurghada, Red Sea
H2 Ulva fasciata Delile Port Said, Mediterranean Sea
H3 Halimeda tuna (J.Ellis & Solander) J.V.Lamouroux Hurghada, Red Sea
Rhodophyta
H4 Galaxura rugosa (J. Ellis & Solander) J.V.Lamouroux Hurghada, Red Sea
H5 Hypnea cornuta (Kutzing) J. Agardh C Ismailia, Suez Canal
H6 Jania rubens (Linnaeus) J.V. Lamouroux Hurghada, Red Sea
Phaeophyta
H7 Turbinaria turbinate (Linnaeus) Kuntze Hurghada, Red Sea
H8 Hormophysa cuneiformis (J.F. Gmelin) P.C.Silva Hurghada, Red Sea
H9 Polycladia myrica (S.G. Gmelin) Draima, Ballesteros, Hurghada, Red Sea

F.Rousseau & T. Thibaut
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Following this, the agar plates were stored for 24 hours
at 37°C for bacteria and for 72 hours at 28°C for fungi.
The measured values for the diameter of the inhibitory
zones around the wells were recorded in millimeters.
(Espinel-Ingroff et al., 2011).

Statistical assessments

All experiments conducted three times independently,
and the data were provided as the mean * standard
deviation.

Results
Antimicrobial Activities of crude macroalgae extracts

In our study, we conducted tests to determine
antimicrobial activity of nine macroalgal species against
pathogenic microorganisms. These tests included a
comparison with a standard commercial antibiotic (control)
as illustrated in Table 3. Aside from the differences in
antimicrobial effects throughout ethanolic macroalgae
crude extracts (H1-H9), each species presented various
degree of inhibition against different pathogenic
microorganisms (Fig. 2). The in vitro antibacterial activity
of the extracts evaluated by monitoring the appearance of
inhibition zones surrounding the filter paper discs. (Photo
1). The selected macroalgae species (H1-H9) not
recorded antimicrobial effects (no inhibition zones) with
the pathogenic fungus Aspergillus niger.

The green macroalga Caulerpa racemosa (H1), the red
alga Hypnea cornuta (H5) and the brown algae
(Turbinaria tubinata, H7 & Hormophysa cuneiformis, H8)
showed antimicrobial activity against all the tested
pathogenic microorganisms except Aspergillus niger.
Caulerpa racemosa showed the largest inhibition zone
(27£0.1 mm) against Bacillus subtilis and Candida
albicans. The brown alga Polycladia myrica (H9) recorded

Table (3): Standard deviation of sample macroalgae crude

against pathogenic microorganisms

the  highest inhibition zone (25+0.6) against
Staphylococcus aureus while the red alga Galaxura
rugosa (H4) showed the highest inhibition zone diameter
(25+0.4) against Escherichia coli. The green macroalga
Ulva fasciata registered the highest antibacterial activity
(2540.9) against Klebsiella pneumonia.

Antimicrobial Activities of extracted fatty acids

The organic solvents of chloroform-methanol showed
antimicrobial activities of fatty acids efficiency with the
most selected species extracts than the standard
commercial antibiotic (control) (Table, 4; Fig., 3 and
Photo, 2). The brown macroalgae (H7, H8& H9)
corroborated antibacterial activities against all the tested
bacteria species, beside Candida albicans as a tested
fungus species. Polycladia myrica (H9) recorded the
maximum inhibition zone 36+0.3. Escherichia coli
registered inhibition zones with the fatty acids of the
green alga Ulva fasciata H2, red alga Hypnea cornuta H5
and the brown alga Polycladia myrica H9 to record
34+0.8, 33£0.3 and 36+0.3 respectively. As the same of
the crude extract, the selected macroalgae fatty acids
extracts (H1-H9) not recorded any inhibition zone with
the pathogenic fungi Aspergillus niger. The calcareous
algae Halimeda tuna H3 and Jania rubens H6 displayed
no activity against the tested bacteria species Bacillus
subtilis and Staphylococcus aureus. The red alga
Galaxura rugosa not recorded any inhibition zones
against the tested bacteria Escherichia coli and Klebsiella
pneumoniae. Hormophysa cuneiformis H8 and Jania
rubens H6 recorded the highest inhibition zones against
the fungus Candida albicans (26+0.5 and 25%0.5
respectively), while the green algae Ulva fasciata H2 and
Halimeda tuna H3 not registered any activity.

extracts (H1-H9) and standard commercial antibiotic (control)

Green
Pathogenic algae
microorganism
H1 H2 H3

Red Brown
algae algae
Control
H4 H5 H6 H7 H8 H9

Pathogenic Bacteria species

Bacillus subtilis 27+0.1 NA 24+0.6
(ATCC 6633)

Staphylococcus aureus

(ATCC 6538) 20+0.3 22+0.8 20+£0.6
Escherichia coli

(ATCC 8739) 21+0.1 21+0.2 NA
Klebsiella pneumoniae 21+0.4 25+0.9 22+0.1

(ATCC 13883)
Pathogenic Fungi species

Candida albicans 24+0.2 16+0.1 18+0.6
(ATCC 10231)
Aspergillus niger NA NA NA

(ATCC 16404)

25+0.1 24+0.1 22+0.1 22+0.6 18+0.1 25+0.5 23+0.3

NA 19+0.1 17+0.6 23+0.2 22+0.8 25+0.6 30+0.1

25+0.4 23+0.5 NA 21+0.4 22+0.9 17+0.3 16%0.5

NA 22+0.8 18+0.9 19+0.1 20+0.2 NA 15+0.6

NA 20+0.3 18+#0.5 17+0.2 18%0.3 NA 18+0.1

NA NA NA NA NA NA 17+0.9

Where, * NA : No activity, Inhibition Zone (mm)
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Fig. (2): Antimicrobial activity of crude macroalgal extracts (H1-H9) against six pathogens in comparison with the

standard commercial antibiotic (control)

Photo (1): Inhibition zone (mm) of nine macroalgae crude extracts against six pathogens in the presence of cont.
(control): Standard commercial antibiotic and B (blank): solvent

Comparative  Assessment of  Antimicrobial

Potential: Crude & Fatty Acids Extracts

Antimicrobial activities percentage of both crude and
fatty acids extracts was estimated as shown in Fig. 4. In
general, the fatty acid extracts recorded the highest
antimicrobial activities against most of the tested
pathogenic microbes as Staphylococcus aureus, Candida
albicans and Bacillus subtilis than the crude macroalgal
extracts. Escherichia coli showed high effective with the

crude macroalgal extracts. Klebsiella pneumoniae
evaluated frequently moderate activity between both crude
and fatty acids macroalgal extracts. The crude and fatty
acid extracts of the selected macroalgae species (H1-H9)
not recorded any inhibition zone with the pathogenic fungi
Aspergillus niger.

Discussion

Marine macroalgae are abundant in natural bioactive
substances, making them valuable sources for potential
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biological activities. Their research has made a significant
contribution to the study of natural therapeutic compounds
that are utilized in biomedical and pharmaceutical fields.
(Fayzil et al.,, 2020). In our study, we evaluated the
antimicrobial activities of both crude and fatty acids of nine
marine macroalgal species belonging to three different
classes (Rhodophyceae, Chlorophyceae and
Phaeophyceae) were tested against four pathogenic
bacteria and two fungi species in comparison with the
standard commercial antibiotic (control). The differences in
antimicrobial effects across ethanolic macroalgae crude
extracts exhibited diverse levels of inhibition zone (mm)
against different pathogenic microorganisms. Among the
screened algal crude samples for antimicrobial activity, the
green macroalga Caulerpa racemosa, the red alga Hypnea
cornuta and the brown algae (Turbinaria tubinata &
Hormophysa cuneiformis) showed antimicrobial activity
against all the tested pathogenic microorganisms except
Aspergillus niger. Caulerpa racemosa displayed the
greatest zone of inhibition against Bacillus subtilis and
Candida albicans. This is coincided with Arunkumar et al.
(2010) and Oumaskour et al. (2012).

The brown alga Polycladia myrica recorded the highest
inhibition zone against Staphylococcus aureus while the
red alga Galaxura rugosa showed the highest inhibition
zone diameter against Escherichia coli. Earlier research
has indicated that the significant antibacterial activity
observed in brown seaweeds may be attributed to the
presence of a variety of bioactive compounds, including
sulphated polysaccharides, peptides, amino acids, lipids,
and polyphenols (Vallinayagam et al., 2009; Gupta and
Abu-Ghannam, 2011). In our study, the green macroalga
Ulva fasciata registered high antibacterial and antifungal
activities. This is agreeing with Fayzi et al., (2020). The

green marine macroalga Ulva fasciata displayed
noteworthy  antibacterial  activity, although  higher
concentrations were needed to efficiently control bacterial
growth. These results are consistent with earlier research
emphasizing the presence of abundant bioactive
compounds in Ulva fasciata that act as antibacterial agents
(Christabell et al., 2011 and Chandrasekaran et al., 2014).
The selected macroalgae species not recorded
antimicrobial effects (no inhibition zones) with the
pathogenic fungus Aspergillus niger.

The multifaceted antimicrobial properties discovered in
seaweeds can be attributed to their diverse inhibitory
mechanisms. Numerous studies have suggested that these
beneficial bioactivities arise from the synergistic effects of
various active compounds found in the same macroalgal
extract. (Kotnala et al., 2009).

The ethanolic extract of calcareous red alga Galaxura
rugosa showed the highest inhibition zone diameter against
Escherichia coli and Bacillus subtilis. On the contrary
Fayzi et al. (2020) observed the two red algae, particularly
the calcareous Corallina elongata, exhibited the lowest
antimicrobial activity in our study. This result is in line with
earlier studies that reported the seaweed species' inability
to inhibit the growth of the mentioned microorganisms
(Salvador et al., 2007 and Farid et al., 2012). However, it is
noteworthy that Osman et al. (2012) found a significant
antibacterial effect of the methanolic extract of Corallina
elongata collected from the Egyptian Mediterranean coast.
These variations in activity could potentially be attributed to
geographical differences, developmental stages of the
seaweed, or differences in extraction methods.

Table (4): Standard deviation of samples macroalgae fatty acids extracts (H1-H9) and standard commercial antibiotic

(control) against pathogenic microorganisms

Green Red Brown
Pathogenic Sample algae algae algae
microorganis Control

H1 H2 H3 H4 H5 H6 H7 H8 H9

Pathogenic Bacteria species
Bacillus subtilis
(ATCC 6633) 25+0.2 26+0.6 NA 28+0.1 29+0.4 NA 25+0.5 24+0.6 27+0.1 23%0.3
Staphylococcus aureus
(ATCC 6538) 28+0.5 29+0.4 NA 32+0.2 3240.6 NA 30+0.6 30+0.2 29+0.4 3040.1
Escherichia coli
(ATCC 8739) 32+0.6 34+0.8 30+0.4 NA 3340.3 30+0.4 28+0.3 28+0.4 36+0.3 16+0.5
Klebsiella pneumoniae 29+0.1 24+0.2 25+0.1 NA 28+0.8 NA 27+£0.7 28+#0.2 30+0.5 15%0.6
(ATCC13883)
Pathogenic Fungi species
Candida albicans 21+0.3 NA NA 22+0.5 22+0.3 25+0.5 18+0.2 26+0.5 19+0.2 18+0.1
(ATCC 10221)
Aspergillus niger NA NA NA NA NA NA NA NA NA 17+0.9

(ATCC 16404)

Where, NA: No activity
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Fig. (3):. Antimicrobial activity of fatty acid macroalgal extracts (H1-H9) against six pathogens in comparison with the
standard commercial antibiotic (control)

Photo (2): Inhibition zone (mm) of nine macroalgae fatty acid extracts against six pathogens in the presence of cont.
(control): Standard commercial antibiotic and B (blank): solvent
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Fig. (4): The antimicrobial activity percentage of Crude (C), Fatty acids (FA) Extracts of the nine selected macroalgal
samples (H1-H9) and Control (Standard commercial antibiotic) against six pathogens.

The fatty acids activities have roles in host defenses
against potential pathogenic or opportunistic micro-
organisms. Our data showed that chloroform- methanol
extracts of all the nine algae examined have antimicrobial
activities of fatty acids efficiency with most selected
species extracts than the crude extract and the control. The
brown macroalgae corroborated antibacterial activities
against all the tested bacteria species, beside Candida
albicans as a tested fungus species. Polycladia myrica
recorded the maximum inhibition zone. Escherichia coli
registered inhibition zones with the fatty acids of the green
alga Ulva fasciata, the red alga Hypnea cornuta and the
brown alga Polycladia myrica. El Shoubaky and Salem
(2014) reported that the brown algae Padina pavonica and
Hormophysa triquetra possess a high number of efficient
fatty acids and exhibit robust antibacterial activity,
particularly Hormophysa triquetra. On the other hand, the
calcareous algae Halimeda tuna and Jania rubens
demonstrated no activity against the tested bacterial
species Bacillus subtilis and Staphylococcus aureus. The
red alga Galaxura rugosa not recorded any inhibition zones
against the tested bacteria Escherichia coli and Klebsiella
pneumoniae. Hormophysa cuneiformis and Jania rubens
recorded the highest inhibition zones against the fungus
Candida albicans, while the green algae Ulva fasciata and
Halimeda tuna did not register any activity. Casillas-Vargas
et al. (2021) mentioned that fatty acids have shown
tremendous potential as the next generation of antibacterial
agents for the treatment of bacterial infections in humans.

Significant strides have been achieved in the
understanding of the relative potency and broad spectrum
of antibacterial fatty acids, with a focus on identifying
promising candidates for drug development. Additionally,
recent years have seen biological research that
complements these findings by documenting various
possible mechanisms of action for traditional antibacterial
fatty acids. These mechanisms include the inhibition of
DNA/RNA replication, protein synthesis inhibition, cell wall
inhibition, inhibition of metabolic pathways, and disruption
of the cytoplasmic membrane.

In our study, we conducted a comparative assessment
of the antimicrobial potential between crude extracts and
fatty acids extracts. In general, the fatty acid macroalgal
extracts recorded the highest antimicrobial activities
against most of the tested pathogenic microbes as Candida
albicans, Staphylococcus aureus and Bacillus subtilis than
the crude macroalgal extracts. El Shoubaky and Salem
(2014) reported that both the crude and fatty acid extracts
of Hormophysa triquetra exhibited successful inhibition of
six resistant pathogens. Furthermore, they found that the
fatty acid and crude extracts of Hormophysa triquetra
displayed significantly stronger antibacterial activity
compared to Padina pavonica. Our study showed that
Escherichia coli showed high effective with the crude
macroalgal extracts. This is approving with EI Shoubaky
and Salem (2014). They mentioned that fatty acids extract
of Padina pavonica did not demonstrate any inhibitory
effect against E. coli and S. aureus. However, this lack of
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inhibition could be related to the presence of other
bioactive compounds within the extract that hindered the
growth of these bacteria.

In the evaluation of Klebsiella pneumoniae, similar
activity was observed between the crude and fatty acids
macroalgal extracts. However, it was noted that certain
extracts did not exhibit inhibitory effects against certain
microorganisms, such as the pathogenic fungus
Aspergillus niger. This observation might be plausibly
clarified by the insolubility of particular bioactive
compounds in certain solvents utilized for the extraction
process.

Conclusion

The findings of this study indicate that marine macroalgal
fatty acids exhibited a higher efficacy against pathogenic
bacteria and fungi compared to the crude macroalgal
extract and even the standard commercial antibiotic. Thus,
marine macroalgae, along with their fatty acid extracts,
could potentially serve as promising antimicrobial agents,
making them potential candidates for pharmaceutical
products targeting infectious diseases.
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