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OME mycological strains have been reported to be resistant to commonly used drugs.

As a result, the development of new and important antifungal drugs has become a global
endeavor. This study investigated the antifungal activity of three brown marine macroalgae,
Sargassum cinereum, Padina boergesenii, and Cystoseira myrica against three fungal
dermatophytes, namely Candida albicans, Candida glabrata, and Candida tropicalis and two
nondermatophytic, Fusarium oxysporum and Alternaria alternata using the disc diffusion
assay. Algal extraction was performed using three organic solvents (acetone, ethanol, and
methanol). The results showed that the seaweed extracts exhibited different patterns of
antifungal activities. The ethanolic extract of Sargassum cinereum was the most active as
compared to other organic extracts. The maximum antifungal activity of the S. cinereum
ethanolic extract was 21.3 £ 0.32 and 18.8 + 0.16mm against £ oxysporum and C. glabrata,
respectively, followed by the methanolic extract of C. myrica (16.5 £ 0.21mm) against F
oxysporum, and ethanolic extract of P. boergesenii (16.3 = 0.16mm) against C. glabrata. The
minimal inhibitory concentrations (MICs) of the algal extracts for inhibiting the tested fungi
were in a range of 8.5-70ug/mL. The ethanolic extract of S. cinereum had the lowest MIC
value (8.5 + 0.12pg/mL) against F. oxysporum. The gas chromatography—mass spectrometry
of the ethanolic extracts revealed the presence of chemical constituents that could have
significant antifungal effects in the brown marine macroalgae. The main constituents were the
hexadecanoic acid methyl ester (palmitic acid); 3,7-dimethylocta-2,6-dienal; and octadecanoic
acid methyl ester.

Keywords: Antifungal activity, Brown seaweeds, GC-MS analysis, Minimum inhibitory
concentrations.

Introduction can be used to extract different biologically active

compounds from marine algae (Khelil-Radji et al.,

Marine habitats are a puddle of bioactive natural
compounds that are not present in terrestrial natural
products. Marine organisms such as macroalgae
are sources of various natural antimicrobial
compounds with biological and pharmacological
activities (Ismail et al., 2016) as fungal infections
are responsible for an extremely high degree of
mortality in humans and aquaculture organisms
(Rajkumar et al., 2018).

A variety of solvents with different polarities

2017). These compounds are fatty acids, flavonoids,
peptides, acrylic acid, crude polysaccharides,
sulfated polysaccharides, phenolic compounds,
steroids, ketones, phlorotannins, and alkanes
(Omar et al., 2018). Antifungal, antibacterial,
antioxidant, antiviral, and anthelmintic properties
are among the reported pharmacological actions
of these bioactive substances (El-Sheekh et al.,
2020, 2021). Recently, there has been increased
attention on naturally produced active compounds
as replacements for synthetic substances. Although
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these compounds frequently exhibit low activity,
they are harmless and do not leave deposits. This
indicates that there is a need to establish new and
safe products of biological sources, with properties
similar to those of synthetic sources, in specific
antimicrobial, antifungal, and antioxidizing
compounds. These natural composites are found
in seaweed extracts (El Zawawy et al., 2020).

Approximately 16000 marine natural products
have been isolated from marine organisms and
reported in approximately 6800 publications.
Over 9000 reports exist on the subject of marine
natural products, including syntheses, reviews,
biological activity investigations, and ecological
studies. Some of these compounds are only found
in marine organisms (Bhakuni & Rawat, 2005),
indicating that marine microorganisms are an
important source for novel antibiotic, antitumor,
and antiinflammatory agents. Thus, marine
organisms appear to be an environmentally
friendly source of new pharmaceuticals, and the
potential of algae to provide a variety of primary
and secondary metabolites has been intensively
explored (Turney et al., 2006). The maximum
antifungal activities of seaweeds such as red,
brown, and green algae are 37.33, 33.3, and 8.3%,
respectively (Pandian et al., 2011).

Candida species cause opportunistic diseases
and enormous disease rates, which lead to hospital
visits and expensive treatments (Gholampour-
Azizi et al., 2015). The genus Candida belongs
to yeasts. Candida species exist as commensal
organisms in the oral microbiota in approximately
20-60% of the general population (Aggarual
et al., 2018). It is also the leading cause of
opportunistic mycoses worldwide. It is a recurrent
colonizer of mucous membranes and the human
skin (Steenkamp et al., 2007).

In many algal species with antifungal activity
against Candida albicans, heptadecane and
tetradecane are important volatile constituents
(Ozdemir et al., 2004). El-Sheekh et al. (2014)
stated that significant antifungal activity was
identified inbrown seaweeds (Padina gymnospora,
Cystoseira myrica, and Sargassum ramifolium).
Sargassum sp. has been confirmed as an oriental
medical primer; rudimentary medicines were
documented and used as food in East Asia (Lee
et al., 2010). Cystoseira crinita extracts exhibited
antifungal activity against Candida krusei (Berber
etal., 2015).
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This study investigated the antifungal
activities of various solvent extracts of marine
brown seaweeds sampled off the Red Sea in
Hurghada region, Egypt, against five human
and plant fungal pathogens. Furthermore, gas
chromatography—mass spectrometry (GC—MS)
was performed to investigate the composition of
the most efficient extracts.

Materials and Methods

Seaweed samples collection

Three species of brown seaweeds, Sargassum
cinereum, Padina boergesenii, and Cystoseira
myrica were collected in September 2016 from
Hurghada city (27°17'03" N, 33°46'21" E) off the
Red Sea coast of Egypt. The collected algae were
identified according to Guiry & Guiry (2011).
The samples were properly washed with seawater
to remove any epiphytes and sand particles,
transported in sterile containers to the laboratory,
and washed with tap and distilled water. The algal
samples were spread on plates, dried in a shade,
and processed using an electric blender (EI-
Sheekh et al., 2020).

Preparation of seaweed extracts using different
solvents

The algae powder (10g) was soaked for 7
days in 100mL of each solvent (acetone, ethanol,
and methanol) on a rotary shaker at 120rpm at
room temperature. The solution was filtered
through Whatman No. 1 sterile filter paper. The
obtained filtrate was extracted from the solvent
by evaporation under reduced pressure. The
residues (crude extracts) obtained were suspended
in dimethyl sulfoxide (DMSO, 1g/mL) to a final
concentration and placed in a cooler for further
use (Patra et al., 2008). The algal extracts were
tested at three concentrations: 300, 200, and
100mg/mL.

Tested fungi

Vaginal dermatophytic fungal strains such
as Candida albicans, Candida glabrata, and
Candida tropicalis were obtained from the
Department of Medical Microbiology, Faculty
of Medicine, South Valley University, Qena,
Egypt. Nondermatophytic  fungal species
such as Fusarium oxysporum and Alternaria
alternata were isolated from tomato plants. The
pathogenic fungi were maintained on a suitable
medium at 4°C and subcultured on Sabouraud’s
agar medium, while Fusarium oxysporum and
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Alternaria alternata were maintained on a potato
dextrose agar (PDA) medium.

Antifungal activities of the seaweed extracts

The antifungal activities of the algal extracts
were screened using the agar disc diffusion assay, s
described in our earlier studies (Farghl et al., 2019).
The standard antifungal medicine, amphotericin
B (Smg/mL), as a positive control, and the algal
extracts (300mg/ mL) were injected into the discs.
The experiment was done in triplicate, and the
plates were carefully checked for the presence
or absence of fungal growths and the sizes of the
inhibitory zones (mm). The data were presented as
mean values with the standard deviation (SD).

Minimal inhibitory concentrations (MICs) of algal
extracts

Serial dilutions of the algal extracts (ug/mL)
were applied to sterilized plates containing the
freshly prepared media with a standard number of
cells for fungal isolates. The MIC was determined
to be the lowest concentration that did not show
any visible growth of microorganisms (Da Silva
Barros et al., 2007).

GC-MS analysis

The seaweed extracts were analyzed by GC—
MS at the National Research Center, Dokki in
Cairo, Egypt. The sample was injected into a
column of HP-5 (30m x 0.25uM film thickness)
for GC-MS. The PerkinElmer Clarus 580/560 S
model system was used for the transportation gas
at a flux rate of 0.8mL/min. The temperature of the
GC oven was programmed at a rate of 2°C/min
from 60 to 250°C. The total ion current directly
obtained relative area values (as a percentage of the
total volatile composition).

Statistical analyses

One-way ANOVA tests were used to analyze
the data, followed by Tukey’s multiple comparison
post hoc test. Differences were considered
significant at P< 0.05. Graph Pad Prism version 5
was used for the statistical analyses. The mean +
SD of three replicates is presented for the antifungal
experiments.

Results

Antifungal activities of seaweed extracts

The antifungal activity of the brown seaweed
extracts is shown in Fig.1. Three concentrations
of each brown seaweed extract were tested:

300, 200, and 100mg/mL. The sample with a
concentration of 300mg/mL exhibited the highest
antifungal activity. The results demonstrated that
the S. cinereum, C. myrica, and P. boergesenii
extracts (acetone, ethanol, and methanol)
exhibited antifungal efficacy against all the
tested pathogenic fungi with varying potencies.
FE. oxysporum, C. glabrata, and C. tropicalis
were the fungal isolates most susceptible to
the algal extracts, compared with other fungi
and amphotericin B, with average inhibition
zone values of 28.7+0.81, 25.8+0.84, and
23.3+0.74mm, respectively (Fig.1).

For S. cinereum, the maximum inhibition
zones were observed in the ethanolic extract
(21.340.32mm, 74.21%, compared with the
positive control) against F  oxysporum and
18.8+0.16mm, 72.86% against C. glabrata.
The acetone extract demonstrated the minimum
activity against C. albicans (3.6+£0.11mm, Fig.
1A).

The inhibition zone of the P. boergesenii
extracts ranged between 16.3 and 4.2 mm against
the pathogenic fungi (Fig. 1B). The highest
inhibition zone was observed in the ethanolic
extract (16.3£0.16mm, 63.17%) against C.
glabrata, followed by the ethanolic extract
(14.1£0.07mm, 60.51%) against C. tropicalis.
The acetone extract exhibited the minimum
activity against C. albicans and A. alternata.

For C. myrica, the inhibition zone of the
extracts ranged between 16.5 and 3.5mm against
the fungal strains (Fig. 1C). The methanolic
extract demonstrated the highest inhibition
activity (16.5+0.21mm, 57.49%) against K
oxysporum, followed by the ethanolic extract
(12.6£ 0.60mm, 48.83%) against C. glabrata,
whereas the acetone extract exhibited the
minimum activity (3.5+ 0.31mm, 20.0%) against
A. alternata.

MICs of the brown seaweed extracts

The MIC value is critical in estimating
the extract dose required to inhibit the growth
of specific microorganisms. The minimum
inhibitory concentrations (MICs) of the seaweed
extracts are shown in Table 1. The results showed
that the algal extracts exhibited significant and
potent antifungal activity against all the tested
fungal isolates at low concentrations. The MIC
values of seaweed extracts for inhibiting tested

Egypt. J. Bot. 62, No.3 (2022)



868 MOSTAFA M. EL-SHEEKH et al.

fungi ranged from 8.5-70pug/mL. The ethanolic
extract of S. cinereum had the lowest MIC value
(8.5+0.12ng/mL) against F. oxysporum, followed
by the ethanolic extract of S. cinereum and P
boergesenii against C. glabrata and C. tropicalis,

respectively, and the methanolic extracts of P
boergesenii against F. oxysporum (10pug/mL). Thus,
the ethanolic extract of the three species of brown
algae was determined to be the best algal extract.
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Fig. 1. The antifungal activity of seaweed extracts of S. cinereum (A), P. boergesenii (B), and C. myrica (C) against

pathogenic fungi. Values are the mean of three replicates + stander deviations (SD). Different letters refer
to significant differences between the data sets (P< 0.05)
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TABLE 1. Minimum inhibitory concentrations (MICs pg/ mL) of brown seaweed extracts against pathogenic fungi

Fungal strains

S
g 2 S S
E 3 5 S S
S g 3 & s
Algal extracts S g S %’ S
@) ) Q o <
Algal species Organic solvents
- Ethanol 15+0.05 30+0.10 10+0.15 8.5+0.12 40+0.21
=
=
S Methanol 254+0.08 26+0.16 26+0.05 15+0.02 5040.06
S
° Acetone 26+0.11 20+0.15 30+0.17 13+0.15 70+0.12
- Ethanol 204+0.21 10+0.13 3040.11 2540.15 3040.08
=
Y
o §0 Methanol 25+0.11 25+0.05 11+0.07 26+0.09 3240.05
~
N
S
< Acetone 70+0.13 28+0.07 30+0.05 27+0.07 67+0.07
s Ethanol 19+0.05 25+0.07 12+0.14 15+0.13 40+0.09
2
SN Methanol 69+0.12 25+0.05 14+0.07 10+0.05 65+0.11
S5
Acetone 69+0.05 30+0.11 30+0.12 3040.11 704+0.12

GC-MS analysis

The GC-MS analysis results of the most
biologically active extract in S. cinereum, C. myrica,
and P, boergesenii are recorded in Tables 2—4 and Fig.
2. In total, 20, 17, and 14 bioactive compounds were
recognized in the ethanolic extracts of S. cinereum, P
boergesenii, and C. myrica, respectively.

The most abundant chemical constituents
of the ecthanolic extract of S. cinereum were
3,7-dimethylocta-1,6-diene-3-ol (63%); 3,7-
dimethylocta-2,6-dienal (48.4%); hexadecanoic acid
methyl ester (palmitic acid, 43.8%); 5-hexyloxolan-
2-one (39.8%); 4,6,6-trimethyl bicyclo [3.1.1] hept-
3-en-2-ol (37.5%); octadecanoic acid methyl ester
(31.8%); and (+—)-trans-1-isopropenyl-4-methyl-
1,4-cyclohexanediol (24.9%) (Table 2 and Fig. 2A).

The major components in the ethanolic extract
of P. boergesenii were the hexadecanoic acid methyl
ester (palmitic acid, 60.21%); 3,7-dimethylocta-1,6-
diene-3-ol (52.3%); 3,7- dimethylocta-2,6-dienal
(40.2%); 4,6,6-trimethyl bicyclo [3.1.1] hept-3-en-
2-ol (37.11%); and 9-octadecenoic acid (Z)- methyl
ester (31.7%) (Table 3 and Fig. 2B).

The predominant compounds of the ethanolic
extract of C. myrica were 1,6-octadien-3-ol,
3,7-dimethyl-,formate  (50%); 3,7-dimethylocta-
2,6-dienal (39.3%); 4,6,6-trimethyl bicyclo [3.1.1]
hept-3-en-2-0l  (30.8%);  5-hexyloxolan-2-one
(22.68%); hexadecanoic acid methyl ester (palmitic

acid, 20.4%); and 2-methyl-5-(1-methylethenyl)-2-
cyclohexen-1-ol (18.2 %) (Table 4 and Fig. 2C).

Discussion

Seaweeds (marine macroalgae) play a vital role
in the ocean; they are a valuable source of food,
pharmaceuticals, and industrial products. Bioactive
compounds isolated from seaweeds have a high
value in pharmaceutical and biomedical applications
(Krishnamoorthi & Sivakumar, 2019). Many studies
have confirmed the safety of these seaweeds. Naidu
etal. (1993) stated that marine algae could potentially
be considered safe for human use. Abd Elmegeed et
al. (2014) reported that the methanolic extract of U.
lactuca (0.25—1mg conc.) exhibited a non-hemolytic
effect on red cells, which can use for safe therapeutic

purposes.

In this study, among the seaweeds tested, the
highest rate of antifungal activity was detected in
the ethanolic extract of S. cinereum (21.3+0.32mm;
MIC, 8.5ug/mL) against F. oxysporum, while the
lowest activity (3.5+0.51mm; MIC, 70pg/mL) was
observed in the acetone extract of C. myrica against
A. alternata. The fungal species most sensitive to the
seaweed extracts was F. oxysporum, followed by C.
glabrata, and C. tropicalis (MIC= 8.5-30pug/mL).
These results correlated with those of Ambreen et al.
(2012) who discovered that Sargassum ilicifolium
was efficient against Fusarium oxysporum.
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Fig. 2. Total ion chromatograms (TICS) obtained in the GC-MS analysis of the ethanol extract of S. cinereum
(A), P. boergesenii (B) and C. myrica (C)
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According to Aruna et al. (2010) stated that
among the marine algae tested, the brown alga,
Sargassum wightii, exhibited the highest rate
of antifungal activity, followed by the red alga,
K. alvarezii. Oppositely, Sheikh et al. (2018)
reported that acetone was the most effective
solvent for extracting bioactive chemicals from
seaweeds with the highest antifungal activity. Our
results showed that C. albicans and A. alternata
were more resistant to the seaweed extracts
(MIC= 15-70pg/mL).

The MICs of the ethanolic fractions of the
algal species were observed to be 125-500 pug/mL
according to Mickymaray & Alturaiki (2018). El-
Sheekh et al. (2014) observed that the Cystoseira
myrica extract exhibited poor antifungal activity
against Candida species (MICs= 200mg/mL).
In the current study, the methanolic extract of
the brown seaweed (C. myrica) exhibited the
highest inhibition activity against F. oxysporum
(nondermatophyte). Contrarily, Pandithurai et al.
(2015) demonstrated that the methanolic extract
of the brown alga, Spatoglossum asperum, was
more effective on dermatophytes.

According to the findings of the current study,
ethanol was observed to be the most effective
solvent for extracting antifungal compounds
from the tested algae, followed by methanolic
extract. Moreover, S. cinereum was the marine
algae that was most effective against the tested
fungal strains, followed by P. boergesenii and
C. myrica. In general, the antifungal efficacy
of the seaweed extracts was dependent on the
used solvent, algal species, and characteristic
resistance of the tested fungal species. According
to a previous study, the antimicrobial activity of
bioactive chemicals from marine algae against
pathogenic fungi was primarily dependent on
the type of extraction solvent and algal species,
according to Mohamed & Saber (2019) and Lotfi
et al. (2021). It was supported by Guedes et al.
(2012), who reported that various solvent extracts
from the same seaweed could be distinguished
by different antimicrobial activities based on the
solvent polarity and the chemical structure of the
extracted bioactive material. Marine organisms
are rich sources of functional materials, such as
polyunsaturated fatty acids (PUFAs), vitamins,
polysaccharides, antioxidants, natural pigments,
enzymes, essential minerals, and bioactive
peptides (Radhika & Mohaideen, 2015).
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Many chemical distinctive compounds have
been isolated from seaweeds with antimicrobial
activity, and many of them are being developed as
new pharmaceuticals, including polysaccharides,
terpenoids, sterols, peptides, proteins, terpenes,
acrylic acid, phenols, chlorophyllides, and
heterocyclic carbons (Mickymaray & Alturaiki,
2018; Saeed et al., 2020).

In this study, the most abundant
phytochemical constituents of the ethanolic
extract were the hexadecanoic acid methyl ester;
3,7-dimethylocta-1,6-diene-3-o0l;  6,6-trimethyl
bicyclo [3.1.1] hept-3-en-2-ol; 5-hexyloxolan-2-
one; and octadecanoic acid methyl ester.

Most of these components exhibited biological
activity with certain pathogenic substances.
The rationales for the traditional application
of this species may be found in the antioxidant
(Kumar et al., 2010), antimicrobial (Rahuman
et al., 2000), and antiinflammatory activities
reported for n-hexadecanoic acid, which may
suggest a justification for the traditional use
of the species (Aparna et al., 2012). Previous
studies have verified the pharmacological
efficacy of a-terpineol, such as antifungal
(Giuseppe & Baratta, 2000), anticancer (Hassan
et al., 2010), hypotensive (Ribeiro et al., 2010),
gastroprotective (Souza et al., 2011), and antiviral
activities (Zaid et al., 2016).

The organic behavior of hexadecanoic
acid products and the macroalgae isolated
octadecanoic acid derivatives were considered
(Alietal., 2016). Falkenbergia hillebrandii crude
methanol extracts exhibit microbicidal actions,
reportedly in n-hexadecanoic and oleic (Manilal
et al., 2009). Stirk et al. (2007) concluded that
marine algae have a rich source of many active
secondary metabolites that are used by organisms
for defense against herbivores and pathogens,
such as terpenes, alkaloids, polyphenols, and
acetogenins.

Avariety of factors influence the antimicrobial
activity of these compounds, including their
distribution, molecular weight, charge density,
sulfate content (in polysaccharide sulfates), and
structural and conformational characteristics.
These factors help plants resist viral, fungal, and
bacterial infections (Vera et al., 2011).

The antimicrobial properties of these
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compounds are attributable to the presence of
fatty acids, fatty acid esters, and aliphatic chains
(long-chain alkanes and alkenes), typically
accumulated in the lipid layer of the cell
membrane and mitochondria. Thus, the integrity
of the cell structure is disrupted, and the cell
becomes permeable (Belakhdar et al., 2015).
Unsaturated fatty acids have also been shown to
decrease cholesterol levels in the blood (Okwu
& Morah, 2006). Phenol derivatives also disrupt
cell homeostasis and cause cell death and growth
inhibition (Devi et al., 2010). The ability of
these compounds to change efflux pumping and
increase the pH permeability of the membrane
causes this phenomenon (Srivastava et al., 2014).

Conclusion

Brown algae (S. cinereum, P. boergesenii, and C.
myrica) obtained from the Red Sea coast is greatly
recommended as an environmentally friendly and
promising source of bioactive composites that
can be beneficial in the treatment or prevention
of numerous human pathogenic fungal diseases,
as well as in the resistance against plant-infecting
fungal pathogens. This is to ensure that Egypt’s
agricultural development is more sustainable.
However, more research is required to determine
the impact of each bioactive component on the
tested fungi.

Conflicts of interest: The authors declare that
there is no conflict of interest.

Author contributions: Conceptualization,
M.M.E.; A A AM.F. and HR.G.; methodology,
MME.; AAAMF; HR.G. and A.SHM.;
validation, M.M.E.; A.AM.F. ; HR.G. and
A.SH.M.; investigation, M.\M.E.; A.AM.F.;
HR.G. and A.SHM.; resources, MM.E.;
A.AMF. and A.SH.M.; data curation, M.M.E.;
A.AM.F. and A.SH.M.; writing — original draft
preparation, M.M.E.; A.AM.F.; H.R.G. and
A.SH.M,;writing review and editing, M.M.E.;
A AMPF. and HR.G.; visualization, M.M.E.;
A.A.M.F. and H.R.G. All authors have read and
agreed to the published version of the manuscript.

Ethical approval: Not applicable

References

Abd Elmegeed, D., Ghareeb, D., Elsayed, M. El-
Saadani, M. (2014) Phytochemical constituents

and bioscreening activities of green algae (Ulva
Lactuca). International Journal of  Agriculture
Policy Research, 2(11), 373-378.

Aggarual, N., Bhateja, S., Arora, G., Yasmin, T. (2018)
Candidiasis. The most common fungal infection of
oral cavity. Biomedical Journal of Scientitic and
Technical Research, 8(3), 6487- 6491.

Ali, S., Shaaban, M., Abomohra, A., El-Safity, K. (2016)
Macroalgal activity against multiple drug resistant
Aeromonas hydrophila: A novel treatment study
towards enhancement of fish growth performance.
Microbial Pathogensis, 101, 89-95.

Ambreen, A., Hira, K., Ruqqia, A., Sultana, V. (2012)
Evaluation of biochemical component and
antimicrobial activity of some seaweeds occurring
at Karachi coast. Pakistan Journal of Botany, 44(5),
1799-1803.

Aparna, V., Dileep, K.V.,, Mandal, P.K., Karthe, P,
Sadasivan, C., Haridas, M. (2012) Anti-inflammatory
property of n-hexadecanoic acid, Structural evidence
and kinetic assessment. Chemical Biology and Drug
Design, 80(3), 434-439.

Aruna, P., Mansuya, P., Sridhar, S., Kumar, J.S., Babu,
S. (2010) Pharmacognostical and antifungal activity
of selected seaweeds from Gulf of Mannar region.
Recent Resarch Science and Technology, 2(1), 115-
119.

Belakhdar, G., Benjouad, A., Abdennebi, E.H. (2015)
Determination of some bioactive chemical
constituents from Thesium humile Vahl. Journal of
Materials and Environmental Science, 6(10), 2778-
2783.

Berber, 1., Avsar, C., Koyuncu, H. (2015) Antimicrobial
and antioxidant activities of Cystoseira crinita
Duby and Ulva intestinalis Linnaeus from the
coastal region of Sinop, Turkey. Journal of Coastal
Life Medicine, 3(6), 441-445.

Bhakuni, D.S., Rawat, D.S. (2005) "Bioactive Marine
Natural Products". New Delki, pp. 103-124.

Da Silva Barros, M.E., de Assis Santos, D., Hamdan, J.S.
(2007) Evaluation of susceptibility of Trichophyton
mentagrophytes and Trichophyton rubrum clinical
isolates to antifungal drugs using a modified CLSI
microdilution method (M38-A). Journal of Medical
Microbiology, 56(4), 514-518.

Egypt. J. Bot. 62, No.3 (2022)



876 MOSTAFA M. EL-SHEEKH et al.

Devi, K.P., Arif, S.N., Sakthivel, R., Karutha, S.P.
(2010) Eugenol (an essential oil of clove) acts as
an antibacterial agent against Salmonella typhi
by disrupting the cellular membrane. Journal of
Ethnopharmacology, 130(1), 107-115.

El Zawawy, N., El Shafay, S., Abomohra, A.E.F. (2020)
Macroalgal activity against fungal urinary tract
infections, in vitro screening and evaluation study.
Rendiconti Lincei-Scienze Fisiche E Naturali,
31(1), 165-175.

El-Sheekh, M.M., Gharieb, M.M., El-Sabbagh, S.M.,
Hamza, W.T. (2014) Antimicrobial efficacy of
some marine macroalgae of Red Sea. International
Journal of Microbiology and Immunology Research,
3(3), 21-28.

El-Sheekh, M.M., Mousa, SH.H., Farghl, A.A.M.
(2020) Antibacterial efficacy and phytochemical
characterization of some marine brown algal
extracts from the Red Sea, Egypt. Romanian
Biotechnological Letters, 25(1), 1160-1169.

El-Sheekh, M.M., Ahmed, A.Y., Soliman, A.S., Abdel-
Ghafour, S.E., Sobhy, H.M. (2021) Biological
control of soil borne cucumber diseases using green
marine macroalgae. Egyptian Journal of Biological
Pest Control, 31(1), 1-7.

Farghl, A.AM., El-Sheekh, M.M., Mousa, SH.
H. (2019) Extraction and characterization of
antimicrobial active substance from cyanobacteria
Nostoc carneum and Anabaena circinalis. Fresenius
Environmental Bulletin, 28(7), 5481-5490.

Gholampour-Azizi, 1., Rouhi, S., Yahyayi, F. (2015)
In vitro antifungal activity of Cucumis melo on
Candida albicans. Zahedan Journal Research
Medical Science, 17(7), 35-39.

Giuseppe, R., Baratta, T. (2000) Antioxidant activity of
selected essential oil components in two lipid model
systems. Food Chemistry, 69(2), 69-75.

Guedes, E.A., Aratijo, M.A., Souza, A.K., de Souza, L.1.,
de Barros, L.D., Maranhdo, F.C., Sant' Ana, A.E.
(2012) Antifungal activities of different extracts
of marine macroalgae against dermatophytes and
Candida species. Mycopathologia, 174(3), 223-
232.

Guiry, M.D., Guiry, G.M. (2011). AlgaeBase. National
University of Ireland: Galaway, Ireland. Available

Egypt. J. Bot. 62, No.3 (2022)

online: http://www.algaebase.org (accessed on 1
November 2021).

Hassan, S,, Gali-Muhtasib, H., Goéransson, H., Larsson
R. (2010) Alpha terpineol, a potential anticancer
agent which acts through suppressing NF-«xB
Signalling. Anticancer Research, 30(6), 1911-1919.

Ismail, M.M., Gheda, S.F., Pereira, L. (2016) Variation
in bioactive compounds in some seaweeds from
Abo Qir Bay, Alexandria, Egypt. Rendiconti Fis Acc
Lincei, 27(2), 269-279.

Khelil-Radji, F., Belhouari, M.Y., Chemlal-Kherraz,
D., Matallah-Boutiba, A., Boutiba, Z. (2017)
Antimicrobial activity of aqueous and ethanol
extracts of two marine algae collected from Algerian
west coast. International Journal of Bioscience,
10(3), 217-222.

Krishnamoorthi, R., Sivakumar, Sr. (2019) Antifungal
activity of seaweed Ulva lactuca L. extracted crude
protein against pathogenic fungi. Asian Journal of
Pharmaceutical and Clinical Research, 12(3), 393-
396.

Kumar, P.P, Kumaravel, S., Lalitha, C. (2010)
Screening of antioxidant activity, total phenolics and
GC-MS study of Vitex negundo. Afiican Journal of
Biochemical Research, 4(7), 191-195.

Lee, J.B., Ohta, Y., Hayashi, K.,Hayashi, T. (2010)
Immuno-stimulating effects of a sulfated galactan
from Codium fragile. Carbohydrate Research,
345(10), 1452-1454.

Lotfi, A., Kottb, M., Elsayed, A., Shafik, H. (2021)
Antifungal Activity of Some Mediterranean
Seaweed Against Macrophomina phaseolina and
Fusarium oxysporum in vitro. Alfarama Journal of
Basic Applied Sciences, 2(1), 81-96.

Manilal, A., Sujith, S., Selvin, J., Shakir, C., Kiran,
G.S. (2009) Antibacterial activity of Falkenbergia
hillebrandii (Born) from the Indian coast against
human pathogens. Phyton, 78, 161-166.

Mohamed, S.S., Saber, A.A. (2019) Antifungal
potential of the bioactive constituents in extracts of
the mostly untapped brown seaweed Hormophysa
cuneiformis from The Egyptian Coastal Waters.
Egyptian Journal of Botany, 59(3), 1-14.

Mickymaray, S., Alturaiki, W. (2018) Antifungal



SCREENING OF ANTIFUNGAL ACTIVITY OF BIOACTIVE CHEMICAL CONSTITUENTS... 877

efficacy of marine macroalgae against fungal
isolates from bronchial asthmatic cases. Molecules,
23(11), 1-14.

Naidu, K., Tewari, A., Joshi, H., Viswanath, S., Rao, S.
(1993) Evaluation of nutritional quality and food
safety of seaweeds of India. Journal of Food Safety,
13(2), 77-90.

Okwu, D.E., Morah, FN.I. (2006) The potentials of
Garcinia kola seed as source for nutraceuticals.
Journal of Medical Aromatic Plant Science, 28,
605-611.

Omar, H., Al-Judaibiand, A., El-Gendy, A. (2018)
Antimicrobial, antioxidant, anticancer activity and
phytochemical analysis of the Red Alga, Laurencia
papillosa. International Journal of Pharmacology,
14(4), 572-583.

Ozdemir, G., Karabay, N.U., Dalay, M.C., Pazarbasi, B.
(2004) Antibacterial activity of volatile component
and various extracts of Spirulina platensis.
Phytotherapy Research, 18(9), 754-757.

Pandian, P., Selvamuthukumar, S., Manavalan, R.,
Parthasarathy, V. (2011) Screening of antibacterial
and antifungal activities of red marine algae
Acanthaphora spicifera (Rhodophyceae). Journal
of Biomedical Science and Research, 3(3), 444-448.

Pandithurai, M., Murugesan, S., Sivamurugan, V.,
Thamizh, S.N. (2015) Antifungal activity of
various solvent extracts of marine brown alga
Spatoglossum asperum. International Journal of
Pharmceutical Chemistry Research, 5(8), 277-280.

Patra, J.K., Rath, S.K., Rathod, K., Jena, V.K. Thatoi, H.
(2008) Evaluation of antioxidant and antimicrobial
activity of seaweed (Sargassum sp.) extract: A study
on inhibition of Glutathione-s-transferase activity.
Turkish Journal of Biology, 32(2), 119-125.

Radhika, D., Mohaideen, A. (2015) Fourier transform
infrared analysis of Ulva lactuca and Gracilaria
corticata and their effect on antibacterial activity.
Asian Journal of Pharmaceutical and Clinical
Research, 8(2), 209-212.

Rahuman, A.A., Gopalakrishnan, G., Ghous, B.S.,
Arumugam, S., Himalayan, B. (2000) Effect of
Feronia limonia on mosquito larvae. Fitoterapia,
71(5), 553-555.

Rajkumar, G., Bhavan, P.S., Suganya, M., Srinivasan, V.,
Karthik, M., Udayasuriyan, R. (2018) Phytochemical
characterization of marine macro alga Sargassum
polycystem, Molecular Docking, and In Vitro anti-
bacterial activity against Psuedomonas aeruginosa.
International Biological and Biomedical Journal,
4(1), 35-47.

Ribeiro, T.P., Porto, D.L., Menezes, C.P., Antunes, A.A.,
Silva, D.F., Sousa, D.P. (2010) Unravelling the
cardiovascular effects induced by alphaterpineol,
a role for the nitric oxide-cGMP Pathway. Clinical
and  Experimental Pharmacology Physiology,
37(8), 811-816.

Saced, A.M., Abotaleb, S.I., Alam, N.G., Elmehalawy,
A.A., Gheda, S.F (2020) In vitro assessment of
antimicrobial, antioxidant and anticancer activities
of some marine macroalgae. Egyptian Journal of
Botany, 60(1), 81-96.

Sheikh, H., El-Naggar, A., Al-Sobahi, D. (2018)
Evaluation of antimycotic activity of extracts
of marine algae collected from Red Sea Coast,
Jeddah, Saudi Arabia. Journal of Biosciences and
Medicines, 6(4), 51-68.

Souza, R.L., Cardoso, M.P., Menezes, C.T., Silva, J.P.,
De Sousa, D.P., Batista, J.S. (2011) Gastroprotective
activity of o-terpineol in two experimental
models of gastric ulcer in rats. DARU Journal of
Pharmaceutical Sciences, 19(4), 277-281.

Srivastava, J., Chandra , H., Nautiyal, A.R., Swinder,
JSK. (2014) Antimicrobial resistance (AMR)
and plant derived antimicrobials (PDAs) as an
alternative drug line to control infections. Journal of
Biotechnology, 4(5), 451-460.

Steenkamp, V., Fernandes, A.C., Van Rensburg, C.E.J.
(2007) Screening of venda medicinal plants for
antifungal activity against Candida albicans. South
African Journal of Botany, 73(2), 256-258.

Stirk, W., Reinecke, D., Staden J. (2007) Seasonal
variation in  antifungal, antibacterial and
acetylcholinesterase activity in seven South African
seaweeds. Journal of Appllied Phycology, 19(3),
271-276.

Turney, ., Cadirci, B.H., Nal, D., Sukatar, A. (2006)
Antimicrobial activities of the extracts of marine
algae from the coast of Urla (Izmir, Turky). Turkish
Journal of Biology, 30(3), 171-175.

Egypt. J. Bot. 62, No.3 (2022)



878 MOSTAFA M. EL-SHEEKH et al.

Vera, J., Castro, J., Gonzalez, A., Moenne, A. (2011) Antiviral activities and phytochemical Constituents
Review, Seaweed polysaccharides and derived of Egyptian marine seaweeds (Cystoseira myrica
oligosaccharides stimulate defense responses and (S.G. Gmelin) C. Agardh and Ulva lactuca
protection against pathogens in plants. Marine Linnaeus) aqueous extract. The Egyptian Journal
Drugs, 9(12), 2514-2525. of Hospital Medicine, 64(1), 422-429.

Zaid, Sh.A.A., Hamed, N.N., Abdel-Wahab, K.S.,
Abo El-Magd, E.K., Salah El-Din, R. A. (2016)

A e At £ Al Glladal) (g 8 ) ) gall cily yhdll sliaal) B (aad

)AA.A-JAA‘Y‘

@ b agasall 48 Al (@) uaga cladl] Jlal (O laay s dan (Dfdll tana ibiaa
Jaals o glall LS s a5 pSaall 5 L) ad®) ¢ puaa Uaila sl Aaals - sdall IS L) 4l
. rae —83523 L - (g0l ol i gia

s Aysal gt LIS aal QAL ladiuV) Aaild 4 500 A glia ) 5S5 Ay yladll YD) (amy
At ) ALl A jall Caagd A Jlaall 138 8 il jall iy gl sl (e 5 Galle Ullae <l yhaill 3alias
i) A el Qlladall (e ) 30 O il yladll 3aliadl) ddaisY)

Sargassum cinereum, Padina boergesenii, and Cystoseira myrica

Gl jaaS) Dualad) by phadll (e g1 53 B3 i G i) g J giliall 5 J SY) Al cilplall sladiul
b ykdll e W5 Candida albicans, Candida glabrata, and Candida tropicalis (%
(bl i jae il HladS) Apalal) e

Fusarium oxysporum and Alternaria alternata

Lol Clie V) claliiue of Ll Bla g ) mlall el Sl s i) il
& S cinereum Glah e d}.\\f\g\]\ aldiue S Lll\.g)ksﬂ saladd) Aoy (e dalina Gl a_a)S.L\
oaliiid @il yhaill slcas Llis ol (5 AY) 4 paall claliivalls & i Galis SY) Galiiill
2 (a0 18.8) 5 F. oxysporum skd ua (m21.3) Sargassum cinereum —sh (e J 5y
& F oxysporum »a (m16.5) C. myrica <lak (e J sl aliius 34 Coglabrata ki
ISl Ga ) 5 C o glabrata ské v (~16.3) Pboergesenii lab (w J5liy) (aliii.
OS e/ al a5 0S0e 8.5-70 (e B idall iy yhadl) Lyl lladall claliinad (MICs) Liall adadiall
F. oxysporum hé s Ja [ ol a5 Sae 8.5 4 B S, cinereum sk (o J 5y (aliiual
Aol AbasS ClS e day oo JAEY) Glaliiud NS Cilae L) Ll s gile s S dlas Cais,
Gaea Lyl s (daadl) (aes) dinall i) ¢l lSaluSn Gaea Lgie 4l 4 sl lladall (8 La )5
b st Al LS pall (e la e 5 il jin) «Octadecanoic

Egypt. J. Bot. 62, No.3 (2022)



