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Abstract

The World Health Organization (WHO) has classified Candida albicans as one of the most
dangerous pathogenic fungi in the world because of its ongoing development of resistance to
anticandidal medicines that are now on the market. The present study addressed this issue by offering
a straightforward, one-step, economical, and secure method for the manufacture of novel
functionalized anticandidal selenium nanoparticles (Se NPs) against C. albicans ATCC10231 using
methanolic fruit extract from Washingtonia robusta H. Wendl. Gas chromatography-mass
spectrometry (GC-MS) was used to analyze the bioactive chemicals in the W. robusta H. Wendl
extract. Heptasiloxane (44.43%), oleic acid (13.07%), and undecanoic acid,11-bromo-, methyl ester
(4.02%) were among the seven biochemical ingredients found in this methanolic fruit extract. The
resulting nanoparticles were characterized using various techniques, including ultraviolet-visible
spectroscopy (UV-Vis), Fourier transform infrared spectroscopy (FTIR), zeta potential analysis, and
transmission electron microscopy (TEM). The anticandidal efficacy of the Se NPs was evaluated
against Candida albicans ATCC10231 using agar well diffusion method, and minimum inhibitory
concentration (MIC), and minimum fungicidal concentration (MFC) were determined. Results
indicated that the Se NPs exhibited a good anticandidal activity with an inhibition zone 32 + 0.04
mm, MIC 15 pg/ml, and MFC 15 pg/ml against C. albicans. These results indicated to the promising
anticandidal action of the green synthesized Se NPs which might be applied in different medicinal
and pharmaceutical fields.
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most common pathogens are Candida albicans,

C. glabrata, C. tropicalis, C. krusei, and C.

Introduction parapsilosis (Contaldo et al., 2023) The human
digestive tracts microbiota typically includes

There are more than 200 species in the the opportunistic fungus pathogen C. albicans.

genus Candida, and 15 of these have been The typical bacterial flora, on the other hand,
identified from human and animal diseases. The developed host defensive systems that enabled
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the growth and survival of Candida species as
commensals. However, a minor change to the
host's defenses or biological environment can
allow C. albicans to grow into a pathogen that
can cause infections that are potentially lethal
(Jenkinson & Douglas, 2002). A balanced
combination of energy and metabolites is
frequently seen in the microbiota of healthy
hosts. The homeostatic balance prevents
potentially ~ dangerous bacteria ~ from
proliferating uncontrollably. Human diseases
are often associated with dysbiosis, or the
imbalance of the microbial community (Li et
al., 2022). Some oral bacteria inhibit the
formation of C. albicans biofilms, while others
encourage it. Furthermore, Streptococcus oralis
encouraged the development of biofilms and
hyphae of C. albicans (Cavalcanti et al., 2017).
According to the World Health Organization
(WHO), C. albicans is the most hazardous
species. Although C. albicans is a common
microbiome, it can cause opportunistic
infections that could be harmful to both humans
and animals. The entire body is usually affected
by C. albicans, including the skin,
gastrointestinal  tract, oropharynx, lower
respiratory tract, and genitourinary system
(Yapar, 2014). In recent decades, it has
continuously been the primary source of
invasive infections that can be fatal (Talapko et
al., 2021). C. albicans can be treated with
chemical anticandidal medications such as the
Azole group, which is divided into two
subgroups: imidazole and triazole, however
these drugs have serious adverse effects such as
hypertriglyceridemia, increased liver enzymes,
rash, pedal edema, and hepatotoxicity
(Moudgal & Sobel, 2010). Candida sp.
pathogenicity increases due to its capacity to
resist accessible antifungal medicines, such as
the azole group, which occurs because of target
enzyme changes or reduced drug availability to
the target (Contaldo et al., 2023; Moudgal &
Sobel, 2010; Yapar, 2014).

Nanotechnology is a relatively new
science that studies and alters the properties of
matter at the nanoscale. NPs range in size from
1 to 100 nm and exhibit chemical stability,
potential antifungal effects, low toxicity, and
low pathogen resistance (Du et al., 2021;
Robles-Garcia et al., 2016a) Silver, copper,
gold, iron oxide, and selenium are important
nanomaterials in agriculture, food, the
environment, and nanomedicine (Robles-
Garcia et al., 2016b; Sagib, Nazeer, et al.,
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2022). NPs may disrupt microbial cell
membranes by blocking the activity of
Lanosterol 14-a-demethylase, an enzyme
involved in ergosterol production and the major
sterol element of the fungal cell membrane.
Furthermore, NPs may cause reactive oxygen
species (ROS), impede spore germination, and
regulate protein expression (Muthuvel et al.,
2014; Saqib et al., 2020; Slavin & Bach,
2022).

Selenium (Se), an essential
micronutrient that is also necessary for the
upkeep of human physiological systems, is
necessary for all mammals (Yuan et al., 2023).
Furthermore, selenium nanoparticles (Se NPs)
exhibit several advantages, including low
toxicity, high bioavailability, and degradability,

making them safe for clinical use and
exceptional in nanomedicine for their
antibacterial, antiviral, and  anticancer
properties (Alam et al, 2020; Claudia

Escobar-Ramirez et al., 2021). Additionally,
because of its anti-inflammatory and
antioxidant properties, Se is utilized to treat
several pathophysiological conditions,
including diabetes, cancer, -cardiovascular
disease, and neurodegenerative illnesses
(Ferreira et al., 2021). These NPs can be
produced chemically, physically, or
biologically; however, the biological technique
is more safe and effective than the chemical and
physical ways because of the high temperatures,
dangerous chemicals, and acidic pH (Salem &
Fouda, 2021) The low cost, ease of use, safety,
enhanced biocompatibility and stability, and
non-toxic, high-productivity way of producing
NPs make biological synthesis the preferred
option (Fayed et al., 2023). Living organisms
or their natural secondary metabolites, such as
proteins from plants (Ahmad et al., 2023; Al-
Zagri et al., 2021), fungus (Saqgib, Faryad, et
al., 2022), yeast (Moghaddam et al., 2017),
algae (Sharif et al., 2023), bacteria (El-Zahed
et al., 2023) and plant as it provided new
avenues for the synthesis of NPs and is an
ecofriendly, simple, rapid, stable, and cost-
effective method. It has advantages, including
biocompatibility, scalability, and the medical
applicability of synthesizing NPs using the
universal solvent, water, as a reducing medium
(Noruzi, 2015).

Plants offer a sustainable and non-toxic
source to produce NPs. Various plant parts,
including leaves, fruits, stems, and roots, have
been used for green synthesis of NPs due to the
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excellent phytochemicals they produce (Singh
et al., 2016). Natural plant extract synthesis is
an inexpensive and environmentally beneficial
method that eliminates the need for
intermediate base groups. According to
published research, certain plants, including
Thlaspi caerulescens, Maytenus founieri,
Arabidopsis helleri, Sesbania drummondii,
Acanthopanax  sciadophylloides,  Clethra
barbinervis, Brassica juncea, and
Washingtonia robusta, accumulate, detoxify,
and phytoremediate harmful metals. Because of
their enormous potential for environmentally
friendly waste removal of contaminants and
toxicity, the utilization of these plants in heavy
metal elimination from aqueous solutions has
drawn a lot of interest (Agarwal et al., 2017).
Many nanoparticles (NPs), including gold,
silver, selenium, zinc oxide, and iron, have been
synthesized in a straightforward manner using
these green techniques (Singh et al., 2018). The
current study provided a simple green approach
for Se NPs synthesis and investigated their
anticandidal potential against C. albicans
ATCC10231.

Material and methods
Sample collection

On October 5, 2023, fresh W. robusta
fruits were harvested from palm trees in New
Damietta City, Damietta Governorate, Egypt,
and transported to the Microbiology
Laboratory, Faculty of Science, Damietta
University for extraction of the phytochemical
ingredients. Before drying, any damaged seeds
were thrown away and the fruits were
thoroughly cleaned to get rid of any debris.
After that, the mature, healthy fruits were finely
powdered and kept in glass containers at 4°C for
physicochemical analysis (Gomaa, 2019).

Plant sample preparation, extraction and gas
chromatography-mass spectrometry (GC-MS)
analysis

After being smashed with a hammer,
the W. robusta fruits were mixed and sieved
using a 30-mesh stainless steel screen. The
leftover residue was mixed one more time until
it all went through the screen to ensure a
uniform powder. Five grams of this powder
were extracted on a shaker for three hours at
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room temperature (25°C) after being
homogenized for one minute with 40 milliliters
of methanol (30%) (Gomaa, 2019). Crude
extract was dried at 40°C in rotary evaporator
and then frozen and lyophilized (EAST Brand
WTRE-201D multi-function rotary evaporator
total system complete set 2). At the Center for
Excellence in Research of Advanced
Agricultural Sciences (CERAAS), Damietta
University, Egypt, phytochemicals of the
resultant extract were identified in accordance
with Elbestawy et al. (2023) using a GC-MS
system (GC-MS QP-2010 Plus, Shimadzu,
Kyoto, Japan). The obtained data was gathered
utilizing the GC-MS post-run software.

Green synthesis of selenium nanoparticles

0.007 g of ascorbic acid was mixed with W.
robusta H. Wendl fruit extract. Then, sodium
selenate solution (3 mM) was added to the
reaction mixture at a ratio of 1:1 (v/v%) under
stirring at 200 rpm until the color changed from
pale yellow to red, indicating the formation of
Se NPs (Alagesan & Venugopal, 2019) .

Characterization of Se NPs

Several methods were used to examine
the green-synthesized Se NPs, including
Fourier transform infrared spectroscopy (FTIR,
FT/IR-4100 type A) and spectrophotometry
(Beckman DU-40) at Faculty of Science,
Damietta University, Egypt. Zeta potential
measurements (Malvern Zetasizer Nano-ZS90,
Malvern, UK) and transmission electron
microscopy (TEM, JEOL JEM-2100, Japan)
were used for additional investigations at the
Electron  Microscope  Unite, Mansoura
University, Egypt.

In vitro anticandidal activity of fruit
extract, Se NPs, sodium selenate and
fluconazole using agar well diffusion method

The anticandidal activity of the crude
W. robusta H. Wendl fruit extract, Se NPs,
sodium selenate (bulk) and fluconazole
(standard anticandidal drug) were evaluated
using the agar well diffusion method according
to the Clinical and Laboratory Standards
Institute (CLSI) protocol (CLSI, 2017). C.
albicans ATCC10231 strain was sub-cultured
on yeast extract peptone agar (YEPA) plates
and a 10° CFU/ml initial inoculum was prepared
in yeast extract peptone broth (YEPB) flasks
and incubated at 28°C for 24 hours. After the
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incubation, the prepared inoculum was added to
cooled, molted YEPA flasks, which were
subsequently transferred into sterile Petri dishes
and let to solidify. 100 pl of each treatment at
different concentrations (250, 500, and 1000
pg/ml) was aseptically added to wells done in
each plate using a corkborer. Fluconazole was
dissolved in dimethyl sulfoxide (DMSO) which
was also tested as a positive control. The
inhibition zones surrounding the wells were
measured in  millimeters after 24-hour
incubation period at 28°C.

Minimal inhibitory concentration (MIC)

The MIC values of Se NPs and
fluconazole were determined using the broth
dilution method in accordance with CLSI
protocol (CLSI, 2012). A 10° CFU/ml from C.
albicans was cultivated on YEPB. Serial
solutions (0-100 pg/ml) from Se NP, and
fluconazole were prepared and tested. For 24
hours, flasks were incubated at 28 °C. Using an
uninoculated broth medium as a blank, the
growth of the tested yeast was assessed by
measuring the optical density at 600 nm using a
Beckman DU-40 UV-Vis spectrophotometer
(USA).

Minimum fungicidal concentration (MFC)

Each MIC candidal flask was inoculated into
YEPA plates using the pour plate method and
incubated at 28°C for 24 hours. For each plate
containing yeast colony growth the total count
was assessed, and MFC values were expressed
in colony-forming units per milliliter (CFU/ml)
(Mohamed & El-Zahed, 2024).

Statistical analysis

Software called SPSS version 18 was
used to perform statistical analysis on the data.
One-way analysis of variance (ANOVA) was
used for the analysis, and each experimental
value is shown as the mean + standard deviation
(SD). The significance level was set at p<0.05.
Every experiment was carried out three times
(O’Connor, 2000).

Results

Chemical composition of W. robusta H. Wendl
fruit extract using GC-MS analysis

Seven different compounds were found during
the GC-MS screening of the crude extract of W.
robusta H. Wendl fruits (Figure 1 and Table 1).
Heptasiloxane (44.43%), oleic acid (13.07%),
undecanoic acid,11-bromo-, methyl ester
(4.02%), nitrazepam (2.89%), phenytoin
(2.20%), 4-benzylidene-3-phenethyl-4H-
isoxazol-5-one (1.23%), and
methanesulfonylacetonitrile (1.16%) were the
main constituents.

BRI 170-4300 S

Figure 1. GC-MS analysis of the W. robusta H.
Wendl fruits extract.

Table 1. Chemical profile of W. robusta H. Wendl fruit extract by GC-MS.

Peak Retentiontime Contents% Compound name ]'CVIOIECUIar Mqlecular
ormula weight
1 7.52 1.16 Methanesulfonylacetonitrile C3HsNO2S 119
2 9.78 2.89 Nitrazepam C15H11N30s 281
3 12.33 1.23 4-Benzylidene-3-phenethyl-4H-isoxazol-5-one ~ CisHisNO: 277
4 16.10 4.02 Undecanoic acid,11-bromo-, methyl ester C12H23BrO2 278
5 21.07 2.20 Phenytoin Ci15H12N202 252
6 23.33 13.07 Oleic acid Ci8H3402 282
7 44.20 44.43 Heptasiloxane,1,1,3,3,5,5,7,7,9,9,11,11,13,13- CreHaO6Si7 504

tetradecamethyl

Synthesis and characterization of green
synthesized Se NPs

The formation of the Se NPs was first indicated
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by a color change in the reaction mixture to
bright yellow, as illustrated in Figure 2. Within
15 minutes, a red precipitate of Se NPs
emerged, confirming their successful green
synthesis. Also, an absorption peak at 343 nm
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was observed at the UV-Vis spectrum (Figure
2).
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Figure 2. Color change and UV-Vis spectroscopy
analysis of the Se NPs. (A) Color of the reaction
mixture at the beginning of the experiment. (B)
Color changes to a red color due to the formation of
Se NPs.

To confirm that Se NPs were successfully
formed and to detect the presence of capping
agents during the synthesis process, FTIR
spectroscopy was studied (Figure 3). The O-H
stretching vibration of the solvent, methanol, is
shown by the peak in the spectrum at 3356 cm™'.
Secondary amines were associated with
stretching peaks at 2994 and 2938 cm™. Vinyl
and cis-trisubstituted groups were detected by
additional peaks in 1738 and 1636 cm™, while
amine stretching vibrations were detected at
1457 and 1369 cm™. The C—O was observed at
1131 and 822 cm™. The stretching vibration of
the C-C single bond appeared at 1041 cm™. At
822 cm™!, C-O stretching vibrations appeared.
Atroughly 534 cm™, the Se stretching vibration
was detected.
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Figure 3. FTIR of the green synthesized Se NPs.

The Se NPs had a positive charge of -33.4 mV,
according to the Zeta potential study (Figure 4).

00000 e e

300000 -+ e J‘\ L RS ;

Total Counts

: : | : : :
20000011+ PP aRY RRRE) HI ERPRITRRRES [T T :

00000+ =+ e e e

0 :
-100 0 100

Apparent Zeta Potential (mV)

Figure 4. Zeta potential analysis of Se NPs.

Figure 5 shows TEM pictures of the produced
Se NPs. The NPs had an average diameter of
23.08 nm and a spherical shape.
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Figure 5. TEM of Se NPs with scale bar = 50 nm.
In vitro anticandidal activity

The anticandidal action of the crude extract,
green synthesized Se NPs and sodium selenate
was assessed against C. albicans ATCC10231
compared to standard drug fluconazole, as
shown in Figure 6 and Table 2. The green
synthesized Se NPs demonstrated significantly
higher anticandidal activity against C. albicans
exhibiting an inhibition zone of 32 mm
compared to fluconazole, exhibiting an
inhibition zone of 19 mm. In contrast, the crude
extract displayed the lowest anticandidal
activity against C. albicans.

Methanol

Fluconazole

@

. Sodium selenate

Figure 6. Anticandidal activity of Se NPs compared
to fluconazole, sodium selenate, and crude extract of
W. robusta H. Wendl fruits against C. albicans.
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Table 2. The agar well diffusion method of crude
extract of W. robusta H. Wendl fruits and Se NPs
compared to fluconazole and sodium selenate.

Anticandidal Concentration, Inhibition zone in mm

agent pg/ml (mean £ SD)
250 -ve

Crude extract 500 7+0.14
1000 11+0.03
250 23+0.14

Se NPs 500 28 +0.06
1000 32 +0.04

Sodium 250 7+0.14

selenate 500 10 +0.06
1000 13+£0.06
250 15+0.03

Fluconazole 500 17 £0.03
1000 19+0

Se NPs and fluconazole MICs against C.
albicans were evaluated and shown in Figure 7.
At 15 pg/ml, Se NPs totally inhibited C.
albicans, while it was suppressed by
fluconazole at 20 pg/ml. While the MFCs for Se
NPs were in line with their MICs, the MFC
values for fluconazole were 25 pg/ml.
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Figure 7. The MICs; A and MFCs; B, of Se NPs
compared to fluconazole against C. albicans.

Fluconazole  Se NPs

Discussion

One of the most hazardous fungal
infections is C. albicans, which can cause
several illnesses affecting the entire body. The
most significant issue is that it can cause
resistance to antifungal medications. It can
cause major diseases such cutaneous
candidiasis, oral and gastrointestinal mucosal
candidiasis, vaginal canal candidiasis, and
candidiasis, which can cause serious infections
depending on the infection site, in both people
and animals (Talapko et al., 2021). Numerous
investigations have documented examples of
azole antifungal resistance in C. albicans, even
though many antifungal medications, including
clotrimazole, econazole, miconazole,
terbinafine, fluconazole, ketoconazole, and
amphotericin, are extremely irritating and may
be fatal (Bossche et al., 2003; Whaley et al.,
2017). The goal of this research is to provide a
green, simple and cost effective anticandidal
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agent with superior activity against C. albicans.
Methanolic extract of W. robusta H. Wendl
fruits was selected for the green synthesis of Se
NPs. Abutaha et al. (2023), found that the
methanolic extract of W. filifera (Lindl.) H.
Wendl. fruit displayed stronger antimicrobial
activity compared to other extracts like
chloroform, ethyl acetate, and hexane. They
reported that the methanolic extract was
especially effective against C. albicans,
achieving an inhibition zone of 30 mm, which
exceeded the 20 mm inhibition zone noted for
E. coli. Furthermore, Adegoke et al. (2010)
observed that methanolic extracts demonstrated
greater antimicrobial activity when compared to
chloroform extracts. These findings indicate
that methanolic extracts are generally more
effective against specific microbial strains than
extracts from other solvents.

W. robusta H. Wendl fruits were utilized to
generate antimicrobial plant extracts that
contains many bioactive components as
recommended by previous studies (Abutaha et
al., 2023; Dewir et al., 2020; Selim et al., 2020)
The majority of active compounds found in the
GC-MS analysis of W. robusta H. Wendl
extract were previously reported in the work by
Dewir et al. (2020). These substances included
octasiloxane (1.18%), hydrazine carboxamide
(1.67%), decanoic acid (6.47%), n-
hexadecanoic acid (6.47%), oleic acid (40.6%),
and  1,2,3-propanetriol,1-acetate  (3.47%).
Different pathogenic fungi, yeast and bacteria
were documented to be inhibited by a number
of these chemicals, including 1,2,3-
propanetriol, 1l-acetate, decanoic acid, oleic
acid, phenytoin, n-hexadecanoic acid, and
octasiloxane (Novak et al., 1961; Saeed et al.,
2023; Venkatesh et al., 2014). Additionally,
according to Foo et al. (2015), n-hexadecanoic
acid demonstrated efficacy against Candida sp.
and Aspergillus sp., whereas Muthamil et al.
(2020) reported the anticandidal action of plant
derived oleic acid against C. albicans virulence
and biofilm formation.

The observed color change during the synthesis
process confirms the successful formation of Se
NPs. The red color of the produced NPs
appeared after 15 minutes of combining a
methanolic extract of W. robusta H. Wendl
fruits with sodium selenate solution. The
emergence of a red precipitate verifies their
presence and is due to the Surface Plasmon
Resonance (SPR) effect. The absorption peaks
at 343 nm confirm the optical properties of Se
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NPs, which is consistent with previous studies
emphasizing the relevance of SPR in NPs
characterization, as well as El-Saadony et al.
(2021a) reported other results ranged between
263 nm and 300 nm. These findings support the
efficacy of the synthesis process adopted. The
current study recorded a good anticandidal
activity for the green synthesized Se NPs
against C. albicans achieving a 32 = 0.04
inhibition zone compared to the study of Fouda
et al. (2022) which reported inhibition zone of
15.6 + 0.6 against C. albicans. El-Saadony et
al. (2021b) found a MIC and MFC of 55 and 80
ug/mL for LAB-Se NPs against C. albicans.
Shakibaie et al. (2015) generated Se NPs using
Bacillus species and found a MIC of 70 pg/mL
against C. albicans. These differences may be
attributed to species difference or method of
preparation of nanoparticles.

Se NPs are well-known anticandidal agents that
primarily target C. albicans through oxidative
stress. The production of ROS leads to fungal
cell wall ruptures, releasing proteins and
nucleic acids. ROS also oxidizes critical
proteins like glutathione, interrupting major
respiratory enzymes and causing bacterial cell
death (Abutaha et al., 2023). Effective
nanometallic compounds, Se NPs cause fungal
membranes to become unstable, enhancing cell
permeability to NPs. They have shown great
potential as all-purpose  antibacterials.
However, additional engineering is needed to
reduce their toxicity to healthy cells and
maximize their biological function (Rofhiwa et
al., 2021). Further studies such as cytotoxicity,
antibiofilm and electron microscopy were
required to be studied in the future for
investigating antimicrobial mechanisms of the
prepared NPs as well as their possible
applications.

Conclusions

This study presents a simple and eco-friendly
method for green synthesis of Se NPs using
methanolic extract of W. robusta H. Wendl fruit
as both a stabilizing and reducing agent. Se NPs
production was validated using a variety of
analytical techniques, that showed the
successful formation of spherical shaped NPs
with average size of =23 nm. The zeta potential
and FTIR studies of Se NPs confirmed their
long-term stability. Green-synthesized Se NPs
had strong anticandidal action against C.
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albicans, with MIC and MFC values ranging
from 15 pg/ml compared to fluconazole (20 and
25 pg/ml, respectively). Thus, the prepared Se
NPs might be used as a promising anticandidal
agent in different pharmaceutical applications.

References

Abutaha, N., AL-mekhlafi, F. A., & Wadaan, M. A.
(2023). Phytochemical analysis and antibacterial
activity of Washingtonia filifera (Lindl.) H.
Wendl. fruit extract from Saudi Arabia. Journal
of King Saud University - Science, 35(8),
102899.
https://doi.org/https://doi.org/10.1016/j.jksus.20
23.102899

Adegoke, S. A., Opata, O. M., & Olajide, J. E.
(2010). Antimicrobial activity of the aqueous,
methanol and chloroform leaf extracts of Cissus
multistriata. African Journal of Biotechnology,
9(8), 78251.

Agarwal, H., Kumar, S. V., & Rajeshkumar, S.
(2017). A review on green synthesis of zinc
oxide nanoparticles—An eco-friendly approach.
Resource-Efficient Technologies, 3(4), 406-413.

Ahmad, N., Ali, S., Abbas, M., Fazal, H., Saqib, S.,
Ali, A., Ullah, Z., Zaman, S., Sawati, L., Zada,
A., & Sohail. (2023). Antimicrobial efficacy of
Mentha piperata-derived biogenic zinc oxide
nanoparticles against UTI-resistant pathogens.
Scientific Reports, 13(1), 14972.

Alagesan, V., & Venugopal, S. (2019). Green
Synthesis of Selenium Nanoparticle using leaves
extract of Withania somnifera and its biological
applications and photocatalytic  activities.
BioNanoScience, 9(1), 105-116.

Alam, H., Khatoon, N., Khan, M. A., Husain, S. A.,
Saravanan, M., & Sardar, M. (2020). Synthesis
of selenium nanoparticles using probiotic
bacteria Lactobacillus acidophilus and their
enhanced antimicrobial activity against resistant
bacteria. Journal of Cluster Science, 31(5),
1003-1011.

Al-Zagri, N., Muthuvel, A., Jothibas, M., Alsalme,
A., Alharthi, F. A., & Mohana, V. (2021).
Biosynthesis of zirconium oxide nanoparticles
using  Wrightia tinctoria leaf  extract:
Characterization, photocatalytic degradation and
antibacterial activities. Inorganic Chemistry
Communications, 127, 108507.

Bossche, H. Vanden, Engelen, M., & Rochette, F.
(2003). Antifungal agents of use in animal
health—chemical, biochemical and
pharmacological aspects. Journal of Veterinary
Pharmacology and Therapeutics, 26(1), 5-29.

Cavalcanti, I. M. G., Del Bel Cury, A. A., Jenkinson,
H. F., & Nobbs, A. H. (2017). Interactions



A simple Green Synthesis and Characterization of Selenium...Scientific Journal for Damietta Faculty of Science 14(3) 2024, 102-111

between Streptococcus oralis, Actinomyces oris,
and Candida albicans in the development of
multispecies oral microbial biofilms on salivary
pellicle. Molecular Oral Microbiology, 32(1),
60-73.

Claudia Escobar-Ramirez, M., Castaneda-Ovando,
A., Perez-Escalante, E., Mariana Rodriguez-
Serrano, G., Ramirez-Moreno, E., Quintero-Lira,
A., Contreras-Lopez, E., Anorve-Morga, J.,
Jaimez-Ordaz, J., & Guillermo Gonzalez-
Olivares, L. (2021). Antimicrobial activity of Se-
nanoparticles from bacterial biotransformation.
Fermentation-Basel, 7(3), 130.

CLSI (Clinical and Laboratory Standards Institute)
(2012). Reference method for broth dilution
antifungal susceptibility testing of yeasts; fourth

informational ~ supplement.  Clinical and
Laboratory  Standards Institute, Wayne,
Pennsylvania, USA. M27-S4.

CLSI  (2017). Performance standards for

antimicrobial susceptibility testing: Approved
standard-twenty-seven Edition. Clinical and
Laboratory  Standards Institute, Wayne,
Pennsylvania, USA. M100-S26.

Contaldo, M., Di Stasio, D., Romano, A., Fiori, F.,
Della Vella, F., Rupe, C., Lajolo, C., Petruzzi,
M., Serpico, R., & Lucchese, A. (2023). Oral
candidiasis and novel therapeutic strategies:
Antifungals, phytotherapy, probiotics, and
photodynamic therapy. Current Drug Delivery,
20(5), 441-456.

Dewir, Y. H., EI-Mahrouk, M. E., Seliem, M. K., &
Murthy, H. N. (2020). Bioactive compounds of
California fan palm Washingtonia filifera
(Linden ex André) H. Wendl. ex de Bary. In:
Murthy, H. N., Bapat, V. A. (eds.), Bioactive
Compounds in Underutilized Fruits and Nuts,
Springer Nature. pp. (63-74), Switzerland.

Du, W., Gao, Y., Liu, L., Sai, S., & Ding, C. (2021).
Striking back against fungal infections: The
utilization of nanosystems for antifungal
strategies. International Journal of Molecular
Sciences, 22(18), 10104.

Elbestawy, M.K., El-Sherbiny, G.M., Moghannem,
S.A., Farghal, E.E., 2023. Antibacterial,
antibiofilm, and anti-inflammatory activities of
ginger extract against Helicobacter pylori.
Research Journal of Microbiology, 14(3), 1124-
1138.

El-Saadony, M. T., Saad, A. M., Najjar, A. A,
Alzahrani, S. O., Alkhatib, F. M., Shafi, M. E.,
Selem, E., Desoky, E.-S. M., Fouda, S. E. E., El-
Tahan, A. M., & Hassan, M. A. A. (2021a). The
use of biological selenium nanoparticles to
suppress Triticum aestivum L. crown and root rot
diseases induced by Fusarium species and
improve yield under drought and heat stress.
Saudi Journal of Biological Sciences, 28(8),

109

4461-4471.

El-Saadony, M. T., Saad, A. M., Taha, T. F., Najjar,
A. A., Zabermawi, N. M., Nader, M. M.,
AbuQamar, S. F., El-Tarabily, K. A., & Salama,
A. (2021b). Selenium nanoparticles from
Lactobacillus paracasei HM1 capable of
antagonizing animal pathogenic fungi as a new
source from human breast milk. Saudi Journal of
Biological Sciences, 28(12), 6782-6794.

El-Zahed, M. M., Baka, Z. A. M., Abou-Dobara, M.
I, & El-Sayed, A. K. A. (2023). Biogenic
synthesis of chitosan/silver nanocomposite by
Escherichia coli D8 (MF062579) and its
antibacterial activity. Jordan Journal of
Biological Sciences, 16(2) ,279-288.

Fayed, R., Elnemr, A.-M., & El-Zahed, M. M.
(2023). Synthesis, characterization,
antimicrobial and electrochemical studies of
biosynthesized zinc oxide nanoparticles using
the probiotic Bacillus coagulans (ATCC 7050).
Journal of Microbiology, Biotechnology and
Food Sciences, 13(3), €9962.

Ferreira, R. L. U., Sena-Evangelista, K. C. M., de
Azevedo, E. P., Pinheiro, F. I., Cobucci, R. N., &
Pedrosa, L. F. C. (2021). Selenium in human
health and gut microflora: Bioavailability of
selenocompounds and relationship with diseases.
Frontiers in Nutrition, 8, 685317.

Foo, L.W., Salleh, E., Mamat, S.N., 2015. Extraction
and qualitative analysis of Piper betle leaves for
antimicrobial activities. International Journal of
Engineering Science Technologies, 2(2), 1-8.

Fouda, A., Al-Otaibi, W. A., Saber, T., AlMotwaa,
S. M., Alshallash, K. S., Elhady, M., Badr, N. F.,
& Abdel-Rahman, M. A. (2022). Antimicrobial,
antiviral, and in-vitro cytotoxicity and
mosquitocidal activities of Portulaca oleracea-
based green synthesis of selenium nanoparticles.
Journal of Functional Biomaterials, 13(3), 157.

Rofhiwa, B. M., Mahwahwatse, J. B., Thilivhali, E.
T. (2021). Green synthesis of nanoparticles using
plant extracts. In: Richard, L. K., Glover, D. N.,
Maluta, S. M., Rofhiwa, B. M. (eds.), Green
Synthesis in Nanomedicine and Human Health.
CRC Press. pp. 29. Boca Raton.

Gomaa, R. A. (2019). Physico-chemical
characteristics of Washingtonia robusta fruit oil.
Suez Canal University Journal of Food Sciences,
6(1), 19-25.

Jenkinson, H. F., & Douglas, L. J. (2002).
Interactions between Candida species and
bacteria in mixed infections. In: Brogden, K. A,,
Guthmiller, J. M. (eds.), Polymicrobial Diseases.
ASM Press. pp. 357-373. Washington (DC).

Li, H., Miao, M., Jia, C., Cao, Y., Yan, T., Jiang, Y.,
& Yang, F. (2022). Interactions between
Candida albicans and the resident microbiota.
Frontiers in Microbiology, 13, 930495.



A simple Green Synthesis and Characterization of Selenium...Scientific Journal for Damietta Faculty of Science 14(3) 2024, 102-111

Moghaddam, A. B., Moniri, M., Azizi, S., Rahim, R.
A., Ariff, A. Bin, Saad, W. Z., Namvar, F.,
Navaderi, M., & Mohamad, R. (2017).
Biosynthesis of ZnO nanoparticles by a new
Pichia kudriavzevii yeast strain and evaluation of
their antimicrobial and antioxidant activities.
Molecules, 22(6), 872.

Mohamed, E. A., & El-Zahed, M. M. (2024).
Anticandidal  applications  of  selenium
nanoparticles biosynthesized with
Limosilactobacillus fermentum (OR553490).
Discover Nano, 19(1), 115.

Moudgal, V., & Sobel, J. (2010). Antifungals to treat
Candida albicans. Expert Opinion on
Pharmacotherapy, 11(12), 2037-2048.

Muthamil, S., Prasath, K. G., Priya, A., Precilla, P.,
& Pandian, S. K. (2020). Global proteomic
analysis deciphers the mechanism of action of
plant derived oleic acid against Candida albicans
virulence and biofilm formation. Scientific
reports, 10(1), 5113.

Muthuvel, A., Adavallan, K., Balamurugan, K., &
Krishnakumar, N. (2014). Biosynthesis of gold
nanoparticles using Solanum nigrum leaf extract
and screening their free radical scavenging and
antibacterial  properties.  Biomedicine &
Preventive Nutrition, 4(2), 325-332.

Noruzi, M. (2015). Biosynthesis of gold
nanoparticles using plant extracts. Bioprocess
and Biosystems Engineering, 38(1), 1-14.

Novak, A.F., Clark, G.C., Dupuy, H.P. (1961).
Antimicrobial activity of some ricinoleic acid
oleic acid derivatives. Journal of the American
Oil Chemists' Society, 38(6), 321-324.

O’Connor, B.P. (2000). SPSS and SAS programs for
determining the number of components using
parallel analysis and Velicer’s MAP test.
Behavior Research Methods, Instruments, &
Computers, 32, 396-402.

Robles-Garcia, M. A., Rodriguez-Félix, F.,
Marquez-Rios, E., Aguilar, J. A., Barrera-
Rodriguez, A., Aguilar, J., Ruiz-Cruz, S., & Del-
Toro-Sanchez, C. L. (2016a). Applications of
nanotechnology in the agriculture, food, and
pharmaceuticals. Journal of Nanoscience and
Nanotechnology, 16(8), 8188-8207.

Robles-Garcia, M. A., Rodriguez-Félix, F.,
Marquez-Rios, E., Aguilar, J. A., Barrera-
Rodriguez, A., Aguilar, J., Ruiz-Cruz, S., & Del-
Toro-Sanchez, C. L. (2016b). Applications of
nanotechnology in the agriculture, food, and
pharmaceuticals. Journal of Nanoscience and
Nanotechnology, 16(8), 8188-8207.

Saeed, H.M., Ferdosi, M.F., Khan, I.H., Javaid, A.,
Sultan, M.W., 2023. Antibacterial activity and
GC-MS analysis of white flowers extract of
Nerium oleander L. International Journal of
Biotechnology 20(1), 163-168.

110

Salem, S. S., & Fouda, A. (2021). Green synthesis of
metallic nanoparticles and their prospective
biotechnological applications: an Overview.
Biological Trace Element Research, 199(1),
344-370.

Saqib, S., Faryad, S., Afridi, M. I., Arshad, B.,
Younas, M., Naeem, M., Zaman, W., Ullah, F.,
Nisar, M., Ali, S., Elgorban, A. M., Syed, A,
Elansary, H. O., & El-Abedin, T. K. Z. (2022).
Bimetallic assembled silver nanoparticles
impregnated in Aspergillus fumigatus extract
damage the bacterial membrane surface and
release cellular contents. Coatings, 12(10), 1505.

Saqib, S., Nazeer, A., Ali, M., Zaman, W., Younas,
M., Shahzad, A., Sunera, & Nisar, M. (2022).
Catalytic potential of endophytes facilitates
synthesis of biometallic zinc oxide nanoparticles
for agricultural application. BioMetals, 35(5),
967-985.

Sagib, S., Zaman, W., Ayaz, A., Habib, S., Bahadur,
S., Hussain, S., Muhammad, S., & Ullah, F.
(2020). Postharvest disease inhibition in fruit by
synthesis and characterization of chitosan iron
oxide  nanoparticles.  Biocatalysis  and
Agricultural Biotechnology, 28, 101729.

Selim, N. M., El-Hawary, S. S., El Zalabani, S. M.,
Shamma, R. N., Mahdy, N. E. S., Sherif, N. H.,
Fahmy, H. A., Mekkawy, M. H., Yasri, A., &
Sobeh, M. (2020). Impact of Washingtonia
robusta Leaves on gamma irradiation-induced
hepatotoxicity in rats and correlation with sting
pathway and phenolic composition.
Pharmaceuticals, 13(10), 320.

Shakibaie, M., Mohazab, N. S., & Mousavi, S. A. A.
(2015). Antifungal activity of selenium
nanoparticles synthesized by Bacillus species
Msh-1 against Aspergillus fumigatus and
Candida albicans. Jundishapur Journal of
Microbiology, 8(9), e26381.

Sharif, M. S., Hameed, H., Waheed, A., Tariq, M.,
Afreen, A., Kamal, A., Mahmoud, E. A,
Elansary, H. O., Saqib, S., & Zaman, W. (2023).
Biofabrication of Fe3Os Nanoparticles from
Spirogyra hyalina and Ajuga bracteosa and their
antibacterial applications. Molecules, 28(8),
3403.

Singh, J., Dutta, T., Kim, K.-H., Rawat, M.,
Samddar, P., & Kumar, P. (2018).
Green’synthesis of metals and their oxide
nanoparticles: applications for environmental
remediation. Journal of Nanobiotechnology, 16,
1-24.

Singh, P., Kim, Y.-J., Zhang, D., & Yang, D.-C.
(2016). Biological Synthesis of nanoparticles
from plants and microorganisms. Trends in
Biotechnology, 34(7), 588-599.

Slavin, Y. N., & Bach, H. (2022). Mechanisms of
antifungal properties of metal nanoparticles.



A simple Green Synthesis and Characterization of Selenium...Scientific Journal for Damietta Faculty of Science 14(3) 2024, 102-111

Nanomaterials, 12(24), 4470.

Talapko, J., Juzbasi¢, M., Matijevi¢, T., Pustijanac,
E., Beki¢, S., Kotris, 1., & Skrlec, 1. (2021).
Candida albicans—The virulence factors and
clinical manifestations of infection. Journal of
Fungi, 7(2), 79.

Venkatesh, R., Vidya, R., Kalaivani, K., 2014. Gas
chromatography and mass spectrometry analysis
of Solanum villosum (Mill) (Solanaceae). IJPSR
5(12), 5283-5287.

Whaley, S. G., Berkow, E. L., Rybak, J. M,

Nishimoto, A. T., Barker, K. S., & Rogers, P. D.
(2017). Azole antifungal resistance in Candida
albicans and emerging non-albicans Candida
Species. Frontiers in Microbiology, 7, 2173.

Yapar, N. (2014). Epidemiology and risk factors for
invasive candidiasis. Therapeutics and Clinical
Risk Management, 10, 95-105.

Yuan, Q., Xiao, R., Afolabi, M., Bomma, M., &
Xiao, Z. (2023). Evaluation of antibacterial
activity of selenium nanoparticles against food-
borne pathogens. Microorganisms, 11(6), 1519.

=l pailal)

Lalana 1Sl alaal) Lol i § 4 e gAY a gailocdd) Cilasnd Gl i) g Jasend) aociiatl) saadl o) gis
13N (B90e dena "l deaa Vg, Wy QR LS

ran —Jaliat daala — aglal) 408 2 gl g el g L) !

L) skt Gy allall 85 ) ghad (oal a3 Ll iy pladll ST (e Ban) o€ 1apilSl) ey Hlad dallall daal) dadaie Cadia
A (g g sam sall 138 A0lall sl jall gl (5 anlly Ll 53 s gl iy ydadll 5aliaall 58lanl] als 5 5 patusall Lgiia slia 5
Baliaall 5 3l Gailiadl) Culd 4y e gl & sailid) Cilasen arieail Aial 5 Aadla) 5 Bas 9 5 shdy 3 p5lie 48y Hla aais
pladind 5 Vi gy 5 L shaidl s Hlall Jdsilisall Galiivsa) aladiuly Clapall g o3 (i€l el jlad daali g el yladll
Of ol & yelal 385 alitiall 138 8 U ol g Adaditl) ALasS o) sall sl ) AESI oy 53 5 3all 3lall Ll e silas S
@ (LE,0Y) Jin) Qs csa 500 )« glSonigl pman s (Z0F, 0 V) SV (aan s (784, 8Y) LS shuling LS 5o
Cana s a3 deddioall Ll sl Galiiuall 8 53 sa sall dasnd) 4 gall £l @l Kl G e laal 5 oY)
AaiVL Al Qa5 o pall i) (358 adall Jalaill Gl Ley ehdlidie ol aladinly 3anlil) 4 yie 53l Cilaguall
Ay sl aladinly laalSl b aua 4, yie Ul Cilagad) Aalled apds 5 MU 3 SIY) jeaally el ) alats ce) jaall cans
38 3 e i) Glasall G ) @lislh cojlal i phill and) 585l ¢ Jadial) GaY) aally Olal) O ol sall
Yo oY) baddl €l Ja B85 can v, € 4 YT Loy dilaiag Liabiae il lad ais T 13liae Ualis o gl
Cilapmand ae Vsl Al W ol o2 55 Un as da/ alya s See )0 by phall apall Y 58 5l e / ) ya s S
Li¥aas Al Clae B Lgdalai (S G5 il il jld AadlSa (ol jund A8 sl daiiadll 4 e sl o saiidid)

111



