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ABSTRACT

Current research focuses on the notable antibacterial properties of
nanocompounds, including their environmentally friendly production
from biological waste. Selenium nanoparticles, or SeNPs, have attracted
greater interest in recent years, particularly in nanotechnology. Important
biological functions including antioxidant defense are under the control of
this component. Examination employing atomic force microscopy (AFM),
Fourier-transform infrared spectroscopy (FT-IR), X-ray diffraction
(XRD), field emission scanning electron microscopy (FESEM), and TEM
(transmission electron microscopy) are utilized to characterize them. The
Amax peak in absorption at 280 nm in the UV-visible spectra indicates an
abundance of Se-NPs in the specimen in question. In this study, mango
peel extract was used to synthesize SeNPs followed by characterization and
investigation of their antimicrobial potential. The results showed that the
SeNPs were irregular with rod-like, spherical shapes and were detected
from 19 nm to 60 nm. It is important to ascertain the antibacterial effect
and the potency of antibacterial activity when researching novel SeNPs
methods for preparation. The SeNPs exhibited antibacterial action against
both gram-positive and gram-negative bacteria, with a greater effect when
produced with 8 pg/mL of extract from mango peels. According to prior
studies, SeNPs with various shapes and sizes have a range of antimicrobial
properties. As a result, while assessing the antibacterial characteristics, this
work utilizes the peel of the mango extract as a reduction agent for emerald
SeNP synthesis. Zinc oxide nanoparticles have been created utilizing
mangoes, which is a financially and environmentally good innovation.
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INTRODUCTION

Selenium nanoparticles, or SeNPs, have received
increasing attention in recent years. This element
is essential for the synthesis of thyroid hormones,
immune system function, and the prevention of
oxidative damage and infection in cells. A number
of dangerous illnesses, including several types of
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cancer, have been found to be linked to selenium
shortage. The synthesis process, kind of reagent
used for selenium salt reduction, additions
employed, reaction temperature, and reaction
duration all affect the characteristics of SeNPs.
Different microbial species employ different
mechanisms for the manufacture of SeNP, which
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involves many metabolic pathways and distinct
enzymes for the reduction process. In addition, it
necessitates laborious processes for keeping and
storing cell cultures. Green synthesis has been
shown to possess advantages over physical as
well as chemical approaches in previous research
[1]. Plant extract chemicals may act as natural
capping agents in addition to being natural
reductants, preventing nanoparticle clusters or
aggregates or stabilizing their size. The capping
agent that is deposited or bonded on the outside
of NPs affects their final shape in important
parts [2]. Selenium nanoparticles’ biological and
pharmacological features have been thoroughly
investigated, indicating a range of positive effects,
including neurodegenerative, anti-inflammatory,
anticancer, antiseptic, antidiabetic, and
cardiovascular disease prevention. Nanoparticles
are particularly helpful in a range of biomedical
applications in diagnostics and therapy due to
their low toxicity, biocompatibility, and ability to
traverse cell membranes for the delivery of drugs
[3]. SeNPs have an assortment of intracellular
and extracellular mechanisms that reinforce
their antimicrobial activity. These mechanisms
consist of the creation of reactive oxygen species,
penetration of the membrane of the bacteria,
disruption of the phospholipids in the cell wall,
and activation of proteins leading to bacterial lysis
since smaller nanoparticles are capable of passing
through the cell wall and membrane, these
actions are size-dependent [4]. When compared
to the nanoparticles made with grapefruit juice,
the bactericidal effectiveness of the biogenic
SeNPs created from lemon juice was significantly
higher against several strains [5]. The investigation
at the scale has been constrained because the
biological characteristics of SeNPs have only
been examined in model or animal studies.
Published research indicates that supplementing
selenium in nanoform reduces the likelihood
of excess selenium and that rats did not exhibit
any appreciable adverse effects from SeNPs [6].
Large volumes of easily available plant extracts
are used in the green synthesis approach, which
is non-toxic, safe to handle, and highly effective
across a range of salinity, pH, and temperature
conditions. Furthermore, a commonly accepted
and somewhat more effective method for
producing NHA for use in biomedical fields is the
use of plant materials in a green synthesis process
[7]. As members of the Lacertidae family, mangos
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are referred to as the “King of Tropical Fruits.”
They are extensively grown in China, Malaysia,
the Central South Peninsula, Bangladesh, and
India. Over 45 million tonnes of mangos were
produced worldwide in 2014, according to the
FAO. Peel constitutes 7-24% of the weight of the
mango as it is the main result of modern mango
processing [8]. Mango peel waste exists in huge
amounts throughout the world, but little research
has been done on how to create AgNPs using
mango peel extract and its high application value.
Flavonoids, polyphenolic chemicals, vitamins
C and E, and other substances from nature are
abundant in mango peels. Mango peels possess a
lot of hydroxyl groups, which makes them natural
reducing agents [9]. Investigated the techniques,
antimicrobial qualities, and mechanisms of
antibacterial nanomaterial-containing  edible
coatings and their successful application on
fruits and vegetables. On the other hand, NPs
generated from different vegetation showed a
range of antibacterial activity against both Gram-
positive and Gram-negative bacteria, as well
as variations in their morphology [10]. Mango
peel extract is utilized in an environmentally
friendly renewable method of “green” SeNP
synthesis. By creating nanoparticles from plant
extracts, these particles may successfully inhibit
bacterial growth by catalyzing the breakdown of
ethylene. Several studies have been conducted
into the use of nanoparticles in the development
of composite antibacterial coating materials.
Plant extracts are utilized in green processes
for SeNP synthesis, which are considered to be
low-cost, one-step, and environmentally benign
procedures. Chemicals from plant extracts may
operate as natural capping agents in addition to
their natural reductant function, maintaining the
dimensions of nanoparticles and enhancing the
physiological properties of SeNPs. This study aims
to use a green approach for the synthesis and
characterization of Mango Peel-derived Selenium
Nanoparticles and study their antibacterial
potential towards multidrug-resistant gram-
positive and gram-negative bacteria and the use
of metal nanoparticles in extending the shelf life
of fruit.

MATERIALS AND METHODS
Identification of Microorganisms

Pathogenic gram-positive and negative bacteria
isolated from patients with urinary tract infection
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(UTI) (E. Coli, P. aeruginosa Klebsiella spp, S. aureus,
S. epidermidis, and S. pyogenes) were provided
by Ibn Sina College of Medicine, Baghdad, Iraq.
These isolates were multidrug resistant (MDR).
Identification of suspected colonies was carried
out via morphological characters and confirmed
using the Vitek 2 compact system (BioMerieux/
France) [11].

Collection of Biomaterial

The mango peels were collected, cut into small
pieces, and properly washed with distilled water
to get rid of any dust particles adhering to the
surface. Ten grams of mango peels were added
to 100 millilitres of distilled water before being
squeezed through a juicer to produce an extract
containing compounds from the mango peels; the
resulting solution was boiled for thirty seconds at
85 °C [12] (Fig. 1).

Synthesis of Selenium nanoparticles

The SeNPs were prepared using 16.9 grams of
sodium selenite (Na,SeO,) dissolved in 100 mL as
a precursor and mango peel extract as a reducing
agent in a mixture consisting of 0.15 g sodium
dodecyl sulfate. Heating (at 80 °C) and stirring for
one hour was utilized to obtain the nanometer
silver colloid. The suspension’s color changed from
colorless to reddish-brown, confirming the green
synthesis of SeNP. [13]. A high-speed centrifuge
was used to centrifuge the reaction solution three

After washing Dw

Mango fruit

g

times at 10,000 r/min for ten minutes. To obtain
the SeNP powder, the ensuing precipitate was
vacuum freeze-dried.

Characterization of Selenium Nanoparticles

The synthesized mango peel-derived selenium
nanoparticles were characterized using According
to UV-VIS spectroscopy, Atomic force microscopy
AFM, Energy-dispersive X-ray analysis EDX analysis
Bruker/Germany, Field emission scanning electron
microscope, and A scanning electron microscope
500 nm resolution scanning electron microscope
(SEM) [14]. A camera (Hitachi s-3400N, Japan)
was used to capture the images (Fig. 2).

Minimum Inhibitory Concentration determination

The MIC of synthesized Se-NPs against
tested isolates was investigated via the Broth
microdilution method in culture broth via making
serial dilutions (4, 8,16,32, and 64 ug/ml). In brief,
one millilitre of Se-NP initial solution (1000 mgmL-
1) was made. Next, 100 microliters of diluted test
material were inserted into the first line of wells.
Next, 100 microliters of freshly made Miller
Hinton broth (MHB) was added to each well
numbered 1 through 10. This is known as a two-
fold dilution; well G served as the positive control,
and well H was the negative control. Subsequently,
100 microliters were transferred from the first
well to the second, and so on until reaching the
last well. Mller Hinton broth in well H has been

=

Fig. 1. The process of mango peels Extraction
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used as a negative control. Wells were inoculated
with 10 microliters of bacterial growth adjusted to
McFarland (1.5 * 10 ® CFU\ml) using densicheck
except for the negative control. For 24 hours, the
microtiter plate was incubated at 37 C. The growth
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was then evaluated by utilizing a microtiter plate
reader to calculate the absorbance at OD 450
nm. Turbid wells detected bacterial growth, but
clear wells showed no growth. The minimum
concentration of Se-NPs in which no growth occurs
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Fig. 2. Characterization of Selenium Nanoparticles

Fig. 3. MIC of the Se-NPs
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is termed the MIC [15] (Fig. 3).

Screening of anti-microbial activities by agar well
diffusion method (AWD)

The AWD method was used to evaluate the
antibacterial potential of Se-NPs against various
pathogenic gram-positive and negative isolates to
determine the minimum inhibitory concentration
(MIC) of Se-NPs on different concentrations of Se-
NPs (4, 8,16,32 and 64 ugmL?). The bacteria were
spread on the surface of Muller Hinton agar plates,
then wells (5 mm in diameter) were cut into the
plates with by sterile cork borer, then filled with
100 pl of SeNP solution, and then incubated for
18-24 hr. After incubation, measurements of the
diameter of the zones of Inhibition (in millimetres)
were done to determine the anti-microbial activity
[16].

Statistical Analysis

A one-way analysis of variance ANOVA and
Student’s t-test were performed to test whether
group variance was significant or not. Statistical
significance was defined as * p < 0.05 or ** p
< 0.01. All samples analyzed statistically were
run in triplicates. Data were expressed as mean
tstandard deviation, and statistical significances
were carried out using GraphPad Prism version 9
(GraphPad Software Inc., La Jolla, CA).

Group variance was tested for significance
using ANOVA and the Student’s t-test. The criteria

16 mM Na;Se0,
Added to 100
ml mango peel
extract

for statistical significance were * p < 0.05 or **
p < 0.01. All samples analyzed statistically were
run in triplicates. Statistical significances were
determined GraphPad Prism version 9 (GraphPad
Software Inc., La Jolla, CA), and data were reported
as mean xstandard deviation.

RESULTS AND DISCUSSION
Biosynthesis of Selenium Nanoparticles:

After being incubated for 24 hours at room
temperature, the color of the sodium selenite salt
solution changed from yellow to reddish brown
due to the addition of mango peel extract. A slight
color change that happened 30 minutes after
adding fruit peel extracts is shown in Fig. 4.

Characterization
Nanoparticles

The biggest absorption peak between 200
and 800 nm was seen in biosynthesized Se-NPs.
The three extracts’ absorbance values, which
change somewhat up to 285 nm, indicate that
the differences are due to differences in particle
size or shape (Fig. 5a). With an average diameter
of 37.23 nm, Se-NPs’ nanoparticle distributions
have been determined and studied using AFM, as
shown in Fig. 5b.

of biosynthesized Selenium

SEM-EDX Analysis
The EDX spectrum is mainly used to determine
the elemental composition and purity of
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Fig. 4. Synthesis of Se-NPs by a biological method
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biogenically formed Se-NPs, as shown in Fig. 6a. can be explained through the presence of plant
A robust Se signal with high atomic percent values bioactive chemicals on the surface of Se-NPs. SEM
at 2 keV showed that Se-NPs were made with an micrographs were primarily used for examining
aqueous extract of mango peel. Additionally, a few the morphological pattern of biosynthesized Se-
weak C, O, Al, and P signals were detected; these NPs from Peel extract, as shown in Fig. 6b. These
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Fig. 5. a) UV-Vis spectroscopy analysis of the selenium nanoparticles b) 3D AFM images of the biosynthesized Se-NPs.
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TEM micrographs indicated that the nanoparticles
ranged in size from 33 nm and were spherical
particles with a mostly face-centered cubic shape
as illustrated in Fig. 6c¢.

The powdery Se-NPs XRD spectra are displayed
in Fig. 7, which illustrates that the Se-NPs crystalline
structure had formed upon the identification of 20
notable peaks referring to the peaks of diffraction
17.3139, 18.6777, 22.6477, 23.5596, 23.9334,
25.3806, 29.7263, 30.8866, 31.8108, and 72.9431.

Antibacterial Activities of Se-NPs

There have been few reports of Se-NPs’ Anti-
bacterial action; hence, the data that have been
published are indicative of the therapeutic
potential of Se-NPs. Six types of bacteria (E.
coli, P. aeruginosa Klebsiella spp, S. aureus, S.
epidermidis, and S. pyogenes). were chosen for
the investigation of the antibacterial properties
of Se-NPs biosynthesized from mango peel
extract. As mentioned earlier, these bacteria

20 : cps/eV
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SEM MAG: 15.0 kx Date(m/dly): 11/17/22

(b)

B

(©

Fig. 6. Selenium nanoparticles. (a) EDX and, (b) mapping of Se-NPs SEM images and (c) TEM Morphology of the Se-NPs at 100x.
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were isolated from patients suffering from urinary
tract infections. Fig. 8a shows the inhibited zone
diameter (I1ZD) against tested bacterial species.
Se-NPs have shown more efficacy against gram-
positive bacteria, with the inhibition zone
diameter reaching (26.23 mm) in S. aureus, while
S. pyogenes reached (22.4 mm). Further analysis
utilizing the MIC method of the diameters of
zones of inhibition observed in Fig. 8b revealed
substantial variations among the investigated
bacterial strains. S. epidermidis showed a lower
MIC value of 8 ug/ml. The sizes of the zones of
inhibition, as determined by the MIC technique,
allow one to conclude that the selenium
nanoparticles considerably slowed the growth of
most species. In general, when comparing Se-NPs
to gram-negative Klebsiella spp, the anti-bacterial
activity against P. aeruginosa was higher than
that of E. coli. It was also shown that there was a
significant difference at different concentrations of
Se-NPs at (P<0.05) in the dissemination mean zone
of the Se-NPs against gram-positive, compared to
Gram-negative bacteria that was not as significant
inhibition zone diameter.

The goal of this investigation was to investigate
the use of metal nanoparticles to extend the
shelf life of fruit. Despite increased interest
in nanoparticles and their potential uses, few
practical ways exist to extend the shelf life of
fruits. The study focused on the theories that

underlie the expansion of metallic nanoparticles’
shelf lives, such as those of selenium oxide.

The potential uses of nanoparticles as fruit
preservation agents have sparked interest due
to their biological characteristics, particularly
their antibacterial properties. Many traditional
preservation  techniques have  numerous
disadvantages, such as high manufacturing
expenses, short shelf lives, unwanted residues,
and the inability to adequately store perishable
fruits in their natural habitats [17].

Food producers typically discard fruit and
vegetable peels, yet these are rich in biologically
active compounds, which include flavonoids,
polyphenols, antioxidants, carotenoids, and
essential oils. etc., that help lower and stabilize
metal ions during the green synthesis of
nanomaterials [18]. Various NPs have been
synthesized using fruit and vegetable peels
with different biological properties such as anti-
cancerous, antimicrobial, antioxidant, and catalytic
efficiency. An essential metric to measure SeNPs is
their morphological structure, which is correlated
with their optical, electrical, and, occasionally,
biological characteristics. TEM allows for an
assessment of NP sizes, dispersions that are, and
shapes. The findings of the current study support
[19], which reported that CuONPs were mostly
spherical with a small number of larger ellipsoidal
particles. The results demonstrated that SeNPs
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Fig. 7. XRD test of Se-NPs biosynthesized from mango peel extract.
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with varying morphological characteristics and
particle sizes were produced by varying amounts
of mango peel extract (MPE), with peel extract
serving as a reducing and capping agent in the
synthesis of NPs.

Similarly, AgNPs were synthesized with the Peel
Extract of Mangoan with an average size of 23.7
nm and were cylindrical and monodispersed [20].
During the experiment, indicator bacteria (both
gram-positive and gram-negative) were used
to assess the inhibitory effect of various SeNPs
obtained from an extract from mango peel on
the growth process of the bacteria. The findings
demonstrated that the antibacterial activity
of the produced SeNPs is enhanced by adding
more mango peel extract. Furthermore, the
collaboration of particle size, shape, and quantity
of particles resulted in excellent NP bactericidal
performance [21]. The concentration of the
mango peel extract, however, could be having
an impact on these features, which consequently
would affect the SeNPs’ antibacterial activity.
Several reducing chemicals, including flavonoid
and polyphenolic elements, have been identified
in mango peel extract, agreeing with [22] showing
that plant-based biomacromolecules might
stabilize AgNPs while successfully inhibiting the
aggregation-induced production of precipitation.
However, a larger concentration of mango peel
extract correlated with an increase in the silver
ion (Ag') reduction rate, which led to AgNP
aggregation and precipitated.

The potential of the nanoparticles to stop
bacterial growth and protect cells from damage
by free radicals was evaluated. The outcomes of
this study showed that nanoparticles of selenium
created with the help of mango seeds were potent
antioxidants and highly successful at preventing
the development of the tested bacteria. Other
results by [23] show Zinc oxide nanoparticles
have been created utilizing mangoes, which is a
financially and environmentally good innovation,
and synthesized ZnO NPs using mango seed
extract.

Green nanotechnology involves the use of
medicinal plants to generate metal and other
nanoparticles that may be used in the diagnosis
and treatment of a range of illnesses. It is being
demonstrated that metal nanoparticles made
from microorganisms, medicinal plants, and
other dietary sources are inexpensive and safe.
However, given the strain on global food security
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and the increasing scarcity of natural resources,
the preservation of the environment is a concern.

CONCLUSION

In summary, our research has shed light on the
potential uses of biowastes—like the seeds or peels
of therapeutic plants—in the biomedical industry
for the synthesis of metal nanoparticles. According
to this study, SeNPs made from aqueous mango
seeds showed significant antioxidant activity and
were effective against clinical pathogens that
were evaluated. When tested against both Gram-
positive and Gram-negative bacterial isolates,
the seed-mediated nanoparticles demonstrate
excellent antibacterial activity. Green methods for
synthesis. SeNPs are considered to be low-cost,
one-step, and environmentally friendly processes.
The generation of particles with the lowest size and
highest degree of stability is the main objective
of the synthesis of selenium nanoparticles.
Investigating new SeNP preparation methods
necessitates determining the antibacterial effect
and the strength of antibacterial activity. Previous
work showed that selenium nanoparticles exhibit
a range of antibacterial effects depending on their
size and structure. As an outcome, while assessing
the antibacterial qualities, this work utilizes mango
peel extract as a reduction agent for green SeNP
synthesis.

CONFLICT OF INTEREST

The authors declare that there is no conflict
of interests regarding the publication of this
manuscript.

REFERENCES

1. Fawzi FH, Ahmed ME. Green Synthesis and Characterization
of Selenium Nanoparticles via Staphylococcus warneri
Approach: Antimicrobial and on PhzM Pyocyanin Gene
Expression in Pseudomonas aeruginosa. Plasmonics. 2024.

2. Emad M, Salama K. A comparison of the Effects of Lemon
Peel -Silver Nanoparticles Versus Brand Toothpastes and
Mouthwashes on Staphylococcus Spp. Isolated From Teeth
Caries. Iragi Journal of Science. 2020:1894-1901.

3. Karthik KK, Cheriyan BV, Rajeshkumar S, Gopalakrishnan M.
A review on selenium nanoparticles and their biomedical
applications. Biomedical Technology. 2024;6:61-74.

4. Shehab ZH, Ahmed ST, Abdallah NM. Genetic variation of
pilB gene in Pseudomonas aeruginosa isolated from Iraqi
patients with burn infections. Annals of Tropical Medicine
and Public Health. 2020;23(16).

5. Alvi GB, Igbal MS, Ghaith MMS, Haseeb A, Ahmed B, Qadir
MI. Biogenic selenium nanoparticles (SeNPs) from citrus
fruit have anti-bacterial activities. Sci Rep. 2021;11(1):4811-
4811.

J Nanostruct 14(4): 1357347-1357, Autumn 2024
(@)er |


http://dx.doi.org/10.1007/s11468-024-02378-2
http://dx.doi.org/10.1007/s11468-024-02378-2
http://dx.doi.org/10.1007/s11468-024-02378-2
http://dx.doi.org/10.1007/s11468-024-02378-2
http://dx.doi.org/10.24996/ijs.2020.61.8.6
http://dx.doi.org/10.24996/ijs.2020.61.8.6
http://dx.doi.org/10.24996/ijs.2020.61.8.6
http://dx.doi.org/10.24996/ijs.2020.61.8.6
http://dx.doi.org/10.1016/j.bmt.2023.12.001
http://dx.doi.org/10.1016/j.bmt.2023.12.001
http://dx.doi.org/10.1016/j.bmt.2023.12.001
http://dx.doi.org/10.36295/asro.2020.231615
http://dx.doi.org/10.36295/asro.2020.231615
http://dx.doi.org/10.36295/asro.2020.231615
http://dx.doi.org/10.36295/asro.2020.231615
https://pubmed.ncbi.nlm.nih.gov/33637796
https://pubmed.ncbi.nlm.nih.gov/33637796
https://pubmed.ncbi.nlm.nih.gov/33637796
https://pubmed.ncbi.nlm.nih.gov/33637796

S. Abdul Majeed et al. / Biogenic Synthesis of Mango Peel-derived Selenium Nanoparticles

6. Urbankova L, Skalickova S, Pribilova M, Ridoskova A,
Pelcova P, Skladanka J, et al. Effects of Sub-Lethal Doses of
Selenium Nanoparticles on the Health Status of Rats. Toxics.
2021;9(2):28.

7. Seddiq SH, Zyara AM, Ahmed ME. Evaluation the
Antimicrobial Action of Kiwifruit Zinc Oxide Nanoparticles
Against Staphylococcus aureus lIsolated from Cosmetics
Tools. BioNanoScience. 2023;13(3):1140-1149.

8. Xia H, Matharu AS. Unavoidable food supply chain waste:
acid-free pectin extraction from mango peel via subcritical
water. Faraday Discuss. 2017;202:31-42.

9. Yang N, Li W-H. Mango peel extract mediated novel route
for synthesis of silver nanoparticles and antibacterial
application of silver nanoparticles loaded onto non-woven
fabrics. Industrial Crops and Products. 2013;48:81-88.

10. Ahmed ME, Al-Awadi AQ, Abbas AF. Focus on Synergistic
Bacteriocin-Nanoparticles Enhancing Antimicrobial Activity
Assay. Mikrobiolohichnyi Zhurnal. 2023;85(6):95-104.

11. Evaluation of Antimicrobial Activity of Plants Extract
Against Bacterial Pathogens Isolated from Urinary Tract
Infection among Males Patients. Al-Anbar Medical Journal.
2021;17(1):20-24.

12. Venkataramanamma D, Aruna P, Singh RP. Standardization
of the conditions for extraction of polyphenols from
pomegranate peel. J Food Sci Technol. 2016;53(5):2497-
2503.

13. Xing Y, Liao X, Liu X, Li W, Huang R, Tang J, et al.
Characterization and Antimicrobial Activity of Silver
Nanoparticles Synthesized with the Peel Extract of Mango.
Materials (Basel, Switzerland). 2021;14(19):5878.

14. Romi ZM, Ahmed ME. The Influence of Biologically
Synthesized Copper Nanoparticles on the Biofilm Produced
by Staphylococcus haemolyticus 1solated from Seminal
Fluid. Iraqgi Journal of Science. 2024:1948-1968.

15. Faig NH, Ahmed ME. Effect of Biosynthesized Zinc oxide

J Nanostruct 14(4): 1347-1357, Autumn 2024
[@)er |

Nanoparticles on Phenotypic and Genotypic Biofilm
Formation of Proteus mirabilis. Baghdad Science Journal.
2024;21(3):0894.

16. H. Kadhim Z, Ahmed ME, Simsek I. Biologically synthesized
Copper Nanoparticles from S. epidermidis on resistant S.
aureus and cytotoxic assay. Bionatura. 2023;8(CSS 1):1-12.

17.Yiblet Y, Abdu I, Belew B. Comprehensive Literature Review
on Metal Nanoparticle for Enhanced Shelf Life of Mango
Fruit. TheScientificWorldJournal. 2024;2024:4782328-
4782328.

18. Delicana JDP, Unabia R, Dulog JC, Lalem A, Sayson NLB,
Capangpangan RY, et al. Size-Dependent Surface Plasmon
Resonance of Green Synthesized Gold Nanoparticles Using
Mangifera indica Fruit Peel Extract. Materials Science
Forum. 2024;1113:35-40.

19. Faig NH, Ahmed ME. Inhibitory Effects of Biosynthesized
Copper Nanoparticles on Biofilm Formation of Proteus
mirabilis. Iragi Journal of Science. 2024:65-78.

20. Khodashenas B, Ghorbani HR. Synthesis of silver
nanoparticles with different shapes. Arabian Journal of
Chemistry. 2019;12(8):1823-1838.

21. Hassan ZJS, Hamid MK, Ahmed ME. Synthesized Zinc
Oxide Nanoparticles by The Precipitation Method on
Streptococcus Spp From Dental Carries and Cytotoxicity
Assay. International Journal of Drug Delivery Technology.
2022;12(03):1327-1330.

22.Balaz M, Bedlovi¢ova Z, Daneu N, Siksa P, Sokoli L, Tkacikova
L, et al. Mechanochemistry as an Alternative Method of
Green Synthesis of Silver Nanoparticles with Antibacterial
Activity: A Comparative Study. Nanomaterials (Basel,
Switzerland). 2021;11(5):1139.

23. Villanueva PX, Avila YC, Davila LR, Méndez JJ, Murillo Arango
W. Characterization and use of Mangifera indica L. seeds
from four varieties. BioResources. 2020;15(3):5264-5280.

1357


https://pubmed.ncbi.nlm.nih.gov/33546233
https://pubmed.ncbi.nlm.nih.gov/33546233
https://pubmed.ncbi.nlm.nih.gov/33546233
https://pubmed.ncbi.nlm.nih.gov/33546233
http://dx.doi.org/10.1007/s12668-023-01142-w
http://dx.doi.org/10.1007/s12668-023-01142-w
http://dx.doi.org/10.1007/s12668-023-01142-w
http://dx.doi.org/10.1007/s12668-023-01142-w
http://dx.doi.org/10.1039/c7fd00035a
http://dx.doi.org/10.1039/c7fd00035a
http://dx.doi.org/10.1039/c7fd00035a
http://dx.doi.org/10.1016/j.indcrop.2013.04.001
http://dx.doi.org/10.1016/j.indcrop.2013.04.001
http://dx.doi.org/10.1016/j.indcrop.2013.04.001
http://dx.doi.org/10.1016/j.indcrop.2013.04.001
http://dx.doi.org/10.15407/microbiolj85.06.095
http://dx.doi.org/10.15407/microbiolj85.06.095
http://dx.doi.org/10.15407/microbiolj85.06.095
http://dx.doi.org/10.33091/amj.0701622020
http://dx.doi.org/10.33091/amj.0701622020
http://dx.doi.org/10.33091/amj.0701622020
http://dx.doi.org/10.33091/amj.0701622020
https://pubmed.ncbi.nlm.nih.gov/27407217
https://pubmed.ncbi.nlm.nih.gov/27407217
https://pubmed.ncbi.nlm.nih.gov/27407217
https://pubmed.ncbi.nlm.nih.gov/27407217
https://pubmed.ncbi.nlm.nih.gov/34640275
https://pubmed.ncbi.nlm.nih.gov/34640275
https://pubmed.ncbi.nlm.nih.gov/34640275
https://pubmed.ncbi.nlm.nih.gov/34640275
http://dx.doi.org/10.24996/ijs.2024.65.4.15
http://dx.doi.org/10.24996/ijs.2024.65.4.15
http://dx.doi.org/10.24996/ijs.2024.65.4.15
http://dx.doi.org/10.24996/ijs.2024.65.4.15
http://dx.doi.org/10.21123/bsj.2023.8067
http://dx.doi.org/10.21123/bsj.2023.8067
http://dx.doi.org/10.21123/bsj.2023.8067
http://dx.doi.org/10.21123/bsj.2023.8067
http://dx.doi.org/10.21931/rb/css/2023.08.01.54
http://dx.doi.org/10.21931/rb/css/2023.08.01.54
http://dx.doi.org/10.21931/rb/css/2023.08.01.54
https://pubmed.ncbi.nlm.nih.gov/38957455
https://pubmed.ncbi.nlm.nih.gov/38957455
https://pubmed.ncbi.nlm.nih.gov/38957455
https://pubmed.ncbi.nlm.nih.gov/38957455
http://dx.doi.org/10.4028/p-92udae
http://dx.doi.org/10.4028/p-92udae
http://dx.doi.org/10.4028/p-92udae
http://dx.doi.org/10.4028/p-92udae
http://dx.doi.org/10.4028/p-92udae
http://dx.doi.org/10.24996/ijs.2024.64.1.7
http://dx.doi.org/10.24996/ijs.2024.64.1.7
http://dx.doi.org/10.24996/ijs.2024.64.1.7
http://dx.doi.org/10.1016/j.arabjc.2014.12.014
http://dx.doi.org/10.1016/j.arabjc.2014.12.014
http://dx.doi.org/10.1016/j.arabjc.2014.12.014
http://dx.doi.org/10.25258/ijddt.12.3.65
http://dx.doi.org/10.25258/ijddt.12.3.65
http://dx.doi.org/10.25258/ijddt.12.3.65
http://dx.doi.org/10.25258/ijddt.12.3.65
http://dx.doi.org/10.25258/ijddt.12.3.65
https://pubmed.ncbi.nlm.nih.gov/33924877
https://pubmed.ncbi.nlm.nih.gov/33924877
https://pubmed.ncbi.nlm.nih.gov/33924877
https://pubmed.ncbi.nlm.nih.gov/33924877
https://pubmed.ncbi.nlm.nih.gov/33924877
http://dx.doi.org/10.15376/biores.15.3.5264-5280
http://dx.doi.org/10.15376/biores.15.3.5264-5280
http://dx.doi.org/10.15376/biores.15.3.5264-5280

	Biogenic synthesis and Characterization of Mango Peel-derived Selenium Nanoparticles for its Anti-Ba
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	MATERIALS AND METHODS 
	Identification of Microorganisms  
	Collection of Biomaterial 
	Synthesis of Selenium nanoparticles 
	Characterization of Selenium Nanoparticles 
	Minimum Inhibitory Concentration determination 
	Screening of anti-microbial activities by agar well diffusion method (AWD) 
	Statistical Analysis 

	RESULTS AND DISCUSSION 
	Biosynthesis of Selenium Nanoparticles:  
	Characterization of biosynthesized Selenium Nanoparticles 
	SEM-EDX Analysis 
	Antibacterial Activities of Se-NPs 

	CONCLUSION 
	CONFLICT OF INTEREST 
	REFERENCES 

