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Abstract: These days, nanoparticles are being considered as nano-antibiotics because of their execution
of antimicrobial activities towards a broad range of microbes. Nanoparticles are used in industrial
products, health, food, space, and cosmetics;thus, researchers need for a green, ecofriendly, and low-
cost approach to synthesize it. Green synthesis is such an approach of synthesizing NPs using
microorganisms and plants, which is free of additional impurities. We used Mimusops elengi Linn. raw
fruit extract in water to reduce the silver nitrate salt to produce silver NPs. The samples were
characterized using various instrumental techniques. Broadband known as Surface Plasmon Resonance
found near 450 nm in the absorption spectrum shows the formation of Ag NPs. NPs with average
hydrodynamic diameters in the ranges 20-300 nm were detected from DLS study having negative zeta
potential value (varies between - 25.8 to —15.8 mV), which suggests that as NPs surface is charged, it
provides colloidal stability to the NPs in a liquid medium. FTIR study reveals that an increase in the
intensity of some of the vibrational band with NP-content is due to the adsorption of some molecules
on the surface of NPs. XRD pattern shows that NPs have an fcc structure. Samples were tested to have
capabilities to kill both bacteria and fungi.
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1. Introduction

Noble metal nanoparticles (NPs) like silver (Ag), gold (Au), platinum (Pt), palladium
(Pd), etc. synthesis is a quite difficult task. Various factors like are pH, the concentration of
precursor salt solution, temperature, the concentration of capping agent, sonication conditions,
etc. affect the particle size, chemical composition, crystallinity, and shape. Variation in their
size, shape, or both varies the color of the nanoparticles. Basically, there are two basic routes
employed in the preparation of NPs. One such route is Top-down, wherein NPs are obtained
by mechanical crushing of source material, which includes high energy ball milling, laser
ablation, electro-explosion, chemical etching, etc. In the second method (i.e., bottom-up
approach), the structures are built up by chemical processes where NPs are obtained as a result
of an atom by atom or molecule by molecule addition. Various types of processes under this
are sol-gel process, green synthesis, chemical reduction method, hydrothermal route, chemical
vapors deposition (CVD), combustion, aerosol process, plasma spraying process, etc. [1-3].
Out of all the synthesis routes mentioned above, green synthesis is preferred the most as in the
rest of other methods, various chemicals are used that are toxic in nature. In order to do the
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green synthesis, more eco-friendly plant-mediated nanoparticle synthesis is the best choice, as
this avoids the use of toxic, carcinogenic, harsh, and expensive chemicals [2-6]. Also, various
phytohormones present in the plant extracts act as good stabilizing, thus providing stability to
the nanoparticles, and there is no requirement of extra capping agents or reducing agents. Out
of all the metal NPs, noble metal NPs are being synthesized in a wide range because of their
vast uses like catalysis, sensing, bio-medical, etc. [3-7].

Many works have been done in the field of synthesis of various noble metals
nanoparticles from plant extracts. Khalil et al. [5] has synthesized silver NPs from olive leaf
extract and has studied their antimicrobial properties. Various instruments like UV-Visible
spectrophotometer, Fourier Transform Infrared (FTIR) spectrophotometer, Scanning Electron
Microscope (SEM), etc. are used by them to study the prepared NPs. Husseiny et al. [6] has
reported biosynthesis of size-controlled Ag NPs from Fusarium oxysporum. The synthesized
Ag NPs show excellent antibacterial activity against pathogenic bacterias (both gram-positive
and gram-negative). Their test results were found to exhibits tremendous antitumor activity
against a human breast carcinoma cell line called MCF-7.

In a report, Nakkala et al. [7] evaluated antioxidant, antibacterial as well as anticancer
effects of Ag NPs, which were developed using an aqueous rhizome extract of Acorus calamus.
They confirmed the formation of Ag NPs using a UV-Visible spectrophotometer. Dynamic
Light Scattering (DLS) study revealed the formation of ~32 nm NPs. Aqueous flower extract
of Mimusops elengi, Linn was used in the synthesis of Ag NPs, and NPs were characterized
using UV-Visible & FTIR spectrophotometer and SEM. They have reported potential
antibacterial activity against both gram-positive like Staphylococcus aureus and a gram-
negative E. coli bacteria [8]. Kiran Kumar et al. [9] have synthesized Ag NPs using the
Mimusops elengi seed extract and characterized the sample using UV-Visible spectroscopy,
FTIR spectroscopy, and TEM. The synthesized Ag NPs were found to be sensitive against both
Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli). These NPs also acted as an
antioxidant agent against ascorbic acid. In a recent article, Farjadian et al. [10] have reported
that Ag-NPs capped with metronidazole ionic liquids can be used in wound dressing
applicationsExtracts of Capparis zeylanica leaves were used to develop Ag-NPs and studied
their antimicrobial and antiproliferative potency. The developed Ag-NPs were reported to
exhibit excellent antiproliferative activity against not only against pathogenic microbes but also
on A549 cancer cell lines [11]. Renuka et al. [12] have synthesized Ag-NPs using phyllanthus
emblica fruit extract and tested their medicinal efficacy. They have reported that their
synthesized Ag-NPs were exhibiting significant antibacterial effects.

Aerial parts of Allium rotundum I, Falcaria vulgaris Bernh, and Ferulago angulate
Boiss extracts were used in the green synthesis of Ag-NPs and studied their antimicrobial
effects. The obtained bio-synthesized Ag-NPs were reported to exhibit a good antibacterial
effect on bacteria like P. aeruginosa and S. aureus [13]. Sherin et al. [14] have synthesized
Ag-NPs using novel Terminalia bellerica kernel extract and studied their photocatalytic
activity towards various chemicals and dyes. The synthesized Ag-NPs have exhibited a good
catalytic reduction of various well known organic pollutants such as 4-nitrophenol and widely
used organic dyes like methylene blue and methyl orange. Khan et al. [15] have demonstrated
that Ag-NPs synthesized using the bacterial strain Bacillus sp. MB353 (PRINA357966)
exhibits good antibacterial activity against both Gram-positive and Gram-negative bacteria.

https://biointerfaceresearch.com/ 10041


https://doi.org/10.33263/BRIAC113.1004010051
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC113.1004010051

2. Materials and Methods
2.1. General procedure for preparation of Mimusops elengi, L. fruit extract in water.

Raw fruits were collected from the Bokul tree (Mimusops elengi, L.) present on the
campus of Silicon Institute of Technology, Bhubaneswar, Odisha. Then, raw fruits weighing
8.1 g was taken in a beaker containing 100 mL of deionized water (i.e., 81 mg/L) and placed
in a hot magnetic stirrer plate maintained at 100 °C for 1.5 h. During the heating process, the
beaker was covered with a watch glass to avoid loss of water. The aqueous extract was filtered
using Whatman 42 paper (2.5 um) and stored in a refrigerator maintained at ~10°C. The extract
is colorless to the naked eye.

2.2. Preparation of silver salt solution in water.

Silver salt (AgNOs) of 99 % Ag was purchased from Loba Chemie to prepare Ag NPs.
The salt was dissolved in a calculated amount of deionized water to form a solution of strength
32 mM. The salt solution, as such, is colorless.

2.3. General procedure for the synthesis of Ag NPs in the aqueous plant extract.

Freshly prepared extract solution and silver salt solution were used to synthesize stable
Ag nano-colloids or nanofluids in water. At first, 5 mL of aqueous extract was taken in a beaker
and placed in a hot magnetic stirrer maintained at 70 °C. Then, the silver nitrate solution was
added drop-wise using a micropipette into it under stirring condition. We prepared five samples
by adding 0.05 mL, 0.1 mL, 0.15 mL, 0.2 mL, and 0.25 mL of silver salt solution of strength
32 mM to a fixed volume of extract solution (5 mL) of strength 81 mg/L. After 1 minute of hot
stirring, we observed that the color of the solution has changed to grey. It happens due to the
formation of Ag NPs. In this investigation, the Ag-contents were varied as 0.6 mM, 0.7 mM,
0.8 mM, 0.90 mM, and 1.0 mM in the presence of a fixed volume (5 mL) of raw fruit extract
in water. As far as our knowledge and literature studies are concerned. This is a first report on
the synthesis of Ag NPs with the help of raw fruits extract of the Bokul tree (Mimusops elengi,
L.) in an aqueous medium.

2.4. Measurement and analyses.

Liquid samples in water were used to collect absorption spectra in the 200-900 nm
regions. Perkin-Elmer Lambda 750 spectrophotometer was used in collecting absorbance data
against wavelength. We used Perkin-Elmer FTIR Spectrometer (Spectrum 65) for collecting
the FTIR data in the wavenumber regions 400-4000 cm for all the samples. As it was a liquid
sample, we have opted for an attenuated total reflectance mode using a ZnSe crystal as a sample
holder for collecting data. Malvern Nano Zetasizer Nano Z potential analyzer was used to find
the zeta-potential values and hydrodynamic diameters of all the liquid samples. This device
utilizes a micro-electrophoresis technology in analyzing the liquid samples. Wide angled. X-
ray diffractometer (make-PHILIPS; model-PW-1710) was used to collect patterns of various
samples. We prepare the sample for the diffractometer as follows: At first, liquid samples were
cast on the surface of a silicon substrate. After drying it in a desiccator, it was placed in the
instrument to get diffraction patterns. A monochromatic CuK,- radiation of wavelength A =
0.15405 nm was used in getting the pattern. Oxford model Leo1550 VP SEM was used to take
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the images. While taking the images, the accelerated voltage was fixed in the 2-10 kV range.
We have adopted a Disk-diffusion method in studying our samples sensitive towards microbes.

3. Results and Discussion

3.1. UV-Vis and FTIR analysis.

We studied the UV-Vis optical absorption spectra in the 230-650 nm regions to verify
the formation and stability of NPs in an aqueous medium. The UV-Vis spectra of six number
of samples consisting of consisting of (a) 0.0, (b) 0.6, (c) 0.7, (d) 0.8, (e) 0.9, and (f) 1.0 mM
Ag NPs in an aqueous raw fruit extract of Mimusops elengi. were shown in Figure 1A. The
color change from colorless to grey during the synthesis is due to the formation of NPs, and it
is a result of the Surface Plasmon Resonance (SPR) phenomenon [16]. We observed two
absorption bands in the spectra. One weak band at 255 nm is from the extract due to n>n*
transition of phytochemicals present in the extract and another broadband ascribed to SPR band
developed near 455 nm for in all the samples except sample-a (i.e., for extract). For aqueous
extract, no SPR band is observed as there is no NPs in it. The SPR band near 455 nm suggests
the formation of nearly spherical NPs [10,11]. Jyoti et al. [16] have reported the SPR band at
414 for Ag NPs. They have synthesized these NPs using aqueous leaves extract of Urtica dioica
(Linn.). From Figure 1A, we observed that the intensity of the SPR band is increasing with
increasing the Ag-content due to the presence of a large number of Ag-NPs. Also, the SPR
band (Figure 1B.) is shifting to a higher wavelength side with increasing in Ag-content. It is
due to an increase in the cluster size of NPs [13-18]. The band near 255 nm is shifting to a
lower wavelength with Ag-content. It is a good sign as such a characteristic is required for
absorbing harmful UV-light. So it suggests that our sample could act as UV-absorber or as UV-
protective coating. It is reported that the SPR peak located between 410 and 450 nm has been
attributed to the development of spherical Ag NPs 17,18].
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Figure 1. (A) The UV-Vis spectra of Ag-nanofluids and (B) SPR band of samples: (a) 0.0, (b) 0.6, (c) 0.7, (d)
0.8, (e) 0.9, and (f) 1.0 mM Ag NPs in an aqueous raw fruit extract of Mimusops elengi.

Interfacial interaction between Ag NPs and phytochemicals like lupeol present in the
plant extract was studied using FTIR spectra. FTIR study also helps in identifying the role of
phytochemicals as capping and stabilizing. The FTIR spectra of six liquid samples consisting
of (a) 0.0, (b) 0.6, (c) 0.7, (d) 0.8, (e) 0.9, and (f) 1.0 mM Ag NPs in an aqueous raw fruit
extract of Mimusops elengi. were shown in Figure 2. The various FTIR bands of plant extract
was found at 3350 cm™, 2925 cm, 1635 cm™, 1335 cm™, 1045 cm™, and 623 cm™. In the
presence of Ag NPs, it is observed from the spectra that the intensity of some selective band

https://biointerfaceresearch.com/ 10043



https://doi.org/10.33263/BRIAC113.1004010051
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC113.1004010051

has increased, and also some band shifts either towards longer wavelength or shorter
wavelength from their original position. From the spectra, it is found that there is an increase
in band intensity and also shifting of some selective band. It suggests that there is some sort of
interaction that occurs between Ag NPs and active sites of phytochemicals [16,18]. The band
at 3350 cm™ is due to O-H stretching. Its intensity has increased upon the addition of more
and more Ag NPs. The other bands at 2925 cm™, 1635 cm™ and 1045 cm™ are ascribed to
aldehydic C-H stretching, amide-I, -C-O-C- stretching vibration, respectively.The various
FTIR bands of plant extract was found at 3350 cm™, 2925 cm, 1635 cm™, 1335 cm™, 1045
cm, and 623 cm™. In the presence of Ag NPs, it is observed from the spectra that the intensity
of some selective band has increased, and also some band shifts either towards longer
wavelength or shorter wavelength from their original position. The band at 3350 cm™ is due to
O-H stretching. Its intensity has increased upon the addition of more and more Ag NPs. The
other bands at 2925 cm™, 1635 cm™ and 1045 cm™ are ascribed to aldehydic C-H stretching,
amide-I, -C-O-C- stretching vibration, respectively [19].
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Figure 2. The FTIR spectra of liquid samples: (a) 0.0, (b) 0.6, (c) 0.7, (d) 0.8, (e) 0.9, and (f) 1.0 mM Ag NPs in
an aqueous raw fruit extract of Mimusops elengi.

3.2. Hydrodynamic diameter and zeta-potential analysis.

The particle size distribution of different Ag nanofluids consisting of (a) 0.6, (b) 0.7,
(c) 0.8, (d) 0.9, and (e) 1.0 mM Ag NPs in an aqueous raw fruit extract of Mimusops elengi.
were shown in Figure 3A. It is found from the DLS spectra that the average hydrodynamic
diameter for sample-a is 230 nm whereas it has increased up to 340 nm in the sample-e.
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Figure 3. (A) Size distribution of liquid samples consisting of (a) 0.0, (b) 0.6, (c) 0.7, (d) 0.8, (e) 0.9, and (f) 1.0
mM Ag NPs in an aqueous raw fruit extract of Mimusops elengi and (B) variation of NPs size with Ag-content.
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From Figure 3B, it is found that the diameter of the Ag cluster is increasing with
increasing the Ag content. This is due to the reason that as the Ag content increases in the
sample, the relative number of phytochemical molecules per NPs decreases. As a result, the
capping efficiency decreases due to a relative decrease in the number of capping molecules,
and this causes an increase in clusters size of Ag. Jyoti et al. [16] have reported average size of
36 nm for synthesized Ag NPs, and they are polydisperse in nature. In another article size of
100 nm was reported for Ag NPs [20].

We also studied the distribution of zeta-potential around the surface of NPs to have an
idea about the colloidal stability of Ag nano-colloids. Figure 4A. Shows the zeta-potential
distribution of different samples consisting of (a) 0.0, (b) 0.6, (c) 0.7, (d) 0.8, (e) 0.9, and (f)
1.0 mM Ag NPs in an aqueous raw fruit extract of Mimusops elengi. We obtained negative
zeta-potential for all our Ag nanofluids. This shows that Ag NPs are surrounded by the negative
charge. We got the highest zeta-potential of (-) 25.8 mV for a sample containing 0.6 mM Ag
NPs and the lowest value for the sample containing 1.0 mM Ag NPs. This clearly suggests that
as sample-a has the highest zeta-potential owing to their smallest size. We found from Figure
4B that with an increase in Ag-content or increase in size, the zeta-potential value decreases.
In a report, a zeta-potential of -25.1 mV was reported for Ag-NPs [22]. Buszewski et al. [20]
have reported an average zeta-potential value of -32 mV for Ag nanocolloids. Khorrami et al.
[21] have reported zeta-potential value of -33.7 mV at pH = 6.5 at 25 °C. They suggested that
such a large value of zeta-potential causes the formation of highly stable nanocolloid particles
in a liquid medium [20-22].

3.3. XRD and Microstructural analysis using SEM.

The crystalline nature of Ag NPs was studied using the XRD pattern. The XRD pattern
of a sample consisting of 0.9 mM Ag NPs was shown in Figure 4.
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Figure 4. XRD patterns of a sample containing 0.9 mM Ag NPs with plant extract.

The characteristic diffraction peaks were observed at 38.45°, 46.35°, 64.75% and 78.1°
in the 20 range 10-80% which can be indexed to the (111), (200), (220), and (311) planes of
face-centered cubic (fcc) Ag-crystal, respectively [9,16-19]. The indexed planes have a good
match with the standard diffraction pattern of JCPDS No. 01-087-0597 [9,16]. It discloses that
the synthesized Ag NPs are composed of pure crystalline silver. The lattice type is of fcc. From
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the XRD-pattern, the intense peak corresponding to (200) plane. The XRD pattern suggests
that the main orientation for NPs lies in the (200) plane.

The morphology, size details, and size distribution of the Ag NPs were studied using
SEM images. Figure 5 depicts SEM images of Ag-NPs containing (A) 0.6 and (B) 1.0 mMAg
NPs with plant extract. From Figure 5A, it is found that the particles were of nearly spherical
in shape, and their average diameter lies between 200-250 nm. The Ag NPs were encapsulated
by phytochemicals. The size distribution is almost uniform. The diameter has increased to 300
nm in a sample containing 1.0 mM Ag NPs (Figure 5B). The particles were found to be
interconnected via phytochemicals present in the plant extract.

Figure 5. SEM image of Ag-NPs containing (A) 0.6 and (B) 1.0 mMAg NPs with plant extract.
3.4. Analysis of the antibacterial activity of Ag NPs with plant extract.

Two different pathogenic bacterial strains were used to study the antibacterial effect of
prepared samples. One strain was gram-positive bacteria (i.e., Staphylococcus aureus), and
another was gram-negative bacteria (i.e., Escherichia coli). We used the agar well diffusion
method to study the antibacterial effect of phyto-synthesized Ag NPs. In order to study the
antibacterial effect, wells were made using a sterile cork borer (6 mm) under aseptic conditions.
The inocula were prepared by diluting the Ag NPs solution (aqueous Ag NPs) with 0.9% NaCl
to a 0.5 McFarland standard and were swabbed onto the plates which were previously seeded
by one of the tested pathogenic bacteria.

Figure 6. Antibacterial activity test of extract solution against (A) E. coli and (B) S. aureus.

Different concentrations of the Au NPs were loaded on marked wells with the help of
micropipette under aseptic conditions, and plates were incubated at 37°C, and incubation time
was ~24 h. Then the diameter of the zone of inhibition (ZOI) was measured using a ruler and
https://biointerfaceresearch.com/ 10046
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expressed in mm. Figure 6 shows the Antibacterial activity test of extract solution against E.
coli and S. aureus. From the image, it is found that there is no antibacterial activity (no ZOl)
of plant extract against E. coil. Figure 7 shows the antibacterial activity of Ag NPs of various
concentrations: (S1) 0.6, (S2) 0.7, (S3) 0.8, (S4) 0.9, and (S5) 1.0 mM Ag NPs in an aqueous
raw fruit extract of Mimusops elengi. against E. coli. The ZOIl for samples (S1-S5) was
calculated to be 15 mm, 16 mm, 17 mm, 14 mm, and 14.5 mm, respectively. So, maximum
ZOI was found for the sample-S3 consisting of 0.8 mM Ag NPs against these gram-negative
bacteria.

Kiran Kumar et al. [9] have reported that their synthesized Ag NPs were showed higher
activity towards S. aureus as compared to E. coli. The antibacterial activity against gram-
positive (Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, and Staphylococcus
epidermidis) and gram-negative (Escherichia coli, Klebsiella pneumoniae, Serratia
marcescens and Salmonella typhimurium) bacterial pathogens were demonstrated by Jyoti et
al. [16] using Ag NPs. They further studied the synergistic effects of Ag NPs with various
antibiotics against all bacterial pathogens. Their results showed that Ag NPs, in combination
with antibiotics, have a better antibacterial effect as compared with Ag NPs alone. So, they
suggested that their samples can be used in the treatment of infectious diseases caused by
bacteria.

Figure 7. Antibacterial activity of Ag NPs of various concentrations: (S1) 0.6, (S2) 0.7, (S3) 0.8, (S4) 0.9, and
(S5) 1.0 mM Ag NPs in an aqueous raw fruit extract of Mimusops elengi. against E. Coli.

The maximum effect, with a 17.8 fold increase in inhibition zone, was reported for
amoxicillin with Ag NPs against S. marcescens proving the synergistic role of Ag NPs. Prakash
et al. [19] have synthesized Ag NPs using aqueous leaf extract of Mimusops elengi,v L. and
studied antimicrobial efficacy against multi-drug-resistant clinical isolates. They reported that
samples were showing a clear zone of inhibition against Klebsiella pneumonia, Micrococcus
luteus, and Staphylococcus aureus. Ag-NPs synthesized using black peel pomegranate
nanoparticles were able to kill the bacteria at a minimum bactericidal concentration of 40-65
https://biointerfaceresearch.com/ 10047
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pg/ml with minimum inhibitory concentration lies between 200-300 pug/ml [21]. In an article,
Varadavenkatesan et al. [22] have reported that the Ag-Nps synthesized using aqueous flower
extract of Ipomoea digitata Linn. exhibits good efficacy towards multi-drug resistant bacteria
like Escherichia coli and Staphylococcus epidermidis. In another article, Kumar et al. [23]
were reported the antimicrobial activity of the Ag NPs using a well diffusion method against
four bacteria. These are Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli,
and Klebsiella pneumoniae. The highest antimicrobial activity of Ag NPs synthesized by S.
tricobatum, O. tenuiflorum extracts were reported against S. aureus (30 mm) and E. coli (30
mm), respectively. We also found that negative control has no antibacterial activity against the
gram-positive bacteria S. aureus. (Figure 6B). Figure 8 shows the antibacterial activity of Ag
NPs of various concentrations: (S1) 0.6, (52)0.7, (S3) 0.8, (S4) 0.9, and (S5) 1.0 mM Ag NPs
in an aqueous raw fruit extract of Mimusops elengi. against S. aureus. The ZOI for samples
(S1-S5) was calculated to be 14 mm, 12 mm, 19 mm, 11 mm, and 12 mm, respectively. So, the
maximum ZOI found that it is against gram-positive bacteria for the sample-S3 consisting of
0.8 mM Ag NPs.

2019/2/15 12:23

201972/15 12:23

Figure 8. Antibacterial activity of Ag NPs of various concentrations: (S1) 0.6, (S2) 0.7, (S3) 0.8, (S4) 0.9, and
(S5) 1.0 mM Ag NPs in an aqueous raw fruit extract of Mimusops elengi. against S. aureus.

3.5. Mechanism o formation of Ag NPs.

It was reported that an aqueous extract of Mimusops elengi L. fruit is rich in many
phytochemicals, which include polyphenols [24-26]. One such polyphenol is quercitol. These
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polyphenolic compounds contribute a lot to the synthesis NPs [22-25]. It is reported that
quercetin molecules present in the Bakul Tree fruits play an important role in the bioreduction
of metal ions like silver, copper, gold, etc. Approximately 3.63+0.07 mg of quercetin
equivalent/g of dry weight is present in the aqueous fruit extract of Mimusops elengi [27].
Quercetin is a strong ligand having three active sites. The susceptible sites like carbonyl (C=0)
and hydroxyl (-OH) functional groups are not only helping in the reduction of Ag+-ions to Ag
atoms but responsible for providing stability to Ag NPs in solution also. The electron-rich sites
in quercetin molecules provide their electrons to electron-deficient Ag+-ions first to convert
them to Ag-atoms and later Ag NPs via a bottom-up approach. After acting as a reducing agent,
they sit on the surface of NPs to avoid agglomeration and hence acts as encapsulating agents.
In support of experimental results, the probable scheme of forming Ag NPs is depicted in
scheme 1B.

“) U
U U
U U
w
-— =, o
HOL _n O o Quercetin transfer its electrons - .
A n_I - _L_UH (shown in green arrow) to silver SNPs surrounded by quercetin (green
g OH © curves) which stabilize them.

ions and by accepting the electron
the ion get reduced.The rest -OH
Quercetin groups for chelation to make it
stable (shown by pink lines)

ions

Scheme 1. (A) Structure of Quercetin, (B) Hypothetical mechanism of the synthesis of Ag NPs.
4. Conclusions

We have successfully developed Ag NPs using a fast, environmentally benign, and
suitable method. We used an aqueous raw fruit extract of Mimusops elengi tree in synthesizing
our series of Ag nanofluids. The extract has successfully reduced Ag (I) of AgNOs salt to Ag
(0). Cluster sizes of particles varied between 230-350 nm. The Ag NPs are polydisperse in
nature and have a nearly spherical shape. The synthesized Ag NPs were characterized using
UV-Vis, FTIR, XRD, DLS, SEM, and agar well diffusion method. UV-Vis spectral analysis
and XRD analysis suggested that Ag NPs are formed from the precursor salt using plant
extract. FTIR reveals that phytochemicals are not only acted as a reducing agent but also as a
capping agent. XRD pattern confirms that Ag NPs are crystalline in nature. The antimicrobial
sensitivity of the biosynthesized Ag NPs was evaluated against microbes, which include both
bacteria and fungi. Samples have shown excellent antimicrobial activity against various
pathogens.
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