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ABSTRACT

Enduring demand of sustainable environment encourages the novel green approach of fruit waste utiliza-
tion to synthesize silver nanoparticles. Herein, aqueous extract of Nyctanthes arbor-tristis (NAT) fruit, was
used as reducing agent to formulate silver nanoparticles (AgNPs), synthesized silver NPs were observed
spectrophotometrically at 460 nm reflecting sharp peak. The average crystalline size of the X-ray diffrac-
tion was assessed to be 29.39 nm. Reduction in the FTIR peaks revealed substantial role of phytocon-
stituents (alcohol, polyphenol, amides etc.) in single step method to produce AgNPs. About 20-60 nm,
spherical shaped NPs were observed under TEM (Transmission electron microscopy) and SEM
(Scanning electron microscopy). Moreover, the EDX (Energy-dispersive X-ray spectroscopy) evaluation
revealed the distinct peak of Ag with 27.5% weight. Negative value i.e. —31.5 mv of zeta potential con-
firmed virtuous stability & dispersion of produced NPs. Nyc. Nyctanthes based AgNPs exhibited efficient
catalytic activity in NaBH4 mediated reduction of mordant orange- 1 (MO-1) and methylene blue (MB).
The results showed that Nyc.-AgNPs degraded more than 80% to both dyes. In addition, Nyc.-AgNPs
unveiled significant antimicrobial role against different bacterial & fungal strains. The attained outcomes
proposed that the NAT mediated AgNPs would be an efficient source to approach various environmental
and biomedical applications.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

reported to treat cervical cancer, it showed dose dependent cyto-
toxic effect against HeLa cell lines through the inhibition of B actin,

Green nanotechnology is observing as congregating proficiency
of the current scenario owing to its excellent structural stability
overages and its diversified potentiality towards the major areas
of science (Abdulsahib, 2021; David and Moldovan, 2020).
Amongst the different metal nanoparticles (MNPs), silver nanopar-
ticles (AgNPs) are consideredas one of the important NPs, because
of its inimitable assets including good conductivity, antifungal,
antiviral, antibacterial, chemical stability, cytotoxic activities,
waste water treatment and targeted drug delivery (Gul et al.,
2021; Haggag et al., 2019; Jain et al., 2021; Jebril et al., 2020).
For example chitosan entrapped Aegle marmelos silver NPs were
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N-cadherin, SNAIL and increasing the levels of E-cadherin, cas-
pase3 & 9 (Sukumar et al., 2022). Different physical and chemical
routes have been used to synthesise the silver NPs, allied with cer-
tain limitations like high cost, use of hazardous and toxic chemicals
etc.. Consequently, there is an instantaneous necessity to evolve an
alternative method based on green approach, which is non-
hazardous, eco-friendly, worthwhile and possess several human
therapeutic applications (e.g. in wound healing, arthritic disease,
etc.). Currently, plant mediated synthesis of silver NPs has been
widely considered due to its eco-friendly approach as well as effec-
tive reduction efficiencies. Formerly, different plants such as Ster-
culia urens, Tinospora cordifolia, Conocarpus Lancifolius, Glochidion
candolleanum, Tragopogon collinus etc. being used to synthesize
AgNPs (Balachandar et al., 2022; Dhiman et al, 2021; Mittal
et al, 2017; Moodley et al., 2018; Oves et al.,, 2022; Seifipour
et al., 2020). Besides, Nyctanthes fruits have been also reported to
possess different type of bioactive compounds, which can be used
as an efficient reducing agent to synthesize the metal nanoparti-
cles. Different type of dye effluents accumulated in water bodies
can directly or indirectly affects the human population by causing
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various incurable disease. Methylene blue (cationic thiazine dye)
and Mordant orange- 1 (azo dye) is also included in list of water
pollutants which is widely utilized in the textile industry as an
important colouring source (Fito et al., 2020). To overwhelm the
obstacles associated with the traditionally used degradation meth-
ods, nanoparticle derived catalytic degradation is currently acces-
sible by the researchers to upsurge the catalytic experiments for
the deduction of some harmful organic pollutants (Pandey et al.,
2020). Besides, Antibiotic resistance reduces the effectiveness of
treating infections and diseases in animals, humans, as well as
plants. Henceforth, the uses of NPs have emerged as novel tools
that can be effectively used to combat deadly bacterial infections.
The limitations of conventional antimicrobials, such as antibiotic
resistance, can be overcome via nanoparticle-based techniques
(Gupta et al., 2019). Therefore, the present research laid emphasis
on utilization of phyto waste material (Nyctanthes fruit) as a chief
source of silver reducing & capping agent to fabricate AgNPs, char-
acterization and their cytotoxic evaluation on selected fungal &
bacterial species and also assessed efficient environmental applica-
tions in catalytic degradation of hazardous MB & MO-1 dyes.

2. Materials and methods
2.1. Materials

Silver nitrate (99.0% pure) NaBH,4, & MB, MO-1 were procured
from Sigma Aldrich, India. Analytical grade deionized water were
used to prepared all type of aqueous solutions.

2.2. Assortment & preliminary processing of Nyctanthes arbor-tristis
fruits

Dried fallen fruits of N. arbor-tristis, (during February-March)
were collected from plant established in Vatika infotech City, Thee-
karaya (Jaipur), and thoroughly rinsed with tap water followed by
Milli-Q to eradicate dust particles. 5.0 g of crushed fruits were
added into 100 ml of Milli-Q water and kept on hotplate for
10 min boiling. Afterwards; Whatman Grade 1 filter paper was
used to collect the clear filtrate.

2.3. Phytofabrication of AgNPs

AgNPs were synthesized by reducing AgNOs solution at a range
of 1-5 mM in the occurrence of the NAT fruit extract (1-5%). A vol-
ume of 40 ml of fruit extract was mixed with 60 ml of AgNO3
(2 mM) solution and kept at normal room temperature for 24 hr.
Afterwards, there is no changes was found in the reaction mixture,
to overwhelm this difficulty the same reaction mixture was kept
into the orbital shaker at 35 °C & 180 rpm for 24 hrs. For the assess-
ment of optimization studies different parameters were carried out
such as variation in the ratios of aqueous plant extract & AgNO;
solution, temperature (25° to 55°c), variable time (6-30hr), pH
(3-11), all the experimental steps were performed in dark
condition.

2.4. Purification of nanoparticles

Synthesized Nyc.-AgNPs were collected in purified form via per-
forming centrifugation at 10,000 rpm (5 min) after resultant pellet
washed thrice with deionized water to take off unreduced Ag (I)
ions & extra fruit extracted metabolites.
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2.5. Characterization

Uv-visible spectroscopy (Shimandzu UV2600) were used to
record UV-vis spectra with 1 nm resolution and wavelength range
between 350 and 750 nm. Fourier transform infrared (FTIR, Bruker
alpha) spectroscopy was performed to recognize bioactive com-
pounds (functional group) present in aqueous fruit extract, con-
tributed their effectual role in the capping, reduction as well as
stabilization of Ag ions, measured in the frequency range of 500
to 4000 cm™' based on the Attenuated total reflection
(ATR) method. While the surface morphology, shape & size of
Nyc.-AgNPs were revealed using SEM Jeol (USA) & TEM. The
crystallographic nature of the Nyc.-AgNPs was examined using
X-ray powder diffraction. The long lasting stability of silver NPs
was measured through zeta potential technique (ZEN 5600),
which designates the alteration in surface charge with respect to
time.

2.6. Antimicrobial sensitivity testing

The microorganisms considered for antimicrobial susceptibility
assessment were: E. coli (Escherichia coli), P. syringae (Pseudomonas
syringae), S. aureus (Staphylococcus aureus), P. fragi (Pseudomonas
fragi), S. putrefaciens (Shewanella putrefaciens), S. epidermidis (Sta-
phylococcus epidermidis) and A. flavus (Aspergillus flavus). Minimum
inhibitory zone (MIC) was calculated using well diffusion method.
All tests were executed in triplicate and average results were
calculated.

2.7. Assessment of bacterial cell membrane damage

The structural modifications in the cell surface morphology of
E. coli and S. aureus were examined using FESEM. The properly
growth conditioned bacterial suspensions was mixed with Nyc.-
AgNPs and incubated for 24 hr. at 37 °C with shaking conditions.
Further, 2 ml of control (without treated with AgNPs) as well as
2 ml of treated bacterial suspensions were subjected for centrifu-
gation at 5000 rpm for 5 min at 4 °C. Resultant, pellet were washed
thrice with distilled water & spread on glass slide via adding Milli Q
water and subjected for SEM analysis.

2.8. Catalytic degradation measurements

Nyctanthes based silver nanoparticles were used as nanocatalyst
to study NaBH, mediated degradation of MB (methylene blue) and
MO-1 (mordant orange 1),. The experiment was done in a standard
UV quartz cell cuvette. Formerly, 2 ml (100 uM) of methylene blue
and MO-1 was mixed with 0.5 ml (0.01 M) of NaBH4 (aqueous)
&0.5 ml of Synthesized Ag nanoparticles. The degradation effi-
ciency of AgNPs against the studied dyes were observed using Shi-
mandzu UV2600 spectrophotometer. The MB and MO-1
absorbance were measured in test solutions at 664 nm and
385 nm respectively.

The given formulas were used to calculate the degradation effi-
ciency (%) & reaction rate constant (pseudo-first order) in test &
control with relevant time interval:

Degradation efficiency(%) = (Ao — A:/Ao) x 100 (1)
Pseudo - first — order(—kt) = In(A;/Ao) (2)

where Ap- Initial absorbance of dye.
A; - Absorbance obtained after each time interval.
K- Degradation reaction rate constant.
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3. Result and discussion

3.1. Biosynthesis and UV-vis spectral profiling of synthesized Nyc.-
AgNPs

3.1.1. Visual inspection

Addition of NAT fruit extract induces conversion in colour from
orange to dark brown, which endorsed the biological reduction of
silver ions into AgNPs as well as considered as a preliminary
authentication of AgNPs fabrication (Fig. 1) (Al-Rajhi et al., 2022;
Dhiman et al., 2021; Samanta et al., 2022).

3.1.2. UV-Vis spectroscopy

UV spectra profiling/Amax value of reaction mixture recorded
between 350 and 750 nm. Though, a sharp peak was logged at
460 nm with 0.5% plant extract and 2 mM AgNOs solution. Simi-
larly, previous findings also concluded the same SPR peak between
the ranges of 450-500 nm, considered as a reference peak apropos
for AgNPs formation (Ali et al., 2016; Kredy, 2018).

3.1.2.1. Influence of time on the formation of AgNPs. UV-visible spec-
trum was recorded with the interval of 6 hr. Initially up to 6 hr. the
colour of the reaction mixture and absorbance between reference
wavelength ranges 450 to 500 were not observed. Further, as the
time passes till 24 hr. with incessant shaking conditions, colour
of the reaction mixture changes with 460 nm Amax value, recorded
via UV-visible spectra (Fig. 2a). Upto 24 hr. UV-Vis spectra showed

Step 1: Sample preparation

Nyctanthes arbor-tristis Collected dried fiuits

Step 2: Synthesis and characterization of AgNPs

Boiling of Crushed fruits in Milli Q
water for 10 min
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good peak reference to AgNPs synthesis. Further, with the
increased time duration overlapped spectra were found (Fig. 2a).

3.1.2.2. Effect of reactant concentration. Amongst the tested concen-
trations of AgNOs; and plant extract, optimum results were
obtained with the 0.5% fruit extract and 2 mM AgNO; showed clear
peak at 460 nm (Khane et al., 2022; Kumar et al., 2017) (Fig. 2b).
Afterwards, obtained results were used for further experimental
analysis.

3.1.2.3. Impact of temperature on the fabrication of AgNPs. Fig. 2c
revealed the UV-visible spectra of Nyc.-AgNPs at different temper-
ature ranges 25 to 55 °C with the increased in temperature, reduc-
tion of Ag ions was also enhanced, indicating through rapid colour
change of the solution. Optimum temperature was recorded 55 °C.
Obtained results were completely correlated with some previous
finding (Gou et al., 2015; Tyavambiza et al., 2021; Verma and
Mehata, 2016). Beyond 55 °C decreased peak was found.

3.1.2.4. Effect of pH. No sharp peak was observed with the acidic
solution, while with the increased pH towards alkaline conditions,
absorbance was also increased. Although, a clear and sharp peak
was observed with alkaline pH, it was clearly shown in (Fig. 2d).
Henceforth, pH 11 was found to be an optimized pH for Nyc.-
AgNPs formation. This result on alkaline pH is supported by
(Kedi et al., 2018; Verma and Mehata, 2016).

Filtration
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';; s Synthesized Silver nitrate Aqueous fruit
e AgNPs solution extract
Characterization (‘%‘ 4
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<
g s
Step 3: Biological application of synthesized AgNps &0
C
2 ] = plant extract
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1 -
0 : ; ; '
350 450 550 650 750
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Fig. 1. Schematic illustration of biogenic synthesis of AgNPs using Nyctanthes arbor-tristis fruit extract & its antimicrobial efficiencies.
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Fig. 2. UV-Vis spectrum of Nyc.-AgNPs obtained for (a) different reaction time (6-30 hr.) & (b) with different concentration of AgNO3 and plant extract after 12 hr. of
incubation, (c) with increasing range of temperature (25 °C-55 °C) (d) various pH values (3-11).

3.2. Infrared spectral analysis

Comparative phytochemical profile of aqueous fruit extract and
synthesized Nyc.-AgNPs showed transmission peaks with reduced
band intensities at 3845, 3743, 3617, 3096, 2352, 1742, 1649,
1525, 1008, 873, 629, 524 cm™! (Fig. 3). The obtained peaks at
3845,3617, 3096 cm~! (between the series of 4000-3000 cm™!)

consigned for O—H stretching (hydroxyl functional group), also
deliberated for the incidence of polyphenols with primary & sec-
ondary amine group of proteins (Cheng et al., 2014; Coates,
2006; Hamouda et al., 2019). Vibrational stretching around 2352,
1649, 1525 cm'wavelength showed involvement of C—O,
(—C=C—) or N—O respectively. The FTIR band around 1008 cm™!
was assigned to (C—0) (Tripathi et al., 2017). Despite, 873, 629,
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Fig. 3. FTIR spectrums of fruit extract & synthesized Nyc.-AgNPs.
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524 cm~' peaks were perceived ranges between 1000 and
500 cm™!, revealing existence of C—Br, C—H, O—H groups respec-
tively (alkyl halide). The interpretation of FTIR data revealed sub-
stantial role of phytoconstituents (alcohol, polyphenol, amides
etc.) in single step technique to yield AgNPs by averting cluster
development and providing steadiness in the medium.

3.3. Scanning electron microscopy

SEM examination endorses the spherical shape of AgNPs with
the approx 20-60 nm particle size (Fig. 4a). These outcomes were
sturdily reinforced by some published studies (Ghotekar et al.,
2019; Jusoh et al,, 2019; Kumar et al., 2019). Energy-dispersive
X-ray spectroscopy (EDX), describe the elemental constituents of
produced materials. Nyc. The SEM-EDX analysis of synthesized
AgNPs confirms the presence of Ag ions (27.5%) and some other
elements such as, carbon, oxygen, and chlorine act as reducing &
capping agents (Fig. 4b,c).

3.4. Zeta potential distribution

Intensive negative value of zeta potential, considered as an evi-
dence about the efficiency of capping agent’s for the stabilization of
the nanoparticles (Ashour et al., 2015; Bogireddy et al., 2016;
Sharifi-Rad et al., 2021). Zeta potential analysis of Nyc. based
AgNPs determined the negative value i.e. —31.5 mv & confirmed
virtuous stability and dispersion of produced NPs. (Fig. 4d) This
electric —ve charge, induces resilient repulsive force between the
particles, averts from accumulation (Varadavenkatesan et al,
2019).
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3.5. X-ray diffraction (XRD)

Fig. 5a illustrated the X-ray Diffraction pattern of the green syn-
thesized AgNPs. The diffraction peaks at 38.10°, 44.33°, 64.42°, and
77.29° are analogous to (111), (200), (220), and (311) reflection
planes respectively, accredited to face centered cubic structure of
silver nanocrystals. Other resultant peaks relevant to the organic
compound, present in the extract (Thiruvengadam and Bansod,
2020) (library ref code 96-901-3047, Suh,l.-K., Ohta, H., Wased,
Y., Journal of Materials Sciences, 23, 757-760, (1988).

Using the XRD spectrum, the average size (crystallite) of MNPs
was calculated via Debye-Scherer Equation (Holzwarth and
Gibson, 2011):

D = 0.95//pcos0 (3)

where, D = average crystallite size, B is line broadening in radians, 0
is the Bragg’s angle &\ = X-ray wavelength. The calculated average
crystallite size of the AgNPs around 29.39 nm (Table 1). Analogous
outcomes were also concluded in someprevious findings (Atalar
et al., 2021; Faisal et al., 2020).

3.6. TGA - Analysis

Thermal gravimetric analysis (TGA) provides information about
purity & thermal stability of synthesized silver NPs. It is clearly
reflected from Fig. 5b the initial weight loss between the tempera-
tures range 0 °C-100 °C is observed owed to the water eradication
from the organic environment of the NPs, substantiates that the
plant based AgNPs are an excellent materials for absorbing mois-
ture in various fields of applications (Traiwatcharanon et al.,

W25 Magd00  Takesf 269 Live Tine(s) 8 AmpTimelis) 384 Reselfion el 130
Tt
|
e f
00 _ }
o 1 " 51 ) & w2 om [ TR
Oets OB DetBenentClb
Mean (mV) Area (%) 5t Dev(mV)
Element Weight % Atomic % Error % Zota Patential (mV): -31.1 Poak 1: 311 100.0 412
c K 20_9 38_5 10_8 Zeta Deviation (mV): 4.12 Peak 2. 000 0.0 000
— = e e ooy ivity | 0.106 Peak 3: 0.00 00 0.00
| OK 293 0.6 114 Result quality : Good
S e GE &2 i 2o Petentis itbution
SiK 28 22 78 —
PK 1 07 86 el
SK 04 03 49
SK 04 03 14.9 ——
CIK 11.3 7 36 % i
AgL 275 56 26 o
KK 0.8 05 13.5 100000 1
CaK 19 1 121 0 :
100 [ 100 200
CuK 0.8 03 16.8 C Apparent Zela Petential (mV) ‘7\ )

Fig. 4. Characterization of Synthesized Nyc.-AgNPs using (a) SEM analysis (size range (20-60 nm), (b,c) EDX spectroscopy (Ag 27.5 %), and (d) zeta potential stability valuation

(=31.1 mv).
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Fig. 5. (a) XRD pattern of bio synthesized AgNPs. Vertical lines relate to face centered cubic (fcc) crystal structure of silver, (b) TGA graph of biosynthesized NPs, (c-e)

Transmission electron microscopy images of silver nanoparticles.

Table 1
Particle size calculation of Nyctanthes mediated AgNPs.

S.no. 20 of the intense peak (deg) d-spacing [A] FWHM of intense peak (B) radians Size of the particle (D) nm
1 38.1023 111 0.4998 17.57
2 44.3395 200 1.0083 8.89
3 64.4234 220 0.3199 30.67
4 77.2944 311 0.1759 60.43
The average value of the crystalline size of nanoparticles of silver 29.39

2017). The mass loss at 200-300 °C was occurred due to the cellu-
losic materials. The deprivation pattern of phytoconstituents was
lasting until 490 °C. Similar consequences have been studied by
other researchers (Ali et al., 2015).

3.7. High-resolution transmission electron microscopy (HRTEM)
analysis

Fig. 5(c-e) revealed the presence of spherical Ag NPs. Some pre-
vious results are available in the support of the current observation
relates to polydispersed nature of silver NPs with 20-50 nm size,
ensured through TEM(Mittal et al., 2020; Ojha et al., 2017).

3.8. Antimicrobial assessment

According to the results, aqueous extract which is used as a con-
trol did not show any kind of antimicrobial activity, while Nyc.-
AgNPs showed dose dependent antibacterial potential against
studied bacterial as well as fungal strains. Results have been pre-

sented in the form of zone of inhibition (ZOlin millimeters), in
Table 2. Nyc.-AgNPs showed significant antibacterial effect against
P. fragi i.e. 24.9 £+ 0.10 mm. Besides, the ZOI reached 27.75 + 0.25
mm for E. coli, 15.5 + 0.50 mm for P. syringae, and 18.2 + 0.46 mm
for S. aureus (Fig. 6). The lower inhibition zones/MIC was observed
between 0.15 mg/ml to 0.002 mg/ml for biogenic AgNPs. The MIC
of Synthesized AgNPs was obtained at 0.15 mg/ml against, P. fragi
and P. syringae respectively. Despite, antifungal activity was tested
against A. flavus, found significant inhibition zone i.e. 18.1 + 0.15
mm with 10 mg/ml concentration and MIC was found at
0.15 mg/ml of Synthesized AgNPs (Fig. 7). Similar results were con-
cluded with some other findings (Adnan et al., 2022; Castillo-
Henriquez et al., 2020; de Jests Ruiz-Baltazar et al., 2017; Guerra
et al., 2020).

3.9. SEM morphological study

SEM analysis of treated bacteria was done to elucidate the
morphological changes occurred during the Nyc.-AgNPs treat-
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Table 2

Inhibitory Effect of Nyc.-AgNPs against different microbial strains.
Nyc.-AgNPs conc. (mg/ml) Zone of inhibition against bacterial & fungal pathogens (mm)

S. aureus P. fragi P. syringae S. putrefaciens S. epidermedis E. coli. A. flavus

10 18.2 £ 0.46 249 +0.10 15.5 £ 0.50 22.5+0.11 20.0 + 0.00 27.75 £ 0.25 18.00 £ 0.15
5 17.5. £ 0.50 22.0 £1.00 14.75 £ 0.25 19.5 £ 0.50 20.6 £ 0.57 27.00 £ 0.00 16.16 £ 0.28
2.5 17.0 £ 0.00 19.25 £ 0.25 14.1 £ 0.10 18.6 £ 0.57 19.25 £ 0.25 21.3 £0.57 15.33 £ 0.57
1.25 15.75 £ 0.30 16.25 + 0.25 12.75 £ 0.25 18.0 £ 0.00 18.45 + 0.45 19.1 £0.15 14.13 £ 0.15
0.62 13.5 +0.20 15.5 £ 0.50 13 £ 0.00 16.75 £ 0.25 15.5 + 0.50 18.2 £ 0.26 13.20 £ 0.26
0.31 12.5 £ 0.51 142 +£0.34 12.45 £ 0.45 16.50 £ 0.57 13.25 £0.25 17.5 £ 0.50 11.50 + 0.50
0.15 10.0 £ 0.75 11 £ 0.00 11.8 £0.76 15.52 + 0.28 10.25 £ 0.25 16.25 + 0.57 10.66 + 0.57
0.07 - - - 12.50 £ 1.15 - 12.50 £ 0.50 -
0.03 - - - - - - -
0.01 - - - - - - -
0.005 - - - - - - -
0.002 - - - - - - -

Fig. 6. Antimicrobial susceptibility well diffusion method. ZOI of Nyc-AgNPs at different concentrations (1-12; 10, 5, 2.5, 1.25, 0.62, 0.31, 0.15, 0.07, 0.03, 0.01, 0.005,
0.002 mg/ml). (a), (b), (c), (d), (e) against pathogenic strains S. aureus, P. fragi, P. syringae, S. putrefaciens, S. epidermedis, E. coli.

Fig. 7. Antifungal efficiency of Nyc.-AgNPs (a-c) at different concentrations (107'-10"; 10 mg/ml, 5 mg/mi, 2.5 mg/ml, 1.25 mg/ml, 0.62 mg/ml, 0.31 mg/l, 0.15 mg/ml,
0.07 mg/ml, 0.03 mg/ml & C; aqueous fruit extract) against A. flavus.
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control

Fig. 8. FE-SEM images of bacteria treated with Nyc.-AgNPs: (a,b) control & Nyc.-AgNPs treated E. coli (c,d) control & Nyc.-AgNPs treated S. aureus. Control without any
treatment demonstrates integrated, while treated bacteria show rumples & disintegration in cell membranes.

i.e. membrane integrity was completely lost and rumples was
also observed (Fig. 8). The membrane integrity loss and forma-
tion of rumples in the treated bacterial cells were analogous
with some previous findings (Anwar et al., 2019; Krishna et al.,

ment. S. aureus & E. coli bacterial strains without NPs treatment
considered as control showed smooth and damage free cells.
While, Nyc.-AgNPs treated E. coli and S. aureus showed intense
changes in their cell surface morphology. In the treated cells,
major changes were found in the membrane of bacterial cells 2015).
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Fig. 9. a,b) UV-Vis spectra of NaBH4 & Nyc.-AgNPs mediated degradation of MB c; d,e) UV-Vis spectra of NaBH4 & Nyc.-AgNPs mediated degradation of MO-1c,f) Pseudo first
order kinetic plot for the degradation of MB & MO-1respectively.



L. Sharma, M. Dhiman, A. Dadhich et al.
3.10. Catalytic degradation of dyes

UV-vis spectrum of MB and MO-1 showed distinct peaks at 665
and 385 nm respectively (Edison et al., 2020). In the control reac-
tion, solely NaBH; and AgNPs did not show degradation of the
studied dyes (Fig. 9 a,d). Furthermore, after addition of AgNPs in
the reaction mixture, containing MB/MO-1 with NaBH,, efficient
catalytic degradation was observed. Fig. 9b,e clearly depicted the
absorbance intensity of MO-1 & MB i.e. steadily dropped with
the addition of NaBH4 + Nyc.-AgNPs as the reaction time passes,
signifying that Nyc.-AgNPs have substantial catalytic efficiency.
To predict the degradation efficiency of AgNPs + NaBH, in
pseudo-first-order, Pseudo-first-order kinetic plot was also repre-
sented Fig. 9c,e. Moreover, degradation process of MB & MO-1
and response time were revealed in the form of linear correlation.
The rate constant was calculated using Eq. (2) and is found 0.141 &
0.050 min~! for MB & MO-1 respectively. Formerly, adjacent values
of rate constant (k) for the degradation of methylene blue has also
been reported (Edison et al,, 2020; Somasundaram et al., 2021).
Moreover, the MB &MO0-1 degrading efficacy was deliberate to be
>80%. Therefore, the green synthesized AgNPs from NAT substanti-
ated to be a potential & reliable catalyst to degrade MB.

4. Conclusion

N. arbor-tristis mediated silver NPs were synthesised using
safer, rapid & eco-friendly green approach. The biogenic Ag
nanoparticles were formed via reduction of silver (Ag+) ions using
NAT fruit extract. The phytosynthesized Nyc.-AgNPs were spherical
with an average size of 20-60 nm. In addition, these synthesised
AgNPs showed efficient ability to reduce infection causing bacteria
& fungi, which highlights the therapeutic value of these particles as
antimicrobial agent against different bacterial & fungal strains such
as S. aureus, E. coli, P. fragi, P. syringae, S. epidermedis and A. flavus.
This is first report on Nyctanthes fruit-based biocompatible & bio-
fabricated AgNPs. These cytotoxic effects of synthesized AgNPs will
provide an opportunity to the pharmaceutical companies to design
drugs using the biogenic NPs against the disease caused by the test
organisms. Besides, Nyc.-AgNPs can be recommended as an effi-
cient nanocatalyst for eliminating pollutants. Moreover, along with
efficient degradation potential, for industrial scale technology, it is
also important to study the proper integration of catalyst with con-
ventional technologies, its stability and its recyclability for long
term sustainability in actual field conditions
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