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Abstract

The aqueous seed extract of Annona squamosa L. was used as a reducing and stabilizing agent for the synthesis of silver
nanoparticles (AgNPs). The formation of AgNPs in aqueous silver nitrate solution after the addition of the extract was
indicated by a colour change from pale yellow to dark brown corresponding to a A, at 430 nm. The phytochemicals in
the extract, responsible for efficient capping and stabilization of the nanoparticles, were identified by FTIR. Powder XRD
pattern demonstrated the polycrystalline nature of the AgNPs. TEM image confirmed that AgNPs were spherical in shape
and the average particle size was found to be 22 nm. Further, the nanoparticles exhibited good catalytic activity towards
the degradation of coomassie brilliant blue dye and demonstrated significant antibacterial activity. Their larvicidal activity
against mosquito larvae showed a LCs,, value 22.44 pg/mL against III instars. In addition, AgNPs positively influenced the

germination of chickpea seeds.

Graphic abstract

*Synthesis of AgNP using A. Squamosa
*Size of AgNPs in the range 14-28 nm
*Antibacterial and larvicidal activity
*Catalyst for dye degradation
*Enhances seed germination
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Introduction

Nanoparticles are made up of atomic aggregations which
are spherical or quasi-spherical structures with 1-100 nm
in diameter. When compared to conventional physical or
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chemical processes for the preparation of nanoparticles,
green methods have a greater number of benefits. Their main
advantage is the lack of impact on the environment, as the
methods are in line with the principles of green chemis-
try and the process is cost-effective. Another advantage is
the easy transfer of the process to an industrial scale. Due
to their medicinal and antimicrobial properties [1], silver
nanoparticles (AgNPs) are incorporated in many consumer
products and have become one of the most commercialised
nanoparticles [2].

Various plant species had been investigated for the syn-
thesis of AgNPs [3] and such nanoparticles possess promis-
ing antibacterial properties [4]. For instance, nanoparticles
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of silver are effective in inhibiting the growth of both gram-
positive and gram-negative bacteria [5—7]. With the rise in
antibiotic resistance and the development of new antibiot-
ics, research has begun to focus on these antibacterial nano-
particles as potential new medical tools. Silver is generally
used in the nitrate form to induce an antimicrobial effect, but
when silver nanoparticles are used, there is a huge increase
in the surface area available for the microbe to be exposed
to. Bactericidal effects of silver nanoparticles have been
documented against bacterial strains such as Staphylococcus
aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus
cereus, Listeria innocua, Salmonella Choleraesuis [8-10].
Silver nanoparticles have also been used as optical sensors
for the formation of small-molecule adsorbates [11].

Excessive usage of conventional chemicals and pesticides
in land and water resources causes many risks to people
and the environment. Silver nanoparticles and their compos-
ites show improved catalytic activities in dye reduction and
removal [12] as documented for organic dyes using Trigo-
nella foenum-graecum seeds [13], methyl orange using Ulva
lactuca [14]. The colloidal solution of silver nanoparticles
was found to exhibit mosquito larvicidal activity against den-
gue and filariasis vector [15]. Larvicidal activity of AgNPs
has been studied using Leucas aspera [16], Belosynapsis
kewensis [17], Excoecaria agalloch [18] and Ficus racemosa
[19]. Among the different metal nanoparticles, AgNPs are
known to be positively influencing seed-germinaton process.
To date, there are only a few reports on the impact of AgNPs
to promote the growth and seed germination [20].

Annona squamosa L., the sugar apple which belongs to
the Annonaceae family was selected for the present study.
Annonaceae, plant family commonly named as custard apple
family is marked for many medicinal properties such as anti-
ulcer, anti-convulsant and antibacterial activity. The plant
also possesses analgesic, anti-inflammatory, anti-microbial,
cytotoxic, anti-oxidant, anti-lipidimic, molluscicidal, geno-
toxic, vasorelaxant, anti-tumour, hepatoprotective, larvi-
cidal, insecticidal and anthelmintic properties [21]. The
roots, leaves and seeds of A. squamosa have several medici-
nal properties [22]. The active fraction isolated from A.
squamosa seed extract has strong antibacterial, antioxidant
and antitumor activities due to the presence of annonaceous
acetogenins, the expanding class of potential long-chain fatty
acid which were initially noticed only in this species [23].
Significant interest in the studies of its derivatives present
in the seeds of the plant also points to their remarkable anti-
tumour and pesticidal activities [24]. Biosynthesis of AgNPs
using the seed extract of A. squamosa, its characterization
and biological activity assay has been done in this study.
Present approach for the synthesis of AgNPs using a waste
part of the plant material has economic and environmen-
tal benefits compared to conventional chemical or physi-
cal methods of nanoparticle synthesis. As reported in other
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plant-mediated synthesis of silver nanopartilcles, the phyto-
chemicals act as capping and stabilizing agent, can enhance
the biological activity of the AgNPs [8].

Materials and methods
Sample preparation

The fruits of Annona squamosa L. were procured from
Thrissur, Kerala, India (Fig. 1). The plant was identified
with the help of Flora of the Presidency of Madras [25].
The seeds were separated from the fruit and oven dried.
Finely ground seeds of A. squamosa (20 g) were boiled with
200 mL of distilled water to prepare the aqueous extract. The
filtrate of the extract was further centrifuged at 2000 rpm for
10 min and the extract was stored in amber coloured reagent
bottles at 4 °C for further use.

Synthesis of silver nanoparticles

Silver nitrate solution (100 mL, 1 mmol) was added to a
beaker containing 10 mL of the seed extract and mixed well.
The reaction mixture was kept under different physical con-
ditions such as at room temperature, at 60 °C, sunlight and
ultraviolet lamp (30 W, 253 nm, Philips Holland). When
the solution was kept under sunlight for 30 min, the col-
our of the mixture changed to yellowish-brown and later to
reddish-brown.

Characterization of AgNPs

UV-Visible analysis

To monitor the complete bioreduction of AgNO; to
silver nanoparticles, 1 mL of the sample suspension

was diluted with 2 mL of distilled water and the spec-
trum of this sample was recorded using UV-Visible

Fig. 1 Fruit and seed of Annona squamosa L.
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spectrophotometer (Shimadzu UV probe 1800) in the scan-
ning range 200-700 nm having a resolution of 1 nm.

FT-IR analysis

The seed extract (10 mL) was added to 100 mL AgNO;
(1 mmol) and kept under sunlight with continuous stirring.
After 30 min exposure, it was centrifuged at 14,000 rpm
(High speed-refrigerated-centrifuge, Thermo Electron LED,
Germany) for 20 min. The pellet was suspended in distilled
water, centrifuged twice and allowed to dry in a hot air oven.
The AgNPs thus obtained were used for FT-IR and XRD
analysis.

FT-IR analysis of the dried AgNPs was carried out using
potassium bromide (KBr) pellet method. The spectrum was
recorded using Fourier transform infrared spectrometer (Par-
kin-Elmer Pvt Ltd.) equipped with JASCO IRT-7000 Intron
Infrared Microscope in transmittance mode operating at a
resolution of 4 cm™!,

XRD analysis

PANalytical X-ray diffractometer at a scanning rate of
20 min~! with an operating voltage of 40 kV, monochro-
matic filter in the 20 range 10-80, was used in the present
study. It was used to examine phase identification and char-
acterization of the crystal structure of the nanoparticles.

TEM analysis

Transmission electron microscopy (TEM) technique was
used to visualize the morphology and size of the synthe-
sized AgNPs. The 200 kV ultra-high resolution transmission
electron microscope (JEOL, JEM 2100 h with EELS) was
used. TEM grids were prepared by placing SpL of the as-
synthesized AgNP solutions on carbon-coated copper grids
and dried under the lamp.

Biological activity of AgNPs
Photocatalytic degradation of toxic dye

Coomassie Brilliant Blue (CBB) is a member of triphenyl-
methane dyes that were developed for use in the textile
industry but are now commonly used for staining proteins in
analytical biochemistry. A freshly prepared solution (1 mL)
containing silver nitrate and the plant extract (ratiol0:1)
was added to 5 mL of 1% CBB solution with stirring and
kept under sunlight. At specific time intervals (10, 20,
30 min), 2 mL of the solution was taken and the absorbance
(480-680 nm) was recorded.

Antibacterial assay

Nutrient agar media (25 mL, Hi-Media, Mumbai) was
poured into petriplates under sterile conditions and left to
solidify at room temperature. The culture suspensions from
pure cultures of Gram-positive bacteria Staphylococcus
aureus (MTCC96) and Gram-negative bacteria Klebsiella
pnuemoniae (MTCC109) were chosen based on their clinical
and pharmacological importance [26]. The bacterial strains
were obtained from the Institute of Microbial Technology,
Chandigarh, India. Antibacterial activities of AgNPs against
these two bacterial strains were investigated by agar disc
diffusion method [27]. The sterile filter paper discs (6 mm
diameter) were saturated with 30 uL each of 100 pg/mL of
AgNPs, 0.1 g/mL of the plant extract (negative control) and
tetracycline disc (positive control) with deminerised water
as solvent. The filter paper discs were placed equidistantly
on the inoculated media and diffusion of the solution was
allowed to occur for 30 min at room temperature. Plates
were then inverted and incubated at 37 °C for 24 h. Tripli-
cates were employed per treatment and the average zone of
inhibition was recorded. Significance levels of standard and
treatments were compared with one way ANOVA test using
SPSS 20.0 software.

Larvicidal bioassay

Anopheles stephensi mosquitos were reared in the vector
control laboratory, Kerala Veterinary and Animal Sci-
ences University, Thrissur, Kerala, India. The larvae were
fed on dog biscuits and yeast powder in 3:1 ratio. Adults
were fed blood through a parafilm. Mosquitoes were held at
28 +2 °C temperature and 70-85% relative humidity with a
12 h light/12 h dark photoperiod. Larvicidal activity of the
biogenic AgNPs was evaluated according to WHO protocol
[28]. Five replicates having 100 larvae each of late III and
early IV instar stages were used for bioassays. Five concen-
trations of AgNPs (12, 24, 36, 48 and 60 pg/mL) and water
control replicates were run simultaneously. The number of
dead and alive larvae in the replicates was recorded after
24 h and the results were expressed as percent mortality.
The lethal concentrations that kill 50 percent of the treated
larvae (LC 50) and 90 percent of the treated larvae (LC 90)
were calculated [29]. The average larval mortality data were
subjected to probit analysis for calculating LC 50 and LC
90 at 95% of upper confidence limit and lower confidence
limit. Chi-squared values were calculated using SPSS 20.0
software.

Phytotoxicity assay

Germination test was performed using chickpea (Cicer
arietinum) seeds. 50 surface-sterilized seeds were kept on
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moist filter papers soaked in the respective treatment solu-
tion (25%, 50%, 75% and 100% v/v of AgNP dispersions)
in sterilized petriplates and were incubated in dark at 25 °C.
Seeds with root tip 1 mm and higher were considered as
germinated. The length of root and shoot (in mm) obtained
following 72 h after the germination of seeds was observed
and percent germination was calculated thereafter.

Results and discussion
Synthesis of silver nanoparticles

Reduction of AgNO; to silver nanoparticles took place
when the aqueous seed extract of A. squamosa was added
to 1 mmol silver nitrate solution. Formation of AgNPs was
indicated by the colour change of the solution to deep red-
dish-brown when the solution was exposed to sunlight for
30 min (Fig. 2a). The solution kept at 30 °C (rt), 60 °C or
under UV lamp showed only light yellow colour even after
24 h of exposure. AgNPs appeared to be reddish-brown
in the aqueous medium as a result of surface plasmon
vibrations.

Characterization of AgNPs

Characterization of the AgNPs has been done using UV—Vis-
ible spectroscopy, Fourier transform infrared spectropho-
tometer, X-ray diffractometer, and Transmission electron
microscope. These techniques help to monitor the shape,
size, surface area, and crystalline structure of nanoparticles.

UV-Visible analysis

Absorption spectra of AgNPs formed in the reaction media
after 30 min from the initiation of the reaction have an
absorption maximum in the range 420-450 nm due to sur-
face plasmon resonance (SPR) of AgNPs (Fig. 2b) [30].
Secondary metabolites such as fatty acids and polyphenols
present in the seed extract is responsible for the reduction of
silver nitrate to silver nanoparticles. Previous studies have
reported that the seeds of A. squamosa can be used as a
potential candidate in pharmacological preparations due to
their bioactive secondary metabolites [31]. The broadening
of the peak also indicated the formation of polydispersed
nanoparticles [32].

FT-IR analysis
Prominent bands of absorbance in FT-IR spectra (Fig. 3)
were observed at 1096, 1232, 1319, 1386, 1636, 2208,

3400 cm™~!. These peaks represent respectively ether linkage,
C-N, O-H bending, aliphatic and aromatic -C=C-, amide,
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Fig.2 a Colour change during the formation of AgNPs. b UV-Vis
spectrum

alkynic and phenolic or alcoholic groups present in the phy-
tochemicals. The FT-IR analysis confirms the capping over
AgNPs with plant-derived secondary metabolites. These
capped AgNPs helped to enhance the stability of AgNPs
in colloidal solution by preventing aggregation of particles.
Since they are capped by biomolecules they may serve as
a better candidate for the drug delivery systems [33]. Syn-
thesis of nanoparticles using plant extracts can potentially
eliminate the problem of chemical agents for nanoparticle
capping, which may have adverse effects in its application,
thus making plant-derived nanoparticles more compatible.

XRD analysis

XRD pattern of the biosynthesized AgNPs showed two
intense peaks in the spectrum with 26 values ranging from
20 to 80 (Fig. 4). XRD spectra of pure crystalline silver
structures have been published by the Joint Committee on
Powder Diffraction Standards (File no.04-0783). A com-
parison of the XRD spectrum with the standard confirmed
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Fig.3 IR spectrum of AgNPs
synthesised using Annona squa-
mosa L. seed extract
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Fig.4 XRD pattern of the silver nanoparticles

that the silver particles formed in our experiments were
in the crystalline phase. The peaks at 26 values 31.55°
and 45.63° can be indexed respectively as 111, 200 planes
of face-centred cubic silver. The Bragg reflections cor-
responding to (111) sets of lattice planes were observed
which may be indexed based on the face-centred cubic
structure of silver. The XRD pattern thus clearly indi-
cated that the silver nanoparticles were crystalline. The
other peaks having 20 values at 27.17°, 35.36°, 53.65° and
56.81° are due to the coexistence of organic compounds
accompanying crystalline AgNPs. Such unidentified crys-
talline peaks are apparent in many works in which the
XRD pattern includes the relevant 20 range [34].
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TEM analysis

Nanoparticle composition and size distribution could be
visualized through the Transmission electron microscope.
The TEM images of AgNPs obtained in the present study are
shown in Fig. 5. TEM image explained the size and shape of
the silver nanoparticles. The particle size of AgNPs showed
a size range 14-28 nm. The average particle size observed is
22 +5 nm. Furthermore, the analysis demonstrated that the
AgNPs were polycrystalline with irregular spherical shapes
and narrow size distribution. Energy-dispersive X-ray spec-
troscopy (EDAX) analysis of the AgNPs showed a high-
pitched absorption peak at 2.5 keV inferring the existence of
metallic silver (Fig. 5¢). Elements from the plant residue as
well as residual copper from copper grid account for the rest
of the peaks in the spectrum. AgNPs prepared using plant
extracts are stable in solution up to 4 weeks after its synthe-
sis due to the presence of a thin layer of organic material sur-
rounding the nanoparticles. This is one of the advantages of
nanoparticles synthesised using plant extract than the ones
which were synthesised using chemical methods.

Biological activity assay of AgNPs

The unique properties of silver nanoparticles have been
investigated for dye degradation, antimicrobial applications,
larvicidal activities and phytotoxicity assay.

Photocatalytic degradation of toxic dye

Silver nanoparticles and their composites showed greater
catalytic activity towards dye degradation and its removal.
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Fig.5 a TEM image b SAED pattern and ¢ particle size distribution histogram and d EDAX image of AgNPs

In the present study, the surface plasmon resonance (SPR)
band of CBB—-AgNPs solution was observed at 430 nm
which became apparent after 10 min of mixing CBB with
silver nitrate and the plant extract (ratiol0:1). The absorp-
tion at 430 nm is due to the formation of metallic silver
nanoclusters and its intensity increases with time. This
hyperchromic shift is due to the increase in the number
of nanoparticles formed by the reduction of silver ions
present in the aqueous solution. The peak corresponding
to CBB observed around 580 nm disappeared completely
within 30 min indicating the photocatalytic degradation of
Coomassie Brilliant Blue (Fig. 6).
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Antibacterial assay

Silver nanoparticles have been extensively studied in recent
years due to their antibacterial and therapeutic potential.
They can create reactive oxygen species which cause irre-
versible damage to bacteria and also have a strong affinity
in binding to DNA or RNA which interferes with the micro-
bial replication process [35]. In this study, the antimicrobial
property of AgNPs was investigated against Klebsiella pneu-
monia (Gram negative) and Staphylococcus aureus (Gram
positive) by disc diffusion method under sterilized condi-
tions using Tetracyclin as positive control (Fig. 7).
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Fig.6 UV-Vis spectra of CBB
dye degradation using the
AgNPs

— CBB

——— CBB + AgNP-10min.
—— CBB + AgNP-20min.
——— CBB + AgNP-30min.

Fig.7 Antibacterial study of
AgNPs

Triplicates were employed per treatment and the average
zone of inhibition was recorded. Significance levels of stand-
ard and treatments were compared by independent sample ¢
test using SPSS 20.0 software (Table 1).

From the table, it is clear that, in the case of S.aureus,
the area of the inhibition zone corresponding to AgNPs is
not significantly different from that of Tetracyclin; but it is
significantly different from that of the plant extract. Positive
value of the test statistic (9.35) indicates that the area cor-
responding to AgNPs is significantly larger than that of the
plant extract. Similarly, the area of the inhibition zone corre-
sponding to plant extract is significantly smaller than that of
Tetracyclin. In the case of K.pneumoniae, area of the inhibi-
tion zone corresponding to AgNPs is significantly different
from that of Tetracyclin and the plant extract. Positive values
of the test statistics (63.25 and 49.68) indicate that the area
corresponding to AgNPs is significantly larger than that of

Table 1 Inhibitory effects of AgNs against pathogenic microorgan-
isms

Bacterial isolate Treatments Mean* SD  Test statistic
S.aureus AgNPs 13 1.62 1.56
Tetracyclin (control) 11 0.81
AgNPs 18 0.12 9.35%
Plant extract 4 0.38
Plant extract 2 0.38 -14.23*
Tetracyclin (control) 11 0.81
K.pneumoniae ~ AgNPs 18 0.12 63.25*
Tetracyclin (control) 12 0.06
AgNPs 18 0.12  49.68*
Plant extract 4 0.38
Plant extract 4 0.38 -29.41%*
Tetracyclin (control) 12 0.06

*Values corresponding to three replicates

Test statistic in bold indicate that the values are significant
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Tetracyclin and the plant extract. As in the case of S.aureus,
area of the inhibition zone corresponding to plant extract is
significantly smaller than that of Tetracyclin. AgNPs pro-
duced a maximum zone of inhibition against both bacte-
rial strains when compared with positive control. Among
the gram strains, the highest zone of inhibition occurred in
gram-negative bacteria. This might be due to the presence
of a thin peptidoglycan layer in gram-negative strain, allow-
ing the easy penetration of silver nanoparticles, can bind to
the sulphur and phosphorous atom of deoxyribonucleic acid
[36, 37]. The antibacterial activity of AgNPs was found to
be efficient compared to commercial antibiotic tetracycline.

Larvicidal bioassay

Silver nanoparticles synthesized using seed extract of A.
squamosa were also tested for their activity against mosquito
larvae. Larvicidal bioassays were performed against III and
IV instars of Anopheles stephensi (Fig. 8).

Fig.8 Effect of AgNPs against
IIT and 1V instars of Anopheles
stephensi

Considerable mortality was evident after the treatment
of silver nanoparticle solution for the two important larval
stages of the vector mosquito, Anopheles stephensi. Mos-
quito larvae at III instar stage showed 100 percent mor-
tality in bioassays with AgNPs at 60 pg/mL. The LC50
and LC90 of III instars were the lowest (LC50 22.44 ng/
mL and LC90 40.65 pg/mL), while that of IV instars
was highest (LC50 27.83 pg/mL and LC90 48.92 pg/
mL). The control showed nil mortality in the concurrent
assay. y* value was significant at p <0.05 level (Table 2).
Mechanism of the larvicidal activity of AgNPs can be
attributed to the penetration of AgNPs into the insect
gut wall followed by binding to phosphorous and sulfur
group of deoxyribonucleic acid which eventually affect
cellular function leading to cell death [38]. Routine use
of synthetic insecticidal products for mosquito controlling
disturbs the biological system and cause resurgences in
mosquito populations. The prospect of utilising plants for
synthesizing silver nanoparticles and testing their efficacy
in controlling mosquito larvae is an approach facilitating

Table 2 Dose-dependent larvicidal activity of silver nanoparticles synthesized from A. squamosa seed extract against 3rd and 4th instars of mos-

quito larvae

Larval stage Concentration ~ Mortality (%) +SD LCs, (ug/mL) LCL-UCL LCy, (ug/mL) LCL-UCL Ve
(ug/mL)
3rd Instar 60 100+£0.0 22.44 16.25-28.30 40.65 33.69-54.73 18.881%*
48 84.2+0.6
36 66.7+1.5
24 452422
12 29.3+1.2
Control 0.0+0.0
4th Instar 60 953+1.2 27.83 21.67-34.46 48.92 40.73-66.06 17.428%*
48 71.4+0.8
36 502+1.4
24 32.7+0.2
12 235+1.5
Control 0.0£0.0

SD standard deviation, LCL lower confidence limit, UCL upper confidence limit, y? chi-square test

“p<0.05, level of significance

Values are mean + SD of five replicates
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Table 3 Impact of AgNPs on shoot length of chickpea seeds

Concentration of AgNPs Length of shoot (Mean =+ SE) (mm)

(%)

After 48 h After 72 h
100 1.94+0.02 6.92+0.03
75 1.41+£0.00 2.94+0.02
50 1.40+0.00 2.95+0.01
25 1.39+0.01 4.92+0.03
0 2.92+0.03 4.97+0.00

Table 4 Impact of AgNPs on root length of chickpea seeds

Concentration of AgNPs Length of root (Mean = SE) (mm)
(%)
After 24 h After 48 h

100 9.82+0.04 29.84+0.07
75 6.99+0.00 14.91+0.03
50 6.01+0.01 8.92+0.01
25 5.02+0.02 7.94+0.02
0 5.97+0.04 20.02+0.02

the development of a more potent and environmentally
safe biopesticide.

Phytotoxicity assay

Toxicity analysis of the AgNPs was carried out on Chick-
pea (Cissus arietinum) seeds and their resultant root and
shoot lengths were recorded. Seeds were considered to
have germinated by observing the emergence of radicles.
Results obtained varied significantly with each treatment.
Shoot length and root length of seedlings (Tables 3, 4;
Fig. 9b, c) increased significantly in a dose-dependent
manner, with a marked increase in seeds treated with
100% AgNP solution. The germination of chickpea seeds
treated with 100% AgNP solution was significantly higher
than those treated with a low concentration of AgNP solu-
tion and control (Table 5; Fig. 9a). The surface coating
of AgNPs, their aggregation state and the release of dis-
solved silver are related to the toxicity of AgNPs. Stud-
ies have reported that compared to PVP-coated AgNPs,
citrate-coated AgNPs were toxic to freshwater organisms
[39]. Hence the increased growth and germination of
chickpea seeds could be attributed to the biomolecules
of Annona squamosa seed extract coated over the syn-
thesized AgNPs. Therefore the biosynthesized AgNPs
showed low toxicity and improved plant growth.
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Fig.9 Impact of AgNPs on chickpea, a seed germination, b root
length and ¢ shoot length

Table 5 Imapct of AgNPs on chickpea seed germination

Concentration of AgNPs Percentage of seed germination

(%) (Mean +SE) (%)

After 24 h After 48 h
100 23.6+0.02 70.18 +0.04
75 13.9+0.00 41.00+0.01
50 17.37+0.01 48.62+0.03
25 13.91+0.00 58.4+0.01
0 15.28+0.01 48.67+0.01
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Conclusion

Green methods for nanoparticle synthesis are attractive due
to their importance in human health and environment. In the
present study, we demonstrated that Annona squamosa L.
seed extract can act as a reducing agent to generate AgNPs
via a green approach. The synthesis of AgNPs was con-
firmed using UV-Visible spectroscopy with an absorption
maximum at 430 nm. FT-IR spectrum revealed the pres-
ence of phytochemicals which is responsible for efficient
capping and stabilization of the nanoparticles. XRD pattern
demonstrated the polycrystalline nature of AgNPs. HR-TEM
image showed its size distribution in the range 14-28 nm
and spherical morphology. Moreover, biological assay indi-
cated that AgNPs could be used as antibacterial, larvicidal
and seed growth-promoting agent. The nanoparticles exhib-
ited good photocatalytic activity towards the degradation of
coomassie brilliant blue (CBB) dye ultimately formulating a
bioremediation protocol. Formulation of optimal dosage of
AgNP based herbal nanolarvicide for the control of vector
borne diseases is a need of the hour. The present study act
as a baseline for the preparation and application of valuable
nanomedicines in future.
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