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Abstract

Recent investigations on green synthesis of silver nanoparticles (AgNPs) have been widely used
in various therapeutic and industrial applications. So in the present study, AgNPs and PVP coated
AgNPs were biosynthesized using fig fruit (Ficus carica) named as FF-AgNPs PVP-FF-AgNPs. The
FF-AgNPs and PVP-FF-AgNPs revealed the surface Plasmon resonance band at 446 nm and 460 nm
respectively. The FT-IR analysis of both nanoparticles reveals that different bioactive components of
the fruit extract were actively involved in reduction of AgNPs. The SEM revealed that the particles
are roughly spherical and irregular in shape and size, EDX analysis confirms the formation of
complete reduction of silver to elemental silver. DLS studies also revealed similar results with both
the nanoparticles are within the range of 10 £ 5 nm to 35 + 5 nm. The zeta potential studies reveal
negative potential values were as follows FF-AgNPs has -13.8 mV and PVP-FF-AgNPs has -17.1 mV.
They also exhibit good antimicrobial activity. Another important application of these nanoparticles
is dual detection of toxic chromium (VI) and photocatalytic dye degradation of cotton blue by H,0,
quenching and without quenching. It is concluded that, biosynthesized FF-AgNPs and PVP-FF-
AgNPs have multiple applications of economic importance and environmental pollution.

Keywords: Ficus carica (Fig Fruit), AgNPs, PVP coated, Spectral characterization, antimicrobial
activity, dye degradation, H,0, quenching, chromium reduction

Introduction RNA detection, disease diagnose, optical, biosensor,
agriculture, electrochemical and food industries [1-

Nanotechnology have been broadly spread in  3]. Several studies shows that silver acts as good
various multidisciplinary areas such as DNA and  antimicrobial and antibacterial agent and silver
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nanoparticles due to its controlled size and morphology
it plays a prominent role in nanotechnology [4].
Composite and polymer materials are designed
by using ultrafine silver nanoparticles [5]. Silver
nanoparticles have been used in various biomedical
and biotechnology applications extensively due to its
bacterial resistance and stability, so they are useful
in treatment of several infection [6]. Various bio-
mediated methods were used to biosynthesize silver
nanoparticles and other metal nanoparticles from plant
parts and several fruit extracts to reduce the cost and
hazardous effects of toxic chemicals [7]. Presently
green synthesis of silver nanoparticles used vastly
due to its large surface area, reactivity, high catalytic
activity and they also acts as very good biocidal
agents [3, 8-9]. Several scientists have reported green
synthesis of silver nanoparticles using various plant
parts like leaves, flowers, fruits and roots etc., [10-
12]. Silver nanoparticles has a good binding affinity
with polymers like PVP and they form as coated to
enhance its stability and reduces in forming lumps
or aggregations and they were also useful in several
biological and industrial applications [13].

Ficus carica is commonly known as fig which is
edible and belongs to family Moraceae. Since ancient
times it has been cultivated widely throughout the
world (Mediterranean and western Asia) and it is
used both as fruit and ornamental plant. Fig peel
as it gets matured, it changes from green to black-
violet and it indicates Anthocyanins are the pigments
present in higher level in the peel. The Food industry
from few decades have been producing artificial
coloring agents which is causing several health
problems on its consumption. These fig peel are
seems to be contemporary replaceable materials to
artificial coloring agents [14]. Fig fruit consists of
various phytochemicals which are used very much in
traditional medicines. Ficin (Cysteine protease) and
Collagenase (Serine Protease) are involved in digestion
of collagen, fig fruit extract has a very good industrial
application in partial digestion of collagen [15]. The
latex released from Ficus carcia is widely used for the
treatment of warts, skin cancer and also inhibits the
growth of mice tumors caused by cancer [16].

Chromium [Cr(VD] is highly toxic, carcinogenic
and mutagenic which is confirmed by the International
Agency for Research on Cancer [17]. Cr(VI)
contamination is highly present in industrial areas
such as tanning, pigments, paints, pulp and paper
production industries. Cr(VI) contaminates water

in other industrial areas like electroplating, steel
manufacturing and in wood preservation [18].
According the World Health Organization (WHO) the
maximum concentration of Cr(\V1) should not exceed
0.05 mg/L [19]. So the researchers have been working
on reduction of Cr(VI) contamination since a decade
to find out best alternative methods to reduce Cr(VI)
to Cr(I11), because Cr(l11) supposed to be less toxic in
nature , have poor fluidity and easily get precipitated
by various natural adsorbents.

Organic dyes are confirmed to be highly toxic
in nature, industrial contaminated water and soils
contains toxic elements due to the effluents emitted by
dye industries. This contaminants are the major root
cause for several diseases and disorders. These organic
dyes are also harmful to the aquatic ecosystem by
reducing and blocking the sunlight and in agriculture
the crops grown in contaminated soils contains toxic
elements. The consumption of food grains, edible
greens grown in these soils causes diseases like
anemia, skin disorders and gastrointestinal problems
[20-22]. Presently the removal of toxic organic dyes
is a major problem in several industrial areas, is a
major challenge for the scientists to overcome this
problem. So they are looking for alternative solutions
to overcome the leading problem. The scientists have
identified several nano metal oxides for this purpose,
which acts as photoactive catalyst for dye degradation
and removal of toxic elements from water and soil.

Presently scientists have been working on
various metallic nanoparticles for improvement of
environmental protection and bioremediation. There
are several studies on nano-materials and their impact
on environmental hazardous effects. So in the present
study we have biosynthesized silver nanoparticles
(AgNPs) and PVP AgNPs using Fig fruit extract,
these metal nanoparticles have been used to study
antibacterial activity, reduction of toxic Cr(VI) and
Cotton blue dye degradation.

Materials and methods

Green synthesis of silver nanoparticles
FF-AgNPs

The Fig fruits (Ficus carica) [Fig.1(A)] were
collected from the trees growing in Sri Padmavathi
Mahila Visvavidyalayam (Women’s University) of
Tirupati and Chittoor district of Andhra Pradesh, India
in the month of September & October. The fresh fruits
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Fig. 1 (A) Fig plant and Ripen Fig Fruits; (B) (a) Blank (b) Fruit extract + 0.02 M AgNo,, (c) FF-AgNPs, (d) PVP
coated FF-AgNPs; (C) (a) UV-Visible Spectra of FF-Fruit Extract and FF-AgNPs, (b) UV-Visible Spectra of PVP
and PVP coated FF-AgNPs, (c) UV-Visible Spectra of FF extract, FF-AgNPs, PVP and PVP coated FF-AgNPs.

were collected and made into fine paste with the help
of electric blender. The fruit extract was prepared, by
adding 10 g of freshly prepared paste into 100 mL of
Milli Q ultra pure distilled water in a sterile conical
flask. The sample was stirred at room temperature for
30 minutes and filtered through sterile muslin cloth
followed by whatmann No.1 filter paper. This filtrate
solution was used as source of extract for preparation
of silver nanoparticles and was utilized in subsequent
procedures.

To the 5 mL diluted fig fruit filtrate, 10 mL of 0.02
M AgNO, was added and the sample was left at room
temperature, until the color of solution changed from
pale brown color to dark brown and subsequently
blackish dark brown. The solution containing AgNPs
was confirmed by the dark brown color and the blank
was prepared with 5 mL of distilled water and 10 mL
of 0.02 M AgNO, [Fig.1(B)]. So, in this study the
green synthesis of silver nanoparticles (AgNPs) with
Fig fruit (Ficus carica) extract was prepared without
any toxic chemical which is popularly known as “Green
synthesis”. The AgNPs green synthesized with Fig fruit
were named as FF-AgNPs.

Synthesis of PVP coated FF-AgNPs

The green synthesized FF-AgNPs were coated with
0.2% poly vinyl pyrolidine (PVP) to obtain PVP coated

FF-AgNPs. To 20 mL of FF-AgNPs 20 mg of PVP was
added and stirred on magnetic stirrer for one hour to
obtain PVP-FF-AgNPs.

Spectral Characterization of FF AgNPs
and PVP-FF-AgNPs

The green synthesized silver nanoparticles with
the Fig fruit extract were characterized by different
spectral methods. The biosynthesized FF-AgNPs and
PVP coated FF-AgNPs were monitored periodically
by sampling of the 1 pL on UV-Vis spectrometer and
the optical absorbance of the silver nanoparticles was
recorded on Nanodrop 8000 UV-Vis spectrometer
in the wavelength range of 220-750 nm. The FT-IR
analysis of both FF-AgNPs and PVP-FF-AgNPS were
carried out by using Brucker alpha Germany. Particle
size and zeta potential measurement experiments of
both samples were carried out by using a Nanopartica
(Horiba Nanopartica SZ-100 instrument) SEM and
EDAX was performed by Oxford Inca Penta FeTX3
EDS instrument attached to Carl Zeiss EVO MA 15
Scanning Electron Microscope (200 kV) machine
with a line resolution 2.32 (in A). These images were
taken by coating FF-AgNPs and PVP-FF-AgNPs on an
glass pieces separately. Energy Dispersive Absorption
Spectroscopy photograph of AgNPs were carried out by
the Scanning Electron Microscopy (SEM) equipment,
as mentioned above. X-Ray Diffractometry (XRD)
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study was conceded to prove the crystalline nature of
the FF-AgNPs and PVP-FF-AgNPs using Malvern
Aeris Panalytical X-ray powder diffractometer (UK)
by means of Cu Ka radiation source (Sri Padmavathi
Mahila university, Tirupati).

Antimicrobial activity of FF-AgNPs and
PVP-FF-AgNPs

The antibacterial efficiency of bio-synthesized
FF-AgNPs and PVP-FF-AgNPs were determined
against four bacterial strains of both gram negative
bacteria such as Escherichia coli, Pseudomonas
aeruginosa and gram positive such as Staphylococcus
aureus and Bacillus megatorium, by using Agar disc-
diffusion method as described by Kotakadi et al [23-
25]. Different concentration of biosynthesized FF-
AgNPs and PVP-FF-AgNPs were loaded on 5 mm of
sterile Whatman No 1 filter paper discs as follows 25
micrograms (25 mcg), 50 mcg, 75 mcg and 100 mcg.
Overnight cultures of the above bacterial strains were
spread on freshly prepared agar plates and the above
different concentrated Whatman No 1 filter paper
discs along with FF-AgNPs and PVP-FF-AgNPs were
placed on agar medium and incubated for overnight at
37 = 1°C. Amoxyclav 30 mcg was used as a standard
drug for comparison zone of inhibition (ZOI).

Catalytic activity of FF-AgNPs and PVP-
FF-AgNPs

Colorimetric detection of Cr (VI) by FF-AgNPs
and PVP-FF-AgNPs

Reduction of chromium (Cr-VI) by biosynthesized
FF-AgNPs and PVP-FF-AgNPs was chosen as a
replica method to quantify the catalytic activity. In
the present study colorimetric detection of Cr(VI) was
carried out by adding 350 pL of Cr(VI) to 650 pL of
freshly prepared FF-AgNPs and PVP-FF-AgNPs and
checked for instant coloration. Absorption spectra of
the final mixture were recorded using Nanopdrop-8000
spectrophotometer within the range of 220 nm to 750
nm with 1 cm path length.

Catalytic reduction of Cotton blue Dye
Degradation by FF-AgNPs and PVP-FF-AgNPs

10 mg of Cotton blue dye was added to 1000 mL
of double distilled water used as stock solution. About
250 pL of biosynthesized both silver nanoparticles
were added to 2.5 mL of Cotton blue dye solution.
A blank was maintained without addition of silver
nanoparticles FF-AgNPs and PVP-FF-AgNPs. The

reaction suspension was mixed well to the equilibrium
of the working solution. The suspension was used
to evaluate the photocatalytic degradation of dye.
The absorbance spectrum of the suspension was
subsequently measured at different time interval using
Nanodrop-8000, UV-Vis spectrophotometer at the
different wavelength 220 nm to 750 nm. Concentration
of dye during degradation was calculated by the
absorbance values and percentage of dye degradation
was estimated. At the same time the reaction was also
repeated by adding hydrogen peroxide (H,0,), to see
the quenching and catalytic efficacy of both FF-AgNPs
and PVP-FF-AgNPs in dye degradation.

Results and discussion

UV-Visible spectral analysis of FF-
AgNPs and PVP-FF-AgNPs

UV-visible spectroscopy is prominent technique
for detecting silver and other metal nanoparticles in
aqueous solution. The biosynthesized FF-AgNPs and
PVP-FF-AgNPs has free electrons, which gives rise to
surface plasma resonance (SPR) absorption band. The
Fig. 1(C) (a)-(c) reveals a surface plasma resonance
spectrum of FF-AgNPs and PVP-FF-AgNPs which
were obtained at 446 nm and 460 nm respectively. The
aqueous reaction of FF-AgNPs indicates color changes
from colorless to light dark brown color whereas
the PVP-FF-AgNPs indicates dark brown color
respectively (Fig.1(B)). The metal nanoparticles can be
synthesized by reducing metal ions using some organic
chemicals which are highly toxic in nature. Presently,
green synthesis of metal nanoparticles using various
parts of plants, their extracts act as reducing agent for
generation of metal nanoparticles. The previous reports
on biosynthesis of AgNPs and PVP coated AgNPS
by various plant extracts like seed extract of Annona
squamosa L, Ficus fruit extract, Terminalia belarica
and Capsicum annuum L. revealed similar type of
results regarding SPR of both coated and uncoated
AgNPs [24, 26-28].

FT-IR analysis of FF- AgNPs and PVP-FF-
AgNPs

FTIR analysis of biosynthesized FF-AgNPs and FF-
PVP-AgNPs shown in (Fig. 2(a-b)). The IR peaks for
FF-AgNPs found at 3563, 3491, 3449, 3424, 1637,
820, 620 cm™. The peak at 3563 corresponds to O-H
stretch of free hydroxyl alcohol and phenols. The IR
band at 1637 cm™ are due to N-H bond of primary
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Fig. 2 (a) FTIR analysis of FF-AgNPs; (b) FTIR analysis of PVP coated FF-AgNPs.

amines. The IR band at 820 cm™ corresponds to C-N
stretch of aromatic amines, aliphatic amine groups.
The bio synthesised FF-PVP-AgNPs showed some
prominent peaks in FTIR analysis such as 3479, 3448,
3422 1627 & 617 cm™. The peaks at 3479 cm™ was
due to O-H bonds of alcohol and phenols the intensity
of the peak is reduced when compared with the extract,
peak at 1627 cm™ corresponds to stretch of N-H
bending of primary amines. The results revealed that
the different fruit phyto-constituents like flavonoids,
polyphenols, sugars, tannins, of the fruit extract have
been actively participated in reduction of silver nitrate
to FF-AgNPs and in capping and stabilization of
the nanoparticles The results were similar to earlier
reports on silver nanoparticle and PVP capped silver
nanoparticles [29]

Particle Size analysis of FF- AgNPs and PVP-
FF-AgNPs

Dynamic Light Scattering (DLS) is simple
and efficient method to detect the particle size of
biosynthesized FF AgNPs and PVP-FF-AgNPs in the
colloidal solution. The results reveals that the size
of biosynthesized FF AgNPs and PVP-FF-AgNPs
are polydispered in nature and the distribution of
nanoparticle is as follows 10%-10.6 nm; 50%-11.9 nm
90%-12.9 nm with an the average particle size of FF-
AgNPs is 11.8 nm. Similarly the PVP coated silver
nanoparticles - PVP-FF-AgNPs size distribution is as
follows 10%-35.3 nm 50%-37.2 nm 90%-39.1 nm the
average particle size of PVP-FF-AgNPs is 37.1 nm
[Fig.3(a)] indicating that both the FF AgNPs and PVP-
FF-AgNPs are poly dispersed in nature. As per a recent
study, the effect of coating on AgNPs with various
biological agents like PVP, BSA, Chitosan revealed
the SPR shift and also they change in the size of the

nanoparticles depending on the nature of capping agent
[30].

Zeta potential analysis of FF-AgNPs and PVP-
FF-AgNPs

The stability of any metal nanoparticles depends on
the surface charge which plays major role in preventing
from agglomeration in the medium leading to the long
term stability. Thus the electrostatic repulsive force
between the nanoparticles depends on the charge. In the
current study for both FF-AgNPs and PVP-FF-AgNPs
have negative zeta potential values which confirm
the repulsion among the particles and increase the
stability of both colloidal solutions. The Zeta potential
of nanoparticles having +25 mV or -25 mV and above
are said to be highly stable. In the present study FF-
AgNPs have negative potential around -13.8 mV and
PVP-FF-AgNPs have -17.1 mV [Fig.3(b)], indicating
that both the biosynthesized metal nanoparticles were
moderately stable. Similar results were observed in
previous reports the coated AgNPs have slightly higher
potential when compared to non coated AgNPs [30].

SEM and EDX analysis of FF-AgNPs and PVP-
FF-AgNPs

The approximate size and morphology of
biosynthesized FF-AgNPs and PVP-FF-AgNPs in the
colloidal solution were determined by SEM images
[Fig.4]. It reveals that FF-AgNPs (Fig. 4(a)-(b)) and
PVP-FF-AgNPs (Fig. 5(a)-(b)) nanoparticles are
roughly spherical and irregular in shape. The EDX
results reveals very strong signal to silver, which
confirms the complete reduction of silver ions into
elemental silver possibly originated from the molecules
attached to the surface of FF-AgNPs (Fig. 4(c)-(d)) and
PVP-FF-AgNPs (Fig. 5(c)-(d)). The previous reports
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Measurement Results

Date Wednesday, September 01, 2021
Measurement Type . Particle Size
Sample Name FF AgNPs
Scattering Angle 490
Temperature of the Holder 251 *C
Dispersion Medium Viscosity : 0.893 mPas
Transmission Intensity before Meas. 19850
Distribution Form . Standard
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Measurement Results
Date - Wednesday, September 01, 2021 4:53:20 PM
Measurement Type : Zeta Potential
Sample Name . FF AgNPs
Temperature of the Holder :251°*C
Dispersion Medium Viscosity : 0.893 mPa-s
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Measurement Results

Date Wednesday, September 01, 2021
Measurement Type : Particle Size

Sample Name : PVP FF AgNPs

Scattering Angle : 90

Temperature of the Holder 1 252°C

Dispersion Medium Viscosity : 0.891 mPas
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Calculation Results
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Fig. 3 (a) Particle size analysis of FF-AgNPs, PVP -FF-AgNPs; (b) Zeta Potential analysis of FF-AgNPs, PVP

-FF-AgNPs.

were also showed similar results in EDX analysis.
Both the FF-AgNPs and PVP-FF-AgNPs showed
strong emission energy at 3 KeV for silver and some of
the weak signals from C, O, Na, Ca, Mg were observed
[10-11, 27-29].

XRD analysis of FF-AgNPs and PVP-FF-AgNPs

The crystalline nature and size of biosynthesized FF-
AgNPs and PVP-FF-AgNPs were evaluated by using
XRD. The results of XRD analysis are shown in (Fig.6),
FF-AgNPs reveals distinctive diffraction peaks at
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Fig. 5 (a-b) SEM analysis of PVP- FF-AgNPs; (c-d) EDAX analysis of PVP-FF-AgNPs.
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Fig. 6 XRD analysis of FF-AgNPs and PVVP-FF-AgNPs.

31.6683, 45.7144, 64.0875 and 76.9554 corresponding  face-centered cubic crystal structure of Silver oxide
to planes of (111), (200), (220) and (311) respectively. ~ (JCPDS card No. 04-0783). The PVP-FF-AgNPs
The planes are indexed according to the facets of the  also revealed distinctive diffraction peaks at 37.6052,
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45.7144 and 64.0875. The present results are consistent
with the previous reports on silver nanoparticles [9, 11,
31].

Antimicrobial activity of FF-AgNPs and PVP-
FF-AgNPs

The antibacterial activity of Fig fruit extract
mediated biosynthesised FF-AgNPs and PVP-FF-
AgNPs revealed good antibacterial activity against four
bacterial isolates Gram +ve Staphylococcus aureus,
Bacillus megatrium, and Gram —ve Escherichia coli,
and Pseudomonas aeruginosa. The zone of inhibition
(ZOl) of FF-AgNPs and PVP-FF-AgNPs at different
concentration of 25 mcg, 50 mcg, 75 mcg and 100
mcg in different bacterial cultures was shown in
(Fig.7(a)-(c)) and ZOI values in mm were measured
and tabulated in (Table 1 Supplemental Data). It is
concluded that the FF-AgNPs and PVP-FF-AgNPs at

40rm25 mcg

=50 mcg

FF-AgNPs

E. coli P. aeruginosa  S. aureus

B. megaterium

(©

lower and higher concentration revealed good zone
of inhibition. The MIC of FF-AgNPs and PVP-FF-
AgNPs was detected to be less 10 mcg. The results
reveal that the biosynthesized FF-AgNPs and PVP-
FF-AgNPs can used as effective antibacterial agents.
The shape of silver nanoparticles also plays prominent
role in antimicrobial property. Similarly various
biosynthesised AgNPs using by various plant extracts
exhibited very good antibacterial activities on both
gram negative and gram positive bacteria [11, 23-24,
27]. Similarly the PVP coated biosynthesised AgNPs
also exhibit very good antibacterial activity on both
gram negative and gram positive bacteria [32-34].

Photocatalytic reduction of Cotton blue Dye
Degradation by FF-AgNPs and PVP-FF-AgNPs

The photo-catalytic reduction activity of the FF-
AgNPs and PVP-FF-AgNPs was deter-mined by using

40r FF-PVP-AgNPs
S B

o gE A

25+

20+

15F

10F

5l

E. coli P. aeruginosa  S. aureus

B. megaterium

Fig. 7 (a) Antimicrobial activity of FF-AgNPs (1. 25 mcg, 2. 50 mcg, 3. 75 mcg, 4. 100 mcg); (b) Antimicrobial
activity of PVP-FF-AgNPs (1. 25 mcg, 2. 50 mcg, 3. 75 mcg, 4. 100 mcg); (c) Graphical representation of
Antimicrobial activity of FF-AgNPs and PVP-FF-AgNPs.
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the detoxification of cotton blue (CB) dye for specific
time interval. First, the catalytic degradation of the
dyes CB in the presence of the bio-synthesized FF-
AgNPs and PVP-FF-AgNPs was observed by their
color change. The color intensity of CB dye change
from dark blue to light blue, thereby confirming the
effective catalytic dye degradation activity of the
biosynthesized FF-AgNPs and PVP-FF-AgNPs.
Whereas in our experiment we have observed that
the efficacy of nanoparticles was only up to five
minutes, later on there was not much change in
the color and the OD values shown in (Fig. 8(a)).
(Table 2(a) Supplemental Data). So we have carried
out the same experiment with addition of hydrogen
perioxide (H,0,) as a quenching agent to enhance
the phytocatalytic activity of both biosynthesized
nanoparticles. Moreover, the absorbance OD values
were recorded and the results were shown in (Fig.
8(b)) and (Table 2(b) Supplemental Data). The results

reveal that the addition of quenching agent enhances
fast dye degradation. The OD values of CB dye at 0
min is 1.531 and 5 min is 1.359 for FF-AgNPs and for
PVP-FF-AgNPs, the OD values at 0 min is 1.620 and
5 min is 1.308 both the values were recorded without
quenching. Whereas the color change and OD values
were rapidly changed by the addition of hydrogen
peroxide to the reaction mixture as follows 0 min-
1.620, 5 min- 1.108, 10 min- 1.055, 15 min- 0.977
and 20 min- 0.925 for FF-AgNPs and the OD values
for PVP-FF-AgNPs is as follows 0 min- 1.620, 5 min-
1.193, 10 min- 1.150, 15 min- 0.935 and 20 min- 0.860.
After quenching with hydrogen peroxide, it was clearly
revealed that the catalytic activity was enhanced in
both samples of nanoparticles. Finally it is concluded
that the FF-AgNPs and PVP-FF-AgNPs both acts as
excellent phytocatalytic dye degradation agents. The
PVP coated FF-AgNP has enhanced dye degradation
effect than FF-AgNPs at the end of reaction. These

Table 2 (a) Dye degradation of Cotton blue by FF-AgNPs (b) Dye degradation of Congo red by PVVP-FF-AgNP absorbance

S. No. Sample Time Interval 590 nm
1 Cotton blue (Control) 0 min 1.531
2 CB + FF-AgNPs 0 min 1.453
3 1 min 1.363
4 5 min 1.359
S. No. Sample Time Interval 590 nm
1 Cotton blue (Control) 0 min 1.620
2 CB + FF-AgNPs + H,0, 0 min 1.248
3 1 min 1.195
4 5 min 1.108
5 10 min 1.055
6 15 min 0.977
7 20 min 0.925
S. No. Sample Time Interval 590 nm
1 Cotton blue (Control) 0 min 1.620
2 CB + PVP-FF-AgNPs 0 min 1.478
3 CB + PVP-FF-AgNPs 1min 1.336
4 CB + PVP-FF-AgNPs 5 min 1.308
S. No. Sample Time Interval 590 nm
1 Cotton blue (Control) 0 min 1.620
2 CB + PVP-FF-AgNPs + H,0, 0 min 1.412
3 CB + PVP-FF-AgNPs + H,0, 1 min 1.220
4 CB + PVP-FF-AgNPs + H,0, 5 min 1.193
5 CB + PVP-FF-AgNPs + H,0, 10 min 1.150
6 CB + PVP-FF-AgNPs + H,0, 15 min 0.935
7 CB + PVP-FF-AgNPs + H,0, 20 min 0.860

Table 2 (b) Reduction of Hexavalent chromium

Sample Absorbance (360 nm)
1 Chromium (VI) 7.648
2 FF-AgNPs + Cr(VI) 2.910
3 PVP-FF-AgNPs + Cr(VI) 2,514
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may be due to the coating of FF-AgNPs with PVP, as
per earlier reports PVP along with silver nanoparticles
enhances phytocatalytic dye degradation.

The effluents released from textile industries
contaminates the ground water and also drinking
water resources which leads to several kinds of toxic
effects on gastrointestinal tract problems, skin and
eye irritation problems [35-37]. The decrease in the
peak intensity could be due to the SPR property of the
biosynthesized FF-AgNPs and PVP-FF-AgNPs. The
CB solution was exposed for a time interval of 0-20
min. which showed a significant decrease in the peak
intensity [Fig. 8(a)-(b)]. Therefore, confirming the
CB dye degradation that could have occurred due to
the SPR property of the biosynthesized FF-AgNP and
coating of PVP on the surface of FF-AgNPs, similar
results were also observed in the case of the Crystal
violate dye degradation study by using Cd-AgNPs by
another researcher [38] and by silver nanoparticles [39].

Colorimetric detection of Cr (VI) by FF-AgNPs
and PVP-FF-AgNPs

The results revealed that the both prepared colloidal
FF-AgNPs and PVP-FF-AgNPs have strong surface
Plasmon resonance bands. The 1 mM Cr(VI) stock
solution was prepared and its absorbance peak was
recorded at 360 nm with maximum optical density
(O.D.) at 7.648 mm, whereas after the addition of FF-
AgNPs and PVP-FF-AgNPs to 1 mM Cr(VI) solution
the maximum absorbance was decreased to 2.910 (FF-
AgNPs) and 2.515 (PVP-FF-AgNPs) indicates the
interaction of AgNPs with chromium solution, the
color of Cr(VI) was changed from orange color to
pale to dark purple color. The results were tabulated
and shown in (Fig. 8(c)). Similar type of results were
observed by using hexavalent chromium catalytic
activity by biogenic Pd(0) nanoparticles [40] and rapid
detection of Cr(VI) by AgNPs biosynthesized by leaf
extract of Anacardium occidentale [41], Inorganic
nanoparticles for reduction of hexavalent chromium
and Farooqi et al used inorganic nanoparticles for
reduction chromium (V1) [42].

Summary and Conclusion

In our study we report a simple and efficient
method which is environment friendly method for
biosynthesis of silver nanoparticles. In present studies
results revealed that the biosynthesized FF-AgNPs
and PVP-FF-AgNPs using Fig fruit extract have

important therapeutic and industrial applications.
The biosynthesized FF-AgNPs and PVP-FF-AgNPs
were analyzed by various spectral methods and
studied their antimicrobial and toxicological studies.
The SPR spectra of FF-AgNPs and PVP-FF-AgNPs
were obtained at 446 nm and 460 nm. SEM analysis
results reveal that FF-AgNPs and PVP-FF-AgNPs
nanoparticles are spherical in shape and irregular in
nature. EDX analysis revealed that both FF-AgNPs
and PVP-FF-AgNPs complete reduction of silver ions
to elemental silver elemental. The DLS analysis of
FF-AgNPs and PVP-FF-AgNPs have revealed that
the biosynthesized nanoparticles were polydispered in
nature, the average particle size of FF-AgNPs is 11.8
+ 2 nm with an polydispered index is 0.254 and the
average particle size of PVP-FF-AgNPs is 37.1 + 2
nm with an polydispered index is 0.365 respectively.
Zeta-potential of both nanoparticles was determined
to be -13.8 mV for FF-AgNPs and -17.1 mV for PVP-
FF-AgNPs. The FF-AgNPs and PVP-FF-AgNPs have
proved to be good antimicrobial agents against both
gram +ve and gram —ve bacteria. At the same time both
the FF-AgNPs and PVP-FF-AgNPs were proved to be
effective agents for the dual detection of Cr(VI) and
photocatalytic dye degradation.
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