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Abstract

Cocoa pod shells are the byproducts of the cocoa industry. These pod shells were explored for the biogenic synthesis of
silver nanoparticles. The synthesized nanoparticles were characterized, and studies were carried out to assess the catalytic
and antifungal activities. UV-Vis spectral analysis recorded the surface plasmon resonance at 438 nm. Spherical-shaped
particles with a diameter ranging from 48.83 to 55.24 nm were determined by scanning electron microscope. The presence
of silver was confirmed through Energy Dispersive X-Ray Analysis. FTIR analysis was carried out to determine the func-
tional groups capped on the surface of the nanoparticles. XRD patterns substantiated the crystalline nature with the sharp
peak of 33.16° indicating (101) fcc plane and crystallite size were calculated to be 59.65 nm. Amylase activity was found
to be sevenfold higher with a significant amount of 16.05 mg/ml/min in the presence of silver nanoparticles as compared to
the control. Methylene blue dye degradation in the presence of silver nanoparticles followed a pseudo-first-order reaction
with a degradation constant of 0.1889 min~' and R? of 0.9869. In addition, an inhibition activity of 34% against Fusarium
oxysporum f. sp. cubense fungi was exhibited by the synthesized silver nanoparticles. The outcome of the investigation
has revealed the potential scope of silver nanoparticles as nanocatalysts in starch hydrolysis, dye degradation as well as the
antifungal potential.
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Introduction

Nanotechnology is an emerging field of modern research
dealing with the synthesis, application, and tailoring of
particle structures that exist in the nano regime. Currently,
nanoparticles are gaining importance due to their promis-
ing role in building blocks as well as applications in vari-
ous elements of utilization. Though there exists a broad
range of methods for the synthesis of nanoparticles, novel
nanoparticles can be synthesized using an eco-friendly
approach to avoid hazardous elements. The synthesis pro-
cess is cost-effective, simple, and safe (Lateef et al. 2015),
and this also provides an advantage of easy scale-up for
large-scale synthesis. Biological molecules are explored to
be implemented as capping and stabilizing components for
biogenic nanoparticles (Varadavenkatesan et al. 2020a, b).
These nanoparticles are synthesized by deploying roots,
stems, leaves, flowers, fruits, seeds, and pods (Pai et al.
2019; Anchan et al. 2019). Furthermore, due to the poten-
tial usage of nanoparticles in a wide range of products,
the synthesis of nanoparticles can be explored in the agro-
waste thereby enhancing the sustainability and efficacy of
the process.

Amylase enzyme has widespread commercial applica-
tions in the industry. To name a few, starch hydrolysis
enzymes in the adhesive industry (Monroy et al. 2020),
bioethanol production (Tong et al. 2019; Maia et al. 2020),
textile industry (Ahmed and Kolisis 2011), and starch
modifications (Wang et al. 2017) and many others. On the
other hand, enhancing the catalytic potential of amylases
using silver nanoparticles is also gaining importance (Hal-
ima and Narula 2019). Hence understanding the impact
of silver nanoparticles on enhanced amylase activity will
pave the way for exploring the applications in a wide array
of the environment which includes agriculture, biofuels,
pharmaceutical, food, medicine, and starch hydrolysis
(Falkowska and Molga 2014; Krishnakumar et al. 2018;
Thakur et al. 2022; Al-Buriahi et al. 2022; Assad et al.
2022; Vo et al. 2022).

The widespread distribution of the fungus Fusarium
oxysporum f. sp. Cubense Race 4 (FocR4) is attributed
to their ability to grow on a wide range of substrates and
their efficient dispersal mechanisms. These are filamen-
tous fungi that are widely distributed in soil, water, sub-
terranean and aerial plant parts, and other substrates. It
has been responsible for infecting and damaging a huge
quantity of crops especially bananas (Dita et al. 2018).
Though studies have been undertaken on antagonism prop-
erty against FocR4, there remains a gap in the efficacy of
the utilized sources (Yadav et al. 2021).

Cocoa (Theobroma cacao) is known as the key eco-
nomic crop of Ghana. Only 25% of the total weight of
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cocoa fresh fruits is used for the production of cocoa beans
for chocolate processing, wherein cocoa pod shells are
discarded. The outer shell of cocoa is separated along with
the germ after or before roasting and the broken fragments
of cotyledon, called nibs without the shells are used in the
production of chocolate. Cocoa pod shells (CPS) represent
70-75% (wt) of the cocoa fruits, hence each ton of the fruit
generates 700-750 kg of agricultural residue (Cruz et al.
2012). The cocoa pod shell consists of gallic acid equiv-
alent of soluble phenolic (45.6-46.4 mg), carbohydrate
(32.3%), lignin (21.44%), sugars (19.2%), proteins (8.6%),
and minerals (27.7%). CPS is abundantly accessible in the
district of Dakshina Kannada in Karnataka state, India
(Shet et al. 2018). Agro residue CPS is available abun-
dantly. Disposal of CPS is challenging to farmers since it
reduces the fertility of the soil. Hence channelizing CPS
for a productive purpose is essential.

The present investigation navigates the first of its kind on
CPS explored for biogenic silver nanoparticle synthesis. In
the current investigation, the potential of the agro residue
CPS was tapped to synthesize, characterize, and investigate
the effect of silver nanoparticles on amylase activity, degra-
dation of methylene dye, and antifungal activity. To the best
of our knowledge, there have been no studies on the applica-
tion of nanoparticles synthesized from cocoa pod shells on
the inhibition against FocR4 as well.

Materials and methods
Collection and preparation of CPS

Cocoa pod shells were collected from Peruvai village,
Bantwal taluk, Karnataka (Altitude: 89 m; Latitude:
12.710135; Longitude: 75.065417) India, and processed
to obtain the powder. Sieving was carried out using mesh
number 200; CPS powder was stored at 4 °C till further use
(Shet et al. 2019). CPS extract was prepared by boiling 1 g
of CPS powder in 100 ml of distilled water at 100 °C for
15 min using a water bath. Further, the solution was cooled
to room temperature and filtered using Whatman filter paper
to obtain a clear extract (Fig. 1).

Synthesis of silver nanoparticles

10 ml CPS extract was added to 100 ml silver nitrate solu-
tion (1 mM) and placed overnight in the shaker under dark
conditions. The change in color from pale yellow to orange
confirms the formation of silver nanoparticles. The interac-
tion between silver ions in the solution and molecules pre-
sent in the extract reduce silver ions to silver by capping on
the surface (Fig. 2).
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Fig. 1 Process flow chart for the preparation of CPS extract and Ag nanoparticle synthesis
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Fig.2 a CPS extract b biogenic silver nanoparticle ¢ UV Vis spectra
of CPS extract and AgNPs

Characterization of nanoparticles

Silver nanoparticle solution was scanned using a UV—vis
spectrophotometer between 350 to 700 nm to check the sur-
face plasmon resonance (SPR) peak of the silver nanopar-
ticles. The dynamic light scattering (DLS) method using
Malvern Zeta Sizer (Malvern Instruments, Malvern, UK)
was used to determine the particle size distribution. The par-
ticle size distribution and hydrodynamic diameter of par-
ticles were obtained directly from the instrument through
CONTIN analysis. Fourier Transform Infrared Spectroscopy
(FTIR) (Alpha Bruker, Japan) was adopted to determine the
possible functional group capped on the silver nanoparticle
and its bond stretching vibrations. The analysis was carried
out between the wavenumbers 500 to 4000 cm~'. Colloi-
dal silver nanoparticles were placed on the glass slide and
allowed to dry to determine the shape, size, and elemental
composition of the nanoparticle using Field Emission Scan-
ning Electron Microscope. Patterns obtained from the X-ray
diffraction (XRD) analysis provided insight into the crystal-
line structure of the silver nanoparticles and its size.

Silver nanoparticle-mediated enzyme assay

The amylase enzyme assay was performed using commer-
cially available fungal amylase enzyme procured from Moly-
chem company. The test tubes containing enzyme (0.5 ml)
and soluble starch in phosphate buffer (0.1 ml) were mixed
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with the increasing volume of silver nanoparticles. Buffer
was used to make up the volume to 3.5 ml. The assay was
carried out in duplicates. A control reaction tube containing
enzyme and substrate was maintained without silver nano-
particles to investigate the effect of nano-catalytic activity.
The reaction containers were incubated at room temperature
for 10 min. Dinitrosalicylic acid (DNSA) reagent of 1 ml
was added to all the test tubes and kept in the thermostat for
10 min. The solution was allowed to cool and absorbance
was measured at 540 nm using a spectrophotometer (Miller
1959). Amylase assay was performed following the DNSA
method.

Assessment of dye degradation potential

Biosynthesized silver nanoparticle solution of 50 pL. was
treated with 2 mL of Methylene blue dye along with 50 uL
of NaBH, in a cuvette. Negative control was used in a sepa-
rate cuvette without silver nanoparticles. Contents were
thoroughly mixed using a micropipette before scanning the
sample using a UV—vis spectrophotometer between 400 and
700 nm. The absorbance value at 663 nm of the methylene
blue dye was monitored for different intervals of time till
the complete degradation occurred under static conditions
(Vinayagam et al. 2017; Yadav et al. 2019).

Inhibition activity of silver nanoparticles
against FocR4

Culturing of Fusarium oxysporum f. sp. cubense (FocR4)

FocR4 was obtained from Microbiology Research Labo-
ratory, Kuvempu University, Shivamoga, Karnataka. The
FocR4 was subcultured in the laboratory using Potato
Dextrose Agar medium (PDA) and was further used in the
studies.

Disc inhibition test against Fusarium oxysporum
f. sp. cubense (FocR4)

The inhibition activity of synthesized nanoparticles was
tested against FocR4. 5 days old FocR4 mycelium was taken
from the culture plate for disc inhibition test throughout the
experimental studies. This was carried out by placing a
0.5 cm FocR4 disc in the center of a Petri dish containing
Nutritive Agar. A 0.5 cm sterile filter paper disc was taken
using sterile forceps and was introduced into the Erlenmeyer
with 5 ml of colloidal nanoparticle solution. This was fur-
ther placed on the side of the FocR4 disc, at a distance of
approximately 2 cm. Another similar set was maintained
using the crude extract of cocoa pod shell extract on another
Petri plate. To observe the normal growth of FocR4 (without
inhibition), a disc was kept separately in a Petri plate in the
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center of the culture medium, which served as a control. The
inoculated plate was incubated at 30 °C for 5 days and the
zone of inhibition of FocR4 was measured using a Vernier
caliper. The growth inhibition zone of the fungus was cal-
culated using the below-given formulae:

FocRAC — FocR4B N
FocC

% Inhibition = 100

Where FocR4 C: FocR4 was taken as control. FocR4 B:
FocR4 Vs Nanoparticles.

Results and discussion
SPR analysis

The synthesis of biogenic silver nanoparticles using CPS
extract (Fig. 2a) as a reducing agent was performed at room
temperature. The change of color to pale orange confirms
the synthesis of nanoparticles. The UV visible spectrum of
CPS extract is represented in Fig. 2c. Scanning the biogenic
nanoparticle solution (Fig. 2b) using a UV Visible spectro-
photometer between 350 and 700 nm reveals the character-
istic SPR peak of silver nanoparticles at 438 nm (Fig. 2c).
Spherical shaped silver nanoparticle exhibits SPR band in
the range of 350 to 500 nm (Ider et al. 2017). Based on
Mie's theory, a single symmetric SPR band indicates the
presence of isotropic silver nanoparticles of spherical shape
(Hao et al. 2004). The peaks observed in the range of 200
to 400 nm of the CPS extract endorses the existence of het-
eroatoms and unsaturated groups (Jain et al. 2016). These
molecules were accountable for the reduction of silver ions
and capped on the silver nanoparticles (Vinayagam et al.
2018; Varadavenkatesan et al. 2021).

Particle size distribution
The synthesis of biogenic silver nanoparticles was character-

ized by a zeta sizer to determine the average size and distri-
bution pattern. The particle size ranges from approximately

Size Distribution by Intensity
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Fig. 3 Size distribution of biogenic silver nanoparticle
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190 to 490 nm. The mean particle size was estimated at
384 nm (Fig. 3). The zeta potential value was measured to be
— 13.7 mV. The value indicated the presence of a negative
charge on the surface and the stability of the silver nanopar-
ticles (Dhyani 2016).

Size, shape, and elemental composition

Biosynthesized silver nanoparticles were spherical with a
diameter ranging from 48.83 to 55.24 nm (Fig. 4a). The
appearance of aggregate formation is probably due to the
sample preparation process involved in the analysis. The
EDS analysis confirms the presence of silver atoms at
2.98 keV (Fig. 4b).

XRD

Crystalline structures of the biosynthesized silver nanopar-
ticles were interpreted based on X-ray diffraction analysis
(Fig. 5). Several peaks were observed at various 26 (°) val-
ues such as 28.74, 33.16, 38.72, 45.14, 47.12, 65.12, and
68.13. The sharp peak of 33.16° indicates (101) fcc plane
(JCPDS, File No. 04-0783), and the crystallite size was cal-
culated as 59.65 nm. The d-spacing and lattice parameter

Spectrum 1
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Fig.4 a SEM image of biosynthesized silver nanoparticles b elemen-
tal composition of biosynthesized silver nanoparticles
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Fig. 5 XRD pattern of biosynthesized silver nanoparticle

values were determined as 0.26 nm and 0.38 nm respec-
tively, which is consistent with the literature (Raja et al.
2015; Yadav et al. 2019).

Determination of functional groups

The functional groups present in the CPS extract respon-
sible for reducing the silver ions and forming the capping
agents were determined using FTIR. Superimposed spectral
bands of FTIR for CPS extract and biogenic nanoparticles
are depicted in Fig. 6. The bands represent the presence of
different functional groups. Two absorption bands exhibited
shifts 1634—-1638 cm™! (protein moiety with double bond
corresponds to C=C stretch) and 3315-3340 cm™! (O-H
stretching) (Nandiyanto et al. 2019). Hence, it is evident that
two functional moieties are capped onto the surface of silver
nanoparticles. The shift asserts the role of alkene (Nguyen
et al. 2020) and alcohols (Dewi et al. 2021) present in the
CPS extract to reduce silver ions. Results of UV visible SPR
spectra and FTIR bands prove the role of CPS extract in the
synthesis of silver nanoparticles.

Mechanism of silver nanoparticle synthesis

Silver ions interact with functional groups present in the
CPS extract. The peaks of CPS extract (Fig. 2c) endorse
the presence of unsaturated groups and heteroatoms. Silver
ions undergo reduction by accepting electrons from the func-
tional group to form silver nanoparticles (Bhakya et al. 2016;
Khandel et al. 2018). Alkene and alcohol groups (Fig. 6)
present in the CPS extract are responsible for the reduction
of the silver ion.
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Fig.6 FTIR spectral band of

CPS extract (black color) and
biogenic silver nanoparticle (red
color)
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Fig. 7 Effect of biogenic silver nanocatalyst on amylase activity
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Fig.8 Comparison of amylase activity with control

Effect of silver nanocatalyst on amylase activity

Herein, it was noticed that the starch hydrolysis process
escalated due to the presence of silver nanocatalysts (Fig. 7).
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Amylase activity was found to increase as the volume of the
nanocatalyst increased. The amylase activity of the control
(without silver nanocatalyst) was reported to be 2.27 mg/
ml/min. In the presence of the catalyst, 16.05 mg/ml/min
of enzyme activity was reported (Fig. 8). This signifies that
the amylase activity was enhanced by sevenfold when com-
pared to the control. Based on the investigation, it is also
evident that silver nanocatalyst has the potential to be used
for escalating starch hydrolysis in vitro. Comparatively, the
present study justifies well with the studies conducted on
silver nanoparticles synthesized using Piper betel and Jat-
ropha curcas wherein it is reported to enhance the amylase
activity by 3 folds (Halima and Narula 2019). Comparison
of amylase activity in presence of silver nanoparticle with
available report reveals that, larger size silver nanoparticle
enhanced the enzyme activity and smaller size nanoparticle
inhibited the enzyme activity (Table 1).

Dye degradation

Reduction in the intensity of absorption spectra of MB
dye with respect to time proves the progress in degrada-
tion. The degradation was completed within 17 min in the
presence of silver nanoparticles and NaBH, (Fig. 9A). In
absence of silver nanoparticles, significant degradation
was not observed. Electron relay from BH,™ methylene
blue facilitates the degradation. Possibly the excitation of
surface electrons and its interaction with dissolved oxygen
in the solution along with the production of hydroxyl free
radical leads to the significant interaction of silver ions
with dye molecules (Vinayagam et al. 2017; Yadav et al.
2019). Biogenic silver nanoparticles absorb methylene blue
and NaBH, on the surface. Methylene blue and NaBH, act
as electrophile and nucleophile respectively. Possible dye
degradation mechanisms involve the ability of NaBH, on
electron donation and acceptance capability of methylene
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Table 1 Comparison of amylase activity in presence of synthesized silver nanoparticle

SI. No.  Size of silver nanoparticles and source of synthesis Effect on amylase References
1. 42 nm (Jatropha curcas extract mediated synthesis) Reaction rate: threefold increase ~ (Halima and Narula 2019)
2. 5 to 20 nm (Lentinus tuber-regium extract mediated synthesis) Inhibited the amylase activity (Debnath et al. 2020)
3. 36 nm (chemical fabricated silver nanoparticles) Activity increased by ninefold (Krishnakumar et al. 2018)
4. 5 to 40 nm (soluble starch mediated synthesis) Activity increased by 4.7 fold (Ernest et al. 2012)
5. 5 to 15 nm (Bauhinia variegata flower extract mediated synthesis)  Inhibited the amylase activity (Johnson et al. 2017)
6. 26.52 nm (Cannabis sativa leaf extract mediated synthesis) Inhibited the activity (Chouhan and Guleria 2020)
7. 48.83 to 55.24 nm (Cocoa pod shells extract mediated synthesis) Activity increased by sevenfold = Current work
Fig.9 A UV-Vis spectra and B 16 4.0
First-order degradation kinetics a) ] b)
of MB dye in the presence of 144 MB Dye alone 35 -
AgNP and NaBH, : ' 4
MB Dye + AgNP k =0.1889 min
1.2 3.0 1 R? = 0.9869
5 ]
© 10 2.5 1
8 {mB Dye|+ AgNP+ NaBH, ? 1
C -]
@ 0.8 : > 20
£ <,
~ 1.5
2064 | S
_Q . . . — ]
< | 0to 17 min
. 1.0
0.4 - ! ]
! 0.5
0.2 1 * ]
_ 0.0 1
0.0 1 ]
-0.5 1= T

blue dye molecules. Biogenic silver nanoparticles play the
role of relay system in a homogeneous reaction process in
the transfer of electrons essential for methylene blue dye
degradation (Varadavenkatesan et al. 2020a, b; David and
Moldovan 2020). Methylene blue will degrade into leuco-
methyene Blue (Hu et al. 2019). Spontaneously desorbed
leucomethyene Blue diffuses into solution. Colorless mol-
ecules such as H,0, SO,™2, and CO, are generated during
dye degradation (Moon et al. 2018). The pseudo-first-order
reaction model fits well with the degradation of methylene
blue dye exhibiting R? of 0.9869 and the degradation con-
stant was calculated to be 0.1889 min~' from the plot In (A,/
Ay) vs time (Fig. 9B). Table 2 provide the comparison of
methylene blue dye degradation using silver nanoparticles.

Inhibition activity against FocR4 with silver
nanoparticle

The results of biogenic nanoparticles in the present study
demonstrated that the zone inhibition was found to be 34%

T T T T
400 500 600
Wavelength, nm

T T 1 T T T T T T T T T 1
700 800 2 0 2 4 6 8 101214 16 18

Time, min

(Fig. 10c) after 5 days of incubation. The crude extract
comparatively showed no activity as is visible in Fig. 10b,
wherein the FocR4 growth had covered the entire Petri plate
within 5 days of incubation. The growth of pure FocR4 cul-
ture is depicted in Fig. 10a.

The inhibition mechanism could be possibly the ions that
are released by the nanoparticles binding to the few protein
groups, which further interfere with the cell permeability.
In general, nanoparticles ranging between 10 to 70 nm pen-
etrate the cell membrane causing rupture of the cell walls
and releasing the cell contents. Thus, an increase in the size
of the nanoparticle makes the regular pattern of growth and
development of the fungi almost impossible. In the present
study, the size of the nanoparticles ranged between 48.83
to 55.24 nm, which resulted in the appropriate inhibition
pattern destroying the conidia thereby disrupting the elec-
tron transport, protein oxidation, and membrane potential.
These nanoparticles also may be responsible for inducing
oxidative stress causing severe protein damage, membrane
damage, and nutrient absorption by directly attacking the
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Table 2 Comparison of SINo. Size of the silver
mt‘:thyle?ne blue d.egrad.atlon nanoparticles
using biosynthesized silver
nanoparticle 1. 31 nm

2. 19 nm

3. 5to 25 nm

4. -

5. -

6. -

7. -

8. 48.83 to 55.24 nm

Absorbance: 0.5 to 0

Time: 14 min

% Degradation: 92.06%
Pseudo-first-order reaction kinetics

Absorbance: 2.0 to O

Time: 20 min

% Degradation: 99.00%
Pseudo-first-order reaction kinetics
R?>=0.981

Absorbance: 0.6 to 0.22

Time: 72 h

% Degradation: 92.00%

Absorbance: —

Time: 08 min

% Degradation: 100.00%
Pseudo-first-order reaction kinetics

Absorbance:

Time: 12 min

% Degradation: 99.00%
Pseudo-first-order reaction kinetics
R%2=0.9477

Absorbance:

Time: 13 min

% Degradation: —

Absorbance: 3.2 to 0

Time: 80 min

% Degradation:

Pseudo-first-order reaction kinetics
R?=-

Absorbance: 1.2 to 0

Time: 17 min

% Degradation: 100
Pseudo-first-order reaction kinetics
R2=0.9869

(Huy Tran et al. 2018)

(Somasundaram et al. 2021)

(Al-Zaban et al. 2021)

(Khansole 2022)

(Song et al. 2022)

(Bonnia et al. 2016)

(Chikkanayakanahalli Para-

mesh et al. 2021)

Current work

Disc with

CPS extract

Fig. 10 a Growth of FoCR4, b growth of FocR4 on CPS crude Extract, ¢ CPS Ag nanoparticle disc inhibition zone against FocR4

DNA (Cruz-Luna et al. 2021). Silver nanoparticles adhere
to fungal hyphae and disrupt the integrity of the fungal
cells. Primarily, silver ions interfere with the function of the
membrane-bound enzyme, disrupt the replication of DNA,
and block the expression of enzymes and proteins (Dawoud
et al. 2021).

lase ¢LLoJi & .
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These results are in good justification with the studies
conducted by Pham et al. 2019, wherein using copper nano-
particles in colloidal form has depicted 100% inhibition.
Based on the literature survey, this study reports the first of
its kind on the inhibition of FocR4 using silver nanoparticles
from CPS. Further studies need to be corroborated in this
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Table 3 Comparison of antifungal activity of biosynthesized silver nanoparticle against Fusarium oxysporum

SI. No.  Size of silver nanoparticles and source of synthesis Antifungal activity References

1. 33. 26 nm (silver nanoparticles coated with chitosan) 74% inhibition with 2000 ppm  (Basurto et al. 2020)

2. (Satureja hortensis seeds mediated synthesis) 35% inhibition with 5000 ppm  (Abkhoo and Panjehkeh 2017)
3. 50.6 nm (Malva parviflora L. leaf extract mediated synthesis) 80% inhibition (Al-Otibi et al. 2021)

4. 3 to 13 nm (Nigrospora oryzae isolate extract mediated synthesis)  64.16% inhibition (Dawoud et al. 2021)

5. 48.83 to 55.24 nm (Cocoa pod shells extract mediated synthesis) 34% inhibition Current work

area which may provide insight into the specificity of these
nanoparticles in combating FocR4 and in turn helping the
cultivars effectively in the growth of crops. Comparison of
antifungal activity against Fusarium oxysporum exhibited by
biosynthesized nanoparticles is provided in Table 3.

Conclusion

The research encompasses that silver nanoparticle was suc-
cessfully synthesized using CPS extract. Zeta sizer report
revealed the size range of colloidal silver nanoparticles
as approximately between 190 to 490 nm with an average
hydrodynamic diameter of 384 nm. Significantly, the func-
tional groups like alkene and alcohols present in the CPS
extract have transferred to the silver nanoparticle surface
during the silver ion reduction process. SEM with EDS and
XRD analysis attested to the existence of the silver nano-
particles. SEM analysis indicates the diameter of silver
nanoparticles ranging from 48.83 to 55.24 nm. The sharp
peak of 33.16° in XRD analysis proves (101) fcc plane and
the crystallite size of silver nanoparticles was calculated as
59.65 nm. This work spotlights the enhanced in vitro activity
of amylase in presence of silver nanocatalysts explored in
the spectra of application in industrial processes. Methylene
blue dye was degraded in presence of silver nanoparticles
proving the potential nanocatlytic property. The dye degra-
dation process follows a pseudo-first-order reaction model.
In addition, the biogenic nanoparticles in the present study
have exhibited anti-Foc activity, which proves to hold a
promising tool in the future agricultural domain in resolv-
ing pest management, wherein this biogenic solution could
be suitably applied to the crops in spray form providing a
reasonable alternative in an effective and economic form.
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