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a b s t r a c t

Bacterial blight disease of pomegranate caused by Xanthomonas axonopodis pv. punicae decrease crop
productivity. X. axonopodis was isolated from infected fruits, stem and leaves collected from Pravara area
on NAS medium. Pure culture was obtained by regular subculture and maintained on NAS medium.
Trichoderma harizanium fungal biomass was generated for nanoparticle synthesis on liquid PDA medium.
The aqueous cell free culture filtrate (CFCF) obtained by filtration. Nanoparticles were synthesized using
50 ml of aqueous CFCF in flasks by stirring appropriate amount of, CuSO4 (1–2 mM) solution in dark at
45 �C. Silver nanoparticles were synthesized using Trichoderma viride. SEM analysis proved silver
nanoparticle size in the range 5–10 lm. Spread plate and colony count techniques proved significant
antibacterial activity of silver nanoparticles against Xanthomonas axonopodis.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Pomegranate (Punicagranatum L.) is an economically important
fruit crop because of its immense nutraceutical value. It is used in
pharmaceutical, dye and leather industries.This crop is adaptable
to diverse climate, soil and water condition and high tolerance to
drought [1]. It has potentials to develop wastelands available in
the arid and semi-arid regions of India. This is an ideal crop for
diversification. Moreover, it can make higher contribution to GDP
with small area [13].The pomegranate originated in Iran/Turkey;
it grown over the whole Mediterranean region of Asia, Africa and
Europe; later it migrated to Far East along silk route here It has
been cultivated since the preChristian era [10].Recently pomegra-
nate cultivation is harmed by bacterial blight caused by X.ax-
onopodispv. punicae loss crop yield up to 60–80 %. This disease
could not be effectively controlled by antibiotics, chemicals 1.Bac-
terial blight of pomegranate was first reported in India from Delhi
in 1952 and later from Banglore (Karnataka) in 1959 [29].The dis-
ease had no importance until 1991, but it appeared in epidemic
form at IIHR lead to 60–80 per cent yield losses [5]. Further, sever
outbreak of disease was noticed in Karnataka caused heavy losses

in yield and qualiy of fruits. Attack of bacterial blight disease also
reported in Western Maharashtra. Particularly in Solapur district
it was occured throughout the year [16].Fig. 1.Table 1.Table 2..

Now a days nanotechnology is an emerging field which has
many novel applications as a nanomaterials widely used in nano-
medicine and biotechnology [6,41]. The nanoparticles have appli-
cations in optoelectronics,nanodevices and nformationstorage
technology because of their unique electrical, optical, catalytic
and magnetic properties differ from bulk materials [35]. Recently,
many chemical and physical methods are used for synthesis of
inorganic nanoparticles butthese methods are toxic, costly and
non-ecofriendly. On the other hand biological methods are non-
toxic and eco-friendly [3]. So there is need to develop biosynthesis
strategies which are easy to scale up,simple, cost-effective and
environment friendly..

To survive in toxic metal environment conditions microbes are
involved in mechanisms to transform toxic metal forms to their
corresponding non-toxic forms such as metal sulfide/oxides [34].
Bacteria, yeasts, fungi, algae and plants could be used for the syn-
thesis of nanoparticles among these bacteria are significant as
these are easy to culture and produce extracellular nanoparticle
[32,33,42].They require mild experimental conditions like pH, tem-
perature and have easy downstream processing and short genera-
tion time for nanoparticle synthesis [39].
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Copper nanoparticleshasgained attention because of its unique
properties and applications [9,12,14]. such as, lubricants [50], ther-
mal transfer nanofluids [35],nanocomposite coatings [23]elec-
tronic materials [29], catalysts [31].Copper nanoparticles (CuNPs)
has applications in antibiotic treatment which have been shown
significant antibacterial property toEscherichia coli and Bacillus sub-
tilis [46].

Nanoparticles bound to the cell wall results in death of patho-
gen. Copper based fungicides produce highly reactive hydroxyl
radicals to damage lipids, proteins, DNA and other biomolecules.
Therefore CuNPsplay an important role in disease prevention and
management of variety of crop diseases [46].

Among several nanomaterials, silver nanoparticles (AgNPs) are
widely used in the field of nanotechnology [41]. Nanosilver is
one of the nanomaterials with the highest degree of commercial-
ization [41] and silver has physiochemical properties such as con-
ductivity, chemical stability, and catalytic and antibacterial
activities [7,54]. Because of their unique properties and high sur-
face area to volume ratio, AgNPs are widely used as antibacterial
agents in the health industry, food storage [11],textile coating

[59]and a number of environmental [7,54,2]antiangiogenic [20]
and as anticancer agents [55].

Metal nanoparticles are widely used because of their unique
properties and applications in catalysis, photonics, optoelectronics,
biological tagging, agriculture and pharmaceuticals. Their perfor-
mance depends critically on their size, shape, reducing agents
and composition.Biologically synthesized AgNPs have biocompati-
bility, stability, high solubility, and high yield without aggregation.
Therefore, the synthesis of nanomaterials using biological methods
is a simple, nontoxic and more environmentally friendly than
chemical methods, which are expensive and hazardous to living
organisms 20,21,55 Many natural resources are available for the
environment friendly synthesis of nanoparticles, such as plants,
plant products, bacteria, fungi, algae, yeast, and viruses
[20,21,55]. Interestingly, biological molecules can serve as both
reducing and capping agents for nanoparticle synthesis. Capping
agents are essential for preventing nanoparticle aggregation and
increasing solubility of the nanosystem, and they can also be used
as a site for bioconjugation of the nanoparticle with important
molecules [48,53]. Stabilization of nanoparticles can be achieved

Fig. 1. (a) Sample collection; (b) Isolation.

Table 1
Antibacterial activity of silver nanoparticles against Xanthomonasaxonopodis.

Sr. No. Sterile Broth (ml) Ag Nanoparticle solution (ml) O.D. at 600 nm at 0 min O.D. at 600 nm after 24 h Number of colonies

1 2 1 0.063 0.018 79
2 2 2 0.028 0.087 29
3 2 3 0.021 0.075 00
4 2 4 0.062 0.062 00
5 2 5 0.054 0.053 00
SD ±949.84
SE ±424.78

Table 2
Antibacterial activity of copper nanoparticles against Xanthomonasaxonopodis.

Sr. No. Concentration of CuSO4 (ppm) Sterile Broth (ml) Culture (ll) Number of colonies observed

1 5 5 200 0
2 10 5 200 0
3 15 5 200 0
4 20 5 200 0
5 25 5 200 0
6 Control 5 200 37
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by adding capping agents, which bind to the nanoparticle surface
via covalent bonds or chemical interactions [59]. Thus, biologically
prepared nanomaterials are extremely valuable because nanoparti-
cles can be coated with a lipid or protein layer that confers physi-
ological solubility and stability which is critical.

Considering importance of nanotechnology in plant disease
management the present investigation is planned to study the role
of copper, silver and hydrogen peroxide against Xanthomonasax-
onopodis bacterial blight of pomegranate.

2. . Materials and methods

2.1. Isolation and purification of the pathogen

The infected parts of the pomegranate showing bacterial blight
diseases symptoms were collected in sterile plastic bags from dif-
ferent locality pomegranate orchard in Pravara area. Infected por-
tions along with small portions of healthy tissue were cut into
5 mm bits.These bits were further surface sterilized with 0.1 per
cent HgCl2 for 1 min and washed thoroughly with sterile distilled
water three times. The surface sterilize bits were then crushed in
2 to 3 ml sterile distilled water and allowed to diffuse for 5 to
10 min at room temperature. A loop full leachate was streaked
on Nutrient Agar medium (NA) / Yeast Dextrose Calcium Carbonate
Agar medium (YDCA) plates aseptically and incubated at 30 ± 1 �C
temperature for 48 h. The colonies grown within 72 h were picked
and again streaked on fresh NutrientAgar plates. The discrete colo-
nies were sub cultured on nutrient agar slants for further studies
[40].

The isolated bacterial colonies were further picked up with the
sterilized inoculation loop and streaked on the surface of sterilized
NA medium petri plates [46]. The inoculated plates were incubated
at 30 �C for 72 h. Observations were noted for the developedwell-
separated typical, bright yellow, mucoid colonies. These pure colo-
nies were further streaked onto the NA medium slants and incu-
bated at 30 �C for 72 h. The pure cultures slants were stored in
the refrigerator at 5 �C, as a stock culture for further studies. In
long-term storage, the culture preserved in 70 per cent glycerol
and kept at �4� C.

2.2. Identification of the pathogen

The bacterial blight pathogen X.axonopodiswas identified on the
basis of morphological, biochemical characteristics of the
pathogen.

2.3. Morphological characterization

The morphological characteristics of the pathogen like, cell
shape, gram reaction, pigmentation, growth characters were
observed to identify pathogen [4,22,47].

2.4. Biochemical characterization

The bacterial isolates from the different locality were tested to
various biochemical tests viz citrate test, starch hydrolysis, lysine
utilization, urease production, phenylalanine deamination, nitrate
reduction, H2S production, and carbohydrates utilization with the
standard protocols of Hi media KB 002 Hi Assorted TM biochemical
test kit. The KOH solubility test, indole production test were done
[47].

2.5. Synthesis of SilverNanoparticles

Silver nitrate was used as a precursor for the synthesis of silver
nanoparticles. 5 ml of 1 mM AgNO3 (99.99 %) aqueous solution
was added with 100 ml of Trichoderma in 250 ml conical flask at
room temperature. The flask was put into shaker (150 rpm) at
30 �C and reaction was carried out for a period of 72 h [43–45].

2.6. Characterization of Nanoparticles:

After addition of Ag + ions plant extract mixture will turn into
brownish colour with in four hours [36–38].

2.7. UV–visible spectroscopy analysis

The colour change in reaction mixture was recorded through
visual observation. The bioreduction of silver ions in aqueous solu-
tion was monitored by periodic sampling of aliquots (1 ml) and
subsequently measuring UV–vis spectra of the solution. UV–vis
spectra of these aliquots were monitored as a function of time of
reaction on UV–vis spectrophotometer operated at a resolution of
1 nm.

2.8. Synthesis and characterization of copper nanoparticles

2.8.1. Trichodermabiomass production
Trichoderma harzianum procured from the agricultural biotech-

nology college Loni further it was grown on PDA plates to develop
fresh culture. To develop biomass for synthesis of nanoparticle
young mycelia were inoculated in 500 ml PDA liquid medium
and incubated in an orbital shaker at 24 ± 2 �C at speed 150 rpm�1

for 72 hr in dark. 10 g of myceliaum biomass was harvested with a
plastic sieve, washed with sterile double distilled water to remove-
medium components traces.The 10g biomass was inoculated in
150 ml sterile double distilled water in 500 ml flask and incubated
for 48 h at 22 �C in orbital shaker. After incubation, the fungal bio-
mass was filtered through Whatman filter paper to collect cell free
culture filtrate (CFCF) [10].

2.8.2. Synthesis of copper nanoparticles
CuSO4 was added in 50 ml CFCF to make a final concentration

1–2 mM and incubated in orbital shaker at 100 rpm in dark at
45 �C.Synthesis of copper nanoparticles indicated change in colour
of solution [51,52]. The CFCF without copper sulphate and 1–2 mM
of metal salt in deionized water, were kept as controls for compar-
ison. The nanoparticles were separated by centrifugation, at
8000 rpm�1 for 10 min, washed twice with double distilled water
and lyophilized. Lyophilized NPs were stored in polypropylene
tubes in dark at room temperature [17].

2.9. Antibacterial activity of silver and copper nanoparticles against X.
Axonopodis

Antibacterial activity was tested on X. axonopodis by spread
plate method. The reaction mixture was prepared by taking 2 ml
broth, 1 ml silver nanoparticles to 5 ml, 200 llX. axonopodisculture.
Sterilized NAS medium plates were prepared and 200 ll reaction
mixture was spread on sterile medium plates. Plates were incu-
bated for 24 h.
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3. Results and discussion

3.1. Isolation and characterization of pathogen

The morphological and biochemical characteristics tests were
used to identity pathogen. Morphologically all the isolated strains
showed light to pale yellow colour, profuse slimy smooth growth.
Further characterization through a biochemical tests proved Gram
negative reaction, positive to citrate utilization, starch hydrolysis,
KOH solubility and lysine utilization etc., inconformity with past
findings [29,40,5].

3.2. Synthesis of copper nanoparticle

Colour of copper metal salts in CFCF solution was changed from
blue to dark green. This change in colour (Plate 1) indicated syn-
thesis of copper nanoparticles.The UV–vis absorption spectrum of
CuNPs CFU solution showed distinct absorption peak in the region

of 550–650 nm also confirmed synthesis of CuNPs in agreement
with past report [42].

3.3. Characterization of copper nanoparticle

Scanning electron microscopy(SEM) of CuNP showed that parti-
cle size within range of1- 100 lm. The SEM showed number of
aggregates. The morphology of the nanoparticles was highly
variable.

3.4. Synthesis of silver nanoparticle

Study with attempt synthesized AgNPs with controlled particle
size, using Trichodermaviridaeextracts as reducing and stabilizing
agents with optimized conditions [19,59]. The change in color of
the reaction mixture from colorless to brown confirms biosynthe-
sis of AgNPs with reports Lekshmi, et al., (2012). The UV–vis spec-
tra recorded from the reaction vessel at different times of reaction

Fig. 2. (a) Biosynthesis of CuNP; (b) SEM ForCuNP.

Fig. 3. Scanning Electron Microscopy of AgNP.
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were plotted [53]. The UV-Spectroscopic analysis showed peak at
399 nm (2.012) and at 394 nm (2.022) [24,25,27,28,30] also
observed strong but broad, surface plasmon peak at 399 nm

(2.0786) and 397 nm (2.2080) for AgNPs synthesised and colour
change; colourless to brown. UV–visiblespectroscopy ofsilver
nanoparticles characterized by UV visible spectrometer at resolu-
tion 300 to 600 nm.proved strong surface plasmon resonance cen-
tered at 422 nm clearly indicates an increased in intensity with
time and stability proved synthesis of silver nanoparticles.
(Fig. 2).The metal particles stability in solution was up to two
years. Absorption peak of silver nanoparticles at 421 nm [18] at
414–420 nm with increased intensity up to 72 hr. [26] at 420 nm
[15] at 440 nm [49] and at 380,400–420 nm [15].SEM micrograph
recorded from the silver nanoparticles showed tetrahedral shape,
size in the range the 5–10 lm. The SEM shows complex nanopar-
ticles as well as number of aggregates. The morphology of the
nanoparticles was highly variable and was not single. Past reports
also reported variable size of AgNPs 5–40 nm [18,26], 5–50 nm and
28 nm [8].Fig. 3.Fig. 4.Fig. 5.Fig. 6..

Result summarized in table 1 support that AgNP solution at
3 lM proved inhibitory for Xanthomonasaxonopodis,however table

Fig. 4. Synergistic Effect of AgNP; Cu NP and Hydrogen Peroxide.

Fig. 5. (a) UV-spectroscopy characterization of AgNP; (b) XRD pattern of biogenic synthesized silver nanoparticles.

Fig. 6. Antibacterial Activity of H2O2, Ag and Cu NP.
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2 proved that 5 ppm CuNP concentration is significantly inhibitory
for X.axonopodis.

Results summarized in table for antibacterial activity of CuNP-
showed that no colonies were recorded even at 5 ppm concentra-
tion. For silver nanoparticles, results showed that 1uM
concentration showed zero colony growth 56–58,60,61.

From the result summarized in Table 3, it was found that as the
concentration of H2O2 increases in combination with Ag, Cu
nanoparticles, 1uM and 5 ppm respectively at 5 min decrease in
number of colonies. This confirmed that 5 mM concentration of
H2O2 in combination with Ag and Cu nanoparticles will be effective
at specific time period of incubation. Therefore, to standardize
specific time period of incubation, time period was increased to
10 min. (Table 3). Result summarized in table 3 proved that
5 Mm concentration of H2O2 in combination with 1 uM Ag NP
and 5 ppm Cu NP was significantly effective at 10 min incubation.

4. Conclusion

Foliar spray and drenching of silver nanoparticals at 1 uM con-
centration, copper nanoparticles at 5 ppm concentration and
hydrogen peroxide at 5 mM concentratration in combination sig-
nificantly effective to control bacterial blight of pomegranate.
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a b s t r a c t

This research paper comprises of the effect of temperature and concentration on the acoustic volumetric
and viscometric properties viz. ultrasonic velocity, density and viscosity of aqueous KIO3 solutions in 1 %
KH2PO4.The research findings is quite useful to expound the various inter molecular interactions like ion–
ion, ion–solvent, and solvent–solvent between the chosen solute–solvent system. Based on the data
obtained, various derived acoustical parameters viz, acoustic impedance(Z), adiabatic compressibility
(b), intermolecular free length (Lf), free volume (Vf), Rao’s constant (R),Wada’s constant (W), density
dependent apparent molar volumes (£V ) viscosity dependent viscosity B-coefficients for KIO3 solutions
in aqueous 1 % KH2PO4 and pure water system have been determined at 298.15 to 313.15 K. Additionally
Masson’s constants, Jones-Dole constants are supported to study various molecular interactions.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

KIO3 is a colourless crystalline solid that is widely used as an
oxidising agent while Potassium dihydrogen phosphate, KDP (KH2-
PO4) is the inorganic compound. Both are used in many different
applications such as a food ingredient, fertiliser, and fungicide. [3
25]. Potassium iodate is occasionally used as a flouring agent in
baking, [21], also used as a source for dietary iodine. It is also found
in certain formula milk that is marketed to babies. [7] KDP can be
found in energy drinks, coffee creamers, cheddar cheese, and low-
sodium foods..It supplies potassium and phosphorus nutrients.
Incorporating the current research into multiple applications like
the solutes for medical, food, and agricultural science encourages
us to carry on the current investigation.

In food, medicine, and pesticide industries, molecular and ionic
interactions of oxidising agents in presence of aqueous salts plays a
vital role. The ion-water interactions in understanding the effects
of oxidising agents, particularly their temperature dependence[17
30,19]. The information gained from ultrasonic propagation
parameters in liquid mixtures and solutions, such as ultrasonic
velocity and its variation with concentration of one of the compo-

nents, aids in betterunderstansing of howmolecular interactions in
a mixture affect each other and provides a way to test theories
dealing with liquid structure. The transport and acoustic data will
be very useful to understand solvolysis behaviour and ion-
molecular interaction[6]of KIO3 in used solvent systems.

2. Experimental

2.1. Materials

All chemicals were taken from Sigma Aldrich, Germany, with
more than 99 % purity and was further desiccated over anhydrous
CaCl2 before use. Tripally distilled water with a specific conduc-
tance of < 10-6 S.cm�1 was used for the preparation of solutions
at room temperature in a molality range (0.03–0.21) mol.kg�1.
The precision of balance used was ± 1 � 10-5g.(See Table 2 Table 3.
Table 4. Table 5.).

2.1.1. Measurements of density
Densities of aqueous solutions were determined using a 15 cm3

double arm pycnometer housed in a transparent glass walled
water bath. The pycnometer was calibrated using triple distilled
water. The densities of KIO3 solutions in aqueous 1 % KH₂PO₄,
and pure water were measured by bi-capillary pycnometer at dif-

https://doi.org/10.1016/j.matpr.2022.09.263
2214-7853/Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotechnology Perspective for Multidisciplinary Applications - 2022.
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Table 1
Molality (m), density (q), viscosity(g),ultrasonic velocity (u), acoustic impedance (Z), adiabatic compressibility (b), intermolecular free length (Lf), free volume (Vf), Rao’s constant
(R), Wada’s constant (W), partial molar volume (VU) and Relaxation time for the solution of KIO3 in KH2PO4 at 298.15 K and atmospheric pressure.

m, mol
kg�1

q kg/m3 g � 10–3 Ns
m�2

u, m
s�1

Z � 10–5, kg
m�2 s�1

b � 10-10,

m2 N�1
Lf � 10-11,
m

Vf � 106 m3

mol�1
R W x 10-13 m5/

7/N 1/7
VU � 10–6, m3

mol�1
Relaxation
Time

0.03 1005.18 0.9289 1501.3 15.091 4.437 4.332 1390.756 0.00181 1.2759 3.163 5.4990
0.06 1006.66 0.9349 1512.8 15.229 4.362 4.296 1561.904 0.00195 1.3772 2.979 5.4378
0.09 1008.51 0.9417 1527.7 15.407 4.271 4.251 1677.296 0.00204 1.4422 2.820 5.3628
0.12 1010.73 0.9497 1539.6 15.561 4.197 4.214 1752.351 0.00211 1.4864 2.670 5.3141
0.15 1013.33 0.9592 1548.4 15.690 4.139 4.184 1797.759 0.00215 1.5176 2.535 5.2934
0.18 1016.49 0.9699 1559.7 15.854 4.067 4.148 1830.806 0.00218 1.541 2.425 5.2597
0.21 1018.45 0.9743 1571.3 16.003 3.996 4.111 1873.288 0.00221 1.5612 2.292 5.1907

Table 2
Molality (m), density (q), viscosity(g),ultrasonic velocity (u), acoustic impedance (Z), adiabatic compressibility (b), intermolecular free length (Lf), free volume (Vf), Rao’s constant
(R), Wada’s constant (W), partial molar volume (VU) and Relaxation time for the solution of KIO3 in KH2PO4 at 303.15 K and atmospheric pressure.

m, mol
kg–1

q kg/
m3

g � 10–3
Ns m–2

u, m
s–1

Z � 10–5, kg
m–2 s–1

b � 10–10,
m2 N–1

Lf � 10–
11, m

Vf � 106 m3
mol–1

R W x 10–13 m5/
7/N 1/7

VU � 10–6,
m3 mol–1

Relaxation
Time

0.03 1003.91 0.8461 1520.8 15.267 4.307 4.307 1610.849 0.00182 1.283 2.880 4.859
0.06 1005.31 0.8516 1534.8 15.429 4.223 4.265 1811.086 0.00196 1.386 2.759 4.795
0.09 1007.11 0.8586 1547.5 15.585 4.146 4.226 1937.609 0.00206 1.450 2.629 4.747
0.12 1009.25 0.8669 1558.6 15.730 4.079 4.192 2018.936 0.00212 1.495 2.532 4.715
0.15 1011.76 0.8767 1571.4 15.899 4.003 4.152 2074.958 0.00216 1.527 2.446 4.679
0.18 1014.76 0.8879 1589.8 16.133 3.899 4.098 2121.895 0.00220 1.553 2.380 4.616
0.21 1016.25 0.8924 1596.3 16.222 3.862 4.079 2158.602 0.00223 1.572 2.320 4.595

Table 3
Molality (m), density (q), viscosity(g),ultrasonic velocity (u), acoustic impedance (Z), adiabatic compressibility (b), intermolecular free length (Lf), free volume (Vf), Rao’s constant
(R), Wada’s constant (W), partial molar volume (VU) and Relaxation time for the solution of KIO3 in KH2PO4 at 308.15 K and atmospheric pressure.

m, mol
kg�1

q kg/m3 g � 10–3 Ns
m�2

u, m
s�1

Z � 10–5, kg
m�2 s�1

b � 10-10,

m2 N�1
Lf � 10-11,
m

Vf � 106 m3

mol�1
R W x 10-13 m5/

7/N 1/7
VU � 10–6, m3

mol�1
Relaxation
Time

0.03 1002.64 0.7672 1534.6 15.387 4.235 4.30 1865.751 0.00183 1.288 2.642 4.332
0.06 1004.01 0.7742 1555.3 15.615 4.118 4.250 2102.814 0.00197 1.392 2.547 4.250
0.09 1005.72 0.7824 1568.9 15.779 4.040 4.209 2243.369 0.00207 1.458 2.479 4.214
0.12 1007.75 0.7924 1581.6 15.939 3.967 4.171 2329.952 0.00213 1.503 2.413 4.191
0.15 1010.18 0.8042 1596.5 16.128 3.884 4.127 2386.204 0.00218 1.536 2.359 4.164
0.18 1012.93 0.8177 1610.8 16.316 3.805 4.085 2415.863 0.00222 1.561 2.298 4.148
0.21 1014.25 0.8224 1625.8 16.490 3.730 4.045 2474.348 0.00225 1.583 2.250 4.090

Table 4
Molality (m), density (q), viscosity(g),ultrasonic velocity (u), acoustic impedance (Z), adiabatic compressibility (b), intermolecular free length (Lf), free volume (Vf), Rao’s constant
(R), Wada’s constant (W), partial molar volume (VU) and Relaxation time for the solution of KIO3 in KH2PO4 at 313.15 K and atmospheric pressure.

m, mol
kg�1

q kg/m3 g � 10–3 Ns
m�2

u, m
s�1

Z � 10–5, kg
m�2 s�1

b � 10-10,

m2 N�1
Lf � 10-11,
m

Vf � 106 m3

mol�1
R W x 10-13 m5/

7/N 1/7
VU � 10–6, m3

mol�1
Relaxation
Time

0.03 1000.99 0.6834 1558.1 15.596 4.115 4.289 2238.271 0.00184 1.295 2.442 3.750
0.06 1002.38 0.6902 1574.4 15.781 4.025 4.242 2508.292 0.00199 1.399 2.347 3.704
0.09 1004.07 0.7011 1591.9 15.984 3.930 4.191 2664.792 0.00208 1.466 2.267 3.674
0.12 1006.15 0.7128 1610.6 16.205 3.831 4.139 2766.668 0.00215 1.513 2.193 3.641
0.15 1008.55 0.7263 1623.5 16.374 3.762 4.101 2810.691 0.00220 1.546 2.113 3.643
0.18 1011.01 0.7419 1642.4 16.605 3.667 4.049 2837.329 0.00223 1.573 2.056 3.627
0.21 1014.65 0.7624 1665.6 16.900 3.553 3.985 2833.837 0.00226 1.594 2.000 3.611

Table 5
. Masson ð£0

V , Sv,) Moulik(M,K) Jone-Dole (A,B,) Roots(R,S) parameters of of KIO3 in 1% KH2PO4 at different temperatures.

Temperature K Masson Constant Jone-Dole’s Parameters Moulik Parameters Roots Parameter ‘b’ values

0
V

Sv, A B/ K M R S b
(dm3/2mol-/2) (dm3.mol�1)

298.15 K 213.4 �12.8 0.28 0.54 71.27 1.08 0.74 �2.36 1.5
303.15 K 213.7 �12.64 0.3 0.47 80.91 1.07 0.73 �2.31 1.7
308.15 K 214.1 �13.12 0.28 1.14 108.8 1.08 0.73 �2.21 2.27
313.15 K 214.9 �12.20 0.29 1.16 142.7 1.07 0.59 �2.36 2.96
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ferent temperatures. The density was determined with an accuracy
of ± 1.28 � 10-4 g.cm�3 using an average of triple measurements.
The thermostat temperature is maintained at the desired level
using a demerstat with a 0.1 K precision.

2.1.2. Measurement of viscosity
The viscosities of all seven concentration of KIO3 solutions in

aqueous 1 % KH₂PO₄, were determined using an Ubbelohde vis-
cometer at 298.15, 303.15, 308.15, and 313.15 K. At least three
times, measurements were taken to ensure the reproducibility of
the results. Viscosity measurements were performed with an over-
all precision of ± 2.5 � 10-4 mPa.s. The flow time is reliably mea-
sured at 0.01 s intervals. Before injecting each sample, the
equipment was cleaned with distilled water and acetone and thor-
oughly dried.

2.1.3. Measurement of ultrasonic velocity
TheUltrasonic Interferometer (ModelNo. F-81,Mittal Enterprises,

New Delhi, India) was used at a frequency of 2 MHz to measure the
sound velocity in the aqueous systems and aqueous 1 % KH₂PO₄, sys-
tems of KIO3. In each case, the measurement was repeated three
times, and the accuracy of the sound velocity measurement was
found to be within 0.5 m/s.[29]In the end, it all averages out.

2.2. Data evaluation

The data on density and ultrasonic velocity were used to calcu-
late acoustical parameters[30]viz., acoustic impedance (Z), adia-
batic compressibility (b), intermolecular free length (Lf), free
volume (Vf), Rao’s constant (R), Wada’s constant (W), and partial
molar volume (Vm) by the following equations:[18].

1. Adiabatic compressibility ðbÞ ¼ 1
u2q Kg-1ms2.

u = velocity; q = Density of liquid.
2. Specific Acoustic impedance (Z) = U � q Kg-1ms�3.

3. Relative association ðRAÞ ¼ q
q0

h i
U0
U

� � 1/3.

Where q and q0 are the densities of solution and solvent
respectively. U and U0 are the ultrasonic velocities of solution
and solvent respectively.

4. Molar compressibility (W) =. M:bð Þ
q

Where q = density, M = Molecular weight, b = adiabatic
compressibility.

5. Rao’s constant ðRÞ ¼ M
q ½U� 1/2.

Where, M = Molecular Weight, q = density.
6. Free volume (Vf) = [Meff. U Kg ] 1/2 m3,
Where M eff = effective molecular weight,
K-temperature independent constant K = 4.28 x109 for all liq-

uid) [21].
7. Intermolecular Free Length (Lf) = KT � p

b.
Where, Jacobson’s Constant, KT = (93.875 + 0.375 � T).
The apparent molar volumes £V , were obtained from the den-

sity results using the following equation [9;48].

V
1000ðq0 � qÞ

Cq0
þM2

q

Where M2, C, q and q0 are the molar mass of the KIO3, concen-
tration (mol kg�1)and the densities of the solution and the solvent,
respectively.

The apparent molar volumes (£V ) were plotted against the
square root of concentration (C½) in accordance with the Masson’s
equation [24;41].

V ¼ 0
V þ Sv :C1=2

Where V is the limiting apparent molar volume £0
V and Sv a

semi-empirical parameter which depends on the nature of solute,
solvent as well as temperature. When V are plotted against molal-
ity, the intercept onY axis and slope gives the values of the appar-
ent molar.

volume, 0
V and Sv respectively.

The viscosity results were plotted in accordance with Jones-
Dole equation [11;32].

gr � 1 /C½ = A + BC½.
Where gr = (g/go) and g, go are viscosities of the solution and

solvent respectively, C is the molar concentration.
The B-coefficients were obtained from the linear plots using the

least-square fitting method. [14] The A- coefficient reflects solute–
solute interaction[5]and the B-coefficient reflect the solute–sol-
vent interactions. Since in general, A/B �1, the Jones –Dole equa-
tion reduces[30]to,

gr ¼ lþ b:C

The relative viscosity data of these solutions have also been fit-
ted in Moulik equation [32],

gr
2 = M + K C2.

The density data of these solutions have also been fitted in
Root’s equation[8],

ðd� d0Þ=C ¼ R� SC1=2

Where R and S are constants.

3. Results and discussion

Density (q), viscosity(g),ultrasonic velocity (u), acoustic impe-
dance (Z), adiabatic compressibility (b), intermolecular free length
(Lf), free volume (Vf), Rao’s constant (R), Wada’s constant (W), par-
tial molar volume (VU) and Relaxation time for the solution of KIO3

in 1 % KH2PO4 solvent systems and different temperatures are
reported (See Table-1,2,3 and 4.) Fig. 1, Fig. 2 and Fig. 3 show that
the values of densities and viscosities and ultrasonic velocities of
KIO3 solutions under investigation increases with increase in con-
centration. Similar observations were also made previously [2,12]
other solutions. At higher temperatures, the solution shows higher
values of the ultrasonic velocity [13].

The positive values of £V decrease with concentration in 1 %
KH₂PO₄, and pure water solvent systems. The relative viscosities
are found to increase with concentrations.

The apparent molar volumes at infinite dilution (£0
V = V0

2) and
slopes SV , calculated using Masson equation (2) are given in
Table-5. The £0

V values of KIO3 under investigation in 1 % KH₂PO₄,
and in pure water solvent systems are large and positive suggests
presence of strong solute–solvent interactions promotes structure
making effect. [15] It is clear that the values of £V (m3.mol�1) are
positive and more or less similar in water and in salt solutions at
different temperatures. The slope Sv is negative for KIO3 solution
in 1 % KH₂PO₄, and in pure water. Since Sv is measure of solute–so-
lute interactions [23]These results indicate that there is presence
of strong solute–solute interactions. Sv values do not change sys-
tematically with change in temperature, and hence it suggests that
the solute–solute interactions are insensitive to change in temper-
ature. [1]. The acoustic impedance is the product of density and
ultrasonic velocity (Z).and dependent on both concentration and
temperature. Z increases gradually with increase in concentration
and temperature. This reveals the structure making action via
strong hydrogen bonding. [4] Adiabatic compressibility (b) varies
inversely the molality of the solution, at all four studied tempera-
ture.(See Fig. 4) [27].This indicates the close packing of the mole-
cules [26]. Values of intermolecular free length (Lf) is the
indicator of the interactions between the solute and solvent due
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Fig. 1. 3-D plot of Density vs molality (m) of KIO3 in KH2PO4 at temperature 298.15 K,303.15 K,308.15 K and 313.15 K.

Fig. 2. 3-D plot of Viscosity vs molality (m) KIO3 in KH2PO4 at temperature 298.15 K,303.15 K,308.15 K and 313.15 K.
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to association between the molecules through ionic interactions.
With the increase in the concentration, the decrease in the Lf val-
ues reflects the strong solute- solvent interactions. The increases in
the value of Vf with increase in the concentration may be due to
the dispersive forces of the component molecules. The increase
in the Rao’s constant and Wada’s constant values confirms that
solute and solvents are associated in solution due to dipole–dipole
interaction.[25].

4. Conclusions

The physicochemical properties of KIO3 solutions in water and
1 % KHD solutions at various temperatures are presented in this
report in a systematic manner.

The density and viscosity parameters drop as the temperature
increases. The reason would be that an internal molecular force
decreases and thermal energy increases. In these systems, it has

Fig. 3. 3-D plot of Ultrasonic Velosity vs molality (m) KIO3 in KH2PO4 at temperature 298.15 K,303.15 K,308.15 K and 313.15 K.

Fig. 4. 3-D plot of adiabatic compressibility (b) vs molality (m).
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been observed that there are strong solute–solvent interactions.
Positive 0

V values indicate the presence of ion–solvent interactions.
For KIO3, the Moulik, Roots, and Jones-Dole reduced equations are
validated.

The higher densities of KIO3 in 1 % KH2PO4 are due to the salts’
relative salvation, corresponding relative volumes of system, and
molar mass.Densities may increase with concentration due to the
strengthening of solute–solvent interactions. [10].By using values
of acoustical parameters of the solute over the entire concentration
range, it is interpreted that there is molecular interactions between
solute and solvent.
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a b s t r a c t

A series of N- substituted indolyl chalcones were synthesized and evaluated for their anticancer, anti-
inflammatory and antioxidant activity. Adequate confirmation of the synthesized compounds was
achieved using modern analytical techniques like FT-IR, HRMS, 1H NMR and 13C NMR spectroscopic tech-
niques. Eighteen compounds were tested against MCF7 breast cancer cell line and monkey normal Vero
cell line and calculated GI50 values from averages of 3 experiments. Compound 3a and 3 m exhibited
potent activity (GI50 = <0.1 and 16.3 lM respectively) against the MCF7 (estrogen receptor-positive) cell
line which was almost as good as that of standard drug adriamycin (GI50 = <0.1 lM). Synthesized com-
pounds were also evaluated for their antioxidant and anti-inflammatory activity. Most of the N- substi-
tuted indolyl chalcones displayed excellent antioxidant and anti-inflammatory activity.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Cancer is a disease of international anxiety that is a major rea-
son of worldwide human deaths. [1]. According to the World
Health Organization (WHO) report, 9.6 million deceases happened
globally in 2018 due to this deadly disease (WHO, 12 Sep 2018;
Bray et al., 2018). Any type of tissue or cell in the body is at a threat
of abnormal proliferation and that is the cause for the diversity in
cancer. Moreover, the causes of cancer are hurriedly growing,
while treatment strategies have concurrently been increased and
customized into advanced means of combating this terrible dis-
ease. Treatment strategies for various types of cancers include radi-
ation therapy, surgeries, chemotherapy, hormonal therapy,
immunotherapy, bone marrow transplantation, targeted therapy,
cryoablation, radiofrequency ablation, and so on[2]. While
chemotherapy is an invasive treatment, many anticancer agents
in the market suffer from various serious and sometimes

intolerable toxic limitations. So, the development of novel antitu-
mor agents is a crucial need of time [3,4].

Chalcones are essential pharmacophores of many natural prod-
ucts such as curcumin, flavokawain, millepachine, and xanthohu-
mol [5]. Indolyl chalcones have received notable attention
because of their wide ranges of biological activities, such as anti-
oxidant, antibacterial, anti-fungal, anticancer [6–9], and antidia-
betic activities [10]. El-Sawy et. al. reported N-methylsulphonyl
and N-benzenesulphonyl-3-indolyl heterocycles as anticancer
and antimicrobial agents[11]. Kumar et. al. also reported a-cyano
bis(indolyl)chalcones as novel anticancer agents[12]. Recently,
our research group reported a-cyano substituted bis-indolyl chal-
cone[13], extended conjugated indolyl chalcones[14], E)-3-(benzo
[d]thiazol-2-ylamino)-2-(1-methyl-1H-indole-3-carbonyl)-3(meth
ylthio)acrylonitrile derivatives[15], 1,3,4,5-tetrasubstituted pyra-
zole derivatives[16], indole-pyrazole based a-cyano substituted
chalcones[17] and indolyl bis-chalcone [18] as potent anti-breast
cancer agents. Our constant efforts to discover potent anticancer
agents [19–21], herein we have synthesized a series of N- substi-
tuted indolyl chalcone and in vitro evaluated for their anti-breast
cancer, anti-oxidant and anti-inflammatory activity.

https://doi.org/10.1016/j.matpr.2022.09.264
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2. Materials and methods

All the chemicals used for the synthesis of N- substituted indo-
lyl chalcone were of synthetic grade and obtained from commer-
cial sources. The development of the reactions was checked by
thin-layer chromatography (TLC) using TLC plates (silica gel 60
F254, aluminum back, Merck). Visualization of the TLC plate was
achieved with UV light. Melting points of N- substituted indolyl
chalcone were determined by the open-end capillary method and
are uncorrected. All the 1H NMR spectra were recorded in CDCl3
and chemical shifts in ppm were reported on instrument Bruker
AV-400 MHz, for 1H NMR and 75 MHz for 13C NMR relative to
TMS as an internal standard. The IR spectra were recorded on Shi-
madzu FT-IR spectrophotometer by using 1 % potassium bromide
discs. Anticancer activities were carried out under the supervision
of Dr. Jyoti Kode, Scientific Officer, Tata Memorial Centre, Advanced
Centre for Treatment Research and Education in Cancer (ACTREC),
Kharghar, Navi Mumbai-410210.

2.1. General procedure for the preparation of N- substituted indole-3-
carbaldehyde (2a-e)

To a mixture of indole-3-carbaldehyde 1(1 mmol) in tetrahy-
drofuran (THF) was added sodium hydride (3 mmol) under N2

atmosphere at 0 �C, and the mixture was vigorously stirred at
0 �C for 30 min. To this suspension, substituted benzyl chloride
(1 mmol) was carefully added dropwise for 10 min at 0 �C, and
the reaction mixture was allowed to stir at 0 �C for 1 h. Upon com-
pletion of the reaction, monitored by TLC, the reaction mixture was
poured into ice water. The solid obtained was filtered, washed with
water and recrystallized from ethanol.

2.2. General procedure for the preparation of N- substituted indolyl
chalcones (3a-r)

To a mixture of 30,40,50-Trimethoxyacetophenone (1 mmol) in
ethanol (15 ml) was added 10 % sodium hydroxide and stirred
for 5 min. Then, added N- substituted indole-3-carbaldehyde 2a-
e (1 mmol) and this mixture was stirred at room temperature for
6–8 h. After completion of the reaction (monitored by TLC), desired
product N- substituted indolyl chalcone 3a-r was precipitated out
as solid in the round bottom flask. Obtained solid was filtered,
washed with cold ethanol and oven-dried. It was column purified
by column chromatography using silica gel mesh size, 100–200
and elution with 10 % ethyl acetate in hexane.

2.3. Spectral data of representative compounds

(E)-3-(1H-indol-3-yl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-
one (3a): Yellow solid; 89 %; 240–242 �C; IR (KBr cm�1): 3228
(NH), 2986 (CAH), 1625 (C@O), 1580 (C@C); 1H NMR (CDCl3,
400 MHz):): d = 11.23 (broad s, 1H, NH), 8.00 (d, J = 12.4 Hz, 1H),
7.74 (s, 1H), 7.60 (d, J = 6.9 Hz, 1H), 7.51 (d, J = 12.4 Hz, 1H),
7.19–7.14 (m, 2H), 6.88–6.76 (m, 3H), 3.76 (s, 9H, OCH3); HRMS:
338.2120 (M + H).

(E)-3-(1-(4-chlorobenzyl)-1H-indol-3-yl)-1-(3,4,5-trimethoxy
phenyl)prop-2-en-1-one (3b): Yellow solid; 92 %; 220–222 �C; IR
(KBr cm�1): 2980 (CAH), 1672 (C@O), 1618 (C@C); 1H NMR (CDCl3,
400 MHz):): d = 8.56 (s, 1H), 8.32 (d, J = 6.8 Hz, 1H), 8.11 (d,
J = 12.0 Hz, 1H), 7.62 (d, J = 12.0 Hz, 1H), 7.39–7.23 (m, 3H),
7.17–6.93 (m, 4H), 6.34 (s, 2H), 5.42 (s, 2H), 3.56 (s, 9H, OCH3);
13C NMR (CDCl3, 75 MHz): d = 186.2, 154.3, 145.4, 144.0, 136.1,
135.2, 135.0, 132.1, 128.9, 128.4, 128.1, 127.6, 127.1, 121.0,
119.6, 118.3, 112.7, 109.4, 99.4, 60.6, 56.3, 50.5; HRMS: 462.1221
(M + H).

(E)-4-((3-(3-oxo-3-(3,4,5-trimethoxyphenyl)prop-1-enyl)-1H-i
ndol-1-yl)methyl)benzonitrile (3d): Yellow solid; 77 %; 286–
288 �C; IR (KBr cm�1): 2980 (CAH), 2222 (CN), 1656 (C@O), 1612
(C@C); 1H NMR (CDCl3, 400 MHz):): d = 9.02 (s, 1H), 8.69 (d,
J = 6.4 Hz, 1H), 8.10 (d, J = 12.00 Hz, 1H), 7.68–7.51 (m, 3H),
7.36–7.19 (m, 3H), 7.14 (d, J = 7.0 Hz, 2H), 6.44 (s, 2H), 5.23 (s,
2H), 3.61 (s, 9H, OCH3); HRMS: 453.1924 (M + H).

(E)-3-(1-(2,4-dichlorobenzyl)-1H-indol-3-yl)-1-(3,4,5-trime
thoxyphenyl)prop-2-en-1-one (3e): Yellow solid; 92 %; 266–
268 �C; IR (KBr cm�1): 2969 (CAH), 1698 (C@O), 1620 (C@C); 1H
NMR (CDCl3, 400 MHz):): d = 8.91 (s, 1H), 8.49 (d, J = 6.4 Hz, 1H),
7.97 (d, J = 12.4 Hz, 1H), 7.48 (s, 1H), 7.41 (d, J = 12.4 Hz, 1H),
7.27 (d, J = 6.8 Hz, 1H), 7.09 (d, J = 7.4 Hz, 1H), 7.00–6.92 (m,
3H), 6.38 (s, 2H), 5.30 (s, 2H), 3.76 (s, 9H, OCH3); HRMS:
496.0918 (M + H).

(E)-3-(5-bromo-1H-indol-3-yl)-1-(3,4,5-trimethoxyphenyl)pro
p-2-en-1-one (3 g): Yellow solid; 94 %; 258–260 �C; IR (KBr cm�1):
3306 (NH), 2958 (CAH), 1667 (C@O), 1621 (C@C); 1H NMR (CDCl3,
400 MHz):): d = 11.09 (broad s, 1H, NH), 7.98 (d, J = 12.4 Hz, 1H),
7.55 (s, 1H), 7.35 (d, J = 12.4 Hz, 1H), 7.20–7.04 (m, 3H), 6.29 (s,
2H), 3.72 (s, 9H, OCH3); HRMS: 416.1013 (M + H).

(E)-3-(5-bromo-1-(4-fluorobenzyl)-1H-indol-3-yl)-1-(3,4,5-tri
methoxyphenyl)prop-2-en-1-one (3i): Faint yellow solid; 94 %;
228–230 �C; IR (KBr cm�1): 2974 (CAH), 1698 (C@O), 1623
(C@C); 1H NMR (CDCl3, 400 MHz):): d = 7.94 (d, J = 12.4 Hz, 1H),
7.80 (s, 1H), 7.59–7.41 (m, 4H), 7.29–7.12 (m, 4H), 6.31 (s, 2H),
5.23 (s, 2H), 3.66 (s, 9H, OCH3); HRMS: 524.0911 (M + H).

(E)-4-((5-bromo-3-(3-oxo-3-(3,4,5-trimethoxyphenyl)prop-1-
enyl)-1H-indol-1-yl)methyl)benzonitrile (3j): Yellow solid; 90 %;
232–234 �C; IR (KBr cm�1): 2970 (CAH), 2220 (CN), 1685 (C@O),
1604 (C@C); 1H NMR (CDCl3, 400 MHz):): d = 8.54 (s, 1H), 8.01
(d, J = 12.4 Hz, 1H), 7.63 (d, J = 12.4 Hz, 1H), 7.44–7.27 (m, 5H),
7.14 (s, 1H), 6.99 (d, J = 3.4 Hz, 1H), 6.40 (s, 2H), 5.21 (s, 2H),
3.77 (s, 9H, OCH3); 13C NMR (CDCl3, 75 MHz): d = 188.5, 153.0,
145.5, 145.1, 141.6, 135.7, 135.1, 132.2, 129.6, 128.8, 128.5,
127.4, 124.8, 121.2, 118.9, 113.0, 112.5, 110.4, 108.7, 99.3, 60.5,
56.1, 50.7; HRMS: 531.1923 (M + H).

(E)-3-(5-bromo-1-(2,4-difluorobenzyl)-1H-indol-3-yl)-1-(3,4,5
-trimethoxyphenyl)prop-2-en-1-one (3 l): Yellow solid; 88 %;
244–246 �C; IR (KBr cm�1): 2964 (CAH), 1690 (C@O), 1609
(C@C); 1H NMR (CDCl3, 400 MHz):): d = 8.67 (s, 1H), 8.02 (d,
J = 12.0 Hz, 1H), 7.53 (d, J = 12.0 Hz, 1H), 7.34 (d, J = 6.4 Hz, 1H),
7.21–7.10 (m, 3H), 7.01–6.92 (m, 4H), 5.35 (s, 2H), 3.70 (s, 9H,
OCH3); HRMS: 542.1781 (M + H).

(E)-3-(5-methoxy-1H-indol-3-yl)-1-(3,4,5-trimethoxyphenyl)p
rop-2-en-1-one (3 m): Yellow solid; 94 %; 262–264 �C; IR (KBr
cm�1): 3289 (NH), 2968 (CAH), 1688 (C@O), 1630 (C@C); 1H
NMR (CDCl3, 400 MHz):): d = 11.76 (broad s, 1H, NH), 8.00 (d,
J = 12.0 Hz, 1H), 7.60 (s, 1H), 7.34 (d, J = 12.0 Hz, 1H), 7.28–7.09
(m, 2H), 6.56–6.40 (m, 3H), 3.78 (s, 12H, OCH3); HRMS: 368.2201
(M + H).

(E)-3-(1-(4-chlorobenzyl)-5-methoxy-1H-indol-3-yl)-1-(3,4,5-t
rimethoxyphenyl)prop-2-en-1-one (3n): Yellow solid; 89 %; 270–
272 �C; IR (KBr cm�1): 2970 (CAH), 1694 (C@O), 1621 (C@C); 1H
NMR (CDCl3, 400 MHz):): d = 9.02 (s, 1H), 7.91 (d, J = 12.4 Hz,
1H), 7.62–7.54 (m, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.12–7.02 (m,
3H), 6.78–6.55 (m, 3H), 5.34 (s, 2H), 3.80 (s, 12H, OCH3); HRMS:
492.2109 (M + H).

(E)-4-((5-methoxy-3-(3-oxo-3-(3,4,5-trimethoxyphenyl)prop-
1-enyl)-1H-indol-1-yl)methyl)benzonitrile (3p): Yellow solid;
82 %; 244–246 �C; IR (KBr cm�1): 2973 (CAH), 2225 (CN), 1693
(C@O), 1621 (C@C); 1H NMR (CDCl3, 400 MHz):): d = 8.56 (s, 1H),
7.90 (d, J = 12.0 Hz, 1H), 7.59–7.48 (m, 2H), 7.40 (d, J = 8.0 Hz,
2H), 7.26 (d, J = 8.0 Hz, 2H), 7.08 (s, 1H), 6.71–6.49 (m, 3H), 5.22
(s, 2H), 3.82 (s, 12H, OCH3); HRMS: 483.1920 (M + H).
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(E)-3-(1-(2,4-difluorobenzyl)-5-methoxy-1H-indol-3-yl)-1-(3,4
,5-trimethoxyphenyl)prop-2-en-1-one (3r): Yellow solid; 94 %;
278–280 �C; IR (KBr cm�1): 2961 (CAH), 1690 (C@O), 1604
(C@C); 1H NMR (CDCl3, 400 MHz):): d = 8.40 (s, 1H), 8.09 (d,
J = 12.0 Hz, 1H), 7.78–7.67 (m, 2H), 7.21 (s, 1H), 6.98–6.73 (m,
3H), 6.60–6.46 (m, 3H), 5.24 (s, 2H), 3.80 (s, 12H, OCH3); 13C
NMR (CDCl3, 75 MHz): d = 187.4, 163.0, 158.5, 154.2, 153.9,
145.3, 145.0, 135.1, 132.6, 128.7, 128.4, 127.5, 127.1, 120.5,
112.8, 112.2, 111.0, 109.3, 104.6, 104.2, 99.4, 60.3, 56.4, 55.7,
48.5; HRMS: 494.2123 (M + H).

Procedure of the SRB-assay: Tumor cells (human breast cancer
cell line MCF-7, Source: NCI, USA and NCCS, Pune) were grown in
tissue culture flasks in a growth medium (RPMI-1640 with 2 mM
glutamine, pH 7.4, 10 % fetal calf serum, 100 lg/mL streptomycin,
and 100 units/mL penicillin) at 37 �C under the atmosphere of 5 %
CO2 and 95 % relative humidity employing a CO2 incubator. The
cells at subconfluent stage were harvested from the flask by treat-
ment with trypsin (0.05 % trypsin in PBS containing 0.02 % EDTA)
and placed in a growth medium. The cells with>97 % viability (try-
pan blue exclusion) were used for cytotoxicity studies. An aliquot
of 100 lL (5x103 cells/well) of cells was transferred to a well of
96-well tissue culture plate. As mentioned above, the cells were
allowed to grow for one day at 37 �C in a CO2 incubator. The test
materials at different concentrations were then added to the wells
and cells were further allowed to grow for another 48 h. Suitable
blanks and positive controls were also included. Each test was per-
formed in triplicate. The cell growth was stopped by gently layer-
ing 50 lL of 50 % trichloroacetic acid. The plates were incubated at
4 �C for an hour to fix the cells attached to the bottom of the wells.
Liquids of all the wells were gently pipette out and discarded. The
plates were washed five times with doubly distilled water to
remove TCA, growth medium, etc and were air-dried. 100 lL of
SRB solution (0.4 % in 1 % acetic acid) was added to each well
and the plates were incubated at ambient temperature for half
an hour. The unbound SRB was quickly removed by washing the
wells five times with 1 % acetic acid. Plates were air-dried, tris-
buffer (100 lL of 0.01 M, pH 10.4) was added to all the wells and
plates were gently stirred for 5 min on a mechanical stirrer. The
optical density was measured on an ELISA reader at 540 nm. The
cell growth in the absence of any test material was considered
100 % and in turn growth inhibition was calculated. GI50 values
were determined by regression analysis.

In vitro anti-inflammatory activity by protein denaturation
method: The reaction mixture (10 ml) consisted of 0.4 ml of egg
albumin (from fresh hen’s egg), 5.6 ml of phosphate-buffered sal-
ine (PBS, pH 6.4) and 4 ml of synthetic derivative (1 mM). A similar
volume of double-distilled water served as control. Then the mix-
tures were incubated at (37 �C ± 2) in an incubator for 15 min and
then heated at 70 �C for 5 min. After cooling, their absorbance was
measured at 660 nm by using a vehicle as blank. Diclofenac sodium
(1 mM) was used as a reference drug and treated similarly for the
determination of absorbance. The percentage inhibition of protein
denaturation was calculated by using the following formula, %
inhibition = 100 � (Vt / Vc � 1), Where, Vt = absorbance of a test
sample, Vc = absorbance of control.

DPPH radical scavenging activity: In this method, 0.1 mM
DPPH solution was prepared in methanol by adding 39.4 mg of
DPPH in 1000 ml of methanol, and to 0.5 ml of this solution,
1.5 ml of test compounds of the dissolved in DMSO were added
at various concentrations of all (1, 10, 100, 500 and 1000 lg/mL).
The mixtures were shaken vigorously and allowed to stand at room
temperature for 30 min. Then the absorbance was measured at
517 nm using a UV–vis spectrophotometer (Shimadzu, spectropho-
tometer). Vitamin-C was used as a standard compound. Reduction
in absorbance by test compounds indicates radical scavenging

activity. The scavenging activity by the DPPH radical was deter-
mined by.

DPPHscavengingeffectð%inhibitionÞ ¼ fðA0 � A1Þ=A0Þ � 100g
Where, A0 is the absorbance of the control reaction, A1 is the

absorbance test compound and vitamin C.
NO radical scavenging activity: The various concentrations of

test compounds (as 1, 10, 100, 500, and 1000 lg/ml) were prepared
in ethanol. To 0.5 ml of 10 mM sodium nitroprusside in phosphate-
buffered saline, to this, 1 ml of various concentrations of test com-
pounds were mixed, and to this equal volume of freshly prepared
Griess reagent was added, the solution was then incubated at
25 �C for 3 h. Form this, 100 lL of the reaction mixture was trans-
ferred to a 96-well plate, and the absorbance was read at 546 nm
using a microplate reader (Biotek, Italy). Ascorbic acid was used
as standard control.

The percentage of nitrite radical scavenging activity of test com-
pounds was calculated by.

Nitric oxide scavenging activity ¼
Absorbance of control-Absorbance of test compounds � 100

Absorbance of control

Superoxide radical (SOR) scavenging assay: The reaction mix-
ture consisting of 1 ml of nitro blue tetrazolium (NBT) solution
(156 mM NBT in phosphate buffer, pH 7.4), 1 ml NADH solution
(468 mM NADH in phosphate buffer, pH 7.4), and 1 ml of synthetic
compound (1 mM) solution was mixed. The reaction was started
by adding 1 ml of phenazine methosulfate (PMS) solution
(60 mM PMS in phosphate buffer, pH 7.4) to the mixture. The reac-
tion mixture was incubated at 25 �C for 5 min and the absorbance
was measured at 560 nm against the blank sample and compared
with standards and the percentage of inhibition was calculated
using the same formula as above. Decreased absorbance of the
reaction mixture indicated increased SOR scavenging activity.

Hydrogen peroxide scavenging (H2O2) assay: A solution of H2O2

(40 mM) is prepared in phosphate buffer (50 mM, pH 7.4). The con-
centration of H2O2 was determined by measuring absorption at
230 nm using a spectrophotometer. Synthetic compound (1 mM)
in DMSO was added to H2O2 and absorbance was measured at
230 nm after 10 min against a blank solution containing phosphate
buffer without H2O2. The percentage inhibition of H2O2 was calcu-
lated by formula, % inhibition (H2O2) = (A0 – A1) /A0 � 100, Where
A0 is the absorbance of control and A1 is the absorbance of test
sample.

3. Results and discussion

3.1. Chemistry

In the current study, syntheses of N- substituted indolyl chal-
cones (3a-r) were accomplished by the Claisen-Schmidt condensa-
tion reaction of 30,40,50-Trimethoxyacetophenone with N-
substituted indole-3-carbaldehydes 2a-e in the presence of 10 %
NaOH in ethanol (Scheme 1). The starting compound, namely N-
substituted indole-3-carbaldehydes 2a-e were synthesized in good
yield from the reaction of substituted indole-3-carbaldehydes 1a-c
with substituted benzyl chloride in presence of sodium hydride
using the method described in the literature with minor modifica-
tions[22]. The obtained crude products were purified by column
chromatography using silica gel mesh size, 100–200 and elution
with 10 % ethyl acetate in hexane. The structures of synthesized
compounds were analyzed by IR, 1H NMR, 13C NMR and HRMS
spectroscopic techniques.
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3.2. Biological evaluation

3.2.1. In vitro anticancer activity
All the synthesized N- substituted indolyl chalcones (3a-r) were

evaluated for their in vitro anticancer activity against human breast
cancer cell line MCF-7 (estrogen receptor-positive) and monkey
normal Vero cell line by sulforhodamine B (SRB) assay method
[23]. It is noteworthy that most of the compounds with the con-
centration of the drug that produced 50 % inhibition of cell growth
(GI50). Three parameters such as GI50, TGI and LC50 were deter-
mined during the screening process and the results summarized
in Table 1.

Compound 3a and 3m exhibited potent activity (GI50 = <0.1 and
16.3 lM respectively) against the human breast cancer MCF7
(estrogen receptor-positive) cell line which was almost as good
as that of standard drug adriamycin (GI50 = <0.1 lM). On the other
hand, all other N- substituted indolyl chalcones showed moderate
to weak cytotoxicity (GI50 = 41.5 – 68.2 lM) against the MCF-7 cell
line. A comparison of the TGI and LC50 concentrations of the com-
pounds with adriamycin were also done. All the N- substituted
indolyl chalcones 3a-r were inactive (TGI and LC50 > 100 lM) like
adriamycin against the MCF-7 cell line.

Many reported drugs in literature influence normal cell growth,
which is a major disadvantage in the development of anticancer
drug progress. Therefore, we have ensured the selectivity of some
active compounds by in vitro screening against the normal Vero
Monkey cell line. This cellular level normal screening outcomes

help to reveal the safety profile of active compounds. This cytotox-
icity study revealed that the GI50 values for 3a, 3b, 3c, 3 g, 3i, 3 m
and 3o are 54.8, 68.1, 97.0, 76.3, 88.6, 44.0 and 78.2 lM respec-
tively (Table 1). These N- substituted indolyl chalcones showed
moderate selectivity against cancer cell lines over normal cell line.

Structure-activity relationship (SAR) study revealed that the
free NAH of indole is essential for activity. Compounds 3a and
3 m have free NAH of indole exhibited potent activity (GI50 =
<0.1 and 16.3 lM respectively) against MCF-7 cell line. After com-
paring GI50 values of 3a, 3 m (GI50 = <0.1 and 16.3 lM respectively)
and remaining N- substituted indolyl chalcones (GI50 = 41.5 –
68.2 lM), it is clear that free NH of indole is essential for activity.
It is noteworthy that, presence of electron donating group at 5-
position of indole ring exhibited potent activity. Here indole
acquiring methoxy group at 5-position of indole ring exhibited
potent activity (GI50 = 16.3 lM) against MCF-7 cell line.

3.2.2. In vitro anti-inflammatory activity
Inhibition of albumin denaturation.
Denaturation of proteins is a well documented cause of inflam-

mation. In the current study, the in vitro anti-inflammatory effect
of N- substituted indolyl chalcones was evaluated against denatu-
ration of egg albumin and obtained results are summarized in
Table 2. Compounds 3 k and 3p showed significant inhibition
(88.21 and 89.92 % respectively) compared to the Diclofenac
sodium, a standard anti-inflammation drug (90.21 %) at 1 mM con-
centration. All the other compounds were showed weak to moder-

Scheme 1. Synthesis of N- Substituted Indolyl Chalcones. Reagents and conditions: a) Sodium hydride, substituted benzyl chloride, THF; b) NaOH (10%), Ethanol, 6–8 hr, RT.
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Table 1
In vitro anticancer screening of N- substituted indolyl chalcones (3a-r) against human breast cancer cell line MCF-7a and monkey normal Vero cell line.

Compound MCF-7 Vero

LC50
b TGIc GI50d LC50 TGI GI50

3a >100 > 100 < 0.1 > 100 > 100 54.8
3b > 100 > 100 44.7 > 100 > 100 68.1
3c > 100 > 100 48.2 > 100 > 100 97.0
3d > 100 > 100 48.9 > 100 97.3 > 100
3e > 100 > 100 47.0 > 100 88.9 > 100
3f > 100 > 100 55.3 > 100 83.1 > 100
3 g > 100 > 100 41.5 > 100 79.5 76.3
3 h > 100 > 100 51.7 > 100 72.2 > 100
3i > 100 > 100 46.6 > 100 69.3 88.6
3j > 100 > 100 56.6 > 100 > 100 > 100
3 k > 100 > 100 53.7 > 100 > 100 > 100
3 l > 100 > 100 56.2 > 100 > 100 > 100
3 m > 100 > 100 16.3 > 100 > 100 44.0
3n > 100 > 100 49.1 > 100 90.0 > 100
3o > 100 > 100 65.2 > 100 > 100 78.2
3p > 100 > 100 68.2 > 100 > 100 > 100
3q > 100 > 100 56.0 > 100 > 100 > 100
3r > 100 > 100 55.1 > 100 > 100 > 100
Adriamycin > 100 29.6 < 0.1 > 100 10.0 0.03

a Concentrations in lM.
b Concentration of drug resulting in a 50 % reduction in the measured protein at the end of the drug treatment as compared to that at the beginning) calculated from [(Ti -

Tz)/Tz]x100 = -50.
c Drug concentration resulting in total growth inhibition (TGI) will calculated from Ti = Tz.
d Growth inhibition of 50 % (GI50) calculated from [(Ti - Tz)/(C - Tz)] � 100 = 50.

Table 2
In vitro anti-inflammatory and anti-oxidant activity of N- substituted indolyl chalcones (3a-r).

Comp. No. Anti-inflammatory activity Anti-oxidant activity

% inhibition (1 mM)

% inhibition (1 mM) DPPH NO SOR H2O2

3a 84.30 46.42 41.71 58.54 28.22
3b 57.80 41.53 32.82 65.10 39.31
3c 71.20 25.71 37.14 37.56 48.00
3d 39.30 42.57 24.28 37.45 33.01
3e 41.29 38.35 21.42 66.64 42.57
3f 61.17 25.10 41.53 72.52 42.35
3 g 37.44 28.56 27.14 45.67 35.00
3 h 49.74 33.29 42.78 55.72 35.32
3i 71.98 42.57 41.42 70.34 47.19
3j 69.59 24.54 11.53 74.67 32.39
3 k 88.21 43.13 25.71 54.66 22.37
3 l 78.36 26.66 43.57 43.41 45.06
3 m 75.20 10.24 43.07 64.55 33.80
3n 61.00 22.14 21.08 63.44 20.24
3o 82.20 42.76 41.92 44.12 32.34
3p 89.92 46.44 42.23 39.29 43.27
3q 81.76 47.19 40.01 74.74 33.29
3r 77.92 36.64 41.50 64.28 34.66
AA – 44.18 42.63 74.07 47.17
DS 90.21 – – – –

Standard: AA = Ascorbic acid; DS: Diclofenac sodium;data represent mean of three replicates.
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ate inhibition (37.44–84.30 %) as compared to the Diclofenac
sodium.

3.2.3. In vitro antioxidant activity
The series of N- substituted indolyl chalcones 3a-r were evalu-

ated for their direct scavenging activity against various reactive
oxygen and nitrogen species such as 2,2-diphenyl-2-
picrylhydrazyl (DPPH), nitric oxide (NO) and superoxide (SOR),
hydrogen peroxide (H2O2). Free radical scavenging activity was cal-
culated in terms of percent inhibition by using a known procedure
in literature and results are presented in Table 2. All the synthe-
sized N- substituted indolyl chalcones 3a-r have shown good to
excellent scavenging activity against DPPH and NO radicals
(Fig. 1). The compounds 3a, 3p and 3q showed excellent DPPH free
radical scavenging activity (46.42, 46.44 and 47.19 % respectively)
as compared to standard ascorbic acid (AA) (44.18 %). The remain-
ing N- substituted indolyl chalcones showed moderate to weak
DPPH free radical scavenging activity (10.24–43.13 %). Compounds
3 h, 3 l and 3 m showed excellent NO free radical scavenging activ-
ity (42.78, 43.57 and 43.07 % respectively) as compared to standard
ascorbic acid (42.63 %). All other compounds N- substituted indolyl
chalcones showed moderate NO free radical scavenging activity
(11.53 – 42.23 %). Compound 3j and 3q exhibited excellent activity
(74.67 and 74.74 % respectively) against SOR radical as compared
to standard ascorbic acid (74.07 %). All other compounds were
moderate SOR scavengers (37.45–72.52 %). Compound 3c and 3i
showed excellent H2O2 radical scavenging activity (48.0 and
47.19 % respectively), whereas all other compounds showed weak
to moderate activity (20.24–45.06 %).

4. Conclusion

We synthesized a series of N- substituted indolyl chalcones and
in vitro evaluated them for their cytotoxic potential against human
breast cancer cell line MCF-7 (estrogen receptor-positive) and
monkey normal Vero cell line. Most of the N- substituted indolyl
chalcones under investigation demonstrated significant antitumor
activities. Among them, compound 3a and 3 m showed potent

activity against breast carcinoma as good as adriamycin. In general,
substitution at 5-position of indole ring by electron-donating
group and free NAH of indole exhibited potent cytotoxic activity.
These results further support its safety margin by studying the
activity on normal Vero monkey cell line. In vitro anti-
inflammatory and antioxidant potential of synthesized compounds
were also evaluated. All the compounds were found to possess
marked anti-inflammatory potential by effectively inhibiting the
heat-induced albumin denaturation. Some N- substituted indolyl
chalcones exhibited excellent DPPH, NO, SOR and H2O2 radical
scavenging activity. The current study has thus given impetus for
the design and development of more potent chalcone derivatives
as anticancer leads.
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a b s t r a c t

Breast cancer is one of the most predominant cancers in female claiming millions of lives every year. Our
current research work proposes that the synthesis of silver nanoparticles using phytochemical con-
stituent Embelin from Embelia ribes fruits provides significant result as a potent anticancer agent along
with its probable mechanism of action depicted by molecular docking. UV–Visible spectroscopy was used
to characterise Embelin-AgNPs, and the maximum absorbance was recorded at 374.5 nm. Particle size
determination indicated monodispersity of nanoparticles; particle size recorded as 25–30 nm and zeta
potential analysis well explained the stability of the nanoparticles. In vitro cytotoxicity study was done
by MTT assay on MCF-7 cell line. Embelin-AgNPs induced apoptosis in MCF-7 cells as measured by the
Annexin-V PI apoptosis assay. To predict the binding mode of ligand and receptor and probable mecha-
nism of action in-silico study was done against ER alpha and HER2 receptors of breast cancer cells by
molecular docking and it has revealed Embelin could act as potential modulator against ER positive
and HER2 positive breast cancers.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Cancer defines to a large and lethal, heterogeneous group of dis-
eases with an underlying pathology identified by uncontrolled cel-
lular growth. As cancer cells evades the growth suppressor signals,
they turn out to be proliferative and invasive, eventually shows
metastasis.[1] Breast cancer is still one of the leading causes of
death among women worldwide and it is a type of tissue cancer
which mainly involves inner layer of milk glands or lobules and
ducts.[2] As per the statistics, breast cancer has accounted for
11.7 percent of all cancer cases in 2020, with approximately
685,000 fatalities. The World Health Organization lists a number
of other risk factors, including heavy drinking and smoking, a fam-
ily history of breast cancer, radiation exposure, reproductive his-
tory, early menopause, obesity and lack of physical activity,
frequent miscarriages, and hormonal therapy used after meno-
pause. Despite significant progress in understanding disease biol-
ogy and various treatment aids including surgery, radiation
therapy, chemotherapy and targeted therapy, effective breast can-

cer care has yet to be attained.[3] Number of side-effects, non-
specificity, a high cost involved in treatment, re-occurrence and
metastasis of cancer makes conventional therapies unsuitable.[4]
Thus, there is an intent need to discover unique, target-oriented,
safe, and low-cost therapeutic drug.

The development of nanotechnology, which provides remark-
able solutions to cope with life-threatening disorders, has boosted
advancement in the field of medical science. Nanotechnology is a
multidisciplinary field comprising of biology, chemistry, and phy-
sics attributing to number of unique properties such as high sur-
face area to volume ratio.[5] Metal nanoparticles (particle size
smaller than 100 nm) have a wide range of applications due to a
variety of unique characteristics. Different chemical and physical
methods such as chemical reduction of metals, photochemical
reduction, and electrochemical processes are widely used for syn-
thesis of nanoparticles.[6] However, these production techniques
are labour-intensive, costly and potentially harmful to the environ-
ment and living organisms. The alternate, eco-friendly and cost-
effective approach which have gained importance in past few years
is ‘Green synthesis’ method of nanoparticles synthesis. In green
synthesis, biological systems including plants and microorganisms
act as reducing and capping agents to transform metal ions into

https://doi.org/10.1016/j.matpr.2022.09.265
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metal nanoparticals,[7] and this techniques doesn’t even require
any sophisticated instruments and chemicals. Plants being a big
repository of large number of phytoconstituents provide reducing,
stabilizing, and capping agent for synthesis of nanoparticles.

Medicinal plants have been used to treat diseases since ancient
times, and medicinal plants form the indispensable backbone of
traditional healthcare systems all over the world. Medicinal plants
and medication development have remained a major source of
hope for treating a variety of human degenerative disorders, such
as cancer.[8] The number of medicinal plants has been screened
for their wide spectrum property against cancer. Eventually this
search has led for the isolation of important anticancer drugs such
as paclitaxel, Vincristine, Vinblastine,Vinorelbine and camp-
tothecin.[9] The major research goal in the field of medicinal plants
is of comprehensive and integrative manner to better address nat-
ure of medicinal plants in cancer therapy.

Embelia ribes, a traditional medicinal plant belongs to Myrsi-
naceae family and widely used in ayurvedic preparations; com-
monly known for Krmighna meaning antihelmentic property. It
possesses potential anti-inflammatory, antioxidant, cytotoxic,
anti-bacterial, anti-fungal and wound healing activity.[10] Embelin
(2,5-dihydroxy-3-undecyl-1,4-benzoquinone) is one of the potent
quinine derivative phytoconstituent of Embelia ribes (specially in
fruits) and widely studied as it possesses various therapeutic appli-
cations such as anthelmintic, anti-tumour[11], anti-inflammatory
and anti-diabetic anti-bacterial anticancer and anticonvulsant.
[12] In vivo studies in rodents have shown that Embelin has
anti-cancer effects in pancreas[13] colon[14] and liver cancers.
[15].

In vitro cytotoxicity studies are intended to measure the ability
of drug or cytotoxic compounds to cause cell death. Nanoparticles
being used as an extensive tool for drug delivery can used to study
its cytotoxic effect. The colorimetric assay using tetrazolium dyes
such as MTT can be utilized to assess cell metabolic activity. Reduc-
tion of MTT dye depends on cellular metabolic activity; if a drug
induces cytotoxicity the viability of cells is reduced and thus can
be extrapolate. [16,17] Apoptosis is programmed cell death and
intensively regulated process which can be induced by intracellu-
lar as well as extracellular signals. Apoptosis can be distinguished
from necrosis depending on morphological and biochemical fac-
tors. In a well coordinated cellular mechanism, phosphotidylserine
(PS) is located in inner leaflet of cellular membrane but during
apoptosis it can be translocated to outer leaflet. Annexin V, a 35–
36 kDa Ca 2 + -dependent phospholipid-binding protein with a
high affinity for PS, is a human anticoagulant.[18] By attaching to
PS exposed on the outside leaflet, annexin V tagged with a fluo-
rophore or biotin can identify apoptotic cells. The FITC annexin
V/Dead Cell Apoptosis Kit for flow cytometry uses FITC annexin V
and PI to deliver a quick and easy apoptosis assay.

Computational biology and bioinformatics have the potential to
accelerate drug discovery and repurposing process. This involves
prediction and scoring of binding free energy in between target
and desired molecule by molecular docking. In silico approaches
have paved the way for the solution of many biological problems,
leading to the discovery of novel inhibitors against a variety of dis-
eases. One way to predict the activity of drug is isilico study. In tri-
ple positive breast cancer, estrogen receptor (ER), progesterone
receptors(PR) and human epidermal growth factor receptor 2
(HER2) are overexpressed. [19] As hormone receptor positive
breast cancer accounts for over 75 %, hormonal therapy is helping
in reducing the risk of breast cancer recurrence.[20] Estrogen and
human epidermal growth factor receptor are involved in normal
breast cell growth, proliferation and development. Upon binding
with ligand, these receptor dimerizes and regulate expression of
another genes involved in growth and proliferation of breast cells,
eventually leading to breast cancer.[21,22] These receptors holds

molecular targets for cancer treatment and thus in silico study pro-
vide a wide spectrum to study binding of molecule and its action.

The most intensively investigated nanoparticles are silver metal
nanoparticles, which have extraordinary broad-spectrum activity.
The development of efficient and reliable experimental techniques
for the synthesis of silver nanoparticles is required due to their
numerous applications that benefit humans. In nanoscience, AgNP
research has made huge achievements especially as antimicrobial,
antibacterial, antioxidants, antifungal, anti-inflammatory, anti-
cancer, anti-angiogenic.[23] Plant extract metabolites oxidise and
coat freshly formed particles, acting as reducing agents for silver
ions. These metabolites lose their electron and become oxidised
by ordinary cellular operations in the presence of oxygen, such as
in silver nitrate (AgNO3), acting as reducing agents.[24,25] Embe-
lin being a active phytoconstituent able to reduce silver metal ions.
In light of the foregoing, we were compelled to perform the current
study in order to provide accountability of silver nanoparticle syn-
thesis by Embelin, its characterization and anti-cancer potential
against MCF-7 breast cancer cells. For studying the role in inducing
apoptosis, a study was carried out by annexin PI FITC assay. In
addition to understand the possible mechanism of embelin in
breast cancer treatment, in silico study by molecular docking was
carried out against estrogen receptor(ERa) and human epidermal
growth factor receptor 2 (HER2).

2. Materials and method

2.1. Preparation of plant extract and isolation of embelin

Embelia ribes fruits were harvested from Maharashtra’s Koyna
region and shed dried. The dried fruit of Embelia ribes was coarsely
pulverised and extracted continuously in chloroform using the hot
percolation method with the Soxhlet equipment. The extract was
separated on silica column to isolate emeblin from the mixture,
which was eluted by benzene.[26] Orange coloured crystalline
emeblin was isolated and further used to synthesize silver
nanoparticles.

2.2. Synthesis of silver nanoparticles

A stock solution of 0.5 % was prepared. 1 mM solution of AgNO3
was prepared using deionised water as solvent. 0.5 % of embelin
solution was added to vigorously stirred silver nitrate solution
(100 ml). Stirring was continued for 30 min to obtain colloids.
[27] Upon the addition of embelin to the solution of AgNO3, the
colour of AgNO3 solution changed from colourless to yellow in
30 min. Further the colour intensified and changed to light brown
after 24 h of incubation at room temperature.

2.3. Characterization of embelin derived silver nanoparticles

Different factors modulate the characteristics and there are sev-
eral characterization technique available to study the characters
and properties of nanoparticles.

2.3.1. UV–Visible spectroscopy
The change in colour is due to the size and shape of silver

nanoparticles (AgNPs) generated during the reduction process.
UV–vis spectra was recorded in the range of 200 to 800 nm after
30 min (Shimadzu) of addition of embelin solution with vigorous
stirring. [27].

2.3.2. Particle size and zeta potential analysis
Particle size analysis and stability of the prepared silver

nanoparticles were examined using Nanophox-SympaTec (Ger-
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many). The analysis volume in Nanophox is 50 ll to 4 ml and the
size range of scattering is 0.5 nm to 10,000 nm. The liquid sample
was diluted 10 times with double distilled water before centrifuga-
tion and transferred to a cuvette for DLS analysis. (Delsa Nano C by
Beckmen Counter Inc). The zeta potential of the generated NPs was
assessed in the presence of water as dispersion. [23,27].

2.4. Cell viability by MTT assay

2.4.1. Cell line and cell culture
Human breast cancer cell line MCF-7 was procured from NCCS,

Pune. The cells were maintained in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10 % foetal bovine serum
(Gibco1X) and antibiotic Antimycotic (Gibco). Cell line was incu-
bated at 37 �C in a humidified atmosphere of 5 % CO2.

The viability of cells was measured using the 3-(4, 5-
Dimethylthiazol- 2-yl)-2, 5- Diphenyltetrazolium Bromide (MTT)
assay. Adhered cells were trypsanized to detach from surface and
seeded in 96-well plates. Cells were allowed to adhere for 24 h
and were subsequently incubated with the relevant drug concen-
trations for 48 h in triplicate. 0.5 mg/mL MTT was added to each
well and covered with aluminium foil. Plates were incubated at
37 �C for 4 h. After the incubation, culture medium was removed
and DMSO was added in each well to dissolve the blue-purple for-
mazan crystals. The absorbance in blank, control and treated wells
were measured in a microplate reader at 570 nm. [16,17].

2.5. Annexin PI apoptosis assay

Embelin AgNPs mediated apoptotic induction was determined
by FITC Annexin V/Dead Cell Apoptosis Kit with FITC annexin V
and PI (Invitrogen) as per manufacture’s instruction. [28] Briefly,
cells were induced for apoptosis and washed by phosphate-
buffered saline (PBS). Then cells were stained by FITC Annexin V
and PI, and incubated for 15 min at room temperature as per the
instructions in manufacture’s kit. After the incubation the stained
cells were analyzed by flow cytometry. [18] Untreated and positive
control (cells treated with doxorubicin 6 lg/mL) were also ana-
lyzed by flow cytometer.

2.6. Anti-breast cancer activity prediction by molecular docking

2.6.1. Preparation of Embelin for docking-
The basic structure of standard anticancer drug Raloxifene and

HER2 inhibitor TAK-285 was retrieved from PubChem database
(https://pubchem.ncbi.nlm.nih.gov/).Structure of Embelin was
drawn using ChemDraw Ultra 12.0 software and converted to
SDF file. Open Babel tool was used for optimizing designed embelin
with force fields MMFF94 and GHEMICAL.[29] Embelin’s energy
was minimized by conjugate gradient and steepest descent opti-
mization algorithms. Finally, all ligand option was used to convert
the minimised files to PDBQT format in order to generate their
atomic coordinates, which are used as input in PyRx software.
(http://PyRx.sourceforge.net/).

2.6.2. Protein preparation
The 3D structure of ERa bound with selective estrogen receptor

modulator i.e. Raloxifene (PDB ID: 1ERR) [30] and HER2 in complex
with TAK-285 (inhibitor) (PDB ID: 3RCD) [31] were selected from
Protein Data Bank (PDB) (https://www.rcsb.org/) as the preferred
docking target protein and was analysed for its active site by dis-
covery studio visualizer (http://accelrys.com) Preparation of the
proteins was carried out with the Biovia Discovery Studio Visual-
izer (DSV) 2017 (Prepare protein protocol). Protein preparation
entailed adding hydrogen atoms, defining bond orders, deleting
unwanted water molecules and salts, and optimising the hydrogen

bond network. Polar hydrogen were added to optimize the
hydrogen-bonding network. The proteins were minimised in terms
of energy and active sites were predicted with the selection of
maximized GRID parameters using DSV. Finally the prepared struc-
ture of protein was saved in the PDB file format for docking.

2.6.3. Identification of cavity and active amino acid residues-
The crystal structure of the homodimer Estrogen receptor 1ERR,

represents a human estrogen receptor-ligand-binding domain in
complex with Raloxifene, and HER2 receptor 3RCD represents a
human epidermal growth factor receptor- ligand- binding domain
in complex with TAK-285 provided a suitable guiding template for
studying the binding interactions of designed ligands. Both
designed ligands and proteins were imported in AutoDockVina
Wizard and both macro molecules converted into PDBQT format.
The three dimensional grid boxes were generated. [32,33].

2.6.4. Docking procedure
Molecular docking of embelin, 1ERR and 3RCD were subjected

to docking using AutodockVina Wizard of PyRx virtual screening
0.8 version software to find the reasonable binding geometry and
discover the protein ligand connections.[34,35] Docking predicted
non-bonded, non-covalent interactions between a receptor or
active site region of a protein and a drug or chemical molecule
forming an intermolecular complex. The final docking result
includes affinity prediction (scoring) for the molecules investi-
gated; resulting in a relative rank ordering of the docked com-
pounds in terms of affinity, reported as kcal/mol. [36] A greater
negative binding energy indicates a greater binding affinity. DSV
was used to analyse binding interactions on complexes with higher
docked scores.

3. Result and discussion

3.1. Preparation of plant extract and isolation of embelin

Hot percolation method was utilized to extract the phytochem-
icals from E. ribes berries/fruits. The solvent used was chloroform,
as embelin could solubilised in it and was extracted. The purifica-
tion of embelin was done through silica column and orange
coloured embelin was eluted with benzene, and allowed to
recrystallized.

3.2. Synthesis of silver nanoparticles

The colourless solution of AgNO3 turned yellow and colloids
developed after embelin was added to AgNO3. The colour intensi-
fied to orange and changed to light brown after 24 h of incubation
at room temperature. The reduction of silver nitrate to elemental
silver (Ag + to Ag0) was caused by the interaction of AgNO3 with
embelin.(See Fig. 1).

Fig. 1. Colourless solution turned into light brown colour after 24 h.
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3.3. Characterization of embelin derived silver nanoparticles

1. UV–vis spectroscopy
The UV/Vis spectrum of AgNPs synthesized in the range of 200

to 700 nm gave the maximum absorption peak at 374.5 nm. The
peak’s appearance was typical of AgNP surface plasmon resonance
(SPR), and the free electrons produced the SPR absorption band,
which was caused by AgNP collective oscillation in resonance with
the light wave. Few other reports also stated that the UV/Vis
absorption peaks for biogenic AgNPs were obtained at 378 nm
and 384 nm. Silver nanoparticles were analysed by UV visible spec-
troscopy (Shimadzu). The result of UV spectroscopy is shown in the
absorption spectrum of silver nanoparticles maximum absorbance
was found 374.5 nm. (Fig. 2).

3.4. Particle size and zeta potential analysis

For the determination of the surface charge and stability of the
formulation, zeta potential analysis is carried out. By measuring
the velocity of the nano-sized particles, this also assesses the col-
loidal stability of AgNPs. Distinct peak between 25 and 30 nm
clearly indicates formation of AgNPs with uniformity. Higher peak
value indicates monodispersity of nanoparticles. Zeta potential of
�5.42 mV was recorded which indicates good stability of silver
nanoparticles.Fig. 3a Fig. 4a.(See Fig 3b).

3.5. Cell viability by MTT assay

Cytotoxic potential of Embelin AgNPs against the human breast
cancer cell line MCF-7 was assessed by using MTT assay which is
widely used in cytotoxicity and cell viability assays. For the cyto-
toxicity study, MCF-7 breast cancer cells were incubated with dif-
ferent concentrations of Embelin AgNPs (0.5, 1, 2.5, 5, 7.5 and
10 lg/ml). After 24 h of incubation, viability of cells was deter-
mined by the MTT assay. It was observed that Embelin AgNPs
induced cell cytotoxicity in a concentration dependent manner.
IC 50 value was measured to be 5.16 lg/mL. Embelin AgNPs could
exhibit cytotoxicity at low doses (Fig. 4b).

3.6. Annexin PI apoptosis assay

The human breast cancer MCF-7 cells were treated by Embelin
AgNPs IC50 value in triplicate and exhibited cytotoxic activity.
After induction of apoptosis, cells were stained with FITC-labeled

Annexin V and Propidium Iodide (PI) dyes. The cell suspension
was analyzed by flow cytometry. The Annexin V assay revealed
that Embelin AgNPs induced early and late stage of apoptosis in
MCF-7 cells. (Fig. 5) The Annexin V-FITC graphs in Fig. 5 a depict
the distribution of MCF-7cells in four quadrants (Q1, Q2, Q3, Q4)
and represent one of three independent experiments undertaken.
In comparison to untreated cells, all treated cells had a lower per-
centage of viable cells. There was very little cell dispersion in Q1,
Q2, and Q4 in untreated cells, indicating a very low amount of
necrotic, late, and early apoptotic cells, respectively. Distribution
of cells in these quadrants increased after treatment with Embelin
AgNPs. In the Embelin AgNPs-treated cells, 18.9 % of cells were in
the early stages of apoptosis (Q4), whereas 7.4 % were in the late
stages of apoptosis(Q2) according to a triplicate study. (Fig. 5a)
Q1 represented necrotic cells, which showed just a small increase
in cell dispersion. In the untreated cells, only 1.6 % necrotic cells
were observed along with 0.5 % late apoptotic cells (Fig. 5b) while
in Embelin AgNPs treated cells it was found to be 11.3 %. In the pos-
itive control, cells were treated with Doxorubicin, a known anti-
cancer drug at a concentration of 6 lg/ mL and showed higher
apoptotic induction. Doxorubicin has shown 10.4 % of cells in early
apoptosis while 37.4 % cells in late apoptosis, but it has also shown
31.6 % necrotic cells. (Fig. 5c) Embelin being a phytoconstituent
and thus Embelin AgNPs has shown less necrotic cells after treat-
ment. Fig. 6. Fig. 7.

Apoptotic cell death is a tightly controlled process marked by
distinct morphological changes in the cellular membrane struc-
ture. Apoptosis is characterised by cell shrinkage, plasma mem-
brane blebbing, cell separation, phosphatidylserine translocation,
nuclear condensation, and finally DNA fragmentation. The current
apoptotic study implies Embelin AgNPs induced apoptosis in MCF-
7 cells. Apoptosis can be induced by various underlying mecha-
nisms. A molecular mechanism study can determine exact sig-
nalling pathway and apoptotic mechanism.

3.7. Anti-breast cancer activity prediction by molecular docking

Molecular docking is a way of predicting activity of a drug and
thus accelerates drug discovery process. In silicomolecular docking
approaches have provided novel inhibitors against variety of dis-
eases by predicting an interaction between target and desired
molecule. Molecules that bind tightly to the receptor inhibit its
function, or modulate it and can thus be used as a drug. [37] In cur-
rent study, a possible mechanism of embelin against hormone pos-

Fig. 2. UV–vis Spectroscopy Analysis.

R.R. Jagtap, A. Garud, B. Warude et al. Materials Today: Proceedings 73 (2023) 403–411

406



itive receptors was investigated. From Protein Data Bank, structure
of 1ERR and 3RCD was selected for ERa and HER2 receptors respec-

tively and were prepared for docking by Biovia Discovery Studio
Visualizer (DSV) 2017. For the identification of cavity and active
amino acid residue three dimensional grid boxes were generated

Fig. 3a. NANOPHOX (NX0088), Cross correlation for Particle Size Analysis.

Fig. 3b. Zeta Potential of Embelin AgNPs.

Fig. 4a. % Cell Viability by MTT assay.

Fig. 4b. IC50 Value.
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with dimensions (size_x = 61.63; size_y = 42.96; size_z = 68.70)
and (size: x = 29.20; y = 32.53; z = 25.25) for ERa and HER2 respec-
tively. Using the Toggle Selection Sphere option, the active amino
acid residues were chosen to define the cavity. [32,33].

Embelin, a major phytochemical constituent of Embelia ribes,
was docked with 1ERR and 3RCD PDB in the targeted cavity. Embe-
lin showed binding energies with ERa and HER2 as �7 kcal/mol

and �7.2 kcal/mol respectively compared with standard drug
Raloxifene and TAK-85 using AutoDock Vina. Embelin interactions
with active amino acid residues are shown in Table 1. Docking
poses of standard drug and embelin with 1ERR and 3RCD PDB in
3D- and 2D-poses along with the number of hydrogen bonds
involved in the interaction are shown in Fig 8b. Fig 9a. Fig 9b. Fig
10a. Fig 10b. Fig 11a. Fig 11b..

Fig. 5. Shows apoptosis occurred in a) Embelin AgNPs treated cells b) Untreated cells c) Doxorubicin standard anticancer drug treated cells at concentration of 6 lg/mL.

Fig. 6. Graphical representation of Annexin PI assay.

Fig. 7. a and b Grid generation for protein 1ERR and 3RCD with Embelin.
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The shown images focus on the interactions of functional
groups on ligands with active amino acid residues in the targeted
cavity. Embelin established a network of molecular interactions
(H-bonds, Van der Waals [VdW], alkyl, p-alkyl, and p-sigma bonds)
with the active-site residues of ERa when analyzed with standard
Raloxifenin 2D pose as shown in Fig. 8a. It established various
binding interactions including conventional H-bonds (Arg 394,
Glu 353,His 524), p-alkyl (Leu354, Trp 383, Leu 536, Leu 391), alkyl
(Ile 424, Met 388), p- p Stage (Leu346), p- sulphur(Phe 404) and
VdW (Thr 347). Likewise embelin established bonding interactions
H-bonds (Ala350,Arg 394,Phe404) alkyl (Met421, Ile 424, Leu 387),
p-alkyl (Leu384, Leu391,Leu525) p- p stack (Phe 404) with active
site residues of ERa which is shown in Fig 9a. and Fig 9b..

The Fig 10a. and Fig 10a. shows interactions of functional group
on ligand TAK- 285 with active amino acid residue in the targeted
cavity of 3RCD. It established molecular interactions including con-
ventional H-bonds (Ser783,Asn 850), CAH bonds (Gln799) halogen
bond (Arg 784) p-alkyl (Leu 796, Lys 753, Ala 751, Val734), p- p

Table 1
Embelin interactions with active amino acid residues.

Sr.
No.

Structure of the compound Protein G- Score Name of the interaction with active amino acid residue and distance
in Å

1. Embelin 1ERR �7 kcal/mol 1. Conventional H bondsAla 350 (2.16)
Arg 394 (3.09)
Phe404
(2.82)
2. Alkyl bondsMet421 (4.27)
Ile 424 (4.37)
Leu 387
(4.41)
3.p-alkylLeu384 (4.83)
Leu391 (5.33)
Leu525
(4.39)
4.p- p StagePhe 404
(5.10)

2. 3RCD �7.2 kcal/mol 1. Conventional H-bondsSer783 (2.26)
Leu785 (2.45)
2.p-alkyl Met774
(5.39)
3.AlkylLys753 (4.71)
Leu796 (5.43)
Val734
(5.26)

Fig. 8a. 3D pose of IERR with Raloxifene.

Fig. 8b. 2D pose of 1ERR with Raloxifene.

Fig. 9a. 3D pose of 1ERR with Embelin.

R.R. Jagtap, A. Garud, B. Warude et al. Materials Today: Proceedings 73 (2023) 403–411

409



stack (Phe 864). Fig 11a.A and Fig 11b. represents the 3D and 2D
poses of Embelin with 3RCD. It established binding interactions
involving conventional H-bonds (Ser783, Leu785), p-alkyl
(Met774,), alkyl (Lys753, Leu796, Val734).

The current study is an effort to identify anti-breast cancer
activity of embelin that may be considered for drug development
to treat breast cancer in conjugation with AgNPs. The binding
energy of the ligand and its receptor quantifies the efficiency of
the ligand–protein complex. Taken together, we therefore suggest
that the embelin could act as potential inhibitors against ER posi-
tive and HER2 positive breast cancers.

4. Conclusion

The present study comprises the therapeutic prospective of
Embelin of Embelia ribes derived AgNPs in the treatment of breast
cancer. In this study, we reported a simple method of AgNPs

Fig. 10a. 3D pose of 3RCD with TAK-85.

Fig. 10b. 2D pose of 3RCD with TAK-85.

Fig. 11a. 3D pose of 3RCD with Embelin.

Fig. 9b. 2D pose of IERR with Embelin.

Fig. 11b. 2D pose of 3RCD with Embelin.
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synthesis from Embelin and were characterized for size and stabil-
ity. Nanoparticles used as drug carriers are of high stability, high
carrier capacity, feasibility of incorporation of both hydrophilic
and hydrophobic substances, feasibility of variable routes of
administration. The Embelin AgNPs exhibited significant anti-
cancer activity against MCF7 breast cancer cells. Apoptosis is a reg-
ulated and organized programm cell death mechanism which
could be studied with Annexin PI assay; which has shown a signif-
icant induction of apoptosis in MCF7 cells. FITC-labeled Annexin V
shows high affinity towards phosphotidylserine PS exposed to
outer leaflet of plasma membrane during apoptosis. The presence
of PS in the outer leaflet initiates the signalling process of apoptosis
resulting in cell death which can be quantified by flow cytometer.
Embelin is a potent molecule and to understand it thoroughly more
studies need to be conducted. Amalgumation of silver with Embe-
lin in molecular nano level can do wonders and can be a potential
drug.
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a b s t r a c t

Biosynthesized Metal nanoparticles are reported showing various activities viz. antibacterial, antifungal
and insecticidal activity. There are various reports on the applicability of silver nanoparticles to control
the human and animal diseases published recently. Silver nanoparticles especially are reported showing
Antifungal activity against Candida albicans, Antibacterial activity against Pseudomonas aeruginosa, E. coli,
and phytopathogenic fungi like Bipolaris sorokiniana and Magnaporthe grisea. Various metal nanoparticles
were reported recently showing antifungal activity against pathogenic fungi like Phoma glomerata, Phoma
herbarium, Fusarium semitectum, Trichoderma and Candida albicans. Insecticidal applications were also
reported for the biosynthesized copper nanoparticles. This review aims for systematic appraisal of
selected reports published during last few years (2014–2022) on biosynthesized metal nanoparticles
demonstrating bioactivities viz. antifungal, antibacterial, insecticidal activities.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Nanotechnology is a modern science which emerges from the
various disciplines like physical, chemical, biological and engineer-
ing sciences. The development of the nanotechnology using these
various nanoparticles is on high demand especially in the bio-
medicinal field. Nanoscience and nanotechnology have the poten-
tial to transform the food and agriculture industry, by providing
novel tools to treat phytopathogenic diseases, and by also the
enhancement of plant’s nutrients absorption. Metal nanoparticles
(NPs) signify a potential alternative way to prevent fungal prolifer-
ation in foodstuffs as they can effectively act as antifungal agents.
Various nanomaterials reported to show the antifungal properties,
the main are Ag, Au, Cu, ZnO, and NiO. The nanoparticles act as
good candidates as antifungal agents in crops due to their unique
physical and chemical properties, which often differ significantly
from their bulk properties, The size of NPs directly alters the
opto-electronic, catalytic, and even electric properties of the mate-
rials that can enhance the applicability of the NPs viz. antifungal,
antibacterial, insecticidal etc. (Refer Fig. 1).

Recently biosynthetic methods employing either microorgan-
isms or plant extracts have emerged as a simple and viable alterna-
tive to chemical and physical methods. Instead of using those eco-
toxic chemical and physical methods, an eco-friendly ‘‘green syn-
thesis” method for the synthesis of noble metal nanoparticles have
identified. Fungi, actinomycetes and plant extracts are reported to
be used for the synthesis of silver and gold nanoparticles. Shiv-
shankar et al. reported synthesis of gold nanoparticles using lemon
grass leaf extract.[1] Neem (Azadiracta indica) leaf extract was used
to synthesize biometallic Au and Au-Ag core shell nanoparticles by
Shiv Shankar et al.[2,3] Gold nanoparticles were also synthesized
by Anukamwar et al. using Tamarind leaf extract.[4] Shivshankar
et al. also reported synthesized silver nanoparticles using Gera-
nium leaf extract.[5] Synthesis of gold and silver nanoparticles
using Aloe vera (L.) Brum. f. plant extract was done by Chandra
et al.[6] Synthesis of silver nanoparticles was also made successful
by using Papaya fruit extract.[7].

There are some reports regarding the synthesis of metal
nanoparticles using microorganisms. In the literature, synthesis
of silver nanoparticles using fungus Verticillium sp. and extracellu-
lar biosynthesis of biometallic Au-Ag Alloy nanoparticles were
reported using Fusarium oxysporum by use of fungi and actino-
mycetes for biosynthesis of metal nanoparticles.[8].

https://doi.org/10.1016/j.matpr.2022.09.548
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This review aims to give brief of recent (2014–2022)
approaches for the biosynthesis of metal nanoparticles viz. Silver
and gold, copper oxide, zinc oxide and other NPs. The synthesized
nanoparticles were reportedly tested against the animal and
human infecting fungi species viz. microsporum canis, tricophyton
mentagrophytes, Phoma glomerata, Phoma herbarium, Fusarium
semitectum and many more.

2. Biosynthesis of nanoparticles

The details of the recent reports were formulated in terms of the
table, giving details as nanoparticles formed, source used for the
synthesis, bioactivity it showed and the targeted species as shown
in the Table 1.

2.1. Synthesis using extracts of plant materials

� Synthesis of silver nanoparticles
Nadia Hussein Mohamed et al. synthesized 12–32 nm sized Ag

NPs using serum latex of Calotropis procera at 80 �C and were eval-
uated them against bacteria, dermatophytes and phytopathogenic
fungi comparing with the activity of untreated latex. [12] Rihab
Dridi et al. recently reported the Ag NPs biosynthesis with the help
of Anagallis monelli extract. The Ag NPs obtained were 22 nm sized
with face-centered cubic structure (fcc). [13] The product showed
high antibacterial activity against both gram-positive and gram-
negative bacteria. [13].

Manal A. Al-Mosa et al. used cheese weed mallow (Malva parv-
iflora L.) for the synthesis of spherical 50 nm sized Ag NPs. [19]
Sabah Ansar et al. utilized the leaf extract of Coriander sativum
(CS) containing structural polymers, phenolic compounds and gly-
cosidic bioactive macromolecules for the synthesis of Ag NPs. [21].

Afnan A. Alobathani et al. reported the synthesis of silver
nanoparticles using Saussurea costus root aqueous extract. [24]
Giovanni Benelli et al. utilized aqueous leaf extract of Zornia
diphylla as reducing as well as capping agent for the synthesis of
silver nanoparticles (Ag NP) . [25].

Ravichandran Ramanibai et al. reported the synthesis of silver
nanoparticles using isoamyl acetate isolated from Annona squamo-
sa to test against mosquito larvae. [26].

Sumitra Chanda et al. synthesized silver nanoparticles with the
help of flower broth of Tagetes erecta as reductant as a simple
green way. The flower broth reduced silver ions and resulted in
green synthesis of 10 to 90 nm spherical, hexagonal and irregular
shaped Ag NPs. [27] Narayanasamy Mathivanan et al. synthesized
Ag NPs with potent larvicidal activity against Aedes aegypti. [30]
Venkatesan Thivaharan et al. reported the silver nanoparticles syn-
thesized using Calliandra haematocephala leaf extract. [32] Said I.
Behiry et al. demonstrated the green synthesis of spherical shaped

10 to 30 nm sized Ag NPs using Acalypha wilkesiana aqueous leaf
extract. [35] Turki M. Dawoud et al. evaluated the effect of myco-
synthesized silver nanoparticles using Nigrospora oryzae for the
controlling plant diseases. [17].

� Synthesis of copper nanoparticles

Rohini Trivedi et al. reported an environmentally friendly green
synthesis of Cu NPs using the leaf extract of Celastrus paniculatus.
The obtained copper nanoparticles were spherical in shape with 2–
10 nm size, the average size was 5 nm obtained using the SEM and
TEM techniques. [11].

� Synthesis of gold nanoparticles

Gurumallesh Prabu et al. synthesized Au NPs by green method
using extract of Acorus calamus rhizome as reducing agent. [29].

� Synthesis of zinc oxide nanoparticles

Pragati Jamdagni et al. demonstrated the synthesis of ZnO NPs
utilizing the aqueous flower extract of Nyctanthes arbor-tristis.
[10] Flower extract acted as the biological reducing agent for the
preparation of ZnO NPs from zinc acetate dihydrate. These
nanoparticles were tested for their antifungal potential against
the five phytopathogens. [10] Abdolhossien Miri et al. synthesized
ZnO NPs having hexagonal shaped sheet like structures formed
with sizes of 40–80 nm. The zinc oxide nanoparticles were
obtained by green synthesis using Zn(SO4)�7H2O and aqueous
extract of Prosopis farcta. [15] Nikte M. Gómez-Ortíz et al. reported
the synthesis of antifungal ZnO NPs by using the Avocado (Persea
americana) and papaya (Carica papaya) fruits. [40].

Mohammed N. Al-anbr et al. reported synthesis of ZnO NPs
using the hot water extract of Sargassum wightii (Sw). [28] Gio-
vanni Benelli et al. reported the green synthesis of ZnO NPs using
the Ulva lactuca extract, which showed high toxicity against Aedes
agypti larvae. Histopathological effects caused by ZnO nanoparti-
cles penetration in the insect’s body were also reported in the
study. [31].

� Synthesis of other oxide nanoparticles

M. Jayachandran et al. synthesized 12 nm sized NiO NPs by
green method utilizing the phytoconstituents present in the neem
leaf.[3] Henam Sylvia Devi et al utilized the Urtica dioica leaf
extract for the synthesis of CuO and Al2O3 NPs using biosynthetic
approach. [18].

Nikte M. Gómez-Ortíz et al. also reported the synthesis of anti-
fungal MgO NPs by using the Avocado (Persea americana) and
papaya (Carica papaya) fruits. [40].

2.2. Synthesis using bacterial materials

Merlin P. Thangaraj et al. reported the synthesis of Bacillus
thuringiensis coated zinc oxide nanoparticles (Bt-ZnO NPs). [22]
Rajan Maheswaran et al reported the synthesis of silver nanoparti-
cles using isolated entomopathogenic actinobacteria Actinoki-
neospora fastidiosa. These biosynthesized Ag NPs were tested as
ovicidal, larvicidal, oviposition deterrent and enzyme activity
against Aedes aegypti, Anopheles stephensi and Culex quinquefascia-
tus. [36].

2.3. Synthetic route using various fungi

Sardell et al. utilized the Penicillium citrinum to synthesize Ag
NPs. [9] Utilization of plant pathogenic fungi in the Ag NPs biosyn-

Fig. 1. Illustrative representation of bioactivities of various biosynthesized NPs.
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Table 1
An overview of the recently reported (during 2014–2022) metal and metal oxide nanoparticles biosynthesized for various biological applications.

Nanoparticles Source for Synthesis Bioactivity Targeted for treatment of Year reference

Ag NPs Penicillium citrinum Antifungal Aspergillus flavus 2017 Sardella et al.[9]
ZnO NPs flower extract of Nyctanthes

arbor-tristis.
Antifungal Alternaria alternata, Aspergillus niger, Botrytis cinerea, Fusarium

oxyspo-rum and Penicillium expansum
2018 Pragati Jamdagni

et al.[10]
Cu NPs leaf extract of C.paniculatus. Antifungal activity F.oxysporum. 2020 Rohini Trivedi

et al.[11]
Ag NPs latex of Calotropis procera antibacterial

antifungal
Escherichia coli, Pseudomonas aeruginosa and Serratia sp.
Trichophyton rubrum, Candida albicans and Aspergillus terreus.

2014 Nadia Hussein
Mohamed et al.
[12]

Ag NPs Anagallis monelli extract. antibacterial species Eschcherchia coli, Serratia marcescens, and Klebsiella
pneumoniae. Staphylococcus aureus andMicrococcus luteus Candida
albicans

2022 Rihab Dridi et al.
[13]

Ag NPs yeast yeast antifungal
activity

Cryptococcus laurentii and Rhodotorula glutinis. 2016 Jorge G.
Fernández et al.
[14]

ZnO-NPs Prosopis farcta extract antifungal against Candida albicans 2019 Abdolhossien
Miri et al.[15]

Ag NPs Purchased Ag NPs solution antifungal Trichosporon asahii. 2016 Zhi-Kuan Xia
et al.[16]

Ag NPs Nigrospora oryzae antifungal Fusarium spp 2021 Turki M. Dawoud
et al.[17]

CuO and
Al2O3 NPs

Urtica dioica leaf extract antifungal activity Mucor piriformis 2021 Henam Sylvia
Devi et al.[18]

Ag NPs Leaf Malva parviflora antifungal Helminthosporium rostratum, Fusarium solani, Fusarium oxysporum,
and Alternaria alternata.

2021 Manal A. Al-Mosa
et al.[19]

Ag NPs Penicillium verrucosum antifungal Fusarium chlamydosporum and Aspergillus flavus 2021 Bandar M. A.
Almunqedhi et al.
[20]

Ag NPs Coriander sativum anticancer MCF-7 cell line 2021 SabahAnsar et al.
[21]

ZnO NPs Bacillus thuringiensis biopesticidal pulse beetle, Callosobruchus maculatus 2017 Merlin P.
Thangaraj et al.
[22]

Gold Mentha and Pelargonium
Extracts

medical
applications

PBS media as human blood 2015 D. Ekinci et al.[23]

NiO NPs Neem leaves antibacterial Staphylococcus aureus Escherichia coli 2016 M. Jayachandran
et al.[3]

Ag NPs Saussurea costus root
aqueous extract

catalytic catalytic degradation efficacy of safranin dye 2021 Afnan A.
Alobathani et al.
[24]

Ag NPs Zornia diphylla leaves larvicidal against malaria and arbovirus vectors
Anopheles subpictus, the dengue vector Aedes albopictus and the
Japanese encephalitis vector Culex tritaeniorhynchus.

2016 Giovanni Benelli
et al.[25]

Ag NPs Annona squamosa leaves larvicidal Aedes aegypti and Culex quinquefasciatus 2016 Ravichandran
Ramanibai et al.
[26]

Ag NPs from marigold flower antimicrobial Staphylococcus aureus and Bacillus cereus), Gram negative
(Escherichia coli and Pseudomonas aeruginosa)
Candida glabrata, Candida albicans, Cryptococcae neoformans).

2015 Sumitra Chanda
et al.[27]

ZnO NPs Sargassum wightii antibacterial and
insecticidal

. subtilis, S. aureus) and Gram-negative (S. sonnei, P. aeruginosa)
Aedes aegypti 3

2018 Mohammed N.
Al-anbr et al.[28]

Au NPs herbal Acorus
calamus rhizome extract

antibacterial Staphylococcus aureus and Bacillus cereus) 2019 Gurumallesh
Prabu et al.[29]

Ag NPs Annona reticulata larvicidal and anti-
microbial

Aedes aegypti. Bacillus cereus, Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli and Candida albicans respectively.

2019 Narayanasamy
Mathivanan et al.
[30]

ZnO Ulva lactuca seaweed extract insecticidal
bactericidal

Aedes aegypti
(Bacillus licheniformis and Bacillus pumilis) and Gram negative
(Escherichia coliand Proteus vulgaris)

2018 Giovanni Benelli
et al.[31]

Ag NPs Calliandra
haematocephala leaf extract

bactericidal Escherichia coli – pathogenic bacteria 2017 Venkatesan
Thivaharan et al.
[32]

Cu NPs actinomycete Streptomyces
capillispiralis

antimicrobial applications against infectious microorganisms, biocontrol of
phytopathogenic fungi and health nasty insects

2018 Abdullah M. Abdo
et al.[33]

Ag NPs green algae (Spirogyra
hyalina)

antibacterial,
antifungal,
insecticidal,

Pseudomonas aeruginosa,
Fusarium solani

Tribolium castaneum (a common grain pest).

2022 Syed Ali Raza
Shah et al.[34]

Ag NPs Acalypha wilkesiana extract nematicidal activity root-knot nematode 2021 Said I. Behiry
et al.[35]

Ag NPs Actinokineospora fastidiosa Insecticidal;
ovicidal, larvicidal,

Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus. 2021 Rajan
Maheswaran et al
[36]

Ag/AgCl-NPs from Zizyphus
mauritiana fruit extract

antibacterial,
antifungal

(Bacillus subtilis, Shigella boydii, and Escherichia coli) and two fungi
(Aspergillus niger and Trichoderma spp.)

2020 Mohammad
Taufiq Alam et al.
[37]

B.H. Shinde, S.N. Inamdar, S.A. Nalawade et al. Materials Today: Proceedings 73 (2023) 412–417

414



thesis as well as the use of bio-Ag NPs to control fungal plant dis-
eases were successfully achieved.

Jorge G. Fernández et al. reported biosynthesis of silver
nanoparticles, using the yeast. [14] Bandar M. A. Almunqedhi
et al. also reported the biosynthesis of 10–12 nm sized Ag NPs,
using the fungus Penicillium verrucosum. [20] In this method,
the silver nanoparticles were synthesized by reacting silver
nitrate (AgNO3) with the cell free filtrates of the fungal culture.

3. Applications of the biosynthesized nanoparticles

3.1. Fungicidal applications

Jorge G. Fernández et al. reported the antifungal activity of the
biosynthesis of Ag NPs against the Cryptococcus laurentii and Rho-
dotorula glutinis. [14] Henam Sylvia Devi et al reported the antifun-
gal activity of prepared CuO NPs against the fungus Aspergillus
niger and Mucor piriformis. [18] The NPs exhibited significant
antimycotic activity against the examined fungal pathogens along
with synergistic effects of small size and free radical scavenging
potential of the synthesized CuO NPs in enhancing the antifungal
activity.

Manal A. Al-Mosa et al. reported maximum reduction in myce-
lial growth by biosynthesized Ag NPs against H. rostratum (88.6 %).
[19] Whereas, the leaf extract of M. parviflora was found most
effective against F. solani (65.3 %). Further the silver nanoparticles
and leaf extract of M. parviflora could be explored for the develop-
ment of the new types of fungicide.

Bandar M. A. Almunqedhi et al. demonstrated the antifungal
activity of biosynthesized Ag NPs, 150 ppm of the Ag NPs reported
suppressing the growth of F. chlamydosporum and A. flavus by
about 50 %.[20].

3.2. Antibacterial applications

High antibacterial activities were reported by Dridi et al against
both the gram-positive and gram-negative bacteria. The bacteria
species studied were Staphylococcus aureus,Micrococcus luteus,
Eschcherchia coli, Serratia marcescens, and Klebsiella pneumoniae.
[13] Sardell et al. narrated the applications of metal nanoparticles
and current trends in relation to food packaging, air filter coating
and water disinfection, packaging material. [9].

Sumitra Chanda et al. utilized Ag NPs for the evaluation of var-
ious commercial antibiotics against Gram positive (Staphylococcus
aureus and Bacillus cereus), Gram negative (Escherichia
coli and Pseudomonas aeruginosa) bacteria and fungi (Candida
glabrata, Candida albicans, Cryptococcae neoformans). [27].

Mohammed N. Al-anbr et al. used ZnO NPs which showed high
antibiofilm activity against Gram-positive (B. subtilis, S. aureus)
and Gram-negative (S. sonnei, P. aeruginosa) microbial pathogens.
The report demonstrated that ZnO nanoparticles can be used as
the bacteriostatic and immunostimulant agents through

immersion and dietary administration enhancing immunity of
green tiger shrimp. [28] Gurumallesh Prabu et al. reported antibac-
terial activity of AuNPs coated cotton fabrics tested against Gram
positive (Staphylococcus aureus) and Gram negative (Escherichia
coli) bacterial strains. It showed that gold nanoparticles coated cot-
ton fabric exhibited higher antibacterial activity than other test
samples against E. coli. [29].

Narayanasamy Mathivanan et al. reported silver nanoparticle as
a potent antimicrobial activity against Bacillus cereus, Staphylo-
coccus aureus, Pseudomonas aeruginosa, Escherichia coli and Can-
dida albicans respectively. [30].

Giovanni Benelli et al. reported excellent bactericidal activity by
the ZnO NPs on Gram positive (Bacillus licheniformis and Bacillus
pumilis) and Gram negative (Escherichia coli and Proteus vulgaris)
bacteria. [31].

3.3. Insecticidal uses

Merlin P. Thangaraj et al. studied the action of Bacillus
thuringiensis coated zinc oxide nanoparticles (Bt-ZnO NPs) on the
pulse beetle, Callosobruchus maculatus. The Bt-ZnO NPs were highly
effective in the control of C. maculatus and caused 100 % mortality
at 25 lg/mL. the effect was due to decrease in the mid-gut a-
amylase, cysteine protease, a-glucosidase and glutathione S-
transferase (GST) activity in C. maculatus. [22].

Giovanni Benelli et al. checked acute toxicity of Z. diphylla leaf
extract and biosynthesized AgNP against larvae of the malaria vec-
tor Anopheles subpictus, the dengue vector Aedes albopictus and the
Japanese encephalitis vector Culex tritaeniorhynchus. Both the Z.
diphylla leaf extract and Ag NP showed dose dependent larvici-
dal effect against all tested mosquito species. Compared to the leaf
aqueous extract, biosynthesized Ag NP showed higher toxicity
against An. subpictus, Ae. albopictus, and Cx. tritae-
niorhynchus with LC50 values of 12.53, 13.42 and 14.61 lg/ml,
respectively. [25].

Mohammed N. Al-anbr et al. reported that ZnO NPs enhanced
immune parameters of the green tiger shrimp, Penaeus semisulca-
tus. The ZnO NPs nanoparticles showed high antibiofilm activity on
Gram-positive and negative bacteria. They were reported to be
toxic to larvae of Aedes aegypti mosquitoes, which vector Zika
virus. [28].

Syed Ali Raza Shah et al. reported that silver nanoparticles syn-
thesized using green algae Spirogyra hyalina as a capping and
reducing agent, showed 30 % mortality against Tribolium casta-
neum (a common grain pest). The maximum antibacterial and
antifungal activity was reported for Pseudomonas aerugi-
nosa (18 ± 1.2 mm) and Fusarium solani (14.3 ± 0.6 mm), respec-
tively. [34] Rajan Maheswaran et al. reported the synthesis of Ag-
NPs using a novel stain Actinokineospora fastidiosa can tested it
to control various mosquito species and its pharmacological appli-
cations. The highest ovicidal, larvicidal, oviposition deterrent and

Table 1 (continued)

Nanoparticles Source for Synthesis Bioactivity Targeted for treatment of Year reference

Ag NPs curcumin antibacterial Staphylococcus aureus, Pseudomonas aeruginosa, and Candida auris. 2020 Iza Radecka et al
[38]

Ag NPs hydroxyapatite Antifungal Candida Species 2019 Diogo P. Volanti
et al.[39]

MgO and ZnO
NPs

Avocado (Persea americana)
and papaya (Carica papaya)

Antifungal Colletotrichum gloeosporioides 2018 Nikte M. Gómez-
Ortíz et al.[40]

ZnO NPs Plant Parts of Bixa orellana Antibacterial and
antifungal

Staphylococcus aureus and Bacillus subtilis Penicillium sp., Aspergillus
flavus, Fusarium oxysporum, and Rhizoctonia solani)

2022 Balaprasad
Ankamwar et al.
[41]
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enzyme activity were noted against Aedes aegypti, Anopheles ste-
phensi and Culex quinquefasciatus. [36].

3.4. Anticancer and other applications

Sabah Ansar et al. synthesized Ag NPs using extract of Coriander
sativum and utilized the synthesized NPs for the anticancer studies.
The in vitro anticancer effect was confirmed at different concentra-
tions on the MCF-7 cell line with decrease in cell viability which
was proportionately related to the concentration of CS-AgNPs illus-
trating the toxigenic nature of synthesized silver nanoparticles on
cancerous cells. [21].

D. Ekinci et al. utilized the Mentha and Pelargonium plant
extracts for the synthesis of gold nanoparticles. For medical appli-
cations gold nanoparticles performance was observed in PBS media
which resembles the human blood. [23].

Abdullah M. Abdo et al. biosynthesized Cu NPs, which showed
various biomedical applications against infectious microorganisms,
biocontrol of phytopathogenic fungi and health nasty insects that
represented the hopeful uses of copper nanoparticles as a unique
approach to manage these health threatening problems. [33].

Said I. Behiry et al. biosynthesized silver nanoparticles (Ag NPs)
using Acalypha wilkesiana aqueous leaf extract. The nematoci-
dal activity of biosynthesized Ag NPs were evalu-
ated in vitro against root-knot nematode (Meloidogyne
incognita). [35].

4. Conclusions

Silver nanoparticles have well-evolved as antimicrobial, anti-
fungal as well as insecticidal agents and a nano-drug carrier with
enormous potential for the success in the field of medicine which
can bring a new era of agrochemicals. The CuO and ZnO NPs pre-
pared utilizing green synthesis were reported to show higher anti-
fungal and insecticidal activities respectively. Its advantageous to
utilize these biosynthesized nanoparticles as insecticides as there
is a low risk of developing resistance by the insects in long term
usages of these materials. Further exploration of novel applications
of the combined effect of biosynthesized composite nanoparticles
to produce the effective and newer outcomes is yet open to new
researchers in the field of nanoscience and nanotechnology. Thus,
a systematic appraisal of selected reports published on biosynthe-
sized metal nanoparticles demonstrating bioactivities viz. antifun-
gal, antibacterial, insecticidal activity during the past few years
(during 2014–2022) were described in the current review.

CRediT authorship contribution statement

Bapusaheb H. Shinde: Conceptualization, Writing – original
draft. Shaukatali N. Inamdar: . Sagar A. Nalawade: . Sushilkumar
B. Chaudhari: Project administration, Supervision.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

The authors would like to thank Dattatray Govindrao Walse
Patil College, Pargaon Tarfe Awsari, Pune for their constant
support.

References

[1] S.S. Shankar, A. Rai, A. Ahmad, M. Sastry, Controlling the optical properties of
lemongrass extract synthesized gold nanotriangles and potential application in
infrared-absorbing optical coatings, Chem. Mater. 17 (3) (2005) 566–572.

[2] S.S. Shankar, A. Rai, A. Ahmad, M. Sastry, Rapid synthesis of Au, Ag, and
bimetallic Au core–Ag shell nanoparticles using Neem (Azadirachta indica) leaf
broth, J. Colloid Interface Sci. 275 (2) (2004) 496–502.

[3] V. Helan, J.J. Prince, N.A. Al-Dhabi, M.V. Arasu, A. Ayeshamariam, G.
Madhumitha, S.M. Roopan, M. Jayachandran, Neem leaves mediated
preparation of NiO nanoparticles and its magnetization, coercivity and
antibacterial analysis, Results Phys. 6 (2016) 712–718.

[4] B. Ankamwar, M. Chaudhary, M. Sastry, Gold nanotriangles biologically
synthesized using tamarind leaf extract and potential application in vapor
sensing, Synth. React. Inorg., Met.-Org., Nano-Met. Chem. 35 (1) (2005) 19–26.

[5] S.S. Shankar, A. Ahmad, M. Sastry, Geranium Leaf Assisted Biosynthesis of
Silver Nanoparticles, Biotechnol. Prog. 19 (6) (2003) 1627–1631.

[6] S.P. Chandran, M. Chaudhary, R. Pasricha, A. Ahmad, M. Sastry, Synthesis of
gold nanotriangles and silver nanoparticles using aloevera plant extract,
Biotechnol. Prog. 22 (2) (2006) 577–583.

[7] D. Jain, H. Daima, S. Kachhwala, S. Kothari, Synthesis of plant-mediated silver
nanoparticles using papaya fruit extract and evaluation of their anti microbial
activities, Digest J. Nanomater. Biostruct. 4 (2009) 557–563.

[8] R. Sanghi, P. Verma, Biomimetic synthesis and characterisation of protein
capped silver nanoparticles, Bioresour. Technol. 100 (1) (2009) 501–504.

[9] D. Sardella, R. Gatt, V.P. Valdramidis, Metal nanoparticles for controlling fungal
proliferation: quantitative analysis and applications, Curr. Opin. Food Sci. 30
(2019) 49–59.

[10] P. Jamdagni, P. Khatri, J.S. Rana, Green synthesis of zinc oxide nanoparticles
using flower extract of Nyctanthes arbor-tristis and their antifungal activity, J.
King Saud Univ. – Sci. 30 (2) (2018) 168–175.

[11] S.C. Mali, A. Dhaka, C.K. Githala, R. Trivedi, Green synthesis of copper
nanoparticles using Celastrus paniculatus Willd. leaf extract and their
photocatalytic and antifungal properties, Biotechnol. Rep, 27 (2020) e00518.

[12] N.H. Mohamed, M.A. Ismail, W.M. Abdel-Mageed, A.A. Mohamed Shoreit,
Antimicrobial activity of latex silver nanoparticles using Calotropis procera,
Asian Pacific J. Trop. Biomed. 4 (11) (2014) 876–883.

[13] R. Dridi, B. Essghaier, H. Hannachi, G.B. Khedher, C. Chaffei, M.F. Zid,
Biosynthesized silver nanoparticles using Anagallis monelli: evaluation of
antioxidant activity, antibacterial and antifungal effects, J. Mol. Struct. 1251
(2022) 132076.

[14] J.G. Fernández, M.A. Fernández-Baldo, E. Berni, G. Camí, N. Durán, J. Raba, M.I.
Sanz, Production of silver nanoparticles using yeasts and evaluation of their
antifungal activity against phytopathogenic fungi, Process Biochem. 51 (9)
(2016) 1306–1313.

[15] A. Miri, N. Mahdinejad, O. Ebrahimy, M. Khatami, M. Sarani, Zinc oxide
nanoparticles: biosynthesis, characterization, antifungal and cytotoxic
activity, Mater. Sci. Eng., C 104 (2019) 109981.

[16] Z.-K. Xia, Q.-H. Ma, S.-Y. Li, D.-Q. Zhang, L. Cong, Y.-L. Tian, R.-Y. Yang, The
antifungal effect of silver nanoparticles on Trichosporon asahii, J. Microbiol.
Immunol. Infect. 49 (2) (2016) 182–188.

[17] T.M. Dawoud, M.A. Yassin, A.R.M. El-Samawaty, A.M. Elgorban, Silver
nanoparticles synthesized by Nigrospora oryzae showed antifungal activity,
Saudi J. Biol. Sci. 28 (3) (2021) 1847–1852.

[18] H.S. Devi, M.A. Boda, S. Rubab, S. Parveen, A.H. Wani, M.A. Shah, Chapter
Thirteen - Biosynthesis and antifungal activities of CuO and Al2O3

nanoparticles, in: S.K. Verma, A.K. Das (Eds.), Comprehensive Analytical
Chemistry, Elsevier, 2021, pp. 533–546.

[19] F. Al-Otibi, K. Perveen,N.A. Al-Saif, R.I. Alharbi, N.A. Bokhari, G. Albasher, R.M. Al-
Otaibi,M.A. Al-Mosa, Biosynthesis of silver nanoparticles usingMalva parviflora
and their antifungal activity, Saudi J. Biol. Sci. 28 (4) (2021) 2229–2235.

[20] M.A. Yassin, A.M. Elgorban, A.-E.-R.-M.-A. El-Samawaty, B.M.A. Almunqedhi,
Biosynthesis of silver nanoparticles using Penicillium verrucosum and analysis
of their antifungal activity, Saudi J. Biol. Sci. 28 (4) (2021) 2123–2127.

[21] R. Alsubki, H. Tabassum, M. Abudawood, A.A. Rabaan, S.F. Alsobaie, S. Ansar,
Green synthesis, characterization, enhanced functionality and biological
evaluation of silver nanoparticles based on Coriander sativum, Saudi J. Biol.
Sci. 28 (4) (2021) 2102–2108.

[22] B. Malaikozhundan, B. Vaseeharan, S. Vijayakumar, M.P. Thangaraj, Bacillus
thuringiensis coated zinc oxide nanoparticle and its biopesticidal effects on
the pulse beetle, Callosobruchus maculatus, J. Photochem. Photobiol. B: Biol.
174 (2017) 306–314.

[23] A. Jafarizad, K. Safaee, S. Gharibian, Y. Omidi, D. Ekinci, Biosynthesis and in-
vitro study of gold nanoparticles using mentha and pelargonium extracts,
Procedia Mater. Sci. 11 (2015) 224–230.

[24] A.R.M. Abd El-Aziz, A. Gurusamy, M.R. Alothman, S.M. Shehata, S.M. Hisham, A.
A. Alobathani, Silver nanoparticles biosynthesis using Saussurea costus root
aqueous extract and catalytic degradation efficacy of safranin dye, Saudi J. Biol.
Sci. 28 (1) (2021) 1093–1099.

[25] M. Govindarajan, M. Rajeswary, U. Muthukumaran, S.L. Hoti, H.F. Khater, G.
Benelli, Single-step biosynthesis and characterization of silver nanoparticles
using Zornia diphylla leaves: a potent eco-friendly tool against malaria and
arbovirus vectors, J. Photochem. Photobiol. B: Biol. 161 (2016) 482–489.

[26] K. Velayutham, R. Ramanibai, Larvicidal activity of synthesized silver
nanoparticles using isoamyl acetate identified in Annona squamosa leaves

B.H. Shinde, S.N. Inamdar, S.A. Nalawade et al. Materials Today: Proceedings 73 (2023) 412–417

416

http://refhub.elsevier.com/S2214-7853(22)06388-X/h0005
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0005
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0005
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0010
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0010
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0010
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0015
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0015
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0015
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0015
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0020
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0020
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0020
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0025
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0025
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0030
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0030
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0030
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0035
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0035
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0035
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0040
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0040
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0045
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0045
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0045
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0050
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0050
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0050
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0055
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0055
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0055
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0060
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0060
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0060
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0065
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0065
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0065
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0065
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0070
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0070
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0070
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0070
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0075
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0075
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0075
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0080
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0080
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0080
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0085
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0085
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0085
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0090
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0090
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0090
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0090
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0090
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0090
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0090
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0090
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0095
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0095
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0095
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0100
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0100
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0100
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0105
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0105
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0105
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0105
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0110
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0110
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0110
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0110
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0115
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0115
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0115
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0120
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0120
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0120
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0120
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0125
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0125
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0125
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0125
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0130
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0130


against Aedes aegypti and Culex quinquefasciatus, J. Basic Appl. Zool. 74
(2016) 16–22.

[27] H. Padalia, P. Moteriya, S. Chanda, Green synthesis of silver nanoparticles from
marigold flower and its synergistic antimicrobial potential, Arabian J. Chem. 8
(5) (2015) 732–741.

[28] R. Ishwarya, B. Vaseeharan, S. Subbaiah, A.K. Nazar, M. Govindarajan, N.S.
Alharbi, S. Kadaikunnan, J.M. Khaled, M.N. Al-anbr, Sargassum wightii-
synthesized ZnO nanoparticles – from antibacterial and insecticidal activity
to immunostimulatory effects on the green tiger shrimp Penaeus semisulcatus,
J. Photochem. Photobiol. B: Biol. 183 (2018) 318–330.

[29] R.M. Ganesan, H. Gurumallesh Prabu, Synthesis of gold nanoparticles using
herbal Acorus calamus rhizome extract and coating on cotton fabric for
antibacterial and UV blocking applications, Arabian J. Chem. 12 (8) (2019)
2166–2174.

[30] E. Parthiban, N. Manivannan, R. Ramanibai, N. Mathivanan, Green synthesis of
silver-nanoparticles from Annona reticulata leaves aqueous extract and its
mosquito larvicidal and anti-microbial activity on human pathogens,
Biotechnol. Rep. 21 (2019) e00297.

[31] R. Ishwarya, B. Vaseeharan, S. Kalyani, B. Banumathi, M. Govindarajan, N.S.
Alharbi, S. Kadaikunnan, M.N. Al-anbr, J.M. Khaled, G. Benelli, Facile green
synthesis of zinc oxide nanoparticles using Ulva lactuca seaweed extract and
evaluation of their photocatalytic, antibiofilm and insecticidal activity, J.
Photochem. Photobiol. B: Biol. 178 (2018) 249–258.

[32] S. Raja, V. Ramesh, V. Thivaharan, Green biosynthesis of silver nanoparticles
using Calliandra haematocephala leaf extract, their antibacterial activity and
hydrogen peroxide sensing capability, Arabian J. Chem. 10 (2) (2017) 253–261.

[33] S.E.L.D. Hassan, S.S. Salem, A. Fouda, M.A. Awad, M.S. El-Gamal, A.M. Abdo,
New approach for antimicrobial activity and bio-control of various pathogens
by biosynthesized copper nanoparticles using endophytic actinomycetes, J.
Radiat. Res. Appl. Sci. 11 (3) (2018) 262–270.

[34] N.S. Abdullah, T. Al-Radadi, S. Hussain, S. Faisal, Ali Raza Shah, Novel
biosynthesis, characterization and bio-catalytic potential of green algae

(Spirogyra hyalina) mediated silver nanomaterials, Saudi J. Biol. Sci. 29 (1)
(2022) 411–419.

[35] A.A. Heflish, A.E. Hanfy, M.J. Ansari, E.S. Dessoky, A.O. Attia, M.M. Elshaer, M.K.
Gaber, A. Kordy, A.S. Doma, A. Abdelkhalek, S.I. Behiry, Green biosynthesized
silver nanoparticles using Acalypha wilkesiana extract control root-knot
nematode, J. King Saud Univ. – Sci. 33 (6) (2021) 101516.

[36] K. Raguvaran, M. Kalpana, T. Manimegalai, R. Maheswaran, Insecticidal, not-
target organism activity of synthesized silver nanoparticles using
Actinokineospora fastidiosa, Biocatal. Agric. Biotechnol. 38 (2021) 102197.

[37] S.R. Kabir, A.K.M. Asaduzzaman, R. Amin, A.S.M.T. Haque, R. Ghose, M.M.
Rahman, J. Islam, M.B. Amin, I. Hasan, T. Debnath, B.-S. Chun, X. Zhao, M.K.
Rahman Khan, M.T. Alam, Zizyphus mauritiana fruit extract-mediated
synthesized silver/silver chloride nanoparticles retain antimicrobial activity
and induce apoptosis in MCF-7 cells through the Fas pathway, ACS Omega 5
(32) (2020) 20599–20608.

[38] A. Gupta, S.M. Briffa, S. Swingler, H. Gibson, V. Kannappan, G. Adamus, M.
Kowalczuk, C. Martin, I. Radecka, Synthesis of silver nanoparticles using
curcumin-cyclodextrins loaded into bacterial cellulose-based hydrogels for
wound dressing applications, Biomacromolecules 21 (5) (2020) 1802–1811.

[39] B. Gottardo, T.H. Lemes, G. Byzynski, M.H. Paziani, M.R. von-Zeska-Kress, M.T.
G. de Almeida, D.P. Volanti, One-Pot Synthesis and Antifungal Activity of
Nontoxic Silver-Loaded Hydroxyapatite Nanocomposites against Candida
Species, ACS Applied Nano Materials 2(4) (2019) 2112-2120.

[40] S.C. De la Rosa-García, P. Martínez-Torres, S. Gómez-Cornelio, M.A. Corral-
Aguado, P. Quintana, N.M. Gómez-Ortíz, Antifungal activity of ZnO and MgO
nanomaterials and their mixtures against <i>Colletotrichum gloeosporioides</
i> strains from tropical fruit, J. Nanomater. 2018 (2018) 3498527.

[41] S. Gharpure, R. Yadwade, B. Ankamwar, Non-antimicrobial and non-anticancer
properties of ZnO nanoparticles biosynthesized using different plant parts of
Bixa orellana, ACS Omega 7 (2) (2022) 1914–1933.

B.H. Shinde, S.N. Inamdar, S.A. Nalawade et al. Materials Today: Proceedings 73 (2023) 412–417

417

http://refhub.elsevier.com/S2214-7853(22)06388-X/h0130
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0130
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0135
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0135
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0135
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0140
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0140
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0140
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0140
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0140
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0145
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0145
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0145
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0145
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0150
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0150
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0150
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0150
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0155
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0155
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0155
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0155
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0155
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0160
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0160
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0160
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0165
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0165
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0165
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0165
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0170
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0170
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0170
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0170
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0175
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0175
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0175
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0175
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0180
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0180
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0180
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0185
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0185
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0185
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0185
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0185
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0185
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0190
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0190
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0190
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0190
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0200
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0200
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0200
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0200
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0205
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0205
http://refhub.elsevier.com/S2214-7853(22)06388-X/h0205


Investigation of structural and optical properties of graphene derivatives
as a route for optical sensing

Anil B. Patil a,⇑, Umesh J. Tupe b, Dharma K. Halwar c, Vikas V. Deshmane d, Arun V. Patil e

aDepartment of Electronic Science and Research Center, L.V.H College, Nashik, Dist.-Nashik (M.S.), India
bDepartment of Electronics, Panchavati College of Management & Computer Science, Nashik (M.S.), India
cDepartment of Electronic Science, MSG College, Malegaon Camp Dist., Nashik (M.S.), India
dDepartment of Physics, SICES Degree College, Ambarnath, Dist. Thane, India
eArts, Science and Commerce College, Manmad Dist., Nashik (M.S.), India

a r t i c l e i n f o

Article history:
Available online 17 October 2022

Keywords:
Reduced Graphene Oxide (rGO)
FTIR
UV Spectra
XRD
SEM

a b s t r a c t

In the present research work, thick films of graphene oxide (GO) and reduced graphene oxide (rGO) were
fabricated on glass substrate by using standard screen-printing technique. Silver paste was used to make
contacts of thick films. Fabricated thick films of GO and rGO were characterized by scanning electron
microscopy (SEM), elemental data analysis (EDS), and X-ray diffraction (XRD) to make sure the morpho-
logical, elemental and structural characteristics of the thick films. Optical characteristics of the fabricated
thick films were carried out by UV Spectra, Raman spectroscopy and Fourier Transform Infrared
Spectroscopy (FTIR). In addition, the optical studies were performed by homemade system to investigate
the effect incident light intensity with different colour (Blue, Yellow, and Green) filters on GO and rGO
sensing. XRD and EDS confirms the materials were GO and rGO. The findings revealed that reduced gra-
phene oxide has a high light absorption capacity to consider as an optical sensor.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Graphene is now widely emerged as a potential material for a
wide range of applications, including transparent electronics prod-
ucts, which are the subject of much research. Because of their dis-
tinct physiochemical properties, graphene oxide (GO) and reduced
graphene oxide (rGO) nanomaterials have attracted a lot of
research attention. It can be used in a number of biological fields
due to its 2D allotropic structure [1]. The distribution of graphene
layers in the polymer matrix and the interfacial bonding between
the graphene layers and polymer matrix determine the physical
and chemical properties of graphene-based polymer nanocompos-
ite. However, since graphene is incompatible with organic poly-
mers, it does not form homogeneous composites. Graphene oxide
(GO) sheets, on the other hand, are compatible with organic poly-
mers since they are highly oxygenated graphene [2]. As a result, GO
is commonly used in polymer nanocomposites as a nanofiller. Gra-
phene oxide is electrically insulating and therefore cannot be used

to make conductive nanocomposites. However, graphene produced
by thermal or chemical reduction of GO (i.e., the removal of oxy-
gen) can produce large quantities of rGO platelets with low sheet
resistance, making rGO behave as a semiconductor with electrical
conductivity of �1000 S/m. This makes it suitable for antistatic
coatings and semi-transparent electric circuits, among other appli-
cations [3]. rGO is intended to be used in energy storage superca-
pacitors, Li-ion battery electrodes, and solar cell transparent
electrodes [4,5].

Modification of the electronic structure to form islands of pris-
tine graphene, or graphene quantum dots, within the GO sheet
affects the tuning of electronic and optical properties. The energy
gap reduces as the number of O adatoms removed or the dot diam-
eter grows, allowing for tuning across the UV, visible, and IR light
spectrums. In contrast to completely oxidised graphene has insu-
lating properties. rGO has both insulating and conducting proper-
ties depending on the percentage of oxygen remaining on the
graphene layer. Nanometric sp2 graphitic islands separated by oxi-
dised graphene regions are commonly used to define the structure
of rGO [6,7]. First principles and statistical calculations have

https://doi.org/10.1016/j.matpr.2022.09.549
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demonstrated the propensity of oxygen to agglomerate into heav-
ily oxidised domains surrounded by pristine graphene regions [8].

Based on residual oxygen group coverage and defects within the
carbon sheets, the optical properties of rGO vary depending on the
various reduction methods [8,9]. However, understanding optical
properties is important for industrial process control and relating
theoretical predictions to experimental findings [10]. The proper-
ties of rGO are similar to those of graphene and graphene oxide,
with the reduction process having a significant impact on these
properties. Super capacitors, transparent conductors, sensors, stor-
age cells, and actuators are all examples of nano-electronics appli-
cations that include electrical conductivity [11]. Optical properties
of material are important for evaluating experiments involving
electronic and biomedical processes. Photothermal therapy (PTT)
refers to efforts to treat various medical conditions, including can-
cer, by using electromagnetic radiation (most commonly in infra-
red wavelengths). This method is a variation on photodynamic
therapy, in which a photosensitizer is activated by a specific band
of light. A few other studies have also reported the use of PTT in
conjunction with chemotherapy based on carbon dots nanoplat-
forms for the delivery of DOX in the treatment of cancer cells. Most
of the requirements for PTT appear to be met by carbon dots
[12,13].

In general, screen printing is one of the most promising meth-
ods for preparing cost-effective large-area deposition techniques
for devices on a wide range of substrates, regardless of shape or
thermal stability. The current study focuses on the fabrication of
GO and rGO thick films on glass substrates using a less costly stan-
dard screen-printing technique, as well as the investigation of the
structural and optical properties of rGO thick films in the visible
and near infrared regions and its route to consider itself as an opti-
cal sensor.

2. Experimental

2.1. Fabrication of graphene oxide (GO) and reduced graphene oxide
(rGO) thick films by standard screen-printing technique

Commercially available AR grade (99.99 % purity) GO powder
was used in this study. Some portion of GO powder was used for
heat treatment at 200 �C for 1 h in inert atmosphere. After confirm-
ing an elemental presence using energy dispersive X-ray spec-
trosopy, thermally treated powder was used as rGO. On a clean
glass substrate, the GO and rGO films were fabricated. To prepare
thick films, all glass substrates were thoroughly washed with dou-
ble distilled water and acetone, then put under an IR lamp for
30 min to eliminate impurities. Initially, silver ink was used to
grow electrodes on a glass substrate. Pure thick films of GO/rGO
were prepared using 70 % inorganic and 30 % organic material com-
position. Inorganic materials included available GO/rGO nano pow-
der and organic materials included ethyl cellulose as a local binder
and Diethylene glycol mono-butyl ether (digol) (C8H18O3) as vehi-
cle for paste formation. In a mortar and pestle, the GO/rGO nano
powder and ethyl cellulose were combined and crushed for an
hour, and then digol was added drop by drop to create a thixotro-
pic paste. This paste was spread uniformly on glass substrate using
a screen-printing setup. The prepared thick films were kept under
IR irradiation for 45 min to eliminate local binder or impurity resi-
due, and then fabricated films were used for further work.

2.2. Characterization of fabricated thick films

2.2.1. Structural characterization
The surface morphology, elemental analysis, and structural

properties of the films were studied using scanning electron micro-

scopy (SEM), Energy-dispersive X-ray spectroscopy (EDAX), and X-
ray diffraction (XRD) respectively. To characterize the surface mor-
phology of the films, a scanning electron microscopy model JOEL
6300 LA GERMANY was used. The elemental analysis was per-
formed using an EDS energy dispersive X-ray spectrometer
(JOEL-2300, Germany).

The model Rigaku diffractometer (DMAX-500), X-ray diffrac-
tometer with CuKa radiation and wavelength = 0.1540598 nm,
was used to record XRD patterns of fabricated rGO thick films.
The films were scanned for the range from 10� to 80�. The obtained
values of 2h are compared to JCPDS data files. The Origin 9.5 soft-
ware was used to compute the full width of half maxima (FWHM).
Debye Scherer’s formula, Eq. (3.1), was used to calculate the crys-
tallite size (D).

D ¼ Kk
bCosh

ð3:1Þ

where

K = Scherrer constant (0.9),
b = Full width of half maxima (FWHM),
k = wavelength of X source (1.540598 A�).

2.2.2. Optical characterization
The optical properties of GO and rGO films were studied by

FTIR, Raman Spectroscopy and UV–vis Spectra. Bonding character-
istics of the thick films were analysed by using Shimadzu IR
Affinity-1 Fourier transformed infrared spectrometer (FTIR). The
FTIR was recorded from 400 to 4000 cm�1 with a resolution of
2 cm�1. Raman spectroscopy is a widely known method for charac-
terising carbon products because conjugated and double carbon–
carbon bonds produce high Raman intensities. Raman spec-
troscopy of fabricated thick films was obtained by using
SENTERRA-Bruker, Germany with a laser source (Nd: YAG) at a
wavelength of 532 nm. The films were also characterized by a dou-
ble beam UV–Visible spectrophotometer (Model- JASCO, V-730).

The Absorption coefficient (a) as a function of photon energy
was investigated using Eq. (3.2),

a ¼ 2:303 � A%
ThicknessðtÞ ð3:2Þ

where

a = Absorption coefficient.
A% = Absorption (%).
Thickness of the film (t) = 4.894 lm.

The optical band gap (Eop) was determined using following Eq.
(3.3),

Eop ¼ hm
k

¼ 1241
k

eV ð3:3Þ

where

Eop = Optical band gap in eV.
h = Planks Constant.
m = Speed of light.
k = Wavelength (cm).

3. Experimental results

3.1. Structural characterization

3.1.1. Scanning electron microscopy
Fig. 1 shows the SEM images of the commercially available AR

grade GO powder at different scale with magnification at (a)
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1000 (b) 10,000 (c) 20,000 and (d) 50,000, while Fig. 2 shows the
SEM micrograph at different scale for GO thick films with magnifi-
cation at (a) 1000 (b) 10,000 and rGO thick films with magnifica-
tion at (c) 1000 and (d) 10,000. It has been found that the
structure of GO is little bit folded and wrinkled. Also, there may
be existence of some crumple. It might be due to graphite exfolia-
tion to become graphene oxide and may results in deformation due
to exfoliation and restacking. From SEM image of rGO, more folded
and wrinkled structure has been observed. It can be due to losses of

oxygen functional groups. When the reduction is greater, the form
becomes more folded and wrinkled [14,15].

3.1.2. Energy-dispersive X-ray spectroscopy
Fig. 3 shows elemental data analysis of GO and rGO thick films

using Energy-dispersive X-ray spectroscopy (EDAX). It clearly
reveals that after heat treatment, GO gets converted into rGO
material. There is reduction in oxygen observed from the data of
rGO as compared to GO. The elemental data analysis reveals the
presence of only C and O in both GO and rGO thick film.

Fig. 1. SEM micrograph of commercially available AR grade GO Powder with magnification at (a) 1000 (b) 10,000 (c) 20,000 and (d) 50,000.

Fig. 2. SEM micrograph of GO thick films with magnification at (a) 1000 (b) 10,000 and rGO with magnification at (c) 1000 and (d) 10,000 thick films.
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The peak observed at energies 2.1 KeV position might be due to
the impurities induced during the synthesis of the material. Chem-
icals such as H2SO4 if used in synthesis process results in impuri-
ties like Sulphur (S) and Phosphorous (P) which remain even
after the complete synthesis and observed that the atomic percent-
age of these impurities is negligible. Hence it does not affect the
overall outcomes of the current study.

3.1.3. X-ray diffraction
Fig. 4 shows the XRD pattern of GO and rGO films. As shown in

figure, the prominent peak for GO was observed at 2h = 11.03� and
for rGO at 2h = 26.48�. As compared to JCPDS card No.74-1229 for
graphite, the prominent peak should be at 26.4�. So, there is shift in
peak for rGO was observed. It may be due to removal of oxygen
containing functional groups during the heat treatment. For GO,
the prominent peak was observed at lower diffraction angle. It
may be due to exfoliated GO where oxygen functional and epoxy
group are introduced between the layer of GO. By using Bragg’s
equation, the interplaner distance for GO was calculated as

0.80 nm and for rGO, it was calculated as 0.35 nm. It means inter-
planar distance for GO is greater than rGO. It may be due that, the
water molecules and various oxygen containing functional groups
present in GO as identified by FTIR. It indicates the hydration and
exfoliation of GO [16–18].

The hkl planes of rGO corresponding with JCPDS Card No. 75-
2078. The preferred orientation was observed at 2b (26.80) along
the direction (002) plane. It reveals presence of crystalline cubic
phase. It is observed that this prominent peak shows swing in its
position with corresponding JCPDS. The shifting of peak may be
due to variation in the stoichiometric chemical composition of
the material. This concurrence can be attributed to the non-
uniform annealing process employed during the reduction of GO
(See Table 3.1).

Table 3.2 shows summary of structural parameters of fabricated
GO and rGO electrodes. The crystallite size was calculated from
XRD pattern by using Eq. (3.1) i.e. Debye Scherrer formula and
was found to be 32.34 nm for GO and 20.57 nm for rGO. From
SEM, the average particle size of GO and rGO SPEs was found about

Fig. 3. EDAX spectra of GO and rGO films.

Fig. 4. XRD pattern of GO and rGO films.
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315 and 232 nm respectively. EDAX shows 72.67 and 27.33 as the
atomic % of carbon and oxygen respectively in the GO and 88.40
and 11.60 as the atomic % of carbon and oxygen respectively in
the rGO.

3.2. Optical characterization

3.2.1. Fourier transform infrared spectrometry
Fig. 5 shows the spectra obtained by FTIR of GO and rGO sam-

ples. The wide band vibrations observed between 3000 and
3600 cm�1 are characteristic of the stretching vibration mode of
OAH bond, reveals the presence of hydroxyl groups or the remain-
ing adsorbed water molecules in graphene oxide [16,19]. In the
spectrum, the typical peaks indicating the oxygen-containing
groups are visible as 1755.22 cm�1 for C@O (carbonyl/carboxyl),
1230.58 cm�1 for carboxylic CAO stretched, and the peak at
1346.31 cm�1 arises from CAOH group. The peaks corresponding
to the stretching vibration of aromatic CAC stretched in-ring group
is visible at 1481.33 cm-1. The peak at 1658.78 cm�1 correspond-
ing to the in-plane vibrations of aromatic C@C stretched. The
stretching and bending vibrations of the graphene sheets validates
for the success of oxidation of graphitic domains. The presence of
the carboxylic and carbonyl functional group shows the successful
oxidation of graphite.

The FTIR spectra of rGO after heat treatment shows decrease in
intensities of the bands that correspond to CAOH hydroxyl and
C@O groups, while the peaks relating to epoxy and alkoxy CAO
groups have disappeared. In this FTIR spectra, low-temperature
reduction processes confirm significantly de-oxidation [18,20–23]
which result in decreasing the intensities by decomposition of car-
bonyl and carboxyl functional group in reduced graphene oxide
compared than graphene oxide. This leads to less oxygen func-
tional groups, with some residual species of oxygen-containing
groups remain in the material in the rGO.

3.2.2. Raman spectroscopy
Raman characterization is a widely used technique for obtain-

ing material structural details. D (disorder) and G (gap) are two
distinct peaks in the Raman spectra of GO and rGO. Fig. 6 shows
the Raman spectra of GO and rGO thick film. Raman spectra show
two distinct bands between 1200 and 1700 cm�1. The graphitic
character and degree of disorder was measured using the G- and
D-peak intensities, respectively. In spectra, G bands to pure gra-
phite which is due carbon atoms vibration with SP2 hybridization.
D peak is called as peak of defects. It is caused due to vibration of
carbon atoms with SP3 hybridization. From figure, D and G peaks of
GO were at 1356.285 cm�1 and 1578.453 cm�1 respectively. For
rGO, D and G peaks were observed at 1357.95 cm�1 and

Table 3.1
Structural parameters of fabricated GO and rGO thick films.

Thick films (hkl) 2 h theta d spacing FWHM Count I/Io

GO (001) 11.03 8.01508 0.25791 1221 100
rGO (002) 26.80 3.32387 0.41388 38,458 100

Table 3.2
Summary of structural parameters:

Thick Films Crystallite (grain) size,
D (XRD)

Average particle size, d (SEM) Specific surface area
(SEM)

Atomic %
(EDAX)

C O

GO 32.34 nm 315 nm 1.018 m2/g 72.67 27.33
rGO 20.57 nm 232 nm 1.354 m2/g 88.40 11.60

Fig. 5. FT-IR Spectra of GO and rGO films.
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1597.89 cm�1 respectively. In GO, these peaks are slightly shifted.
This may be due to formation of defects and destruction in SP2

bonds. It means the structural defect induces by hydroxyl and
epoxide groups on the carbon basal plane[11,24]. After oxidation,
the disappearance of the 2D band at 2726 cm�1 indicates that all
graphite layers have been oxidised. The D and G bands (about
1578 cm�1) are almost identical to the graphene oxide characteris-
tic peaks. As a result, graphene oxide generated from graphite and
oxidised expandable graphite are the same material.

3.2.3. UV Spectroscopy
Fig. 7 shows the UV–vis absorption spectrum of GO and rGO

samples. According to the absorbance spectra, the main spectrum
of graphene oxide has a strong absorption peak at 237 nm, attrib-
uted to p-p ⁄ transition of the CAC conjugated aromatic domains
and weak absorption (shoulder) at 351 nm due to n-p ⁄ transition
of C@O bond. [25].

The absorption peak observed at 237 nm of GO (blue line) has
been shifted to 267 nm and weak absorption (shoulder) at
410 nm for rGO (red line), suggesting that the aromatic structure

might be refurbished. Absorption peaks and overall features of
these spectra are analogous to those of GO and rGO reported in
the literature [26–28]. Most significantly, as expected for graphene,
considering different reduction times, the rGO spectra are feature-
less in the visible band. Thus, UV–vis spectra of GO and rGO sam-
ples gives indication of the presence of a sufficient number of
oxygen functionalities, such as carboxyl, carbonyl, hydroxyl and
epoxide on graphene oxide.

3.2.4. Energy band gap calculations
Band gap can be defined as energy difference between valence

band (highest occupied molecular orbital, HOMO) and conduction
band (lowest occupied molecular orbital, LUMO) [29]. Energy gap
(Eg) shows a significant meaning of semiconductor which determi-
nes their applications. The optical band gap (Eg) associated with
the graphene materials was estimated from the Fig. 8, and can be
determined by extrapolating the linear trend observed in the spec-
tral dependence of the curve to the x-axis [30].

When GO is reduced for 1hr at 200 �C, the band gap decreased
from 1.49 eV to 1.24 eV. The decreasing value of band gap in rGO is

Fig. 6. Raman spectra of Go and rGO films.

Fig. 7. UV–vis absorption spectra GO and rGO films.

A.B. Patil, U.J. Tupe, D.K. Halwar et al. Materials Today: Proceedings 73 (2023) 418–426

423



due to the removal of some functional groups on the surface of the
material [31,32] and also consequent conversion of sp3 carbon to
sp2 [33]. The band gap value concludes that the reduction of rGO
can also be applied in certain applications as the range of band
gap value (<5.0 eV) suitable for optical sensing.

3.2.5. Homemade system to study optical properties
Light dependent conductance variation of only rGO thick films

were studied as an optical sensor in this study due to its lower
band gap. The sensing response of the thick films to different
wavelengths were studied by using colour filters (Green, Blue, Yel-
low) and homemade system. The actual image and schematic dia-
gram of homemade setup is shown in Fig. 9 for optical
characterization.

This system consists of a light source, distance variation facility,
colour filter holder, and thick film sample holder, the fixed power
source of +30 V. In this system, change in current was measured
concerning light intensity by varying the distance of the sample
from a light source. The distance was varied from 12 cm to

40 cm as per the dimensions of Instrument. Variation in current
for change in intensity was measured using a Lux meter.

Fig. 10 shows that the distance versus current response of rGO
thick films at different wavelengths 580, 535, and 467 nm by using
yellow, green and blue colour filters respectively. The maximum
output current obtained to blue filter (k = 467 nm) and minimum
output current for yellow filter (k = 580 nm). It has been also
observed that wavelength decreases output current increases. Also,
as a distance of light source increases from the film, the current
decreases for each wavelength.

3.2.6. Photo sensing mechanisms of rGO under illumination and bias
The transformation of GO to rGO built rGO flakes. The flakes are

stacking of graphene like layers and for layer. For layer-based
photo detectors, commonly-three types of photocurrent genera-
tion mechanisms are proposed that are photovoltaic effect, photo-
conductive effect, and photo thermoelectric effect. The results
show that the photoconductive effect is the dominating factor for
the generation of photocurrent in the rGO based photo detector.
The general operational principle of a photodetector in a solid state

Fig. 8. Optical band gap of GO and rGO films.

Fig. 9. Actual image and schematic diagram of homemade setup.
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consists of: (a) generating carriers through the absorption of pho-
tons incident in the semiconductive layer; (b) transporting and
propagating of these carriers; and (c) driving out these carriers into
an external circuit to circulate until electrons and holes recombine
together [34]. Where photogenerated transporters drift within
channel space, they may only be trapped or defeated in the band-
gap and the rGO/electrode interfaces, and then trapped through
photons. The confined carriers prefer to return to their respective
bands rather than recombining under light illumination. It may
be the incident photons have much higher activation energy than
the trap barrier potential, and the photon flux is sufficient to min-
imise the effective recombination rate of carriers. The electrons are
often exchanged between bands and trap or defect states under
illumination at different wavelengths by using colour filters, any
change in the number of electrons in the conduction band or in
defect states must include changes in the quantity of electrons
on the defect states due to excitation to the conduction band,
and changes in the number of conduction band electrons due to
photogeneration [34,35].

3.2.7. Photoresponsivity of fabricated rGO thick films
The maximum photoresponsivity recorded at 467 nm indicates

that the transition is interband and originates from the rGO field,
where sp3 carbon bonding dominates. From Fig. 11, observed that

wavelength increases, photoresponsivity decreases. The response
time is calculated using the dark current’s amplitude ranging from
10 % to 90 %, and the recovery time is calculated using the dark cur-
rent’s amplitude ranging from 90 % to 10 %. At room temperature,
response and recovery times for 467 nm illumination were found
to be 1.4 and 1.6 s respectively [35,36]. In comparison to the green
and yellow bands, the maximum photoresponsivity for rGO films
was recorded for the blue colour (at 467 nm) wavelength. Reduced
graphene oxide has a high light absorption capacity, allowing it to
be used as an optical sensor as well as in biomedical applications.

4. Conclusion

The GO and rGO thick films were successfully fabricated by
using standard screen-printing technique. XRD and EDS confirmed
that thermally treated material was rGO. SEM showed folded and
wrinkled structure of rGO. FTIR represents the stretching vibra-
tions due to OAH groups. After heat treatment, there is significant
decrease of CAOH hydroxyl and C@O groups. Raman spectra
revealed that there is shift of D and G peaks after heat treatment.
Ratio of relative intensities of D to G peaks increases for rGO. From
UV spectra, the absorption peak observed at 237 nm of GO has
been shifted to 267 nm for rGO, suggesting that the aromatic struc-
ture might be restore. When GO is reduced for 1hr at 200 �C, the
band gap decreased to from 1.49 eV to 1.24 eV.

The maximum photoresponsivity for rGO films was recorded for
blue colour (at 467 nm) wavelength as compared to green and yel-
low bands. The findings revealed that rGO- based films can be
employed as an effective and potential photo-absorbing agent for
photo-thermal therapy (PTT) in biomedical application, due to high
photothermal sensitivity, nontoxicity and low price.
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a b s t r a c t

The plant Tribulus Terrestris commonly known as Gokhru or Sarata is used in household medicine as a
tonic, Aphrodisiac, Palliative, Astringent, Gastric, anti-infective medicine. The literature when surfaced
shows use of leaf, stem, shoots, roots, fruit and whole plant extract of the medicinal plant Tribulus
Terrestris for various nanoparticles synthesis viz. Silver, gold, nickel, nickel oxide. The synthesised
nanoparticles were reported to show various bioactivities viz. antibacterial, antifungal activities. The
photocatalytic and cytotoxicity effects of the synthesized nanoparticles were also reported in the recent
literatures. This review aims to give a comprehensive overview of various researchers’ efforts towards the
biosynthesis of various nanoparticles using the extracts of this medicinal plant Tribulus Terrestris during
2012–2021.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Nanotechnology is a vital subject of modern research concerned
with the synthesis, processing, and control of molecular structures
ranging in size from 1 to 100 nm.[1] Due to their completely new
or improved properties based on size, distribution, and shape,
nanoparticles are gaining popularity on a variety of fronts[2]. It is
rapidly gaining traction in a wide range of fields, including human
services, cosmetics, biomedical, nutrition and feed, health,
mechanics, optics, concoction businesses, hardware, space ven-
tures, vitality science, catalysis, light producers, single electron
transistors, nonlinear optical devices, and numerous others[1].
Major advancements in these expanding advancements have
opened linked wildernesses and uncommon fundamentals. The
production of nano scale materials are examined or used for its
intriguing physiochemical characteristics, as well as optoelectronic
capabilities.[3,4] Metallic nanoparticles are the most promising

because they have remarkable antibacterial characteristics due to
their large surface to volume ratio, which is critical for analysts
because of the growing microbial resistance to metal particles,
anti-infection medications, and the development of safe strains.
[4].(See Fig. 1. Table 1.).

Plant-mediated nanoparticle biosynthesis is widely regarded as
a broadly accepted approach for the quick creation of metallic
nanoparticles, resulting in a reduction in production of dangerous
compounds to public health[5]. Plants, microorganisms have been
employed as a ‘‘bio-factory” in the manufacture of metallic
nanoparticles since they are inexpensive and require little care.
[6] To counteract metal toxicity and preserve homeostasis, plants
have a variety of cellular structures and physiological mechanisms
in place. Scientists have now resorted phytoremediation since they
feature dynamic ways to detoxify metals.[7] Immobilization,
exclusion, chelation, and segregation of metal ions, as well as the
production of more general stress response mechanisms, are
among the methods used in detoxification.[8] Plants have long
been known to have the ability to endure hazardous metal concen-
trations that are harmful. Essential nutrients including copper,

https://doi.org/10.1016/j.matpr.2022.09.550
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iron, zinc, and selenium, as well as non-essential elements like cad-
mium, mercury, lead, aluminium, and arsenic were shown to have
a high propensity to collect significant quantities of metals.[9] A
wide range of metabolites with redox potentials have been identi-
fied in plants or plant-derived materials, and they have played a
key role as a reducing agent in the biogenic production of nanopar-
ticles. As compared to the microbial creation of nanoparticles, very
stable nanoparticles are created at a faster pace by plants or plant
extracts[10]. As a result of the benefits of plant-mediated metal
nanoparticle synthesis, researchers are looking into the bio-
reduction process of metal ions by plants, as well as the probable
mechanism of metal nanoparticle formation in and by plants.[11]
Biosynthesis of metal nanoparticles, particularly silver and gold
nanoparticles, utilising plant extracts has become a hot topic in
bio-nanotechnology research. [12].

Tribulus terrestris has been utilised as a health tonic in tradi-
tional medicine since Vedic times.[13] In medicine, a formulation
containing Tribulus terrestris extract is often used to reduce blood
pressure and cholesterol.[13] In humans, rats, and mice, the Tribu-
lus terrestris extract lowers blood cholesterol levels. Plants are
found all throughout the planet. Manly in low-moisture climates
like as China, India, the southern United States, Spain, Bulgaria,
Bangladesh, and Pakistan.[14].

This plant’s fruits and seeds are employed in oriented medicines
because they are aphrodisiac, diuretic, anthelmintic, Urolithiatic,
and analgesic. It’s a plant extract that’s used to treat cough and kid-

ney problems.[15] This plant has been shown to have haemolytic,
antibacterial, diuretic, anti-acetylcholine anti-hypertension, anti-
cancer, spermatogenesis, and cardiovascular system activities.
[16] Many ayurvedic medications, including gokshuradi dash-
moolarishtha, guggulu, churna, rasayana, and jatyaditaila, included
Tribulus terrestris as an ingredient.[17] It is utilised as a health
tonic, palliative, aphrodisiac, antihypertensive, astringent, lithon-
triptic, stomachic, diuretic, and urinary anti-infectives in tradi-
tional medicine.[18].

The goal of this research is to learn more about metal nanopar-
ticles made from Tribulus terrestris and their potential use in many
fields. The alkaloids, flavonoids, and phenolic chemicals found in
Tribulus terrestris are abundant. Tribulus terrestris was utilised to
make metal nanoparticles that were well diffused and tiny in size.
The antibacterial characteristics, anticancer activity, catalytic
activity, cytotoxic qualities, and gas sensing capabilities of Tribulus
terrestris biosynthesized metal nanoparticles have a wide variety of
applications.

2. Bio-applications of nanoparticles synthesized using Tribulus
terrestris extract

2.1. Antibacterial applications

Nanoparticles have been produced for a number of uses as a sig-
nificant feature of nanotechnology, particularly in the field of
Nano-medicines[19]. Nanoparticles have unique features that set
them apart from their bulk counterparts.[20] Because of their abil-
ity to avoid microbial resistance while meeting the present
demand for new antibiotics, nanoparticles are increasingly being
used in microbial applications[21–23]. The incidence of illnesses
and outbreaks caused by multidrug-resistant (MDR) bacteria has
risen, posing a hazard to public health.[24] Nitric oxide-releasing
nanoparticles, chitosan nanoparticles, and metallic nanoparticles
are among the nanoparticles utilised to overcome microbial resis-
tance[25]. The therapeutic potentials of gold nanoparticles and sil-
ver nanoparticles among metallic nanoparticles have been
thoroughly studied elsewhere.[26] Ag nanoparticles have potent
antibacterial, antiviral, and antifungal properties.[27] Metallic
nanoparticles are often produced using classic chemical and

Table 1
The details of biosynthesized nanoparticles using Tribulus terrestris plant extract and their antibacterial applications.

Nanoparticles
synthesized

Extract Shape Nanoparticle
Size

Activity against bacteria Ref.

Silver nanoparticles aqueous extract of
fruit powder

Spherical 16 nm to
28 nm

Streptococcus pyogens, Pseudomonas aeruginosa,
Escherichia coli, Bacillus subtilis and Staphylococcus aureus

V.Gopinath et.
al.[33]

Silver nanoparticles aqueous extract of
leaf powder

Spherical 18 nm to
47 nm

Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, Streptococcus pyogenes, Proteus vulgaris and
Bacillus subtilis

V Gopinath et.
al.[34]

Silver nanoparticles aqueous extract of
leaf powder

15 nm
average

Staphylococcus aureus, Bacillus cereus, Escherichia
coli Klebsiella pneumonia, Bacillus subtilis, and Salmonella
typhimurium

Djahaniani
Hoorieh et.ai.
[35]

Silver nanoparticles aqueous extract of
shoot powder

Spherical 25 nm
average

Staphylococcus aureus, Escherichia coli, Bacillus subtilis and
Pseudomonas aeruginosa

Majid
Darroudi et.al.
[36]

Gold nanoparticles aqueous extract of
fruit powder

triangular, spherical,
hexagonal and truncated
shapes

7 nm and
55 nm

H. pylori strains V.Gopinath et.
al.[37]

Gold nanoparticles aqueous extract of
dried plant
powder

– 6 nm to
25 nm

Staphylococcus aureus (S. aureus) and Escherichia coli
(E. coli)

Farzad Molani
et.al.[38]

nickel Oxide
nanoparticles

aqueous extract of
dried plant
powder

Spherical 60 nm to
90 nm

E. Coli and S. aureus Zia Ul Haq
Khan et.al.[39]

copper nanoparticles/
graphene
oxide-chitosan

aqueous extract of
leaf powder

– 2.4 nm to
257.6 nm

E. coli Subramanian
Mugesh et.al.
[40]

Fig. 1. Distribution of various activities for the tribulus terrestris plant extracts
mediated NPs.
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physical processes.[28] However, contemporary environmental
concerns have prompted investigations into eco-friendly and green
synthesis of metallic nanoparticles based on a variety of biological
organisms.[29].

Yemeni T. terrestris ethanolic extracts had no appreciable
antibacterial action against any of the reference microorganisms.
[30] However, ethanolic extracts of all components (fruits, stems,
leaves, and roots) of Turkish T. terrestris shown antibacterial action
against all reference microorganisms.[31] Furthermore, ethanolic
extracts of Indian T. terrestris fruit and leaf were potent against
Escherichia coli and Staphylococcus aureus.[32] The antibacterial
properties of Tribulus terrestris biosynthesized nanoparticles are
discussed in details below.

2.2. Catalytic uses

Ag nanoparticles biosynthesized using aqueous extract of T. ter-
restris has been reported for reduction of Methylene blue dye. The
k max value of pure methylene blue dye is steadily decreased from
664 nm. and the wavelength shifted to a higher wavelength after
30 min of adding the Ag nanoparticles extract of T. terrestris to
the dye. At the end of a 30-minute time period, a system including
dye, Ag nanoparticles, and the extract have revealed a substantial
drop in methylene blue absorbance and an increase in Ag nanopar-
ticles’ SPR peak. This has indicated that the biosynthesized col-
loidal Ag nanoparticles actually functioned as a ‘‘green catalyst.”
[40].

Biogenic gold nanoparticles have been used as catalyst for the
reduction of p-nitro aniline. Size dependent catalytic activity has
been studied with help of the UV–Vis spectroscopic method. The
rate of conversion of p-nitroaniline to p-phenylenediamine with
NaBH4 has boosted by aqueous gold nanoparticles, when gold
nanoparticles of size 7 nm (GNP7) were combined with p-
nitroaniline in the presence of NaBH4 medium, the absorbance at
380 nm moved to 220 nm and a new peak at 305 nm formed after
an incubation time of 0–56 min. while gold nanoparticles of size
55 nm (GNP55) have an incubation time of 0–72 min. for same
conversion. The reduction process was completed in 56 min when
GNP7 was employed as a catalyst, and in 72 min when GNP55 was
utilised.[37].

It has been reported that the oxidation of organic sulphides to
sulphoxides was bring out using 30 % H2O2 over gold-Tribulus
nano-composite. 30 % H2O2 over gold-Tribulus nanocomposite has
acted as a safe and green oxidant. An array of aliphatic and aro-
matic sulphides was oxidized over gold-Tribulus catalyst. All reac-
tions were highly chemo selective and none were over-oxidized to
sulphones. An increase in the amount of H2O2 did not improve the
yield. Gold nanoparticles have shown high catalytic activity and
good selectivity for the oxidation of sulphides to sulphoxides using
H2O2 as an oxidant.[41].

2.3. Anticancer applications

The cytotoxicity of the biosynthesized Ag nanoparticles has
been tested with a murine neuroblastoma cell line. The findings
of the MTT (3-(4,5-dimethylthiazole-2-yl)-2, 5-
diphenyltetrazolium bromide) dye assay experiment revealed a
dose-dependent decrease in the viability percentage of Neuro2A
cells after 24 h. The potential benefits of colloidal silver nanoparti-
cles in cancer therapy have been reported by this research.[36].

Tribulus terrestris aqueous extract and green synthesised gold
nanoparticles has been used to kill acute leukaemia cancer cell
(THP-1 cells). Changes in the viability and morphology of cells trea-
ted with the Tribulus terrestris aqueous extract and green synthe-
sised gold nanoparticles has been studied under inverted light
microscopy. It is reported that gold nanoparticles had a good

antioxidant and cytotoxicity impact on acute leukaemia cancer cell
lines. The gold nanoparticles can be employed as an alternatively
constructed chemotherapeutic medication for the treatment of
leukaemia.[41].

2.4. Other applications

A biological approach employing T. terrestris leaf extract was
used to effectively generate Ag-coated ZnO nanoparticles, which
were demonstrated to have improved ethanol-sensing characteris-
tics at room temperature. It opened new possibilities of using these
materials as efficient electron mediators in the manufacture of a
variety of chemical sensors by simply manufacturing them.[42].

The concentrations that cause a 50 % inhibition have been
reported in terms of IC50 values. Lower IC50 values are indicative
of high DPPH radical scavenging activity as well as higher reducing
powers. In the reducing assay, the presence of reducing agents (an-
tioxidants) in plant samples causes the Fe3+ / Fe2+ reduction reac-
tion. The capacity of extract samples to reduce at various
concentrations are reported. In the reducing power assay, PS may
be considered an efficient antioxidant, and it can also be used as
a reducing agent in the preparation of Ag nanoparticles.[35].

3. Conclusions

The literature is full of reports about the plant Tribulus Terrestris
extract utilized for the synthesis of various nanoparticles viz. Ag,
Au, Ni and NiO. We have arranged the reports from the past few
years based on their various applications viz. antibacterial, cat-
alytic, gas sensing, anticancer and as antioxidants. Thus, this
review is formulated with aims to give a comprehensive overview
of various researchers’ efforts towards the biosynthesis and bio-
applications of various nanoparticles using the extracts of this
medicinal plant Tribulus Terrestris. Though there are few reports
demonstrating the various antifungal, microbial and other applica-
tions, there are enough rooms to discover the novel applications
are yet to be discovered.
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a b s t r a c t

Nanobiotechnology involves extraction of reducing agents from biological sources and their application
for synthesis of nanoparticles. This study is based on identification and purification of natural reducing
agents in medicinal plants like Brassica oleracea var. italica to analyse their anti-cancerous potential
against HeLa and THP-1. Biogenic reduction of silver nanoparticles was performed using these plant
extracts by single step bottom up approaches. Colorless to red coloured solution and a peak at 417 nm
in UV–vis spectroscopy confirmed the synthesis of AgNPs. Scanning Electron Microscopy confirmed the
spherical nature of AgNPs whereas XRD confirmed the crystalline nature. PSA, SEM and Zeta potential
analyzer confirmed the AgNPs with range of size between 14.53 and 38.15 nm with higher stability.
AgNPs were treated with HeLa and THP-1 cell line. The % inhibition from AgNPs on HeLa cell line was
found to be highest at 80 ll concentration (26.3 %) and lowest at 10 ll concentration (19.49 %) whereas
on THP-1 cell line was found to be highest at 80 ll concentration (22.96 %) and lowest at 10 ll concen-
tration (2.26 %).
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Nanotechnology mainly deals with the fabrication of nanoparti-
cles having various shapes and size and to manage their chemical
and physical parameters for further use in human benefits [1].
Nanoparticles are fine entities having size ranging from 0.1 to
100 nm. Nanoparticles are prepared using physical and chemical
methods [2]. However, physical methods give a low yield, and
chemical methods are toxic to the environment due to usage of
toxic chemical- reducing agents, such as citrate, borohydride
[3,4]. It is also difficult to prepare NPs with well-defined size by
these methods. Biological methods/Green synthesis, involve syn-
thesis of NPs by means of enzymatic reduction, by plant extracts
with better control over the shape and size of the NPs [5–8].
Besides these, biological methods have several additional merits,
such as low toxicity, cost-effectiveness, biocompatibility, stability
and significant dispersity and do not flocculate [8,9]. Nanobiotech-
nology (green synthesis) represents an economic alternative for
chemical and physical methods of nanoparticles formation. Gold

nanoparticles (AuNPs) and silver nanoparticles (AgNPs) have been
used as medicinal agent since a long time [6,7]. AuNPs & AgNPs are
excellent labels for biosensors. They provide non– toxic routes to
drug and gene delivery application. They have anti cancerous,
antioxidant & antibacterial activity. Nanoparticles of noble metals
such as silver have antibacterial and anti-cancerous activities
[10,11]. These have low toxicity levels and are used in various drug
delivery systems. The chemical composition of plant extract
greatly influences on the size and shape of the nanoparticles,
which in turn effects on the therapeutic and catalytic properties
of nanoparticles [12,13]. Hence there is necessity to screen more
plant extract for the green synthesis of AgNPs of desired size and
shape. For this study Brassica oleracea var. italic was selected since
it contains 3, 30 Diindolylmethane which has antiviral, anti-
bacterial and anti-cancer activity. Indole-3- carbinol- boosts DNA
repair in cells and blocks the growth of cancer cells. Glucoraphanin,
and Sulforaphane shows anti-cancerous activity [14–16].(See
Fig. 1. Fig. 2. Fig. 3. Fig. 4. Fig. 5. Fig. 6. Graph 1 ).

Cancer cases have been on the rise in recent years leading to
increased morbidity and mortality; accounting for approximately
63 % deaths in developing countries in 2008 [17]. All forms of can-
cer are incurable and current drugs have many side effects prompt-
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ing the urgent need to search for the next generation therapy.
Nanoparticles received much attention recently due to their used
in cancer therapy. In that different metal oxide nanoparticles
induce cytotoxicity in cancer cells but not in normal cells. [18].
Cancer is a group of diseases involving abnormal cell growth with
the potential to invade or spread to other parts of the body. Leuke-
mia cancer is one type blood cancer characterized by an abnormal
increase of immature white blood cell called blast [19,20].

Cervical cancer is the most common cause of cancer death
among woman in developing countries and second most common
cancer in woman worldwide. It is caused by a change in the epithe-
lial cells, which lines the wall of the cervix, and the most common
risk factor for these type of cancer is the human papillomavirus.
[20,21]. THP-1 is a human monocytic cell line derived from an
acute monocytic leukemia. HeLa is the 1st human cervical cancer
cell line [21,22].

The main objectives of this study includes synthesis of Silver
nanoparticles (AgNPs) from Brassica oleracea var. italic and check
the anti-cancerous activities of crude extract and silver nanoparti-
cles on THP-1 and HeLa cell lines by MTT assay.

2. Experimental section

2.1. Reagents

RPMI-1640 medium, fetal bovine serum (FBS), trypsin/ EDTA,
penicillin–streptomycin were purchased from Gibco. Analytical

grade silver nitrate (AgNO3), trypan blue, phosphate buffered sal-
ine (PBS), NaCl, Na2EDTA, Tris, DMSO, ethidium bromide, 2,7-
dicholorofluorescin diacetate, Propidium iodide were obtained
from Sigma Aldrich (St. Louis, MO, USA). HeLa and THP-1 cell lines
were obtained from NCCS, Pune.

2.2. Sample collection and preparation of extract

Healthy plant samples were collected. 25 g of plant material i.e.
Broccoli fruit was washed with distilled water to remove dust par-
ticles and it was cut into small pieces.100 ml of distilled water was
added to it and boiled for 10–15 min in water bath at 100 �C. Sus-
pension was filtered using Whatman No. 1 Filter paper. At the end,
the filtered extract was collected in the storage amber bottle. The
extract was preserved inside a refrigerator for further use.

2.3. Silver nanoparticles synthesis

2 ml of broccoli leaves extract was added to 25 ml of AgNO3

solution and they were kept for incubation at 37 �C for 24 hrs. Col-
our change was observed which primitively concluded the forma-
tion of silver nanoparticles. The AgNPs were centrifuged at 12000g
for 25 min and the residual was dried in hot air oven at 150 �C
overnight to obtain powder. This powder was collected and stored
in clean vials for further use [5,7,23].

2.4. Characterization

This is an important aspect in nanoparticles research to achieve
better interpretation of results with primitive understanding. The
colour changes were recorded along with periodic sampling and
scanning using UV–vis spectrophotometry (Systronics type 108-
double beam) ranging from 200 to 680 nm for a maximum time
period upto 120 min [2,24]. Particle size analysis (Nanophox
NX0088, Sympatec Gmbh) and zeta potential measurement (Delsa
Tm Nano, Beckman Coulter) were carried to analyse the size and
stability of AgNPs. An FTIR spectrum (Bruker) of the AgNPs was
measured in the transmittable mode at the range 4000 to
500 cm-1 in KBr pellets. FESEM analysis i.e. field emission scanning
electron microscopy was performed using Nova Nano SEM 450.
XRD measurements of AgNPs was performed using XRD Bruker
D8 Diffractometer operating at a voltage 40 KV and current of

Fig. 1. Colour Change during AgNP synthesis after 24 hr.

Fig. 2. UV–vis Spectra of AgNps.
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20 mA with Cu-K radiation was performed to confirm the size and
morphology of the AgNPs [22].

2.5. Anticarcinogenic activity of AgNPs by MTT assay

Hela and THP-1 cell lines were purchased from the NCCS cell
bank, Pune, India and grown in RPMI-1640 medium containing
10 % foetal bovine serum (FBS), 2 mM L-glutamine, 100 IU ml� 1

penicillin and streptomycin. The cultured cells maintained at
37 �C with 5 % CO2 in a humidified CO2 incubator. The cells were
subcultured to assess their growth and viability [22]. Before the
treatment of AgNPs, cells were washed with PBS, and fresh med-
ium was added to complete evaporation of growth signals released

by growing cells. Assessment of anticancer activity on cancer cells
needs at least 90 % of the cells to be alive. This was analysed using
Dye exclusion test, and a haemocytometer used to determine the
number of viable cells [25].

Blank were set up using only media without cells in the micro
titer plate. Control (Untreated cells) was set up and the two types
of cells were seeded.100 ll media was added in each well and the
plates were incubated in CO2 incubator at 37 �C for 24 hrs. 100 ll
solution of Plant extracts and silver nanoparticle solution were
added in wells independently in two micro titer well plates. Plates
were incubated for 37 oC for 48 hrs. 10 ll MTT was added in each
well. Plates were covered and incubated in CO2 incubator at 37 ℃
for 4 hrs. 100 ll DMSO and 25 ll glycine buffer was added to wells.

Fig. 3. FESEM image of AgNPS.

Fig. 4. EDS spectra of AgNPs.
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Supernatant were taken out of the wells into another micro titer
plates. Readings were taken out on micro titer plate reader at
570 nm. Results were tabulated and % viability (survival) was cal-
culated. The experiments were carried out in triplicates in two
plates [26].

2.6. Statistical analysis

All experiments were repeated in triplicates and all data were
expressed through the mean ± standard error of the mean. SPSS
version 21.0 statistical software (SPSS Inc., Chicago,IL, USA) used
for all analyses. The one-way ANOVA (University Park, USA) used
for comparing the means of control and treated groups, and differ-

ences were considered as statistically significant if the P value
was � 0.05.

3. Results and discussion

3.1. Colour change and UV–vis spectroscopy

When silver ions are exposed to reducing agents from plant
extracts, they get converted to Ag0 atom which club together to
form spherical nanoparticles. Colour change was observed from
colourless to light yellow in 30 min and reddish brown after 24
hr indicated the formation of AgNPs [8,9,24]. Similar observations
were reported by Kuppaswamy et.al. In addition, UV–vis spec-
trophotometry showed the SPR peaks at 374.5 nm for AgNPs which

Fig. 5. FTIR spectra of AgNPs.

Fig. 6. Particle Size Analysis.
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confirmed their synthesis. A characteristic peak between 370 and
420 nm reveals the spherical nature of silver nanoparticles.

3.2. Scanning electron microscopy and EDS spectra

FE-SEM analysis confers the shape, size and morphology of par-
ticles. It was concluded that the spherical shape of AgNPs was
observed having size in the range of 14.53 nm to 38.15 nm. EDS
spectra confirms the presence of silver nanoparticles with minor
contamination of O, Na, Si, N and Al. This conclusively creates an
observation that the AgNPs were formed with low polydispersity
and maximised uniformity.

3.3. FTIR spectrum and XRD analysis

FTIR result showed that the absorption bands at 1368 cm�1 and
1689 cm�1, which showed the signatures of Dimethyl and quinine
or conjugated Ketone functional groups. FTIR result showed that
the absorption bands at 3299 cm-1,2920 cm�1, 1686 cm�1,
1390 cm�1 and 1085 cm�1 showed skeletal vibration CAC stretch-
ing, Methylene CAH asymmetric stretching, presence of gem-
Dimethyl or iso- (doublet) functional group and Aromatic CAH
in-plane bending was observed respectively. The presence of these
functional groups on the surface of AgNPs act as stabilizing agents
and disallow the formation of aggregates in the AgNPs solution. It
is observed that these functional groups have been acting as reduc-
ing agents and surface stabilizing agents as well.

Small amount of dry nanoparticles was used for XRD analysis.
The XRD analysis of synthesized AgNPs from leaf extract showed
diffraction peaks at 2ө angle values of 38.2�, 44.4�, 66.2� and
77.2� correspond to crystal plane of (111), (200), (220) and
(311) of gold nanoparticles. The peak 2ө angle values of 3813�,
44.50�, 46.28�and 77.36� correspond to crystal plane of (111),
(200), (220), and (311) of silver nanoparticles. This confirmed
that the AgNPs showed crystalline nature with high peaks indicat-
ing the active silver composition.

3.4. Anticarcinogenic activity by MTT assay

In this study the toxic effect or anticarcinogenic effect of AgNPs
and Broccoli was tested against two cancer cell lines mainly THP-1
and HeLa cell lines. MTT assay observes a dose-dependent expo-
sure to nanoparticles and extracts. The AgNPs showed significant
activity against both the cell lines. It can be observed that Broccoli
extract synthesized AgNPs were more effective on HeLa cell lines
as compared to THP-1. Significant increase in the inhibition is
observed in a dose dependent manner from 2.26 to 22.96 % inhibi-
tion for THP-1 cell line and 19.49 to 26.3 % inhibition for HeLa cell
lines. The drug percentage was 100 % more effective than the
others. Presence of reducing compounds in the extracts also
showed anti proliferative activity which can also be observed for
both the cell lines. The extracts were found to be more effective
on HeLa while the Nanoparticles were more effective on THP-1.
This study proved to be an effective and Ecofriendly method to pro-
duce AgNPs that showed anticancerous activity on HeLa and THP-1
cell line. This data showed a toxic impact of synthesized nanopar-
ticles against cancer cells.

4. Discussion

It has been reported that the extracts of broccoli leaves show
the presence of numerous biological active reducing compounds
such as flavonoids, alkaloids, terpenes, saponins, etc. as reported
[15,16]. In this study, synthesis of silver nanoparticles was carried
out with the help of broccoli leaves extract which contain antiox-
idants that play a major role in converting silver ions to silver
metal nanoparticles. SPR peak and FE-SEM images confirms the
spherical nature of silver nanoparticles. The characteristic of SPR
is largely affected by the shape and size of the nanoparticles and
dielectric constant of the surrounding medium [27]. Absorption
bands are readily affected due to various sizes, shapes and mor-
phology of AgNPs. Specifically, it was observed that AgNPs showed
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Graph 1. Percentage inhibition of THP-1 and HeLa cell treated with Broccoli extracts and Br-AgNPs.

S. Puranik and I. Patel Materials Today: Proceedings 73 (2023) 431–437

435



negative zeta potential which resulted in disaggregation and
increased the stability of them [28].

The surface chemistry of these particles is largely explained by
FTIR. This technique helps to identify the functional group present
in the extracts. In this present study, absorption bands at
3299 cm�1, 2920 cm�1, 1686 cm�1, 1390 cm�1 and 1085 cm�1

showed skeletal vibration CAC stretching, Methylene CAH asym-
metric stretching, presence of gem-Dimethyl or iso- (doublet) func-
tional group and Aromatic CAH in-plane bending was observed
respectively[29]. The presence of these functional groups on the
surface of AgNPs act as stabilizing agents and disallow the forma-
tion of aggregates in the AgNPs solution. These antioxidants played
a major role in stabilizing the surface as well as increase the cyto-
toxicity of AgNPs. As mentioned before the most important phyto-
chemical constituents responsible for the reduction and capping of
silver nanoparticles as revealed by FTIR and phytochemical studies
are alkaloids, flavonoids, tannins, terpenes and quinones as
reported by Kuppusamy et al. [30].

The present study reveals the current knowledge about the
biosynthesis of silver nanoparticles from broccoli extracts and their
potential anticarcinogenic activities. MTT assay was used to analy-
ses the inhibitory potential of AgNPs. Studies by Ullah et al. reveal
that AgNPs show induced cell death in cancer cells due to increased
oxidative stress leading to apoptosis of these cells [31]. In the pre-
sent study, it was found that AgNPs synthesized from Broccoli
extracts showed a dose dependent anti-cancer activity against cer-
vical cancer and leukemia cancer even at a very low concentration.
Wang et al. has suggested that the anticancer activity of nanopar-
ticles is attributed to the enhancement of intracellular ROS gener-
ation due to oxidative stress leading to mitochondrial apoptosis
[32]. AgNPs and Broccoli extract showed intensifying anticancer
activity against HeLa and THP-1 cell lines. Surprisingly it was also
seen that the extracts showed higher inhibitory effect at higher
concentration. It is suggested that broccoli could be used as a
potent anticancer preventive medicine if brought in everyday diet.

5. Conclusion

This study suggests an eco-friendly method to obtain AgNP
using broccoli extract which possesses potent anticancer activity
against THP-1 and HeLa cell lines. Our findings suggest that AgNPs
selectively increased toxicity in cancer cells with a dose-dependent
increase. The role of AgNps in cell toxicity is not fully understood;
we suggest that future work is needed to unveil the role of poten-
tial anticarcinogenic reducing present in the extract and enhancing
the ability of AgNPs.
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a b s t r a c t

Green protocol of synthesizing nanoparticles has emerged as an optional way to overcome the limitation
of the conventional physical and chemical methods. In the present paper, we wish to report a green syn-
thesis of iron nanoparticles employing the aqueous root extract of Picrorhiza kurroa plant as an effective
reducing and stabilizing agent. The green nanoparticles thus prepared are characterised using UV–Visible,
FTIR, XRD and FESEM techniques. The average particle size of biosynthesised iron nanoparticles was
found to be 26 nm. The antioxidant activity of these nanoparticles was determined by 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) free radical method. It was found to have IC50 value comparable with that of stan-
dard ascorbic acid. The in-vitro antibacterial activity of biosynthesised iron nanoparticles was evaluated
using an agar disc-diffusion method against Gram positive and Gram negative bacteria and has displayed
their potential efficacy.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Nanotechnology is a rapidly growing innovative technology for
manipulation, creation and application of nanomaterials [1]. It has
the conjunction of new ideas and knowledge from various fields
like chemistry, physics, biotechnology, material sciences, engineer-
ing, and medicine. This branch has become significant in all
spheres of life such as pharmaceutical [2], agriculture, electronics
[3], catalysis [4], energy, fuel cells [5], electrochemical products,
optics [6]. Metallic nanoparticles are of great interest due to their
excellent physical and chemical properties, such as high surface-
to-volume ratio and heat transfer (thermal conductivity) which
make the particles very reactive or catalytic [4]. Although numer-
ous physical and chemical methods have been employed to pro-
duce metal nanoparticles, their pharmaceutical and medical
applications face limitations due to the use of toxic chemicals in
their production. The incorporation of green chemistry into nan-
otechnology has developed a multifunctional, environmental

approach that allows nanoparticles synthesis in aqueous condi-
tions [7].

The ‘‘green chemistry” approach helps us to control the reaction
process, high production rate, resource efficiency low energy
requirements and ecofriendly nature [8] providing a single-step
technique for the nanobiosynthesis process as it does not require
any specific isolation and maintenance procedures [9]. In recent
years, the convergence of metallic nanoparticles and biological
techniques has given rise to a new field of nanomedicine. An
eco-friendly plant mediated synthesis of nanoparticles has become
a hotspot in the field of nanoparticles synthesis which excludes
harmful chemicals, high temperature, energy and pressure [10].
Use of herbal plants is advantageous, as their medicinal properties
are added to the nanoparticles during the synthesis, offering
numerous benefits of compatibility for pharmaceutical and
biomedical applications [11].

In the present study, we are reporting a novel green approach
for the synthesis of iron nanoparticles using the aqueous root
extract of medicinal plant Picrorhiza kurroa. The bioactive compo-
nents present in the root extract replace the toxic reducing agents
that are involved in the chemical synthesis of iron nanoparticles.
Picrorhiza kurroa is a small perennial herb, commonly known as

https://doi.org/10.1016/j.matpr.2022.09.582
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Kutki, belonging to the family Scrophulariaceae. It is found in the
alpine Himalayas from Kashmir to Sikkim. Traditionally rhizomes
of Picrorhiza kurroa are used to cure various diseases like diarrhea,
fever, jaundice, eye infection, skin problems, asthma, arthritis, can-
cer, diabetes, gastrointestinal problems. anti-microbial, anti-
oxidant, anti-bacterial, anti-mutagenic, cardio-protective, hepato-
protective, anti-malarial, anti-diabetic, anti-inflammatory, anti-
cancer, anti-ulcer and nephro-protective activities are various
pharmacological activities of Picrorhiza kurroa [12]. The main
chemical constituents found in Picrorhiza kurroa include iridoid
glycosides, cucurbitacins (triterpenoids), sterols, glycosides and
phenolic compounds. These can act as a natural source for reducing
and capping agent in stable nanoparticles synthesis reaction that
eliminates multistep synthesis practice problems and costs of
chemical reagents [13].

The bioactive phytochemicals present in the root extract of
Picrorhiza kurroa may be accountable for significant antioxidant
and antimicrobial activities of green synthesized nanoparticles.
Antioxidants may have a great benefit in improving the quality
of life by either preventing or postponing the onset of degenerative
diseases [14]. The present study was attempted to find out the
antioxidant activity along with IC50 values of metal nanoparticles,
synthesised ecofriendly by using Picrorhiza kurroa root extract as
a reducing agent against the 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) free radical. Further nanoparticles were screened for their
antibacterial activity against Gram positive and Gram negative
bacterial strains.

2. Materials and methods

2.1. Materials

Ferric nitrate, Ascorbic acid, and DPPH were of analytical grade
with 99 % purity and used as it is without further purification. Aqu-
eous extract was prepared by using powdered dried roots of Picror-
hiza kurroa plant.. All the solutions were freshly prepared using
deionised water. All glasswares used in the process, were washed
with double distilled water and acetone and dried before use.

2.2. Preparation of extract from roots of Picrorhiza kurroa

The extract was prepared by taking 3 gm of powdered dried
roots of Picrorhiza kurroa in a 250 mL Erlenmeyer flask with
100 mL of deionised water. The mixture was heated at 70 �C at
1500 rpm for 45 min. by using magnetic heating stirrer. The extract
thus obtained was filtered through Whatman paper no.41 and the
resulting filtrate (extract) was used for the synthesis of iron
nanoparticles.

2.3. Preparation of ferric nitrate solutions

Aqueous solution of 10,000 ppm of Fe (NO3)3�9H2O is prepared
by dissolving 1 gm of Ferric nitrate in 100 mL deionised water.

2.4. Green synthesis of iron nanoparticles

The biosynthesis of iron nanoparticles was carried out by add-
ing slowly 3 mL aqueous extract from roots of Picrorhiza kurroa
to 50 mL solution of aq. ferric nitrate along with constant stirring
at 80 �C. Within 15 min. the light brown colour of the reaction mix-
ture turned to wine red colour and after 10 min. the solution
became dark. No any change in colour of the reaction mixture
was observed after 24 hrs. (Fig. 1a, 1b, 1c).

2.5. Isolation of synthesised iron nanoparticles

The aqueous solution containing the signatory colour of iron
nanoparticles was transferred in a petri dish by pouring and left
in an oven for drying at 250 �C for 24 hrs. Decomposition of organic
matters and evaporation of moisture and impurities resulted in
completely dried powder of iron nanoparticles.

2.6. Characterisation of biosynthesized iron nanoparticles

The green synthesised iron nanoparticles were subjected to var-
ious characterisation techniques which helped us to study their
specific properties such as optical, structural, morphological, parti-
cle size, crystallinity, functional groups studies etc. These tech-
niques were helpful to verify the utility of our synthesis method
and to get the nanoparticles with these desired properties. In addi-
tion, organic and inorganic ligands present in the root extracts and
also on the surface of synthesised nanoparticles may affect other
properties and possible applications of the nanoparticles [15].
The nanoparticles are thoroughly investigated using different char-
acterisation techniques like UV–Visible, FTIR, Powder XRD and
FESEM.

UV–Visible spectroscopy can be used as a simple and reliable
method for monitoring the stability of nanoparticle solutions. UV
visible spectroscopy analysis was carried out by a computer con-
trolled UV–vis double beam spectrophotometer (JASCO �2202) at
the wavelength range between 200 and 800 nm possessing a scan-
ning speed of 330 nm/min and at a resolution of 1 nm. Fourier
Transform Infrared (FTIR) spectroscopy measurements were car-
ried out for both the root extract and phytosynthesised iron
nanoparticles to identify the possible bioactive molecules respon-
sible for the reduction of the ferric ions and the capping of the iron
nanoparticles. FTIR spectra were investigated using Fourier trans-
form infrared (FTIR) spectrometer at a spectrum wavelength in
the range of 4000 to 500 cm�1 with a resolution of 4 cm�1. Crys-
talline structure, nature of the phase, lattice parameters of biosyn-
thesised nanoparticles were determined by powder X-ray
diffractometer (XRD) using CuKa radiation (k = 1.5406 Ao) Low
angle diffract grams were recorded in the 2h range 20� � 80�. Field
Emission Scanning Electron Microscopy (FESEM) is an advanced
technique used to characterize the surface morphologies and size
distribution of biosynthesised nanoparticles through different
microstructure images. This method is based on electron
microscopy.

Fig. 1. (a) aq. solution of extract from roots of Picrorhiza kurroa (b) aq. solution of ferric nitrate (c) solution containing iron nanoparticles.
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2.6.1. UV–vis spectral analysis
Bioreduction of metal ions to metal nanoparticles on exposure

to aqueous root extract of Picrorhiza kurroa was monitored using
UV–visible double beam spectroscopy. Amount of 0.2 mL of the
suspension was diluted in 2 mL of deionised water and absorbance
was measured at room temperature. The results obtained from
UV–Visible spectroscopic analysis of root extract and the reaction
mixture containing iron nanoparticles are presented in (Fig. 2a,
2b).

The UV–visible absorbance spectra recorded for currently
employed root extract and as synthesised iron nanoparticles exhib-
ited kmax of 280 and 300 respectively, conforming eco-friendly syn-
thesis of stable metal nanoparticles.

2.6.2. FT-IR analysis
FT-IR analysis of root extract of Picrorhiza kurroa as well as

green synthesised iron nanoparticles are as shown in Fig. 3a, 3b.
FTIR graphs represent the functional groups of phytochemicals

appearing in the root extract as well as on the surface of biore-
duced nanoparticles. The strong band at 3303.49 cm�1 correlated

to alcoholic or phenolic –OH stretching vibration and the
medium-intensity peak at 1595.99 cm�1 assigning conjugated car-
bonyl (C@O) stretching vibration or aromatic ring C@C stretching
vibrations are present in the IR spectrum of root extract but both
of these peaks are disappeared from IR spectrum of synthesized
nanoparticles. Also the IR frequency of root extract at
1393.68 cm�1 denoting CAO stretch due to aldehydes or phenols
was shifted to a small peak at 1390.28 cm�1 in the iron spectrum.
The IR band at 1017.63 cm�1, which is characteristic of glycoside or
ether (CAOAC) groups in root extract, is absent in iron nanoparti-
cles. In addition, absorption peaks located at 2072.85 belongs to
C„C stretch due to alkynes and 699.73 cm�1 related to = CAH
bending vibration of substituted benzene are concerned with green
synthesised iron nanoparticles. Stretching vibrational frequency
due to metal-oxide bond appeared at 515.70 and 532.62 cm�1 in
the spectra of root extract and iron nanoparticles respectively.

2.6.3. X-ray diffraction analysis
Ecofriendly synthesized iron nanoparticles when subjected to

XRD analysis, showed the diffraction peaks at 2h values of 23.84,

Fig. 2. UV–vis absorption spectrum of (a) Picrorhiza kurroa root extracts (b) iron nanoparticles.

Fig. 3. FT-IR spectrum of (a) Picrorhiza kurroa root extract (b) iron nanoparticles.

Fig. 4. X-ray diffraction pattern for iron nanoparticles.

H. Koli, B.B. Bahule, K. Ahmed et al. Materials Today: Proceedings 73 (2023) 438–443

440



32.72, 36.12, 39.52, 54.04, 58.01, 62.36 and 72.92�corresponding to
Miller indices (110), (121), (110), (222), (132), (332), (130) and
(343) respectively (Fig. 4) The characteristic peaks in the XRD
spectrum indicate the crystalline nature of as synthesised
nanoparticles.

2.6.4. FESEM
The typical FESEM images at different magnification levels sug-

gested further clear picture of surface morphology with variable
size of biosynthesised iron nanoparticles (Fig. 5).

2.7. Determination of antioxidant activity by DPPH method

The antioxidant property of biosynthesised nanoparticles was
analyzed by 2, 2-diphenyl-1-Picrylhydrazyl (DPPH) free radical
method. The free radical scavenging activity of green synthesised
iron nanoparticles and that of standard ascorbic acid were deter-
mined using the stable radical DPPH. 3 mL of each of different con-
centrations (100, 200, 300, 400 and 500 lg/mL) of iron
nanoparticles were mixed with 2 mL freshly prepared DPPH solu-
tion. In the same way different aliquots of the ascorbic acid solu-
tions corresponding to 100–500 lg/mL were used for calibration.
Then all the solutions were incubated at room temperature in
the dark for 30 min. The absorbance was recorded at 517 nm using
UV–Visible spectrophotometer. The free radical scavenging activity
which is expressed as the percentage of inhibition was determined
by using following formula,

Scavenging effectð%Þ ¼ ½ðAc � AsÞ=Ac� � 100

Where, Ac is the absorbance of the control and As is the absor-
bance of the sample or standard. The result of different concentra-
tions of biosynthesised iron nanoparticles on DPPH radical
scavenging activity is shown in Table no.1. An antioxidant activity
of root extract mediated iron nanoparticles against DPPH radical
were assessed and compared with standard ascorbic acid.

2.8. Antimicrobial evaluation

The in vitro antibacterial activity of as synthesised iron
nanoparticles was evaluated using an agar disc-diffusion method
against a Gram positive bacteria like Bacillus cereus and a Gram
negative pathogenic bacteria like Escherichia coli. Microbial strains
were obtained from the Culture Collection Centre, Pune. Prior to an
antibacterial activity test, the bacterial strains were cultured in
nutrient broth for 24 h to obtain logarithmic growth phase of the
test bacteria. The actively growing bacterial cultures were spread
into the Muller Hinton Agar (MHA). The extract was prepared at

1 mg/mL. The Whatman filter paper disks were punched at
6 mm diameter and impregnated with the dissolved extract and
then placed to the MHA surface. The plates were incubated at
37 �C for 24 h. The antimicrobial activity was evaluated in terms
of zone of inhibition, measured, and recorded in millimeters using
a ruler.

3. Result and discussion

An environmental friendly method is adopted here for the
biosynthesis of iron nanoparticles using Picrorhiza kurroa root
extract. Addition of Picrorhiza kurroa root extract to aq. ferric
nitrate solution caused a change in colour of the reaction mixture
from light brown to dark wine red colour, indicates the completion
of reaction with formation of stable iron nanoparticles (Fig. 1). The
advantage of using biomolecules present in the root extract is that
they not only act as a reducing agent but also as a stabilizing agent.
The synthesis of iron nanoparticles was confirmed by UV–Visible
spectrophotometer. The root extract mediated iron nanoparticles
displayed the absorption peak within UV–vis range of wavelength
of 300 nm, validating the completion of reaction for synthesis of
stable nanoparticles (Fig. 2).

The variations in the spectral positions of FTIR bands in root
extract and phytosynthesised iron nanoparticles indicated presum-
ably, hydroxyl, ether, aromatic and carbonyl groups of some active
metabolites are present in the Picrorhiza kurroa root extract that
might be involved in the reduction of the metal ions and also
responsible for capping and efficient stabilization of the biore-
duced nanoparticles (Fig. 3).

The synthesis of iron nanoparticles is further revealed by X-ray
diffraction analysis. The resulting diffraction patterns are com-
pared with the standard patterns to get the final information,
which clearly indicated the presence of iron oxide nanoparticles
with hexagonal Rhomb-Centered geometry. XRD pattern includes
some unassigned peaks which may be of fewer bio compounds
(Fig. 4).

FESEM images at different magnification levels revealed that
the green synthesized iron oxide nanoparticles were aggregated
as irregular rhombic spherical shapes (Fig. 5) The average particle
size of as synthesised nanoparticles was found to be 26 nm.

The presence of a variety of phytochemicals in Picrorhiza kurroa
roots allows their extracts to contain antioxidant properties. These
phytochemicals may be enhancing the antioxidant activity of
metal nanoparticles [15]. The antioxidant activity of root extract
mediated nanoparticles determined by using DPPH free radical
are recognized to be due to the hydrogen or electron donating abil-

Table 1
Profile of DPPH radical scavenging activity with IC50 values.

Sample % Inhibition at concentrations IC50 lg/mL

100 lg/mL 200 lg/mL 300 lg/mL 400 lg/mL 500 lg/mL

Iron Nanoparticles 19.33 23.19 45.61 49.37 51.22 209
Ascorbic acid 22.89 27.01 49.77 67.48 70.82 231

Fig. 5. FESEM images of iron nanoparticles at different magnification levels.
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ities of nanoparticles. The free radical scavenging activity of green
synthesised nanoparticles tends to increase with an increase in
their concentration (Fig.6). Notably, antioxidant activity of synthe-
sised iron nanoparticles was found to be 51.22 % at 500 lg/mL with
a remarkable IC50 value of 209 lg/mL. However, the standard
Ascorbic acid demonstrated 70.82 % inhibition in the same concen-
tration with the IC50 value of 231 lg/mL. The results confirmed
that as synthesised iron nanoparticles have good antioxidant activ-
ity, which may discover a new way to ripening traditional medi-
cine and treat many incurable diseases.

The antibacterial properties of ecofriendly synthesised iron
nanoparticles were evaluated against Gram positive and Gram neg-
ative bacterial strains using agar disc-diffusion method. Of the bac-
terial stains tested, iron nanoparticles strongly inhibited the
growth of Gram negative pathogenic bacteria - Escherichia coliwith
the effective zone of inhibition of 10 mm at a concentration of
500 lg. On the other hand, iron nanoparticles showed a low inhi-
bitory effect on the growth of Gram positive bacteria - Bacillus cer-
eus with the zone of inhibition of 5 mm. Accordingly, this result
showed that the biosynthesised iron nanoparticles are more active
against pathogenic Gram negative bacteria than Gram positive bac-
terial strains tested which is possibly due to the difference in the
structure of cell walls of bacteria. It has been established by
researchers that the lower the size of nanoparticles, the higher
its stability and biocompatibility. For example, Lee et al. reported
that the inactivation of Escherichia coli by iron nanoparticles could
be because of the penetration of the small particles (sizes ranging
from 10 � 80 nm) into E. coli membranes. Nano scale iron could
then react with intracellular oxygen, leading to oxidative stress
and eventually causing disruption of the cell membrane. Thus
the bactericidal effect of phytosynthesised iron nanoparticles has
been attributed to their small size and high surface to volume ratio,
allows them to interact closely with microbial membranes, which
in turn will have significant impact on biomedical applications
[16].

4. Conclusion

An ecofriendly method adopted here for the formulation of iron
nanoparticles employing root extract is proved to be one of the
most stable, economical, energy efficient and cost effective pro-
cesses. Nano scaled iron nanoparticles coated with bioactive phy-
tochemicals have shown their potential efficacy as an antioxidant
and antibacterial agent. This offers numerous benefits of compati-
bility for their pharmaceutical and biomedical applications. This
green approach also provides healthier work places and communi-
ties, protecting human health and environment. This method leads
to lesser waste and safer products. Hence, use of medicinal plant

extract for the synthesis of metal nanoparticles can have an
immense impact in coming decades.
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a b s t r a c t

Nanostructured-Si films with inert (Ar) and reactive (O2) atmosphere have been synthesized using laser
ablation technique. The size distribution of Si nanoparticles found to depend on background gas pressure,
observed by shift in photoluminescence components of energy. As deposited samples are mainly consti-
tuted by amorphous or highly defective nanoparticles. The annealing was performed at 400 �C and
1000 �C which induced growth of less defective Si-nanocrystals. The increment in PL intensity is evidence
of coalescence. The results are interpreted in terms of size distribution (in the range of 2–5 nm), crys-
tallinity and surface oxidation of the Si nanostructures.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

The band-gap engineering using nanostructures for the third-
generation solar cells is promising field to increase the efficiency
and Si is always being well focused due to its unique properties like
quantum confinement and photonic band-gap crystals. The lumi-
nescence in visible region from porous silicon at room temperature
attracted great attention in investigation of light emission proper-
ties of different kinds of silicon based nanostructures [1–3] how-
ever; the mechanism of visible PL is not fully understood. Porous
silicon, nanocrystalline silicon in SiOx matrix and several other
types of nanostructured silicon have been synthesized using differ-
ent techniques such as Plasma Chemical Vapour Deposition (P-
CVD) [4], Hot Wire Chemical Vapour Deposition (HW-CVD) [5],
RF co-sputtering deposition [6] and by Chemical routes [7] to pro-
duce Si QDs or nanocrystals.

Pulsed Laser Deposition (PLD) is a novel method for fabricating
nanocrystalline, nanoparticles and nanostructured materials with
very high purity [8–9]. In the PLD process, atoms ablated by a high
energy pulsed laser beam collide with each other and with back-
ground gas species such as inert gas to produce clusters and
nanoparticles in the gas phase. The thin films or nanostructured

films can be formed by direct deposition of the atoms, clusters
and nanoparticles. Here, the nanoparticles act as ‘building blocks’
of the nanostructure. The size, shape, crystallinity and distribution
of the nanoparticles are key parameters for controlling the proper-
ties of the films [8]. The morphology of the films produced by PLD
under different gases and their tendency towards spontaneous oxi-
dation when samples exposed to ambient air is described by our
group [10]. The correlation between morphology of the films and
PL energy bands is an important contribution for control of lumi-
nescence properties of Si-nanostructured films produced by PLD.
There is an extensive work which describes the possibilities offered
by PLD for synthesis of Si-nanostructures using inert and reactive
gases [11–13]. In this article, we discuss the PL properties depend-
ing on morphology of the films produced in Ar and O2 background
gases for wide range of pressure; 0.05-60 Pa of Ar and 1–60 Pa of
oxygen. We observed photoluminescence from samples annealed
(relatively low temperature) at 400 �C and tried to reveal modifica-
tion in new components for further annealing at 1000 �C. The pres-
sure plays a key role to form the films with different morphology
and annealing happens to aggregate the deposited species into
nanoparticles embedded in amorphous matrix.
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2. Materials and methods

Si nanostructured films were obtained by irradiating the Si tar-
get with second harmonic (532 nm) and fourth harmonic (266 nm)
of the Nd:YAG laser. The substrate holder was positioned parallel
to the target and substrate to target distance was kept constant,
dTS = 7 cm. Ar and O2 gases have been used to study the impact
of inert and reactive species on stoichiometry of the composed
films. Quartz and single-crystal Si substrates have been used for
deposition of different sample conditions. The structural character-
ization of the films has been performed by micro-Raman spec-
troscopy with Renishaw InVia spectrometer excited with
514.5 nm of an Ar+ laser and same has been employed as excita-
tion source for Photoluminescence study. Morphology and thick-
ness have been acquired with Zeiss Supra 40 field emission
(SEM) Scanning Electron Microscopy.

3. Results and discussion

3.1. Morphology study

The morphology of the films in Fig. 1 studied with SEM shows
compact to nanoporous structure by increasing the background
pressure of oxygen. Morphology of the films prepared in Argon
background also found similar to those prepared under oxygen
background.

Increasing the background gas pressure; the collisions between
ablated particles and gas molecules increases which leads to
decrease the kinetic energy of the particles and the film becomes
porous and vice-versa. The film deposited at 1 Pa of oxygen is very
compact as shown in Fig. 1 (a) compared to that deposited at 60 Pa
of oxygen as shown in Fig. 1 (c) which is more porous. It is worth
noting that there is no significant change in morphology after
annealing the samples.

3.2. Photoluminescence study

i) Si-nanostructures deposited under Ar background
As deposited samples under both Argon and oxygen ambient

doesn’t show photoluminescence except the samples deposited
at very low pressure of 1 Pa. This gives a low intensity PL band
at low energy < 1.5 eV for Ar and 1.8 eV for O2. Fig. 2 (b) shows
the PL spectra from Ar samples annealed at 400 �C for 4 hrs.

Gaussian fitting for all PL spectra with more than two compo-
nents have been used as indicated in Fig. (a). The blueshift in PL
energy bands with increasing pressure shown in Fig. (b) suggest
growth and formation of nanocrystals. The films are compact
formed under low pressure and porous after increasing the pres-
sure. The compact films formed under lower pressure range from
0.05 to 1 Pa form big nanoclusters after annealing at 400 �C. Here,
annealing happens to aggregate the material in to big nanoparti-
cles because of higher density of the material. As we increase the
pressure towards 60 Pa, the films become porous and density of
material is minimal which after annealing forms smaller nanopar-
ticles. The shift in PL energy band is correlated to quantum
confinement.

The films deposited under 0.05 Pa-60 Pa range and their respec-
tive PL energy components are presented in Fig. 3. These PL com-
ponents can be individuated into two different families; one
family of components in the range of 1.45–1.75 eV which comes
from compact films and another one, in the range of 1.8–2.1 eV
which comes from porous films. From Fig. 3 it is clear that we lose
the low energy components for porous films and high energy com-
ponents for compact films which provide important information
about morphology dependent PL properties which is function of
background gas pressure and can be controlled easily to get appro-
priate PL components.

The films also have been annealed at 1000 �C to study any mod-
ifications in the synthesized nanostructures. Fig. 4 shows the dif-
ference in PL intensity for as-deposited, 400 �C and 1000 �C
annealed sample prepared under 30 Pa of Argon. For further
annealing at 1000 �C the luminescence intensity increases tremen-
dously and shifts the high volume density components towards
lower energy.

ii) Si-nanostructures deposited under O2 background

Fig. 5 shows the PL spectra of samples deposited under oxygen
background pressure and annealed at 400 �C. The best Gaussian fit
for samples prepared under oxygen gives less PL components than
samples prepared in Argon background. The content of oxygen
found similar in both samples prepared in Ar and O2 atmosphere
analyzed by EDS. Also, the trend of blueshift in PL energy compo-
nents after increasing the background pressure found similar for
both the gases.

The shape of PL spectra for samples prepared under O2 back-
ground as shown in Fig. 5 are more symmetric than for samples
prepared under Ar background, refer Fig. 2. It may possible that
the samples prepared in Ar background are defective/amorphous
than those prepared in oxygen. As, in presence of oxygen, the high
energy radicals of oxygen passivate the defects present in Si nanos-
tructures in-situ. Although, the detail mechanism of interaction
between background gas and ablated species has not yet been
understood. The interaction of H2 as a reactive gas with Si in PLD
is also described by M. Inada et. al. [14] says that, there are less
chemical reactions and morphology is also similar for He and H2

at higher pressure. In this case we realized that, the mechanism
of nanoparticle formation in reactive gases is similar to that of
the inert gases. In case of low pressure, 1 Pa, deposited films, the
Si clusters get deposited on substrate with very compact morphol-
ogy, without forming nanoparticles. Decreasing pressure, the colli-
sions of ablated clusters with gas particles is minimized and do not
form nanoparticles.

Patrone et al. discusses three possible reasons of luminescence
from oxidized films after exposure to air for long period at room
temperature. First, oxygen induces passivation by the saturation
of dangling bonds which reduces the number of non-radiative
recombination centres and, as a result, increases the luminescence
intensity. The second effect is the decrease of the cluster silicon

Fig. 1. The SEM Images showing different morphology of the samples prepared
under different pressures of oxygen: a) 1 Pa, b) 20 Pa and c) 60 Pa.
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core which should lead to blue-shift of the luminescence band. The
third effect is the increase of the amount of silicon oxide in the
sample which leads luminescence from defects in the oxide layer
or at Si-SiOX interface or to an increase in its intensity if it already

exist [15]. The PL from present samples supports these reasons;
annealing at 400 �C in vacuum gives luminescence because of pas-
sivation of dangling bonds or because of reducing the non-
radiative recombination centres and further increasing the anneal-
ing temperature at 1000 �C increases the intensity of photolumi-
nescence and shifts the high volume density components from
higher energy towards lower energy because of coalescence or
may be because of losing the oxygen on single nanocrystals.
Annealing temperature dependent PL intensity is shown in Fig. 4
for Ar (30 Pa) background deposited sample and the redshift in
high volume density components is indicated in Fig. 6 for O2

samples.

4. Conclusion

We have successfully deposited Si nanostructures by PLD where
PL properties strongly depend on background gas pressure. The
reactive (O2) and Inert (Ar) gases leads to produce similar energy
components, having similar morphology. The 400 �C annealing
exhibited wide PL bands from 1.45 to 2.0 eV, further annealing at
1000 �C modified the cluster size of high volume density energy
components to redshift. Using Pulsed Laser Deposition technique
it is possible to control nanocrystals size and density by varying
pressure followed by annealing, which opens the way to further

Fig. 2. Gaussian fitted different PL components for a compact sample obtained at 30 Pa (a) and the blueshift in PL energy after increasing the Ar background pressure from 0
to 60 Pa (annealed in vacuum at 400 �C for 4hrs) (b).

Fig. 3. Different PL components present for films deposited under Ar gas
background; blueshift in the components towards higher pressure (annealed at
400 �C).

Fig. 4. The effect of different annealing temperatures (sample prepared in Ar
background pressure 30 Pa).

Fig. 5. The blueshift in PL energy after increasing the O2 background pressure from
1 to 60 Pa (annealed in vacuum at 400 �C for 4hrs).
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investigation with aim of developing high efficiency silicon-based
third generation solar cells.
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a b s t r a c t

Nickel ferrite nanoparticles were synthesized using Iron (III) nitrate and nickel nitrate as the starting
materials along with the hydrazine hydrate via co-precipitation process and the final product obtained
calcined at 700 �C. The structural and optical properties of the synthesised product were determined
using various characterization techniques viz. UV–visible spectrometry, X-ray diffractometer (XRD),
transmission electron microscopy (TEM), Field Emission Scanning Electron Microscopy (FE-SEM) and
vibrating sample magnetometer (VSM). The NiFe2O4 nanoparticles showed absorption at � 356 nm cor-
responds to band gap of 4.1 eV. The elemental analysis was carried out using X – ray Fluorescence (XRF)
and Energy Dispersive Spectroscopy (EDS). The synthesized NiFe2O4 were 10–15 nm in size, and exhib-
ited high saturation magnetization value of 72.66 emu/g.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

In recent years, magnetic particle synthesis has received a lot of
attention due to its prospective applications in high-density mag-
netic recording and magnetic fluids [1,2]. In terms of applications
in high-density magnetic recording media and magnetic fluids,
the production of nanosized magnetic particles is being thoroughly
researched [3]. Ferrites with good dielectric properties are used in
a wide range of applications, from microwaves to radio waves.
Because of its high electrical resistivity and low magnetic coerciv-
ity [4], Ni2+ ferrite is a technologically relevant material for uses in
the megahertz frequency range. Nickel ferrite has been extensively
investigated due to its unique inverse spinel structure, electrical
and magnetic properties, and a wide range of uses in electronic
devices and microwave adsorbents. In NiFe2O4, Fe3+ ions can easily
shift between the octahedral (Oh) and tetrahedral (Td) sites, with
Fe3+ occupying the Td site and Fe3+ and Ni2+ occupying the Oh site.
The stable structural configuration allows it to endure the Fe3+ to

Fe2+ reaction in a reducing environment. Because of its redox char-
acteristics (LPG), NiFe2O4 can be used as a gas sensor material to
detect reducing gases, such as liquefied petroleum gas, as a result
[5–7].

In overview, several chemical processes, such as precipitation,
sonochemical procedure, polymeric precursor approaches,
mechanical alloying, pulsed wire discharge, shock wave, reverse
micelles, hydrothermal and ultrasonically aided hydrothermal pro-
cesses, have tremendous disadvantages over physical approaches,
including lower costs, room-temperature reactions, and the ability
to produce huge quantities, have all been used to make NiFe2O4

nanocrystalline [8]. Various shaped NiFe2O4 nanoparticles, such
as fibre, sheet, ribbon, and rod, have been synthesised using
organic gel–thermal decomposition, electrospinning combined
with sol–gel technology [9–10], porous anodic aluminium oxide
(AAO) templates, mechano-chemical method, and microemulsion
method, among other methods, reverse phase micelles [10],
hydrothermal micelles [11], and co–precipitation method [12]
and also [13].

In the observation of magnetic materials, nanocrystalline spinel
ferrites with the formula MFe2O4 (M = Ni, Zn, Mn, Co, Mg, etc.) exe-
cute high-density magnetic storage media, MRI contrast agents,
colour imaging, ferro-fluids, high frequency devices, magnetic
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refrigerators, catalysts, and microwave devices, etc. investigation.
The state of the properties of these magnetic nanoparticles are
mostly determined by their size and method of production. Their
most prevalent feature is their super-paramagnetic behaviour,
which is characterised by a decrease in saturation magnetization
as compared to the bulk material [14–18]. Researchers are partic-
ularly interested in nickel ferrite (NiFe2O4) because of its signifi-
cant magneto-crystalline anisotropy, high saturation
magnetization [19–20], and distinctive magnetic structure [21].
Gas and biosensors [22], sensors, magnetic fluids [23], catalysts,
magnetic storage systems, photo magnetic materials [24], site-
specific drug delivery [25–26], magnetic resonance imaging, and
microwave devices are some of the important applications of
NiFe2O4 nano material [27–28]. Nickel ferrite (NiFe2O4)
exhibits ferromagnetic characteristics that are closer to dipole
relaxation than ferromagnetic resonance and the magnetic
moments of anti-parallel spins between Ni2+ ions at octahedral
sites and Fe3+ ions at tetrahedral sites give nickel ferrite (NiFe2O4)
its ferromagnetic characteristics [29–32].

A group of soft ferrite materials characterised by high magnetic
permeability and research dealing with their other physical prop-
erties, such as optical and magnetic properties, is part of the con-
tinuation of Nickel Ferrite. These materials are commonly used in
various applications, viz. computer memory chips for microwave
devices, magnetic recording media, radio frequency, coil process-
ing, transformer cores, rod antennas, and many telecommunica-
tions and electronic engineering branches [33–35].

In this work, we have synthesised nickel ferrite using hydrazine
hydrate to afford their new fluorescence properties using a modi-
fied co-precipitation method. It is recognised as an environmen-

tally friendly procedure and the characterization done using
powder X-ray diffraction, scanning electron microscopy (SEM),
transmission electron microscopy (TEM), elemental analysis using
EDS, XRF, and the determination of NiFe2O4 nanoparticles’ mag-
netic behaviour are all covered in this paper.

2. Materials and methods

2.1. Materials

Chemicals with high purity were purchased from Himedia and
used without further purification. Distilled water was used for all
the experiments. Iron nitrate (Fe(NO3)3�9H2O), nickel nitrate (Ni
(NO3)26H2O), and hydrazine hydrate (NH2.NH2�H2O) are the start-
ing materials.

2.2. Synthesis of NiFe2O4 nanomaterials

A NiFe2O4 nanomaterial sample was prepared via a co-
precipitation synthesis route by using a modified method of Suresh
Sagadevan [39]. In a typical synthesis, 40 mL (2 M) solutions of iron
nitrate (Fe (NO3)39H2O) and 40 mL (1 M) solutions of nickel nitrate
(Ni (NO3)26H2O) were prepared and vigorously mixed under mag-
netic stirring for 1 h at 40 �C. Then a solution of 1 M hydrazine
hydrate was added drop by drop into the reaction mixture to main-
tain pH = 8 and a blackish brown colored crude NiFe2O4 precipitate
was formed. Finally, the NiFe2O4 nanoparticles were separated by
the filtration method and dried at room temperature for 24 hrs.
The acquired crude material was calcinated at 700 �C for 4 h to
afford a fine powder by the grinding method.

3. Result and discussion

The structural properties of NiFe2O4 nanoparticles were defined
by the XRD method using the Cu Ka (0.154 nm) radiation X-ray
diffractometer to produce diffraction patterns at the scanning
angle between 20 � to 80 � degrees for powder crystalline samples.
The optical study was performed using Ellico’s Double Beam Spec-
trophotometer. The nanocrystalline microstructure and particle
size were calculated from Transmission Electron Microscopy
(TEM) images obtained at an accelerating voltage of 200 kV using
an electron microscope. The Field Emission Scanning Electron
Microscopy (FE – SEM) and Energy Dispersive X – Ray Spec-
troscopy by using Carl Zeiss Model Supra 55 Germany and Bruker
XFlash6l30 Germany, respectively. In order to eliminate any impu-Fig. 1. XRD Spectrum of NiFe2O4 Nanoparticles.

Fig. 2. a) UV–Visible spectrum of NiFe2O4 Nanomaterial; b) TAUC plot for optical band gap of NiFe2O4 Nanomaterial.

S. Kazi, S. Inamdar, Y. sarnikar et al. Materials Today: Proceedings 73 (2023) 448–454

449



rities, present in the samples, the TGA analysis was performed in
the 30–900 �C temperature range.

3.1. X- ray diffraction studies

In the powder XRD analysis, the peaks are found with planes
(hkl) 220, 311, 222, 400, 321, 422, 511, and 440, which exhibits a

BCC structure with spinel structure as shown in Fig. 1. This diffrac-
tion pattern shows that there are no extra peaks along the sample
peak, confirming that the sample contains no impurity. Using the
Debye-Scherrer formula for this data, we calculate the average par-
ticle size as 29 nm and the interplanar distance (d), lattice constant
(a), volume (V) and X-ray density (dx) are 1.31, 2.63, 18.32, and
1.83 � 10-24 respectively. The hopping lengths of octahedral sites

Fig. 3. FE-SEM of NiFe2O4 Nanomaterial.

Fig. 4. EDS spectrum of NiFe2O4 Nanomaterial.
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and tetrahedral sites are 1.139 and 0.930, respectively, corelate
with Y. Kinemuchi [5].

3.2. Optical studies

Given the low solubility of transitional elements in organic sol-
vents and water, the sample should be left in an acid solution for

the study of the UV–Visible spectrum. The molecule undergoes
an electrical transformation in the region of the electromagnetic
spectrum. The maximum wavelength absorption charge transition
band (�356 nm) is shown in Fig. 2a. The direct band gap was cal-
culated by using the direct TAUC method [36]. The TAUC plot of
(ahl)2 vs photoenergy (hl), where hl is the photon energy, a is
the absorption coefficient, which can be obtained from the scatter-
ing and reflectance spectra, gives the transition energy of 4.1 eV as
shown in Fig. 2b [37].

3.3. Scanning electron microscopy and elemental analysis

The morphology study of nanoparticles using SEM shows that
the synthesised nanoparticles are quasispheroidal and that their
size is less than 100 nm, which suggests that the nano-
dimensional catalysts are synthesized. This result also supports
the knowledge obtained from XRD. As shown in Fig. 3, the results
obtained from the above measurements of the prepared ferrite
nanoparticles by the co-precipitation method are 29 nm. It was
observed that the morphology of the ferrite nanoparticles by
SEM data was confirmed by XRD and demonstrated a uniform size
distribution.

The morphology of the majority of nanoparticles is quasi-
spherical in the SEM picture. Another SEM image determination
is related to the particle size, i.e., the nano dimension exhibits
the formed particles (less than 100 nm) as analogous to that
reported by K. Egizbek [26]. The Ni Ferrite Nanoparticles EDS spec-
trum is shown in Fig. 4. The atomic and elemental compositions
are tabulated in Table 1.

3.4. Thermal analysis

A TGAmeasurement was used to determine the mass fraction of
NiFe2O4 shown in Fig. 5. The TGA analysis was used to remove
impurities from the sample, from 30 �C to 200 �C. The initial loss
is due to the initial breakdown of the complex and evaporation

Table 1
Atomic and Elemental composition of NiFe2O4 Nanomaterial.

Element Atomic % Weight %

Ni 25.04 32.18
Fe 47.64 58.26
O 27.28 9.55

Fig. 5. TGA plot for NiFe2O4 Nanomaterial.

Fig. 6. TEM images of NiFe2O4 nanoparticles (scale bar is 50 nm for all images).
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of the absorbed water. The second loss is due to further decompo-
sition of inorganic salts and traces of hydrazine hydrate [38]. Then,
above 450 �C stable oxides at 900 �C. The first stage of weight loss
is 5.5 % due to the breakdown of the complex and evaporation of
the absorbed water. The second weight loss is 2.3 % as a result of
the decomposition of organic matter and the decomposition of
inorganic salts and traces of hydrazine hydrate [39]. No weight loss
is found beyond 450 �C, indicating the formation of NiFe2O4

nanoparticles. 263 �C is the initial decomposition temperature
and 450 �C is the final decomposition temperature. The average
of both decomposing materials shows the thermal stability of the
material.

3.5. Transmission electron microscopy

Fig. 6 shows the TEM image of NiFe2O4 nanomaterial showing
an aggregated particle-type structure. The particle size distribution
ranges from 10 to 15 nm for NiFe2O4 nanomaterial. These nanopar-
ticles are synthesised by a simple co-precipitation technique simi-
lar to that of Suresh Sagadevan [39].

3.6. Magnetic studies

The NiFe2O4 nanomaterial was synthesised by using the simple
co-precipitation method. The magnetic property of the synthesised

Fig. 7. Magnetic Hysteresis loop of NiFe2O4 nanomaterial.

Fig. 8. XRF plot of NiFe2O4 nanomaterial.
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spinel ferrite nanoparticles was measured by a Vibrating Sample
Magnetometer (VSM). Fig. 7 shows the magnetic hysteresis curve
of the NiFe2O4 sample. The product was observed to exhibit ferro-
magnetic behaviour. The saturation magnetization (Ms), the coer-
civity (Hc), remanence magnetization (Mr), Bohr Magnetization
(lB) and anisotropy constant (K1) are 72.66, 2.627, 2.348, 3.049,
and 95.43 (erg/cm3), respectively, and have been determined from
the M�H loop. The sample is mainly due to the substitution of the
part of Ni2+ in octahedral sites by Fe3+ with a higher magnetic
moment. The saturation magnetization of the sample is higher
due to the spin counting effect of the smaller crystalline size. It is
reported that [39] the magnetic properties of the material have
been believed to be dependent on the particle size, shape, and
magnetization direction.

3.7. X-ray Fluorescence

The surface composition of NiFe2O4 was also studied by the X-
ray Fluorescence technique where the emission spectra are
recorded as shown in the following Fig. 8. The total elemental com-
position was analysed by using this technique. The elemental com-
position as shown in Table 2.

4. Conclusion

The nickel-doped spinel ferrite nanocrystals were synthesized
using an environmentally friendly process of co-precipitation.
The synthesized spinel ferrite NiFe2O4 nanocrystals were calci-
nated at temperature of 700 �C. The formation of the NiFe2O4

nanocrystals were verified by XRD, UV–Visible Spectrum, EDS,
XRF, TGA, FE-SEM, TEM, and VSM studies. Nickel ferrite displayed
super-paramagnetic behaviour and increased saturation magneti-
zation. It showed the cubic spinel structure with particle size of
10–15 nm, confirmed by the XRD and TEM techniques. Elemental
analysis of the NiFe2O4 nanoparticles were done using the EDS
and XRF studies. Optical study showed maximum absorption
at � 356 nm with 4.1 eV band gap value. The quasispheroidal
structure was obtained by FE-SEM images. Synthesized material
showed high thermal stability, about 85 % even on heating over
800 �C temperature.
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a b s t r a c t

A dairy industry is the large scale food production industries playing an important role in causing envi-
ronmental pollution. Solid waste is a serious threat to environmental hazards through its liquid and solid
waste generation. Hence, it is needed to handle such waste by enhancing new cleaner technologies by
recycling the waste and generate safe environment using organic fertilizer to soil. Dairy industry waste
is dumped in landfill which has disadvantage of being expensive occupying more open area resulting in
alteration of ground water and soil profile quality. The wastewater generated by dairy industry is cate-
gorized as raw waste. The activated sludge is treated during analysis of various parameters under the
consideration. Thus, the objective of the present study is to analyze physico-chemical and phyto-
chemical parameters of combination and Spinacia oleracea plant after treating with the Dairy waste
and mix leaf litter waste. Current research study, revels that various concentration of dairy waste and leaf
litter combination can turn into good quality compost for ecofriendly crop cultivation. In the present
study, Dairy waste + Leaf waste 25 % (T3) and Dairy waste + Leaf waste 75 % (T5) combination was good
compost and it is a viable organic waste management. It has a potential to enhance proper waste man-
agement system, while promoting cultivation of vegetable for food precautions. The application of this
organic amendment could promote and improve agro-ecosystem and also helpful for minimization of
dairy waste.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Dairy is a business established for the harvesting of animal milk
mostly from Cows, Buffalo, goats, sheep, camels, horses for human
consumption. The dairy wastewater is released into the environ-
ment and it is hazardous to the surrounding. The dairy plant in
the government, cooperatives and private sector produces similar
type of the dairy product like milk, butter, ghee, skimmed milk
powder and whole milk powder [23]. The study was undertaken

in different areas shows that mixing sludge’s to agricultural soil
can improve soil structure, root penetration and nutrient levels
mainly Nitrogen and Phosphorous [40,24]. However, some urban
sewage sludge can have negative effect and shows consequences
of their relatively high content in heavy metals, salts, organic tox-
ins and pathogen [35]. Treatment of solid dairy waste and convert-
ing it into good compost is important and often many methods are
used in the treatment of dairy mud such as anaerobic digestion,
composting, soil distribution, wetlands built up and reinforcement
of lime. Several laws have been enacted to ensure safe disposal of
solid waste ([4]).

The rising cost of organic fertilizer has directed farmers’ atten-
tion to natural resources that increase soil fertility and improve
chemical soil properties. These include access to nutrients and
absorption, soil texture, water retention capacity, cation exchange
rate, electrical conductivity, pH, bacterial population and soil mois-
ture [1,32]. Dry leaf fallen from trees every day, produces large
amount of solid waste. The traditional methods for leaf litter dis-

https://doi.org/10.1016/j.matpr.2022.09.600
2214-7853/� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotechnology Perspective for Multidisciplinary Applications - 2022.
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T3, T4, T5, Treatment; C1, C2, C3, C4, Concentration; mg/g, Milligrams per gram; lS/
cm, Microsiemens per centimeter; %, Percentage; S.D, Standard Deviation; ANOVA,
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posal are burning and land filling. Burning process emits several
toxic compounds, causing air pollution. Land filling treatment
involves huge amount of leaf litter waste which increases trans-
portation cost and more landfill space. Both methods have several
disadvantages. Naturally leaf can be degraded by microbial activity
into an organic fertilizer, which is safely used for soil amendment
[20].The primary objective of the study is to create an ideal envi-
ronment for the microorganisms for composting of leaf litter and
dairy waste combination. Bacteria break down plant tissue, further
fungi and protozoan soon join the bacteria. Centipedes, millipedes,
beetles, and earthworms also participate by tearing and chewing
the materials into smaller pieces making them more suitable for
the microbes [10]. So aim of the present study was to determine
the physico-chemical parameters of waste and enrich its quality
with compost.

2. Study area

The dairy sludge was collected from Kolhapur Zillah Sahakari
Dudh Utpadk Sangh ltd. situated at Shirgaon, Kolhapur.Fig. 1
Gokul- Shirgaon industrial area which is an industrial park in Kol-
hapur (16o380 36.50 0 N and 74� 170 12.40 0 E).It is well known for its
popular brand of ‘Gokul’ which is established on 16thMarch 1963
during the year 2019–2020, the average milk procurement is
10.64 Lakh liters per day. The ratio of buffalo milk to cow milk pro-
curement is 57:43 % respectively. Their products include milk,
shrikhand, ghee, butter, skimmed milk powder and desi butter.

Huge quantity of leaf litter fall in the campus area gathered
through normal road sweeping and burn collectively to reduce
the amount of litter. The raw material i.e. plant litter required for
the study purpose is collected from Shivaji university campus
which is a huge are of 853 ha it is free of cost and easily available
in campus. The campus trees are of dry deciduous type of planta-
tion. Large amount of fallen leaves produces a pressure on daily
solid waste management. In the present study, an attempt is made

by making combination of wastes like leaf litter and dairy sludge
with addition of microbial culture which can produce valuable
compost.

3. Material and methodology

The sludge was collected from the tertiary treatment unit from
Kolhapur Zillah Sahakari Dudh Utpadak Sangh ltd., Kolhapur. The
physic chemical analysis of sludge was done in Department of
Environmental Science, Shivaji University, Kolhapur.

3.1. Physico-chemical characterization of leaf litter and dairy sludge

The Table. 1 showsPhysico chemical characteristics were ana-
lyzed for dairy sludge and leaf litter by which elements such as
macro and micronutrients are chemically extracted and analyzed.
A 45 day’s composting trail was performed at laboratory condi-
tions. The dairy sludge is used as a byproduct after treating the
wastewater from dairy industry by the activated sludge method.
The wastewater from dairy industry contains discarded milk and
cleaning agents Sodium Hydroxide (NaOH) and Nitric acid
(HNO3). The dairy industry sludge, have low heavy metal content,
and therefore the risk of large quantities of these pollutant coming
through the food chain is considerably reduced. Sometimes, this
type of sludge has been directly applied to the soil shows this prac-
tice to be safe alternatives for its disposal [19].The collected dairy
sludge from Gokul dairy and leaf litter collected from Shivaji
University, Campus were analyzed separately before composting.

3.2. Concentration details

To check the best suitable concentration of dairy sludge and leaf
litter for composting purpose, five different combinations were
made. The five concentrations are given below in the table. 2.
The physicochemical parameters were analysed for 15 days,

Fig. 1. Satellite view of Gokul Dairy (Image source: Google Earth).
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30 days, and 45 days. Set was allowed to decompose for 45 days
and proper moisture conditions were maintained by sprinkling
water. As composting completed, known vegetables were planted
in a pot to see the effect of compost.

3.3. Statistical analysis

The mean and standard deviation of the three replicates from
each combination were reported for all parameters measured.
One-Way analysis of variance (ANOVA) statistical analysis was
performed to compare variations in compost properties at different
treatment.

4. Results

4.1. Application of dairy sludge and leaf litter as compost on Spinacia
oleracea plant

The seedling of Spinacia oleracea plant was growing in pot
experiment during the rabbi season at laboratory condition.The
Tables. 5 and 6 shows that application of different combination
and concentration of dairy sludge and leaf litter with the help of
soil.

5. Discussion

The physico-chemical characteristics of the five different com-
bination of compost were studied. Table. 3 recorded characters like
pH , Ec, water holding capacity, moisture content, organic carbon,
organic matter, Nitrogen, Phosphorous, Potassium, C:N ratio which
plays important role in the plant growth and maintain favorable
soil condition.

a) Change in pH:
The mature compost is a dark brown coloured component with

earthy smell. The pH was recorded for sample throughout the
experiment for T1, T2, T3, T4, and T5 combinations was in between
7.12 and 7.81. There was a general decline in pH at the end of com-

posting period. T1, T2, T3, however recorded significantly lower pH
than T3 and T5 in the composting process. It was seen that as com-
pared to control groups, the treated groups showed an increase in
mean values of all parameters. Since the beginning of the process,
the pH tends to move towards acidic. This may be due to the
incomplete oxidation and formation of organic acids from com-
posting mixtures. [15] and [22]. The microorganism are reported
to produce organic acids and hence the pH value of the compost
decreases slowly at the initial stage [28].

b) Change in Electrical conductivity (Ec):

Electrical conductivity is essential character which determines
the concentration of salts present in experiment. The experimenta-
tion showed Electrical conductivity (EC) decreased from 3.52 to
4.66 lS/cm, 4.24–5.54lS/cm, 4.3–5.43 lS/cm, 3.64–4.88 lS/cm,
4.12–5.68 lS/cm, for T1, T2, T3, and T4 respectively in the compost-
ing period. EC indicates that the mineralization rate and availabil-
ity of total soluble salts in compost, which is negative effect or
inversely proportional to each other plant growth. The increases
in EC is reason of the production of extra ammonia, nitrate and
nitrite [37,44,43;41].

c) Effect on Water Holding Capacity (WHC):

The water holding capacity is the amount of water that is given
by soil holds for crop use. WHC is indicating that soil quality and
productivity [31]. The water-holding capacity (WHC) is an impor-
tant characteristic in composting. The trial reports showed
increase WHC for five combinations after 15 days period of com-
posting increases after 15 days. The minimum value of 40.7 was
recorded in T2 and the maximum value of 56.18 was recorded in
T3. After 45 days of composting, the T3 recorded highest is 67.44
while T2 recorded the lowest is 45.8, respectively. It increases the
percentage of organic matter the water holding capacity will
increase.

d) Effect on Moisture Content (MC):

Moisture content was recorded for the combinations which
were significantly minimum for T1 (45.2 %) and the maximum
value observed for T5 (58.98 %) combination. The moisture content
is important during composting as the dissolved nutrients required
for the physiological and metabolic activities of microorganisms
[29]. The microbial communities of compost through their changes
on temperature, moisture and aeration of the pile [11], which is
due to nutrient content and available form of carbon. For example,
adding jaggery increased the number of microorganisms and thus
enhanced the enzymatic degradation of cellulose during compost-
ing of green wastes [13].

e) Change in Organic carbon (OC) and Organic Matter (OM):

The organic carbon (OC) and organic matter percentage is
increased or decreased significantly with change in treatment of
the combinations. After 15 days of composting, the organic content
of compost was in between a minimum of 16.65 % in T2 (Leaf waste),
and a maximummean of 20.65 % observed in the T3 (25%). In T5 (75%)

combination, OC is 20.54 %, respectively, over the period. After
30 days of composting, T3 (25%) combination showed highest OC
i.e. 20.92 %, while T1 (Dairy waste) observed the lowest OC i.e.
16.39 %. The T4 and T5 observed organic carbon content of
19.34 % and 20.45 % respectively. At 45 days of composting, the
highest values which are between T5 (75%) is 19.61 % OC and the
lowest values which is between the T1 (Dairy waste) is 15.36 % respec-
tively (Table. 3) similar results were observed by [42]. The dry mat-

Table 1
Physico-chemical analysis methods for leaf litter and dairy sludge.

Sr.
No

Parameters Method References

1. Potential of
Hydrogen (pH)

pH meter [30]

2. Electric Conductivity
(EC)

Conductivity meter [30]

3. Water Holding
Capacity (WHC)

Gravimetric method [30]

4. Moisture Content
(MC)

Gravimetric method [30]

5. Organic Carbon (OC) Rapid dichromate oxidation
technique method

[2]

6. Organic Matter (OM) Rapid dichromate oxidation
technique method

[5]

7. Nitrogen (N) Kjeldahl method [26]
8. Phosphorous (P) Absorption Spectrophotometer [33]
9. Potassium (K) Standard method [9]

Table 2
Feedstock and Combination Ratios.

Sr. No. Treatments Feedstock and Combination Ratio v/v

1. T1 Dairy waste 1:0
2. T2 Leaf waste 1:0
3. T3 Dairy waste + Leaf waste (25 %) 1:3
4. T4 Dairy waste + Leaf waste (50 %) 1:1
5. T5 Dairy waste + Leaf waste (75 %) 3:1
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ter lost in the form of carbon dioxide due to microbial activities
and moisture evaporation similarly could account for the decline
in organic matter over the composting period. This confirms to
the results reported by [38]. The total organic carbon increases
in some concentration because of lignocellulose materials are pre-
sent in leaf litter. The organic carbon was decreased at all concen-
trations as the decomposition progressed. Organic matter (OM)
depends on the organic carbon. It was observed for the compost
combinations that there is increasing OM in T5 combination after
15 days of treatment. The OMwas observed is 36.28 %� 27.56 % in
T1 (Dairy waste).

f) Change in Nitrogen Content (N):

The Total Nitrogen was increased at the end of the composting
period. The nitrogen increase indicates the increased compost age
[3]. The total nitrogen level in T1, (15day) combination range is
1.06 % and T2 (30 days) 1.12 at the end of the study were higher than
those of T5, 15-day’s 3.84 and T4, 15 days 3.75 likely as a result of
minimal gaseous exchange within T1 and T2. The increased nitro-
gen was due to the nitrification process, where by biological
ammonia degradation oxidized to nitrite (NO2) and Nitrate
(NO3) [21]. The increased nitrogen is attributed to the concentra-
tion effect as a result of substantial degradation of organic com-
pound, and contribution of nitrogen fixing bacteria [36] and [18].

g) Change in Phosphorous (P):

The Total Phosphorous content is increased during composting
period. Significantly lower range of total phosphorous is observed
for T2 (15 days) and the highest for T5 (45 days) of compost. A similar
result was observed by (Tibu., 2019). The phosphorous concentra-
tion, therefore increased as organic matter decreased over the
composting period. The increased phosphorous during compost-
ing period, is possibly caused by concentration effect arising from
higher rate of carbon loss that occurs when organic matter is
degraded.

h) Change in Potassium (K):

The potassium content was increased in the combination. A
similar result was observed in [25]. The lower range of potassium
was found for T2 (15 days) of compost is 0.74 % and T4 (15 days) 0.93 %
compost. Then the highest value of potassium was found for T5 (15

days) compost 3.84 %. In the last 45 days of composting period, this
might be due to the loss of potassium salts through excessive
leaching [7]. Sometime the Potassium value is not constantly
increased due to the interruption of microorganism in the com-
posting. The excessive leaching might have been due to excess
moisture content emanating from waste beyond the absorption
capacity of bulking agents.

i) C:N ratio:

The C:N ratio of T3 (6.07), T4 (5.15) and T5 (5.33) during the com-
posting period is a similar combination, progressively decreased
at the end of the composting process. The reduced C:N ratio at
the end of the composting period is observed in this study is (Al
Bataina et al.,2016) is stated as C:N ratio decreased with increases
in compost age. The application of organic material with a high C:
N ratio reduces plant available N owing to an enhanced assimila-
tion of microbial N the high import of organic matter with com-
post [8].

One-Way ANOVA test: analysis of parameter variables mea-
sured in the different treatments of compost. As shown in Table.
4, the null hypothesis states that the mean value of five differentTa
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concentrations of these parameters pH, Ec, N, K, and C: N over dif-
ferent time spans is equal. Because the p-value is>0.05 (>0.05), we
accept the null hypothesis and conclude that five different concen-
trations of these parameters pH, Ec, N, K, and C: N in different time
spans have the same mean. As a result, this figure is statistically
insignificant. Also other parameters shows null hypothesis in
Table. 4 states that the mean value of five different concentrations
of these parameters, WHC, MC, OC, OM, and P, over different time
spans is equal. We reject the null hypothesis because the p-value
is<0.05 (<0.05), and we conclude that the means of five different
concentrations of these parameters over different time span have
different mean. As a result, this figure is statistically significant.

5.1. Study of micronutrients

The Fig. 7 shows initial compost was observed with micronutri-
ents such as Cr, Zn, Mn, Fe the Cr 1.12 ± 0.26 mg/kg, Zn 1.29 ± 0.
18 mg/kg, Mn 1.44 ± 0.26 mg/kg, Fe 1.09 ± 0.37 mg/kg. Final com-
post were recorded for Cr, Zn, Mn, Fe shows amount in Mean ± S.D.
The Fig. 8 shows that the Cr 1.29 ± 0.26 mg/kg, Zn 1.54 ± 0.44 mg/
kg, Mn 1.78 ± 0.47 mg/kg, Fe 1.23 ± 0.46 mg/kg respectively. The
heavy metal in soil are bound by the organic compounds and are
not available for plant uptake if these complexes are in soluble,
but they are slowly released through microbial degradation. [16].
Composting is reducing the mobility of heavy metals and thus their
transport to the environment in contrast to the manure. The uti-
lization of composted manure was important and worthwhile in
adulterated soils for alleviating heavy metals contamination [17].

5.2. Effects of various treatments on phyto-chemical parameters of
Spinacia oleracea plant

After analysis of physico- chemical characters of processed
dairy sludge compost and leaf litter compost, it is used in a pot
with soil for an experiment to analyze its efficiency on Spinacia
oleracea. Spinach is a leafy green plant native to central and west-
ern Asia. It’s order Caryophyllales, family Amarantheceae, Sub fam-
ily Chenopodioideae. The leaves are commonly edible as a
vegetable. The compost was applied with the six different combi-
nations like Soil Control 100 % (C1), Dairy Sludge + Leaf Litter
25 % (C2), Dairy Sludge + Leaf Litter 50 % (C3), Dairy Sludge + Leaf
Litter 75 % (C4). The physic-chemical and phytochemical parame-
ters of soil and spinach plant respectively were analyzed after
interval. The effect of enriched composted dairy sludge and leaf lit-
ter combination on physico-chemical character of soil was
observed.

5.3. Effect of enriched compost on growth of Spinacia oleracea

After analysis of physico-chemical characters, the effect was
observed on growth of Spinacia oleracea plant after interval. The
growth was observed in terms of number of leaves and height of
the plant. The effect of compost on a number of leaves of the Spina-
cia oleracea plant was observed. The Fig. 3 shows that C2 (25%) was
with high no. of leaves. The effect of compost on average number of
leaves of spinach 15th days, 30th days, 45thday, and 60thday obser-
vation of plant leaves compared with other concentrations. The C2

Table 4
One-Way ANOVA test: analysis of parameter variables measured in different treatment of compost.

Parameters Sum of Squares (SS) Degree of freedom (df) Mean square (MS) F- values P-value F critical values Decision

pH 0.2611 2 0.13055 3.067112 0.057929 3.238096 Reject (H1)
Ec 0.304633 2 0.152317 0.573805 0.568062 3.238096 Reject (H1)
WHC 337.7258 2 168.8629 3.827813 0.030348 3.238096 Accept (H0)
MC 72.37156 2 36.18578 3.247992 0.049578 3.238096 Accept (H0)
OC 15.62341 2 7.811707 3.486573 0.040451 3.238096 Accept (H0)
OM 42.01873 2 21.00936 4.545309 0.016811 3.238096 Accept (H0)
N 2.370033 2 1.185017 1.053556 0.358409 3.238096 Reject (H1)
P 0.876633 2 0.438317 10.38692 0.000242 3.238096 Accept (H0)
K 0.048229 2 0.024114 0.755964 0.476314 3.238096 Reject (H1)
C:N 14.8611 2 7.43055 0.407027 0.668421 3.238096 Reject (H1)

P-value 0.05 (>0.05) = statistically insignificant, p-value 0.05 (<0.05) = statistically significant.
H0 = the null hypothesis is a statement. There exists no relation between two variables.
H1 = Alternative hypothesis a statement, there exists some relationship between two measured phenomenon.

Table 5
Height (cm) Spinacia oleracea plant after using compost.

Concentration C1 C2 C3 C4

Day

15 Day 8.5 15.7 11.1 13.1
30 Day 14.7 18.2 15.1 16.4
45 Day 21.8 31.5 27.2 27.8
60 Day 27.1 42.5 33.5 35.2
Mean ± S.D. 18.02 ± 8.13 26.97 ± 12.45 21.72 ± 10.41 23.12 ± 10.22

Table 6
Number of Average leaves Spinacia oleracea plant after using compost.

Concentration C1 C2 C3 C4

Day

15 Day 6 13 8 10
30 Day 11 15 12 13
45 Day 15 20 16 19
60 Day 20 27 23 24
Mean ± S.D. 13 ± 5.94 18.75 ± 6.23 14.75 ± 6.39 16.5 ± 6.24
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(25%) average number of leaves 18.75, whereas C4 (75%) shows 16.5
average number of leaves. The soil combined with composting
shows an increase in the number of leaves than the soil treated
without composting, i.e. Control. It was observed Fig. 2 that the
plant treated with C2 (25%) combination shows maximum height
i.e. 26.97 cm than other combinations. The combination shows
the 18.02 cm C1 (100%), 21.72 cm C3 (50%), 23.12 cm C4 (75%). Overall,
the plants with combination i.e. C2 (25%) showed more height and
number of leaves.

The Fig.4 shows effect of compost on chlorophyll content of spi-
nach plant showed the plants grow in higher concentration of
chlorophyll content as compared to soil i.e. control. C2 (25%) combi-

nation shows 1.12 ± 0.03 mg g-1 and for C4 (75%) it was 1.03 ± 0.0
5 mg g-1, whereas other combination such as C1, C3 shows0.78 ± 0
.03 mg g-1, and 0.97 ± 0.03 mg g-1of Chlorophyll content respec-
tively. The higher chlorophyll content is the sign of physiological
active healthy plants and those which are deprived in their nutri-
tional condition showed poor growth and chlorosis. Chlorosis can
be caused by a nutrient deficiency of iron or by magnesium or
nitrogen consequently, processed pressmud is rich in nitrogen
which is helpful to increase in the chlorophyll pigment level after
application [45].

effect of compost on polyphenol content of spinach plant was
observed where Fig. 5 shows the C1 is less polyphenol content and

Fig. 2. Height (cm) Spinacia oleracea after using the compost.

Fig. 3. Effect of compost on average number of leaves of Spinacia oleracea.
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it was 3.08 ± 0.02 mg g-1while C3 shows 3.45 ± 0.01 mg g �1 of
polyphenol content whereas C2,C4 shows maximum polyphenol
content, it was 3.62 ± 0.03 mg g-1, and 3.88 ± 0.04 mg g-1respec
tively. Hence, the plants rich in antioxidant have established the
greater attention and have been studied comprehensively, since
they can reduce the risks for cardiovascular disease or several types
of cancers [27]. Flavonoid contentwas foundmore inplants inC2 and
C3 combinationwhereas in other combinations itwas similar to that
of plain soil. The Fig. 6 shows the flavonoide content of plant grown
in C2 recorded as 0.84 ± 0.03mg g-1, while flavonoide content of spi-
nach plant grown in other combination, such as C1, C3, C4 were
recorded as 0.78 ± 0.03, 0.81 ± 0.02, 0.47 ± 0.02 mg g-1 respectively.
Flavonoide are the most important plant pigments for flower col-
oration. In higher plant, they are involved in UV filtration, symbiotic
nitrogen fixation and floral pigmentation. They may act as a chemi-
cal messenger or physiological regulators [14].

5.4. Effects of compost improved with humus and growth of spinach
plant

The spinach plant treated with different combination of Dairy
and leaf litter waste showed variation in their height, number of
leaves. The plants treated with combination of compost i.e. C2
observed that maximum height 26.97 ± 12.45 cm and number of
leaves 18.75 ± 6.23 per plant. Similarly C4 combination also
showed increase in height, number of leaves followed by C3 and
C4 combination respectively. The plants improved quantitative
and qualitative characteristics of plants and regulated the major
and a minor nutrient to favorable concentration [34] it is helps
to enhance the growth and yield of plant. The influence of compost
on the mineralized nitrogen content in soil depends, beyond the
quality of available nitrogen, also on the microbiological activity
of the compost. [12].The utilization of organic fertilizer as source
of plant nutrients has several benefits. The addition of organic mat-
ter is improving the ability to retain water, so the ability to provide
ground water for plant growth increases. The addition of organic
matter is improving soil infiltration as the result of rising soil
macro pores and declining its micro pores [6]
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Fig. 4. Effect of compost on chlorophyll content of Spinacia oleracea.

Fig. 5. Effect of compost on Polyphenol content of Spinacia oleracea.
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Fig. 6. Effect of compost on Flavonoide content of Spinacia oleracea.
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6. Conclusion

The outcome of the present study revealed that using combina-
tions of agro industrial waste and litter helps to reduce the waste
generated from Dairy industry, and leaf litter of Shivaji University
Campus. The physicochemical and phyto-chemical characters
showed good result in (Dairy Sludge + Leaf litter) 25 % and 75% com-
post combination as compare to other combination. This study
indicate that both 25 % and 75 % can be promising good organic
manure and to improve soil quality and for plant growth. The pre-
sent study is concluded dairy sludge suitable growth medium and
production cost of biofertilizers is reduced by reused the dairy
sludge as substrate.
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a b s t r a c t

ZnO nanostructures were doped with antimony and characterized for structural and optical properties.
ZnSbO thin films were fabricated by sol–gel spin coating technology. Structural properties of ZnSbO thin
films were investigated by X-ray analysis and FESEM. For determination of transmittance and band gap,
UV spectrophotometer characterization was done. XRD reveals single crystal wurtzite structure of ZnSbO
thin films. Also results decrease in grain size with doping concentration of antimony in zinc oxide thin
films. FESEM and EDAX shows the incorporation of antimony in ZnO. UV spectrophotometer shows
increase in transmittance and band gap with doping concentration of antimony in zinc oxide.These
results can explore in optoelectronics field.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

In this work, sol–gel spin coating fabricated Sb doped ZnO
nanostructures were analyzed. It is a good alternative to tin doped
Indium oxide due to the low cost and absence of any toxicity [1–5].
ZnO represents an optical transparent conducting material [6] due
to wide band gap. Crystal defects, controlled by the deposition pro-
cedures, strongly affect optical properties [7]. Bi and Sb doping is
convenient to modify conduction properties [8,9]. Small quantity
of additional dopant increases the nonlinear optical and electrical
Properties. [10,11].

The fabrication of stable and reproducible p-type ZnO nanos-
tructures thin films are still not well understood. Group V elements
N [12], P [13], As [14], Bi [15] and Sb [16,17] are well known tobe
the most suitable dopants for p-type ZnO.Among various doping
element, Bismuth and Antimony has attracted much attention as
a dopant of ZnO [18,19]. Many workers recently used dopants like
iron, nickel, and even silver to enhance the physical properties in
many ways. The effect of doping in these works clearly suggests
that the metal levels are gathered around conduction band to form
a new set of continuum which decreases the optical band gap
energy of ZnO [20,21]. The decrease in band due to formation of
new energy fermi levels can be effectively achieved by transition
metals however, it is now reported that the metalloids from p-
block can be a suitable dopant and much more efficient than con-
ventional transition metals [22,23].

The dopants do not directly substitute for the oxygen elements
in ZnO, the vacancies near extended defects, such as stacking faults
and dislocations in ZnO structures are expected to be important to
accommodating the large dopants in ZnO films. Bi and Sb have
been suggested as promising dopant that may produce more stable
p-type conductivity and higher hole concentrations.

In this work, we elaborate the fabrication of Sb doped ZnO thin
films using sol–gel spin coating method. Characterizations of
deposited films for structural, optical and electrical properties
were analyzed.

2. Methodology

ZnO and Sb doped ZnO thinfilms were deposited on glass sub-
strates usingsol-gel spin coating technique. Zinc acetate dihydrate
(Zn (CH3COO)2�2H2O), 2methoxy ethanol (CH3O(CH2) OH), anti-
mony acetate, were used as a starting precursor.The mixture of
the solution was vigorously stirred on hot magnetic plate at 60 ͦ c
for 1 h. This prepared solution was used for spin coating after
the aging of the solution for 24 h. The samples were coated repeat-
edly for ten times to get desired thickness. For ten times coating,
thickness obtained in the range of 140 to 150 nm. Preheating treat-
ment is given to samples after each coating and cooled down at
room temperature. The deposited samples were post annealed at
350 ͦ C temperature in open air for one hour. Annealed samples
were characterized for structural and optical properties.

https://doi.org/10.1016/j.matpr.2022.10.020
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3. Results and discussion

3.1. XRD analysis

Fig. 1 shows the XRD patterns of Zn1-xSbxO thin films with
x = 0.005, 0.01, 0.015. All the peaks in the XRD patterns are indexed
to hexagonal structure. A strong (002) peak of ZnO can indicate the
films have a preferred orientation along the c-axis normal to the
glass substrate. As the amount of doped antimony increased, the
intensity and angle of (002) diffraction peak are also decreased
and increased respectively. The XRD results suggest that the addi-
tion of Sb atoms leads to an inhibition of the crystal growth along
the c-axis. Grain size, FWHM calculated from the XRD patterns are
presented in Table 1.

The grain sizes were estimated by applying the Scherer’s equa-
tion to the full width half maximum (FWHM) of the (002) reflec-
tion of ZnO. Calculated grain sizes are 16.14 nm, 14.09 nm and
12.595 nm for 0.5 %, 1 % and 1.5 % of Sb concentration respectively.
Which is less than grain size of pure zinc oxide thin film.

3.2. SEM and EDAX analysis

Figs. 2 and 3 shows FESEM images and EDAXmapping images of
1 % ZnSbO thin films.Field emission scanning electron microscopy

exhibits uniform granular structure of the deposited samples. The
image was revealed that the product has high density. Images of
the thin films were taken at the scale of 5 lm with magnification
of 3,000. No voids and cracks were observed on the films. Disper-
sive X-ray Analysis (EDAX) was performed to find out the concen-
tration of deposited elements. Fig. 3 shows the strong peaks of Zn,
O and weak peak of Sb. Moreover, the concentration of Sb in ZnO
were obtained 0.87 % for 1 % ZnSbO thin films.

3.3. UV–Visible spectroscopy

Fig. 4 shows the optical transmission spectra of Sb doped ZnO
thin films with Sb content of 0.5 %, 1 %, 1.5 % and pure ZnO. The
films present high transmittance in the visible region and are
highly absorbing in the UV range. The transmittance of the films
was observed more than 80 % in the visible which informs about
the presence of low defects density and good quality of the films
[24]. For all films we can see a sharp decrease, at about 390 nm,
relate to the band gap absorption. The average optical transmit-
tance of doped ZnO films as a function of doping concentration
was shown in inset of Fig. 4. In order to calculate the optical band
gap energy (Eg) of the thin films, we used the formula (ahm)2 = A
(hm - Eg) At this juncture, a is absorption coefficient, A is constant;
hm is photon energy and Eg is band gap.

Table 1
Crystallographic data of ZnSbO thin films.

Antimony concentration 2b (�) Intensity FWHM (�) Grain size (nm)

0(ZnO) 34.55 2953 0.25 33.3
0.5 34.34 1015 0.515 16.14
1 34.21 1106 0.59 14.097
1.5 34.2 1058 0.66 12.595

Fig. 2. FESEM image of 1% doped ZnSbO thin films.

Fig. 3. EDAX of 1% doped ZnSbO thin films.

Fig. 4. Transmittance spectra of ZnO, 0.5%, 1% and 1.5% ZnSbO thin films. Inset: Plot
of Average Transmittance vs Antimony concentration.

Fig. 1. XRD pattern of ZnO, 0.5%, 1% and 1.5% ZnSbO thin films.
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Fig. 5 showed plot of photon energy verses absorption coeffi-
cient for ZnO films with various Sb doping concentration. The
extrapolation of the linear region of the curves gives the band
gap values. The band gap values of the films were noted in the
Table 2. The Sb3+ ions affect the localized regions in band gap with
the formation of active levels leading to a decrease in optical band
gap [25,26]. From 0.5 % to 1.5 % Sb doping, the band gap values
show an increase. The corresponding transmittance data is sum-
marized in Table 2.

4. Conclusion

Antimony doped films with different concentration were suc-
cessfully deposited by spin coating technique. Films were studied
and observation shows dramatically decrease in grain size with
hexagonal structure measured by XRD pattern. Grain size
decreases from 33.3 nm to 12.595 nm. by antimony doping. Grain
size reduced due to the lattice distortion caused by difference
between dopant antimony atom and replaced element. FESEM
and EDAX confirm incorporation of Sb in ZnO. Transmittance of
ZnSbO films shows more than 80 % average values of transmit-
tance.More than 80 % transmittance is indicated good optical prop-
erties of the deposited films. Figure of merit values shows the good
quality of deposited films. Band gap is increased from 3.267 eV to
3.332 eV in ZnSbO films. These results can be explored for use of
ZnSbO films in optoelectronics device.
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Table 2
Transmittance data of 0%, 0.5%, 1% and 1.5% ZnSbO thin films.

Antimony
concentration (%)

Average
Transmittance (%)

Band Gap
(eV)

FOM

0 85.28465 3.267 1.9138E-
10

0.5 91.57675 3.314 5.41E-11
1 91.4281 3.329 8.9785E-

11
1.5 92.53568 3.332 5.9473E-

11
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a b s t r a c t

Increasing nitrate contamination in water bodies causing various human health and environmental chal-
lenges. Nitrate enters the human body through the drinking water and causes number of health issues
such as methaemoglobinemia, gastric cancer, hormonal imbalance disorder, birth malformations, hyper-
tention etc. when present in high concentration in drinking water. Hence there is strong need for eco-
nomic and ecofriendly technology to treat the excess nitrate from water.
There are chemical and physical methods are available for removal of nitrate but as compare to such

methods biological methods are considered to be an effective solution due to its low cost, easy availabil-
ity and high efficiency. The present study aims to examine the efficiency of orange peel and wheat straw
an adsorbent for removal of nitrate from aqueous solution. The batch method was used to study the
adsorption. The obtained results from the batch experiment have shown the ability of both the adsor-
bents in removing nitrate. The optimum bio-adsorption of nitrate over orange peel and wheat straw
bio-adsorbent was obtained at contact time = 3 hr., Quantity of adsorbent = 3 g and initial concentra-
tion = 700 mg/l. Obtained results from batch experiment found that the orange peel is more efficient than
wheat straw for nitrate removal. Adsorption isotherm was described by Langmuir isotherm model and
model fitted well.
Therefore, the adsorbents are efficient and cost effective in the treatment of nitrate contaminated

water.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Water is an essential component for all life forms. It’s available
in various resources such as river, lake, spring, ground water etc.,
but due to the developmental activities there is scarcity of avail-
able water resources. Anthropogenic activities are responsible for
contamination of water resources by pollutants. Water pollution
represents risk to the human health and environment.

Nitrogen is essential to life on earth, but it is becoming a crucial
environmental issue due to its increasing use in chemical fertilizers
and the intensive development of industrial activity [1]. In recent
years the quality of potable water has been negatively impacted
by agricultural, commercial and industrial activities and has expe-

rienced rising nitrate (NO3) levels [2]. Several nitrogenous com-
pounds, including ammonia, nitrite and nitrate have been
frequently present in drinking water and various types of agricul-
tural, domestic and industrial wastewater [3]. Among these, nitro-
gen containing fertilizers are regarded as the crucial source of
nitrate contamination in groundwater [4]. Synthetic fertilizer
wastes contain enormous quantities of nitrates. This nitrate is also
the end products of aerobic stabilization of organic nitrogen [5].

Further, nitrate in drinking water may also cause blue baby syn-
drome due to the conversion of hemoglobin to methemoglobin,
which cannot carry oxygen [6]. High concentration also causes gas-
tric & intestinal cancer [7]. Besides this gastric cancer, hypothy-
roidism, hormonal imbalance disorder, birth malformations and
growing hypertension in the human beings is also attributed to
the increased concentration of nitrate in the water [7].

Different organizations and countries have set standards for
NO3 in potable water to safeguard public health from the hazards
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associated with high concentration of nitrate [8]. TheWorld Health
Organization (who) standard has set the allowable maximum con-
centration of nitrate in drinking water 50 mg/l [9].

Nitrate removal from water is challenging task for researchers
because of its high stability and solubility [10]. Therefore, the
removal of nitrate from water is a very critical and essential topic
and has attracted a considerable attention [11].

Various technologies, such as sorption, ion exchange, reverse
osmosis, electrodialysis, chemical reaction and biological transfor-
mation have been developed to remove nutrients and pesticides
from wastewater or prevent them from entering into water system
[12]. However, this technology generally involves high invest-
ments or operational cost. In addition, there is insufficient removal
of nutrients, e.g., total nitrogen (TN) and total phosphorous (TP) in
the secondary effluent of conventional biological wastewater treat-
ment processes [13].

Adsorption is the process that occurs when a gas or liquid solute
accumulates on the surface of a solid or liquid (adsorbent), forming
a molecular or atomic film [26]. Adsorption is very cheap and effec-
tive compared to other methods [30]. Adsorption has been a widely
used technology for NO3– removal. The technique utilizes any of
the following adsorbents: carbon based adsorbents, natural adsor-
bent, agricultural or industrial waste adsorbents. The correspond-
ing nitrate adsorption mechanism could be identified as
electrostatic attraction, anion exchange or pore adsorption [14].
Agricultural by products are usually composed of lignin and cellu-
lose as major constituents and may also include other polar func-
tional groups of lignin which includes alcohol, aldehydes,
ketones, carboxylic, phenolic and other groups, these groups have
ability to bind aquatic pollutant through different binding mecha-
nisms [27]. The solid material used for the adsorption consists of a
porous medium with a high internal surface area [28].

In the present work we have used orange peel and wheat straw
as bio-adsorbent for nitrate removal from aqueous solution. Vari-
ous parameters like contact time, adsorbent dose and initial con-
centration have been investigated.

2. Materials and methodology

Adsorbents:
1 Preparation of adsorbent by Orange peel powder (Citrus

reticulate).
Peels of the orange fruit are collected from local area. Washed

them with distilled water and dried in a hot oven at 100 �C for
24 h. After drying, peels were grinded with grinder. After grinding,
the peel powder was stored in air tight container for further use.

2 Preparation of adsorbent by Wheat straw powder (Triticum
aestivum).

Wheat straw collected from nearby farms and washed with dis-
tilled water, dried in a hot oven at 100 �C for 24 h. Oven dried
wheat straw grinded with grinder to prepare fine powder. This pre-
pared powder was kept in air tight container for further use.

Adsorbate:
The aqueous solution of varied concentrations of nitrate was

prepared. A nitrate aqueous solution of 500 mg/l and 700 mg/l
was prepared by dissolving 36.1 g of KNO3 and 50.5 g of KNO3

respectively in 100 ml of distilled water.
Batch mode adsorption experiment:
Experiment was carried out by using Batch method [29]. Effect

of several parameters (Adsorbent dosage, agitation time and initial
concentration) on adsorption of nitrate on pretreated orange peel
powder and wheat straw powder as adsorbent was studied. In
the batch adsorption method, 100 ml of nitrate solution of known
concentration were agitated with dosage varying from 1 g to 3 g for
both the adsorbents. A retention time of 1 to 4 h were provided. At

the end of experiment, sample was filtered through Whatman no.
42 filter paper.

Estimation of nitrate (NO3)
By using brucine method
This method is based upon the reaction of nitrate ion with bru-

cine sulphate in a concentrated sulphuric acid. After reaction it
forms yellow colour which is measured photometrically. This
method is applicable to the analysis of drinking, surface and
ground water, domestic and industrial wastes.

Final concentration of nitrate was determined after each hour
by spectrophotometer at 510 nm wavelength.

Nitrate removal efficiency was calculated by using following
formula [15].

Removalef f iciency %ð Þ ¼ Co� Cf
Co

X100

Where,
Co = initial concentration of adsorbate.
Cf = final concentration of adsorbate.
Adsorption test
The adsorption capacity (qe) determined using Eq. (1) [32].

qe ¼ ci� ceð Þ
W

� V

Where qe represents the adsorption capacity (mg/g) and Ci and
Ce respectively represents initial concentration and equilibrium
concentration. Where, V stands for volume (L), W stands for the
mass (g) of the adsorbent.

Adsorption isotherm were applied to represent (Langmuir) was
applied to explain the equilibrium adsorption characteristics Eq.
(2) [32] represents the Langmuir’s isotherm.

qe ¼ qmaxKLCe
1þ KLCe

The Langmuir’s isotherm was transformed into its linear form,
as represented in Eq. (3) [32] to determine the adsorption of
parameters.

1
qe

¼ 1
KLqmax

:
1
Ce

þ 1
qmax

Where, qmax represents the maximum adsorption capacity
(mg/g) and KL (L/mg) is the Langmuir’s isotherm constant which
shows the binding affinity between nitrate and adsorbents. The
separation factor (RL) was calculated using Eq. (4) [32].

RL ¼ 1
1þ Ci� KL

There are four probabilities for RL values. Where, RL is the
dimensionless Langmuir constant which indicate the adsorption
possibility either favorable (0 < RL < 1), unfavorable (RL > 1), linear
(RL = 1) or irreversible adsorption (RL = 0) [33].

3. Results and discussion

Effect of different experimental conditions
As adsorption is affected by chemical and physical variables, the

influence of adsorbent dosage, agitation time and initial NO3 con-
centration are investigated in this study.

Effect of the adsorbent dosage:
The study was carried out to determine the effect of adsorbent

dosage on the concentration of nitrate. One of the parameters that
strongly affect the sorption capacity is the dosage of the adsorbent
[16]. In general, increase in adsorbent dosage increased the percent
removal of nitrate, which is due to the increase in adsorbent sur-
face area of the adsorbents [3]. The increase in the number of
active adsorption sites and the availability of the adsorption sites
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increases the adsorption capacity [18]. Sorption of NO3 increased
as the sorbent amount increased [19].

Various amounts of the adsorbents ranging from 1 g to 3 g were
taken in 100 ml of aqueous solution in a conical flask and tested for
retention time of 1 hr. These samples were filtered and analyzed.
As per the results, it is observed that removal efficiency increases
with respect to dosage. In the present study, 3 g per 100 ml is
found to be the optimum dose with decrease in the concentration
of nitrate. In orange peel and wheat straw, it was found that higher
doses lead to higher removal efficiency for nitrate.

It is evident from (Fig. 1) removal efficiency increases with the
amount of adsorbent dosage.

Effect of the agitation time:
The agitation time is an important factor in adsorption process.

Fig. 2 shows the effect of agitation time on removal capacity of
nitrate ion from aqueous solution of nitrate by using orange peel
and wheat straw. The effect of agitation time for adsorbent with
nitrate solution in batch experiment was done under different time
values i.e. 1 hr, 2 hr, 3 hr and 4 hr. The obtained results reveal that
the nitrate removal efficiency was increased as the agitation time.
It was seen that the efficiency of adsorbent for the removal of
nitrate increased rapidly and then remained stable and achieved
the adsorbent equilibrium time.

The effect of contact time was evaluated as an effective factor in
efficient uptake [17]. It can be attributed to the fact that more time
becomes available for the organic substances to stick with the
adsorbent surface, as well as surface adsorption increases with
time [21]. In some cases, the percent removal started to decrease
which indicates that the adsorbent reach its optimum adsorption
and desorption of the organic substances from the surface of adsor-
bent occurs [21]. The rate of adsorption declined as the active sites
became saturated [6].

It is evident from (Fig. 2) that removal efficiency increased
rapidly with agitation time and then remained stable after achiev-
ing adsorbent equilibrium time.

Effect of the initial concentration
The efficiency of nitrate removal was affected by the initial

nitrate ion concentration. To determine the performance of adsor-
bent for the adsorption of nitrate it was necessary to introduce dif-
ferent initial concentrations. The influence of initial concentration

of solution on the adsorption of nitrate was done with the two ini-
tial concentrations 500 mg/l and 700 mg/l are presented in Fig. 3.
The result clearly shows that adsorption capacity enhanced with
increase in the initial concentration of nitrate.

The nitrate removal efficiency of Citrus limetta (Mosambi) peel
increased with increase in initial nitrate concentration [7]. The
relation of available number of nitrate ion in solution to the avail-
able binding sites of adsorbent can be used to report for high
nitrate adsorption capacity in high initial concentration [11]. With
increase in the initial concentration of NO3– ions, the number of
ions transported from the solution to the bulk of the adsorbent
increases and facilitates the interaction between NO3– ions and
active sites of the bio-adsorbent [17].

Adsorption on orange peel (Citrus reticulate)
Orange peel is the material used as bio-adsorbent for removing

nitrate from aqueous solution. Orange peel is an economic and
easily available bio-adsorbent.

The main components of Orange peel are cellulose, pectin,
hemicelluloses and lignin which contain functional group as possi-
ble binding sites [16]. The fruit peel waste (FPW) produced by the
industry is an abundantly available material with practically zero
cost which has been extensively studied as an important adsorbent
for the removal of different pollutants from waste waters [22].
Orange peels which control the following parameter in the indus-
trial waste water such as pH, COD, TSS (Total suspended solids),
TDS (Total dissolved solids), chloride, Sulphate and total nitrogen,
nitrate and nitrite, total phosphorous [23].

Table 1 shows the removal efficiency of orange peel for the NO3

at different adsorbent dosage (1 g to 3 g), agitation time (1 hr to 4
hr) and initial concentrations (500 mg/l and 700 mg/l). Efficiency of
orange peel increased with adsorbent dosage, agitation time and at
high initial concentration removal efficiency is found more as com-
pared to low initial concentration. As per the observations, the
removal efficiency of orange peel for the NO3 removal was about
64 % to 81 %.

Adsorption on wheat straw (Triticum aestivum)
Wheat straw is the material used as bio-adsorbent for removing

nitrate from aqueous solution. It is low cost and easily available
material.

Fig. 1. Effect of adsorbent dosage on nitrate removal efficiency.
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Fig. 2. Effect of agitation time on nitrate removal efficiency.

Fig. 3. Effect of initial concentration of nitrate on removal efficiency.

Table 1
Efficiency of orange peel powder for the removal of nitrate, based on its quantity, agitation time and initial concentration of aqueous solution of nitrate.

Sr. No. Agitation time (hr) Initial concentration of adsorbate (mg/l) Removal efficiency (%) for various adsorbent dosage

1 g 2 g 3 g

1 1 500 64.5 ± 0.5 67.13 ± 0.321 69.43 ± 0.404
2 2 500 68.13 ± 0.416 69.96 ± 0.950 71.46 ± 0.450
3 3 500 73.23 ± 0.493 75.63 ± 0.550 77.43 ± 0.404
4 4 500 73.23 ± 0.493 75.63 ± 0.550 77.43 ± 0.404
5 1 700 65.96 ± 0.950 69.23 ± 0.585 73.2 ± 0.624
6 2 700 71.36 ± 0.404 73.3 ± 0.264 77.3 ± 0.360
7 3 700 75.43 ± 0.450 78.36 ± 0.404 81.3 ± 0.360
8 4 700 75.43 ± 0.450 78.36 ± 0.404 81.3 ± 0.360
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The straw body is generally composed of macromolecules such
as cellulose, hemicelluloses, lignin and protein which consist of C,
H, O, N and S. These macromolecules contain functional groups
such as hydroxyl, carboxyl and amino groups. These functional
groups have strong coordination ability [24]. Wheat straw (WS)
is one of the best-known fiber crops, whose industrial potential
is now being intensively reconsidered [25].

Table 2 shows the removal efficiency of wheat straw for the NO3

at different adsorbent dosage (1 g to 3 g), agitation time (1 hr to 4
hr) and initial concentrations (500 mg/l and 700 mg/l). Efficiency of
wheat straw increased with adsorbent dosage, agitation time and
at high initial concentration removal efficiency is found more as
compared to low initial concentration. As per the observations,
the removal efficiency of wheat straw for the NO3 removal was
about 22 % to 53 %.

Langmuir isotherm
The adsorption capacity of nitrate was investigated using Lang-

muir isotherm model. The experimental data of the isotherm
model is summarized in Table 3.

Adsorption isothermmodels are commonly used to describe the
adsorption mechanism. In this study, Langmuir isotherms were
used to analyze the experimental data. A linear plot confirms the
applicability of Langmuir isotherm [5]. An adsorption isotherm
provides useful information about adsorption capacity, binding
affinity as well as the surface properties of the bioadsorbent which
help understand the binding mechanism of adsorbate [32]. Adsorp-
tion isotherms are useful for understanding the mechanism of the
adsorption. Langmuir model assumes that adsorption takes place
at specific homogeneous sites on the surface of the adsorbent
and also, when a site is occupied by an adsorbate molecule, no fur-
ther adsorption can take place at this site [31].

Graph and results of Langmuir isotherm were drawn by using
OriginPro2021b.

The plot of both the graphs is linear therefor it confirms the
applicability of Langmuir isotherm from Fig. 4 and Fig. 5 [5]. There
are four probabilities for RL values. Where, RL is the dimensionless
Langmuir constant which indicate the adsorption possibility either
favorable (0 < RL < 1), unfavorable (RL > 1), linear (RL = 1) or irre-
versible adsorption (RL = 0) [33]. The value of separation factor
(RL) in Langmuir isotherm model represents the suitability of
adsorption. RL value for nitrate adsorption on Orange peel
is � 0.21 and for wheat straw is � 0.49 which are greater than zero
and smaller than one which is favorable for adsorption. So, it is
clearly observed from results obtained by applying the Langmuir
isotherm shows the favorable adsorption of nitrate on orange peel
powder and wheat straw powder.

4. Conclusion

In this study Orange peel and Wheat straw was used success-
fully for the adsorption of nitrate from their aqueous solution.

Table 2
Efficiency of wheat straw powder for the removal of nitrate based on its quantity, agitation time and initial concentration of aqueous solution of nitrate.

Sr. No. Agitation
time (hr)

Initial concentration
of adsorbate (mg/l)

Removal efficiency (%) for various adsorbent dosage

1 g 2 g 3 g

1 1 500 22.46 ± 0.450 33.23 ± 0.585 36.46 ± 0.450
2 2 500 38.36 ± 0.472 43 ± 0.8 46.13 ± 0.251
3 3 500 42.6 ± 0.6 48.23 ± 0.493 51.33 ± 0.416
4 4 500 42.6 ± 0.6 48.23 ± 0.493 51.33 ± 0.416
5 1 700 26.33 ± 0.351 36.36 ± 0.472 38.23 ± 0.585
6 2 700 39.3 ± 0.264 45.36 ± 0.472 46.4 ± 0.4
7 3 700 44.26 ± 0.305 51.33 ± 0.351 55.3 ± 0.3
8 4 700 44.26 ± 0.305 51.33 ± 0.351 55.3 ± 0.3

Table 3
Results of Langmuir isotherm for adsorption of nitrate.

Adsorbent qmax (mg/g) KL RL R2

Orange Peel 55.80357143 0.0077647 0.20320353 0.77
Wheat Straw 94.25070688 0.00211639 0.48586293 0.71

Fig. 4. Langmuir isotherm for Orange peel powder. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

Fig. 5. Langmuir isotherm for wheat straw powder.
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The obtained results revealed that the adsorption of nitrate ions is
time dependent, dosage dependent and initial concentration
dependent. Nitrate removal efficiency increases with the quantity
from 1 g to 3 g and 3 g is optimum quantity for removal of nitrate.
Nitrate removal efficiency increased with agitation time rapidly
and then remained stable after achieving equilibrium time.
Removal efficiency is more in high initial concentration as com-
pared to low initial concentration. The Langmuir adsorption iso-
therm illustrated the favorable adsorption of nitrate on orange
peel and wheat straw powder. Various physical and chemical
methods are used for removal of nitrate but those method requires
high cost, man power and skilled person etc. but use of bio-
adsorbent for nitrate removal is simple, low cost and environment
friendly. Orange peels and wheat straw are inexpensive natural
waste and readily available, thus this study provides a cost effec-
tive means for removal of nitrate ions from contaminated water.
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a b s t r a c t

The measurement-system mainly consists of sensing-element, signal conditioning circuit and signal-
processing unit. The sensing-element of a measuring system is directly affected by materials carrying
quantity to be measured. This system supports solid or semi-liquid material. This paper signifies the
designed system for dielectric constant measurement using Arduino with Wi-Fi and capacitive sensing
element which sends/shows information continuously on android app or cloud to build IoT based system.
With the help of Polarization, Dielectric properties, Cole-Cole diagram, Microwave Measurement

Methods and Arduino with IC-555, many techniques with limitations and complications are available
to calculate dielectric constant. But this advanced system consists only Arduino without any other bulky
circuit. In this system, measurement of dielectric constant depends on parameters of capacitive sensing
element and property time constant of capacitor. Capacitor with larger capacitance takes more time to
charge as well as discharge. The charging and discharging voltage of the capacitor is applied to
Arduino (WeMos D1-R1) with signal conditioning. Here, from capacitance, dielectric constant of material
is calculated and verified with standard values. WeMos D1-R1 Arduino has Wi-Fi facility to transmit data
continuously on cloud. Designed system gives the capacitance, dielectric constant of substance, and dis-
plays it on android app and cloud or website with accuracy about approximately 99.46%.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

The elements are insulators or dielectric materials, conductors,
and semiconductors. Insulators or dielectrics play vital role in our
day-to-day life appliances as well as all electrical and electronic
equipments. The applications of dielectric constant measurement
system are in quality testing of various fruits and vegetables [1].
Also useful in transformer manufacturing, for dielectric properties
measurements of paper, pressboard and transformer oil, with
effect of the ageing and moisture [2,3].

Electronic circuits having high frequency applications uses
dielectric-material and the working principle of all high-
frequency circuits depends on the dielectric properties of the
material. In designing of high frequency circuits, it is necessary
to have proper acquaintance of the properties of the dielectric
materials particularly the dielectric constant (real-part of complex
permittivity) and loss tangent at the working conditions [4].
Dielectric property is also a key parameter of plant and fruits
mainly due to the large amount of water content and the structure
of the biomaterials. Dielectric materials are electrically insulating
materials which will be polarized under an electric field, such a
phenomenon is called as dielectric polarization. The dielectric
properties of material give considerable data about the dissipation
and storage of magnetic and electric fields in materials [5]. The
permittivity expresses the polarizability of the material. The per-
mittivity is always in the form of complex number and its real part

https://doi.org/10.1016/j.matpr.2022.10.022
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Abbreviations: IoT, Internet of Things; RF, Radio Frequency; TDR, Time domain
spectroscopy.
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is generally known as dielectric constant. Though the perfect
dielectric material has electrical conductivity zero, every insulator
is not a dielectric-material [6].

2. Dielectric property measurement techniques

Ninety-three years ago, polar dielectrics and modelling studies
were used to determine grain moisture content and permittivity
measurement techniques were based on dc electrical resistance
[7]. A non-linear rise in the resistance of grains, as the temperature
decreased provides useful readings [8]. The ac measurement tech-
niques used to measure the variations in capacitance and suitable
sample holding capacitors were industrialized [9]. Based on the
dielectric properties, grain moisture measurement data turn out
to be the most projecting agricultural applications. Novel instru-
ments with their calibration led to the advance of a standard oven
technique that more contributed to several applications of RF
dielectric heating and added the pursuit for more quantitative val-
ues. In past 25 years, techniques of the permittivity measurement
have been extended and used to various bio-resource, food and
agricultural problems.

The dielectric properties of the food or agricultural materials in
the microwave region can be resolute by numerous methods using
different micro-wave measuring sensors [10]. The use of specific
method be subject to the expected frequency range and the type
of the material to be tested. Selection of the equipment for mea-
surement and sample holder design depends upon the dielectric
materials to be examined, available equipment, resources for the
studies and the extent of the research [11]. For measuring the
dielectric-properties of homogeneous food materials, the cavity
perturbation technique is often used because of its simplicity, easy
data reduction, accuracy, and high temperature capability [12]. The
transmission line technique is inconvenient because the sample to
be available in annular geometry or a slab. Only the coaxial line
technique is practical because of the requirement of larger size of
the waveguide [13]. A microwave resonator completely filled or
partly with a material can be used in the measurement of the per-
mittivity. The resonator or perturbation technique is generally
standardized with materials having known dielectric properties,
typically with organic solvents like ethanol, methanol, etc. The fre-
quency range for measurement is from 50 MHz to 100 GHz. If the
transmission line is enclosed (waveguide), it is possible to measure
the permittivity of a material without the resonator by keeping it
inside the waveguide directly. The method is applicable to all solid
and liquid materials, but not for the gases because of lower permit-
tivity of gas [14]. TDR (Time domain spectroscopy) or reflectome-
try methods were developed in the 1980 s and applied in studies
related to dielectric properties of the food materials. Basically, to
compute dielectric properties, the reflection characteristic of the
material is utilized. This measurement method is rapid and gives
high accuracy, within very small percent error [15]. Free space
transmission technique is grouped under nondestructive and con-
tactless measuring methods. It does not require particular sample
preparation. So, it is mostly suitable for inhomogeneous dielectric
and for material at the high temperature. Moreover, it may be sim-
ply implemented in industrial applications for control and contin-
uous monitoring. e.g., density measurement and moisture content
determination [16]. In microstrip transmission line method, micro-
strip has been used as microwave component, it shows numerous
properties which overcome some limitations, hence makes it suit-
able for dielectric permittivity measurement. The effective permit-
tivity of a microstrip transmission line highly depends on the
permittivity of region above line. This is used in designing of the
microwave circuits and to smaller amount examination of dielec-
tric permittivity [17]. The Colloid Dielectric Probe is implemented

in permittivity evaluation of the colloidal liquid material in phar-
maceutical, chemical, biochemical, and food industries. It works
from 200 kHz � 20 MHz with the precision LCR meter [11].

3. Methodology

The IoT based dielectric constant measurement system is
designed using Arduino WeMos D1R1. Here, non-polar capacitor
is built by using two parallel copper plates with dimensions 0.05
m � 0.015 m as shown in Fig. 1, with gap of 0.10 mm and air as
a dielectric material between them. On LCR meter, it gives capaci-
tance 64.1pF with small variations as shown in Fig. 2.

The parallel plate capacitor is interfaced with Arduino WeMos
D1R1at pins D13 and A0 as shown in Fig. 3.

Fig. 1. Photograph of parallel plates of designed capacitor.

Fig. 2. Photograph of designed capacitor with air as dielectric medium for
capacitance measurement using LCR meter.

Fig. 3. Photograph of dielectric constant measurement system using Arduino
WeMos D1R1 for parallel plate capacitor with air as dielectric medium.
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This system is useful for the capacitance measurement from
20pF to 1000nF. Arduino C program is written to measure capaci-
tance and dielectric constant with logic shown in Fig. 4.

The unknown capacitor is connected between D13 and A0.
Here, pin D13 is used as the charging pin and pin A0 used as the
discharging pin. Initially, the unknown capacitor is charged by set-
ting D13 as HIGH and measure the voltage at A0 from the following
formula.

VA0 ¼ ðVA2 � CTÞ=ðCT þ CIÞ

where

VA0 = voltage at pin A0,
VA2 = voltage at pin A2,
CT = capacitor under test and.
CI = internal capacitor.

But voltage at A0 is measured with the help of analog read func-
tion. Hence, using that value in the above equation, the unknown
capacitance is obtained.

CT = (CI � VA0)/(VA2 � VA0) [18].

Substituting distance between parallel plates (d), area of rectan-
gular plates (A) and e0 = 8.84 � 10�12 in standard equation er = CT-
�d/(A�e0) [19], dielectric constant of the material placed between
two copper plates is calculated. Figs. 5 and 6 shows readings of

Dielectric constant measurement system on designed Android
app and webpage respectively.

Specifications of LCR Meter:

� Brand Name: Aplab.
� Type of Product: Digital LCR Q - Meter.
� Model No: Aplab 4910.
� Measurement Frequency: User selectable 100 Hz or 1KHz.
� Display: 3½ Digit.
� Operating Temp. Range: 0� to 40 �C.
� Measurement Ranges.

Inductance Range: 0.1lH to 9999H.
Capacitance Range: 0.1pF to 9999lF.
Resistance Range (Ohm): 0.001 to 100 M.
Quality Factor: 0.1 to 99.

� Resolution.
Inductance: 0.1lH.
Capacitance: 0.1pF.
Resistance: 0.001 O.
Quality Factor: 0.01.

� Accuracy: ±0.25%.

Features of WeMos D1R1:

� 11 � I/O � pin.
� 1 � ADC � pin (input range 0–3.3 V).
� Support OTA wireless upload.
� Integrated 5 V 1A switching power supply (maximum voltage
24 V).

� Based on ESP-8266EX.
� Arduino compatible, using IDE Arduino to program.
� CPU 80 MHz [20].

Following tables and graphs show measured capacitance and
dielectric constants of air, mica, glass and talcum powder at differ-
ent temperatures with accuracy about approximately 99.46%.

Fig. 4. Flowchart for capacitance measurement using WeMos D1R1 for nonpolar
capacitors with the range 20 pF–1000 nF.

Fig. 5. Screenshot of designed Android app showing readings of dielectric constant
measurement system.
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Accuracy is calculated by using formula: Accuracy = (1 � (Obse
rved value � Actual value)/Actual value) � 100.
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Fig. 6. Screenshot of designed webpage showing readings of dielectric constant measurement system.
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4. Conclusion

The IoT based dielectric and capacitance measurement system
using Arduino WeMos D1R1 is designed and developed for non-
polar capacitor. The non-polar capacitance measurement range
20 pF to 1000 nF is tested. Accuracy of capacitance varies depend-
ing on the value of capacitance. Designed capacitor provides
approximately 99% accuracy for the range 20 pF to 600 pF. Major
application of this system will be in various industries where not
only capacitance and dielectric property measurement is required
but also that storage is possible and available anywhere, anytime
as it is IoT based. For different size and shape of material, modifi-
cation in program and capacitor like area of plates and distance
between plates is required. Dielectric constant of material placed
between two plates can be easily measured. This increases applica-
tion of this system in quality testing of various fruits and vegeta-
bles. Also useful in transformer manufacturing, for dielectric
properties measurements of paper, pressboard and transformer
oil, with effect of the ageing and moisture.

CRediT authorship contribution statement

Somnath A. Wankhede: Methodology, Software, Data curation,
Writing – original draft, Visualization, Investigation. Vijay S. Kale:
Conceptualization. A.D. Shaligram: Supervision. Arun Patil: Vali-
dation. Dharma K Halwar: Writing – review & editing.

Data availability

The data that has been used is confidential.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

References

[1] Dalia El Khaled, Nuria Novas, Jose A. Gazquez, Rosa M. Garcia and Francisco
Manzano-Agugliar, Fruit and Vegetable Quality Assessment via Dielectric
Sensing, Sensors 15 (2015) 15363–15397; doi: 10.3390/s150715363.

[2] Martin Anglhuber, Michael Krüger, Dielectric analysis of high voltage power
transformers, OMICRON electronics, Klaus, Austria.

[3] C.F. Ten, M.A.R.M. Fernando, Z.D. Wang, Dielectric properties measurements of
transformer oil, paper and pressboard with the effect of moisture and ageing,
in: 2007 Annual Report - Conference on Electrical Insulation and Dielectric
Phenomena, Canada, ISSN: 0084-9162.

[4] G.W. Parker, Electric field outside a parallel plate capacitor, Am. J. Phys. 70
(2002) 502–507.

[5] G.T. Carlson, B.L. Illman, The circular disk parallel plate capacitor, Am. J. Phys.
62 (1994) 1099–1105.

[6] Raham Brodie, Mohan V. Jacob, Peter Farrell, Microwave and Radio-Frequency
Technologies in Agriculture, An Introduction for Agriculturalists and Engineers,
Publisher: De Gruyter Open Poland, ISBN: 9783110455397, Published:
February 22, 2016.

[7] P. Debye, Polar Molecules. The Chemical Catalog Company, New York, 1929,
pp. 172.

[8] S.O. Nelson, Dielectric properties of agricultural products - Measurements and
applications, IEEE Trans. Electr. Insulat. 26 (5) (1991) 845–869.

[9] S.O. Nelson, Measurement of microwave dielectric properties of particulate
materials, J. Food Eng. 21 (3) (1994) 365–384.

[10] A. Kraszewski, Microwave Aquametry – Electromagnetic Interaction with
Water Containing Materials, IEEE Press, Piscataway, NJ, 1996.

[11] M.S. Venkatesh, G.S.V. Raghavan, An overview of dielectric properties
measuring techniques, Can. Biosyst. Eng. 47 (2005).

[12] A.C. Metaxas, R. Meredith, Industrial Microwave Heating (IEEE Power
Engineering Series), Peter Peregrinus, Piscataway, NJ, 1983.

[13] L.E. Stetson, S.O. Nelson, A method for determining dielectric properties of
grain and seed in the 200- to 500-MHz range, Trans. ASAE 13 (4) (1970) 491–
495.

[14] S.E. Engelder, C.R. Buffler, Measuring dielectric properties of food products at
microwave frequencies, Microwave World 12 (2) (1991) 6–15.

[15] M.N. Afsar, J.R. Birch, R.N. Clarke, G.W. Chantry, The measurement of the
properties of materials, IEEE Trans. Instrum. Meas. 74 (1) (1986) 183–199.

[16] A.W. Kraszewski, Microwave aquametry - A review, J. Microwave Power 15 (4)
(1980) 209–220.

[17] R.B. Keam, W.S. Holmes, Uncertainty analysis of measurement of complex
permittivity using microstrip transmission line, in: Proceedings SBMO/IEEE
MTT–S, IMOC’95, 137–142. IEEE, Piscataway, NJ, 1995.

[18] Anusha, Arduino Capacitance Meter, ELECTRONICS HUB, https://
www.electronicshub.org/arduino-capacitance-meter.

[19] T.T. Grove, M.F. Masters, R.E. Miers, Determining dielectric constants using a
parallel plate capacitor, American Association of Physics Teachers, Am. J. Phys.
73(1), January 2005, http://aapt.org/ajp.

[20] https://protosupplies.com/product/esp8266-di-wifi-with-uno-footprint/.

S.A. Wankhede, V.S. Kale, A.D. Shaligram et al. Materials Today: Proceedings 73 (2023) 474–480

480

http://10.3390/s150715363
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0020
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0020
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0025
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0025
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0040
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0040
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0045
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0045
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0050
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0050
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0050
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0055
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0055
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0060
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0060
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0060
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0065
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0065
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0065
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0070
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0070
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0075
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0075
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0080
http://refhub.elsevier.com/S2214-7853(22)06515-4/h0080
https://www.electronicshub.org/arduino-capacitance-meter
https://www.electronicshub.org/arduino-capacitance-meter
http://aapt.org/ajp
https://protosupplies.com/product/esp8266-di-wifi-with-uno-footprint/


Synthesis of Benzimidazole and Benzothiazole Derivatives using
Reusable Waste Stem of Trigonella Foenum-graecum Assisted Zinc
Sulphide Nanoparticles: A Green and Efficient Solid Acid Catalyst

Arun K. Valvi a, Hemangi J. Gavit a, Shubhada S. Nayak b, Vitthal S. Shivankar c, Gurumeet C. Wadhawa b,⇑
aAnnasaheb Awate Arts, Commerce and Hutatma Babu Genu Science College, Manchar, Pune, Maharashtra, India
bRayat Shikshan Sanstha’s Karmaveer Bhaurao Patil College, Vashi, Navi Mumbai, India
cRayat Shikshan Sanstha’s Chhatrapati Shivaji College, Satara, Maharashtra, India

a r t i c l e i n f o

Article history:
Available online 21 October 2022

Keywords:
Benzimidazole
Benzothiazole
Condensation reaction
Nanoparticles
Plant extract

a b s t r a c t

In this study, the simple and rapid methods for the preparation of benzimidazole and benzothiazole by
the condensation of o-phenylenediamine with the aromatic aldehyde in presence of the zinc sulphide
nanoparticles derived from the waste stem of the Trigonella foenum-graecum. The catalyst was prepared
by using the waste stem of the Trigonella foenum-graecum. Most of the reaction carried under the mild
condition with very high excellent yield. The method is used for the aromatic, unsaturated and heteroaro-
matic aldehyde. The main advantage of this method is that it takes very short reaction time, solvent free
reaction condition, reusable catalyst, milder reaction, easy workup and waste stem of the plant was used.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022. All rights reserved.

1. Introduction

Naturally occurring nucleotides, i.e., adenine base of the DNA, as
well as a component of vitamin B12 have extensively been used in
drug synthesis and medicinal chemistry containing the benzimida-
zole or 1H-1,3-benzothiazole-based heterocyclic compounds
(shown in fig.) [1–6]. Due to the presence of aromatic ring and
nitrogen present in the ring of Benzimidazoles, it can show the
large number of the biological activity such as antiviral activities
[7–8], anticancer [9–11], antidiabetics [12,13], level modulators
[14], antimicrobial [15–17], anti-inflammatory [18–20], and
antioxidant [21].

There are various methods for the synthesis of benzimidazole
derivatives. The most common traditional methods are coupling
of the nitriles, amides, esters, chlorides, carboxylic acids with the
o-phenylenediamine [22–23]. There are several methods in which
thermal, microwave or the sonication method was used, most of
time the benzimidazoles synthesized using the condensation of
orthophenyl diamine with 2-nitroamines [24], aldehydes [25], car-

boxylic acids [26], carbonitriles, [27], arylamino oximes [28],
cyclization of o-bromoaryl derivatives [29] and orthoesters [30].

The second route involves condensation reactions between o-
phenylenediamine and aldehyde or alcohols via a dehydrogenated
coupling, followed by oxidative cyclode hydrogenation [24,25], but
in many of these methods, a stoichiometric number of oxidizing
agents is a prerequisite [26–29].

Other important method which involves the direct regioselec-
tive C-2 arylation of imidazole with aryl halides using Pd(II)/Cu(I)
catalytic amount at the high temperature, or pressure with low
yield. There are several green catalyst like the inorganic salts zeo-
lites [31–33], micelles [34], heterogeneous ionic liquid gel [35],
metal oxides [36–40] p-toluenesulfonic acid/graphite and N,N-
dimethyl aniline/graphite [41], benzimidazoles using various cata-
lysts such as rose bengal [42], NH4Cl [43] ytterbium perfluorooc-
tane sulfonates (Yb(OPf)3) [44] and base or metal catalysts [45]
produces benzimidazoles. Generally, the condensation of o-
phenylenediamines with aldehydes in the presence of acid [20],
the dehydration of N-acylated, o-phenylenediamines using acetic
acid [46], p-TSA [47] or amberlyst-15 Other methods include con-
densation of o-phenylenediamines with carboxylic acids, nitriles
and ortho-esters under dehydrating conditions [48].
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Benzothiazole derivatives are known for different biological
properties, including antitubercular, antimalarial, anticonvulsant,
antihelmintic, analgesic, antidiabetic, antimicrobial, antibacterial,
antifungal, herbicidal, antiproliferative and anti-inflammatory
activities [49–52]. These compounds have shown antitumor activ-
ity against a range of human breast, ovarian, and colon cancers
[53,54]. They are also useful for the in-vivo diagnosis of Alzheimer’s
disease [55,56].

Conventionally, 2-substituted benzothiazoles are synthesized
by condensation of 2-aminothiophenol with aldehyde derivatives
in different conditions. Various catalysts such as ZnO-beta zeolite
[56], solid silica supported ferric chloride (SiO2-FeCl3) [57], glucose
oxidase (GOX)/chloroperoxidase (CPO) [58], perchloric acid–doped
polyaniline (HClO4/PANI) [59], Sc(OTf)3 [60], YCl3 and mixed metal
oxide nano crystals of Al2O3-Fe2O3, Al2O3-V2O5 and Al2O3-CuO
were used in the synthesis of benzothiazoles. However, there is
still room for improvement in the present methods to overcome
the limitations and disadvantages of using organic solvents, long
reaction times, lower yields and tedious work-up procedures. In
this paper, we have reported the development of an environmental
friendly protocol for the synthesis of 1,3-benzothiazole derivatives.

Nowadays, ZnS is an important member of this family as it has
been extensively investigated [26]. ZnS nanoparticles have
attracted a tremendous amount of attention because of their
remarkable properties such as low cost, easy synthesis, high stabil-
ity, small size etc [27]. Because of the importance of benzimida-
zoles and the catalytic ability of ZnS nanoparticles in the organic
reactions, we wish to report a facile and efficient method for the
synthesis of benzimidazole derivatives in the presence of catalytic
amounts of ZnS nanoparticles in ethanol as solvent at 70�C.

2. Experimental

Chemicals are used of the S.D.Fine chemicals and Loba Chemi-
cals products were characterized by their physical constant via
the comparison with the authentic samples. Samples are purified
by using column chromatography and progress of the reaction
was monitored by using thin layer chromatography. Thin layer
chromatography was performed using the aluminium plates with
silica coating.

2.1. Synthesis of ZnS nanoparticles

ZnS nanoparticles were prepared by chemical method [5]. The
reactants used for synthesis of ZnS nanoparticles were sodium sul-
phide (Na2S�7H2O) and Zinc sulphate (ZnSO4�5H2O). Using stoi-
chiometric ratio in grams, 1 M solution of each reactant was
prepared in distilled water. Freshly prepared aqueous solutions
of these chemicals were used for the synthesis of nanoparticles
at room temperature. The ZnS nanoparticles were prepared in
the following sequence: First the extract prepared fromwaste stem
of the Trigonella foenum-graecum (0.25 g) was added to the Zinc
sulphate solution. The solution containing sodium sulphide was
then added drop wise in solution of zinc sulphate and extract
under continuous stirring until the white precipitates were
formed. Stirring was done for 20 min to complete the reaction.

These precipitates were washed several times with distilled
water to remove the impurities of sodium. After washing, the pre-
cipitates were centrifuged and dried at 100�C for 24 h. After drying,
nanoparticles were grinded to achieve fine powder for
characterization.

2.2. General procedure for the synthesis of benzimidazole derivatives

o-phenylenediamine (1 mmol) was added to a mixture of plant
assisted nanoparticles (30 mg) and aldehyde (1 mmol) and the

resulting mixture was sonication on the probe sonicate. After com-
pletion of the reaction, as monitored by TLC (EtOAc: hexane 5:5),
ethyl acetate (20 mL) was added and the catalyst was separated
by filtration. The solvent was then removed under reduced pres-
sure and the resulting solid product was recrystallized from etha-
nol, producing the pure product in good to high yields.

2.3. General procedure for the synthesis of benzothiazole derivatives

o-phenylenediamine (1 mmol) was added to a mixture of Plant
assisted nanoparticles (30 mg) and aldehyde (1 mmol) and the
resulting mixture was sonication on the probe sonicate. After com-
pletion of the reaction, as monitored by TLC (EtOAc: hexane 8:2),
ethyl acetate (20 mL) was added and the catalyst was separated
by filtration. The solvent was then removed under reduced pres-
sure and the resulting solid product was recrystallized from etha-
nol, producing the pure product in good to high yields.

2.4. UV–visible spectrum for ZnS nanoparticles

The UV–Visible spectrum of the prepared ZnS nanoparticles is
shown in the Fig. 1. It shows a strong absorption peak around
265–270 nm which is large blue shifted from the bulk absorption.
From the absorption peak the optical energy band gap of ZnS
nanostructure has been calculated using the formula, Egn = hmgn =
hc/kgn where h is plank’s constant and Eg is energy band gap of the
semiconducting nanoparticles in the optical spectra.

2.5. XRD study

X-ray diffraction patterns of the synthesized ZnS colloidal pow-
ders have been depicted in Fig. 2. The XRD traces shows that the
prepared zinc sulphate is crystalline having zinc blende type struc-
ture. The cubic zinc blende structure was confirmed from the
agreement of 2h values with standard data. Fig. 2, showed three
diffraction peaks at 2h values of 28.96, 48 and 56.52. The peaks
were identified to originate from (111), (220) and (311) planes
of the cubic zinc-blende phase of ZnS, respectively.

The particle size calculated using Debye Scherer formula was
2.8 nm. The Debye Scherer formula is D = 0.9 k/(b cos h) (2) where
D is the mean grain size, k is the X-ray wavelength, h is the diffrac-
tion angle and b is full width at half maximum.

Fig. 1. UV spectrum of prepared ZnS nanoparticles.
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2.6. FTIR

The FTIR spectrum of ZnS nanoparticles at room temperature is
shown in Fig. 3. This spectrum shows the IR absorption due to the
various vibration modes. The characteristic major peaks of ZnS can
be observed at about 1060, 1236, 1404, 788, 592, which are in good
agreement with the reported results. The observed peaks at
1538 cm� 1 – 1659 cm� 1 are assigned to the C@O stretching
modes, and also the broad absorption peaks in a range of
3434 cm� 1 – 3965 cm� 1 correspond to OAH stretching modes
arising from the absorption of water on the surface of nanoparti-
cles via � COOH group.

2.7. SEM

The SEM microstructural analysis shows that the synthesized
ZnS contains mainly the grains of ZnS particles (crystallite) with
regular shape (Fig. 4). One can see that nearly spherical nanoparti-
cles have an almost homogenous size distribution with a mean size
of 80–90 nm. In the absence of EDTA, a bulk ZnS sample is formed
(not shown here). In the synthesis process, the usage of EDTA
causes the stabilization of the small particles and the inhibition
of this agglomeration. Due to the existence of � COOH group in
EDTA molecules which absorbed on the particle surface, EDTA-

capped ZnS sample is formed. The maximum particle size does
not exceed 70 nm.

In order to establish the better catalytic activity of nano-ZnS,
the reaction in the presence of other catalysts in ethanol at 70�C
was investigated. The results showed that the nano-ZnS, as com-
pared to other catalysts, gave the better yield of the desired
product.

To determine the optimum quantity of nano-ZnS, the reaction
of benzaldehyde and o-phenylenediamine was carried out in etha-
nol at 70�C using different quantities of nano-ZnS. The results
showed that 0.03 g for benzimidazole and for benzothiazole
0.09 of the catalyst gave the excellent yield of the product.
(See Tables 1–6).

3. Results and discussion

On the basis of the research information obtained on the appli-
cability of plant assisted nanoparticles in the promotion of differ-
ent types of organic reactions, we expected that this reagent

Fig. 2. X-ray diffraction patterns of the synthesized ZnS colloidal powders.

Fig. 3. The FTIR spectrum of ZnS nanoparticles.

Fig. 4. The SEM image of ZnS nanoparticles.
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could also be efficiently used in promoting the synthesis of benz-
imidazole and benzothiazole; these compounds function as acidic
catalysts and speed up the reaction. Initially, optimize reaction
conditions were studied by investigating the effect of various reac-

tant molar ratios and solvents. and also, solvent-free conditions, on
the reaction of substituted benzaldehyde (10 mmol) and o-
phenylenediamine (10 mmol) in terms of time and the product
yield. The obtained results showed that the reaction using 30 mg

Table 1
Evaluation of the activity of different catalysts for the synthesis of 2-phenyl-1H-benzimidazole.

Entry Catalyst Time (min) Yield (%) (Benzimidazole) Yield (%) (Benzothiazole)

1 – 60 25 35
2 Zinc Oxide 60 70 45
3 Alum 60 65 67
4 Hydrochloric Acid 60 65 55
5 Para-toluene Sulphonic Acid 60 67 54
6 NH4Cl 60 87 86
7 Nano ZnS 60 97 96

Table 2
Optimization amount of nano-ZnS for the synthesis of 2-phenyl-1H-benzimidazole.

Entry Catalyst (g) Time (min) Yield (%) (Benzimidazole) Yield (%) (Benzothiazole)

1 – 60 40 43
2 0.01 60 56 67
3 0.03 60 98 56
4 0.09 60 78 97
5 0.20 60 67 78

Table 3
Optimization of the reaction temperature in the synthesis of 2-phenyl-1H-benzimidazole using nano-ZnS.

Entry Temperature (�C) Time (min) Yield (%) (Benzimidazole) Yield (%) (Benzothiazole)

1 70 60 97 95
2 60 60 70 80
3 40 60 78 70
4 25 60 67 45

Table 4
Reaction between o-phenylenediamine and different aldehydes catalyzed by nano-ZnS (0.03 g) in EtOH at 70 �C.

Entry Ar Time (min) Yield (%) (Benzimidazole) Yield (%) (Benzothiazole)

1 2-NO2C6H4 60 95 92
2 3-NO2C6H4 60 95 94
3 4-NO2C6H4 60 96 91
4 4-NHCH3C6H4 60 91 89
5 2-OH-3CH3OC6H4 60 85 81
6 4-ClC6H4 60 87 86
7 4-OHC6H4 60 98 95
8 3,4(CH3O)2C6H3 60 89 92

Table 5
Catalyst Reusable for Benzimidazole.

Entry Catalyst (g) Time (min) Catalyst Cycle Yield (%) (Benzimidazole)

1 0.03 60 1 96
2 0.03 60 2 82
3 0.03 60 3 78
4 0.03 60 4 56
5 0.03 60 5 40

Table 6
Catalyst Reusable Benzothiazole.

Entry Catalyst (g) Time (min) Catalyst Cycle Yield (%) (Benzothiazole)

1 0.03 60 1 94
2 0.03 60 2 78
3 0.03 60 3 67
4 0.03 60 4 56
5 0.03 60 5 45
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of the catalyst at room temperature under a solvent-free condition
in sonication produced the highest yield during a very short time.

Any further increase of the temperature or the catalyst amount
did not improve the reaction time and yield. After optimizing the
reaction conditions and in order to show the general applicability
of this method, the preparation of benzimidazoles derivatives with
a variety of simple, readily available substrates under the optimal
conditions was investigated. Several aldehydes having electron
donating and electron withdrawing groups underwent the conver-
sion to form a series of aryl benzimidazoles in good to excellent
yields. As can be seen, o-phenylenediamines with electron-
withdrawing groups gave the desired products in higher yields
within longer times in excellent yields.

After the successful synthesis of benzimidazoles, the prepara-
tion of benzothiazole derivatives, as the other useful hetero-
cyclic compounds, in the presence of plant assisted nanoparticles,
was nominated for further study.

Our investigations clarified that by using this method, the best
results can be obtained when the reaction proceeded using lower
amounts of the catalyst (90 mg) under solvent-free conditions at
ambient temperatures. It is important to note that this reaction
was not completed in different types of solvents even after a long
time under reflux conditions. The selected conditions are shown in
Scheme 1. To assess the efficiency of plant assisted nanoparticles in
the preparation of benzothiazole derivatives, various aromatic
aldehydes were subjected to the optimal conditions. It was
observed that under the selected conditions, all the substrates con-
taining electron-withdrawing groups, as well as electron-donating
groups, were easily reacted in short reaction times with good to
excellent isolated yields.

To check the reusability of the catalyst, the reaction of o-
phenylenediamine with benzaldehyde or aromatic aldehyde under
the optimized reaction condition was studied again. When the
reaction was completed, ethyl acetate was added and the catalyst
was separated by filtration. The recovered catalyst was washed
with dichloromethane, dried and reused for the same reaction.
The recovered catalyst was reused five times with a slight decrease
in reusability in comparison to fresh catalyst. In order to show the
efficiency of the present method, our result obtained from the reac-
tion between o-phenylenediamine and benzaldehyde in the pres-
ence of plant assisted nanoparticles was compared with some of
the other results reported in the literature for the same reaction.
This method avoids the disadvantages of other procedures such
as long reaction times, excess reagents and organic solvents.

4. Conclusion

We have used plant sasisted nanoparticles as a highly catalyst
for the simple and efficient synthesis of benzimidazole and ben-
zothiazole and their derivatives. The procedure has several advan-
tages, such as ease of preparation and handling of the catalyst,
being a simple experimental procedure, having high reaction rates,
producing excellent yields and the use of inexpensive and reusable
catalyst. Furthermore, this process avoids problems associated
with the use of organic solvents and liquid acids, which makes it

a useful and attractive strategy in view of these economic and envi-
ronmental advantages.
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a b s t r a c t

Novel acid hydrazide 1 when reacted with a series of different carboxylic acids in presence of phospho-
rous oxychloride to give novel series of 2-(4-hydroxy-3-methoxy-5-nitro-phenyl)-[1,3,4]oxadiazole 3a-
3f. Use of conventional and non-conventional techniques is adapted to study the duration time of reac-
tion. These oxadiazole compounds are studied by using spectral analysis like 1H NMR, FT-IR and mass
spectroscopy. Further they are screened for antibacterial and anti-fungal biological activities.
Copyright � 2022. Elsevier Ltd. All rights reserved.
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1. Introduction

Oxadiazoles are five - membered heterocycles, contains two
carbon, one oxygen, and two nitrogen atoms, which attracted a
lot of interest in different scientific disciplines: from medicine
[1,2] and agro chemistry [3] to materials science [4,5].

Depending on nitrogen atoms position, oxadiazoles exist in four
different isomeric forms 1,2,3-, 1,2,4-, 1,2,5-, and 1,3,4-oxadiazoles
Fig. 1.

Among the four isomers, 1,2,4- and 1,3,4-oxadiazoles frequently
occur in a large series of drug-like molecules [6], including antiviral
[2,7], antihypertensive [8], anti-diabetic [9], anti-inflammatory,
analgesic [10] and anticancer compounds [11–15].

This is one of the popular classes of heterocyclic compounds in
medicinal chemistry which is confirmed by the presence of several

drugs based on the oxadiazole moiety. The reasons for their suc-
cess lie in an efficient and simple synthesis, remarkable stability,
high versatility, structural diversity, and a key feature for in vivo
applications. Oxadiazoles easily interact with bio-targets establish-
ing p-stacking interactions or forming strong hydrogen bonds.

During the last decades, the design of new oxadiazole-based
scaffolds increasing attention in medicinal chemistry, most of
these compounds to the preclinical stage or, even, to commercial-
ization. Among these, the most commercially available drugs are
Oxolamine, a cough suppressant [16,17], Butalamine, a vasodilator,
Proxazole, a drug for functional gastrointestinal disorders, Fasi-
plon, an anxiolytic drug [18], Ataluren, indicated for the treatment
of muscular dystrophy [19] and Raltegravir, an antiretroviral drug
used to treat HIV [20], which has been recently proposed as repur-
posing drug against SARS COV-2 [21] and the antiviral Pleconaril
selected for the SARS COV-2 spike protein [22]. Introducing oxadi-
azole moiety with known drug enhanced there activity [23] Fig. 2.

Microwave-assisted synthesis is a branch of green chemistry.
Microwave-assisted synthesis has gained much attention in recent
years. Microwave irradiation-assisted chemical transformations
are pollution free, eco-friendly and offer high yields together with
simplicity in processing and handling [24–28].

Nowadays, microwave-assisted organic synthesis is gaining
widespread acceptance in drug discovery laboratories. Tempera-
ture increases uniform throughout the sample, leading to fewer
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by-products and/or product decomposition. The use of microwave
energy instead of conventional heating often results in good yields
in a short time as compared with reaction by classical synthetic
methods [29,30].

The synthesis of oxadiazoles was prompted us by the strong
biological activity associated with them and therefore we synthe-
sized novel oxadiazole molecules and characterized them by
NMR, IR, Mass spectral analysis and screened them for antimicro-
bial activity.

2. Material and methods

2.1. General experimental procedures

Reagents and chemicals used in this study were purchased
from Sigma Aldrich. All organic solvents were distilled and

dried according to standard procedures. IR spectra were
recorded on a Jasco Spectrum FT-IR spectrometer. Thin layer
chromatography (TLC) was performed using Merck Kieselgel
60 F254 plates.

1H and 13C NMR spectra were recorded at 298 K with 5–10 mg
samples dissolved in 0.5 ml of DMSO in 5 mm NMR tubes using a
Bruker AvanceIII300 MHz NMR spectrophotometer (9.4 T; Bruker,
Germany) (300 MHz for 1H, 75 for 13C NMR). Coupling constants
(J) are stated in Hz, and chemical shifts (d) are recorded in ppm.
The1H and 13C NMR chemical shifts of the deuterated solvent were
2.50 and 39.52 respectively, referenced to the internal standard,
TMS.

i) 5-nitro methyl vanillate, hydrazine hydrate, EtOH, 100� C,
reflux, 24 hr;

ii) acid, POCl3, 110� C, reflux, 24 - 48 hr.

Fig. 1. Isomers of oxadiazoles.

Fig. 2. Structures of some of the most famous drugs having oxadiazole moiety.
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Proposed mechanism for Oxadiazole
General procedure for the synthesis of the hydrazide as a

starting material.
4-hydroxy-3-methoxy-5-nitrohydrazide2.
5-nitro methyl vanillate (1.0 g, 0.0238 mol) was reacted with

hydrazine hydrate (15.0 ml, 0.0952 mol) in ethanol, reaction mix-
ture reflux at 100� C for 24 hr. The reaction was monitored by TLC
using EtOAc: n-hexane (20:80, Rf = 0.6). After reaction completion
it was cooled to room temperature, the product gets precipitated in
reaction mixture. Obtained crude product after filtration was puri-
fied by re-crystallization using water to afford hydrazide(4-hydro
xy-3-methoxy-5-nitrohydrazide)2 as a brown crystalline solid
(80.6 % yield) with a melting point of 126 �C.

1H NMR (300 MHz, DMSO): d14.15 (1H, s, OH), 9.81 (1H, s, NH),
8.05 (1H, d, J = 1.5 Hz), 7.71 (1H, d, J = 1.5 Hz), 4.49 (1H, s, NH2),
3.83 (3H, S, CH3). 13C NMR (75 MHz, DMSO): d167.2, 152.4,
141.4, 138.1, 128.7, 120.8, 120.8, 114.8, 56.1.

General procedure for the synthesis of oxadiazoles, 3a – 3f.
Conventional method:
The oxadiazoles were prepared according to our previously

developed method [31] as outlined in Scheme 1.
A mixture of hydrazides (1) (100 mg, 0.5 mmol), the substituted

acid (0.054 mg, 0.5 mmol) and phosphorus oxychloride (2.5 ml)
were added at room temperature. The reaction mixture was
refluxed for 24 – 48 hr at 110� C and monitored by TLC using
EtOAc:hexane (10:90, Rf = 0.4). The reaction mixture was cooled

Scheme 1. . Synthetic scheme for the synthesis of hydrazide (1) and oxadiazoles (3a-3f):
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by drop-wise addition of ice-water(10 ml). Further reaction mix-
ture neutralized by aqueous sodium hydroxide solution to obtain
a precipitate of crude oxadiazole product. This crude oxadiazole
product was purified by re-crystallization using ethanol. Pure oxa-
diazole compounds 3a-3f obtained as brown solids and were char-
acterized by 1H and 13C NMR, IR and Mass. NMR data for 3a-3f are
reported below.

Microwave method:
A mixture of hydrazides (2) (100 mg, 0.5 mmol), the substituted

acid (0.054 mg, 0.5 mmol) and phosphorus oxychloride (2.5 ml)
were added at room temperature. The reaction mixture was irradi-
ated in microwave synthesizer at 350 W for time as shown in
Table 1-1 for different analogs. The reaction mixture was cooled
by drop-wise addition of ice-water(10 ml). Further reaction mix-
ture neutralized by aqueous sodium hydroxide solution to obtain
a precipitate of crude oxadiazole product. This crude oxadiazole
product was purified by re-crystallization using ethanol. Pure oxa-
diazole compounds 3a-3f obtained as brown solids.

2-(4-Hydroxy-3-methoxy-5-nitro-phenyl)-5-phenyl-[1,3,4]oxa
diazole (3a) yellow solid; mp 114–115 �C; Rf = 0.5 (EtOAc:hexane,
10:90); IR kmax

. 3431, 1640, 1571, 1343, 1290, 1084 cm-
1; 1H NMR

(300 MHz, DMSO): d14.15 (1H, s, OH), 8.11 (1H, d, J = 1.5 Hz), 7.98
(2H, m), 7.84 (1H, d, J = 1.5 Hz), 7.62 (3H, m), 3.83 (3H, S, CH3).
13C NMR (75 MHz, DMSO): d164.5, 152.8, 138.5, 138.0, 133.7,
129.2, 128.7, 127.5, 120.6, 118.8, 116.5, 56.1; MS (m/z) (m + 1) = 3
14.07 (C15H11N3O5).

2-(4-Hydroxy-3-methoxy-5-nitro-phenyl)-5-(4-nitro-phenyl)-
[1,3,4]oxadiazole (3b) yellow solid; mp 128 �C; Rf = 0.6 (EtOAc:
hexane, 10:90); IR kmax3430,1649, 1571, 1343, 1286, 1064, cm�1;
1H NMR (300 MHz, DMSO): d14.18 (1H, s, OH), 8.41 (2H, dd,
J = 7.5, 1.5 Hz), 8.23 (2H, dd, J = 7.5, 1.5 Hz), 8.22 (1H, d,
J = 1.5 Hz), 7.92 (1H, d, J = 1.5 Hz), 3.80 (3H, S, CH3). 13C NMR
(75 MHz, DMSO): d164.6, 152.8, 147.9, 138.5, 138.0, 132.2, 130.9,
128.8, 120.6, 118.8, 116.5, 55.1; MS (m/z) (m + 1) = 368.05
(C15H10N4O7).

2-(4-Bromo-phenyl)-5-(4-Hydroxy-3-methoxy-5-nitro-phe
nyl)-[1,3,4]oxadiazole (3c) orange solid;mp 136 �C; Rf = 0.6
(EtOAc:hexane, 10:90); IR kmax3331, 1630, 1570, 1344, 1279,
1064, cm�1; 1H NMR (300 MHz, DMSO): d14.20 (1H, s, OH), 8.02
(1H, d, J = 1.5 Hz), 7.66 (2H, d, J = 7.5, 1.5 Hz), 7.83 (1H, d,
J = 1.5 Hz), 7.62 (2H, d, J = 7.5, 1.5 Hz), 3.83 (3H, S, CH3). 13C
NMR (75 MHz, DMSO): d164.7, 152.8, 138.5, 138.0, 132.1, 129.7,
125.1, 123.1, 120.6, 118.8, 116.5, 56.2; MS (m/z) (m + 1) = 392.98
(C15H10BrN3O5).

2-(4-Hydroxy-3-methoxy-5-nitro-phenyl)-5-(4-chloro-phe
nyl)-[1,3,4]oxadiazole (3d) yellow solid;mp 162 �C; Rf = 0.6
(EtOAc:hexane, 10:90); IR kmax3341, 1634, 1569, 1343, 1277,
1084, cm�1;1H NMR (300 MHz, DMSO): d14.22 (1H, s, OH), 8.01
(1H, d, J = 1.5 Hz), 7.71 (2H, d, J = 7.5, 1.5 Hz), 7.81 (1H, d,
J = 1.5 Hz), 7.53 (2H, d, J = 7.5, 1.5 Hz), 3.83 (3H, S, CH3). 13C
NMR (75 MHz, DMSO): d164.8, 1552.8, 138.5, 138.0, 132.1, 129.7,
125.1, 123.1, 120.6, 118.8, 116.5, 56.2; MS (m/z) (m + 1) = 348.03
(C15H10ClN3O5).

2-(4-Hydroxy-3-methoxy-5-nitro-phenyl)-5-(4-methoxy-phe
nyl)-[1,3,4]oxadiazole (3e) brown solid; mp 141 �C; Rf = 0.7
(EtOAc:hexane, 10:90); IR kmax

. 3430, 1664, 1561, 1340, 1290,
1084, cm�1; 1H NMR (300 MHz, DMSO): d14.23 (1H, s, OH), 8.17
(1H, d, J = 1.5 Hz), 8.02 (2H, d, J = 7.5, 1.5 Hz), 7.89 (1H, d,
J = 1.5 Hz), 7.03 (2H, d, J = 7.5, 1.5 Hz), 3.81 (3H, s, CH3), 3.83 (3H,
S, CH3). 13C NMR (75 MHz, DMSO): d164.8, 160.6, 152.8, 138.5,
138.0, 129.0, 120.6, 118.8, 116.5, 115.9, 114.8, 56.1, 55.8; MS (m/z)
(m + 1) = 344.08 (C16H13N3O6).

3-[5-(4-Hydroxy-3-methoxy-5-nitro-phenyl)-[1,3,4]oxadiazol-
2-yl]-pyridine (3f) yellow solid; mp 186 �C; Rf = 0.4 (EtOAc:hexane,
10:90); IR kmax3450, 1668, 1571, 1344, 1286, 1084, cm�1; 1H NMR
(300 MHz, DMSO): d14.28 (1H, s, OH), 9.24 (1H, dd, J = 1.5, 0.4 Hz),
8.70 (1H, m), 8.34 (1H, d, J = 1.5 Hz), 7.57 (1H, t, J = 7.5, 7.5 Hz), 7.98
(1H, d, J = 1.5 Hz), 8.42 (1H, m), 3.83 (3H, S, CH3). 13C NMR (75MHz,
DMSO): d165.1, 152.8, 152.7, 147.9, 138.5, 138.0, 134.0, 124.4,
124.0, 120.6, 118.8, 116.5, 55.7; MS (m/z) (m + 1) = 315.07
(C14H10N4O5).

3. Biological activity

3.1. Antimicrobial assay

Antifungal/antibacterial agents: Stock solutions of compounds
were prepared in DMSO and diluted before assays. Amphotericin-B
and neomycin purchased from Sigma Aldrich were used as refer-
ence drugs for the antifungal and antibacterial assays, respectively.
The final concentration of the synthesized compounds ranged from
0.0012 to 200 lg mL�1, amphotericin-B ranged from 0.0015 to
100 lg mL�1 and neomycin from 0.0076 to 500 lg mL�1. All drug
dilutions were carried out in 96-well flat bottom microtitre plates.

Antifungal susceptibility test: Evaluation of the susceptibility
of Candida albicans and non-Candida albicans species were per-
formed using the broth micro dilution method according to M27-
A2 for yeast guidelines. Yeast strains were grown aerobically over-
night at 35 �C on Sabouraud dextrose agar plates. Yeasts were har-
vested and suspended in 1 % sterile saline and the turbidity of the
supernatants measured using a spectrophotometer at 625 nm with
an absorbance of 0.08–0.1 equivalents to a 0.5 McFarland standard
following the NCCLS M27-A2 guidelines. The working suspension
was diluted to 1:20 in a mixture containing RPMI 1640 medium
and 0.165 M morpholinepropanesulfonic acid buffered to pH 7.0.
The working suspension was further diluted with the medium
(1:50) to obtain the final test inoculums (1–5 � 103 CFU mL�1).
The microtitre plates containing different concentrations of test
compounds were allowed to thaw and equilibrate to room temper-
ature under aseptic conditions. Aliquots of working inoculum sus-
pensions were dispensed into each well and the plates incubated in
an aerobic environment at 35 �C for 24 h. After incubation, 20 lL of
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-s
ulfophenyl)–2H-tetrazolium salt (MTS, Promega Corporation,
Madison, USA) was added to each well, incubated at 37 �C for 4 h
and the absorbance recorded at 490 nm on a 96-well plate reader

Table 1-1
Yield and reaction time of conventional and non-conventional method.

Comp. Acid used Conventional Method Non-Conventional Method

Yield (%) Time (Hr) Yield (%) Time (Min)

3a Benzoic acid 72 24 88 15
3b 4-NO2 Benzoic acid 40 18 75 25
3c 4-Br Benzoic acid 57 16 87 16
3d 4-Cl Benzoic acid 71 24 92 18
3e 4-OMe Benzoic acid 65 20 89 22
3f Nicotinic acid 70 24 90 20
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(Biotek, Powerwave XS2). All analyses were performed in triplicate
and the data was found to be reproducible. The minimum inhibi-
tory concentration (MIC) is the lowest concentration at which
growth of the fungi was inhibited.

Antibacterial susceptibility test: Bacterial susceptibility tests
were carried out using the micro broth dilution method. Overnight
cultures after 16–18 h of incubation at 37 �C were adjusted to the
turbidity of a 0.5 McFarland standard. Inocubation were adjusted
to an absorbance of 0.08–0.10 to yield a stock suspension of 0.4–
5 � 108 CFU mL�1, which was diluted one hundred fold to obtain
a working suspension of 106 CFU mL�1 at 625 nm. Microtitre plates
were placed in a laminar flow unit to equilibrate to room temper-
ature under aseptic conditions. Aliquots of 100 lL of bacterial inoc-
ulate were added to the microtiter plates containing different
concentrations of test compounds. Plates were incubated aerobi-
cally for 16–18 h at 37 �C. Following incubation, 40 lL of freshly
prepared iodonitrotetrazolium chloride [2-(4-iodophenyl)-3-(4-ni
trophenyl)-5-phenyl-2H tetrazolium chloride] (INT) solution
(200 lg mL�1) was added to each well and the plate further incu-
bated for 45 min at 37 �C in the dark. If the colorless INT is reduced
to red after incubation, persistent growth of bacteria is indicated.
No color change signifies the absence of bacterial growth. Neomy-
cin was used as a control drug in this study. All analyses were
made in triplicate and the data was found to be reproducible.
The minimum inhibitory concentration (MIC) is the lowest concen-
tration at which growth of the bacteria was inhibited.

4. Results and discussion

The oxadiazole compounds (3a �3f) were synthesized from the
reaction of 5-nitro methyl vanillate with hydrazide followed by
cyclization with different carboxylic acids in presence of phospho-
rous oxychloride. The mechanism of this reaction involves first for-
mation of acid chloride of corresponding acid then reaction with
hydrazide (2) as shown in mechanism.

Both conventional & non-conventional procedures were applied
from which microwave irradiation method given the completion of
reaction within less time period followed by good yield (Table 1-1).

The structures of the produced (3a-3f) compounds were con-
firmed by NMR and FT-IR.

FT.IR spectra of the prepared compounds showed characteristic
absorption bands at

(1612–1671) cm�1, (3315–3457) cm�1, (1250–1290) cm�1 and
(1052–1084) cm-1due to (C@N), (OAH), (CAOAC) and (NAN)
group.

The 1H NMR spectra of compounds showed the following char-
acteristics chemical shifts (DMSO as a solvent) were appeared,
doublet signal at d(7.84–8.11, and 8.11–8.40) ppm, respectively,
that maybe attributed to the deshielding effect of protons as com-

pare to hydrazide compound (2). In addition, deshielding signal of
OH group observed.

In 13C NMR sharp peak observed at 164.5 ppm that could be
attributed to the quaternary carbon in Oxadiazoles ring carbon.
Also, signals at d(120.0 and 120.6) ppm, respectively that could
be assigned to benzene ring carbon.

4.1. Antibacterial activity

The compounds were evaluated for their in vitro antibacterial
activity against Staphylococcus aureus, Enterococcusfaecalis, Escheri-
chia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa.
Table 1-2 summarizes the MIC results obtained for the active com-
pounds against the five different bacterial species. Four compounds
showed a broad spectrum of activity, having antimicrobial activity
against all the bacterial strains used in the assay. These were the
unsubstituted oxadiazole 3a, with MICs between 32.2 and
32.2 lM, the nitro - substituted oxadiazole 3b (MIC between
18.7 and 64.4 lM), the 4- Br (3c), 4-OCH3 oxadiazole(3e) (MICs
between 123.0 and 117.8 lM) and the 4-Cl oxadiazole3d (MICs
between 30.7 and 118.2 lM). The best activity was shown by 3f
for all strain it showing activity (MICs 29.6).

In general, the oxadiazole had better activity than its hydazide
precursor2, indicating that the 5 membered oxadiazole nucleus
contributed to better activity than the hydrazide moiety2. Whereas
compound 2 do not have any activity for gram positive strain as
shown in Table 1-2.

The activity of the 4-Cl derivative 3d was not as good as the
unsubstituted derivatives, being 2-fold less active than 3a and 4a
in some of the bacterial strains S. aureus but in P. aeruginosa its
reverse way. The 4-OCH3 derivative 3e shows activity againt only
E. coli. Compared to the neomycin control, 3a and 3b had a 2-
fold decrease in activity with regard to S. aureus and 3b was 2-
fold better than neomycin against E. faecalis.

The 4-Broxadiazole 3c showed activity against the Gram nega-
tive strains E. coil only.

The para NO2oxadiazole 3b showed excellent activity against S.
areus, E. faecalisat 32.2, 18.7 lM, as compare to gram negative bac-
teria K. pneumonia, P. aeruginosa but E.coli show same activity.

3f did not show any activity against E. faecalis and very high MIC
values against the Gram negative strains. However, this could be
an excellent agent as an antibiotic against S. aureus.

4.2. Antifungal activity

The same set of compounds were evaluated for their invitro
antifungal activity against four Candida species comprising C. albi-
cans ATCC 90028, C. albicans ATCC 10231, C. krusei ATCC 6258, and C.
parapsilosis ATCC 22019. The results are reported in Table 1-3.

Table 1-2
MIC (lM) of test compounds on Gram positive and Gram negative bacterial strains.

MIC (lM)

Gram positive Gram negative

Compound S. aureus E. faecalis E. coli K. pneumonia P. aeruginosa

2 _ _ 83.2 166.5 166.5
3a 32.2 32.2 32.2 128.7 128.7
3b 32.2 18.7 32.2 64.4 64.4
3c _ _ 123.0 _ _
3d 61.5 _ 30.7 118.2 30.7
3e _ _ 117.8 _ _
3f 48.6 _ 29.6 29.6 29.6
Neomycin 16.3 32.5 8.1 16.3 8.1

‘‘-” indicates no activity.
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In general, the oxadiazole had better activity than its hydazide
precursor 2, indicating that the 5 membered oxadiazole nucleus
contributed to better activity than the hydrazide moiety 2.
Whereas compound 2 have activity greater than 230 for all strain
as shown in Table 1-3.

Compounds 3f showed good activity against both strain of C. al-
bicanshaving MIC values of 59.7. Of these, only 3a had an MIC of
128.7 against C. albicans ATCC 9002 other having good activity
MIC 32.2–64.4. In addition, 3b (4-nitro), showed good activity
against all four fungal strain (MIC 64.4). 4-Br (3c) showing good
activity against both C. albicans species (30.8, 61.5 lM), but very
low activity Inc. krusei and C. parapsilosis. These results indicate
that the halogen groups (Br, Cl) on the Oxadiazoles skeleton is a
good scaffold for anti-fungal activity and that this activity can be
increased by fluorogroups being substituted on the phenyl ring
or by substituting the phenyl ring with a heterocycilc ring. How-
ever, these compounds were not as active as the standard drug
amphotericin-B (Amp-B).

5. Conclusion

A series of novel oxadiazoles were synthesized and character-
ized by NMR and FT-IR spectroscopy. The hydrazide was converted
to the oxadiazoles with the moderate to good yields. In microwave
method reaction time reduced form hrs to min. Some interesting
observations were made. The 4-nitro substitute (3b) and unsubsti-
tuted (3a) oxadiazoles having better activity for gram positive bac-
terial and pyridine ring 3f active against gram negative strain.
These compounds were also having good activities in antifungal
assays. However, oxadiazoles could be good lead compounds for
antimicrobial agents.
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ATCC 22,019

2 332.9 392.9 232.9 352.9
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Amp- B indicates Amphotericin-B.
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a b s t r a c t

Wound healing is well-organized but a cascade of complex biochemical and cellular process to revive the
normal morphology and functioning of skin. There are several plant-derived active biocomponents which
are known to have their applications in wound healing due their negligible side effects. Present wound
healing therapies, techniques and products are not that efficient to recover the wounds without affecting
skin morphology and function. The approach/technique is considered to be the ideal if it cures/heals the
wound without affecting the normal functioning of the skin, without scar formation, inhibit bacterial
infection, speeds up the healing mechanism and keep the wound moisturized. Nanotechnological-
based approaches are developed to increase the efficacy of the drug as well as herbal/plant-based organic
products through direct delivery to the target, enhanced bioavailability and biocompatibility, controlled
release of drug and enhanced solubility. The following literature review is about the different plant-based
nanomaterials, their role in wound healing and delivery of herbal drugs to site of infection. For this pur-
pose, profound research has been done to discover how and why natural product-based nanomaterials
are being used to cure wound. This review will tell you the mechanism of action of plant-based nanoma-
terials to heal the wound and the elimination of challenges which are usually faced during the wound
healing process such as bacterial infection, biofilm formation that leads towards chronic wound. As com-
pared to the classical therapies of wound healing, nanotechnological based methods keep the wound
moisturized. Various plant-based nano-formulations show remarkable activity in wound healing and
management and are considered to be the future of pharmaceuticals.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Present wound healing therapies, techniques and products are
not that efficient to recover the wounds without affecting skin
morphology and function and this makes this area of research so
intensified and prompted. The technique or healing system should
be considered efficient if it heals the wounds fast [1], stops scar for-
mation [2], inhibits infections, fastens up healing mechanisms [3],
and keeps the wound moisturized [4]. Nanotechnology has started

a new area of research through the treatment of wounds by nano-
materials which owe unique antimicrobial properties [5]. There are
two sort of strategies for the use of nanomaterials that have been
employed: organic and inorganic nanomaterials. Plant based nano-
materials fall under the category of organic nature in which NPs
with antimicrobial properties is inserted into biopolymers from
natural resources.Table 1..

Conventional approaches to treat wounds are by using antisep-
tics and antibacterial. There are several ways scientists have devel-
oped to produce organic and inorganic nanoparticles. For the latter
one, there are physical and chemical methods of synthesis which

https://doi.org/10.1016/j.matpr.2022.10.088
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are laborious and expensive [6]. Inexpensive, ecofriendly and much
greener way of NPs synthesis is by using plants [9].

Nanomedicine is the use of nanotechnology for medical objec-
tives. Treatment, prevention, diagnosis, and monitoring of disease
are executed by the help of nanomaterials that are given because
of their certain properties that will help against the disease [11].
Use of different therapeutic nano-based approaches when combine
together give synergistic effects [12]. Wound care has always been
an expensive entity and has proven a burden on healthcare system.
In 2014 survey, wound care cost around $2.8 billion annually
worldwide and is estimated to rise up to $3.5 billion at the end
of 2021. Global market of wound care products is expected to cross
$15 billion by 2022 with 300 million chronic wound patients [13].
Scientists are putting efforts to give market more sustainable
approaches of wound care that are expected to be more efficient
and less expensive.

The purpose of this review is to elaborate plant-based nanoma-
terial approaches of wound care and management as well as
encouraging researchers to expand their research to make these
viable and sustainable nano-based products.

2. Wound healing challenges

For certain, nanotechnology is helping us in wound healing.
There are some challenges that are being faced during wound heal-
ing; the objective is to eliminate them somehow by using nan-
otechnology. Before going towards how nanomaterials are used
to cure wounds, it is very important to understand what is going
on inside wound and the phases of wound healing. It will help us
to solve the mystery that how nanomaterials are being helpful
for wound healing.

There are three stages of wound healing process: 1) Hemostasis
2) Inflammation, 3) Proliferation and 4) Remodeling. Inflammation
does not be there too long but less than a week, proliferation takes

the next two weeks and then remodeling which is the longest stage
and lasts up to two years. Due to real time control of anti-
inflammatory and pro-inflammatory cytokines (IL-1 and TNF-a),
these phases are overlapped in vivo.

Blood clots formation is the first homeostatic response in
wound healing that initiates the inflammatory phase. Following,
leukocytes are recruited on the site of infection with the help of
chemoattaractants released by the injured cells. Leukocytes wipe
out the infectious agents and they also initiate the proliferative
stage by releasing cytokines which, in turn, stimulate cell growth
and division [14]. The covering of wound by granulation indicates
the proliferative phase transition. In this third stage of wound heal-
ing, fibroblasts play an active role in the production of collagen as
well as extracellular matrix and the development of new blood
vessels [15]. While the normal functioning and appearance of the
tissue are revived during the fourth phase of wound healing,
remodeling [16].

Wound healing stages can take more time than the normal one
because of some factors that can be damaging for the healing pro-
cess. These factors include contamination of the wound, necrosis,
entrapment of any foreign material within the wound and specific
comorbidity such as diabetes mellitus. All these factors halt the
normal wound healing process and unsatisfactory results arise
[17]. Wound healing process is often impeded by the colonization
of infection bacteria at the site of wound. Even the beneficial bac-
teria from the skin microbiota which stop infectious bacteria to
colonize the wound can be a problem in case they form biofilms
by reaching their threshold. The colonization of pathogens directly
lead towards insufficient healing [18]. Initial stages of wound heal-
ings are affected by the presence of Staphylococcus aureus, methi-
cillin resistant Staphylococcus aureus whereas chronic and deep
skin wounds are infected by Pseudomonas aeruginosa and E. coli
[19].

Synergistic activities of multiple type of microbes at the site of
infection lead towards the onset of chronic wound [20]. For exam-

Table 1
Plant-based nanomaterials, their applications in wound-healing and main findings.

Organic
Nanomaterials

Applications Main findings Ref.

Polymeric
Nanoparticles

Encapsulated Enoxaparin
in polymeric nanoparticles

Wound healing improvement; Good skin penetration
No toxicity in vitro;

[21]

SDF-1-NPs response to ROS Wound vascularization; Targeting of SDF-1a to the wound site; Full-
thickness wounds healing

[43,50]

Dendrimers Gelatin-dendrimer conjugates
dressing

Excellent wound healing;
Angiogenesis

[17], Smith-Fresh-
water, 2009)

Vascular endothelial growth factor (VEGF)
based gene therapy and
cationic dendrimer

Increased angiogenesis,
Increased collagen deposition and speedy proliferation

[30,7,8]

E-selectin coating of Stem cell surface Stem cells to repair injured cells; Wound-healing improvement;

No toxicity; biocompatibility

[34]

Nano-emulsions Nanoemulsion of licorice and Lavender
essential oil

Wound closure; Increase peroxidase activity; epithelialization [28,25,26]

Levofloxacin nanoemulsion gel Wound contraction; Collagen production; Better wound healing effect than
silver sulfadiazine formulation

[44,51]

Curcumin nanoemulsion Healing effects like fusidic acid; Edema healing; shows anti-inflammatory
activity; Nontoxic;

[2,39]

Liposomes Nanoliposomes loaded with Daptomycin Antibacterial action and against biofilms [35], Li et al., 2013)
Quercetin and curcumin nanovesicles Inhibit the activity of ROS; Inhibit edema formation; fibroblast

proliferation
[11,39]

Cyclodextrins b-cyclodextrin–eugenol hydrogel antimicrobial; angiogenesis; anti-inflammatory [33,53]
Hyperforin/HP-b-cyclodextrin Increased keratinocytes proliferation; wound healing effect; increased

aqueous solubility
[45,49]

Lipid
nanoparticles

Lipid nanoparticles loaded with Morphine High drug loading capacity; sustainable release of d rug; re-
epithelialization

[29], Caldon, 2013)

rhEGF (recombinant human EGF)-loaded lipid
nanoparticles

new connective tissues and blood vessels; enhanced wound closure [19,22]

Tumor necrosis factor a silencing Chronic inflammation reduction; increased closure of diabetic wounds [27]
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ple, to inhibit aerobic bacteria that require more oxygen for cell
division, this leads towards having hypoxic environment. As a
result, anaerobic bacteria for which hypoxic environment is suit-
able grow and produce short chain fatty acids that block the activ-
ity of macrophages to engulf the pathogens. In addition,
microorganisms make each other sustainable by exchanging nutri-
ents, this makes them grow together simultaneously in chronic
wounds [20,21].

Bacteria produce extracellular polymers which acts as a shield
against the host defense and help them to form biofilms which is
a closed environment for bacteria to grow and reproduce
[23,24,27]. Biofilms inhibit epithelial cells to grow by producing
chronic inflammation. Moreover, biofilms also protect and support
colonized bacteria against antimicrobial therapies [28]. There some
organic nanomaterials shown in Fig. 1 and their efficiency at differ-
ent stages of wound healing.

3. Current wound therapies

3.1. Dressings

Cotton and wool dressings are one of the most traditional
approach to protect wound against bacterial infection and entrap-
ment of dust particles. Dressings act as barrier between the wound
and external environment. Now a days, these classical dressings
have been replaced with more advanced ones which not only pro-
tect the wound but also provides active compounds that will pro-
vide aid in healing as well as keep the wound moisturized. These
dressings are hydrogels, films, hydrofiber mats etc. [29,48,30].

3.2. Honey

Angiogenesis, re-epithelialization, and granulation tissue for-
mation are observed to be promoted by honey. Honey does not
let bacteria to form biofilm because its acidic nature stimulates
macrophages to eat them. In addition, oxidative cascade, which is
damaging for pathogens, is initiated by the peroxidases present

in honey(Li et al., 2013). To make this traditional medicinal product
more efficient, scientists proposed the idea of using nanomaterials
for targeted delivery and controlled release of drug [23].

3.3. Hydrogels

Hydrogel is a three-dimensional polymeric network formed by
the cross interaction of various hydrophilic groups which can
entrap liquids e.g., wound exudates [6]. Hydrogel dressings keep
the wound moist and eliminate the risk of dressing-dependent
infection because it can absorb wound exudates [32].

3.4. Silver products

Silver products have antimicrobial properties and are used in
burn dressings. Silver ions cause cell lysis by reacting with thiol
group of peptidoglycan [33]. Moreover, silver products (e.g., silver
sulphadiazine) inhibit biofilm formation. However silver products
cause tissue toxicity [20].

3.5. Vac

Vacuum-assisted closure is a wound healing therapy through
application of pressure suction which clear off the edema as well
micromechanical forces are applied to the cells to stretch them,
so they express transcription factors and stimulate cell prolifera-
tion and blood vessels formation [34].

3.6. Organic nanomaterials/ plant-based nanomedicienes for wound
healing

As described earlier that wound healing is a complex four
staged process; hemostasis inflammation, proliferation and
remodeling of the wounded tissue. And we have already studied
different stage requires variable time to complete. It is very diffi-
cult to contemplate that what is required by the damaged tissue
to be regenerated fully. The use of each material (plant-based

Fig. 1. Nanoparticles’ efficiency at different stages of wound healing: 1) Hemostasis, 2) Inflammation, 3) Proliferation and 4) Remodeling.
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nanomaterials/nanomedicine) strongly depends not only upon
which stage of wound-healing is there but also upon deepness of
the wound, duration of therapeutic effect and dose. There are some
organic nanomaterials shown below in Fig. 2 with their main prop-
erties highlighted.Fig. 3..

Researchers have tried to develop suitable environment for
wound to be healed at faster rates and this is provided by nan-
otechnological based products which have antimicrobial activity
against the colonized pathogens in the wound as well as these pro-
duct gives moisturized environment to the wound. Various types
of natural products combinations with nanomaterials have been
formulated; each is described below. For an example, biopolymers
when given to the wound, incredible deposition of collagen has
been seen. Along with keeping the wound moisturize, collagen is
considered as an excellent healing-scaffold, and it provides
mechanical support. On the other hand, soon after the cut in the
skin, primary blood clot is formed by the fibrin. Likewise, keratin
and silk fibroin are being used in wound healing in combine with
nanomaterials for mechanical support.

Self-healing mechanisms are promoted using potential nano-
material based bioproducts. But there are different types of tissues
in wound, so it is important to know the cellular mechanism to
personalize different nano-based products for each type wound
healing. Polymeric nanofibers scaffolds can mimic the extracellular
matrix properties and they stimulate the production of fibroblasts
in the wound. In the following section, organic, plant-based nano-
materials along with their applications are explained.

3.7. Micelles

Inner core of micelles, which is hydrophobic, is surrounded by
shell of hydrophilic nature. Polymeric micelles being non-toxic
and biocompatible has properties such as high load efficiency

and release of drug in a controlled way which makes it an efficient
delivery system for agents of both hydrophilic and hydrophobic
nature [5].

In another example, when silver sulfadiazine has been encapsu-
lated in chitosan oleate micelles, this combination not only made
the drug concentrated by increasing surface-volume ratio, but it
also provides protection to the cells against cytotoxicity of the
drug. Study has demonstrated that enhanced antimicrobial activity
has been shown by silver sulfadiazine micelles on Staphylococcus
aureus and Escherichia coli strains [16].

Pluronic F127, P123 and Tween 80 are Cur-loaded polymeric
micelles and in a recent study, done on diabetic rats, anti-
diabetic wound-healing effects has been shown by this formula-
tion. Higher amounts of Cur have been shown to reduce blood glu-
cose level as well as lipid profile in rats which depicts that this
formulation has anti-diabetic as well as wound healing effect [3].
Another micelle matrix-based surfactant product, PluroGel�,
which keeps the wound moisturized and controls fluid loss [5].

3.8. Polymeric NPs

Drug is encapsulated in biodegradable polymers or copolymers.
Polymeric NPs are composed of natural as well as synthetic poly-
mers such as chitosan, PLGA [poly (lactic-co-glycolic acid)], algi-
nates, albumin and many other. Plant-based Polymeric NPs are
used for the encapsulation of drugs and their antimicrobial activi-
ties along with certain other properties such as release of drug in a
controlled way, non-toxic to human cells, and biocompatibility
with target tissue [5].

Polymeric NPs has applications in wound healing and examples
are there. Chereddy et al. showed that when mice were given LL37
(host defence peptide) in combine with lacted encapsulated in
PLGA NPs, considerable results were observed in the form of higher

Fig. 2. Nano-formulations created from natural products.
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granulation tissue formation (IL-6 upregulation), re-
epithilialization and increased collagen content and blood vessels
formation. Moreover, it was also oberved that inflammatory
response had been modulated by TNFa down-regulation [14].

In another model (murine burn), Amphotericin B was encapsu-
lated in silane-hydrogel NPs [46]. Significant results were observed
in the form of higher killing efficiency of candida spp., 72–91 %
reduction in candida spp. had been observed as compared to the
control group where no Amphotericin B was given. Furthermore,
Amphotericin B also inhibited fungal biofilm formation making
the wound-healing faster [36].

3.9. Dendrimers

Branched monomers are used to synthesize dendrimers [1]. The
effect of VEGF (Vascular Endothelial Growth Factor) encoding plas-
mid in combination with Arginine, (Arg-grafted cationic den-
drimer) was observed on diabetic mice wounds [30]. This makes
the wound heal rapidly by collagen deposition and faster prolifer-
ation rate. The proliferation rate of both keratinocytes and fibrob-
lasts was observed much higher relatively by injecting mice with
Gelatin scaffolds along with poly (amidoamine) (PAMAM) [37].

In addition, angiogenesis (development of new blood vessels)
had also been shown to increased due to increase in the expression
of H1F1a (the angiogenesis stimulator) by gelatin-PAMAM blend
[38].

3.10. Nano emulsions

Nano emulsion system contains such NPs in which core is made
up of water or oil and is used as a delivery system for water-poor
soluble drugs. Nanoemulsions have their application in cosmetics

industry [5]. What makes the nanoemulsions an efficient drug
delivery system are; prevents enzymatic degradation, higher drug
carrying capacity, biocompatibility, solubility of drug and the
release of drug in a controlled way [5].

75–82 % scratch area was produced during the first 36 h of
wound-healig when phenytoin-loaded alkyd nanoemulsion were
given as compared to when pure phenytoin without nanoemul-
sion formulation was injected. Keratinocytes proliferation was
significantly enhance by the controlled release of phenytoin
[38].

In another study, eucalyptus essential oil (EEO) nanoemulsion
showed significantly higher results in the form of abundant depo-
sition of collagen and significant wound wound contraction from
day 12 to 24 of wound healing process [4].

3.11. Liposomes

Liposome consists of an external phospholipid bilayer which
surrounds the internal aqueous portion; wholly formed a nano
vesical. Liposomes provide so many benefits such as non-toxic, bio-
compatible, biodegradable and can be loaded with both hydrophi-
lic and lipophilic agents which make liposome an efficient system
for drug delivery. The common issue with using liposome is its
poor stability and the leakage of loaded drug [40]. A study con-
ducted by Mao et al. in 2017 showed that when wounded mice
is injected with bFGF (basic Fibroblast Growth Factor)-loaded lipo-
somes. bFGF speeds up the wound closure by re-epithelialization,
collagen deposition and angiogenesis [40].

Cur-loaded liposome efficiency was compared with the pure
drug by Choudhary et al. in 2019. It was observed that liposomes
loaded with Cur showed improved rate of wound closure on 14th
day after wound-cut [15].

Fig. 3. Nanotechnology-based systems for wound treatment with main properties highlighted.
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Recently, the efficacy of Retinoic Acid (TRA) and EGF (Epi-
dermal Growth Factor) containing liposomal ointment was
tested. The synergistic effect of EGF and retinoic acid promoted
cell proliferation and wound closure by collagen production.
Furthermore, it was suggested that the synergistic effect of
TRA and EGF produced by the increased expression of EGF
receptor and HB-EGF (Heparin Binding-Epithelial Growth
Factor) [41].

3.12. Cyclodextrins

Cyclodextrins (CDs) are produced by the enzymatic breakdown
of starch which produces cyclic oligosaccharides such as glucopy-
ranose. CDs are of lipophilic nature at the center and hydrophilic
at outer surface. CDs make the water-poor soluble drug stable
and increase the aqueous solubility so that drugs can easily be sol-
uble [12].

Re-epithelialization improvement and enhanced activity of neo-
vascularization and inflammatory response modulation has been
seen with application of hydroxypropyl-beta-cyclodextrin along
with insulin [9].

CD-modified sacran (mega-molecular polysaccharide) hydrogel,
due to its moisturizing ability, has been shown to bring improve-
ments in wound healing process such as faster closure as compared
to the gel without CD-modification [52]. It was described that
sacran improved skin barrier function and by the production of
cytokines (IL-5 and TNF-a), it also influenced anti-inflammatory
activity [42]. In Fig. 4, it is being shown that how several nano-
formulations are playing their role at different stage of wound
healing.

4. Conclusion and future perspective

Since the last decades, there has been many remarkable studies
by the researchers on nanotechnology-based techniques for wound
healing. There is a lot of work and research has been done on inor-
ganic nanomaterials by the scientists to determine how efficiently
these can be used as delivery vehicle and their pros and cons are
studied. But recently, there has been a trend of studying the
organic nature of plant-based nanomaterials such as lipid and
polymer-based NPs. They play a significant role in wound healing
in several ways by stimulating cell proliferation through different
growth factors which are carried by these polymer or lipid-based
NPs, by collagen deposition, or by inhibiting pathogenic activities
(biofilm formation). These plant-based/organic nanomaterials can
be used as an efficient drug delivery system with many advantages
such as controlled drug release, non-toxicity, stability, bioavailabil-
ity, biocompatibility of the drug with target cells as well several
other benefits in terms of wound healing such faster angiogenesis
and vascularization.

The composition and the properties of nanomaterial are the fac-
tors that decide which kind of nanomaterial will be suitable for use
at different stages of wound healing. These newly designed
nanotechnology-based approaches of wound healing work on prin-
ciple of synergy. Despite all these advanced nano-based remark-
able pieces work, there is something that still needs our
attention is to know the molecular mechanisms behind the wound
healing process and how these nanomaterials are influencing dif-
ferent stages of this process. Moreover, reoccurrence of resistant
bacteria which cause skin discoloration and safety of the nanoma-
terial should be assessed.

Fig. 4. Role of several nano-formulations at different stages of wound healing. Abbreviations: SOD; Superoxide Dismutase, PDGF; Platelets Derived Growth Factor, VEDF;
Vascular Endothelial Growth Factor, FGF; Fibroblast Growth Factor, ECM; Extracellular.
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a b s t r a c t

Thermodynamic properties of liquid mixtures are communally used to examine the deviation from ide-
ality. The thermodynamic properties, which depend on temperature, composition and pressure, describe
interaction between the component molecules. The solubility is a property of solute and solvent that
effect on extent of adsorption–desorption of pesticides. Hence solution chemistry utilized for investiga-
tion of environmental fate of agrochemicals and pollutants in the environment. Some pesticides can leach
through the soil and enter into the groundwater. In India about 60 % of the population depends upon
ground water for drinking purpose and almost 95 % of the households in rural areas use ground water
as their primary source of drinking water. Drinking water supplies might be contaminated by pesticides.
The excess use of pesticides leads to environmental contamination and the pesticide residues are found in
food, water and air. This paper addresses a study of solvation behavior of Atrazine and Chlorothalonil pes-
ticides in binary mixture of DMF and DMSO. The measured densities (q) and viscosities (g) at 298.15 to
313.15 K using a bicapillary pycnometer and Ubbelohde viscometer were utilize to study salvation and
pollution approach of pesticides. The obtained parameters were interpreted in terms of solute–solute
and solute–solvent interactions. The proposed method for study of solvation behavior of pesticides by
viscometer is simple, robust and requires less computational time. Each pesticide and solvent molecules
are nanoparticles. Recommendation from this research work could help to change physiochemical behav-
ior of pesticides used in agriculture field to becomes more eco-friendly for the sustainable development
in environment.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

The solution chemistry plays important role in pharmaceuticals,
agro based industries, and engineering. The density and viscosity
data of pesticides in binary liquid mixtures are interpreted as
solute–solute and solute–solvent interactions. The solubility is a
property of solute and solvent that affect on extent of adsorp-
tion–desorption of pesticides [1–4]. So solution chemistry utilized
for investigation of environmental fate of agrochemicals and pollu-
tants in the environment. The solute–solvent interactions of pesti-
cides have complex mechanism. Solute-solvent interactions at

different temperatures applied to study mode of action of pesti-
cides [5,6]. (See Table 1–8).

Atrazine is most regularly utilized herbicides of the triazine
class. Atrazine is utilized to control pre and post-development
broadleaf weeds in yields, for example, sugarcane, corn, pineap-
ples, sorghum, and macadamia nuts [7,8]. It is also utilized for fair-
ways and private gardens. Chlorothalonil is non-systemic foliar
fungicide used very widely on peanuts and potatoes, as well as in
many other applications [9,10].

Pesticides were used to control many different kinds of pests,
including termites, mosquitoes, and roundworms. They also have
residential and indoor applications for pest control, especially for
cockroaches and termites [11–15]. Pesticides being complex in
their structure are stable and non-degradable in the environment.
The use of pesticides is rapidly increases in agricultural for storage
of grains, public health and controlled diseases. Pesticides used in
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agriculture in different way like wet power, spray, dust and smoke.
The pesticides leading to accumulations in all segment of environ-
ment included lithosphere, hydrosphere, atmosphere and bio-
sphere. The contamination of surface and ground water by
pesticides were reported by many researchers [16–18]. The con-
taminations of soil profile by pesticides and their residues [19–
20]. The pesticides introduce in food chain of living organism. Fur-
ther some studies on contamination of pesticides in aerated drinks.
Therefore, many researchers were reported on uses of pesticides,
pathway of their distribution in environment, toxic effect of pesti-
cides, and their factsheet. In view of this the author decided to
work on solvation behavior of pesticides. This use of pesticides in
agriculture and gardening were contributed to environmental pol-
lution. As the pesticides residues are in the food chain, its sub-
chronic exposure is practically unavoidable for human population.
In a number of recent studies, pesticide exposure was claimed to

induce insulin resistance. This sub-chronic exposure to these leads
to development of diabetes. The quantity of pesticides absorption–
desorption depends on biological and physicochemical factors.
Physicochemical factors include solubility, salt complexation, dif-
fusion rate, toxicity and viscosity.

The aim of the present study is to understand solvation behav-
ior of some pesticides in binary liquid mixtures of DMF and DMSO
at different temperatures.

2. Materials and method

The chemicals DMSO and DMF employed were of analytical
grade and were purchased from E. Merck, Germany (99.5 %), were
used as such without further purification. Pesticides Imidacloprid,
Chlorothalonil, Atrazine and Chlorpyrifos were purchased from
local mark.

Table 2
Viscosity and relative viscosity of Chlorothalonil in 50 % DMSO at various temperatures.

Molar Conc. of Chlorothalonil
in 50 % DMSO (mol.dm�3)

Temperatures (K)

298.15 303.15 308.15 313.15

Viscosity (g), (mPa.s)
0.0150 1.2550 1.1551 1.0735 1.0332
0.0231 1.2723 1.1713 1.0873 1.0494
0.0329 1.2929 1.1902 1.1047 1.0691
0.0445 1.3171 1.2103 1.1266 1.0925
0.0577 1.3429 1.2331 1.1497 1.1193
0.0727 1.3738 1.2622 1.1794 1.1447
0.0894 1.4038 1.2945 1.2087 1.1751
0.1079 1.4429 1.3324 1.2458 1.2129
0.1281 1.4824 1.3679 1.2799 1.2482
0.1500 1.5241 1.4088 1.3189 1.2959
Relative Viscosity, (gr)
0.0150 1.0313 1.0319 1.0340 1.0368
0.0231 1.0455 1.0463 1.0472 1.0531
0.0329 1.0624 1.0633 1.0640 1.0729
0.0445 1.0823 1.0812 1.0850 1.0963
0.0577 1.1036 1.1016 1.1073 1.1232
0.0727 1.1289 1.1276 1.1359 1.1487
0.0894 1.1536 1.1564 1.1642 1.1792
0.1079 1.1857 1.1902 1.1999 1.2172
0.1281 1.2181 1.2220 1.2327 1.2526
0.1500 1.2524 1.2585 1.2702 1.3005

Table 1
Viscosity and relative viscosity of Chlorothalonil in DMF at various temperatures.

Molar Conc. of Chlorothalonil
in DMF (mol.dm�3)

Temperatures (K)

298.15 303.15 308.15 313.15

Viscosity (g), (mPa.s)
0.0150 0.8240 0.7827 0.7352 0.7052
0.0231 0.8330 0.7906 0.7442 0.7162
0.0329 0.8432 0.8013 0.7556 0.7285
0.0445 0.8552 0.8128 0.7665 0.7420
0.0577 0.8668 0.8232 0.7798 0.7571
0.0727 0.8795 0.8378 0.7933 0.7751
0.0894 0.8958 0.8539 0.8102 0.7966
0.1079 0.9141 0.8733 0.8313 0.8189
0.1281 0.9332 0.8925 0.8492 0.8419
0.1500 0.9535 0.9101 0.8704 0.8681
Relative Viscosity, (gr)
0.0150 1.0250 1.0262 1.0268 1.0331
0.0231 1.0363 1.0366 1.0394 1.0493
0.0329 1.0489 1.0506 1.0552 1.0673
0.0445 1.0639 1.0657 1.0705 1.0870
0.0577 1.0784 1.0793 1.0891 1.1092
0.0727 1.0942 1.0985 1.1079 1.1355
0.0894 1.1144 1.1195 1.1316 1.1669
0.1079 1.1372 1.1449 1.1611 1.1997
0.1281 1.1610 1.1701 1.1860 1.2334
0.1500 1.1862 1.1933 1.2156 1.2717
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2.1. Viscosity measurements

The viscosity measurements were made using a suspended
level Ubbelohde viscometer. The viscometer was clamped verti-
cally in the bath, and 20 cm3 of the solution was added from a bur-
ette. The viscometer was calibrated with triple distilled water
using the viscosity and density values reported by Marsh. Viscosity
values were determined using the relation.

g1=g2 ¼ q1t1=q2t2 ð1Þ

3. Results and discussion

The evaluated viscosities and relative viscosities of Chlorothalo-
nil pesticide in pure DMF, 50 %, and 100 % DMSO are reported in

table no. 1 to 3. It is observed that for table no. 1 the viscosities
of Chlorothalonil pesticide in pure DMF increases with increase
in molar concentration at all temperatures under consideration.
While it decreases with increase in temperature. The similar trend
in viscosities is observed in table no. 2 and 3 with the molar con-
centrations and temperatures. The relative viscosities (gr)
increases with increase in molar concentration of Chlorothalonil
pesticide in pure DMF. ‘gr’ shows increasing trend with increase
in temperature. The similar trends in relative viscosities are
observed for table no. 2 and 3 in all compositions of binary liquid
mixtures of DMF and DMSO. Viscosity and relative viscosity is
the measure of molecular interaction.

The observation of table no. 1 to 3 shows the smallest value of
viscosity of Chlorothalonil is 0.7052 (mPa.s) for 0.0150 M in pure
DMF at 313.15 K and higher 2.6056 (mPa.s) for 0.1500 M in pure

Table 3
Viscosity and relative viscosity of Chlorothalonil in DMSO at various temperatures.

Molar Conc. of Chlorothalonil in DMSO (mol.dm�3) Temperatures (K)

298.15 303.15 308.15 313.15

Viscosity (g), (mPa.s)
0.0150 2.0693 1.8703 1.6833 1.5795
0.0231 2.1024 1.9024 1.7142 1.6132
0.0329 2.1415 1.9396 1.7513 1.6541
0.0445 2.1897 1.9847 1.7958 1.6970
0.0577 2.2443 2.0369 1.8437 1.7533
0.0727 2.3017 2.0936 1.8986 1.8103
0.0894 2.3621 2.1593 1.9579 1.8737
0.1079 2.4364 2.2281 2.0253 1.9495
0.1281 2.5202 2.3030 2.1044 2.0216
0.1500 2.6056 2.3823 2.1827 2.1042
Relative Viscosity, (gr)
0.0150 1.0395 1.0407 1.0423 1.0455
0.0231 1.0561 1.0586 1.0614 1.0678
0.0329 1.0757 1.0792 1.0844 1.0949
0.0445 1.1000 1.1044 1.1119 1.1233
0.0577 1.1274 1.1334 1.1416 1.1606
0.0727 1.1562 1.1649 1.1756 1.1982
0.0894 1.1866 1.2015 1.2123 1.2402
0.1079 1.2239 1.2398 1.2540 1.2904
0.1281 1.2660 1.2815 1.3030 1.3381
0.1500 1.3089 1.3256 1.3515 1.3928

Table 4
Viscosity and relative viscosity of Atrazine in DMF at various temperatures.

Molar Conc. of Atrazine
in DMF (mol.dm�3)

Temperatures (K)

298.15 303.15 308.15 313.15

Viscosity (g), (mPa.s)
0.0150 0.8076 0.7658 0.7182 0.6845
0.0231 0.8110 0.7687 0.7213 0.6875
0.0329 0.8151 0.7734 0.7258 0.6915
0.0445 0.8199 0.7792 0.7305 0.6960
0.0577 0.8268 0.7851 0.7368 0.7011
0.0727 0.8335 0.7923 0.7432 0.7079
0.0894 0.8419 0.8003 0.7503 0.7146
0.1079 0.8512 0.8082 0.7594 0.7239
0.1281 0.8623 0.8184 0.7693 0.7339
0.1500 0.8744 0.8302 0.7803 0.7441
Relative Viscosity, (gr)
0.0150 1.0047 1.0040 1.0031 1.0028
0.0231 1.0089 1.0078 1.0073 1.0072
0.0329 1.0140 1.0140 1.0137 1.0131
0.0445 1.0200 1.0217 1.0203 1.0196
0.0577 1.0286 1.0294 1.0291 1.0271
0.0727 1.0369 1.0388 1.0380 1.0371
0.0894 1.0473 1.0492 1.0478 1.0468
0.1079 1.0589 1.0597 1.0606 1.0605
0.1281 1.0727 1.0730 1.0744 1.0752
0.1500 1.0878 1.0884 1.0898 1.0900
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Table 5
Viscosity and relative viscosity of Atrazine in 50 % DMSO at various temperatures.

Molar Conc. of Atrazine in 50 %
DMSO (mol.dm�3)

Temperatures (K)

298.15 303.15 308.15 313.15

Viscosity (g), (mPa.s)
0.0150 1.2208 1.1232 1.0416 1.0001
0.0231 1.2262 1.1283 1.0462 1.0042
0.0329 1.2327 1.1350 1.0537 1.0109
0.0445 1.2422 1.1433 1.0625 1.0193
0.0577 1.2518 1.1534 1.0707 1.0286
0.0727 1.2634 1.1641 1.0815 1.0385
0.0894 1.2756 1.1764 1.0937 1.0504
0.1079 1.2907 1.1893 1.1068 1.0635
0.1281 1.3063 1.2048 1.1210 1.0786
0.1500 1.3242 1.2217 1.1358 1.0951
Relative Viscosity, (gr)
0.0150 1.0032 1.0034 1.0032 1.0036
0.0231 1.0076 1.0079 1.0077 1.0077
0.0329 1.0129 1.0140 1.0149 1.0145
0.0445 1.0208 1.0213 1.0233 1.0229
0.0577 1.0287 1.0304 1.0313 1.0322
0.0727 1.0382 1.0400 1.0416 1.0421
0.0894 1.0482 1.0509 1.0534 1.0541
0.1079 1.0606 1.0625 1.0660 1.0672
0.1281 1.0735 1.0763 1.0796 1.0824
0.1500 1.0881 1.0913 1.0940 1.0989

Table 6
Viscosity and relative viscosity of Atrazine in DMSO at various temperatures.

Molar Conc. of Atrazine in
DMSO (mol.dm�3)

Temperatures (K)

298.15 303.15 308.15 313.15

Viscosity (g), (mPa.s)
0.0150 1.9982 1.8032 1.6205 1.5164
0.0231 2.0075 1.8114 1.6283 1.5243
0.0329 2.0183 1.8221 1.6394 1.5343
0.0445 2.0326 1.8353 1.6524 1.5451
0.0577 2.0492 1.8520 1.6678 1.5592
0.0727 2.0698 1.8703 1.6843 1.5751
0.0894 2.0910 1.8892 1.7042 1.5965
0.1079 2.1163 1.9146 1.7255 1.6194
0.1281 2.1474 1.9403 1.7495 1.6432
0.1500 2.1785 1.9672 1.7786 1.6694
Relative Viscosity, (gr)
0.0150 1.0038 1.0034 1.0034 1.0037
0.0231 1.0085 1.0079 1.0082 1.0090
0.0329 1.0139 1.0139 1.0151 1.0156
0.0445 1.0211 1.0212 1.0232 1.0227
0.0577 1.0294 1.0305 1.0327 1.0321
0.0727 1.0397 1.0407 1.0429 1.0426
0.0894 1.0504 1.0512 1.0552 1.0568
0.1079 1.0631 1.0654 1.0684 1.0719
0.1281 1.0787 1.0796 1.0833 1.0876
0.1500 1.0944 1.0946 1.1013 1.1050

Table 7
‘b’ values for Pesticides Chlorothalonil and Atrazine in 50% of DMSO in binary liquid
mixture DMF and DMSO at various temperatures.

Temp. DMF 50 % DMSO DMSO

Chlorothalonil
298.15 1.1829 1.6357 1.9883
303.15 1.2473 1.6803 2.1180
308.15 1.3945 1.7660 2.2853
313.15 1.7624 1.9246 2.5743
Atrazine
298.15 0.6134 0.6304 0.6713
303.15 0.6224 0.6523 0.6815
308.15 0.6393 0.6777 0.7215
313.15 0.6468 0.7086 0.7546

Table 8
Solvation numbers (ns) for pesticides Chlorothalonil and Atrazine in 50% of DMSO in
binary liquid mixture DMF and DMSO at various temperatures.

Temp. DMF 50 % DMSO DMSO

Chlorothalonil
298.15 1.8921 4.5477 6.3839
303.15 0.4642 2,8955 5.2493
308.15 0.1578 2.1511 4.9340
313.15 0.0295 0.7854 4.5484
Atrazine
298.15 1.3541 1,7079 1.9937
303.15 0.9695 1.2811 1.5506
308.15 0.6397 0,9407 1.2598
313.15 0.1966 0.5915 0.8984
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DMSO at 298.15 K. The small value of viscosity indicates lower
molecular interactions while higher for high molecular interac-
tions. The molecular interactions are of solvent–solvent and
solute–solvent type. The higher value of relative viscosity is
1.3928 for 0.1500 M in pure DMSO at 313.15 K and smaller value
is 1.0250 for 0.0150 M in pure DMF at 298.15 K. Smaller magnitude
of relative viscosity indicates presence of weak solute–solute inter-
actions higher magnitude indicates strong solute–solute interac-
tions. The solute–solute, solute–solvent and solvent–solvent
interactions varying between minimum to maximum values from
pure DMF to pure DMSO.

The observed viscosities and relative viscosities of Atrazine pes-
ticide in pure DMF, 50 %, and 100 % DMSO are reported in table no.
4 to 6. It is observed that for table no. 4 the viscosities of Atrazine
pesticide in pure DMF increases with increase in molar concentra-
tion at all temperatures under consideration. While it decreases
with increase in temperature. The similar trend in viscosities is
observed in table no. 5 and 6 with the molar concentrations and
temperatures.

The relative viscosities (gr) increases with increase in molar
concentration of Atrazine pesticide in pure DMF. The relative vis-
cosities are positive and greater than one indicate that solute–so-
lute interaction persist at all temperatures.

Viscosity and relative viscosity is the measure of molecular
interaction. Table no. 4 to 6 shows the smallest value of viscosity
of Atrazine is 0.6845 (mPa.s) for 0.0150 M in pure DMF at
313.15 K and higher 2.1785 (mPa.s) for 0.1500 M in pure DMSO
at 298.15 K. The small value of viscosity indicates lower molecular
interactions while higher for high molecular interactions. The
molecular interactions are of solvent–solvent and solute–solvent
type. The higher value of relative viscosity is 1.1050 for 0.1500 M
in pure DMSO at 313.15 K and smaller value is 1.0028 for
0.0150 M in pure DMF at 313.15 K. Smaller magnitude of relative
viscosity indicates presence of weak solute–solute interactions
higher magnitude indicates strong solute–solute interactions.

The ‘b’ values were obtained as slopes of linear plots of gr ver-
sus C for Chlorothalonil and Atrazine pesticides at all compositions
and temperatures are listed in Table 7. All the ‘b’ values are
positive.

The solvation numbers (ns) represent the number of solvent
molecules that remain gather around the ion at the time of its
movement in the solution. The solvation number is more impor-
tance because all solute undergo constant thermal motion. The sol-
vation numbers determine the effective size of the solute. The
extent of solvation directly proportional to the size of solute and
the solvation is results of dispersion interaction between solute
and solvent.

The number of solvent molecules (ns) to the solute in the pri-
mary sphere of solvation may be evaluated by using combine
equation of Einstein with the Jone- Dole equation.

B ¼ 2:5
1000

þ Vi þ nsVsð Þ ð5:1Þ

Where Vi are molar volume of the solute and it is evaluated
using crystallographic radius, rc, of the solute, (=4/3 pNrc2 = 2.52
rc3, r in A0), vs is the molar volume of solvent. Viscosity of a solu-
tion depends on many factors such as viscosity of solvent, type of
solute, the amount of solute and temperature. The simple equa-
tions related with viscosity of solution are based on few assump-
tions. The first is assuming the shape of the solute particles in the
solution as spheres. The second is assumption the particle size of
solute is much bigger than that of the solvent. Taken the ratio of
viscosity of the solution to that of the pure solvent (g/g0) is
related to the volume fraction (U) occupied by the solute particle.
The relation of these assumptions is explain by equation show
below,

g
g0

¼ 1þ 2:5� /ð Þ ð5:2Þ

The above equation can be written as.

g
g0

¼ 1þ 6:3� 1021 � C � r3
� �

ð5:3Þ

Whereas r is radius of particle in cm, C is the concentration.
The radius can be also determined by slope of straight line

graph of relative viscosity against concentration, C for pesticides
in binary liquid mixture DMF + DMSO.

slope ¼ 6:3� 1021
� �

r3 ð5:4Þ

The solvation of solute may be deciding form the value of ionic
(B/Uv

0). The values of (B/Uv
0) were explained that the whether a

solute shows unsolvated or solvated. If the value of (B/Uv0) lies
between the range 0 to 2.5 points, then the species remained
unsolvated and the value become larger than 2.5 point then species
are solvated.

The values of solvation number (ns) are evaluated with help of
equation no. 5.1, and are tabulated in table no. 8. The degree of
interactions was evaluated in terms of solvation number (ns). The
solvation number is a measure of the solvent–solute interactions.
The solvation numbers of both pesticides are positive. The solva-
tion numbers of all pesticides decreases with increases in temper-
ature implying removal of solvent molecules form secondary layer
of solvation at higher temperatures. This might be due to weaken-
ing of solute–solvent interaction at higher temperatures. On an
average the solvation numbers increase form pure DMF to pure
DMSO. It indicates that DMSO preferentially solvates pesticides
as compared to DMF.

The present study shows that the varying molecular interac-
tions are observed for selected binary liquid mixture and at all
temperatures. Each model suggests the existence of molecular
interactions. The present study is not only useful to enrich the
transport properties of pesticides but also useful to predict novel
pesticide structure for its better activity as pesticides.
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a b s t r a c t

A simple highly efficient method for synthesis of pyrazolopyranopyrimidine derivative has been devel-
oped. We have prepared heterogeneous silica supported phosphotungstic acid catalyst and characterized
completely by different spectroscopic and analytical techniques. After successful characterization of cat-
alyst, it was employed in the synthesis of pyrazolopyranopyrimidine derivatives from barbituric acid, 3-
methyl-5-pyrazolone and substituted aryl aldehydes under optimized reaction conditions. Results
showed that, silica supported phosphotungstic acid catalyst much more effective and selective catalyst
for the synthesis of pyrazolopyranopyrimidine derivatives under greener conditions. Key advantage of
this method was easy work up, recyclability of catalyst up to five cycles, highly efficient synthesis of ele-
ven derivatives of pyrazolopyranopyrimidines with 96–88 % isolated yield with maximum purity.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Multi-component reactions involve more than two reactants
that combine in the proper way to form a single product that con-
tains the essential part of the reactants [1]. A multicomponent
reaction is a powerful tool in synthetic organic chemistry and drug
design processes, because of its molecular diversity, allowing the
rapid and automated generation of organic compounds [2].
Knovengel reaction is the most important route for the construc-
tion of the CAC bond in modern organic chemistry [1–3]. Knoven-
gel product usually undergoes Michael-type addition reactions [4].
Several multi-component strategies involving Knovengel conden-
sation and Michael addition followed by intramolecular cyclization
have been reported for the synthesis of new fused heterocycles [4–
6]. Heterocyclic compounds containing pyrimidine, pyrazole and
pyran together has found to possess various pharmacological activ-
ities [7]. The pyrimidine nucleus is the core unit of many pharma-
cological agents which exhibits a broad spectrum of biological

properties [7,8]. Furthermore, Pyrazole is another important struc-
tural motif that plays a vital role in many pharmaceutical and agro-
chemical industries [9,10]. The pyran skeleton is the most
important structural unit in bioactive compounds, a number of
natural products, photochromic and luminescence materials
[11,12]. The more prominent effect is observed when two or more
heterocyclic units are present in a single molecule. The pyranopy-
razole moiety signifies a fascinating template in the pharmaceuti-
cal field and shows a wide range of biological activities such as
antidepressant, [13] insecticidal [14], hypotensive [15], and anti-
cancer. [16] In contrast, the pyranopyrimidine scaffold as a key
member of the pyrimidine family has gained considerable atten-
tion due to its wide range of antitumors [17] and prominent
antimicrobial & antitubercular activities. [18] Significant biological
activity of pyranopyrimidine is due to their occurrence in the
structures of various natural products [19]. Fused heterocycle con-
sisting of both Pyranopyrazole & Pyranopyrimidine moieties fasci-
nates probing possible cumulative biological properties. Recently,
considerable attention has been given to design strategies leading
to structurally diverse and complex molecules.

Heteropolyacid plays an important role in the catalytic system
which possesses both Bronsted acidity and redox potentiality

https://doi.org/10.1016/j.matpr.2022.11.375
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[20–22]. Different HPAs (Heteropoly acids) are used for catalyzing
numerous photochemical, organic [23–26], electrochemical [27],
and petrochemical [28] reactions. Although all the interesting fea-
tures of HPAs such as their non-corrosive and nontoxic nature, are
sensitive to light and electricity, they suffer from some drawbacks
like low surface area and high water solubility and conventional
organic solvents. Recently, heterogeneous catalysis attracted the
researcher’s attention due to its basic characteristic of easy separa-
tion. Supported Heteropolyacid have more important applications
due to it have high specific area with more acidic sites on the sur-
face compared to Heteropolyacid [29]. So, it is necessary to find out
appropriate support to increase specific areas of phosphotungstic
acid. Silica- supported phosphotungstic acid was utilized in differ-
ent reactions like a-pinene polymerization [30], b-pinene polymer-
ization [31] and many others.

The most common method for synthesis of pyrazolopyranopy-
rimidinedione derivatives is condensation reaction between pyra-
zoline, aromatic aldehyde and barbituric acid in presence of
various catalyst such as, Meglumine [32], SBA-Pr-SO3H as a Nano-
porous acid catalyst [33], Nano Fe2O3 supported organocatalyst
[34]. Reported literature suffers from a few limitations such as long
reaction time, low yield, the requirement of excess and toxic
reagent and tedious work-up procedure therefore, there is need
to develop highly efficient catalytic system in the synthesis of
Pyrazolopyranopyrimidinedione.

In continuation of our research work on the development of
constructive methodologies, we reported highly efficient environ-
ment pleasant, silica supported phosphotungustic acid as catalyst
for synthesis of Pyrazolopyranopyrimidines derivatives. In addition
detail, the synthesis and characterization of synthesized catalyst
were obtained and structural confirmation has been done. In addi-
tion, optimization of reaction conditions was studied in detail and
the same has been discussed. Recyclability of catalyst and number
of substituted derivatives were prepared in good to efficient yield.

2. Materials and methods

2.1. Materials

All the chemicals including Phosphotungstic acid (99.0 %), aryl
aldehydes (99.0 %), Pyrazoline (99.0 %) fumed silica & barbituric
acid (99.0 %) were purchased from Sigma Aldrich and used directly
without further purification.

2.2. Catalyst preparation

Fumed silica was treated with 1 M hydrochloric acid. A mixture
of 10.0 g of silica (mesh size 0.2–0.3 lm) & 40 ml of 1 M hydrochlo-
ric acid was added in a 100 ml round-bottomed flask with a stirrer
bar and stirring continued for 5 h at room temperature, the pre-
treated silica was collected by filtration, washed with distilled
water until the pH was more than 6.0; then dry in an oven at
100 �C for 5 h. Then impregnation of phosphotungstic acid was
done. Phosphotungustic acid 1.2 g, pretreated silica 2.0 g, and
20 ml of distilled water were put into a 100 ml flask, the resulting
mixture was refluxed by stirring in an oil bath for 5 h at 100 �C,
then evaporated to dryness at 90 �C, and further dry in an oven
at 100 �C for 5 h.

2.3. Catalyst characterization methods

FT-IR spectra of catalyst were recorded by using a Varian 2000
IR spectrometer by employing the KBr pellet technique. X-ray
diffraction patterns of pure silica and catalyst were obtained by
using a powder XRD patterns were noted on a RigakuMiniflex

(Rigaku Corporation, Japan) X-ray diffractometer using Ni filtered
Cu Ka radiation (k = 1.5406 Å) with a 20 min�1 scan speed and a
scan range of 5-80� at 30 kV and 15 mA. Energy Dispersive X-ray
spectrometry (EDX) of prepared material gave information for ele-
mental study which was determined using SEM instrument com-
bined with an INCA instrument for energy dispersive X-ray
spectroscopy-scanning electron microscopy (EDX-SEM), with scan-
ning electron electrode at 20 kV.

2.4. General reaction procedure for synthesis of
pyrazolopyranopyrimidines derivative by using Si-PTA catalyst

A mixture of Barbituric acid (1 mmol), aryl aldehyde (1 mmol),
3-methyl-1-phenyl-5-pyrazolone (1 mmol) & 10 wt% Si-PTA cata-
lyst were added in 50 ml RBF containing 5 ml EtOH /H2O and the
mixture were heated under reflux for the appropriate time. The
progress of the reaction was monitored with help of TLC. After
completion of the reaction, the mixture was cooled and the precip-
itate was filtered, dried and dissolved it in hot ethanol in order to
separate the catalyst from product. Finally, pure product was
obtained by recrystallization from hot ethanol.

2.5. Spectral data of representative compounds (4-b to 4-h)

2.5.1. 3-methyl-4-(4-nitrophenyl)-1-phenyl-6,8-dihydropyrazolo
[40,30:5,6]pyrano[2,3-d]pyrimidine-5,7-(1H,4H)-dione(4-b)

M.P: 230–232 �C; IR (KBr, in cm�1): 3284, 3116, 1666,1597,
1566, 1460 and 1274; 1H NMR (DMSO, in d ppm): 10.16 (s,1H),
9.16 (s,1H), 8.07–8.12 (d,2H), 7.61–7.65(d,2H), 7.12–7.37(m, 5H),
4.85 (s,1H), 2.20 (s,3H); 13C NMR (DMSO, in d ppm): 162.00,
153.90, 150.70, 147.70, 142.90, 140.70, 137.16, 133.89, 131.40,
129.20, 128.82, 126.20, 120. 53, 118.21, 104.89, 81.10, 40.31,
30.28, 11.77; MS (m/z): 417 (M+, 100 %),

2.5.2. 4-(4-Hydroxyphenyl)-3-methyl-1-phenyl-6,8-dihydropyrazolo
[40,30:5,6]pyrano[2,3-d] pyrimidine-5,7-(1H,4H)-dione(4-c)

M.P: 254–256 �C; IR (KBr, in cm�1): 3278, 3120, 2989, 1693,
1589, 1249; 1H NMR (DMSO, in d ppm): 11.21 (s, 1H), 9.13 (s,
1H), 7.65–7.75 (d, 2H), 7.50 (d, 2H), 7.35–7.45(t, 1H), 6.90 (d,
2H), 6.62–6.65 (d, 2H), 5.30 (s,1H), 4.75 (s,1H), 1.95 (s,3H), 13C
NMR (DMSO, in d ppm): 163.02, 154.00, 151.71, 148.40, 137.41,
135.30, 130.40, 128.70, 122.36, 118.22, 112.18, 81.20, 32.20,
13.06, MS (m/z): 388 (M+,100 %).

2.5.3. 4-(3,4-Dimethoxyphenyl)-3-methyl-1-phenyl-6,8-
dihydropyrazolo[40,30:5,6] pyrano- [2,3-d] pyrimidine-5,7-(1H,4H)-
dione(4-e)

M.P: 270–272 �C; IR (KBr, in cm�1): 3213, 3080, 1678, 1595,
1274; 1H NMR (DMSO, in d ppm): 10.37 (s,1H), 8.85 (s,1H), 7.80
(d,2H), 7.64 (d,2H), 7.45 (t,1H), 6.95–7.02 (s,1H), 6.78 (d,1H), 6.63
(d,1H), 4.85 (s,1H), 3.89 (s,3H), 3.86 (s,3H), 2.32 (s,3H); 13C NMR
(DMSO, in d ppm): 164.52, 162.80, 161.22, 155.90, 154.15,
150.72, 148.7, 148.32, 132.20, 125.84, 117.30, 115.70, 111.62,
56.30, 56.00, 55.92, 10.53; MS (m/z): 432 (M+,100 %).

2.5.4. 4-(2,4-Dichlorophenyl)-3-methyl-1-phenyl-6,8-
dihydropyrazolo[40,30:5,6]pyrano[2,3-d] pyrimidine-5,7-(1H,4H)-
dione(4-g)

M.P: 234–235 �C; IR (KBr, in cm�1): 3223, 3143, 3076,1739,
1695, 1541, 1390, 804; 1H NMR (DMSO, in d ppm): 9.76–10.0
(s,1H), 8.91 (s,1H), 7.89–7.92 (d,2H), 7.67–7.70 (d,2H), 7.55
(t,1H), 7.12–7.29 (m,3H), 5.03(s,1H), 2.16 (s,3H); 13C NMR (DMSO,
in d ppm): 162.10, 155.92, 150.23, 147.72, 142.90, 139.10, 137.16,
135.32, 132.80, 130.89, 129.60, 127.82, 126.20, 122.53, 118.21,
82.04, 32.15, 12.22; MS (m/z): 440 (M+,100 %).
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2.5.5. 4-(4-Chlorophenyl)-3-methyl-1-phenyl-6,8dihydropyrazolo
[40,30:5,6]pyrano[2,3-d]pyrimidine-5,7-(1H,4H)-dione(4-h)

M.P: 225 �C; IR (KBr, in cm�1): 3215, 3054, 1686, 1623, 1588,
1488, 1369, 836, 870; 1H NMR (DMSO, in d ppm): 10.19 (s, 2H),
7.27 (d, 2H), 7.06 (d, 2H), 7.35–7.45(t,1H), 7.50 (d,2H), 7.65–7.75
(d,2H), 5.41(s, 1H), 2.23 (s, 3H); 13C NMR (DMSO, in d
ppm):160.35, 150.57, 141.58, 134.64, 129.92, 128.59, 128.06,
127.71, 127.27,89.45, 30.16, 9.96; MS (m/z):406 (M+, 100 %),

3. Results and discussion

3.1. Catalyst characterization

3.1.1. FT-IR analysis of prepared materials
The characteristic bands for keggin structure of HPW (phospho-

tungstic acid) are exhibited at 1080, 985, 890 and 839 cm�1. All the
characteristic bands of keggin structure are observed at the same
wave number in prepared catalyst which indicates the preserva-
tion of the basic kegging structure in the silica-supported phospho-
tungstic acid catalyst. Fig. 1, shows the band at 1080 and 890 cm-

1are more intense in Si-PTA compared to pure silica; it confirms the
presence of the undegraded anion of the catalyst. A strong peak at
close to 3400 indicates the presence of silica impregnated with
phosphotungstic acid (see ).

3.2. XRD analysis of catalysts

The XRD pattern of pure silica and silica-supported phospho-
tungstic acid is shown in Fig. 2. Silica displays a broad band cen-
tered at 2h = �25�. When phosphotungstic acid was impregnated
with silica, the characteristic peaks assigned to PTA are comparable
to those for the Si-PTA, which implies retention of their crystalline
character. As seen in Fig. 2, reduction in the peak of Si-PTA was
exhibited at 25� compared to silica which indicates the surface of
silica was accumulated by particles of phosphotungstic acid in
the impregnation method. Obtained intense peaks indicate that
there is no significant change in the structure of phosphotungstic
acid and silica structures during preparation of catalyst, confirmed
by XRD.

3.3. FE-SEM and Elemental analysis (EDX) of Si-PTA

The surface structures of Si-PTA catalyst were studied using
SEM analysis. In the morphology study of pure Si, no agglomera-
tion of particles occurred, while Si-PTA showed the agglomeration

of particles, it reveals that uniform distribution of phosphotungstic
acid on silica in prepared material and slight agglomeration
occurred. Moreover, the Elemental analysis was studied by energy
dispersive X-ray spectroscopy. EDS mapping of pure silica showed
the presence and uniform distribution of silicon and oxygen
throughout the structure. Further, the presence of Si, W, P and O
elements in the catalyst was observed by EDX mapping and a uni-
form distribution was also observed (the second image of Fig. 3).

3.4. Catalyst activity

To find out suitable reaction conditions for the synthesis of the
Pyrazolopyranopyrimidines, several experiments were conducted
and develop multicomponent condensation reaction of Barbituric
acid, 3-methyl-5-pyrazolone and Benzaldehyde in presence of Si-
PTA. In order to find the optimum conditions for this reaction, ini-
tially, the effect of solvent, temperature, amount of catalyst, and
reaction time was tested. As per the results summarized in Table 1,
the catalyst effect on reaction rate and yield was investigated, and
find out the reaction cannot proceed without a catalyst in presence
of different solvents at room temperature for up to several hours
(Table 1, entries from 1 to 6). As shown in Table 1, good to efficient
yield was obtained when the reaction was conducted at reflux
temperature in ethanol: water (1:1) solvent system (Table 1, entry
7) in a short reaction time. However, the same reaction continues
for a longer time in ethanol: water (1:1) under reflux temperature
obtains a low yield (Table 1, entries 8–10). One more experiment
was carried out in presence of the catalyst under solvent-free con-
ditions the reaction proceeded with a lower yield of product
(Table 1, entry 13). Obtained results in Table 1 shows that the reac-
tion proceeded highly efficiently with a high yield in a polar sol-
vent and become sluggish and low yield in nonpolar solvent. In
the final, we conclude that reflux temperature in ethanol: water
(1:1) solvent system with 10 wt% of catalyst is highly effective
for this reaction and same has been considered for further study.

Si-PTA is a selective heterogeneous catalyst in the synthesis of
Pyrazolopyranopyrimidines in ethanol: water under reflux condi-
tions. The next examination was a screening of the effect of cat-
alytic amount on the conversion of reactants. The results of
catalytic screening as shown in Table 1 (Entry7-9), it was showed
10 wt% of catalyst is sufficient for complete conversion with max-
imum yield (Entry 7). With the decrease in the amount of catalyst
up to 5 wt%, the yield was also decreased and more time was
required for the completion of the reaction (Entry 9). However,
an increase in the amount of catalyst up to 20 wt% does not affect
the yield as well rate of reaction (Table 1, Entry 8) and hence 10 wt
% of Si-PTA was selected for further investigation to compare theFig. 1. FT-IR analysis of pure Si and prepared Si-PTA catalyst.

Fig. 2. XRD analysis of pure Si and prepared Si-PTA catalyst.
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Fig. 3. FE-SEM and Elemental analysis (EDX) of pure Si and Si-PTA.
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effectiveness of various catalysts in the synthesis of
pyrazolopyranopyrimidines.

As evidently shown in Table 2, the yield obtained using different
reported catalyst were found comparatively low. The comparison
of the catalytic activity of Si-PTA and oleic acid clearly shows, SI-
PTA can catalyze the reaction with a higher yield of desired product
within a short reaction time. OMWCNTs, DABCO, & [BNPs-Caff]
HSO4catalysts exhibit high and comparable catalytic activities
but slightly lower than that of Si-PTA (Table 2, entry 1, 2, 3, 5
respectively) with lots of weaknesses in the reaction.

With results in hand, we were encouraged to examine the scope
and generality of this method using a variety of substituted aryl
aldehydes. Thus various aromatic and heteroaromatic aldehydes
were reacted with 3-methyl-5-pyrazolone and barbituric acid;
the obtained experimental results are tabulated in Table 3 (entries
1–10). As seen in Table 3, it is evident that, most of the reactions
were performed with a good to high yield of pyrazolopyranopyrim-
idines. Aromatic aldehydes bearing electron withdrawing and elec-
tron donating group reacts under optimized conditions, and the

corresponding products are obtained in good to high yield. In gen-
eral comparison, aromatic aldehyde containing electron withdraw-
ing group as well as heteroaromatic aldehydes reacts to produce a
high yield (Table 3, entry 2, 10, 11), while aromatic aldehydes con-
taining electron donating group react to provide a comparatively
low yield (Table 3, entry 3, 6).

3.5. Proposed reaction mechanism

3.5.1. Plausible SiPTA catalyzed reaction mechanism for synthesis of
pyrazolopyranopyrimidines

We believe that, at first, the catalyst interacts with the oxygen
atom of the carbonyl group of Barbituric acid and forced it to con-
vert into enol form. In the next step, the catalyst protonates oxygen
of the carbonyl group of aromatic aldehyde and makes carbon elec-
trophilic which fascinates nucleophilic attack results in CAC bond
formation followed by dehydration. Further, 3-methyl-5-
pyrazolone (IV-f) undergoes tautomerization to form compound
(IV-e), it is the most prominent candidate for cyclization. Finally

Table 1
Optimization of reaction conditions for the synthesis of Pyrazolopyranopyrimidinesa.

Entry Solvent Cat.(wt%) Temp.(oC) Time(hr) Yield (%)b

1 Toulene 10 Reflux 04 50
2 DCM 10 Reflux 04 58
3 CH3CN 10 Reflux 04 65
4 MeOH 10 Reflux 01 75
5 EtOH 10 Reflux 01 80
6 H2O 10 Reflux 01 78
7 EtOH: H2O 10 Reflux 01 96
8 EtOH: H2O 20 Reflux 01 96
9 EtOH: H2O 05 Reflux 02 80
10 EtOH: H2O – Reflux 04 50
11 EtOH: H2O 10 RT 04 60
12

13
EtOH: H2O
—

10
10

60 �C
RT

24
24

82
45

Reaction conditions:(a) Barbituric acid (1 mmol), aryl aldehyde (1 mmol), 3-methyl-1-phenyl-5-pyrazolone (1 mmol); In
presence of Catalyst; Reaction completion was monitored by TLC.(b) Isolated yield.

Table 2
Comparisons of various catalysts with Si-PTA in the synthesis of Pyrazolopyranopyrimidinesa.

Entry Catalyst Time(min)e Yield (%)f

1 OMWCNT’s 70 94
2 DABCO 45 84
3 [BNPsCaff]HSO4 50 85
4 Oleic acid 120 78
5 Si-PTA 60 96 [present work]

Reaction conditions: (a) Synthesis of pyrazolopyranopyrimidine from Barbituric acid, 3-methyl-5- pyrazolone and aryl aldehydes under
optimized reaction condition, (b) catalyst amount 10 wt%.
(c) Solvent: EtOH:H2O (1:1). (d) Reflux temperature, (e) reaction time is monitored by TLC.(f) Isolated yield.
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nucleophilic addition of compound (IV-e) on compound (IV-d) fol-
lowed by cyclization and then dehydration to gave 3-methyl-4-(p
henyl)-1-phenyl-6,8-dihydropyrazolo [3-6]pyrano[2,3-d]
pyrimidine-5,7(1H,4H)-dione. In this reaction, Si-PTA plays an
important role in cyclization as well as dehydration due to which
we achieved our target with efficiency, after completion of the
reaction catalyst can be removed easily and utilized in many more
reactions. However, further catalyst characterization and in-depth
correlation for the catalyzed mechanism are under study.

3.6. Recyclability test of Si-PTA

The advanced, highly efficient, and recyclable heterogeneous
catalyst for the synthesis of pyrazolopyranopyrimidines deriva-
tives is the ultimate objective of our research. It is essential to
know the stability of heterogeneous catalysts at given reaction
conditions. In order to know the reusability of the catalyst, we sep-
arated the Si-PTA catalyst from reaction mixture by simple filtra-
tion and washed it two to three times using water and ethanol to
remove all types of impurities and reused it for further successive
five cycles. Recyclability test reveals that, no significant loss in the
yield of pyrazolopyranopyrimidines. Moreover, complete conver-
sion of the reactant with a comparable yield of product was main-
tained during the recycling test of Si-PTA. Further study and
comparison of fresh and recycled catalysts is going on and some
other applications are in process.

4. Conclusions

We have prepared a heterogeneous Si-PTA catalyst and charac-
terized it completely by different spectroscopic and analytical
techniques. After the successful characterization of the catalyst, it
was utilized in the synthesis of pyrazolopyranopyrimidines deriva-
tives from barbituric acid, 3-methyl-5-pyrazolone and substituted
aryl aldehydes under optimized reaction conditions. The catalyst
showed 96–88 % isolated yield of product with maximum purity.
Finally, the catalyst was recycled by simple filtration and reused
up to five cycles without loss of catalytic efficiency during the
experimental procedure. Silica-supported phosphotungstic acid

exhibits key advantages such as simplicity, recyclability, and
efficiency.
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a b s t r a c t

Studies were conducted for the incorporation of OPP (Orange peel powder) and MLP (Moringa leaves
powder) in cookies. The OPP and MLP were analyzed and used in whole WF 100gm (0.5 gm, 1 gm, 1.5
gm, 2 gm, 2.5 gm, 3 gm, 3.5 gm, 4 gm) and MLP (0.5 gm, 1 gm, 1.5 gm 2 gm, 2.5 gm, 3 gm, 3.5 gm, 4
gm) proportion respectively. Based on sensory evaluation, 3% of OPP and 1% of MLP were selected for
the preparation of healthy cookies. In the present work, OPP and MLP were prepared by using the tray
dryer method. Jaggery and whole wheat flour were used instead of sugar and maida. The final formula-
tion of the cookie mixture containing wheat flour (WF), OPP, and MLP was in the 96:3:1 ratio and resulted
in the highest sensory score. The cookies were analyzed for various nutrients and phytochemical com-
pounds. The utilization of waste orange peel and Moringa leaves was the most significant aspect of this
study.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Health-promoting foods including cookies have recently been in
focus and of great interest to consumers, dieticians, experts, and
producers. Cookies were classified as one of the most highly dis-
tributed bakery products in the market worldwide, because it is
ready to eat, cheap, nutritionally rich, available in different tastes
and have a longer shelf life [1].

The nutritional composition of Moringa of the South African
ecotype has also been reported that including the profiling of
chemical composition, fatty acids, amino acids, and vitamins.
Amino acids, fatty acids, minerals, and vitamins are essential in
animal feed. These nutrients are used for osmotic adjustment; acti-
vate enzymes, hormones, and other organic molecules that
enhance growth, function and maintenance of life process [2].

Studies have also revealed that the leaves have immense nutri-
tional value to combat malnutrition, especially among infants and
nursing mothers. In addition, nutrition plays a crucial role in both
humans and livestock as short-term alternative to chemoprophy-
laxis. In animals, nutrition plays a major role in animal’s ability
to overcome the detrimental effects of parasitism and diseases [3].

It is important to emphasize that orange peel, a byproduct of
citrus manufacturing that is typically discarded, is actually valued
as a functional food. Citrus peels may therefore boost health in a
ddition to the usual nutrients they contain and help ward off dis-
orders linked to food, such as osteoporosis, metabolic syndrome,
type II diabetes, coronary heart disease, obesity, and hypertension
[4].

The nutritional benefits of Moringa vary widely and are influ-
enced by things like genetic makeup, environmental conditions,
and production practices [5]. As a potential inhibitor of some
microorganisms, such as bacteria (Escherichia coli, Staphylococcus
aureus, Vibrio parahaemolyticus, Enterococcus faecalis, Pseudomonas
aeruginosa, Salmonella enteritidis, and Aeromonas caviae) and fungi
(Trichophyton rubrum, Trichophyton mentagrophytes, Epidermophy-
ton floccosum and Microsporum canis), moringa leaf extracts were
also able to act as a biocidal agent [6].

In addition to energy, proteins, minerals (zinc, copper, and iron),
and vitamins (A and E) are all necessary for an animal to develop
immunity (for the production of antibodies and cells) [7]. These
nutrients also help organs and tissues communicate with one
another to fight infections. Due to its several uses, moringa oleifera
is regarded as a plant of versatility. Its leaves are an excellent
source of calcium, iron, and vitamins A, B, and C [8].
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The majority of the world’s population enjoys eating baked
items made only with wheat flour. In nations like Nigeria, these
goods have continually been consumed [9]. A well-fed animal is
more resistant to disease than one that is already weak from star-
vation, even when exposed to infection. An animal’s immune sys-
tem responds to pathogen exposure by mounting an attack to ward
off infection. This includes raising antibodies to fight the infection,
as well as using white blood cells to attack pathogens [10]. In
Africa, nursing mothers have been shown to produce much more
milk when they add Moringa leaves to their diet. Severely mal-
nourished children were reported to have made significant weight
gains when caregivers add the leaves to their diet to increase their
nutritional content [11].

Citrus by-products, if utilized fully, could be major sources of
phenolic compounds. The peels, in particular, are an abundant
source of natural flavonoids and contain a higher amount of pheno-
lics compared to the edible portions [12].

The healing of abdominal tumors, hysteria, scurvy, paralytic
attacks, helmintic bladder, prostate issues, ulcers, skin infections,
inflammation, cardiovascular, and liver illnesses are just a few of
the health issues and diseases that moringa is helpful for. Moringa,
also protects body from arsenic-induced oxidative stress and in the
depletion of arsenic concentration. Moringa is considered as a
hypocholesterolemic agent, regulation of thyroid hormone status,
anti-diabetic agent, antipyretic, antiepileptic gastric ulcers, antitu-
mor agent, and hypotensive agent [13–15]. It is considered as one
of the World’s most useful trees, as almost every part of the Mor-
inga tree can be used for food, medication and industrial purposes
[16].

The wastes of fruits and vegetables are inexpensive, abundantly
available, and are a good source of.dietary fiber [17]. The orange
peel is thought to contain some essential nutrients and has certain
qualities that help the gastrointestinal tract operate properly. It is
also great for diabetics and heart patients. Besides the nutritional
aspect, it is having an affordable aspect as well. A segment mem-
brane of citrus fruits appears to be able to prevent prostate and
other cancers by acting as a mediator in cell communication, a fac-
tor known to reduce the likelihood of abnormal cell growth. Sour
fruits such as lemon appear to have the greatest effect [18]. Mor-
inga leaves are more potent in nutritional value. Its vitamin C con-
tent is seven times more than that of oranges, it has thirteen times
more vitamin than spinach, and is on a lead on its own when it
comes to the amino acid, 2,000 times more than green tea and
242 times more than apples. The leaves are sources of sulfur-
containing amino acid such as methionine and cystine which are
often in short supply in most legumes [19].

Bakery products have become more popular in India since ear-
lier times. Among the different bakery products cookies constitutes
the most popular group. Cookies were created fairly early. Because
of their extremely low moisture content, they can be preserved for
a long period. Cookies are chemically leavened bakery items with a
high fat and sugar content [20].

Wheat as a major source of raw material for the production of
these baked products such as cookies also lacks some nutrients.
Moringa oleifera is an important food commodity that has had
enormous attention as the ‘natural nutrition of the tropics. The
leaves, seeds, and flowers of Moringa oleifera all have great nutri-
tional and therapeutic value [21].

The seeds are eaten like peas or roasted like nuts when still
green; the dry seeds are apparently not used for human consump-
tion, perhaps because the bitter coating becomes hardened while
the flowers are eaten when cooked and taste like mushrooms
[22]. The leaves are outstanding as a source of vitamins A, B group
and (C when raw) and are among the best sources of minerals.
They are also excellent sources of protein, but poor sources of car-

bohydrate and fat. Moringa leaves are one of the best plant foods
available in nature.

The leaves of Moringa was considered as a very nutritional
material as it contains vitamin A, vitamin C, iron, calcium and
potassium in concentrations as much as in carrot, orange, spinach
and banana. It is also a good protein source based on a comparison
between its amino acid profiles and FAO/WHO/UNO reference pro-
tein for children. Its content of protein are more than that found in
egg and soybean and contains a wide range of amino acids includ-
ing zeatin, glutamic, arginine, and aspartic acid. Also, it contains
carotenoid pigments, flavonoids, minerals, sterols and some phe-
nolic compounds. Moringa leaves was proved to possess a high
antioxidant activity values which played a potential rule in cancer
chemoprevention, protein oxidation reduction and lipid peroxida-
tion inhibition [23].

Since ancient times, 70 percent of the total production of
oranges is used for the manufacture of derivative products, but
30 percent of processed fruits are converted into citrus peels waste,
so these wastes contain many nutrients. Fruit peels serve as a bar-
rier, shielding the edible components of the fruit from external ele-
ments as well as microorganisms and enzymes. They may or may
not be considered fruits depending on their thickness and flavor.
People frequently discard the peels of fruits after eating them,
although the peels contain many of the fruit’s nutritional benefits.
They help protect our bodies from many diseases and increase dis-
ease resistance. Apart from this, various types of dishes, cosmetics,
and medicines are also prepared by using these nutritious peels
properly [24].

According to the World Health Organization (2003) report,
‘‘Dietary nutrition and prevention of chronic disease”, it prevents
heart disease due to folate present in citrus fruits, which is essen-
tial to lower levels of the heart. Potassium helps lower blood pres-
sure, prevents stroke and kidney disease, and vitamins,
carotenoids, and flavonoids are found in citrus fruits, all of them
as protective cardiovascular effects.

2. Methodology

Refined wheat flour, jaggery, hydrogenated vegetable oil, baking
powder, baking soda, salt, and milk were obtained from the local
market of Manchar. Essence was obtained from the natural orange
peel powder, moringa leaves powder to prepare at a college level
by using the tray dryer method. All chemicals and reagents used
were of analytical grade.

2.1. Preparation of orange peel powder

First, The orange fruits were washed under running water, dis-
infected and rinsed. The orange peels were manually removed
using stainless steel knives and weighed to determine the yield.
Material preparation and physicochemical analyses were per-
formed at the laboratory. After the peels were weighed, they were
cut into small pieces then dried in a tray dryer at 40 �C for 24 h and
ground, then sieved through a 50 mesh sieve to obtain a powder.
The peel powder was again weighed to calculate the yield, then
orange peel powder was vacuum packed and stored at room temp
for future analysis.

2.2. Preparation of Moringa leaves powder

First, the fresh moringa leaves were separated from the stalks of
the ties,it was then removed from the leaf petal by hand. The
leaves were placed on a tray dryer45 �C for 24 h. After drying, dried
moringa leaves were ground in the grinder to reduce the particle
size. The ground material is then allowed to pass through a sieve
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size 50 mesh, the larger particle on the sieve was again taken for
grinding and passed through the sieve to obtain a fine powder.
The moringa leaves powder was vacuum-packed and stored at
room temperature for future analysis.

2.3. Preparation of cookies

Cookies were prepared by using the standardized recipe and
method given by (Table 1):

According to the recipe, blends were made by combining milk,
wheat flour, moringa leaf powder, and orange peel powder in var-
ious dry-weight ratios. These mixtures were standardized to pro-
duce products with acceptable physical characteristics and
greater nutritional value. The dry ingredients i.e. wheat flour,
MLP(moringa leaves powder), OOP(orange peel powder), baking
powder, baking soda, salt, and flavour (cardamom and nutmeg
powder) were mixed. A homogenous paste of fat and jaggery was
prepared by hand to obtain a uniformly mixed dough. The pre-
pared dough was rolled in a uniform shape and cut into round
shape cookies with the help of a cutter. These cookies were baked
at 160 �C top and 150 �C bottom for 25 min. Preparation of cookies
was carried out using wheat flour samples replaced separately
with (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4) OOP and MLP (0.5, 1, 1.5, 2, 2.5,
3, 3.5, 4) The method of cookies is a flow sheet in Fig. 1.

2.3.1. Optimization of Moringa powder in final cookies
Moringa powder optimization in the final cookies is shown in

Table 2. Wheat flour, fat, baking powder, baking soda, salt, milk,
and jaggery were all used in constant amount as mentioned in
the Table 2. While the amount of Moringa leaf powder was chan-
ged in respective sample, to achieve an acceptable level of quality
for optimization. The range of the MLP was 0.5gm to 4.0gm. Fur-
ther, the sensory assessment of the product was carried out using
9 point Hedonic scale depending on which the suitable sample was
selected. Sample T2 was chosen based on the sensory assessment.

2.3.2. Optimization of orange peel powder in final cookies
Orange peel powder optimization in the finished cookies is

shown in Table 3. Wheat flour, fat, baking powder, baking soda,
salt, milk, jaggery, and moringa powder were all kept constant in
the final cookies while orange peel powder was changed to achieve
an acceptable level of quality. The range of the OPP was 0.5gm to
4.0gm. Further, the sensory assessment of the product was carried
out using 9 point Hedonic scale depending on which the suitable
sample was selected. Sample T6 was chosen based on the sensory
assessment.

2.4. Analysis of orange peel powder and Moringa leaves powder
cookies

2.4.1. Physical analysis
Orange peel powder and moringa leaves powder cookies were

analyzed for weight, Diameter, thickness, spread ratio, by following
the respective procedures (AACC, 2000) [25].

Diameter (D): Six cookies were placed horizontally (edge to
edge) and rotated at 90�angle for reading. Measured by vernier
caliper.

Thickness (T): biscuits thickness was measured with a vernier
caliper in triplicate. Means were recorded. Six cookies were mea-
sured one-by-one.

Spread ratio (SF): It was calculated according to the following
equation.

SF ¼ D=T

2.4.2. Chemical analysis
Moisture: Estimation of moisture content by hot air oven

method at 105 �C for 4 hrs (AOAC, 1995) [26].
Ash: By using muffle furnace method up to constant weigh.

Ignite in a muffle furnace at 550+/ - 250c for 4 hrs. [27].
Fat: Extracting the sample in a Soxhlet apparatus for 6-8h using

petroleum ether. The solvent is evaporated and the residue is
weighed [27].

2.4.3. Sensory analysis
Sensory evaluation: Evaluate the products for acceptability

based on its flavour, texture, appearance, amount of bitterness
and overall acceptability using nine-point hedonic scale.

(1 = dislike extremely to 9 = like extremely; Meilgaard et al.,
1999).

Shelf life analysis: The Orange peel powder and moringa leaves
powder cookies samples were packed in LDPE packaging material
under ambient temperature for 45 days has evaluated.

3. Result and discussion

3.1. Optimization

The optimization of control cookies was carried out by varying
proportion of different components such as flour, jaggery, salt, milk
and fat. In the 1st trial Wheat flour content was varied to get an
acceptable quality of cookies. The preparation of control cookies
the amount of wheat flour was varied as 90 %, 95 % and 100 %. sam-
ple 100 % was finalized due to its good characteristics (Fig. 2).

In 2nd trial the control cookies were prepared by using wheat
flour, jaggery, baking powder, baking soda milk. In this case of
fat were optimized i.e. 50, 70, and 90 gm respectively. Depending
upon sensory evaluation cookies having good taste, texture and
overall acceptability 70 gm were finalized.

In 3rd trial the control cookies were prepared by using wheat
flour, fat, baking powder, baking soda milk. In this case of jaggery
were optimized i.e. 25, 50, 75 gm respectively. Depending upon
sensory evaluation cookies having good taste, texture and overall
acceptability 50 gm were finalized.

In 4th trial, the control cookies were prepared by using wheat
flour, fat, baking powder, baking soda, and jaggery. In this case of
milk was optimized. i.e. 30, 45, 60 ml respectively. Depending upon
sensory evaluation cookies having good taste, texture, and overall
acceptability 45 ml were finalized.

Table 1
Ingredients used for preparation of
cookies.

Sr. no Ingredient Quantity

1 Wheat flour
2 Jaggery
3 Fat
4 Salt
5 Baking powder
6 Baking soda
7 Milk
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In 5th trial, all ingredients were kept constant only varied salt
content based on taste parameters i.e. 0.3, 0.5, 0.7gm respectively.
Depending upon sensory evaluation cookies having good taste, tex-
ture, and overall acceptability of 0.5 gm were finalized.

In the 6th trial, whole wheat flour 100gm with Moringa oleifera
leaves powder 0.5gm, 1gm, 1.5gm, 2gm, 2.5gm, 3gm, 3.5 gm, 4gm
based on taste parameters. Depending upon sensory evaluation
cookies having good taste, texture, and overall acceptability of 1
gm were finalized.

In 7th trial whole wheat flour 100gm with orange peel powder
0.5gm, 1gm, 1.5gm, 2gm, 2.5gm, 3gm, 3.5 gm, 4gm based on taste

parameter. Depending upon sensory evaluation cookies having
good taste, texture, and overall acceptability 3 gm were finalized.

In 8th trial, all ingredients were kept constant only varied time
and temperature. i.e. top and bottom temp (180–160 for 15 min,
160–160 for 18 min, 160–150 �C for 25 min).

After the trails, the final cookies were prepared using ingredi-
ents as per mentioned in Table 4. These cookies were used for sen-
sory evaluation.

Fig. 1. Flow sheet for preparation of cookies.

Table 2
Optimization process of Moringa powder.

Sample code Wheat flour
(gm)

Fat
(gm)

Baking powder
(gm)

Baking soda
(gm)

Salt
(gm)

Milk
(ml)

Jaggery
(gm)

Moringa powder
(gm)

T1 100 70 2 2 0.5 45 50 0.5
T2 100 70 2 2 0.5 45 50 1
T3 100 70 2 2 0.5 45 50 1.5
T4 100 70 2 2 0.5 45 50 2
T5 100 70 2 2 0.5 45 50 2.5
T6 100 70 2 2 0.5 45 50 3
T7 100 70 2 2 0.5 45 50 3.5
T8 100 70 2 2 0.5 45 50 4

Table 3
Optimization of orange peel powder.

Sample code Wheat flour (gm) Fat
(gm)

Baking powder (gm) Baking soda (gm) Salt
(gm)

Milk
(ml)

Jaggery
(gm)

Moringa powder (gm) Orange peel powder
(gm)

T1 100 70 2 2 0.5 45 50 1 0.5
T2 100 70 2 2 0.5 45 50 1 1
T3 100 70 2 2 0.5 45 50 1 1.5
T4 100 70 2 2 0.5 45 50 1 2
T5 100 70 2 2 0.5 45 50 1 2.5
T6 100 70 2 2 0.5 45 50 1 3
T7 100 70 2 2 0.5 45 50 1 3.5
T8 100 70 2 2 0.5 45 50 1 4
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3.2. Sensory evaluation of cookies

The effect of MLP fortification on sensory characteristics (color,
taste, flavour, texture and overall acceptability) of wheat flour
cookies is shown in Table 5 and Table 6. The color, taste, flavour
and texture of control sample and cookies fortified with 1 % MLP
and 3 % OPP extract were significantly superior to MLP and OPP
cookies. Cookies fortified with 1 % MLP and 3 % OPP extract had
the highest scores of flavour, texture and overall acceptability
being (8.5, 8.3, 8.4) and (8.3, 8.5, 8.5) respectively. Cookies fortified
with above 1 % MLP and 3 % were not acceptable. The results of

sensory evaluation indicated that 1 % MLP and 3 % OPP extract
can be successfully used in wheat flour cookies.

3.3. Physical parameters of cookies

Various physical parameters such as thickness, diameter,
weight and spread ratio were studied before and after baking
and are shown in Table 7. The cookies observed are shown in
Fig. 3 and Fig. 4.

3.4. Shelf life of orange peel powder and moringa leaves powder
cookies

Shelf life of orange peel powder and moringa leaves powder
cookies was carried out from 0 days to 45 days packed in LDPE
pouches at ambient temperature (Fig. 5).

4. Conclusion

The present investigation focused on utilization of orange peel
powder and moringa leaves powder for formulation of healthy
cookies. The development and consumption of such products can
also aid in improving the nutritional status of developing children.
Orange peel powder and moringa leave powder are waste products
derived from orange and moringa oleifera and possess good nutri-
tional value, functional properties, dietary fiber, antioxidant, and
antimicrobial properties. The MLP and OPP were optimized and
the best sample was selected on the basis of sensory evaluation
using nine-point Hedonic scale. Different optimization techniques
were tested, and among those formulations, the product made
with moringa powder was chosen for a 1 % sample based on sen-
sory analysis, and the product made with orange peel powder for
a 3 % sample.

Seven trials were conducted to formulate the ingredients in
final cookies which included wheat flour, fat, jaggery, milk, salt,
MLP and OPP. In the last eight trial, time and temperature were
optimized. The final cookies were prepared according to the opti-
mized ingredients and parameters. Further, the final product was
sujected to the sensory evaluation. The cookies were evaluated
depending on the color, texture and taste.

The results of Moringa’s nutrient characterization provide
strong evidence that the plant’s leaves are nutrient-rich. Orange
peel is thought to include several essential nutrients and possesses
particular qualities that help the gastrointestinal tract work prop-
erly and is great for diabetics and heart patients. This study suggest
that the moringa leaves and orange peels can be incorporated in
the diet through the bakery products and be used as a nutritional
supplement. The products can further be analyzed for its nutri-
tional components.

Fig. 2. Image of cookies trial (trial 1 to 8).

Table 4
Standardized recipe for cookies.

Sr. no Ingredient Quantity Quantity

1 Wheat flour 100 gm
2 Jaggery 50 gm
3 Fat 70 gm
4 Salt 0.5 gm
5 Baking powder 2.0 gm
6 Baking soda 2.0 gm
7 Milk 45 ml

Table 5
Sensory evaluation of moringa leaves powder in cookies.

Sample
Ccode

Sensory attributes

Color and
appearance

Texture Flavour Taste Overall
acceptability

Control 8.5 8.5 8.5 8.5 8.5
MLP (0.5) 8.0 8.0 8.5 8.0 8.0
MLP (1.0) 8.5 8.3 8.3 8.4 8.3
MLP (1.5) 8.0 8.5 8.0 8.3 8.3
MLP (2.0) 8.0 8.5 8.5 7.0 7.0
MLP (2.5) 7.5 8.5 7.5 7.5 7.5
MLP (3.0) 7.5 8.5 6.0 6.5 6.5
MLP (3.5) 6.5 8.5 5.5 6.0 6.0
MLP (4.0) 6.5 8.5 5.0 5.5 5.5
Mean 7.66 8.42 7.31 7.3 7.28

MLP =Moringa leaves powder.
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a b s t r a c t

Bacterial biofilms are the root cause of biofouling and are due to the agglomeration of microbes and
microorganisms on a surface that is surrounded or held together by extracellular polymeric substances.
Bacteria produce extracellular polymeric substances (EPS), lipopeptides, and other extracellular matrix
proteins, which enable them to adhere on to help them attach to surfaces and bind to one another.
These extracellular substances can adhere to metals and varied surfaces, possibly producing toxic com-
pounds such as. sulfhydryl groups, In Aquaculture fam and Ponds such Biofilm forms are of greatest
threat by paving the way to settle down for broad diversity of epibiotic organisms. They together can con-
tribute economic impact of Aquaculture and farms and ponds.
Chitin, the second most abundant polymer on earth, is a commercially valuable product. The deacety-

lated form of chitin, chitosan possesses more attractive and useful properties. In this study, the rawmate-
rial used was the waste of the Spp of shrimp, Penaeus indicus. Chitosan-Ag Nano complex was synthesized
and used for its antibiofilm-forming properties. Microbes capable to form biofilm isolated from contam-
inated sites were isolated and characterized for their identity using microtiter plate assay, tube culture
assay, and slide culture assay biofilm formers were observed from two different environments such as
paddy fields and ponds. Antibiofilm-forming properties of chitosan nanoparticles were assessed using
microtiter plate assay.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Biofilms are communities of microorganisms that are colonies
in a polluted environment by bacterial adherence. These biofilms
are a collection of one or more types of microorganisms including
fungi, bacteria, and protists [1,2]. Biofilm-forming microbes are
mostly involved in biofouling activities and are highly resistant
to usual antimicrobial treatments. These biofilms are formed by
extracellular proteins and exopolysaccharides, extracellular DNA
(eDNA) which is embedded with a wide range of bacteria with
Highly resistant bacterial communities. Antibiotic-resistant bacte-
ria have been found to depend on ionic interactions of eDNA with
Pel, a protein that maintains cell-to-cell contacts inside biofilms
[3]. Understanding the microbial communities and their putative
role in fouling is a prerequisite for taking effective measures for
its protection and management, Targeting and disrupting this bio-
film are one of the major challenges to biofouling forming sites and
cleaning such contaminated sites.

Antimicrobial management methods like ultrasound irradia-
tion, sonication, chemical, mode of degradation, etc, Biofouling is
becoming a worldwide problem and antifouling paints/chemical
agents are being extensively used to mitigate biofouling-related
problems in aquaculture fields. Biocidal chemical toxic coating as
an antifouling agent is being widely used in Aquaculture. To an
extent, a small number of such coatings are released into water
bodies and can cause the bioaugmentation of toxic materials. Envi-
ronmental toxic materials are reported from fish and other aquatic
animals such as farms [4]. So prevention of biofouling using eco-
friendly methods is suggesting control options for aquafarms [3,4].

Nanotechnology is an emerging field with high potential in the
field of antimicrobial and antibiofilm research. Chitosan has been
used as nanoparticle material owing to its versatile biodegradabil-
ity, biocompatibility, and natural origin. Chitosan is a biodegrad-
able and biocompatible natural polymer that may be utilized as
an adhesive, as well as an antibacterial and antifungal agent
because There are several reports available on the extraction of
cheaply available resources for fungal cell walls and crab shells
[5,6].
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Chitosan-based nanoparticles have an antimicrobial effect on
gram-positive bacteria (Listeria monocytogenes, Bacillus mega-
terium, B. cereus, Staphylococcus aureus, Lactobacillus plantarum, L.
brevis, and L. bulgaris) Chitosan nanoparticle antimicrobial activity
against gram negative organism such as (E. coli, Pseudomonas fluo-
rescens, Salmonella typhymurium, Tamara, (2018)[7] found that the
antibacterial activity of chitosan is related to its molecular weight,
degree of acetylation, chitosan concentration, and inoculum size
[8].According to certain research, coating nanoparticles formed
from other materials with chitosan reduces their influence on the
body and increases bioavailability.[9].

Progress in Green and eco-friendly method of Nanoparticle syn-
thesis is a promising area of research to act against biofilm formers.
Owing to their unique properties, Nanoparticles have great poten-
tial in application in the removal of biofilms which could be a pos-
sible threat to the environment. The study’s major objectives are to
isolate putative biofilm formers from two contaminated sites with
biofouling activity sites and apply Chitosan mediated Silver
nanoparticles against these biofilm formers and understand their
efficacy. In addition to that to improve the cost-effective method
of chitosan from the shells of shrimp, Penaeus indicus.

2. Materials and methods

2.1. Sample collection

The samples were collected from Aquaculture fields and fresh-
water ponds having biofouling activities of Alappuzha All the sam-
ples were collected in sterile containers aseptically collected
(Fig. 1.) Triplicates of samples were collected from each location,
pooled together, and selected for the study.(See Fig 2.)

2.2. Isolation of biofilm-forming microbes

Serial dilution of the biofilm containing samples up to 10-6 dilu-
tions was prepared, reducing the concentration of bacteria at each
successive dilution. Each of the serially diluted samples was plated
in a nutrient Agar medium and incubated overnight for the growth
of bacterial colonies.

2.3. Tube culture assay

A qualitative tube culture experiment was performed to detect
biofilm-producing bacteria. In test tubes, a loopful of test organ-
isms were inoculated in 10 mL of trypticase soy broth with 1 % glu-
cose and incubated at 37 �C for 48 h, after which the tubes were
decanted, washed with phosphate buffer saline (pH 7.3), and air-
dried. The dried tubes were stained with crystal violet (0.1 %) as
an indicator dye. Tubes were washed with deionized water and
were dried..Triplicate of each sample was kept and un-inoculated
tubes were kept as control. Outcomes of the result were measured
in comparison with Pseudomonas MTCC biofilm producer as con-
trol and control uninoculated sample as it was as the negative con-
trol [10]. The development of biofilm was observed by observing
visible film lined in the tube’s wall and bottom. Based on the
amount of biofilm developed, it was graded as 1-weak/none, 2-
moderate, and 3-high/strong [10].

2.4. Slide culture test for biofilm formers

Biofilm formation has focused on bacterial attachment and
accumulation on abiotic surfaces and was done based on the
experimental procedures described by Walker et al.,(2012) [11].
Static biofilm formed was later observed through the Cristal Violet
staining method. The Pseudomonas sample was kept as Positive
control and the uninoculated broth was kept as a negative control.

2.5. Identification of biofilm forming bacteria

Biofilm formers were identified through morphological analy-
sis, Biochemical characterization, and Molecular Characterization
Using 16S rRNA sequencing methods. Database similarity search
using NCBI BLAST. Obtained sequences were used for database
similarity search to find sequence matches using the nucleotide
BLAST program in NCBI GenBank.

Fig. 1. Site for BF1 SITE 1 and BF2 Site 2 Selected for Biofilm screening study.
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2.6. Synthesis of chitin

Chitosan Nanoparticle are synthesized from raw materials such
as the wastes of the Spp of shrimp, Penaeus indicus. from Kadavun-
thira Cochin For the synthesis of Nanoparticles Chitosan was
extracted by deproteinization, demineralization, decolourization,
and deacetylation processes. Antibiofilm-forming properties of chi-
tosan nanoparticles were studied.

Prawn waste shells were collected and washed thoroughly and
chitosan was prepared from them by chemical processes like dem-
ineralization, deproteinization, and decolorization For demineral-
ization washed Prawn shells powder(1Kg) was treated with 1 M
HCl in a 1:15 weight/volume ratio. The obtained solid materials
were washed till they reached neutral pH. Deproteination was later
done with (200gm) NaOH solution in a 1:10 weight/volume ratio.
The mixture was heated at 60 �C for 3.5 h in a reaction round bot-
tom flask. Chitin obtained was subjected to Decolorization (DC)
Chitin (30 g) was then decolorized by 2 % sodium hypochlorite
solution (600 mL) in a 1:20 ratio of chitin and the mixture was con-
tinuously stirred and finally washed and dried.

2.6.1. Deacetylation of Chitin into chitosan
Sodium Hydroxide (50 %) in a 1:10 weight/volume ratio at a

temperature of 100 �C with a substantial degradation in presence
of oxygen [12]. The residues were separated and washed and puri-
fied with water. Degree of Acetylation was carried out by Acid-base
titration.

2.6.2. Acid-base titration
0.4 g of Prawn Chitosan was dissolved in 40 mL of 0.1 M HCl and

the mixture was constantly stirred for 20 min at room tempera-
ture. Later it was titrated against 0.1 M NaOH solution in the pres-
ence of methyl orange indicator. The percentage of moisture
content was measured by gravimetric method [12] and the percent
of free NH2 groups in chitosan was calculated as follows [10].

NH2 Content ¼ C1V1�C2V2�0:016
G�100�W � 100

NH2% ¼ NH2%
9:94 � 100

The chitosan powder was stored at room temperature for fur-
ther studies. Identity was Confirmed using UV–Visible spectra
and FTIR.

2.7. Average molecular weight determination

The synthesized Chitosan was subjected to average molecular
weight determination using viscometric measurement by a vis-

cometer. Late the intrinsic viscosity of the chitosan sample was
determined from the Huggins equation [13]. From the data
obtained from Intrinsic viscosity the Molecular weight of the sam-
ple was prepared using From the intrinsic viscosity, the molecular
weight was determined by employing the Mark- Houwink equa-
tion [13,14].

2.8. Biosynthesis of silver nanoparticles from chitosan

Silver Nitrate (AgNO3) was purchased from Merk, India. For the
synthesis of Silver Nano Particle 0.2 gm of Chitosan powder was
thoroughly dissolved in 1 % of glacial acetic acid with a constant
stirring for 30 min. The resultant mixture was filtered and to the
clear solution add 0.1 M of AgNO3 and 1 M NaOH and stirred over-
night in dark for 90◦of Change in color from Yellow to Dark yellow
was observed for the formation of Ag NPs.

2.8.1. Evaluation of biofilm inhibition activity of silver nanoparticles
The biofilm inhibition activity was studied using the microtiter

plate assay, Trypticase soy broth (TSB) was mixed with 1 % glucose
and was distributed in each well of flat-bottomed microtiter plate
To each well Chito-AgNP Nano was added through serial dilution in
order to get a range of 50 lL, 75 lL and 100 lL of 1 mg/ml stock
silver nano solution were added. The micro-plates were incubated
at 37 �C after being prepared with nanoparticles and infected with
105cfu/ml bacteria. After the wells had been incubated, the con-
tents were taken out, the wells were cleaned with a saline solution
0.9 %, and the plates were dried at room temperature. After then,
99 % methanol was used to fix the microorganisms that had
adhered to the microtiter well. methanol was taken out after fixing,
and the plates were then allowed to dry again 0.0.5 %. Crystal violet
dye was later added. The wells were rewashed with autoclaved
distilled water after the excess dye was removed. At 570 nm, the
optical density (OD) was measured using a microplate reader.
The lowest dose at which biofilm formation was 90 % prevented
was known as the minimum biofilm inhibitory concentration
(MBIC) [15]. The tests were performed in duplicate.

3. Results of the study

3.1. Isolation and characterization of biofilm formers

Biofilm formers were isolated from two different Biofouling
Aquaculture sites Fig. 1 showed isolates from two sites. Cultural
characteristic of various biofilm formers was observed and the
results are given in Table 1 A total of 14 isolates with specific cul-

Fig. 2. Showed isolates from two sites BF1 and BF2.
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tural characteristics were isolated separately each from two differ-
ent sites was maintained and were tested for their characteristic
biofilm formation by Tube Assay and Slide culture Assay. The num-
ber of bacterial colonies was 45x106 and 30x106 BF1 site 1 and BF2
site 1.

3.2. Screening of biofilm-forming bacteria

For the screening of biofilm-forming bacteria tube cultures and
slides, cultures were performed and results are given.

3.2.1. Tube culture assay
From BF1 Site1 only Two samples were highly positive for Bio-

film formation and from the BF2 site One sample was showing high
biofilm formation and the rest of the samples were either moder-
ate or low biofilm formers when compared with the control. The
results of the Tube culture are given in Table 2 and Fig. 3.

3.2.2. Slide culture assay
The presence of biofilm was observed after 48 h of incubation at

37 �C. Slide culture Assay also in accordance with Tube culture
Assay were (Table 2).

3.3. Identification and characterization

Characterization of those three isolates which showed maxi-
mum Biofilm production was characterized by staining and Bio-
chemical methods. All three isolates showed similar biochemical
characteristics and gram stain reactions. Fig. 4 From the results,
all three samples were gram-positive and rod-shaped bacteria,
catalase positive, oxidase positive, indole test negative, methyl
red negative, Voges Proskauer test negative, citrate negative, and
TSI test is glucose, lactose, fructose fermenting and mannitol test
is no fermenting and non-motile. On the basis of gram staining
and biochemical tests, the organism was identified as bacillus sp.
All three samples showing biofilm production were identified as
bacillus [16]. Fig. 6 shows the molecular characterization of Biofilm
formers using an I6SrNA Universal primer with an amplicon size of
1500 bp indicating the amplification of 16srRNA. Sequencing and
BLAST analysis showed a 93 % homology with Bacillus species
(See Fig. 7.)

3.4. Chitosan silver nanoparticle

Chitosan was prepared and from the prepared synthesized from
wastes of the Spp of prawns and a deacetylation reaction was car-
ried out. By Acid-base titration procedure degree of deacetylation
was carried out and the result is in Fig. 5 It was observed that
the degree of deacetylation of chitosan linearly increased with

Table 1
Culture characteristics of biofilm-forming isolates obtained from BF1 Site 1 and BF2 Site 2.

Sl. No Bacterial colony BF1 Site Morphology Bacterial colony BF2 Site Morphology

1. BF1-C1 Large, off-white, regular margin, dry. BF2-C1 White, medium, rough

2 BF1-C2 Small, off-white, creamy, opaque BF2-C2 White, rough, medium, transparent

3 BF1-C3 Dry, small, opaque BF2-C3 Transparent, small, white

4 BF1-C4 White, small, opaque, round, creamy BF2-C4 White, medium, rough
5 BF1-C5 Transparent, large, irregular BF2-C5 White, rough, medium
6 BF1-C6 Round, opaque BF2-C6 White, rough, medium
7 BF1-C7 Medium, large, off-white, opaque BF2-C7 Off white, small
8 BF1-C8 White, irregular, dry BF2-C8 White, rough, medium -
9 BF1-C9 White, small, opaque, round, creamy BF2-C9 Transparent, large, irregular
10 BF1-C10 Cream opaque BF2-C10 Round, opaque
11 BF1-C11 White, rough, medium BF2-C11 Yellow round
12 BF1-C12 Transparent, large, irregular BF2-C12 Yellow round
13 BF1-C13 White, irregular, dry BF2-C13 Transparent, small, white
14 BF1-C14 Cream opaque BF2-C14 Cream opaque

Table 2
Indicating classification of biofilm formers BF1 Site 1 from site 1 based on staining intensity. Table 2 Tube culture and Slide culture comparison indicating classification biofilm
formers BF1 Site 1 and BF2 Site 2 from site 1 based on staining intensity NC (Negative control) PC (Positive control).

Bacterial isolate BF
SITE 1

Staining intensity Tube
culture

Staining intensity Slide
culture

Bacterial isolate BF2
SITE 2

Staining intensity Tube
culture

Staining intensity Slide
culture

BF1C1 NC
-

NC
-

BF2C1 PC PC

BF1C2 PC
+++

PC
+++

BF2C2 + +

BF1C3 +++ +++ BF2C3 +++ +++
BF1C4 ++ ++ BF2C4 ++ ++
BF1C5 +++ +++ BF2C5 ++ ++
BF1C6 ++ + BF2C6 ++ ++
BF1C7 ++ + BF2C7 ++ ++
BF1C8 ++ ++ BF2C8 + +
BF1C9 ++ + BF2C9 + +
BF1C10 ++ + BF2C10 + +
BF1C11 ++ ++ BF2C11 ++ ++
BF1C12 + + BF2C12 + +
BF1C13 + + BF2C13 ++ ++
BF1C14 ++ ++ BF2C14 + +
BF1C15 ++ ++ BF2C15 – –
BF1C16 ++ ++ BF2C16 control control
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the increase of reaction time and was 63.7 % and was compared
with that of standard. Based on the viscosity molecular weight
determination method the molecular weight of Chitosan was
3.25x103(g/mole) which was in comparison with reference stan-
dards previously reported.

Chitosan silver nanoparticle was synthesized fromwastes of the
Spp of shrimp, Penaeus indicus s exoskeleton, and was Chitosan was
extracted by deproteinization, demineralization, decolorization,
and deacetylation processes later it was analyzed for its identity
using UV spectrophotometer, FTIR and SEM analysis (unpublished
data). The prepared sample was kept at 4◦ C and used for the pre-
sent study, UV visible spectrometer reading of chitosan was
320 nm and the Silver nanoparticle was 435 nm.

3.4.1. Antibiofilm activity of chitosan silver nanoparticles
Silver nanoparticles synthesized from chitosan were used

against Biofilm formers selected from two different sites. Microti-
ter plate assay was used to assess the anti-biofilm activity of differ-

ent concentrations of silver. nanoparticles were added to the
bacterial culture. Except for Control, all the wells showed a consid-
erable reduction in biofilm formation, estimated using stating and
estimating the intensity of colour. It was observed that biofilm for-
mation was inhibited by Chitosan Silver Nanoparticles. The results
of antibiofilm activity are given in Fig. 6 and Table 3 Different con-
centration of silver nanoparticles was added to bacterial culture In
the study Biofilm formation can be screened using tube assay and
microtitre assay. Three isolates BF1C5, BF2C2, and BF1C3 selected
as the potent biofilm formers.

4. Discussion

In an aquaculture system biofouling is a significant problem
where the specific culture species or infrastructures required for
its growth are directly or indirectly affected. This can leads to sig-
nificant production impact and economical loss.

Fig. 3. Tube culture assay for the detection of Biofilm formers from sample sites BF1 and BF2.

Fig. 4. Slide culture of biofilm formers and identification.
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In this study, two pilot fields are being selected to understand
the effect of biofilm formers at two bio-fouled aquaculture sites
in Alappuzha districts where surface water is heavily contaminated
with algal blooms, microflora and debris of organic and inorganic
matter with low Dissolved oxygen(DO) and COD (Chemical Oxida-
tion Demand) BOD (Biological Oxidation Demand) was alarmingly
high (Unpublished data). Based on Water quality parameters
(Unpublished data) tested BF1 site was having more Biofouling
activities than BF2 site is having low biofouling activities.BF1 had
high BOD and COD low DO is due to the presence of biofouling
activity at site 1 may be due to the putrefaction of organic com-

pounds and organic feed and insecticides that were used at this
site. Heavy growth of algae weeds was observed in this site that
could contribute to the formation of biofilm-forming microbes Bio-
film formation and specific organism involved in it is thought to be
the major root cause of all biofouling activities. Hedrik et al., in
2017 [17] also reported the role of biofilm formers in biofouling
activities. In this study 13, morphologically distinct. Bactria was
isolated and screened for biofilm activity. The most potent three
bacteria showing antibiofilm assay were selected and character-
ized. The biochemical characteristics were performed for the iso-
lates, all three isolates were catalase-negative and sugar

Fig. 5. 16S RNA PCR Analysis for the maximum biofilm producer.

Fig. 6. Degree of deacetylation of Chitosan, In Graph CS1-CS6 shows an increase in deacetylation of chitosan with an increase in time.
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fermentation indicated only acid production. DNA isolation and
sequencing and NCBI BLAST analysis helped to identify them accu-

rately as bacillus spp. Qin et al., 2022 [18] reported Bacillus species
is found to be the predominant flora present in all 13 isolates each
from two various sites. Quin et al (2022) [18] reported the ability of
Bacillus substillis to perform cell differentiation to form Biofilm.

As described by Christensen et al (1985).,10] tube assay was
found to be a cost-effective and simple methodology for the qual-
itative identification and observation of biofilm detection. Microti-
ter assay. Was found to be an effective methodology for the
detection of antibiofilm formers at various concentrations it was
observed that 100 lL of chitosan showed maximum inhibition of
the biofilm O’Toole, (2011) [19] reported that a 96-well plate is
well suited for qualitative and quantitative spectrophotometric
assay for biofilm formers. The synthesis of nanoparticles from chi-
tosan biowaste sources has been paid great attention. because of
their biocompatibility, biodegradability, and hydrophilic proper-
ties, which endow them with opportunities for various applica-
tions. [20,21]. The polymeric feature of chitosan interacts with
negatively charged molecules and polymers [22]. Due to the inter-
action that takes place between the active amino groups in chi-
tosan and nanoparticle synthesized from metals, chitosan is
chosen as a protecting agent in the synthesis of metal nanoparti-
cles. There are many reports available on antibiofilm research how-
ever chitosan mediated nanoparticles and silver Nanoparticles
were not much explored. In this research, the anti-biofilm activi-
ties of chitosan silver nanoparticles (AgNPs) against biofilm form-
ers from different environmental conditions were evaluated. In
this study, an attempt was made to study the anti-biofilm effect
of chitosan AgNPs derived from natural resources. Al-Naamani,
et al., (2016) [23] reported Chitosan is a natural polymer that is
formed from the partial deacetylation of crustacean waste. In his
study, he reported. The nanocomposite of Chitosan with Zinc oxide
can be used as a coating agent for antifouling activity.

In the present study, chitosan was prepared, silver nanoparti-
cles were synthesized, and the results observed were corroborated
with earlier reports [24]. The characteristic properties of chitosan
prepared in this study are comparable with the reference given
by Hedrik et al., [17] in which the molecular weight of commercial
chitosan was mentioned as 3.5 � 105 (g/mole). Hence, it was con-
firmed that the molecular weight of commercial chitosan was
observed higher than the sample synthesized in this study. The
deacetylation was also comparable with the report on chitosan
produced from crabs’ skeletons as the source material. Hedrik
et al., in 2017 [17,25,26] UV spectrophotometric analysis of chi-
tosan Silver nano obtained from Chitosan was 430 nm it was in
accordance with the earlier report of Kalaivani et al.,(2018) [27].

According to Banerjee et al. (2011) [28], biofouling activity can
be reduced by reducing biofilm formers, which can be seen in
any environment. In their study, they explained how biofilm form-
ers contribute to the biofouling effect in polluted environments
The antibiofilm activity of the biosynthesized Chitosan based silver
nanoparticles shows a reduction in the biofilm formation when
individually tested against the putative biofilm formers from a
contaminated site. The study opens the gateway for a new treat-
ment regime against biofilm In this study AgNPs chitosan was used
for anti-biofilm activity and the results showed that. AgNPs suc-
cessfully prevented biofilm development and killed bacteria in
existing biofilms, suggesting that AgNPs chitosan could be utilized
to prevent and cure biofilm-related infections. The findings of the
study corroborate with the findings of Franci et al., (2015) [8], in
that study AgNp was effectively used as an antibiofilm and fouling
agent.

The chitosan-based silver nanoparticle is proven to be a better
antimicrobial agent by Many workers. Saberpour et al., 2020 [29]
also reported the effect of silver nanoparticles as one of the most
potent anti-bacterials and antibiofilm candidates which can able
to resolve many problems associated with biofilm effects [30].

Fig. 7. Microtitre pale assay of Inhibitory activity of Silver nanoparticle against
biofilm bacteria from three different sites BF1 and BF2 (Chitosan AgNp at various
Concentration A-C50 lL,D-F-75 lL, G-H-100 lL).

Table 3
Anti-biofilm activity of silver nanoparticles of three important biofilm-forming
bacteria from BF1 SITE1 and BF2 SITE2 Table 3 anti-biofilm activity of silver
nanoparticles of three important biofilm forming bacteria from BF1 and BF2 (A-
C50lL,D-F-75 lL,G-H-100 lL) (Chitosan AgNp at various Concentration) absorbance
was measured at 550 nm A1,BI C1 D1 EI G1,HI,-I1 is the control sample.A2,B2,C2.D2.
E2 F2,G2 H2.-I2 (Pseudomonas without AgNp) Sample BF1C3(,A3,B3,C3.D3.E3.F3.G3.
H3.I3)SampleBF1C4(A4,B4,C4.D4.E4.F4.G4.H4.I4,A4-I4) SampleBF2C3- (A4,B4,C4.D4.
E4.F4.G4.H4.I4,A4-I4).

Wells 50 lL-AgNP 75 lL AgNP 100 lL AgNP

A1 1.86 1.9 1.9
A2 1.5 1.6 135
A3 1.6 1.7 1.2
A4 0.9 0.9 0.5

B1 1.86 1.88 1.2
B2 1.5 1.6 1.2
B3 1.6 1.5 1.4
B4 0.8 0.5 0.3

C1 1.86 1.88 1.1
C2 1.5 1.5 1.35
C3 1.6 1.6 1.6
C4 0.9 0.8 0.8

D1 1.9 1.88 1.88
D2 1.5 1.5 1.5
D3 0.55 1.6 1.6
D4 0.4 0.8 0.8

E1 1.9 1.79 1.88
E2 1.5 1.45 1.0
E3 0.6 1.56 1.1
E4 0.35 0.8 0.8

F1 1.9 1.80 1.00
F2 1.4 1.1 1.0
F3 0.65 1.0 0.9
F4 0.35 0.7 0.66

G1 1.9 1.75 1.00
G2 1.3 1.25 1.0
G3 0.6 1.0 0.6
G4 0.44 0.8 0.4

H1 1.9 1.82 0.67
H2 1.34 1.45 0.9
H3 0.55 1.2 0.9
H4 0.4 0.5 0.66

I1 1.9 1.86 0.66
I2 1.0 1.45 0.6
I3 0.5 1.56 0.4
I4 0.3 0.8 0.3
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However, there have been few publications on silver nanoparticles’
anti-biofilm activity, and the actual mechanism behind their action
is yet unknown. Hence, this paper discusses some of the most
cutting-edge biofilm treatment techniques.

5. Conclusion

Chitosan AgNp is found to be effective against all tested biofilm-
forming bacteria as well as selected biofouling-forming bacteria
under study. This study can be further extended to understand
the mechanism behind the action against other EPS-forming
microbes.
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a b s t r a c t

Medical plants are widely used in various industries like agriculture, cosmetics, pharmaceuticals, and
food. In some pandemic situations, every-one focused on developing immunity. The best way to increase
the nutritional value of a person’s daily diet is through a variety of ayurvedic practices. In this research
conducted, herbal biscuits were developed. Cookies are eaten worldwide so it is the largest confectionary
product and it is suitable for all age groups. In the present work, cookies are especially replaced with jag-
gery, wheat flour, and milk. Giloy stem powder was optimized by replacing whole wheat flour 100gm
with (0.5gm, 1gm, 1.5gm, 2gm, 2.5gm, 3gm, 3.5gm, 4gm) and Tulsi leaves powder ((0.5gm, 1gm,
1.5gm, 2gm, 2.5gm, 3gm, 3.5gm, 4gm). Then final 1.5gm of giloy stem powder and 3gm of tulsi leaves
powder were finalized based on sensory score. Both herbal powders which is an effective anti-aging herb.
It also nourishes the skin. It is an anti-bacterial, antiviral and anti-fungal property that protects from a
variety of infections. The use of this herbal powder focuses on developing organic products for human
consumption and medicament.
� 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022. All rights reserved.

1. Introduction

Cookies are a popular form of bakery snack consumed all over
the world for taste as well as nutrition. With long shelf life they
also have high sugar and fat content thereby providing healthy
nutrients. [1]. Due to fat rich content, they are highly susceptible
to rancidity or oxidation. Hence, the quality of food deteriorates
leading to unpleasant flavor, negative impact on health, and eco-
nomic devaluation [2].

Creating novel meals by incorporating functional ingredients
into a carrier food, like cookies, gives food producers better mar-
keting prospects [3]. The majority of these investigations concen-
trate on organic substances having a range of physiological
functions. It is intriguing to employ these herbs as food supple-
ments due to their rising consumption. These herbs can provide
a potent biochemicals including antioxidants, antimutagens, anti-
carcinogens and so on. [4,5].

Tinospora cordifolia Miers (Wild.) belonging to family Menisper-
maceae, is called by various local names in India such as giloy,

guduchi, or amrita. Ayurveda and conventional medicine highly
regard this species for its wonderful therapeutic efficacy. [6]. India
is home to this big deciduous climbing shrub whose extract is used
as a treatment for a variety of illnesses, such as diabetes and hep-
atitis. This ancient herb giloy is rich in various phytochemicals
such as ascorbic acid, lycopene alkaloids, terpenoids, lignans, caro-
tene, etc. [7].

According to reports, giloy have phytochemicals having potent
cytotoxic and immune-modulating properties. They work by stim-
ulating immune cells exhibiting i-tumor effects. They increase the
phagocytic activity of macrophages and boosts the generation of
nitric oxide. According to Ayurveda, eating giloy with jaggery is
more effective and cures the majority of ailments thereby length-
ening a person’s life. [8].

Additionally, the stem of giloy is used to treat a number of viral
disorders as well as fever, jaundice, emaciation, skin conditions,
diabetes, and anaemia. The proximate analyses of stem of giloy
are carried out using standard methods, while mineral elements
were analyzed using Atomic Absorption Spectrophotometer,
equipped with air acetylene flame [9]. Numerous fascinating
results have been published following thorough phytochemical,
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pharmacological, and clinical examinations into the substance
[10].

The scented perennial plant Ocimum sanctum L. also known as
tulsi, belongs to the Lamiaceae family. The medicinal relevance of
these plants is due to their bioactive phytochemical components,
which have specific physiological effects on the human body
[11]. Ocimum sanctum has been used and is known as the ‘‘Queen
of Herbs” since the beginning of Bangladesh’s ancient civilization.
It has been employed in ayurvedic and traditional medicine since
ancient times. Tulsi is grown for its aromatic leaves. Due to its
numerous therapeutic characteristics, it has also significantly
influenced contemporary study. The plant’s various parts have
been proven to have antibacterial, anti-inflammatory, analgesic,
antipyretic, antiulcer, antidiabetic, and anticancer properties.
[12]. When coupled with vitamin C, tulsi has helpful antiviral
and antibacterial properties. Tulsi leaves and jaggery are a great
combo for treating viral infections of the digestive system as well
as the common cold and flu. It is known to improve cardiovascular
health, promote immunity, and speed up the healing process after
infections [13].

Apart from many significant components present in plants,
dietary fiber cannot be digested by human digestive enzymes pre-
sent in the small intestine [14]. It is mostly a complex carbohy-
drate, is a crucial component of a balanced diet because it aids in
the effective passage of food and waste through the digestive sys-
tem. These are of two types, viz., soluble and insoluble dietary
fibre. [15]. If the soluble dietary fibre is present in food, it dissolves
in water and makes the passage of food slowly. It also aids in main-
taining a healthy cholesterol level, normalizes blood sugar levels in
diabetics, and may help reduce blood pressure. Gums and Pectins
are examples of soluble fibers, and they are also found in herbs like
Tulsi. [16].

Jaggery is frequently used in Indian families and boosts immu-
nity. Minerals like zinc and selenium, which are known to have
antioxidant properties, are found in jaggery [17].

Children in rural areas of developing countries like India are
especially at risk since the food that is easily accessible to them
does not support their ability to develop physically or to resist dis-
ease. According to research conducted by the Nutrition Monitoring
Bureau and The National Institute of Nutrition in 12 Indian states,
the rural population’s diets are inadequate and low in the majority
of nutrients, including calories, vitamins, and other nutrients, par-
ticularly protein. [18].

2. Materials and methods

2.1. Materials

Refined wheat flour, jaggery, fat, baking powder, baking soda,
and milk, were obtained from the local market of Manchar. Flavor
powder was obtained from naturally giloy stem powder and tulsi
leaves powder to prepared at the college level by using the tray
dryer method. All chemicals and reagents used were of analytical
grade.

2.2. Preparation of giloy stems powder

Giloy stems creeping over neem were collected and washed
thoroughly. After the stem were washed under running water, dis-
infected for the rinsed. Giloy stem covering were removed manu-
ally or by using stainless steel knives and weighed to determine
the yield. Material preparation and physico-chemical properties
analyses were performed at the laboratory. After the weighed the
giloy stem, was cut into small slices and then dried in a tray dryer

at 40 �C – 60 �C for 8 h and ground. The crushed material was
sieved through a 50 mesh to obtain a powder. The giloy stem pow-
der was again weighed to calculate the yield, then giloy stem pow-
der was vacuum packed and stored at 4 �C for future analysis.

2.3. Preparation of tulsi leaves powder

Tulsi was collected near the farm of Manchar. It was washed
under the running tap water and disinfected. Tulsi was weighed
to determine the yield. Material preparation and Physico-
chemical properties analyses were performed at the laboratory.
After tulsi leaves were removed manually and then dried in a tray
dryer at 40 �C – 65 �C for 24 h and grind. The crushed material was
sieved through a 50 mesh to obtain a powder. The tulsi leaves pow-
der was again weighed to calculate the yield, then tulsi leaves pow-
der was vacuum packed and stored at 4 �C for future analysis.

2.4. Development of herbal cookies by supplementing giloy stem
powder and tulsi leaves powder.

Herbal cookies were formulated using giloy stem powder and
tulsi leaves powder. Giloy stem and tulsi leaves were collected
from the college campus. They were further processed and used
as ingredients for development of herbal cookies. Giloy stem pow-
der, tulsi leaves powder, wheat flour, milk, baking soda, baking
powder and salt was used as raw material for development of her-
bal cookies. See Fig. 1

3. Result and discussion

3.1. Optimization and development of herbal cookies

In the case of final cookies wheat flour, fat, baking powder, bak-
ing soda, salt, and milk, were kept constant while giloy stem pow-
der was optimized by replacing whole wheat flour 100gm with
(0.5gm, 1gm, 1.5gm, 2gm, 2.5gm, 3gm, 3.5gm, 4gm) Then final
1.5gm of giloy stem powder (trial 3) was finalized based on the
sensory score. (Table 1).

Tulsi leaves powder was optimized by replacing whole wheat
flour 100gm with ((0.5gm, 1gm, 1.5gm, 2gm, 2.5gm, 3gm, 3.5gm,
and 4gm). The final 3 gm of tulsi stem powder (trial 6) was final-
ized based on the sensory score (Table 2). So sensory evaluation
was done with the 1.5 % incorporation of giloy stem powder or
3 % of tulsi leaves. The powder was used development of herbal
cookies. The prepared cookies were baked at 160 �C at the top
and 150 �C at the bottom for 25 min in the baking oven. The baked
cookies are cooled at room temperature and packed in LDPE and
HDPE pouches for another analysis. Cookies were prepared with
whole wheat flour to serve as a control.

3.2. Quality characteristics of cookies:

3.2.1. Physical analysis of cookies
The physical properties of Before and After cookies were ana-

lyzed for their weight using a balance (ELB3000, Shimadzu, Japan),
and the Thickness(T) of the cookies (distance between top to the
bottom surface of cookies) and Width(W) (distance across the
cookies) were determined using Vernier caliper.

Giloy stem powder and tulsi leave powder in the herbal cookies
were analyzed for weight, Diameter, thickness, and spread ratio, by
following the respective procedures (AACC, 2000). [19].

Spread ratio – The spread ratio of baked cookies was deter-
mined by the ratio of width and ratio of thickness.

SF ¼ W=T
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Fig. 1. Flowchart of preparation of cookies.

Table 1
Optimization of cookies based on Giloy stem powder.

Materials T1 T2 T3 T4 T5 T6 T7 T8

Wheat flour 100 100 100 100 100 100 100 100
Fat 70 70 70 70 70 70 70 70
Baking soda 2 2 2 2 2 2 2 2
Baking powder 2 2 2 2 2 2 2 2
Milk 43 43 43 43 43 43 43 43
Salt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Giloy powder 0.5 1 1.5 2 2.5 3 3.5 4
Tulsi powder 3 3 3 3 3 3 3 3

Table 2
Optimization of cookies based on tulsi leaves powder.

Materials T1 T2 T3 T4 T5 T6 T7 T8

Wheat flour 100 100 100 100 100 100 100 100
Fat 70 70 70 70 70 70 70 70
Baking soda 2 2 2 2 2 2 2 2
Baking powder 2 2 2 2 2 2 2 2
Milk 43 43 43 43 43 43 43 43
Salt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Giloy powder 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Tulsi powder 0.5 1 1.5 2 2.5 3 3.5 4

D.S. Gawade, K.W. Patil and G. Hemangi Jayram Materials Today: Proceedings 73 (2023) 530–534

532



Results of the physical analysis of before and after cookies are
shown in (Table 3) (Figs. 2,3) . The product parameters like weight,
thickness, width, spread ratio, and spread factor in the case of
cookies have a direct relation to product uniformity, quality, and
consumer acceptance [20]. The quality of cookies is widely deter-
mined by the spread factor. As shown in (Table 3). The highest
spread ratio before cookies is (5.2) and the lowest spread ratio after
cookies is (4.3).

3.3. Sensory evaluation of cookies:

Sensory evaluation of cookies added with giloy stem powder
was done and the results were noted. (Table 4). The sample pre-
pared by using 100 g whole wheat flour, 45 ml milk, 0.5 g salt,
2 g baking powder, 2 g baking soda, 50 g jaggery, and 70 g fat
was used control sample. Baking this formulation at 160�c top
and 150�c bottom for 25 min was used as a control procedure.
The whole wheat flour was replaced with giloy stem powder at a
level (0.5gm, 1gm, 1.5gm, 2gm, 2.5gm, 3gm, 3.5gm, and 4gm) of
from the results of a sensory analysis it was observed that flavor,
color, and the taste was affected significantly by addition 1.5gm
of giloy stem powder selected.

Sensory evaluation of cookies added with tulsi powder was
done and the results were noted. (Table 5).The sample prepared
by using 100 g whole wheat flour, 45 ml milk, 0.5 g salt, 2 g baking
powder, 2 g baking soda, 50 g jaggery, and 70 g fat was used con-
trol sample. Baking this formulation at 160�c top and 150�c bottom
for 25 min was used as a control procedure. The whole wheat flour
was replaced with tulsi stem powder at a level (0.5gm, 1gm, 1.5gm,
2gm, 2.5gm, 3gm, 3.5gm, and 4gm) of from the results of a sensory
analysis it was observed that flavor, color, and taste were affected
significantly by the addition of 3gm of Tulsi leaves powder
selected.

3.4. Proximate composition of herbal Cookies:-

The proximate composition of refined wheat flour, giloy stem
powder, and tulsi leaves powder was estimated using standard
AACC methods [21]. Moisture: Estimation of moisture content is
determined by using the hot air oven method at 105�c for 4 hrs.
(AOAC, 1995). [21].

Ash: By using the muffle furnace method up to constant weight.
Ignite in a muffle furnace at 550+/- 250c for 4 hrs. [22].

Fat: Extracting the sample in a Soxhlet apparatus for 6-8h using
petroleum ether. The solvent is evaporated and the residue is
weighed [22].

3.5. Shelf life study of prepared cookies:

The prepared cookies were packed in PP and LDPE bags at room
temperature for the shelf life study (Fig. 4). The moisture content of
cookies was analyzed at a regular interval of 15 days along with
sensory analysis. Results summarized in the Sensory evaluation
showed that prepared cookies were of good quality throughout
the storage period. The sensory quality mainly in terms of taste

was decreased to some extent but the product was acceptable.
There was a gradual increase in the moisture content during the
storage period.

Table 3
Physical analysis of before and after cookies.

Parameter Before cookies After cookies

Weight 14.80 15.82
Thickness 5.2 6.1
Width 1.0 1.4
Spread ratio 5.2 4.3

Fig. 2. Cookies before baking.

Fig. 3. Cookies after baking.

Table 4
Sensory evaluation of giloy stem powder.

Attribute
Sensory Score

GP
0

GP
1

GP
2

GP
3

GP
4

GP
5

GP
6

GP
7

GP
8

Color 7 7 7.5 8.5 8 7.5 7 7.2 6.5
Texture 7.5 7.5 8 8 8 8 8 8 8
Taste 8 7.5 7.7 8.3 7.5 7 7.2 6.5 6
Flavor 7.5 7.5 8 8.5 8 7.5 7 6.5 6
Overall

Acceptability
7.5 7.3 7.8 8.3 7.8 7.5 7.3 7 6.6

Table 5
Sensory evaluation of Tulsi leaves powder.

Attribute
Sensory Score

TL
0

TL
1

TL
2

TL
3

TL
4

TL
5

TL
6

TL
7

TL
8

Color 7 7 7.5 8 8 7.5 8.5 7.2 6.5
Texture 7.5 7.5 8 8 8 8 8 8 8
Taste 8 7.5 7.7 7.6 7.5 7 8.7 6.5 6
Flavor 7.5 7.5 8 7 8 7.5 8.5 6.5 6
Overall

Acceptability
7.5 7.3 7.8 8.2 7.8 7.5 8.5 7 6.6
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4. Conclusion

The use of giloy stem powder and tulsi leaves powder is par-
tially replaced by whole wheat flour in the preparation of herbal
cookies. They are supplemented with nutritional properties such
as anti-cancer, anti-inflammatory, antioxidant, and anti-microbial
properties and the richness of dietary fibers.

The found sensory evaluation, textural and color properties that
the overall acceptability of 1.5 % giloy stem powder and 3 % of tulsi
leaves powder based on herbal cookies. The herbal cookies are suit-
able for the best nutritional value as well as sensory score.

Ayurveda has several advantages in India. It helps the body
digest food more easily while also preventing some illnesses and
infections. In a pandemic emergency, every-one concentrates on
building their body’s energy and immune system in order to make
herbal cookies that are both good for testing and beneficial to our
health. Every generation consumes cookies on a daily basis, which
is a terrific way for some medicinal components to originate from
our bodies or our food.

Although the sensory evaluation of the prepared value-added
cookies supplemented with giloy and tulsi powder have good
acceptability rate, it is also important to analyze the composition
of final product.
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a b s t r a c t

The tin oxide (SnO2) nanopowders were synthesized by a simple chemical method (precipitation). The
sample was studied for XRD, FESEM, and EDX analyses. The XRD results of synthesized SnO2 nanoparti-
cles exhibited a tetragonal structure with an average crystallite size of 18.79 nm. The FE-SEM exhibited
the microstructure of the prepared nanoparticles. The FESEM images reveal that the shape of the pre-
pared product wasspherical. The impact of SnO2 NPs on food and water poisoning growth was investi-
gated with the help of antibacterial activities. This paper deals with the properties and applications of
tin oxide nanostructures. Antibacterial activity was carried out against three bacterial strains: Bacillus
subtilis, Escherichia Coli, and Pseudomonas aeruginosa.
Copyright � 2022. Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Integrative Nanotech-
nology Perspective for Multidisciplinary Applications - 2022.

1. Introduction

Researchers are attracted to nanostructured materials due to
their size-dependent physical, chemical, and energy proper-
ties which are ideal candidates for novel applications [1]. Particle
sizes and shapes are mainly important in nanomaterial applica-
tions [2]. As a result, these materials are considered the most
promising and suitable for use in data storage, sensing devices,
electronics, and biomedical applicationsthat change their electri-
cal, optical, and magnetic properties [3]. Many researchers have
reported that in the medical field, SnO2 applications are used as a
material with antibacterial capabilities [4]. SnO2 as a stable mate-
rial, is broadly used in various biological, electrochemical, photo-
catalytic, and antibacterial applications [5–7]. In addition, SnO2

nanoparticles have excellent anti-bacterial activity and can be
widely used in nanomedicine. The application of anti-bacterial
activity is much wider and more effective globally. Hence, SnO2

has received much recognition in the paramedical and biomedical
fields [8]. The development of nanomaterials as antibacterial
agents is the most difficult due to their stability and eco-friendly
nature when compared to other organic antibacterial agents
[5,9–11]. Bacterial cell membrane integrity is altered due to these

interactions, and toxic free radicals are released, causing oxidative
stress [12–14]. The antibacterial efficiency of metal oxide NPs is
influenced by particle size, light, and the composition of the aque-
ous medium used in the assay, among other factors. The pure SnO2

nanoparticles revealed outstanding antibacterial activity of the
product.

2. Experimental techniques

2.1. Preparation of pure SnO2 nanoparticles

All chemicals were procured from (AR) grade (99 % purity). For
pure SnO2, 0.5 M Sncl2�2H2O was dissolved in 50 ml of deionized
water and then stirred vigorously using a magnetic stirrer. Then,
1 M of oxalic acid (C2H2O4�2H2O) was dissolved in 50 ml of deion-
ized water. The above solution was heated at 60 �C then continu-
ously stirred for 4 h. The precipitate samplewas formed in a pale
white color. After the precipitate product was washed subse-
quently with deionized water and then filtered. The purified sam-
ple was dried at 100 �C for 1 h and annealed at 400 �C in for 3 h.

2.2. Characterization techniques

The successfully synthesized nanoparticles were characterized
by XRD (SHIMADZU-6000) and SEM, (JSM-6360LA) to study the

https://doi.org/10.1016/j.matpr.2022.11.442
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crystal nature and morphology of the product. The elemental com-
position of the prepared sample was analyzed by using EDAX. Fur-
ther, the antibacterial activity of the synthesized SnO2

nanoparticles was tested using the Kirby-Bauer disc diffusion
method against Bacillus subtilis, Escherichia coli, and Pseudomonas
aeruginosa. These cultures were procured from the Medical Micro-
biology Department (RMMCH), Annamalai University, Tamilnadu.

3. Results and discussion

3.1. Structure and morphology analysis

The X-ray diffraction technique was employed to study struc-
tural parameter values of the as-preparedSnO2 nanoparticles at
400 �C for 3 hr. The XRD pattern is shown in Fig. 1.

All the diffraction patterns confirmed the tetragonal rutile crys-
talline phases of tin oxide nanoparticles with predominant peaks,
corresponding to the indices (110), (101), (200), and (211) in

Fig. 1. XRD patterns of as synthesized SnO2 nanoparticles.

Fig. 2. FESEM images of bare SnO2 (a, b) with different magnification and c) EDAX spectrum of SnO2 nanoparticles.
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these directions of preferential growth. The obtained XRD pattern
is in excellent agreement with (JCPDS 41–1445) (space group P42

m). There are no impurity phases observed in the as-prepared sam-
ple (SnO2). The diffraction peaks intensity becomes sharper and
narrower as synthesized SnO2 product. The particle size effect
and lattice strain are two possible mechanisms for presenting the
narrowing peaks. The average crystallite size of the product was
calculated by theDebye - Scherrer equation [15].

D
kk

b cos h
ð1Þ

Where k is the shape factor, k is the wavelength of Cu-ka radi-
ation (k = 1.5406 Å), h is the diffraction Bragg’s angle, b is the full
width at half maximum.

The obtained average crystal size of the SnO2 nanoparticles was
found to be 18.79 nm. The lattice parameters ‘a’ and ‘c’ for the
tetragonal structure (a = b – c, a = b = k = 90�) calculated from
the following formula [16]

1

d2 ¼ h2 þ k2

a2
þ l2

c2
ð2Þ

Where h, k, and l are the miller indices of the peaks from the
values of ‘a’ and ‘c’, the unit cell volume (V) can be determined.
The calculated lattice parameters of the tin oxide nanoparticles
are a = b = 4.7573Ǻ, c = 3.1928 Ǻ, and volume is 72.2617 Ǻ3 are
in good agreement with the literature values.

Fig. 2 shows FE-SEM photographs of pure SnO2 nanoparticles.
The surface morphological result outcome is shown in Fig. 2 (a-
b). Fig. 2 (a-b) shows that the spherical-shaped SnO2 nanoparticles
have a nearly uniform size with a slightly aggregated state [17–19].
The size distribution of the particles in the FE-SEM images, we find
a mean particle size of approximately 23 nm is in very good agree-
ment with our XRD data discussed above. The corresponding EDAX
spectrum Fig. 2 (c) shows the direct information regarding the
peaks of tin (Sn) and oxygen (O). The EDX spectrum confirms the
existence of the tin and oxygen elements. The oxygen component
(atomic percentage) in the developed sample is almost double that
of tin, confirming the chemical composition to be SnO2. As such,
the EDX studies confirm the successful distribution of the dopant
metals in the SnO2 nanoparticles. Important to note are the Cu
Ka and La peaks at 8.04 and 0.93 eV, respectively, from the sample
slides. The EDX-mapping reveals that the Cu is mostly detected
from the areas on the wafer with sparse distribution of the
nanoparticles (Not shown in fig i.e, additional peak), consistent
with these peaks arising from the Cu-covered Si wafer. The Si peaks
in the spectra probably arise from wafer particulates or the tweez-
ers used to handle the samples.

3.2. Antibacterial activity

The antibacterial activity of SnO2 NPs was tested on P. aerugi-
nosa, E. Coli, andB. Subtilis.The presence or absence of bacterial
growth around the disc can therefore be used to determine the
bacterial susceptibility to the test nonmaterial. The degree of
antibacterial efficacy of the test compound can then be indirectly

determined by calibrating the diameters of the inhibition zone
(ZOI) around the disc.

Table 1 displays the measured zone of inhibition values that
were found to be positive results against all the tested pathogens
when compared to ciprofloxacin (control). The bacterial strains
were tested against various concentrations of 50, 100, and
200 mg. The zone of inhibition varied from 8 to 12 mm against
all the pathogens. The lowest inhibition zone was achieved at
50 mg, whereas the highest inhibition zone was achieved at
200 mg of SnO2 nanoparticles. When concentrations were
increased, the inhibition zone also increased. It can be seen clearly
in Fig. 3. The synthesized SnO2 nanoparticles were effective in a
dose-dependent manner. The presence of inhibitory growth clearly
demonstrated that the biocidal action of SnO2 NPs involves mem-
brane disturbance with a high rate of surface oxygen species pro-
duction, which ultimately leads to pathogenic agent death [20].
Metal oxide nanoparticles have a high surface area responsible
for their increased chemical and biological activity. Compared to
bacteria, which are more active than vitamins and antibiotics in
our daily food. Doctors may recommend a higher dose for the body,
which is a chemically synthesized medicine that kills bacteria and
may cause side effects or other health issues. The synthesized
nanoparticles do not have any side effects on human pathogens
orgood medicine. The excellent antibacterial activity results were
revealed by the disc diffusion method–zone of inhibition [21,22].
Thus, SnO2 NPs may be utilized as possible antibacterial agents
by increasing resistance to traditional bactericides in treatingbac-
terial diseases. Table.1 shows antibacterial results for the different
bacteria usedagainst SnO2 NPs.

4. Conclusion

The successfully synthesized SnO2 nanoparticles by chemical
precipitation method. The results of XRD confirmed that the bare-
SnO2 nanoparticleswere crystalline in nature with a tetragonal
structure. FESEM studies confirmed the spherical-like morphology
of synthesized SnO2 nanoparticles. In the present study, good
results for antibacterial activities were exhibited by the prepared
SnO2 nanoparticles for use and found potential applications in
the medical field.

Table 1
The effect of synthesized SnO2 NPs against the growth of different bacterial pathogens tested.

Zone of inhibition in diameter (mm)

Sl. No. Pathogens Different Concentrations Control

50 lg 100 lg 200 lg

1. P. aeruginosa 8 11 12 22
2. E. Coli 8 11 12 19
3. B. Subtilis 8 11 12 14

Fig. 3. Antibacterial activity of SnO2 NPs against Bacillus subtilis, Escherichia coli-
E. Coli and Pseudomonas aeruginosa.
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