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ABSTRACT

The zinc oxide nanoparticles (ZnONPs) used in this study were produced utilizing an
easy-to-use, entirely safe method that used an aqueous plant extract from Ziziphus mauritiana
leaves as an efficient stabilizing agent. The aqueous leaf extract underwent phytochemical
screening, which revealed the presence of flavonoids, alkaloids, polyphenols, carbohydrates,
proteins, and amino acids. UV, XRD, FT-IR, SEM and EDX were used to characterize the
produced ZnONPs. This green synthesis suggests that this strategy is more effective than the
chemical one. According to the study, green synthesized ZnONPs have strong antibacterial
properties as well. Salmonella typhi and Escherichia coli are gram negative bacteria, while
Staphylococcus aureus and Micrococcus luteus are gram positive bacteria. The medication

chloramphenicol is used as the positive control.
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1. INTRODUCTION

For thousands of years, people in small communities all over the world have used
medicinal plants as a source of healing. Even yet, they continue to be important in the modern
day as a source of primary healthcare for over 85% of the global population and as a tool for
drug discovery—80% of synthetic pharmaceuticals are derived from them. (1).Nearly every
civilization uses medicinal plants as a resource (2). Alkaloids, flavonoids, terpenes,
glucosinolates, and phenolic compounds are among the natural components and phytochemicals
found in medicinal plants in abundance. Known by most as Indian jujube, (3) Ziziphus
mauritiana (Rhamnaceae) is a pharmacologically varied medicinal plant. Numerous active
phytochemical components of this plant have been identified thus far, including lanosterol,
diosgenin, kaempferol, stigmasterol, quercetin, and sitosterol(4) . The leaves are used to treat
lung problems, fever, diarrhea, stomach ailments, and liver damage (5). Ziziphus mauritiana is a
tiny, prickly tree or shrub that can reach heights of three to fifteen meters. Leaves and fruits are
used to manufacture dyes and medicines (6). The species evolved in the South East Asian area
known as Indo-Malaysia(7). Because of its use in chemistry, medicine, and biotechnology,
nanotechnology has grown enormously during the last ten years (8, 10). Zinc oxide (ZnO) has
multifunctionality owing to its extraordinary Physico-chemical properties and functionality in a
range of applications (11). New avenues in nano science have been made possible by
advancements in this discipline, notably in medication delivery, gene delivery, nanomedicine,
bio sensing, etc (12, 13). The high surface-to-volume ratio of nano-sized particles is one of their
special characteristics (14). Because atoms on the surface of nanoparticles tend to be more
active than those in the core, this property makes them more reactive than the bulk material.
(15,16). It is possible to create these nanoparticles by chemical, physical, or biological means.
Numerous physical and chemical techniques, such as hydrothermal, laser ablation, sol-gel
synthesis, and lithography, call for specialized tools and trained personnel. Additionally, they
have harmful impacts on health that are poisonous. It is discovered that the nanoparticles
produced using the green synthesis process are non-toxic, reasonably priced, and naturally
biodegradable.(17- 20). Many different uses require biocidal materials (materials that can kill
living organisms), such as creating packaging that can actively protect food, developing medical

equipment, and producing membranes that resist biological buildup (21). Because the process
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makes use of natural resources like roots, leaves, and flower extracts as well as microorganisms
like fungus, bacteria, algae, etc., (22-24). this environmentally friendly synthesis approach uses
less dangerous substances .Current research demonstrates the value of environmentally friendly
metal oxide nanoparticle production, where metal oxides such as zinc, silver, gold, nickel,
copper, etc(25-27). are becoming more and more significant. Our goal is to create nanoparticles
that may be used to realize optical biosensors; this requires materials with favourable optical
characteristics, such as chemiluminescence, photoluminescence (28, 29). Optical emission, and
so on. excellent electron mobility, a broad band gap, a large Exciton binding energy, and
excellent optical transmittance are among (30, 31). The characteristics of ZnONPs, a class of
metal oxides. The production of sensors makes use of zinc oxide's optical characteristics (32-
34). Applications for the produced nanoparticles include drug discovery, lasers, sensors, and
other areas. Depending on the use, the synergistic effects can be quantified. Shape and size are
significant factors in applications that use the antibacterial(35), anticancer(36), antimicrobial(37),
ant biofilm(38), and antityrosinase (39) ,properties of nanoparticles. The current work assessed
the photo-catalytic activity of the Ziziphus mauritiana leaf and concentrated on the green
synthesis of ZnONPs. Plant-based synthesis is used in green synthesis processes to create
nanoparticles. Chemicals that are relatively free of pollutants are used in green synthesis
procedures to create nanostructures. Yeast, fungus, and bacteria are among the biological

systems that have been employed safely in biogenic syntheses of nanoparticles [40].
2. MATERIALS AND METHODS
2.1 COLLECTION OF SAMPLES

The plant's aerial portion was gathered from the Salem district's Seeragapadi village. The plant
sample was immediately cleaned with regular water when it was collected, and then twice more

with demineralized water to remove any remaining moisture.
EXTRACTABLE MATTER OF THE PLANT

A water bath device was used to perform the extraction. Aqueous solution was used to remove
the coarse leaves. Following extraction, the extracts were dried at room temperature to produce a
viscous mass before being concentrated using a rotary evaporator. Weighing and storing the

extracted materials was done.
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Section of a plant: Leaves
HARMONY OF THE ORGANIC EXTRACT

A 62-gram Ziziphus mauritiana leaf was taken together with 300 milliliters of water. After that,
the plant material was removed using a water bath that was heated to 80° C for one hour and
thirty minutes. Following extraction, what man filter paper in vacuum filter was used to filter the

extract. After that, the extract was kept in sealed bottles for 12 hours at 4°C in a refrigerator.
2.2 ANALYSIS PHYTOCHEMICAL

Check for alkaloids

1. The Wagner Test

Two milliliters of the plant extract, five milliliters of hydrochloric acid, and a few drops of
Mayer's reagent were added. The mixture was then tested for the development of a yellow or

brown color.

2. The Haggerty Test

Two milliliters of the plant extract, five milliliters of hydrochloric acid, and a few
1. One percent lead acetate

Add a few drops of a 10% lead acetate solution to two milliliters of the plant extract, and watch

for the creation of a white precipitate.
2. cellulose

Add a few drops of gelatin reagent to two milliliters of the plant extract, and watch for the

creation of a white precipitate.
3. FeCl3 in neutral form

Add a few drops of neutral FeCl3 solution to two milliliters of plant extract, and watch for the

creation of a white precipitate.

Check for carbs.
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After adding two milliliters of plant extract, two milliliters of albumin bovide, a few drops of

NaOH, and heating, the color changed from brown to yellow.
Check for proteins.

After adding 2 ml of the plant extract and 2 ml of NaOH, heat for a few minutes. Include five or

SiX.
2.3 GREEN ZINC OXIDE NANOPARTICLES SYNTHESIS

The aqueous leaf extract of Ziziphus mauritiana, zinc nitrate (ZnNO3), and double-distilled
water were utilized in the bioreduction synthesis of nanoparticles. Ziziphus mauritiana aqueous
leaf extract (10 ml) was carefully added five times to 25 ml of I mm aqueous ZnNO3 solution.
The 50ml of extract was then agitated for two hours using a magnetic stirrer.Next, take a
crucible, set the heat mantle to 160°C, and gradually pour the extract in. After solidification, the
temperature was raised by 20°C to 400°C. After the crucible reached 400°C steadily for 30
minutes, scrape the solid with a spatula and weigh it. that after four hours, the crucible was set at

550°C in a muffle furnace. Next, remove the crucible and discard the materials.
2.4 Ziziphus mauritiana's Anti-Bacterial Activity
Test Microorganisms: Bacteria and fungi

Staphylococcus aureus, Micrococcus luteus, Escherichia coli, and Salmonella typhi were the test
microorganisms employed in the study. After being morphologically recognized, the

microorganisms underwent a biochemical test to confirm their identity at the biochemical level.
INOCULUMS PREPARATION

The stock culture was kept on nutrient agar at 4°C. A loopful of cells from the stock cultures
were transferred to a test tube containing Muller-Hinton broth for bacteria, and the experiment
was then brought to life by incubating the bacteria for 24 hours at 37°C without any agitation.In
order to attain the optical densities that equate to 2.0 X 106 colony forming units (CFU/ml) for

bacteria, the culture was diluted with fresh Muller-Hinton broth.
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ii. STERILE SWAB PREPARATION

Autoclaving or using dry heat (exclusively for wooden swabs) were the methods used to prepare
and sanitize cotton wool swabs on wooden applicators or plastics. The swabs were packed in

culture tubes, tins, papers, etc. to sterilize it.

iii. FORCEPS STERILIZATION

You can dip forceps to sanitize them.

THE MULLER-HINTON AGAR PREPARATION

In a conical flask with a flat bottom, one liter of distilled water and 38 milligrams of Muller-
Hinton agar powder were combined. To fully dissolve the media, the mixture was heated while
being stirred frequently and brought to a boil for one minute. After securing the flask firmly with
cotton wool, aluminum foil was placed on top of it. The mixture was allowed to cool to room
temperature after being autoclaved for 15 minutes at 121°C. A laminar flow of the media was
used to fill the Petri dishes to a consistent depth of 3—4 millimeters. Before being used, the Petri

plates with the media were then sealed in sterile plastic bags and kept between 2 and 8 °C.
Utilizing the Agar Well Diffusion Method for Anti-Bacterial Assay

Muller Hinton Agar (MHA), obtained from Himedia, was used to screen the system of in vitro
antibacterial exertion. The sterilized petriplates were filled with 15 ml of molten medium to
create the MHA plates. After 0.1 inoculums were slightly swabbed and allowed to firm for 5
twinkles, the inoculums were allowed to dry for 5 twinkles. Twenty microliters of the various
test medication were added to wells that had been cut. Additionally, the plates are incubated for
24 hours at 37 °C. The perimeter of the inhibitory zone that developed around the well was
measured in order to assess the antibacterial exertion. A slice of chloramphenicol was employed

as a positive control.
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3. RESULTS & DISCUSSION

GREEN SYNTHESIS OF ZINC OXIDE NANOPARTICLES

The various tests and analyzing methods are indicated the nanoparticles from the

leaf extracts of Ziziphus mauritiana

Z. mauritiana Leaf Extract Solution

- Deywng Muffle Fumace

Figure 1: Green synthesis of ZnONPs

)

3.1 PHYTOCHEMICAL ANALYSIS OF Z.mauritiana

Table 1: Phytochemical Present in Z.mauritiana leaf extract

TEST FOR ALKALOIDS
Wagner reagent ++
Hager reagent ++
Dragendorff reagent +

PAGE NO : 51




FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 5

Mayer reagent +
TEST FOR POLYPHENOLS

1% Lead acetate +

Gelatin +

Neutral FeCl3 +

TEST FOR CARBOHYDRATES

Molisch reagent +
Benedict reagent +
TEST FOR PROTEINS
Biurette reagent +
TEST FOR AMINO ACIDS
Ninhydrin test -
TEST FOR FLAVANOIDS
Stock solution (10% NaOH) +
Note: ++ = high positive; + = medium positive; - = negative.

3.2 CHARACTERIZATION OF ZnONPs

3.2.1 UV-VIS SPECTROSCOPY

The UV-Visible is effective tools to identify and characterize nanoparticles. Hence, UV-

Visible spectrum of the product formed was recorded at wavelength ranges from 200-1200 nm
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and the maximum absorption peak was recorded at 372.62 nm which confirmed the formation of

ZnONPs.
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Figure 2: UV-Visible spectrum of the green synthesized ZnONPs

3.2.2 X-RAY DIFFRACTION (XRD)

The ZnONPs' XRD diffraction pattern was measured and analyzed to determine the purity and
structure of the resulting compounds. The pattern was recorded within a 20 range. The ZnONP
XRD patterns that were created with Z. mauritiana leaf extract. The produced nanoparticles, their
purity, crystallinity, and hexagonal form are all visible in the XRD pattern. Index numbers for
the observed peaks are (100), (002), (101), (110), (102), (103), and (112). These peaks met the
requirements of JCPDS standard no. (36-1451).
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Figure 3: XRD pattern of the green synthesized ZnONPs

Table 2: XRD ANALYSIS

20 MILLER INDICES
31.80 100
34.57 002
36.41 101
47.65 102
56.49 110
62.94 103
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68.10

112

3.2.3 Infrared Spectroscopy using Fourier Transform (FT-IR)

The OH group is represented by the peak that was seen at 3444.62 cm-1, which is the result of
stretching and deformation related to water adsorption on the metal surface, respectively. Similar
peaks can be found at 1639.54cm-1, 1385.27cm-1, and 1050.62cm-1, showing the presence of

distinct functional groups in the synthesized particle and its potential for usage in a variety of

applications. The frequencies of metal oxides were measured at 517.78 cm-1.
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Figure 4: FT-IR spectrum of the green synthesized ZnONPs

Table 3: Functional group of the green synthesized ZnONPs

WAVENUMBER(cm™)

BOND

FUNCTIONAL GROUP
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3444.62 O-H stretch bond Alcohols

2927.68 C-H stretch bond Alkane

1639.54 C=0 Ketone group of amide
1385.27 C-O Amide

1050.62 C-N stretch Aliphatic amines
517.78 C-Cl Alkyl halides

517.78 C-Cl Alkyl halides

3.2.4 SCANNING ELECTRON MICROSCOPY (SEM)

In SEM image, the synthesized ZnONPs are present in uniform and structure is identified

as sponge like morphology.

10 pm EHT = 15.00 kv Signal A = VPSE G3 Date :27 Oct 2022 ﬁ 10 pm EHT = 15.00 kv Signal A = VPSE G3 Date :27 Oct 2022 w

WD = 9.0 mm Mag= 1.00KX Time :14:58:43 WD = 9.0mm Mag= 200KX Time :15:01:33
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2um EHT = 15.00 kv Signal A= VPSE G3 Date 27 Oct 2022 300 nm EHT = 15.00 kv Signal A= VPSE G3 Date :27 Oct 2022
WD = 9.5mm Mag= 500KX Time :15:06:01 WD = 9.0 mm Mag= 20.00KX Time :15:13:51

3um EHT = 15.00 kv Signal A = VPSE G3 Date :27 Oct 2022 300 nm EHT = 15.00 kv Signal A = VPSE G3 Date :27 Oct 2022
WD = 9.0mm Mag= 3.00KX Time :15:08:28 WD = 9.0mm Mag = 20.00KX Time :15:13:51
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1 pm EHT = 15.00 kv Signal A = VPSE G3 Date :27 Oct 2022 w

WD = 9.0 mm Mag = 10.00 KX Time :15:11:43

Figure 5: SEM of the green synthesis of ZnONPs
3.2.5 ENERGY-DISPERSIVE X-RAY ANALYSIS (EDX)

The Energy dispersive X- ray analysis (EDX) pattern confirms the presence of zinc and
oxygen. Other signal including K and C are also recorded possibly due to the elements present in

the green synthesis of ZnO nanoparticles and also % of atomic weight include in the table.
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Figure 6: EDX pattern of the green synthesized ZnONPs

Table 4: Elements structural of ZnONPs

Structural Parameters of ZnO NPs

Element Weight % Atomic % Error %
CK 1.5 52 413
OK 14.2 38.4 10.5
KK 1.4 1.5 15.5
Zn K 82.9 54.8 5.7

C — Carbon
O - Oxygen

K — Potassium
Zn - Zinc
3.3 Ziziphus mauritiana leaf extract's antibacterial activity

Traditional in vivo bioassays are slower, more difficult, and more expensive than in vitro
techniques. Despite remarkable progress in the detection of antibacterial drugs, infectious
illnesses caused by pathogenic and opportunistic microorganisms continue to pose a serious
threat to public health. Antibiotic-resistant bacteria that are moving toward the last line of
antibiotic defense have emerged as a result of the indiscriminate use of antibiotics. Given that
they can accomplish their intended function with fewer adverse effects than synthetic

antibacterials, plant-based antibacterials offer a great deal of therapeutic potential. Plant-derived
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biomolecules seem to be one of the key players in the regulation of these antibiotic-resistant

human infections.

Table 5: Antibacterial Activity of ZnONPs of Ziziphus mauritiana leaves extract

ZONE OF INHIBITION (mm)
S.NO | MICROORGANISMS
Positive
NAME 100 75 50 25

control
1 Staphylococcus aureus 18 16 14 13 24
2 Micrococcus luteus 21 19 15 11 25
3 Escherichi coli 20 18 16 15 25
4 Salmonella typhi 18 14 13 11 23

ZONE INHIBITION OF GRAM POSITIVE BACTERIA

ANTIBACTERIAL ACTIVITY OF ZnONPs OF LEAF OF
Ziziphus mauritiana -GRAM POSITIVE

30
25
20
15 4
10 -

m Staphylococcu

B Micrococcus luteus

% of inhibition

100 75 50 25 POSITIVE

. CONTROL
concentraction pg/ml

Figure 7: Zone Inhibition Of Gram Positive Bacteria
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ZONE INHIBITION OF GRAM NEGATIVE BACTERIA

ANTIBACTERIAL ACTIVITY OF ZnONPs OF LEAF OF
Ziziphus mauritiana -GRAM NEGATIVE

30

25

20 A
15 A
10
5 -
0 -
100 75

concentraction pg/ml

l

%o of inhibition

50 25 POSITIVE
CONTROL

M Escherichia coli

B Salmonella typhi

Figure 8 :Zone Inhibition Of Gram Negative Bacteria

ANTI-BACTERIAL ACTIVITY OF GRAM POSITIVE BACTERIA

(A) Staphylococcus aureus (B) Micrococcus luteus

Figure 9: Anti-Bacterial Activity of ZnONPs against gram positive bacteria
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ANTI-BACTERIAL ACTIVITY OF GRAM NEGATIVE BACTERIA

(C) Escherichia coli (D) Salmonella typhi

Figure 10: Anti-Bacterial Activity of ZnONPs against gram negative bacteria
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4. CONCLUSION

The synthesis of ZnONPs utilizing Ziziphus mauritiana leaf extract and its use for antibacterial
activities are successfully reported in this study. The existence of proteins, carbohydrates,
phenols, alkaloids, and flavonoids has been verified by qualitative analysis. The ZnONPs that
were produced were examined using FT-IR, SEM, and XRD spectroscopy. The crystalline
quality of the green produced zinc oxide nanoparticles is indicated by the strong and narrow
XRD peaks. The SEM displays the agglomerates of porous nanoparticles that resemble sponges.
According to the study, green synthesized ZnONps have strong antibacterial properties as well.
Salmonella typhi and Escherichia coli are gram negative bacteria, while Staphylococcus aureus
and Micrococcus luteus are gram positive bacteria. The medication chloramphenicol is used as

the positive control. There are many benefits to this straightforward process, including cost

PAGE NO : 63



FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 5

REFERENCES

[1] M .Fitzgerald, M. Heinrich, & A .Booker, (2020). Medicinal Plant Analysis: A Historical and
Regional Discussion of Emergent Complex Techniques, Front Pharmacology.2019; 10:1480.

[2] Fatemeh Jamshidi-Kia, Zahra Lorigooini, Hossein Amini-Khoei. (2018). Medicinal plants:
Past history and future perspective Herbmed Pharmacol, 7: 1-7.

[3] Ruchika Garg, Jelena Zivkovic, Sekar Vijayakumar, (2022). Medicinal Plants and Natural

Products in Health Promotion and Disease Prevention, 4747.

[4] Om Prakash, Shazia Usmani, Ruchi Singh, Namrata Singh, Amresh Gupta, Akash Ved,
(2020). A panoramic view on phytochemical, nutritional, and therapeutic attributes of Ziziphus

mauritiana Lam.: A comprehensive review. 35(1):63-77.

[5] Padmakanthan Santha Raghu., A.K Bhandari., Ramesh Kumar Singh., (2012).

Pharmacognostical evaluation of the leaves of Ziziphus mauritiana, VL - 3.
[6] V. Heuzé, G. Tran, M .Boval, F. Lebas, (2019). Indian jujube (Ziziphus mauritiana). 18:13.
[7] Janick, Jules, Paull, E. Robert, (2008). The encyclopedia of fruit & nuts. pp. 615-619.

[8] M. Singh, S. Singh, S. Prasad, 3(2008). 1.S. Gambhir Nanotechnology in medicine and

antibacterial effect of silver nanoparticles Dig. J. Nanomater. Bios, pp. 115-122.
[9] G.M. Whitesides 1(2005), Nanoscience, nanotechnology, and chemistry, Small, pp. 172-179.

[10] B. Pelaz, S. Jaber, D.J. De Aberasturi, V. Wulf, T. Aida, J.M. de la Fuente, N.A. Kotov, 6
(2012). The state of nanoparticle-based nanoscience and biotechnology: progress, promises, and

challenges ACS Nano, pp. 8468-8483.

[11] Wojnarowicz,J.; Chudoba,T.; Lojkowski,W. A review of microwave synthesis of zinc oxide

nanomaterials: Reactants, process parameters and morphologies.Nanomaterials2020,10, 108

[12] C. Jianrong, M. Yuqing, H. Nongyue, W. Xiaohua, L. Sijiao (2004). Nanotechnology and
biosensors Biotechnol Adv.22, pp. 505-518

PAGE NO : 64



FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 5

[13]X. Zhang, Q. Guo, D. Cui 9(2009). Recent advances in nanotechnology applied to
biosensors Sensors, pp. 1033-1053.

[14] B.D. Yao, Y.F. Chan, N. Wang, 81(2002). Formation of ZnO nanostructures by a simple
way of thermal evaporation Appl. Phys. Lett, pp. 757-759.

[15] Y.Yin, R.M. Rioux, C.K. Erdonmez, S. Hughes, G.A. Somorjai, A.P. Alivisatos 304 (2004).

Formation of hollow nanocrystals through the nanoscale Kirkendall effect Science, pp. 711-714.

[16] J.V. Barth, G. Costantini, K. Kern (2010). Engineering atomic & molecular nanostructures

at surfaces Nanoscience & Technology: A Collection of Reviews from Nature Journals pp.67-75.

[17] J. Virkutyte, R.S. Varma 2(2011). Green synthesis of metal nanoparticles: biodegradable

polymers and enzymes in stabilization and surface functionalization Chem. Sci., pp. 837-846

[18]M.N. Nadagouda, R.S. Varma, 10(2008). Green synthesis of silver and palladium

nanoparticles at room temperature using coffee and tea extract Green Chem., pp. 859-862

[19] M. Darroudi, Z. Sabouri, R.K. Oskuee, A.K. Zak, H. Kargar, M.H.N.A. Hamid 40 (2014).
Green chemistry approach for the synthesis of ZnO nanopowders and their cytotoxic effects

Ceram. Int., pp. 4827-4831

[20] S. Iravani 13 (2011). Green synthesis of metal nanoparticles using plants Green Chem., pp.
2638-2650

[21]. S. Aguado, J. Quir’os, J. Canivet, D. Farrusseng, K. Boltes and R. Rosal, Chemosphere,
2014, 113, 188-192.

[22] M. Behravan, A.H. Panahi, A. Naghizadeh, M. Ziaee, R. Mahdavi, A.Mirzapour Facile 124
(2019). Green synthesis of silver nanoparticles using Berberis vulgaris leaf and root aqueous

extract and its antibacterial activity Int. J. Biol. Macromol., pp. 148-154

[23] P. Rajiv, S. Rajeshwari, R. Venkatesh 112(2013). Bio-Fabrication of zinc oxide
nanoparticles using leaf extract of Parthenium hysterophorus L. and its size-dependent antifungal

activity against plant fungal pathogens Spectrochim. Acta Mol.Biomol.Spectrosc, pp. 384-387

PAGE NO : 65



FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 5

[24] G.R. Navale, M. Thripuranthaka, D.J. Late, S.S. Shinde 3(2015). Antimicrobial activity of
ZnO nanoparticles against pathogenic bacteria and fungi JSM Nanotechnol Nanomed, p. 1033

[25] J.S. Moodley, S.B.N. Krishna, K. Pillay, P. Govender 9(2018). Green synthesis of silver
nanoparticles from Moringa oleifera leaf extracts and its antimicrobial potential Adv. Nat. Sci.

Nanosci. Nanotechnol

[26] LM. Chung, A. Abdul Rahuman, S. Marimuthu, A.K. Vishnu Kirthi, P.Anbarasan, Padmini
G. Raja Kumar 14(2017). Green synthesis of copper nanoparticles using Eclipta prostrata

leaves extract and their antioxidant and cytotoxic activities Exp Ther Med., pp. 18-24

[27] J. Suresh, G. Pradheesh, V. Alexramani, M. Sundrarajan, S.I. Hong 9(2018). Green
synthesis and characterization of zinc oxide nanoparticle using insulin plant (Costus pictus D.
Don) and investigation of its antimicrobial as well as anticancer activities Adv. Nat. Sci.

Nanosci. Nanotechnol

[28] C.L. Baird, D.G. Myszka 14(2001). Current and emerging commercial optical biosensors J.
Mol. Recogn., pp. 261-268

[29] J. Shi, Y. Zhu, X. Zhang, W.R. Baeyens, A.M. Garcia-Campana 23(2004). Recent

developments in nanomaterial optical sensors Trends Anal. Chem., pp. 351-360

[30] G. Sangeetha, S. Rajeshwari, R. Venckatesh 46(2011). Green synthesis of zinc oxide
nanoparticles by aloe barbadensis miller leaf extract: structure and optical properties Mater. Res.

Bull., pp. 2560-2566

[31] A. Kotodziejczak-Radzimska, T. Jesionowski 7(2014). Zinc oxide from synthesis to
application: a review Materials, pp. 2833-2881

[32] T.V. Kolekar, S.S. Bandgar, S.S. Shirguppikar, V.S. Ganachari 5(2013). Synthesis and
characterization of ZnO nanoparticles for efficient gas sensors Arch. Appl. Sci. Res., pp. 20-28

[33] Z.Q. Zheng, J.D. Yao, B. Wang, G.W. Yang 5(2015). Light-controlling, flexible and

transparent ethanol gas sensor based on ZnONPs for wearable devices Sci. Rep., p. 1107

PAGE NO : 66



FOUNDRY JOURNAL[ISSN:1001-4977] VOLUME 27 ISSUE 5

[34] S. Yedurkar, C. Maurya, P. Mahanwar 5(2016). Biosynthesis of zinc oxide nanoparticles

using ixora coccinea leaf extract- a green approach Open J. Synth. Theor. Appl., p. 1

[35] M.D. Jayappa, C.K. Ramaiah, M.A.P. Kumar, D. Suresh, A. Prabhu, R.P.Devasya, S.
Sheikh 10(2020). Green synthesis of zinc oxide nanoparticles from the leaf, stem and in vitro
grown callus of Mussaenda frondosa L.: characterization and their applications Appl. Nanosci.,

pp. 3057-3074

[36] M. Naseer, U. Aslam, B. Khalid, B. Chen 10(2020).Green route to synthesize Zinc Oxide
Nanoparticles using leaf extracts of Cassia fistula and Melia azadarach and their antibacterial

potential Sci. Rep., pp. 1-10

[37] N. Supraja, T.N.V.K.V. Prasad, A.D. Gandhi, D. Anbumani, P. Kavitha,
R.Babujanarthanam, 14(2018). Synthesis, characterization and evaluation of antimicrobial
efficacy and brine shrimp lethality assay of Alstonia scholaris stem bark extract mediated

ZnONPs Biochemistry and biophysics reports, pp. 69-77

[38] M. Darroudi, S. Ranjbar, M. Esfandiar, M. Khoshneviszadeh, M.Hamzehloueian, M.
Khoshneviszadeh, Y. Sarrafi, 34(2020). Synthesis of novel triazole incorporated thiazolone
motifs having promising antityrosinase activity through green Nano catalyst Cul-Fe304@ SiO2
(TMS-EDTA) Appl. Organomet. Chem. Article 5962.

[39] P.P. Mahamuni, P.M. Patil, M.J. Dhanavade, M.V. Badiger, P.G. Shadija, A.C. Lokhande,
R.A. Bohara, 17(2019). Synthesis and characterization of zinc oxide nanoparticles by using
polyol chemistry for their antimicrobial and antibiofilm activity Biochemistry and biophysics

reports, pp. 71-80.

[40] G. Alagumuthu, R. Kirubha, (2012). Green synthesis of silver nanoparticles using Cissus
quadrangularis plant extract and their antibacterial activity, International Journal of

Nanomaterials and Biostructures, vol. 2, no. 3, pp. 30-33

PAGE NO : 67



