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ABSTRACT

Background:

Nanoparticles are particles with dimension in the range of 1-100nm. They have gained great importance in the field of
medical research because of their moldable physical, chemical and biological properties. They have been developed
using various chemical methods, but these methods involve toxic and hazardous chemicals which cause biological risk.
Hence there has been a shift towards utilizing biological methods to synthesize these nanoparticles.

Aim:

The aim of the study was to prepare zinc oxide nanoparticles using Punica granatum and Elettaria cardamomum and
characterize it using ultraviolet visible spectroscopy and transmission electron microscopy.

Materials and methods:

The methodology involved collection and preparation of plant extract, followed by synthesis of zinc oxide
nanoparticles. Characterization of nanoparticles using UV spectroscopy and Transmission electron microscopy.

Results:

The result of the current study has shown that Zinc oxide nanoparticles were formed in clumps. Majority of them were
spherical in shape and few different shapes were also seen. The size of the nanoparticles ranged from 2 to 100 nm
Conclusion:

The current study is the first of its kind to have used the combined reducing property of Punica granatum and Elettaria
cardamomum to synthesize zinc oxide nanoparticles. The nanoparticles thus formed were stable and can be used for
further studies.

Keywords: Green synthesis, cardamom, pomegranate, zinc oxide nanoparticles.

Introduction:

Nanoparticles are particles with dimension in the range of 1-100nm. They have gained great importance in the field of
medical research because of their moldable physical, chemical and biological properties which enhance their
performance over the bulk counterparts(1). The various types of nanoparticles are carbon based nanoparticles, metal
nanoparticles, ceramic nanoparticles, polymeric nanoparticles, semiconductor nanoparticles and lipid based
nanoparticles(2). Zinc oxide, a metal nanoparticle has been widely used in various studies because of their large
bandwidth and high exciton binding energy. It has potential applications like antibacterial, antifungal, anti-diabetic,
anti-inflammatory, wound healing, antioxidant and optic properties(3). They have been developed using various
chemical methods like sol-gel, hydrothermal, spray pyrolysis, microwave-assisted techniques, chemical vapor
deposition, ultrasonic condition and precipitation methods(4). But these methods involve toxic and hazardous
chemicals which cause biological risk, hence there has been a shift towards utilizing biological methods to synthesize
these nanoparticles.

Various plants, fungus, bacteria and algae have been employed for the synthesis of zinc oxide nanoparticles (3). But,
plants are the preferred biological source as they help in the production of stable nanoparticles of varying size and
shape(5). The phytochemicals present in plants help in reducing the metal ions and metal oxides to metal
nanoparticles(6). Plant parts like roots, leaves, stem, seeds and fruit have been utilized. In the current study a
combination of extract from the fruit of Punica granatum and seeds of Elettaria cardamomum was used to prepare zinc

6


http://www.veterinaria.org/
http://www.veterinaria.org/
mailto:151901093.sdc@saveetha.com
mailto:hannahr.sdc@saveetha.com
mailto:ssrajeshkumar@hotmail.com
mailto:hannahr.sdc@saveetha.com
https://paperpile.com/c/bXtkGy/1VrO
https://paperpile.com/c/bXtkGy/aeTN
https://paperpile.com/c/bXtkGy/3B4c
https://paperpile.com/c/bXtkGy/mnoG
https://paperpile.com/c/bXtkGy/3B4c
https://paperpile.com/c/bXtkGy/PoLv
https://paperpile.com/c/bXtkGy/ziYH

REDVET - Revista electronica de Veterinaria - ISSN 1695-7504

Vol 21, No. 4 (2020)

http://www.veterinaria.org

Article Received: 04/09/2020; Revised: 07/10/2020; Accepted: 21/11/2020

oxide nanoparticles, which were then characterized using ultraviolet visible spectroscopy and transmission electron
microscopy.

The study was carried out to prepare zinc oxide nanoparticles using Punica granatum and Elettaria cardamomum and
characterize it using ultraviolet visible spectroscopy and transmission electron microscopy.

Materials and Methods:

Collection and Preparation of Plant Extract:

Fruit of Punica granatum and seeds of Elettaria cardamomum were collected from Chennai. 50gms of the collected
fruit pods from Punica granatum were washed 3—4 times using distilled water, then crushed using mortar and pestle.
The crushed mixture was added to 100ml of distilled water and boiled for 5—-10 min at 60—70°C (Figure 1). The solution
was filtered using Whatman No.1 filter paper. The filtered extract was collected and stored in 4° for further use. 2gms of
the seeds of Elettaria cardamomum was washed 3—4 times using distilled water and dried in shade for 7-14 days. The
well-dried seeds were made into a powder using mortar and pestle. The powder was dissolved in 100ml of distilled
water and boiled for 5—10 mins at 60—70°C (Figure 1). The solution was also filtered using Whatman No.1 filter paper.
Both the filtered extracts were mixed together and then boiled for 5 — 10 mins at 60—70°C and stored in 4° for further
use.

Synthesis of ZnO NPs:

0.861g of zinc sulfate is dissolved in 50 ml of double-distilled water. S0ml of the plant extracts of Punica granatum and
Elettaria cardamomum were added with the metal solution and made into 100 ml solution. The color change was
observed visually and photographed every 2 hours. The solution was placed in a magnetic stirrer for NPs synthesis for
72 hours (Figure 2).

Characterization of ZnO NPs using ultraviolet visible spectroscopy

The synthesized NPs solution is preliminarily characterized using ultraviolet (UV)-visible spectroscopy. Three milliliter
of the solution are taken in the cuvette and scanned in double-beam UV-visible spectrophotometer from 300 nm to 700
nm wavelength. The results were recorded for the graphical analysis (Figure 3).

Preparation of NPs Powder for Transmission Electron Microscopy

The NPs solution is centrifuged using Lark refrigerated centrifuge. The ZnO NPs solution is centrifuged at 8000 rpm
for 10 min and the pellet is collected and washed with distilled water twice. The final purified pellet is collected and
dried at 100—150°C for 2/24 h, and finally, the NPs powder is collected and stored in an airtight Eppendorf tube (Figure
4). The shape and size distributions of synthesized ZnO nanoparticles were characterized using transmission electron
microscope (TEM, TECNAI). The analysis was performed by sonication the liquid sample of ZnO NPs for 10 min
using citizen digital ultrasonic bath before placing it on the carbon-coated copper grid.

Result and Discussion:

The result of the current study has shown that Zinc oxide nanoparticles were formed in clumps. Majority of them were
spherical in shape and few different shapes were also seen. The size of the nanoparticles ranged from 2 to 100 nm
(Figure 5).

Siti Nur amalina et al in their study biosynthesized zinc oxide nanoparticles using the fruit peel of Punica granatum
and found that they were mostly spherical and hexagonal in shape with size ranging from 32.98 nm to 81.84 nm(7).
Punica granatum contains an abundance of phytochemical compounds that play an important role as reducing and
stabilizing agent for the successful yield of zinc oxide nanoparticles(8) Punicalagin and gallic acid are the main
contributors towards reducing zinc ions in the aqueous solution to stable zinc atoms and the formation of
nanoparticles(9)

Biosynthesis of zinc oxide nanoparticles have also been carried out using Elettaria cardamomum. In a study by Shinjini
Pal et al it was observed that the synthesized nanoparticles were rod shaped and 177+/-2.3 in size(10). The ability to
form nanoparticles by green cardamom is owed to the high amount of flavonoids which have great reducing
capacity.(11)

Fruit mediated zinc oxide nanoparticles have been prepared using the peel of other fruits like tomato, orange, grapefruit,
lemon etc (12). The morphology of these bio inspired zinc oxide nanoparticles was predominantly found to be
polyhedral in shape. The formation of these nanoparticles is attributed to the polyphenols present in the peel of the
fruits(13). Other studies have also found that the fruit of lemon has a good reducing ability, which helps in the formation
of zinc oxide nanoparticles. The nanoparticles thus formed were 20-200nm in size with varied widely in shape from
cuboid, hexagonal prism, thin rods, near-spheroid, and irregular shapes(14)

The nanoparticles thus formed is aided by citric acid, which is known for it potent reducing property.

The fruit of tomato was also used to synthesis zinc oxide nanoparticles. The fruit was found to contain terpenes,
flavonoids, saponins, tannins, glycosides and alkaloids. These substances had great reducing and stabilizing potential
and hence enabled the formation of zinc oxide nanoparticles form zinc nitrate(15) .Thus numerous studies are currently
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being undertaken to synthesis nanoparticles using green methods inorder to counteract the negative effects of chemical
methods. The current study was the first of its kind to use Punica granatum and Elettaria cardamomum to synthesize
the nanoparticles. The reducing property of both the fruits was exploited inorder to prepare the nanoparticles.

Further studies can be carried out to find the antioxidant, antibacterial, antifungal and anti

-inflammatory activity of these green synthesized zinc oxide nanoparticles.

Conclusion:

The current study is the first of its kind to have used the combined reducing property of Punica granatum and Elettaria
cardamomum to synthesize zinc oxide nanoparticles. The nanoparticles thus formed were stable and can be used for
further studies.

REFERENCES:

1.

10.

11.

12.

13.

14.

15.

Jeevanandam J, Barhoum A, Chan YS, Dufresne A, Danquah MK. Review on nanoparticles and nanostructured
materials: history, sources, toxicity and regulations [Internet]. Vol. 9, Beilstein Journal of Nanotechnology. 2018.
p. 1050-74. Available from: http://dx.doi.org/10.3762/bjnano.9.98

Khan I, Saeed K, Khan I. Nanoparticles: Properties, applications and toxicities [Internet]. Vol. 12, Arabian Journal
of Chemistry. 2019. p. 908-31. Available from: http://dx.doi.org/10.1016/j.arabjc.2017.05.011

Agarwal H, Venkat Kumar S, Rajeshkumar S. A review on green synthesis of zinc oxide nanoparticles — An eco-
friendly approach [Internet]. Vol. 3, Resource-Efficient Technologies. 2017. p. 406—13. Available from:
http://dx.doi.org/10.1016/j.reffit.2017.03.002

Fakhari S, Jamzad M, Fard HK. Green synthesis of zinc oxide nanoparticles: a comparison [Internet]. Vol. 12,
Green Chemistry Letters and Reviews. 2019. p- 19-24. Available from:
http://dx.doi.org/10.1080/17518253.2018.1547925

Qu J, Yuan X, Wang X, Shao P. Zinc accumulation and synthesis of ZnO nanoparticles using Physalis
alkekengi L [Internet]. Vol. 159, Environmental Pollution. 2011. p. 1783-8. Available from:
http://dx.doi.org/10.1016/j.envpol.2011.04.016

Heinlaan M, Ivask A, Blinova I, Dubourguier H-C, Kahru A. Toxicity of nanosized and bulk ZnO, CuO and TiO2
to bacteria Vibrio fischeri and crustaceans Daphnia magna and Thamnocephalus platyurus [Internet]. Vol. 71,
Chemosphere. 2008. p. 1308—16. Available from: http://dx.doi.org/10.1016/j.chemosphere.2007.11.047

Sukri SNAM, Siti Nur Amalina, Shameli K, Wong MM-T, Teow S-Y, Chew J, et al. Cytotoxicity and antibacterial
activities of plant-mediated synthesized zinc oxide (ZnO) nanoparticles using Punica granatum (pomegranate) fruit
peels extract [Internet]. Vol. 1189, Journal of Molecular Structure. 2019. p. 57-65. Available from:
http://dx.doi.org/10.1016/j.molstruc.2019.04.026

Fuku X, Diallo A, Maaza M. Nanoscaled Electrocatalytic Optically Modulated ZnO Nanoparticles through Green
Process ofPunica granatumL. and Their Antibacterial Activities [Internet]. Vol. 2016, International Journal of
Electrochemistry. 2016. p. 1-10. Available from: http://dx.doi.org/10.1155/2016/4682967

Barsainya M, Singh DP. Green Synthesis of Zinc Oxide Nanoparticles by Pseudomonas aeruginosa and their
Broad-Spectrum Antimicrobial Effects [Internet]. Vol. 12, Journal of Pure and Applied Microbiology. 2018. p.
2123-34. Available from: http://dx.doi.org/10.22207/jpam.12.4.50

Pal S, Pal K, Mukherjee S, Bera D, Karmakar P, Sukhen D. Green cardamom mediated phytosynthesis of ZnONPs
and validation of its antibacterial and anticancerous potential [Internet]. Vol. 7, Materials Research Express. 2020.
p. 015068. Available from: http://dx.doi.org/10.1088/2053-1591/ab69¢8

Amma K, Rani MP, Sasidharan I, Nisha VNP. Chemical composition, flavonoid-phenolic contents and radical
scavenging activity of four major varieties of cardamom. Med Chem Res. 2010;1(3):20-4.

Kahraman O, Binzet R, Turunc E, Dogen A, Arslan H. Synthesis, characterization, antimicrobial and
electrochemical activities of zinc oxide nanoparticles obtained from sarcopoterium spinosum (L.) spach leaf
extract. Mater Res Express. 2018 Sep 7;5(11):115017.

Chun OK, Kim D-O, Smith N, Schroeder D, Han JT, Lee CY. Daily consumption of phenolics and total
antioxidant capacity from fruit and vegetables in the American diet [Internet]. Vol. 85, Journal of the Science of
Food and Agriculture. 2005. p. 1715-24. Available from: http://dx.doi.org/10.1002/jsfa.2176

Hossain A, Abdallah Y, Ali MA, Masum MMI, Li B, Sun G, et al. Lemon-Fruit-Based Green Synthesis of Zinc
Oxide Nanoparticles and Titanium Dioxide Nanoparticles against Soft Rot Bacterial Pathogen Dickeya dadantii
[Internet]. Vol. 9, Biomolecules. 2019. p. 863. Available from: http://dx.doi.org/10.3390/biom9120863

Ogunyemi SO, Abdallah Y, Zhang M, Fouad H, Hong X, Ibrahim E, et al. Green synthesis of zinc oxide
nanoparticles using different plant extracts and their antibacterial activity against Xanthomonas oryzae pv. oryzae
[Internet]. Vol. 47, Artificial Cells, Nanomedicine, and Biotechnology. 2019. p. 341-52. Available from:
http://dx.doi.org/10.1080/21691401.2018.1557671


http://www.veterinaria.org/
http://www.veterinaria.org/
http://paperpile.com/b/bXtkGy/1VrO
http://paperpile.com/b/bXtkGy/1VrO
http://paperpile.com/b/bXtkGy/1VrO
http://paperpile.com/b/bXtkGy/1VrO
http://paperpile.com/b/bXtkGy/1VrO
http://dx.doi.org/10.3762/bjnano.9.98
http://paperpile.com/b/bXtkGy/aeTN
http://paperpile.com/b/bXtkGy/aeTN
http://paperpile.com/b/bXtkGy/aeTN
http://dx.doi.org/10.1016/j.arabjc.2017.05.011
http://paperpile.com/b/bXtkGy/3B4c
http://paperpile.com/b/bXtkGy/3B4c
http://paperpile.com/b/bXtkGy/3B4c
http://paperpile.com/b/bXtkGy/3B4c
http://dx.doi.org/10.1016/j.reffit.2017.03.002
http://paperpile.com/b/bXtkGy/mnoG
http://paperpile.com/b/bXtkGy/mnoG
http://paperpile.com/b/bXtkGy/mnoG
http://dx.doi.org/10.1080/17518253.2018.1547925
http://paperpile.com/b/bXtkGy/PoLv
http://paperpile.com/b/bXtkGy/PoLv
http://paperpile.com/b/bXtkGy/PoLv
http://dx.doi.org/10.1016/j.envpol.2011.04.016
http://paperpile.com/b/bXtkGy/ziYH
http://paperpile.com/b/bXtkGy/ziYH
http://paperpile.com/b/bXtkGy/ziYH
http://paperpile.com/b/bXtkGy/ziYH
http://paperpile.com/b/bXtkGy/ziYH
http://dx.doi.org/10.1016/j.chemosphere.2007.11.047
http://paperpile.com/b/bXtkGy/pM1P
http://paperpile.com/b/bXtkGy/pM1P
http://paperpile.com/b/bXtkGy/pM1P
http://paperpile.com/b/bXtkGy/pM1P
http://paperpile.com/b/bXtkGy/pM1P
http://paperpile.com/b/bXtkGy/pM1P
http://dx.doi.org/10.1016/j.molstruc.2019.04.026
http://paperpile.com/b/bXtkGy/yhRg
http://paperpile.com/b/bXtkGy/yhRg
http://paperpile.com/b/bXtkGy/yhRg
http://paperpile.com/b/bXtkGy/yhRg
http://paperpile.com/b/bXtkGy/yhRg
http://dx.doi.org/10.1155/2016/4682967
http://paperpile.com/b/bXtkGy/u3b5
http://paperpile.com/b/bXtkGy/u3b5
http://paperpile.com/b/bXtkGy/u3b5
http://paperpile.com/b/bXtkGy/u3b5
http://paperpile.com/b/bXtkGy/u3b5
http://dx.doi.org/10.22207/jpam.12.4.50
http://paperpile.com/b/bXtkGy/WqiD
http://paperpile.com/b/bXtkGy/WqiD
http://paperpile.com/b/bXtkGy/WqiD
http://paperpile.com/b/bXtkGy/WqiD
http://paperpile.com/b/bXtkGy/WqiD
http://dx.doi.org/10.1088/2053-1591/ab69c8
http://paperpile.com/b/bXtkGy/V6zx
http://paperpile.com/b/bXtkGy/V6zx
http://paperpile.com/b/bXtkGy/V6zx
http://paperpile.com/b/bXtkGy/V6zx
http://paperpile.com/b/bXtkGy/INCO
http://paperpile.com/b/bXtkGy/INCO
http://paperpile.com/b/bXtkGy/INCO
http://paperpile.com/b/bXtkGy/INCO
http://paperpile.com/b/bXtkGy/0BPW
http://paperpile.com/b/bXtkGy/0BPW
http://paperpile.com/b/bXtkGy/0BPW
http://paperpile.com/b/bXtkGy/0BPW
http://paperpile.com/b/bXtkGy/0BPW
http://dx.doi.org/10.1002/jsfa.2176
http://paperpile.com/b/bXtkGy/CGPD
http://paperpile.com/b/bXtkGy/CGPD
http://paperpile.com/b/bXtkGy/CGPD
http://paperpile.com/b/bXtkGy/CGPD
http://paperpile.com/b/bXtkGy/CGPD
http://dx.doi.org/10.3390/biom9120863
http://paperpile.com/b/bXtkGy/RXqY
http://paperpile.com/b/bXtkGy/RXqY
http://paperpile.com/b/bXtkGy/RXqY
http://paperpile.com/b/bXtkGy/RXqY
http://paperpile.com/b/bXtkGy/RXqY
http://paperpile.com/b/bXtkGy/RXqY
http://dx.doi.org/10.1080/21691401.2018.1557671

REDVET - Revista electronica de Veterinaria - ISSN 1695-7504

Vol 21, No. 4 (2020)

http://www.veterinaria.org

Article Received: 04/09/2020; Revised: 07/10/2020; Accepted: 21/11/2020

Figure 1: Figure showing the preparation of pomegranate extract from the crushed fruit pods of Punica
granatum and cardamom extract from the crushed seeds of Elettaria cardamomum

Figure 2: Figure showing colour change observed over a period of 72 hours. A) Pale pink colour at 24 hours B)
Mild colour change recorded after 48 hours C) Brown colour observed after 72 hours which correlated with
the peak in the UV spectroscopy, indicating the formation of Nano particles.
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Figure 3: Graph indicating the peak in UV spectroscopy observed after 72 hours, which indicates the formation

of zinc oxide nanoparticles

Figure 4: Pellet collected in an Eppendorf after zinc oxide nanoparticles solution is centrifuged and then dried at
100-150°C for 24 hrs. The dried pellet is used for characterization using transmission electron microscopy.

200 nNm

Accelerating voltage: 200kv Indicated magnification: 14.5kx Place: VIT (FEXI Tecnai 20D
Figure 5: Transmission electron microscopic image of Zinc oxide nanoparticles formed using Punica
granatum and Elettaria cardamomum
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