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Abstract

Aims: Nanotechnology is the science which is about manipulating matter, atom by atom and is associated with 
particles smaller than 100 nm in size. Copper nanoparticles are used mainly due to its surplus amount, low cost, 
easy availability and biocompatible property. Green synthesis of copper nanoparticles is very simple, economical 
and eco-friendly method that does not involve any toxic chemicals. The aim of our study is green synthesis of 
copper nanoparticles using green tea and neem formulation and assessment of its antimicrobial effects.

Place and Duration of Study: Sample: Department of Nanotechnology, Saveetha dental college and hospitals, 
between December 2020 and January 2021

Methodology: 20 mM of copper sulphate solution is mixed with 40mL of plant extract and 60 mL of distilled 
water was added and made it into 100 ml solution. Once the copper nanoparticles are synthesized the solution 
is characterized using UV- vis-spectroscopy and was scanned in double beam UV-vis- spectrophotometer from 
300  nm to 700nm wavelength. The antimicrobial property of copper nanoparticle is evaluated by agar well 
diffusion method.

Results: The colour change from green to brown and peak observed in UV-vis- spectrophotometer was associated 
with the synthesis of copper nanoparticles. Copper nanoparticle from green tea and tea extract has good 
antimicrobial activity against S.mutans, C.albicans, E.faecalis, S, aureus.

Conclusion: Copper nanoparticles can be efficiently synthesised from green and neem formulation.hese copper 
nanoparticles showed good antibacterial properties and are effective against oral pathogens.
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Introduction

Nanotechnology is the science which is about 
manipulating matter, atom by atom1. Nanotechnology 
is associated with particles smaller than 100 nm in 
size2. Due to its small size and high surface area, 
nanoparticles increases the state of activity. The size 
of nanoparticles depends on the method of reduction 
and its surrounding environment. Nanodentistry is 
the science and technology of maintaining good oral 
health through the use of nanomaterials including 
tissue engineering and nanorobotics3. Currently 
nanoparticles are of in use in various fields of 
biomedical and pharmaceutical like diagnostics, 
biomarkers, bio-imaging, cosmetics, antibacterial, 
anticancer, immunology, cardiology, genetic 
engineering,drug delivery for treating cancer and 
other infectious diseases.4

Due to their small size,physical and chemical 
properties, high surface area for interaction and 
wide area of application of metal nanoparticles are 
increasing5. Copper nanoparticles are used in the 
field of nanotechnology and nanomedicine due 
to their good optical, electrical and anti-fungal/
bacterial properties6. Copper nanomaterials are 
been used mainly due its abundant amount, low 
cost and availability when compared to other metals 
such as silver and gold. Copper is the basic and 
biocompatible element that has good therapeutic 
and antibacterial property known since a very long 
time7. The copper nanoparticle was synthesised by 
various methods such as metal vapours synthesis8, 
laser irradiation9, exploding wire method10, vacuum 
vapour deposition,and microemulsion11. But these 
techniques are of high cost and involve the use of 
toxic chemicals.

The herbal preparation plays an immense 
role in synthesising the nanoparticles naturally.
Nanoparticles synthesised from plant extract is able 
to overcome many toxic effects of conventional 
methods12. Green synthesis of nanoparticle is a very 
simple, economical, eco-friendly and repeatable 
method which does not require intense energy, 
pressure, temperature, or toxic chemicals13. The 
previous studies showed that the antimicrobial and 
anticancer activities of nanoparticles synthesised 
from plant extract is better14. The green synthesis 

techniques usually uses water, biological extracts, 
biological systems, and microwave-assisted synthesis 
which is non toxic and eco-friendly.

There are many methods of green synthesis of 
nanoparticles. The commonly used methods for 
green synthesis are using biological routes using 
microorganisms such as bacteria, yeast, plant and 
animal extracts and enzymes or their byproducts15.
These are most commonly used because they are 
eco‑friendly, non-toxic, cost efficient, and mild 
conditions.

The objective of study was green synthesis of 
copper nanoparticles using green tea (Camellia 
Sinensis) and neem formulation and assessment of its 
antimicrobial effects.

Materials and Methods

Preparation of Plant Extract

Green tea and neem were purchased from the 
herbal care center. 2 grams of green tea and 2 grams 
of neem were measured and added to a conical flask 
and were dissolved in 100ml ml of distilled water.
Then the extract was heated at 60°C for 7-8 minutes 
in a heating mantle. Using a blotting paper the extract 
was then filtered into another conical flask using a 
Whatmann No. 1 filter paper. The filtrate which is in 
the conical flask is needed plant extract.

Synthesis of Silver Nanoparticles

20 millimoles of copper sulphate is mixed with 
40 mL of plant extract and 60 mL of distilled water 
in a conical flask. The flask was then placed in the 
orbital shaker at 65 rpm and then in a magnetic 
stirrer at 450 rpm for uniform distribution. The color 
change was noted regularly with an interval of one 
hour for two days. With the help of UV spectroscopy 
the prepared copper containing green tea and neem 
extract was recorded to check for the synthesis of 
nanoparticle. It was then subjected to centrifugation 
at 10,000 rpm for 10 mins in a centrifuge. The copper 
nanoparticle pellets were then collected to perform 
antimicrobial activity tests.

Characterisation of nanoparticles

Once the nanoparticles are synthesised the solution 
is characterised by using UV- vis-spectroscopy.3ml of 
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the solution is taken in cuvette and scanned in double 
beam a UV- visible spectrophotometer (ELICO 
SL 210 UVVis spectrophotometer) from 300 nm to 
700  nm wavelengths and the results were recorded 
graphically.

Antimicrobial activity of copper nanoparticle

The antimicrobial efficiency of copper 
nanoparticles were assessed using agar well 
diffusion method. The antibacterial activity of 
copper nanoparticles tested against four different 
bacterial isolates like E. Facalis, Streptococcus mutans, 
Streptococcus aureus and Candida albicans. Fresh 
bacterial cultures were prepared on the surface 
of Muller-Hinton agar plates in a broth medium.
Different concentrations of copper nanoparticles 
(25, 50, and 100 μL) were incorporated into the wells 
and the plates were incubated at 37°C for 24 hours.
The antibiotic discs (ampicillin) were used as control.
After incubation, the zone of incubation formed 
around the discs were measured and notes down.

Results

Visual observation

Nanoparticles have a great interest due their 
unique optical properties. During their process of 
synthesis they exhibit a different range of colours.
The plant extract contains various phytochemicals 
that converts the copper sulphate into copper 
nanoparticles identified by the colour change.This 
colour change from green to brown indicating the 
formation of copper nanoparticles (Fig 1).

Figure 1. Colour change from green to brown 
indicating the synthesis of copper nanoparticles.

UV-visible Spectroscopy

The copper nanoparticles were synthesized using 
copper sulphate and green and neem extract displays 
an absorption peak at 340 nm (Fig 2). This peak was 
associated with the synthesis of copper nanoparticles.
The broadened SPR peak that was observed in the 
UV-visible spectrum confirmed that polydispersed 
nanosized particles are synthesized16.

Figure 2. Graphical representation of synthesis of 
copper nanoparticles.

Antibacterial activity of copper nanoparticles 
against oral pathogens

Copper has an excellent antimicrobial activity 
against a wide range of oral pathogens and this 
property is enhanced with its nanoparticle form17. 
The zone of growth inhibition of cells is because 
of the distraction of cell membrane by copper 
nanoparticles, which leads to the break down of cell 
enzymes14. The results of our study reveals that the 
green tea and neem mediated copper nanoparticles 
showed effective antibacterial activity (Fig 3, 4).
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Figure 3: Antimicrobial activity of copper nanoparticle synthesized from green and neem formulation 
against S.mutans, C.albicans, E.faecalis, S, Aureus.

Figure 4: Graphical representation of antimicrobial activity of copper nanoparticle synthesized from 
green and neem formulation against S.mutans, C.albicans, E.faecalis, S,aureus.S. aureus is having almost 
comparable antimicrobial activity as that of the control antibiotic disc.

Discussion

Copper as a metal is well known for its 
antimicrobial and anti-inflammatory properties since 
several years18. The copper nanoparticles can be easily 
synthesized and is cost effective material so it can be 
an alternative for gold and silver nanoparticles19. 
Currently, environmental friendly synthesis of 
copper nanoparticles has gained much interest20. 
Green synthesis of nanoparticles is more trending 
as the plant itself acts as both reducing and capping 
agent also because of its eco-friendly21. Green tea 
(Camellia sinensis) contains many phytoconstituents 
like epigallocatechin-3-gallate (EGCG), theanins, 
catechins and polyphenols and is reported to have 
neuroprotective activity22. It is reported that they 
even prevent proliferation of carcinoma cells23. Green 
tea is considered as a reducing agent for the synthesis 
of the different morphology of copper nanoparticles 

because it contains a high amount of polyphenols 
and other organic groups in it.The reduction 
mechanism happens in two steps initially when the 
precursor is added a complex is formed by breaking 
the –OH bond and a partial bond with a metal ion is 
formed. Then there is transfer of electrons wherein 
the metal ions gets reduced to nanoparticles by the 
breakage of the partial bond, and then it get oxidized 
to ortho-quinone24. Green synthesis of copper 
nanoparticles using green tea and neem formulation 
is a simple, economical, eco-friendly process. In our 
study the colour change indicates the synthesis of 
copper nanoparticles which is in accordance with 
the previous studies25. In general UV-vis spectra 
can be used for assessing the size and shape-
controlled nanoparticles in the aqueous solution with 
200-800nm wavelength range26. In our study it was 
observed that the copper nanoparticles have good 
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antimicrobial properties against oral pathogens. The 
zone of inhibition is increased with the increase in 
concentration of copper nanoparticles. These results 
were homogeneous when CuNPs synthesized using 
glycerol-polyvinyl alcohol27, polyurethane with silver 
and copper nanoparticles28, copper based additives29 
and copper-resistant Bacillus cereus.30

Conclusion

Copper nanoparticles were efficiently synthesised 
from green and neem formulation. The use of toxic 
chemicals is avoided since the nanoparticles are 
synthesised using green synthesis method, which is 
non toxic, economical and eco friendly. These copper 
nanoparticles showed good antibacterial properties 
also. Since it is effective against the oral pathogens 
and they can be used in toothpaste and oral medicines. 
Hence the copper nanoparticles could be expected to 
be used in future for the effective drug systems and 
immunity against diseases.
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