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Abstract
In this study, green synthesized copper nanoparticle was synthesized using Erythrina indica plant extract
as reducing agent. The synthesized copper nanoparticle was confirmed visually and evaluated for their
antibacterial activity against seafood spoiling biofilm forming organisms such as Staphylococcus aureus,
Enterococcus faecalis and Escherichia coli. The antibacterial activity was achieved by agar diffusion test
and their minimum inhibitory concentration was found to be 30 µg/ml. The antibiofilm activity of copper
nanoparticle was studied using polystyrene surface and effectively inhibited the biofilm formation as
91%, 94% and 96% against S. aureus, E. faecalis and E. coli. Overall, the copper nanoparticle can be used
as antibiofilm agent against biofilm forming organisms.
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1. Introduction

Antimicrobial agents are biomolecules which will kill or inhibit the
growth of microbes without affecting the neighbouring tissues. The
antibacterial agent has been used wide variety of fields such as water
disinfection, medicine, food packaging and textile industries.
Nowadays, over dose of antibiotics may lead to the high change for
antibiotic resistance occurrence in different microbial species.
Unfortunately, the resistance was developed to most of the currently
used antimicrobials. Therefore, an immense effect was performed to
tackle the present problem with new antimicrobials. Hence, the
nanoparticles have gained much attention due to the particle size
ranging from 1 to 100 µM which exhibit various potential application
in many fields and also it has the ability to target the drug of choice
into the site of action followed by reduction in side effects resulting
increased drug uptake (Singh et al., 2020; Shafey et al., 2020; Lalit et
al., 2022).  The occurrence of nanotechnology has gained huge interest
for antimicrobial activity evaluations of nanoscale metals with use
of decreased concentration gives increased antimicrobial activity.
The antibacterial activity of different metal-based nanoparticle has
widely evaluated against various pathogenic microbes present in
various fields particularly sea food spoilage.

Sea food spoilage is important and complicated processes in which
a greater number of foods are wasted due to microbial contamination

even advanced techniques have been used.  The microbial
contamination may occur during the storage of the sea foods
processing conditions such as atmosphere, pH, temperature, etc. In
particular, sea food underwent fast microbial contamination when it
forced into improper storage and handling. Globally, one fourth of
sea food supply is lost due to the microbial contamination itself.
Consequently, more microbiological analysis is needed on the specific
product to predict the original spoilage organisms and also physical
and chemical parameters also important for spoilage organisms’
predictions. Microbial contamination starts from poor hygienic
conditions in food processing resulting serious threat to human health.
Furthermore, the complete microbial removal from sea food
processing is a difficult task because the biofilm forming ability of
microbes can attach the surface of the processing unit wherein it can
survive still after disinfection and cleaning.

Biofilms are developed by cluster of microbes which can survive as
multicellularorganisms with different biochemical characterisation
from planktonic cells (Bernardi et al., 2019; Muhammad et al., 2022).
These biofilms are formed by a complex material that encase the
bacteria inside self-assembled extracellular polymeric substance (EPS)
(Seviour et al., 2019), that helps the bacteria to colonize the living
body surfaces like lungs, heart and epithelium and non- living surfaces
such asmedical device, intrauterine devices, prosthetic heart valves
and catheters (Donlan and Costerton, 2002). Biofilms are mainly
surrounded by water and composed of variety of biochemical
molecule such as carbohydrates, DNA and proteins (Zippel et al.,
2011). This complex material provides the slimy structure which
protects the bacteria from external sources like entry of
chemotherapeutic agents resulting bacterial recalcitrance (Yonezawa
et al., 2019). Bacteria survive within the biofilms are resistant to
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external factor (Khatoon et al., 2018). The biofilm becomes a specific
importance due to the ability to attain resistance to existing
antibacterial agents which complicate the management of biofilm
and also limit the hygienic conditions (Henly et al., 2019). Over
many decades, in the sea food spoilage among many organisms,
Staphylococcus aureus, Enterococcus faecalis and Escherichia coli
have gained much attention owing to its biofilm forming ability on
various surfaces (Strickertsson et al., 2013; Rong et al., 2017; Xu et
al., 2019). These organisms are more resistant to most of the clinically
used antibiotics (Arias et al., 2012). Hence, there is a need to search
for novel agent which can able to control the bacterial biofilm
formation involved in bacterial infections.

Nanoparticles are gaining much attention in various fields like biology
and medicine due to their smaller size and large surface area which
can freely enter the microbial barriers (Zhou et al., 2019; Mrunal et
al., 2022). In recent times, metal nanoparticles are used as the
supplement for antibiotic efficacy as well as coating material for
many medical and non-medical devices (Silva et al., 2019; Thakore et
al., 2019). Among them, copper nanoparticles are gained interest
due to their efficacy against pathogens and their biocompatibility
(Sneha et al., 2022). Copper nanoparticleare synthesized by many
methods such as physical, chemical and green synthesis. Green
synthesis is a cost-effective eco-friendly approach involves
biomolecules action as reducing as well as capping agent without
any toxic effects which supports the synthesis process easy than
the chemical and physical process wherein the instrument and
chemical usage which induces toxic effect (Sundaramurthy and
Parthiban, 2015; Sharma, 2019; Ismail et al., 2019; Pankaj et al.,
2022).  Additionally, plant materials and their extracts are the best
option for nanoparticle synthesis. Consequently, in the study, copper
nanoparticle was synthesized using Erythrina indica as reducing
agent which commonly known as kalyana murungai which has more
medicinal values such as antimicrobial, anti-inflammatory, anticancer
activity, etc., it contains various secondary metabolites like phenolic
compounds, alkaloids and sterols. Here, the extract of E. indica was
used for the synthesis of copper nanoparticle to evaluate the
antibacterial and antibiofilm activity against sea food spoilage
organisms such as S. aureus, E. faecalis and E. coli.

2. Materials and Methods

2.1 Reagents

Copper sulphate was procured from Merck, Mueller Hinton agar,
ampicillin and rifampicin was purchased from Hi Media, E. indica
dried powder was purchased from local market. In the study, all the
strains were obtained from American Type Culture Collection and
maintained in respective medias. In entire study, 5 µg of ampicillin
and rifampicin were used as positive control.

2.2 Synthesis of copper nanoparticle

For synthesis, 80 ml of 1 mM copper sulphate solution was prepared
and stored. 2 g of E. indica dry powder was weighed and added into
100 ml of distilled water and keep it for 2 h at 600C. Then, the extract
was filtered using Whatman No.1and the filtrate was used for the
study. 20 ml of filtrate was added to 80 ml copper sulphate solution
and the mixer was keep it at 600C until the solution becomes greenish
brown (Ananda Murthy et al., 2020).

2.3 Antibacterial activity of copper nanoparticle

The antibacterial activity of copper nanoparticle against S. aureus,
E. faecalis (ATCC 29212) and E. coli (ATCC 25922) was evaluated
using well diffusion method as described before (Meiyazhagan et al.,
2020). Prior to the experiments, all the stains were grown in Mueller
Hinton broth and Brain Heart infusion broth and overnight culture
was adjusted to the cell density of 1 × 106 CFU/ml. Briefly, the
sterile MHA and BHI plates were prepared were swabbed with
overnight cultures of bacterial strains. Then, the drills were made
and loaded with various concentration of copper nanoparticle (60,
65 and 75 µg/well). Here, ampicillin and rifampicin were used as
positive controls. The zone of inhibition around the well indicates
the antibacterial activity of copper nanoparticle against above
mentioned organisms.

2.4 MIC determination of copper nanoparticle

The minimum inhibitory concentrations of copper nanoparticle were
evaluated against S. aureus, E. faecalis and E. coli using microdilution
method as mentioned earlier (Meiyazhagan et al., 2016). For the
experiment, 60 µl of copper nanoparticle was serially diluted up to
0.45 µl in Mueller Hinton Broth (MHB) and brain heart infusion
broth using 96 well plates. Finally, 20 µl of overnight cultures (1 ×
106 CFU/ml) of all the bacterial strains were added and incubated in
standard conditions. Then, the optical density of the plates was
measured using spectrophotometer at 600 nm. The experiments were
repeated thrice.

2.5 The effect of copper nanoparticle on biofilm formation

The effect of copper nanoparticle on S. aureus, E. faecalis and E.
coli matured biofilm was evaluated using biofilm formation assay as
illustrated earlier (Meiyazhagan et al., 2015).  The overnight cultures
of all the above-mentioned strains were added into in polystyrene
microtiter plates and incubated for 96 h for maturation. After that,
the matured biofilm was treated with 1X, 2X and 3X MIC for 6 h.
Afterwards, the non-adherent cells were removed by PBS wash and
the attached cells were fixed with methanol for sometimes followed
0.1% crystal violet staining. The excess stain was removed and the
mixture of ethanol and acetone was observed to get purple colour.
The plate was measured at 570 nm. Untreated wells served as
negative controls for all the strains, whereas ampicillin and rifampicin
treated wells served as positive controls. The experiment was repeated
twice.

3. Results
3.1 Synthesis of copper nanoparticle

The copper nanoparticle was synthesized using copper sulphate as
precursor and E. indica plant extract as reducing agent and the various
stages of copper nanoparticle synthesis is presented in Figure 1.
Here, the colour change from blue to greenish brown indicates the
copper nanoparticle formation.

3.2 Antibacterial activity of copper nanoparticle

The antibacterial activity of various concentrations of copper
nanoparticle against S. aureus, E. faecalis and E. coli determined is
presented in Figure 2 and Table 1. The zone of inhibition around the
well indicating the antibacterial activities of copper nanoparticles
various concentrations against the selected bacteria. The antibacterial
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activities were attained in 60 µl of copper nanoparticle against all the
tested organisms. As seen in figure, sizes of the zones of inhibition

were increased against all the microbes when the copper nanoparticle
concentrations increase.

Figure 1: Various steps involved in copper nanoparticle synthesis.

Table 1: Copper nanoparticle antibacterial activity against bio-
film forming microbes

Or ganis ms Zone of inhibition in mm

60 µl 65 µl 70 µl

S. aureus 2 4 2 4 2 5

E. faecalis 2 2 2 3 2 4

E. coli 2 3 2 3 2 4

Figure 2: Antibacterial activity of copper nanoparticle against biofilm forming organisms.

3.3 Copper nanoparticle MIC determinations

The MIC of copper nanoparticle was determined against S. aureus,
E. faecalis and E. coli and the calculated MIC which were able to

inhibit the growth of all the tested microbes is represented in Figures,
3 and 4. As shown in Figure, 30 µl of copper nanoparticle was
needed to inhibit the growth of all the selected microbes.
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Figure 3: Graph indicating the MIC of copper nanoparticle.

Figure 4: Visual effect determination of copper nanoparticle MIC against S. aureus, E. faecalis
and E. coli.

3.4. Copper nanoparticle effect on biofilm formation

The copper nanoparticle effect on biofilm formations of S. aureus,
E. faecalis and E. coli was quantified and the calculated percentage of
biofilm inhibition is presented in Figures 5 and 6. As seen in figure,
the copper nanoparticle effectively inhibited the S. aureus, E. faecalis
and E. coli biofilm formation at the tested concentrations in the
polystyrene surfaces. The copper nanoparticle effectively reduced

89%, 90% and 91% of biofilm formation of S. aureus after treatment
with 1 x, 2 x and 3 x MIC. While, the copper nanoparticle 1 x, 2 x and
3 x MIC concentrations effectively reduced each 94% of E. faecalis
biofilms after treatment. Whereas, copper nanoparticle reduced 91%,
95% and 96% of biofilm when treated with 1 x, 2 x and 3 x MIC,
respectively, against E. coli. It showed the copper nanoparticle ability
in eradicating biofilms of all the selected microbes.
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Figure 5: Graph representing the percentage of biofilm inhibition after treatment with copper nanoparticle.

Figure 6: Visual effect of biofilm inhibition after treatment with copper nanoparticle against. A) B) E. faecalis and C) E. coli.

4. Discussion

Sea food spoilage occurred mainly due to improper food processing
and storage resulting microbial contamination leading serious health
problem to humans. The removal of microbial contamination in sea
food is a complicated process due to the biofilm forming ability on
the surface. Consequently, biofilm forming microorganisms such as
S. aureus, E. faecalis and E. coli gaining much interest in the sea food
spoilage. In the study, antibacterial activity of green synthesized
copper nanoparticle was evaluated against biofilm forming organisms
such as S. aureus, E. faecalis and E. coli. Here, copper nanoparticle
was synthesized using E. indica as reducing agent which reduces the
salt into metal oxide owing to various biomolecules present in it. The
antibacterial activity of synthesized copper nanoparticle evaluated
showed 24 mm of zone of inhibition around the well against S.
aureus, E. faecalis and E. coli.  Similarly, biofabricated copper
nanoparticles was synthesized using leaves extract of Bambusa
arundinacea and exhibited potent antibacterial activity against Bacillus
subtilis, Staphylococcus aureus, Proteus vulgaris and Escherichia
coli (Jayarambabu et al., 2022). Likewise, another group studied the
green synthesized copper nanoparticle using Cedrus deodara as
reducing agent, antibacterial activity against S. aureus and E. coli.
The zone of inhibitions around the wells representing the antibacterial
activity with maximum zone size of 29 mm (Ramzan et al., 2021).
Same way, a report from recent study showed the green synthesis of
titanium oxide nanoparticle using plant extract of E. variegate and
evaluated for their antibacterial activity against Streptococcus sp.,

Pseudomonas sp., S. aureus, E. faecalis and E. coli (Selvi et al.,
2022). Similarly, very interesting study showed the antibacterial
effect of nanoemulsified lemon essential oil was investigated against
food borne pathogens such as E. faecalis, Salmonella paratyphi, A.
pneumoniae sp.,  S. aureus and Klebsiella sp. as well as fish spoiling
organisms like Photobacterium damselae and Pseudomonas luteola
and showed antibacterial activity indicating that it can be a natural
antibacterial agent against sea food spoilage as well as food borne
bacteria (Yazgan et al., 2019).

The formation of copper nanoparticle was visually conformed by
changing the colour from blue to greenish brown indicating copper
nanoparticle formation by reducing the copper salt, though the
biomolecules present in the plant extract. Similarly, the green synthesis
of copper nanoparticle was achieved by using Aerva javanica leaf
extract and their characterization was performed and its antibacterial
activity was evaluated against P. aeruginosa, A. baumanii, S. aureus
and E. coli and also the MIC was found to be 50 µg/ml (Amin et al.,
2021). Our study revealed that, 30 µl of copper nanoparticle was
needed to inhibit the growth of all the tested organisms. The antibacterial
activity of copper nanoparticle can be achieved in several ways such
as contact killing wherein the particle were attached on the surface of
bacterium, thereby the killing was mediated and also it has attached on
the surface of the bacterial cell and disturb the cell membrane integrity
resulting leakage of the internal content leads to cell death. The cell
death could be attributed by several factors such as pH and temperature,
etc. (Chatterjee et al., 2014).
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In addition to the antibacterial activity, the copper nanoparticle was
evaluated for antibiofilm forming ability against most important
biofilm forming organism like S. aureus, E. faecalis and E. coli. The
biofilm formation was initiated from the attachment of any living
and non-living surfaces and becomes matured biofilm formation
(Pelling et al., 2019). Our study effectively reduced the 91%, 94%
and 96% of S. aureus, E. faecalis and E. coli biofilm formation after
treatment with various concentrations of copper nanoparticle. In
contrast, copper oxide nanoparticle synthesized using fungus
Penicillium chrysogenum was characterized and evaluated for their
antibacterial and antibiofilm activity against S. aureus ATCC 25923,
B. cereus ATCC 11778, E. coli ATCC 35,218 and K. oxytoca ATCC
51,983. The synthesized nanoparticle sowed potent antibacterial
activity against all the tested microbes but the antibiofilm activity
was observed only for K. oxytoca and E. coli not on matured biofilm
of S. aureus and B. cereus. This result suggested that, the copper
nanoparticle activity may limit to species specific (Shehabeldine et
al., 2023). Similarly, the copper nanoparticle was combined with
beta lactam antibiotic showed the effective antibiofilm activity against
P. mirabilis and S. aureus and showed synergism with beta lactam
antibiotics (Arul et al., 2019).  A recent study evaluated the anti-
bacterial activity of copper nanoparticle coated stainless steel against
Salmonella entertidis ad also their corrosive capacity and found that
copper coated material can be used as supportive agent to limit or
control pathogens (Pontin et al., 2021). Similarly, to avoid the
bacterial contamination on the surfaces, copper alloys was
investigated for their antibacterial and antibiofilm property was
investigated against S. aureus and pseudomonas and highlighted the
copper alloys importance in eliminating biofilm formation (Colin,
2021). Therefore, the copper nanoparticle effectively inhibited biofilm
forming ability of various biofilm forming organisms.

5. Conclusion
In the study, copper nanoparticle was synthesized using E. indica
plant extract and evaluated for their antibacterial activity against
various biofilm forming organisms such as S. aureus, E. faecalis and
E. coli and excellent activity was observed against tested pathogens.
Also, copper nanoparticle effectively inhibited the biofilm formation.
Overall, considering all these facts, the copper nanoparticle can be
used as potential anti biofilm agent.

Acknowledgements
The authors are thankful to the staff at the Department of
Microbiology, Vivekanandha College of Arts and Sciences for Women,
Namakkal, Tamil Nadu, India, for their kind cooperation.

Conflict of interest
The authors declare no conflicts of interest relevant to this article.

References
Amin, F.; Baharullah, K.; Alotaibi A.; Qasim, M.; Ahmad, I. and Rizwan, A.  (2021).

Green synthesis of copper nanoparticles using Aerva javanica leaf
extract and their characterization and investigation of invitro
antimicrobial potential and cytotoxic activities. Evidence Based
Complementary and Alternative Medicine, pp:1-12. DOI: 10.1155/
2021/5589703

Ananda Murthy, H.C.; Tegene, D.; Mebratu, K.; Buzuayehu. A. and Temesgen, A.
(2020). Synthesis of green copper nanoparticles using medicinal
plant Hagenia  abyssinica  (Brace) JF. Gmel. leaf extract:
antimicrobial properties. Journal of Nanomaterials, Article ID
3924081, 12. https://doi.org/10.1155/2020/392408.

Arias, C.A. and Murray, B.E. (2012). The rise of the enterococcus: Beyond
vancomycin resistance. Natural Review Microbiology, 10: 266-
278. DOI: 10.1038/nrmicro2761

Bernardi, S.; Continenza, M.A.; Al-Ahmad, A.; Karygianni, L.; Follo, M.; Filippi, A.
and Macchiarelli, G. (2019). Streptococcus spp. and Fusobacterium
nucleatum in tongue dorsum biofilm from halitosis patients: A
fluorescence in situ hybridization (FISH) and confocal laser scanning
microscopy (CLSM) study. The New Microbiologica, 42:108-113.

Chatterjee, A.K.; Chakraborty, R. and Basu, T. (2014).  Mechanism of
antibacterial activity of copper nanoparticles. Nanotechnology,
25:135101. doi: 10.1088/0957-4484/25/13/135101.

Colin, M.; Carre, G.; Klingelschmitt, F. and Gangloff, S.C. (2021). Copper alloys
to prevent bacterial biofilm formation on touch surfaces. Materials
Letters, 305:130712 https://doi.org/10.1016/j.matlet.2021.130712

Donlan, R.M.; and Costerton, J.W.(2002). Biofilm: Survival mechanisms of
clinically relevant microorganisms. Clinical Microbiology Review,
15:167-193. doi: 10.1128/CMR.15.2.167-193.2002.

Henly, E.L.; Dowling, J.A.R.; Maingay, J.B.; Lacey, M.M.; Smith, T.J. and Forbes, S.
(2019). Biocide exposure induces changes in susceptibility,
pathogenicity, and biofilm formation in uropathogenic Escherichia
coli. Antimicrobial Agents Chemotherapy, 63:1-10. DOI: https://
doi.org/10.1128/AAC.01892-18.

Ismail, M.; Gul, S.; Khan, M.I.; Khan, M.A.; Asiri, A.M. and Khan, S.B. (2019).
Green synthesis of zerovalent copper nanoparticles for efficient
reduction of toxic azo dyes congo red and methyl orange. Green
Processing and Synthesis, 8:135-143, https://doi.org/10.1515/gps-
2018-0038.

Jayarambabu, N.; Akshaykranth, A.; Venkatappa Rao, T. and  Rakesh Kumar, R.
(2022).  Antibacterial activity of copper nanoparticles synthesized
by Bambusa arundinacea leaves extract. Biointerface Research in
Applied Chemistry, 12(1):1230-1236. https://doi.org/10.33263/
BRIAC121.12301236.

Khatoon, Z.; McTiernan, C.D.; Suuronen, E.J.; Mah, T.F. and Alarcon, E.I. (2018).
Bacterial biofilm formation on implantable devices and approaches
to its treatment and prevention. Heliyon, 4:e01067. [CrossRef]
[PubMed]. https://doi.org/10.1016/j.heliyon.2018.e01067

Lalit, K.;, Laxmi Narayan, S.; Lakshmi, K. and Ramesh Kumar, D. (2022). In vitro
antibacterial activity of leaves extract of Eucalyptus globulus Labill.
and Tamarindus indica  L. against Rhodococcus equi. Ann.
Phytomed., 11(2):455-462. DOI: http://dx.doi.org/10.54085/
ap.2022.11.2.55.

Meiyazhagan, G.; Jayashree, B.; Jeyakanthan, J. and Girija, E.K. (2020). Sertraline
as a promising antifungal agent: inhibition of growth and biofilm of
Candida auris with special focus on the mechanism of action
invitro. Journal  of   Applied Microbiology, 128:426-437. https://
doi.org/10.1111/jam.14490.

Meiyazhagan, G.; Raju, R.; Winfred, S.B.; Mannivanan, B.; Bhoopalan, H.; Shankar,
V.; Sekar, S.; Venkatachalam, D.P.; Pitani, R.; Nagendrababu, V.; Thaiman, M.;
Devivanayagam, K.; Jayaraman, J.; Ragavachary, R. and Venkatraman, G.
(2015). Bioactivity studies of a-Lactam derived polycyclic fused
pyrroli-dine/pyrrolizidine derivatives in dentistry: In vitro, In vivo
and In silico studies. PLoS  One. 10:e0131433. https://doi.org/
10.1371/journal.pone.0131433.

Meiyazhagan, G.; Sofi, B.W.; Biswal, J.; Dhamodharan, P.; Saiharish, R.; Rohan,
P.S.; Pitani, R.; Kandaswamy, D.; Raghunathan, R.; Jeyakanthan, J.; Rayala,
S.K. and Venkatraman, G. (2016). b-lactam substituted polycyclic fused
pyrrolidine/pyrrolizidine derivatives eradicate C. albicans in an ex
vivo human dentinal tubule model by inhibiting sterol 14-a
demethylase and cAMP pathway. Biochimica et Biophysica
Acta, 1860:636-647. https://doi.org/10.1016/j.bbagen.2015.12.020.



466

Mrunal, D.; Prasad, M.; Jagdish, B. and Lokesh, T. (2022). Green synthesis of
zinc oxide nanoparticles (Zno-Nps) Ailanthus excelsa Roxb. stem
bark extract and its antibacterial activity. Ann. Phytomed.,
11(2):743-747. DOI: http://dx.doi.org/10.54085/ap.2022.11.2.90.

Muhammad, M.P.; Shamna, K.P. and Ahmed, T. B. M. (2022). Prevention of
catheter associated urinary tract infection biofilms using Illicium
verum Hook. extract coated urinary catheters. Anna. Phytomed.,
11(2):326-331. DOI: http://dx. doi.org/10.54085/ap.2022.11.2.38.

Pankaj, H. N.; Phatangare, N. D.  and Dhananjay, V.M. (2022).
Ethanopharmacological anti-inflammatory study of phytol in pet
ether extract of Woodfordia floribunda Salisb. Ann. Phytomed.,
11(2):426-437. DOI: http://dx.doi.org/10.54085/ap.2022.11.2.52.

Pelling, H.; Nzakizwanayo, J.; Milo, S.; Denham, E.L.; MacFarlane, W.M.; Bock,
L.J.; Sutton, J.M. and Jones, B.V. (2019). Bacterial biofilm formation on
indwelling urethral catheters. Letters in Applied Microbiology,
68:277-293. https://doi.org/10.1111/lam.13144.

Pontin, K.P.; Borges, K.A.; Furian, T.; Carvelho, D.; Wilsmann, D. and Nasimento,
V. (2021).  Antimicrobial activity of copper surfaces against biofilm
formation by Salmonella enteritidis and its potential application
in the poultry industry. Food Microbiology, 94: 103645. https://
doi.org/10.1016/j.fm.2020.103645.

Ramzan, M.; Obodo, R.M.; Mukthar, S.; Ilyas, S.Z.; Aziz, F. and Thovhogi, N. (2021).
Green synthesis of copper oxide nanoparticles using Cedrus deodara
aqueous extract for antibacterial activity. Material Today:
Proceedings, pp:576-581. https://doi.org/10.1016/j.matpr.2020. 05.
472.

Rong , D.; Wu,Q.; Xu, M.;Zhang, J. and Yu S. (2017). Prevalence, virulence
genes, antimicrobial susceptibility, and genetic diversity of
Staphylococcus aureus  from retail aquatic products in China.
Frontires in Microbiology, 8:https://doi.org/10.3389/fmicb.
2017.00714.

Selvi, J.M.; Murugalakshmi, M.; Sami, P.; Gnanaprakash, M. and Thanalakshmi,
R. (2022). Green synthesis, characterization and applications of TiO
2 nanoparticles using aqueous extract of Erythrina variegata leaves.
Current Science, 123(1):1

Seviour, T.; Derlon, N.; Dueholm, M.S.; Flemming, H.C.; Girbal-Neuhauser, E.; Horn,
H.; Kjelleberg, S.; van Loosdrecht, M.C.M.; Lotti, T. and Malpei, M.F. (2019)
Extracellular polymeric substances of biofilms: Sueringmfrom an
identity crisis. Water Research, 151:1-7. doi: 10.1016/j.watres.
2018.11.020

Shafey, A.M.E. (2020). Green synthesis of metal and metal oxide
nanoparticles from plant leaf extracts and their applications: A
review. Green Processing and Synthesis, 9:304-339, https://doi.org/
10.1515/gps-2020- 0031.

Sharma, P.; Pant, S.; Dave, V.; Tak, K.; Sadhu, V. and Reddy, K.R. (2019) Green
synthesis and characterization of copper nanoparticles by Tinospora
cardifolia to produce nature-friendly copper nano-coated fabric
and their antimicrobial evaluation. Journal of Microbiological
Methods, 160: 07-116, https://doi.org/10.1016/j.mimet.2019.
03.007.

Shehabeldine, A.M.; Amin, B.H. and Hagras, F.A. (2023).  Potential antimicrobial
and antibiofilm properties of copper oxide nanoparticles: Time-
kill kinetic essay and ultrastructure of pathogenic bacterial cells.

Haris Variyathody, Manohar Murugan, Malarvizhi Arthanari and Gobianand Kuppannan (2023). Antibacterial
activity of green synthesized copper nanoparticles (CuNPs) on seafood spoiling biofilm producing bacterial
pathogens. Ann. Phytomed., 12(1):460-466. http://dx.doi.org/10.54085/ap.2023.12.1.65.

Citation

Applied Biochemistry and Biotechnology, 195:467-485.  https://
doi.org/10.1007/s12010-022-04120-2.

Silva, N.; Ramirez, S.; Diaz, I.; Garcia, A. and Hassan, N. (2019).  Easy, quick, and
reproducible sonochemical synthesis of CuO Nanoparticles.
Materials, 12(5): 804. doi: 10.3390/ma12050804.

Singh, A.; Gautam,  P.K.; Verma, A.; Singh, V.; Shivapriya, P.M.; Shivalkar, S.; Sahoo,
A.K. and Samanta, S.K. (2020). Green synthesis of metallic
nanoparticles as effective alternatives to treat antibiotics resistant
bacterial infections: A review. Biotechnology Reports, 25: https://
doi.org/10.1016/j.btre.2020.e00427.

Sneha, J.M.; Gohel, N. M.; Parmar, R.G. and Parmar, D.M. (2022).  Biosynthesis
of silver nanoparticles (AgNPs) using fresh oyster mushroom
extract and their antifungal activity against Rhizoctonia solani.
Ann. Phytomed., 11(2):748-754. DOI: http://dx.doi.org/10.54085/
ap.2022.11.2.91.

Strickertsson, J.A.B.; Desler, C.; Bertelsen, J.M.; Machado, A.M.D.; Wadstrom, T.;
Winther, O.; Rasmussen, L.J. and Hansen, L.F. (2013). Enterococcus faecalis
infection causes inflammation, intracellular oxphos-independent
ROS production, and DNA damage in human gastric cancer cells.
PLoS ONE., 8:e63147. doi: 10.1371/journal.pone .0063147

Sundaramurthy, N. and Parthiban, C. (2015). Biosynthesis of copper oxide
nanoparticles using Pyrus pyrifolia leaf extract and evolve the cat-
alytic activity. International Research Journal of Engineering
Technology, 2(6):332-338.

Thakore, S.I.; Nagar, P.S.; Jadeja, R.N.; Thounaojam, M.; Devkar, R.V. and Rathore,
P.S. (2019). Sapota fruit latex mediated synthesis of Ag, Cu mono and
bimetallic nanoparticles and their in vitro toxicity studies. Arabian
Journal of Chemistry, 12:694-700, https://doi.org/10.1016/
j.arabjc.2014.12.042.

Xu, Z.; Xie, J.; Soteyome, T.; peter BM.;Liu, J. and Harro, J. (2019). Polymicrobial
interaction and biofilms between Staphylococcus aureus  and
Pseudomonas aeruginosa : An underestimated concern in food
safety. Current Opinion in Food Science, 26: 57-64. https://doi.org/
10.1016/j.cofs.2019.03.006

Yazgan, H.; Ozogul, Y. and Kuley, E. (2019). Antimicrobial influence of
nanoemulsified lemon essential oil and pure lemon essential oil on
food-borne pathogens and fish spoilage bacteria.  International
Journal Food Microbiology, 306:108266. doi: 10.1016/
j.ijfoodmicro.2019.108266.

Yonezawa, H.; Osaki, T.; Hojo, F. and Kamiya, S. (2019). Effect of Helicobacter
pylori biofilm formation on susceptibility to amoxicillin,
metronidazole and clarithomycin. Microbial Pathology,  [CrossRef]
[PubMed]. doi: 10.1016/j.micpath.2019.04.030

Zhou, J.; You, Z.; Xu, W.; Su, Z.; Qiu, Y.; Gao, L.; Yin, C. and Lan, L. (2019).
Microwave irradiation directly excites semiconductor catalyst to
produce electric current or electron-holes pairs. Scientific Report,
9:5470. doi: 10.1038/s41598-019-41002-w

Zippel, B. and Neu, T.R. (2011). Characterization of glycoconjugates of
extracellular polymeric substances in tufa-associated biofilms by
using fluorescence lectin-binding analysis. Applied and
Environmental Microbiology, 77:505-516. doi: 10.1128/
AEM.01660-10.


