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Abstract: The fact that endless copper oxide nanoparticles have a variety of properties and
uses across several fields, including nanomedicine and biomedical sciences, makes them stand
out among metal oxide nanoparticles. In this audit, we consider every feasible green method
for producing copper/copper oxide nanoparticles. Additionally, this composition depicts each
individual biosynthetic course's system diagrammatically. We also examine the effects of
copper/copper oxide nanoparticles on plant growth, nutrition, and defence mechanisms, as
well as their antibacterial, antifungal, antiviral, and anticancer capabilities. Agricultural
experts are interested in the potential applications of copper oxide nanoparticles (CuO-NPs)
as fungicides, insecticides and fertilizers. High concentrations of his CuO NPs (100 mg L1)
significantly improved the developmental traits of maize plants compared to controls, so the
results of this study suggest that CuO NPs can serve as efficient nanocompost and

antimicrobial experts. It supports the claim that it can be used.

Keywords: Chemical, Green Synthesis, Copper Nanoparticles, Biological Applications, anti

microbial.
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1. Introduction

In general, nanotechnology uses small particles and is used in various academic fields such as
biology, medicine and materials science. According to Satyavimal et al., nanoparticles of
metals and metal oxides with different sizes, shapes, chemical compositions and differences
are produced under the control of nanotechnology. Nanoparticles, by definition, aggregates of

particles ranging in size from 1 to 100 nm, are the basic building blocks of nanotechnology.

His two methods of incorporating nanoparticles are chemical and physical. Chemosynthetic
strategies include chemical reduction, electrochemical processes and photochemical reduction.
Both standard chemical approaches using reducing agents such as sodium borohydride and
hydrazine and radiochemical methods using ionizing radiation are used for the chemical
production of nanoparticles. While most chemical processes have been very successful in
producing clean, non-polluting nanoparticles, they are more costly, wasteful, and can emit toxic
waste into the environment. A greener approach is preferred. However, chemical methods for
synthesizing nanoparticles have a lower economic impact than actual synthesis methods such
as laser ablation, which adds cost to obtaining laser scaffolds, allowing access to desired

reduction specialists.

A rapidly growing field of nanotechnology is known as "bio nano innovation," where bio-
organic organisms are frequently employed to combine nanomaterials, which are then used to
work on the creatures' personal happiness. The biological principle of oxidation and decrease
by microbial proteins or plant phytochemicals is used in biological synthesis. For the most part
these days, physical and chemical methods are used to create inorganic nanoparticles (NPs).
Both physical and chemical techniques have some drawbacks, such being inefficient, harmful
to the environment, hazardous, and capital intensive. As a result, efforts are being made to

replace the chemical methods for producing NPs with biological synthesis.

CuONPs are produced using a variety of physicochemical techniques, including the sol-gel
method, child chemistry, electrochemistry, microwave illuminations, strong state response
method, alkoxide-based course, etc. The biosynthetic processes used in algal, infectious, plant,
and other organisms also create these nanoparticles. We focused on almost all of the
biosynthetic pathways for CuNPs/CuONPs in this survey. This original document addresses

the point-by-point system of the several possible biosynthetic routes diagrammatically.
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However, CuNPs/CuONPs have a number of characteristics, including high chemical and
synergistic reactivity, a large surface area, and the ability to interact with the cells of
microorganisms, that enable their use in a variety of industries, including agriculture,
biomedicine, materials, and the environment. Our audit also focuses on the potential uses of

CuNPs and CuONPs produced during biosynthesis.
2. Literature Review

Soni et al. looked into the antibacterial activity of copper nanoparticles (CuNPs) and their green
manufacture using plant byproducts in this review. To arrange CuNPs, the analysts used
various plant extracts as reducing and covering specialists. The incorporated nanoparticles'
antibacterial activity was evaluated in comparison to other bacterial strains. The results showed
that the green synthesis method was successful in producing CuNPs with strong antibacterial

characteristics, showcasing their full potential for biomedical applications.

The chemical production of copper nanoparticles and their antibacterial properties were the
focus of Shankar et al. The experts combined CuNPs using a chemical reduction procedure and
focused on their survivability against different microbes. The results demonstrated that the
combined nanoparticles have potent antibacterial qualities, confirming their real antimicrobial
expertise. The importance of chemical synthesis techniques in producing copper nanoparticles

with antibacterial mobility was highlighted in this work.

Meena and colleagues investigated the environmentally friendly manufacture of copper
nanoparticles using the fluid concentrate of Aloe vera leaf and investigated their antibacterial
activity. To integrate CuNPs, the experts utilised the concentrate as a reducing and settling
agent. The nanoparticles were tested against several bacterial strains for their antibacterial
properties. The review demonstrated that the Aloe vera leaf fraction-based green synthesis
method was successful in producing CuNPs with significant antibacterial capabilities,

supporting their genuine potential as antimicrobial specialists.

In their research, Patra et al. focused on the chemical production of copper nanoparticles and
looked into their potential use in biomedicine. The experts combined CuNPs using a chemical

reduction technique and investigated their potential uses in the medicinal sector, such as drug
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delivery, disease treatment, and imaging. The adaptability of chemically mixed CuNPs and
their interesting biomedical applications were highlighted in the review.

Sastry et al. examined the environmentally friendly manufacture of copper nanoparticles using
plant waste and looked into their biomedical uses. The experts focussed on CuNPs' anticipated
uses in drug delivery, diagnostics, and therapies while using various plant extricates as reducing
agents to combine CuNPs. The review demonstrated the viability of using green synthesis

methods to produce CuNPs for various biomedical uses.

The chemical and biological creation of copper nanoparticles was the focus of Saranya et al.'s
investigation into the anticancer activity of these materials. The experts integrated CuNPs using
chemical and biological decrease techniques and investigated their actual potential as
anticancer specialists. The review demonstrated that CuNPs coupled chemically and
physiologically revealed strong anticancer activity, highlighting their genuine potential in the

therapy of malignant development.

3. Materials and methods

3.1. Copper-tolerant bacteria: source, minimal inhibitory concentration, and

molecular identification

The most extreme copper resistance concentrations have not yet been detected on LB agar
(triplicates) with increasing convergence of CuSO4 (2.5-25 mM). MTC was found in the
CuSO4 assemblage where the individual elements forgot to account for evolution. Several
bacterial isolates from our laboratory were used in this experiment, which were found from the
tailings of his Zn-Pb metal mine, Zawar Mine, Udaipur, Rajasthan, India. To perform
subatomic mapping of copper-tolerant bacteria, he extended and sequenced the 16S rDNA
region according to previously established techniques.

3.2. Copper oxide nanoparticle production with bacterial assistance

CuO-NPs were created utilizing a copper (Cu) responsive bacterial strain (ZTB29) and a
slightly modified version of an earlier method. The bacterial strain vaccinated in 100 mL of
LB medium and hatched at 28°C with 150 rpm was the one that demonstrated the highest level
of resistance to copper particles. The bacterial culture was given 5 mM CuSO4.5H20 after 24
hours, and it was then left to brood for 48 hours at 28°C until the arrangement tone turned
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green. To separate the bacterial cell pellet from this mixture, it was centrifuged at 4,000 rpm
for 20 minutes at 4°C. To obtain CuO NPs, the remaining supernatant was centrifuged at 4 °C
and 14,000 rpm for 15 min. The resultant CuO-NP pellet was dried at 80°C in a burner and
cleaned twice with deionized water before being utilized for further depiction. No variation
change was observed in a control experiment utilizing simply a steady supply of 5 mM
CuS0O4.5H20 and no copper-loving bacteria, showing that no nanoparticles were produced.

3.3. Characterization of CuO-NPs

As demonstrated by Davaeifar et al. (2019), CuO-NPs were fundamentally depicted via UV-
Vis retention filtering at 200-1,000 nm using a nanophotometer. The previously described
technique was used to carry out Dynamic Light Dissipating (DLS) and Zeta potential
employing Malvern zeta-sizer nanoseries (Joined Realm). Cuo-NPs were exposed to FTIR
spectroscopy (Perkin Elmer) in the 4,100-400 cm1 range while in KBr pellets. For transmission
electron microscopy, the carbon-coated copper TEM scaffolds were treated with ~10 pL of
CuO NPs dispersed in Milli-Q water. The dry powder of CuO NPs was further characterized
by XRD (X'Pert Ace X-ray diffractometer, Skillet Insightful BV) using Cu K radiation at 40
kV and 30 mA.

3.4. CuO nanoparticles' antimicrobial properties

Antibacterial exercises with bacterial assistance CuO-NPs were concentrated utilizing both a
plate dissemination technique and well dispersion employing LB agar medium in order to target
Xanthomonas sp. plant damaging bacteria. A sterile channel paper plate was positioned on LB
agar plates and immersed in CuO-NPs at a specified concentration during this time. To increase
the constraint zone, CuO-NPs were stacked in 5 mm wells (made on LB agar Petri-plates using
a sterile stopper drill) and then hatched in the well dispersion process. We used the wounded
food technique and the spore germination assay to study the antifungal properties of CuO NPs.
The test parasite Alternaria sp. developed widely disseminated mycelium. A PDA plate without
CuO NPs was used as a control. These plates were kept at 25°C for incubation until controls
showed vigorous growth. Three alternative methods that applied centralization of CuO NPs
according to CRD assembly were not fully resolved with p=0.05 in the Turkey-Kramer HSD
test.

4. Result
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4.1. Source: Testing MTC against copper and identifying powerful microorganisms
that are copper-tolerant molecularly

Bacterial isolates ZTB15, ZTB24, ZTB28, and ZTB29 were tested in diets for maximum
copper tolerance (CuSO4) and minimal inhibitory concentration (MIC) results were obtained.
The similarity and correspondence with the rDNA group of newly distributed bacteria allowed
the researchers to name these strains Serratia sp. recognition. (Figure 1). The ZTB29 nucleotide
group is conserved in NCBI under promotion MK773873. Comprehensive biochemical,
physiological and other properties of the ZTB29 strain are encapsulated, endowed with the

ability to biologically remove high levels of copper and promote plant development.

— NR 036886.1 Serratia marcescens subsp. sakuensis strain KRED

ZTB29 MK773873

748350 NR 159925.1 Pectobacterium aroidearum strain SCRI109
NR 146667.2 Enterobacter tabaci strain YIMHb-3
786 l— NR 126318.1 Cedecea lapagei strain DSM4587

NR 042356.1 Serratia ureilytica strain NiVa51

1000 NR 025338.1 Serratia enfomophila strain DSM12358

L NR 114155.1 Serratia ficaria strain NBRC102596

702

NR 114716.1 Serratia rubidaea strain DSM4480

— NR 044385.1 Serratia nematodiphila DZ0503SBS1

'——— NR 041980.1 Serrafia marcescens subsp. marcescens ATCC13880 strain DSM30121

_
0.01

Figure 1:The copper-tolerant bacterial strain ZTB29 appears in the polygenic neighbourhood

connection tree of Serratia sp.

4.2. Copper oxide nanoparticle production with ZTB29 assistance and its

confirmation analysis

The interaction of the bacteria with the precursor salt, copper sulphate, was evident at the
bottom of the vessel, and artificial bacterial growth was clearly visible. According to (Figure
2), the starting material, copper sulphate, underwent a complete transformation into CuO-NPs

utilizing the UV-apparent spectroscopy method's best absorption of 285 nm.
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Figure 2:Spectrum of biogenic CuO nanoparticles' UV-Vis absorption.

X-ray diffraction (XRD) was performed to focus on the stage (structure) and quality (pieces)
of biosynthetic CuO NPs prepared in copper-digesting microorganisms. The XRD design (Fig.
3) showed how pure and transparent CuO NPs are prepared. The monoclinic CuO-NP
reflection lines (110) (002) and (111) were assigned the tops at 2 = 32.548, 35.466, and 38.769
when compared to JCPDS record No. 01-080-1268. According to the Scherrer method, the

typical crystallite size for coordinated CuO-NP was 22 nm.

INTENSITY (A.U)

2 THETA

Figure 3:XRD examination of CuO nanoparticles produced by bacteria.
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Fixing CuO NPs at 200 pg/mL1 detected the most potent blockade of 91% for infectious

mycelium and 88% for spore germination (Table 1). The results of this review showed that

CuO-NPs can be used as Nano fungicides against soil-borne parasites.

Table 1:Effects of different CuO nanoparticle concentrations on in vitro mycelial growth and

spore germination of Alternaria species.

Treatment Percent inhibition | Percent inhibition
(CuO nanoparticles) mycelia growth | spore germination

Control 0.0+ 0.0a 4.22 +1.43a

50 pug mL? 14.0 +1.425 14.0 + 3.08

75 pg mL? 60.0 + 1.42¢ 44.0 +3.0c

100 pg mL™ 66.0 + 6.8 cp 53.2 + 3.42p

150 pg mL ™ 72.0+3.0p 63.0 + 2.0c

200 pg mL! 82.0 + 1.42¢ 77.0 £ 3.0

4.4. CuO-NPs' impact on maize seedlings

Shoot and root length, plant biomass, total chlorophyll, and copper content of 21-day-old maize

weeds were all significantly higher compared to untreated control weeds (Table 1). 2). The

most extreme shoot and root lengths, biomass levels, and chlorophyll concentrations were

observed when 100 mg of L1 CuO NPs were applied, which together helped establish their

development as efficient nanofertilizers. CuO NPs (100 mg L1) caused growth limit depression

and produced highly toxic maize seedlings.

Table 2: studies done in vitro on how CuO-NPs affect the growth of maize seedlings.

Treatment | Average shoot | Shoot dry | Average root | Chlorophyll Copper content in
length (cm) weight g) | length (cm) | index (SPAD) | maize seedling (ppm)

Control 17.3+2.6 55+22 |23.7+32 20.02 £3.22 0.052 £ 0.03

T1 35635 87+32 |257+23 23.22 + 3.56 0.044 +£0.07

T2 39.9+3.7 72+25 |325+35 24.52 + 3.58 0.077 £ 0.05
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T3 23.5+33 7.3+32 |352+28 25.253.52 0.083 £ 0.07
T4 43.3+4.2 205+2.7 | 35.7+£3.2 25.75+54 0.089 +0.08
T5 38.5%£3.2 82+24 |33.6+3.2 24.82 £3.7 0.023 £ 0.04
T6 32228 6.4+23 |242+26 22.35+3.2 0.024 +£0.04

5. Discussions

This new research could help bio prospect metal-tolerant bacteria, allowing us to create useful
nanoparticles quickly and easily. In a study by John et al. (2021) on copper tolerance of
bacterial strains to various CuSO4 fixations, the 5 mM CuSO4-tolerant bacterial strain Marino
monas was used for transport of copper and CuO NPs. Similar findings were found in the
survey. Tiwari et al. (2016) combined his CuO NPs from Bacillus cereus segments that can
tolerate >10 mM copper. B. cereus confine could be identified as B. cereus by 16S rDNA
enrichment and sequencing. This fluctuation is caused by the surface plasmon oscillations of
the nanoparticles. This result was confirmed by Shantkriti and Rani (2014), who found that the
addition of CuSO4 to the Pseudomonas fluorescence assembly changed the hue of the reaction
from blue to faint green. The environmentally friendly production of metal and metal oxide
nanoparticles has been made possible by the ability of small organisms to remove dangerous
metal foci by reducing metal particles to nanoparticles. To continuously produce copper oxide
nanomaterials, the small copper-digesting microbes mimic the normal biomineralization

process to which these bacteria adapted under harmful concentrations of copper.

UV apparent retention spectroscopy can be used to describe metallic nanoparticles in terms of
surface plasmon reverberation (SPR). This arrangement was caused by a more blue-to-greenish
color change in copper-digested microorganisms and was observed using ultraviolet
spectroscopy measuring frequencies from 200 to 1,000 nm. As shown in Figure 3, the transition
from the starting material (copper sulfate) to the final product (CuO nanoparticles) was
confirmed by spectra of CuO NPs prepared using copper-tolerant bacteria. These spectra
showed a clear retention at frequency 285 nm. Tshireletso et al. 2021 found a pronounced
absorption at 290 nm in the UV-VIS retention spectra of CuO NPs produced green by the
removal of citrus strips. According to Sankar et al. (2014), surface plasmon reverberation

caused His UV-Vis spectra of hardened His CuO NP-leached papaya leaves to cross between
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250-300 nm. On the other hand, numerous experiments have revealed specific assimilation
levels and ranges that can be deduced from various types of infinitely repeated copper oxide

nanostructures and nanomaterial fabrication methods.

According to DLS and TEM studies, the indicated CuO NPs had typical molecular sizes of 21—
5.4 nm and a uniform (15 nm-30 nm) molecular size distribution (Figure 4A). Figure 4B shows
that the zeta rating of 15.4 mV for CuO NPs clearly demonstrates their truly stable properties.
Nardella et al. (2022), a DLS study of biosynthetically produced CuO NPs revealed a Z normal
width of 24.4 nm and a zeta potential value of 16.1 mV, demonstrating the safety of the
nanoparticles. The direct intensity of the nanoparticles accounted for the associated zeta
potential, which was 27.6 mV. (2019) CuO NPs were extensively regulated with a size range
of 10-76 nm and separated intervening mixed CuO NPs in leaves of Pterolobium hexapetalum,
according to Nagaraj et al.

TEM investigations revealed polydisperse, usually circular arrays of CuO-NPS with sizes
ranging from 20 to 40 nm (average molecular size of 28 nm) released from the aggregates. CuO
NPs in water suspensions easily aggregate due to interactions with water and other molecular
compounds such as van der Waals forces, electrostatic forces, and attractive forces. Previous
TEM-based studies comparing the effects of living CuO NPs could explain their differences.
John et al. (2021) revealed the production of monodisperse circular/ovoid NPs with a size range
of 10 nm to 70 nm and a typical size of 40 nm and TEM imaging of CuO NPs from marine
microorganisms. This unusual shape is caused by bacterial metabolites that act as reducing and
balancing agents in the outer layer of the nanoparticles. Buhari et al. used his TEM images in
2021 to report that he was infected with Streptomyces sp. The generation of uniform, circular
nanoparticles (1.72-13.49 nm) of Cu NPs was prevented. CuO nanoparticles were
demonstrated by Krishna et al. (2020) by a combination of cinnamon CuO nanoparticles from
liquid phase separation and TEM discovery of round CuO NPs with a size range of 11 nm to

24 nm. Current research.

According to the XRD investigation, the pure CuO NPs appeared to be made of glass. Ali et
al. (2021), by XRD he studied CuO NPs and confirmed that CuO exhibits monoclinic
periodicity, in contrast to his JCPDS map 000021040, also found in this review. In addition,
the Scherrer condition calculation of the characteristic crystallite size yielded a value of 24.7
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nm, which supported the current research results. According to Buazar et al. (2019), the
reasonable and distinct spikes in the XRD can be attributed to the deeply glassy design of the
nanomaterials. Similar results for CuO NP crystallites ranging in size from 9 to 23 nm

depended solely on the aforementioned circumstances.

CuO NPs showed potent ability to inhibit plant pathogens and broad antibacterial activity.
Similar results were observed for plant-damaging microbes in the current review. With the help
of good spreading technology, 14 or 16 mm of the reported helix distance was spread across
the obstacle zone. Bhavya Shri and Xavier (2022) studied the antimicrobial properties of
copper and CuO nanoparticles in general and showed that the antimicrobial activity was
composed of three different components.Mechanical damage, quality poisoning, oxidative
pressure damage. Only partially digested bioparticles may also support the antibacterial activity
of CuO NPs.

6. Conclusion

Overall, we present a simple, efficient and environmentally friendly approach to fabricate CuO
NPs with excellent antibacterial properties. CuO NPs can be used as potent fungicides and
fungicides to control plant diseases due to their beneficial effects. The potential applications of
eco-friendly CuO NPs are vast, including food management and control, biological structures,
and object bonding, but that is just the tip of the iceberg. The results of this analysis suggest
that CuO NPs are a new class of antimicrobial specialists that can be created and introduced
into manageable agriculture. In this particular situation, it is obvious to employ
CUuONPs/CuNPs as a risk-free compound at several significant areas of exploration such
medication delivery systems, in addressing various medical problems, plant protection
sponsors, material industries, etc. However, since harmful chemicals are used in both physical
and chemical processes to create CUONPs and CuNPs, the synthesis step is crucial. The pros
and cons of bio-based synthesis and their depiction, including all of their potential applications,
have been carefully considered in this paper. However, in order to further the biomedical uses
of CuONPs, more research should be conducted on how to lessen their toxicity while

preserving and enhancing their biological productivity.

References

633 |Page



2 ISSN:2320-3714
Free / Unpaid B30

’ »
Peer Reviewed Volume3 Issue 3
A l r‘ September 2022

AIRO JOURNALS

10.

International Subject - Chemistry

Acharya, K.; Sarkar, J. Bryo-synthesis of Gold Nanoparticles. Int. J. Pharm. Sci. Rev. Res.
2014, 29, 82-86.

Acharya, K.; Sarkar, J.; Deo, S.S. Mycosyntheis of nanoparticles. In Advances in
Biotechnology. 2009; pp. 204-215.

Amin, F., Khattak, B., Alotaibi, A., Qasim, M., Ahmad, 1., Ullah, R., et al. (2021). Green
synthesis of copper oxide nanoparticles using Aervajavanica leaf extract and their
characterization and investigation of invitro antimicrobial potential and cytotoxic
activities.  Evidence-Based =~ Complemet.  Altern.  Med. 5589703, 1-12.
d0i:10.1155/2021/5589703

Barabadi, H. Nanobiotechnology: A Promising Scope of Gold Biotechnology. Cell. Mol.
Biol. (Noisy-Le-Grand). 2017, 63, 3-4.

Bhavyasree, P. G., and Xavier, T. S. (2022). Green synthesised copper and copper oxide-
based nanomaterials using plant extracts and their application in antimicrobial activity:
Review. Curr. Res. Green Sustain. Chem. 5, 100249. doi: 10.1016/j.crgsc.2021.100249
Cheng, G., and Walker, A. R. H. (2010). Transmission electron microscopy
characterization of colloidal copper nanoparticles and their chemical reactivity. Anal.
Bioanal. Chem. 396, 1057-1069. doi:10.1007/s00216-009-3203-0

Cristiano José de Andrade, B.; Maria de Andrade, L.; Anita Mendes, M.; Augusto Oller do
Nascimento, C. An Overview on the Production of Microbial Copper Nanoparticles by
Bacteria, Fungi and Algae, Type: Double Blind Peer Reviewed International Research
Journal Publisher: Global Journals Inc. 17 (2017).

Davaeifar, S., Modarresi, M. H., Mohammadi, M., Hashemi, E., Shafiei, M., Maleki, H., et
al. (2019). Synthesizing, characterizing, and toxicity evaluating of phycocyanin-ZnO
nanorod composites: A back to nature approaches. Colloids Surfaces B Biointerfaces B
175, 221-230. doi: 10.1016/j.colsurfb.2018.12.002

Grigore, M. E., Biscu, E. R., Holban, A. M., Gestal, M. C., and Grumezescu, A. M. (2016).
Methods of synthesis, properties and biomedical applications of CuO nanoparticles.
Pharm. (Basel) 9 (4), 75. doi:10.3390/ph9040075

Hidangmayum, A., Debnath, A., Guru, A., Singh, B. N., Upadhyay, S. K., and Dwivedi, P.
(2022). Mechanistic and recent updates in nano-bioremediation for developing green
technology to alleviate agricultural contaminants. Int. J. Environ. Sci. Techno., 1-26.
d0i:10.1007/s13762-022-04560-7

634 |Page



2 ISSN:2320-3714
Free / Unpaid b-311

. »
Peer Reviewed Volume3 Issue 3
A I r‘ September 2022

Multidisciplinary I 5
- mpact Factor: 10.2
O interriationel Sul}))jcct Chemistry

11. Maity, D.; Bain, M.K.; Bhowmick, B.; Sarkar, J.; Saha, S.; Acharya, K.; Chakraborty, D.;
Chattopadhyay, M. In Situ Synthesis, Characterization, and Antimicrobial Activity of Silver
Nanoparticles Using Water Soluble Polymer. J. Appl. Polym. Sci. 2011, 122, 2189-2196.

12. Moses, V. Biological Synthesis of Copper Nanoparticles and its impact-a Review,
Researchgate.Net. 3 (2016) 28-38.

13. Sarkar, J.; Acharya, K. Alternaria Alternata Culture Filtrate Mediated Bioreduction of
Chloroplatinate to Platinum Nanoparticles. Synth. React. Inorg., Met.-Org., Nano-Met.
Chem. 2017, 47, 365-369.

14. Upadhyay, S. K., Devi, P., Kumar, V., Pathak, H. K., Kumar, P., Rajput, V. D., et al. (2023).
Efficient removal of total arsenic (As3+/5+) from contaminated water by novel strategies
mediated iron and plant extract activated waste flowers of marigold. Chemosphere 313,
137551. doi:10.1016/j.chemosphere.2022.137551

15. Zhao, H., Maruthupandy, M., Al-mekhlafi, F. A., Chackaravarthi, G., Ramachandran, G.,
and Chelliah, C. K. (2022). Biological synthesis of copper oxide nanoparticles using
marine endophytic actinomycetes and evaluation of biofilm producing bacteria and A549
lung cancer cells. J. King Saud Univ. - Sci. 34 (3), 101866. doi:
10.1016/j.jksus.2022.101866

Author’s Declaration

I as an author of the above research paper/article, hereby, declare that the content of this paper is prepared by me and if any person having
copyright issue or patentor anything otherwise related to the content, | shall always be legally responsible for any issue. For the reason
of invisibility of my research paper on the website/amendments/updates, | have resubmitted my paper for publication on the
same date. If any data or information given by me is not correct, | shall always be legally responsible. With my whole responsibility legally
and formally | have intimated the publisher (Publisher) that my paper has been checked by my guide (if any) or expert to make it sure that
paper is technically right and there is no unaccepted plagiarism and hentriacontane is genuinely mine. If any issue arises related to Plagiarism
/Guide Name /Educational Qualification /Designation/Address of my university/college/institution/Structure or Formatting/ Resubmission
| Submission /Copyright /Patent/Submission for any higher degree or Job/Primary Data/Secondary Data Issues. | will
be solely/entirely responsible for any legal issues. | have been informed that the most of the data from the website is invisible or
shuffled or vanished from the data base due to some technical fault or hacking and therefore the process of resubmission is there
for the scholars/students who finds trouble in getting their paper on the website. At the time of resubmission of my paper | take all
the legal and formal responsibilities, If | hide ordo not submit the copy of my original documents (Aadhar/Driving License/Any
Identity Proof and Photo) in spite of demand from the publisher then my paper may be rejected or removed from the website
anytime and may not be consider for verification. | accept the fact that as the content of this paper and the resubmission legal
responsibilities and reasons are only mine then the Publisher (Airo International Journal/Airo National Research Journal) is never responsible.
I also declare that if publisher finds any complication or error or anything hidden or implemented otherwise, my paper maybe removed from
the website or the watermark of remark/actuality maybe mentioned on my paper. Even if anything is found illegal publisher may also
take legal action against me

Soniya Sinhal
Dr. Mamta Gour

635|Page



