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Introduction
Nanotechnology is the field of science relating to preparation, 

extraction and characterization of very small size particles ranged 
in 1-100nm [1]. These very small particles are manipulated in 
different disciplines according to their properties elasticity as 
behave differently in bulk or in particle form due to significant 
relation of size and volume. The versatility in behavior would likely 
be due to large surface area of these smaller nanoparticles and 
different quantum mechanics in comparison to the particles in bulk 
[2,3]. There are generally two core methods have been developed 
to prepare and utilize these nanoparticles according to desire 
need and requirement i.e. top down and bottom up methods [4]. 
Moreover, these two approaches for obtaining the nanoparticles 
included various techniques as shown in Figure 1. The parameters 
for synthesizing nano-particles like shape and size can be 
modified according to need by modulating reaction conditions 
and chemical ingredients. But these chemically synthesized and 
modified nanoparticles have challenges and limitations like 
instability, toxicity, expensiveness, accumulation in devices and 
recycling capacities. Meanwhile due to these hurdles and problems 
science technology improvement leads to emerge a new gate to 
synthesize nanoparticles that is “Green-Synthesis”. The green  

 
synthesis approach has significantly gained interest to develop 
and prepare nano-particles because of their eco-friendly feature. 
The green synthesis method implied the usage of regulatory, 
controlling, cleanup and remediation steps. Green synthesis 
technique minimizes the waste, reduces the pollutants and their 
derivatives and also is non-toxic as well [5]. The green synthesis 
techniques to synthesize nano-particles are based on living entities 
and biological precursors produced during chemical reactions. 
The various biologically important chemicals and by-products 
are capable enough to reduce the metallic salts into their metallic 
nano-particles upon reactivity. The sources of green synthesis are 
represented in Figure 2.

So, this attempt is made to highlight the green synthesis of 
Copper and Nickle nano-particles as very little data is available as 
compare to silver and gold nano-particles. The descriptive approach 
regarding the characteristics and features of Copper (Cu) and Nickle 
(Ni) nano-particles using green synthesis method is explained to 
better understanding of these nano-particles. Moreover, more 
specifically the antimicrobial efficacies of these Cu and Ni nano-
particles are also discussed to help researchers and other health 
care workers looking for possible solutions to tackle the burden 
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of antimicrobial resistance as drug resistance has prevailed all 
across the globe and assuming Cu and Ni nanoparticles as potent 
alternative therapeutic agents as treatment option.

Figure 1: Techniques for preparation of Nanoparticles.

Figure 2: Sources of Green Synthesis.

Green Synthesis of Copper (Cu) Nano-particles
In past, scientists and researchers made their very best to 

find new ways to synthesize metal NPs. One of the valuable and 
attention seeking approach is “Green synthesis” [6,7]. There 
was also focused on microorganisms for getting nano-particles 
accompanied with plants and their extracts [8,9]. Plants have 
various advantages over other described biological methods as 
absence of pathogenecity. Copper has also several distinct features 
in synthesizing nano-particles as at room temperature its can easily 
be oxidized [10]. While in comparison with silver and gold nano-

particles, they have oxidation higher to Cu. Moreover the copper is 
more promising material as because of its abundance in nature and 
low cost. There are several capping agents are applied to solve the 
issues of aggregation and oxidation of metal salts like polymers and 
natural ligands [11,12]. 

Now days, plants are the most commonly used biological 
agents for synthesizing Cu-nanoparticles. In a study conducted, 
leaf extracts of Capparis zeylanica was used to reduce copper 
sulphate (CuSO4) solution to synthesize Cu-NPs. The fabrication 
of NPs were done for 12h, size ranged 50-100nm having cubical 
shape. Moreover, significant relation has been established of these 
synthesized nanoparticles as an antimicrobial agent against various 
Gram positive and Gram negative bacteria [13]. Figure 3 illustrates 
some basics of synthesizing NPs from plants.

Figure 3: Basics steps of NPs Synthesis from plants [14].

In another study, Syzygium aromaticum (Cloves) extracts was 
used to synthesize Cu-NPs. The solution of CuSO4 was reduced with 
clove extracted solution within 1 hr. The optimal size measured 
to be was of 5-40nm, having spherical shaped [15]. A report 
briefed about the synthesis of Cu-NPs from extractions of Ocimum 
sanctum just within 8-10 minutes. This method showed the rapid 
characterization and synthesis of Cu-NPs which is eco-friendly too 
[16].

Green Synthesis of Nickle (Ni) Nano-particles
The literature available today is not sufficient about the Ni-NPs 

from biological means as compare to physical and chemical method. 
Green synthesis platform engulf many of the disadvantages of the 
chemical method as discussed previously i.e. low cost, eco-friendly 
etc. The main mechanism underlying the synthesis of Ni-NPs is 
same as of Cu-NPs; the plant extraction material is used as to reduce 
the metallic salt solution for the synthesis of NPs. The reduction of 
metallic ions produces various shapes and sizes of NPs using plant 
as bio templates [17]. The some of the naturally occurring biological 
molecules are also behaved as efficient reducers in stabilizing and 
fabricating Ni-NPs such as glucose, sucrose [18-20]. The Ni-NPs 
biosynthesis is a one step process and produces various stable 
NPs. The production rate of Ni-NPs is faster than using microbes as 
secondary metabolites exists in plants such as aldehydes, flavones, 
terpenoids etc. These metabolites allow faster reduction of metallic 
salt solution [21].

A study conducted in Ni-NPs synthesis used the extraction 
material from Medicago sativa (alfalfa) to reduce aqueous solution 
of solution of Ni (NO3)2. The method involved is the application of 
precursor solution with alfalfa solution. The temperature was 60C 
for 4 hr. The reason for high temperature is that it is very difficult 
to reduce Ni (II) into Ni (0) [22]. In another study Ni (NO3)2⋅6H2O 
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aqueous solution was used as precursor to synthesize Ni-NPs. 
The plant extract of Ocimum sanctum was used as reducer and as 
stabilizer [23]. The micro-organisms are also act as stabilizers and 
reducers for the synthesis and modification of NPs. The potent 
candidates includes bacteria, yeast and fungi (Figure 2). It is 
noteworthy that the rate of production of NPs by microbes is slower 
than plant extracts as of easy processing and handling. Basically, the 
method involving microbes to synthesize NPs are to culture them 
first in broth following incubation for specific time and duration 
on a rotator shaker. Then centrifugation at optimum rpm done and 
the supernatant is taken to fabricate of Ni-NPs. The incubation for 
bacteria is done at 30 C at 200rpm for 120hr, while for fungi 25C is 
preferred at 150rpm for 5 days [24,25].

Antimicrobial Efficacy of Cu and Ni Nano-particles
Some studies to test antimicrobial efficacies of Cu and Ni 

nanoparticles also have done. A study measured response of Cu-
NPs against Gram positive and Gram negative bacteria i.e. (S. 
aureus and E. coli respectively) [26]. In another study Datura meta 
plant extract was used to reduce CuSO4 solution to produce Cu-
NPs, further testing revealed that these NPs have efficient activity 
against the microbes as compare with the Chloramphenicaol, 
suggesting as a potent anti-agent [27]. While a study showed that 
Cu-NPs have significant response against Gram positive and Gram 
negative bacteria but Gram negative was found to be more sensitive 
against Cu-NPs which reasoned to be as due to difference in their 
cell wall composition [28]. 

Cu-NPs also found as an excellent antimicrobial in another 
report against bacteria and as well as fungus [29]. The papaya extract 
used to synthesize Cu-NPs, also tested for antimicrobial effect and 
showed significant inhibitory effect against E. coli, Klebshiella 
pneumonia, Pseudomonas aeruginosa and Salmonella typhi. The 
response to fungus was also responsive; the most prominent effect 
was found against Fusarium culmorum, then against Fusarium 
oxysporum and Fusarium graminearum respectively [30]. In similar 
fashion, Ni-NPs are also showed significant antibacterial activity. 
According to a study, Ni-NPs are predominant in antibacterial effect 
against Klebsiella pneumoniae and Proteus vulgaris [31]. The Ni-
NPs synthesized from of Dioscorea (Elephant Yam) extracts treated 
with nickel sulphate aqueous solution showed antimicrobial 
activity against four bacterial species tested through disc diffusion 
method. The strains were S. aureus, B. cereus (Gram-positive) and 
K. pneumonia, E. coli (Gram-negative). The most effective activity 
of Ni-NPs were against S. aureus and less effective against K. 
pneumonia [32].

Conclusion
The nano-particles have become the field of significant interest 

as it approaches towards many scientific disciplines and establish 
relationship. The need of time and allocated resources available 
today also demands for more effective and promising areas to 
search and develop new potential agents serve as to tackle and 
limit the danger of AMR. Moreover, it can easily understandable 
that the plant extraction is much faster and eco-friendly than 
microbial reduction characteristics because of naturally present 

secondary metabolites and their derivatives in plants. However, 
reports showed significant antibacterial activity of Cu-NPs and 
Ni-NPs in parallel fashion to already discovered gold and silver 
nanoparticles, suggesting Cu and Ni as potential agents that further 
needs to be explored. Because of the lack of knowledge about Cu 
and most prominently to Ni there is also a gap in building specific 
relationship in nano-particles and also to their integrated working 
fashion. So, we suggest further work and attention should be given 
to discover hidden facts about Cu and Ni nano-particles and hence a 
comprehensive picture would be established using Green synthesis.
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