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Abstract

The green synthesis method, which is one of the methods of obtaining nanoparticles; It is a preferred method because it is simpler,
environmentally friendly, economical and turns into a product in a short time. In this study, it was aimed to investigate CuNp synthesis
possibilities and antimicrobial activity of this Np by using the extract of Peumus boldus, an endemic plant. The synthesized CuNps were
characterized by scanning electron microscopy (SEM), Fourier transform infrared spectrophotometer (FTIR) and X-ray diffraction
(XRD). It was determined that the NPs synthesis was successful, and the overall geometry was spherical; besides, the diameters were
less than 50 nm. The antibacterial activity of CuNps was tested by the broth dilution method. It was observed that CuNps synthesized
with Peumus boldus extract used at 125 to 250 ugr/ml concentrations suppressed the viability of E. coli and S. aureus by 60%.

Keywords: Biogenic synthesis, CuNps, Peumus boldus, Antibacterial activity.

Peumus boldus Yaprag) Ekstresi Kullanilarak Sentezlenen Bakar
Nanopartikiillerin Antibakteriyel Aktivitesi

Oz

Nanopargacik elde etme yontemlerinden biri olan yesil sentez yontemi, daha basit, ¢cevreci, ekonomik olmasi ve kisa siirede iriine
doniismesi nedeniyle tercih edilen bir yontemdir. Bu ¢alismada, endemik bir bitki olan Peumus bolus'un ekstresi kullanilarak bakir
nanopartikiil (CUNp) sentez olanaklarinin ve antimikrobiyal aktivitesinin arastirilmasi amaglanmustir. Sentezlenen CuNp’ler, taramali
elektron mikroskobu (SEM), Fourier transform kizil6tesi spektrofotometre (FTIR) ve X-1s11 kirinimi (XRD) ile karakterize edilmistir.
Basgarili bir selilde sentezlenen NP’lerin 50 nm den kiigiik ¢apta oldugu kiire seklinde oldugu belirlenmistir. CuNp’lerin antibakteriyel
aktivitesi, broth seyreltme yontemiyle test edilmistir. Sonugta Peumus boldus ekstrakti ile senetzlenen CuNp’lerin 125 ila 250 pgr/ml
konsantrasyonlarda kullanildiginda E. coli ve S. aureus canliliklarini %60 oraninda baskiladig goriilmiistiir.

Anahtar Kelimeler: Bioyogenik sentez, CuNps, Peumus boldus, Antibakteriyel aktivite.
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1. Introduction

Although nanotechnology is a new and developing science
that is carried out at the nanoscale level, it is developing especially
in the fields of engineering, biotechnology and medicine. The
products of nanotechnology are called nanoparticles (NPs) or
nanomaterials, which are in the range of 10—9 nm and 1-100 nm
in size. NPs are divided into three types: natural nanoparticles,
anthropogenic nanoparticles, and engineered nanoparticles. The
large surface/volume ratio of nanoparticles, their ability to interact
easily with other particles, and many other properties have led to
an increased interest in them in various fields. NPs are widely
used in electronics, cosmetics, biomedical and biotechnological
applications. The effective crystallographic and physicochemical
properties of NPs make nanotechnology an excellent field to focus
on (Buzea et al., 2007). Synthesis of NPs can be achieved by some
physical and chemical methods. The traditional and widely used
method for nanoparticle synthesis is the wet method. In chemical
synthesis, nanoparticles are obtained by developing them in a
liquid medium containing various reducing agents, especially
sodium borohydride, potassium bitartartrate,
methoxypolyethylene glycol or hydrazine (Kim et al.,, 2007).
Some stabilizing agents such as sodium dodecyl benzyl sulfate or
polyvinyl pyrrolidone are added at the reaction stage to prevent
aggregation of metallic nanoparticles (Lee et al., 2008). The most
widely used chemical methods are chemical reduction,
electrochemical techniques, and photochemical reactions in
reverse micelles (Taleb et al., 1997). Commonly used physical
methods are attrition and pyrolysis. So far, some plant extracts,
bacteria, fungi, enzymes and algae were used for the synthesis of
NPs (Saifuddin et al., 2009). Nanoparticles of a wide variety of
materials can be prepared by various methods. In general,
production techniques fall into two categories: "bottom-up" and
"top-down" approaches. The bottom-up approach is expressed in
the "bottom-up", that is, the accumulation of an atomic-sized
material. Molecule molecule or cluster cluster: nanolithography
and nanomanipulation techniques are also examples of the
bottom-up approach. The top-down approach starts with a block
of bulk material and involves designing or grinding it to the
desired shape. Both approaches play crucial roles in modern
industry and most likely nanotechnology. Metal nanoparticles are
obtained by various physical (physical vapor deposition, laser
ablation and ion implantation, etc.), chemical (colloidal and can
be synthesized with sol-gel) and biological (green synthesis using
microorganisms, plant and fruit extracts) methods (Kathiravan et
al., 2014). In this study, the synthesis of copper nanoparticles in
accordance with the principles of green chemistry was carried out.
In addition, the antibacterial properties of the obtained copper
nanoparticles were also investigated.

2. Material and Method
2.1. Preparation of the Plant Extracts

In this study, a 2-necked 500 mL balloon was used to obtain
the extract. Thermometer is fixed on one neck of the balloon with
a back cooler on the other neck. A certain amount of ultrapure
water was put into the balloon and the heating plate was operated.
It was waited until the water in the balloon boiled, then 10 g of
Peumus boldus and 100 ml of distilled water were added to it and
left to boil for 5 minutes. The heating plate was then turned off
and allowed to cool at room temperature. The extract obtained
after cooling was first passed through ordinary filter paper, and
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then the filtrate was passed through blue band filter paper. The
extract obtained was wrapped with aluminum foil and stored in
closed polyethylene containers in the refrigerator.

2.2. Synthesis of Copper Nanoparticles

For the preparation of target copper nanoparticles, 20 mL of
each plant extract, which was first cooled to room temperature,
was added to 80 mL of 1 mM CuNO3 solution and incubated at
room temperature for 45 min. mixed with time. In this process, a
significant color change was observed in the solution, which is a
phenomenon known in the literature and explained by the
formation of copper nanoparticles (Asha, 2016). The resulting
solution was stirred at 8,000 rpm for 150 min. The nanoparticles
were precipitated by centrifugation throughout. Particles were
collected in Eppendorf tubes and washed 3 times with distilled
water. Finally, it was dried in an oven at 65 °C and stored for
characterization.

Extraction Mixture Collected SEM images of Cu NPs.

Figure 1. Schematic representation of copper nanoparticle
synthesis.

2.3. Characterization of Copper Nanoparticles

Fourier transform infrared spectroscopy (FT-IR) was used to
obtain information about the functional groups of Cu
nanoparticles synthesized by biosynthesis method using Peumus
boldus extract as reducing agent. In addition, X-ray
diffractometry (XRD) was preferred to determine crystal
structures in certain ranges. In addition, SEM images of
nanoparticles were taken with Scanning Electron Microscope
(SEM) and their surface morphologies were determined. The
amounts of Cu in the structure were determined with the EDX
(Energy Dispersive X-Ray Spectroscopy) spectrum.

2.4. Anti-bacterial Effects of Copper Nanoparticles

For investigation of antibacterial activities of the copper
nanoparticles synthesized using Peumus boldus, Broth Micro-
dilution Assay was used. Briefly, Gram-negative Escherichia coli
and Gram-positive Staphylococcus aureus bacterial cultures were
inoculated into Nutrient Broth (NB, 24 h, 37°C) and prepared until
0.5 McFarland Unit. In total 200 pL in microtiter plate wells, 10
pL of bacterial cultures were inoculated with NB containing
different concentrations of the nanoparticle suspended in glycerol
(0-500 pg/mL). Negative controls were prepared using NB and
glycerol without bacteria. On the other hand, positive controls did
not contain nanoparticles, but a respective amount of glycerol.
Absorbances of microtiter plates were measured at 600 nm using
a microplate reader before (Oth h) and after (24th h) the incubation
at 37°C. Bacterial viability was measured as a percentage of
compound-treated bacterial groups to the positive control
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(bacterial viability of positive control was taken as 100%). One-
way ANOVA with Tukey’s test was used to analyze the data and
p<0.05 was considered as statistically different.

3. Results and Discussion

3.1. Fourier-Transform Infrared Spectroscopy
(FTIR) Analysis

The FTIR analysis performed to characterize the surface
structure of CuNp is shown in Figure 2. Visible bands are lattice
vibrational modes showing functional groups of biomolecules
adsorbed on Nps. FTIR spectra of CuNps exhibited vibrations in
the region of 700-1000 cm-1, which can be attributed to Cu
vibrations confirming the formation of CuNps. Depending on the
vibrations of Cu, an absorption band was observed at 729 cm-1.
A dense and wide band of 3385 cm-1 appeared in the region
corresponding to the stretching movements of the hydroxyl
functional groups (Veisi et al., 2016). In the FTIR analysis for
CuNp, peaks showing numerical values of 729, 1049, 1421, 1450,
1728, 2139, 2918 and 3385 cm-1 were observed.
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Figure 2: FTIR spectra of CuNps synthesized with Peumus boldus
extract.

3.2. XRD analysis

CuNps have been identified with XRD, which is considered
a very important key tool to evaluate the crystallinity and tertiary
structures of particles at molecular levels (Sapsford et al., 2011).
By X-ray diffraction, distinct crystalline phases associated with
CuNps: metallic Cu, cuprite (Cu20) and tenorite (CuO) were
observed. X-ray diffraction patterns of CuNp were obtained in the
angle range of 20 = 20-80. Diffraction peaks were observed at
36.49° (111), 39.90° (111), 49.5° (200), 62.49° (111) and 73.15°
(200) (Figure 3).

3.3. Scanning Electron Microscopy (SEM) and
Energy Dispersive X-Ray Spectroscopy (EDX)
Study of CuONPs XRD Analysis

SEM images of CuNp obtained from black mulberry by green
synthesis method are given in Figure 4. From the SEM images, it
is seen that the particles have different diameters and sizes. It has
been determined that the shapes of CuNp are spherical and their
dimensions are <50 nm.
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Figure 3. XRD diffraction pattern of CuNp biosynthesized by
Peumus boldus extract.
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Figure 4. SEM and EDX images of Cu nanoparticles at different
magnifications.

3.3. Antibacterial Activity of the Nanoparticles

Different concentrations ranging from 0-500 pg/mL were
used to assess potential antibacterial effects of copper
nanoparticles synthesized using Peumus boldus. The results
showed that these nanoparticles had significant antibacterial
effect against Gram negative bacteria E. coli (Figure 5) and Gram
positive bacteria S. aureus (Figure 6). Viability scores of E. coli
was dropped by approximately 60% when final concentration of
250 pgr/ml NP was used whereas around 60% drop in viability
score was achieved with S. awureus when 250 ugr/ml NP
concentration was used. It is evident from the results that at some
elevated dosages the synthesissed Green-CuNps show its’
antibacterial effect irrespective of the type and strain of the
bacterial sepcies.
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Figure 5. Antibacterial activity of copper nanoparticles
synthesized using Peumus boldus on E. coli. Different lower
letters indicate p<0.05 according to Tukey’s test.

4. Conclusions and Recommendations

For the synthesis of Np, physical and chemical methods that
pose potential environmental and biological risks, including
external reducing agents and toxic organic solvents, have been
replaced by the green synthesis method, which is a fast, clean,
non-toxic, cost-effective and environmentally friendly approach
in recent years. The use of plant extracts in the green synthesis
method is a more preferred approach. Because plants, together
with the flavonoids, terpenoids, tannins, alkaloids, proteins and
other phytochemicals they contain, can reduce metal ions and act
as stabilizers that prevent the size of Np from growing. The
structural, morphological, optical properties of the nanoparticles
synthesized in the research were characterized using SEM, FTIR
and XRD. The size measurements and shape characterization of
CuNp were investigated using SEM and the results showed that
CuNp smaller than 50 nm with spherical morphology was formed.
The results obtained in this study show that the antimicrobial
efficacy of CuNp synthesized from black pepper against
pathogenic bacteria is at a sufficient level. These results show that
CuNps can be an alternative to existing antibiotics/antimicrobial
products to overcome the antibiotic resistance crisis that has been
a serious problem in recent years.
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