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Significant challenges for the modern international community are
population growth and climate change, and the latest technologies are
helping to solve them. These include nanotechnologies that are capable
of positively influencing the quality of agricultural products, minimising
the negative impact of pesticides on the environment and human health,
and increasing production productivity and food safety. Nanotechnology
helps to minimise waste by producing more efficient products, leading to
the development of precision agriculture and efficient resource manage-
ment. Minimising the production of hazardous substances, reducing ener-
gy consumption in green nanotechnology and almost no toxic chemicals
make green nanomaterials widely used and desirable in various fields of
human activity.

Traditional and new methods for the formation of nanosized materi-
als are considered, with an emphasis on their advantages and disadvan-
tages. Extra- and intracellular ways of nanoparticle formation, as well as
ascending and descending methods are described. The aim of the work
was to establish the possibility of green synthesis of CuO nanoparticles
using peppermint and lemon balm extracts.

The plant extracts were prepared by ethanol extraction from the
leaves in an extractor. The extract was separated from the plant material
by filtering through filter paper. Copper nanoparticles were synthesised by
the reduction of copper sulphate in the presence of peppermint or lemon
balm extract, which acted as both a reducing agent and a nanoparticle
stabiliser.

The paper shows the possibility of synthesising copper oxide nanopar-
ticles by the method using peppermint (Mentha piperita) and lemon (Me-
lissa officinalis L.) balm leaf extracts. The TEM morphological study of “*
metal nanoparticles in the volume of polymeric nanocomposites and those
created by the green synthesis method showed that the average size of cop-
per (““°) nanoparticles is 3.5 and 12.2 nm, respectively. It was found that the
thermo-chemical method of creating nanocomposites is cheap and accessi-
ble, but causes the formation of small metal nanoparticles, in contrast to the
polymeric nanocomposite created by the green synthesis method, which is
environmentally friendly and occurs at low temperatures.

Key words: nanobiotechnology, nanoparticles, environmentally
friendly products, nanoparticles, copper oxide, silver particles

Problem statement and analysis of recent
research. Population growth and climate change
are significant challenges for the modern interna-
tional community, which can be solved by the lat-
est technologies. These include nanotechnologies
that can positively affect the quality of agricultural
products, minimise the negative impact of pesti-

cides on the environment and human health, and
increase production productivity and food safety.
The unique properties of nanoscale materials con-
tribute to their use in agriculture and related in-
dustries, such as nanoparticle-based fertilisers or
plant growth promotion. Additionally, the use of
fertilisers and pesticides is reduced with the use
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of nanoparticle-based carriers and compounds
without reducing productivity [6]. Nanotechnol-
ogy helps to minimise waste by producing more
efficient products, leading to the development of
precision agriculture and efficient resource man-
agement [7]. The goal of developing "green" nan-
otechnologies, which use biological pathways
to synthesise nanomaterials, is to minimise the
production of hazardous substances. At the same
time, the amount of energy consumed in green
nanotechnologies is much lower than in other
technologies; almost no toxic chemicals are pro-
duced during the synthesis, and their environmen-
tal friendliness is very high. Thus, the produced
"ereen" nanomaterials can be widely used in vari-
ous industries [2].

Depending on the purpose of use, different
types of nanomaterials are used, often nanoparti-
cles are used as carriers that gradually release the
active ingredient to reduce their overall consump-
tion. The nanomaterials used are selected for their
biocompatibility, lack of negative health effects
and ability to increase the shelf life of food prod-
ucts. Highly sensitive nanosensors with plasmonic
properties (silver or gold nanoparticles) are used
to measure environmental conditions and report
changes in a timely manner and to intelligently
control plant needs [14]. At present, the range of
applications of nanotechnology includes nanosen-
sors, tracking devices, targeted delivery of neces-
sary components, food safety, and smart packag-
ing [4; 23].

Several methods are currently available to
improve the precise dilution and control of the
nanoscale green synthesis process. Nanotech-
nologies can increase the resistance of materials
to degradation, reduce the amount of chemicals
used, which leads to a reduction in emissions and
related environmental problems. Today, carri-
ers have been developed to increase the connec-
tion between plant roots and the surrounding soil
structure [5; 28]. Modified nanoparticles added
to conventional fertilisers improve the ability of
fertilisers to store nitrogen, reduce losses of the
element, and improve nutrition to improve prod-
uct composition. Nanoemulsions have been de-
veloped to increase the biological compatibility of
herbicides and pesticides [20].

Microorganisms are important nanofactories
capable of accumulating and detoxifying heavy
metals due to the presence of various reductase
enzymes that reduce metal salts to MtNPs [26].
Studies have shown that Lactobacillus, Bacil-
lus, Pseudomonas, Streptomyces, Klebsiella,
Enterobacter, Escherichia, Aeromonas, etc. are
able to synthesise metal nanoparticles [26], and
the produced nanoparticles have very good dis-
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persion, stability, and significant lethal activity
against pathogens [9]. Bacteria, fungi, yeasts,
and microalgae produce MtNPs intra- and extra-
cellularly, producing organic matter inside and
transporting it outside their cells [15]. Microor-
ganisms as nanofactories are environmentally
friendly, inexpensive and non-toxic, while, com-
pared to physicochemical methods, they do not
require much energy for the synthesis of MtNPs.
At the moment, the mechanisms of extracellular
green synthesis of MtNPs are of great interest,
since the extracellular location of the material
eliminates the need for expensive and complex
subsequent processing steps to recover intracel-
lular nanoparticles [26]. The «green» synthesis of
MItNPs using microorganisms, compared to tradi-
tional physicochemical methods, offers a faster,
more cost-effective, non-toxic and environmen-
tally friendly method for the synthesis of MtNPs
with a wide range of sizes, shapes, composition
and physicochemical properties [29]. The disad-
vantages of the synthesis of MtNPs by microor-
ganisms are the complexity of microbial sam-
pling, isolation, cultivation and storage, as well
as the subsequent recovery of the obtained nano-
particles [26].

Physical, chemical and biological methods are
used for the synthesis of MtNPs. The disadvantag-
es of the first two methods are the use of expensive
equipment, high heat and energy consumption, low
yield [8; 27], and the use of toxic chemicals [27].
The need for an environmentally friendly option
for the synthesis of MtNPs is currently focused on
the green synthesis of MtNPs by microorganisms,
plants, using microbial enzymes, polysaccharides,
and degradable polymers [28; 29], and green syn-
thesis methods are more advantageous than tradi-
tional physical and chemical methods due to their
simplicity, cost-effectiveness, and the absence of
toxic and harmful chemicals.

The applications of MtNPs are innovative and
diverse [8, 13]. The synthesis of MtNPs is usual-
ly performed using top-down and bottom-up ap-
proaches. In bottom-up approaches, bulk materi-
als are broken into nano-sized particles [8, 22], the
disadvantage of which is obtaining nanoparticles
with an imperfect surface structure, high cost and
labor intensity, which is not favourable for large-
scale production [22]. In bottom-up approach-
es, nanoparticles are formed by self-assembly
of structures at the atomic and molecular levels,
which leads to a more precise size, shape, and mo-
lecular composition [8].

The «green» synthesis of MtNPs mediated
by microorganisms is characterized by a high
growth rate of microbiota, ease of cultivation, the
ability to grow in inherent environmental condi-
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tions [1], the ability to synthesize metal nanopar-
ticles with a defined shape, size, composition and
monodispersity of particles [8; 13]. The mecha-
nism of biosynthesis is carried out by capturing
target metal ions from the environment and en-
zymatically transforming them into elementary
form by the mechanism of reduction. The MtNPs
production requires special metabolic pathways
and cellular enzymes and depends on the abili-
ty of microorganisms to transport heavy metals
by mimicking the natural process of biominer-
alization [19]. The intracellular mechanism of
MtNPs biosynthesis includes transport systems
of microorganisms, in which the cell wall plays
an important role due to its negative charge: pos-
itively charged metal ions are deposited in neg-
atively charged cell walls through electrostatic
interaction. After being transported into the cells
of the microorganism, the ions are restored using
metabolic reactions mediated by nitrate reduc-
tase. The MtNPs formed and accumulated in the
periplasmic space can then pass through the cell
wall [10].

Extracellular MtNP biosynthesis is also me-
diated by nitrate reductase synthesis, in which
synthesis enzymes are located in the cell wall or
secreted from the cell into the growth medium. In
this process, nitrate reductase reduces metal ions
to metallic forms [19; 10].

MItNP recovery processes by microorganisms
depend on the presence of enzymes, proteins, and
NADH-dependent enzymes in them [19]. The re-
duction mechanisms start with electron transfer
from NADH by means of NADH-dependent re-
ductases [3], and microbial proteins can act as a
stabilizing agent, provide colloidal stability and
prevent MtNP agglomeration [19].

For intracellular synthetic approaches, micro-
organisms are cultivated in a suitable growth me-
dium with favorable pH and temperature condi-
tions [22]. Biomass is harvested after the optimal
incubation period, thoroughly washed with sterile
water to eliminate potentially unwanted effects of
the culture medium, and subsequently incubated
with a metal salt solution. An alternative to the
intracellular synthesis of MtNPs is the use of cell-
free (CF) approaches using culture supernatant or
cell-free extracts (CFE) [13]. To do this, the mix-
ture containing the culture medium and biomass is
centrifuged, and the supernatant is collected and
incubated with an aqueous solution of a metal salt
for the synthesis of MtNPs. At the same time, the
compounds of the culture medium are used for
the synthesis of MtNPs and act as reducing agents
and blocking agents. Microorganisms and culture
media are removed by repeated washings, and
only biomolecules released by cells due to autoly-

sis or starvation conditions mediate the synthesis
of MtNPs [1, 13]. In all cell-free processes, the
color change of the reaction mixture is often the
first sign of nanoparticle synthesis, and the color
change depends on the exact nature of the formed
MtNPs [1].

The microbial source, reaction temperature,
pH, pressure, incubation time, and metal salt con-
centration affect the synthesis of various MtNPs
[3, 11]. Nanoparticles synthesized in the cell are
treated with ultrasound or reaction with appropri-
ate detergents to release MtNPs after the destruc-
tion of the cell wall [27].

In agriculture, «green-synthesized» MtNPs
are used to increase the productivity of agricultur-
al sectors and create nanoscale pesticides, fungi-
cides, biosensors, fertilizers, animal growth and
development regulators, as a harmless alternative
to antibiotics [3, 30].

The use of biosensors allows to increase the
production of high-quality agricultural products
due to the ability to quickly identify pathogens
and their monitoring and analytical capabilities
[18]. Pesticides are used to protect plants from
pathogens and insects, to increase yield [17], but
the problem is their negative impact on products
and human health through the food chain [30].

Nanopesticides are new development for en-
capsulation of pesticides for controlled release
and improvement of selectivity and stability of
pesticides [30]. Their advantages are the increased
efficiency, durability and reduced amount of the
active ingredient required for their formulation
[25]. Nanocomposition of pesticides with MtNPs
showed a stronger effect against phytopathogens,
insects and fungi [17], provide targeted drug de-
livery, greater bioavailability due to higher solu-
bility and permeability, less doses and controlled
release.

The use of probiotic microorganisms for M T-
NPs production is an environmentally friend-
ly and commercial attractive approach. The
non-pathogenicity of probiotics and their ability
to grow rapidly, regulating gene expression for
the production of various proteins and enzymes
involved in MtNPs production are useful in many
ways. Lactobacillus and Bifidobacterium are the
most popular probiotics used in the production of
a wide range of products [3]. Green synthesis of
MtNPs, nanoparticles of metal oxide (MONPs)
and non-MtNPs probiotics is investigated. The
useful effect of probiotics includes a direct effect
on living cells and an indirect effect on a num-
ber of metabolites. Probiotics also have a negative
electric kinetic potential, which is freely attracted
by cations as a starting point for the process of
nanoparticles biosynthesis.
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Lactobacillus tendency to grow even in the
presence of oxygen makes them metabolically
very viable. Redox potential (rH,) of bacteria is
reduced by adding reducing agents [3], which in
the cultural environment to create the necessary
conditions can be created by reducing rH, for an-
aerobic conditions in the presence of oxygen or
by increasing the pH of the environment for the
creation of aerobic conditions in anaerobic envi-
ronment. Thus, changing different culture medium
conditions plays an important role in the biosyn-
thesis of metal nanoparticles and their oxides. En-
ergy efficiency, glucose (which controls rH,), aver-
age ionic value, pH and overall oxidative capacity
(rH)), play an important role in Lactobacillus
strains. Despite the relatively weak system of de-
toxification of metals lactobacilli, a slightly acidic
pH and the decrease in rH, activate membranous
oxyidoredctase and the metabolic MtONPs.

Copper is an important trace element that is
combined with many proteins and metal enzymes,
playing a significant role in metabolism and nu-
trition. CuNPs also have higher productivity than
voluminous copper particles, thanks to the small
size and high ratio of the surface to volume, show-
ing antifungal and antibacterial activity against
grampositive and gramnegative bacteria and
pathogenic fungi [12], including Fusarium ox-
yspor. Graminearum and Phytophhora Infestans,
act as sprouts and plant growth stimulants at con-
centrations below 100 ppm. It was reported [28]
about the prospect of using Lactobacillus Casei of
different shapes and size.

Extracellular biosynthesis of spherical CuNPs
is reported with size of 5-50 nm in Streptomyces
Griseus and 3.6-59 nm in endophytic actinomy-
cetes [21].

The study [24] shows the significant antifun-
gal and antibacterial activity of CuNPs, biosyn-
thesized by Actinomycetes sp. and isolated from
Convolvulus arvensis.

CuNPs reduced the formation of ROS by in-
creasing the activity of superoxidimutase and cat-
alase enzymes. In addition, the content of vitamin
C, lycopene and phenol increased in the presence
of CuNPs, as did the strength of tomato fruits.
CuNPs biosynthesized with Streptomyces Griseus
are effectively used as fungicides [16; 21].

Studies have been conducted on the effect of
MItNP size on their toxicity. Although factors as
the size, concentration and Zeta-potential of MtNP
show different effects on different plants, there is a
significant dependence between the size of MtNPs
and the degree of toxicity created for the plant:
the larger size MtNP is less toxic to plants than
smaller ones. At the same time, the concentration
of nanoparticles significantly affects their toxicity,
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in particular, the concentration of more than 0.2
mg/ml CuNPs impairs the growth and physiology
of plants [17].

For the synthesis of nanoparticles, different
chemical and physical methods are used, of which
biosynthetic or green methods play an important
role. The synthesis of nanoparticles of copper ox-
ide CuO was not widely investigated, compared
to other metals due to the easily oxidized nature
of copper, which is enhanced in nanoprepara-
tions. Nowadays, a number of scientific works
are known, which investigated the synthesis of
nanoparticles with the help of extracts of leaves of
different plants. The aim of the research was to
establish the possibility of green synthesis of CuO
nanoparticles using Mentha piperita and Melissa
officinalis L. extracts.

Material and methods of research. Among
the various nanoparticles of metal oxides, copper
oxide CuO nanoparticles are widely used in elec-
tronics, air and liquid filtration, the production of
ceramics, preservation of wood, fabrics, the cre-
ation of biologically active coatings, leather prod-
ucts, films, oils, etc. In addition, nanopowders are
successfully used as mineral fertilizers and pesti-
cides.

Dry peppermint (Menta Piperita) and Melis-
sa Officialis L. leaves were used as vegetable raw
materials. Vegetable extracts were prepared by ex-
traction of ethanol from leaves in Soxlet extractor
(C. Gerhardt GmbH & Co. KG, Germany). The
extract was separated from the vegetable materi-
al by filtration through Whatman # 1 filter paper.
The filtrate was stored at -18°C until use in further
experiments.

Copper nanoparticles were synthesized with
the reaction of restoring copper sulfate in the pres-
ence of menta piperita extract or melissa officialis
L. extract, which acted as both a reducing agent
and a nanoparticle stabiliser.

In a typical synthesis, up to 20 ml of 1% solu-
tion of copper sulfate heated to 60°C, 20 ml of
vegetable extract was added to drops with contin-
uous stirring for 2 hours. The color of the solution
changed from green to brown. After 2 hours of
mixing, a second portion (20 ml) of vegetable ex-
tract was added to the drops and heated for another
2 hours. When the colour of the mixture changed
to dark brown, the solution was cooled to room
temperature and investigated the process of cop-
per nanoparticles by the UV spectroscopy by the
SHIMADZU UV-1800 spectrophotometer.

Research results and discussion. Comparing
the absorption spectra of copper oxide obtained
by ethanol extracts of Menta Piperita and Melissa
Officialis L. with the spectra of the reaction mix-
ture, the appearance of a wide peak in the range
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of 285-320 nm, as a manifestation of the phenom-
enon of surface plasma resonance. Probably be-
cause of relatively high polydispersity (variety of
shapes and sizes), peak is blurred with maxima at
almost the same wavelengths (Menta Piperita —
296 nm, Melissa Officialis L. — 297 nm). These
wavelengths are consistent with the values ob-
tained in experiments with extracts of other plants
- 262-310 nm, but differ significantly from the
wavelengths characteristic of Cu0 nanoparticles
- 536-550 nm, which suggests that CuO nanopar-
ticles are formed as a result of the use of plant ex-
tracts and the direct interaction of extracts with a
solution of copper salts.

Plant extracts obtained from Menta Piper-
ita and Melissa Officialis L. successfully played
the role of both the reducing agent and the CuO
nanoparticles agent. The extracts of the plant pro-
vided a simple, less time-consuming and cheap
method of synthesis of nanoparticles.

Preparations obtained from vegetable raw
materials with pre-obtained nanopreparations
based on chitosan-chloride and anionic Na-phos-
phate starch were compared. The existence in
the spectrum of functionalized starch was estab-
lished when the spectra of the specimens of na-
tive and Na-phosphate starch of wax corn, in par-
ticular two intense stripes (doublet) for v = 1305
and 1287 cm’!, characterizing the fluctuations
v = 1101 and 1025 cm’, indicating the valence
vibrations of the P=0O groups and the strip (v =
753 cm - 1) identifies the valence vibrations of
the group C—O-P. The indicated absorption strips
in the FTIR spectrum of Na-phosphate of starch
identify the starch of wax corn, functionalized by
Na-tripolyphosphate.

In conducting the analysis of X-ray diffracto-
grams of the initial samples of strong cation (chi-
tosan-chloride) and anionic (Na-phosphate starch)
polyelectrolytes found that both samples have an
amorphous crystalline structure of different levels
of its crystalline. The calculations of this structural
parameter showed that the level of crystalline of
strong cationic polyelectrolyte is 55%, and strong
anion polyelectrolyte — 21%, with a relative error
of measurement of the area of diffraction maxima
did not exceed 3%.

When comparing X-ray diffractograms
of chitosan and chitosan-chloride, it is clear
that the protonization of amino groups of this
polysaccharide with hydrochloric acid causes a
significant change in its amorphous crystalline
structure due to the existence of far-speaking
(compared to hydrogen) intermolecular Coulomb
forces between ionic groups. The calculations
found that the relative level of crystalline structure
of chitosan and chitosan-chloride is almost the

same (Xkp=55 %), whereas the size of crystallites
L (in the direction perpendicular to the registration
plane), determined by the Sherryr method, is
slightly larger in the volume of strong cationic
polyelectrolyte as a result of Coulomb interactions
between ionic groups in chitosan-chloride. The
calculation of chitosan crystallites was performed
at the main discrete diffraction maximum with an
angular position equal to 20.0°, with the value
Ly ¢o=4,5 nm. To calculate the size of crystallites
in the volume of chitosan-chloride used two
intense discrete diffraction maxima at 26,,=11.0
and 25.0 °© on the X-ray diffractogram of this
strong cationic polyelectrolyte. The calculations
showed that L11500=5.0 nm, and 1.25.0 ° =74
nm, with the average value

The amorphous crystalline structure of
chitosan-chloride differs significantly from the
amorphous crystalline structure of chitosan. The
crystalline structure of chitosan is characterized
by the manifestation of the multiplical diffraction
maximum with the vertex at 26,,=10,0° and
unrequited two intense discrete maxima at
20,,=20,0 and~21,4°, which are on the background
of the imaginary diffuse diffraction 26,,~20,3°.
The crystalline structure of chitosan-chloride is
represented by two intense discrete diffraction
maxima with angular position (26,,) 11.0 and
25.0° and two low-intensive maximums at 18.2
and 37.6°, with diffraction maxima at 26,,=18.2
and 25.0° are manifested on the background of the
imaginary diffuse diffraction maximum (amor-
phous halo) at 26,,~24,0°.

The crystalline structure of Na-phosphate
of starch characterizes the manifestation on
the X-ray diffractogram of this strong anionic
polyelectrolyte (on the background of diffuse
diffraction maximum-an amorphous halo with the
vertex at 26,,~21,4°) of two discrete diffraction at
20,,=16,2 and 17,8°. The size of the crystallitis size
in the volume of Na-phosphate of starch found that
L=7.5 nm. In determining the size of the crystal-
lites of Na-phosphate, starch found that X,.,=21 %.
Analysis of the X-ray diffractogram of the sample
of the stechiometric FEC showed that both strong
cationic and anionic polyelectrolytes, and created
on their basis, FECs have an amorphous crystalline
structure. This is indicated by the manifestation
on the X -ray diffractogram of the sample of the
FEC of one discrete diffractional maximum at
20,,=25.1° against the background of the diffuse
diffraction maximum (amorphous halo), the vertex
of which is 260 =19,4°. Determining the relative
level of crystalline of the sample of FECs showed
that X, =14 %. In turn, the calculation of the size
of crys?allites (L) showed that crystallites in the
volume of FECs have a rather small value (3.0 nm).
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When comparing X-ray diffractograms of
PMC samples containing Ag™ cations (and NO~
anions) and Cu?** (and SO? anions) in the volume
of cations, both polymer-metal complexes have
an amorphous structure, unlike PMC sample. The
absence of a crystalline phase in the volume of
polymer-metallic complexes is a consequence
of the formation of metals of the chelate-
macroligand of metals. This is indicated by the
manifestation on X-ray diffractograms of PMC
samples of two diffuse diffraction maxima (amor-
phous halo) of varying intensity. In this case, the
manifestation of less intense halo at 26,,~10,2°
and 26,,~10.8 ° on the diffractograms of PMK
with Ag" cations and with cations Cu?*", accord-
ingly, identifies the presence of polymer-metal
complexes. A slightly higher intensity of amor-
phous halo, identifying the existence of che-
late-macroligand type complexes in volume of
PMK with Cu?* cations compared to the intensity
of a similar halo on the Dipractogram of PMK
with Ag® cations, indicates more cordy-core cots.
The main intensity of amorphous halo (26,,~19.4
°), which is manifested on X -ray diffractograms
of samples of polymer -metallic complexes, char-
acterizes the amorphous structure of the polymer
base, i.e. a stechiometric FEC.

When conducting the analysis of X-ray
diffractograms of nanocomposites of the type
of polymer-metal based on FECs and metal
nanoparticles of silver (Ag’) and copper Cu)
obtained by the method of thermo-chemical
recovery reduction of Ag" and Cu?' cations,
as well as reduced Cu?** cations by the green
synthesis method it has been found that the
polymer matrix (FEC) of nanocomposites has
an amorphous structure, while metal nanopar-

ticles of silver and copper are characterized by
a similar crystalline structure with the structure
of metal and copper metals. This is indicated
by the manifestation on X-ray diffracters of
nanocomposites containing metal nanoparti-
cles Ag® and Cu®, intense discrete maximum at
260,,=38.0 and 42.6 ° respectively with angu-
lar semiwidth (6=0,027 and 0,041 for AgNPts
and CuNPts accordinely). In particular, the
calculation of the size of the crystals of metal
nanoparticles Ag’ and Cu® in the volume of
polymer nanocomposites created by thermal
chemical method found that it is 4.1 and 2.8
nm, respectively. However, the size of crystals
in the volume of metal nanoparticles Cu’
polymer nanocomosis created by the method
of green synthesis is much larger, as evidenced
Diffractogram of this nanocomposition. As the
calculation of the size of the crystals in the
volume of "green" nanoparticles Cu®, carried
out by Sherrer, the value of L=7.2 nm.

The research was carried out by the topics
of TEM morphology of Cu’ metal nanoparticles
(Fig. 1) in the volume of polymer nanocomposites
such as polymer-metal, created by the restoration
of cations Cu*" by thermo-chemical method and
green synthesis method. It is shown that the
average size of copper nanoparticles (Cu°) is 3.5
and 12.2 nm, respectively.

It was found that the thermal chemical method
of restoring metal cations and creating nanoen-
zymes is cheap and affordable, but the high tem-
perature of recovery of these cations to a metal
state causes the formation of small-sized metal
nanoparticles, unlike polymer nanocomposition
created by the method of green synthesis and oc-
curs at low temperatures.
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Fig. 1. TEM microphotographies of Nanocomposites based on FECs and Cu’ metal nanoparticles
created by the restoration of Cu?* thermo-chemical method (A) and the green synthesis method (b).
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Green synthesis of MtNPs using microor-
ganisms is a promising and environmentally
friendly approach to agricultural applications
such as nanofertilizers, nanopesticides and nan-
biosensers [28]. Despite the favorable physical
and chemical properties of MtNPs, the com-
plexity of soil crop ecosystems means that the
environmental behavior of these nanoparticles
is not yet fully predictable after use [29]. There-
fore, before its full potential can be exploited, it
is necessary to assess the effects and interactions
with living systems. At this stage, screening of
nanomaterials is important for assessing their
potential toxicity and understanding their mech-
anisms of action to prevent their adverse effects
in the future.

MtNPs nano sizes determine many of their
beneficial properties, and can also increase their
potential adverse effects [28]. MtNPs toxicity is
influenced by various factors: solubility and their
specificity of binding to biological objects and
their individual parts, so there is a need to obtain
biocompatible nanomaterials without adverse
health and environmental effects.

AgNPs are produced primarily for antisep-
tic applications and have potential antimicrobial
activity against many pathogens, while they are
toxic not only for bacteria but also for brain cells,
liver and stem cells, which can lead to severe
damage [3; 7; 13]. MtNPs are caused by toxicity
due to important cellular processes: increasing the
level of ROS, reducing the level of intracellular
glutathione and reducing the potential of the mito-
chondrial membrane. AgNPs can adversely affect
the cells and embryos of freshwater fish, inhibit-
ing the activity of lactate dehydrogenase and anti-
oxidant enzymes in the liver, causing glutathione
depletion and lipid peroxidation in the liver and
gills with varying degrees of histological damage
in the tissues.

MitNPs can have an adverse effect on agro-
ecosystems [1], in which MtNPs can be included
in both direct and indirect pathways. Agricultural
MtNPs can reach the soil and atmosphere through
leaching, precipitation, air flow and trophic trans-
fer. The interaction between MtNPs and plants
leads to numerous physiological, morphological
and genotoxic changes that need to be fully under-
stood in order to ensure the effective use of nano-
technology in agriculture. The effect of MtNPs on
plants depends on the stage of plant growth, the
time of exposure to nanoparticles, the method of
adsorption, as well as various physical and chem-
ical properties of the plants themselves. However,
some MtNPs has a positive effect on the plant sys-
tem and can improve seed germination and stimu-
late growth parameters.

At the cellular level, MtNPs can enter various
organelles and interfere with mitochondrial and
chloroplast chains. In these cases, they can acti-
vate metabolic pathways associated with oxidative
stress, which is associated with increased concen-
trations of reactive oxygen and leads to cyto- and
genotoxic effects: damage to the membrane, chlo-
rophyll degradation, vacuole shrinkage, DNA
damage and chromosomal aberrations. Excessive
MtNPs receipt can cause oxidative outbreaks by
preventing electron transfer circuit and disrupt-
ing ROS detoxification, which leads to genotoxic
effects. As a result, the production of secondary
metabolites and phytohormones is damaged and
growth retardation occurs [1]. The phytotoxic
and side effects of MtNPs include impaired wa-
ter transfer, reduced photosynthetic rate, reduced
growth hormone production, metabolic disorders,
increased oxidative stress, chromosomal disor-
ders, reduced growth, transcriptional changes
in genes, and hypersensitivity to natural toxins.
MTNP can also affect useful plant germs in the
surrounding soil when used to control phytopatho-
gens. Microbes are associated with epiphytically
and endofitically with plants in the rhizosphere
and soils near the root of the plant and can signifi-
cantly contribute to the growth of plants by fix-
ing nitrogen and phosphate salulator [1]. MtNPs
used for plant and soil can have a toxic effect on
these useful germs as they have on plants. Impact
on soil microbiota can be evaluated by measuring
breathing and enzymatic activity in the soil [1].

Thus, thorough experimental studies on study-
ing the long-term effects of MtNPs on plant or-
ganisms, MtNPs migration in the food chain and
the study of changes caused by nanoparticles, in
animal and human organisms are necessary.

Conclusions. Green synthesis technology of-
fers a potentially simple, efficient, pure, non-toxic
and environmentally friendly method for MtNPs
synthesis and has received much attention in re-
cent years because of its economic prospects. Vari-
ous microorganisms and plant extracts can be used
for effective MtNP biosynthesis. Although MTNP
synthesis using plant extracts is simpler than the
use of microorganisms, the use of microorganisms
to produce MtNP is more economical.

The study shows that copper oxide nanoparti-
cles can be synthesised by a simple and environ-
mentally friendly method using peppermint (Men-
ta piperita) and lemon balm (Melissa officialis L.)
leaf extracts.

The research was carried out by the TEM mor-
phology of Cu’ metal nanoparticles in the volume
of polymer nanocomposites such as polymer-met-
al, created by the restoration of cations Cu** ther-
mal chemical method and green synthesis method.
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It is shown that the average size of copper nanopar-
ticles (Cu®) is 3.5 and 12.2 nm, respectively.

It was found that the thermochemical meth-
od of restoring metal cations and creating nano-
composites is cheap and affordable, but the high
temperature of reduction of these cations to the
metallic state causes the formation of small metal
nanoparticles, in contrast to the polymeric nano-
composite created by the «green» synthesis meth-
od, which is environmentally friendly and occurs
at low temperatures.
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BnactuBocti HaHoYyacTMHOK cpi0ia Ta Mini,
OTPMMAHHMX METOAAMHU «3eJIeHO» XiMmil

HexmicTpenko O. C.

CyTTeBUMH BUKJIMKAMH JUISl Cy4aCHOTO MI>KHAPO/I-
HOTO CITIBTOBAPUCTBA € 3POCTAHHS HACEIICHHS Ta 3MiHU
KJIiMary, BUPILIMTH SIKi JIOTIOMararoTh HOBITHI TE€XHO-
jorii. JIo TakMx BiTHOCATH HAHOTEXHOJIOTII, 3JIaTHi
MMO3UTHBHO BIUTUBATH Ha SIKICTh arpOMpPOAYKILii, MiHi-
Mi3yBaTH HETaTHBHUH BIUIMB IECTUIUAIB Ha JOBKIJIISA
Ta 370pPOB’S JIOAWHU, IiJBUIIYBATH HPOSYKTHUBHICTH
BUpOOHMIITBA Ta XapuoBy Oe3meky. Hanorexnomorii
JIOTIOMAraroTh MiHIMI3yBaTH BIIXOQH, BUTOTOBISTH
e(eKTHUBHINI TPOAYKTH, CIPHUIIOTH PO3BUTKY TOYHOTO
3eMJIepoOCTBa Ta €(EKTHBHOTO YIPAaBIIHHSI pecypca-
Mu. MiHimi3a1is BHpOOHHUIITBA HEOE3NEUHUX PEUOBHH,
3HW)KEHHSI BUTpPAT €HEpril B «3eJIeHHX» HAHOTEXHO-

Copyright: Tsekhmistrenko O. © This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,

JIOTisIX Ta Maibke BiICYTHICTH YTBOPEHHS TOKCHYHHUX
XIMiKaTiB POOHTH «3€JIeH» HaHOMAaTepiald IIHPOKO
BKMBaHUMH Ta O)KaHMMU Y PI3HUX Taly3sX JIIOACHKOT
IISUIBHOCTI.

PosristHyTO TpamuumiiiHi Ta HOBI METOAN YTBOPEH-
HSl HAHOPO3MIPHHUX MaTepiaiB, aKIIEHTOBAHO yBary Ha
iX mepeBarax Ta Hemoimikax. OmICaHO 1MO3a- Ta BHY-
TPILIHBOKIIITHHHI NUISIXM YTBOPEHHS HAaHOYACTHHOK,
BUCXIJIHI Ta HUCXIJHI METOH. be3nocepeiHbO METOIO
poboTH Oyno BCTAHOBUTH MOMKIIUBICTD «3EJICHOTO»
cuHTe3y HaHo4acTHHOK CuO 3a JONMOMOTOI0 eKCTPaK-
TiB M’SITH TIEPIICBOI Ta MEITiCH JIIKAPCHKO.

PocnuHHI eKCTpaKTH rOTYBAIH IUIIXOM SKCTPAKIIi1
€TaHOJIOM 3 JIUCTS B €KCTPaKTopi. ExcTpakT Bimmins-
JIM BiJ] POCJIMHHOTO Marepiany (piIsTpyBaHHIM uepes
¢unprpyBanbHUA narip. MigHI HAHOYACTHHKU CHHTE-
3yBaJIM 3a JIOTIOMOTOI0 peaKilii BiTHOBIICHHS CYIb(ary
MiJIi y IPUCYTHOCTI €KCTPAKTy IepIeBoi M st abo Me-
JICH JIIKapCHKOi, SIKUH BifirpaBaB poJib K BiTHOBHUKA,
Tak 1 cTabiizaropa HAHOYaCTHHOK.

Y po0GoTi mokazaHa MOXJIUBICTb CHHTE3Yy HAHO-
YaCTHHOK OKCHJTy MiJli 32 IOTIOMOT'0I0 METO/Y 3 BUKO-
PUCTaHHSAM EKCTPAKTIB JIUCTS M SITH TIEPIIEBOI Ta Me-
micu mikapcbkoi. TEM-Mopdormoridae 1o ciimKeHHs
MeTaneBux HaHodacTHHOK Cu’ B 06°eMi momiMepHUX
HaHOKOMITO3HUTIB, CTBOPEHHX METOJOM «3EJICHOTO»
CUHTE3y I0Ka3ajo, U0 CepelHid po3Mip HAHOYACTH-
HOK Miai (Cu’) cranoBuTh 3,5 1 12,2 HM, BiIOBiIHO.
BusiBnieHo, 1110 TEpMOXIMIYHHI METO/I CTBOPEHHSI Ha-
HOKOMITIO3UTIB JIEIIEBHH 1 JOCTYNHUWH, OJHAK CHpPH-
YUHIOE YTBOPEHHS MaJMX 32 PO3MIPOM METaJIEBHX
HaHOYACTHHOK, Ha BIAMIHY BiJl MOJIMEPHOIO HAHO-
KOMITIO3HTY, CTBOPEHOTO METOJIOM «3€JICHOT0» CHHTE-
3y, AKHH € eKOJIOTIYHHMM, 1 BiZOyBa€ThCs 3a HU3BKHUX
TeMIeparyp.

KarouoBi cJjoBa: HanoOloTexHOJIOrI, HaHOYaC-
THHKH, CKOJIOTIYHO YMCTa MPOIYKIlisl, HAHOYaCTHUHKH,
OKCHJI MiJli, YaCTUHKH Cpi0a.
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