IRSTI 61.01.05 https://doi.org/10.58805/kazutb.v.3.24-304

DEVELOPMENT OF ANTIMICROBIAL PACKAGING MATERIALS FOR FOOD PRODUCTS
BASED ON COPPER NANOPARTICLES
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In the process of storage and delivery, food products are subjected to physical changes, resulting in
moisture exchange between the product and the environment, mechanical damage, chemical processes
occurring in the product itself, as well as microbiological damage. The use of packaging materials on the
basis of polyolefins, reduce the influencing factors leading to rapid corruption of food products. However,
by their nature, polyethylene and polypropylene films do not have antimicrobial properties. Therefore,
in order for the packaging based on them to protect the product from microbiological damage, various
technological techniques are used for the processing of packaging, as well as the introduction of special
antimicrobial agents into the composition of the film. The present study developed a method of synthesis
of copper oxide nanoparticles stabilized with gelatin and pectin. The synthesis was carried out by direct
chemical sedimentation. Copper chloride was used as a precursor to the synthesis of copper oxide. Gelatin
and pectin were used as stabilizers. Gelatin and pectin were used as a stabilizer as an environmentally
friendly component of the film. In addition, consumers are interested in innovative, economical, harmless
and effective food packaging materials.

The results showed that CuO nanoparticles, stabilized with gelatin and pectin, have a high potential for
use in food packaging - both as a stand-alone nanoplane and as part of other packaging materials.

Keywords: CuO nanoparticles, gelatin, pectin, polylactide, antimicrobial, packaging.

MUKPOBKA KAPCBI TAFAM/IBIK KAIITAMA MATEPUAJIJAPBIH MbIC
HAHOBOJIHIEKTEPIHIH HET'I3IHAE 93IPJIEY

A.M.Camanyn, b.P.TaycapoBa, 7K.C.Haouesa, I'.T./lapuoaeBa
AJIMaThl TEXHOJIOTHSUTBIK, YHUBEPCHUTETI, AJIMATHI K., KazakcraH,
e-mail: abdu.93_93@mail.ru

Cakray koHe caTy pOIEeCiH/Ie TaMaK eHiMAepi (PU3MKAJIBIK, ©3repicTepre YIIbIpaiabl, HOTUXKECIH/IE OHIM
MeH KOpIIIaFraH OpTa apachlH/Ia bUIFAJ aJIMACy, MEXaHUKAJIbIK, 3aKbIM/IaHy, OHIMHIH ©3iH/Ie OONaThiH XMMU-
SUTBIK, TTPOIIECTEP, COHIAl-aK, MUK POOHOJIOTUSIIBIK, OYJTiHy maiina 6omaasl. [lomvoneduHaepre Heri3uenreH
opay MarepuaiIapblH KOJJaHy ocep eTyIn hakTopiaapasl a3aiTyFa MyMKIiHAIK Oepefi, OyJ1 TaFaMHBIH Te3
Oy3bUTybIHA OKeJesi. Anaiiga, TaburaTbl OOMBIHIIA MOJUATHICH XKOHE MOJTUIPOINUIEH IIEHKAIaphl MUK-
poOKa kapchl Kacuertepre ue eMec. COHIBIKTAH, OJIapIbIH HeTi3iH/e KanTama eHiM/Ii MUKPOOHOIOTUSIIBIK,
Oy3bUTyIaH KOpFay YIINIH KalTaMaHbl OHAeYIiH 9pTYPJIi TEXHOJIOTHSIIBIK dJicTepi, COHIal-aK, TUICHKara,
apHaiibl MUKpOOKa Kapchl areHTTepre Kipicre KonjaHbUiaasl. By 3eprreyne kelaTuH MeH MeKTUHMEH
TYPaKTaHABIPBUIFAaH MBIC OKCUJIIHIH HAHOO®JIIEKTEePiH CUHTe3/Iey d/ici kacanabl. CUHTe3 TiKeleld XUMu-
SUTBIK, TYHJBIPY apKbUIbI XKY3€re achpblIIbl. MBIC OKCHIIH CUHTE3[ey YIIIiH MPeKypcopiap peTiHae MbIC
XJIOpUJi KOJIaHbU1Abl. TypaKTaHIBIPFBIL PETIH/E KENaTUH MEH NEeKTUH KOJ1aHbULAbl. KeJaTuH MeH Iek-
THH 9KOJIOTHSUIBIK, TY PaKTaHABIPFBIII ©HIM peTiH/e KonaaHblUiabpl. COHBIMEH KaTap, TY THIHYIIbLIAp MHHOBA-
LUK, YHEM/1, SKOJIOTHUSUIBIK, Ta3a koHE THUIM/II a3bIK-TYJIIK KalTama MaTeprasiapblHa KbI3bIFYIIBUIBIK,
TaHBITY/A.
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Hotukenep xenaTuH MeH NEeKTUHMEH Ty pakTaHpIpburad CuO HaHOOeIIEeKTepiHiH a3bIK - TYJIIK
KalnTaMachHIa-TIyeJICi3 HaHOIUIeHKa peTiHe Ae, 6acKa opay MaTepuaJapbiHbIH O6JIiri peTiHje Jie maija-
JIaHy MYMKIHJIiT1 KOFapbl €KeHiH KOpCeTTi.

Tyiiin ce3aep: CuO HaHOOOIIEKTEP], KeJIATHH, IEKTHH, TIOJIMIAKTH]I, MUKPOOKa KapcChl, Opay.

PABPABOTKA AHTUMHUKPOBHBIX YITAKOBOYHbBIX MATEPUAJIOB JIA ITMINEBBIX
MNPOAYKTOB HA OCHOBE HAHOYACTHUIL MEJIN

A.M.Camanyn, b.P.Taycaposa, 7K.C.HaoueBa, I'.'T.[lapnoaeBa
AJMaTUHCKUI TEeXHOJIOTMYECKUI YHUBEpCUTET, . AnMartsl, Kazaxcran,
e-mail: abdu.93_93@mail.ru

B nporiecce xpaHeHus U peanu3alyy NUILIEBbIe TPOLYKThI, OABEPraloTcs (PU3NYECKUM U3MEHEHUSIM, B
pe3ysibTaTe KOTOPBIX TPOUCXOAUT BIarooOOMeH MeXkIy MPOAYKTOM M OKPY’KAIoIel Cpeior, MEXaHMYECKUM
HNOBPEXKJIEHUAM, XUMAYECKUM IpoLieccaM, IPOTEKAIM B CaMOM MPOAYKTE, a TaKke MUKPOOHOJIOrnye-
ckoil opue. IIpuMeHeHne yIakoOBOUYHBIX MaTepPUaJIOB HA OCHOBE MOJIMOJIE(PMHOB, TIO3BOJISAIOT CHU3UTh BO3-
AeifcTByIoOIE (DAaKTOPBI, IPUBOASAIIUE K OBICTPOI OpYe MUIIEBBIX MPOAYKTOB. OJJHAKO MO CBOEH MpUpPOe
TMOJINATHIICHOBBIE U TIOJIMITPONUJICHOBBIE TUICHKHM He 00JIaJaloT aHTUMUKPOOHBIME cBOMcTBaMu. [TosTomy
7151 TOTO, YTOOBI YIIAKOBKA HA X OCHOBE 3allMIIaja IMPOLYKT OT MUKPOOUOIOTNYECKON TIOPYH, TPUMEHSI-
I0TCSl Pa3/IMYHbIE TEXHOJIOTMYECKHE MPUEMbI IO 00PaOOTKM YIAaKOBKM, a TaKXKe BBE/IEHUE B COCTAB ILJIEH-
KM, CTIeLMaJIbHBIX aHTUMUKPOOHBIX areHToB. B HacTosIem uccienoBaHiy ObUT pa3padoTaH METO[, CUHTE3a
HAHOYACTUI] OKCHJA MeAY, CTAOMIN3UPOBAHHBIX JKEJIATUHOM U NEKTUHOM. CHHTE3 OCYILECTBIISICS ITyTeM
MPSIMOTO XMMUYECKOIo OcaxJeHus. B kauecTBe npeecTBeHHUKOB ISl CMHTE3a OKCHAA MEe/IU UCIIONb30-
BAJINCh XJIOpUA Meau. B KadyecTBe crabmim3aTtopa MCHOIb30BAJICS KeJaTHH U MeKTHH. Kak skonorndyecku
NPOAYKT B KauecTBe CTAOMIM3aToOpa WCIIONB30BAJICS JKEMaTHH M MeKThH. Kpome Toro, morpebutenu 3a-
MHTEPECOBAHbl B MHHOBALIMOHHBIX, SKOHOMHUUHBIX, SKOJOTUYECKN YUCTBIX U I(PPEKTUBHBIX YIAKOBOYHBIX
Marepuaax JJisl NUILEBbIX POAYKTOB.

Pe3synbrarsl nokaszany, 4ro HaHodacTuilbl CuQ, cTaOMIN3UPOBAHHBIE KENTATUHOM U TIEKTUHOM, 00JIa/Ial0T
BBICOKMM TOTEHITUAJIOM JIJIs1 UCTIOIb30BAHMSI B YITAKOBKE MUIIEBBIX MPOAYKTOB - KaK B KAUeCTBE CaAMOCTO-
SITeJIbHOW HAHOTUIEHKH, TaK ¥ B COCTaBe JPYrUX yINaKOBOYHBIX MaTepPHAJIOB.

KuaroueBble ciaoBa: HaHoyacTuiibl CuO, kenaTuH, MeKTUH, MOMUIAKTUA, aHTUMUKPOOHAs1, YIaKOBKA.

Introduction. The issue of healthy and high-
quality nutrition is global. In developing countries,
this problem is linked to underdeveloped agriculture
and processing.

The high rate of urbanization has forced the
population of large cities to switch to industrial
methods of food supply. Such methods require
various measures aimed at significantly extending
the shelf life of food. This constantly leads to a
decrease in the nutritional value of foodstuffs. As
the population continues to grow, these challenges
will have an increasing impact on the global
food distribution system, creating imbalances

between regions with varying levels of economic
development.

There are various ways to address the above
challenges: agricultural development, improved
food supply chains, sustainable production and
consumption. An important factor in ensuring food
security is the development of methods to increase
the shelf life of food products without significantly
reducing their quality. Such methods for extending
shelf life include the use of antimicrobial packaging.
Antimicrobial packaging is made by modifying
traditional packaging to provide protection against
the growth of pathogens during food storage.
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Nanoparticles are often used in the food
industry to create antibacterial films [1, 2].
Research is currently under way to develop
antimicrobial packaging materials derived from
various nanoparticles, including CuO [3-5].
Nanopackets can be applied to food products
by wrapping, grinding, brushing or spraying to
provide a selective barrier against the movement
of gases, moisture and dissolved materials, as
well as protection against mechanical damage [6,
7]. The main development is aimed at obtaining
nanoparticles with subsequent surface treatment of
finished packaging materials. According to Kamran
Tahir, Dipranjan Laha, Arindam Pramanik, the
activity of nanoparticles depends on the shape and
their dispersion. The stabilization of nanoparticles
is an important aspect in the design of food
packaging with nanocomposites.The bactericidal
activity and migration of nanoparticles into the
product depends on the method of synthesis [8]
and determines the stability of nanoparticles in the
polymer composition of packaging materials. With
high stability, migration of CuO nanoparticles into
the product will be eliminated, which guarantees
no toxicity of the packaging material. The
safety of food products during their long-term
storage is influenced by a wide range of factors:
adverse influence of the external environment,
processes of natural corruption due to natural
biochemical and chemical reactions, development
of microorganisms. Microbiological damage is
one of the most significant factors affecting the
preservation of the quality of foodstuffs, both of
plant and animal origin.

Microbiological stability can be achieved in
various ways: by adding preservatives to the product,
using special storage technologies, use of special
packaging, etc. Often many methods of preventing
microbiological damage are associated with the
influence on the biochemical processes of the
life of living organisms. Along with the effects
on microorganisms, these methods can have a
significant effect on a person whose body functions
according to similar biochemical patterns. Thus,
the use of preservatives reduces the quality of
the product, use of special technologies can also

lead to a significant loss of nutritional value and
significantly increase the cost of products. One of
the most promising directions to increase the shelf
life of foodstuffs is the use of special packaging
materials that can protect the product from negative
environmental factors, as well as reduce the rate of
microbiological damage.

The aim of this work is to development of a
method for the synthesis of CuO nanoparticles
stabilised with gelatin and pectin, to study the
possibility of their using in food packaging to protect
against microbiological spoilage and increase the
storage life.

Materials and methods. CuO Nanoparticles
Synthesis Method.

Reagents: Copper (II) 2-water chloride
(Sigma-Aldrich Pty Ltd, Merck KGaA branch,
Darmstadt, Germany), gelatin (Segma-Aldrich
Ptys Ltd, merck KGAA subsidiary, DARMSTAD,
Germany); sodium hydroxide (Shandong Zhoushun
International Trade Co., Ltd); ascorbic acid-L
(SIGMA-ALDRICH PTY Ltd, MERCK KGA A
branch, darmstad, Germany) and pectin (Jiaxing
Renze Import & Export Co., Ltd.).

CuO nanoparticles, stabilized with gelatin
and pectin, were polluted by direct chemical
sedimentation. Copper chloride was used as a
precursor to CuO nanoparticles (II). Pectin and
gelatin acted as a stabilizer, as a restorative used
ascorbic acid, sodium hydroxide - as a sediment.
Distilled water was used as a reaction medium.

CuO nanoparticles stabilized with gelatin and
pectin were obtained by the following procedure:
0.03 g of precursor (copper chloride), 0.03 g of
gelatine and 0.1 g of ascarbic acid, dissolved in
90 ml of reaction medium (distilled water), a
similar procedure was performed with pectine. The
resulting solution was heated to boil with constant
mixing and an additional 0.5% solution of NaOH
was added to pH-10. The sample was mixed for 2-3
minutes, cooled to room temperature, mixed at room
temperature for 20 minutes. As a result, copper
oxide nanoparticles were produced. The phase of
obtaining nanoparticles is an important component
of the work on the creation of nanocomposite
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packaging materials, because it is the nanoparticle
that gives the newly obtained packaging unique
properties.

For the preparation of packaging material
modified by CuO nanoparticles, polylactic film was
used, which is often used in the production of eco-
packages. As a test sample, ordinary polylactic film
from ECO Prodacts Group (Astana) was taken.

As part of the development of nanoparticles
preparations - visual evaluation, microphotography
of samples of CuO nanoparticles and data on
the elemental composition were obtained with the
scanning electron microscope INTEGRA TERMA
and integration of probe and optical microscopy
and spectroscopy, ASM - Raman - SBOM - TERS
[9]. The samples were dried for study. The samples
were prepared as follows: a two-sided conductive
carbon tape was glued to the standard toolboard.
CuO powder was applied to the conductive carbon
tape. They then applied a carbon coating about 10
nm thick. The pH was measured using the Testo
206 phl pH meter using a silver chloride combined
electrode.

Microbiological analysis methods were used to
study the antimicrobial effectiveness of polylactide

films modified with CuO nanoparticles on bread
shelf life.

The effects of polylactid films modified by CuO
nanoparticles on the quality and shelf life of bread
were studied.

For the experiment they took white wheat bread
produced by ”Aksai nan” (Almaty). The shelf life
at the time of purchase was 3 days. In order
to study the initial parameters of the bread on
the day of beginning of the experiment, slices
weighing 50%0.2g corresponding to the number of
experimental films were cut.

The bread samples were stored in the SCTC
TS-1/80 SPU thermostat at 25 * 1°C for 120
+ 3 hours of the experiment. After the time
passed, microbiological analysis was carried out.
The analysis was carried out according to GOST
10444.12-2013 Microbiology of food and animal
feed. Methods of detection and counting of yeast
and mold mushrooms [10].

Results and discussion. The color of
nanoparticles is an important qualitative
characteristic, because it can characterize the size
of particles and their chemical composition. The
reason for the difference in colour of colloid
nanoparticles solutions is different: the nature of
the dispersion phase and the disspersion medium,
particle dispersiveness, shape and structure. All
these factors affect not only the absorption of light
in the solution, but also its dispersion. Even a slight
change in the color of the solution may indicate a
change in particle size and chemical composition.
Figure - 1 shows solutions of silver nanoparticles
obtained by different methods and having different
sizes.

Fig. 1 - Appearance of copper nanoparticles solutions
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The optical spectrum of nanoparticles and based on the measurement of particle absorption of
nanomaterials solutions is no less important the electromagnetic radiation of the optical range.
qualitative characteristic than the color of the Figure 2, 3, 4 shows the optical spectra for the
solution. The method of optical spectroscopy is colloidal solutions studied.

—4— pectin as a stabilizer Series2
—— gelatin as a stabilizer
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Fig. 2 - Graph of obtained data on spectroscopic photometer Jenway 6705
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Fig. 3 - Optical spectrum of copper nanoparticles using gelatin as a stabilizer in exhaust solutions

219



KasTbY XABAPHIBICHI - VESTNIK KazUTB - BECTHHUK KazVTb

3. Andor Specira

450

400

350

Counts
300

250
—%{

Ao

200
=

150

"o o5 10 15 20 25 30
1031/em

Fig. 4 - Optical spectrum of copper nanoparticles when pectin is used as a stabilizer in baseline solutions

s

Fig. 5 - Optical imaging of copper nanoparticles in the 50 pm range

Dispersion phase particle size is one of the determining their many properties. In particular, the
most important characteristics of colloidal solutions, stability of the solution and its biological properties
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may depend on the size of the nanoparticles
[11]. The samples showed nanoparticles with sizes
ranging from 136 to 995 nm. When pectin was
used as a stabiliser, and when gelatin was used as
a stabiliser, the particle sizes ranged from 62 to 313
nm. Photos of samples made by optical and scanning
electron microscope are shown in Figures 5 - 7.

Based on the results of scanning and transmission
microscopy, nanoparticles as seen in Figure 7 have
spherical shape like granules. Figure - 8 shows the
surfaces of the films before and after treatment
with copper nanoparticles. In the treated film the
clusters of nanoparticles reached up to 500 nm in
some places.

Fig. 6 - Dimensions of copper nanoparticles using
pectin as a stabilizer

a

Fig. 7 - Dimensions of copper nanoparticles using
gelatin as a stabilizer
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Fig. 8 - Polylactid film samples (a) before treatment and (b) after copper nanoparticles treatment

As a result of the study of the basic physico- consequence different effects when they are used to
chemical characteristics of nanoparticle solutions, it create composite packaging materials. Evaluation of
can be concluded that they differ strongly and as a the effectiveness of the application of a product is
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an important part of its development process. Since
often not individual characteristics of a product are
the reason for its purchase, but the ability of the
product to solve a particular problem, it is important
to determine the possibility of solving the problem.
For nanopackaging, this problem is the extension of
the shelf life of the products packaged in it. The
benefits of use can be significant if such packaging
is used as effectively as possible.

In order for the packaging to be used effectively,
it is necessary to determine an extended shelf life
compared to conventional packaging. It is known
that the main cause of damage is the development
of various microorganisms, so the use of packaging

with antimicrobial agents is relevant. The shelf life
can be determined in different ways, depending on
the type of product.

The method of microbiological testing is most
appropriate if the cause of damage is mainly the
development of microorganisms in the product. In
this case, both the total number of microorganisms
(COE) can be measured and differentiated
depending on the type of micro-organism. The
advantage of this method is the ability to identify
the main source causing the damage of the product.

The effects of CuO-modified polylactid films
on changes in the microbiological purity of bread
storage are further studied in Table 1 and Figure 9.

Table 1 - Dynamics of changes in microbiological parameters of bread samples during storage

Ne | Sample Mold index, CFU/g
1 day | 2day | 3day | 4day | Sday | 6 day | 7 day
1 | Bread without packaging - - 1 3 5 8 17
2 | Bread with a control package | - - 1 2 3 4 10
without processing
3 | Bread with processed | - - - - 1 2 4
packaging (using gelatin as
a stabilizer)
4 | Bread with processed | - - - - 1 2 5
packaging (using pectin as
a stabilizer)

Mold index, CFU/g

18
16
14
12
10

4 day

O N B~ O @

3day

M Bread without packaging - -

5 day

7 day

6 day

Bread with a control package without processing - -
B Bread with processed packaging (using gelatin as a stabilizer) - -
M Bread with processed packaging (using pectin as a stabilizer) - -

Fig. 9 - Effect of polylactide packages treated with copper nanoparticles on microbiological parameters
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In accordance with the results presented in
Table 1 and Figure 9, films modified with CuO
nanoparticles were found to reduce mold growth
and development in experimental bread samples
compared to the control bread sample. The data
obtained shows the activity of CuO nanoparticles
stabilized with gelatin and pectin, and also coincides
with the data of other authors [12, 13], who studied
the antibacterial activity of CuO nanoparticles.

Conclusions. The problem of healthy and quality
nutrition, along with the problem of adequacy of
such nutrition is relevant for modern humanity. One
way of addressing this problem, as discussed in
this paper, is to keep products fresh and suitable
for consumption for a considerable period of time.
Fortunately, modern technologies allow to obtain
and explore the latest materials that can be used to
solve the above-mentioned problems. As a result of
the studies carried out and presented in this paper,
the following conclusions can be drawn:

1. A method of synthesis of CuO nanoparticles
stabilized with gelatin and pectin has been
developed, their colloidal stability in various
dispersion media has been studied and their
possibility of use in bread packaging has been
explored.

2. The results showed that the use of copper
chloride as a precursor allows to produce copper
oxide (II). According to the data, copper oxide

nanoparticles stabilized by gelatin and pectin in the
aquatic environment had particles of the smallest
diameter of 62 nm.

3. It has been found that CuO nanoparticles,
stabilized with gelatin and pectin, have antimicrobial
activity and can be used as a material for food
nanopackets, providing an increase in the shelf life
of products, as shown in the example of bread.
The high level of stability of CuO nanoparticles
stabilized with gelatin and pectin will also facilitate
their use in the creation of active food packaging
materials.

4. It was found that polylactic films modified
by CuO nanoparticles inhibited mold growth and
development in experimental bread samples.

5. The morphology of the surface is studied by
electronic microscopy. The result showed that when
using gelatin as a stabilizer, the maximum copper
nanoparticles size was 313 nm, and when using
pectin, the particle size was 246 nm.

Thus, the results of experiments show that CuO
nanoparticles, stabilized with gelatin and pectin,
have a high potential for use in food packaging -
both as a self-propelled nanofilm and as part of other
packaging materials, and can also be laid as a basis
for food interaction studies, the environment and
be useful for developers engaged in the creation of
promising packaging material.

References

1. Osovskaya L.I., Baranova A.E. Rastvory agara dlja uluchshenija kachestva upakovochnyh bumazhnyh
materialov, tekstil'nyh i kozhanyh izdelij. // Tehnologija tekstil'"noj promyshlennosti, Ne5 (407) 2023, pp
129-132. DOI 10.47367/0021-3497_2023_5_129.

2. Baranchikov A.E. Sonohimicheskij sintez neorganicheskih materialov./ A.E. Baranchikov, V.K. Ivanov,
Ju.D. Tret'jakov.// Uspehi himii, 76, 147 (2007).

3. Galiahmetov R.N. Poluchenie nanochastic Cu20 v uslovijah ul'trazvukovoj kavitacii./ R.N. Galiahmetov,
A.G. Mustafin, R.R. Garafutdinov, G.M. Kuznecova.// Pis'ma o materialah T.1. 2011. str 176-178.

4. Abdullah, A.S., Essa, F.A., Bacha, H.B. & Omara, Z.M. Improving the trays solar still performance
using reflectors and phase change material with nanoparticles // J Energy Storage 31, 101744. 2020. DOI

10.1016/j.est.2020.101744

5. Magonov, S., Belikov, S., Surtchev, M., Leesment S., Malovichko I. High-Resolution Mapping of
Quantitative Elastic Modulus of Polymers // Microscopy and Microanalysis. 2015. Vol. 21 (S. 3). P. 2183-
2184. DOI

223



KasTbY XABAPIHIBICBI - VESTNIK KazUTB - BECTHUK Ka3zVTb

10.1017/S1431927615011691.

6. GOST 10444.12-2013 Mikrobiologiya pishchevykh produktov i kormov dlya zhivotnykh. Metody
vyyavleniya i podscheta kolichestva drozhzhey i plesnevykh gribov. - Moskva: Standartinform, 2014. - 9
s. [in Russian]

7. Gvozdenko, A.A., Siddiqui, S.A., Blinov, A.V. et al. Synthesis of CuO nanoparticles stabilized with
gelatin for potential use in food packaging applications // Sci Rep. 2022. Vol 12. DOI 10.1038/s41598-
022-16878-w.

8. Singh, P.K., Das, A.K., Hatui, G. & Nayak, G.C. Shape controlled green synthesis of CuO nanoparticles
through ultrasonic assisted electrochemical discharge process and its application for supercapacitor //
Mater. Chem. Phys. -2017. -P. 16-34 DOI: 10.1016/j.matchemphys.2017.04.070.

9.Jana, R. etal. Improving performance of device made up of CuO nanoparticles synthesized by hydrothermal
over the reflux method // Applied Surface Science. 2018. Vol. 452. P. 155-164.

DOI:10.1016/j.apsusc.2018.04.262.

10. Pelegrino, M.T. et al. Effects of copper oxide nanoparticles on growth of lettuce (Lactuca sativa L)
seedlings and possible implications of nitric oxide in their antioxidative defense // Environ. Monit. Assess.
2020. Vol. 192. -P. 232-246. DOI: 10.1007/s10661-020-8188-3.

11. Pestovsky, Y. S. & Martinez-Antonio, A. The use of nanoparticles and nanoformulations in agriculture
/1 J. Nanosci. Nanotechnol. -2017. Vol. 17. P. 8699-8730 DOI: 10.1166/jnn.2017.15041.

12. Mousa, A. M. et al. Biosynthetic new composite material containing CuO nanoparticles produced by
Aspergillus terreus for 47Sc separation of cancer theranostics application from irradiated Ca target // Appl.
Radiat. Isot. 2020. Vol. 166, DOI: 10.1016/j.apradiso.2020.109389.

13. Abdullah, A. S., Essa, F. A., Bacha, H. B. & Omara, Z. M. Improving the trays solar still performance
using reflectors and phase change material with nanoparticles // Journal Energy Storage. 2020. Vol. 31.
DOI: 10.1016/j.est.2020.101744.

Information about the authors

Samadun A.IL. - PhD student, Department of Chemistry, Chemical Technology and Ecology, Almaty
University of Technology,Almaty, Kazakhstan, e-mail: abdu.93_93@ mail.ru;

Taussarova B.R. - Professor of the Department of Chemistry, Chemical Technology and Ecology, D.H.N.,
Almaty University of Technology, Almaty, Kazakhstan, e-mail: birtausarova@mail.ru;

Nabiyeva Zh. S. - Director of the Scientific Research Institute of Food Safety, PhD, Almaty University of
Technology, Almaty, Kazakhstan, e-mail: atu_nabiyeva@mail.ru;

Daribayeva G.T. - Head of the Food Safety Test Laboratory, PhD, Almaty University of Technology,
Almaty, Kazakhstan, e-mail: daribaeva.80@mail.ru

Ceeoenue 006 asmopax

CamanyHn A.M- noktopaHt kadeapsl «XUMUU, XUMUYECKOW TEXHOJOTMH U SKOJIOTMW» AJIMATUHCKUM TeX-
HOJIOTUYECKUI YHUBepcuteT, Anmarsel, Kazaxcran, e-mail: abdu.93_93@ mail.ru;

Taycaposa B.P.-nmpodeccop kadeapsl «XuMus, XUMHUUYECKask TEXHONOTHS U SKOJOTUsI», 1.X.H., AJIMaTHH-
CKUI TEXHOJIOTMYECKUl yHuBepcutet, Anmarsl, Kazaxcran, e-mail: birtausarova@mail.ru;

Hao6wuesa X.C. - [lupekrop Hay4uHo-rcce10BaTeIbcKOro MHCTUTYTA MUIIEBOM Oe30macHoCTH, 1okTop PhD,
AJIMaTUHCKUI TEXHOJIOTMYECKUI yHUBepcuTeT, Anmarsl, KazaxcraH,

e-mail: atu_nabiyeva@mail.ru;

Hapubaesa I'.T.- 3aBenytoras ucnsitaTebHOM TabopaTopueit «[Iuiesas 6e3omacHoCTb», 1oktop PhD, An-

224



MATHHCKUH TeXHOJIOTMYeCKUI YHUBEPCUTET, AJIMaTLI, Ka3aXCTaH,

e-mail: daribaeva.80@mail.ru

225



	Информационно-коммуникационные и химические технологии
	2 Химическая технология
	Т.Т.Машан  ТӨМЕНГІ ҚЫСЫМДАҒЫ КӨМІРСУТЕКТЕРДІҢ ЭЛЕКТР ӨРІСІНДЕ ЖАНУЫН ЗЕРТТЕУ 



