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ЧФ «ХАЛЫҚ»

В 2016 году для развития и улучшения качества жизни казахстанцев был 
создан частный Благотворительный фонд «Халык». За годы своей деятельности 
на реализацию благотворительных проектов в областях образования и науки, 
социальной защиты, культуры, здравоохранения и спорта, Фонд выделил более 
45 миллиардов тенге.

 Особое внимание Благотворительный фонд «Халык» уделяет образовательным 
программам, считая это направление одним из ключевых в своей деятельности. 
Оказывая поддержку отечественному образованию, Фонд вносит свой посильный 
вклад в развитие качественного образования в Казахстане. Тем самым способствуя 
росту числа людей, способных менять жизнь в стране к лучшему – профессионалов 
в различных сферах, потенциальных лидеров и «великих умов». Одной из 
значимых инициатив фонда «Халык» в образовательной сфере стал проект 
Ozgeris powered by Halyk Fund – первый в стране бизнес-инкубатор для учащихся 
9-11 классов, который помогает развивать необходимые в современном мире 
предпринимательские навыки. Так, на содействие малому бизнесу школьников 
было выделено более 200 грантов. Для поддержки талантливых и мотивированных 
детей Фонд неоднократно выделял гранты на обучение в Международной школе 
«Мирас» и в Astana IT University, а также помог казахстанским школьникам 
принять участие в престижном конкурсе «USTEM Robotics» в США. Авторские 
работы в рамках проекта «Тәлімгер», которому Фонд оказал поддержку, легли в 
основу учебной программы, учебников и учебно-методических книг по предмету 
«Основы предпринимательства и бизнеса», преподаваемого в 10-11 классах 
казахстанских школ и колледжей. 

 Помимо помощи школьникам, учащимся колледжей и студентам Фонд 
считает важным внести свой вклад в повышение квалификации педагогов, 
совершенствование их знаний и навыков, поскольку именно они являются 
проводниками знаний будущих поколений казахстанцев. При поддержке Фонда 
«Халык» в южной столице был организован ежегодный городской конкурс 
педагогов «Almaty Digital Ustaz. 

 Важной инициативой стал реализуемый проект по обучению основам 
финансовой грамотности преподавателей из восьми областей Казахстана, что 
должно оказать существенное влияние на воспитание финансовой грамотности и 
предпринимательского мышления у нового поколения граждан страны. 

 Необходимую помощь Фонд «Халык» оказывает и тем, кто особенно остро 
в ней нуждается. В рамках социальной защиты населения активно проводится 
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работа по поддержке детей, оставшихся без родителей, детей и взрослых из 
социально уязвимых слоев населения, людей с ограниченными возможностями, а 
также обеспечению нуждающихся социальным жильем, строительству социально 
важных объектов, таких как детские сады, детские площадки и физкультурно-
оздоровительные комплексы. 

 В копилку добрых дел Фонда «Халык» можно добавить оказание помощи 
детскому спорту, куда относится поддержка в развитии детского футбола и карате 
в нашей стране. Жизненно важную помощь Благотворительный фонд «Халык» 
оказал нашим соотечественникам во время  недавней пандемии COVID-19. Тогда, 
в разгар тяжелой борьбы с коронавирусной инфекцией Фонд выделил свыше 11 
миллиардов тенге на приобретение необходимого медицинского оборудования 
и дорогостоящих медицинских препаратов, автомобилей скорой медицинской 
помощи и средств защиты, адресную материальную помощь социально уязвимым 
слоям населения и денежные выплаты медицинским работникам.

В 2023 году наряду с другими проектами, нацеленными на повышение 
благосостояния казахстанских граждан Фонд решил уделить особое внимание 
науке, поскольку она является частью общественной культуры, а уровень ее 
развития определяет уровень развития государства. 

Поддержка Фондом выпуска журналов Национальной Академии наук 
Республики Казахстан, которые входят в международные фонды Scopus и 
Wos и в которых публикуются статьи отечественных ученых, докторантов и 
магистрантов, а также научных сотрудников высших учебных заведений и 
научно-исследовательских институтов нашей страны является не менее значимым 
вкладом Фонда в развитие казахстанского общества.

С уважением, 
Благотворительный Фонд «Халык»!
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Abstract. Microbial contamination is the main cause of food spoilage. Antimicrobial 
agents are used to extend the shelf life of food products. They also serve the food 
packaging industry as they are used to form antimicrobial packaging films that 
preserve the structure, texture, color and nutritional value of food products. In this 
study, a method was created for the production of copper oxide nanoparticles that were 
stabilized with gelatin and pectin. The synthesis process was carried out through direct 
chemical precipitation, while copper chlorides were used as starting compounds for 
the production of copper oxide. Gelatin and pectin were used as stabilizers. As a result, 
particles with a minimum diameter of 62 nm were formed in an aqueous solution. 
According to spectroscopic data, the nanoparticles synthesized in an aqueous solution 
were stable. The effect of pH on the colloidal stability of copper oxide nanoparticles 
has been investigated, and it has been shown that the samples are stable in the pH range 
6.5–10.2. CuO nanoparticles stabilized with gelatin and pectin exhibit antimicrobial 
activity in certain concentrations, which makes it possible to increase the shelf life of 
food products as nanopackaging materials. The possibility of using polylactide films 
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modified with CuO nanoparticles for packaging and storage of solid products has been 
investigated. The distribution of CuO nanoparticles in the polylactide film was uniform. 
The results showed that CuO nanoparticles stabilized with gelatin and pectin have a 
high potential for use in food packaging, both as an independent nanofilm and as part of 
other packaging materials.

Keywords: CuO nanoparticles, gelatin, pectin, polylactide, antimicrobial, packaging
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Аннотация. Тағам өнімінің бұзылуының негізгі себебі микробтармен ластануы 
болып табылады. Микробқа қарсы заттар тағамның жарамдылық мерзімін 
ұзарту үшін қолданылады. Олар тамақ өнеркәсібінде де қолданылады, өйткені 
олар тағамның құрылымын, құрылымын, түсін және тағамдық құндылығын 
сақтайтын микробқа қарсы қаптама пленкаларын жасау үшін қолданылады. 
Бұл зерттеуде желатин мен пектинді тұрақтандырғыш ретінде қолданып мыс 
оксидінің нанобөлшектерін синтездеу әдісі жасалды. Синтез тікелей химиялық 
тұндыру арқылы жүзеге асырылды. Мыс оксидін синтездеу үшін бастапқы зат 
ретінде мыс хлориді пайдаланылды. Тұрақтандырғыш ретінде желатин мен 
пектин қолданылды. Нәтижелер, нанобөлшектердің ең кіші диаметрі сулы 
ортада 62 нм болатынын көрсетті. Сулы ортада синтезделген мыс оксидінің 
нанобөлшектері жоғары тұрақтылыққа ие екндігін спектроскопиялық нәтижелер 
көрсетті. Коллоидты ерітінділердегі мыс нанобөлшектерінің тұрақтылығына 
рН-тың әсерін зерттеу нәтижесі рН 6,5–10,2-ге дейінгі аралықта үлгінің тұрақты 
екенін көрсетті. Желатин, пектинмен тұрақтандырылған CuO нанобөлшектері 
белгілі концентрацияда микробқа қарсы белсенділік көрсететіндігі анықталғ. 
Нанопакеттер тағамның сақтау мерзімін ұзартуды қамтамасыз ете алады. Қатты 
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тағамдарды орау және сақтау үшін CuO нанобөлшектерімен модификацияланған 
полилактидті пленкаларды қолдану мүмкіндігі зерттелді. Полилактидті 
пленкадағы CuO нанобөлшектерінің таралуы біркелкі болды. Алынған нәтижелер 
желатинмен және пектинмен тұрақтандырылған CuO нанобөлшектерін азық – 
түлік қаптама материалдарын, нанопленкаларды алуда пайдалану мүмкіндігі 
жоғары екеніндігін көрсетті.

Түйін сөздер: CuO нанобөлшектері, желатин, пектин, полилактид, микробқа 
қарсы, қаптама
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Аннотация. Микробное загрязнение является основной причиной порчи 
пищевых продуктов. Противомикробные агенты используются для продления 
срока хранения пищевых продуктов. Они также служат индустрии упаковки 
пищевых продуктов, поскольку используются для формирования антимикробных 
упаковочных пленок, которые сохраняют структуру, текстуру, цвет и пищевую 
ценность продуктов. В данном исследовании был создан метод получения 
наночастиц оксида меди, которые были стабилизированы желатином и пектином. 
Процесс синтеза проводился через прямое химическое осаждение, при этом 
в качестве исходных соединений для получения оксида меди использовались 
хлориды меди. Желатин и пектин использовались в качестве стабилизаторов. 
В результате в водном растворе были сформированы частицы с минимальным 
диаметром 62 нм. Согласно спектроскопическим данным, наночастицы 
синтезированные в водном растворе, были стабильны. Влияние рН на коллоидную 
стабильность наночастиц оксида меди было исследовано, и показано, что образцы 
стабильны в диапазоне рН 6,5–10,2. Наночастицы CuO, стабилизированные 
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желатином и пектином, проявляют антимикробную активность в определенных  
концентрациях, что позволяет увеличить срок хранения пищевых продуктов 
в качестве наноупаковочных материалов. А работе исследована возможность 
использования пленок полилактида, модифицированных наночастицами 
CuO, для упаковки и хранения твердых продуктов. Распределение наночастиц 
CuO в полилактидной пленке было равномерным. Результаты показали, что 
наночастицы CuO, стабилизированные желатином и пектином, обладают высоким 
потенциалом для использования в упаковке пищевых продуктов – как в качестве 
самостоятельной нанопленки, так и в составе других упаковочных материалов.

Ключевые слова: наночастицы CuO, желатин, пектин, полилактид, 
антимикробная, упаковка

Introduction
Copper (II)oxide (CuO)is known as a p-type semiconductor with a narrow bandgap 

that ranges from 1.9 to 2.1 eV. This material has promising useful physical properties 
such as high temperature superconductivity, electron correlation effects, and spin 
dynamics a. CuO nanoparticles have found wide application in various fields of science 
and technology, including electronics (Singh, 2017: 16–34), agriculture (Mousa, 2020: 
155–160), medicine (Amalraj, 2019: 102), and solar energy (Tunçsoy, 2021: 412–420). 
CuO nanoparticles can be used to remove organic pollutants from wastewater. However, 
the use of CuO nanoparticles in food formulations is still limited due to increased toxicity 
(Katsumiti, 2018: 146–158). CuO nanoparticles at a concentration of 1–50 μg/ml have 
a dose-dependent cytotoxic effect on the human body. To improve their application in 
the food industry, researchers are striving to find optimal approaches to the synthesis 
and stabilization of CuO nanoparticles, if necessary to reduce toxicity, maintain or even 
improve their beneficial properties.

Nanoparticles are often used in the food industry to create antibacterial films 
(Esmailzadeh, 2021: 1671–1682). Today, research is underway to develop antimicrobial 
packaging materials using various nanoparticles, including CuO (Jovanović, 2021: 
2865). Nanopackets can be applied to food by wrapping, dipping, brushing or spraying 
to provide a selective barrier against the movement of gases, moisture and dissolved 
materials, as well as protection against mechanical damage (Yousuf, 2018: 198–209). 
The main developments are aimed at obtaining nanoparticles with subsequent surface 
treatment of finished packaging materials. According to many researchers, the activity of 
nanoparticles depends on the shape and their dispersion (Singh, 2021: 101). An important 
aspect when developing food packaging with nanocompositions is the stabilization of 
nanoparticles. The stability of nanoparticles in the polymer composition of packaging 
materials is a condition for bactericidal activity and migration of nanoparticles into 
the product (Kayani, 2015: 3704–3709) and depends on the synthesis method. With 
high stability, migration of CuO nanoparticles into the product will be excluded, which 
guarantees the absence of toxicity of the packaging material.

CuO nanoparticles: sol–gel method (Arunkumar, 2019: 698–705), sonochemical 
method, hydrothermal method (Silva, 2019: 1–13), reverse micelles method, and 
exploding wire method.
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It is important to note that for use in real systems, nanoparticles must be stabilized to 
prevent aggregation, coagulation and sedimentation, which lead to particle enlargement 
and loss of physicochemical properties associated with the nanoscale state (Blinov, 
2021: 209–217).

To stabilize CuO nanoparticles, various surfactants can be used, such as: sodium 
dodecyl sulfate, cetyltrimethylammonium bromide, alkyloxyethyldimethylammonium 
chloride, polyvinylpyrrolidone (PVP) (Korpy, 2020: 158), monomers acrylonitrile and 
methyl methacrylate (Iqbal, 2020: 224), polyethylene glycol (PEG) (Rodríguez, 2021: 
161–181), etc. However, there is no mention in the literature of the use of pectin to 
stabilize copper oxide nanoparticles. Pectin - This heteropolysaccharide , a structural 
acid found in the primary lamina, middle lamina , and cell walls land plants . The main 
chemical component of pectin is galacturonic acid , with a long coiled-coil chain of 
repeating units and high molecular weight, and has the properties of a lyophilic colloid. 
Unlike other natural colloids (gelatin, agar-agar), pectin sols turn into a gel only in the 
presence of sugar and acid or polyvalent metals.

Gelatin - it is a food ingredient that is a mixture of linear polypeptides with different 
molecular weights. Gelatin contains up to 18 amino acids. Gelatin contains both 
negatively charged carboxyl and hydroxyl groups and positively charged amino groups. 

Based on the analysis of literature sources, it was decided to investigate a method for 
producing copper nanoparticles by reduction with ascorbic acid (Blinov, 2020: 56–70).

The purpose of this work was to develop a method for the synthesis of CuO 
nanoparticles stabilized by gelatin and pectin, to study their colloidal stability in various 
dispersion media and to study the possibility of their use in food packaging.

Materials and methods
Copper (II) chloride, 2-aqueous (Sigma-Aldrich Pty Ltd, a subsidiary of Merck 

KGaA, Darmstadt, Germany), gelatin (Sigma-Aldrich Pty Ltd, a subsidiary of Merck 
KGaA, Darmstadt, Germany), sodium hydroxide (Shandong Zhoushun International 
Trade Co., Ltd), Ascorbic Acid-L (Sigma-Aldrich Pty Ltd, a subsidiary of Merck KGaA, 
Darmstadt, Germany), pectin (Jiaxing Renze Import & Export Co., Ltd.).

Method for the synthesis of CuO nanoparticles
CuO nanoparticles stabilized by gelatin and pectin were prepared by direct chemical 

precipitation. Copper (II) chloride was used as precursors for CuO nanoparticles. Pectin 
and gelatin acted as a stabilizer, ascorbic acid was used as a reducing agent, and sodium 
hydroxide was used as a precipitant. Distilled water was used as the reaction medium.

CuO nanoparticles stabilized by gelatin and pectin were prepared by the following 
procedure: 0.03 g of precursor (copper chloride), 0.03 g of gelatin and 0.1 g of ascorbic 
acid were dissolved in 90 ml of reaction medium (distilled water), a similar procedure 
was carried out with pectin. The resulting solution was heated to boiling with constant 
stirring and an additional 0.5% NaOH solution was added to pH–10. The sample was 
stirred for 2–3 minutes, cooled to room temperature, and stirred at room temperature for 
20 minutes. As a result, a sol of copper oxide nanoparticles was obtained.

CuO nanoparticles
CuO nanoparticle samples and elemental composition data were obtained using an 

INTEGRA TERMA scanning electron microscope and integration of probe and optical 
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microscopy and spectroscopy, AFM – Raman – SNOM – TERS. The samples were dried 
for testing. The samples were prepared as follows: double-sided conductive carbon tape 
was glued to a standard tool table. Powder applied to conductive carbon tape CuO. Then 
a carbon coating about 10 nm thick was applied. pH was measured using a Testo 206 
ph1 pH meter using a combined silver chloride electrode.

Preparation and study of polylactide fi lms modifi ed with CuO nanoparticles.
To prepare packaging material modifi ed with CuO nanoparticles, we used polylactide 

fi lm, which is often used in the production of eco-bags. We took the company's regular 
polylactide fi lm ECO Products Group LLP (Astana) as a control sample.

Polylactide fi lms modifi ed with CuO nanoparticles on the quality and shelf life of 
bread was studied. 

For the experiment, we took white wheat bread produced by “Aksai Nan” (Almaty). 
The expiration date at the time of purchase was 3 days. To study the initial parameters 
of bread, on the day the experiment began, slices weighing 50 ± 0.2 g corresponding to 
the amount of experimental fi lms were cut.

Bread samples were stored in a SKTB TS-1/80 SPU thermostat at a temperature of 
30 ± 1°C for 120 ± 3 hours of the experiment. After time, microbiological analysis was 
carried out. The analysis was carried out in accordance with State standard 10444.15–
94 Food products. Methods for determining the number of mesophilic aerobic and 
facultative anaerobic microorganisms. The method for determining the number of 
mesophilic aerobic and facultative anaerobic microorganisms by sowing into agar 
nutrient media is based on sowing the product or diluting a sample of the product into 
the nutrient medium, incubating the crops, and counting all grown visible colonies.

In order to identify the migration of copper nanoparticles to products, the elemental 
composition of control and experimental samples was studied on a KVANT-Z.ETA 
atomic absorption spectrometer according to State standard 30178-96 Raw materials 
and food products. Atomic absorption method for determining toxic elements.

Results and discussion
Characteristics of CuO nanoparticles
CuO nanoparticles were obtained using copper (II) chloride. The synthesis was 

carried out in an aqueous medium. The resulting samples were studied by Raman 
spectroscopy, the spectra are shown in Figure 1.

 
Figure 1 – Raman spectra of the studied nanoparticles 

 
During the reaction, the solutions changed from colorless to yellow, and then to a dark brown color, 

as can be seen from Figure 2. The maximum optical density was demonstrated by solutions at 590–640 nm, 
results are listed in tables 1 and 2. This corresponds to the surface plasma resonance of copper nanoparticles. 
Diagram of the optical density of the resulting chemical compound, obtained from a Jenway 6705 
spectrophotometer instrument, (Jenway, England, scanning in the visible range (190–1100 nm), bandwidth 
4 nm) in Figure - 3. 

 

     

Figure 2 – Color change during the formation of copper nanoparticles 
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During the reaction, the solutions changed from colorless to yellow, and then to 
a dark brown color, as can be seen from Figure 2. The maximum optical density was 
demonstrated by solutions at 590–640 nm, results are listed in tables 1 and 2. This 
corresponds to the surface plasma resonance of copper nanoparticles. Diagram of the 
optical density of the resulting chemical compound, obtained from a Jenway 6705 
spectrophotometer instrument, (Jenway, England, scanning in the visible range (190–
1100 nm), bandwidth 4 nm) in Figure - 3.
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Figure 3 – Graph of the data obtained on the Jenway 6705 spectrophotometer

Table 1 - Optical densities when using gelatin as a stabilizer in initial solutions
CuCl 2 :ascorbic acid (1:3)

Wavelength λ, nm 580 590 600 610 620 630 640 650 670
Optical density 0.485 0.500 0.550 0.625 0.628 0.620 0.5 1 0 0.470 0.383

Table 2 - Optical densities when using pectin as a stabilizer in initial solutions
CuCl 2 : ascorbic acid (1:3)

Wavelength λ, nm 550 560 570 580 590 600 610 620 550
Optical density 0.029 0.291 0.404 0.316 0.367 0.425 0.575 0.325 0.029

Is worth noting that the optical spectra of colloidal solutions have a characteristic 
maximum of surface plasma resonance. When analyzing colloidal solutions, it was 
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found that for spherical copper nanoparticles stabilized gelatin, the position of the 
surface plasmon resonance was 580–620 nm. For copper nanoparticles stabilized by 
pectin, the position of the surface plasmon resonance was 570–610 nm.

CuO nanoparticles were studied using scanning electron microscopy. The obtained 
data are presented in Figure 4.
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Figure 4 – Photographs of copper nanoparticles, (a), (b) when using gelatin as a stabilizer and (c), (d) 
when using pectin, taken using EFM at different resolutions 

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

Отформатировано: Отступ: Первая строка:  0 см

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

Отформатировано: Отступ: Первая строка:  0 см

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

Отформатировано: Отступ: Первая строка:  0 см

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
курсив, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

а b

Figure 3 – Graph of the data obtained on the Jenway 6705 spectrophotometer 

Table 1 - Optical densities when using gelatin as a stabilizer in initial solutions 

CuCl 2 :ascorbic acid (1:3) 
Wavelength λ, nm 580 590 600 610 620 630 640 650 670 

Optical density 0.485 0.500 0.550  0.625 0.628 0.620 0.5 1 0 0.470 0.383 
 
Table 2 - Optical densities when using pectin as a stabilizer in initial solutions 

CuCl 2 : ascorbic acid (1:3) 

Wavelength λ, nm 550 560 570 580 590 600 610 620 550 
Optical density 0.029 0.291 0.404 0.316 0.367 0.425 0.575 0.325 0.029 

 
Is worth noting that the optical spectra of colloidal solutions have a characteristic maximum of surface 

plasma resonance. When analyzing colloidal solutions, it was found that for spherical copper nanoparticles 
stabilized gelatin, the position of the surface plasmon resonance was 580–620 nm. For copper nanoparticles 
stabilized by pectin, the position of the surface plasmon resonance was 570–610 nm. 

CuO nanoparticles were studied using scanning electron microscopy. The obtained data are presented 
in Figure 4. 

  
а b 

  
c d 

Figure 4 – Photographs of copper nanoparticles, (a), (b) when using gelatin as a stabilizer and (c), (d) 
when using pectin, taken using EFM at different resolutions 

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

Отформатировано: Отступ: Первая строка:  0 см

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

Отформатировано: Отступ: Первая строка:  0 см

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

Отформатировано: Отступ: Первая строка:  0 см

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, не полужирный,
курсив, Цвет шрифта: Авто

отформатировано: Шрифт: 9 пт, Цвет шрифта: Авто

c d

Figure 4 – Photographs of copper nanoparticles, (a), (b) when using gelatin as a stabilizer and (c), (d) 
when using pectin, taken using EFM at different resolutions

SEM results showed that in samples obtained in an aqueous environment, 
nanoparticles have a diameter from 6 2 to 313 nm.

Analysis of the elemental composition of the solutions showed that they contain 
the following elements Cu, O, Cl and C in all samples. X-ray spectral analysis. was 
carried out electron microprobe EDAX analyzer (Energy-Dispersive X- ray Analyzer). 
Elemental analysis spectra are shown in Figures 5, 6.
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To prepare packaging material modified with CuO nanoparticles, polylactide film 
was used, which is often used in food packaging. Nanoparticles were deposited onto the 
film by sputtering.

Next, we studied the effect of polylactide films modified with CuO nanoparticles on 
changes in microbiological purity during storage of bread (Table 3).

Table 3 - Dynamics of changes in microbiological parameters of bread samples during storage

№ Sample QMAFAnM indicator, CFU/g
Day 1 Day 2 Day 3 4 day 5 day Day 6 Day 7

1 Bread without 
packaging 1.5*102 2.5*102 3.5*102 6.5*102 9.5*10 Solid 

growth
Solid 

growth

2
Bread with control 
packaging without 
processing

1.0*102 1.5*102 2.0*102 4.2*102 8.5*102 Solid 
growth

Solid 
growth
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3
Bread with processed 
packaging (using 
gelatin as a stabilizer)

1.0*102 1.2*10 2 1.5*102 1.8*102 3.2*102 3.5*102 4.5*102

4
Bread with processed 
packaging (using pectin 
as a stabilizer)

1.0*102 1.1*102 1.2*102 2.0*102 2.5*102 3.8*102 4.5*102

According to the results presented in Table 3, it was found that films modified with 
CuO nanoparticles reduced the growth and development of QMAFAnM in experimental 
bread samples compared to the control bread sample. The data obtained show the activity 
of CuO nanoparticles stabilized by gelatin and pectin, and also coincides with the data 
of other authors (Gvozdenko, 2022: 198–209), who studied the antibacterial activity of 
CuO nanoparticles.

Conclusions
CuO nanoparticles stabilized by gelatin and pectin, the study of their colloidal 

stability in various dispersion media, and the possibility of their use in bread packaging 
has been studied.

The results showed that the use of copper chloride as a precursor allows the production 
of copper (II)oxide. According to the data, copper oxide nanoparticles stabilized by 
gelatin and pectin in an aqueous medium had a smallest particle diameter of 62 nm. A 
study of the effect of pH on colloidal stability showed that the sample in the pH range 
from 6.5 to 10.2 was stable. It was assumed that stabilization occurs due to the interaction 
of CuO nanoparticles with hydroxyl groups of gelatin and pectin. CuO nanoparticles 
stabilized by gelatin and pectin have been found to have antimicrobial activity and can 
be used as a material for food nanobags, providing increased shelf life of products, as 
shown in the example of bread. High level of stability of CuO nanoparticles stabilized 
by gelatin and pectin, will also facilitate their use in the creation of active packaging 
materials for food products.

It was found that polylactide films modified with CuO nanoparticles inhibited 
the growth and development of QMAFAnM in experimental bread samples. The 
study showed that when bread was stored in an incubator at 30 ± 1 °C for 7 days, 
CuO nanoparticles did not migrate into the film product. Copper concentrations in the 
experimental samples remained at the same level, in the amount of 0.016 μg/kg, which 
is not a toxic concentration. In general, these indicators of CuO nanoparticles confirm 
the high stability of colloidal solutions. The surface morphology was studied by electron 
microscopy. The results obtained showed that when using gelatin as a stabilizer, the 
maximum size of copper nanoparticles was 313 nm, and when using pectin, the particle 
size was 246 nm.

Thus, the experimental results show that CuO nanoparticles stabilized by gelatin and 
pectin have high potential for use in food packaging - both as an independent nanofilm 
and as part of other packaging materials.
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