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Introduction. The article presents data from a literature 
review of the modern areas of nanotechnology application in 
food industry, their properties, interaction with biopolymers in 
food products.

Results and discussion. TiO2, ZnO, and SiO2 are the 
most common nanoparticles used in the preparation of food 
products or food-related ingredients. The food additive E551 
(dioxide silica SiO2) is mainly used as an anti-caking agent to 
improve the flowability of powdered or granular products and 
thus prevents the formation of lumps. At present, nanosized 
SiO2 is one of the most common nanoadditives in various 
branches of the food industry. Scientific studies show that 
silica, due to its structural features and large surface area, has 
high adsorption properties with respect to water, proteins, exo- 
and endotoxins, and pathogenic microorganisms.

Numerous studies confirm the possibility of effective 
modification of the gum’s rheological characteristics during 
their joint use with silica as a part of functional-technological 
compositions.

It was established by an experimental method that the 
addition of SiO2 to the hydrated soy proteins and protein 
preparations containing collagen led to a densification of the 
mixture, modifying their rheological and functional properties.

Conducted scientific studies of the use of 
nanocomposites in the technology of meat-containing culinary 
semi-finished products confirm the effectiveness of the use of 
finely divided silica as a texture-forming additive.

If there are nanocomposites in the food product 
according to the European legislation, the application of the 
term “nano” should be applied to the label only if about 50% 
of the particles have a size in the range of 1-100 nm.

Conclusion. Nanoparticles directly affect the absorption 
and assimilation of nutrients due to physico-chemical 
modifications that occur during the interaction of food 
components with nanoparticles.
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Nanotechnology is the technology of directional manipulation of material objects 
having molecular sizes in the range of 1-100 nm [1]. This is one of the most promising 
technologies for improving the food industry. The range and direction of nanotechnology 
application is determined by the functionality of nanoparticles. Nanocomponents can affect 
the bioavailability and nutritional value of foods, as well as their functionality [2]. It was 
found that the biological properties (including toxicological) of nanomaterials are largely 
dependent on their physicochemical properties [3]. Nanomaterials exhibit fundamentally new 
useful properties that are absent in substances represented by continuous phases or 
macroscopic dispersion. One of the main reasons for the appearance of such properties is an 
increase in surface area, which leads to a multiple enhancement of processes due to surface 
(interphase) interactions. The result, characteristic of nanomaterials, is a significant increase 
in interactions with other materials and biological objects. [1].

The main interactions between nanoparticles and food compounds and their direction 
increase food safety, extend shelf life, improve taste and nutrient intake, make it possible to 
detect the presence of pathogenic / toxic substances, pesticides, change the functional 
properties of products according to the scheme shown in Figure 1 [4].

An analysis of recent scientific developments and publications indicates the promise of 
using finely dispersed solid nanoparticles in food products, which are characterized by 
limited selective wetting, and therefore are able to be at the phase boundary. Such emulsions 
were given the special name “Pickering emulsions”, the advantages of which are higher 
stability, the ability to create highly concentrated systems, resistance to pH changes, low cost 
and environmental friendliness [5].

It can be argued that nanoparticles directly affect the absorption and assimilation of 
nutrients due to physico-chemical modifications that occur during the interaction of food 
components with nanoparticles [6]. The properties of nanoparticles also increase their 
attractiveness in terms of improving the absorption and bioavailability of additional nutrients, 
such as vitamins and minerals. Most studies focus on the use of nanotechnology in regulating 
the basic properties of packaging and food processing. [7].

According to the List of Consumer Products Based on Nanotechnology (CPI) created 
by the Woodrow Wilson International Centre for Scientists and the Nanotechnology 
Formation Project, commercial food products or food-related ingredients that include 
nanoparticles, TiO2, ZnO and SiO2 are the most popular [8]. These nanocomponents can be 
directly used in food products as additives or in the manufacture of packaging for various 
applications [9, 10]. TiO2 nanoparticles (in the EU food industry additive with code E171) 
are used as white pigment [11], Ag nanoparticles (in the EU food industry additive with code 
E174) are used in food packaging as an antimicrobial agent, due to their antimicrobial activity 
against a wide range of microorganisms [12]. ZnO nanoparticles are used as a food additive 
or in the manufacture of packaging because of their significant antibacterial ability, especially 
against gram-positive bacteria [9, 13]. An important aspect for the use of ZnO nanoparticles 
in the food industry is that they enrich the product with Zn molecules, one of the most 
important microelements for humans [10].
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The use of organic nanoparticles in the food industry is due to their functionality, which 
is to improve the basic properties of products [14]. Organic nanocomposites mainly consist 
of a combination of organic molecules of lipids, proteins and polysaccharides. These 
nanoparticles can provide encapsulation, transportation and release of food additives or active 
ingredients in the form of micelles or liposomes, increase the solubility of certain compounds, 
stabilize flavorings and / or dyes, which prevents the degradation of the basic properties of 
the product or additive during production and storage [15].

European law No. 1169/2011 stipulated that the term “nano” should be applied to the 
product label if about 50 % of the particles have a size in the range of 1-100 nm. Today, for 
food products in the nanoforms, only calcium carbonate (E170) and vegetable carbohydrate 
(E153) are allowed. Other potential nano-ingredients based on titanium dioxide (E171), iron 
hydroxide (E172), silver (E174), gold (E175), silicon dioxide (E551), calcium silicate 
(E552), magnesium silicate (E553a) and talc (E553b) are under study [15].

Amorphous silicon dioxide (SiO2) obtained by aerosol or sol-gel methods, registered 
and approved in the EU and the USA as a food additive E551; It is mainly used as an anti- 
caking agent to improve the flowability of powdered or granular products and thus prevents 
the formation of lumps. [16, 17]. Synthetic amorphous silica is an anti-foaming agent during 
the production process, a means for lighting / purification of juices, oils, in brewing and as a 
carrier of flavouring / aromatic compounds of food products [18, 19]. SiO2 is allowed to be 
used in an amount of up to 2 wt.% as a direct additive in food products [20]. With the 
development of nanotechnology, the particle size of food additives has reached the nanoscale. 
Currently, nanosized SiO2 is one of the most common nanoparticles (NP) in various food 
industries. [21]. On its basis medical preparations are made adsorption action, carriers of 
biologically active substances, used as a thickener for liquid dispersion medium [22, 23]. 
Scientific studies show that silica, due to the structural features and large surface area (200 
... 400 m2/g), has high adsorption properties with respect to water, proteins, exo- and 
endotoxins, pathogenic microorganisms. The latter should prevent or inhibit the growth of 
bacteria in foods [23, 24]. Its properties lead to an increase in the use of anthropogenic silica 
nanoparticles in various environments of the agro-industrial and food sectors that affect 
humans and the environment [25].

In a number of experimental and theoretical studies, the interaction of polymer chains 
with colloidal particles was studied [26], however, the nature of the interactions, the 
molecular structures formed and their influence on the main characteristics differ 
significantly for nanoparticles and depending on the nature of the interaction between the 
polymer chain and the particle surface affects the properties of the material. The formation 
of deformed secondary structures in solution through the interaction between their 
components changes the size of the base “fraction” and at a sufficiently high concentration 
of particles can form a spatial network [27].

In aqueous solutions, nanoparticles and polymeric compounds interacting with each 
other can affect the properties of the products and materials for which they are intended. The 
formation of nano- and microstructures in the middle of the dispersion causes complicated 
rheological changes, which include an increase or decrease in viscosity, as well as gel 
formation. The study of the properties of biopolymers, nanocomposites and their mixtures 
with controlled optical, electrical, mechanical properties is of considerable interest for use in 
materials science, wastewater treatment and industrial separation processes, in biomedicine, 
biotechnology and food industry [27].

Previous studies of silica nanoparticles in polysaccharide solutions have established the 
formation of a gel mediated by silica nanoparticles [28]. In the work of Jordan R.M. etc. [27] 
the effect of silicon dioxide nanoparticles on the properties of two biopolymers with different
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conformations in solution was investigated, namely xanthan gum and locust bean gum 
(LBG), which are often used in food and cosmetic industries as thickeners. When mixing, 
both biopolymers interact with the formation of thermal gels, which are used in drug delivery 
systems, the formation of structures of animal products. The addition of silicon dioxide 
nanoparticles to the solutions of these hydrocolloids, as well as their mixtures, causes a 
modification of the basic structural and mechanical properties, which is manifested in a 
change in rheology, an increase in viscosity and elasticity.

Solutions of xanthan gum, a polyelectrolyte with a semi-rigid rodsimilar molecular 
structure, with using silicon dioxide in the form of a nanocomposite showed insignificant 
changes in viscosity over the entire range of shear rate changes and an increase in viscosity 
modulus with an increase the amount of silicon dioxide due to the interaction of their particles 
with each other and the formation of a larger number of bound sites polymer gel. This 
information is confirmed in our research [29].

LBG is a non-ionic compound with spiral molecules, the solutions of which are 
characterized by a decrease in viscosity with an increase in shear rate as it approaches 
Newtonian fluids. When 1 % nanocomposite is added, we observed an increase viscosity and 
relaxation time. When 10 % silicon dioxide is added, a gel-sol transition and change the 
viscosity characteristics has occurred. This is explained by both interaction with 
nanocomposites and between hydrocolloid molecules, and it is also possible for the 
polysaccharide surface not to be completely saturated with polymer nanocomposite 
molecules, which led to the formation of bridges between the molecules and particle 
aggregation [28].

In studies [30], there is information that the addition of silica leads to an increase 
viscosity characteristics aqueous solutions of guar gum by an average of 25 %, and after 
heating by 75 % compared with a sample without silica. This can be explained by the 
formation of associations of intermolecular chains due to the introduction of silica, which 
leads to the formation of complex three-dimensional networks are destroyed even at low 
shear rates, but increase the structural viscosity of aqueous solutions.

The synergy effect from the interaction of standardized solutions modified potato 
starch, "Extra" starch and milk whey, when 0,3 % fumed silica is added to them, has led to 
an increase in the effective viscosity values, which are intensified after the heat treatment of 
potato starch solutions "Extra” by 2,8 times, modified starch by 4,5 times, and whey solutions 
by 27 %, which makes it possible to standardize the characteristics of meatminced emulsions 
with various recipes composition [31].

In mixed solutions of xanthan gum and LBG in a ratio of 1: 1, when added 1 % or 10 % 
dioxide silica, the elasticity of the gel changes. When the temperature changes in the range 
of 20-85 °C, solutions using a 10 % nanocomposite under conditions of constant deformation 
were characterized by the stability of the elastic module. This indicates the ability of the 
hydrocolloid structure associated with the nanocomposite to counteract the influence of heat 
treatment, which is showed in the preservation of its basic properties [28].

This confirms the possibility of effective modification of the rheological characteristics 
of gums when their used together with silica as part of functional-technological compositions.

It was established by an experimental method that the addition of SiO2 to hydrated soy 
proteins led to compaction of the mixture, modifying their structural-mechanical and 
functional-technological properties. The pH value did not change. Based on the hypothesis 
about the ability of the food additives E551 to stabilize the protein-water system, the most 
interest is the change in the indicator of water binding capacity (WBC). The results of the 
studies, taking into account the rational WBC value, at the level of 85 % for cooked sausage 
technology, indicate that the addition of silica in an amount of 0,3 % increases the WBC
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value by an average of 3,6±0,1 %. This confirms the hypothesis that peptides and proteins 
can attach to silicon nanoparticles. The highest growth of WBC was recorded for the isolate 
and concentrate, and for the protein decrease in the maximum degree of hydration was 
observed using a nanocomposite. The values of the emulsion stability (ES) and emulsifying 
ability (EA) indicators for the isolate and concentrate indicate an increase in these indicators 
in samples with silica by 6-9 %, respectively. For protein, contrariwise, when silica is added, 
the ES and EA values decrease, and the product exfoliates. This is due to the destruction of 
the protein: fat: water system, which is associated, in our opinion, with the specific chemical 
composition of this preparation. Protein is not a pure protein preparation and includes other 
types of thickeners that have a syneresis with respect to SiO2 [31].

The introduction of a silica nanocomposite in an amount of 0,3 % to animal origin 
protein preparations containing collagen of increases the WBC value of the gel of the studied 
samples by an average of 3,2 ± 0,1 %. The results of studies WBC indicator of selected 
hydrated proteins after heat treatment indicate that the same amount of silica gives a more 
positive effect. On average, WBC indicator increases from 3 % to 8 %, which is almost 
double the average for hydrated protein without heat treatment [32].

An analysis of the results given in work [22] confirms the advisability of using the food 
additives E551 to improve the ES and EA indicator for compositions based on a mixture of 
animal and plant origin protein preparations with hydrocolloids, because we observed their 
increase by average on 3-5 % compared with prepared samples without making it. The 
advantages influence of the additive E551 on these indicators is to facilitate the formation of 
the so-called spatial structure, which is able to hold the fat globules in its structure.

The material [33] studied the change effective viscosity of minced meat for low-calorie 
minced meat semi-finished products using a texturizing silica additive in the form of a 
nanocomposite. The obtained data indicate that, when SiO2 was added to the model minced 
meats, the effective viscosity increased by an average of 16,5 %. The combination of bamboo 
fiber with silica enhances the effectiveness of fiber for thickening minced meat in the range 
of 3-5 %. Through the influence that silica exerts on meat raw materials, the increase in 
viscosity was about 17 %, which indicates a significant effect of the nanocomposite on the 
structure formation of minced systems by interaction with meat proteins.

Conducted scientific studies [1] confirm the effectiveness of the use of highly dispersed 
silica as a texture-forming additive in the technology of meat-containing culinary semi
finished products. Adding it in the amount of 0,3 % significantly improved the effective 
viscosity, ductility, water-binding capacity of structured products, resulting in increased 
product yield and reduced cost. Silica stabilized carotene-containing protein-fat emulsions 
and contributed to a better combination of plant and meat components. The developed 
products had excellent organoleptic characteristics and high consumer value, since they were 
characterized by a balanced chemical composition, high content of dietary fiber and carotene.

For our research we used nanocomposites (Amorphous dioxide silica (Aerosil) E551) 
with a specific surface area S=232 m2/g and a corresponding average radius primary 
nanoparticles of 5,88 nm and bulk p0«22 г /cm 3 [34, 35]. In appearance -  it is a crumbly 
bluish-white powder or crumbly granules without taste and smell.

According to hygiene standards, amorphous dioxide silica is allowed as a food additive 
that prevents caking and clumping in spices and products tightly wrapped with foil, in an 
amount up to 30 g/kg; in dry powdered products, including sugar, in cheeses, sliced or grated, 
and analogues of cheeses, in salt and salt substitutes in an amount of up to 10 g/kg; in products 
in the form of tablets, in biologically active food additives, in sugar confectionery, except 
chocolate.

----Ukrainian Journal o f Food Science. 2019. Volume 7. Issue 2 ---- 303



Food Technology

Most often, food emulsifier E551 silicon dioxide is used as a part of the following food 
groups:
-  Spices, seasonings, various ready-to-eat and dried spices;
-  Powdered food products such as sugar, salt or flour;
-  Dairy products, usually cheeses;
-  Sweets and confectionery products;
-  Various types of snacks, usually chips, nuts, as well as crackers and most other beer 

snacks;
-  Alcohol products.

Conclusion

These results show that an understanding the effect of polymeric materials in the form 
of nanoparticles on the properties of compounds used in the food industry is a prerequisite 
for ensuring the forecasting and regulation of basic properties and parameters. A more 
complete understanding the nature of nanostructures in food products will provide greater 
opportunities for the rational selection, modification and recycling of raw materials. Thus, 
the use of nanotechnology should contribute to further improving the quality and safety of 
food products.
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Abstracts

Деякі аспекти використання нанотехнологій у харчовій промисловості

Оксана Фурсік, Ігор Страшинський, Василь Пасічний, Андрій Маринін
Національний університет харчових технологій, м. Київ, Україна

Вступ. Наведено дані літературного огляду сучасних напрямків застосування 
нанотехнологій у промисловості, описано їхні властивості та особливості взаємодії з 
біополімерами в складі харчових продуктів.

Результати і обговорення. TiO2, ZnO і SiO2 є найбільш поширеними 
наночастинками, які використовуються при отриманні продуктів харчування або 
інгредієнтів, пов'язаних з харчовими продуктами.

Харчова добавка E551 (діоксид кремнію SiO2) в основному використовується як 
антизлежувач для покращення сипучості порошкоподібних або гранульованих 
продукті і таким чином запобігає утворенню грудок. Нині нанорозмірний SiO2 є 
однією з найпоширеніших нанодобавок у різних галузях харчової промисловості. 
Наукові дослідження показують, що кремнезем, завдяки особливостям будови та 
великій площі поверхні, володіє високими адсорбційними властивостями, якщо 
порівняти з водою, білками, екзо- і ендотоксинами, патогенними мікроорганізмами.

Численні дослідження підтверджують можливість ефективної модифікації 
реологічних характеристик камедей під час їх спільного використання з кремнеземом 
у складі функціонально-технологічних композицій.

Експериментальним методом встановлено, що внесення SiO2 у гідратовані соєві 
білки та колагеновмісні білкові препарати призводило до ущільнення консистенції, 
модифікуючи реологічні і функціональні властивості.

Проведені наукові дослідження використання нанокомпозиту в технології 
м'ясомістких кулінарних напівфабрикатів підтверджують ефективність використання 
високодисперсного кремнезему як текстуроформуючої добавки.

Згідно з європейським законодавством, при наявності в складі харчового 
продукту нанокомпозитів нанесення на етикетку терміна «нано» здійснюється лише 
тоді, коли близько 50% частинок мають розмір у діапазоні 1-100 нм.

Висновки. Наночастинки безпосередньо впливають на поглинання і засвоєння 
поживних речовин за рахунок фізико-хімічних модифікацій, які відбуваються при 
взаємодії харчових компонентів з наночастинками.

Ключові слова: нанотехнології, діоксид кремнію, харчовий продукт, камедь, 
м ’ясо, синергізм.

Раціональні параметри миття тонкорунної вовни

Tетяна Романовська, Микола Осейко, 
Світлан Бажай-Жежерун, Олена Ярмоліцька

Національний університет харчових технологій, Київ, Україна

Вступ. Комбінування поверхнево-активних речовин (ПАР) Sles 70 з апротонним 
органічним розчинником диметилсульфоксидом (ДМСО) дає змогу створити 
нейтральний мийний засіб, що потребує дотримання раціональних режимів миття 
вовни. Тож мета дослідження полягала у виявленні раціональних параметрів миття 
тонкорунної вовни.
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