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Abstract

It is proposedtheinfluence mechanismof the nanoparticles (NP) of a polyfunctional
“Magnetofood”food additive with the functional groups of the complex proteins
of rye-wheat flour.

The nanoparticles of “Magnetofood” food additiveinteract with the compound
proteins at the expense of the coordination links. Under the influence of the NP of
“Magnetofood” additive in the structure of compound proteins there are the
structural changes: there are the formation of “cluster” type and the electrostatic
complexes of biopolymer with the NP “Magnetofood”. The NP of*“Magnetofood”
food additive affects the association H2O of lipo- and glucoproteides of the rye -
wheat dough. Due to this, the processes of hydration and water content are
intensified. This leads to the consumer characteristics improvement of the bakery
products.
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Introduction

Bakery products must comply with the quality standards and sanitary standards.
Today, the most difficult thing is to find the required quality flour with the help of
which it would be possible to slightly improve flour with not very good baking
properties.

As a result, bread-making enterprises must use improvers to enhance the quality
of flour and correct its deficiencies. Therefore, bread-making industry more often
replaces traditional raw materials with cheaper technological powdered raw materials
and nutritional supplements, which could increase the nutritional value, enrich a food
product with functional ingredients and reduce caloric content.

Dough is a complex hydrophilic colloidal system, composed of the gluten frame,
which is filled and surrounded by weakly swollen starch and lipids, sugars and minerals
dissolved in it. It was established that lipids, carbohydrates and mineral elements reside
in gluten in the chemically bound state — both in the form of adsorption complexes and
partially in the form of compounds (glucolipids, lipo- and glucoproteids). At the same
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time, starch and shell particles are kept mechanically [1-4].NP of «Magnetofood» food
supplement has high-power energy and chemical potential, and bio-relation to
biopolymers, namely, proteins, carbohydrates. Therefore, they bear new functional and
technological properties, for example, MRA [5-10].

In order to stabilize the structure of the protein carbohydrate frame and
supramolecular solvate associates of the protein-carbohydrate complex of flour, we
propose applying the multifunctional food supplement «Magnetofood».
«Magnetofood» is an ultra-fine ferrous oxide powder of FeO-Fe203 with a particle
size of ~80 nm.

Materials and methods

We studied the effect of NP of the polyfunctional food additive «Magnetofood»
on the technological properties, namely moisture-retaining ability of rye-wheat dough.
The object of our study is the technology of the ryewheat bread.The food additive
«Magnetofood» was introduced in the form of powder when preparing the test flour
samples in the amount of 0.10-0.20 % to the mass of flour [TU U 10.8-2023017824-
001:2018].Technology and equipment of food production 65 Under the influence of
NP of the food additive «Magnetofood», the structural changes occur in a glucoproteid
structure, which are shown in Fig. 1.

Fig. 2 shows formation of solvatocomplexes in the «clusters» of a link of the
glucoproteid chain.

An analysis of data in Fig. 2 shows that NP of «Magnetofood» are the active
hydrophilic centers along with the ionogenic groups of disaccharide and protein. NP
«Magnetofood» activate the formation of solvatoassociates. The content of lipids in
wheat flour is (1,5-2,0) %. In flour, lipids are both in the free state and in the form of
complexes with proteins (lipoproteids) and carbohydrates (glycolipids). The carboxyl
or oxogroups of fats are more polarized and reactive than the alcohol groups of
cellulose and hemicellulose. Therefore, under the influence of NP «Magnetofood»,
lipoproteids and glycolipids undergo structural changes and, when hydrated, can form
more stable structures. Fig. 3 shows the process of self-organization of NP from the
food additive «Magnetofood» into an electrostatic complex with a lipoproteid
stabilized by the electrostatic interaction between atoms and groups.

It follows from data in Fig. 3 that NP of Magnetofood form internal molecular
complexes at the expense of coordination bonds with the atoms of nitrogen and oxygen
from the remnants of glutamine, proline and 1-linoleyl-2- oleoylglycerol. In addition,
there are partial formation of the «clusters» type that make up 30 % of the structured
matrix.
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Fig. 1. Self-organization of NP of the food additive «Magnetofood» into the
electrostatic complex with a link of glucoproteid chain
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Fig. 2 Solvatocomplexes in the «clusters» of the glucoproteid chain link
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Fig. 4 shows the formation of solvatocomplexes in the «clusters» of the
lipoproteid chain link.
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Fig. 3. Formation of the electrostatic complex of NP from the food additive
«Magnetofood» with the lipoproteid chain link

An analysis of Fig. 4 shows that due to the presence of the polarized NP of
«Magnetofood» and «clusters», as well as the system of hydrogen bonds between water
dipoles, the accumulation of water is observed around NP of «Magnetofood» and in
the «clusters» of the lipoproteid chain, which contributes to an increase in MRA of rye-
wheat dough.

33



Resource and Energy Saving Technologies of Production and Packing of Food Products as the
Main Fundamentals of Their Competitiveness: Proceedings of the 7th International Specialized
Scientific and Practical Conference, September 13, 2018. Kyiv, Ukraine

Solvatocomplex NP "Magnetofood" in the "cluster" chain link Lipoprotein

Fig. 4. Solvatocomplexes in the «clusters» of the lipoproteid chain link

Conclusions

1. The mechanism of interaction between nanoparticles (NP) of the food additive
«Magnetofood» and functional groups of complex proteins of rye-wheat flour was
established. NP from the food additive «Magnetofood» mostly interact with the
complex proteins at the expense of coordination links. Under the influence of NP from
the additive «Magnetofood», the structure of complex proteins undergoes structural
changes: the emergence of formations of the «cluster» type, as well as the electrostatic
complexes of biopolymer with NP of «Magnetofood».

2. The mechanism of influence of NP from the food additive «Magnetofood» on
the binding of H,O by the lipo- and glucoproteids of rye-wheat dough was established.
NP from «Magnetofood» modify lipo- and glucoproteids, alter the spatial structure,
contributing to the strengthening of hydration and water retention processes. The
jonized NP of «Magnetofood» activate the formation of solvatoassociates. The
«clusters» of complex proteins contain free water and there emerge the aqua-associates
(H20 is retained by means of hydrogen bonds).

3. The mechanism of interaction between the «Magnetofood» nanoparticles and
complex proteins and H,O molecules in rye-wheat dough system is proposed. Owing
to the presence of the polarized NP of «Magnetofood» and «clusters», as well as the
system of hydrogen bonds between the H,O dipoles, the accumulation of water is
observed around NP of «Magnetofood» and in the «clusters» of chains of lipoand
glucoproteids, which promotes the increased MRA of rye-wheat dough. The «clusters»
may retain inter-micellar and intra-micellar water, which is bound by the hydrogen,
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dipole-ion, and dipole-dipole bonds to the polarized NP of «Magnetofood» and
hydrophilic groups of gluco- and lipoproteids. And, finally, water dipoles may simply
participate in hydrogen bonds, without breaking their strength. In addition, lateral
branches that appear in the polymeric macrostructure contribute to the extension of
main chains, without disrupting their «cross-linking». That facilitates the interaction
between macromolecules of complex proteins and dipoles of H,O and improves the
hydration of lipo- and glucoproteids of rye-wheat flour.

Thus, when enriching rye-wheat flour with the food additive «Magnetofood,» its
water-absorbing capacity and moisture-retaining ability both increase.
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