| =,

Busueno xomnaexchuii 6naue npo-
uecie HepepmenmamueHozo Kamasi-
3y — KpioMexanonizy i 3amMopoiCcyeam-
HA CuMyzoeux cupie npu nid20mosui 00
niaeNents, AUl npu3eo0ums 00 kpiode-
CMPYKYil 6ANCKOPOIHUHHUX napaxasei-
Hamxanvyiupochamnuii. nanoxomniex-
cig 6 po3uunny popmy. Yemanoeneno, wo
8id0ysaemovcs ix Kpiodecmpyxuis i mpan-
cpopmauis 6 nanodopmy (na 55...60 %).
Pospooneno mexnonozito 0300posuux
niaeaeHux cupnux eupooie. Pozxpumo
MexXaniamu npouecié 3amopoxrcy8anHns
ma Hepepmenmamuenozo kamanizy

Kmouosi caoea: nedpepmenmamus-
HUll KAManiz, Mexanouis, 3amopoicyeam-
Hs, HU3bKOMeMnepamypHe noopioHenns,
meepouil cunyzo6uil cup, HAHOKOMNJLEK -
cu, naaesaeni cupi 6upoou

=, 0

H3yueno xomnaexcnoe eausnue npo-
yeccos HepepmeHmamueénozo Kamanu-
3a — KpUOMEXaHoiu3a u 3amoparcuéa-
HUSL COIMYIHCHBIX CHIPO8 NPU N0020Mo6-
Ke K niaejienuto, Komopoe npueooum x
decmpyxuyuu mpyoHOpacmeopumvix na-
paxazeunamranvyuiipocpamuvix namno-
KOMNIEKCO08 6 pacmeopumyro @opmy.
Yemanoeneno, umo npoucxooum ux xpuo-
decmpyxyus u mpanchopmauus 6 HaHo-
dopmy (na55...60 %). Paspabomana na-
HOMEXHO102UsL 0300POBUMENLHBIX NIAG-
JleHbIX ColpHbIX uzdenuii. Packpoimot me-
XAHU3MbBL NPOUECCO8 3AMOPAIHCUBAHUS U
Hepepmenmamuenozo Kamanuza

Kanrouesvie cnosa: nedpepmenmamue-
Holll Kamanu3, MexXaHoau3, 3amoparcusa-
Hue, HU3KOmMemnepamypHoe uzmenvue-
Hue, meepovlil ColuyHCHBLIL Cblp, HAHOKOM-
NJIeKCbl, NIAGIEHbIE CoIPHBLE U30ETUS.

0 0

1. Introduction

A global problem in the international practice in many
countries of the world today is the imbalance in the food di-
ets. There is a shortage of milk, fish, meat, fruits and berries,
that is, the basic food products that affect health and immu-
nity of the population. The need for vitamins, proteins, min-
eral substances, carotene and other biologically active sub-
stances in the food diet is satisfied by 50 % [1-3]. According
to statistical data, almost 50 % of the Earth’s population is
starving [1, 3]. The problem of imbalance and deficit is com-
plicated by the deterioration in ecological situation on the
entire Earth, which in turn leads to additional reduction in
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the immunity of population and the necessity for an increase
in basic products and the amount of BAS in the food diet.
In addition, today in the world there is another import-
ant global problem, which leads to the deterioration of health
of the population, which is worth paying attention to. It is
linked to the decrease in quality of food products and the
use of synthetic components in their production. An analysis
of data of the periodic literature revealed that over the last
10-15 years, in international practice, to significantly re-
duce the cost of production and to increase their own profits,
most of the enterprises in food industry have widely used
various types of artificially created food additives (colorings,
taste intensifiers, sweeteners, thickeners, preservatives, etc.)




[1, 3]. There is also another way to reduce the deficit of food,
which is currently applied in international markets. It is the
design and use of artificially produced food products in the
food diet, the range of which is growing rapidly every year.
At present, there are synthetic analogues of milk, meat, flour,
cereals, vegetables and other food products, which are no
different from the natural ones in physical appearance and
taste [1, 2]. Their application allows obtaining a wide range
of, at first glance, traditional products, in the production
of which one can apply non-standard, or in smaller amount
of raw materials of vegetable, animal origin or their substi-
tutes. Over the last 10—15 years another method has become
widely spread. There appeared so-called powder industry;
at present, producing meat, dairy, bread and bakery, confec-
tionery products, juices, beverages and other foods is already
impossible to imagine without the use of food additives, mix-
tures and substitutes. By the calculations of scientists from
the USA, annual consumption of different food additives by
the country’s population is on average about 2,5 kg [1, 2].

The disadvantages of the use of man-made products and
the products obtained with the use of artificial additives
are low digestibility, and the negative impact on the health
of people. It was found that daily consumption of finished
products of industrial production, obtained with the use
of certain kinds of food additives or artificial ingredients
may cause allergy [1, 2]. However, the powder industry and
production of the artificially created products at the ex-
pense of low cost of such products is getting more and more
spread in the world. Working engineers, practical workers
and researchers are working at the development of new and
the improvement of traditional technologies of production
with the use of food additives and artificial components of
working engineers — practice and researchers. In different
countries there are certain segments of the population who
prefer such artificially created products because their prices
are significantly lower than the cost of natural products.

In the food industry of the most developed countries
such as Japan, the United States, England, Germany, France
and others, in parallel with the production of cheap products
manufactured in this way, the direction of producing healthy
products appeared. They differ from the traditional ones by
the content of natural BAS that promote immunity [3-5].

One of the ways of development of technologies of these
products is the search for innovative technological methods
that make it possible to completely exclude the need for the
use of food additives and synthetic components in their pro-
duction and to obtain high quality products.

The healthy products include combined dairy-vegeta-
ble products, including processed cheeses, enriched with
natural herbal supplements. The traditional technologies of
producing processed cheeses include the need for the use of
food additives — melting salts in the process of preparing the
ground mass of rennet cheese for melting. In this regard, it
is urgent to find the technological methods that will make
it possible to completely exclude the need for application of
melting salts in the technology of getting processed cheeses
with the use of solid rennet cheeses as main raw material.

It is known that processed cheeses are very popular with
the population of all countries of the world. This is due to
their high taste properties, nutritional value and simple pro-
duction technology. For the human organism they are a valu-
able source of important functional nutrients, fully fledged
proteins, essential amino acids, lipids, mineral substances,
vitamins and others [3, 5, 6, 9]. However, they are charac-

terized by the low content of biologically active substances
and reduced terms of shelf life. In Ukraine, the range of pro-
cessed cheeses which are high in BAS is limited. Difficulties
in making them with the use of rennet cheeses as raw mate-
rials are related to the fact that their composition includes
complicated low solubility lipidproteincalciumphosphate
complexes (LPCPC). In them, lipids and polypeptide chains
are intertwined, stitched together using calcium bridges,
disulphide and phosphoramide bonds, hydrogen bonds, and
intermolecular interactions. It prevents their peptization
and solving in the process of melting cheeses and getting a
homogeneous fluid mass [3, 6, 7]. So, one of the main tech-
nological operations in the technology of processed cheeses
is softening of cheeses and getting a homogeneous fluid mass
in the course of heating in presence of melting salts. In this
case, peptization and pasteurization of LPCPC take place
simultaneously. In this case, peetization and pasteurization
are going simultaneously. Traditionally, in the manufacture
of processed cheeses for increasing the peptization of LP-
CPC, softening and giving the cheese mass fluidity, different
melting salts are used, such as salts of citric acid, pyrophos-
phates, phosphates and the other in the quantity from 30 to
100 kg per 1 t of product, which are harmful substances for
human organism [5-8].

In this regard, it is relevant to search for technological
methods that would significantly reduce the amount of melt-
ing salts in the manufacture of processed cheeses [5, 10].
Scientific research, which is reflected in this article is
aimed at finding these technological methods. The authors
proposed as an innovation to use the integrated influence
on the raw materials (solid rennet cheeses) of freezing and
finely dispersed grinding. The latter are accompanied by
processes of disaggregation, cryodestruction, mechanoacti-
vation, cryomechanochemistry, and destruction of low-sol-
ubilitylipid-protein nanocomplexes and nanoassociates and
polypeptide chains. It is necessary for peptization — increas-
ing their dissolution, obtaining fluid cheese mass with gel
texture. The use of these technological methods is aimed at
the reduction or exclusion of melting salts in the course of
obtaining processed cheese products with the use of rennet
cheeses as the main component.

2. Literature review and problem statement

By cryomechanodestruction the authors of the work
imply the new technological method, which includes the in-
fluence on the raw material of freezing and finely dispersed
grinding which leads to disaggregation, destruction, cryo-
destruction of nanocomplexes and nanoassociates of diffi-
cult-to-solve substances that are found in them. The result
is a more complete extraction of these valuable components
form raw materials. The specified technological method, ac-
cording to the authors, is an alternative to the fermentative
processing of food raw materials. It should be noted, that the
use of processes of mechanic destruction and cryomechan-
odestruction has already found its implementation in such
industries as chemical, metallurgical, textile, aviation, etc.
in such countries as Japan, Russia, Kazakhstan and others
[3, 13]. Thus, for example, the use of processes of cryo- and
mechanochemistry allowed developing technologies of pow-
der metallurgy, technologies of plastics, which do not have
scratches, technologies of textile products with water and
dirt resistant properties, and others. In food industry, both



in Ukraine and in international practice these processes
have almost not been studied [13—16].

At present, in the world in various industries there is
literally a “boom” of creation of nanotechnologies, includ-
ing food industry. It is explained by the fact that there
appeared a possibility of the focused obtaining of dispersed
systems with particles in the nano-range (1..100 nm) and
of controlling their structure and fractional composition,
which gives the opportunity to conduct research and de-
velopment at the molecular, nuclear, and micromolecular
level. This allows getting the materials, systems, structures,
etc. with fundamentally new properties. This is connected
with the fact that new properties are obtained in the range
of nano-dimensional particles of different materials, which
are not typical for a large sample. The evident example is
gelatin, which is dissolved after swelling in hot water after
a few hours, while finely dispersed ground gelatin (in na-
no-meter range) is dissolved in cold water (at a temperature
of +18..+20°C) within a minute. Similar examples are
numerous. The essence of the processes that occur in the
nano — dimensional form is impossible to describe using the
patterns which are known to modern science. Here, there is
a necessity of in-depth fundamental research.

Authors have been examining for 30 years the applica-
tion in food industry of cryogenic grinding and processes
of mechanic activation, cryomechanodestruction (without
using cold) and freezing. In particular, the authors obtained
finely dispersed nanopowders and homogeneous pastes from
fruit, berries, vegetables, medicinal and spicy-aromatic vege-
table raw materials, and products of beekeeping [17, 18]. For
the first time in the world practice in processing of various
raw materials, the new phenomena and effects were revealed
and their mechanisms were disclosed. It was shown that the
processes of cryomechanodestruction, mechanic activation,
freezing and cryomechanochemistry lead to substantial de-
struction and disaggregation of biological nanocomplexes —
biopolymer-BAS and the release of BAS from the hidden and
inactive forms [19]. We also revealed the cryodestruction of
biopolymers (proteins, polysaccharides, cellulose, and pectin
substances), their destruction to the individual monomers,
leading to the effect of “enrichment”, more complete ex-
traction from raw materials, and better assimilation by the
human organism [3, 17].

An analysis of periodical literature over the past
10 years showed that scientists had discovered a significant
impact of cryogenic grinding of gelatin which led to a sub-
stantial change in its original properties and dissolution
at room temperature [17]. It was also found that the use of
the processes of finely dispersed mechanical grinding in ob-
taining polymer plastic, latex, etc. led to a decrease in their
molecular weight, the appearance of new functional groups
and links, and to a change in their solubility [3, 13]. In this
regard, it could be assumed that the use of the processes
of freezing and cryomechanodestruction would lead to
destruction, disaggregation, mechanolysis and peptization
of complicated complex of LPCPC of solid rennet cheeses.
This will help their better melting with reduced amounts of
melting salts or without them. In the dairy industry, there
is a continuous search for technological methods aimed at
reducing the amount of melting salts in the production of
processed cheese. Leading scientists of Ukraine and Russia
managed to decrease them only by 20 % [3, 5, 10-12].

Thus, the analysis of the literature showed that the works
considering processed cheeses are mainly dedicated to their

enrichment with various food supplements [17-19]. But the
range of processed cheese products, which today exists in the
market and food additives that are used in their manufacture
are characterized by the low content of BAS [5].

In this regard, it is relevant to study the impact of meth-
ods of deep processing, such as freezing and finely dispersed
grinding in the preparation of rennet cheeses for melting.
The aim is to get processed cheese products of high quality
without the use of melting salts. In particular, the studies
of the influence of the integrated action of freezing and
finely dispersed grinding on cryodestruction of lipid-protein
nanocomplexes and nanoassociates present the interest for
researching. It is expedient to study protein destruction,
transformation of bound o-amino acids into a free form,
conformational changes of protein molecules, etc. It is urgent
to develop nanotechnologies of processed cheese products
without the use of melting salts and their enrichment with
various vegetable biologically active substances, which have
an immunomodulatory, detoxicating and antioxidation in-
fluence.

The obtained semi-finished processed cheeses for healthy
eating that were received without melting salts, were used by
the authors in manufacturing cheese fillings for “PanCakes”,
croissants, snacks, sauces, dressing sauces, dipping sauces,
original snacks — falafels, etc.

3. The aim and tasks of the studies

The purpose of the work is the study of the impact of such
processes as freezing, mechanic activation and non-fermen-
tative catalysis on the destruction of low-soluble lipid-pro-
tein nanocomplexes of solid rennet cheeses without melting
in developing the nanotechnology of healthy processed
cheese products.

To accomplish the set goal, it was necessary to solve the
following tasks:

— to explore the patterns and mechanisms of the influ-
ence of freezing and non-fermentative catalysis — mechanoly-
sis on more complete extraction of hidden protein forms from
low-solubilitylipid-protein nanocomplexes of hard rennet
cheeses;

— to study the integrative influence on raw materials of
non-fermentative catalysis and freezing on mechanolysis (de-
struction) of protein and conformational changes of protein
molecules of solid rennet cheese;

—to develop nanotechnologies of healthy processed
cheese products without melting salts based on solid rennet
cheeses with the use of the processes of freezing, non-fermen-
tative catalysis and natural vegetable enriching additives as
innovation;

— to study the chemical composition of the new cheese
products — fillings for confectionery products “PanCakes”
obtained by this technology and to compare their quality
with the analogues and original raw materials.

4. Materials and methods of studying

4. 1. Materials and equipment used in the experimen-
tal research

The study was carried out with the use of solid rennet
cheese nanopowders from natural spices (black pepper,
sweet pepper peas, coriander), spicy (ginger, garlic) and



carotenoid (carrots, peppers) vegetables (Fig. 1). In addi-  healthy processed cheese products in the form of fillings for
tion, the authors studied the processed cheese mass after  confectionery “PanCake”, obtained by nanotechnology and
cryoprocessing (or cheesy semi-finished products) and new  cheese snacks — falafels (Fig. 2).

m n o P

Fig. 1. Objects of research: a, b — samples of solid rennet cheese “Rosiisky”; ¢ —p — nanopowders, spices, spicy and
carotenoid vegetables (¢ — sweet pepper; d — nanopowder from sweet pepper; e — black pepper peas; f— nanopowder from
black pepper peas; g — coriander; A — nanopowder from coriander; / — ginger; j— nanopowder from ginger; k — garlic;
/— nanopowder form garlic; m — nanopowder from carrot; n — carrot; o — nanopowder from paprika; p — paprika)

d e f g

Fig. 2. Products from processed cheese: a — confectionery products “Pancake” with new cheese filling, developed by
the authors; b, ¢ — paste — like processed cream (semi-finished products for fillings, falafels, dressing sauces,
dipping sauces, etc.); d—g — cheese snacks falafels (d —"Assorted”; e —"Emerald”; f—"Piquant”; g — "Exotic”)



One can get acquainted with the procedure of samples
preparation in more detail in paper [20].

4. 2. Methods for determining indices of the studied
samples

The following indices were used as criteria for assessing
the quality of rennet cheeses (original and ground): protein
(total nitrogen), free and bound amino acids, hydrophilic
and hydrophobic residues of amino acids, fat, dry substances,
humidity, organic acids, and minerals. In more detail these
procedures are described in the article [21]. You can get
acquainted with the procedure of defining the indices of the
studied samples in work [20].

One can get acquainted with the method of determi-
nation of the indices of the studied samples in more de-
tail in [20].

5. Studies on the development of technology of healthy
processed cheese products without melting salts

In the course of developing nanotechnologies of
healthy cheese products with the use of freezing and
non-fermentative catalysis — cryomechanolysis and solid
rennet cheeses, the most important task is to maximally
reduce the amount of melting salts in the preparation of
solid rennet cheeses (SRC) for melting, and to destroy
low-soluble lipid-protein nanocomplexes and nanoasso-
ciates, to extract protein from the bound state, to carry
out peptization and the melting process with a minimum
amount of melting salts or without them. It appears
possible when using low-temperature finely dispersed
grounding and freezing, accompanied by processes of
cryodestruction and non-fermentative catalysis.

The obtained healthy processed cheese products compared
with traditional products do not contain melting salts, harm-
ful to a human organism, because they can cause renal diseas-
es, diseases of bile system, joints, allergies, etc. The obtained
nano semi-finished products (or bases) from rennet cheeses in
the form of a homogeneous elastic mass are more technologi-
cal, compared with the traditional ones. They are better dis-
solved, dispersed in water and in the fat and vegetable disperse
systems and form a homogenous stable gel structure.

Various samples of solid rennet cheese “Rosiisky” were
used as a base in manufacturing processed cheese products.
It was shown that hard rennet cheese, as it should have been
expected, contains a significant amount of protein and fat
(29,6+1,5 % and 28,8%1,2 % respectively in the ratio of 1:1)
and is characterized by the high content of mineral sub-
stances (4 %).

It was shown, that proteins of rennet cheese were pre-
sented by bound and free amino acids (Table 2). So, the
total number of a-amino acids in rennet cheese is — 29,7 g in
100 g, in which free amino acids make up 25...26 % of the to-
tal number of a-amino acids (respectively 6,2 g in 100 g and
23,4 g in 100 g), bound amino acids — 74...75 %. It is shown
that hard rennet cheese contains all essential a-amino acids
(lysine, tryptophan, threonine, valine, methyonine, isoleu-
cine, leucine, phenylalanine), which according to the scale of
the FAO/WHO are in a balanced state.

It was determined that in processing hard rennet chees-
es before melting process with the use of freezing and fine
dispersed crushing, there is a destruction of low-soluble
lipid-protein nanocomplexes and nanoassociates and the
release (extraction) of protein from the bound, hidden, and
inactive status with lipids and mineral substances to the free
state by 33,3...35,0 % more than in the original raw material
(Table 1, Fig. 3).

Table 1

Influence of cryomechanolysis and freezing of solid rennet cheese on the content of a-amino acids in free and bound state

Bound amino acids of solid rennet cheese Free amino acids of solid rennet cheese
Name of amino |  in original After Ipech- o . in original | After mechanoly- o increase to
acids cheese, mg in ?HOIXSIS and A 0 f inerease to cheese, mgin | sis and freezing, A .Of original,
100 g reezing, mg original | original, times 100 g mgin 100 g original times
in100g

Valine 450 1080 240,0 2,4 340 960 282,3 2,8
Isoleucine 920 2100 228,0 2,3 650 1250 192,0 1,9
Leucine 2300 2550 111,0 1,1 130 250 192,0 2,0
Lysine 1240 3140 253,2 2,5 360 550 153,0 1,5
Methionine 1040 1120 108,0 11 400 600 150,0 1,5
Threonine 710 1240 175,0 1,7 120 240 200,0 2,0
Tryptophan 700 700 100,0 1,0 400 400 100,0 1,0
Phenylalanine 1070 1480 138,0 1,4 230 640 278,0 2,8
Arginine 1910 1300 67,9 - 430 870 202,0 2,0
Asparatic acid 1330 2310 174,0 1,7 200 490 245,0 2,5
Histidine 1010 1240 123,0 1,2 80 150 188,0 1,9
Glycine 410 560 137,0 1,4 70 140 200,0 2,0
Glutamic acid 4410 4700 107,0 11 1620 1790 110,0 1,1
Proline 1720 2760 160,0 1,6 60 150 250,0 2,5
Serine 1100 1840 167,0 1,7 310 370 119,0 1,2
Tyrosine 2210 1630 73,7 - 240 340 142,0 1,4
Cysteine 300 300 100,0 1,0 540 420 - -
Alanine 580 1200 207,0 2,1 90 260 289,0 2,9
Total 23410 31250 33,5 1,33 6270 9870 57,4 1,57




Thus, for example in the original rennet cheese there
are 23,4 g of bound amino acids, and in frozen and finely
dispersed ground — 31,3 g in 100 g. The mechanism of
this process, which is connected with the cryomechanoc-
racking, mechanic destruction of the bonds between lipids
and proteins was established. This process of destruction
of nanocomplexes and nanoassociates of biopolymers is
connected with non-fermantative catalysis (destruction),
cryodestruction and cryomechanolysis. This indicates that
protein is freed from the state, bound with nanocomplexes,
to free state. According to Authors, nanocomplexes and
nanoassociates are complex difficultl to solve lipidoprotein-
calciumphosphate complexes (LPCPC). In these, lipids and
polypeptide chains are intertwined, stitched together using
calcium bridges, disulphide and phosphoramid bonds, hydro-
gen bonds, and intermolecular interactions. This prevents
their peptization and dissolution in the process of melting
cheese and getting a homogeneous fluid mass [3, 6, 7]. Thus,
one of the main technological operations in the technology
of processed cheeses is softening of cheeses and getting a
homogeneous fluid mass in the course of heating in presence
of melting salts. In this case, peptization and pasteurization
take place simultaneously.
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Fig. 3. Influence of freezing and non-fermentative
catalysis — cryomechanolysis on destruction of
lipidoparacaseinatcalciumphosphate nanocomplexes and
nanoassociates and release of protein from bound state
with lipids to free state (by the number of bound a-amino
acids in protein molecules) in original rennet cheese (1 — [l
compared with frozen and finely dispersed ground (2 — [l

It was also found that in the course of the specified pro-
cessing of rennet cheeses there is non-fermentative cryoca-
talysis (destruction) of proteins to monomers of free a-amino
acids by 55-60 % (Table 1, Fig. 4). It was found that in the
process of cryomechanolysis and freezing, a part of a-amino
acids from the bound state is transformed in a free form. So,
the mass fraction of free a-amino acids in the frozen finely
dispersed ground pasty cheeses increased by 1,1...2,9 times
(up to their quantity in the original solid rennet cheese to
low temperature grinding).

It was shown that the largest increase in the mass frac-
tion of amino acids is by 2.8...2.9 times and it is observed
for such a-amino acids as alanine, valine, and phenylal-
anine. For proline and aspartic acid, the mass fraction
increases by 2,5 times, for threonine, glycine, isoleucine,
leucine, histidine and arginine the mass fraction increases by

1,9..2,0 times. The lowest increase in mass fraction of free
a-amino acids is observed for glutamate acid, tryptophan,
serine and cysteine.
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Fig. 4. Influence of freezing and non-fermentative
catalysis — cryomechanolysis on cryodestruction —
destruction of protein of rennet cheeses (1 — [l to

individual monomers (a-amino acids) and their transformation
to free form while preparing them to melting, peptization and
pasteurization and manufacturing cheese products without
melting salts (2 — [l

It was displayed that cryomechanolysis and freezing
of solid rennet cheeses greatly intensifies the process of
destruction of protein-lipid complexes and promotes me-
chanical destruction (mechanolysis) of proteins to separate
free amino acids. The mechanism of this process is linked
to the fact that during mechanical grinding, as a result of
mechanocracking there occur such critical energy tensions
in areas of biopolymeric chain of protein, that lead to a rup-
ture, destruction of the peptide, as well as hydrogen bonds,
calcium bridges and considerable destruction of protein
molecules into free amino acids. Different degree of increase
in mass fraction of different types of a-amino acids in the
process of cryomechanolysis of protein is connected with
the specificity of amino acid composition of proteins of solid
rennet cheeses.

The studies of the processes of mechanolysis and freez-
ing that occur during cryogenic “shock” freezing and low
temperature grinding, indicate that the integrated action of
freezing and mechanical grinding leads to the destruction
of biopolymers of proteins to individual monomers — ami-
no acids (by 55...60 %). It is known that the dimensions of
molecules of a-amino acids vary from 0,4 to 1,5 nm [3]. In
other words, cheese products that are obtained from the
use of cryomechanolysis are in nano-dimensional form. In
this regard, it is possible to assume that these technological
methods may cause conformational changes in molecules,
erasing of molecules, changes in their volume, shape, and an
increase in their molecular weight. It is known that colloidal
properties of proteins, their ability to form gels depends on
the hydrophilic properties of residues of amino acids that
make up their composition. It has a fundamental importance
for melting and peptization of the main low soluble protein of
solid rennet cheese — paracasein [3, 10—12, 14].

The tasks of the work included studying the influence
of freezing and cryomechanodestruction of solid rennet
cheese on the conformational changes of protein molecules
(volume, radius, radius of nucleus, the index of filling the



molecule core with hydrophobic residues) using the method
of Y. G. Fisher.

The residues of amino acids that are the part of poly-
peptin chain, as it is known, can be divided into non-polar
and polar. Organic compounds containing polar groups, sol-
uble in water and capable to enter dipole — dipole interaction
with water molecules and form hydrogen bonds with them,
are hydrophilic. Analysis of literature data showed, that
hydrophobic interaction lies at the basis of protein — protein
complex formation, as well as of complex formation with
salts. Protein molecules consist of the hydrophilic (polar)
and hydrophobic (non-polar) residues of amino acids. Polar
residues tend to the maximum contact with the aqueous
environment and non-polar — to the minimal contact. There-
fore, a flexible protein molecule is minimized to globule. In
this case, a compact body — a ball with the hydrophobic
nucleus and hydrophilic surface.

We studied the effect of freezing and cryomechanode-
struction on the content of hydrophilic and hydrophobic
residues of amino acids in protein molecules in solid rennet
cheese (Table 2).

It was shown that in the process of freezing and cryo-
mechanodestruction along with the destruction of a part
of protein to amino acids and simple peptides there is a
decrease in the mass fraction of the hydrophilic (HFL) res-
idues of amino acids (C,), an increase in hydrophobic (HF)
residues (Cy,) in protein molecules and the increase in the
correlation between them (C,/Cyy).

It was found that compared with the original raw materi-
als, in the process of freezing and low temperature grinding,
the mass fraction of hydrophilic residues of amino acids
in 100 g of protein decreases by 6,3 % and concurrently the
mass fraction of hydrophobic residues increases by 5,3 %
(Table 3).

Table 2

Influence of cryomechanolysis and freezing of solid rennet cheese on the content of hydrophilic and hydrophobic residues of
amino acids in protein molecules

Mass fraction of bound amino acids of Degree of hydrophobicity of bound amino
protein, mg acids of protein (AF, kJ/mol)
Amino acid - Dggree of hydropho- -
Original solid solid rennet chccsp after | bicity (AE, kJ/mol) Original solid solid rennet chccsp after
rennet cheese cryomcchan_olysm and rennet cheese cryomcchan_olysm and
freezing freezing
Hydrophilic residues of amino acids
Alanine 2,48 3,84 3,05 7,56 11,71
Arginine 8,16 4,16 3,05 24,89 12,69
Cysteine 1,28 0,96 2,71 3,47 2,60
Glutamic acid 18,84 15,04 2,50 47,10 37,60
Asparatic acid 5,68 7,39 2,26 12,84 16,70
Threonine 3,03 3,97 1,84 5,58 7,30
Serine 4,7 5,89 0,17 0,80 1,00
Glycine 1,75 1,78 0,0 0 0
Total 45,92 43,03 102,24 89,60
Hydrophobic residues of amino acids
Valine 1,92 3,46 7,06 13,55 24,43
Isoleucine 3,93 6,72 12,4 48,73 83,33
Leucine 9,82 8,16 10,10 99,18 82,42
Lysine 5,3 10,05 6,27 33,23 63,01
Methionine 4,44 3,58 5,45 24,20 19,51
Tryptophan 3,0 2,24 12,50 37,50 28,0
Phenylalanine 4,57 4,74 11,10 50,73 52,61
Histidine 4,31 3,97 5,85 25,21 23,22
Proline 7,35 8,83 10,85 79,75 95,80
Tyrosine 9,44 5,22 12,00 113,28 62,64
Total 54,08 56,97 525,37 534,97
Hydrophilic and hydrophobic residues of amino acids
Total 100,0 100,0 627,61 624,57




Table 3

Comparative characteristic of protein molecules of original
solid rennet cheese after cryomechanolysis and freezing

Solid rennet cheese
Indices — -
original After processing
Content of polar
residues of amino 45,92 43,03
acids, C,
Content of non-polar
residues of amino 54,08 56,97
acids, Cy,
Ratio C,,/Cp, 0,85 0,76
Radius of molecule, 0.2265-10°2 0.2474-10°
T
Radius of molecule 0.1765-10°2 0.1974-10°2
nucleus, r, um
Volums/of 1n(;lecule, 0.04-10° 0.0810°
, um
Index of filling core
of molecule with hy-
drophobic residues, 0,90 0.45
(b) by diagram
Shape of protein
molecule -
(b>by) (b<bg) supermo-
stretched ellipsoid lecular structure

respectively 0,85 and 0,76. In this case, the radius of the
nucleus of molecule increases by 1,1 time, and the index
of filling the nucleus with hydrophobic residues decreases
by 2 times.

According to the theory of Y.G. Fisher, it was found that
the molecules of the original solid rennet cheese have the
shape of ellipsoids, and after cryomechanolysis and freezing
take the form of supermolecular structures (Table 3). This
helps to increase availability, solubility, peptization of pro-
tein molecules in the process of preparation of solid rennet
cheeses before melting and obtaining the homogeneous fluid
gel texture of cheese mass.

Based on the experimental research, Authors developed
nanotechnology of processed cheese products with the use of
rennet cheeses, which excludes melting salts and is different
from the traditional ones by using freezing to the tempera-
ture of 18 °C and finely dispersed grinding at temperatures
not less than 10 °C up to the dimensions of the particles,
which are several times as small as in traditional grinding.
The technology also includes the process of pasteurization
(at the temperature of 70..75°C) and melting (without
melting salts) and homogenization. Enrichment of cheese
products involves the introduction of natural vegetable ca-
rotenoid additives in the form of nanopowder (from carrots
or pumpkin), nanopowder from garlic, as well as nanopow-
ders, nanoextracts from natural spices (black pepper peas,
sweet pepper, cilantro, etc.). In addition, the technology in-
volves packing and packaging in gas — moisture-light proof
packaging or landing the finished filling on a pastry pancake
«PanCake» (Fig. 5).

In addition, the ratio between Solid rennet Freezing (to
hydrophilic and hydrophobic res- > Accept > Pre- > Cutting &
idues changes from 0,85 to 0,76. cheese treatment te.mperatuore
The obtained results made it pos- (minus 18 °C)
sible to compare t.he dimensions Melting of cheese mass Low temperature grinding (at
an.d .shalpes 193 protein m(})}lecules Odf Water |»l without melting salts l«l temperature not higher than — 10 °C
g;tlgr}iee;?nlg a;?inlr;f; tcenfszfatinre (at temperature of 70...75 °C up to dimension of cheese of
grinding according to the theory of for 10...15 mln.)* 40...60 microns)

Y. G. Fisher (Table 3). . ;

It was egtablishe)d that freez- Fat emulsion * 1, ’I Mixing |* 41 Dry milk
ing and cryomechanodestruction = L | Drymilk serum
lead to an increase in radius, vol- z Pasteurization %" 4_
ume of protein molecules, radius A (at temperature z
of its nucleus, and to a decrease in Sodium 85...90 °C A < Starch glue
the index of filling of nucleus with benzoate for 5...10 min.)
hydrophobic residues. In addition,
the shape of protein molecules also Nanopowders “ Mustard
changes. Thus, the radius of the from carrot or |, x .
protein molecule of solid rennet pumpkin Homogenization -« Sorblc
cheese after cryomechanolysis and (at temperature of acid
freezing increases by 9,2 % and Exttraclts frpm 70...75 °C) Nanopowders from
makes 0,2265102 pm (compared to | haturalspices > ¥ ; :
0,2474-10 pum in the original solid R Mixing  [*| & garlic and ginger
rennet cheese). Its volume increas- 8 v g [
es by 2 times and is 0,0810°¢ pm? Aromatizer [* | A Packaging A Nanopowders from
(compared to 0,0410°6 pm? in the natural spices
original cheese). The ratio of the Onion L *.
sum of the hydrophilic and hydro- Storing

phobic residues of amino acids of
original rennet cheese before cryo-
genic processing and finely dis-
persed grinding of cheese makes

Fig. 5. Fundamental technological scheme of production of processed cheese products
with the use of freezing, finely dispersed grinding and nanopowders from spices,
spicy and carotene-containing vegetables



The introduction of listed vegetable additives with high
content of BAS, such as terpenoids (aromatic substances,
essential oils, carotenoids, etc.) and phenolic compounds in
processed cheese products allows enriching the cheese prod-
ucts with vegetable BAS. This allows increasing the shelf life
by 2,5-3,0 times rather than without using them.

As analogues, we manufactured model systems from ren-
net cheeses, using a different dose of melting salts, which are
commonly used in traditional technologies of manufacturing
processed cheese (0,5 %; 1,0 %; 1,5 %; 2,0 %). It was estab-
lished that the integrated use of freezing and cryomechan-
odestruction makes it possible to completely exclude, rather
than decrease the amount of melting salts.

Authors developed the technologies and formulations
of healthy processed cheese products with the use of solid
rennet cheeses as raw materials, and the innovation — pro-
cesses of its freezing and non-fermentative catalysis in the
course of their preparation to melting. These are the fol-
lowing products: cheese fillings for confectionery product
“PanCake”, pasty processed cheeses, cheese dressing sauc-
es and dipping sauces. The technology of cheese fillings
for confectionery products “PanCake” was implemented
into industrial production at TOV PKG “Lisna Kazka”,
Kharkiv (Fig. 7).

Four formulations of cheese fillings for confectionery
products “PanCake”, enriched with vegetable nanoaddi-
tives, were developed: “Cheese with garlic”, “Cheese with
garlic and bacon”, “Cheese with mushrooms”, “Cheese with
vegetables”. They are different in the way they look and
the amount of the introduced nanopowders with carrots or
pumpkin (2,5...5 %), as well as nanopowder with garlic and
natural spices (1,0 and 3,0 %) and extracts from natural
spices (1,5 and 2,0 %). Nanopowders from carrots, pump-
kin, spicy vegetables and natural spices were developed
by Authors of the paper. Nanopowders are finely dispersed
powders in nanodimensional form. In this case, 60...70 %
of the product have the dimension of particles up to a few
nanometers, in particular, the dimensions of molecules
of a-amino acids, glucose, fructose, galacturonic acid,
L-ascorbic acid, fatty acids, carotene, etc. are in the range
from 0,5 to 1,5 nm. A part of biopolymers and nanocom-
plexes is in the low-soluble state. The dimensions of mole-
cules of biopolymers and nanocomplexes are in the range of
50 nm to 5..10 microns. The quality of new cheese filling
by the content of BAS and physical and chemical indicators
was studied (Table 6).

Table 4

Content of biologically active substances, protein and
essential amino acids in cheese fillings for confectionery
products “PanCake” enriched with vegetable nanoadditives,
obtained by nanotechnology

Processed cheese fillings enriched with
vegetable nanostructured additives and
produced by nanotechnology
Index . .
«Cheese | Cheese « Cheese «Cheese
. with with .
with . with vege-
. garlic and | mush-
garlic» b tables»
acon» | rooms»
Protein, % 28,7 26,6 24,6 22,5
Essential amino acids, mg in 100 g:
Valine 1428 1326 1224 1122
Isoleucine 2345 2177,5 2010 1842,5
Leucine 1960 1820 1680 1540
Lysine 2583 2398,5 2214 2029,5
Methionine 1204 1118 1032 946
Threonine 1036 962 888 814
Tryptophan 770 715 660 605
Phenylalanine 1484 1378 1272 1166
B-carotin,
mem 100 3,0 3.1 3,5 3,2
Phenolic com-
pounds (by chloro-| 5 | 278 26,4 25,8
genic acid),
mg in 100
Flavonolic glyco-
sides (by rutine), 53 6,5 55 6,7
mgin 100 g
Free catechins
(by d-catechin) 54 6,1 5.2 6.5
Tannins (by tan- | ¢ 4 338 | 456 384
nin), mgin 100 g
Aromatic substanc-
es, mg NaySsOs 37,5 15,3 28,4 32,9
Fat, % 20,0 21,2 23,4, 24,6
Dry substances, % 69,9 70,0 65,4 63,8

Fig. 6. Section of technological production line of confectionery products “PanCake” with cheese filling
(industrial production at TOV PKG “Lisna Kazka”, Kharkiv)



It was shown that new kinds of cheese fillings are char-
acterized by high content of BAS, including those that
have antioxidant properties (Table 4). Thus, 100 g of filling
of aromatic substances contain 15,3..37,5 mg of sodium
thiosulfate, 25,1...27,8 mg of total phenolic compounds,
5.3...6.7 mg of flavonolic glycosides, 5.2...6.5 mg of free cat-
echins, 33,8...61,1 mg of tannins, 3,0...3,5 mg of B-carotene.
The listed BAS are missing in the reference samples — the
processed cheese and vegetable filling without enriching
additives. In the course of studying physical and chemical
indices, it was established, that in the cheese and vegeta-
ble fillings the protein content amounts to 22.5...28.7 %,
the amount of fat is 20...24,6 %, the amount of moisture is
30,0...34.6 %. Thus, the new cheese and vegetable fillings
along with proteins (22,5...28,7 %) and fats (20,0...24,6 %)
contain a considerable amount of BAS of vegetable raw
materials with immunomodulatory and antioxidant prop-
erties, namely % of the daily needs in B-carotene and the
daily norm of phenolic compounds. The analysis of chemical
composition allows referring new processed cheese products
to healthy food products.

New technologies of healthy processed cheese prod-
ucts were tested under industrial conditions at a number
of enterprises of Ukraine (TOV VKG “Lisova kazka”,
NVP “FIPAR”, BVP “KRIAS-1"). The regulatory docu-
mentation (TU, TI for “cheese and vegetable fillings for
confectionery products “PanCake” and “cheese dressing
sauces”) was developed and approved.

6. Discussion ofresults of research into the course of
development of nanotechnologies of healthy processed
cheese products without melting salts

We explored the influence of cryomechanolysis and
freezing on the amino acid composition of solid rennet cheese
during the preparation for melting, the content of a-amino
acids in free and bound state, conformational changes of pro-
tein molecules, which are in low-soluble form in the original
raw cheese, during the development of nanotechnologies of
healthy processed cheese products.

The merits of this study is that for the first time it was
shown, that as a result of the complex use of cryomechano-
lysis and freezing of rennet cheeses before melting, there
occur the destruction, degradation, disaggregation of nano-
complexes and biopolymers and the release of protein from
the hidden bound forms to the free form. In addition, a new
effect from the influence of the processes of cryomechano-
lysis and freezing is the fact that in the process of cryogenic
“shock” freezing and low temperature grinding of solid ren-
net cheese during obtaining healthy processed cheese prod-
ucts, there occurs more complete extraction of protein from
lipid-protein nanocomplexes (by 30..35 %), an increase in
accessibility, peptization, destruction of protein to separate
monomers (by 50...55 % more than in the original state). In
addition, there is a formation of supermolecular structures
in the process of preparation of solid rennet cheese for melt-
ing and obtaining homogeneous gel cheese mass in melting
without melting salts.

This allows obtaining healthy processed cheese prod-
ucts based on solid rennet cheese with a fundamentally
new chemical composition and high consumer properties
without melting salts and with higher assimilation by the
human organism. In turn, they can be used in developing

the functional healthy food products of mass nutrition
based on solid rennet cheese food, such as snacks, fillings,
sauces, etc.

The disadvantages of processed cheese products and of
processing solid rennet cheese include the presence of this
raw material of slightly soluble paracaseinatcalciumphos-
phate complexes, in which polypeptide chains are tightly
interweaved with calcium bridges, disulfide, phosphoamidic
and other links, which prevents peptization and dissolution
of proteins and obtaining a homogeneous fluid cheese mass
during melting. In addition, the peptization of proteins
is slowed down by the high content of lipids, which with
proteins form a complex lipid—protein calciumphosphate
complexes, in which protein is located in the hidden form
(by 30...35 %).

In this study, using such technological methods as cryo-
genic “shock” freezing of the product and finely dispersed
grinding, this problem has been solved. Besides, the intro-
duction of vegetable enriching additives from natural spices
and spicy vegetables with a considerable amount of BAS
with immunomodulatory and antioxidant properties allowed
obtaining processed cheese fillings, 100 g of which contain
V5 of the daily needs of B-carotene and the daily norm in phe-
nolic compounds. Introduction of nanoextracts from natural
spices and nanopowders from spices and spicy vegetables
made it possible to increase the shelf life of processed cheese
fillings by 2 times compared with traditional products. The
analysis of the chemical composition allows including new
processed cheese products to healthy food.

However, in the future it is planned to search for other
ways of activation, disaggregation of inactive hidden forms
of nanocomplexes of biopolymers of solid rennet cheeses
during their preparation for melting, namely by regulating
pH of the environment, enriching with various vegetable
additives with high content of BSA, etc.

7. Conclusions

1. It was established that during comprehensive influ-
ence of freezing and finely dispersed grinding on solid rennet
cheeses, there is a destruction of low-soluble lipid-protein
nanocomplexes and the release of protein from the state
bound with lipids to free state (by 33,5...35 % more). The
mechanisms of this process, which are connected with cryo-
mechanodestruction of the bonds between lipids and protein
and non-fermentative catalysis was revealed.

2.1t is established that during freezing and finely dis-
persed grinding of solid rennet cheeses, there is cryomecha-
nodestruction and non-fermentative catalysis (destruction)
and conformational changes of protein molecules to separate
monomers — o-amino acids by 55...60 %. We revealed the
mechanism of this process, which is connected with the
cryomechanic cracking of protein molecules due to the de-
struction of the peptide bonds in protein to separate a-amino
acids and their transformation to a free form.

3. Authors proposed and developed the nanotechnolo-
gy of manufacturing processed cheese products based on
solid rennet cheeses without melting salts, which includes
comprehensive influence of freezing and finely dispersed
grinding. The mechanisms of the processes, related to cryo-
mechanodestruction of bonds between lipids and protein and
non-fermentative catalysis of protein to separate a-amino
acids were revealed.



4.1t was established that cheese fillings for confection-  shelflife. Besides, a considerable part of substances (as BAS and
ery products “PanCake”, produced by nanotechnology and  biopolymers) in cheese fillings is in the nanostructured form
enriched with herbal additives, exceed the known analogs in  (55...60 % of protein) in the form of free amino acids. Dressing
chemical composition and are characterized by 2 times longer  sauces, dipping sauces and cheese snacks were also developed.
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