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Hocnioxwceno ennue napamempise (memnepamypu ma mpu-
eanocmi) nacepyeanns GopowtHa NnuweHuMH020 Ha 1020 6000-
nozaunanviy 3s0amiicmv nio uac 2iopomepmiunoi 06podKu.
Bcmanoeneno, wo nazpieanns 3paskie 00powHa nueHUUHO20
naceposanoeo 6 inmepeani memnepamyp 80...90 °C cnpuse npu-
CKOpeHHIo 6000N2UHANLHOL 30amuocmi. 3pasku Gopowna nue-
Huunozo0 nacepogani 3a memnepamypu 110...120 °C docszanu
MAKCUMAIHUX NOKAZHUKIE 8000N02IUHATILHOT 30amHocmi 3a
10...20 x6. Peayromamu docniovicens € 6axcaueumu 0 3abesne-
UEHHS MONCTIUBOCTIE Pe2YIH0BAHHA CIMYNEHI0 HAOYXAHHA nacepo-
8a1020 GopowHa 8 MEXHOIL021T KPOKemHOT MACU.

Hocaiosceno 6’a3xicmv 3paskie MooenvHux cucmem dopouna
NUEHUUHOZ0 3AeHCHO 610 MeMnepamypu ma mpueanocmi nace-
pyeanns. Bcmanoeneno, wo 6’a3ricms MoOeTbHUX CUCTEM 3HU-
HCYEMBCA 3 NIOBUWECHHAM MEMNEPAMYPU Ma MPUSAIOCHi nace-
PY6anns 60poOWHA NUEHUHO20 Y NOPIBHANNI 3 HamueHuM. Pazom
3 MuUM, NOKA3HUK 6i0HOCHO20 Koeiuienmy cmiukocmi Modeb-
Hux cucmem 30invuyemocs 6 mexcax 0,91...0,98. Busnaueno
pauionanviy 301y 6 ’A3K0Cmi 3pA3Kie MOOETLHUX cucmem 6opout-
Ha nuweHuuHoz20 naceposanozo. /losedeno doyinvHicms euxopu-
CManmsa 8 MexHoN02ii KPoKemnoi Macu 05 KyJiHaptoi npooyxuii
30amnocmi KOMNoHeHmié 00POWHA NUEHUMHOZ0 NACEPOBANHOZ0
00 ymeopenns 36’°13anoi naacmuunoi macu nio wac 2iopomepmiu-
Hoi 00pooKu.

Bcmanosneno énnue memnepamypu ma mpueanocmi nace-
PY6AHHA HA HACUMEHICMb KOTbOPY 3PA3KI6 MOOCTbHUX CUCHIEM
Oopowna nuenuuno20 naceposanoezo. Bcmanoeneno, wo nacepy-
8aHHA GOPOUHA NUEHUMHOZ0 3 HCUPOBUM KOMNOHEHMOM iICIOMHO
He 8NUBAE HA KOJIpP, ajle 3MIHIOE 1020 HacuueHicmob. Bacaueo,
Wo 3a 6U3HAMEHUX MEeXHOJI0ZIMHUX YUHHUKIE KOJip 3Pa3Kie
MOOENLHUX CUCHEM XaAPAKMEPUIYEMBCA 00CMAMHBOI0 CMADLIb-
HICHII0 1 € XapaKmepHum mexHoa02iMHUM NOKAZHUKOM CUCTEMU
Kpoxemnoi macu.

Pesynvmamu odocniodcenv nHadanu 3mozy 0N pezyro6a-
HSL Ma KOPUYBAHHS CIMPYKMYPHO-MEXAHIUHUX XAPAKMEPUCMUK
KpoKemHoi Macu na 0CHO6i GOPOUHA NULEHUHO20

Kmouosi crosa: 6opowno nuenuune naceposarie, napamempu
nacepyeanns, ziopomepmiuna o06podxa, earacmusocmi Gopowna,
8000N02IUHATLHA 30AMHICMb, KPOKEMHA MACA
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1. Introduction

Under conditions of growing competition in the global
and national consumer markets, innovations are the source
of comprehensive development for enterprises in food indus-
try and restaurant business, the driver for strengthening
their market positions. The key tasks that are solved by im-
plementing the innovations include the rational utilization
of raw materials, as well as making products with improved
consumer properties based on new production techniques.

Given the wide variety of culinary products, croquettes
(French, croquer) are widely spread at restaurant establish-
ments of different formats. Their multifunctional technolog-
ical purpose, as a main course or a side dish, high nutritional
properties, a possibility to create a wide range of products
where they serve as the base, contribute to the development
of industrial technologies for their production.

Technological characteristics of the mass for croquettes
are determined by its composition (a type of raw materials),

the properties of formulation components (humidity, wa-
ter-absorbing capacity of substances that make up compo-
nents, the strength of bond between the disperse particles),
as well as by the treatment parameters (the degree of grind-
ing, a type of heat treatment) [1 3].

The use of vegetable raw materials in the production
technology of croquettes has certain disadvantages relat-
ed to their seasonality, unstable quality indicators during
storage, the need for a number of technological operations
when preparing a given type of raw materials. The specified
shortcomings complicate the technological production pro-
cess, resulting in the products whose quality indicators are
unpredictable.

Traditional technologies for making croquettes are char-
acterized by the presence of structure-forming agents —
wheat flour, starch-containing cereals, wheat bread, whose
components’ technological properties define consumer char-
acteristics of the finished product [1]. One of the best struc-
ture-forming agents for the systems of croquette masses in




terms of technology is the wheat flour, which is character-
ized by the capability to form structured systems, by the
neutrality of taste and aroma, which provides variability of
the formulation composition in finished products. This is the
reason why the use of sautéed wheat flour in the technology
of a croquette mass would make it possible to obtain a uni-
versal product; on the one hand, varied in assortment and
consumer properties, on the other hand, it would enable the
mechanization of the production process in order to reduce
the number of technological operations.

Given the expediency of using the sautéed wheat flour
in order to produce a croquette mass, it is a relevant task to
study the influence of parameters of hydrothermal treatment
on the technological properties of wheat flour.

2. Literature review and problem statement

A review of information sources allows us to assert that
in the technology of flour-based culinary, pastry, and bakery
products the technological properties of wheat flour are cru-
cial in forming the quality indicators of finished products.
They are purposefully regulated by being exposed to the
influence of such technological factors as the parameters of
dry heat treatment [6], steaming [7, 8], the temperature of
dough, the temperature and duration of dough formation [1],
formulation components, etc. [9—11].

Paper [4] estimated the influence of flour particles size,
the process of autoclaving, on the thermomechanical proper-
ties of dough and quality characteristics of the finished prod-
uct. Results of the study showed that reducing the size of
particles in the thermally untreated flour reduced hardness
of the products and increased the volume of bread [5]. Heat
treatment could be a technological stage when obtaining
a product without changing its consumer properties. Re-
searchers focused on the influence of heat treatment of flour
wheat (dry and hydro) on its properties. It was shown that
the hydrothermally treated samples of flour had a greater
viscosity in suspension and demonstrated the improved rhe-
ological properties of dough [7]. Proteins in flour partially
undergo denaturation, gliadin and glutenin almost do not
change quantitively, whereas the content of water-soluble
proteins reduces, and there is a simultaneous starch gelati-
nization. The elevated level of moisture content contributed
to the modification of both the structure of protein and the
rheological characteristics of dough. A given research con-
sidered the properties of native wheat flour. However, the
issue of the impact from the preliminary sautéing of flour on
its technological properties was not examined at all.

The authors of [6] confirmed a hypothesis on that the
thermal treatment facilitates the swelling of starch granules at
elevated temperature. In addition, the research results demon-
strated the improved capability of the thermally treated flour
to swell. The protein denaturation was marked by the lack of
formation of the gluten frame after heat treatment. Research
results [8] showed that even after being thermally treated, the
gluten retained moisture. However, left unresolved was the
issue of the impact of additional formulation components on
the technological properties of saut ed wheat flour.

Paper [9] noted that an increase in the content of rice
flour, mixed with wheat flour, led to a decrease in the in-
dicators of water-absorbing capacity. However, the paper
failed to address the issue about the dependence of water
absorption for wheat flour and the viscosity of water-flour

suspensions. A variant of solving this task was a research
into viscosity of water-flour suspensions at hydrothermal
treatment. Such an approach was employed in paper [10] that
reported a study into the influence of polysaccharides on the
functional properties of wheat flour. It was established that
adding them improves the water-absorbing capacity and vis-
cosity of flour suspensions, with an increase in the stability
of starch gel.

The results of study [11] are important in terms of the
influence of triglycerides on the rheological properties of
starch. It is shown that adding them to starch suspensions
impacted the gelatinization, the rheological behavior and
stabilization when heated, as well the changes in the distri-
bution of water during heat treatment. When adsorbed at
the surface of starch grains, fat shields part of the hydrophil-
ic groups, preventing their interaction with water and the
formation of paste. However, results of the research mostly
considered the technological properties of starch, while the
issue of the impact of fat on the properties of wheat flour
were not considered at all.

Systematization and analysis of the scientific literature
allow us to affirm that in the course of the hydrothermal treat-
ment of sautéed flour its main components undergo the fol-
lowing changes: proteins are partly exposed to denaturation,
starch is gelatinized. The presence of fat in water-flour sus-
pensions inhibits the interaction between starch grains and
wheat protein micelles and water, as well as the formation of a
strong gel, with an increase in plasticity. However, confirming
this hypothesis lacks data on the water-absorbing capacity of
sautéed flour, viscosity, and the color of systems based on it.

An analysis of the formulation composition and the
technological process of croquettes production has revealed
that the implementation of conventional (traditional) tech-
nologies that imply the application of a vegetable (mostly po-
tato-based) mass as the structural base [1-3] does not make
it possible to attain significant competitive advantages. An
important drawback in existing technologies of croquettes is
also the high labor-intensity of the technological process, the
low level of its mechanization, reliance on the technological
properties of basic raw materials.

We have substantiated analytically the expediency of
using, as a structure-forming agent in the croquette technol-
ogy, the sautéed wheat flour, the implementation of whose
technological properties would make it possible to obtain
products with stable indicators of quality and safety in the
technological flow of their production.

At the same time, the above-cited scientific and practical
basis for the implementation of technological properties of
wheat flour in a combination with its chemical composition
[4], the influence of technological factors [5-7] on the prop-
erties of dough and quality characteristics of the finished
product, is mainly related to the production of flour-based
culinary and confectionery products.

Thus, there is reason to believe that the lack of certainty
about the influence of hydrothermal treatment parameters
on the technological properties of sautéed wheat flour in the
technology of a croquette mass necessitates undertaking a
research into this issue.

3. The aim and objectives of the study

The aim of this study is to determine the influence of
parameters of the hydrothermal treatment of flour wheat on



its technological properties in the production of a croquette
mass. This would make it possible to influence the process of
the sautéed flour gelatinization and to change the viscosity
of systems that are based on it, in order to ensure the pre-
defined forming capability and consumer properties of the
finished product.

To accomplish the aim, the following tasks have been set:

— to explore the impact of sautéing the wheat flour on the
dynamics of water absorption;

— to determine the effect of technological parameters on
the viscosity of model systems of sautéed wheat flour;

— to establish the influence of technological parameters
on the color of model systems of sautéed wheat flour.

4. Materials and methods to study the properties of a
croquette mass

Research materials:

— wheat flour, high grade, in line with GSTU 46.004-99;

—sautéed wheat flour (preliminary thermally-treated
at temperatures 100.0+1.0 °C, 110.0+1.0 °C, 120.0£1.0 °C);

— a fat component (ratio 1:2) — refined sunflower deodor-
ized oil, in line with DSTU 4492:2005, and cream-based
butter, 72.5 %, in line with DSTU 4399:2005;

— model systems “wheat flour — drinking water” (1:4.8),
“sautéed wheat flour — fat component — drinking water
(1:0.8:4.7), “sautéed wheat flour — fat component — drink-
ing water” (1:0.8:4.7), hydrothermally-treated at different
parameters.

The main indicators for the technological properties of
samples of sautéed wheat flour, which were determined in
the course of out experiment, are as follows: water-absorbing
capacity (N, %), viscosity (Nmax, AU), light reflection spec-
trum (F).

The water-absorbing capacity of the samples of native
flour wheat and sautéed wheat flour at a temperature of
100, 110, 120 °C, at the temperature of water environ-
ment 70...90 °C, was determined using a weight method
[12, 13].

We determined the viscosity of model systems “sau-
téed wheat flour — fat component — drinking water” at a
constant increase in temperature at the Brabender amy-
lograph (Brabender® GmbH & Co.KG, Germany) [12].
The starting temperature of model systems was 25.0+0.1
°C, an increase in the heating temperature was 1.5+0.1 °C
per minute. The research results were displayed on the re-
corder tape in the form of curves. Viscosity of the systems
was determined in conditional units at the amylograph,
ranging from 0 to 1,000. The relative resistance coefficient
of model systems was examined and computed in line with
procedure [10].

The light reflection spectrum from the examples of model
systems “sautéed wheat flour — fat component — drinking
water” was determined at the device “Spekol” (Carl Zeiss
Jena, Germany) [14]. The examined samples were placed in
a cuvette of the device through which we passed light of a
certain wavelength ranging from 420 to 540 nm. For each
wavelength, we recorded the degree of light reflection by a
sample.

Statistical processing of research results, as well as con-
struction of graphs and charts, employed the software packag-
es Statistika and MS Office Excel.

5. Results of influence of the technological factors on
parameters of the flour wheat hydrothermal treatment in
the technology of a croquette mass

A croquette mass based on flour wheat is a semi-finished
product obtained as a result of hydrothermal treatment of
sautéed wheat flour, with further adding the taste-aromatic
components and a filler; it is used for making molded culi-
nary products, deep fried.

It is known that technological properties of flour wheat
are defined not only by the protein-proteinase complex, but
also by the state of the carbohydrate-amylase complex. This
factor is important for forming the rheological characteris-
tics of systems based on wheat flour. The sautéing tempera-
ture of wheat flour is in the interval of 100...120 °C [1]. It is
also known [15, 16, 17] that the gelatinization temperature
of starch grains characterizes the process of gelatinization
and is essentially a spontaneous rupture of the outer shell of
the grain as a result of the increased pressure inside a grain.
That is, gelatinization must be associated with mechanical
phenomena.

5. 1. Studying the influence of wheat flour sautiiing
parameters on the dynamics of water absorption

Interaction between water and dry substances in food
products is of fundamental importance in terms of both the
organization of a technological process and ensuring the
quality of finished culinary products. We investigated the
behavior of starch in flour wheat as a structure-forming
component of the system in a water medium by examining
the water-absorbing capacity coefficient. In this case, the
mass and volume of the examined sample change, and the
system enters the jello state. The amount of water, which can
be absorbed by flour, relates to its chemical composition, the
content of polymers, the state and size of the moisture-ab-
sorbing surface area. Note that these characteristics of flour
depend on parameters of its hydrothermal treatment.

Results for the water-absorbing capacity of samples
(N, %), depending on the temperature of their sautéing, at
an increase in the medium temperature within 70..90 °C,
are shown in Fig. 1.

It should be noted that the process of flour water-ab-
sorbing capacity proceeds in line with a certain pattern,
predetermined by different temperature regimes of both a
water medium and the pre-treatment of the examined object.
Increasing the sautéing temperature of wheat flour samples
contributes to a decrease in the values for water-absorbing
capacity (Fig. 1). The samples attain maximal water-absorb-
ing capacity at a water medium temperature of 70 °C over
25...30 min. (Fig. 1, @), at 80 °C — over 15...20 min. (Fig. 1, b),
at 90 °C — over 10...15 min. (Fig. 1, ¢).

As one can see, at a water medium temperature of 70 °C
the samples of wheat flour are partially susceptible to wa-
ter-absorption (Fig. 1, a): sautéed at 120 °C to 63 %, at 110 °C —
72 %, at 100 °C — 78 %, native — 88 %. In this case, there is
no any increase in viscosity. Note that the further heating
of the water medium in the temperature range 80...90 °C
(Fig. 1, b, ¢) contributes to the acceleration of the flour
water-absorbing capacity. Indicators for water-absorbing
capacity at a water medium temperature of 80 °C (Fig. 1, b)
decrease for the samples of sautéed wheat flour at 100 °C by
1.6, at 110 °C by 1.85, at 120 °C by 2.14 times, compared to
native. Data in Fig. 1, ¢ indicate a decrease in values for wa-



ter-absorbing capacity of sautéed flour at 100 °C by 2.5, at
110 °C by 2.6, at 120 °C by 2.83 times, compared to native.
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Fig. 1. Water-absorbing capacity of wheat flour depending
on the sautéing temperature: a — 70 °C, 56— 80 °C, ¢ — 90 °C

5. 2. Studying the influence of tech-
nological factors on viscosity and stabil-

model system. That will ensure the desired structural- me-
chanical properties for a croquette mass.

Based on the results of theoretical and analytical
studies, it is expedient to sauté wheat flour in the pres-
ence of a fat component in ratio 1:0.8 at a temperature of
110...120 °C, which would contribute to the fast and uni-
form warming of flour (owing to the high heat conductiv-
ity of fat) and to improving a food value of the finished
product [11, 15, 18, 19].

The results of data acquisition about the process of wa-
ter-absorption and gelatinization of samples of the model
systems “sautéed wheat flour — fat component — drinking
water” are given in Table 1.

It should be noted that a change in viscosity is one of
the important technological characteristics for the systems
of a croquette mass based on sautéed wheat flour, which
defines the parameters for technological process of pro-
duction.

Based on results from Table 1, one can say that increas-
ing the sautéing temperature of samples leads to an increase
in their viscosity, which is associated with the water-absorb-
ing capacity of starch grains [15, 20, 21].

Maximum viscosity (Table 1) is the largest for the
samples sautéed at a temperature of 100 °C over 10 min. —
940 AU, and at 120 °C over 5 min. — 920 AU. As one can see,
the indicator of maximal viscosity of samples reduces with a
further rise in temperature and duration of sautéing.

As one can see (Table 1), the magnitude ny;, that ap-
proaches the magnitude ny.y testifies to the increased sta-
bility of the systems’ structure. A relative coefficient of the
model systems’ stability grows with the increased tempera-
ture and duration of heat treatment — over 5, 10, 15 minutes
at 110 °C and 120 °C within 0.91...0.98 compared to native
flour (0.88).

Results of studying the viscosity and textural properties
of the model systems depending on the sautéing temperature
and duration are shown in Fig. 2.

Fig. 2 shows that the rational region of viscosity is with-
in the range for the samples of model systems, sautéed over
10 min. at a temperature of 110 °C and over 5 min. at a tem-
perature of 120 °C. That corresponds to the region in which
the samples attain soft textural properties.

Table 1

Influence of the wheat flour sautéing parameters on the process of gelatinization
and on the activity of amylolytic enzymes in flour

ity of the model flour systems Gelatic | Gelatic _
In the technology of a Croquette.mass, Sautéing | Sautéing | nization | nization | Maximal | Viscosity (.}ela.tl—
we used as a fat component a mixture [No-of tempera- |duration,| starting | final tem- | viscosity, | mmin at nization
of the refined deodorized sunflower oil ™| yre,°C | min. | tempera- | perature, | numa AU |95°C, AU velocity, v,
and cream-based butter, 72.5 %, ratio 1:2. ture, 4, °C | ¢, °C AU/min
Under these conditions, fat forms stable 1 native | native 68.5 94.0 500 490 29.4
complexes with the molecules of protein 92 5 64.0 94.7 780 720 38.0
and starch polysaccharides. An important 3 100 10 595 887 940 840 482
role in this process belongs to the triacyl- 1 15 61.0 91.0 870 770 135
flyce.r((j)ls {)Kf’ }slaturilted snéli utnts}alturatfd fat—f 5 5 550 850 920 360 6.0
acids. When adsorbed at the surface o
silarch grains and wheat protein’s micelles, 6 120 10 595 88.0 800 730 421
fat shields part of hydrophilic groups, pre- 7 15 610 89.5 690 620 363
venting their interaction with water and 8 5 52.0 82.0 700 660 35.0
the formation of a strong gel. By weaken- 9 140 10 58.0 91.0 620 620 281
ing the bond between protein’s micelles, | 10° 15 - - - - -

as well as the polysaccharides of starch in
wheat flour, fat improves the plasticity of a

Note: * — the sample was not examined because it acquired a sharp burnt smell following
the sautéing under given conditions
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Fig. 2. Viscous and textural properties of the model systems
“sautéed wheat flour — fat component — drinking water”
depending on the sautéing temperature and duration

5. 3. Studying the influence of technological parame-
ters on color of the model flour systems

One of the important technological indicators for a
croquette mass based on wheat flour is its color. Therefore,
we think it appropriate to investigate a light reflection
spectrum for the samples of flour wheat depending on the
sautéing temperature. Special emphasis when examining
the spectrum shown in Fig. 3 should be given to a frequency
range of 450...500 nm, over which the sautéed samples are
visually characterized by a yellow tint. Data from Fig. 3
show that sautéing at 110 °C and 120 °C has almost no effect
on a change in the color, though it changes its saturation in
arange of 450...500 nm.
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Fig. 3. Light reflection spectrum for the samples “sautéed
wheat flour — fat component — drinking water” depending on
the sautéing temperature

Based on the results of our study, we have determined
parameters for the heat treatment of wheat flour for the pro-
duction of a croquette mass.

6. Discussion of results of studying the influence of
hydrothermal treatment parameters on the properties of
wheat flour in the technology of a croquette mass

When determining the water-absorbing capacity of sau-
téed wheat flour depending on the temperature of sautéing,
which is derived from data in Fig. 1, one can see that an
increase in the temperature of sautéing contributes to a
decrease in the values for water-absorbing capacity. This is
predetermined by the destruction of wheat flour proteins
during sautéing. Such a mechanism of the effect of sautéing

temperature must be a factor to control the process of wa-
ter-absorbing capacity of flour, due to which maximal values
are observed when sautéing the samples at a temperature of
110...120 °C over 10...20 min. The data indicate minor de-
struction in the structure of samples of model systems that
underwent sautéing. This is probably explained by the starch
dextrinization and protein denaturation during sautéing.

Of particular interest is the interpretation of results of
the influence exerted by the sample sautéing parameters
on viscosity of the systems, given in Table 1. That confirms
establishment of the fact of a decrease in viscosity with an
increase in temperature and duration of flour sautéing to
17 % in comparison with native. This does not disagree with
practical data known from papers [6, 8]. Their authors also
attributed a decrease in viscosity to the loss of water-absorb-
ing capacity by the proteins of gluten in thermally-treated
flour and their impossibility to form a sticky mass.

In order to prove this argument, it will suffice to care-
fully investigate the viscosity and textural properties of
the model systems “sautéed wheat flour — fat component —
drinking water”. Comparing data on viscosity with the
textural properties of the systems indicates the attainment
of the desired characteristics by the sautéed samples over
10 min at a temperature of 110 °C and over 5 min. at a tem-
perature of 120 °C.

Of interest are the results of studying the color of the
sautéed flour systems that indicate that the sautéing has
almost no effect on a change in color, although it changes its
saturation in the range of 450...500 nm.

However, in contrast to the research results reported in
[5=7], the acquired data on the influence of flour sautéing
parameters on the rheological characteristic of samples
during hydrothermal treatment allow us to assert the fol-
lowing:

— application of the hydrothermal treatment would
extend the possibilities for obtain products from a cro-
quette mass with the predefined consumer properties and a
shape-forming capability;

— the temperature and duration of flour sautéing exerts
a significant influence on the technological properties of
wheat flour.

Such conclusions could be considered appropriate from
a practical point of view, as they make it possible to rea-
sonably approach the manufacture of products from a cro-
quette mass. From a theoretical point of view, they allow us
to argue about defining the mechanism of water-absorption
processes and of changes in the flour viscosity depending
on the sautéing parameters; this constitutes the merits of
this research.

However, one should note that the results from deter-
mining viscosity (Table 1 and Fig. 2) indicate the ambigu-
ous impact of temperature and duration of sautéing on the
textural properties of model systems. This manifests itself in
the first place by the unresolved issues regarding the study
into structural-mechanical indicators and shape-stability
of the croquette mass. Such an uncertainty imposes certain
restrictions on the implementation of results obtained, which
could be interpreted as the shortcomings of present study.
The impossibility to eliminate the specified limitations
within the framework of this study could lead to a potential-
ly interesting field in the further research. It could focus on
determining the factors of influence on the maximal shear
stress of the croquette mass, its shape-stability and adhesion.
If identified, it would make it possible to explore an oppor-



tunity to control the structural-mechanical properties of
croquette mass and to determine those technological factors
that could regulate them.

7. Conclusions

1. Our research has established that the maximal indica-
tors for water-absorbing capacity characterize the samples
of wheat flour sautéed at a temperature of 110...120 °C over
5...10 min. Given this, it can be argued that the temperature
and duration of sautéing significantly affect the change in
proteins and starch in wheat flour.

2. It was determined that the indicator of maximal vis-
cosity is the largest for native flour (920 AU) and decreases
in the model systems of wheat flour with an increase in
the sautéing temperature and duration. Rational region of
viscosity for the samples of model systems is 760...840 AU,
within which there are indicators for the samples treated

over 10 min. at a temperature of 110 °C and over 5 min. at a
temperature of 120 °C.

3. It was established that the thermal treatment of flour
in the presence of a fat component at 110...120 °C has almost
no effect on a change in color, though it changes its satura-
tion in the range of 450...500 nm and is typical technological
indicator of a given system.

Owing to this mechanism, which was established be-
cause magnitude Ny, approaches magnitude nyax, stability
of the model systems improves with an increase in tempera-
ture and duration of heat treatment within 0.91...0.98 com-
pared with native flour (0.88). This allows us to argue about
the effectiveness of applying the process of flour sautéing
in the technology of a croquette mass under the following
technological modes: temperature is 110...120 °C, duration is
5...10 min. That indicates the possibility to purposefully con-
trol the processes of forming the structural characteristics of
a croquette mass by adjusting its technological properties in
the process of hydrothermal treatment.
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