u] =,

B Oanuii uac eeauxa yeaza npudinsemocsa eupoé-
HUYMBY eKO0N02IMHO HUCIMUX NPOOYKMIE XapuYyGaHHsL.
Hayrxo6a xonyenyis HAaHOHAYKU PO32TA0AE CUHME3 i0H-
HOO030HHOI cymiwi 0e3 WKIOAUBUX OOMIWLOK OKCUOIE
asomy i eyeneuto npu 06pooui, nepepodui i sdepencen-
Hi NPOOYKMi6 Xapuoeux eUPOOHUUME HA OCHOGL PI3HO-
noasprocmi eaexmpuunozo cmpymy. Came neeamuena
NOAAPHICMb 10HHO030HHOT CYMiWi | NOZUMUBHA NOAAP-
Hicmb 06po0NI08aH020 NPOOYKMY 13 3ACMOCYBAHHAM
Kasimauii 6 eexmpomaziimHomy noJi niosuwye 6ioa0-
2ivHYy Mma exoJl02iuny uiHHiCHb nPooYKmMis.

Pozwupenns acopmumenmy maxaponnux eupoéie
0N pisHux Kameezopill i 6epcme HACENeHHA GUMA2AE
BUKOPUCMAHHS NEPCNEKMUBHUX CUPOBUHHUX PeCypCis,
00 AKUX BI0HOCUMBCS 3EPHO MpUMUKaJe.

3anponorosamno memoo nNOwYKY Wasxy nioeumeHHs
aKocmi 3epua mpumuraJie 3 kagimauiero i 6e3 xagimauii
Ha i0HO30HNII Ycmanosyi i nooaavua 1020 nepepooxa
Ha 6opowno. Ha ocnogi nposedenns nosnopaxmoprux
excnepumenmie 23 i 2! pospobneni pisuauns pezpe-
Cii, w0 003601A10Mb NOPIBHIVEAMU Pe3ybmamu ioHo-
30HHOI 00POOKU MidC COGO10 1| BUABAMU OCHOGHT MeX-
HOJ02iuNni enacmusocmi mpumurane copmy <Tazas.
Bxionumu 3minnumu cayxcamo pexcumMHui napamempu
10H0030HHOT 00pOOKU (KOHUenmpayis i0HO30HY, 60JI0-
2icmo 00 06po0KU i wac 06podKu) ma ioHo0030HHO-KAGI-
mauiiinoi 00podKu (HadauwKosuil muck, KoHyenmpa-
uia iono3ony, eonozicms 00 06podKU i wac ob6podKu).
Buxionumu sminnumu €: ceped noxasHuxie Qizumnux
saacmueocmeil — wiinvricmo, maca 1000 sepen; cepeo
OloxiMiuHUX éracmueocmeti — macoea wacmxa 0iaxa i
eMmicm cupoi KaetiKosunu, ma MaKkapoHHux 61aCMuU6oC-
meii — meepoozepricmo i numoma poéoma na depopma-
uiro. Ile dae moxcaueicmo ouintoeamu epexmuenicmo
0J1L MAKapOHH020 BUPOOHUYMEA.

Zogedeno, wo mexnonoziuni enacmusocmi Kom-
mponbHOZO i 00POONEHO20 I0HO30HOM 3PA3KA ICMOMHO
PO3PI3HAIOMBCA. 3anpononosana mexnonozisa o06poo-
KU 10HOO30HHUM KAGIMAUIIHUM NOMOKOM 3epHA MPU-
mukane na Xa6onpuiimManvhux nionpuemcmeax 003-
6oJis€ nidsuwumu Qizuuni, Gioximivni ma maxaponui
saacmueocmi 0opowna, wo nidsumye epexmueHicnmo
Maxaponmnozo eupoonuymea oiavut wixc na 15 %

Kmouoei cnosa: mpumuiane, iono0o30Hn, ioH030HHA
ycmanoexa, noeHopaxmopHuil excnepumenm, kagima-
Ui, MeXHOI02iHI 6ACMUBOCHIL, MAKAPOHIE
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1. Introduction

In order to expand the range, by increasing the nutrition-
al value and improving the quality of pasta from wheat flour,
safe and effective technologies for the production of pasta
were developed with the addition of various food additives
from non-traditional raw materials used in the production
of pasta [1, 2].

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

In this regard, it is impossible not to note a very promis-
ing hybrid of wheat and rye grain varieties that is triticale.
Productivity is very high up to 12—14 t/ha and biochemi-
cal composition is higher and better matched protein and
vitamins and minerals [3]. The shortage of durum wheat
for pasta is reduced. Improving the nutritional value and
pasta properties is relevant with adding triticale flour. It is
indispensable to the effective preparation of triticale grains



for processing. For the first time, ion-ozone treatment of
triticale grains with and without cavitation to enhance the
effect of oxygen and ozone ions on biological cells was used.

Ton ozone grain treatment in the field of cavitation pro-
duces disinfection, destroys insect pests, and at the same
time accelerates the process of controlled grain processing.
Qualitatively improves and accelerates redox processes,
on the basis of quantum-physical processes, increases the
biological value of the product, which contributes to its
effective use in the stream. Innovative universal ion-ozone
processing line produces pure ozone, molecular and atomic
oxygen ions of the air without impurities. Their use is car-
ried out in air. To activate their action on biological objects,
a cavitation process of up to 4 MPa is used on special cre-
ated devices that provide a sharp decrease in accumulated
overpressure. All this made it possible to combine with the
cavitation process of ionic, ozone, ion-ozone in two media up
to 4 MPa as ordinary cavitation. As a result of combining,
positive results occur. At the same time, penetrating into the
endosperm the ion-ozonated mixture contributes to its soft-
ening, forming in it supercritical stresses of the processed
product. Since the humidity of the outer and inner layers
of the endosperm is different, they swell unevenly, which
causes the stress state of the material. In addition, starch
and proteins in the endosperm cells also swell unevenly. As
a result, when the critical values and the electric field in the
endosperm are reached, the formation of microcracks begins
with an increase in their number and uniform distribution
over the grain surface. Cavitational ion-ozone treatment of
water used to moisten the grain before grinding it at milling
plants provides rapid diffusion of water and intensive hydra-
tion of proteins and starch. This made it possible to reduce
the number of used bins, improve the rhythm of work and
profitability. The use of such technology in the conditions
of constantly deteriorating wheat quality allows to obtain
high-quality flour from low-grade grain. The technology
of ion-ozone-cavitational processing of grain is ecologically
safe and does not use chemicals and types of radiation harm-
ful to humans, animals and the environment [4].

The solutions obtained using this method make it possi-
ble to activate biological processes in the cells, which has a
positive effect on finished pasta, namely, rheological charac-
teristics. This indicates that the topic of research dedicated
to quality improvement by ion-ozone treatment of triticale
grain for the use in pasta is relevant.

2. Literature review and problem statement

Pasta is export-oriented, popular and consumed in large
quantities, it is possible to actually and effectively carry out
prevention of various types of diseases through the release
of products of improved quality and increased nutritional
value, due to various additives [5].

The quality of pasta from einkorn is explored. Einkorn is
a diploid relative of durum wheat and bread wheat, which is
valued for its high content of protein, carotenoids and tocoph-
erols, as well as for its excellent organoleptic properties [6].
The purpose of the study was to evaluate its suitability for
the production of pasta and the quality of its products. Dry
einkorn pasta was different from durum wheat pasta in most
ways, including size, carotenoid content [7].

The study shows the effect of corn micronization on
the quality characteristics of pasta. As a result, micronized

corn flour with gums can be used in the preparation of corn
pasta with good quality characteristics. But there remained
unresolved issues related to nutritional value. There are
not enough indicators that increase nutritional value [8]. It
discusses the structural properties, characteristics of dena-
turation and aggregation, as well as solubility, as well as the
foaming, emulsifying and gelling properties of the proteins
amaranth, buckwheat and quinoa. In addition, the techno-
logical impact of the inclusion of amaranth, buckwheat and
quinoa in bread, pasta, noodles and biscuits, as well as strat-
egies affecting the functionality of proteins of pseudo-cereal
flour is discussed. The disadvantage of this method is that
in the literature on pseudo-cereal proteins it is often contro-
versial and contradictory, especially in the methods used to
obtain globulins and glutelins.

In the research, pasta was made from wheat flour, re-
placing 10, 20 and 30 % of wheat with flour ditches from
ecotypes L1 and L2. The purpose of this study was to inves-
tigate the production of high-fiber and protein-rich pasta
made from mixtures of wheat and ditch [9].

In order to increase the nutritional value of macaroni
products, additives have been added. But not all of them
provided treatment of raw materials, which improve the
quality of the pasta. Regression models are not developed to
compare the results.

Among plant crops, cereals occupy a leading place in
terms of production and growth rates. Among the variety of
non-traditional raw materials in pasta production, interest
is triticale flour.

Triticale has proven extremely popular as a renewable en-
ergy source for both animal feed and the food industry [10].
It comes out from [11] that the optimal concentration of
triticale bran can be included into yogurt. From this present
study, we can conclude that triticale bran shows promise as
a source of prebiotics with antioxidant activity for future
functional foods.

Malted triticale has the potential to produce high-qual-
ity beer. It is identified and selected as the best line suit-
able for malt production and brewing. Ten triticale lines
show protein content (11.97-14.52 %) and carbohydrates
(77.24-82.87 %) useful for malt production [12].

11 genotypes of triticale are analyzed and compared with
wheat and rye in [13]. The beneficial properties of triticale
starch suggest that targeted selection can be used to improve
the quality of triticale grains and opens up the possibility of
using triticale.

n [14], the active films of triticale flour were made up
with the addition of bacteriocin-like substances with antimi-
crobial activity. These results show that triticale flour films
can provide an alternative strategy for active food packaging
applications.

As a result of research, triticale can be used not only as
feed for poultry, but as a food product. However, research
about using triticale for pasta production is not found.

3. The aim and objectives of the study

The aim of the work is to prepare and improve the quality
of triticale flour by ion-ozonized and ion-ozone cavitation
treatment as important additives improving nutritional val-
ues and consumer qualities of finished pasta products.

Based on the objectives of the study, the following tasks
were set:



— to investigate and compare the effects of ion-ozone and
ion-ozone cavitation treatment on the physical, biochemical
and macaroni properties of “Taza” triticale grain;,

—to develop regression models describing the change
indicators of physico-biochemical and macaroni properties
of triticale flour based on conducting full-factor experiments
for ion-ozone and ion-ozone cavitation treatment;

—to make optimization models of linear programming
for the establishment of technological modes of processing
triticale flour providing the necessary pasta properties when
used in pasta production.

4. Objects and methods of research of grain processing

In experimental studies, two methods of treating tritica-
le at room temperature of 18...25 °C were studied:

—ion-ozone treatment;

— ion-ozone cavitation treatment.

In the case of ion-ozone processing, triticale grain is
loaded into the ion-ozone unit (Fig. 1), filled with ion-
ozone mixture with an ozone concentration of 0.5 mg/dm?
to 4mg/dm® (or from 0.5-10°3 to 4103 mg/cm®) and
the content of molecular ions in the range from 500 to
60,000 units/cm®. At the same time, the ratio of ion concen-
tration (units/cm®) to ozone concentration (mg/cm?) C;, is
(1..15)-10 % units/mg, i. e. 1...15 million units/mg. Further,
for 10...20 minutes, ion-ozone active ventilation of triticale
grain is performed. Humidity before grain processing rang-
es from 13 to 20 %.

When ion-ozone cavitation processing of the grain after
active ventilation, the cavitation installation is sealed. Into
the tank, the ion-ozone mixture is injected until an over-
pressure of 2 to 4 atm is created. After that, excess pressure
in the tank is dramatically reduced, while ozone tends to
explode (the higher the excess pressure, the more powerful
the ozone explosion). The abrupt release of overpressure and
the ozone explosion power add up.

\

Fig. 1. lon-ozone cavitation equipment

During the explosion, cavitation processes occur, during
which the pores of the processed triticale grain increase,
where the ion-ozone mixture penetrates more efficiently.
Ozone destroys harmful impurities and harmful insects.
Molecular oxygen ions based on quantum-physical process-
es increase the biological value of the product [15, 16].

The following factors were chosen as factors affecting
the properties and quality indicators of the processed trit-
icale grain:

— the ratio of ion concentration (million units/cm?®) to
ozone concentration (mg/cm®) C;,, million units/mg; (for
ion-ozone treatment with and without cavitation);

— overpressure (for ion-ozone cavitation treatment) P, atm;

— humidity of the samples before processing w, %;

— processing time Ty, min.

In the experiments for the studied triticale grain, the
following quality indicators were determined:

Y; — humidity after processing, %;

Y, — nature, g/1;

Y3 — grain density, g/cm?;

Y; — mass of 1,000 grains, g;

Y5 — protein, %;

Ys — raw gluten, %;

Y7 — starch, %;

Yg — Green index, ml;

Yy — hardness of grain, units;

Y — specific work deformation test, ea.

The same quality indicators were also determined for the
control (not processed) grain sample of triticale.

To optimize the processing of triticale grains, the follow-
ing indicators were selected as the objective functions:

— for physical properties — density (y3);

— for biochemical properties — protein (ys);

— for pasta properties — hardness of grain (yy).

The rest of the above indicators of grain quality were
considered as limitations.

Taking into account a relatively large number of factors,
in order to reduce the number of experiments and obtain
reliable results in research, planning methods were used
that were full factorial experiments of the FFE-22 type and
FFE-24. FFE-23 type for ion-ozone treatment and FFE-24
for ion-ozone cavitation treatment. To reduce the effect of
uncontrolled parameters on the results, experiments were
randomized using random number tables [17].

A special disintegrator DP0O-320-7.8 mill was used for
preparing macaroni flour from triticale cultivated by ioniz-
ers (Fig. 2).

Fig. 2. Disintegrator DPO-320-7.8

Depending on the speed of the specified rotor, the frac-
tion varies: at the maximum speed of the rotor, the smallest
fractions at the frequency of 50 Hz, with the rotor rotation
velocity — the maximum amount of fractional powders are
crushed at a frequency of 20 Hz.

Methods of analytical studies of grain after processing.

In accordance with all the analyses characterizing
the technological properties according to State standards
(10846-91, 52377-2005, 1482-2005) and “InfraLUM FT-12”



(St. Petersburg, “Lumex”) infrared analyzers, the analyzer
has conducted research. InfraLUM FT-12 infrared analyzer
is a stationary laboratory instrument that can quickly deter-
mine the composition and quality of grain.

On the basis of the least-squares research conducted by
the algorithms and sequential regression analysis programs
developed at the Odessa National Academy of Food Tech-
nologies, regression equations were obtained. The resulting
equation (Fisher criterion) describes a dependence of the
quality indicators of the above processed corn triticale,
respectively on the conditions and modes of their ion-ozone
minutes and ion-ozone cavitation treatment.

The essence of the sequential regression analysis was
that the least-squares method, implemented in a matrix
form, was used to calculate the regression coefficients. Their
significance was checked and the insignificant coefficient
was removed with a minimum ratio of its value to a critical
value and then the regression coefficients were recalculated
again. This procedure ended when only significant regres-
sion coefficients remained in the equation. Then, according
to the Fisher criterion, the adequacy of the regression equa-
tion was tested for experimental data [18, 19].

The systems of equations compiled for triticale grains
are mathematical models. That make it possible to predict
changes in the main quality indicators studied depending on
the ion-ozone and ion-ozone-cavitation modes.

Further, the tasks of safe technological processing regimes
were formulated and solved, including the justification of the
objective function. Bilateral restrictions (limits of change) in-
dicators of the function of restrictions on the values of factors
and criteria for assessing the quality of triticale grain.

Considering the non-linearity of the objective function
and the criteria for evaluating the grain quality, the search
for safe processing modes was performed using the Newton
method [20].

For a visual illustration of the nature of the dependence
of various objective functions on the factors influencing
them, the resulting regression equations were presented as
response surfaces (two-factor dependencies). Dependencies
of simple linear nature are not graphically interpreted [21].

When constructing such two-factor dependencies, the
other significant factors included in the regression equations
were fixed at safe levels.

The granulometric composition of various samples of
flour and powders was determined by means of the GIU-1
through the information and measuring system (SI).

The strength of the finished pasta was determined by
the “Structurometer CT-2” device. Based on the speed
law, which determines the rheological characteristics
of foodstuffs, the study is conducted on the control
of load-kinetics (time-to-mechanical load change) and
dynamics (mechanical load on the depth of indenter),
measured by the movement of various vertically fixed
verifiers.

3. Research results of full factor experiments

The results of the influence of 23ion-ozone treated
“Taza” triticale on its technological properties are presented
(Table 1). The quality indicators of the control and pro-
cessed triticale grains are given.

With safe modes X;>1,000 units/mg, X,=13.0-20.0 %;
X3=10 min, the biochemical properties of the dough are
improved, which also increases its pasta properties. The
specific work of deformation of the test increased from
225.50 ea to 285.78 ea compared with the control sample.
At the same time, a short processing time: within 10 min-
utes, preserves and improves the physical and biochemical
properties of dough made from the flour of “Taza” triticale
grains [22].

Based on the studies, mathematical regression models
describing changes in the main indicators for evaluating the
technological properties of the processed triticale grain were
obtained (Table 2). This makes it possible to determine the
safe conditions of the ion-ozone treatment, which ensure that
rational technological regimes are justified. Table 2 shows
the regression models obtained on the basis of 23 full-factor
experiments on the main indicators of grain, flour and dough
for “Taza” triticale.

Table 1

Conditions and results of FFE-23 experiments on ion-ozone cavitation treatment of triticale “Taza”

Ratio of H Technological properties
ion con- e
.| midity | Pro- Physical Biochemical Pasta
centration| e cessing
to OZONC, | eat- time, | Humidity , . Weight M%.SS Raw Green’s| Hard- Specific
million o . ) Nature, | Density, | of 1000 |fraction , o | - work of de-
Exper- . ment,% |min (t)| after proe 3 . glu- | Starch, % | index, | ness, .
- units/mg o g/l g/cm® | grains, | of pro- | .| formation
iment (w) cessing, % S ten,% ml units o
No (Cis) g tein% test, ea
) Experimental conditions Quality indicators
Control (without treat- 13.2 687 1.16 50 11.82 | 20.59 61.78 19.08 | 45.76 225.50
ment) 19.9 593 1.06 54 8.60 |20.77 59.09 19.31| 57.24 408.91
X Xy X3 Yy Yy Y Yy Y5 Y Yz Y Yy Yio
1 15 20 20 14.78 665 1.12 57 13.23 | 19.92 60.75 19.43| 46.75 245.7
2 1 20 20 13.89 644 1.08 56 | 12.94 |20.03 60.92 16.07 | 41.72 238.6
3 15 13 20 13.06 694 1.16 55 13.77 | 20.99 62.07 24.35| 37.74 236.9
4 1 13 20 13.33 695 1.16 54 12.84 |20.52 61.91 23.41| 47.88 237.4
5 15 20 10 15.64 648 1.15 54 13.29 | 20.37 60.52 21.23| 36.08 255.3
6 1 20 10 1791 611 1.16 58 13.90 |21.89 60.68 24.66 | 41.59 285.8
7 15 13 10 12.92 698 1.05 54 12.80 | 21.19 61.89 25.36| 49.43 241.3
8 1 13 10 13.05 694 1.14 52 13.50 | 20.51 62.17 22.29| 40.70 225.5




Table 2

Characteristics of the regression equations for the main indicators of quality by the least-squares method, taking into account
the inter-factor interactions for “Taza” triticale grain

Numerical Characteristics
Indicators Type of equation (optimization) Averageval Standard : Criteria
veragevalue | 4 o Lo Fisher | Student
- L, —ter
1000 grains _ " SY=1.400 F,=3.02
mass Y=43.0357+0.7857* X3 56 Sag=2.4349 | Fy~19.42 4.304
Acidit Y,:=5.574—0.0455*X;—0.344167*X,—0.238988*X3—0.1565* X;+0.00 (924 S§Y=0.0500 | F,=15.66 4304
Y 23*X1*X;+0,0192* X, * X3+0.008393* X5* X ' Sag=0.1978 | F,=19.37 ’
5Y=0.2300 F,=7.66
= * p
Raw gluten Y,,=0.535+0.1846*X, 20.99 Sag~0.6364 | Fy~19.42 4.304
Specificwork of Ywa=111.614881-5.663*X;+6.0308*X,+612.5736* X5— 974.99 SY=6.9500 | F,=12.90 4304
deformation 3.973929*X,+0.407* X * X, ’ Sag=24.9642 | F;,=19.39 ’

From the data of Table 2, it can be seen that the whole
equation at a high level adequately describes the change in
physicochemical and macaroni properties. As a result, 9 re-
gression equations were obtained by the studied indicator of
the quality of triticale grains. To establish the optimal values
of ion-ozone and ion-ozone cavitation treatment modes, linear
programming models were compiled. Physical, biochemical and
macaroni properties, selected indicators of target functions,
and the remaining indicators are used as restrictive functions.
Restrictions on quality indicators are chosen to correspond to a
good quality level according to the standard for triticale grain.
From the beginning, we consider the optimization of the oper-
ating parameters of the ion-ozone processing of triticale grains.

Restrictions on the range of variation of regime parame-
ters and ion-ozone processing of all the studied grain samples
were as follows:

1 million units/mg <C; , <15 million units/mg;

13 % <w <20 %;

10 min <ty <20 min.

Taking into account the permissible ranges of the studied
factors (C;,, w and 1), the mathematical models for the safe
ion-ozone treatment regimes for triticale of the “Taza” vari-
ety are as follows.

Physical properties:

— objective function

1.0<y3-1.127, g /cm3<1.28 —max;

— restrictions on quality indicators:

11.0<y{=8.51+0.474-w—0.00810-w-1, %<22.0;

650<y»=794.1-7.61-w, g/1<800;

30.0<y4=49.11+0.35-w, g<60.0;

Biochemical properties:
— objective function

11.0<y5-11.68, %<15.5—max;

— restrictions on quality indicators:

19.0<y-20.68, %<30.0;
58.0<y7-61.36, %<65.0;

Pasta properties:
— objective function

21.0<y9=110.25-5.72-w-2.71-1+0.110-C; 4,-w—0.0997 %
xCis1+0.252-w-1, units<71.0—»max;

— limitation of specific work on the test deformation:
240<y-196.14+3.010-w, ea<360.

The safe modes of ion-ozone processing for various pur-
poses, determined on the basis of the above mathematical
models, are summarized in Table 3.

Table 3

Optimal regimes and quality indicators of “Taza” triticale
grain after ion-ozone treatment on device

i P ing Mod i
Pr(l)pert}es rocessing Modes Objective 'Ql'lahty
(designation) | ¢; omln. |w, | 1 p . indicators
R ” ’ ) unction ..
of grains unit/mg | % | min (limitations)
_ Y=13.62 %;
Physical 1 13| 10 | 13 1;37 & | v,=695g/1;
Y4:5375 g
. . oo | Y6=20.68 %
Biochemical 1 131 10 Y5=11.68 % Yo=61.36 %.
15 13| 10 | Y9=48.05 unit | Y19=235.3 ca
Pasta
1 20| 10 Y10=256.3 ea Y5=20.4 ml

Fig. 1 shows the response surfaces of the target func-
tions of “Taza” triticale examined, depending on the factors
Cis, w and 1. The most difficult of them are the macaroni
properties of grain — characterized by the dependencies of
grain hardness on the factors C;,and t, as well as @ and 1.
Due to the significance of the pairwise interaction coeffi-
cients, the influence of each of these factors significantly
depends on the values of the pairwise factor. Thus, an in-
crease in the factor C; , increases grain hardness only with
minimum values of . At maximum, it leads to a decrease in
grain hardness. The dependence of grain hardness on the
factors C;/, and w has an unambiguous directly proportion-
al character, an increase in C;, and a decrease in w lead to
an increase in grain hardness.
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Fig. 3. Response surface of the dependencies of the studied
objective functions of “Taza” triticale on the factors C;/,,
w and 7 (the values of factors not taken into consideration
are fixed at safe levels):  — dependence of grain hardness

on the concentration of ion-ozone and humidity;

b — dependence of grain hardness on treatment time and of
ion-ozone concentration; ¢ — dependence of grain hardness

on humidity and processing time

The results of the influence of 2%ion-ozone cavita-
tion treated “Taza” triticale on its technological properties
and quality indicators of the control and processed triticale
grains are given in Table 4.

When processing ion-ozone-cavitation flow mode
X1>1,000 u/mg, Xo=4.0 atm; X3=13.0-20.0 %; X;=20 minutes
improves the physical properties of the dough, which also
increases its pasta properties. The specific work of the deforma-
tion test is increased from 225.5 ea to 372.3 ea compared with
the control sample. Such changes are associated with ion-ozone
cavitation treatment regimes. With a decrease in the concen-
tration of ions, an increase in the moisture content of the grain,
a mass of 1000 grains, and the specific work of deformation
are observed. At 10 min, the specific work of deformation and

dough increases by 138.77 ea compared to the 20 minute. At
the same time, a short processing time: within 10 minutes, pre-
serves and improves the physical and biochemical properties of
the dough made from the flour of “Taza” triticale grain.

The amount of protein and the density of dry grain
during ion-ozone cavitation treatment did not change and
remain on a par with samples of untreated grain, and the
moist (20 %) of grain protein is restored after treatment.
Ton-ozone-cavitation treatment of grain much increased the
amount of wet gluten to 7.24-7.80 %, starch at 1.30—5.60 %,
mass of 1,000 grains at 14.0—14.8 g comparing with control.

Restrictions on the range of changes in the processing
parameters of all the studied crops were as follows:

1 million units/mg<C; <15 million units/mg; 1 atm <4 atm.
13 % <w <20 %; 10 min <t <20 min.

Taking into account the permissible ranges of the studied
factors (Cjs, P, w and 7), the mathematical models for safe
ion-ozone-cavitation treatment modes for triticale of “Taza”
variety are presented below.

Physical properties:

— objective function

1.0<y;=1.431-0.0198-w, g /cm3<1.28—max;
— restrictions on quality indicators:

11.0<y,=—0.197C,/,+1.100-0+0.0149C; /o7~
~0.00911-w-1, %<22.0;

650<y>=887.4—14.8-w, g/1<800;
30.0<y,=43.04+0.786 w0, g<60.0;

Biochemical properties:
— objective function

11.0<y5=14.51-0.205-w, %<15.5— max;
— restrictions on quality indicators:
19.0<y6=20.54+0.185-P, %<30.0;
58.0<y7=61.57, %<65.0,

Pasta properties:
— objective function

21.0<y9=80.06+9.15-P-3.72-w+0.701-1-0.167C; - P+
+0.242P-w—0.292-P-1, units<71.0—max;

— limitation of specific work on the test deformation:

240<y49=111.61-5.66-C;/,+6.03-P+12.57-w—
—3.97-1+0.407-C; /-1, %<360.

Summary data on the optimization of ion-ozone-cavita-
tion treatment modes and the resulting grain quality indica-
tors for “Taza” triticale are given in Table 5.

Table 5 shows that to improve all the properties of trit-
icale, the treatment should be carried out for 10 minutes at
Ci/o=1 million units/mg and grain moisture 13 %.



Table 4

Conditions and results of FFE-24 experiments on ion-ozone-cavitation treatment of “Taza” triticale

Ratio of ion| Excess | Hu- | Pro- Technological properties
concen- pres- | midity | cess- Physical Biochemical Pasta
Ex- | trationsto | sure | before | ing — - —
peri- | ozone, mil- | (cavi- | treat- | time, Humidity | Na- Den— Weight Mgss Raw . Green’s Hard- | Specific quk
ment | lion units/ | tation), | ment,% | min after proe | ture, | sity, of .1000 fractl(?n of | glu- | Starch, % | index, ness, of deformation
No. | mg(Cir) |atm (P)| (w) @) cessing,% | g/l |g/cm?®|grains, g| protein% |ten,% ml units test, ea
Experimental conditions Quality indicators
Xy Xy X3 Xy Y Yo | Vs Yy Y5 Y Yz Ys Yy Yio
1 15 4 20 20 21.8 570 1 61 9.17 219 | 60.89 18.8 18.4 371.5
2 1 4 20 20 17.8 602 | 1.05 56 10.91 20.2 | 62.40 21.6 11.2 273.5
3 15 1 20 20 18.9 591 | 1.05 57 9.94 20.3 | 59.18 17.3 | 323 331.8
4 1 1 20 20 17.6 610 | 1.03 56 11.50 21.2 | 61.90 235 | 219 279.2
5 15 4 13 20 12.9 695 | 1.25 57 11.77 20.3 | 62.36 17.8 | 476 226.8
6 1 4 13 20 129 696 | 1.16 56 12.22 221 61.81 29.9 | 52.0 250.7
7 15 1 13 20 12.9 695 | 1.12 53 11.80 209 | 62.20 221 49.3 237.3
8 1 1 13 20 129 | 696 | 1.14 52 11.84 |20.5| 6219 239 | 506 225.0
9 15 4 20 10 19.8 586 | 1.05 60 10.33 21.6 | 60.51 22.5 | 21.6 334.3
10 1 4 20 10 20.6 [579 | 1.0 62 1025 | 22.4| 59.93 257 | 285 372.3
11 15 1 20 10 17.8 603 | 1.06 57 11.10 20.5| 61.64 18.8 | 28.3 286.6
12 1 1 20 10 20.5 | 590 | 1.04 61 10.08 | 20.8| 60.90 189 | 14.6 327.4
13 15 4 13 10 12.9 698 | 1.18 50 11.77 20.8 | 62.24 23.2 51.4 230.9
14 1 4 13 10 13,1 697 | 1.18 51 1190 |20.8| 6220 221 | 46.7 236.7
15 15 1 13 10 131 689 | 1.18 53 11.75 204 | 62.23 244 | 48.3 230.2
16 1 1 13 10 12.5 694 | 1.18 54 11.70 211 62.59 234 | 46.2 234.7
Table 5

Optimal regimes and quality indicators of “Taza” triticale
grain after ion-ozone-cavitation treatment

Properties Treatment modes ;
(designa- Objective iﬁ?ﬁ;ﬁ)};s
tion) of | Cion mhn. | P, |w, | 1, function limitati
grains | unit/mg |atm % | min (limitations)
Y1=32.07 %
Physical 1 1 [13] 10 |Y3=1.17 g/cm?| Y»=695 g/1;
Y4:5325 g
Biochem- B o | Y6=20.72 %
ical 1 1 113] 10 | Y5=11.84% Yo=61.57 %;
15 1 [13| 20 | Y9=53.2 unit |Y1p=238.8 ea
Pasta
1 4 120 10 | Yyp=345.8¢a | Ys=21.4ml

Graphic dependences of the studied objective functions
on the factors Cj,, P, w and t are shown in Fig. 2. It is possi-
ble to note the contradictory nature of the dependencies for
the grain hardness on C;,—P and P—r, as well as the specific
work of the deformation of the test on C;,—1.

With a pressure of 4 atm, the effect of treatment duration
on the objective functions has the dependence of grain hard-
ness on the joint interaction of C;,—P and P—1. And the influ-
ence of the factors C;, and w, as well as w and P on grain hard-
ness is unambiguous. With increasing C;, and P, an increase
in the moisture content of the grain reduces grain hardness.

For comparison, the quality indicators of the control
(not processed) samples and the safe indicators obtained
after their ion-ozone (I10) and ion-ozone-cavitation (IOC)
processing are presented in Table 6.

Table 6 shows apparently the safest, ion-ozone and
ion-ozone-cavitation processes for the deteceable physical,
biochemical properties of proteins. For macaroni products,
they are distinguished by grain moisture. Suspicious modes
resulted from the treatment of the submerged grain (20 %).

For physicochemical, biochemical, pasta properties, the best
results are obtained from the treatment of silicon (13 %).

Table 6

Summary of the optimal quality parameters and triticale after
ion-ozone and ion-ozone-cavitation treatment in comparison
with control (unprocessed) samples

“Taza” triticale
Indicators 10 10C
Optimum | Control | Optimum Control
Physical properties
Yy, % 13.62 - 32.07 -
Ys, g/1 695 687 695 687
Y3, g/cm? 1.127 1.16 1.17 1.16
Yi g 53.75 50 53.25 50
Biochemical properties
Y5, % 11.68 11.82 11.84 11.82
Ye, % 20.68 20.59 20.72 20.59
Y7, % 61.36 61.78 61.57 61.78
Ys, ml 20.4 57.24 21.4 57.24
Pasta properties
Yy, unit 48.05 45.76 53.2 45.76
Y10, €a 256.3 408.9 345.8 408.9

We found the optimum modes for the processing of the
triticale technology used for the production of macaroni by
processing through the ion-ozone and ion-ozone-cavitation
equipment. Further, the triticale cultures, which had the
highest yield in all their properties, were molded using a
single-rotary eight-row disintegrator DPO-320-7.8.

The degree of grain grinding in this device is adjusted
by changing the rotor speed, and grinding is carried out



from the largest to the smallest particles.
The granulometric composition of powdered
flour particles at 20 and 50 Hz with the dis-
integrator is shown in Fig. 5.

The size of the charged particle was
204 um at 50 Hz and 309 um at 20 Hz.
High flour granules (pellets) do not fully
absorb moisture when they are paste and
retain their original shape when com-
pressed. Granulometric composition of
flour affects its moisture absorption ca-
pacity, which is why it is tight and smooth
with its strength to the physical properties
of the dough. According to the require-
ments of the applicable GOST 2306-66
and 12307-66, the top slab of macaroni
flour should be 250-530 pm.

The flour received this requirement
and prepared macaroni, including 20 % of
triticale flour for wheat flour. The reason
for 20 % of the triticale mixture is that
research has revealed that the rheological
properties of macaroni are of high signif-
icance and are well-preserved. The good
quality of macaroni products, first of all,
depends on the rheological properties of
the pastry. Durability and deformation
characteristics of dry macaroni products
are one of the most important indicators
of their quality. Fig. 6 illustrates the effect
of ion-ozone cavitation on the wheat flour
and the triticale treated without the cavi-
tation on macaroni strength.
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Fig. 5. Particle size distribution of the crushed flour at various
frequencies: @ — 20 Hz, 6 — 50 Hz
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Fig. 4. Response surface of the dependencies of the studied objective functions of “Taza” triticale on the factors C;/,, P, wand 1 (the
values of factors not taken into consideration are fixed at safe levels): @ — dependence of grain hardness on ion-ozone concentration
and cavitation pressure; b — dependence of grain hardness on ion-ozone concentration and humidity; ¢ — dependence grain hardness
on the processing time and cavitation pressure; d — dependence of grain hardness on cavitation pressure and humidity;
e — dependence of the specific work of deformation on processing time and ion-ozone concentration
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Fig. 6. Influence of ionized and ion exchange cavitated triticale mixture on
pasta strength

The diagram illustrates the difference in the strength
of macaroni products, prepared in 80 % of wheat flour,
with ion-ozone (IO) and 20 % triticale ion-ozone cavitation
(I0C). The results of the research show that the strength of
macaroni depends on the size of the flour particles. When
using triticale treated with ion-ozone cavitation at 309 pm
powder of flour, macaroni has a maximum value of 235.16 N.
Accordingly, the same change in powdered flour at 204 um
is equivalent to 219.33 N. Control samples are made from the
initial crop flour that has not been processed. Compared to
the results obtained, the quality of pasta was observed when
using flour, processed by ion-ozone cavitation at 309 um by
size of flour particles.

6. Discussion of the results of studies on grain
preparation for processing

Reliable scientific results were obtained on determining
the influence of the ion-ozone and ion-ozone cavitation pro-
cessing separately on the physico-biochemical and on some
indicators of the pasta properties of triticale. Such a change
occurs due to the penetration of the molecules of oxygen ions
and ozone into the cells of triticale grains. This leads to the
activation of biological processes in them, which is reflected
in the improvement of properties and on the general con-
dition of triticale grain. It can be noted here that the more
intense the interaction with ionic molecules, the stronger the
effect on the physico-biochemical properties. This method of
grain processing by ion-ozone flow was created by us for the
first time and differs significantly from other electrophysical
effects in its physical essence. The agent of ion-ozone flux is
atmospheric air and their special parameters are produced
and regulated by a special generator. Flows affect objects in
full. Their intensity depends on the power of the source and
the amount of pressure for feeding into the grain mass.

It is necessary to develop experimental pilot plants that
allow working in real conditions to establish reliable test
results for further practical implementation. This enables the
creation of industrial designs of an ion-ozonation unit with
computer controls during their operation [23].

The disadvantages of this study are that such an aggregate
has not been created, which work universally for different
branches of the food and processing industry of the agro-indus-
trial complex. We first created an environmentally friendly unit
that improves the food safety of products and environmental
protection. There is scientific and technical documentation for
the full implementation of the tasks for their use in enterprises.

At the present time, there are many problem, food and
grain processing enterprises to improve the quality and
safety of products, the destruction of pests, microorganisms
during long-term storage. Ion-ozone technology provides
solutions to such problematic issues.

7. Conclusions

1. Ion-ozone and ion-ozone-cavitation treatment of trit-
icale improves the technological properties in general. Bio-
chemical properties remain particularly stable and physical
and pasta properties undergo slight changes. The analysis of
the obtained results also showed that the ratio of ion concen-
tration to ozone concentration for practically all processing
regimes is 1 mIn. unit/mg. The exception is the pasta proper-
ties of “Taza” triticale (10, IOC), for which 15 mln. unit/mg.

The cavitation pressure and treatment duration for
different properties affect differently. Improving the techno-
logical quality of triticale grains based on bioenergy impact
is of current importance in improving the nutritional value
and environmental safety of processed products.

2. Regression equations describing changes in the tech-
nological indicators of the quality of the properties of “Taza”
triticale in ion-ozone and ion-ozone-cavitation preparation
of grain are developed and calculated.

3. Based on the above compiled linear and nonlinear pro-
gramming of mathematical models, safe processing modes
are determined. Safe levels of triticale quality indicators after
treatment with the ion-ozone and ion-ozone-cavitation equip-
ment, which makes it possible to obtain improved qualities of
pasta are also summarized. That is, for grain hardness the safe
optimum is 48.05 units. (I0) and 53.2 units. (I0OC), for specific
work of deformation test —256.3 ea (I0) and 345.8 ea (IOC).
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