XIMIYMHA IHMEHEPIA:
( TEXHONOrIi BHPOBHHUTEA XAPYYBAHHA

I55N 2226-3780

15. Intehrovane intelektualne upravlinnia tekhnolohichnymy protsesa-
my v ekonomichnykh systemakh korporatyvnykh pidpryiemstv
hirnycho-metalurhiinoho kompleksu: monograph / Khorol-
skyi V. P. et al; ed. by Khorolskyi V. P. Dnipropetrovsk: Sich,
2008. 443 p.

PA3PAEOTKA POEOTOTEXHO/NOIHYECKOI'0 KOMINEKCA
HHTENNEKTYANBLHOT0 YNPABEHMA NMPOM3BOJACTBOM X/NEEA
INA TEPPHTOPHH C TEXHOTEHHO# HATPY3K0#

PazpaboTran KOMILIEKC POU3BOJCTBA HHHOBAIIMOHHBIX COPTOB
xjieba Ui HaceJeHust, IPOKUBAIOIIEr0 Ha TEPPUTOPUAX C BLICO-
KUM ypOBHeM 3arpsastenus. [Ipeioxkeno B cucteMe mpousBoACTBa
OIapbI-TECTa UCIIOJIb30BaTh YJILTPA3BYKOBYIO KABUTAIIMOHHYIO Jle-
sunrerpannio. [loyuenbl HSMIUPUUYECCKUE 3aBUCUMOCTH, 1103BOJIsI-
omue uAeHTUGUIMPOBATL U KOHTPOJIUPOBATH TEXHOJOTHUECKUE
npolecchl Mpou3BoAcTBa Xjaeba B cpefae pobOTOB-MHTEHCUDU-
KaTopoB. PazpaGoTana apXuUTEKTypa MHOIOYPOBHEBOW CHCTEMbl
HHTEJJIEKTYaIbHOTO YIPABJICHUSA NOIEPKKU IIPUHATUS PelieH i
MPOU3BOACTBOM XJieha.

Haliasnyi I,
Gavrish T.,
Shanina 0.

Kmouesste cnoBa: yJI5TPa3ByKOBasi KABUTAIMS, IPOIECC Onapa-
TECTO, MPOU3BOACTBO XJjeba, cpena PobOTOB-UHTEHCH(DUKATOPOB.

Khorolskyi Valentin, Doctor of Technical Sciences, Professor, De-
partment of General Engineering Disciplines and Equipment, Donetsk
National University of Economics and Trade named after Mikhail
Tugan-Baranovsky, Kryoyi Rih, Ukraine, e-mail: Khorolo@ukr.net,
ORCID: http.//orcid.org/0000-0003-4040-3229

Korenets Yurii, Applicant, Department of Technology in Cate-
ring, Hotel and Restaurant Business, Donetsk National University
of Economics and Trade named after Mikhail Tugan-Baranovsky,
Kryoyi Rih, Ukraine, e-mail: yurii.korenets@gmail.com, ORCID:
https://orcid.org/0000-0002-5873-7908

Ostapenko Ivan, Department of General Engineering Disciplines
and Equipment, Donetsk National University of Economics and Trade
named after Mikhail Tugan-Baranovsky, Kryvyi Rih, Ukraine, e-mail:
ostapenko.ivan1996@gmail.com, ORCID: https://orcid.org/0000-
0002-4160-6397

UDC 664.6
DOI: 10.15587/2312-8372.2018.124286

RESEARCH OF SURFACE PROPERTIES
OF WATER-FLOUR SUSPENSIONS

IN THE PRESENCE OF HYDROCOLLOIDS
AND PROTEIN SUPPLEMENTS

Hocnioxceno eniue 2iopoxonoioie ma 6irkosux 006a80K Ha NOKA3HUK (POPMOCMILIKOCMI Kpaneis 600-

HO-00POUWHAHUX CYCNEN3IL Ha 0CHOBT besziomeno60zo bopowna. ITiomeepoceno doyinvricmo 3acmocy-
sanms 6 peuenmypi 6e32110meno8020 6e30PiNcONCO8020 XIOHO20 MICMA HAMPIH KAPOOKCUMEMULUCIIOLO3U
ma Kouyenmpamie meapunnux O6iiKie 0ns ymeopenns noiinwenoi ninnoi cmpyxkmypu. Bemanosieno
3ANEHCHICb NOKASHUKA POPMOCMILIKOCME Kpaneiv 600H0-00POUHAHUX CYCNeH3I 610 KIIbKOCMI 6HECeHUX

noxinuwyouux 006asox ma eudy 6esznomenosoi 6opouHsHa.
Kmeuosi crosa: (opmocmitikicmo Kpaneiv 600H0-60POUHAHUX CYCNEN3I, KYM 3MOUYEANHS, HAMPIl
KapOOKCUMEMUNYENI003d, KOHUEHMPAam meapunnozo oiuika.

1. Introduction

Gluten-free products play a very important role in the
preventive and curative nutrition of mankind. Initially, this
applies to patients with celiac disease, as well as consu-
mers who have various eating disorders — gluten allergy
or intolerance [1]. Taking into account the achievements
in the field of nutrigenomics and nutrients, the tendency
to individualize diets is growing. This will help to increase
the volume of the market for specialized food products,
including gluten-free foods.

Bakery and culinary and confectionery flour products
that do not contain gluten are one of the segments of
this market. At present, the production of such specialized
food products is rapidly developing.

The growth of interest in gluten-free products is due
to the high prevalence of celiac disease, which is estimated
to cover at least 0.5..2.0 % of the population in most
European countries and the USA [2]. Compared with
the countries of North America, Europe, Japan, etc., in
Ukraine, the production of gluten-free products in a suf-

ficient range and volumes, unfortunately, is not established.
However, it is necessary to provide this category of people
with specialized food products constantly.

The assortment of gluten-free flour products on the
Ukrainian market is formed mainly due to imported pro-
ducts, which has a rather high cost. In addition, most
of the gluten-free products available in the country are
flour confectionery. It is clear that the preparation of
a number of food products with the exception of gluten
is primarily a dietary aspect. But in the production of
gluten-free bakery products, the absence of gluten becomes
a serious technological challenge and requires the solution
of a number of technological issues.

In recent decades, many studies have been carried out
to improve the quality of gluten-free bread and its nutri-
tional properties. However, there are still problems with
the development of gluten-free bread with a satisfactory
structure, shelf life and cost.

In view of the foregoing, it becomes clear that there
is an urgent need to develop new approaches to gluten
detoxification or the production of gluten-free compositions.
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In addition, the need to develop formulas and technologies
for the production of flour-free gluten-free products ha-
ving a sufficient quality and an acceptable price is clearly
evident.

2. The ohject of research
and its technological audit

The objects of research in the work are:

— rice flour (Fy), corn fine grinding (F.,,), according

to the current regulatory documentation;

— flour mixture (Fyice: Feorn, Tespectively, 70 %: 30 %);

— water-flour suspensions.

As research materials are applied:

— distilled water;

— sodium carboxymethyl cellulose (CMC) - 0.5 %

solution;

— concentrate of animal protein (CAP) Scanpro T95 —

0.5..1.5 % to the weight of flour.

In the production of gluten free dough, the technologi-
cal concept is as follows. First, it is necessary to ensure
the maximum foaming ability of the compound mixture,
and secondly, the maximum stability of such foam during
the placement of the dough in baking molds.

The process of foaming is complex because of the joint
influence of numerous physical and chemical, physical and
mechanical and other factors. The patterns that charac-
terize the process of foam formation depend significantly
on the conditions for carrying out a particular process.
The set of variable parameters, the influence of which
is not always accountable, significantly complicates the
possibility of an accurate quantitative assessment of the
processes taking place. Nevertheless, the formation and
destruction of the foam layer obeys different regularities
depending on the surface properties of the solutions at
the boundary with air and the mechanical properties of
the liquid interlayers between the bubbles.

Summarizing the foregoing, it can be argued that in
order to ensure the maximum foaming capacity and sta-
bility of the formulation mixture of a gluten-free, dough,
it is necessary to study the effect of CMC and CAP on
the surface properties of water-flour suspensions.

3. The aim and ohjectives of research

The aim of research is determination of CMC and CAP
effect on the surface properties of water-flour suspensions
using rice, corn flour and their mixtures. To achieve this
aim, it is necessary to perform the following tasks:

1. To determine the contact wetting angle (a) o of
water-flour suspensions without supplements, and also in
the presence of 0.5 % CMC and 0.5..1.5 % CAP.

2. To determine the shape stability index (H/D) of water
drops and water-flour suspensions under the conditions of
adding supplements of the indicated concentrations.

3. To establish the dependence of this indicator on the
use of various types of gluten-free flour in the conditions
of adding supplements and without them.

4. Research of existing solutions
of the prohlem

To compensate for missing gluten, scientists recommend
using the functionality of various ingredients.

The research of the specialists of the world food in-
dustry is aimed at the search for gluten-free basic and
auxiliary raw materials components (hydrocolloids, protein
components, starches, pseudo-grained raw materials, etc.).
And also on the development of new technological ap-
proaches that involve the use of enzymes, the use of
high pressure, hydrothermal processing, extrusion and
germination of grain and flour raw materials, fermenta-
tion of dough, etc.

Rice flour [3] and rice starch are used as the most
common and widely used raw ingredients; corn flour and
corn starch; potato starch; cassava starch; wheat starch [4].
Such raw materials are offered as alternative: gluten-free
flour from cereals (sorghum, millet, oats) [5]; gluten-free
flour with pseudo-grains (buckwheat, amaranth, quinoa) [6].

Proteins play a decisive role in determining the structure
of many food products, including gluten-free bread [2, 7].
Because of their excellent functional properties, animal
proteins are widely researched and used in food systems.
Some animal proteins have excellent functional and or-
ganoleptic properties, but they entail a higher production
cost [8].

Proteins from various sources (soy, pea, egg white and
casein, etc.) can be added to the basic gluten-free com-
positions [7]. Proteins lead to an increase in the modulus
of elasticity by crosslinking the protein network, enhanc-
ing color, flavor due to Meyer’s reaction, improving the
structure by improving gelling and foaming [9].

Hydrocolloids are widely used as structuring agents
to simulate the visco-elastic properties of gluten. These
ingredients are generally used as a substitute for gluten
for their thickening ability, high water-retaining and
gel-forming characteristics. They increase the volume
of the dough, stabilize its foam structure by increasing
the viscosity. Hydrocolloids also prevent the effect of
the aqueous phase on the foam structure, improving the
stability of the liquid in the films surrounding the gas
bubbles [10, 11].

The overwhelming majority of works are devoted to the
perspective questions of the production of yeast gluten-
free bread with the use of yeast as dough disintegrators.
Therefore, scientific data on the effect of hydrocolloids
and animal protein concentrates on the surface properties
of non-yeasted foamy dough masses in modern information
sources has not been found.

5. Methods of research

To determine the surface properties of water-flour sus-
pensions, the sessile-drop method is applied [11]. The
diameter of the drop (in several replicates) is 6+1 mm.
This ensures that the contact angle does not depend on
the diameter. Since it is known that in the case of very
small drops, the influence of the surface tension of the
liquid itself (the tendency to form a spherical drop), and
in the case of large drops, the gravitational forces begin
to dominate. By this method, the angle between a solid
surface and a liquid at the contact point of three phases
is measured (Fig. 1, a).

In addition, a graphical method for determining the
shape stability (H/D) of a drop is used — through the
ratio of the drop height in its diameter (Fig. 1, b).

The processing of the experimental data is carried
out using the MS Office Excel software package (USA).
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) Yliquid-gas 6. Research results

At the first stage of research, the wetting angle of
water drops and water-flour suspensions in the presence of
supplements and without them is determined. The results
of the experiment are shown in Fig. 2-5, and the data
of their processing are given in Table 1.

During the experiment, a measurement time of 10 s (the
same for all samples) is observed, since even after short
exposure of the samples before measurement, a change in
the shape stability of the drop.

The wetting angle (contact angle) is the main wet-
ting characteristic. This is the angle of the surface of the
liquid to the wetted surface of the solid. The liquid itself
is always inside the edge angle. The tip of the wetting

b angle is on the wetting line, which passes through the
Fig. 1. Determination: contact line of the three phases. Characteristics of the
a — wetting angle of a liquid drop; b — shape stability of a liquid drop wetting angle are given in Table 1.

C d e

Fig. 2. Appearance of prototypes — drops of water with supplements:
a — without supplements; 5 — 0.5 % of CMC; ¢ — 0.5 % CMC+0.5 % of Scanpro T95; 4 — 0.5 % of CMC+1.0 % of Scanpra T85;
e — 0.5 % of CMC+1.5 % of Scanpro T95

Fig. 3. Appearance of prototypes — drops of water-flour suspensions with supplements:
a — Fre; b — Fipt0.5 % of CMC; ¢ — F,+0.5 % of CMC+1.0 % of Scanpro T95

Fig. 4. Appearance of prototypes — drops of water with supplements:
a— Fom; b — Foprgt0.5 % of CMC; ¢ — Fop,t0.5 % of CMC+1.0 % of Scanpro T95
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Fig. 5. Appearance of prototypes
a — Fryge/Foom 70/30; b — Fie/Fopry 70/30+0.5 % of CMC;

— drops of water with supplements:
¢ = Frice/Foorn 70/30+0.5 % of CMC+1.0 % of Scanpro T95

Tahle 1
Characteristics of the wetting angle (=13, P<0.05)
Characteristics of the wetting angle

Eﬁﬁ;ﬁpgﬁgx water water/Fr, water/Fpy, water/Frip/ From
o, ° sino o, ° sino a, ° sino o, © sino
Without supplements 83 0.993 72 0.951 76 0.970 78 0.978
0.5 % of CMC 80 0.985 80 0.985 82 0.990 79 0.982

0.5 % of CMC+0.5 % of CMC 74 0.961 - - - - - -
0.5 % of CMC+1.0 % of CMC 71 0.946 79 0.982 80 0.985 79 0.982

0.5 % of CMC+1.5 % of CMC 80 0.985 - - - - - -

At the next stage of the study, the shape stability of
water dropls and water-flour suspensions is determined under
the conditions of introduction of supplements in Fig. 6, 7.

Analyzing the data shown in Fig. 6, the following ex-
planations should be provided. First, the proposed supple-
ments-structure improvers as a whole cause a reduction
in shape stability, to the greatest extent — in the case of
joint application. The H/D of the control sample is 32,
and in the presence of 0.5 % of CMC with supplements
0.5..1.0 %, CAP=20...21. Such data indicate the possibility
of forming an improved foam dough structure by reducing
the surface tension of the dough samples. It is possible to
explain the decrease in the CAP efficiency in the amount
of 1.5 % by reversing the surface tension of the liquid
phase of the dough (this confirms the growth of the H/D
ratio to 27.6), which is due to the possible processes of
drag-leavening with such amount of the supplement.

Analysis of the shape stability of droplets of water-
flour suspensions (Fig. 4-7) indicates that there is some
discrepancy between the experimental data and theoreti-
cal reasoning.

That is, if the H/D for B, is 21.3, Bem is 26.5, then
for flour mixture in the ratio Byice/Beom 70/30 it should
have a value between these two indicators (according to
the proportionality rule — 22.8).

However, such assertion would be true if there is no
interaction between these kinds of flour in the water-
flour suspension. Actually, this indicator for flour mixture
is increased to 27.4. That is, the surface tension of the
water-flour suspension from the flour mixture increases.
Let’s believe that this is a consequence of the intermo-
lecular interaction between water-soluble proteins of rice
and corn flour (since the proteins of the water-soluble
fraction pass into the liquid phase of the suspension).

35 31.94

o
= 30 - 27.62
sé 25.93
:. 251 20.34 21.19
220 1
g 15
[
S 10 1
7

5 L

0 7 7 7 v

Without 0.5 % of CMC 0.5 % of 0.5 % of 0.5 % of
supplements CMCH+0.5 % of CMC+1.0 % of CMC+1.5 % of

Fig. 6. Shape stability of drops of

CMC CMC CMC

test water samples with supplements
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Fig. 7. Shape stability of drops of test samples of water-flour suspensions with supplements

7. SWOT analysis of research resulis

Strengths. Among the strengths of this research, it should
be noted that the obtained data indicate a positive effect
of CMC and CAP on the surface properties of water-flour
suspensions. The proposed supplements-structure improvers as
a whole cause a decrease in the shape stability, most of all —
in the case of joint application, indicates the formation of
an improved frothy structure of the gluten-free yeast dough.

Weaknesses. The weaknesses of this research are re-
lated to the fact that the production of animal protein
is 10 times more expensive than vegetable protein. As
a result, over the last decade, the number of studies on
the functional properties of plant proteins has increased
significantly. The functionality of vegetable proteins is
often inadequate because of their low solubility in the
aquatic environment, which is the most common in food
products, particularly bakery products.

Opportunities. Specificity of production of gluten-free
non-yeasted dough by whipping is that the resulting foam
structure undergoes undesirable external influences, leading
to a decrease in its stability. Such factors include mixing
the battered mixture with flour and placing the dough in
molds. In such conditions it is important not only to get
a foam system with the specified characteristics, but also
to keep them during the technological process.

To develop this area of research, it is necessary to
investigate complexly the foam-forming ability and sta-
bility of the foam to break down the structure of the
gluten-free dough.

Threats. Difficulties in implementing the results can be
due to the fact that the presence of gluten, as well as its
residues in gluten-free bread, is not allowed. Therefore,
producers of gluten-free products need to take into account
the good quality and safety of incoming raw materials, high
performance characteristics of equipment, sanitary and hy-
gienic norms and rules, and high professionalism of personnel
at the development stage of gluten-free bakery products.

1. It has been established that the wetting angle indi-
cator when studying samples on water in the presence of

CMC and CAP decreases: water without supplements — 83°,
water+0.5 % of CMC — 80°, water+0.5 % of CMC+0.5 %
of Scanpro T95 — 74°, water+0.5 % of CMC+1.0 % of
Scanpro T95 — 71°. A decrease in the wetting angle,
with the addition of supplements, indicates a decrease in
the surface tension, which in turn will contribute to the
improvement of the foam structure of the non-yeasted
gluten-free dough for test studies.

2. It has been found that the proposed supplements-
structure improvers as a whole cause a reduction in the
shape stability, to the greatest extent — in the case of joint
application. So, the shape stability index of the control
sample (water) is 32, and in the presence of 0.5 % of CMC
with supplements 0.5..1.0 %, CAP — 20..21. Under the
conditions of CAP introduction in the amount of 1.5 %
an increase in the surface tension of the liquid phase of
the dough is observed (H/D to 27.6). To explain the
decrease in the CAP efficiency in the amount of 1.5 %
can be through the possible processes of drag-dropping
with such amount of supplement.

3. It is determined that the H/D for F., — 21.3, F.opn —
26.5, Fyice/Foom 70/30 — 27.4. According to the proportiona-
lity rule, the H/D ratio for the Fic./F.om sample 70/30
should be — 22.8, provided that there is no interaction
between these kinds of flour in the water-flour suspension.
Let’s assume that this is a consequence of the intermo-
lecular interaction between water-soluble proteins of rice
and corn flour.

Thus, experimental studies have confirmed that the
surface tension of the water-flour suspension from the flour
mixture increases, which is a consequence of the intermo-
lecular interaction between the water-soluble proteins Fj,
and F,,,. The presence of CMC and CAP in the water-flour
suspension with flour mix reduces the shape stability of
the drop, due to a decrease in its surface tension.
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HCCNEROBAHKE MOBEPXHOCTHBIX CBOHCTB BOJHO-MYYHBIX
CYCMEH3Hi{ B MPHCYTCTBUH I'MAPOKONIOKAOR H BEMKOBBIX
HOBABOK

VccreoBaHo BJIMSIHUE THAPOKOJUIOUIOB M OEJIKOBBIX H06a-
BOK Ha IOKazaTeJb (OPMOYCTOINYMBOCTH Kallelb BOJHO-MYYHBIX
CyCIeH3Ul Ha OCHOBe Ge3ryoreHoBoil Myku. ITogrBepsxkiaeHa ie-
J1eCO0OPA3ZHOCTD TIPUMEHEHMSI B PEIENTYpe Ge3rIoTeH0BOro 6e3-
JPOSKKEBOTO XJI€OHOTO TecTa HATPUil KapOOKCUMETHIIIETIONO3bI
U KOHIIEHTPATOB KMBOTHBIX OEJIKOB /It 00Pa30BaHUs YJIyUIICHHON
MEHHOI CTPYKTYPBI. YCTaHOBJIEHA 3aBHCUMOCTD TT0Ka3aTeisi hopmo-
YCTOHUMBOCTH KAlleIb BOJAHO-MYUYHBIX CYCIIEH3UI OT KOJMYECTBA
BHECEHHBIX YJIyUMIAIOMIX T00aBOK U BUA OE3TIIIOTEHOBOIT MYKIL.

Kmiouesste cnoBa: (hOpMOYCTONYNBOCTD KalleJib BOAHO-MYYHBIX
CYCTIEH3MI, YyTOJI CMaYNBaHUS, HATPHH KapOOKCUMETHIIIENTION03a,
KOHIIEHTPAT JKUBOTHOTO OeJIKA.
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