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Technology of flour confectionery products using emulsion
obtained in conditions of cavitation processing

The idea of using the cavitation energy in food industry appeared in the middle of the last century, but due to
absence of efficient machineries and developed process theory this method was not used. The attractiveness of
using the effects of cavitation in the food industry lies in the possibility of a significant intensification of such
most labour and energy-consuming processes as grinding, homogenization, dispersion, emulsification of food
disperse systems. Nowadays, lots of works all around the world are dedicated to this phenomenon. This
scientific direction has gained it's actuality with the world rate technic development allowing to create the more
powerful machineries, capable to processing large volume of liquid. The development of new researching
method has made the problem of using the cavitation energy — which has both hydrodynamic and acoustic nature —
more attractive. The advantages of using the effects of cavitation on food media have been presented. The
expediency of using cavitation in various sectors of the food industry: baking industry, meat industry and dairy
industry has been proved. Specific examples have been given and the prospects of using this type of influence
have been shown to ensure the stability of food emulsions. This study has shown how the change in the type,
intensity and duration of the cavitation processing makes it possible to control the quality of the emulsion, test
and finished bakery confectionery products. The optimal parameters of intensity and duration of ultrasound
exposure have been determined: /;,,, = 1.24- 10° cm?'s™°, # = 7 minutes, during which the maximum dispersion of
all three phases (S-L-G) has been provided and the stability of the emulsion structure has been improved, which
is confirmed by a decrease in the amount of undissolved sugar and formed foam. It has been established that the
physicochemical effect of high energies leads not only to a decrease in the entropy of the leading processes and
technological systems in general, but also to an increase in production efficiency and quality stabilization of the
finished product.
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Introduction

Recently, certain progress has been made in the development of fundamentally new mixer designs with
cavitation technology standing out.

In particular, there is the well-known technology of preparing baking dough using cavitation activated
water followed by hydration-induced structuring of gluten proteins, which allows increasing specific volume and
elasticity of bread, slowing down firming of bread and reducing the use of bakery improvers. Cavitation
treatment of sugar-salt solutions before their mixing with the dough allows reducing the content of salt and sugar
in the bread without changing the product taste and nutritional value [1-4].

In meat industry, studies were conducted on the use of cavitation for producing aromatic emulsions. It
has been established that electrolytes (salt, phosphates) have a higher degree of dissociation in cavitation treated
water compared to the untreated one, which makes it possible to reduce their quantity in cooked sausage
formulations by 10-15 % in comparison to the standard dosage, and thus to improve the quality and
environmental safety of the products [5—7].

Cavitation technologies have gained extensive use in the dairy industry. Samples of reconstituted raw
materials using cavitation water treatment reveal a slight increase in the dry substances mass fraction, including
protein, as well as the increase in their density and dynamic viscosity. The data on the dispersed composition of
reconstituted milk has proven the ultrasonic cavitation efficiency on the balance of protein and lactose particles
in terms of size: the proportion of particles with dimensions ranging from 202 to 243 nm increases, while the
control sample is characterized by the predominance of particles of two size fractions (409 = 10) nm and
(174 £ 10) nm [8-10].

Thus, the cavitation action on the liquid allows obtaining high-quality technological food and
biologically active solutions of extracts, emulsions and suspensions [11-12].

The purpose of the present study is to establish the possibility of controlling emulsion quality under
conditions of cavitation processing and to determine its effect on the organoleptic, physical and structural-
mechanical characteristics of sugar biscuits.
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Materials and methods

The study objects were experimental samples of emulsions for sugar cookies and samples of sugar
cookies with optimized structural-mechanical and organoleptic characteristics. Physicochemical and
organoleptic parameters of emulsion and biscuits were determined using standard methods. Organoleptic
indicators were examined in accordance with GOST (All Union State Standard) 24901-89 and GOST 5897-90";
mass fraction of moisture — by the sample drying in the drying chamber according to GOST 5900-73% mass
fraction of fat — by the extraction-weight method according to GOST 31902-2012%; biscuit absorptivity — in
terms of mass increase in the product when immersed in the water at the temperature of 20 °C for a certain time
(2 minutes) — according to GOST 10114-80". Absorptivity depends on the products porosity and is characterized
by the items mass ratio after wetting to the mass of dry products, which is expressed as a percentage. The water
activity was determined with Aqualab 4TE analyzer (Decagon Devices, USA) using the mirror-cooled dew
point sensor method; rheological characteristics of the emulsion (effective viscosity) was determined by the
rotational viscometer Rheotest-2; plastic strength of the cookies — with the KP-3 tool belonging to Professor
Volarovich.

Results and discussion

The quality of flour confectionery products largely depends on how the semi-finished products and
dough are prepared. The processes of obtaining emulsions are among the most important fundamentals of the
present day food industry. The use of cavitation effect is one of the most promising ways for forming stable
emulsions in the presence of high productivity technical means [13]. There are two types of cavitation: acoustic
cavitation occurs in a liquid medium during the passage of a high intensity sound wave; hydrodynamic cavitation
takes place due to a sharp local decrease in the fluid pressure as a result of high flow velocities [13—14].

Industrial use of cavitation mixers has shown that they allow to exponentially intensify the mixing
processes [4], and the physical phenomena associated with cavitation cause a number of effects (Table 1).

Table 1. Effects caused by cavitation
Tabauua 1. D¢ ¢exThl, BbI3BaHHbIE KaBUTaLUe

Effects Reason
® Destruction and dispersion of solids;
e Emulsification of immiscible products (emulsions);
e Homogenization of the processed product;
e Surface cleaning

Caused by shocks (short-term pressure pulses)
that arise when the bubbles collapse and the
microflows appear beside them

Caused by ionization of gas during the formation

e |nitiation and acceleration of chemical reactions o .
of cavitation bubbles

For the practical implementation of ultrasonic emulsification process, it is necessary to identify optimal
exposure regimes and propagation conditions in order to create a uniform ultrasonic field in the mixture of two
mutually insoluble liquids and to obtain emulsions with specified dispersion characteristics [13].

The initial stage of emulsion technology for sugar cookies is the stage of preliminary suspension
preparation. VNIIKP has developed the basic scheme for suspension preparation in the three-step process [15-16]
(Fig. 1).

The three-stage method for the preparation of the suspension ensures high uniformity in the distribution
of components throughout the volume and a marked decrease in the amount of undissolved solid phase particles
and their size [16; 17] (Fig. 2).

It is commonly known that suspensions are unstable systems and can be demixed with time. In order to
increase their stability and dispersion, they were treated under cavitation conditions.

The basic scheme of the emulsion preparation technology using cavitation processing is shown in Fig. 3.

T GOST 24901-89. Biscuits. General specifications ; GOST 5897-90. Confectionery. Methods for determination of
organoleptic quality indices, sizes, net-mass and components.

2 GOST 5900-73. Confectionery. Methods for determination of moisture and dry substances.

> GOST 31902-2012. Confectionery. Methods of determination of fat weight fraction.

4 GOST 10114-80. Bisquits. Method for determination of swelling in water.
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Fig. 1. The basic scheme for suspension obtaining in the three-step process
Puc. 1. OcHOBHas cxeMa MONYyYeHHUs CyCIIEH3HMH B TPEXITAIIHOM Mpoliecce

[ s m &
The present-day method of suspension preparation
(in one step)

Three-stage method of suspension preparation

Fig. 2. Microphotographs of the suspension structure for various production methods (magnification x 500)
Puc. 2. MukpogoTorpadun CTpyKTypbI CyCHIEH3UH TS Pa3IMIHBIX CII0OC000B Mpon3BoacTBa (yBenudenue x 500)
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Fig. 3. The basic scheme of emulsion obtained using cavitation processing:

HDC* — hydrodynamic cavitation; T — processing time; ¥, — volume of processed emulsion;

V, — reactor volume; I1 — pump capacity; AC** —acoustic cavitation; o — oscillation frequency;

K — frequency of emulsion circulation through the reactor; /g — ultrasound intensity; a — oscillation amplitude;
t, — emulsion temperature
Puc. 3. OcHoBHas cxeMa MoJlyueHus IMYJIbCUH C UCTIONB30BaHUEM KaBUTALMOHHOMN 00paboTKH:
HDC* — ruapoauHaMmuyeckas KaBuTalus; T — BpeMs 00paboTku; V', — 00beM o0pabaTbiBaeMoil SMyJIbCHU;
V, — 06bem peaktopa; I1 — npon3BoanTeasHOCTL Hacoca; AC** — akycTHUeCKast KaBUTaLMS;
® — yacToTa KosebaHuii pabovero oprana; K — KpaTHOCTb LUPKYJISALMU SIMYJIbCUH Yepe3 PeakTop;
16 — NHTEHCHBHOCTb BO3ICHCTBUS YJIbTPa3ByKa; a — aMILUTUTYa KosebaHuit; 7, — TeMIepaTypa IMyJIbCUH
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The suspension was processed under the conditions of combined action of hydrodynamic and acoustic
cavitation with different intensity of ultrasound exposure:

— at the minimum intensity of ultrasound exposure /;,;,= 0.16- 10° cm?s7>;

— at the maximum intensity of ultrasound exposure J,—=1.24-10° cm*-s .

It was found out that at the minimum intensity of ultrasound exposure /i, = 0.16-10° cm?-s™ with an
increase in the duration of cavitation treatment, the amount of undissolved sugar in the emulsion decreases,
while the emulsion temperature rises from 28 to 45 °C (Fig. 4).

————— T 1 - HDC 5 min
| |- 2 - (HDC + AC) 7 min
~2= |=3= 3 - (HDC +AC) 15 min
R - Undissolved sugar
| IR
= el
ol

Fig. 4. Change in the amount of undissolved sugar
in the emulsion preparation during cavitation at the minimum intensity
Puc. 4. smeHeHne KoMYECTBA HEPACTBOPEHHOTO caxapa
B OSMYJIbCHOHHOM IIpE€TiapaTe npu KaBUTallK TIpr MUWHUMaJIbHOW MHTE€HCUBHOCTU

At the maximum intensity of ultrasound exposure I, = 1.24-10° cm*s” the optimal duration of
ultrasonic treatment is 7 minutes, during which the maximum dispersion of all three phases (S-L-G) (the particle
size of the solid phase does not exceed 10 microns) is provided and the stability of the emulsion structure is
improved, which is confirmed by a decrease in the amount of undissolved sugar and formed foam (Fig. 5). The
temperature of the emulsion does not exceed 36 °C.

1 - HDC 5 min
2 -HDC 5 min + AC 5 min
3 -HDC 5 min + AC 7 min

Fig. 5. Change in the amount of undissolved sugar and foam depending on the method and duration
of the emulsion preparation process
Puc. 5. 3MeHeHHe KOJMYECTBa HEPACTBOPEHHOTO caxapa U MeHbl B 3aBUCMMOCTH OT Crocoba
Y MPOJOJIKUTENLHOCTH MPOLecca MPUTOTOBIIEHHS 3MYJIbCHI

Studies of the structural and mechanical properties of the finished emulsion show that with the increase
of cavitation processing time, an insignificant increase in the viscosity and mass density is obtained (Table 2).

Table 2. Changes in the structural and mechanical properties of the emulsion
as a function of time and type of cavitation treatment
Tabmuua 2. U3MeHeHNs CTPYKTYPHBIX 1 MEXaHHYECKUX CBOWCTB AMYJILCHU
B 3aBUCHMOCTH OT BPEMEHH U TUTIa KABUTALIMOHHOM 00paboTKU

Samples of the emulsion
HDC* 5 min HDC 5 min + AC** 5 min | HDC 5 min + AC 7 min
Density, kg/m’ 700 760 780
Viscosity, Pa.s (at £ =10s " and
temperature 30 °C) 2.10 2.35 2.50

Indicator

Notes. * HDC — hydrodynamic cavitation; ** AC — acoustic cavitation.

As a result of further studies, it was established that the use of emulsion obtained through cavitation
processing intensifies the central subsystem (preparation of the dough), which predetermines the possibility of
obtaining finished products with specific properties. Evaluation of the quality of finished products showed that
the taste and structural characteristics of the cookies prepared using the cavitation processing obtained emulsion
were superior to those of the control sample prepared using the existing technology (Table 3).
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Table 3. Quality indicators of sugar cookies
Tabmmua 3. [TokazaTeny Ka4ecTBa caxapHOTro MeYeHbs

Admissible value in Cookies samples
Physical and chemical indicators accordance with Existing | Technology using cavitation
GOST 24901-2014 technology | processing obtained emulsion
Humidity, % not exceeding 10 % 5.0 5.5
Density of finished products, kg/m’ — 560 530
Absorptivity, % at least 180 190 210
Strength, kPa - 65 73
Water activity - 0.54 0.49

Evaluation of products after 90 days of storage showed that the organoleptic, physicochemical and
microbiological quality indicators of the experimental samples of cookies were practically unchanged and by the
end of the storage period, they met the requirements of GOST 24901-2014 and TR TS 021/2011°.

Conclusions

Cavitation impact causes changes in the functional and technological properties of liquid food systems
(chemical, technological, physical, organoleptic, etc.), which contributes to achieving a certain technological
effect. It has been established that the physicochemical effect of high energies leads not only to a decrease in the
entropy of the leading processes and technological systems in general, but also to an increase in production
efficiency and quality stabilization of the finished product. Effectiveness of the combined impact of
hydrodynamic and acoustic cavitation on the increase of consumer indicators of sugar cookies has been proven.
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Tanetichuk M. A. u ap. TexHomorus MYYHBIX KOHAUTEPCKUX HU3JICJIUI C UCIIOJIb30BAHUEM SMYJIbCHM. ..

M. A. Taneiicauk, T. B. CaBenkona, E. A. Connarosa,
C. IO. Mucrtenesa, 1. 1. Musununkosa

TexH0/10rust MyYHbIX KOHAHUTEPCKHX U3/1eJIUi ¢ HCIO0JIb30BAHUEM
IMYJIbCHH, MOJY4YEeHHOH B YCJOBHUAX KABUTAIIMOHHOH 00paboTKH

Wpen ncnosnb3oBaHys SHEPTUM KaBUTALMK B TIUIIEBOM MPOMBILIJIEHHOCTH MOSBWIMCH B HAYYHBIX Kpyrax B cepeiuHe
MPOMIJIOTO CTOJIETHS, HO OTCYTCTBUE d(PPEKTUBHBIX aIMapaToB W pa3paboTaHHON TEOPUH MpoIiecca MPUBOIUIO
K TOMY, YTO METOJ He UCIOJb30Balics. [IpuBleKaTeNbHOCTh UCTIONb30BaHUs 3(Pp(HEeKTOB KaBUTALIMU B MHIIEBOMA
MPOMBIIIJICHHOCTH 3aKJIFOYAeTCsI B BO3MOXKHOCTH 3HAYUTEIbHON WHTEHCH()MKAIIMN TaKWX Hamboliee TPYIo-
Y SHEpro3aTpaTHbIX MPOLECCOB, KaK M3MeJIbYeHHe, TOMOreHU3aLus, TUCIepripoBaHie, IMYIbIMPOBAHUE THILEBbIX
aucnepcHeix cucteM. [1o3Tomy B HacTodlee BpeMsi BOIIPOCAM MCIMOJIb30BAHUA SHEPTUM KABUTALMU MOCBSIIEHO
MHOKECTBO pabOT BO BCeM MuUpe. PaccMOTpeHbI MperMyIiecTBa UCTIONb30BaHUs 3((EKTOB KaBUTALMHU B MTHIIEBBIX
cpenax. [Toka3ana 1eecoo0pa3HOCTh MPUMEHEHNS KABUTAIIMHN B PA3JIMYHBIX OTPACIISIX MMUIIEBOM MPOMBIIIICHHOCTH:
xyebonekapHoi, MsCHOM, Moio4HO#. IIpuBeneHsl KOHKpeTHbIE MPUMEpbl M YCTAHOBJEHAa MEPCHEKTHBHOCTH
WCTIONB30BaHUS TAHHOTO BHA BO3ICWCTBUI I 00ECTIEUeHNST YCTOMUMBOCTH MUMIEBEIX 3MYJbchit. Ha mpumvepe
MYYHBIX KOHIUTEPCKHUX W3JeIMI MOKa3aHo, KaKuM 00pa3oM W3MEHEHWE BUIA, MHTEHCUBHOCTH W MPOIOKUTENTbHOCTH
KaBHUTAIMOHHOW 00pa0OTK! 00eCTIedrBaET BO3MOXKHOCTD YIIPABJICHHS KAUeCTBOM SMYJIBCHH, TECTA M TOTOBBIX H3JICIIHIA.
OnpeeneHbl ONTUMalIbHbIE MapamMeTpbl MHTEHCUBHOCTH U MPOIOJDKUTEIBHOCTH YIIbTPa3BYKOBOTO BO3IEHUCTBHUS:
Tnax = 1,24 10° CM2~c’3, t='7 MUHYT, B T€UCHHE KOTOPHIX OOECIICUMBACTCS MAKCHMAIBHOE IVCIICPTUPOBAHUE
Tpex ¢a3 (T-XK-I') 1 noBbIlIeHNe CTAOMITLHOCTH CTPYKTYPbI SMYJILCHH, YTO MOATBEPKIAETCS CHIDKEHUEM KOJIMUEeCTBa
HEepacTBOPEHHOTO caxapa-Tiecka 1 00pazoBaBIieiics meHbl. OJKUIaeMble TTOIOKHTENBHBIE S(P(EKTHI CBI3aHBI C (HIBUKO-
XUMHUYECKHUM BO3/IEHCTBIEM BBICOKMX SHEpPruid, 01arofapsi KOTOpbIM 00€CTIeYrBAETCSl yMEHbIIEHUE SHTPOIMH BeTyLLX
TIPOTIECCOB M TEXHOJIOTHMYECKUX CHCTEM B IIEJIOM, UTO, B CBOKO OUEpEellb, CIIOCOOCTBYET MOBBIICHUIO () (EKTUBHOCTH
MPOU3BOJCTBA M CTAOMIM3ALMY KauecTBa TOTOBOM MPOIYKLMH.

KioueBbie cjioBa: OMYJIbCHSA, TUCTIEPCHU, CYCTICH3M, KaBUTAlMsA, CaXapHOC MEYCHBE, XJ'I6606yJ'lO‘-IHLIe KOHAUTEPCKUEC U3ICITUA.
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