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Milk and dairy products are often dried to reduce weight, to facilitate transportation, to extend shelf life. For
example, dry fermented milk products occupy a special place in the dairy industry. Currently, their assortment is
significantly expanding and the approach to food products of this group is qualitatively changing. The article pre-
sents the results of drying fermented milk protein products in two ways: using thermal and microwave drying. It was
found that the duration of moisture loss in the product during heat drying increased with a decrease in temperature.
With an increase in temperature from 40°C to 50°C, there was a decrease of about 25% in the moisture content of
the test samples during 5 hours of drying in the dehydrator. Drying with using of microwaves, the drying time de-
creased with increasing microwave power. The 900 W power reduced the drying time by 2 times compared to the 270
W power to obtain a 15% humidity result and a water activity indicator in the range from 0.382 to 0.394 units.

Keywords: fermented milk protein product, drying, microwave energy, water activity.
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Cym jicone cym oHIMOEPi canimakmol azaiimy, macvimManoayosl yHeeHiioemy, caKkmay mep3imin y3apmy yutin scui
Kenmipineodi. Mvicanvl, Kyp2aK auiblmulizan cym OHimoepi cym oHepKacidinde epekuie opvin anaowl. Kazipei yakoimma
0napovly, accopmumenmi e0dyip KeHeilin, 0cbl MORMulY, MAaAamMOapulHA 0e2eH KO3Kapac canaivl mypoe o32epyoe.
Makanada awbimuligan cym npomeun 6HIMOEPIH €Ki JHCOIMEH Kenmipy Homudicenepi Keamipineen: mepmMusiblK JHeone
MUKPOMOTIKbIHObL Kenmipy. Tepmuanvik kenmipy Ke3inde oHimoezi bli2anovly Hco2aly Y3aKmvl2bl MeMnepamypaHbly
meomenoeyimen apmkansl anvikmanovt. Temnepamypa 400C-man 500C-ka Oeiiin komepinzende, decudpamopoa 5 cazam
Kenmipy Ke3inOe npomomunmepoei vli2anoviy menuiepi wiamamen 25% - 2a memenodezeni oaiikanov.. Mukpo-
MONKbIHOBL NeutmepMen Kenmipy Ke3iHoe MUKpOmoaKblHObl ReWimin Kyamul apmKaH cailblh Kenmipy yaKvlmul azaiobl.
900 Bm Kyamut 15% vlnzanowvinoik homuicecin scone 0,382-0en 0,394 odipnixke Oeitinei cy 6encenoiniziniy Kopcemxiuin
any ywin 270 Bm KyamneH canblcmuipeanoa Kenmipy yaKbimoin 2 ece KblCKApMmibl.

Herisri ce3mep: ambITBUIFAH CYT NMPOTEMH OHIMi, KeNTipy, MHUKPOTOJKBIHABI JHEPIHs, Cy
OeJiceHaLTiri.
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HNCCIEAOBAHUE TEXHOJOTMYECKHUX PEXKUMOB CYIIKHA
KOMBUHUPOBAHHBIX KHCJIOMOJIOYHBIX BEJIKOBBIX
INPOAYKTOB C PACTUTEJIBHBIMHU TOBABKAMMU
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Monoko u monounsvie RPOOYKMbL YACIMO GbICYUIUBAIOMCA 013 YMEHbUIEHUA 6eCA, ONA 00/1e24eHUs mpanc-
nopmupoeKu, npoodienusn cpoxka zoonocmu. Hanpumep, cyxue Kuciomonounsle npooyKmsl 3aHUMAaOm 0coooe me-
CMo 6 MOJIOYHOU npoMbluiieHHOCImU. B nacmoawee epema 3nauumenvHo pacuupaemca ux accopmumenm u
KAauecmeeHHo usMeHnaemcsa no0xXo0 K npoOyKmam numanus OauHoul zpynnel. B cmamoe npusedensvt pe3yiomamul
CYUIKU KUCTIOMOIOUHBIX 0e/IKO8bIX NPOOYKMO8 08YyMsA CROCOOAMU: C NPUMEHEHUEM MEeN1080l U MUKDPOBOTHOBOI
CyuIKU. YCcmaunoeieno, umo npooodcumenbHoCms nomepu 61azu  RPOOyKme Hpu Mennoeoil CyuiKe yeeauduea-
noce ¢ nonuxcenuem memnepamyput. Ilpu nosviuwenuu memnepamypot ¢ 40°C 0o 50°C, nabnwoanoce cnuscenue
npumepno na 25% cooepicanus énazu 6 ONLIMHBIX 00pasyax ¢ meuenue 5 yacoe cyuiku ¢ oezudopamope. Ilpu cyw-
Ke ¢ UCNONb306AHUEM MUKPOGOJIH 6PEMA CYUWIKU YMEHbUanoch ¢ yeenuuenuem mouwgnocmu CBY. Mowinocmos 900
Bm coxkpamuno epems cywku 6 2 paza no cpasnenuio ¢ mouwjpocmoio 270 Bm 01 nonyuenusn peyavmama enadic-
nocmu 15% u noxazamens akmuenocmu 600wt 6 ouanazone om 0,382 0o 0,394 eo.

KuroueBsble cji0Ba: KMCIOMOJIOYHBINH 0eJIKOBBIH MPOAYKT, CYIIKA, MUKPOBOJIHOBAS JHEPIHUs, aK-
THBHOCTH BOJIbI.

Food drying is an extremely important pro- The most meaningful process in the produc-
cess in the food industry and offers opportunities to tion of dry fermented milk products is drying,
develop of new products for consumers [1,2]. In this which brings the raw product to the of readiness,
regard, in recent years there has been an increase in and under what conditions it takes place, the qual-
new processing technologies, the advantages of ity indicators of the finished fermented milk prod-
which, compared with conventional protocols, are to uct depend. Based on the analysis of literature
preserve sensory characteristics, desired texture and sources and patent research, it turned out that the
improved functional properties by focusing on most important process in the production of fer-
promising areas of the food industry [3,4]. mented milk products is drying, which brings the

New technologies can be divided into two raw product to the stage of readiness and under
categories: electrical technologies (pulsed electric what conditions it takes place, the quality indica-
field, radio frequency, microwave, infrared, ohmic tors of the finished fermented milk product de-
heating), which use new heating methods and pend [7-10].
non-thermal technologies (pulsed light, high hy- The method of processing using microwave
drostatic pressure, oscillatory magnetic field, irra- combines the effects of electromagnetic and ther-
diation, ozonation, plasma, osmotic treatment). mal fields, has a high efficiency both on the safety
Most electrical technologies focus on new ap- and quality of products, and on its recovery from a
proaches to heat generation and rely on traditional complex of pathogenic microorganisms, fungal,
thermal mechanisms to achieve conservation and bacterial and viral etiology [5, 11-17].
processing [5]. When drying in the microwave electromag-

Kurt and irimshik, which are national dairy netic field, moisture is rapidly heated throughout
products in the regions of Central Asia and Ka- the entire volume of the product [5]. At the dupli-
zakhstan, belong to dry fermented milk products. cate time, due to volumetric vaporization, the
These products are fermented milk products, and moisture pressure gradient in the product increas-
also represent dry young cheese, popular with all es sharply, which is the main driving factor in the
categories of the population, regardless of age, dehydration of the product (Figure 1).

place of residence and material wealth [6].
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Figure 1 — Dehydration process during thermal and microwave drying

With conventional drying, the thermal re-
sistance of a partially dried product often reduces
the heating rate, whereas with microwave heating,
the dried surface layer is characterized by less en-
ergy absorption compared to the inner layers con-
taining a large amount of moisture [18-24]. For this
reason, it is economical to use microwave heating
for the final stage of drying products, but not for
complete dehydration. The use of microwave heat-
ing during drying can dramatically reduce the pro-
cess of dehydration of the product [25].

Materials and research methods

The drying of fermented milk protein prod-
ucts was carried out in two ways: thermal drying
and microwave drying. Thermal drying was car-
ried out on a Sedona Combo SD P9150 dehydra-
tor, a BORK W502 microwave oven was used for
the second method. The humidity content of the
dried protein milk product was determined using a
Chizhov moisture analyzer. When carrying out the
drying process by two methods, the experimental
samples were dried until the samples reached a
constant weight in order to obtain a comparative
characteristic of the various drying methods.

The water activity indicator was determined
on the AqualLab device (USA), which provides

Aw:Pw/Po:POB/].OO,

Pw — water vapor pressure in the food prod-
uct system;

Po — pure water vapor pressure (at the same
temperature);

P.s — relative humidity at equilibrium, at
which the product does not absorb moisture and
does not lose it to the atmosphere, %.

Aw=Rh/100,

Rh — equilibrium relative humidity, %.
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measurement accuracy up to 0.003 units. The prin-
ciple of operation of the device consists in using the
method of a mirror-cooled dew point sensor to
measure the water activity of the test sample, which
is in equilibrium with the air layer of the measuring
chamber, in which there is a mirror and a device
detecting condensation on the mirror. In the equilib-
rium state, the relative humidity of the air in the
chamber has the same value as the water activity of
the sample. In the device, the mirror temperature is
precisely controlled by a Peltier thermoelectric de-
vice. The detection of the exact value at which the
first condensation appears on the mirror is marked
by a photocell. The beam of light is directed to the
mirror and reflected in the receiver of light radiation
(in the photocell). The receiver detects a change in
reflection when condensation occurs on the mirror.
Then a thermoelement attached to the mirror regis-
ters the temperature at which condensation ap-
peared, as evidenced by a light and sound signal.
The display screen displays the last value of water
activity and the temperature of the test sample.

The value of the water activity indicator
[26] is determined by the formula:

M)

Due to the fact that the value of water activ-
ity indicators has a thermodynamic character,
since it characterizes the equilibrium vapor pres-
sure of water at a certain temperature, it can be
defined as the equilibrium relative humidity di-
vided by 100.

)

The ratio of partial vapor pressures above
the product and the pure solvent is included in the
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basic thermodynamic formula for the quantitative
determination of the binding energy of moisture

*F=L=RTLnp/ps=RTInaw

*F — reduction of the free energy of the system;

L — work of separation of 1 mole of water from
the material (without changing the composition);

R — gas constant;

T — absolute temperature.

with the material.

®)

Results and their discussions

Fermented milk protein products were pro-
duced with vegetable additives (carrot and pump-
kin), a product without additives was used as a
control sample. Prior to drying, studies were con-
ducted to determine the humidity and water activi-
ty index in the test samples (Table 1).

Table 1 — Indicators of humidity content and water activity in cheese clots with vegetable additives

Dose of Water activity, units. Mass fraction of moisture, %
additives,% with carrot with pumpkin with carrot with pumpkin
additive additive additive additive
0 0,965+0,002 0,965+0,002 63,1+0,03 63,1+0,03
1 0,963+0,005 0,964+0,003 65,3+0,02 64,7+0,04
2 0,962+0,003 0,963+0,004 65,7+0,04 65,2+0,02
3 0,960+0,004 0,962+0,001 66,3+0,01 65,8+0,01
4 0,959+0,001 0,961+0,003 66,8+0,03 66,4+0,04
5 0,958+0,003 0,960+0,004 71,4+0,02 69,8+0,03

The drying process was carried out as fol-
lows. The protein product was placed on a fine-
mesh tray in the form of small slices, measuring 3
cm x 4 cm, and technological parameters were
studied: duration, temperature, humidity.

Drying in a dehydrator was carried out at a
temperature of 40°C, 50°C and 60°C. In a micro-
wave oven - at various power levels — 270W,
450W, 720W, 900W.

The mass of the samples was weighed eve-
ry 60 minutes during drying in a dehydrator and
30 seconds during drying in a microwave oven
until a constant value of 15% product moisture
was reached.

The following indicators were analyzed in
dry fermented milk protein products: water activi-
ty, structural and mechanical, as well as organo-
leptic indicators.
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The Sedona Combo unit is designed in such
a way that the warm air is distributed evenly from
the back to the front wall of the device, thereby
directly blowing each tray.

As a result of the drying process, a decrease
in moisture content was observed during the hot
air-drying time (Figure 2), and the lowest value of
the final moisture content (15%) was observed at
a temperature of 50°C. It should be mentionoted
that the drying time increased with decreasing
temperature. It should be noted that with an in-
crease in temperature from 40°C to 50°C, there
was a decrease of about 25% in the moisture con-
tent of the test samples during 5 hours of drying in
the dehydrator. Rapid moisture loss is also ob-
served at the start of the drying process due to the
rapid evaporation of free water in the product.
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Figure 2 — Dynamics of the drying process in the Sedona Combo dehydrator
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When drying using microwaves, the drying
time decreased with increasing microwave power
(Figure 3). 900 W power reduced the drying time

water activity indicator in the range from 0.382 to
0.394 units. As for the color of the samples, the
highest values of color saturation were obtained

by 2 times at 270 W power in order to achieve the
desired result of a humidity value of 15% and a

during microwave drying.
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Figure 3 — Dynamics of the drying process in a microwave oven

Table 2 - Mass fraction of moisture in dry dairy products with various drying methods

Dose of Heat drying | Microwave drying
additives,% Mass fraction of moisture, %
with carrot with pumpkin with carrot with pumpkin
additive additive additive additive
0 13,4+0,03 13,1+0,05 13,6+0,03 13,3+0,04
1 15,3+0,05 14,7+0,07 15,2+0,06 14,4+0,05
2 15,7+0,04 15,2+0,03 15,4+0,04 15,1+0,03
3 16,3+0,02 15,8+0,04 16,5+0,01 15,4+0,04
4 16,8+0,06 16,3+0,02 16,9+0,05 16,7+0,05
5 17,4+0,03 16,8+0,06 17,4+0,03 16,9+0,02

Table 3 — Indicator of water activity in dry dairy products with different drying methods

A prototype of a protein product Heat drying Microwave drying

Control, 0% additives 0,375+0,003 0,382+0,001

1% pumpkin/ 0,381+0,005 0,387+0,002
carrot supplement

2 % pumpkin/ 0,384+0,001 0,392+0,003
carrot supplement

3 % pumpkin/ 0,378+0,002 0,384+0,005
carrot supplement

4 % pumpkin/ 0,380+0,004 0,386+0,001
carrot supplement

5 % pumpkin/ 0,383+0,001 0,394+0,003
carrot supplement

Organoleptic parameters were studied in
finished dry dairy products (Table 4).
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Table 4 — Organoleptic parameters of dry combined fermented milk protein products

Indicators Heat drying Microwave drying
with carrot with pumpkin with carrot with pumpkin
additive additive additive additive
Appearance Cracked surface The surface is smooth,
without cracks
Colour Slightly Pale yellow Slightly Pale yellow
yellow yellow
Smell Fermented milk
Taste With a light carrot With a light With a light car- With a light
flavor pumpkin flavor rot flavor pumpkin flavor

High organoleptic indicators indicate the
expediency of using the method of microwave
drying of fermented milk protein products.

In addition, the content of the mass fraction
of protein, fat and carbohydrates of dry combined
fermented milk protein products was determined.
(Table 5)

Table 5 — Indicators of dairy protein products with vegetable additives

Indicator Fat Protein | Carboh Energy
ydrates | value, kcal

Without additives 10,8 34,74 24,13 326,65

With carrot additive 7,3 30,53 23,81 277,11

With pumpkin additive 9,2 26,72 24,93 283,17

A significant difference was observed in the
experimental samples of fermented milk protein
products without the use of vegetable additives,
their dry matter content increased during micro-
wave drying. This is mature to the lack of herbal
additives that improve the moisture-retaining
power in the product.

The research was carried out within the
framework of the scientific and technical program
BR10764998 "Development of technologies using
new strains of beneficial microorganisms, enzymes,
nutrients and other kits in the production of special
dietary foods" of the project "Technology Develop-
ment of combined fermented milk protein products
of long-term storage” funded by the Ministry of Ag-
riculture of the Republic of Kazakhstan.

Conclusion

Thus, for each drying method, the moisture
content is continuously reduced by increasing the
drying time. As the temperature and microwave
power increased during the drying process, the
diffusion rate of water in the samples increased
during the drying period. The reason for this is
that with an increase in the drying temperature,
the humidity pressure in the sample increases sig-
nificantly with an increase in microwave power,
increases the rate of water diffusion by increasing
the energy transferred to the product, and provides
a high rate of moisture removal. When drying
with hot air, an increase in temperature reduced
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the drying time, but this was more clearly ob-
served for microwave power. Increasing the pow-
er of microwaves effectively reduces the drying
time. It can be explained by the fact that volumet-
ric heat generation in a wet sample due to energy
transmitted directly and absorbed by water mole-
cules leads to higher internal temperatures. Con-
sequently, the water reaches the boiling point fast-
er. It has been found that the drying of the product
decreases with increasing temperature and micro-
wave power. It can be said that drying in a mi-
crowave oven is the fastest and most efficient pro-
cess of drying protein dairy products.
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