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KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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A WAY OF VACUUM-ATMOSPHERIC DRYING
OF JERUSALEM ARTICHOKE TUBERS

Abstract. Commercially Jerusalem artichoke tubers are valuable raw material to produce inulin, fructose,
treacle and alcohol. Fast decreasing of quality at traditional storage as a tuber raw material makes difficult to apply it
during a year. For that matter, drying is offered as the most suitable preservation method of Jerusalem artichoke
tubers.The purpose of work is enhancement of efficiency and lowering energy consumption in a process of drying of
crushed Jerusalem artichoke tubers. A method of vacuum-atmospheric drying of Jerusalem artichoke tubers is
offered to solve the problem. The method includes conducting vacuum drying of the material up tointermediate
humidity and atmospheric drying till final moisture content. Whereby final atmospheric drying is performed using-
heat of refrigerant condensation circulated in a refrigerating machine which is a heat pump unit of the dryer. Final
drying of the material by air from that source allows saving energy for atmospheric drying and decrease duration of
vacuum dehydration. This method is based on combination vacuum and atmospheric drying in thesame drying
installation and utilization refrigerant condensation heat. Last one is applied for final atmospheric drying of
Jerusalem artichoke tubers.Final product is characterized by sufficiently high quality indicators.

Keywords: Jerusalem artichoke, tubers, vacuum-atmospheric drying, critical humidity, temperature, pressure.

Introduction. Jerusalem artichoke (Helianthus tuberosus) is perennial tuberous plant with remedial
properties. Tubers contain soluble polysaccharide inulin, nitrogen substances, vitamin C and vitamin B
complex, organic and fatty acids. Mineral substances of Jerusalem artichokeare zinc, silicium, phosphorus,
iron, potassium, magnesium and copper. Many investigations confirm expediency of applying Jerusalem
artichoke as a functional product [1-4].Jerusalem artichoke tubers may be used as a food additive at
complex treatment diabetics, particularly, to correct metabolism. It is explained by carbohydrate compo-
sition of the tubers which is represented by polysaccharide inulin. At digestion inulin is split down to
fructose [5-6]. In turn, fructose quickly transforms into glycogen,it does not increase sugar level in blood
and is easily digested by human organism. Moreover, Jerusalem artichokeis able to remove heavy metals
salts and some radioactive substances 2-3 times more intensively than pectin.

Commercially Jerusalem artichoke tubers are valuable raw material to produce inulin, fructose,
treacle and alcohol [7]. Linxi Yang et al consider the tubers as a source of functional food, bioactive
compounds, biofuels and chemicals [4]. Due to desirable taste properties the tubers may be applied as a
food [8-9]. Fast decreasing of quality at traditional storage as a tuber raw material (e.g. cooled warehouse,
storing bunker etc.)makes difficult to apply it during a year [10]. A gradual losing of mass takes place at
storage. Control of relative humidity 95% and temperature 0-2 °C allows storing the tubers during 4-5
months [11-14]. Beyond this time applying the tubers seems impossible.For that matter, it seems that the
most suitable preservation method is drying of Jerusalem artichoke tubers.
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Various drying methods of Jerusalem artichoke tubers in order to produce semifinished products are
known [15-19].

Dnishev T.M. et al sweet flour from finely divided till cubes Jerusalem artichoke tubers obtain by air
drying during 120 hours and crushing till particles with sizes (20+25) micrometers [15]. Initial humidity of
Jerus%lem artichoke tubers is about 75%. Temperature of dried material at residual moisture content 9,6%
is 60 °C.

Peyker S.K. and Pirogova G.A. wash, grade, inspect and dry Jerusalem artichoke tubers by airflow
with speed (5+15) m/s and infrared light with rays length (0,7+2,5) micrometers [16]. The drying is
conducted in two stages: first one — at the temperature not above 78 °C from 20 min to 6 h; second one at
the temperature not above 62 °C to final humidity (2-12) %.

Zelenkov V.N. [17] obtains concentrate of Jerusalem artichoke by air blowwith temperature not
above 70 °C.

Kochnev N.K. and Kalinicheva M.V. obtain Jerusalem artichoke powderby preparation tubers,
crushing till puree-like state, heating puree till (80+90) °C, cooling till (35+55) °C, fermentolysis and
atmospheric drying at the temperature (55+65) °C till final humidity (6+12) %. The desired product is
obtained by repeated crushing of dried product [18].

JunkoTakeuchi and Toshio Nagashima found that dried Jerusalem artichoke tubers show considerable
water-holding capacity [19].

However all offered methods have the same risk of obtaining low-quality product caused by
browning reactions due to action of air oxygen. As consequence, final product is characterized by not high
sensory indicators and low rehydration ability.

Vacuum drying of Jerusalem artichoke compare to atmospheric one promotes better quality of dried
product that is explained by the following factors:

- firstly, moderate temperature of vacuum drying conduces better maintenance biochemical
composition of a material and prevents carbohydrates caramelization;

- secondly, vacuum drying inhibits browning of a material caused by oxidizing enzymes which are
active at presence of oxygen;

- thirdly, sensory indicators of a dried product are better preserved at vacuum drying;

- finally, vacuum drying promotes better preservation of rehydration properties of a dried product.

At the same time atmospheric drying is characterized by low energy consumption and reduced
duration of the process compare to vacuum dehydration.

Taking into consideration the mentioned above it seems efficient to combine these methods and carry
out them in the united vacuum-atmospheric dryer.

Combination and selection of optimal modes of vacuum and atmospheric drying must provide unified
character of the process which would have place at only vacuum or atmospheric dehydration.

Combination of the modes is possible by studying kinetics of vacuum and atmospheric drying,
choosing humidity and temperature of material during the process, also selecting humidity of material till
which vacuum drying will be conducted. Correspondingly, atmospheric drying will start at that humidity.It
is accepted that vacuum drying will be conducted till critical moisture content that characterizes ending of
period of constant rate of drying.

Meaning of final material humidity in vacuum chamber is reasonable to determine periods of constant
and falling rate of drying in the both processes [20, 21].

Methods.

Vacuum-atmospheric drying. Design of vacuum-atmospheric dryer is described earlier [22].

Experimental investigations are carried out in the following order.

1. 30 minutes before starting experiment the compressor and electrical heaters are run in order to
prepare drying installation. Necessary temperature of boiling of refrigerating agent (-4°C) is set by
regulation of expansion device. Atmosphere temperature in vacuum chamber is regulated in the
limits(35+55) °C by changing intensity of current supplied to electrical heaters.

2. Prepared material (Jerusalem artichoke cubes with sizes 5x5x5 mm) is put intonetted capacities by
the diameters 30-50mm and height 50 mm. Thickness of material layer is varied from 10 till 40 mm.

3. Mass of material is weighted on analytic balance with accuracy 0.001g.

4. Capacities are placed on shelves into vacuum chamber. Lid of chamber is closed compactly.
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5. Vacuum pump is gone on. Vacuum level in the chamber (2; 4; 6; 8; 10 kPa) is set up by vacuum
valve. Moment of beginning of an experiment is fixed after achieving necessary level of vacuum.

6. Time interval between measurements of mass of dried material is 60 minutes. At that amount of
evaporated moisture is defined. At first by the means of vacuum valve vacuum level in the chamber is
decreased till 0.08 atm; then vacuum pump is switched off and lid is opened.

7. Moisture content in the material is calculated by the formula:

w="1""2100,%, (1)
m

where @ — moisture content of material relative to its initial mass, %; m; and m> — initial and final material
masses, g.

7. Weighted material is placed in vacuum chamber and dried again with intermediate measurement
loss in weight till achieving a critical humidity.

8. After achieving a critical humidity the material in the capacities is transferred from the vacuum
chamber into the device for final atmospheric drying. Drying is continued with intermediate measurement
loss in weight up to achievement final humidity 9%.

Jerusalem artichoke tubers grown inSouth Kazakhstan were investigated in the work. Initial moisture
content in Jerusalem artichoke tubers was 77%.

Operating conditionsof drying. Operation conditions of developed process of vacuum-atmospheric
drying are:

- in vacuum chamber — pressure of medium and temperature of heaters;

- in device for atmospheric final heat drying — temperature and rate of drying agent.

There is difficulty of selection of modes of vacuum and atmospheric drying because of at vacuum
drying except temperature of heating of material and medium, pressure of medium is basic parameter
regulating drying process; at atmospheric drying it is rate of moving of drying agent, i.e. air.

According to literature data [23, 24] it is efficient to hold the limited meanings of temperature of
heaters into vacuum chamber at drying of thermolabile material not above 60 °C. It allows preserving
biochemical composition and sensory indicators of the material at vacuum drying. Therefore, in vacuum
chamber power of electric heaters provides heating of material in temperature range (35+55) °C [25].

At selection of vacuum level in the chamber it is efficient to apply meaningsof pressure which are
easily achieved at industrial conditions. So as a pressure level into vacuum chamber for conducting drying
was chosen the interval (2+10) kilopascals.

As it is mentioned before, a drying agent at atmospheric drying is air. In the developed dryer air is
warmed by heat of condensation of refrigerant agent circulating into refrigerating system which is
incorporated into the dryer by scheme of a heat pump.

The temperature level of air into the device for final atmospheric drying should provide favourable
conditions for drying thermolabile material preventing it overheating at a final stage. Moreover, at
choosing the temperature level of drying agent it is necessary to promote economy working mode of the
heat pump. For the purposes a temperature of air in the device for atmospheric final heat drying is chosen
in the limit (36+40) °C taking in mind losses of heat into ambient medium.

The air rate into the device is held in the limit (0,25+0,4) m/s. Deviation from the interval leads to
increased energy consumption [18]. Lowering of air rate brings to elongation of duration of drying that
promotes rising of energy consumption as well.

Biochemical analysis on investigated material. Biochemical analysis was carried out to determine
quantity of dry substances, reducing sugars and vitamin C into raw sample, also in material dried by
atmospheric, vacuum and vacuum-atmospheric ways. Atmospheric drying is conducted in drying cabinet
at air temperature (45+50)°C. Vacuum drying is carried out at medium pressure 4 kPa and temperature of
electric heaters 55°C. Temperature of air at atmospheric final drying is (36+40) °C.

Jerusalem artichoke tubers crushed in view cubes with sizes 5x5x5 mm are investigated. Height of
layer of dried material is 20 mm. Final humidity of dried material is (9+10)%. Dried material before
analysis is exposed to rehydration up initial humidity.
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At vacuum-atmospheric drying crushed Jerusalem artichoke tubers at first are dried in vacuum
camera up to critical humidity, equal to 22.71%. Then they are finally dried into device for atmospheric
final heat drying.

Determination of common content of dry substances by dehumidification method. Determination of
dry substances is carried out according to the state standard GOST 8756.2 “Concentrated food products.
Methods of determination of dry substances or moisture content”

Determination of reducing sugars at the presence of methylene blue. Determination of quantity of
reducing sugars is carried out according to the state standard GOST 8756.13 «Products of processing of
fruit and vegetables. Methods of determination of sugars».

Determination of vitamin C. Quantity of vitamin C is determined according to the state standard
GOST 24556 «Fruit and vegetable canned food products. Methods of determination of vitamin C».

Heat- and mass-transfer coefficients. Meanings of heat and mass transfer coefficients are calculated
by the equations:

_ A0 2

a_fAt’ )

_AM oy :ﬂ, (3)
/ fAp / /AX

where f — masstransfer coefficient, s/m; o—heat transfer coefficient, W/(m?-K); AQ — quantity of heat
spent for heating of material, W; AM — quantity of moisture removed from drying material, kg/s;
At — difference of temperatures of heat surface or medium and material, °C; Ap — difference of partial
pressures of water steam corresponding to temperature of material and temperature of steam condensation,
Pa; AX — difference of moisture contents of air on surface of material and into medium, kg/kg; f'— surface
area of evaporation, m’.

Results. It is found out during experimental research that rate of drying mostly depends on height of
layer of drying material. Variation of height of layer up 10 to 40mm leads to twofold decreasing of drying
rate of tubers of Jerusalem artichoke.

The temperature level of vacuum drying influences directly on the rate of drying. Experimentally
found that drying curves at 30, 35, 40, 45, 55 and 60°C have sufficiently similar character. At the same
time significant abruption is observed between drying curves at 40 and 35 °C. This temperature interval
may be named as boundary one which divides fields of intensive (temperature is above 40 °C) and low
intensive drying (temperature is low than 35°C).

Results of experimental research of vacuum and atmospheric drying of crushed Jerusalem artichoke
tubers are shown in figures 1 and 2. By experimental way such modes of atmospheric drying were chosen
at which the character of rate of Jerusalem artichoke tubers with definite height of layer is analogous
maximally to the performance in vacuum chamber. Thus, analysis of drying curves obtained during
atmospheric drying at height of layer 20mm, temperatures of drying agent 34; 36; 38; 40°C and its motion
speed 0.4 m/s, is shown that they have similar nature with curves of vacuum drying at pressure of medium
10; 8; 6; 4 kPa (figures 1 and 2).

The character of curves of vacuum drying at the pressure of medium 2 kPa is close to vacuum curves
at 4 kPa and atmospheric curveat 40 °C. This indicates decreasing intensity of vacuum drying at 2 kPa
therefore the interval of pressure for vacuum drying is accepted in the limit (4-8) kPa. At these modesall
of curves of atmospheric and vacuum drying have accurate match both by initial periods, periods of
constant and falling rate of drying and intensity of drying.

On the next stage of experimental research it is necessary to combine processes of vacuum and
atmospheric drying. Existence of similar curves of drying obtained at vacuum and atmospheric drying for
same height of layer of dried material allows combining these processes. At that main point of com-
bination of the processes is selection of working modes of dryer at which curves of vacuum and
atmospheric drying are coincided at most. Furthermore, curves of vacuum and atmospheric drying should
fit together in the moment when moisture content in the material in both cases corresponds to critical
point, when period of constant rate of drying is finished.
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temperature of air into device
for atmospheric drying 34; 36; 38 °C

humidity, %

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

duration of drying. hours

—1 () kPa — w34 deg C e— 8 kPa
e w36 deg C 6 kPa e e 38 deg C
80 ~
70 A
60 -
50 A
Figure 2 — 40
Curves of vacuum and atmospheric drying of 2 i
Jerusalem artichoke tubers at pressure of medium = \
into vacuum chamber 4; 2 kPa and 5 30 1
temperature of air into device g N
for atmospheric drying 40 °C <= 20 4
==
10 -
0 T T T T T T T T T 1

duration of drying, hours

4 kPa e 40 degC

2 kPa

At studying rates of the processes it is found that at the same intensity of vacuum and atmospheric
drying the character of curves of drying has similar view. Thus, at the selection of modes of vacuum and
atmospheric drying with the same intensity in both cases it is possible to provide a behavior which would
take place only at vacuum or atmospheric drying. At that duration of the process of vacuum-atmospheric
drying should be equal to time of vacuum or atmospheric drying.

For example, for Jerusalem artichoke tubers to the suchvacuum drying modes as temperature of
heating in vacuum camera 55 °C and pressure of medium 4, 6 and 8 kPa the regimes of atmospheric
drying with rate of air 0.4 m/s and temperature of air 36, 38 and 40 °C correspondingly are match the
most. According to figure 3, about same intensity (j=0,0010 kg/m?s) havevacuum dryingmode at pressure
5.5-6.5 kPa and atmospheric dehydration regime at air temperature 37.5-38.5 °C.

However, the total coincidence of vacuum and atmospheric drying modes must be proved by
closeness of the material temperatures in periods of constant rate of drying for both ways. In other words,
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material dried till critical humidity in the vacuum camera should have temperature level close to
temperature of material which would be dried till critical meaning in the device for atmospheric drying.
Otherwise, even at the same intensity of processes of vacuum and atmospheric drying thelowered or raised
temperature of material may provoke decelerating of dehydration process.

Comparison of temperatures of Jerusalem artichoke tubers in periods of constant rate of drying at
vacuum and atmospheric dehydration for modes selected above is shown n figure 4.

According to figure 4, for selected modes of vacuum and atmospheric drying the temperature of
Jerusalem artichoke tubers in constant rate of drying is about 26°C. Considering that temperature, it is
possible to accomplish combination of vacuum and atmospheric drying into united vacuum-atmospheric
drying process.

Combination of processes of vacuum and atmospheric drying for the purpose of creation of joint
process of vacuum-atmospheric dehydration of Jerusalem artichoke tubers is carried out in the following
way. For definite layer of material on the base of graphs shown in figure 4 the meaning of the pressure of
medium into vacuum chamber was selected taking in mind that it corresponds to same intensity of dehy-
dration in vacuum and atmospheric drying. Then, on the base of graph in figure 4, meanings of
temperatures of drying materials were determined. At that values of selected temperatures for vacuum and
atmospheric drying should match together. In a result of these operations the united curve of vacuum-
atmospheric drying was achieved. Conducting drying according to the mode parameters providing joint
curve of vacuum-atmospheric drying allows achieving high efficient and lowenergy consumed process. At
that vacuum dehydration in the process of vacuum-atmospheric drying should be conducted up to critical
humidity of drying material.

High intensity and low energy consumption of the process of dehydration were achieved by means of
parallel realization into the dryer processes of vacuum and atmospheric drying.
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Figure 3 — Comparison of intensities of vacuum and atmospheric drying
of Jerusalem artichoke tubers with height of layer 20 mm
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Figure 4 — Comparison of temperatures of material
in period of constant rate of drying at vacuum and atmospheric drying of Jerusalem artichoke tubers
with height of layer 0,02 m

Experimental data of vacuum-atmospheric drying of Jerusalem artichoketubers crushed in view
cubes with height of layer 0.02 m, pressure into vacuum chamber 4 kPa and temperatures of heating 55;
45 u 35 °C are processed in view curves of drying (figure 5). To these heating temperature meanings the
temperatures of air 40; 38; 36 °C at atmospheric drying correspond at all. The solid line determines period
of vacuum drying and the dashed one is the period of atmospheric dehydration. The point characterizes
critical moisture content of material that determines completion of drying period with constant rate and
beginning drying time with falling rate.

As experiments show, the most efficient mode of drying for Jerusalem artichoke tubers is at tempe-
rature of heating 55 °C (figure 5). Comparably, at temperature 35 °C achieving of critical moisture content
takes longer time approximately for 43%.

From figure 5 may be observed significant decreasing of energy consumption at vacuum-atmospheric
drying. So, at drying of Jerusalem artichoke tubers, depending on the temperature of heating energy
consumption is calculated for 2.8-4.6 hours i.e. till critical humidity of the material (figure 5). Further,
drying is performed into device for atmospheric drying using disposable heat of condensation of
refrigerant agent. At the same time, duration of drying only in vacuum chamber at 55 °C would be above
4.5 hours. Consequently, efficiency of the process of vacuum-atmospheric drying by time approximately
for 37 % is higher compare to vacuum one.

Results of experimental investigation of vacuum-atmospheric drying of Jerusalem artichoke tubers
are processed in view heat and mass transfercoefficients by equations (1) and (2).

Dependencies of heat and masstransfer coefficients at vacuum drying are shown in figures 6-11.As is
clear from figures 6, 7, the highest intensities of heat and masstransfer are observed at pressures of
medium into chamber 4 kPa. Heat and mass transfercoefficients have high meanings at temperature of
heating 55 °C into vacuum chamber, as may be inferred from figures 8, 9.
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Figure 5 — Dependence of humidity of dryable Jerusalem artichoke tubers
on duration of vacuum-atmospheric drying at P=4 Kpa and different temperatures of heating

Heat and mass transfercoefficients are calculated also at pressure of medium 4 kPa and temperature
of heating 55 °C for height of layer 0,01; 0,02; 0,03 and 0,04 m (figures 10, 11). Analysis of calculated
data shows that alteration of height of layer affects on intensity of vacuum drying much more than
variation of pressures or temperatures. Thus, variation of heights of layer of Jerusalem artichoke tubers
from 0.01 to 0.04m leads to decreasing of numeral meanings of heat transfer coefficient from 10.23 to
5.81 W/(m’K), i.e. 1.76 times, and masstransfer coefficient 1.53times. It may be concluded that vacuum
drying of Jerusalem artichoke tubers is efficient at height of layer from 0.01 to 0.02 m. Increasing of
height more than 0.02 m leads to much consumption of time for drying and fixing layer low than 0.01 m
results to lowering of efficiency of applying of working volume of drying chamber.
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Figure 6 — Dependence of heattransfer coefficient Figure 7 — Dependence of masstransfer coefficient
from pressure of medium into vacuum chamber from pressure of medium into vacuum chamber
at height of layer 0.02 m and temperature of heating 55°C at height of layer 0.02 m and temperature of heating 55°C
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Dependencies of coefficients of heat and mass transfer at atmospheric drying are shown on figures 12
and 13. Meanings of coefficients of heat and mass transfer are calculated depending on temperature of air
at height of layer 0.02 m. As it clear from the figures, the highest intensity of heat and mass transfer is
observed at air temperature 40 °C.

Comparison of correlations of heat and mass transfer coefficients of vacuum and atmospheric drying
reflects their sufficient coincidence. It follows thence those modes of vacuum and atmospheric drying of
Jerusalem artichoke tubers are selected correctly for their combination and realization in vacuum-
atmospheric dryer.

On the base of analysis of experimental data of heat and mass transfer at vacuum drying and in
respect [26], the equations of heat and diffusionNusselt criteria are obtained:

Nu=1,21Re""**Gu"?' Pr*3 1%, 3)
Nunw=0,29Re" ¥ Gu""°Pr,," 3 ", 4)
where Pr and Pr, — heat-and-mass exchange Prandtl criteria; Re - Reynolds criterion; Gu — Guhman

criterion; /" — geometric simplex, which is equal to relation of half height of layer to distance between
electrical heaters r, "= (h/r).
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Analogous equations of heat Nu and diffusional Nu,, Nusselt criteria are obtained for atmospheric drying:
Nu = 0,54Pr"3Re" ¥ Gu""7 (5)
Nup=0,34Re"Y' Gu"*'Pr,,"¥ (6)

Obtained equations of heat Nu and diffusional Nu,, Nusselt criteria are suitable to apply at enginee-
ring design of new drying installations.
Results of chemical analysis are given in the table.

Result of analysis of Jerusalem artichoke tubers

. Content of solids, Content of reducing sugar, Content of vitamin C,
Material . . ;
% % in calculation on solids mg/gg
Raw Jerusalem artichoke tubers 23+25 13,19 0,493
Jerusalem artl.choke tubers dried 9-10 9.15 0.369
by atmospheric way
Jerusalem artichoke tubers dried 9-10 12,6+12,9 0.423-0,465
by vacuum way
Jerusalem artichoke tubers dried 9-10 12.4+12.8 0.418+0.457
by vacuum-atmospheric way

Discussion. Increasing of temperature of heating into vacuum chamber above 60 °C is inexpedient
because it leads to insignificant growth of rate of drying. At that partial caramelization of sugars leads to
deterioration of sensory indicators takes place as well. Heating at temperature low than 30 °C in vacuum
chamber reduces intensity of drying considerably. The optimal mode of drying into vacuum-atmospheric
dryer is pressure of medium in the range (4-8) kPa and temperature level of heating is 55 °C.

As is clear from table, the highest content of vitamin C and reducing sugar is in raw material. Content
of vitamin C and reducing sugars in samples dried by vacuum-atmospheric method is small lower than in
tubers dried by vacuum way. The lowest meanings have samples dried by atmospheric method. These
indicators give evidence aboutprospectivity of vacuum-atmospheric method at producing other plant
products as well.

The idea of combination of vacuum drying with other methods is also proposed by other scientists.
Thus, hybrid drying is proposed, which includes the combination of vacuum drying with traditional and
novel methods of drying, such as drum, microwave, infrared, ohmic drying [27].
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The essence of combining vacuum drying with atmospheric one is to include a heat pump in the
vacuum drying unit, which suppliesheat to the process of atmospheric drying of the material and cold to
dehumidification process (freezing of moisture) during vacuum drying.

Alongside with good preservation of the biochemical composition of dried products the developed
method of vacuum-atmospheric drying promotes a reduction in the energy consumption as compared with
the vacuum one by 13-15%.

Thus, the developed method of vacuum-atmospheric drying meets the requirements for advanced
drying technologies, which makes the process cost-effective and reduces energy consumption.

B. T. A6gmxanmaposa', H. C. Xamxkapos?, b. O. Ocnanos', U. A. Ilankuna’, I'. 3. OpsiMéeToBa’

M. Oye3oB ateinparsl OHTYCTiK Kasakcran memnekeTtik yausepeureri, lsvkent, Kazakcran,
ZX anbIKapalblK ['yMaHUTapIIbIK-TEXHUKAIBIK yHUBEPCUTET, KazakcTaH,
3¥7b1 Ietp atbingarsl CankT-TleTepOypr MEMIIEKETTIK MOJMTEXHUKANIBIK YHUBEPCUTETI, Peceii

JKEP HOI'l TYWUIHJAEPIHIH, BAKYYMJIBIK-ATMOC®EPAJIBIK KENITIPY TOCLII

AHHOTanMsA. OHEPKACINTIK TYPFHIIAH Xep HOTIHIH TYWHAepl WHYIHH, GPYKTO3a, CipHE XKOHE CIIUPT OHIIpyTe
apHaJFaH KYHIBI IIUKi3aT 60k Tabbutagsl. JKep HOTiHIH TYHIHAEPIH JOCTYpIi caKkTay Ke3iH/e callaHBIH Te€3 TOMEH-
Jieyi OHBI JXbII OOMBI KOJIAaHY A6l KUBIHAATAIBl. byJl TypFeIaa KenTipy Jkep Horl TYHHEKTepiH CaKTayIbIH €H KOsl
Tocui Goubin TabbuIanbl. JKYMBICTBIH MaKcaThl jKep HOTIHIH yCaKTajFaH TYHHEKTepiH KeNTipy MpOLECiHIe dHEprus
LIBIFBIHBIH TOMEHAETY JKOHE THIMIUIITIH apTThIpy 00kl TaObu1aAbl. KoibuFran MIHAETTI OpBIHAAY YILIH JKep HOri-
HIH TYHHEKTEpIiH BaKyyMJbIK-aTMOC(EpasIbIK KENTipy d/ici YChIHBUIFaH. ¥ CHIHBIIFAH 9JIC MaTepuall/ibl BaKyyMABIK
KENTIpy/Ai apaliblK BUFAIIBUIBIKKA JCUIH XoHE aTMocdepalblk KeNTipy/li COHFBl BUIFANIBUIBIKKA JCHiH JKYPri3ymi
KaMTUIBL. ByJ1 ke3ne COHFBI aTMOC(epalblK KeNTipy KENTipPTIlITiH XKBLUTY COPFBICH OOJBIN TaOBLUIATEIH TOHA3BITKBIIT
MallIMHACBIH/IA alHaaThIH XJIaJareHT CYHBUITY JKbUTYBIH MaiilalaHa OTHIPBIN JKy3ere acwipbuiansl. Ockl Ke3ZeH
aJNBIHFaH ayaMeH COHFBI KENTIPY HEPTUsHbI aTMOC(HEPAIIBIK bUIFAIICHI3IAHABIPYFa YHEMIET, BAKYYM/IbIK KEITIPYAiH
Y3aKTHIFBIH KBICKAPTYFa MYMKIHIIK Oepeni. By omic Oip KenTipy KOHIBIPFBICHIHIA BAKYYMIBIK KOHE aTMOC(HEPATBIK
KenTipyai OipiKTipyre »oHe TOHA3BITKBIII areHTTiH CYWBIUITY KBUIYBIH NalganaHyra0areTTanFad. CyHbUITY KBUTYBI-
JKep Horl TYHIHIEpiHIH COHFBI aTMOC(epasbIK KeNTipyi YIIiH KoJigaHbutaabl. JlaiibiH eHIM jKOFapbl canaibl KepceT-
KIIITEpMEH cumaTTaaapbl.

Tyiiin ce3mep: >xep HOri, TyiiiH, BakyyM-aTMOc(epalblK KENTipy, KPUTHKAJIBIK BUIFAIBUIBIK, TEMIEpaTypa,
KBICBIM.

B. T. A6amxannaposa', H. C. Xanxkapos?, b. O. Ocnanos', U. A. Iankuna’, I'. . OpbiMGeToBa’

Oxm0-KazaxcTanckuil roCyIapCTBEHHBIN yHUBEpCHTET MM. M. AyasoBa, [llsiMkenT, Kazaxcran,
2Mesk1yHapo IHbIH I'yMaHUTApHO-TEXHUYECKUI yHuBepcuTeT, KazaxcraH,
3Canxt-TleTepOyprekuii rocy1apCTBEHHBIN MONMTEXHUYECKUH yHUBEpCHTET UM. Tletpa Bemukoro, Poccus

y y y )

CIIOCOB BAKYYMHO-ATMOC®EPHOM CYIIK! KJTYBHEN TOITMHAMBY PA

Annoranus. C MPOMBIIIUIEHHON TOYKA 3peHUs KIIyOHU TomrHAMOypa SBISIOTCS HEHHBIM CHIPhEM IJIS TIPOU3-
BOJICTBA MHYJIHHA, QPYKTO3bI, MTATOKH U CITUPTA. BEICTpoe CHMKEHNE KauecTBa IPH TPAAUINOHHOM XPaHEHUH TOIIH-
HaMOypa Kak KIIyOHEBOT'O ChIPbsI 3aTPYIHSET ero MpUMEHEHHEe B TEYCHUE rola. B 3TOM OTHOILIEHHUH CYILIKA SIBIISIETCS
HanOosee MOIXOIAIIUM CIIOCOO0M COXpaHeHHs KiyOHel TonuHamOypa. Llenbio paboThl siBiseTCS MOBBIMIEHHE (-
(heKTHBHOCTH ¥ CHIMIKEHHE SHEpPro3arpar B Ipolecce CYIIKH U3MENbYeHHbIX KiIyOHel TonmHamOypa. [{ns pemenns
MOCTABJICHHOW 3aJa4yll MPEJIOKEH Crnocod BaKyyMHO-aTMOC(hEpHOW CyIIKH KiyOHelW TtonmuHamOypa. Crocob
BKJIFOUAET MPOBEJCHUE BAKyYMHOH CYLIKM MaTepHaia 10 MPOMEKYTOYHOW BIAXKHOCTH M aTMOC(EPHON CYIIKH 10
KOHEYHOU BIaXHOCTH. [Ipu 3TOM OKOHUYaTenpHas aTMoc(epHas CyIIKa OCYMIECTBISCTCS ¢ MCIONF30BAaHHEM Terlia
KOHJICHCAIIMK XJIAJIareHTa, IUPKYJIAPYIONIETO B XOJOAWIBHON MAaIIWHEe, KOTOpas SBIICTCS TEIUIOBBIM HACOCOM
cymmika. OKOHYATENbHAS CYIIKa MaTepraia BO3IYyXOM M3 STOr0 MCTOYHHKA IMO3BOJSCT YKOHOMHTH SHEPIHIO HA
aTMOC(EpPHYI0 CYIIKYy M YMEHBIIUTH MPOAOIDKUTEIHHOCTh BaKyyMHOTO 00€3BOKMBaHUSA. JTOT METOJ OCHOBaH Ha
KOMOWHHUPOBAaHUN BaKyyMHOW W aTMOC(HEPHOH CYIIKH B OJHON CYIIMIBHOH yCTAaHOBKE WM YTIUIH3AIMH TEIUIOTHI
KOHJICHCAIINU XOJOAWIBHOTO areHTa. [lociemHsas mpuMeHseTcs A 3aBepriaroiieii atMocepHoi Cymku KiryOHei
tonmHaMOypa. KoHedHBIH POIYKT XapaKTepu3yeTcs JOCTaATOYHO BRICOKMMH Ka9eCTBEHHBIMH ITOKA3aTEIISIMH.

KiroueBblecsioBa: TonmuHaMOYp, KITyOHH, BAKyyMHO-aTMOC(hepHas CyIIka, KpUTHIECKasi BIaXKHOCTh, TEMIIepa-
Typa, JaBIICHUE.
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