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Annomauua. DKCNepuUMEHMAIbHO UCCIe008AHA OCYULTUPYIOWAS UHDPAKPACHAS CYUKA KOHCYPbL
010k copma «Ianay. [Ipodykm obradaem yeHHbIMU NUWEBLIMU CEOUCMEAMU U BOCMPEOOBAH 8 NUUEBO
npomviuiiennocmu. Ha paspabomannoti 1abopamopHou ycmanoske 01 U3VHeHUs npoyeccd
ocyunnupyIowel UHGPaKpacHol CywKu u no360Jsiouelt No00epICUBAMb MeMnepamypy GblCYyuUsaemo2o
Mamepuana Ha 3a0AHHOM MeMnepamypHom yposHe =+ 3°C, nonydeHvl Kpugble CywKy npu mpex cpeonux

memnepamypax mamepuana: t = 37°C; 47°C u 57°C. B kauecmee ucmo4HuKos UHQPaKpacHo2o uznyverus
ucnonvzosanucy samnsvi « OSRAM Siccathermy. Kpugvie cywxu codepoicanu nepswviti u 6mopoti nepuoobl,

Kpumuueckoe 61azocooepoicanue 6uiio paguo U, = 0,60 (ke enacu)/(xe cyx. mamepuana). B pesyromame

AHATU3A KPUBLIX CYUKU OBbLIO NPEONONCEHO NPOOOIICUMENLHOCTD NEPBO2O NEPUOOd PACCYUMBIBATHD NO
CKOPOCMU CYWIKU, ONPedersieMyio uepe3 Kodhduyuenm maccoomoadu, a npooosiCUmerbHOCHb 6Mopo2o
nepuooa nymem o0000weHus Kpugvlx cywiku no memooy B.B. Kpachuxosa. [ns ucciedosannoco
Mamepuana Hatl0eHo 3HaweHnue OMHOCUMeNbHo20 Kodgguyuenma cywku (x = 0,0624), nozgonsrowee
peanuzo8ams MOm Memoo 018 UCCIe008aHH020 mamepuand. [lonyueHvl OanHble NO COXPAHHOCMU
sumamuna C 8 A0104HOU KOJCYpe, blCYULEHHOU NPU PA3TUYHBIX MEMNEPAMYpax, 4mo no3eoisaem blopams
HeoOX00UMbIL MeMNePAMYPHBIL PENCUM.
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Abstract. The oscillating infrared drying of Gala apple peel has been experimentally studied. The
product has valuable nutritional properties and is in demand in the food industry. On the developed
laboratory setup for studying the oscillating infrared drying process and maintaining the temperature of
the dried material at a given temperature level, drying curves were obtained at three average material
temperatures: t = 37 °C; 47 °C and 57 °C. OSRAM Siccatherm lamps were used as infrared radiation
sources. The drying curves contained the first and second periods, the critical moisture content was equal
to (kg moisture) / (kg dry material). As a result of the drying curves analysis, it was proposed to calculate
the duration of the first period based on the drying rate, determined through the mass transfer coefficient,
and the duration of the second period by generalizing the drying curves using the method of V. V. Krasnikov.
For the studied material, the value of the relative drying coefficient (y = 0.0624) was found, which allows
implementing this method for the studied material. Data on the preservation of vitamin C in apple peel
dried at different temperatures were obtained, which allows choosing the required temperature regime.

Keywords: apple peel, drying, infrared energy supply, kinetics, vitamin preservation
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Introduction. When preparing apple puree, in particular in baby food technology, apples
are peeled [1]. The peel contains a large number of vitamins and other nutrients, so it is advisable
to process it into healthy food products. In recent years, the Federal State Budgetary Scientific
Institution "Federal Scientific Center named after I.V. Michurin" in the science city of Michurinsk
has been developing a technology for processing apple peel, which is a by-product of obtaining
apple puree, into valuable food products. Within the framework of this technology, apple peel is
dried to a moisture content of about 10% (at this moisture content, the dried product can be stored
for a long time without spoiling) and then ground to a powder state [2]. The ground powder product
can then be used in various food technologies. For apple peel, a two-stage convective vacuum-
pulse drying is proposed in [2]: at the first stage, surface moisture is removed by convective means,
at the second stage, internal moisture is removed by vacuum-pulse means, whereby pulsed vacuum
effects facilitate the removal of internal moisture.

In recent years, much attention has been paid to infrared drying in the technology of drying
food raw materials [3]. When drying heat-labile materials, oscillating (intermittent) infrared drying
is used [4], since it allows not to overheat the dried material. When drying apple peel, due to
exposure to elevated temperatures, there is a loss of vitamins and other heat-labile components, so
it was advisable to study the loss of vitamin C during the drying process.

Experimental study. The basic diagram of the installation on which the study was
conducted is shown in Fig. 1.

The unit has a drying chamber 1, in the lower part of which (flush with the bottom in a
specially cut round hole) a metal grid 5 was located with the material to be dried on it - a thin layer
of peel several mm thick. The grid was on a foam rubber stand, which, in turn, was installed on
the scale pan 12, located under the drying chamber. We used electronic scales of the brand " Scale
Cas MWP -300”, which allowed weighing the samples to be dried with an error of 0.005 g. In the
upper part of the drying chamber, symmetrically relative to the material to be dried, electric
infrared emitters 2 — lamps “ OSRAM Siccatherm », and between them - the sensor of optical
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pyrometer 3, with the help of which the temperature of dried peel was measured contactlessly. The
installation was equipped with the automatic control system, including the sensor of optical
pyrometer 3, electronic unit of pyrometer 8, power supply 9, automatic regulator TRM202 -
position 10, resistance thermometer 11 for measuring air temperature in the drying chamber,
humidity and temperature sensor 13, interface adapter 14 brand AC 4,15, through which the signal
was transmitted to PC 15. Air from outside entered through air intake opening 4, with the help of
axial fans 7 built into the side walls of the chamber it was blown through the drying chamber and
removed through the outlet pipe 6.

3n. Cors U~2208

Figure 1 — Schematic diagram of the installation for oscillating IR drying

Materials and research methods. In this work, the kinetics of infrared drying of apple
peel at different temperature conditions and the residual content of vitamin C in it were
experimentally studied. The experiments were carried out with the peel of Gala apples.

The temperature of the material irradiated by the IR emitters was measured using an optical
sensor of the Raytek non-contact pyrometer MID. Maintaining the temperature of the material
being dried at a given temperature level was carried out using a 2-channel measuring and controller
TRM202.

8 = u,kg/(kgdm-la)
7 K
6 AN
4 " 5'I. A ‘ -
’\i"“i\ ™ - » e
3 W 2 1
"3 .

2 T, min

0 30 60 90 120 150

Figure 2 — Curves of infrared drying of apple peel: 1 -#=37°C;2-47°C;3-57°C

The studies were conducted while maintaining the average temperature of the material at
three temperature levels: 1 =37 °C; 47 °C and 57 © C. The automatic control system maintained
these temperature values with fluctuations relative to the specified average value. Periodically,
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after a certain time, the material was weighed. The experiments were carried out in triplicate, the
results of weight measurements were averaged. At the end of the experiment , the moisture content
of the material was determined - according to GOST 33977-2016 "Processed fruit and vegetable
products. Methods for determining the total dry matter content" - by the ratio

_ m
=t (1)
m JIL.M _m

B CYX.M.

where is # — the moisture content of the sample, (kg moisture) /( kg dry material); 2, is

the mass of moisture in the sample, kg; m, , —m. ., is the mass of the sample before and after

M CyX.M.

drying, respectively, kg.

Then, knowing the current values of the material weight, the moisture content of the
material was calculated at different points in time and a drying curve was constructed.

Research results and their discussion. Fig. 2 shows the obtained drying curves # = f(1).
The drying curves show both the first and second drying periods. The temperature of the material
has a great influence on the drying rate, the drying rate increases especially significantly with an
increase in temperature from 37 ° C to 47 ° C. The critical moisture content during drying of apple

peel for all the studied drying modes can be taken as U, =6.0 (kg moisture) /( kg dry material).

At, U < L_le the first drying period takes place, the rate of which is determined by external mass

transfer. The drying duration in the first period 1 1 can be calculated using the ratio

uH 171(}’)
T, = N (2)
where is the drying rate N (1/s) is related to the drying intensity i 1 (kg /( m %s) by the
equation [5]

R
N ey D)

Here f— specific surface area of the dried material in the layer, m2 ’/ (m3 °flayer); for apple
peel of thickness & we have: f=2(1- & s1)/ 8; p— density of apple peel, equal to p= 796 kg/m *; & 51
— porosity of the layer, m ® /(m * of the layer) (under experimental conditions it can be estimated
as £ s1=0.5). At § = 1 mm we obtain: £ = 1000 m ?/(m * of the layer).

The duration of the second drying period can be calculated using the drying coefficient K
(1/s) according to the ratio [5]

|

<)

1 —
=, (4)

K p

'L'2:

1
1

where U, ﬁp are the final and equilibrium moisture content of the material, respectively,

kg /( kg of dry material). K is the drying coefficient, 1/s.

V. V. Krasnikov proposed a method for generalizing drying curves by relating the current
drying rate in the second period — (duz/dt) = f'(w)to the drying rate in the first period [6] using the

parameter y — the relative drying coefficient. In this case, the duration of the second drying period
can be calculated using the equation
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Analysis of the obtained curves of apple peel drying confirmed the possibility of such a
generalization. For the process under study, it was found: y = 0.0624. Thus, for the process under
consideration, it is possible to recommend calculating the time t 1 according to equation (2), and
the time 1 2 according to equation (5). Total drying time of apple peel: t=1t1+ 1 2.

Determination of vitamin C content. The analysis of dried peel for vitamin C content
was carried out on samples dried in experiments separate from the study of drying kinetics - by
the oscillating infrared drying method on the setup described above, at average material
temperatures of 37 ° C and 47 ° C (the maximum temperatures in the experiments were  max= 40 °
C and ¢ max= 50 * C, respectively). The vitamin C content in apple peel was determined according
to GOST 24556-89 by the titrimetric method. The results of the analysis of dried samples for
vitamin C content are presented in Table 1. As can be seen from the table, the vitamin C content
significantly depends on the drying temperature regime; with an increase from temperature ¢ max =
40°C to temperature ¢ max = 50°C, the vitamin C content decreases from 0.54 mg/100 g to 0.39
mg/100 g, i.e. by 27.7%. Thus, from the point of view of drying speed, the drying mode at the
average temperature of the material ¢ is preferable. = 47 ° C, and from the point of view of
preserving vitamin C - the regime at t = 37 °C, mode at t = 57 ° C is not advisable to use, since it
does not provide a large increase in drying speed (Fig. 2), but will be accompanied by a large loss
of vitamin C and other valuable heat-labile components contained in the apple peel.

Table 1 — Vitamin C content in the peel of Gala apples dried at different temperatures

Drying Moisture . Vitamin C content, Vitamin C (in terms of dry
temperature mode content of samples, % | mg/100 g

{o 0C matter), /100 g

40 °C 11 0.54+0.04 0,607 = 0,045

50 °C 10 0.3940.03 0,433 £ 0,033

Conclusion.

1. The kinetics and preservation of vitamin C during oscillating infrared drying of Gala
apple peels at different drying temperatures were experimentally studied.

2. It is recommended to find the drying duration in the first period by calculating the drying
rate through the mass transfer coefficient, and the drying duration in the second period - by
generalizing the drying curves using the method of V.V. Krasnikov. For the studied material, the
value of the relative drying coefficient (y = 0.0624 ) was found, allowing this method to be
implemented.

3. Data on the preservation of vitamin C in apple peel dried at different temperatures was
obtained, which makes it possible to select the required temperature regime.
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