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Abstract- The article is devoted to the intensification of the production of dried food additives using the
electrophysical method from root and tuber raw materials with the provision of a machine-hardware system. A
new technological scheme for the production of dried food additives with high biological activity has been deve-
loped; The optimal regime parameters for heat treatment of crushed root and tuber mixture in the field of infra-
red rays were determined; the main geometric parameters of a drying machine operating on infrared energy were
calculated, the energy balance was determined, the main geometric parameters and design diagrams were clarifi-
ed. A machine for drying a root and tuber mixture using infrared rays is a simple device; occupies a small produc-
tion area; does not require additional equipment. The process savings (economic effect) when using the experi-

mental machine will be 16,849 US dollars or 0,39 US dollars per 1 kg of product.
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I. INTRODUCTION in this direction is relevant and has great prospects
(Huang, Dan et al. 2021, Mikberidze, M. 2015,

Root tubers are plants in which nutrients are con-
centrated in tubers or roots. Tubers include Jerusa-
lem artichoke, and root vegetables include beets,
carrots, parsnips, etc. These products are widely
used for nutrition, they contain large quantities of
vitamins, microelements and can be classified as
products of high biological activity (Mikberidze M.
2020, Oliveira, Sara M., et al. 2016, Verma, Deepak
Kumar, et al. 2020 Sablani, Shyam S. 2006).

Kamiloglu, Senem, et al. 2016, Karam, Marie
Céleste, et al. 2016, Levina, N.S., et al. 2015, Mutuli,
Gibson P., et al. 2020,_Zhang, Min, et al. 2017,
Shishir, Mohammad Rezaul Islam, et al. 2017,
Puchkova, T.S. 2019, Onwude, Daniel I, et al. 2022,
Onwude, Daniel 1., et al. 2021, Pozdnyakova, O.G.
2018).

Goals, Objectives, Materials and Methods

The experiments were carried out according to a
pre-compiled program and methodology (on the
basis of Akaki Tsereteli State University - Faculty of
Agriculture, Georgia, Kutaisi).

In food supplements industry actively uses additi-
ves (artificial, natural), thanks to which products are
given a specific taste, color, aroma, medicinal and
preventive properties. Natural additives deserve at-
tention, the use of which is becoming increasingly
relevant against the background of the saturation
of food products with chemical additives. Research

The process of drying food additives is carried out
with the help of convection dryers, which, along
with their positive sides, have a number of
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disadvantages, so it is important to expand
research in this direction, which determined the
research topic chosen by us - drying food additives
(roots and tubers) in the field of infrared rays (IR)
(Barba, et al. 2015, Inyang, et al. 2018, Li, et al. 2023,
Mikberidze, M. 2015, Mikberidze M. 2020, Akter,
Ferdusee, et al.2022, Ahmed, Naseer, et al. 2013,
Bassey, et al. 2021, Boateng, Isaac Duah. 2023, Bala,
B. K. et al 2009, Chibuzo, et al. 2021, Changrue,
Viboon, et al. 2006, Calin-Sanchez, Angel, et al.
2020).

The purpose of our study was to determine the op-
timal regime parameters for heat treatment (drying)
of a mixture of crushed root and tuber raw materi-
als (artichoke, beets, carrots, parsnips) in the field of
infrared (IR) rays; Development of a new technolo-
gical scheme for the production of food additives
(flour of root and tuber crop raw materials) having
high nutritional value with a high content of biolo-
gically active substances and specific organoleptic
properties; clarification of the basic geometric para-
meters of an infrared drying experimental machine
for drying sugar-containing root and tuber crop
raw materials, calculation of the energy balance of
the machine, development of design diagrams, de-
termination of economic efficiency (Huang, Dan et
al. 2021, Hnin, et al. 2018, Mikberidze M. 2019,
Mikberidze M. 2020, Deng, Li-Zhen, et al. 2019,
Devahastin, Sakamon, et al. 2010, Jayaraman, K. S.,
et al. 2020, Figiel, Adam, et al. 2016, Fan, Kai, Min
Zhang, et al. 2019, Fan, Kai, Min Zhang, et al. 2017,
Hasan, Mahmood Ul, et al. 2019,_Zhang, Min, Hao
Jiang, et al. 2010).

IR radiation energy was chosen as the energy sour-
ce. It is known that infrared rays significantly inten-
sify technological processes, simplify technological
equipment, improve working conditions, eliminate
environmental pollution, etc. A laboratory drying
installation was used for the experiments (Du,
Yuanjie et al. 2023, Huang, Dan et al. 2021, Mikbe-
ridze M. 2012, Mikaberidze M. 2013, Solchansanj,
Sliahab et al. 2020, Zhang, Dongyan et al.2023,
Zhang, Wei-Peng, et al. 2022, Zhang, Wei-Peng, et
al. 2022, Salehi, Fakhreddin, et al. 2020).

To study the process of heat treatment of root and
tuber crop raw materials, a special methodology
was developed, the main factors influencing the
process and their relationships were identified.
Infrared irradiation measurements using a thermoe-
lectric device (DTP0924ROP50-50JO). The process
temperature was measured with a mercury thermo-
meter and an infrared thermometer (RaytekMini-
TempMT6). The residual moisture in the material
was determined with a moisture meter (ECV-4V).
Carbohydrates were determined by analytical
method, mineral substances were determined using
the dry ashing method., ascorbic acid was determi-
ned by the titrimetric method, the total amount of
organic acids was determined by the
chromatographic method.

Based on the methodology, the following materials
were selected for research: Jerusalem artichoke, be-
ets, carrots, parsnips, from which the raw materials
were prepared - lightly crushed test material with
skin (proportion - in equal quantities).

For the purpose of heat treatment, the raw materi-
als were introduced pre-heated in a laboratory
chamber equipped with IR generators (NIK-220-
1000) and evenly distributed onto a metal mesh.
The temperature in the drying chamber was main-
tained by selectively switching on the IR generators
and by regulating the air flow supplied to the
chamber.

The drying process was accepted as complete after
monitoring the residual moisture of the material, vi-
sual and organoleptic inspection.

When determining the optimal value of one of the
parameters operating in the process, all other para-
meters had constant values (Hii, Ching Lik et al.
2021, Mikaberidze M. 2022, Mikaberidze M. et al.
2021, Zeng, Shiyu et al. 2022, Zhou, Xu, et al. 2019,
Mercer, Donald G., et al. 2012, Natarajan, Sendhil
Kumar, et al. 2022, Onwude, Daniel I, et al. 2016,
Onwude, Daniel I, et al. 2017, Zhang, Min, et al.
2006).
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I1. SCIENTIFIC NOVELTY

The technological scheme we have chosen for the
production of flour from root and tuber crop raw
materials using infrared energy has the following
form:

Raw materials (artichoke, beets, carrots, raw par-
snips) - inspection - washing - sorting - cutting -
drying with infrared energy (first stage of drying) -
delay (moisture migration) - drying with infrared
energy (second stage of drying) - grinding - sorting
(fig. 1).

and the IR ray generators H=25 cm; Material thic-
kness =5 cm; Duration of thermal irradiation -
Phase | - 1=18..20 min (70...75°C); Phase Il -
1=35...37 min (85...90°C); the final residual moisture
content of the semi-finished product is 5-7% (Mik-
beridze M. 2022, Solchansanj, Sliahab et al. 2020).
The experimental results showed that the specific
effective effect of IR rays on the material signifi-
cantly improves the quality of the semi-finished
product (see Table 1).

Table 1: Comparative characteristics of the chemical
analysis of the semi-finished product

inspection L washjng - sorting
Removing the peel
cutting

|

drying in the field of infrared (IR) rays Phase I - 7=18...20 min
(70...75°C); Phase II — 7=35...37 min (85...90°C)

|

Redistribution of moisture (5-7%)

|

pure shredding

|

packaging

Fig. 1: The technological scheme for the production
of flour from root and tuber crop raw materials
using infrared energy

Numerous experiments have shown that artificial
drying of the material under study is effective in
two drying phases (drying phase | - 70..75 °C,
drying phase Il - 85..90 °C).

As a result of the research, drying modes for root
and tuber raw materials in the field of IR rays were
established, namely: with continuous irradiation:
type of generators — NIK-220-1000; type of irradia-
tion - bilateral; Irradiation density P=0.35-0.40
kW/m?; distance between the material under study
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In order to provide a machine-hardware system for
the process of drying root and tuber crop raw ma-
terials with IR rays, based on a generalization of ex-
perimental and theoretical data, the main geomet-
ric parameters of a drying machine operating on IR
energy were calculated, the energy balance was de-
termined, the main geometric parameters were cla-
rified, and design diagrams were created (Reis,
Felipe Richter, et al. 2022, Radhakrishnan, Ganesh,
et al. 2024, Sagar, V. R, et al. 2010, Tan, Choon Hui,
et al. 2022, Wu, Jiaxin, et al. 2022, Xu, Baoguo, et al.
2022, Sehrawat, Rachna, et al. 2019)

At the same time, modern production requirements
were taken into account and the machine was de-
signed for productivity G=100 kg/h (fig. 2).
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Fig. 2 Scheme of a machine for drying root and tu-
ber crop raw materials using the electrophysical
method

Operating principle of the machine: three
working mesh conveyors and one external mesh
conveyor (2) are installed in a heat-insulated metal
drying chamber (1). The material is supplied to the
conveyor (2) by an elevator (4) from a hopper (6),
on which a layer leveling mechanism (5) is installed.
The process of drying the sugar-containing root
and tuber mixture is carried out on all conveyors
using IR generators (3), moist air is removed by an
air exhaust (8). To reduce energy losses, aluminum
reflectors (7) are installed on the inner surface of
the drying chamber. The dried mass is discharged
through a semi-closed opening at the front of the
machine. The drying process is adjusted by adjus-
ting the speed of the working conveyor. The inclusi-
on of IR generators in the electrical network has be-
en differentiated.

Total Heat Consumption in the Dryer:
Q=Q;+Q,+Q; ki/h.

here Q; - heat consumption for heating the root
and tuber mixture, kJ/h;

Q; - heat consumption for moisture evaporation, kJ;
Qs - heat loss to the environment, kJ/h.
Q=Gc(t-t7) =100-3,45(75-20) =18975(5 kW/h)

here G - drying machine productivity, G=100 kg/h;
¢ — specific heat capacity of the root and tuber mix-
ture, 3,45 kJ/kg°C;

t; — initial temperature of the root and tuber mixtu-
re, ZOOC;

t, — mass temperature at the outlet of the drying
machine, 75°C.

Q,=w'=83-2350=124550 (54kW/h)

here w — mass of moisture evaporated from the ro-
ot and tuber mixture, kg/h;

r — latent heat of vaporization of water.
w=G(wWq-w,)/(100-w,) =83 kg.h

here w; — initial moisture content of the root and
tuber mixture, w1=82...84%;

w, — final moisture content of the root and tuber
mixture, w,=5...7%.

Q3;=Qcamera+Qair=3,6-F(tct-t0) +L(I»-1p)
=3,6-12,54-37(60-20) +200(100-50) =76800
(21kW/h)

here a - heat transfer coefficient,
a=9,74+0,07(tat-ty) =9,74+0,07(60-20) = 12,54

kw/m?°C.

to — ambient temperature, t0=20...22°C;

tat — average temperature of the outer surface of
the drying chamber wall, tat = 50...60°C;

F — outer surface area of the drying chamber, m*

L — mass of air entering the chamber in an unorga-
nized form, L=200 kg/h.

lo and I, — specific enthalpies of air, 1o=50kJ/h,
l,=100kJ/h.

Consequently, the total power of infrared genera-
tors is:

- Ptheory:80 kW /h;

- Prealityzp/n:/80/0:95= 84= kW/h

Working surface of the drying conveyor: F=37m?
V=G/3600pB t = 0,005 m/s

here B - conveyor width, B =1,5 m;

@- duty factor, @ = 0,9;

Total length of the
|=V-t=0,005-0,5-3600=9 m.
here t- maximum value of the drying process, t=
0,5 h.

drying  conveyor:

Height of the dryer H=2,5...3 m

I1l. DETERMINATION OF THE ECONO-
MIC EFFICIENCY OF A DRYING MACHI-
NE FOR SUGAR-CONTAINING ROOT
AND TUBER CROP RAW MATERIALS

Operating using the electrophysical method

Experimental machine for drying sugar-containing
root and tuber crop raw materials
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1. Amortization

The device operates all year round 720 hours
(30x8x3) here 30 - number of days in a month;

8 - working hours;

3 - The number of working months.

During operation, the experimental machine as a
whole will operate for 720x6=4320 hours.
here 6 - the service life of the machine.

In general, during operation, the experimental mac-
hine will heat treat 4320x100 = 432,000 kg of raw
materials.

Thus, the amortization of the machine is 4500:
432000 = 0,01 US dollars / 100 kg of raw materials.

2. Remuneration of Service Personnel
The experimental machine requires 1 maintenance
personnel, whose monthly salary is 400 US dollars.
Since the device operates on average 3 months du-
ring the year, the costs for maintenance personnel
will be equal - 400x3 = 1200 US dollars.

Thus, 1200: 720 = 1,67 US dollars/100 kg of raw
materials.

here 720 h - operation of the experimental machine
all year round.

3. Cost of Electricity

The experimental machine consumes 30x3x672 =

60480 kW of electricity during the year.

e here 30 - the number of days in a month;

e 672 - electrical energy consumed during the
day in kW.

e The cost of electricity during the year is -
60480x0,10 = 6048 US dollars.

e Thus, 6048:720 = 8,40 US dollars/100 kg of raw
materials.

4. The Cost of Repairs

The amount that will be spent on repairing the ex-
perimental machine during the year is 200 US dol-
lars.

Thus, 200:720 = 0,28 US dollars/kg of raw materials.

Thus, when using an experimental machine, taking
into account the process of heat treatment of raw
materials, the cost of production increases by 0,01
+ 1,67 + 8,40 + 0,28 = 10,36 US dollars per 100 kg
of raw materials, or 0,104 US dollars per 1 kg.

The cost of the experimental installation for heat
treatment of raw materials - the cost is equal to:
432000x0,104 = 44927 US dollars.

Operating Convection Drying Machine
Amortization - 10,000:432,000 = 0,023 US dol-
lar/100 kg of raw materials.

e 2400:720 = 3,33 US dollars (maintenance of 2
staff units);

e The electricity consumed by the operating mac-
hine during the year is 75,600 kW, which is equ-
al to the cost of 7,560 US dollars per year.

e Thus, 7560:720 = 10,5 US dollar / 100 kg of raw
materials.

The amount that will be spent on repairing the ope-
rating machine during the year is 300 US dollars.

Thus, 300:720 = 0,42 US dollar / 100 kg of raw ma-
terials.

Thus, when using an existing convection machine,
taking into account the process of heat treatment
of raw materials, the cost of products increases by
0,023 + 3,33 + 10,5 + 0,42 = 14,27 US dollars per
100 kg of raw materials, or 0,143 US dollars per 1
kilogram.

Costs for an operating convective machine for heat
treatment of raw materials - the cost is equal to:
432000x0,143 = 61776 US dollars.

Thus, the process savings (economic effect) when
using the experimental machine will be 61776-
44927 = 16849 US dollars or 0,39 US dollars per 1
kg of product.

IV. CONCLUSION, RESULTS,
CONCLUSIONS

factors and the interrelationship between the pro-
cesses of thermal processing of root and tuber raw

5
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materials in the field of IR rays are revealed: the
density of irradiation, the distance between the raw
material and the IR generators, the thickness of the
layer, the duration of the process, the humidity of
the material before and after drying, the type of ir-
radiation (double, single, continuous), temperature
process.

In the result of the research, the drying regimes of
root and tuber raw materials are established in the
field of IR rays, namely: under continuous irradiati-
on: generator type - NIK-220-1000; type of irradia-
tion - double-sided; Irradiation density P=0,35-0,40
kW/m? the distance between the research material
and the generators of IR rays H=25 cm; Thickness
of the material =5 cm; Duration of thermal irradia-
tion - | phase - t=18...20 min (70..75°C); Phase Il —
1=35..37 min (80...85°C); residual moisture semi-
fabricated 5-7%.

The main geometrical parameters of the machine
for drying root and tuber raw materials, working on
infrared energy, were calculated, the energy balan-
ce was determined, and construction schemes were
compiled.

The technological method of thermal processing
(drying) of crushed root and tuber mixture in the fi-
eld of infrared rays is expedient and promising. The
intensity of the process increases 5 times and more
compared to the existing drying methods, which
positively affects the biologically active substances
and the quality of the product; the technological
process and technological equipment are simplifi-
ed, eliminating the procession of the environment;
It allows to fully automate the process and so on.

The process of drying the mixture of roots and tu-
bers increases the concentration of nutrients of the
semi-finished product several times compared to
the original raw material. Flour from root crops has
a high food value and can be used in confectionery
additives to give products a specific taste, color,
aroma, therapeutic and preventive properties.

A machine for drying root and tuber mixtures with
infrared rays is a simple device; very small producti-
on area; does not require additional equipment.

The saving of the process (economic effect) when
using the experimental one gives 16,849 US dollars
or 0,39 US dollars per 1 kg of product.
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