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TECHNICAL AND TECHNOLOGICAL ASPECTS
OF HEAT PROCESSING OF EGGPLANTS

O. Tereshkin, D. Horielkov, V. Dub

This article deals with the analysis of current technological issue of
removing solanine from eggplants, which showed that using the process of deep fat
frying is not perfect in terms of ensuring high quality indicators. There has been
proposed an alternative solution aimed to provide the solanine removal process.
Conducting research, the authors designed an experimental appliance which
operated under conditions close to actual production environment. Experimental
studies were carried out with a wide range of geometric, structural and mechanical
characteristics of eggplant fruits. There are given the results of researching the
dynamics in thermal processing of eggplants with different geometric types and sizes
at different temperature regimes. The authors represent a mathematical relation that
correctly describes the process of heating fruits with hot air. Also they give graph-
analytical solutions that allow to calculate rational regimes of their thermal
processing with hot air in ovens and to ensure the necessary degree of flesh cells
plasmolysis for the possibility of subsequent solanine removal from them. There has
been developed a theoretical model of the process which allows to describe the
behaviour and characteristics inherent in conductive heating of fruits. Data were
obtained for the design and development of modern heating equipment and supplies
for restaurant establishments and small-scale processing enterprises.

Keywords: solanine, process of frying eggplants, geometric parameters,
medium temperature, heating rate, heating intensification.

TEXHIKO-TEXHOJIOI'TYHI ACIIEKTH
TEIJIOBOI OBPOBKH BAKJIAYKAHIB
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Hageoderno pesynomamu  0ocniodcennss OuHamiky —mepmiunoi  06poOKu
OaKnaxcanie i3 pISHUMU  2€OMEMPUYHUMU — MUNOPOSMIpAMU 34 Di3HUX
memnepamypHux pexcumie, a Mmakoic Mamemamuity 3a1exiCHiCmby, AKA Ad0eK8amHo
onucye  mnpoyec  HazpieanHa — nnodie  eapauum  nogimpam.  Ompumano
epaghoananimuuni - piwiennss  yiel  3aneNiCHOCMI, WO 00360I5€  PO3PAXYEAMU
DPAYIOHANbHI  pexcumu iX mennosoi 00poOKU 2apauuM NOGIMPAM Y HCAPUILHUX
wacghax ma 3abesnewumu HeOOXIOHUL CMIYNIHb NAAZMOAIZY KLIMUH M SSKOMI OJist
1n00anbUL020 BUOALEHHSA 3 HUX CONAHIHY Ni0 4ac nionpecosy8amHs.
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Knrouosi cnoea: conanin, cmasicenns 6axnascanie, 2eomempuyii
napamempu, memnepamypa cepedosuya, WeUOKicmy Haepieanus, inmeHcugpikayis
npoyecy.
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O.I'. Tepeumikun, /I.B. I'opeaxos, B.B. 1y

Ilpusedenvl  pezynomamvl  UCCLEO0BAHUA — OUHAMUKU — MEPMUYECKOU
0bpabomku  6AKNAICAHO8 C DAZHBIMU 2EOMEMPUYECKUMU MUROPAZMEPaMu npu
PA3ZHBIX MEMNEPAMYPHbIX PENHCUMAX, 4 MAKICe MAMeMAMUYecKas: 3a6UCUMOCHIb,
KOmopas a0eKkéamno ONUChlBAent Npoyecc HAazpesa NA0008 20PAYUM B6030VXOM.
Honyuenvl  cpacghoananumuueckue pewenus moi  3A6UCUMOCIU,  KOMOpbLE
NO360MAI0M  PACCUUMANMb DAYUOHANIbHBIE DPEeNCUMbL UX Menioeoi o0bpabomku
20PAYUM B030YXOM 6 JICAPOUHBIX WKahax u obecneyums HeoOXO0UMYIO CMeneHb
NAA3MONU3A KIEMOK MAKOMU Ol NOCLeOVIOWe20 YOaNeHUus. U3 HUX CONAHUHA Npu
NOONPecco8bIGaAHUU.

Knwueevie cnoea: conanumn, ocapka OaKIANCAHOS, 2€0MEMPUYECKUE
napamempul, memMnepamypa cpeobl, CKOpOCHb HA2Pesd, UHMEHCUPUKAYUs HA2Pesa.

Statement of the problem. Eggplants are very popular in the range
of canned and culinary products made from vegetables. They have an
original appearance, high palatability and combine dietary, therapeutic, and
prophylactic properties. However, the technologies of their processing are
far from perfect, because most technological operations do not have the
equipment decision, it determines their labour intensity and duration, and
does not ensure a proper quality control of products, which are often made
by hand.

The presence of a significant amount of fibre and pectic substances
in the fruits indicates that eggplants have valuable therapeutic and
prophylactic properties: they normalize intestinal motility, help the
elimination of waste products and heavy metal compounds from the body,
reduce blood cholesterol in the treatment of atherosclerosis [1-5].

Particular attention is drawn to the presence in eggplants of the
gluco-alkaloid solanine M, which consists of solanine, galactose, and
rhamnose residues. Solanine is a substance that has moderate toxicity and
when used can cause typical signs of poisoning (asphyxia, nausea,
vomiting, indigestion, and headache) [5]. In addition, solanine has a
negative impact on the taste of eggplants, giving them a bitter taste (at
concentrations above 0.018% on a dry matter). The content of solanine in
eggplant fruits varies significantly, first of all it depends on the degree of
ripeness: in the stage of technical ripeness — 0.004...0.009%, in overripe
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fruits — 0.028...0.049%, in biologically ripe — 0.087% on a dry matter.
Besides, the concentration of solanine is significantly affected by agronomic
growing conditions [5]. This leads to the fact that in most cases, eggplants
have an excess (or close to that) concentration of solanine, which in the time
of moister removal during their processing increases significantly, far
exceeding the permissible limits. Therefore, a special attention should be
paid to the issue of regulating the concentration of solanine in eggplants, in
their culinary use.

Review of the latest research and publications. Some technologies
use an osmotic active substance — sodium chloride (table salt) — to remove
solanine [5-6]. Prepared fruits are heavily sprinkled with salt, mixed and
kept until the removal of a certain amount of juice with solanine (the
amount of salt and the duration of exposure is determined intuitively, and
the effectiveness of this process depends on the experience and
qualifications of the cook).

The use of the process of removing bitterness from eggplants, in our
opinion, is the result of its simplicity, accessibility and the possibility of its
implementation without any equipment decision. However, to control its
regimes, for example, to achieve optimal values of solanine concentration in
fruits is quite a difficult task. In addition, there are no positive phenomena,
which we can observe during blanching. For example, inactivation of
enzymes doesn’t take place here, and it leads to darkening of the fruit flesh
with other negative phenomena.

The process of frying eggplants in vegetable oil partially fulfils the
task of the blanching process. The purpose of heat processing of eggplants
during their frying in refined vegetable oil at a temperature of 130...140 °C
for 5-20 min is bringing eggplants to culinary readiness, removing a
significant amount of moisture, absorbing a certain amount of oil, lowering
calorie content of the product, and providing specific organoleptic
properties (colour, taste, smell).

The parameters of the frying process are controlled by such
indicators as the visible percentage of frying losses (relative change in fruits
weight due to moisture loss and simultaneous oil absorption), which is 32—
35%, as well as the appearance of eggplant.

It is known that during frying eggplant in oil, a relative change in
their volume (so-called shrinkage) depends on the initial moisture content in
the fruit, oil temperature and process duration. So, for example, when initial
moisture content in eggplants and oil temperature is higher, if other
conditions are equal, the rate of change in relative fruits volumes will be
maximum. All of the above-mentioned occurs due to the high rate of
moisture loss by eggplants, which affects their shrinkage. In this regard the
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rate of volumes change will be maximum in the initial frying period
(5-10 min), when the process of intensive moisture removal is observed.
With the removing of moisture, there is a moment of decreasing the rate of
volumes change (1040 min), and in the final stage of the process (after
40 min); when the moisture content reaches certain values close to the
complete moisture removal, change in the volume of eggplants does not
occur [7; 8].

The process of heat treatment of eggplants has the disadvantage: the
difficulty of ensuring the quality of oil storage, which leads to either a
decrease in the quality of canned products, or significant losses of oil during
its replacement. Moreover, after frying, eggplants are kept for some time to
drain excess oil and cool them, which causes the increase in the duration of
the process and adversely affects the microbiological contamination of raw
materials. It can be stated that thermal appliances are not perfect in terms of
ensuring high quality of fried raw materials, they are significantly complex,
highly productive, bulky and have a high cost.

The objective of the research is to identify the dynamics of changes
in structural and mechanical properties of eggplants in the process of their
heat treatment with the flow of hot air, to obtain graph-analytical
dependences that will allow us to calculate rational heat treatment regimes.

Presentation of the research material. For the research we have
used fruits with certain geometric parameters, weight, volume, density, and
porosity.

In this research we have used an experimental appliance, which
consists of a cabinet oven IDKECM-2K (electrical cabinet sectional
modulated oven), potentiometer KSP-4, thermoelectric transducer with
open chromel-drop thermocouples inserted into steel needles and fixed so
that their solder joint would be on the tops of the needles and could come
into contact with product when they are inserted. The thermoelectric
transducer was connected to the potentiometer by elongated wires through
the measuring point selection switch PTI-M, mounted on its housing. The
error in measuring temperatures was not more than 1°C (didn’t exceed 5%).

To conduct one series of experiments on heat processing of
eggplants (at a certain temperature in the frying chamber) we used 10 fruits
with the same geometric parameters, one of which was used to control the
dynamics of its heating, and the other were applied to study weight, volume,
density, and porosity of the fruits at different stages of heat processing
(numbered sampling units with known parameters were taken to determine
weight, volume, density and porosity every 120 s of heat treatment).

Study of the process of heat treatment of eggplants was carried out
until the moment of equalization and stabilization of the temperature at all
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points of its measurement (up to a temperature of 96-98 °C). For each series
of experiments, we used fruits with a diameter of 50—70 mm.

The dynamics of changes in weight, volume, density and porosity of
eggplants at different stages of their heat processing at medium
temperatures was recorded by determining their relative indicators:

AM = mij— Mg ’ (1)
my
AV = Vi\—/Vf ’ (2)
f
Am=PiZ pfs ’ ®)
Pt
AP = Pi;Pf ’ (4)
f

where Am, AV, Apf, AP correspond to relative changes in mass, volume,
density and porosity of the samples at different stages of their heat
processing;

m;, Vi, pi, P; are respectively the initial values of mass, volume, density
and porosity of the samples before heat processing, kg, m?, kg/m?, %;

my, Vs, pfr, Ps are respectively the initial data of the mass, volume,
density and porosity of the samples at certain stages of their heat
processing, kg, m®, kg/m?, %.

Fruits of certain geometric parameters, mass, volume, density and
porosity, and solanine concentration were subjected to heat treatment at
150-300 °C until the temperature in the centre reaches 55-65° C. This range
of fruit heating temperatures, as it has been shown by previous experiments,
provides plasmolysis of fruit flesh cells, meanwhile maintaining sufficient
mechanical strength of their structure. During the process of heating (at the
initial stage) the difference in temperature values under the layers in certain
areas of fruit cross-section will obviously be quite significant.

The conducted research allowed us to determine the heating
dynamics of eggplants under different regimes of their heat processing. The
results are presented in Fig. 1-4. To test the adequacy of the obtained
theoretical dependence, which describes the dynamics of heating the inner
layers of eggplants at different media temperatures, we calculated the values

of ® using experimental values tyeq, to, t, 7, Fmax, _ "
r

max

©=1,072e >"® 7 1. 0,085¢ 3**" P 015 8%, (5)
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The proposed dependence (formula 5) adequately describes the
heating of eggplants during their heat processing when we change the
coefficient of thermal conductivity (). As a result of calculations, we have
obtained the dependence of « on ®, which characterizes the coefficient of
thermal conductivity in the process of eggplants heating (Fig. 5). Analysis
of the obtained dependence graph shows that in the initial period of heating
of eggplants (©=0.87...1, t=20...43 °C) the values of the coefficient do not
change and are 1.5 107 m/s; then the value of the coefficient « increase to
©=0.64, which corresponds to the temperature in the fruit 85 °C
(e=1.7-10"m/s), and at the last stage of heating the coefficient decreases to
o=135-10"m/s at a temperature ©=0,57, which corresponds to a
temperature of 98 °C. The obtained dependence of the dynamics in the
values of thermal conductivity coefficient on the eggplants heating
temperature reflects the changes in their structure during heating.
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Fig. 1. Dynamics of heating of eggplants dnn,,=60 mm at a medium temperature
of 150 °C: 1 — under the skin (R=1); 2 — in the intermediate layer (R=0.5);
3 —in the centre of the fruit (R=0)
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Fig. 2. Dynamics of eggplants heating dn»=60 mm at a medium temperature
of 200 °C: 1 — under the skin (R=1); 2 — in the intermediate layer (R=0.5);
3 —in the centre of the fruit (R=0)
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At the initial stage of heating, due to the high density of the flesh
(the presence of numerous air layers), its thermal conductivity is low due to
the fact that plasmolysis of the cell structure did not take place.
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Fig. 3. Heating dynamics of eggplant d,,,,=60 mm at a medium temperature

of 250 °C: 1 — under the skin (R=1); 2 — in the intermediate layer (R=0.5);
3 —in the centre of the fruit (R=0)
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Fig. 4. Heating dynamics of eggplant d,,.,x=60 mm at a medium temperature
of 300 °C: 1 — under the skin (R=1); 2 — in the intermediate layer (R=0.5);
3 —in the centre of the fruit (R=0)

Then during heating of fruits to 43...85 °C the phenomena of
plasmolysis takes place there, cell juice flows into intercellular spaces
(pores filled with air); during heating it forms steam-air mixes which
thermal conductivity is higher, than air; it leads to increase in coefficient of
thermal conductivity. At the final stage of the process the reduce in thermal
conductivity occurs due to the intensification of the process of moisture
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transfer (movement of fluid from the centre of the fruit to the skin) directed
opposite to heat transfer, as well as reducing the driving force — difference
in temperatures. To make the calculating formula usable we will present it
in the form of dependence graph of ® on F, (Fig. 6).

_ tmed -t
tmed—to

The obtained dependence allows to determine the heating time of
eggplants of any initial diameter or radius (rmax), at different initial
temperatures (tp), media temperatures (t,), to the required temperature (t) in
the intermediate layer (R=0.5). Meanwhile it is necessary to use the selected
values rpax, tm, to, t for calculation o tmea=t, tmea according to the graph

tmed —to
(Fig. 6) to determine the corresponding to ® values of Fy, and then calculate
the heat processing time by the formula: __ F - fiw .
o

The values of the thermal conductivity coefficient « are determined
according to the graph (Fig. 5), using the calculating values @. Analysis of the
obtained patterns allows us to draw the following conclusions. With the increase
in air temperature, the heating rate of the fruit increases proportionally. For
example, the equalization of temperatures in the entire volume of the fruit
(when the temperature reaches 97...98 °C) depends on the medium temperature
(150, 200, 250, 300 °C), corresponding to 960, 720, 580 and 480 s. So, with a
relative increase in temperature by 33.25 and 20%, the duration of heating
consequently increases by 33.25 and 20%.
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Fig. 5. Dependence of the coefficient of eggplants thermal conductivity
on the relative temperature during their heat processing
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Fig. 6. Dependence of Fourier's criterion on relative temperature during
heat processing of eggplants

The characteristics of curves describing the dynamics of heating in
different layers of fruits indicates that their rate is different at different time
intervals. So, the heating rate of the upper layer (under the eggplant skin) is
maximum in the first stage of heat treatment (due to the proximity of the
heated layer to the heat source), and in the process of heating to 80 °C a
decrease starts there, and when the temperature reaches 97...98 °C heating
stops (this is due to the driving force of the process, that is the temperature
difference, the intensification of moisture transfer process and evaporation,
which leads to a decrease in thermal conductivity coefficient).

Conclusion. The conducted research allowed us to get data about the
dependence of changes in mass, volume, density and porosity of eggplants
during their heat processing. A theoretical model of the process has been
developed, it allows to describe the characteristics of the conductive heating
of fruits and to obtain its graph-analytical solution. The findings allow us to
determine the temperatures at all points of flesh in eggplants of different
sizes, at different medium temperatures. The results of research can be used
in the design of heating appliances, which will ensure a high quality of
products, intensify the production processes of small enterprises and
restaurant establishments.
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PO3POBKA ACOPTUMEHTY M’SICHUX KYJIIHAPHUX
BHUPOBIB HA OCHOBI POCJIMHHOI CHPOBUHHU
I3 3BACTOCYBAHHSIM EJIEKTPOKOHTAKTHOT'O
HAT'PIBAHHSA

B.M. Muxaiinos, I.B. Baokina, A.O. llleBuenko, C.B. [Ipacoa

TIpoananizo8ano GUKOPUCMAHHS POCIUHHOL CUDOBUHU 8 XAPYYS8AHHI THIOOUHU,
30Kpema 0N NPUSOMY8AHHA M ACHUX KYIiHapHUXx 6upobis. OOIpynmosaro
OOYINbHICMb 3ACMOCYBAHHSA €IeKMPOKOHMAKMHO20 HAPIBAHHA 015 KOMOIHOBAHOY
Menio8oi 0OpodKU. 3anpOnOHOBAHO ACOPMUMEHN M SACHUX KYVIIHADHUX 6UpoDi8 i3
000ABAHHAM ~ DOCTUHHOI — CUPOBUHU,  BUSOMOBILEHUX I3  3ACMOCY8AHHAM
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