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Fig.1. Peeling of tomato paste by hot-cool method (a: Heating b: Cooling c: Peeled tomato)
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Fig. 2. A schematic of ohmic heating cell used in this
study
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595 9 3190

3o adg sglaiean ;oS0 BaagS 4y ly LS
sbaasly it cj2 45 Y o) o JUS 4y (S5 jpersS
)‘ 4.0)'9 u_sl J._s.))f oala_wl cJ_leu’_n Gy Ay LSI)—’ cwlio
3,5 45 owelyg ol o Sl s alds

by 4 (S peasS S Cusgy Jas Lzl 10,5y (55 wodle]
O 53 o SiybaesS 1l ) U5 Gills) isloyes 5 oS o
o 1 plos 1 a S5 8 g5 AloliMy s g so 01> 51,8 El>
Cwgy (Sl oS ol p3l sl e Jal 2 O plo
5 plol (335 o0 M ogus I )y g arilyy S5 (K jhansS
made ) (SelSe Gjen S 5l (Ko boloe and jolaiods e
(in GermanylKA Eurostar power control-visc 6000
S b 45 035 ey (535S b O+ 1M 455 b 5 435 osli
s (5ulin o lite & ] sty gy p & 1y gloee
A5 05 4 de Al yo p3 oAb 031> joue) MM o b (Slo 5l 0y
B3 3y 2o Ko olizets (e 2,05) (Syss Kb 005
Oy Cximo ) il i wdy dng L S liae cpl A
(Hosainpour et al., 2013) 1,5 Gl 55,8455

o i lo )5 pimaw S Lw

algial o S5 4 g sl e I erl iale)S Jobe 452
Voo MM ol Job g 00 MM &lginl J31 jaé as asle JBg
dow g Ve MM lad a Zlhgu 9 4y g9y 2 A5 43S 5l
St Grtate ¥ slaglygw 43,8 sbon] YMM L 4 &5
Sreeo Vo glaghgw | (S b ans LS9 (5,518
4 L;’1..\9 oole (J‘))'{ .))|9 )9.‘&.2.4 L d)i.{) 9 )lﬁq L_i'?)-.‘ W) dl)g
(Y JS) eé )5 )48 eolaiwl 550 Jolo J5b

1- Ca JN3



VOO .. Jgamo CuinS g (B pan 5551 il 3 Gloj p 39 58Ul b g 5Wg L 3I,S 1 s

FosealS 0 o (5315 F onl Joho V5360 55l =¥ 55 553, -V ssanl isle S s o)ls o —€ JSUS
Fig. 4. A schematic of ohmic heating: 1- Voltage regulator 2- Power analyzer 3- Ohmic cell 4- Digital balance 5- pc
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I ntroduction

Thermal processing has a huge impact on the textural attribute of the final food product and texture is a major
factor contributing the overall quality of food. Ohmic heating is an advanced thermal processing method in
which heat is internally generated within foods by passing an aternating electric current through them. Ohmic
heating can volumetrically heat the entire mass of a food system, resulting in faster heating, better quality and
less energy consumption than conventional thermal processing. Gradient voltage and electrode type have high
effect on ohmic heating system.

Materials and M ethods

In this study, the effect of voltage gradient and electrode type on moisture reduction time, a/b, AE color
indexes and energy consumption were studied. For this purpose, four levels of voltage gradients (5, 7, 9 and 11
V cm?) and four electrode types (Aluminum, Stainless steel, Brass and Graphite) was investigated by ohmic
heating in tomato paste processing. Tomato used in this study was purchased from a local market. The whole
tomatoes were washed, crushed and mixed in a way that a red less-viscous liquid obtained (Fig. 1). This liquid
was considered as tomato samples in the remainder of the article. Ohmic cooking experiments were conducted in
laboratory scale ohmic heating system consists of a power supply, a variable transformer, power analyzer, a
microcomputer, digital scale (GF-6000) and thermometer (Dual inpur RTD 804U) (Fig. 3). The ohmic cell had a
PTF cylinder with an inner diameter of 0.05 m, alength of 0.10 m and two electrodes on both side of the cell. A
hole with 3 mm diameter to insert the thermocouple was created and two holes with 5 mm diameter was created
on surface of cell. One of them was used for pouring tomato puree and other for exiting steam from cell.

Temperature uniformity was checked during previous heating experiments by measuring the temperatures at
different locations in the test cell. Ohmic heating was accomplished till the moisture content of the tomato
samples reduced from initial moisture content of as 91(wet basis) to a safer level of 70 (wet basis). Moisture
reduction time, a/b and AE color indexes, temperature and energy consumption were measured.

Results and Discussion

The results of the nonlinear mathematical model showed that the effect of different voltage gradient levels
on moisture reduction time, AE parameters and energy consumption had a good agreement (0<0.01) as well as
voltage gradient had a significant effect on a/b color index (0<0.05). Electrode type had significant effect on
processing time, AE (0<0.01), on energy consumption and a/b index (a<0.05). Interaction of voltage gradient
and electrode type was significant on processing time, energy consumption, a/b and AE (0<0.05). In all
electrodes by increasing the voltage gradient, processing time and energy consumption were reduced. For
example by increasing the voltage gradient from 5 to 11 V cm™, processing time and energy consumption were
decreased on average 38% and 23%, respectively. Minimal processing time and minimal energy consumption
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were observed in 11 V cm™ with graphite electrode that were 17 min and 203 kJ, respectively. As well as
maximum processing time and maximum energy consumption were obtained in 5V cm® with aluminum
electrode that were 105.21 min and 321 kJ, respectively. But maximum a/b parameter and minimal AE index
were observed with stainless steel electrode in 11V cm™. In determining the best electrode, in addition to the
processing time and energy consumption, product quality is also an important parameter. However, graphite
electrode has better performance in terms of time and energy consumption, but stainless steel electrode has better
performance in term of product quality. Since the production of food, quality is an important parameter, and also
the two electrodes graphite and steel are similar in terms of energy consumption and processing time, but
stainless steel electrode is better in term of quality, so stainless steel electrode is selected for ohmic heating
tomato paste.

Conclusions

Different voltage gradients and Electrode type have a significant effect on processing time, energy
consumption, AE and a/b color indexes. Minimal processing time and minimal energy consumption were
observed in 11 V cm™ with graphite electrode that were 17 min and 203 kJ, respectively. But maximum a/b
parameter and minimal AE index were observed with stainless steel electrode in 11V cm™. Stainless steel
electrode and 11 V cm™ voltage gradient were the best condition for tomato paste processing by ohmic heating.

Keywords: Aluminum, Efficiency, Electricity flow, Graphite, Ohmic cell, Stainless steel



