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Abstract

Ohmic heating is a food processing operation in which heat is internally generated within foods
by the passage of alternating electric current. The process enables highly viscous paste foods such
as Kochujang, and fermented soybean paste to be heated very fast. In order to develope the novel
pasteurization process of paste foods, static Ohmic heating system was built, and heating characteristic
during Ohmic heating under various conditions were studied. Electric conductivities of Kochujang
and fermented soybean paste at room temperature were 1.865 S/m and 2.510 S/m, respectively and
increased linearly with increasing temperature. Specific heating rate was highly dependent on the
frequency. The highest heating rate was achieved at 5 KHz for Kochujang and 20 KHz for fermented
soybean paste. Uniform heating throughout the sample was achieved during Ohmic heating with low
frequency electrical currents, however above 5 KHz frequency, surface temperature was several deg-

rees higher than the bulk.
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Table 1. Proximate composition of test samples

Test ) Composition(%)
Ingredient .
sample Monsture Protem Llpld Carbohydrate Ash
Kochujang wheat flour, red pepper, rice 47.8 b.l 2.8 32.0 113
(glutinous milled), salt, corn syrup,
sorbic acid (0.1% below)
Fermented soybean, wheat flour, defatted soybean 50.0 14.0 50 16.2 14.8
flour, monosiduim L-glutamate, sorbic
acid (0.1% below)
Function
generator Power amplifier Multimeter Oscilloscope
(volt, (wave,

P

electric capacity

(90 v, 0.5 KW)

current) frequency)

Measuring device

Power supplier

Thermocouple

Heater

1T 1
A/D
Converter Ooe @ o
Data analyzer
(computer)
Electrode

Fig. 1. Schematic diagram of the static Ohmic heating system
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Fig. 2. Changes in electric conductivity of various foods
with temperature during Ohmic heating

H—M; Fermented soybean paste (12 V), @—@; Kochu-
jang (20 V), a—a; Potato (60 V)
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Fig. 3. Ohmic heating profile of Kochujang with voltage
change (60 Hz, sine wave, sample: 40 g, electrode dis-
tance: 20 mm)
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Fig. 4. Ohmic heating profile of fermented soybean pa-
ste with voltage change (60 Hz, sine wave, sample: 40
g, electrode distance: 20 mm)
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Fig. 5. Variation of specific heating rate with voltage
of alternating current during QOhmic heating of Kochu-
Jjang (O, W) and fermented soybean paste (C, @) (Sample:
40 g, 25(H) X 65(W)x20(D) (mm%)
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Fig. 6. Ohmic heating profile of fermented soybean pa-
ste with frequency change (12 V, square wave, sample:
40 g, 25(H) X 65(W)X 20(D) (mm’))
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Fig. 7. Ohmic heating profile of Kochujang with freque-
ncy change (20 V, square wave, sample: 40 g, 25(H) X
65(W)X 20(D) (mm))
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Fig. 8. Effect of frequency on specific heating rate du-
ring Ohmic heating of Kochujang and fermented soy-
bean paste (square wave, sample: 40 g, 25(H) X 65(W)
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Fig. 9. Comparison of specific heating rate with diffe-
rent wave form during Ohmic heating of Kochujang (20
V, sample: 40 g, electrode distance: 20 mm)
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Fig. 10. Changes in specific heating rate with electrode
distance during Ohmic heating of Kochujang at various
voltage (60 Hz, sine wave, electrode area: 16.25 cm?)

7+
g3 3] s AwE Ay Mz Fig 991419}
7o) 500 Hz, 1 KHz9] 314+ H 9]l A4t sined}h A}--4]
nl7bd £%57} 78 sHsquare wave)ell Bt} 1.5~2ul
Z713bed a1, 120 Hz, 5~20 KHz9) ed ol A9 W)
2% e Bydh

HT 27 9 ARYO 9%

A7 b 229 4L NaAdE AT 27, A8
S ge el sis) WL AshUE T A7)
sote) el Aslolop shuz A4 Mt

o) 27be] @2 AT A stdiwste] WAE 4
#H @ gteh 5% F<F Ohmic heating®]-& o »7}d x5
Fstod Fig 109 vehigich A3 24 2em, 93 60
V~80Va o rld&niE 57~96(C /grs) 28 A obF
w2 Ak 2R A}zl FA Lx At wWE
Agel FRAAE Aojzslr)l oo} HFe BFo]
ahsfutol 70C ol4oz steds=A ekt et AF
744 2cem, A4 40VY g vrtd4g R 35T /gisE
FAA emrt AdsEe] 58 Fatel 90T ol 7bd
ik olebe Az vl B Alset Ohmic
heating systemol| w2} #Ag vj7}d £58 A 3=
el Fadte, A4 sldx e gy g AFH
ofel & Zo g A7tylch



®ak gl 33322 Ohmic heating &4 797

120

100 1 *

80 1

60 1

0 50 100 150 200 250 300

Time (s)
Fig. 11. Temperature profile of center and surface of
Kochujang during Ohmic heating (50 V, sample: 100
g, electrode distance: 75 mm)
60 Hz, Sine wave: A, A, 5 KHz, Square wave: . @
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Fig. 12. Effect of moisture content on specific heating
rate of Kochujang and fermented soybean paste during
Ohmic heating (60 Hz, sine wave, sample: 40 g)
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