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Abstract

The ohmic heating properties of foods having different chemical compositions and microstructures were ex-
amined by using low frequency alternating current (50 Hz-50 kHz, sine wave). The selected samples were rad-
ish root as an intact plant cell tissue, acorn starch gel as an ordered gel structure, sausage as an protein/fat
emulsion system, and hot pepper-soybean paste as an non-structured free moving system with high con-
centration of salt. The heating rate of samples increased as the electric field strength increased but with dif-
ferent rates. A significant rate of heating was noticed as low electric field strength as 15 V/cm with hot pep-
per-soybean paste and sausage, while acorn starch gel and radish root required 25 V/cm and 35 V/cm, respec-
tively, for commercially meaningful heating rate. The heating rate of phosphate buffer solution by ohmic heat-
ing increased linearly with its ionic strength, indicating the direct involvement of electric conductivity to the
heating. The frequency of alternating current influenced in different manner to different structures of food.
The heating rate of radish root decreased sharply as the frequencies increased from 50 Hz to 500 Hz, while
those of hot pepper-soybean paste and sausage increased linearly with the increasing frequency in the ranges
of 50 Hz-50 kHz. Heating of acom starch gel, which has relatively ordered network structure, was not in-
fluenced much with the changing frequency. In case of radish root, low frequency current was required for
the heating, and more effective heating with the current direction perpendicular to the vascular system was ob-
served. It was the indication of the electroporation effect due to the transmembrane potential developed on the
cell membrane during ohmic heating.

Key words: ohmic heating, food composition, radish, sausage, arcon starch gel, hot bean paste

MoOE

AUt Sl "X o & x2S HugrHZoltai and
Swearingen, 1996). dEoM &= o855 7| Eo =4

LT

il

©719 (ohmic heating)& A3t FAZARA % A% vud zFsll 2719 o83k glen, o
B nAge EF AFS hT BHM AF FA 3l Az AL Fust e 28 Aoz waLn
& ¥Y 4 b JUHQ Ao AT Bws] drk(Makow, 1989). BFE £71he] o] g5l
A7/ AW D AHAERD BATF, 1994 Sasty  FES, Y, WF el AFE A Lobde] B

and Palaniappan, 1994). 9=-2] APV BakerAb7} A%t
3l 5 kW pilot scale §719 Al A=l o g A AbA 2 E3}
A EFE G A A HERE JEE A
A e 7hede et 225k A%, g,

Corresponding author: Cherl-Ho Lee, Professor, Center for
Advanced Food Science and Technology, Graduate School of
Biotechnology, Korea University, 5 ga Anam-Dong, Songbuk-
ku, Seoul, 136-701 Korea

A7k Hol o] FoH o vH(Sanders, 1967; Segars and
Kapasilis, 1976), = 22| bdd B2 4ezls
A Zdt. ol2]gt ¢HE Beksted Nareh ef al (3}
Wzt WellA 2718 S AAE o 22 s @l
T &5 ey wavin Boght ol 29y ¥
(199422 GAR 237 S719 S B3t 4
oM Alge] FREEe] FHIFOR 30% o5ty
ole HMR7F A 324 gho}l Ertde] ALrR &



6 AU EZE A 1Y A 15 (1997)

& wyon vIdETE Aol Aol nat Ao
BlelAo2 27187 1 kHz ol RE Fuidel
Z7bl wet HldSEE 349 SleHne va
siich =AY S0y £71Lel BE 7| 2AT
oA 60V o)stel AL 510 KHz A5 25 742
o v FFHol ke AU Blsgon] AFe) 7
Z, 4% 9o, g Sol weh SA1AEN O] MslE g
AlAYBH T,

B ATE 2718e ABEA S olalelr] fa
Q724 #8247 727} e fEE 4
LR e EET T

> X

Mz ¥ Uy

AEIUZ

2 gAel MEZAE T2 R8s Alag 2
AUE AdEsigon, A8 Mo 2£E /I REe
5, #3121 F9 dEAH A2 2ARE ALEsIeTH
Ho|2ER A For n3-E Ay e, o]A e
s HAHfAE FHsle Algo7|E 3ttt AR
o] o] 2ol utE sldL& T WElE HY) 9|3}
itehE8-d(pH 7.0)2 =& deldld v 43
St Table 12 A| 82 AFE-E 2]32] dulkz|e] A

w2l

Ohmic heating system2| 74

2 430 AHLE B4 /1Y A 288 50 Hel MHz
Foheel FUAY 7Y 2FE BANTE signal
generator {Kenwood, model AG-204)2} o] & A LA
aF ARE B 48 & U FEe ~100
volte] Aste g ZFEA|HF= power amplifier (NF
Electronics, Model 4025), &% 2 Al ~elo] 248 ¢
3} data acquisition system¥} computer, 12] 31 2] & A
F 4E =& HFA1F] 2 thermocouple & AH3Hgk
4 & heating unit2 FA3E o] et Ay A}4-3t
ohmic heating system®] 7§ ¢] FZT = Fig. 13}
2ok gxo AL AW T typed] LEAE ol &
3ld e, 252 3 )= datalogger (Fluke Data Ac-

Table 1. Proximate chemical composition of the sam-
ples used for ohmic heating experiment (%)

Moisture Protein Fat Carbohydrate Ash

Radish root 94.6 083 01 38 0.7
Acorn starch gel ~ 90.1 0.16 0.1 9.6 0.1
Sausage 54 16.1 89 18.8 22
Hot beanpaste 43.5 59 20 39.3 9.3
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Fig. 1. Schematic diagram of ohmic heating system.
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Fig. 2. Change of temperature of white radish during
ohmic heating at various electric field strengths (50 Hz,

sine wave). —--: 10 V/cm, - 1 20 Viem, ----1 25 V/em,
- 35 V/cm.
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Fig. 3. Change of temperature of Acom starch gel dur-
ing ohmic heating at various electric field strengths (50

Hz, sine wave). ----: 5 V/cm,
cm, —: 20 V/em.
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Fig. 4. Change of temperature of sausage during ochm-
ic heating at various electric field strengths (50 Hz,

sine wave). —: 2.5 V/cm, -
—e-+-1 10 V/em, ----: 15 V/em.
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Fig. 5. Change of temperature of hot pepper-soybean
paste during ohmic heating at various electric field

strengths (50 Hz, sine wave). —: 2.5 V/cm, ----: § V/cm,
- 10 V/em, --=-+-:15 V/em.
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Fig. 6. Heating rate of foods at various electric field
strengths (50 Hz, sine wave). @—®: Hot pepper-soy-
bean paste, A—a4: Acorn starch gel, l—B: sausage.
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Fig. 7. Changes of ohmic heating rate of phosphate
buffer solution (pH 7.0) by the concentration of elec-
trolytes (15 V/cm, 60 Hz). @—®: 4 cm, B—M: 6 cm,
A—A: 8 cm.
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Fig. 8. Changes of temperature of ochmic heated sam-
ples by various electric frequencies. @—@: Acorn
starch gel (15 V/cm, 150 sec), @—M@: Sausage (7.5 V/cm,
150 sec), 4—a: Hot pepper-soybean, #---4: Radish
root (parallel, 35 V/em, 80 sec), w—W: Radish root
(perpendicular, 35 V/cm, 80 sec).

E vhel 2ol 7% A7 AdFE FHLL}
oF 50°CH-o =28 wi7tA] dele Alte] EAAE
W A7t 50CH 22 o|FdE rtEEET)
FAA 28e A& @ 5 A oA s0CHE
oA 2ol 2B M ZAo] BHElo] AFE U] £
el X}Trt?»_O] olE & UAE ] AANHEEI} F
7
pas
40°
3

i

+8l7] WEo g Helth Z2YdY-5(1994b)e
=7 P“’Oﬂ*ﬂn olzid AL Basislerl,
J P AV AETS] o) detwttt

- x(} [=] e}
cE UZ w9 27}l E]E% =%E e
e BojFm Qth o471 & F UE
RS EgTh A e S0 Hzol ) &
557]— 50’C°ﬂ 71 wka] sl
-‘4‘r‘°ﬂ FAIgle] o
< ¢ 4 O]L Fatge] BH/HE 7t
5“ 'T‘C)d_' o] F-o MEzze] 31’-‘4"” £ &340
e AL UEhTh
e *ﬂE Z21e Zpzte] AER P A o]
ko) HE= NEYHI MEgez pAdsie] gl
A Eutel Fg% ?‘*“"é"?‘-g' QI A o] Fo] o] F
g o] B T2E I Sl o]2ld Q1A E o F
o = Avige] AEIAHE o) HIE 2HEe &
ARl Ag-E sHAECE. wepa] A Ebol H7| o]

140

120

100

2]
o

Temperature (°C)
;]
(=]

-
o

N
[=]

0 100 200 300
Time (sec.)

Fig. 9. Changes of temperature of radish during ohm-
ic heating at various frequencies (35 V/cm, sine wave).
®—®: 50 Hz, A—A: 500 Hz, ¢—¢: 5 k Hz, per-
pendicular, O—(): 50 Hz, A—2\: 500 Hz, $--Ot S k Ha,
parallel.
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