pISSN 1225-4339  eISSN 2287-4992
Korean J. Food Nutr. Vol. 32. No. 4, 304~311 (2019)
https://doi.org/10.9799/ksfan.2019.32.4.304

=710|

HE29|

d=Z2X £

THE KOREAN JOURNAL OF
C=A I
FOOD AND NUTRITION

o0 Ojx|l= Hek

Effect of Ohmic Heating on Rheological Property of Starches

+
Yun-Hwan Cha
Assistant Professor, Dept. of Food and Nutrition, SoongEui Women's College, Seoul 04628, Korea

Abstract

Ohmic heating is a heating method based on the principle when an electrical current passes through food. Since this

method is internal, electrical current damage occurred during heating treatment. The results of ohmic heated starch’s external

structure, X-ray diffraction, DSC analysis and RVA were differed from those of conventional heating at the same

temperature. Several starches changed more rigid by structure re-aggregation. This change in starch was caused by change

of physical, chemical, rheological property. The rheology of ohmic heated potato and corn starch of different heated methods

were compared with chemically modified starch. After gelatinization, sample starch suspension (2%, 3%) measured flow

curves by rheometer. Cross-linked chemically modified starch’s shear stress was decreased with degree of substitution
reversibly. Ohmic heated more dramatic, at 60°C. Potato starch’s shear stress was less than commercial high cross-linked

modified starch. Flow curves of potato starches measured at 4C,

10°C, 20TC. Showed that Ohmic heated potato starch’s

shear stress ranging between 4°C and 20°C was narrower than modified starch. According to this study, ohmic heated potato

starch can be used by decreasing viscosity agent like cross-linked modified starch.
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Fig. 1. Schematic diagram of ohmic heating apparatus.
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Fig. 2. Flow curves of conventional heated potato starch
solutions measured at 10°C after gelatinization at 90T. #:
native potato starch, ll: heated at 55°C, A: at 60C, @:
at 65°C, X: low cross-linked potato starch, <>: high cross-
linked potato starch.
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Fig. 3. Flow curves of ohmic heated potato starch solu-
tions measured at 10°C after gelatinization at 90°C. #:
native potato starch, ll: heated at 55C, A: at 60T, X:
low cross-linked potato starch, <>: high cross-linked potato

starch.
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Fig. 4. Flow curves of potato starch solutions (3%)
measured at 4C ( ), 10T (------- ), and 20 T (- )
after gelatinization at 90°C. (A) native potato, (B) low cross-
linked, (C) high cross-linked, (D) potato (55C), conven-
tional heating (CH), (E) potato (60C), CH, (F) potato (65
C), CH, (G) potato (557C), ohmic heating (OH), and (H)
potato (60°C), OH.
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Table 1. Summary of variable factors in flow curve of potato starch solutions determined by Herschel-Bulkey equation®

Measuring Potato Cross-linked Conventional heating (C) Ohmic heating(C)
temperature (C) native Low High 55 60 65 55 60

Yield stress 0.3238 0.0822 0.0187 0.3781 0.1263 0.0864 0.0747 0.0398

4 Viscosity 0.1432 0.0619 0.0229 0.1209 0.0734 0.0553 0.0266 0.0149

Rate index 0.7068 0.7983 0.9077 0.7263 0.7773 0.7993 0.8708 0.9322

Yield stress 0.3196 0.0546 0.1239 0.2676 0.0768 0.0440 0.1476 0.1007

2% 10 Viscosity 0.1412 0.0639 0.0224 0.1352 0.0731 0.0569 0.0189 0.0124

Rate index 0.7002 0.7880 0.9083 0.7041 0.7690 0.7863 09171 0.9444

Yield stress 0.0997 0.0453 0.0165 0.0526 0.0796 0.0180 0.0889 0.0631

20 Viscosity 0.1386 0.0544 0.0191 0.0390 0.0481 0.0423 0.0324 0.0204

Rate index 0.6749 0.7833 0.8915 0.7968 0.7969 0.7958 0.7955 0.8441

Yield stress 3.0830 2.3140 0.0738 3.8260 2.3870 1.7630 0.5550 0.0649

4 Viscosity 0.3746 0.5970 0.2621 0.4022 0.3803 0.3916 0.2020 0.0521

Rate index 0.7071 0.6155 0.6792 0.7077 0.6869 0.6722 0.7029 0.8343

Yield stress 2.4780 3.4620 0.1212 3.4160 22120 1.7170 0.4310 0.0540

3% 10 Viscosity 0.5340 0.4776 0.3456 0.4775 0.3834 0.4535 0.2480 0.0513

Rate index 0.6481 0.6563 0.6349 0.6768 0.6835 0.6363 0.6729 0.8284

Yield stress 1.5040 1.0800 0.0902 2.5640 1.4080 0.9923 0.0683 0.0169

20 Viscosity 0.5114 0.6128 0.1696 0.5005 0.4419 0.4137 0.1591 0.0378

Rate index 0.6312 0.5880 0.7069 0.6432 0.6322 0.6300 0.6876 0.8318

* Herschel-Bulkley equation is determined with Shear stress = yield stress + (viscosity x shear rate * rate index).
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Fig. 5. Flow curves of conventional heated corn starch
solutions measured at 10°C after gelatinization at 95C. #:
native corn starch, l: heated at 55C, A: at 60C, @: at
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Fig. 6. Flow curves of ohmic heated corn starch
solutions measured at 10°C after gelatinization at 95C. #:
native corn starch, H: heated at 55C, A: at 60C, @: at
65C, <: high cross-linked corn starch.
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Table 2. Summary of variable factors in flow curve of com starch solutions determined by Herschel-Bulkey equation®

Measuring Corn Cross-linked Conventional heating (C) Ohmic heating (C)
temperature (C) native High 55 60 65 55 60 65

Yield stress 0.2801 0.0228 0.2288 0.3275 0.2529 0.2092 0.3522 0.1796

4T Viscosity 0.0437 0.0278 0.0384 0.0476 0.0468 0.0387 0.0449 0.0334

Rate index 0.8616 0.8495 0.8577 0.8399 0.8233 0.8795 0.7970 0.7940

Yield stress 0.1390 0.0002 0.1597 0.1769 0.2101 0.1396 0.2729 0.1402

2% 10T Viscosity 0.0467 0.0211 0.0360 0.0509 0.0389 0.0460 0.0360 0.0260
Rate index 0.8104 0.8783 0.8437 0.8002 0.8350 0.8096 0.8131 0.8170

Yield stress 0.0641 0.0254 0.1444 0.1098 0.0983 0.0673 0.2186 0.0920

20C Viscosity 0.0420 0.0183 0.0311 0.0450 0.0603 0.0346 0.0279 0.0213

Rate index 0.8003 0.8781 0.8435 0.7954 0.7731 0.8244 0.8292 0.8235

Yield stress 1.0670 0.0186 3.0880 1.9590 1.7710 1.4980 1.4090 0.4238

4T Viscosity 0.1392 0.1809 0.1296 0.4754 0.3711 0.3801 0.2956 0.9954

Rate index 0.8208 0.6727 0.9226 0.6638 0.6738 0.6837 0.6927 0.3909

Yield stress 0.8698 0.0432 2.1100 1.8780 1.7970 1.3700 0.0939 0.5091

3% 10C Viscosity 0.1089 0.1825 0.2056 0.2088 0.2000 0.1630 0.7854 0.4303
Rate index 0.8190 0.6665 0.7534 0.7452 0.7279 0.7638 0.4858 0.4819

Yield stress 0.5551 0.1215 1.6810 1.1820 1.4890 1.0330 0.7743 0.7805

20C Viscosity 0.1275 0.1418 0.1382 0.2018 0.1683 0.1440 0.4484 0.2030

Rate index 0.7433 0.6890 0.7690 0.6927 0.7179 0.7395 0.5319 0.5787

* Herschel-Bulkley equation is determined with Shear stress = yield stress + (viscosity X shear rate ” rate index).
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