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Effect of Protein and Degree of Oxidation on
Viscoelastic Behavior of Corn Starch Gel
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Abstract

Viscoelastic behavior of oxidized starch gel, meodified with sodium hypochlorite {NaQCl} and the adding
effects of protein in oxidized starch gel was studied by dynamic viscoelastic measurement. The storage modulus
(G') of starch gel increased with the increase of starch concentration. They showed higher value when starch
suspension was treated to 95°C rather than 85°C. Consistency of starch gel was decreased over 1.0% active
Cl/g starch when heated to 95°C, which means that the swelling of starch granules increased with concentration
of NaOCl and showed more sensitive against shear. As the extent of oxidation increased, starch granules were
easily destroyed. Therefore, it is hard to separate between compartment of leached—out amylose and that of
amylopectin, which means that the ability of gel formation was reduced. When oxidized starches were gelatinized
in presence of soy protein and sodium caseinate, it was found that G’ decreased, and frequency dependence
of G' and G” increased with the increased degree of oxidation in starch. The reduce of starch-protein interaction
was thought to be through the dissociation of the branched amylopectin, which play a leading role in protein

interaction, with the oxidation of starch.
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Fig. 1. Comparison of steady shear viscosity (n) and dynamic
complex viscosity (n") of 6% corn starch paste.
0! dynamic test, @: steady test.
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Table 1. Changes in consistency index (K*) and flow behav-
ior index (n*) of oxidized corn starch pastes”

Starch Temperature
Oxidant? Conc. 35°C 95C
(w/v %) K* n* K* n*

8 80 013 569 011
Untreated ) 3624 005 2358 006
095 8 27 022 756 011
: 10 2388 018 2166 009
05 8 766 022 510 010
: 10 2151 016 1447 003
075 8 648 0.9 230 012
: 10 1221 0.20 691 009
o 8 366 020 31 024
: 10 715 016 180 013
s 8 108 023 03 052
: 10 26 017 12 034

YOscillatory frequency 0.1~100 rad/s.
296 of active Cl/g starch.
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Fig. 2. Frequency dependence of the storage modulus (G') and the loss modulus (G *) for freshly prepared 8% (left) and 10%

(right) oxidized starch pastes at 60°C.

o: untreated, [ 0.25% active Cl/g starch, a: 05% active Cl/g starch, v: 0.75% active Cl/g starch, i 1.0% active Cl/g starch, O:

1.5% active Cl/g starch.

Table 2. The dynamic rheological parameters at the oscillatory frequency 0.1 rad/s for 8 and 10% oxidized corn starch pastes

Rheological parameter

Oxidant” 896 starch paste 109% starch paste
G'? (Pa) G? (Pa) tand G’ (Pa) G "(Pa) tand
Prepared at 85°C
Untreated 64.1 189 0.29 3217 32.8 0.10
0.25 474 475 1.00 119.2 1259 1.06
0.5 25.7 36.7 1.43 108.4 105.2 0.97
0.75 349 30.8 0.88 51.4 65.1 0.95
1.0 18.1 174 0.96 40.5 304 0.83
15 3.6 47 1.31 154 74 0.48
Prepared at 95°C
Untreated 465 8.0 0.17 207.9 16.2 0.08
0.25 54.7 24.4 0.45 156.0 79.3 0.51
0.5 39.3 16.3 0.42 122.6 29.0 0.24
0.75 169 4.3 0.26 50.7 19.2 0.37
1.0 1.8 04 0.21 14.2 1.7 0.12
15 0.0 0.06 1.22 0.5 0.3 0.51

Yog of active Cl/g starch. ?G’: Storage modulus. °G  Loss modulus.
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Table 3. The effects of added proteins on the consistency
index (K*) and the flow behavior index (n*) of oxidized corn
starch pastesD

6% starch 6% starch 6% starch

. 2 paste+1% paste+19%6
Oxidant paste SPI Na-caseinate

K* n* K* n* K* n*

Untreated 1096 0.07 871 010 1000 0.24
0.25 1349 013 871 010 &5.1 0.24
05 93.3 0.16 437 011 646 020
0.75 708  0.09 6.0 024 556 024

YOscillatory frequency 0.1~100 rad/s.
296 of active Cl/g starch.
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Fig. 3. The effect of added proteins on the storage modulus (G’) and the loss modulus (G *) for freshly prepared 6% oxidized

starch pastes.

Storage modulus ©: untreated, [J: SPI 1.0%, A! casein. Loss modulus @: untreated, B SPI 1.0%6, A casein.



Table 4. The effects of added proteins on tand of 6% oxidized
corn starch pastes

6% starch
paste+19¢
Na caseinate

0.1 100 0.1 100 0.1 100
(rad/s) (rad/s} (rad/s) (rad/s) (rad’/s) (rad/s)

Untreated 010 018 0.18 0.23 126 024
0.25 025 020 0.12 0.25 121 032
0.5 069 019 0.12 0.29 058 025
0.75 019 019 0.25 0.59 028 049

Ve of active Cl/g starch.

625 starch 6% starch

Oxcidant” paste paste+1% SPI
idant
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075 555 10.3 5643 34 0.9 35.2 24 07 249

Yog of active Cl/g starch. PG Storage modulus. G % Loss modulus. *n*: Complex viscosity.
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