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Texture Properties of Acorn Starch Gels
—Puncture test, Back extrusion test and Retrogradation test--

Young-A Kim

Dept. of Food and Nutrition, Inha University, Inchon 402-751, Korea

Abstract

The rheological properties of acorn crude starch gel and refined starch gel were
investigated by puncture test, back-extrusion test and retrogradation test. Puncture test
was a useful method te compare the different gel type and concentration, and to calculate
the compression and shear coefficient. Maximum extrusion force and adhesiveness were
also examined by performing back-extrusion test. The retrogradation rate was ana] ysed

by Avrami equation in retrogradation test.
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Machine (model 1140)-& A}-838led fixture, puncture
probes (flat-circular) ; crosshead drive speed,
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(inside diameter}©] 100mm<] back extrusion cell®}

TFabie 1. Details of probe dimensions

Probe Diameter Perimeter Area
number (ram) {rnm} {mm?)
2 11.31 35.53 100.5

3 8.05 25.29 50.9

4 7.95 24.98 49.6

5 6.37 20.01 31.9

6 4.80 15.08 18.1

7 3.15 9.90 7.8
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Mae dxe AEZ AzEed ds) Axd 8%,
200ml, HEENE extrusion celldl FUstei AFA
A& A-gasTh

CHEEMAY
FARA 9 AAREAL 20T, 0% RHO &
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Table 2. Yield-point foree of acorn starch gels in punecture tests

Crude starch, gel Refined starch gel

6% 8% 10% £2% 8% 10%

Probe 2 48.0 214.0 352.0 51.3 280.5 4542
3 887 94.5 127.3 28.3 135.0 2195

4 26.2 127.2 205.0

5 15.7 58.7 76.8 159 78.3 129.5

6 85 315 44.0 - 39.7 792.0

7 — 14.0 18.7 - 187 30.0

Note; vield-point force unit : g
— : too low to measure

Table 2. Numerical values of coefficients for acorn
starch gels of various concentrations

sample coefficient 6% 8% 10%
Crude ke' (gfem®) 58.5 150.9 194.1
starch  ks'(g/em ) —9.56 —~4.49 —0.34
gel r 0.993 0.999 0.998
Refined ke'(g/em® 459 236.5 374.9
starch  ke'(glem)  —407 -24.0 —80.0
gel r 0.987 0.996 0.998

ke' = compression ceefficient, ks'= shear coefficient
r = correlation coefficient,
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Fig. 1, Force-diameter relationship in puncture
tests of acorn crude{— )and refined(---}

starch gels.
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Table 4. Back extrusion test parameters of acorn starch gels

Crude starch gel Refined starch gel
Cycle .
MP NP A A Cycle MP NP Al A

1 20.56 2.05 5.54 0.63 1 27.85 2.45 6.73 1.22
2 10.05 1.15 0.31 0.54 2 10.40 1.30 0.95 0.53
3 8.70 0.95 0.24 0.49 3 8.35 0.95 0.53 0.57
4 7.50 Q.65 0.16 0.46 4 7.55 1.00 0.51 0.58
5 6.65 0.75 0.16 (.35 5 745 1.05 .51 (.56
i} 6.60 0.65 0.18 0.33 8 7.05 1.06 0.48 0.53
7 6.20 0.70 0,19 0.35 ki 6.55 1.00 0.44 0.48
8 6.10 Q.75 0.22 0.35 8 6.40 1.25 (.44 0.40
2] 6.10 0.85 0.26 0.40 9 6.20 1.20 0.49 .33
10 8.15 0.90 0.22 0.30 10 6.10 1.15 0.47 (.34

MP : the height of extrusmn curve (kg) =maximum extrusmn force

NP : the height of descent curve (kg) — adhesiveness

A~ : the area of extrusion curve (joule) = extrusion energy value

& the area of descent curve (joule)
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Fig. 2. Regression analysis by Avrami's equation for acorn starch gels of various concentrations :(-crude

starch gel, - refined starch gel).
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Table 5. Comparison of the Avrami exponent and
time constant of acorn starch gels

Eo Eio n 1/k
10% R 3.10 4.79 0.30 4.79
108 C 2.06 381 0.38 4.86
8% R 1.87 3.34 0.38 4.46
8w C 1.78 3.07 0.39 4.74
6% R 0.34 1.39 0.32 271
6% C 0.39 1.75 0.31 3.78

Eo : initial modulus(20-¢, Oday), kg
E. : limiting modulus(4°¢,7day) kg
n ; Avrami exponent

1/k: overall time constant

R : refined starch gel

C : crude starch gel
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