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Abstract Physicochemical properties of hydroxypropylated waxy rice starches were investigated to reduce steeping-time of
yukwa (Korean oil-puffed rice snack) processing. Swelling power of hydroxypropylated waxy rice starch increased at
relatively higher temperature (60°C) than native waxy rice starch (70°C). Solubility of hydroxypropylated waxy rice starches
increased with increasing propylene oxide content. Pasting temperature (66.3-66.9°C) and peak viscosity (216-232 RVU) of
hydroxypropylated waxy rice starch were higher than those of native starch (179 RVU) and increased with increasing
propylene oxide content. DSC thermal transitions of hydroxypropylated waxy rice starches shifted toward higher temperature.
Amylopectin melting enthalpy of hydroxypropylated waxy rice starch (8.4-9.2 J/g) was similar to native starch (9.0 J/g). X-
ray diffraction patterns of native and hydroxypropylated waxy rice starches showed typical A-type pattern with no significant
differences between them, suggesting hydroxypropylation only affected amorphous region. Results suggest hydroxypropylated
waxy rice starch is not applicable for yukwa due to low puffing efficiency and dark color.
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Table 1. Water activity of saturated salt solutions at 25°C

Saturated salt solution Water activity at saturation (25°C)

Lithium chloride 0.113=0.003
Potassium acetate 0.225+0.003
Magnesium chloride 0.328 £0.002
Magnesium nitrate 0.529£0.002
Sodium bromide 0.576 = 0.004
Sodium chloride 0.753 £0.001
Ammonium sulfate 0.810£0.003
Potassium nitrate 0.936 £0.006
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Rapid Visco Analyzer(RVA)
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Differential Scanning Calorimeter(DSC)
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Table 2. Determination of hydroxypropyl group in hydroxy-
propylated waxy rice starches

Propylene oxide ~Chemical method

Type of starch per starch (%) oph DS
Native waxy rice starch 0 0.00 0.000
Propylene oxide 3% 3 0.496  0.0139
Propylene oxide 6% 6 1.652  0.0469
Propylene oxide 9% 9 2.808  0.0807
Propylene oxide 12% 12 3964  0.1153

YH.P: hydroxypropyl group.
“DS: degree of substitution.
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Fig. 1. Changes in swelling power of hydroxypropylated waxy
rice starches.
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Fig. 2. Change in solubility of hydroxypropylated waxy rice
starches.
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Fig. 3. Moisture sorption isotherms of hydroxypropylated waxy
rice starches.
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Fig. 4. X-ray diffraction patterns of hydroxypropylated waxy
rice starches.

Table 3. Relative crystallinity of hydroxypropylated waxy rice
starches

Sample Relative crystallinity (%o)*

11.92 £0.25%

Native waxy rice starch

Propylene oxide 3% 11.69£0.29°
Propylene oxide 6% 11.97£0.04®
Propylene oxide 9% 11.78 +0.01%

Propylene oxide 12% 12.12+0.03*

*Relative crystallinity (%)= Ac/(Aa+ Ac) <X 100.
Aa: amorphous area on the X-ray diffractogram.
Ac: crystallized area on the X-ray diffractogram.
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Table 4. RVA pasting properties of hydroxypropylated waxy rice starches

Sample Pasting temp. Peak viscosity =~ Peak 'time Holding Final viscosity ~Break down Setback
°C) (RVU**) (min) strength (RVU) (RVU) (RVU) RVU)
Native waxy rice starch 66.8 1.7 179+ 1° 3.8+0.1 77+ 99+1¢ 101 +2® 22.040.0°
Propylene oxide 3% 66.5+0.1° 216 11° 3.8£0.0" 119+4° 147+6° 968" 27.5+2.1%
Propylene oxide 6% 66.4+0.6° 224+ 6° 3.8+0.0° 120+1° 151+3° 103+ 74 30.0+£1.4%
Propylene oxide 9% 66.31+0.1° 2324110 3.7+0.0° 118+6° 149+ 5° 113+5° 31.5%£0.7
Propylene oxide 12% 66.9+0.1° 216t 16° 3.9+0.0° 133£5° 159+ 6° 82 11° 25.5+0.7°
*Means with the same letter are not significantly different (p <0.05).
**Rapid viscosity unit.
Table 5. Differential scanning calorimetric characteristics of hydroxypropylated waxy rice starches
Sample — Melting te?p:):rature O — ATCC) AH(J/g)®
(o] P C
Native waxy rice starch 55.54£0.12%* 67.63 £ 1.30° 79.09+0.95° 23.55+0.84° 9.0x0.5"
Propylene oxide 3% 56.36£0.58" 69.27£0.74% 80.10 +0.50? 23.73+1.09° 84115
Propylene oxide 6% 5333+1.17° 68.30£0.94 81.13+£3.21° 27.81+4.38 92105
Propylene oxide 9% 55.60£0.00° 69.46£0.05 82.10+2.44° 26.51+2.44° 8.610.8"
Propylene oxide 12% 5557£0.17° 71.43£0.18° 83.67+0.58° 28.10+0.42° 8.4+0.8

*Means with the same letter are not significantly different (p < 0.05).
"To: Onset temperature.

IT,: Peak temperature.

*T,: Completion temperature.

YAT: T T,

SAH: Crystal melting enthalpy.
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Fig. 5. Yukwa made from steeped waxy rice and from hydroxy-
propylated waxy rice starches. PO: Propylene oxide.
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