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Abstract

This study was carried out to examine the effect of superheated steam (SHS) treatment combined with extrusion
process on the physicochemical properties of extruded rice snack. Milled rice grains were heated for 2 min using
the SHS at 200°C, 250°C, and 350°C, then processed into extruded rice snacks using a single screw extruder. Bulk
density, hardness, water solubility index (WSI), and water uptake capacity of extruded rice snack were significantly
influenced by the SHS treatment and temperature of SHS. Increasing SHS temperature resulted in extruded rice
snack with a higher expansion, WSI, and water uptake capacity than those of the control snack. Meanwhile, hard-
ness decreased greatly with increasing SHS temperature. The microstructure of extruded rice snack revealed that the
sizes and thickness of air cells and air cell walls decreased after SHS treatment with increasing SHS temperature,
resulting in better expansion and softer texture. Presumably, the influence of SHS treatment on structural changes
was attributed to the increased number of micro-bubbles nucleated in the starch melt during the extrusion process.
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Table 1. Physicochemical properties of extruded rice snack
Sample Moisture Bulk density Hardness = Damaged starch** Color
SHS* Temp. (°C) (%) (g/ml) (kg) (%) L a b

200 6.00+0.23° 0.11£0.02° 0.64+0.06° 81.09+0.04" 92.61+£0.00°  4.88+0.04*  18.60+0.02°
250 5.05+0.10° 0.10£0.01™ 0.51+0.04° 81.18+0.48° 92.31£0.01°  5.43+0.02°  19.25+0.01°
350 2.71£0.28* 0.09+0.01° 0.34+0.03* 80.44+0.11° 90.96+£0.02*  6.11£0.04°  20.63+0.02¢

Control 6.66+0.11¢ 0.144+0.03¢ 0.90+0.07¢ 78.1+0.03* 91.67+0.01°  5.48+0.05°  20.15+0.01°

Values (means+SD) within a column followed by different letters are significantly different (p<0.05).

*SHS: superheated steam.

**Damaged starch (%, d.b.) = Amount of enzyme susceptible starch/Total starch x 100.
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Table 2. Water absorption index (WAI) and water solubility index (WSI) of extruded rice snack

Sample WAI (%, d.b.) WSI (%, d.b.)
SHS* Temp. (°C) 25°C 50°C 70°C 25°C 50°C 70°C
200 5.89+0.19° 5.62+0.01° 5.64+0.05 39.23+0.04"°  44.00+0.73" 45.58+0.15
250 5.73+0.25" 5.67+0.18" 5.66:0.01° 4123£0.92°  46.04+0.75° 47.34+0.36°
350 5.47+0.01° 5.27+0.01° 5.34+0.03" 4574+0.87°  50.92+1.01° 51.37+0.04¢
Control 5.84+0.13° 5.76+0.03" 5.8140.02° 37.4240.13*  41.87+0.16° 43.62+0.29°

Values (means+SD) within a column followed by different letters are significantly different (p<0.05).

*SHS: superheated steam.
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Fig. 1. Water uptake of extruded rice snack heated at different AAdn g ez #AES 2o Wi v e}
superheated steam temperature. Image AnalyzerZ =743+ 7] Yhair cell wall)2] A&

Fig. 2. Stereoscopic images and scanning electron micrographs of extruded rice snack; center (inner microstructure, x50), right (air
cell walls, x500); (a) control; (b) superheated steam at 200°C; (c) superheated steam at 250°C; and (d) superheated steam at 350°C.
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Table 3. Air cell wall thickness of extruded rice snack

Sample .
Thickness (um)
SHS Temp. (°C)
200 25.57+8.91°
250 19.85+7.21%*
300 14.10+5.70*
Control 42.26+19.47¢

Values (means+SD) within a column followed by different letters are
significantly different (p<0.05).
*SHS: superheated steam
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