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Abstract

The purpose of this study is to prepare extruded rice flours suitable for baking rice cookies. The extruded rice flours
were prepared at 100 and 130°C temperature and 25 and 27% moisture content in a co-rotating twin screw extruder.
The rice extrudates were dried at 100°C for 18 hr and subsequently ground into the fine flour. Characteristics of
the extruded rice flours were examined by rapid visco analysis, hydration property analysis, differential scanning cal-
orimetry (DSC), and in vitro digestion test. Water absorption, solubility, and swelling power of all extruded rice
flours were higher than those of native rice flour. DSC analysis showed that native rice flour had a peak at about
65°C while all extruded rice flours did not show any peaks since they were already gelatinized during the extrusion
process. Viscosity of the extruded rice flours decreased with increasing temperature and lowering moisture content
in the extrusion process. The extruded rice flours prepared at 130°C exhibited lower viscosity than those prepared
at 100°C. The operating temperature of the extrusion process was critical for the starch digestion in vitro. The
extruded rice flours prepared at 130°C showed a rapid decrease in digestible starch content while an increased level
of slowly digestible starch content was observed compared to those treated at 100°C in the extruder. Cookies were
prepared with a mixture of wheat flour and extruded rice flours at the ratio of 7 to 3. The cookies made with the
extruded rice flours had lower spread factor and darker yellow color than those prepared with wheat flour only.
Hardness of the extruded rice flour-added cookies was similar to that of the wheat flour cookie whereas their overall
acceptance was better. Therefore the rice cookies partially supplemented with extruded rice flours may have a poten-
tial as early childhood foods which require soft texture and allergy reduction.
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Table 1. Mixing ratios of wheat and extruded rice flours for
cookie preparation.

Ingredient (g) Control (wheat flour) Extruded rice flour

Wheat flour 100 70
Extruded rice flour 0 30
Sugar 35 35
Butter 35 35

Salt 0.7 0.7
Baking powder 2 2
Egg (ea) 1 1
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Fig. 1. Thermal properties analysis of extruded rice flours using
differential scanning calorimetry (DSC). *Extrusion condition
(Temperature/Moisture content)
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Fig. 2. SEM images of extruded rice flours. *Extrusion condition (Temperature/Moisture content)
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Table 2. Hydration properties of the extruded rice flours.

Extrusion condition ~ WAI (30%*) WAL (80) WSI (30) WSI (80) SP (30) SP (80)
Native rice 2.0+10.11%* 5.8+0.12° 0.9+0.14° 1.440.3° 2.0+0.11° 5.9+0.13°
100/25%+* 5.420.06° 7.6£0.39° 10.3+0.12° 20.1v+0.43 6.1£0.07° 9.5+0.46°
100/27 5.740.17° 7.740.20° 8.0+0.04° 17.840.55" 6.240.18" 9.4+0.31°
130125 5.120.08° 5.7+0.37° 25.240.23 31.142.2° 6.940.08" 8.240.30°
130/27 4.8+0.11° 5.6+0.48" 27.9+0.81° 30.8+2.47° 6.740.22% 8.1£0.91

WAI= water absorption index, WSI=water solubility index, SP=swelling power

*Means with the same letter within the same column are not significantly different (»p < 0.05)
**Test temperature

***Temperature/Moisture content
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Fig. 3. Pasting properties of extruded rice flours. *Extrusion condition (Temperature/Moisture content)
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Table 3. In vitro digestion of extruded rice flours.
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Table 4. Hardness and spread factor of the cookies added with
wheat and extruded rice flours cookies.

Extrusion
condition RDS SDS RS Extrusion condition Hardness (N) Spread factor
100/25* 5.7241.63%**  51.59+4.48" 39.65+6.12° Wheat flour 2.70+0.1%%x* 24.5+0.1*
100/27 4.97+2.08* 53.67+19.7° 39.51+1.67° 100/25%* 3.07+046 19.92+0.34°
130/25 4.60+0.87* 59.7843.07* 31.2845.46° 100/27 3.34+0.34* 19.83+0.25°
130/27 4.59+0.34* 58.93+1.56* 34.2143.95° 130/25 2.29+0.2° 18.4+0.43¢
130/27 3.02+0.19%™ 19.42+0.24°

RDS=rapidly digestible starch,
RS=resistant starch
*Temperature/Moisture content
**means with the same letter within the same column are not signifi-
cantly different (p < 0.05).

SDS=slowly digestible starch,
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WAI= water absorption index, WSI=water solubility index, SP=swelling
power

*Temperature/Moisture content

**means with the same letter within the same column are not signifi-
cantly different (p <0.05).

Table 5. Change in color values of cookies added with wheat
and extruded rice flours.

Extrusion condition L a b
Wheat flour 75.61£1.08™** -3.51+£0.33°¢ 30.56+1.14*
100/25* 69.96+1.42¢ 0.54+1.22% 29.51+1.41°
100/27 71.27£1.53¢ 1.13+0.74% 29.21+1.4%®
130/25 73.78+1.54°  -2.6+0.48"° 26.46+1.4¢
130/27 74.99+£1.85°  -2.98+0.14>"  26.68+0.58°

WAI= water absorption index, WSI=water solubility index, SP=swelling
power

*Temperature/Moisture content

**means with the same letter within the same column are not signifi-
cantly different (p <0.05).

F7)0) 0] ARE PAAIE AOE 4
Silva Clerici et al., 2009).
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Fig. 4. Appearance of cookies added with wheat and extruded rice flours. *Extrusion condition (Temperature/Moisture content)
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Fig. 5. Sensory evaluation of cookies in terms of with color,
flavor, taste, softness, and overall acceptability. *Extrusion
condition (Temperature/Moisture content)
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