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Abstract

Cereals and legumes were ground, blended and extruded with a twin-screw extruder to form a reconstituted
grain. The basic formula was as follows: brown rice 30%, barley 30%, wheat 20%, millet 5%, sorghum 5%,
soybean 7%, and red bean 3%. Extrusion conditions were properly set for feed moisture content of 24~30%,
barrel temperature of 50~60°C, and screw speed at 250 rpm. The extruded grain was air-dried and evaluated
for quality characteristics, compared with milled rice. Size and shape of the reconstituted grain were similar to
short-grain milled rice. Stacking volume of the reconstitued grain was a little higher than that of milled rice,
and its water absorption was more rapid. From the texture measurements, hardness of cooked reconstituted
grain was slightly lower and adhesiveness was appeared to be higher.
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Table 1. Proximate composition of milled rice and re-
constituted multi-grain"

Moisture Protein” Fat Ash TDF®

Milled rice 9.56 750 065 036 557
Reconstituted grain 9.34 1231 124 148 1031

"Means of duplicate determinations.
INitrogen X 6.25.
*Total dietary fiber.
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Table 2. Size and shape of reconstituted multi-grain compared with rice grain"

Average Length  Average Width  Average Thickness Average Average 1,000-grain
(mm) (mm}) (mm) L/W ratio 8)
Milled rice 4.93 282 2.03 1.79 19.93
Reconstituted grain
After extrusion 542 3.19 2.40 1.70 27.49
After 1 min milling 5.21 3.07 2.34 1.70 26.36
After 3 min milling 4.87 2.97 2.22 1.64 24.94
"Values are means of ten measurements.
Table 3. Stacking volume and color values of reconstituted multi-grain”
Stacking volume Color
(cc/20 g) L a b AE
Milled rice 223 67.1 -0.02 14.5 26.0
Reconstituted grain
After extrusion 25.0 422 5.14 14.0 48.9
After 1 min milling 237 45.7 4.36 12.7 452
After 3 min milling 23.5 47.6 4.23 11.9 43.1

"Values are means of 10 measurements.
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Fig. 1. Scanning electron micrographs of milled rice (left) and reconstituted multi-grain (right).
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Fig. 2. Appearance of reconstituted multi-grain. A:
milled rice, B: reconstituted grain after extrusion, C: re-
constituted grain after milling.
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Fig. 3. Changes in water absorptlon of reconstituted
multi-grain. A: milled rice (27°C), B: reconstituted grain
(14°C), C: reconstituted grain (27°C), D: reconstituted
grain (40°C).
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Fig. 4. Texture measurements(hardness and adhesive-
ness) on cooked grains. A: Milled rice, B: Reconstituted
multi-grain.
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