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Factors Affecting Brown Rice Extrusion
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Abstract

The objectives of the production of brown rice snack using Twin Screw Extruder were to
determine the important processing parameters affecting the physical characteristics of direct-
expanded product. Three independent variables, feed moisture content (20, 22 and 24 %), screw
speed (250, 300 and 350 rpm), and barrel temperature (160, 170 and 180°C) were studied. The
percentages of torque, specific mechanical energy, die pressure and product temperatures were
monitored from the extruder. The physical characteristics of extrudates, expansion ratio,
compression force and piece density, were measured. These response variables were modeled
using response surface methodology. It was found that the interaction between feed moisture
content and screw speed was significantly affected the percentage of torque, specific mechanical
energy, die pressure and product temperature (p<0.01). However, the interaction between feed
moisture content and barrel temperature showed a significant effect on expansion ratio,
compression force and piece density (p<0.05). The processing condition at 20% feed moisture
content with the screw speed of 300 rpm and the barrel temperature of 170°C provided the
maximum expansion of extrudate, which was 3.17, and the compression force of 3848.32 g. The
lowest piece density was 0.0438 g/cm3 resulted from 20% feed moisture content, 350 rpm screw

speed, and 170°C barrel temperature.
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Table I.

Table II.

Table II1.

Table IV.

Table V.

Table VI.
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Experimental design. 6
Composition of rice flour and brown rice flour. 10
Processing conditions and operating parameters in the extrusion processing of

brown rice flour. 11
Regression Equation Coefficients of Product Temperature, Die Pressure,

Percent of Torque, and Specific Energy. 12

Processing conditions and product properties in the extrusion processing of brown
rice flour. 19
Regression Equation Coefficients of Piece Density, Expansion Ratio, and

Compression Force. 20
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Figure 1 Effects of moisture and screw speed on extruder torque.

Figure 2 Effects of screw speed and barrel temperature on extruder torque.

Figure 3 Effects of moisture and screw speed on specific mechanical energy (SME).

Figure 4 Effects of screw speed and barrel temperature on specific mechanical energy
(SME).

Figure 5 Effects of moisture and barrel temperature on product temperature.

Figure 6 Effects of moisture and screw speed on product temperature.

Figure 7 Effects of moisture and barrel temperature on expansion ratio.

Figure 8 Effects of moisture and barrel temperature on compression force.

Figure 9 Effects of moisture and screw speed on piece density.

Figure 10 Effects of moisture and barrel temperature on piece density.
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Table I. Experimental design

Sample X1 feed moisture content X2 screw speed X3 barrel temperature

code % code rpm code °c
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2 -1 20 1 350 0 170
3 1 24 -1 250 0 170
4 1 24 1 350 0 170
S -1 20 0 300 -1 160
6 -1 20 0 300 1 180
7 1 24 0 300 -1 160
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15 0 22 0 300 0 170
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Table II. Composition of rice flour and brown rice flour.

Component Rice flour Brown rice flour
(%) (%)

Moisture 11.05 7.65

Protein 6.39 7.72

Fat 0.31 2.93

Ash 0.30 1.39

Amylose 16.95 16.95
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Table III. Processing conditions and operating parameters in the extrusion processing of brown

rice flour

Feed Screw Barrel Torque SME Product  Die pressure

moisture  speed (rpm) Temperature (%) (kJ/kg) temperature (psi)

content (%) o) °0O)

20 250 170 87 314.07 119 260

20 300 160 79 344.15 116 235

20 300 180 92 398.73 122 225

20 350 170 78 396.56 120 225

22 250 160 81 286.77 114 260

22 250 180 86 302.75 122 225

22 300 170 82 344.91 118 212

22 350 160 63 309.77 116 195

22 350 180 85 418.87 123 220

24 250 170 73 250.13 115 220

24 300 160 64 265.45 114 185

24 300 180 §2 3394 122 215

24 350 170 68 326 118 205

a o a « o ¢ o R
Lﬂaﬁma%gauw‘hms'Jnﬂﬂw'mmfm&’huﬁmmﬂﬂzmumiwuﬁu (Regression

Py oo
Analysis) ﬁ'wiﬂiunsu SPSS for Window 1111 Stepwise Method HAAINANITAUATICHAIATTN
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Table IV. Regression Equation Coefficients of Product Temperature, Die Pressure, Percent of

Torque, and Specific Energy.

Product Die Pressure Torque Specific Energy
Temperature
(°0 (psi) (%) (kJ/kg)

Intercept 89.126 326.143 65.529 109.906
moisture (mc) ns ns ns ns
screw speed (ss) ns ns ns ns
barrel temperature(temp) ns ns ns ns
mc’ 1.624 X 107 ** ns ns ns
ss’ ns ns - 1.488 X 10° ** ns
temp’ 1.085 X 10° ** ns -3261X10° * ns
me X ss 141X 107 %% - 160X 10°** -1.006 X 10” ** -5.442X 107 **
mc X temp ns ns ns ns
ss X temp ns ns 6.073 X 107 **  1.142X 107 **
R’ 0.848 0379 0.85 0.855

* ** = Sjonificant at P<0.05, and P<0.01, respectively.
ns = Not significant at 5% level.
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Figure 2 Effects of screw speed and barrel temperature on extruder torque.
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Figure 3 Effects of moisture and screw speed on specific mechanical energy (SME)

Figure 4 Effects of screw speed and barrel temperature on specific mechanical energy
(SME).
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Figure 5 Effects of moisture and barrel temperature on product temperature.
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Figure 6 Effects of moisture and screw speed on product temperature.
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Table V. Processing conditions and product properties in the extrusion processing of brown

rice flour.
Feed screw barrel expansion  compression piece
moisture speed temperature ratio force density
Content (%) (rpm) ( 0C) (2 (g/cmz)
20 250 170 295 5493.87 0.0485
20 300 160 3.17 3848.32 0.0456
20 300 180 2.73 5771.8 0.0436
20 350 170 2.83 5034.2 0.0435
22 250 160 3.04 5144.52 0.0506
22 250 180 2.65 6713.82 0.0459
22 300 170 2.76 6914.93 0.0493
22 350 160 3.07 4954.21 0.0483
22 350 180 2.44 6895.84 0.0467
24 250 170 2.68 6841.76 0.0549
24 300 160 27 6483.74 0.055
24 300 180 2.68 8547.62 0.0495
24 350 170 2.54 7619.44 0.0515

o wadeyauvhimsinsizinatadisimsinnziaoumsi@adu  (Regression
o L&Y
Analysis) ﬁ"wiﬂi AU SPSS for Window 111U Stepwise Method HAAINANTITUATICUAIAITN
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Table VI.  Regression Equation Coefficients of Piece Density, Expansion Ratio, and

Compression Force.

Expansion Ratio ~ Compression Force Piece Density
G (g/em’)

Intercept 26.563 -7507.361 5.057X 10°
Moisture (mc) -0.938 * ns ns
screw speed (ss) ns ns 2462 X 107 **
barrel temperature(temp) -0.131 * ns ns
mc’ ns ns 7318 X 107 *x
ss’ ns ns ns
temp2 ns ns ns
mc X ss ns ns ns
mc X temp 5.125 X 107 3.677 ** 7.318 X 10° **
ss X temp ns ns ns
R’ 0.709 0.724 0.793

* ** = Significant at P<0.05, and P<0.01, respectively.
ns = Not significant at 5% level.
DA31N 158862 (Expansion Ratio)
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Figure 10 Effects of moisture and barrel temperature on piece density
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