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Analysis of Whole Grains Extrusion by Response Surface Methodology

Hae-Hun Shin, Bo-Sun Park’, Hye-Lim Lee', MoonJung Choi' and Jae-Kwan Hwang"*
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The effects of extrusion on solubilization of brown rice, glutinuous rice, barley and job’s tear were analyzed by
response surface methodology (RSM). Solubilization of whole grains by extrusion was characterized in terms of
water solubility index (WSI), concentration of water soluble polysaccharides (C) and intrinsic viscosity ([n]).
Considering both concentration and intrinsic viscosity, a dimensionless target parameter C[n] was also included
for analysing the extrusion effects on cereal extrusion. Response surface methodology analysis showed that the
moisture content was the most significant contributor among screw speed, temperature and moisture content
affecting the solubilizing phenomena of cereals processed with extrusion. Brown rice was not showed the
significant relationship on C[n] because C[n] was more affected by intrinsic viscosity. The critical point of whole
grains extrusion except brown rice was corresponded to screw speed of 300 rpm, moisture content of 20% and

temperature of 120°C.
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Table 1. Experimental design for the extrusion of cereals

Temperature Moisture Screw speed
Run Number E’C) content (%) (rpml?;e
1 130 25 250
2 130 20 300
3 130 20 200
4 130 15 250
5 120 25 250
6 120 25 200
7 120 20 250
8 120 15 300
9 120 15 200
10 110 25 250
11 110 20 300
12 110 20 200
13 110 15 250

Table 2. Levels of extrusion conditions in experimental design

Levels
X"  Extrusion conditions
-1 0 1
X, Temperature (°C) 110 120 130
X,  Moisture content (%) 15 20 25
X, Screw speed (rpm) 200 250 300

UX.: Independent variable
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Table 3. Experimental data of various variables for extrusion of cereals
Exp. WSI (%) C(g/dL) [n] (dL/g) Cnl
No. BR? GR? BA” JT® BRY GR? BAY IT™ BRY GR? BAY JT® BR” GR? BAY T
1 3115 6793 1778 5618 0.623 138 0356 1123 0711 0820 1005 0.852 0443 1114 0357 0957
2 3415 6833 2245 5890 0683 1367 0449 1178 0.732 0826 1.114 0679 0500 1.129 0500 0.800
3 31.63 69.10 2065 5533 0633 1382 0413 1107 0678 0879 1245 0.801 0429 1214 0514 0.886
4 3895 6848 3425 6018 0779 1370 0.685 1203 0642 0.584 1293 0463 0500 0.800 0.886 0.557
5 3410 66.13 23.68 5590 0.682 1322 0474 1.118 0.608 0918 1207 0856 0414 1214 0571 0957
6 3043 6665 1698 5568 0.609 1333 0400 1.114 0.822 0.890 1.094 0.808 0.500 1.186 0.371 0.900
7 3578 6993 2553 5510 0716 1399 0511 1102 0699 0827 1175 0.843 0500 1.186 0371 0.900
8 4248 7135 29.00 6290 0.850 1427 0580 1258 0483 0531 1.182 0443 0414 0.757 0.686 0557
9 39.30 6998 36.53 59.78 0.786 1400 0731 1.196 0491 0623 1369 0574 0386 0.857 1.000 0.686
10 3823 69.13 2410 5745 0765 1382 0482 1149 0729 0765 1.126 0821 0557 1.057 0543 0943
11 3930 6845 3160 5773 078 1309 0632 1155 0.636 0851 1.040 0916 0,500 1.114 0.657 1.057
12 3898 6405 2760 5458 0780 1281 0552 1.092 0641 0957 1.087 1008 0500 1214 0.600 1.100
13 4060 6998 3363 5928 0812 1400 0673 1.186 0563 0531 1.105 0554 0457 0743 0.743 0.657

UBR: Brown rice, ?GR: Glutinous rice, YBA: Barley, ¥JT: Job's tear

Table 4. Analysis of variance showing effects of treatment variables as linear or quadratic terms and interaction effects on response

variables of brown rice

WSI C ] Cnl
Source DF

Ss? Prov>F SS Prov>F SS Prov>F SS Prov>F
Model 9 174.85 0.0816 0.070 0.0816 0.086 0.4992 0.023 04734
Linear 3 161.50 0.0219 0.065 0.0219 0.064 0.2262 0.007 0.4635
Quadratic 3 4.11 0.7455 0.002 0.7455 0.010 0.7479 0.006 0.4858
Cross 3 924 0.5095 0.004 0.5095 0.012 0.7100 0.010 0.3537

R? 0.948 0.948 0.779 0.7904
X2 4 64.95 0.1055 0.026 0.1055 0.013 0.8048 0.014 0.3507
X,? 4 95.50 0.0645 0.038 0.065 0.070 02776 0.013 0.3726
X,? 4 13.65 0.4960 0.005 0.4960 0.011 0.8444 0.005 0.6973

YSS: Sum of squares of residue
2X,: Temperature (°C)

¥X,: Moisture content (%)

%, Screw speed (rpm)
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Fig. 1. Response surface plot of WSI and concentration in brown rice extrusion at constant screw speed (250 rpm).
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Table 5. Analysis of variance showing effects of treatment variables as linear or quadratic terms and interaction effects on response

variables of glutinous rice

WSI C [l Cinl]
Source DF

SsY Prov>F SS Prov>F SS Prov>F SS Prov>F
Model 9 27.072 0.9005 0.011 0.9005 0.254 0.0925 0.397 0.0212
Linear 3 16.562 0.6337 0.007 0.6337 0.167 0.0397 0.261 0.0088
Quadratic 3 9.266 0.7857 0.004 0.7857 0.086 0.0947 0.135 0.0227
Cross 3 1.243 0.9832 0.0005 0.9832 0.0007 0.9854 0.0004 0.9805

R? 0.515 0.515 0.944 0.980
Xlz) 4 0.003 0.9218 0.003 0.9218 0.002 0.9840 0.0065 0.6877
X23) 4 0.006 0.7783 0.006 0.7783 0.226 0.0381 0.3584 0.0082
XY 4 0.002 0.9585 0.002 0.9585 0.012 0.7042 0.01449 0.4229

DSS: Sum of squares of residue
2X,: Temperature (°C)

¥X,: Moisture content (%)

YX,: Screw speed (rpm)
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Fig. 2. Response surface plot of intrinsic viscosity and C[n] in glutinous rice extrusion at constant temperature (120°C).

Table 6. Analysis of variance showing effects of treatment variables as linear or quadratic terms and interaction effects on response

variables of barley

WSI C [nl Cinl
Source DF
sSSP Prov>F SS Prov>F SS Prov>F SS Prov>F
Model 9 456.521 0.0627 0.183 0.0627 0.118 0.1102 0.392 0.0258
Linear 3 383.220 0.0190 0.153 0.0190 0.064 0.0612 0.287 0.0092
Quadratic 3 15.108 0.5946 0.006 0.5946 0.017 0.2837 0.021 0.2531
Cross 3 58.193 0.2061 0.023 0.2061 0.034 0.1224 0.083 0.0518
R? 0.957 0.957 0.936 0977
Xlz) 4 73.196 0.2211 0.030 0.2211 0.054 0.1096 0.047 0.1508
X23) 4 387.224 0.0272 0.155 0.0272 0.076 0.0698 0.374 0.0092
X34) 4 54.060 '0.2996 0.022 0.2996 0.029 0.2189 0.017 0.0976
SS: Sum of squares of residue
»X,: Temperature (°C)
¥X,: Moisture content (%)
“X,: Screw speed (rpm)
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Fig. 3. Response surface plot of WSI and C[n] in barley extrusion.
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Table 7. Analysis of variance showing effects of treatment variables as linear or quadratic terms and interaction effects on response

variables of Job’s tear

WSI C (] Cnl
Source DF
Ssv Prov>F SS Prov>F SS Prov>F SS Prov>F
Model 9 72016 0.0152 0.029 0.0152 0.364 0.0855 0.365 0.0834
Linear 3 49.865 0.0058 0.020 0.0058 0.253 0.0341 0.253 0.0333
Quadratic 3 20781 0.0205 0.008 0.0205 0.104 0.1073 0.102 0.1086
Cross 3 1.370 0.4497 0.0005 04497 0.007 0.8121 0.010 0.7194
R? 0.984 0.984 0.947 0.948
X? 4 1.688 0.4939 0.0007 0.4939 0.036 04305 0.043 0.3668
X, 4 4831 0.0090 0.019 0.0090 0.292 0.0404 0.293 0.0393
X, 4 21.13 0.0291 0.008 0.0291 0.019 0.64112 0.0140 0.7326
USS: Sum of squares of residue
PX,: Temperature (°C)
9X,: Moisture content (%)
¥X,: Screw speed (rpm)
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Fig. 4. Response surface plot of WSI and C[n] in Job’s tear extrusion.
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Table 8. Critical values from the canonical analysis of response
surface for the extrusion of cereals

Variable" Glutinous rice Barley Job’s tear
X, 122.43 116.05 147.6
X, 22.28 1951 24.02
X, 309.65 294.59 269.2
Stationary value 1.205 0.637 0.905

YX,: Temperature(°C), X,: Moisture content(%), X,: Screw speed(rpm)
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