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Optimization of the Extruding Process for Breakfast Cereal
by Uniform Design and Response Surface Analysis

WANG liang ZHOU Hui-ming QIAN Hai-feng
School of Food Science and Technology Southern Yangtze University Wuxi 214036 China

Abstract Wheat oat and corn meal were used as the main material and crispness and bowl life were
applied as the main indexes to optimize the extruding process. it was found that three factors play key role
on the extruding process and the range of these factors was determined by uniform design. Then the
extruding process for breakfast cereal was optimized by response surface analysis and the best extruding
process was listed as follow screw speed was 334 r/min temperature | was 40 °C  temperature [l was
150 C  temperature [l was 123. 50 °C  moisture content was 22. 60% protein content was 7. 3% and
lipid content was 8% .
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Tab.1 The factors and levels of uniform design
Yy, x x x N X %
I I I y
vein ¢ w /
% % %
1 196 35 110 115 23 9.1 15
2 210 45 125 135 18 7.9 14
3 224 55 140 100 24 10.0 13
4 238 65 100 120 19 8.8 12
5 252 75 115 140 25 7.6 11
6 266 30 130 105 20 9.7 10
7 280 40 145 125 26 8.5 9
8 294 50 105 145 21 7.3 8
9 308 60 120 110 27 9.4 7
10 322 70 135 130 22 8.2 6
11 336 80 150 150 17  10.3 16
1.5
4
2
2
Tab.2 The weights of the levels
Y, g 0. 347
Y, g 0. 260
Y 0. 147
Y, nmol/g 0.247
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Yl YZ
2
2.1 Matlab Y,
U 11 Y, X, 336 t/min X, 150 C X,
11
YoaX, + aX, + a.X, 125 °C X, 23% Y, X,
+ a X, + a X0+ au X, + as XS+ agXy + anp, Xo  7.3% Y, X
Y. X
X, 3 SAS . 7
X 8% X
4 Matlab 7 ¢ 2
X,
3 U, 1" X, X, 40
Tab.3  The result of uniform design U,, 11’ e
Y] YZ
Yo XX X XX 336 t/min | 40 C 1
g g
1 1 2 3 4 5 7 10 11830.2 3975 150 C M 125 C 23%
2 2 4 6 8 10 3 9 5489.4 1540 7.3% 8% Y,
3 3 6 9 1 4 10 8 10383 2 200 Y, m
4 4 8 1 5 9 6 7 8941.47 303
5 5 10 4 9 3 2 6 12207.7 4211 I
6 6 1 7 2 8 9 5 11076.4 1809
7 7 3 10 6 2 5 4 16981.9 5657 3
8 8 5 2 10 7 1 3 13607.7 3050
9 9 7 3 1 8 2 17218.4 4249
10 10 9 8 7 6 4 1 25215.4 14800
1111 11 11 11 11 11 11 4410.97 213 2.2
! it
Tab.4 The coefficient of regression of uniform design 3
Y, Y, Y, g Y,
a, 236.357 63 417.016 75 g % Y, nmol/g
a 3041.970 91" - 4 Y
as 2 977.764 92° 1 749.726 98" s 5 6
a, 378.679 48 - .
Tab.5 The factors and levels of response surface analysis
a, 82.444 01" 111.753 89°
271.663 74" 81.204 69° i % 1 %
s e - / r/min /C /%
ass 306. 142 54° -171. 816 63¢
. -1.68 324 116.96 21.32
g - -112. 051 74¢
a, i 55762 22 -1 329 122 22
R 0.997 6 0.965 8 0 336 125 23
a P<0.001 b P<0.01 ¢ P<0.05 1 343 128 24
3 Y, Y, 1.68 348 133.04 24. 68
R? 0.997 6 0.965 8
Y=a,+ a,X, + a,X, + a;X; +
a11X12 + a22X22 + (133X32 + apX Xy + apX Xs + ay
X, X SAS’ RSREG 6
Yl Y2 Yl 3
7
Y, Y, Y,
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Tab. 6 The result of response surface analysis
Y,
X X, Xy Y, g Y, g Y; Y
nmol/g
1 -1 -1 -1 20 426 8 976 11.49 245.0 1.119
2 -1 -1 1 15 364 2 601 11.66 236.0 0.754 46
3 -1 1 -1 13 468 3392 11.76 238.3 0.760 95
4 -1 1 1 7 938 1393 11.99 370.7 0.490 58
5 1 -1 -1 17 508 8 095 11.58 191.9 1.075 42
6 1 -1 1 13 904 1198 12.10 185.1 0.724 17
7 1 1 -1 8 663 2 807 11.35 223.0 0.638 71
8 1 1 1 12 592 1623 11.97 330.5 0. 606 65
9 -1.68 0 0 18 685 6910 11.60 117.1 1.1999 8
10 1.68 0 0 17 813 8 047 11.40 207.7 1.059 12
11 0 -1.68 0 11 604 7 356 11.20 140.3 1.010 14
12 0 1.68 0 17 277 8 100 11.73 163.6 1.114 12
13 0 0 -1.68 13 413 8 083 11.30 205.6 0.975 12
14 0 0 1.68 9 145 885 11.80 300.5 0.518 63
15 0 0 0 23 012 7762 11.56 160.2 1.216 18
16 0 0 0 22 973 7 830 11.52 159.7 1.219
17 0 0 0 22 928 7 812 11.56 158.9 1.219 26
18 0 0 0 23 256 7 760 11.55 161.0 1.219 48
19 0 0 0 22 987 7723 11.58 158.9 1.216 68
20 0 0 0 22 910 71713 11.58 160.0 1.212 66
21 0 0 0 23 231 7782 11.53 161.2 1.219 46
22 0 0 0 23 189 7 753 11.56 159.3 1.2209
23 0 0 0 22 980 7 821 11.54 159.5 1.219 26
7
Tab.7 The coefficient of regression of response surface analysis
Y, g Y, g Y, Y, nmol/g Y
ay 23 060. 69 7 831. 683 11. 548 26 158.527 5 1.222 272
a, -439.01 -53.217 79 -0.017 307 -0.522 084 -0.023 207
a, -1098. 361 -761.796 2 0.082 841° 25.165 8¢ -0.073 317
a, -1277.368 -2 091. 296° 0. 174 337° 28.095 88° -0.130 772
@y, —1783. 885" -670. 059 0. 029 962 13. 683 69 -0.071 492
Ay -3 130. 392¢ —-581. 8463 0.017 587 9.988 993 —-0.095 329°
ay -4 248. 156" —-1728.776b 0. 047 639 45.733 31°¢ —-0.206 789
ay, 528.375 241. 125 -0. 12 6.062 5 0. 008 463
a 1 364. 625 36. 625 0.092 5 -2.8375 0.031 45
Qy 883. 125 1261. 125° 0.02 31.962 5°¢ 0.051 67
R 0.868 1 0.800 9 0.7450 0.742 3 0.840 8
a P<0.001 b P<0.01 ¢ P<0.05
7 Y|, Y, Y, Y 0.742 3 0.840 8
R’ 0.868 1 0.8009 0.7450
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Fig.1 The contour plots and the compositive index of breakfast cereal as affected by X, screw speed X, tem-

perature Il and X; moisture content
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