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Title Determination of Optimum Condition in Milled Rice

Aging by Response Surface Methodology

Author Miss Nardchanok Prangpru

Degree of Master of Engineering in Agro-Process Engineering

Advisory Committee Chairperson Assistant Professor Dr. Sunate Surbkar
ABSTRACT

The objective of this research was to determine the optimum condition of milled
rice aging using response surface methodology. Central Composite Design (CCD) of four factors
and five levels (four-variable design) was used in the analysis. The four independent variables
investigated in this experiment were air temperature in the pressure vessel (X,) at 60-80 degree
celsius, heating time (X,) of 60-120 minutes, movement speed of pressure vessel (X,) at 30-40
revolutions per minute and vessel pressure (X,) at 2-10 bar. Dependent variables included color
(y,), amylose content (y,), aging rice (y,), broken rice (y,), viscosity (y,) and alkali spreading value
(v4). Results showed that optimum process conditions consisted of air temperature in the pressure
vessel at 79.19 degree celsius, heating time of 67.88 minutes, movement speed of pressure vessel at
33.74 revolutions per minute and vessel pressure of 9.19 bar. The test validation of models for
breakdown, final viscosity, setback from trough viscosity and pasting temperature were 38.78,

13.03, 13.72 and 3.34 percent, respectively.
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(BOTU (ASY) 0.134 0.141

#w1: eyoUsH 1iU3na (2550)



11

o d o
paAlsznouvesam Trmaliuudain

o o

= @ A 3 o =
meluwydadniondseneundniddausoudlsguiuais Tulaasanas au

o

' o o = ' ! = <3| |
o Tudyiugenala douFondr aaisey (starch) wusnnluly uazdrunldifuurasazay

o b =y o 3 oA = d =
01115 lasaie luanismlsznovdlonedweivesnglnaiaviya 2 yilafo wodeTITudu

(0 luTae) upzwoAwnsimen (o lulamnaw) sanaaslumm 3
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CH,OH CH,OH
o H H (YWH O, W S, O B B, B,
0OHH OH H A\ et i prnimimefid
ax”l,ﬂaﬁ
CH ,OH CH OH a (1-6)linkage
0 H H /#/
H H H H /
a (1-4)linkage
H
I (01 CH,OH CH,OH
H A B oH 1 o H
g H H/ N H H/ g HE HEC I
H H OH H OH

az lulamwnau
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1205 Sethack
< 1200
B o0 - 13%
1104 B 130 - 1500
B 1500 - 1650
W 1650 - 180
100 B > 1800
Hold Values
g Pressure 6
£ 90
=
80
704
. 60 T iz
60 65 70 75 80
Temperature

NN 23 HAADUAUBIVDIAT setback from trough NYUMAN 70 DIFEATEE 1981 90 WA

d 1 )= @
ANULTITOU 35 TOURDUIN LLASANTUAU 6 ‘]J’l‘{

dy- =1 1 ¥ = q‘ g [l [l [l
1NN 23 TR UIIToa Az QU lNUAL 93 T9HAADA1 setback from
i ar = =]
trough (WO#13YD9 final viscosity N1 trough viscosity #5e MaNenaw LTl aLA NS
¥ q YA s d!?J - =) g ¥ b A s :g 3 3 =
w0411 IHNAuRLAL Hesnnguvgliuazszeznar lums vanuieuimuiui ldidans
o W ow 3 g 9 P o = cg A o w1 A A g ¥
gagInuuod lnsiasanie luydadfiianuudaws awunn iy ey ieaanunieds 1
g = =) w -g =1 q ¥ A @
5o I UNSINANTZUIUN TR MUEFUMILAY tazitiusa i szozar lunsAaudIve g

v ¥
utlad1adaein1va setback from trough HA NN (Boywd, 2547)



69

Contour Plot of pasting temperature
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A1 1N9HUIN 1 ﬂ'lﬁ‘ﬂﬁ’Jﬂ'o‘l’ﬂﬂﬂ.m'IW%'I'JmﬂLLHuﬂ'ISWﬂﬂENLL‘UU CCD

setback
a peak trough final peak pasting
i broken breakdown from
L* a* b* amylese aging viscosity  viscosity viscosity time temperature
NAnDY (%) (cP) trough .
(cP) (cP) (cP) (min) (O
(cP)

1 4948 -032 7.18 20.08 026 2059 322967  1874.33 1349.33 3003.67  1129.33 5.74 71.50
2 4635 -1.45 644 18381 0.25 1777 295933 171133 1248.00 2852.33  1141.00 5.80 72.53
3 51.00 -1.17 8.04 1851 0.36 2220  2991.00  1674.67 1316.33 283333 1158.67 591 72.88
4 4829 -1.28 7.17 19.86 0.25 2143 306800  1713.00 1355.00 2856.33 1143.33 5.82 72.35
5 45,19 -133 7.56  21.77 0.24 2232  3283.33 1899.33 1384.00 307033 1171.00 5.80 71.80
6 5323 -095 791 1991 0.28 3259 324833 1988.67 1273.00 3200.67  1212.00 5.89 71.74
7 5254 -1.57 7.82 2024  0.28 24,60  3008.00 1709.33 1298.67 2892.67  1183.33 5.89 73.40
8 47.60 -0.86 7.54 18.21 0.27 3378 328267  1968.00 1314.67 316433 1229.67 5.93 73.15
9 5043 -0.79 9.15 1978 0.25 2922  3061.67  2039.00 1022.67 3396.67  1357.67 5.93 80.15
10 50.05 -141 8.84 16.36 0.30 16.89  2775.00  1893.00 882.00 324560 52 .38 5.80 81.95
11 49.59 -093 928 21.64 0.24 1948  2753.33 1962.00 791.33 3432.67 147067 6.09 84.45
12 46.79 -1.36 7.42  22.01 036 18.77 3187.67  2171.67 1016.00 3508.33  1336.67 6.20 76.12
13 4997 -0.61 987 19.00 0.24 3826 243233 1868.67 563.67 3494.00  1625.33 6.09 85.98
14 5045 -1.14 927 17.23 0.27 1792  2549.67 1827.33 i) 3307.67  1480.33 5.91 g83.61
15 49.53 -1.29 835 22.06 0.30 1881  2916.00  2090.67 825.33 3615.00  1524.33 6.04 83.33
16 47.75 -03 899 19.65 0.26  21.23 296333 219333 770.00 3741.33 1548.00 6.09 82.55
17 5032 -1.63 652 21.84 0.27  19.66  2973.33  1515.00 1458.33 2547.00  1032.00 5.82 70.67
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18 5283 -0.52 10.5 21.53 092 2271 2625.67  2062.33 563.33 3798.00 1735.67 6.04 85.40
19 50.56 -1.28 B.07 2237 0.25 2364  3102.67 1808.00 1301.33 3003.33 1202.00 5.80 73.08
20 4535 -146 737 2162 0.12 19.42  3290.67  2188.67 1102.00 3492.67 1304.00 6.00 73.17
21 48.1 -1.36 7.09 19.36 0.27 19.45  3205.33  2049.33 1156.00 331633 1267.00 5.84 73.20
22 46.78 -0.88 8.63 19.21 0.63 2146  3396.67  2059.00 1337.67 3610.33 1251.33 5.89 72.35
23 48.23 -0.97 897 19.38 024  21.05 307233 225133 821.00 3580.67 1329.33 6.05 77.28
24 49.76 -1.43 749  19.35 0.28  21.34  3417.67 2026.00 1391.67 3266.00 1240.00 5.71 72.85
25 47.74 -1.32 721  20.40 022 1826  2869.67 1773.67 1096.00 3010.00 1236.33 575 79.15
26 48.22 -1.19 806 22.41 0.21 2054 321467  2141.00 1073.67 3420.00 1279.00 5.89 73.10
27 46.18 -085 79 19.80 0.16 20.66  3009.33 1813.33 1196.00 3022.33 1223.33 5.74 75.38
28 5296 -0.87 938 1847 0.54 2041  2916.67 1780.00 1134.67 3051.67 1271.67 5.93 80.40
29 50.66 -1.37 743 1930 0.26 18.56  3155.00 209633 1059.33 3422.67 1326.33 5.85 74.87
30 50.83 -0.76 9.15  25.80 0.17 3523  2867.33 2086.00 774.67 3456.33 1366.67 6.05 75.55
31l 46.56 -094 B8.56  20.51 0.32 2151 3262.67  2175.00 1087.67 3444.00 1268.00 5.85 73.05
91U 4667 -1.08 634 2222 0.22 2898  2834.00 1952.67 881.33 3319 1366.33 591 83.67
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f1519HHIN 4 Response Surface Regression: L*

The analysis was done using coded units.

Estimated Regression Coefficients for L*

Term Ccef SE Coef T P

Constant 48.5684 0.4717 102,973 0.000

Temp 0.2542 0.4197 0.606 0.550

Speed -(0.1958 0.4197 -0.467 0.€45

Pressure -0.1733 0.4197 -0.413 0.683

Temp*Temp 0.7416 0.3790 1.957 0.062

Temp* Speed -0.7762 0.5140 -1.510 0.144

Speed*Pressure -1.0775% 0.5140 -2.096 0.047

5 = 2.05593 PRESS = 155.210

R-5q = 31.93% R-Sg(pred) = 0.00% R-Sg(adj) = 14.92%

Analysis of Variance for L*

Source DF Seqg S5 Adj S5 Adj M5 F P

Regression 6 47.590 47.590 7.%32 1.68 0.126
Linear 3 3.192 3.182 1.064 0.25 0.859
Square 1 16.181 16.181 16.181 23.83 0.062
Interaction 2 28.217 28.217 14.109 3.34 0.053

Residual Error 24 101.444 101.444 4.227
Lack-of~-Fit 8 JIetf” 2 78] 13.277 1.660 0.30 0.955
Pure Error 16 88.168 88.168 5.510

Total 30 149,034

Estimated Regression Coefficients for L* using data in unceded units

Term Coef
Constant -3.77018
Temp -1.92875
Speed 5.56167
Pressure 7.45583
Temp*Temp 0.0296649
Terp* Speed -0.0621000

Speed*Pressure -0.215500




MTNNBIN 5 Response Surface Regression: a*

The analysis was done using coded units.

Estimated Regression Coefficients for a*

Term

Ceonstant

Temp

Time

Speed
Pressure
Time*Time
Temp*Time
Temp* Speed
Time*Speed
Time*Pressure
Speed*Pressure

0.253405
©65.54%

PRE
R-S

3q

S
R-

Analysis of Varian

Source DF
Regression 10
Linear 4
Square 1
Interaction 5
Residual Error 20
Lack-of-Fit 14
Pure Error 6
Total 30

Estimated Regression Coefficients for

Term

Constant

Temp

Time

Speed
Pressure
Time*Time
Temp*Time
Temp* Speed
Time*Speed
Time*Pressure
Speed*Pressure

Coef
.03842
.13833
.01250
.00833
.06917
.05829
.10250
.05625
.04875
.24000
.19125

SE

DO 0O O 0000 Co

SS 3.450
qi{pred)

ce for a*

Seq 55
.44303
.57950
.05996
. 76357
.28428
.92113
. 36314
.72731

WO O~ OO

Coef
31.0248
-0.252833
-0.141702
-0.658167
-2.09333
.58064E-04
0.00136667
0.00450000
0.00130000
0.00800000
0.0382500

Coef R P
.03813 -17.862 0.000
.05173 2.674 0.015
.05173 0.242 0.812
.Q5173 0.l6l 0.874
.05173 -1.337 0.1%6
.04672 -1.248 0.227
.06335 1.618 0.121
.06335 0.888 0.385
.06335 0.770 0.451
.06335 3.788 0.001
.06335 3.0192 0.007
30

7.43% R-Sgladj}) = 48.32%
Adj SS Adj MS F

2.44303 0.24430 3.80 0

0.57950 0.l14487 2.2¢6 0

0.09996 (0.099%96 1.56 0

1.76357 0.35271 5.4% O

1.28428 0.06421

0.92113 0.06580 1.03 0O

0.36314 0.06052

a* using data in

2

.005
.099
.227
.002

. 490

uncoded units




A1T19HUIN 6 Response Surface Regression: b*

The analysis was done using coded

Estimated Regressicon Coefficients

Term

Censtant

Tenmp

Time

Speed
Pressure
Time*Time
Temp*Speed
Time*Pressure

S = 0.617070
R-3q = 70.13%

Coef S
8.25553
0.81042
0.09958
0.06125
27625
.11547
.28562
0.24313

OOCC O OO0 oM

PRESS =
R-Sgipred) =

Analysis of Variance for b*

Scurce
Regression
Linear
Square
Interaction
Residual Error
Lack-of-Fit
Pure Error
Total

Estimated Regression Coefficients for

Term

Constant

Tenp

Time

Speed
Pressure
Time*Time
Temp*Speed
Time*Pressure

DF Seqg $SS
7 20.5655
4 17.%222
1 0.3923

.2511

L7578

. 6627

.0851

B2EH

ot
-~
(VoI S o B N ]

J0N?

Coef
-59.4798
0.961833

0.0503911
1.62400
-0.867500
-5.13207E-04
-0.0228500
0.00810417

Coef

.1416
.1260
L1260
.1260
.1260
.1138
.1543
L1543

15.6321

16.¢6

un

fo

58.

-2l
L.
Sy

9%

Adj S8

20.
17.
0

EoT-N s ol 6

5655
9222

.3823
2l
.7578
L6627
.0951

its.

r b*

T
316
.434
L7891
.486
193
015
851
.576

O D OO0 0 OO 0o

.000
.000
.437
L 631
.039
.321
.07
.12%

R-Sqadj) =

Ad

OO O P O &N

j MS

L8379
.48035
.3923
L1255
.3808
.2743
. 6825

6l.

o
K

OO OO

b* using data in

.000
.000
.321
.072

.835

uncecded

units




MITHHUIN 7 Response Surtace Regression: amylose

115

The analysis was done using coded units.

Estimated Regression Coefficients for amylose

Term

Constant

Temp

Time

Speed

Pressure
Speed*Speed
Pressure*Pressure
Temp*Time

Temp* Speed
Time*Speed
Time*Pressure
Speed*Pressure

§ = 1.63079
R-Sq = 49.64%

Coef S
21.0908
-0.0117
-0.0200

0.3725
-0.4625
-0.5797
-0.5597
-0.2950

1.0463
-0.2963
-0.3187

0.3500

SO0 oCcocoOococoocoocmMH

PRESS = 89.8734
R-Sqi{pred) = 0.4

Coef

L4523
.3328
.3328
L3328
.3328
.3018
.3018
L4077
L4077
L4077
L4077
L4077

5%

Analysis of Variance for amylose

Source DF
Regression 11
Linear 4
Square 2
Interaction )

Residual Error 19
Lack-of-Fit i3
Pure Error &

Total 30

Estimated Regression Coefficients for amylose using data in unceded units

Texm

Constant

Temp

Time

Speed

Pressure
Speed*Speed
Pressure*Pressure
Temp*Time
Temp*Speed
Time*Speed
Time*Pressure
Speed*Pressure

Seq S5 Adj S5
49.799 49.799
8.477 8.477
17.426 17.426
23.896 23.896
50.530 50.530
14.185 1dl 195
36.345 36.345
100.329

Coef
63.2581
-2.57783
0.614250
1.07323
-0.0460096
-0.0927462
-0.1393816
-0.00383333
0.0837000
-0.00780000
-0.0106250
0.0700000

46,
-0.
-0.

1.
-1.
-1.
-1.
-0.

2.
-0.
-0.

0.

R-Sgiadi)

T
630
035
060
119
389
921
854
724
566
727
782
858

Adj MS

.527

2.118

[o XTI AR s ]

Letlyl] 3
AP S)
.658
.09
.058

OO0 OO OOCO OO

=W o+

P

.000
.972
.953
.277
.181
.070
.079
.478
.019
.476
.444
.401

20.48%

.70
.80

.80

.18

OO OO

.149
.542
. 080
.16z

. 988
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ATTNHUIN 8 Response Surface Regression: aging

The analysis was done using coded units.

Estimated Regression Coefficients for aging

Term Coef SE Coef T P
Constant 0.267557 0.05027 5.322 0.000
Temp 0.056400 0.02715 2.077 0.052
Time -0.017050 0.0271% -0.628 0.537
Speed 0.039250 0.02715 1.446 0.165
Pressure 0.006208 0.02715 0.229 0.822
Temp* Temp 0.066250 0.02487 2.664 (0.015
Time*Time -0.037262 0.02487 -1.498 0.151
Speed*Speed 0.029850 0.02487 1.200 0.245
Pressure*Pressure -0.018437 0.02487 -0.741 0.468
Temp*Pressure 0.015663 0.03325 0.471 0.643
Time*Speed -0.003850 0.03325 -0.116 ©.90%
Speed*Pressure -0.007963 0.03325 -0.239 0.813

S = 0.133006 PRESS = 1.22436
R-5q = 50.76% R-5q(pred) = 0.00% R-Sqladj) = 22.25%

Analysis of Variance for aging

Source DF Seqg SS Adj Ss Ad) MS F P
Regression 11 0.346456 0.3406456 0.0314%6 1.78 0.130
Linear 4 0.,121218 0.121218 0.030305 1.71 0.189
Square 4 0.220061 0.220061 0.055015 3.11 0.040
Interaction 3 0.005177 0.005177 0.001726 0.10 0.8960
Residual Errecr 19 0.336120 0.336120 0.017691
Lack-of-Fit 13 0.232911 0.2329%11 0.017916 1.04 0Q.512
Pure Error 6 0.103210 0Q.103210 ©0.017202
Total 30 0.682577

Estimated Regression Coefficients for aging using data in uncoded units

Term Coef
Constant 16.3405
Temp -0.36911¢8
Time 0.0322664
Speed -0.299828
Pressure 0.00451577
Temp* Temnp 0.00265001
Time*Time -1.65610E-04
Speed*Speed 0.00477605
Pressure*Pressure -0.00460930
Temp*Pressure 0.00156625
Time*Speed -1.02667E-04

Speed*Pressure -0.00159250




FIT19HUIN 9 Response Surface Regression: broken

117

The analysis was done using coded units.

Estimated Regression Coefficients for broken

Term Coef SE Coef T P
Constant 22.5728 0.B694 25.962 (.000
Temp -0.3588 0.9881 -0.363 (.720
Time 1.4462 0.9881 1.464 0.158
Speed -0.4685 0.9881 -0.474 0.640
Pressure -0.6065 0.9881 -0.614 0.54¢
Temp*Time -1.2152 1.2102 -1.004 0.327
Temp* Speed -2.0460 1.2102 -1.6%1 0.1086
Temp*Pressure ~-2.8269 1.2102 -2.418 0.025
Time*Pressure 1.1348 1.2102 0.938 0.359
Speed*Pressure 2.2090 1.2102 1.825 0©.082

S = 4.84084 PRESS = 1173.12
R-8g = 44.45% R-Sg(pred) = 0.00% R-3g(adi) = 20.64%

Analysis of Variance for broken

Source DF Seg SS Adj SS Adj MS F P
Regression S _S9SspsEie 93,73 43.75 1.87 0.115
Linear 4 67.38 67.38 16.85 0.72 0.589

Interacticn 5 326.35 326.35 65.27 2.79 0.044
Residual Error 21 492.11 49%2.11 23.43
Lack-of-Fit 15 284.66 284.66 18.98 ©0.55 0.838
Pure Error 6 207.44 207.44 34.57
Total 30 885.84

Estimated Regression Coefficients for broken using data in uncoded units

Term Coef
Constant -485.532
Temp 8.87154
Time 1.00365
Speed 8.61969
Pressure 1.31778
Temp* Time -0.0162028
Temp*Speed -0.163683
Temp*Pressure -0.292687
Time*Pressure 0.0378264

Speed*Pressure 0.441792




13190 IN 10 Response Surface Regression: peak viscosity

118

The analysis was done using coded

Estimated Regressicn Coefficients

Term
Constant
Temnp

Time

Speed
Pressure
Temp* Temp
Speed*Speed
Temp*Time
Temp*Speed
Time* Speed
Speed*Pressure

S = 164.678
R-Sq = 68.51%

Source

Regression
Linear
Square
Interaction

Residual Error
Lack-of-Fit
Pure Error

units.

for peak viscesity

Coef SE Coef T P
3077.35 45.67 67.377 0.000
-130.28 33.61 -3.876 0.001
1.42 33.61 0.042 0.967
42.22 33.61 1.256 0.224
43.72 33.61 1.301 0.208
-89.95 30.48 2,951 0.008
35.42 30.48 1.162 0.259
-93.17 41.17 -2.2¢3 0.035
85.79 41.17 2.084 0.050
42 .63 41.17 1.035 0.313
81.75 41.17 1.%86 0.061
PRESS = 1321449
R-Sq{pred) = 23.28% R-Sgladj) = 52.77%
Analysis of Variance for peak viscosity
DF  Seq 85 Adj SS Adj MS F P
10 1180096 1180096 118010 4.35 0.003
4 496046 496046 124012 4.57 0.00%
2 291407 291407 145703 5.37 0.014
4 392643 392643 98161 3.62 0.022
20 542380 542380 27119
14 374119 37411% 26723 0.95 0.564
6 168261 168261 28044
30 1722476

Total

Estimated Regression Ceoefficients for

units

Term
Constant
Temp

Time

Speed
Pressure
Temp* Tenp
Speed* Speed
Temp*Time
Temp* Speed
Time*Speed
Speed*Pressure

948
349
a47.
-106
-550
-3.5
9.6
-1.2
6.8
1.1
16.

Ccef
5.33
.269
2662
0.67
.393
9813
6750
4223
©325
3668
3501

peak viscosity using data in uncoded




M3 1NEUIN 11 Response Surface Regression: trough viscosity
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The analysis was done using coded units.

Estimated Regression Coefficients for trough

Term Coef
Constant 1976.08
Temp 108.40
Time 52.82
Speed 16.68
Pressure -4.26
Temp* Temp -61.44
Pressure*Pressure 26.086
Temp*Time -42.35
Tenp*Speed 74.90
Speed*Pressure 54.40
S = 130.897 PRESS = 74257

R-5g = 64.76% R-Sgipred) =

SE Coef

36.
26.
26.
26.
26.
24,
24.
32.
32.
32.

4

30
72
72
72
72
23
23
72
72
72

27.27%

T
54.431
4.057
1.677
0.624
-0.1860
-2.536
1.¢76
-1.294
2.28%
1.662

R-Sg(adj)

Analvsis of Variance for trough viscosity

Source DF
Regression £l
Linear 4
Square 2
Interaction 3

Residual Errer 21
Lack-of-Fit 15
Pure Error 4]

Total 30

Estimated Regression Coefficients for trough viscosity using data in uncoded

units

Term

Constant

Termp

Time

Speed

Pressure
Temp*Temp
Pressure*Pressure
Temp*Time
Temp* Speed
Speed*Pressure

Seq S5
6611989
356101
139303
165794
359813
160751
189062
1021011

Coef
INS'] 8 'SCy
206.879
43.0521

-478.018
-461.072
-2.45772
6.51426
-0.564725
5.99165
10.8791

Adj

55

661198
356101
139303
165794
359813
160751
199062

adj M3
73466
89025
69652
55265
17134
10717
33177

viscosity

P
0.000
0.001
0.061
0.53§
0.875
0.019
0.294
0.210
0.033
0.111

= 49,

4.29
5.20
4.07
K) 5 233

6E%

(o el ol

[w]

.003
.005
.032
.043

. 965




A1319HUIN 12 Response Surface Regression: breakdown

120

The analysis was done using ccded

Estimated Regression Coefficients for

Term
Censtant
Temp

Time

Speed
Pressure
Tenp* Temp
Time*Time
Speed*Speed
Temp*Time

S = 123.146
R-Sq = 82.94%

Cocef SE Co
1060.02 40.
-238.99 25.

-51.15 23 o
25.24 25.
48.79 25.

-24.11 22
23.60 22
34.89 22.

-52.02 30.
PRESS = 6243
R-3qg(pred) =

Analysis of Variance for breakdown

Source
Regression
Linear
Square
Interacticn
Residual Erro
Lack-of-Fit
Pure Error
Total

r 22

Seq S§
1621592
1505964

72328

43300
333628
225895
107733
1955220

units.
breakdown
ef T P
17 26.3%1 0.000
14 -9.507 0,000
la -2.035 0.054
14 1.004 0.326
14 1.941 0.0865
S0 -1.053 0.304
a0 1.031 0.314
S0 1.524 0.142
79 -1.690 0.105
11
68.07% R-5gf{adj) = 76.73%

Adj S5 Adj MS F P
1621592 202699 13.37 0.000
1505664 376491 24.83 0.000

72328 24109 1.59 0.220
43300 43300 2.86 0.105

333628 15165

225895 14118 0.79 0.676

107733 1755¢6

Estimated Regression Coefficients for

Term
Constant
Temp

Time

Speed
Pressure
Temp* Temp
Time*Time
Speed*Speed
Temp*Time

Coef
2805.62
145.649
26.2651
-380.680
24,3960
-0.964426
0.104880
5.58250

-0.693625

breakdown using data in uncoded units
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A131IHUIN 13 Response Surface Regression: final viscosity

The analysis was done using coded units.

Estimated Regression Coefficients for final viscosity

Term Coef SE Coef T P
constant 3264.42 42.57 76.678 (0.000
Temp 265.39 31.33 8.470 0,000
Time 97.33 =33 3.106 0.005
Speed 44 .22 31.33 1.411 0.172
Pressure ~20.47 31.33 -0.853 0.520
Temp* Temp -39.29 28.41 -1.383 0.181
Speed*Speed 33.41 28.41 1.176 0.252
Temp* Speed T8 38.37 2.010 0.057
Speed*Pressure 53.48 38.37 1.393 0.178

S = 153.500 PRESS = 934593
R-Sq = 80.94% R-Sqg(pred) = 85.63% R-Sgladj) = 74.00%

Analysis of Variance for final visceosity

Source DF  Seq $8  Adj S8 Adj MS F P
Regression 8 2200663 2200663 275083 11.67 0.000
Linear 4 1974722 1974722 493680 20.95 0.000
Square 2 85046 850486 42523 1.80 0.188
Interaction 2 140896 140896 70448 2.99 0.071

Residual Error 22 518369 518369 23562
Lack-of-Fit 16 231525 231525 14470 0.30 0.874
Pure Error 3 286844 286844 47807

Total 30 2719032

Estimated Regression Ccefficients for final viscosity using data in uncoeded
units

Term Coef
Constant 14616.4
Temp 57.1749
Time 6.48894
Speed -852.590
Pressure -384.439
Temp*Temp -1.57176
Speed*Speed 5.34614
Temp* Speed 6.17000

Speed*Pressure 10.6915




M3149H 1IN 14 Response Surface Regression: setback from trough
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The analysis was done using coded units.

Estimated Regression Coefficients for setback from trough

Term

Constant

Temp

Time

Pressure
Temp*Tamp
Temp*Time
Temp*Pressure

Analysis of Variance for setback from trough

Source
Regression
Linear
Sguare
Interaction
Residual Error
Lack-of-Fit
Pure Exror
Total

Estimated Regression Coefficients for setback from trough using data in

uncoded units

Texm

constant

Temp

Time

Pressure
Temp* Temp
Temp*Time
Terp*Pressure

Coaf SE
1280.48
155. 60
45.35
-14.82
29.22
27.31
-21.52

=

PRESS = B32
R-Sg(pred)

DEF Seqg S8
6 680148
3 635676
1 25126
2 139345

24 44657
8 14215

16 30442

30 724805

Coef
5892.77
-152.39¢9
-22.4674
143.23¢9
1.16899
0.364150
-2.15212

Coef
.896 1
. 805
. 805
. 805
.953
. 784
. 784

OO =)W W DO

37.5
= 88.51%

Adj S§S
680148
635676
25126
14345
44657
14215
30442

29.
17.
5.
-1.
)4
2
=l

T
393
671
150
683
675
533
89¢

OO O OO oo

P

.000
.000
.000
.105
001
.018
.057

R-Sg{adj) =

Adj M3
113358
211892
25126
9573
1861
1777
1503

60,
113.
13.
S.

0.

92.30%

92
88
50
20

93

SO OO

P

.Q00
.Q00
.001
.013

.516
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The analysis was done using coded units.

Estimated Regression Coefficients for peak time

Term
Constant
Temp
Time
Speed

Temp* Temp
Time*Time
Temp*Speed
Time*Speed -

S = 0.0932102
R-S5q = 58.91%

5]
0
0
0
Pressure -0.
0
0
0
0

Coef

.88098
.07542
.03125
.04625

03042

.02105
.01355
.02213
.03063

PRESS

SE Coef T
0.02585 227.487
0.01803 3.964
0.01803 1.642
0.01803 2.431
0.01803 -1.59¢
0.01725 1.220
0.01725 0.785
0.02330 0.992
0.02330 -1.314
= 0.367608

R-Sg(pred) = 20.97% R-

Analysis of Variance for peak time

Source
Regression
Linear
Square
Interaction
Residual Error
Lack-of-Fit
Pure Error
Total

DF
8
4
2
2

22

16
&

30

OO OO0 C OO0

Seq SS
27400
.23348
.01696
.02358
.19114
12277
.06837
.46514

OO OO0 OO0

Adj S5
.27400
.23348
01696
.02356
19114
12277
06837

Estimated Regression Coefficients for

Texm Coef
Constant 10.6540
Temp -0.187522
Time 0.01%88301
Speed -0.0375000
Pressure -0.0152083
Temp* Temp 0.000841827
Time*Time 6.02030E-05
Temp*3peed 0.00185000

Time*Speed -8.16667E-04

P
.000
.001
.115
.024
.124
. 235
.441
.332
.202

oo O OO0 0000

Sgladj) = 43.96%

Adj MS F P
.034250 3.94 0.005
.058371 .72 .001
.008479 0.98 0.393
.011781 1.36 0.278
008688

.007673 0.7 0.755
.011395

= O oy W
OO OO

OO 000 OO

peak time using data in uncoded units
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The analysis was done using coded

Estimated Regression Coefficients

units.

for pasting temperature

Term Coef SE Coef T P

Constant 76.1495 0.8253 82.270 0.000

Temp 4.5104 0.5165 8.733 0.000

Time 0.57514 0.5165 1.114 0.279

Speed -0.1138 0.5165 -0.220 0.828

Pressure -0.7646 0.5165 -1.480 0.155

Temp* Temp 0.9358 0.4705 1.989 0.061

Time*Time -0.2917 0.4705 -0.620 0.5343

Speed* Speed -0.3792 0.4705 -0.806 0.430

Temp*Time 0.7481 0.86326 1.183 0.252

Temp*Speed ~-0.5906 0.6326 -0.9%34 0.362

Temp*Pressure -0.6169 0.6326 -0.973 0.342

Speed*Pressure -0.6431 0.6326 -1.017 0.322

5 = 2.5302¢2 PRESS = 361.406

R-Sg = 82.49% PR-Sqg(pred) = 47.97% R-Sg(adj) = 72.35%

Analysis of Variance for pasting temperature

Source DF Seqg SS Adj SS Adj MS E P

Regression 1)1 27 SEREESY 24595 52.086 8.14 0.000
Linear 4 510.%54 510.54 127.635 19.3%4 0.000
Sguare 3 3 SpEsl 35.17 11.722 1.83 0.176
Interaction 4 27.24 27.24 6.811 1.06 0.402

Residual Error 19 121.65 121.65 6.402
Lack-of-Fit 13 73.42 73.42 5.648 0.70 0.722
Pure Error 6 18.22 48.22 8.037

Total 30 694.59

Estimated Regression Coefficients for pasting temperature using data in

uncoded units

Term

Constant

Temp

Time

Speed
Pressure

Temp *Temp
Time*Time
Speed*Speed
Temp*Time
Temp* Speed
Temp*Pressure
Speed*Pressure

6.1
-3.2
-0.42
8.2
8.4
0.037

Coef
8318
1219
6517
8096
3771
4314

-0.00129651
-0.0606745
0.00997500
-0.0472500
-0.0616875

-0.12

8625
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Contour Plots of breakdown
120 Time*Temp Speed* Terr 0 Pressure® Termy break down
< 500
105 i soo- %0
B 750 - 1000
- M 00 - 1250
75 Ml 1250 - 1500
B > 1500
60
60 70 80 &0 70 80 Hold Values
*T *T *q Temp A0
40.0 Speed*Time 10 FrassuetTime Pressure* Speed T 9%
Speed 35
.5 Pressure 6
35.0
32.5
30.0 2
60 20 120 60 90 120
Surface Plots of breakdown
Hold Values
Termp 70
Time 0
Speed 35
Pressure 6
1500 1500 1500
breakrown e bresdoen breskdown,
560 i =3 & L) 500
e L i
1400 1300 130¢
bryakoown breakdown 200 meakdown 1 200
o s e
umo&° - i n;.; Specd

Time

o oo J 3
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Contour Plots of final viscosity

final vlsconity 3500
k]

2300

70 50
Temp 50
3600
fnalvizcoalty 4000
3200 a0
3600 LI
« 20 o
Time 12¢

WG
firal viscanity 350

EET
Neal visconicy
5000 X

2500 2500

3450
firal viscasity 3300
3150
3000

3600
fhmal viacosity 3400
3200
3000

9
; Fresaure

35

Time 120 Speed

120 final viscosity
[ < 2500
105 MW 50 - 2750
M 2750 - 3000
> B 3000 - 3250
B 3500 - 3750
60 W 3750 - 4000
[d > 4000
40.0 Hoid Values
Temp 70
L Time 90
35.0 Speed 35
Pressure 6
325
30.0
Surface Plots of final viscosity
Hold Values
Temp )
Time S0
Speed 35
- q Pressure 6

Pressurc
X

@ w  d 1 :’
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Contour Plots of setback from trough

60 (o5 70 75

Pressure* Time

60 75 0 105

Pressure* Tel

setback
< 1200
B 1200 - 1400
B 1400 - 1600
W 50 - 180
B > 1800

Hold Values
Temp 70
Tirme S0
Pressure 6

Surface Plots of setback from trough

1750

setback 150,
1250 120
1
e 90 Time
€0
70 &0
Temp 80
1400
setback 1300
1200 )
$ressure
3
90
Time 120

1750
setback 1500

1259

Ll GPrmme

0
Temp 80

Hold Values
Temp 70
Time = 0]
Pressure 6

¥
o w 1 o
MAHWIN 25 NIMANLTURUTYDIAIANUNTIave 9] 0Tl setback from trough
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Contour Plots of pasting temperature
Time*Tem ; Speed*Temp 10 Pressure* Tem pagﬁng
temp
. 8 < 70
B - 75
7 6 W5 - 8
W 8-~ 85
; 4 W3- %
2 L > Y
60 70 80 60 70 80 €& 70 ) D=
e p * Term) 70
40.0 Speed*Time 0 Pressus*Time 10 Pressure* Speed Timep »
375 8 8 Speed 35
Pressire 6
35.0 6 6
32.5 4 4
30.0 2 2 ‘
60 90 120 60 90 120 30 35 40
Surface Plots of pasting temperature
Holg Yalues
Temp 70
Time APX*
Speed 35
Pressure 6
50 20 .
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w 120 0 €0 o
D Nme 35 gme, 0 Presswe
&0 w,,"g ™ 60 y,.,.’ﬁ —~ Spmed 60 r,,..’,f = 1

% & 7.5
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:; - “ 2 85 a9
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E5) 3 5
Time 12 o
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Parameters

Goal Lower Target Upper Weight Import
breakdown Target 563.33 881.33 1458.33 1 1
final viscosity Target 2547.00 3319.00 3798.00 1 1
setback from trough Target 1032.00 1366.33 1735.67 1 1
pasting temperature Target 70,67 83.67 35.98 1 1
Global Sclution
Temp = 79.1889
Time = 67.8788
Speed = I3 R 50
Pressure = 9.1919
Predicted Responses
breakdown = 881.62 desirability 0.9994¢1
final viscosity = 3314.49 desirability 0.984474
setback from trough = 1437.23 desirability 0.807381
pasting temperature = 21 . O desirability 0.878177
Composite Desirability = 0.916231
Opti _ Temp Time Speed Pressure
PIMal igh| 800 1200 400 10.0
91623 ¢ m || [79.1889] [67.8788] [33.7374] [9.1919]
0.91623 ow||  60.0 60.0 300 2.0
Compasite
Desirability ‘
0.91623 1|
breakdow \
Targ: 881.330 [l
y = 881.1585|~ — — =TT e e e
d = 0.99946 J
final vi '
Targ:33190(_ _ _ _ |l L7 | |}
y = 3314.7341
d = 0.95447
f f
setback
farg: 1366.33( /
= 14374720~ — — AT — sl
d =0.80738
pasting '
Targ: 83.670—— ——p<—— ——rT—F——
y = 82.0863
d =0.87818

MAHUIN 27 AT ARIEAHLZ AL
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3. MimsasvaeuANuduRuT sz MR e ey nlstase Tawden
A9 Analyze > General Linecar Model > Univariate > donaauiliaiuldasos Dependent
Variable > iaond@ai)soaszlaveq Fixed Factor > Option > Descriptive statistics > Homogeneity

test > Continue > OK A30aA3 1A IWHIIN 30, 31 1n 32
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wamT NIz HIYave NN ITNARR Vgl UAeNEIY Tl

Tests of Normality

Kolmogorov-SmirnoS Shapiro-Wilk

typerice Statistic df Sig. Statistic df Sig.
newexpension trt rice 133 9 .200* 978 9 .951

fresh rice .280 9 .041 833 .048

aging rice A75 9 200" .947 9 662

*.This is a lower bound of the true significance.
a. | illiefors Significance Correction
MWAHIN 34 ANBULNITUINLIIUBITDYA
Tests of Between-Subjects Effects
Dependent Variable: newexpension
Type 1l Sum

Source of Squares df Mean Square i Sig.
Corrected Model 361.4922 8 45186 9.767 000
Intercept 12322 157 1 12322.157 | 2663.342 .000
typerice 284233 2 142117 30.717 .000
water 29.556 2 14778 3.194 .065
typerice * water 47.703 4 11.926 2.578 .073
Error 83.278 18 4627
Total 12766.927 27
Corrected Total 444770 26

a. R Sqguared = .813 (Adjusted R Squared = .730)

o a  a o r ar £ Y
AMHEUIN 35 ﬁﬂHmﬁﬂ?’lilﬁllwu'ﬁ53”3‘]\1@13L1ﬂ'§ﬂﬁ'§$Llﬁ$ﬂ'ﬁuﬂ'§ﬂ’]ﬂ

newexpension

Duncana’b

Subset
typerice N 1 2
fresh rice 9 16.7756
aging rice 9 23.5700
trt rice 9 23.7433
Sig. 1.000 866

Means for groups in homogeneous subsets are displayed.

Based on Type [l Sum of Squares
The error term is Mean Square(Error) = 4.627.

4. Uses Harmonic Mean Sample Size = 9.000.

b. Alpha = .05.

MWHUIN 36 A15103 0T IFOULY Duncan
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