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53403202 : MAJOR : FOOD TECHNOLOGY
KEY WORD : RICE CRACKER/SPRAY FRY/OIL UPTAKE/CENTRIFUGE

JANJIRA  TANGSANTASKUL : THE STUDY OF PROCESSING FACTORS AND
CONDITIONS FOR THE DEVELOPMENT OF SPRAY FRYING SYSTEM. THESIS ADVISOR :
ASST.PROF. BHUNDIT INNAWONG, Ph.D. 136 pp.

Spray frying is one of the cooking methods that sprays hot oil on the food.
Hot oil is controlled proper temperature and speed continuously. This work reports
the study of effect of spray frying conditions on the moisture retention and oil uptake
of fried rice crackers.

The spraying oil rate and speed of frying pot was varied to find the
optimized condition for spray frying. Both deep frying and spray frying used 190 °C
oil temperature for 17 s. Rice crackers were fried at different spraying oil rate (0.3,
0.5 and 0.7 I/s) for 3 levels of speed of frying pot (60, 80 and 100 rpm). Furthermore,
the rice crackers were used to evaluate the influence of 3 different centrifuge speeds
(600, 800 and 1000 rpm) for 3 levels of times (2, 4 and 6 min) after both frying
processes on the fried rice crackers qualities. The quality parameters (color, density,
expansion ratio), texture, moisture retention and oil uptake of the fried products were
determined.

The result shown that spraying oil rate and frying pot speed were effective
to moisture content and oil absorption (p<0.05). The optimized condition for this
experiment was used 0.3 I/s spraying oil rate and 60 rpm of frying pot speed. In this
condition, rice crackers have less oil absorption (p<0.05) than another one that used
deep frying up to 40%. In addition, the fried rice crackers that used the specific
centrifuge at the speed of 800 rpm for 4 minutes can reduce oil absorption up to 60%
in both frying process and have the best quality.

Department of Food Technology Graduate School, Silpakorn University Academic Year 2011
Student's SIgNAtUre ......ooeveeeiiiiiiiiiieieeeeeeen,
Thesis AdViSOr's Signature .........cccceeeveviiieeeeniinneen,
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Dependent Variable: FAT

Source DF
Model 2
Error 12

Corrected Total 14

R-Square

0.713363

Source DF
RPM 2

Source DF
RPM 2

MANUIN A
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The SAS System

The GLM Procedure

Class Level Information

Class Levels

RPM 3

Values

60 80 100

Number of observations 15

Sum of Squares
7.32396853
2.94285440

10.26682293

Coeff. Var

1.363600

Type I SS
7.32396853

Type IIT SS
7.32396853

Mean Square
3.66198427

0.24523787

Root MSE

0.495215

Mean Square

3.66198427

Mean Square

3.66198427

F Value Pr>F

14.93 0.0006
FAT Mean
36.31673
F Value Pr>F
14.93 0.0006
F Value Pr>F
14.93 0.0006
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The SAS System

The GLM Procedure

t Tests (LSD) for FAT

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 0.245238
Critical Value of't 2.17881

Least Significant Difference 0.6824
Means with the same letter are not significantly different.

t Grouping Mean N RPM
A 37.2882 5 100
B 359878 5 80
B
B

35.6742 5 60



Dependent Variable: FAT
Source DF
Model 8
Error 36
Corrected Total 44

R-Square
0.797289

Source DF
RATE 2
RPM 2
RATE*RPM 4

Source DF
RATE 2
RPM 2
RATE*RPM 4

The SAS System

The GLM Procedure

Class Level Information

Class Levels Values
RATE 3 0.332 0.498 0.664
RPM 3 60 80 100

Number of observations 45

Sum of Squares Mean Square F Value Pr>F

11.47497671 1.43437209 17.70  <.0001
2.91751120 0.08104198
14.39248791
Coeff Var Root MSE FAT Mean
1.627029 0.284679 17.49684
Type I SS Mean Square  F Value Pr>F
4.02670698 2.01335349 24.84 <.0001
5.87732858 2.93866429 36.26 <.0001
1.57094116 0.39273529 4.85 0.3311
Type IIT SS Mean Square  F Value Pr>F
4.02670698 2.01335349 24.84 <.0001
5.87732858 2.93866429 36.26 <.0001
1.57094116 0.39273529 4.85 0.3311
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The SAS System

The GLM Procedure

t Tests (LSD) for FAT

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 36

Error Mean Square 0.081042
Critical Value of' t 2.02809

Least Significant Difference 0.2108

Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 17.8574 15 0.664
B 17.5082 15 0.498

C 17.1249 15 0.332



The SAS System

The GLM Procedure

92

t Tests (LSD) for FAT

Alpha

Error Degrees of Freedom
Error Mean Square
Critical Value of't

Least Significant Difference

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

0.05

36
0.081042
2.02809

0.2108

Means with the same letter are not significantly different.

t Grouping Mean N RPM

A 17.8928 15 100

B 17.5787 15 80

C 17.0190 15 60

Level of Level of FAT

RATE RPM N Mean Std Dev
0.332 60 5 16.8178000  0.21747690
0.332 80 5 17.3326000  0.34449862
0.332 100 5 17.2244000  0.18976907
0.498 60 5 17.0760000  0.11796822
0.498 80 5 17.3358000  0.38642166
0.498 100 5 18.1128000  0.40713474
0.664 60 5 17.1632000  0.20018417
0.664 80 5 18.0678000  0.25917118
0.664 100 5 18.3412000  0.30191009



The SAS System

The GLM Procedure

Class Level Information

Class Levels Values
RATE 3 600 800 1000
TIME 3 246

Number of observations 45

Dependent Variable: FAT

Source DF Sum of Squares Mean Square  F Value Pr>F
Model 8 95.3785407 11.9223176 68.99  <.0001
Error 36 6.2210092 0.1728058
Corrected Total 44 101.5995499
R-Square Coeff Var Root MSE  FAT Mean
0.938769  1.405293  0.415699 29.58096
Source DF Type I SS Mean Square  F Value Pr>F
RATE 2 62.31778084  31.15889042 180.31 <.0001
TIME 2 14.72258778  7.36129389 42.60 <.0001
RATE*TIME 4 18.33817209  4.58454302 26.53 0.0521
Source DF Type III SS Mean Square  F Value Pr>F
RATE 2 62.31778084  31.15889042 180.31 <.0001
TIME 2 14.72258778  7.36129389 42.60 <.0001
RATE*TIME 4 18.33817209  4.58454302 26.53 0.0521



94

The SAS System

The GLM Procedure

t Tests (LSD) for FAT

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 36

Error Mean Square 0.172806
Critical Value of' t 2.02809

Least Significant Difference 0.3078
Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 312376 15 600
B 288901 15 800
B
B 28.6151 15 1000
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The SAS System

The GLM Procedure

t Tests (LSD) for FAT

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 36

Error Mean Square 0.172806
Critical Value of't 2.02809

Least Significant Difference 0.3078

Means with the same letter are not significantly different.

t Grouping Mean N TIME
A 303874 15 2
B 29.2324 15 4

B 29.1231 15 6

Level of Level of FAT

RATE TIME N Mean Std Dev
600 2 31.5096000  0.29120663
600 4 30.8022000  0.17499771
600 6 31.4010000  0.29173618
800 2 30.8828000  0.30770879
800 4 27.9558000  0.37833940
800 6 27.8318000  0.21511787
1000 2 28.7698000  0.71147361
1000 4 28.9392000  0.71197521
1000 6 28.1364000  0.23981722



The SAS System

The GLM Procedure

Class Level Information

Class Levels Values
RATE 3 600 800 1000
TIME 3 246

Number of observations 45

Dependent Variable: FAT

Source DF Sum of Squares Mean Square F Value Pr>F
Model 8 13.08405560 1.63550695  52.55 <.0001
Error 36 1.12033360 0.03112038

Corrected Total 44 14.20438920

R-Square Coeff Var Root MSE  FAT Mean

0.921128  2.402354  0.176410 7.343200

Source DF Type I SS Mean Square  F Value Pr>F
RATE 2 3.91199573 1.95599787 62.85 <.0001
TIME 2 6.33643000 3.16821500 101.81  <.0001
RATE*TIME 4 2.83562987 0.70890747 22.78 0.0601
Source DF Type IIT SS Mean Square  F Value Pr>F
RATE 2 3.91199573 1.95599787 62.85 <.0001
TIME 2 6.33643000 3.16821500 101.81  <.0001

RATE*TIME 4 2.83562987 0.70890747 22.78 0.0601
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The SAS System

The GLM Procedure

t Tests (LSD) for FAT

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 36
Error Mean Square 0.03112
Critical Value of' t 2.02809

Least Significant Difference 0.1306
Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 7.75867 15 600
B 7.16613 15 1000
B
B 7.10480 15 800



The SAS System

The GLM Procedure

t Tests (LSD) for FAT
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NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference

Means with the same letter are not significantly different.

t Grouping Mean
A 7.87387
B 7.08087
B 7.07487

Level of Level of

RATE TIME N
600 2 5
600 4 5
600 6 5
800 2 5
800 4 5
800 6 5
1000 2 5
1000 4 5

1000 6 5

0.05

36

0.03112

2.02809

0.1306

N TIME
15 2
15 6
15 4
FAT
Mean Std Dev
8.77480000  0.17228523
7.27020000  0.16571874
7.23100000  0.15846293
7.48460000  0.10848640
6.85060000  0.27189115
6.97920000  0.26129045
7.36220000  0.04322846
7.10380000  0.13274863
7.03240000  0.15610990



Dependent Variable: MC

Source
Model
Error

Corrected Total

Source

RPM

Source

The SAS System

The GLM Procedure

Class Level Information

Class Levels Values

RPM 3 60 80 100

Number of observations 15

DF Sum of Squares Mean Square F Value Pr>F
2 0.08441333 0.04220667 1.71 0.0226
12 0.29668000 0.02472333

14 0.38109333

R-Square Coeff Var Root MSE  MC Mean
0.221503  5.702486  0.157237 2.757333
DF Type I SS Mean Square  F Value Pr>F
2 0.08441333 0.04220667 1.71 0.2226
DF Type LI SS Mean Square  F Value Pr>F
2 0.08441333 0.04220667 1.71 0.2226
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The SAS System

The GLM Procedure

t Tests (LSD) for MC

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 0.024723
Critical Value of't 2.17881

Least Significant Difference 0.2167

Means with the same letter are not significantly different.

t Grouping Mean N RPM

A 285800 5 60

A 273600 5 80

>

A 2.67800 5 100



Dependent Variable: MC

Source
Model
Error

Corrected Total

Source
RATE
RPM

RATE*RPM

Source
RATE
RPM

RATE*RPM

The SAS System

The GLM Procedure

Class Level Information

Class
RATE
RPM

Levels
3
3

Values
0.332 0.498 0.664
60 80 100

Number of observations 45

DF Sum of Squares Mean Square F Value Pr>F
8 25.31752444 3.16469056  71.65  <.0001
36 1.59000000 0.04416667

44 26.90752444

R-Square Coeff Var Root MSE =~ MC Mean

0.940909  3.523262  0.210159 5.964889

DF Type I SS Mean Square  F Value Pr>F

2 24.81293778  12.40646889  280.90 <.0001

2 0.06855111 0.03427556 0.78 0.4678

4 0.43603556 0.10900889 2.47 0.0621
DF Type IIT SS Mean Square F Value Pr>F

2 24.81293778  12.40646889 280.90  <.0001

2 0.06855111 0.03427556  0.78 0.4678

4 0.43603556 0.10900889  2.47 0.0621
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The SAS System

The GLM Procedure

t Tests (LSD) for MC

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 36

Error Mean Square 0.044167
Critical Value of' t 2.02809

Least Significant Difference 0.1556

Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 6.89533 15 0.332
B 592133 15 0.498

C 5.07800 15 0.664



The SAS System

The GLM Procedure

t Tests (LSD) for MC
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NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference

0.05

36
0.044167
2.02809

0.1556

Means with the same letter are not significantly different.

t Grouping Mean N
A 6.02000 15
A 594000 15

A 593467 15

RPM

100

Level of Level of

RATE RPM N Mean

0.332 60 5 7.06800000
0.332 80 5 6.75800000
0.332 100 5 6.86000000
0.498 60 5 5.87200000
0.498 80 5 5.86400000
0.498 100 5 6.02800000
0.664 60 5 5.12000000
0.664 80 5 5.18200000

0.664 100 5 4.93200000

Std Dev
0.15023315
0.30678983
0.27973201
0.23477649
0.30770115
0.14549914
0.06519202
0.10848963

0.12477981
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The SAS System

The GLM Procedure

Class Level Information

Class Levels Values

RATE 3 60 80 100

Number of observations 15

Dependent Variable: a

Source DF Sum of Squares Mean Square F Value Pr>F
Model 2 0.15985333 0.07992667  0.17  0.8443
Error 12 5.58668000 0.46555667

Corrected Total 14 5.74653333

R-Square  Coeff Var  Root MSE a Mean

0.027817  18.52445  0.682317 3.683333

Source DF Type I SS Mean Square F Value Pr>F
RATE 2 0.15985333 0.07992667  0.17 0.8443
Source DF Type IIT SS Mean Square F Value Pr>F

RATE 2 0.15985333 0.07992667 0.17 0.8443
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The SAS System

The GLM Procedure

t Tests (LSD) for a

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 0.465557
Critical Value of' t 2.17881

Least Significant Difference 0.9402

Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 3.7680 5 80

A 3.7440 5 60
A
A 3.5380 5 100
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The SAS System

The GLM Procedure

Class Level Information

Class Levels Values
RATE 3 0.332 0.498 0.664
RPM 3 60 80 100

Number of observations 45

Dependent Variable: a

Source DF Sum of Squares ~ Mean Square F Value Pr>F
Model 8 10.91240000 1.36405000  9.92  0.0061
Error 36 4.95240000 0.13756667

Corrected Total 44 15.86480000

R-Square Coeff Var  Root MSE a Mean

0.687837  13.97864  0.370900 2.653333

Source DF Type I SS Mean Square F Value Pr>F
RATE 2 9.70401333 4.85200667  35.27  0.0061
RPM 2 1.10812000 0.55406000 4.03  0.0564
RATE*RPM 4 0.10026667 0.02506667 0.18  0.9461
Source DF Type I SS Mean Square F Value Pr>F
RATE 2 9.70401333  4.85200667 3527  0.0061
RPM 2 1.10812000  0.55406000  4.03 0.0564

RATE*RPM 4 0.10026667  0.02506667 0.18 0.9461
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t Tests (LSD) for a
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NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference

0.05

36
0.137567
2.02809

0.2747

Means with the same letter are not significantly different.

t Grouping

A

A
A
B

Mean

2.9893

2.9740

1.9967

15

15
15

RATE

0.664

0.332

0.498



Alpha

The SAS System

The GLM Procedure

t Tests (LSD) for a

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference
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NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

0.05

36
0.137567
2.02809

0.2747

Means with the same letter are not significantly different.

t Grouping
A
B
B

Level of Level of

RATE
0.332
0.332
0.332
0.498
0.498
0.498
0.664
0.664

0.664

RPM

60
80
100
60
80
100
60
80
100

N

5

Mean N RPM

2.8747 15 100

2.5567 15 80

2.5287 15 60

a
Mean Std Dev

2.79600000  0.43912413
2.93200000  0.44812945
3.19400000  0.35920746
1.96000000  0.36421148
1.84400000  0.31245800
2.18600000  0.25832151
2.83000000  0.30683872
2.89400000  0.49064244
3.24400000  0.28901557
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The SAS System

The GLM Procedure

Class Level Information

Class Levels Values

RATE 3 60 80 100

Number of observations 15

Dependent Variable: b

Source DF Sum of Squares Mean Square F Value Pr>F
Model 2 0.32644000 0.16322000  0.77  0.4840
Error 12 2.53936000 0.21161333

Corrected Total 14 2.86580000

R-Square Coeff Var  Root MSE b Mean

0.113909  2.023821  0.460014 22.73000

Source DF Type ISS Mean Square F Value Pr>F

RATE 2 0.32644000 0.16322000  0.77 0.4840
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The SAS System

The GLM Procedure

t Tests (LSD) for b

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 0.211613
Critical Value of' t 2.17881

Least Significant Difference 0.6339

Means with the same letter are not significantly different.

t Grouping Mean N RATE

A 228480 5 60

A 228200 5 80

>

A 225220 5 100



Dependent Variable: b

Source
Model
Error

Corrected Total

Source
RATE
RPM

RATE*RPM

DF

36
44

The SAS System

The GLM Procedure

Class Level Information

Class Levels Values

RATE
RPM

3
3

0.332 0.498 0.664

60 80 100

Number of observations 45

Sum of Squares
16.00624000
17.31448000

33.32072000

R-Square  Coeff Var

0.480369  3.118960

DF

Type I SS
6.93424000
3.26049333

5.81150667

Mean Square F Value Pr>F
2.00078000  4.16  0.0203

0.48095778

Root MSE b Mean

0.693511 22.23533

Mean Square F Value Pr>F
3.46712000 7.21  0.0203
1.63024667 3.39  0.0648

1.45287667 3.02  0.1302
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The SAS System

The GLM Procedure

t Tests (LSD) for b

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 36

Error Mean Square 0.480958
Critical Value of' t 2.02809

Least Significant Difference 0.5136
Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 22.7900 15 0.332
B 21.9780 15 0.664
B
B 21.9380 15 0.498



Alpha

The SAS System

The GLM Procedure

t Tests (LSD) for b

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference
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NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

0.05

36
0.480958
2.02809

0.5136

Means with the same letter are not significantly different.

t Grouping
A
A
A

Level of Level of

RATE

0.332
0.332
0.332
0.498
0.498
0.498
0.664
0.664

0.664

RPM

60
80
100
60
80
100
60
80
100

N

5

Mean N RPM
22.5660 15 80
22.2333 15 100
21.9067 15 60
b
Mean Std Dev
22.8920000  0.66217067
22.6080000  0.44924381
22.8700000  0.64245622
21.0700000  0.83725743
22.4840000  0.87774142
22.2600000  0.68520070
21.7580000  0.94115355
22.6060000  0.41307384
21.5700000  0.52749408
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The SAS System

The GLM Procedure

Class Level Information

Class Levels Values

RATE 3 60 80 100

Number of observations 15

Dependent Variable: L

Source DF Sum of Squares Mean Square F Value Pr>F
Model 2 0.47308000 0.23654000  0.48 0.6297
Error 12 5.90412000 0.49201000

Corrected Total 14 6.37720000

R-Square Coeff Var  Root MSE L Mean

0.074183  1.004920  0.701434 69.80000

Source DF Type I SS Mean Square F Value Pr>F
RATE 2 0.47308000 0.23654000 0.48 0.6297
Source DF Type IIT SS Mean Square F Value Pr>F

RATE 2 0.47308000 0.23654000 0.48 0.6297
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The SAS System

The GLM Procedure

t Tests (LSD) for L

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 12
Error Mean Square 0.49201
Critical Value of' t 2.17881

Least Significant Difference 0.9666

Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 69.9960 5 100

A 69.8380 5 60
A
A 69.5660 5 80



Dependent Variable: L

Source
Model
Error

Corrected Total

Source
RATE
RPM

RATE*RPM

Source
RATE
RPM

RATE*RPM

The SAS System

The GLM Procedure

Class Level Information

Class Levels
RATE 3
RPM 3

Values

0.332 0.498 0.664

60 80

Number of observations 45

DF Sum of Squares
8 32.95768000
36 6.91044000
44 39.86812000
R-Square  Coeff Var
0.826668  0.623535
DF Type I SS

2 31.76572000
2 0.85356000

4 0.33840000
DF Type IIT SS

2 31.76572000
2 0.85356000

4 0.33840000

Mean Square F Value

4.11971000

0.19195667

Root MSE
0.438129

Mean Square
15.88286000
0.42678000

0.08460000

Mean Square
15.88286000
0.42678000

0.08460000

100

21.46

L Mean

70.26533

F Value
82.74
222

0.44

F Value
82.74
2.22

0.44

Pr>F

<.0001

Pr>F
<.0001
0.1229

0.7783

Pr>F
<.0001
0.1229

0.7783
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The SAS System

The GLM Procedure

t Tests (LSD) for L

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 36

Error Mean Square 0.191957
Critical Value of't 2.02809

Least Significant Difference 0.3245
Means with the same letter are not significantly different.

t Grouping Mean N RATE

A 71.0040 15 0.498

A
A 70.7020 15 0.332
B

69.0900 15 0.664



Alpha

The SAS System

The GLM Procedure

t Tests (LSD) for L

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference
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NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

0.05

36
0.191957
2.02809

0.3245

Means with the same letter are not significantly different.

t Grouping

Level of Level of

RATE RPM
0.332 60
0.332 80
0.332 100
0.498 60
0.498 80
0.498 100
0.664 60
0.664 80
0.664 100

N

5

Mean N RPM

70.4593 15 60

70.1833 15 80

70.1533 15 100

L
Mean Std Dev

69.1540000  0.58722227
69.0520000  0.75483111
69.0640000  0.24296090
71.0420000  0.16483325
70.6040000  0.50549975
70.4600000  0.52215898
71.1820000  0.12517987
70.8940000  0.19152023
70.9360000  0.38246568



Dependent Variable: DEN

The SAS System

The GLM Procedure

Class Level Information

Class Levels Values

RPM 3 60 80 100

Number of observations 15

Source DF Sum of Squares Mean Square F Value Pr>F
Model 2 0.00350653 0.00175327  0.87  0.4426
Error 12 0.02409720 0.00200810
Corrected Total 14 0.02760373
R-Square Coeff Var Root MSE  DEN Mean
0.127031  7.589222  0.044812 0.590467
Source DF Type I SS Mean Square F Value Pr>F
RPM 2 0.00350653 0.00175327 0.87 0.4426
Source DF Type IIT SS Mean Square F Value Pr>F
RPM 2 0.00350653 0.00175327 0.87 0.4426
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The SAS System

The GLM Procedure

t Tests (LSD) for DEN

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 0.002008
Critical Value of' t 2.17881

Least Significant Difference 0.0618

Means with the same letter are not significantly different.

t Grouping Mean N RPM

A 0.60860 5 100

A 0.59160 5 80
A
A 0.57120 5 60
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The SAS System

The GLM Procedure

Class Level Information

Class Levels Values
RATE 3 0.332 0.498 0.664
RPM 3 60 80 100

Number of observations 45

Dependent Variable: DEN

Source DF Sum of Squares Mean Square F Value Pr>F
Model 8 0.00334218 0.00041777 .22 0.3140
Error 36 0.01229960 0.00034166
Corrected Total 44 0.01564178
R-Square Coeff Var Root MSE  DEN Mean
0.213670  4.527908 0.018484 0.408222
Source DF Type I SS Mean Square F Value Pr>F
RATE 2 0.00062098 0.00031049 0.91 0.4121
RPM 2 0.00104404 0.00052202 1.53  0.2307
RATE*RPM 4 0.00167716 0.00041929 1.23  0.3165
Source DF Type IIT SS Mean Square F Value Pr>F
RATE 2 0.00062098 0.00031049 0.91 0.4121
RPM 2 0.00104404 0.00052202 1.53  0.2307
RATE*RPM 4 0.00167716 0.00041929 1.23  0.3165
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The SAS System

The GLM Procedure

t Tests (LSD) for DEN

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 36

Error Mean Square 0.000342
Critical Value of't 2.02809

Least Significant Difference 0.0137

Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 0.413467 15 0.332

A 0.405867 15 0.664
A
A 0.405333 15 0.498



Alpha

The SAS System

The GLM Procedure

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference
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t Tests (LSD) for DEN

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

0.05

36
0.000342
2.02809

0.0137

Means with the same letter are not significantly different.

t Grouping

Level of Level of

A
A
A

RATE RPM
0.332 60
0.332 80
0.332 100
0.498 60
0.498 80
0.498 100
0.664 60
0.664 80
0.664 100

Mean N RPM
0.414800 15 60
0.406467 15 80
0.403400 15 100
DEN
Mean Std Dev
0.41840000  0.01712600
0.41500000  0.01773415
0.40700000  0.01632483
0.42060000  0.00850294
0.39240000  0.03449348
0.40300000  0.00956556
0.40540000  0.02048902
0.41200000  0.01617096
0.40020000  0.01287245
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The SAS System

The GLM Procedure

Class Level Information

Class Levels Values

RATE 3 60 80 100

Number of observations 15

Dependent Variable: EXP

Source DF Sum of Squares Mean Square F Value Pr>F
Model 2 0.00105333 0.00052667 021  0.8114
Error 12 0.02972000 0.00247667

Corrected Total 14 0.03077333

R-Square Coeff Var Root MSE  EXP Mean

0.034229  1.200534  0.049766 4.145333

Source DF Type I SS Mean Square F Value Pr>F
RATE 2 0.00105333 0.00052667 0.21 0.8114
Source DF Type IIT SS Mean Square F Value Pr>F

RATE 2 0.00105333 0.00052667 0.21 0.8114
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The SAS System

The GLM Procedure

t Tests (LSD) for EXP

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 12

Error Mean Square 0.002477
Critical Value of' t 2.17881

Least Significant Difference 0.0686

Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 4.15400 5 100

A 4.14800 5 60
A
A 4.13400 5 80
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The SAS System

The GLM Procedure

Class Level Information

Class Levels Values
RATE 3 0.332 0.498 0.664
RPM 3 60 80 100

Number of observations 45

Dependent Variable: EXP

Source DF Sum of Squares Mean Square F Value Pr>F
Model 8 0.28556444 0.03569556 3.15  0.0083
Error 36 0.40816000 0.01133778
Corrected Total 44 0.69372444
R-Square Coeff Var Root MSE  EXP Mean
0.411640  2.234554  0.106479 4.765111
Source DF Type I SS Mean Square F Value Pr>F
RATE 2 0.05235111 0.02617556 2.31 0.0039
RPM 2 0.15155111 0.07577556 6.68 0.1134
RATE*RPM 4 0.08166222 0.02041556 1.80  0.1501
Source DF Type IIT SS Mean Square F Value Pr>F
RATE 2 0.05235111 0.02617556 2.31 0.0039
RPM 2 0.15155111 0.07577556 6.68 0.1134
RATE*RPM 4 0.08166222 0.02041556 1.80  0.1501
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The SAS System

The GLM Procedure

t Tests (LSD) for EXP

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

Alpha 0.05
Error Degrees of Freedom 36

Error Mean Square 0.011338
Critical Value of' t 2.02809

Least Significant Difference 0.0789

Means with the same letter are not significantly different.

t Grouping Mean N RATE
A 4.81333 15 0.332

4.74200 15 0.498

T W = >

4.74000 15 0.664



Alpha

The SAS System
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The GLM Procedure

t Tests (LSD) for EXP

Error Degrees of Freedom

Error Mean Square

Critical Value of t

Least Significant Difference

NOTE: This test controls the Type I comparisonwise error rate, not the experimentwise error rate.

0.05

36
0.011338
2.02809

0.0789

Means with the same letter are not significantly different.

t Grouping

Level of Level of

RATE RPM
0.332 60
0.332 80
0.332 100
0.498 60
0.498 80
0.498 100
0.664 60
0.664 80
0.664 100

N

5

Mean N RPM
4.82800 15 100
477933 15 60
4.68800 15 80
EXP
Mean Std Dev
4.88000000  0.02121320
4.71600000  0.03361547
4.84400000  0.04615192
4.71000000  0.09354143
4.73200000  0.04658326
4.78400000  0.08324662
4.74800000  0.11410521
4.61600000  0.25264600
4.85600000  0.06024948



Regression

Linear
Quadratic
Crossproduct

Total Model

Residual

Lack of Fit
Pure Error

Total Error

The SAS System

The RSREG Procedure

Coding Coefficients for the Independent Variables

Factor Subtracted off Divided by
METHOD 1.500000 0.500000
RATE 800.000000 200.000000
TIME 4.000000 2.000000

Response Surface for Variable FAT

Response Mean 18.462078
Root MSE 0.614570
R-Square 0.9973

Coefficient of Variation 3.3288

Type I
DF  Sum of Squares R-Square F Value
3 11181 0.9946 9867.97
2 13.995066 0.0012 18.53
3 16.582315 0.0015 14.63
8 11212 0.9973 3710.61

DF Sum of Squares  Mean Square  F Value

9 23.252046 2.583561 25.34
72 7.341343 0.101963

81 30.593388 0.377696

Pr>F

<.0001
<.0001
<.0001

<.0001

Pr>F

<.0001
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Parameter Estimate from Coded

Parameter DF Estimate Standard Error t Value Pr>[t| Data
Intercept 1 75.776656 2.560298 29.60  <.0001 17.689022
METHOD 1 -26.768956  0.721375 -37.11 <0001  -11.118878
RATE 1 -0.040369 0.005721 -7.06  <.0001 -0.803750
TIME 1 -1.531550 0.359230 -4.26  <.0001 -0.514333
METHOD*METHOD 0 0 . . . 0
RATE*METHOD 1 0.005075 0.000793 6.40  <.0001 0.507483
RATE*RATE 1 0.000017423 0.000003436 5.07 <.0001 0.696917
TIME*METHOD 1 0.117833 0.079341 1.49  0.1414 0.117833
TIME*RATE 1 0.000215 0.000243 0.89  0.3779 0.086150

TIME*TIME 1 0.115667 0.034356 3.37 0.0012 0.462667



Factor DF

METHOD 3

RATE 4

TIME

The SAS System

The RSREG Procedure

Sum of Squares Mean Square

11143 3714.311772
64.223933 16.055983
21.283490 5.320873

The RSREG Procedure

F Value

9834.13
42.51

14.09

Canonical Analysis of Response Surface Based on Coded Data

Critical Value
Factor Coded Uncoded
METHOD -55.898032 -26.449016
RATE 20.572735 4914.547073
TIME 5.758621 15.517241

Predicted value at stationary point: 318.702120

Eigenvalues

0.790278
0.455249

-0.085943

Eigenvectors

METHOD RATE

TIME

0.312842 0.932803 0.178908

0.018604 -0.194344 0.980757

0.949623 -0.303493 -0

.078153

Pr>F

<.0001
<.0001

<.0001
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Response: fat (spray frying without centrifuge)

Sequential Model Sum of Squares

Source
Mean
Linear
2F1
Quadratic
Cubic
Residual

Total

Sum of Squares

3874.52

0.50

1.000E-004

0.098
8.514E-003
8.324E-003

3875.14

DF

1

13

Mean Square
3874.52
0.25
1.000E-004
0.049
4.257E-003
1.665E-003

298.09

132

"Sequential Model Sum of Squares": Select the highest order polynomial where the

additional terms are significant and the model is not aliased.

Lack of Fit Tests

Source
Linear
2F1
Quadratic
Cubic

Pure Error

"Lack of Fit Tests": Want the selected model to have insignificant lack-of-fit.

Sum of Squares

0.11
0.11

9.317E-003

8.035E-004

7.520E-003

DF

Mean Square
0.018

0.021
3.106E-003
8.035E-004

1.880E-003

F Value Prob>F
21.89 0.0002
7.838E-003 0.9314
20.37 0.0012 Suggested
2.56 0.1718 Aliased
F Value Prob>F
9.52 0.0235
11.42 0.0176
1.65 0.3126 Suggested
0.43 0.5489 Aliased
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Model Summary Statistics
Adjusted Predicted

Source Std.Dev. R-Squared R-Squared R-Squared PRESS

Linear 0.11 0.8141 0.7769 0.6697 0.20

2F1 0.11 0.8142 0.7523 0.6002 0.25
Quadratic 0.049 0.9728 0.9533 0.8738 0.078 Suggested
Cubic 0.041 0.9865 0.9677 0.8978 0.063 Aliased

"Model Summary Statistics": Focus on the model maximizing the "Adjusted R-Squared"

and the "Predicted R-Squared".



134

Response: fat (spray frying with centrifuge)

Sequential Model Sum of Squares

Source Sum of Squares DF Mean Square F Value Prob > F

Mean 3842.14 1 3842.14 Suggested
Linear 0.18 2 0.088 1.49 0.2712

2F1 7.225E-003 1 7.225E-003 0.11 0.7459

Quadratic 0.31 2 0.15 3.97 0.0703 Suggested
Cubic 0.26 3 0.087 27.44 0.0040 Aliased
Residual 0.013 4 3.159E-003

Total 3842.90 13 295.61

"Sequential Model Sum of Squares": Select the highest order polynomial where the

additional terms are significant and the model is not aliased.

Lack of Fit Tests

Source Sum of Squares DF Mean Square F Value Prob > F

Linear 0.58 6 0.096 30.43 0.0027

2F1 0.57 5 0.11 36.06 0.0020

Quadratic 0.26 3 0.087 27.44 0.0040 Suggested
Cubic 0.000 0 Aliased
Pure Error 0.013 4 3.159E-003

"Lack of Fit Tests": Want the selected model to have insignificant lack-of-fit.
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Model Summary Statistics

Source Std. Dev.  R-Squared Adjusted Predicted PRESS
R-Squared R-Squared
Linear 0.24 0.2297 0.0756 -0.3390 1.02
2F10.25 0.2391 -0.0145 -0.8781 1.44
Quadratic 0.20 0.6437 0.3892 -1.4628 1.88 Suggested
Cubic 0.056 0.9835 0.9505 + Aliased

+ Case(s) with leverage of 1.0000: PRESS statistic not defined

"Model Summary Statistics": Focus on the model maximizing the "Adjusted R-Squared"

and the "Predicted R-Squared".
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