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   Modification of waxy rice starch by heat-moisture treatment is a physical 

modification that can change some properties of the starch. The modification of waxy 

rice starch was performed by using two temperature levels, 100 C and 120 C, with 

three moisture levels, 10, 20 and 30 and heating periods of 1 and 4 hours. The 

treatment did not affect the granular size, shape, or crystal structure. Investigation using 

X-ray diffraction showed similar crystal structure to type A with 3 peaks at original 

angles after modification. However, the modification caused the starch to have an 

increase or decrease of crystalinity and amylose content. In addition, the whiteness (L*), 

yellowness (b*) and -amylase digestibility of the starch tended to be higher with 

increasing modification degree. The analysis of gelatinization by a Differential Scanning 

Calorimeter showed that the moisture content of 20 and 30 increased the onset, peak 

and end temperatures and the enthalpy. Rapid Visco Analyser revealed that peak 

viscosity, breakdown, and setback of the modification starch tended to be decreased. 

The swelling power, solubility, and clarity of the starch also tended to be decreased with 

increasing modification degree.
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1

1

1.1

(retrogradation)

 (food ingredients) 

(starch modification) 

(cross-linking)

(substitution) (acid-thinning)

(heat-moisture treatment) 

100 35

(Jacobs and Delcour, 1998)



2

(Jacobs and Delcour, 1998)

1.2

1.3

1.4

10 20 30 100 120

1 4

1.5

1.5.1  

1.5.2

1.5.3

(food ingredients) 



3

2

2.1

(Oryza sativa L.) 5,000

2,500

91

31

20

(Oryza glaberrima)

1,500

Oryza sativa



12-20)

( 20-25)

2.2

4.5-15.9 Kennedy , 2003) 

0.5

0.1-0.2)

73-85 0.07-

0.42 Kennedy , 2003)

2.2.1

2,000

(glucosidic linkage) 1,4 ( -1,4)

1,6 ( -1,6)

40-67

33-60 (Juliano, 1998)

(degree of polymerization) 987-1225

276-430 (Lii , 1998)

2-

1) (hydrophobic)



(van der Waals) 

80

610

2-1

:  (2546)

2.2.2

1,4 ( -1,4)

1,6 ( -1,6) 2-2

2-2

:  (2546)



Hizukuri (1986) 3

1- 4)

1 2-3

2-3

: Eliasson (2004)

 (degree of 

polymerization) 2,700 - 12,000 

128-586 (Lu , 1997) 19,000

(Hizukuri, 1993)

2.2.3

0.3-0.4

0.03 (Morrison 1984, 1987) 

32 (lysophosphatidyl choline) 68



(Morrison 1984)

2

0.048

0.013 

0.003 (Lim 1994; Jane , 1996)

2.3

2.3.1

3-8

Sodhi (2003)

2.4-5.4

4.9-5.7 (Qi , 2003) 

(Yano , 1985)

2.3.2

 4 (Katz Itallie, 1930)

17 17.9 2

5.6 2 17 17.9 2

5.6 17.9

2 (Gidney,

1987; Bogracheva , 1998; Buleon , 1998) 

7-8 13 19-20 22-23 2 (Buleon , 1998) 2-4



2-4

: Buleon (1998)

(semi-crystalline)

(crystalline) (amorphous)

3 2.124

1.172 1.069

8

(Imbery , 1991) 2-5

2-5 (A) (B)

: Buleon (1998)



(relative crystallinity) 

(Eliasson, 2004)

2.3.3

(birefringence)

 (Tester Morrison, 1990a)

Tester (1996a)

(degree of polymerization) 

Vandeputte (2003)

6-9

12-22

(Lii , 1996)



Sodhi 

(2003) 7.8)

2-1 Lii (1995)

2.33 (Leloup , 1991)

(Hennig

1976)

2-1

/

PR-106          16.1 bc 28.8 bc 0.319 b

PR-114          16.1 c 28.6 b 0.360 d

IR-8          15.6 30.1 c 0.307 b

PR-103           7.8 33.2 d 0.287 a

PR-113          18.9 26.1 a 0.346 c

:

95 (P<0.05)

: Sodhi (2003)

Lawal (2005)

2-12

12

Adebowale (2003)



(1)

2

2 (2)

(Tester , 1990) (3) 

(4) (5)

20

20

2.3.4

(hydration)

(irreversible swelling) 

(solubilization) (Slade Levine, 1988)

1.

2.

(birefringence)

(maltese cross) 

3.

4.  (swelling and leaking) 



5 10

95

5. (endothermic transition) 

(endothermic process)

6.  (rheological properties) 

2 (Eliasson, 2004)

1

6 (O-6) (-OH)

2

2

70)

(endothermic process) 

(glassy state) (rubbery state) 

(glass transition) 

(first-order transition) 

“ ”

“ ”



2-6 /

(Eliasson, 2004)

2-6

: Eliasson (2004)

Differential Scanning Calorimeter (DSC)

DSC

Stevens , 1971, Biliaderis , 1980, Nakazawa ,

1984, Krueger ,1987) (Atwell , 1988, Yuan ,

1993) (onset

temperature; T0) (peak temperature; Tp) (conclusion

temperature; Tc) ( H) 2-7



2-7 Differential

Scanning Calorimetry (DSC) T0: , Tp:

Tc:

: Eliasson (2004)

(rheological properties) 

(brabender Visco Amylograph) 

Rapid Visco Analyzer (RVA) 

2-8

(peak viscosity)

RVA

(through)

(setback)
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2-8 Rapid Visco Analyzer 

(RVA) A= (pasting temperature), B=

(peak viscosity), C= (Though), D=

(breakdown), E= 

(setback) F=

(final viscosity)

Han (2001)

10

100 (breakdown)

17

Vandeputte  (2003) 

5 10

Singh 

(2000)  Fitzgerald  (2003) 



Wang (2002)

2.3.5

(Karim , 2000)

1

(Zhou , 2002) 

(Lii , 1998; Zhou , 2002



2.3.6

(Schoch, 1942) 

Sodhi (2003)

junction zone (Perera

1999)

(Jane , 1996) 

(Kasemsuwan , 1996)

(Kerr , 1962; Mellies , 1961; Hoover , 1981; Maningat, 1986) 

2.4

(Jacob , 1998) 

1. (autoclave)

Lim (2001)

(2547)

2. (hot-air oven) 

Adebowale Lawal (2003) 

Hoover Manuel (1996) 



3. Anderson Guraya

(2006)

18-30 100-120 30 16

 (Kulp Lorenz, 1981;  Hoover Manuel, 1996;  

Perera , 1997 Gunaratne Hoover, 1996) 

(retort sterilizer) (Maruta 

, 1994) 

(Anderson

Guraya, 2006) 

(Lu , 1996, Kim ,

1990) (Lu , 1996)

Kim (1990)

Lu (1994)

Hoover Manuel (1996), Hoover (1993) Hoover Vasanthan

(1994)

(Takaya , 2000) 

B A

(Kawabata , 1982) Gunaratne Hoover (2001) 

B A+B

( 2547)



To (onset temperature), Tp (peak temperature) 

Tc (conclusion temperature) 

(Tc-Tp) (Donovan , 1983;  Stute, 

1992;  Hoover Manuel, 1996;  Lu , 1996;  Perera , 1997;  Collado 

Corke, 1999;  Takaya , 2000;  Lai, 2001;  Lim , 2001;  Miyoshi, 

2002;  Gunaratne Hoover, 2002) transition temperature 

(Miyoshi, 2002) 

(Stute, 1992) 

(Hoover

Gaunaratne, 2002;  Hoover Manuel, 1996;  Anderson Guraya, 2006) 

(Anderson,

2002, Guraya , 2002)

2.5

2.5.1

Anderson (2006)

(2547)



Hoover (1996)

100

16 30

Sair (1967) 

95, 105 110

16

Adebowale (2003)

100

16 18, 21, 24 27

(Scanning Electron Microscopy) 

(Abraham, 1993) 

Kulp (1981)

100 16

18, 21, 24 27

(Scanning Electron Microscopy)

Kawabata , 1994 

125

110 20 30

Gunaratne (2002)

100 10

30

Lawal (2005) 



100

16

2.5.2

125

20

(Kawabata , 1994) 

Miyoshi (2002) 

110 30

Vermeylen (2006)

90, 100, 110, 120 130 24

23

130

(backbone)

Lim (2001)

120

1 20-25

(Takaya , 2000) 

Shin (2004)

(acid-hydrolysis) autoclaving-cooling

autoclaving-cooling



17.3 5.6 2

15 17 2

Lawal (2005) 

100

16 18, 21, 24 27

 Hoover (1996)

100 16

30

Kawabata (1994)

(retort) 125

5 20 5

13 2

Miyoshi (2002) 

(2547)

120

60 25

(Lu , 1996)



2.5.3

Differential Scanning Calorimetry (DSC)

Lu (1996)

100 121 10 20

100

20

121

(Mahanta , 1989; Murugesan , 1989) 

(Kulp , 1981) (2547)

120 60

25 T0, Tp, Tc (Tc-T0)

Adebowale (2003)

100

16 18, 21, 24 27

(onset temperature; T0)

(peak temperature; Tp) (conclusion

temperature; Tc)  (Tc-T0) ( H)

T0, Tp, Tc (Tc-T0)

T0, Tp, Tc (Tc-T0)



(Hoover , 1996)

Hoover (1996) T0, Tp  Tc

Tc-T0

Tc-T0

( H)

Gunaratne (2002)

100

10 30

T0, Tp Tc

Donovan (1983)

100 16 18, 21, 

24 27

Miyoshi

(2002) Lim (2001) T0, Tp Tc

(intercrystalline



amorphous region) 

(Lim , 2001)

2.5.4

Rapid Visco 

Analyzer (RVA) (peak viscosity), 

(breakdown)

(final viscosity) (Anderson , 2006; , 2547) 

( , 2547) 

Adebowale (2003)

(pasting temperature) 

(peak viscosity) 

24 27

50

(BeMiller ,

1996)

(breakdown)

(Collado , 2001) 



2.5.5

Hoover (1995)

100 16

30

Adebowale (2003) Lawal (2005) 

100 16

18, 21, 24 27

Kulp

(1981)

Gunaratne (2002)

100 10



30

Sair (1976) 

 100, 105 110 2, 4, 8, 12 18

95, 105 110 16

18, 21, 24 27

60 30

105

110

(2547)

6 90, 105 60

105 120

30 60 20 25

6

2.5.6

(Craig , 1989)



Lawal (2005) 

(transmittance)

100 16

18, 21, 24 27

junction zone 

Sair (1967) 

105 16

95 105 2, 4, 8, 16 

18

(2547)

105 120

30 60 20

25 6 105

60

2.5.7

Hoover (1996)

100



16

/

 Kulp (1981)

100 16

18 21 24 27

Gunaratne (2002)

100 30 10

(Planchot , 1997)

Kurakake (1996)

Anderson (2002)

Celia (1996)

100

16 18 24 27



18

18

24

27

2.6

 (2547)

1

Miyazaki (2005)

20

(shortening)



31

3

3.1

0.5

3.2

3.2.1 (Sartorius, BP 3100S,Germany)

3.2.2 (hot air oven) (WTB binder, Germany)

3.3.3 (Rapid Visco Analyzer; RVA) (Newport 

Scientific, Model RVA-4, Australia)

3.3.4 (sputter coater) (Cressington, 108, England)

3.3.5 (Scanning Electron Microscopy; 

SEM) (Camscan, MX 2000, England)

3.3.6 Kendro, RC-6 Germany)

3.3.7 (standard pH meter) (PHM 210, France)

3.3.8 (suction pump) (Eyela, Aspirator A-3S, Tokyo)

3.3.9 (stuart Scientific, SBS 30, USA)

3.3.10 (Type M 22111, Thailand)

3.3.11 (UV-visible spectrophotometer) (Spectronic 

Unicam, GENESYS 10 UV, USA)

3.3.12 Differential Scanning Calorimeter; DSC (Pyris1, USA)

3.3.13  (colorimeter)

3.3.14 X-ray Diffractometer (Bruker, D8 Advance, Germany)

3.3.15

3.3.16 50

3.3.17 17 20

3.3.18 6 8 12 18

3.3.19



3.3.20

3.3.21

3.3.22

3.3.23

3.3.24

3.3.25

3.3.26

3.3.27

3.3.28

3.3.29 (volumetric flask)

3.3.30 (cuvette)

3.3.31

3.3.32 (whatman) 1

3.3.33 (funnel)

3.3.34 (tongs forceps)

3.3.35 (desiccator)

3.3.36 (moisture can)

3.3.37

3.3.38 (suction flask buchner funnel)

3.3

3.3.1

-

- 95

-

-

-

-

3.3.2  

-

-

-



- (Soluble potato starch)

-

-

-

- (Deionized water)

-

-

-

- (Alpha-amylase from porcine 

pancreatic suspension in 2.9 M NaCl solution sontaining 3 mM CaCl2) (Sigma Aldrich, 

Germany)

3.4

3.4.1

 3.4.1.1

13 250 10

50 1 20 30

3.4.1.2 50

2

3.4.1.3 100 120

1 4 1)

 3.4.1.4  

13 50



1

1

(native starch)

- - -

2

3

4

5

10

10

10

10

100

100

120

120

1

4

1

4

6

7

8

9

20

20

20

20

100

100

120

120

1

4

1

4

10

11

12

13

30

30

30

30

100

100

120

120

1

4

1

4

3.4.2

  3.4.2.1 Scanning Electron Microscopy 

(SEM) (Walker, 1976) 

3.4.2.2 (AOAC, 1990) 

3.4.2.3 Colorimeter (Nollet, 1996) 

3.4.2.4 (Leach et al., 1959)

  3.4.2.5 (Craig et al., 1989) 

3.4.2.6 Rapid Visco Analyzer (RVA) 

(Newport Scientific Pty, Ltd., 1995) 



3.4.2.7 Differential Scanning 

Calorimeter (DSC) (Perdon, 1999)

3.4.2.8 X-ray Diffraction (Shi and Seib, 1992)     

(Juliano, 1971) 

3.4.2.9 (susceptibility to enzyme 

digestion) (Dubois et al., 1956) 

3.4.3

10, 20 30 (100 120

(1 4

3 2 2+1 Augmented Factorial Design 

Least Significant Difference (LSD) 95

SAS 8.1 (SAS Institute, NC, USA)

10, 20 30 (100

120 (1 4

3 2 2 Factorial Design Least Significant Difference (LSD) 

95 SAS 8.1 (SAS 

Institute, NC, USA)



36

4

4.1

Scanning

Electron Microscopy (SEM)

3-9  4-1

4-1 100,

500 2000

30-

120-4

4-2 4-11

30 4-13



37

4-2 10-100-1

100, 500 2000

4-3 10-100-4

100, 500 2000

4-4 10-120-1

100, 500 2000

4-5 10-120-4

100, 500 2000



38

4-6 20-100-1

100, 500 2000

4-7 20-100-4

100, 500 2000

4-8 20-120-1

100, 500 2000

4-9 20-120-4

100, 500 2000



39

4-10 30-100-1

100, 500 2000

4-11 30-100-4

100, 500 2000

4-12 30-120-1

100, 500 2000

(2547) Anderson (2006)

(Hoover , 1996; Sair, 1967) (Adebowale

2003) (Abraham, 1993; Gunaratne 2002)

(Kulp 1981)

(Gunaratne 2002)



40

30-120-4

4-13

4-13 30-120-4

100, 500 2000



41

4.2

L*, a* b* 

-2 

4-14 4-16

95

95.5

96

96.5

97

97.5

0 10 20 30

L
*

Native starch
100-1

120-1

100-4

120-4

 4-14 L* 10, 20 

30 (Native starch)

L* 

30-100-4 30-120-4 a* 

a*

a*

a* 

a* -2 4-15



42

0.25

0.27

0.29

0.31

0.33

0.35

0 10 20 30

a
*

100-1

120-4

120-1

100-4

Native starch

 4-15 a* 10, 20 

30 (Native starch)

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0 10 20 30

b
*

Native starch

120-4

100-4

100-1
120-1

 4-16 b* 10, 20 

30 (Native starch)



43

b* b*

b*

b*

-2 4-16 Lu , 1994 

(2547) b*

(pyrolysis)

(non-enzymatic browning) (dry heat) 

D-glucose

-D-(1 4)-glycosidic

-D-(1 6), -D-(1 6)

4-17 anhydro ring 

1,6-anhydro

(Whister , 1985) 

4-17  (pyrolysis)

: Horton (1965)



44

(Horton, 1989) 

Furan, 2-Furaldehyde, 2,5-Dimethylfuran 1,6-

anhydro- -D-glucopyranose (isomerization)

(Furanose)

(Formaldehyde) 2-furaldehyde

(Furan)



45

4.3

(Native starch) 

(X-ray 

diffractometer) 2

15 1 2 17-18 2
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Lu , 1996; Perera , 1997; Miyoshi, 2002 Gunaratne , 2002
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1. (AOAC, 1990)

130 1

4

2 4

130

2

4

=   ( / )  100

2.

(Scanning Electron Microscopy, SEM) (Walker, 1976)

2.1

(aluminium stub)

2.2

2.3

2.4

15 100, 500 2000

3. (Nollet, 1996)

Hunter L, a b

4. (Juliano, 1971)

4.1

0.040 100

95 1

1 9

10

100
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4.2

0.100

4.3

4.2 5 100

70 1 1

0.2

2.0 100 2 100
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620

0

4.3

4.1 1, 2, 3, 4 5

100 70 1

0.2, 0.4, 0.6, 0.8 1.0
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2.0 100

620

100 8, 16, 24, 32 
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y = 0.0123x + 0.0101

R
2
 = 0.9978

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0 10 20 30 40 50

( 100 )

(
)

-1 100

620

5. X-ray

Diffractometer (Cheetham , 1998)

5.1

7 Petri dish) 

(desiccator) 24

13-14)

5.2 X-ray Diffractometer

5.2.1

5.2.2

(target) (Cu) 30 40

5.00 40.00 0.02 2

5.2.3

(Relative crystallinity) Cheetam

(1998)
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= (A)  100

(B)

(A) (B)

-2

5.3

)

-2 X-ray diffractometer 

A), B)
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6. Rapid Visco 

Analyser (RVA) (Newport Scientific Pty. Ltd., 1995)

6.1 AOAC (1990) 

6.2

=        100  4 

           (100 –

= 25 + 4 -

6.3

(paddle)

6.4 STD1

50 960

10 50 160

1 50 160

4 42 95 160

7 12 95 160

11 50 160

13 50 160

(pasting temperature) 

(peak viscosity) (trough)

(breakdown) (final viscosity) 

(setback)
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7. Differential Scanning 

Carorimeter (DSC) , 2543 Baker ,

1998)

7.1

3.5 70

(microsyring) (DSC pan) 

1 Differential Scanning Carorimeter 

(DSC) 25 5 120

10

(T0, Tp1, Tp2 Tc;

( Hgelatinization; J/g) 

7.2

 (T0, Tp1, Tp2 Tc; 

( Hgelatinization; J/g) 

8. (Susceptibility to enzyme 

digestion)

8.1 (Alpha-

amylase from porcine pancreatic) (Bernfeld, 1995) 

8.1.1

8.1.1.1 20

0.0067 6.9 20

0.138 50

0.0067 6.9

1 20

(deionized water) 

8.1.1.2 1.0

(Soluble potato starch) 0.250 8.1.1.1
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100 15

25

8.1.1.3 5.3

37.396

2

25 2

8.1.1.4 96

0.548

25

8.1.1.5 8.1.1.3 8

8.1.1.4 20 40

6

8.1.1.6 0.2

90 2-3

0.050 25

8.1.1.7

1

1 (1

8.1.2

-1 10

4 1-3 4

20

1 Unit enzyme) 

1.0 3 6.9 20
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-1

8.1.2.1 8.1.1.2)

3

8.1.2.2 ( 8.1.1.7)

3

8.1.2.3 ( 8.1.1.5)

8.1.2.4 ( 8.1.1.7)

15

8.1.2.5

540 0

1.00

1.00

1.00

---

9.00

1.00

---

1.00

1.00

9.00

8.1.3

-2 10

6

0.4, 0.8, 1.2, 1.6 2.0

-3
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-2

1 2 3 4 5

8.1.3.1

8.1.1.2)

8.1.3.2

8.1.3.3 8.1.1.5)

15

8.1.3.4

540

0

0.20

1.80

1.00

9.00

0.40

1.60

1.00

9.00

0.60

1.40

1.00

9.00

0.80

1.20

1.00

9.00

1.00

1.00

1.00

9.00

---

2.00

1.00

9.00

8.1.4

8.1.2

8.1.5

= A  (df)

    B

A   =

B   =

df  = (dilution factor)
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y = 0.583x - 0.0736

R
2
 = 0.9993

0.0

0.2

0.4

0.6

0.8

1.0

1.2

0.0 0.5 1.0 1.5 2.0 2.5

( )

5
4
0

-3

540

8.2 (Li , 2003)

8.2.1 100

(screw cap tube) 0.1

0.006 6.9 10

8.2.2 37 10

8.2.3 31.68 5

(specific activity) 

1,122 32

37 160

6

8.2.4 7,000

5

3 95 2
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8.3 -  (Dubois 

, 1956)

8.3.1

8.3.1.1 0.1

0.01

8.3.1.2

-3

-3  0-100

0.01

/

1

2

3

4

5

6

0

0.1

0.4

0.6

0.8

1.0

1.0

0.8

0.6

0.4

0.2

0

0

20

40

60

80

100

8.3.1.3 5 1

8.3.1.4 5

30

8.3.1.5 485

-4
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y = 0.007x + 0.0078

R
2
 = 0.9958

0

0.2

0.4

0.6

0.8

0 20 40 60 80 100

( )

4
8
5

-4

485

8.3.2

8.3.2.1 100

8.3.2.2 1

10 8.3.1.3 8.3.1.5

1 dilution factor) 

1,000 10

10

100

8.2.1)

100

(  enzyme hydrolysis) (Hoover , 1996b)
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9.

Leach , 1959)

(moisture can) 105

4  0.5

25

85 30

140 15,000

15

(moisture can) 105

4

=  100

=  100

(100 -

10. (Craig , 1989)

0.05 10

5 100

30 140

30

(  transmittance) 650
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-1 (  Relative crystallinity) 

(Native starch)

(  Relative crystallinity)

Native starch 38.82

10-100-1 36.41

10-100-4 39.01

10-120-1 41.31

10-120-4 36.98

20-100-1 43.17

20-100-4 40.81

20-120-1 37.95

20-120-4 39.97

30-100-1 40.27

30-100-4 38.65

30-120-1 39.80

30-120-4 35.83
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-2 L*, a*, b*

(Native starch)

L* a* b*

Native starch 96.94  0.01
g

0.31  0.00
abcd

0.20  0.03
f

10-100-1 97.07  0.06
de

0.33  0.02
ab

0.29  0.04
d

10-100-4 97.25  0.07
a

0.32  0.02
ab

0.26  0.04
de

10-120-1 97.22  0.03
a

0.29  0.02
de

0.33  0.03
c

10-120-4 97.12  0.05
cd

0.30  0.01
bcd

0.40  0.02
b

20-100-1 97.22  0.01
a

0.29  0.01
cde

0.22  0.04
ef

20-100-4 97.19  0.07
ab

0.31  0.03
abcd

0.28  0.09
d

20-120-1 97.23  0.05
a

0.29  0.02
de

0.23  0.03
ef

20-120-4 97.06  0.03
ef

0.32  0.03
abc

0.26  0.01
de

30-100-1 97.15  0.01
bc

0.29  0.03
de

0.12  0.01
g

30-100-4 96.81  0.02
h

0.33  0.02
 a

0.21  0.03
f

30-120-1 97.01  0.02
f

0.30  0.02
bcd

0.14  0.02
g

30-120-4 95.31  0.14
i

0.30  0.03
cde

1.15  0.05
a

: 3 2
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-5 85

(Native starch)

Native starch 27.71  0.32
a

4.47  0.85
d

10-100-1 22.49  1.36
c

4.80  0.76
bcd

10-100-4 25.24  0.67
b

5.38  0.08
b

10-120-1 23.30  0.49
c

4.67  0.22
cd

10-120-4 21.98  1.43
c

5.14  0.42
bc

20-100-1 22.81  0.76
c

4.63  0.18
cd

20-100-4 16.18  0.77
e

2.72  0.18
f

20-120-1 18.40  0.66
d

3.40  0.36
e

20-120-4 11.76  1.28
e

1.76  0.25
g

30-100-1 18.02  1.56
d

3.38  0.45
e

30-100-4 12.02  0.73
e

1.77  0.26
g

30-120-1 15.49  0.31
e

2.50  0.14
f

30-120-4 17.96  0.35
d

7.23  0.34
a

: 2 2

 : 
abcd…

95
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-6 (  Transmittance)

(Native starch)

(  Transmittance)

Native starch 22.20  0.12
b

10-100-1 19.35  0.24
cde

10-100-4 19.78  0.37
bc

10-120-1 19.83  0.15
bc

10-120-4 19.73  0.34
bc

20-100-1 19.50  0.29
cd

20-100-4 18.83  0.36
ef

20-120-1 18.98  0.36
de

20-120-4 18.33  0.29
fg

30-100-1 19.68  0.55
bc

30-100-4 18.00  0.43
g

30-120-1 18.28  0.46
fg

30-120-4 23.90  0.79
a

: 2 2

 : 
abcd…

95
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-7

(Native starch)

100

Native starch 3.49  0.18
bc

10-100-1 3.82  0.33
b

10-100-4 2.25  0.51
d

10-120-1 3.35  0.23
bc

10-120-4 2.31  0.21
d

20-100-1 3.55  0.21
bc

20-100-4 1.58  0.24
e

20-120-1 1.72  0.28
de

20-120-4 1.13  0.35
e

30-100-1 4.85  0.36
a

30-100-4 2.98  0.48
c

30-120-1 3.53  1.14
cb

30-120-4 3.18  0.37
bc

: 2 2

 : 
abcd…

95
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-8

(Native starch)

Native starch 48.79  0.29
h

10-100-1 48.68  0.49
c

10-100-4 48.92  0.11
c

10-120-1 50.00  0.15
b

10-120-4 47.94  0.34
i

20-100-1 45.67  0.90
e

20-100-4 47.58  0.44
d

20-120-1 48.85  0.25
c

20-120-4 47.82  0.61
d

30-100-1 47.26  0.35
d

30-100-4 47.87  0.17
d

30-120-1 50.21  0.59
b

30-120-4 61.34  0.82
a

: 2 2

 : 
abcd…

95
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113

-1 (ANOVA) 

(L*) 

The GLM Procedure

Dependent Variable: L

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

Model                       11     18.99908194      1.72718927     517.77    <.0001*

Error                       60      0.20015000      0.00333583

Corrected Total             71     19.19923194

R-Square     Coeff Var      Root MSE        L Mean

0.989575      0.059561      0.057757      96.97097

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      1.34558611      0.67279306     201.69    <.0001*
moist*temp                   2      2.54650833      1.27325417     381.69    <.0001*
moist*time                   2      3.91488611      1.95744306     586.79    <.0001*
temp*time                    1      1.54586806      1.54586806     463.41    <.0001*
moist                        2      5.77701944      2.88850972     865.90    <.0001*
temp                         1      1.54001250      1.54001250     461.66    <.0001*
time                         1      2.32920139      2.32920139     698.24    <.0001*

color L*                                                                                           

The GLM Procedure

Dependent Variable: color L*

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      0.14133472      0.14133472      45.81    <.0001*
time effect                  1      0.14133472      0.14133472      45.81    <.0001*
moist effect                 2      0.08185278      0.04092639      13.26    <.0001*
control vs rest              1     17.80917959     17.80917959    5772.11    <.0001*

: * 95
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-2 (ANOVA) 

(a*) 

The GLM Procedure

Dependent Variable: a*

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

Model                       11      0.01788194      0.00162563       3.10    0.0024*

Error                       60      0.03148333      0.00052472

Corrected Total             71      0.04936528

R-Square     Coeff Var      Root MSE        a Mean

0.362237      7.527571      0.022907      0.304306

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      0.00458611      0.00229306       4.37    0.0169*
moist*temp                   2      0.00505833      0.00252917       4.82    0.0114*
moist*time                   2      0.00025278      0.00012639       0.24    0.7867
temp*time                    1      0.00000139      0.00000139       0.00    0.9591
moist                        2      0.00016944      0.00008472       0.16    0.8513
temp                         1      0.00361250      0.00361250       6.88    0.0110*
time                         1      0.00420139      0.00420139       8.01    0.0063*

color a*                                                                                           

The GLM Procedure

Dependent Variable: color a*

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      0.00568889      0.00568889      11.75    0.0011*
time effect                  1      0.00568889      0.00568889      11.75    0.0011*
moist effect                 2      0.00353611      0.00176806       3.65    0.0314*
control vs rest              1      0.00061709      0.00061709       1.27    0.2632

: * 95
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-3 (ANOVA) 

(b*) 

The GLM Procedure

Dependent Variable: b*

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

Model                       11      4.78601528      0.43509230     272.45    <.0001*

Error                       60      0.09581667      0.00159694

Corrected Total             71      4.88183194

R-Square     Coeff Var      Root MSE        b Mean

0.980373      12.35401      0.039962      0.323472

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      0.78120278      0.39060139     244.59    <.0001*
moist*temp                   2      0.78300278      0.39150139     245.16    <.0001*
moist*time                   2      1.04045278      0.52022639     325.76    <.0001*
temp*time                    1      0.49170139      0.49170139     307.90    <.0001*
moist                        2      0.30308611      0.15154306      94.90    <.0001*
temp                         1      0.64033472      0.64033472     400.97    <.0001*

time                         1      0.74623472      0.74623472     467.29    <.0001*

color b*                                                                                           

The GLM Procedure

Dependent Variable: color

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      0.03920000      0.03920000      25.49    <.0001*
time effect                  1      0.03920000      0.03920000      25.49    <.0001*
moist effect                 2      0.04343333      0.02171667      14.12    <.0001*

control vs rest              1      4.48615385      4.48615385    2917.46    <.0001*

: * 95
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-4 (ANOVA) 

(T0) 

The GLM Procedure

Dependent Variable: to

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

Model                       11     400.9152632      36.4468421      28.20    <.0001*

Error                       36      46.5314805       1.2925411

Corrected Total             47     447.4467437

R-Square     Coeff Var      Root MSE        t Mean

0.896007      1.831816      1.136900      62.06408

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2       1.2335352       0.6167676       0.48    0.6244
moist*temp                   2       5.5704995       2.7852497       2.15    0.1306
moist*time                   2      64.6982555      32.3491277      25.03    <.0001*
temp*time                    1       0.8704853       0.8704853       0.67    0.4172
moist                        2     261.6833207     130.8416603     101.23    <.0001*
temp                         1       3.1028670       3.1028670       2.40    0.1300
time                         1      63.7563000      63.7563000      49.33     <.0001*

t0                                                                                               

The GLM Procedure

Dependent Variable: t0

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      11.2995317      11.2995317       9.45    0.0038*
time effect                  1      11.2995317      11.2995317       9.45    0.0038*
moist effect                 2       8.6198120       4.3099060       3.61    0.0366
control vs rest               1     179.6320038     179.6320038     150.26    <.0001*

: * 95
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-5 (ANOVA) 

(Tp) 

The GLM Procedure

Dependent Variable: tp

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

Model                       11     755.1232257      68.6475660     398.65    <.0001*

Error                       36       6.1992698       0.1722019

Corrected Total             47     761.3224955

R-Square     Coeff Var      Root MSE        t Mean

0.991857      0.596907      0.414972      69.52040

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      21.8136645      10.9068323      63.34    <.0001*
moist*temp                   2      25.0489402      12.5244701      72.73    <.0001*
moist*time                   2     126.5716340      63.2858170     367.51    <.0001*
temp*time                    1      17.4279152      17.4279152     101.21    <.0001*
moist                        2     302.6494082     151.3247041     878.76    <.0001*
temp                         1      47.1379060      47.1379060     273.74    <.0001*
time                         1     214.4737577     214.4737577    1245.48    <.0001*

tp                                                                                               

The GLM Procedure

Dependent Variable: tp

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      67.4241317      67.4241317     396.40    <.0001*
time effect                  1      67.4241317      67.4241317     396.40    <.0001*
moist effect                 2      34.0618918      17.0309459     100.13    <.0001*
control vs rest              1     332.4755822     332.4755822    1954.69    <.0001*

: * 95
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-6 (ANOVA) 

(Tc) 

The GLM Procedure

Dependent Variable: tc

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

Model                       11     778.1919637      70.7447240      83.04    <.0001*

Error                       36      30.6692908       0.8519247

Corrected Total             47     808.8612545

R-Square     Coeff Var      Root MSE        t Mean

0.962083      1.193708      0.922998      77.32190

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      12.6160329       6.3080164       7.40    0.0020*
moist*temp                   2      32.6310663      16.3155331      19.15    <.0001*
moist*time                   2     140.9578315      70.4789158      82.73    <.0001*
temp*time                    1      16.7974172      16.7974172      19.72    <.0001*
moist                        2     276.7171278     138.3585639     162.41    <.0001*
temp                         1      44.8514000      44.8514000      52.65    <.0001*
time                         1      253.6210880     253.6210880     297.70    <.0001*

tc                                                                                               

The GLM Procedure

Dependent Variable: tc

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      73.9834680      73.9834680      93.90    <.0001*
time effect                  1      73.9834680      73.9834680      93.90    <.0001*
moist effect                 2      26.5465564      13.2732782      16.85    <.0001*
control vs rest              1     446.5255717     446.5255717     566.75    <.0001*

: * 95
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-7 (ANOVA) 

(Tc-T0) 

The GLM Procedure

Dependent Variable: tc-T0

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

Model                       11     21.85618150      1.98692559       4.38    0.0004*

Error                       36     16.31292650      0.45313685

Corrected Total             47     38.16910800

R-Square     Coeff Var      Root MSE        t Mean

0.572614      8.628525      0.673154      7.801500

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      6.31648962      3.15824481       6.97    0.0028*
moist*temp                   2     10.80448054      5.40224027      11.92    0.0001*
moist*time                   2      2.47456404      1.23728202       2.73    0.0787
temp*time                    1      0.00580800      0.00580800       0.01    0.9105
moist                        2      0.58657662      0.29328831       0.65    0.5295
temp                         1      0.02842133      0.02842133       0.06    0.8037
time                          1      1.63984133      1.63984133       3.62    0.0652

tc-T0                                                                                               

The GLM Procedure

Dependent Variable: tc-T0

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      0.15221269      0.15221269       0.36    0.5520
time effect                  1      0.15221269      0.15221269       0.36    0.5520
moist effect                 2      0.54098904      0.27049452       0.64    0.5328
control vs rest               1      8.39399219      8.39399219      19.85    <.0001*

: * 95



120

-8 (ANOVA) 

( H) 

The GLM Procedure

Dependent Variable: H

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

Model                       11     418.8722332      38.0792939    1569.03    <.0001*

Error                       36       0.8736965       0.0242693

Corrected Total             47     419.7459297

R-Square     Coeff Var      Root MSE        H Mean

0.997919      1.171729      0.155786      13.29542

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      40.9558685      20.4779342     843.78    <.0001*
moist*temp                   2      60.5544255      30.2772128    1247.55    <.0001*
moist*time                   2     121.6352347      60.8176173    2505.94    <.0001*
temp*time                    1      27.8617687      27.8617687    1148.02    <.0001*
moist                        2      86.5554807      43.2777403    1783.23    <.0001*
temp                         1      28.7835188      28.7835188    1186.00    <.0001*
time                          1      52.5259363      52.5259363    2164.29    <.0001*

H                                                                                                

The GLM Procedure

Dependent Variable: H

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1       2.1922201       2.1922201      76.09    <.0001*
time effect                  1       2.1922201       2.1922201      76.09    <.0001*
moist effect                 2       7.3961762       3.6980881     128.35    <.0001*
control vs rest               1     398.6147480     398.6147480    13834.7    <.0001*

: * 95
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-9 (ANOVA) 

(pasting temperature) 

The GLM Procedure

Dependent Variable: pasting temperature

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

Model                       11     857.9526562      77.9956960     237.16    <.0001*

Error                       36      11.8393750       0.3288715

Corrected Total             47     869.7920313

R-Square     Coeff Var      Root MSE        p Mean

0.986388      0.804346      0.573473      71.29688

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      72.2879167      36.1439583     109.90    <.0001*
moist*temp                   2      89.3637500      44.6818750     135.86    <.0001*
moist*time                   2     189.7329167      94.8664583     288.46    <.0001*
temp*time                    1      31.1213021      31.1213021     94.63   <.0001*
moist                        2     286.6962500     143.3481250     435.88    <.0001*
temp                         1      63.1354688      63.1354688     191.98    <.0001*
time                         1     125.6150521     125.6150521      381.96   <.0001*

pasting temperature                                                                                   

The GLM Procedure

Dependent Variable: pasting temperature

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1       5.8800000       5.8800000      19.37    <.0001*
time effect                  1       5.8800000       5.8800000      19.37    <.0001*
moist effect                 2       3.2801042       1.6400521       5.40    0.0085*
control vs rest              1     793.3541026     793.3541026    2612.83    <.0001*

: * 95
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-10 (ANOVA) 

(peak 

viscosity) 

The GLM Procedure

Dependent Variable: peak viscosity

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

Model                       11     114961.1010      10451.0092     190.50    <.0001*

Error                       36       1974.9533         54.8598

Corrected Total             47     116936.0543

R-Square     Coeff Var      Root MSE        p Mean

0.983111      1.564942      7.406741      473.2917

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      5235.80112      2617.90056      47.72    <.0001*
moist*temp                   2      9482.00647      4741.00323      86.42    <.0001*
moist*time                   2     19518.22860      9759.11430     177.89    <.0001*
temp*time                    1      6490.47053      6490.47053     118.31    <.0001*
moist                        2     36912.09622     18456.04811     336.42    <.0001*
temp                         1      6879.87741      6879.87741     125.41    <.0001*
time                         1     30442.62068     30442.62068      554.92    <.0001*

peak viscosity                                                                                        

The GLM Procedure

Dependent Variable: peak viscosity

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1     11451.54083     11451.54083     205.93    <.0001*
time effect                  1     11451.54083     11451.54083     205.93    <.0001*
moist effect                 2      2042.65690      1021.32845      18.37    <.0001*
control vs rest              1     61848.82254     61848.82254    1112.22    <.0001*

: * 95
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-11 (ANOVA)

(breakdown) 

The GLM Procedure

Dependent Variable: breakdown

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

Model                       11     247259.1065      22478.1006     405.99    <.0001*

Error                       36       1993.1935         55.3665

Corrected Total             47     249252.2999

R-Square     Coeff Var      Root MSE        b Mean

0.992003      2.658724      7.440866      279.8660

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2     20665.65909     10332.82954     186.63    <.0001*
moist*temp                   2     23586.15195     11793.07598     213.00    <.0001*
moist*time                   2     40044.86478     20022.43239     361.63    <.0001*
temp*time                    1       308.30672       308.30672       5.57    0.0238
moist                        2     91307.93703     45653.96851     824.58    <.0001*
temp                         1      9125.94630      9125.94630     164.83    <.0001*
time                         1     62220.24060     62220.24060    1123.79    <.0001*

breakdown                                                                                            

The GLM Procedure

Dependent Variable: breakdown

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1     34428.90377     34428.90377     650.73    <.0001*
time effect                  1     34428.90377     34428.90377     650.73    <.0001*
moist effect                 2     21220.57292     10610.28646     200.54    <.0001*
control vs rest              1     34246.79883     34246.79883     647.29    <.0001*

: * 95
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-12 (ANOVA) 

(setback) 

The GLM Procedure

Dependent Variable: setback

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

Model                       11     31428.00640      2857.09149     127.45    <.0001*

Error                       36       807.02030        22.41723

Corrected Total             47     32235.02670

R-Square     Coeff Var      Root MSE        s Mean

0.974964      7.751928      4.734684      61.07750

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      1692.45732       846.22866      37.75    <.0001*
moist*temp                   2      5318.85195      2659.42598     118.63    <.0001*
moist*time                   2      2008.74980      1004.37490      44.80    <.0001*
temp*time                    1      1149.15041      1149.15041      51.26    <.0001*
moist                        2     17243.61545      8621.80773     384.61    <.0001*
temp                         1       353.81880       353.81880      15.78    0.0003
time                         1      3661.36268      3661.36268     163.33    <.0001*

setback                                                                                             

The GLM Procedure

Dependent Variable: setback

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1     2063.120752     2063.120752      97.45    <.0001*
time effect                  1     2063.120752     2063.120752      97.45    <.0001*
moist effect                 2     3367.538804     1683.769402      79.53    <.0001*
control vs rest              1     1687.408296     1687.408296      79.70    <.0001*

: * 95
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-13 (ANOVA) 

(final 

viscosity) 

The GLM Procedure

Dependent Variable: final viscosity

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

Model                       11     27173.99831      2470.36348     110.84    <.0001*

Error                       36       802.36088        22.28780

Corrected Total             47     27976.35918

R-Square     Coeff Var      Root MSE        f Mean

0.971320      1.854976      4.720996      254.5044

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2     11036.88904      5518.44452     247.60    <.0001*
moist*temp                   2      1724.45138       862.22569      38.69    <.0001*
moist*time                   2      4140.32499      2070.16249      92.88    <.0001*
temp*time                    1      4124.22302      4124.22302     185.04    <.0001*
moist                        2      5900.17076      2950.08538     132.36    <.0001*
temp                         1        38.64635        38.64635       1.73    0.1962
time                         1       209.29277       209.29277       9.39    0.0041*

final viscosity                                                                                       

The GLM Procedure

Dependent Variable: final viscosity

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      1097.10563      1097.10563      51.46    <.0001*
time effect                  1      1097.10563      1097.10563      51.46    <.0001*
moist effect                 2      2585.41033      1292.70516      60.64    <.0001*
control vs rest              1     10960.87319     10960.87319     514.15    <.0001*

: * 95
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-14 (ANOVA) 

(swelling power) 85 

The GLM Procedure

Dependent Variable: swelling power

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

Model                       11     865.5064729      78.6824066      85.71    <.0001*

Error                       36      33.0482250       0.9180062

Corrected Total             47     898.5546979

R-Square     Coeff Var      Root MSE        s Mean

0.963221      5.095457      0.958126      18.80354

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      81.7915292      40.8957646      44.55    <.0001*
moist*temp                   2      74.9219792      37.4609896      40.81    <.0001*
moist*time                   2     111.8451042      55.9225521      60.92    <.0001*
temp*time                    1       6.3875021       6.3875021       6.96    0.0122*
moist                        2     491.3364542     245.6682271     267.61    <.0001*
temp                         1      20.6063021      20.6063021      22.45    <.0001*
time                          1      78.6176021      78.6176021      85.64    <.0001*

swelling power                                                                                    

The GLM Procedure

Dependent Variable: swelling power

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1     10.47200833     10.47200833      12.24    0.0012*
time effect                  1     10.47200833     10.47200833      12.24    0.0012*
moist effect                 2     68.22341250     34.11170625      39.88    <.0001*
control vs rest               1     10.15920577     10.15920577      11.88    0.0014*

: * 95
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85 

The GLM Procedure

Dependent Variable: amylose leaching

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

Model                       11     118.8564667      10.8051333      87.54    <.0001*

Error                       36       4.4434000       0.1234278

Corrected Total             47     123.2998667

R-Square     Coeff Var      Root MSE        a Mean

0.963963      8.898005      0.351323      3.948333

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2     26.17640417     13.08820208     106.04    <.0001*
moist*temp                   2     24.60790417     12.30395208      99.69    <.0001*
moist*time                   2     23.23007917     11.61503958      94.10    <.0001*
temp*time                    1     14.04003333     14.04003333     113.75    <.0001*
moist                        2     29.29142917     14.64571458     118.66    <.0001*
temp                         1      1.38040833      1.38040833      11.18    0.0019*
time                         1      0.13020833      0.13020833       1.05    0.3112

amylose leaching                                                                                      

The GLM Procedure

Dependent Variable: amylose leaching

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      1.51585208      1.51585208       8.91    0.0049*
time effect                  1      1.51585208      1.51585208       8.91    0.0049*
moist effect                 2      0.54727917      0.27363958       1.61    0.2131
control vs rest              1     45.46260401     45.46260401     267.27    <.0001*

: * 95
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(Clarity) 

The GLM Procedure

Dependent Variable: clarity

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

Model                       11     102.0225000       9.2747727      53.59    <.0001*

Error                       36       6.2300000       0.1730556

Corrected Total             47     108.2525000

R-Square     Coeff Var      Root MSE        c Mean

0.942449      2.131964      0.415999      19.51250

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2     38.15291667     19.07645833     110.23    <.0001*
moist*temp                   2     16.41125000      8.20562500      47.42    <.0001*
moist*time                   2     14.56291667      7.28145833      42.08    <.0001*
temp*time                    1     15.41333333     15.41333333      89.07    <.0001*
moist                        2      9.51125000      4.75562500      27.48    <.0001*
temp                         1      5.07000000      5.07000000      29.30    <.0001*
time                          1      2.90083333      2.90083333      16.76    0.0002*

clarity                                                                                             

The GLM Procedure

Dependent Variable: clarity

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1      0.18750000      0.18750000       1.17    0.2868
time effect                  1      0.18750000      0.18750000       1.17    0.2868
moist effect                 2      4.39291667      2.19645833      13.66    <.0001*
control vs rest               1     81.41852564     81.41852564     506.43    <.0001*

: * 95
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The GLM Procedure

Dependent Variable: amylose

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

Model                       11     51.03195000      4.63926818      21.76    <.0001*

Error                       36      7.67555000      0.21320972

Corrected Total             47     58.70750000

R-Square     Coeff Var      Root MSE        a Mean

0.869258      16.18743      0.461746      2.852500

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2      0.57713750      0.28856875       1.35    0.2712
moist*temp                   2      1.76933750      0.88466875       4.15    0.0239
moist*time                   2      0.09135417      0.04567708       0.21    0.8082
temp*time                    1      3.93307500      3.93307500      18.45    0.0001*
moist                        2     21.65633750     10.82816875      50.79    <.0001*
temp                         1      4.80067500      4.80067500      22.52    <.0001*

time                         1     18.20403333     18.20403333      85.38    <.0001*

amylose                                                                                      

The GLM Procedure

Dependent Variable: amylose

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1     16.72060208     16.72060208      83.84    <.0001*
time effect                  1     16.72060208     16.72060208      83.84    <.0001*
moist effect                 2      4.63415000      2.31707500      11.62    0.0001*
control vs rest              1      0.34207067      0.34207067       1.72    0.1980

: * 95
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The GLM Procedure

Dependent Variable: enzyme hydrolysis

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

Model                       11     693.2219417      63.0201765     250.27    <.0001*

Error                       36       9.0652500       0.2518125

Corrected Total             47     702.2871917

R-Square     Coeff Var      Root MSE        e Mean

0.987092      1.017000      0.501809      49.34208

Source                      DF     Type III SS     Mean Square    F Value    Pr > F

moist*temp*time              2     115.4052667      57.7026333     229.15    <.0001*
moist*temp                   2     145.5543167      72.7771583     289.01    <.0001*
moist*time                   2     102.9260667      51.4630333     204.37    <.0001*
temp*time                    1       9.3104083       9.3104083      36.97    <.0001*
moist                        2     145.5456167      72.7728083     289.00    <.0001*
temp                         1     135.7441333     135.7441333     539.07    <.0001*
time                         1      38.7361333      38.7361333     153.83    <.0001*

enzyme hydrolysis                                                                                     

The GLM Procedure

Dependent Variable: enzyme hydrolysis

Contrast                    DF     Contrast SS     Mean Square    F Value    Pr > F

temp effect                  1       1.0443000       1.0443000       4.37    0.0432
time effect                  1       1.0443000       1.0443000       4.37    0.0432
moist effect                 2       0.5452125       0.2726062       1.14    0.3302
control vs rest              1     627.7255442     627.7255442    2625.24    <.0001*

: * 95
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