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1. ����	
��������	����������� ����	
� Air oven method (A.O.A.C., 2000) 
  '(����� 

   1. ���������� (Hot air oven) 
   2.  �!"#�#$�%&'"()% 
   3. +,-�-./�%!01" (Desiccator) 
   4. '.506�7!867�����9:"&)% 4 �;�<=">7 
  �	
���� 

   1. �� �!"#�#$�%&'"()%?"����������9(6�@A= �%& 105±5°B "�"C5#%�A 2-3 
!86/+%7 <$�/";���E%�F�E����������?G>�/�?"+,-�-./�%!01" C$>�)9&17�/�?=�')H"+-)?=��@A= �%&I�7
 �!"#$-$7'9>�E8��@A= �%&=��7 =$87F�E"81"!867=�"1;�="8E 

2. E5#9;�'!>"I�� 1 B1;� F"�-�J$�>�7I�7"1;�="8E9(6!867G�7.5817.>�<�E�>�7E8"�%>'E&" 
1-3 %&$$&E58% 

3. !867�8/�)>�7?=��-�"1;�="8E9(6<">"�" C5#%�A 1-2 E58% ?G>?" �!"#BK6795��
"1;�="8E<$�/  

4. ";��C��?"����������9(6�@A= �%& 105±5°B "�"C5#%�A 5-6 !86/+%7 ";���E
F�E�����?G>�/�?"+,-�-./�%!01" <$�/!867"1;�="8E �!"#M5��%�8/�)>�7"81"  

5. ";�E$8�'I��������(E.5817 E5#9;�'!>"'-&%F"�-�J$�>�7I�7"1;�="8E9(6!8679817G�7.5817
�&-�>�E8"�%>'E&" 1-3 %&$$&E58% 

6. .;�"/A=�C5&%�A./�%!01"F�EG��5 
 ./�%!01" (5��)$#)  =  (a-b)  x100  
      a 

  '%06� a  =  "1;�="8E�8/�)>�7E>�"�� (E58%) 
 b  =  "1;�="8E�8/�)>�7=$87�� (E58%) 
 

2. ����	
��������	���
*+� ����	
� Direct method (A.O.A.C., 2000) 
  '(����� 

   1. '��'J� (Muffle furnace) 
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   2. ,�/)E5#'�01�7'.$0�� (Porcelain crucible) 
   3. '������� (Hot plate) 
   4. +,-�-./�%!01" (Desiccator) 
   5. '.506�7!867�����9:"&)% 4 �;�<=">7 
  �	
���� 

   1. 'J�,�/)E5#'�01�7'.$0��?"'��'J�9(6�@A= �%& 600°B 'CW"'/$�"�" 3 !86/+%7 CX-
G/&�BY'��'J�<$�/5�C5#%�A 30-45 "�9( 'M06�?=��@A= �%&?"'��'J�$-$7E>�" <$�/";���EF�E
'��'J�?G>?"+,-�-./�%!01" C$>�)?=�')H"F",K7�@A= �%&=��7 <$�/!867"1;�="8E 
   2. 'J�B1;��(E.5817C5#%�A 30 "�9( <$#E5#9;�'!>"I�� 1 F"�-�J$�>�7I�7"1;�="8E
9817 2 .5817�&-�>�E8"�%>'E&" 1-3 %&$$&E58% 
   3. !867�8/�)>�7?=��-�"1;�="8E<">"�"C5#%�A 2 E58% ?G>?",�/)E5#'�01�7'.$0��9(6

95�� "1;�="8E<">"�"<$�/ ";��C'J�?"���./8"F"=%-./8" <$�/FK7";�'I��'��'J��@A= �%& 600°B 
<$#E5#9;�'!>"'-()/E8�I�� 1-2 
   4. .;�"/AC5&%�A',��F�EG��5 
    C5&%�A',�� (5��)$#+-)"1;�="8E<=�7)   =   "1;�="8E�8/�)>�7=$87'J� (E58%) x 100 
             "1;�="8E�8/�)>�7'5&6%��" (E58%) 

 
3. ����	
��������	������/�� ����	
� Kjeldahl method (A.O.A.C., 2000) 
  '(����� 
   1. �@CE5AY)>�)+C5�(" 
   2. �@CE5AYE$86"+C5�(" 
   3. I/-C58�C5&%��5I"�- 10 %&$$&$&�5 
   4. I/-5�C!%M�>I"�- 250 %&$$&$&�5 
   5. CX'C�I"�- 5 <$# 10 %&$$&$&�5 
   6. �&/'5�I"�- 25 %&$$&$&�5 
   7. '.506�7!867�����9:"&)% 4 �;�<=">7 
   8. $�E<E�/ 
   9. �(E'E�5Y 
   10. E5#-�]E5�7 
  4��
��� 
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   1. G�5'5>7C^&E&5&)� (?!�G�5JG%5#=/>�7.�C'C�5YB8$'��:+M<9G'B()%B8$'�� 
�8�5�G>/" 1:10) 
   2. E5-B8$�X/5&E'I�%I�"5��)$# 96-97 +-)"1;�="8E�>�C5&%��5 
   3. G�5$#$�)+B'-()%�`-5�E�B-Y'I�%I�"5��)$# 40  
   4. G�5$#$�)E5-�`+-5.$�5&E'I�%I�" 0.1 "�5Y%8$ 
   5. G�5$#$�)E5-��5&E (H2BO3) 'I�%I�"5��)$# 4  
   6. �&"-&'.'��5Y (G�5JG%5#=/>�7 Bromocresolresin : Methyl red : Methylein 
blue �8�5�G>/" 0.1: 0.125 : 0.028 ?" Ethyl alcohol 100 %&$$&$&�5) 
  �	
���� 

   1. !867�8/�)>�7�"E5#-�]E5�7 ?=��-�"1;�="8E<">"�"C5#%�A 1-2 E58% =>�?=�
%&-!&-?G>$7?"I/-)>�)+C5�(" 
   2. '�&%G�5'5>7C^&E&5&)�$7�C 5 E58%  
   3. '�&%E5-B8$�X/5&E'I�%I�"C5&%��5 20-25 %&$$&$&�5 
   4. ?G>$�E<E�/ ";��C)>�)�"'��'J�?"���./8" F"E5#9867�-�G�5$#$�)?G C$>�)9&17
�/�?=�')H" 
   5. '�&%"1;�E$86"C5&%��5 20 %&$$&$&�5 $7?"=$�-)>�)+C5�(" 
   6. '�&%G�5$#$�)+B'-()%�`-5�E�B-Y'I�%I�"5��)$# 40 C5&%��5 60 %&$$&$&�5 $7
?"=$�-)>�)+C5�(" 
   7. ";�I/-5�C!%M�> BK67�55F@E5-��5&E'I�%I�"5��)$# 4 C5&%��5 25 %&$$&$&�5 '�&%
�&"-&'.'��5Y 2-3 =)- ";��CE$86"$7?"I/-9(65�758� 
   8. E$86""�"C5#%�A 10 "�9( $��7C$�)!@-./�<">"-�/)"1;�E$86"$7?"I/-9(6
5�758� 
   9. ��'�59G�5$#$�)9(6E$86"�-�-�/)E5-�`+-5.$�5&E9(6'I�%I�" 0.1 "�5Y%8$ 
F"E5#9867G(I�7G�5$#$�)'C$(6)"F�EG('I()/'CW"G(%>/7 �8"9KEC5&%��5I�7E5-�`+-5.$�5&E9(6?!�
�C 
   10. 9;�<�$7.Y ��%I�� 1-9 +-)�%>���7?G>�8/�)>�7 
   11. .;�"/AC5&%�A+C5�("F�EG��5 
    C5&%�A+C5�(" (5��)$#+-)"1;�="8E<=�7)  =  (A-B)xNx14.007xF 
                    Wt 
  '%06� A  =  C5&%�AI�7E5-�`+-5.$�5&E9(6?!�?"E�5��'�59�8/�)>�7 (%&$$&$&�5) 
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   B  =  C5&%�AI�7E5-�`+-5.$�5&E9(6?!�?"E�5��'�59<�$7.Y (%&$$&$&�5) 
   N  = ./�%'I�%I�"I�7E5-�`+-5.$�5&E ("�5Y%8$) 
   F  = .>�<�.'��5Y (F = 6.25) 
   Wt  = "1;�="8E�8/�)>�7 (E58%) 
 

4. ����	
��������	���67�8� ����	
� Solvent extraction (A.O.A.C., 2000) 
  '(����� 

   1. �@CE5AY!@-GE8-�I%8"C5#E��-�/)I/-E$%G;�=58�?G>G�5�8/9;�$#$�)�-�<E>
B�.'$� (Soxhlet) �@CE5AY./�<">" (Condenser) <$#'��?=�./�%5��" (Heating mantle)  
   2. =$�-?G>�8/�)>�7 (Extraction thimble) 
   3. ���������� (Hot air oven) 
   4. +,-�-./�%!01" (Desiccator) 
   5. '.506�7!867�����9:"&)% 4 �;�<=">7 
   6. G;�$( 
  4��
��� 

   CX+�5'$()%�('9�5Y 
  �	
���� 

   1. ��I/-E$%G;�=58�=�C5&%�A�I%8" I"�- 250 %&$$&$&�5 ?"�����9(6�@A= �%& 

105°B 9&17?=�')H"?"+,-�-./�%!01" !867"1;�="8EF"E5#9867�-�"1;�="8E9(6<">"�" 
   2. !867�8/�)>�7�"E5#-�]E5�79(695��"1;�="8E ,���8/�)>�79(6?!�'CW"��=�59(6%(
�I%8"%�E?=�!867 1-2 E58% ,��'CW"!"&-9(6%(�I%8""��)?!� 3-5 E58% =>�?=�%&-!&- <$�/?G>$7?"=$�-
G;�=58�?G>�8/�)>�7 
   3. ";�=$�-?G>�8/�)>�7$7?"B�.'$� 
   4. '�&%G�5�8/9;�$#$�)CX+�5'$()%�('9�5YC5&%��5 200 %&$$&$&�5 <$�//�7�"'��?=�
./�%5��" 
   5. C5#E��'I��!@-E8�!@-GE8-�I%8"M5��%E8�'CX-"1;�=$>��@CE5AY./�<">"<$#
'CX-G/&�BY?=�./�%5��" 
   6. ?!�'/$�?"E�5GE8-�I%8""�"C5#%�A 14 !86/+%7 +-)C58�./�%5��"?=�=)-
I�7G�5�8/9;�$#$�)E$86"�8/F�E�@CE5AY./�<">"-�/)�8�5� 150 =)-�>�"�9( 
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   7. '%06�GE8-F".5� 14 !86/+%7<$�/ ";�=$�-?G>�8/�)>�7��EF�EB�.'$� 9&17?=��8/
9;�$#$�)�=$F�EB�.'$�$7?"I/-E$%F"=%- 
   8. 5#'=)�8/9;�$#$�)��E-�/)'.506�75#'=)<��G@ll�E�: 

   9. ";�I/-E$%�C��?"�����9(6�@A= �%& 80-90°B C5#%�A 30 "�9( 9&17?=�')H"?"
+,-�-./�%!01" !867"1;�="8EE5#9;�B1;�F"E5#9867�-�"1;�="8E.79(6 
   10. .;�"/A=�C5&%�A�I%8"F�EG��5 
    C5&%�A�I%8" (5��)$#+-)"1;�="8E<=�7)  =  "1;�="8E�I%8"=$87�� (E58%) x 100 
               "1;�="8E�8/�)>�7 (E58%) 
 
5. <8�=���>��?�@7'@
�A�B�C@ (Sriroth et al., 1999) 

  
���D'@��'B<�'(����� 

1. '.506�7 Scanning electron microscopy (SEM) )(6=�� Leo 5@>" 1455 VP 
   2. +,-�-./�%!01" (Desiccator) 

�	
���� 

   1. ���8/�)>�7<C�7'M06��$>./�%!01"9(6�@A= �%& 45°B 'CW"'/$�"�" 24 !86/+%7 'EH�
�8/�)>�7<C�7�/�?"+,-�-./�%!01"9(6�@A= �%&=��7 
   2. /�7�8/�)>�7<C�7'$HE"��)�"o�"/�7�8/�)>�7 (Stab) 'E$(6)<C�7?=�E5#F�) <$�/
p��J&/="���8/�)>�7-�/)/&q( Ionspatter-coated with gold  
   3. ";��8/�)>�7<C�79(6'�5()%�/�<$�/%�G>�7J>�"E$��7 SEM 9(6E;�$87I)�) 1000 '9>� 
<$#9(6 10 kV 
 

6. ������F��7���'�(���7'@
�A�B�C@ (-8-<C$7F�E Li and Yeh, 2001) 

  
���D'@��'B<�'(����� 
   '.506�7 Laser particle size analyzer 5@>" Coulter LS 230  
  4��
��� 

   "1;�E$86" 
  �	
���� 

   /8-E�5E5#F�)I�7I"�-�"@ �.<C�7+-)?!�"1;�'CW"�8/E$�7+-)/&'.5�#=Y
-�/)'.506�7 Laser particle size analyzer 
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7. <8�=���'</�4��'47'@B�C@ (-8-<C$7F�E Sahai et al., 1996) 

  '(����� 
   1. E$��7F@$955:"Y<��+M$��5BY )(6=�� Olympus 5@>" CH 30 
   2. <J>"E5#FEG�$-Y 
   3. E5#FECX-<J>"G�$-Y (Cover slide) 
   3. =$�-=)- 
  4��
��� 

   1. '�q&$<�$E�`�$Y5��)$# 95 
   2. G�5JG%5#=/>�7E$('B�5�$<$#"1;� (�8�5�G>/" 1 �>� 1) 
  �	
���� 
  E�5'�5()%�8/�)>�7<C�7 
   ";��8/�)>�7<C�7'$HE"��)/�7�"<J>"E5#FEG�$-Y <$�/'�&%'�q&$<�$E�`�$Y5��)$# 
95 F;�"/" 1 =)- 'M06�9;�?=��8/�)>�7<C�7E5#F�)  
  E�5'�5()%�8/�)>�7I��/'E5()� 
   �8-�8/�)>�7I�7E��"+-I��/'E5()�G@E  �)=$879&17�/�?=�')H" 'CW"!&1"��7%�E9(6G@- 
+-)�8-�5&'/A�57EK67E$�7I�7E��"+-I��/'E5()� F�E"81"/�7�8/�)>�7$7�"<J>"E5#FEG�$-Y  
  E�5/&'.5�#=Y�8/�)>�7 
   1. ";��8/�)>�79(6�-�'�&%G�5JG%5#=/>�7E$('B�5�$<$#"1;� 1 =)- $7�"�8/�)>�7 
(E5A(�8/�)>�7<C�7JG%?=�'%H-<C�7E5#F�)�8/) <$�/CX--�/)E5#FECX-<J>"G�$-Y F�E"81"";��CG>�7
-�/)E$��7F@$955:"Y<��+M$��5BY9(6E;�$87I)�) 400 '9>� 9;�E�5�8"9KE �MI�7�8/�)>�7�/�-�/)
+C5<E5% Life view TVR  
 

8. ����	
��������	���'��	�<4 (International standard organization, 1987) 
  
���D'@��'B<�'(����� 

   1. '.506�7 Spectrophotometer )(6=�� Jenway 5@>" 6405 UV/VIS 
   2. I/-C58�C5&%��5I"�- 100 %&$$&$&�5 
   3. CX'C�I"�- 1, 5 <$# 10 %&$$&$&�5 
   4. �>�7"1;�./�.@%�@A= �%& 
   5. �(E'E�5Y 
   6. =$�-=)- 
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   7. '.506�7!867�����9:"&)% 4 �;�<=">7 
   8. '.506�7E/"<%>'=$HE����� (Magnetic stirrer) )(6=�� Bibby 5@>" SB162-3 
  4��
��� 

   1. �#%&+$G�5&G@9q&| (Pure amylose from potato) 
   2. �#%&+$'M.�&"F�E<C�7%8"}5867 
   3. '�q&$<�$E�`�$Y5��)$# 95 
   4. G�5$#$�)+B'-()%�`-5�E�B-Y'I�%I�" 1 +%$�5Y 
   5. E5-�#B&�&E'I�%I�" 1 +%$�5Y 
   6. "1;�E$86" 
   7. G�5$#$�)��+�-(" ('�5()%F�E!867��+�-(" 0.2 E58% <$#+C<�G'B()%          
��+��--Y 2.0 E58% $#$�)?""1;�E$86" <$�/C58�C5&%��5?"I/-C58�C5&%��5I"�- 100 %&$$&$&�5) 
  �	
���� 

  E�5/&'.5�#=YC5&%�A�#%&+$G?"�8/�)>�7 
   1. !867"1;�="8E�8/�)>�79(6<">"�"C5#%�A 50 %&$$&E58% ?G>$7?"�(E'E�5YI"�-       
100 %&$$&$&�5 '�&%'�q&$<�$E�`�$Y5��)$# 95 C5&%��5 1 %&$$&$&�5 <$#G�5$#$�)+B'-()%         
�`-5�E�B-Y'I�%I�" 1 +%$�5Y C5&%��5 9 %&$$&$&�5 JG%?=�'I��E8"-�/)'.506�7E/"<%>'=$HE����� 

   2. ��%?=�./�%5��"9(6�@A= �%& 95°B "�" 30 "�9( /�7.��7.0"�/�9(6�@A= �%&=��7 
   3. '9G�5JG%$7?"I/-C58�C5&%��5I"�- 100 %&$$&$&�5 <$�/'�&%"1;�E$86"?=�,K7
I(-/8-C5&%��5 'I)>�?=�'I��E8" 
   4. CX'C�G�5$#$�)"1;�<C�79(6'�5()%�-�%�C5&%��5 5 %&$$&$&�5 ?G>?"I/-C58�
C5&%��5I"�- 50 %&$$&$&�5 9(6%(E5-�#B&�&E'I�%I�" 1 +%$�5Y C5&%��5 0.5 %&$$&$&�5 <$#'�&%
G�5$#$�)��+�-("C5&%��5 1 %&$$&$&�5 <$�/'�&%"1;�E$86"?=�,K7I(-/8-C5&%��5 'I)>�?=�'I��E8" �8179&17
�/�9(6�@A= �%&=��7 20 "�9( ?"9(6%0- 
   5. 9;�<�$7.Y'!>"'-()/E8�E�5/&'.5�#=Y�8/�)>�7<�>�%>?G>G�5�8/�)>�7 
   6. ";�G�5$#$�)9(6�-�/8-.>�E�5-�-E$0"<G79(6./�%)�/.$06" 620 "�+"'%�5 +-)
C58�.>�G�5$#$�)<�$7.Y'9>�E8�:�")Y 
   7. ";�.>�E�5-�-E$0"<G79(6�-��C=�C5&%�A�#%&+$G +-)'9()�F�EE5��%��5o�" 
  E�5'�5()%E5��%��5o�" 
   1. !867�#%&+$G�5&G@9q&|<$#�#%&+$'M.�&""1;�="8EC5#%�A 100 %&$$&E58% ?G>$7?"
�(E'E�5YI"�- 100 %&$$&$&�5 '�&%'�q&$<�$E�`�$Y5��)$# 95 C5&%��5 1 %&$$&$&�5 <$#'�&%



 132 

G�5$#$�)+B'-()%�`-5�E�B-Y'I�%I�" 1 +%$�5Y C5&%��5 9 %&$$&$&�5 JG%?=�'I��E8"-�/)'.506�7E/"
<%>'=$HE����� 

   2. ��%?=�./�%5��"9(6�@A= �%& 95°B "�" 30 "�9( /�7.��7.0"�/� 
   3. '9G�5JG%$7?"I/-C58�C5&%��5I"�- 100 %&$$&$&�5 <$�/'�&%"1;�E$86"?=�,K7 
I(-/8-C5&%��5 'I)>�?=�'I��E8" 
   4. ";�G�5$#$�)�#%&+$G<$#�#%&+$'M.�&" JG%'I��-�/)E8"��%G8-G>/"9(6%(
C5&%�AI�7�#%&+$G�)�>?"!>/75��)$# 0, 10, 20, 30 <$# 40 +-)C5&%��5 
   5. CX'C�G�5$#$�)�#%&+$G%��5o�"9(6'�5()%�/�%�C5&%��5 5 %&$$&$&�5 ?G>?"
I/-C58�C5&%��5I"�- 50 %&$$&$&�5 9(6%(E5-�#B&�&E'I�%I�" 1 +%$�5Y C5&%��5 0.5 %&$$&$&�5 <$#
'�&%G�5$#$�)��+�-("C5&%��5 1 %&$$&$&�5 <$�/'�&%"1;�E$86"?=�,K7I(-/8-C5&%��5 'I)>�?=�'I��E8" �817
9&17�/� 20 "�9(?"9(6%0- 
   6. ";�G�5$#$�)�#%&+$G%��5o�"9(6�-��C/8-.>�E�5-�-E$0"<G79(6./�%)�/.$06" 
620 "�+"'%�5 <$�/'I()"E5��%��5o�"<G-7./�%G8%M8"qY5#=/>�75��)$#I�7C5&%�A�#%&+$G
<$#.>�E�5-�-E$0"<G79(6�5/F/8-�-� 
 

y = 0.0149x + 0.258

R2 = 0.9969
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��I�������J�D 1 E5��%��5o�"5#=/>�7C5&%�A�#%&+$GE8�.>�E�5-�-E$0"<G79(6./�%)�/.$06" 
620 "�+"'%�5 

  Standard curve of amylose content at wavelength 620 nm 
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9. ����	
�������L�<8@���I'@/8�7'@B�C@ (-8-<C$7F�E Schoch, 1964) 
  
���D'@��'B<�'(����� 
   1. '.506�7=%@"'=/(6)7./�.@%�@A= �%& )(6=�� Sanyo 5@>" Harrier 18/80 
   2. =$�-=%@"'=/(6)7 I"�- 50 %&$$&$&�5 
   3. �>�7"1;�./�.@%�@A= �%& 
   4. ���������� (Hot air oven) 
   5. '.506�7�����9:"&)% 4 �;�<=">7 
   6. ,�/)�#$�%&'"()% 
  �	
���� 

   1. ";��8/�)>�7<C�7 0.500 E58% (5��)$#+-)"1;�="8E<=�7) ?G>=$�-=%@"'=/(6)7
I"�- 50 %&$$&$&�5 
   2. '�&%"1;�E$86"C5&%��5 15 %&$$&$&�5 
   3. <!>=$�-=%@"'=/(6)7?"�>�7"1;�./�.@%�@A= �%&9(6�@A= �%& 55, 65, 75, 85 <$# 

95°B "�" 30 "�9( 

   4. ";��C'=/(6)7<)E?"'.506�7=%@"'=/(6)7./�.@%�@A= �%&9(6 25°B -�/)./�%'5H/
5�� 2,200 5���>�"�9( "�" 15 "�9( 
   5. -�-"1;���"�"?G>,�/)�#$�%&'"()%9(695��"1;�="8E9(6<">"�"?=�%�E9(6G@- <$#

";��C��?=�<=�7?"����������9(6�@A= �%& 105°B F"%("1;�="8E.79(6 <$�/!867"1;�="8E'CW"G>/"9(6$#$�)
"1;� 
   6. !867"1;�="8E<C�79(6'=$0�?"=$�-=%@"'=/(6)7 'M06�?=�95��"1;�="8E9(6M�7�8/<$#
.;�"/A.>�E;�$87M�7�8/F�EG��5 
    E�5$#$�) (5��)$#) = "1;�="8E9(6$#$�)"1;� (E58%) x100 
          "1;�="8E�8/�)>�7<=�7 (E58%) 
 
    E;�$87E�5M�7�8/ (E58%/E58%) = "1;�="8EI�7<C�7'C�)E (E58%) x100 
       ("1;�="8E�8/�)>�7<=�7 (E58%)) (100-E�5$#$�) (5��)$#)) 
 
10. ����	
�������������� ���N�+
���D'@ Rapid visco analyzer (Newport Scientific, 1995)  
  
���D'@��'B<�'(����� 

   '.506�7 Rapid visco analyzer (RVA) 5@>" 4D 
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  �	
���� 

   1. !867�8/�)>�7="8EC5#%�A 4 E58% (5��)$#+-)"1;�="8E<=�7) $7?" �!"#I�7
'.506�7 RVA <$#'�&%"1;�E$86" 25 E58% ?!�?�M�) (Paddle) 9;�E�5=%@"�C%�<$#-K7IK1"$7'M06�E/"
�8/�)>�7?=�'I��E8" 
   2. ";� �!"#9(6?G>M�)'I��'.506�7 RVA E;�="-+C5<E5%I�7'.506�7/8-./�%="0-

+-)'5&6%?=�./�%5��"9(6 30°B 'CW"'/$� 6 "�9( <$#F�E"81"'M&6%./�%5��"F�E 30 ,K7 95°B 

-�/)�8�5�./�%'5H/ 13°B �>�"�9( 'CW"'/$�"�" 5 "�9( <$#?=��@A= �%&.79(69(6 95°B 'CW"'/$� 6.5 

"�9( F�E"81"$-�@A= �%&$7'CW" 30°B 'CW"'/$�"�" 5 "�9( <$#?=�5#��%(�@A= �%&.79(6 A 30°B 
'CW"'/$�"�" 9 "�9( <$#=)@-9;�7�"'%06�.5� 31.5 "�9( +-)./�%'5H/?"E�5E/"I�7%�'��5Y 10 
/&"�9(<5E�)�>9(6 960 5���>�"�9( =$87F�E"81"$-$7%�9(6 160 5���>�"�9(F"G&1"G@-E�59-$�7 
   3. /&'.5�#=YJ$F�EE5��E�5'C$(6)"<C$7./�%="0-�>�'/$�9(6�-� �8"9KE.>��>�7� 
-87"(1 �@A= �%&9 (69;�?=�'%H-<C�7M�7�8/<$#./�%="0-'5&6%C5�E^ (Pasting temperature) ./�%="0-
G�7G@-'%06�<C�7M�7�8/G�7G@- (Peak viscosity) ./�%="0-�6;�G@- (Trough viscosity) ./�%="0-
G@-9��)'%06�<C�7')H"�8/ (Final viscosity) J$�>�7I�7./�%="0-G�7G@-<$#./�%="0-�6;�G@- 
(Breakdown viscosity) <$#J$�>�7I�7./�%="0-G@-9��)<$#./�%="0-�6;�G@- (Setback viscosity) 
 

11. �>�BTT���@4�+�@�<U�7'@B�C@ (Ahmad et al., 1999) 
  
���D'@��'B<�'(����� 

   1.  '.506�7 X-ray diffractometer (XRD) )(6=�� Philips 5@>" X �pert MPD 
   2. +,-�-./�%!01" (Desiccator) 
   3. �#<E575>�"I"�- 250 �%.5�" 
   4. '.506�7�-$#'�()- (Blender) 
   5. ���������� (Hot air oven) 
  �	
���� 
   1. �-�8/�)>�7<J>"I��/'E5()�=$87��-�/)'.506�7�- <$�/5>�"J>�"�#<E57I"�- 

250 �%.5�" ��<=�7?"�����������@A= �%& 40°B "�" 24 !86/+%7 'EH��8/�)>�7?"+,-�-./�%!01"9(6
�@A= �%&=��7 
   2. �55F@�8/�)>�7?G> �!"#I�7'.506�7 XRD +-)?!� Cu node X-ray tube G5��7

.$06"587G( CuKα 9(6./�%)�/.$06" 1.5406 Å BK67E;�="-G �/#I�7E�5�5/F/&'.5�#=Y-�/)'.506�7 

XRD +-)�817.>�%@% (2θ) �)�>5#=/>�7F�E 4-40°2θ 9(6 30 mA <$# 40 kV 
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12. '(���>�	���
�	�
F<�/	6�
V�8� (Gunaratne and Hoover, 2002) 
  
���D'@��'B<�'(����� 
   '.506�7 Differential scanning calorimeter (DSC) )(6=�� Perkin Elmer 5@>" DSC7 
  �	
���� 

   1. !867"1;�="8E�8/�)>�7<C�7C5#%�A 2 %&$$&E58% (5��)$#+-)"1;�="8E<=�7) JG%E8�
"1;�E$86" 6.0 %&$$&E58% (�8�5�G>/"I�7<C�7�>�"1;�'9>�E8� 1:3) ?G>$7?",�/)�#$�%&'"()%I�7'.506�7 DSC  
   2. CX-J"KE,�/)�#$�%&'"()%?=�G"&9 <$�/�817�/�9(6�@A= �%&=��7'CW"'/$�"�" 2 
!86/+%7 
   3. ";�,�/)�#$�%&'"()%?G>?"!>�7�8/�)>�7I�7'.506�7 DSC <$#/�7 �!"#'C$>� BK67

?!�'CW" �!"#���7�&7 +-)�817!>/7�@A= �%&?"E�59-G���)�>5#=/>�7 20-120°B 9(6�8�5�./�%'5H/?"

E�5?=�./�%5��" 10°B �>�"�9( 
   4. �>�".>��@A= �%&I�7E�5'E&-'F$��&�"'B!8" .0� �@A= �%&'5&6%��"I�7E�5'E&-    
'F$��&�"'B!8" (Onset temperature, TO), �@A= �%&G�7G@-I�7E�5'E&-'F$��&�"'B!8" (Peak 
temperature, TP), �@A= �%&G@-9��)I�7E�5'E&-'F$��&�"'B!8" (Conclusion temperature, TC) 

<$#.>�M$877�"9(6?!�?"E�5'E&-'F$��&�"'B!8" (Enthalpy, ∆H) F�E'9�5Y+%<E5%  
   5. .;�"/A5#-8�I�7E�5'E&-'F$��&�"'B!8" (Degree of gelatinization) I�7
�8/�)>�7I��/'E5()�9(6)87�%>J>�"E�59�- (Raw cracker) F�EG��5 -87"(1  

   5#-8�E�5'E&-'F$��&�"'B!8" (5��)$#+-)"1;�="8E<=�7)  =   ∆Hs-∆Hr x100 

              ∆Hs 

  '%06� ∆Hs  = M$877�"9(6?!�?"E�5'E&-'F$��&�"'B!8"I�7�8/�)>�7<C�7-&� (F�$�>�E58%) 

   ∆Hr  = M$877�"9(6?!�?"E�5'E&-'F$��&�"'B!8"I�7�8/�)>�7I��/'E5()�9(6)87�%>J>�" 
    E�59�- (F�$�>�E58%) 
 
13. ����	
����������4����*N�����>�V8T��L� (Water absorption index; WAI) B<����<�<�� 

      ��L� (Water soluble index ; WSI) (Anderson et al., 1969) 
  
���D'@��'B<�'(����� 
   1. '.506�7=%@"'=/(6)7./�.@%�@A= �%& )(6=�� Sanyo 5@>" Harrier 18/80 
   2. =$�-=%@"'=/(6)7I"�- 12 %&$$&$&�5 
   3. '.506�7!867�����9:"&)% 4 �;�<=">7 
   4. =$�-=)- 
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  4��
��� 

   1. "1;�E$86" 
   2. '�q&$<�$E�`�$Y5��)$# 95 
  �	
���� 

   1. !867�8/�)>�7 0.3 E58% (5��)$#+-)"1;�="8E<=�7) ?G>$7?"=$�-=%@"'=/(6)7I"�- 
12 %&$$&$&�5 '�&%'�q&$<�$E�`�$Y5��)$#C5&%��5 1 %&$$&$&�5 <$�/'�&%"1;�E$86"C5&%��5 10 %&$$&$&�5 
   2. �8179&17�/� 1 .0" (12 !86/+%7) 

   3. '=/(6)7<)E-�/)'.506�7=%@"'=/(6)7./�.@%�@A= �%&9(6�@A= �%& 25°B 9(6./�%'5H/ 
3,000 5���>�"�9( 'CW"'/$�"�" 20 "�9(  
   4. 5&"G>/"?G<)E�C/&'.5�#=Y=�.>�./�%G�%�5,?"E�5$#$�)"1;� (WSI) +-),>�)
�8/�)>�7$7?" �!"#=�./�%!01" 9(695��"1;�="8E<">"�"<$�/ ";��C/&'.5�#=Y=�./�%!01"��%/&q( 
A.O.A.C (2000) 
   5. ";��#E�"9(6'=$0��C/&'.5�#=Y=�.>� WAI +-)E�5!867"1;�="8E9(6<">"�"I�7
�#E�" 
   6. .;�"/A=�.>� WAI <$# WSI 
    WAI   =  "1;�="8E�#E�"'C�)E (E58%) 
             "1;�="8E�8/�)>�7<=�7 (E58%) 
     
    WSI   =  "1;�="8E�#E�"<=�7 (E58%)x100 
         "1;�="8E�8/�)>�7<=�7 (E58%) 
     

14. <8�=��B<�FL�����I�@'���^  

  '(����� 
   1. E$��7G'��5&+� )(6=�� Zeiss 5@>" SEMI 2000 C 
   2. <J>"E5#FEG�$-Y 
  �	
���� 
   1. �8-!&1"�8/�)>�7I�7I��/'E5()��5&'/A�57E$�7I"�- 1.0x1.0 ��5�7'B"�&'%�5 
/�7�8/�)>�7�"<J>"E5#FEG�$-Y  
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   2. ";��8/�)>�7%�G>�7-�/)E$��7F@$955:"Y<��G'��5&+� 9(6E;�$87I)�) 125 '9>� 
,>�) �M'CW"<�� JPEG BK67%(I"�- 800x600 F@- <$�/�8"9KE �M,>�)9(6�-�-�/)+C5<E5% Motic 
Images Plus 2.0 ML  
   3. "8�F;�"/"+M57��E�:F�E �M,>�)9(6�-�+-)C58�I)�) �M?=�%(I"�-'9>�E8� 
8x10 ��5�7'B"�&'%�5 <$�/"8�F;�"/"+M57��E�:�"M01"9(6C5�E^  
 
15. '8/�����I'@/8�7'@7+��
����T (Yu et al., 1981) 
  '(����� 

   '/�5Y'"()5Y 
  �	
���� 

   1. 9;�E�5/8-E�5M�7�8/I�7I��/'E5()� +-)E�5/8-./�%="�I�7I��/'E5()�E>�"
<$#=$87E�59�-?""1;�%8" +-)E�5?!�'/�5Y'"()5Y /8-./�%="�I�7<J>"I��/'E5()�9(6�;�<=">75��
I�7<J>"I��/'E5()� 4 F@- <$#9(6�57E$�7<J>"�(E 1 F@- ?!�.>�'p$(6)I�7�8/�)>�7$# 5 <J>" 
   2. .;�"/A�8�5�E�5M�7�8/I�7I��/'E5()�=$87E�59�- 
    �8�5�E�5M�7�8/ (5��)$#) = (a-b) x100 
                    b 
    a = ./�%="�I�7<J>"I��/'E5()�=$879�- 
    b = ./�%="�I�7<J>"I��/'E5()�E>�"9�- 
 
16. �?� Thiobarbituric acid-reaction substances (TBARS) (Buege and Aust, 1978) 
  
���D'@B<�'(����� 
   1. '.506�7 Spectrophotometer )(6=�� Jenway 5@>" 6405 UV/VIS  
   2. '.506�7=%@"'=/(6)7./�.@%�@A= �%& )(6=�� Sanyo 5@>" Harrier 18/80 
   3. �>�7"1;�./�.@%�@A= �%& 
   4. CX'C�I"�- 1, 5 <$# 10 %&$$&$&�5 
   5. =$�-}�'E$()/ 
  4��
��� 

   1. G�5$#$�)�q+����&9�5&E BK67C5#E��-�/) E5-�q+����&9�5&E5��)$# 0.375 ?"
E5-��5.$�+5�#B&�&E5��)$# 15 <$#G�5$#$�)E5-�`+-5.$�5&E./�%'I�%I�" 0.25 "�5Y%8$ 
   2. G�5%��5o�"%�+$"�8$-(�`-Y 
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  �	
���� 

   1. !867�8/�)>�7="8E 0.50 E58% ?"G�5$#$�)�q+����&9�5&. C5&%��5 4.0 %&$$&$&�5 
   2. ��%G�5$#$�)JG%?""1;�'-0�-'CW"'/$� 10 "�9( 
   3. 9;�?=�G�5$#$�)JG%')H"+-)"1;��=$ 
   4. '=/(6)7<)EG�5$#$�)-�/)'.506�7=%@"'=/(6)79(6./�%'5H/5�� 5,500 5���>�"�9( 
'CW"'/$� 20 "�9( 
   5. 9;�<�$7.Y'!>"'-()/E8�E�5/&'.5�#=Y�8/�)>�7<�>�%>?G>G�5�8/�)>�7 
   7. /8-.>�E�5-�-E$0"<G79(6./�%)�/.$06" 532 "�+"'%�5 
   8. ";�.>�E�5-�-E$0"<G79(6�-��C=�.>� TBARS +-)'C5()�F�EE5��%��5o�"I�7

G�5$#$�)%��5o�"%�+$"�8$-(�`-Y (./�%'I�%I�"F�E 0, 1.0, 2.0, 3.0, 4.0, <$# 5.0 µg/ml) <$#
.;�"/A=�.>�  TBARS ?"5�CI�7%&$$&E58%%�+$"�8$-(�`-Y�>�E&+$E58%I�7�8/�)>�7 (mg 
malondaldehyde/kg sample) 
 

y = 0.0972x + 0.0145

R2 = 0.9984
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��I�������J�D 2 E5��%��5o�"5#=/>�7C5&%�A%�+$"�8$-(�`-YE8�.>�E�5-�-E$0"<G79(6./�%

)�/.$06" 532 "�+"'%�5 
  Standard curve of malonaldehyde at wavelength 532 nm 
 
 



 139 

17. ����8��?�B�@��7'@
���'48��84 (Compression force) (Anon, 1996) 
  '(����� 
   '.506�7 Texture analyzer )(6=�� Stable micro system 5@>" TA-XT2 
  �	
���� 

   1. '$0�E+C5<E5% Texture expert English  
   2. ?!�=8//8-<��=8/'IH%5�C/7E$%I"�-'G�"J>�":�")YE$�7 45 %&$$&$&�5 =50�
'5()E/>�'IH% P/0.25s w Spherical stainless <$#�&-o�"/�7�8/�)>�7I��/'E5()�$7�"o�"5�758�5�C
957E5#��EE5/7I"�-'G�"J>�":�")YE$�7 3 'B"�&'%�5  
   3. 9;�E�5/8-+-)?=�=8//8-E-$7�"�8/�)>�7 BK67./�%'5H/I�7=8//8-IA#9-G�� 1 
%&$$&'%�5�>�/&"�9( ./�%'5H/I�7=8//8-=$87E�59-G�� 10 %&$$&'%�5�>�/&"�9( <$#?=�=8//8-E-
�8/�)>�7$7'CW"5#)#9�7 3 %&$$&'%�5 9-G��F;�"/" 10 B1;� 
   6. �>�".>�<57E-G�7G@-I�7�8/�)>�7I��/'E5()�9(6/8-�-�F�E.>� Maximum force 
 

 
 

��I�������J�D 3 .>�<57E-G�7G@-I�7'"01�G8%J8GI��/'E5()�+-)?!�'.506�7 Texture analyzer 
    Maximum force value of cracker from texture analyzer 
 

Maximum force 
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������� 7 

 

�<����	
������J�@4*	/	 
 

/���@�������J�D 1 J$E�5/&'.5�#=Y./�%<C5C5/"I�7C5&%�A�#%&+$GI�7<C�7-&�F�E<C�7
   %8"G;�C#=$87 <C�7G�.� <$#<C�7JG%5#=/>�7<C�7%8"G;�C#=$87<$#<C�7
   G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 6, 12, 18 <$# 24  
   Analysis of variance for amylose content of native starch from cassava
   starch, sago starch and the starch mixtures (cassava and sago starches) 
   with different levels of sago starch added (6, 12, 18, and 24 %) 
 

Source SV SS Df MS F Sig. 
Treatment 40.187 5 8.037 70.492 0.000 Sago starch 

content Error 0.684 6 0.114   
 Total 40.871 11    
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/���@�������J�D 2 J$E�5/&'.5�#=Y./�%<C5C5/"I�7E;�$87E�5M�7�8/I�7<C�7-&�F�E<C�7
%8"G;�C#=$87 <C�7G�.� <$#<C�7JG%5#=/>�7<C�7%8"G;�C#=$87<$#<C�7
G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 6, 12, 18 <$# 24 9(6

�@A= �%& 55-95°B 
   Analysis of variance for swelling power of native starch from cassava 

starch, sago starch and the starch mixtures (cassava and sago starches) 
with different levels of sago starch added (6, 12, 18, and 24 %) at 

temperature 55-95°C 
 
Source SV SS Df MS F Sig. 

55°C Treatment 0.241 5 0.048 61.675 0.000 

 Error 0.009 12 0.001   
 Total 0.250 17    

65°C Treatment 228.583 5 45.717 375.090 0.000 

 Error 1.463 12 0.122   
 Total 230.046 17    

75°C Treatment 236.370 5 47.274 430.906 0.000 

 Error 1.317 12 0.110   
 Total 237.687 17    

85°C Treatment 318.538 5 63.708 96.602 0.000 

 Error 7.914 12 0.659   
 Total 326.452 17    

95°C Treatment 173.537 5 34.707 61.798 0.000 

 Error 6.740 12 0.562   
 Total 180.277 17    
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/���@�������J�D 3 J$E�5/&'.5�#=Y./�%<C5C5/"I�7E�5$#$�)I�7<C�7-&�F�E<C�7%8"
G;�C#=$87 <C�7G�.� <$#<C�7JG%5#=/>�7<C�7%8"G;�C#=$87<$#<C�7G�.�9(6
%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 6, 12, 18 <$# 24 9(6�@A= �%& 

55-95°B 
   Analysis of variance for solubility of native starch from cassava starch, 

sago starch and the starch mixtures (cassava and sago starches) with 
different levels of sago starch added (6, 12, 18, and 24 %) at temperature 

55-95°C 
  
Source SV SS Df MS F Sig. 

55°C Treatment 0.117 5 0.023 50.296 0.000 

 Error 0.006 12 0.000   
 Total 0.122 17    

65°C Treatment 64.683 5 12.937 526.537 0.000 

 Error 0.295 12 0.025   
 Total 64.978 17    

75°C Treatment 7.845 5 1.569 12.529 0.000 

 Error 1.503 12 0.125   
 Total 9.348 17    

85°C Treatment 3.708 5 0.742 22.044 0.000 

 Error 0.404 12 0.034   
 Total 4.112 17    

95°C Treatment 3.984 5 0.797 7.659 0.002 

 Error 1.248 12 0.104   
 Total 5.233 17    
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/���@�������J�D 4 J$E�5/&'.5�#=Y./�%<C5C5/"I�7E�5'C$(6)"<C$7./�%="0-I�7<C�7
   -&�F�E<C�7%8"G;�C#=$87 <C�7G�.� <$#<C�7JG%5#=/>�7<C�7%8"G;�C#=$87
   <$#<C�7G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 6, 12, 18   
   <$# 24  
   Analysis of variance for pasting characteristics of native starch from 

cassava starch, sago starch and the starch mixtures (cassava and sago 
starches) with different levels of sago starch added (6, 12, 18, and 24 %) 

 
Source SV SS Df MS F Sig. 
Peak viscosity Treatment 3318467.417 5 663693.483 212.614 0.000 

 Error 18729.500 6 3121.583    Total 3337196.917 11    Trough Treatment 443236.750 5 88647.350 18.051 0.001  Error 29465.500 6 4910.917    Total 472702.250 11    Breakdown Treatment 4090368.667 5 818073.733 161.435 0.000  Error 30405.000 6 5067.500    Total 4120773.667 11    Final viscosity Treatment 1859188.417 5 371837.683 80.593 0.000  Error 27682.500 6 4613.750    Total 1886870.917 11    Setback Treatment 1595538.667 5 319107.733 23.903 0.001  Error 80102.000 6 13350.333    Total 1675640.667 11    Treatment 37.257 5 7.451 39.741 0.000 Pasting  Temperature Error 1.125 6 0.188    Total 38.382 11        
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/���@�������J�D 5 J$E�5/&'.5�#=Y./�%<C5C5/"I�7�@A= �%&E�5'E&-'F$��&�"'B!8"I�7
<C�7-&�F�E<C�7%8"G;�C#=$87 <C�7G�.� <$#<C�7JG%5#=/>�7<C�7%8"
G;�C#=$87<$#<C�7G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 6, 
12, 18 <$# 24 

   Analysis of variance for gelatinization temperature of native starch from 
cassava starch, sago starch and the starch mixtures (cassava and sago 
starches) with different levels of sago starch added (6, 12, 18, and 24 %) 

 
Source SV SS Df MS F Sig. 

Treatment 27.493 5 5.499 185.906 0.000 
Error 0.177 6 0.030   

Onset  
temperature 

Total 27.671 11    
Treatment 48.429 5 9.686 596.387 0.000 
Error 0.097 6 0.016   

Peak 
temperature 

Total 48.527 11    
Treatment 15.250 5 3.050 20.747 0.001 
Error 0.882 6 0.147   

Conclusion 
temperature 

Total 16.132 11    
Treatment 3.319 5 0.664 1.026 0.478 
Error 3.883 6 0.647   

∆H 

Total 7.202 11    
Treatment 19.106 5 3.821 45.436 0.000 
Error 0.505 6 0.084   

∆T 

Total 19.611 11    
Note: ∆T : gelatinization temperature range (TO-TC)  

TO : Onset temperature; TC : Conclusion temperature ; ∆H : Enthalpy (J/g of dry wt.) 
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/���@�������J�D 6 J$E�5/&'.5�#=Y./�%<C5C5/"I�75#-8�I�7E�5'E&-'F$��&�"'B!8"I�7
I��/'E5()�9(6)87�%>J>�"E�59�-BK67'�5()%F�E<C�7JG%5#=/>�7<C�7%8"
G;�C#=$87<$#<C�7G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 0, 
6, 12, 18 <$# 24  

  Analysis of variance for degree of gelatinization of raw cracker produced 
from the mixture between cassava and sago starches with different levels 
of sago starch added (0, 6, 12, 18 and 24%) 

 
Source Type III Sum of 

Squares 
Df Mean Square F Sig 

Corrected mode 6899.259 39 176.904 39.296 0.000 
Intercept 421274.656 1 421274.656 93579.211 0.000 
%Sago starch 163.590 4 40.897 9.085 0.000 
Time 6552.574 7 936.082 207.935 0.000 
%Sago starch*Time 183.096 28 6.539 1.453 0.137 
Error 180.072 40 4.502   
total 428353.988 80    
Corrected total 7079.331 79    

a R Squared = 0.975 (Adjusted R Squared = 0.950) 

Note:  All raw crackers were prepared by steaming the starch mixtures at 100°C for 25-     

 120 min, followed by drying at 55-60°C for 3-4 h. 
 
 

 

 

 

 

 

 

 

 



 

 

146 

/���@�������J�D 7 J$E�5/&'.5�#=Y./�%<C5C5/"I�7./�%G�%�5,?"E�5-�-B8�"1;�I�7I��/
'E5()�9(6)87�%>J>�"E�59�-BK67'�5()%F�E<C�7JG%5#=/>�7<C�7%8"G;�C#=$87
<$#<C�7G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 0, 6, 12, 18 
<$# 24  

  Analysis of variance for water absorption index of raw cracker produced 
from the mixture between cassava and sago starches with different levels 
of sago starch added (0, 6, 12, 18 and 24%) 

 
Source Type III Sum of 

Squares 
Df Mean Square F Sig 

Corrected mode 37.479a 39 0.961 18.119 0.000 
Intercept 3787.880 1 3787.880 71416.664 0.000 
%Sago starch 4.903 4 1.226 23.110 0.000 
Time 31.348 7 4.478 84.434 0.000 
%Sago starch*Time 1.227 28 0.044 0.826 0.709 
Error 4.243 80 0.053   
total 3829.602 120    
Corrected total 41.722 119    

a R Squared = 0.898 (Adjusted R Squared = 0.849) 

Note:  All raw crackers were prepared by steaming the starch mixtures at 100°C for 25-     

 120 min, followed by drying at 55-60°C for 3-4 h. 
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/���@�������J�D 8 J$E�5/&'.5�#=Y./�%<C5C5/"I�7./�%G�%�5,?"E�5$#$�)"1;�I�7I��/
'E5()�9(6)87�%>J>�"E�59�-BK67'�5()%F�E<C�7JG%5#=/>�7<C�7%8"G;�C#=$87
<$#<C�7G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 0, 6, 12, 18 
<$# 24  

   Analysis of variance for water soluble index of raw cracker produced from 
the mixture between cassava and sago starches with different levels of 
sago starch added (0, 6, 12, 18 and 24%) 

 
Source Type III Sum of 

Squares 
Df Mean Square F Sig 

Corrected mode 1335.787a 39 34.251 148.802 0.000 
Intercept 17487.499 1 17487.499 75973.698 0.000 
%sago starch 95.420 4 23.855 103.637 0.000 
Time 1220.544 7 174.363 757.515 0.000 
%Sago starch*Time 19.823 28 0.708 3.076 0.000 
Error 18.414 80 0.230   
total 18841.700 120    
Corrected total 1354.201 119    

a R Squared = 0.986 (Adjusted R Squared = 0.980) 

Note:  All raw crackers were prepared by steaming the starch mixtures at 100°C for 25-     

 120 min, followed by drying at 55-60°C for 3-4 h. 
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/���@�������J�D 9 J$E�5/&'.5�#=Y./�%<C5C5/"I�7�8�5�E�5M�7�8/I�7I��/'E5()�=$87
9�-BK67'�5()%F�E<C�7JG%5#=/>�7<C�7%8"G;�C#=$87<$#<C�7G�.�9(6%(
C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 0, 6, 12, 18 <$# 24 

  Analysis of variance for expansion ratio of fried cracker produced from 
the mixture between cassava and sago starches with different levels of 
sago starch added (0, 6, 12, 18 and 24%)  

 
Source Type III Sum of 

Squares 
Df Mean Square F Sig 

Corrected mode 7000.575 39 179.502 313.560 0.000 
Intercept 6280956.815 1 6280956.815 10971798.328 0.000 
%Sago starch 900.470 4 225.118 393.243 0.000 
Time 5928.157 7 846.880 1479.359 0.000 
%Sago starch*Time 171.948 28 6.141 10.727 0.000 
Error 91.594 160 0.572   
total 6288048.984 200    
Corrected total 7092.169 199    

a R Squared = 0.987 (Adjusted R Squared = 0.984) 

Note:  All fried crackers were prepared by steaming the starch mixtures at 100°C for 25-120 

min, followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec. 
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/���@�������J�D 10 J$E�5/&'.5�#=Y./�%<C5C5/"I�7F;�"/"+M57��E�:I�7I��/'E5()�=$87
9�-BK67'�5()%F�E<C�7JG%5#=/>�7<C�7%8"G;�C#=$87<$#<C�7G�.�9(6%(
C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 0, 6, 12, 18 <$# 24  

  Analysis of variance for amount of fried cracker produced from the 
mixture between cassava and sago starches with different levels of sago 
starch added (0, 6, 12, 18 and 24%) 

 
Source Type III Sum of 

Squares 
Df Mean Square F Sig 

Corrected mode 82585.992 39 2117.590 212.467 0.000 
Intercept 1598751.675 1 1598751.675 160409.867 0.000 
%Sago starch  7405.117 4 1851.279 185.747 0.000 
Time 74305.325 7 10615.046 1065.055 0.000 
%Sago starch*Time 875.550 28 31.270 3.137 0.000 
Error 797.333 80 9.967   
total 1682135.000 120    
Corrected total 83383.325 119    

a R Squared = 0.990 (Adjusted R Squared = 0.986) 

Note:  All fried crackers were prepared by steaming the starch mixtures at 100°C for 25-120 

min, followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec. 
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/���@�������J�D 11 J$E�5/&'.5�#=Y./�%<C5C5/"I�7.>�<57E-I�7'"01�G8%J8GI��/'E5()�
=$879�-BK67'�5()%F�E<C�7JG%5#=/>�7<C�7%8"G;�C#=$87<$#<C�7G�.�9(6%(
C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 0, 6, 12, 18 <$# 24 

  Analysis of variance for compression force of fried cracker produced from 
the mixture between cassava and sago starches with different levels of 
sago starch added (0, 6, 12, 18 and 24%) 

 
Source Type III Sum of 

Squares 
Df Mean Square F Sig 

Corrected mode 869.614 39 22.298 23.606 0.000 
Intercept 62792.842 1 62792.842 66477.150 0.000 
%Sago starch 81.543 4 20.386 21.582 0.000 
Time 772.865 7 110.409 116.887 0.000 
%Sago starch*Time 15.206 28 0.543 0.575 0.961 
Error 340.048 360 0.945   
total 64002.504 400    
Corrected total 1209.662 399    

a R Squared = 0.719 (Adjusted R Squared = 0.688) 

Note:  All fried crackers were prepared by steaming the starch mixtures at 100°C for 25-120 

min, followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec. 
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/���@�������J�D 12 J$E�5/&'.5�#=Y./�%<C5C5/"I�7E�5'C$(6)"<C$7C5&%�A./�%!01"I�7
I��/'E5()�=$879�-BK67'�5()%F�E<C�7JG%5#=/>�7<C�7%8"G;�C#=$87<$#
<C�7G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 0 <$# 24  �)=$87

J>�"E�5"K67-�/)��"1;�9(6�@A= �%& 100°B 5#)#'/$�"�" 60 "�9( ?",@7      
+M$(+M5M&$("<$#,@7�#$�%&'"()%$�%&'"� 5#=/>�7E�5'EH�58E]� 5 G8C-�=Y 

  Analysis of variance for changes in moisture content of fried cracker 
produced from the mixture between cassava and sago starches with 

different levels of sago starch added (0 and 24%) steamed at 100°C for  
60 min in polypropylene (PP) and aluminum laminate (AL) bags during 
storage time for 5 weeks 

 
Source Type III Sum of 

Squares 
df Mean Square F Sig. 

Corrected Model 82.900 23 3.604 437.767 0.000 
Intercept 704.632 1 704.632 85580.964 0.000 
%Sago starch 3.213E-02 1 3.213E-02 3.902 0.054 
Package 34.693 1 34.693 4213.640 0.000 
Storage time 32.311 5 6.462 784.858 0.000 
%Sago starch * Package 3.458E-03 1 3.458E-03 0.420 0.520 
%Sago starch * Storage time 2.834E-02 5 5.668E-03 0.688 0.635 
Package * Storage time 15.762 5 3.152 382.873 0.000 
%Sago starch * Package * 
Storage time 

7.063E-02 5 1.413E-02 1.716 0.149 

Error 0.395 48 8.234E-03   
Total 787.928 72    
Corrected Total 83.295 71    
a R Squared = 0.995 (Adjusted R Squared = 0.993) 

Note:  All fried crackers were prepared by steaming the starch mixtures at 100°C for 60 min, 

followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec. 
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/���@�������J�D 13 J$E�5/&'.5�#=Y./�%<C5C5/"I�7E�5'C$(6)"<C$7.>�<57E-I�7'"01�
G8%J8GI��/'E5()�=$879�-BK67'�5()%F�E<C�7JG%5#=/>�7<C�7%8"G;�C#=$87
<$#<C�7G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 0 <$# 24 

 �)=$87J>�"E�5"K67-�/)��"1;�9(6�@A= �%& 100°B 5#)#'/$�"�" 60 "�9( ?"
,@7+M$(+M5M&$("<$#,@7�#$�%& '"()%$�%& '"� 5#=/>�7E�5'EH�58E]�               
5 G8C-�=Y 

   Analysis of variance for changes in compression force of fried cracker 
produced from the mixture between cassava and sago starches with 

different levels of sago starch added (0 and 24%) steamed at 100°C for  
60 min in polypropylene (PP) and aluminum laminate (AL) bags during 
storage time for 5 weeks 

 
Source Type III Sum of 

Squares 
df Mean Square F Sig. 

Corrected Model 6782.467 23 294.890 153.614 0.000 
Intercept 64956.116 1 64956.116 33836.968 0.000 
%Sago starch 0.587 1 0.587 0.306 0.581 
Package 3865.562 1 3865.562 2013.650 0.000 
Storage time 1741.790 5 348.358 181.467 0.000 
%Sago starch * Package 0.142 1 0.142 0.074 0.786 
%Sago starch * Storage time 31.822 5 6.364 3.315 0.007 
Package * Storage time 1127.607 5 225.521 117.479 0.000 
%Sago starch * Package * 
Storage time 

14.958 5 2.992 1.558 0.173 

Error 414.651 216 1.920   
Total 72153.233 240    
Corrected Total 7197.118 239    
a R Squared = 0.942 (Adjusted R Squared = 0.936) 

Note:  All fried crackers were prepared by steaming the starch mixtures at 100°C for 60 min, 

followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec. 
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/���@�������J�D 14 J$E�5/&'.5�#=Y./�%<C5C5/"I�7E�5'C$(6)"<C$7C5&%�A TBARS I�7
I��/'E5()�=$879�-BK67'�5()%F�E<C�7JG%5#=/>�7<C�7%8"G;�C#=$87<$#
<C�7G�.�9(6%(C5&%�A<C�7G�.�'CW"G>/"JG%'9>�E8�5��)$# 0 <$# 24  �)=$87

J>�"E�5"K67-�/)��"1;�9(6�@A= �%& 100°B 5#)#'/$�"�" 60 "�9( ?",@7      
+M$(+M5M&$("<$#,@7�#$�%&'"()%$�%&'"� 5#=/>�7E�5'EH�58E]� 5 G8C-�=Y 

  Analysis of variance for changes in TBARS content force of fried cracker 
 produced from the mixture between cassava and sago starches with 

different levels of sago starch added (0 and 24%) steamed at 100°C for  
60 min in polypropylene (PP) and aluminum laminate (AL) bags during 
storage time for 5 weeks 

 
Source Type III Sum of 

Squares 
df Mean Square F Sig. 

Corrected Model 61.174 23 2.660 87.865 0.000 
Intercept 382.169 1 382.169 12624.994 0.000 
%Sago starch 8.681E-02 1 8.681E-02 2.868 0.097 
Package 22.023 1 22.023 727.521 0.000 
Storage time 30.695 5 6.139 202.801 0.000 
%Sago starch* Package 7.476E-02 1 7.476E-02 2.470 0.123 
%Sago starch* Storage time 0.149 5 2.977E-02 0.983 0.438 
Package * Storage time 8.063 5 1.613 53.269 0.000 
%Sago starch* Package * Storage 
time  

8.354E-02 5 1.671E-02 0.552 0.736 

Error 1.453 48 3.027E-02   
Total 444.796 72    
Corrected Total 62.627 71    
a R Squared = 0.977 (Adjusted R Squared = 0.966) 

Note:  All fried crackers were prepared by steaming the starch mixtures at 100°C for 60 min, 

followed by drying at 55-60°C for 3-4 h and frying at 190-200°C for 25 sec. 
 




