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Cross-linked starch suspensions sheared at various shear stresses showed two types of flow behavior.

One type indicates a behavior of increasing fluidity, which is observed in concentrated suspensions of

weakly cross-linked starch. Although sheared granules are smaller than non-sheared granules, the increas-

ing fluidity of cross-linked starch suspensions is explained by the rupture of fully swollen starch granules.

As the swollen granules rupture, the flocculation network of the granules decreases, resulting in a decrease

in the viscosity and an increase in the fluidity of starch suspensions. Another flow behavior is decreasing

fluidity, which is observed in highly cross-linked starch. The decreasing fluidity of cross-linked starch

suspensions results from the re-swelling of granules from the application of unheated shear stress. The

re-swollen granules enlarge with strong flocculation, resulting in a decrease of fluidity. Hence, the

disruption or the re-swelling of sheared granules explains the two types of fluidity observed in cross-linked

starch suspensions. A combination of cross-linking level and starch concentration determines the fluidity

type of gelatinized suspensions. (Received Nov. +, ,**0 ; Accepted Feb. ,2, ,**1)
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Fig. . Photomicrographs of gelatinized ../�(w/w) WHP-+ granule

(a) : Non shear, (b) : -+, Pa, (c) : /,1 Pa, bar /*�m

¡¢�£¤ : DE��FG�89:;�\] 2252 21 3



�� ���������	
��
��������� �
��������
����������� Da Silva�
������0�����
������� !�����

�	�����"#�$%"&��� '(� Da Silva�
�� �)	�*+,-.-/01-2"����3 2*4
5 *./6-*
��7
"� �������
��� !�
��
�8&9&:� ����;5<��
=>3��

��
� Fig. .5?����������
�@8��A
������	
��
�"�B��������"�:�
����
������	"� C:D�EF��
���
�	��G=>5H
"IJ��
�J�� ���K�C:D�3�L
� Mc� ����N
O�&
"� �	
�����EF5&9� P�&��?
Q���� ���� R����KC:D�����STU
5�	
�V��W
�:X��:
������� '(�
Fig. -��Y
�Z[� ,, �m5�P�&\-]5H

"^���
� ���"_�� H
KC:D� MWHP-+5
� /,1 Pa� 3`J
C:D�3�L
� �� �����
W7
�"?B�5<��
ab��"_�� ����R�c���de�fg_F
�Y����� ������	��3h7����i�j
k
��
�"�hl���� am�� C:D�3���
�R�c��L
� �� R�c���d�n�7
=>
3�������_�o�7
�
p�q�����R�� �	����� R�����i
�r<9&:�����s�t M�uv��:?��� M

wv� �x:yU�
t� �z9&
�"5���{�
!|
� ��!�}~/��*-�0���9&
�"
5� ���{����*-]�5<��Y�"=
�9

� ��R�c��C:D�3�L7
"� R�����
	��
5H
���L���C:D�3�uvEF5�
�7
�"�5<C�� ��;E����#
��W
�

U�� �	������W7
"pY�����x:y
U��t��uv�$:� �	���?@87
� ���
A� ��!�!|Y?�m
� ���{����*-]�
�9&:� R�c�g_F�Y��m7
""?�� ��
d�n�7
"IJ�� ���� K�C:D�3�L
�
 ��	����W7
_��_�� ����	��"�
�!Y M%Y� ��������
"IJ�� ���� Fig.

-� -,* Pa3�J�C:D�3�L
���5�I�5
H
� ��� -,* PaU5��LC:D������ g_F
�Y� R���i�n���������� ����d�
@87
��5o�7
�
� ��d�@87
��
�0��,0�-�5b�Z[�m�Z[3b 
¡�
3h
� ../� Mw�w� WHP-,R�c�� ��¢�£�

�C:D�3�L
� �g_F�Y"R�����i�
��3 Fig. /�h
��

Fig. /�:� �LC:D��n�7
�¤��g_F�
Y�n�
� �� �R�����i?�L
�C:D�
""?�nr
�� ��R�����i���3¥¦��
7�A�� Fig. 0��� ��Y
�3� Fig. 1����
��NO3h
�� Fig. 05��L���C:D��n�
7
�¤���Y
��r�i§¨r<9,}�
�e
:� R�������LC:D��¤��r<9&���

��3h
�� U�� Fig. 15?� ©ª�R�����
�r<9&���
��������
��5� �/«¬­Y"%Y�®&
 /.*� Mw�w�

WHP--R�c���5?� ����LC:D��¯°3
±&
�� ��$%3 Fig. 2�h
�� /.*� Mw�w�
WHP--R�c5? ../� Mw�w� WHP-,R�c���"

Fig. / Influence of applied shear stress on apparent

viscosity and granule diameter of ../� (w/w)

WHP-, suspensions

Measurement temperature ; ,*4
² : apparent viscosity

³ : granule diameter

Fig. 0 Influence of applied shear stress on average

granule size distribution of gelatinized ../�
(w/w) WHP-, suspensions

'(´)µ¶�¶·¸ ¹ /. º ¹ / » ,**1 * / ¼226 M 22 �



���� �������	
���
� ��������
������	���� ��� � ��������!�

�"#$%&'()* +,-�.�/0� ������
	
1 �� ��������	�� 23� �������
�����!(4�5$6789(��$�	��� :�
���������4
;<=>?�@� AB8����
$��<=�C�8�5'()*DEF��� �=G ../�
+w�w1 WHP-,��H� /.*� +w�w1 WHP--��H��
<G�IJ����D���
J?�������5'(
$� 9(I�����G�WHP-+���������

K���
��� �G� �L����H�����D����M
��"#$%&'(N"�� ������$����84

�5'(��$6789��� 23� ������$4�
5'(��8���$�O?>�� �PQ�R�<G��
�S�T�UV=(� �W�
�GXCY����$�

>Z[�>(��8� ��\�]^_`abcd$�e�
>�� ��$<G��)'(�fg�� �����$	

'(��8� ��H��"#�/0'(� �������
��!(������������ �L����5� +h
ijkl��mn'(1 o��Hp��q��
J(��
$rs<=�� ������$�����!�
K'(�
��� �t>���uJ
�v+,1+-1<=
J($� w��
�����!�
4�5'(����xy�uJ
z{

EF<=��
��L�|}��8�� -.*~/.*� +w�w1 p���H8
���$���
;��5�
J(�{�� ����D�
�'=��?���$�������
K��(���
�� kl��L���� ������#D���(�{�
hij>�8kl�
� 
;��5D���
J(�{
�� �����!(4�5$���g(�fg�� V��
�=���
;��H$�5������@��(�fg
G=()*��{� ���� +���1 ���#D��>
J|}��8@Ip���H�>=��5��D����
�����!(�5$���g(��#$9(� 23� �
��������!(�������4�59(J�
K
�� ��Hp�o +hij1 kl�>��������5
���D�g(7��!���<=(�rs���
���L����H$
;>��;�]��a�!G

�� �B +�xy8� ,*�1 8��������C�8�
�����$<G��5�� �"#$/0'(���� �
���=����)��uJ
@� �=� ¡� �¢£�
��(����8� �=�¤¥¦§a$���
J(��
D¨©'(� ª��{� ��«���
�� �=��
;
¬­C�8>?®¯° ¡� �±�¢M��=����(
����²@³´�� ¬­�'(��$9(��D¨�
�� <G�� �=���µ«���
@� �=�
;¶�
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Fig. 2 Influence of applied shear stress on apparent

viscosity and granule diameter of /.*� (w/w)

WHP-- suspensions

Measurement temperature ; ,*�
¸ : apparent viscosity

¹ : granule diameter
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