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DS=0.0664 60.5 710 400 310 450
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DS=0.0927 59.0 720 420 340 490

DS=0.1013 54.5 730 390 320 520

DS=0.2130 54.0 650 315 255 380
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��� 4.10  �	
����
�	� "�,�.�	
K ���������
	������	�����	�#����#��������(��,1
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2		(4
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������#,����
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��                    ������
	������	��� (DS 0.0664)
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%����(���$�����(���(�	������I�%('�������
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 M )����
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%����(���$������	����������
�A�������
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�������� �.  G�������
�#(����K����
��	��
	������

.	�F���� ���
�#(����K�

(	B�#���
#

�F1
%��������%B�)

�F1
%���

����

(�	�()

.	�F�

���

.�
�
	
'


��/��,�

DS DS �V���#

1 8 0.1005 1 0.2174 0.0458

2 0.2478 0.0524

3 0.2056 0.0433

2 8 0.1003 1 0.2301 0.0486

2 0.2078 0.0439 0.0475 � 0.0031

3 0.2278 0.0482

3 8 0.0993 1 0.2357 0.0504

2 0.2140 0.0457

3 0.2318 0.0495

1 12 0.0992 1 0.2416 0.0517

2 0.2850 0.0612

3 0.2428 0.0520

2 12 0.1004 1 0.2660 0.0563

2 0.2550 0.0540 0.0549 �  0.0034

3 0.2414 0.0510

3 12 0.1000 1 0.2531 0.0538

2 0.2750 0.0585

3 0.2597 0.0552
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��/��,�

DS DS �V���#

1 15 0.0992 1 0.2807 0.0601

2 0.3297 0.0710

3 0.3246 0.0699

2 15 0.0993 1 0.3143 0.0676

2 0.2822 0.0605 0.0664 � 0.0055

3 0.3212 0.0691

3 15 0.0997 1 0.3219 0.0689

2 0.3391 0.0727

3 0.2701 0.0576

%��!��� �.
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��,-���/
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��/��,�

DS DS �V���#

1 0.5 0.1046 1 0.1768 0.0357

2 0.1832 0.0370

3 0.1681 0.0339

2 0.5 0.1012 1 0.1517 0.0316

2 0.1066 0.0221 0.0308 � 0.0067

3 0.1957 0.0409

3 0.5 0.0998 1 0.1345 0.0284

2 0.1133 0.0239

3 0.1121 0.0236

1 1.0 0.0992 1 0.2807 0.0602

2 0.3297 0.0710

3 0.03246 0.0699

2 1.0 0.0993 1 0.3143 0.0676

2 0.2822 0.0605 0.0664 � 0.0055

3 0.3212 0.0691

3 1.0 0.0997 1 0.3219 0.0689

2 0.3391 0.0727

3 0.2701 0.0576
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�F1
%�������

�%B�)

1 1.5 0.0999 1 0.3674 0.0788

2 0.3480 0.0745

3 0.3499 0.0749

2 1.5 0.0991 1 0.3204 0.0690

2 0.3364 0.0726 0.0752 � 0.0038

3 0.3723 0.0805

3 1.5 0.0999 1 0.3480 0.0745

2 0.3383 0.0724

3 0.3713 0.0797

%��!��� 9.



72

 !�+"����
�+#
+#�+"�,:�:$���""�6-�8�*"��������������

�������� 9.  G����."
(��B(�B������	����������
����
��	��
	������

.	�F���� ��	�����

�����
�

(	B�#���
#

�F1
%��������%B�)

�F1
%���

����

(�	�()

.	�F�

���

.�
�
	
'
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DS DS �V���#

1 5 0.0987 1 0.2974 0.0642

2 0.2640 0.0569

3 0.2454 0.0548

2 5 0.0997 1 0.2675 0.0571

2 0.2456 0.0523 0.0548 � 0.0049

3 0.2370 0.0504

3 5 0.0990 1 0.2723 0.0585

2 0.2290 0.0491

3 0.2342 0.0502

1 7 0.0999 1 0.3674 0.0788

2 0.3480 0.0745

3 0.3499 0.0749

2 7 0.0991 1 0.3204 0.0690

2 0.3364 0.0726 0.0752 � 0.0038

3 0.3723 0.0805

3 7 0.0999 1 0.3480 0.0745

2 0.3383 0.0724

3 0.3713 0.0797
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1 9 0.1006 1 0.4550 0.0975

2 0.4924 0.1058

3 0.4638 0.0995

2 9 0.1009 1 0.4365 0.0931

2 0.4729 0.1012 0.1013 �  0.0044

3 0.4705 0.1007

3 9 0.1004 1 0.4986 0.1075

2 0.4810 0.1035

3 0.4798 0.1033

%��!��� ;.
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DS DS �V���#

1 6 0.1006 1 0.2506 0.0529

2 0.2414 0.0509

3 0.2726 0.0576

2 6 0.0999 1 0.2495 0.0530

2 0.2076 0.0440 0.0493 � 0.0048

3 0.2314 0.0491

3 6 0.0998 1 0.2157 0.0457

2 0.2008 0.0425

3 0.2221 0.0477

1 12 0.0998 1 0.4271 0.0910

2 0.4421 0.0894

3 0.4600 0.0926

2 12 0.1002 1 0.4598 0.0992

2 0.4332 0.0955 0.0927 � 0.0037

3 0.4315 0.0929

3 12 0.0997 1 0.4303 0.0863

2 0.4570 0.0938

3 0.4559 0.0936
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DS DS �V���#
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1 18 0.1000 1 0.4728 0.1021

2 0.4759 0.1028

3 0.5021 0.1087

2 18 0.1004 1 0.4759 0.1024

2 0.4486 0.0963 0.1023 � 0.0037

3 0.4791 0.1031

3 18 0.0997 1 0.4761 0.1000

2 0.5047 0.1062

3 0.4723 0.0991

1 20 0.1012 1 0.4610 0.0983

2 0.4723 0.1008

3 0.4695 0.1001

2 20 0.0999 1 0.4781 0.1033

2 0.4832 0.1044 0.1018 � 0.0019

3 0.4684 0.1011

3 20 0.1001 1 0.4711 0.1016

2 0.4801 0.1036

3 0.4765 0.1028

1 24 0.1006 1 0.4550 0.0975

2 0.4924 0.1058

3 0.4638 0.0995

2 24 0.1009 1 0.4365 0.0931

2 0.4729 0.1012 0.1013 � 0.0044

3 0.4705 0.1007

3 24 0.1004 1 0.4986 0.1075

2 0.4810 0.1035

3 0.4798 0.1033

%��!��� �.
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DS DS �V���#

1 30 0.0999 1 0.1934 0.0409

2 0.1846 0.0391

3 0.1900 0.0402

2 30 0.0998 1 0.1847 0.0391

2 0.2051 0.0435 0.0408 � 0.0016

3 0.1911 0.0405

3 30 0.1050 1 0.1991 0.0401

2 0.2005 0.0404

3 0.2151 0.0434

1 40 0.0998 1 0.4271 0.0910

2 0.4421 0.0894

3 0.4600 0.0926

2 40 0.1002 1 0.4598 0.0992

2 0.4332 0.0955 0.0927 �  0.0037

3 0.4315 0.0929

3 40 0.0997 1 0.4303 0.0863

2 0.4570 0.0938

3 0.4559 0.0936

.	�F���� �$�%&'(� �F1
%��� .	�F� .�
�
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 DS DS �V���#
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1 45 0.1000 1 0.4612 0.0949

2 0.4468 0.0930

3 0.4742 0.0998

2 45 0.0996 1 0.4130 0.0892

2 0.4410 0.0954 0.0948 � 0.0029

3 0.4295 0.0928

3 45 0.1014 1 0.4513 0.0959

2 0.4487 0.0954

3 0.4554 0.0968

%��!��� -.
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DS DS �V���#

1 30:70 0.0999 1 0.2451 0.0521

2 0.2725 0.0586

3 0.2461 0.0523

2 30:70 0.1004 1 0.2313 0.0489

2 0.2412 0.0509 0.0522 � 0.0031

3 0.2550 0.0539

3 30:70 0.1019 1 0.2432 0.0507

2 0.2590 0.0539

3 0.2330 0.0485

1 70:30 0.1000 1 0.4700 0.1015

2 0.4421 0.0953

3 0.4583 0.0989

2 70:30 0.0998 1 0.4702 0.1018

2 0.4694 0.1016 0.1003 � 0.0029

3 0.4508 0.0974

3 70:30 0.1001 1 0.4593 0.0991

2 0.4777 0.1032

3 0.4815 0.1041

%��!��� >.
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A�B���������."���	�#���	������%��"#������
	��'�.,������� �H��.1
�"��
B)
�,(�
	 �.

DS   =      IHP                                          (�.)

                                                                     3IAGU

�
#  IHP  =  �/F����A�B������%('��(���)
�%('���
	������	����������

                       IAGU= �/F����A�B���������."���	�#���	���)
�%��"#������
	��'�.,�������

%��!��� ?.
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"�����1
�L���	�#
 DS TGel

(��+


������#,)
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(

%�/


,'�,$


(��#')

."
(4/F� ."
(�
"

Native Tapioca Starch - 69.5 625 13.98 93.6

Na2SO4 8%, NaOH 1.0%, PO 7%, t24hrs, T40oC 0.0485 65.0 610 15.73 91.1

Na2SO4 12%, NaOH 1.0%, PO 7%, t24hrs, T40oC 0.0558 60.5 730 17.34 91.4

Na2SO4 15%, NaOH 1.0%, PO 7%, t24hrs, T40oC 0.0670 60.5 710 14.46 93.0

Na2SO4 15%, NaOH 0.5%, PO 7%, t24hrs, T40oC 0.0355 64.3 570 14.48 92.1

Na2SO4 15%, NaOH 1.0%, PO 7%, t24hrs, T40oC 0.0670 60.5 710 14.46 93.0

Na2SO4 15%, NaOH 1.5%, PO 7%, t24hrs, T40oC 0.0761 60.5 715 16.25 94.0

Na2SO4 15%, NaOH 1.5%, PO 5%, t24hrs, T40oC 0.0586 62.0 555 13.46 92.1

Na2SO4 15%, NaOH 1.5%, PO 7%, t24hrs, T40oC 0.0761 60.5 715 16.25 94.0

Na2SO4 15%, NaOH 1.5%, PO 9%, t24hrs, T40oC 0.1048 54.5 730 12.87 93.2

Na2SO4 15%, NaOH 1.5%, PO 9%, t6hrs, T40oC 0.0538 65.0 645 14.39 91.1

Na2SO4 15%, NaOH 1.5%, PO 9%, t12hrs, T40oC 0.0959 59.0 720 14.93 90.6

Na2SO4 15%, NaOH 1.5%, PO 9%, t18hrs, T40oC 0.1018 60.5 670 16.29 91.7

Na2SO4 15%, NaOH 1.5%, PO 9%, t24hrs, T40oC 0.1048 54.5 730 12.87 93.2

Na2SO4 15%, NaOH 1.5%, PO 9%, t12hrs, T30oC 0.0413 62.8 750 14.50 91.0

Na2SO4 15%, NaOH 1.5%, PO 9%, t12hrs, T40oC 0.0959 59.0 720 14.93 90.6

Na2SO4 15%, NaOH 1.5%, PO 9%, t12hrs, T45oC 0.0959 59.0 710 15.20 93.2

* Na2SO4 = ���
�#(����K�, NaOH = ���
�#(��
	����
�, PO = ��	����������
�, t = �"�
A��
	�1


�L���	�#
, T = �$�%&'(� ��� EtOH = ���
���

!����6�#�����"�,������
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��"��
���I��F1
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���A��F1
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"����A%B
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40 % 40% 40% 40%

���
�#(����K� - 15% - -

���
�#(��
	����
� 1.0% 1.5% 1.5% 2.0%

��	����������
� 7% 9% 9% 15%

�$�%&'(� 40oC 40oC 40oC 45oC

�"�
 24 4.(. 12 4.(. 12 4.(. 24 4.(.


��	��
	������ 0.0588 0.0927 0.1003 0.2057

� � � 	� � �C � �� G � G �� �

�L���	�#


30.07% 36.88% 39.90%. 49.10%

% = 	B�#���
#�F1
%��������%B�

)
�,&
"���/F���B����A4B�1
�L���	�#
��
	������	����4��)�JH�,&
"����A4BA��
	,���.	
�%�����

��
	������	���A%B(�
��	��
	������,'�  ��"�

��	��
	����������(�HF�)
� 0.0588 ��I� 0.2057  ���

���	���C���G�G����L���	�#
����(�HF�)
�,&
"���/F���B�JH� 19.03 ���	���C���  ���������
	������	������

�
B#��.�������."
(��I��(C
�#'�  �(����
�)��HF�  ���(��$�%&'(��
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Abstract: Hydroxypropylation of tapioca starch was carried out by reacting with propylene oxide in the 

presence of sodium sulfate and sodium hydroxide.  The quantity of sodium sulfate, sodium hydroxide and 

propylene oxide were varied.  The degree of substitution (DS) was firstly determined by colourimetric 

method.  Then the determination was performed by proton nuclear magnetic resonance spectroscopy 

monitoring at the signal of the methyl protons in the hydroxypropyl groups.   It was found that both methods 

gave the degree of substitution in correlation with each others.

Methodology: Native tapioca starch (100 g.) was suspended in  132 ml. of distilled water at 40oC with 

vigorous agitation.  Sodium sulfate 8 or 12% by weight of dry starch  was added.  After the salt was 

completely dissolved, aqueous sodium hydroxide 0.5 or 1.5% by weight of dry starch was added dropwise.   

Then  propylene oxide 5 or 9% by weight of dry starch was slowly added.  The reaction mixture was stirred 

at 40oC for 24 hrs.  After that, the reaction mixture was neutralized with 1:1 hydrochloric acid and filtered.  

The modified starch was thoroughly washed with water and then dried at 50oC for 6 hrs.  The degree of 

substitution of hydroxypropylated starches was analysed by colourimetry [1] and proton nuclear magnetic 

resonance spectroscopy [2].

Results, Discussion, and Conclusion: The results indicated that when the quantity of sodium sulfate,  

sodium hydroxide and propylene oxide increased, the degree of substitution would increase.  The formation 

as well as the evaluation of the degree of substitution of  the hydroxypropylated starch is obviously revealed 

by the doublet of methyl protons of hydroxypropyl groups at � 9.75 as shown in Figure 1.

Figure 1   1H-NMR spectrum of hydroxypropylated starch in D2O

a Doublet of methyl protons of hydroxypropyl group

b Protons of the anhydroglucose units (AGU) of starch

c water

d Anomeric protons of the anhydroglucose unit of starch
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