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��	
�������������	��� 

1. ����	���'#�'���'�����(�)*
� (Degree of hydrolysis) ��
!9����Voutsinas ������,1983 
 

������$��!�"�������� 
 

!�����"�"���
��)�����C��D!'!9� kjeldahl 
 

10 ml �����!�'#��������$��!�"�����������I#������������D!'��(�)*
������(2%) 
 

10 ml ��� 20% TCA 
 

Centrifuge 9500 rpm, 20 min 
 

�Q��#!� �)�"���
��)�����C��D!'!9� kjeldahl 
 

���
�� �1 ��R���������!C!������	���'#�'���'�����(�)*
� 
 

�Q��#����)�D
��Q����!�����"� % DH (degree of hydrolysis) �D!'�
��� 
% DH  =  )�����C����������$��!�"�����������I#������������D!'��(�)*
�   X  100 

��
��)�����C���R�"
����������$��!�"�������� 
 

2. �!�
��
��$ ��������' 
 

������$��!�"������������' � 0.1 M W���W�	�W�W��� pH 7.4  
 

vortex 10 min 
 

�Q�)�"
���"!��'�����!�
��(!��	 2000 rpm ��\��!�� 5 ���� 
 

!���#��]������������!�
'�!����� 280 nm 
���
�� �2 ��R�������"��!�
��
��$ ��������' 

        �!�
��
��$ ��������' = �#��]�������� X ��
������������C��C�� 
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3.^_�`����������	�������D!'!9� SDS-PAGE 
 �Q�����'� subunit ���������$��!�"������������'	���'	��	������$��!�"�����������I#��
����������D!'��(�)*
� ��� gD Standard Weight Marker ��\���!���'	�RQ�"����
����������#�� 
subunit 
�����
���� gD ��������'
 SDS-PAGE 
 

A solution 
Acrylamide (CH2CHONH2)       29.2 g 
N, N l Methylene l bis ( acrylamide)     0.8 g 
adjust with distilled water to       100 ml 

B solution 
1.5 M Tris-HCl (pH 8.8)      18.17 g 

            0.4% SDS                      0.4 g 
adjust with distilled water to       100 ml 

C solution 
  0.5 M Tris-HCl        6.06 g 

0.4% SDS           0.4 g 
adjust with distilled water to                         100 ml 

D solution 
10% Ammonium persulfate     0.5g 

  Water        5ml 
E solution Electrophoresis buffer pH 8.4 

  0.025 M Tris-HCl             3 g 
  0.192 M glycine       14.4 g 
  0.1% SDS (1% w/v)           1 g 
  adjust with distilled water to                  1000 ml 

BFB color 
Bromophenol Blue          1 mg 

    Glycerol            100 µl 
Water         900 µl 
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Sample buffer 
Tris         7.57 g 
SDS        20.0 g 
Glycerol         100 ml 
adjust with distilled water to       500 ml 

 
 
!9�����'
��!�'#�� 
 

g��������� 0.08 g 
 

��
 sample buffer 10 ml 
 

��
 2 l Mercaptoethanol  0.2 ml 
 

�D
 ��RQ������ 30 ���� 
 

�Q���!�'#��
� 1 ml 
 

��
 BFB C��"(��� 
 

���
�� �3 ��R�������"�����'
��!�'#�� ����!�����"������� 
 
 
�������'
�C� 
 

Sepataring Gel (12.5%) 
A soln        7.5 ml                                       
B soln       4.5 ml 
Distilled H2O      6.0 ml 
D soln                   0.07 ml 
Temed                  0.01 ml 
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Stacking Gel (4.4%) 
A soln        0.9 ml                                       
C soln       1.5 ml 
Distilled H2O      6.0 ml 
D soln                   0.07 ml 
Temed                  0.01 ml 

 
��R�����������'
�C� 
1. ����'
�������' separating gel ������"!#���I#���D!���g�� electrophoresis C����R��#�'r��

�RQ���������
I!"�D��C� �R�)!D "D�C���(���! 
2. ����'
�������' stacking gel 
3. ���RQ����C��I!"�D��C������(���!��D! rinse I!"�D��C��D!' stacking gel "�_�����R� C����R����#!� 
stacking gel C���(
 ���'	 comb ���)!D "D�C���(���! 
4. �_�comb ��� �D���#!� stacking gel �D!'�RQ��������D!�D���D!' electrophoresis buffer 
����Q� Electrophoresis 
1.�#�g�� electrophoresis ��D��D!'��� ��
 electrophoresis buffer �������'
)!D 
2.  gD micro syring �]��������'��!�'#�� 10 )
������ ��
 �g#����� stacking gel 
3. �#��#!���� chamber ��D���	�#!�C#�'�����)WWs� �Q���� run gel 
4. �t��#!�C#�'�����)W�
����"(������ Bromophenol Blue ����������$_��#!��#������C� 
5. �Q��I#��C����C�����C� �Q����'D�
���I#��C� 
 
���'D�
���I#��C� 

Staining solution  
Coom assie brilliant blue       2 g                                      
Methanol                 500 ml 
Distilled H2O                 430 ml 
Acetic acid                   70  ml 

Destaining solution 
Methanol                  200 ml                                       
Acetic acid      70 ml 
Distilled H2O                 730 ml 
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��R�������'D�
���I#��C� 
1. �Q��I#��C����C���I#����C� !���� ���g�����
� staining solution �']# �R�)!D���
�� 15 ���� 
2. �
�����	�!���� staining solution ��� �D���D!'�RQ��������D!�Q�)��g# � destaining solution C�
�I#��C� ��"(��$	g���C� 
3. �� destaining solution �R� �D���I#��C��D!'�RQ��������D!�Q��I#��C�)��	�"D� 
 
����	�C� 
1. �g#�I#��C� ��������'���
� alcohol 30% ��� glycerol 2% ��\��!�� 2 g��!�
� 
2. �D���C��D!'�RQ�������g#�'(����
��#!�I�
��� glycerol 1%  ��\��!�� 1-2 g��!�
� 
3. ����	�C� gD�I#� cellophane 2 �I#� �g# ��RQ�������g#�'(�C��I#� cellophane ��
��! �Q��I#� 
cellophane �I#����!��	�u�� ��
�RQ������ 5-10 
����� 
4. �Q��I#��C�!��	��I#� cellophane ��
�RQ������ 5-10 
����� )�#����^��� "D"
� 
5. �Q��I#� cellophane ����I#�!����	 
6. �Q����	��_�
����	 �(�����	 "D��\�
�
��R�v�� 
7. '����	���C��u������D���#���_R��D��	���D!�Q���D���������	�C� �	���
�� 1-2 g��!�
� 
C��C��"D���D!C_��Q����C�����	 
 
4. ����	�
	�� ������\�����D�����
]����� ABTS �D!'!9� ABTS free radical scavenging 
��
!9����Landrault ������ (2001) ����'
�����
� �����R 

1. ����'
 Phosphate buffer saline (PBS) 
  Stock PBS solution 
  Solution A : 26.81g Na2HPO4.7H2O  ��RQ������ 500 ml 
  Solution B : 13.80 g NaH2PO4.H2O  ��RQ������ 500 ml 
 I�
 270 ml Solution A ��	 63.5 ml Solution B ��
 87.66g NaCl  C����R����	��
���

�D!'�RQ��������\� 1000 ml 
 �
����Q�
� gD�D���C��C�� "D�!�
��D
�D�������\� 10 ��#�  

2. 2.5mM ABTS  
  0.0137 g   � 10 ml PBS 

3. Metmyoglobin  reagent 
  3a. MetMg solution : 18.8 mg metmyoglobin  � 10 ml PBS 
  3b. K3Fe(CN)6 : 0.0122g  � 200 ml PBS 
 



 60 

4. Hydrogen Peroxide solution 
  0.091 ml ��� 30% H2O2  ��D!���	��
����D!'�RQ��������\� 1000 ml 
 5. ����'
������1 3 ��� 5 ���
  �W���W�	�W�W�������g 7.0 100 ml. 
��R��������Q��z��'� 

0.4 ml ABTS solution 
0.72 ml Metmyoglobin solution 
3.1 ml PBS 
0.1 ml sample 

 
120 µl H2O2 solution 

 
!���#�����]������������!�
'�!�����  734 nm 

( ��� r 30 !���� ��\��!�� 10-15 ����) 
 

���
�� �4 ��R��������Q��z��'��������D�����
]����� ABTS 
 

�Q��#����)�D
�!�����"��!�
��
��$ �����D�����
]����� ABTS ��
�
��� 
Antioxidant activity (%) = 1-[(abs sample/abs control) X 100] 

 
5. ����	�
	�� �����D�����*��g����'!9� Ferric thiocyanate (FTC) ��
!9���� Larrauri ���
��� (1996) 
����'
�����
� �����R 

1. 3.5% HCl 
2. 75% Ethanol 
3. 0.02M Ferrous chloride 
4. 30% Ammonium thiocyanate 
5. 2.51% linoleic acid in 99.5% ethanol 
6. 0.05 M  phosphate buffer pH 7.0 

 7. ����'
������1 3 ��� 5 ���
  �W���W�	�W�W�������g 7.0 100 ml. 
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!9�����'
��!�'#�� 
0.5 ml sample  
0.5 ml linoleic acid in ethanol 99.5% 
1.0 ml phosphate buffer pH7 
0.5 ml distilled water 

 
��(	�#���!	��
���"�]
 40~C 

 
Reaction mixture 

��R��������Q��z��'� 
0.1 ml reaction mixture 
0.1ml ferrous chloride solution 
0.1 ml ammonium thiocyanate 
9.7 ml ethanol 75% 

 
��'#� "D��D���� 

 
!���R�)!D 3 ���� 

 
!���#�����]������������!�
'�!����� 500 nm 

 
���
�� �5 ��R��������Q��z��'����'�	'�R��z��'��������*��g��������������� 

 
�Q��#����)�DC�����!�����"�����Q��z��'�����D���z��'��������*��g��������������� 
�
�Q��!���
�
��� 

Antioxidant activity (%) =   (sample abs 96 hr/sample abs 0 hr)  X 100 
                               (control abs 96 hr/control abs 0 hr) 
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6. ����	�!�
��
��$ �����Q���')�����C���������)*�� (H2O2) ��
!9���� Yen ������ 
(1995) 
����'
�����
� �����R 
      1. H2O2 �!�
��D
�D� 90 
���
���� 
              �t���  H2O2 �!�
��D
�D� 30% 
� 0.92 ml ����' �W���W�	�W�W��� pH 7.4 �!�


��D
�D� 0.1 �
���� ��D!���	��
��� "D��\� 100 ml 
2. W���W�	�W�W��� pH 7.4 �!�
��D
�D� 0.1 �
���� 
3. ����'
������0.5 0.7 ��� 1 ���
  �W���W�	�W�W�������g 7.0 100 ml. 
��R��������Q��z��'� 
 

4 ml sample 
 

0.6 ml 90 mM H2O2 
 

��'#�10 ���� 
 

!���#�����]������������!�
'�!����� 230 nm 
 

���
�� �6 ��R��������Q��z��'�����Q���')�����C���������)*�� 
 

�Q��#����)�D
�!�����"��!�
��
��$ �����Q���')�����C���������)*�� (H2O2) ��
�
��� 
Antioxidant activity (%) = 1-[(abs sample/abs control) X 100] 
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������� � 

��� ��	!"#$%&�	'���'(���	��&�	�%)"��������	��� 
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���
�� �1 Centrifuge Beckman Coulter                           ���
�� �2 Eppendorf Centrifuge 
 

       
���
�� �3  Spectrophotometer                                          ���
�� �4 Hoefer miniVE Vertical 
                                                                                                      Electrophoresis System 

                    
���
�� �5 Electrophoresis Power Supply EPS 301       ���
�� �6 Eazy Breeze Drying Frame       
                          

                          
���
�� �7 Matched glass plates for Hoefer miniVE electrophoresis system, Spacer,Comb  
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������� � 

��	����&�	�%)"����#���+��
���,��� 
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Oneway ANOVA (Ducan) 

 

 

antioxidant ABTS of soy protein isolate and vitamin C 

 

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 

SPI 0.1% 3 2.8600    
SPI 0.3% 3  5.1233   
SPI 0.5% 3   7.8333  

VitaminC 0.1% 3    100.0000 
VitaminC 0.3% 3    100.0000 
VitaminC 0.5% 3    100.0000 

Sig.  1.000 1.000 1.000 1.000 
 

Antioxidant H2O2 of soy protein isolate and vitamin C 

 

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 

SPI 0.1% 3 2.6300    
SPI 0.3% 3  7.0067   
SPI 0.5% 3   11.3767  

VitaminC 0.05% 3    100.0000 
VitaminC 0.07% 3    100.0000 
VitaminC 0.1% 3    100.0000 

Sig.  1.000 1.000 1.000 1.000 
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Antioxidant FTC of soy protein isolate and vitamin C 

 

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 5 6 

SPI 0.1% 3 2.7700      
SPI 0.3% 3  4.6933     
SPI 0.5% 3   7.7633    

VitaminC 0.1% 3    93.2600   
VitaminC 0.3% 3     95.8300  
VitaminC 0.5% 3      97.4433 

Sig.  1.000 1.000 1.000 1.000 1.000 1.000 
 

 

 

%DH of Papain 

 

Subset for alpha = .05  �!����� gD ���������� 
( ����) 

 
N  1 2 

15 3 77.0713  
30 3  88.6320 
60 3  89.2742 
Sig.  1.000 .839 
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antioxidant ABTS of Papain 

 

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 5 6 7 8 

0.1% SPI 3 2.8600        
0.3% SPI 3  5.1233       
0.5% SPI 3   7.8333      
0.1% 15 Pa 3    34.4667     
0.1% 30 Pa 3    34.8133     
0.1% 60 Pa 3    36.5867     
0.3% 15 Pa 3     56.6400    
0.3% 30 Pa 3     57.3000    
0.3% 60 Pa 3      60.1667   
0.5% 15 Pa 3       69.0467  
0.5% 30 Pa 3       69.9100  
0.5% 60 Pa 3        72.1867 

Sig.  1.000 1.000 1.000 .075 .547 1.000 .432 1.000 

 
 
 
 
 
 

solubility of Papain 

 

Subset for alpha = .05 �!����� gD ���������� 
( ����) 

N 
1 2 3 

0 3 4.8200   
15 3  9.1433  
30 3   9.4900 
60 3   9.5100 
Sig.  1.000 1.000 .673 
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Antioxidant H2O2 of Papain 
 

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 5 6 7 8 9 10 

0.1% SPI 3 2.6300          
0.3% SPI 3  7.0067         
0.5% SPI 3   11.3767        
0.1%15Pa 3    18.7800       
0.1%30Pa 3    19.1733       
0.1%60Pa 3     22.2533      
0.3%15Pa 3      32.4867     
0.3%30Pa 3      33.8800     
0.3%60Pa 3       36.6133    
0.5%15Pa 3        50.5700   
0.5%30Pa 3         53.7000  
0.5%60Pa 3          57.3767 

Sig.  1.000 1.000 1.000 .597 1.000 .069 1.000 1.000 1.000 1.000 
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Antioxidant FTC of Papain 

 

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 5 6 7 8 9 

0.1% SPI 3 2.7700         
0.3% SPI 3  4.7433        
0.5% SPI 3   7.7633       
0.1% 15 Pa 3    22.4400      
0.1% 30 Pa 3     26.1100     
0.1% 60 Pa 3     26.5733     
0.3% 30 Pa 3      35.2800    
0.3% 15 Pa 3      35.5767    
0.3% 60 Pa 3       37.8533   
0.5% 15 Pa 3        41.6533  
0.5% 30 Pa 3        42.0767  
0.5% 60 Pa 3         47.5467 

Sig.  1.000 1.000 1.000 1.000 .196 .403 1.000 .236 1.000 
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% DH of Alcalase 

 

Subset for alpha = .05 �!����� gD ����������
( ����) 

N 
1 2 3 

15.00 3 54.4733   
30.00 3  63.7467  
60.00 3   70.0033 
Sig.  1.000 1.000 1.000 

 

 

 

Antioxidant ABTS of Alcalase 

 

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 5 6 7 8 9 10 

0.1% SPI 3 4.0533          
0.3% SPI 3 5.0933 5.0933         
0.5% SPI 3  6.3433         
0.1%15Al 3   20.3033        
0.1%30Al 3    24.3600       
0.1%60Al 3     33.3367      
0.3%30Al 3      38.9100     
0.3%15Al 3       41.6133    
0.3%60Al 3       43.1733    
0.5%15Al 3        49.5833   
0.5%30Al 3         51.4900  
0.5%60Al 3          57.7633 

Sig.  .269 .186 1.000 1.000 1.000 1.000 .103 1.000 1.000 1.000 
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Solubility of Alcalase 
  

Subset for alpha = .05 �!����� gD �������
���( ����) 

N 
1 2 3 4 

0 3 4.8200    
15 3  7.9233   
30 3   8.3533  
60 3    9.0733 
Sig.  1.000 1.000 1.000 1.000 

 

 

Antioxidant H2O2 of Alcalase 
  

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 5 6 7 8 9 10 11 

0.1% SPI 3 2.6300           
0.3% SPI 3  7.0067          
0.5% SPI 3   11.3767         
0.1%15Al 3    17.0900        
0.1%30Al 3    18.1833        
0.1%60Al 3     20.7167       
0.3%15Al 3      24.9867      
0.3%30Al 3       28.5633     
0.5%15Al 3        32.4367    
0.3%60Al 3         34.4233   
0.5%30Al 3          48.6833  
0.5%60Al 3           53.5033 

Sig.  1.000 1.000 1.000 .258 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
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Antioxidant FTC of Alclase 
 

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 5 6 7 8 9 

0.1% SPI 3 1.2500         
0.3% SPI 3  2.1000        
0.5% SPI 3   4.0433       
0.1%15Al 3    25.4933      
0.1%30Al 3     34.1833     
0.3%15Al 3     34.2033     
0.1%60Al 3      39.2533    
0.5%15Al 3      39.9900    
0.3%30Al 3       42.8300   
0.5%30Al 3        44.3933  
0.3%60Al 3        44.8633  
0.5%60Al 3         47.7900 

Sig.  1.000 1.000 1.000 1.000 .958 .060 1.000 .220 1.000 
 

Solubility of Succinylation 

 

Subset for alpha = .05  
�!����� gD �������

���( ����) 

N 
 1 2 3 4 5 

0 3 4.8200     
15 3  7.7100    
30 3   9.7233   
60 3    11.3100  
120 3     14.5100 
Sig.  1.000 1.000 1.000 1.000 1.000 
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Antioxidant ABTS of Succinylation 
  

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 5 6 7 8 9 10 

0.1% SPI 3 4.7067          
0.3% SPI 3  7.8400         
0.5% SPI 3   10.8133        

0.1%120Suc 3    16.5267       
0.1%15Suc 3    17.0867       
0.1%30Suc 3     20.5600      
0.3%15Suc 3     20.8400      
0.3%30Suc 3      24.8200     
0.3%120Suc 3      24.9300     
0.1%60Suc 3      25.5467     
0.5%120Suc 3       28.0133    
0.5%15Suc 3       29.5767 29.5767   
0.1%60Suc 3        30.9233   
0.3%60Suc 3         34.3967  
0.5%60Suc 3          44.4833 

Sig.  1.000 1.000 1.000 .533 .755 .447 .088 .140 1.000 1.000 
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Antioxidant H2O2 of Succinylation 

 

Subset for alpha = .05  
treatment 

 
N 1 2 3 4 5 6 7 8 9 10 

0.1% SPI 3 2.9033          
0.3% SPI 3 5.1333 5.1333         
0.5% SPI 3  7.0033         
0.1%15Suc 3   11.9600        
0.1%120Suc 3   12.5400        
0.3%120Suc 3    19.1900       
0.3%15Suc 3    19.3667       
0.1%30Suc 3     27.0400      
0.5%120Suc 3      30.5667     
0.1%15Suc 3      31.8600     
0.1%60Suc 3      32.3033     
0.3%30Suc 3       37.3967    
0.5%30Suc 3        50.2467   
0.3%60Suc 3         53.5500  
0.5%60Suc 3          62.2933 

Sig.  .078 .137 .639 .886 1.000 .190 1.000 1.000 1.000 1.000 
 

 

 

 

 

 

 

 

 

 

 

 



 76 

Antioxidant FTC of Succinylation 

 

Subset for alpha = .05  
treatment 

N
1 2 3 4 5 6 7 8 9 10 11 

0.1% SPI 31.2900           
0.3% SPI 3  2.6533          
0.5% SPI 3   4.2167         

0.1%120Suc 3    14.7833        
0.1%15Suc 3    15.6567        
0.3%120Suc 3     19.9100       
0.3%15Suc 3      22.0700      
0.1%30Suc 3      22.2800      
0.5%120Suc 3       24.3733     
0.5%15Suc 3        28.1733    
0.5%30Suc 3        28.2767    
0.3%30Suc 3        28.3800    
0.1%60Suc 3         34.7300   
0.3%60Suc 3          36.0167  
0.5%60Suc 3           42.6100 

Sig.  1.000 1.000 1.000 .132 1.000 .712 1.000 .733 1.000 1.000 1.000 
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