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3.1 ��	
� 

      3.1.1 �����
�� 
  ��������	
�����ก�� ���������������ก� ��!�ก�"ก�!���#��	
� 3 ���%��&���&�
'�(��� )&���������������ก���%��&�*����
 3 +�!,� (P-1, P-2 �3� P-3) ���%��&��3� 2 +�!,�       
(Y-1 �3� Y-2) �3����%��&�!�67��8 2 +�!,� (N-1 �3� N-2) &����!��	
� 23 
 
�������� 23 8:��	
��ก;"����������������� 

�� ��ก��ก�� �!�"#� $��%��
 &���"ก'� 

P-1 ��#�� �*����
 �.�. 2552 
P-2 ���3�� �*����
 �.�. 2552 

P-3 ก���� �*����
 �.�. 2552 

Y-1 ��#�� ��3� �.�. 2552 

Y-2 ��#�� ��3� �.�. 2552 

N-1 �
��� �!�67��8 �.�. 2552 

N-2 8>?%�)ก-3ก �!�67��8 �.�. 2552 

 
      3.1.2 	��"()� 

               ก. 	��"()�*+ก��,)ก�
 

  - ก!&?@)&!(3�!7ก (Hydrochloric acid, HCl), ก!&L�3+ !7ก (Sulfuric acid, 
H2SO4), ก!&"�!7ก (Boric acid, H3BO3), ก!&?��!7ก (Nitric acid, HNO3) �3�ก!&+��7ก     
(Formic acid, CH2O2) Analytical grade (Labscan Asia co, Ltd., �!��	�?	�) 
 
               -. 	��"()�*+ก��,)
,�� 

  - )L�&
��?@&!�ก?L&, (Sodium hydroxide, NaOH) Analytical grade (Labscan 
Asia co, Ltd., �!��	�?	�) 
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               (. 	��"()�*+ก��,)��+
�"("���� 

  - ��	73�!& (Methylred, C15H15N3O2) �3�)"!)�(3
L�3ก!
� (Bromocresolgreen, 
C21H14Br4O5S) (Merck, �!��	����!���) 
               �. 	��"()�*+ก��,)����!�����/ 

- ��	���3 (Ethanol, C2H6O), (3�)!+�!,� (Chloroform, CHCl3), �b)�!�3
��
�
�	�!, (Petroliumether), ?&��	73�
�	�!, (Diethylether, CH3OCH3), ��	���3 (Methanol, CH3OH) 
Analytical grade �3���	���3 (Methanol, CH3OH) HPLC grade (Labscan Asia co, Ltd., �!��	�
?	�) 
               $. 	��"()�*+ก��,)�0�+1 

- )L�&
��(3�?!&, (Sodium chloride, NaCl), (�����!,L�3�+� (Copper sulfate, 
CuSO4), )��	8�L
��L�3�+� (Potassium sulfate, K2SO4), )��	8�L
��?@&!�ก?L&, (Potassium 
hydroxide, KOH) Analytical grade (Labscan Asia co, Ltd., �!��	�?	�) 
 2. 	��"()�	!�%���"$���"�'ก3��34��5�	 

  - ��(73�?�3,/"78 (Acrylamide/bis 30%T,2.67%C), )L�&
��)&&7L73L�3�+� 
(Sodium Dodecyl Sulfate,CH3(CH2)11OSO3Na), ก3
�L�!�3 (Glycerol,NH2CH2COOH),         
	!78-?@)&!(3�!7ก (Tris-HCl,NH2C(CH2OH)3HCl), )"!)�(3
L�3"3  (Bromocresolblue,     
	!78-�"8 (Tris-base,NH2C(CH2OH)3), ���)���
�����!,L�3�+� (Ammonium persulfate, 
(NH4)2S2O8), �	���	(Tetramethylethylenediamine, (CH3)2NCH2CH2N(CH3)2), (���78L
� 
"73�3
�&"3  (Commissie brilliant blue) 
 
3.2 "(�0���)0���"(���%������ก��� 

               -. ��ก������*6 *+ก����"(���%� 

  - �(!#�����&(�������ก!&&��� (pH meter) (Model SevenEasy, Mettler Toledo, 
Switzerland) 

- � ��"�""3�!��� (Hot air oven) (Model UNB 500, Memert, German) 
- ��������!��� (Water bath) (Model WB-22, Memert, German) 
- �(!#���!��%�8>rr�ก�� (Rotary evaporator) (Model R-210, Buchi, Switzerland) 
- �(!#���%�>��%�
��� (Centrifuge) (Model HARRIER 15/80 Bench Top 

Refrigerated Centrifuge, Sanyo, Japan) 
- �(!#����������%��ก 4 ����%��� (Model TE 313S-DS 310, Sartorius, USA) 
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- �(!#��������3�ก3���)�!�
� (Model VAP20, Gerhardt, Germany) 
- �(!#�����&(��ก�!& &ก3#��8� (Spectrophotometer) (Libra S22, Biochrom,  

England) 
- ก3����>3	!!��, (Microscope) (Model CH30, Olympus, Japan) 
- Atomic Absorption Spectrophotometer (AAS) (Model 100 Analyzer, Perkin 

Elmer, Germany) 
- Gas Chromatography (GC) (Model 6890N Series, Agilent, USA ) 
- Gel Electrophoresis (Mini-Protean 3 cell. Bio-Rad, USA) 
- Densitometer (GS-800 Calibrated. Bio-Rad, USA) 
- High Performance Liquid Chromatography (HPLC) (Model 1200 Series, 

Agilent, USA) 
    
3.3 ����ก���
��� 

      3.3.1 ก��"ก'�����/,�� 

                8>����������������&7"��ก+�!,�%!#�8:���!�ก�"ก�!	
��
�!7��y������?������
ก��� 10 37�!/ ��� !�� 7 +�!,� &��!��3���
�&����!��	
� 22 ���3��%���ก;"���������&#��3� 1 (!��� 
(!���3� 1-3 ก7)3ก!�� '������3� 6 �&#�� !�%�����&#��ก!กz�(�-6����(� �.�. 2552 )&�	��ก�!
�7&���� ��!�ก�"ก�!3���%��� L���� ��!�ก�"ก�!��"!!�>��������3��)+��!��������{;���#��(�"(>�
�>y%' �7�%�����ก��� 15 �����L3�L
�8 )&���!�����3���ก�!�&7�	���!���y 20 ��	
:�� 2 ���)�� 
{����� �ก�"(����ก3�-?ก3{��+�!,�%!#�8:���!�ก�"ก�! %3����ก?&���������	��ก�!�7�(!��%,(��  
�
���3�{��&��;&?{��� �3�%3����ก�����ก;"��������	
��>y%' �7 -20 �����L3�L
�8 ��#��!�ก�!
�7�(!��%,�!7��y?{��� )�!�
� {���{;�	���%�& �7���7����3��7���7��
 �(3�L
�� +�8+�!�8 
�!���	���"��	�ก!��3���
�&8�����6>,��� 3�ก�y�ก�!�3
����3���%�!��ก� ��!�ก�"ก�!�3�
�ก��!ก!&��!��3���
�&���""8�":�� ('�(���ก () 
      3.3.2 78ก9�	)����-��+:!�+)�;� 

��ก��8�"��7{����������� (#� 8�"��7	��ก��'�� 8�"��7	���(�
�3�(>y(��	��
)'��ก�! &���
�  
                1. 	)�������ก�/#�;-��+:!�+)�;�  

)&��7�(!��%,8�"��7	��ก��'���������������������������&#��ก!ก|�(�-
6����(� �.�. 2552 L����8&��76
ก�!�7�(!��%,���'�(���ก ก &�����?��
� 
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   1.1   (���
�� 
                           1.2   {��&��;&?{���&���ก3����>3	!!��,)&�ก�!��ก3����>3	!!��,!���ก�"
)�!�ก!� motic image plus 2.0 
 
                2. 	)�������"()����(��(,����3#6+�ก��  

)&��7�(!��%,��(,�!�ก�"	���(�
�3�(>y(��	��)'��ก�! ����������������
��� L����8&��76
ก�!�7�(!��%,���'�(���ก { &�����?��
� 

2.1 ��(,�!�ก�"%3�ก ������&#��ก!ก|�(�-6����(� �.�. 2552 
                             2.1.1 �!7��y)�!�
� )&��76
 kjeldahl method (AOAC, 2000) 
   2.1.2 �!7��y?{��� )&����76
 gerber method  (AOAC, 2000) 

               2.1.3 �!7��y{���{;�	���%�& (total solid)  (AOAC,   2000) 
  2.2 8�!��%�!"���7& 
   2.2.1 �7&�3��!7��yก!&?{���&����	(�7( Gas Chromatography (GC) 
(Lepage and Roy, 1986; Carreau and Dubacq, 1978; Yu, et al., 2002) ������&#��ก!ก|�(�-
6����(� �.�. 2552 
   2.2.2 �!7��y+�8+�!�8 )&�8�����������7�(!��%,	
�%����z7"��7ก�!ก3�� 
�!��	�?	� ���ก�& (���%��&8�{3�) ������&#��ก>�'����6, �.�. 2553 
                             2.2.3 �!7��y6��>�(3�L
��&����	(�7( Flame Atomic Absorption 
Spectrophotometer (FAAS) (AOAC, 2000) ������&#��ก!ก|�(�-6����(� �.�. 2552 
   2.2.4 �!7��y�7���7����3��7���7��
&����	(�7( High Performance 
Liquid Chromatography (HPLC) (Kondyli et al., 2007) ������&#������7ก���-6����(� �.�. 
2552 
 

3. 6+�
�����)��-��3���+"(5�+ (Profile of casein protein ) 

   3.1 ก�!�ก;"�������� 
  8>������������ก+�!,�%!#�8:���!�ก�"ก�! ������&#���
��(�-���'�(� 

�.�. 2553 )&���ก���7&�3��!7��y{��)�!�
� L����8&��76
ก�!�7�(!��%,���'�(���ก { 
�7�(!��%,����!��7���!,���?��
� 
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  3.2 �7�(!��%,�7&�3��!7��y)�!�
��7& αs1-casein, αs2-casein, β-casein �3�           
k-casein &����	(�7( Gel electrophoresis (Criscione et al., 2009) )&��� Sodium dodecyl sulphate 
polyacrylamide gel elcetrophoresis (SDS-PAGE) 
      3.3.3 ก����"(���%���ก���
������	����  

���{��� 3	
�?&���กก�!	&3��	���%�&���7�(!��%,%�(�����!�!���"" Analysis 
of Variance (ANOVA) ������ก�!	&3���""8>���3�& (Complete Randomize Design, CRD) 
��!
�"�	
�"(�����ก����{��(����3
��{��ก3>��	&3��&����76
 Duncan�s New Range Test (Steel 
and Torrie, 1980) 
 




