
 1 

����� 3 

��	�
��
����������� 

3.1 ������� 
                  �������	
���
�
����������� (Spectrophotometer) ��� �!"
# HACH �'�� DR/4000 
                  �������High Performance Liquid Chromatography (HPLC) ��� �!"
# SHIMADZU   
                  �'�� C-R7Ae plus 
                  @
�AB
���
� 2 �!D�  
                  D�E�FG��'HAI�B! -70 ��J
�K��KLF� ��� �!"
# SANYO �'�� MDF-U 4086S 
                  D�E�FG��'HAI�B! 4 ��J
�K��KLF� ��� �!"
# SANYO  
                  D�E �B��LSF��T�S�#L��'HAI�B! 37 ��J
�K��KLF� ��� �!"
# Phytotron climate simulator 
                  ���������F�
��LSF��T�S�#L��
B
��	 �'B�'HAI�B! 37 ��J
�K��KLF� ��� �!"
# Gallenkamp 
                  �������XYZ��A	L�F� (centrifuge)�'�� Falcon 6/300 
                  ��������[���	
B�
�\� (autoclave)  ��� �!"
#  Hirayama �'�� HA-300 HIV        
                  �������� �B�E�� ��� �!"
# Binder            
                  �������T
�� 2 D̀
�A��� ��� �!"
# SHIMADZU �'��LIBROR EB-40000 H 
                  �������T
�� 4 D̀
�A��� ��� �!"
# Sartorius analytic �'��  A 200 S  
                  �������	
�bL��T (pH meter) ��� �!"
# Denver Instrument �'�� Model 215 
                  D�E��L�F�T�S� (Larmina flow) ��� �!"
# ISSCO �'�� BVT 123 
                  g@����	
BT�S�  
                  �	���L�F�T�S� (loop) 
                  ��GB��L�F�T�S� (niddle) 
                  �	���XTBb�� (Erlenmeyer flask) ��� �!"
# PYREXR 
                  A���#���� (test tube) ��� �!"
# PYREXR 
                  ��j ��D	� (cylinder)��� �!"
# PYREXR 
                   L�����k (beaker)��� �!"
# PYREXR 
                  Xl�XDDk (pipette) 
                  �!	�	D (��E	) 
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3.2 ���
��� 
                  �
���
�FL�Dk (yeast extract) 
                  �XXgD� (peptone) 
                  F���LF (urea) 
                  ���gD� (lactose) 
                  \�gb�#��KLFB\ng���o�p���pD (K2HPO4) 
                  �B��
�L�K
��pD (MnSO4 .4 H2O) 
                  �B��L�KLFBK
��pD�nXDj\n���D (MgSO4 . 7H2O) 
                  ����KLFB�
�k ���D (CaCO3) 
                 gK��LFB\n����\K�k (NaOH) 
                  \ng������!� (HCl) 

  ���kX�j�� ����
A
���LSF��T�S���j�
���BL#L�sTEs��
�	!���
jAk�
 ������� High 
Performance Liquid Chromatography (HPLC) �
�A
�S`
D
����gD� ��s�I
�t�	� �. 

3.3 ��� �
�� 
          �	Fk\�E�
 �	
B��'���
jAko
� �!"
# Minor Cheese Limited 9/1 AB�� 6 K�F#�
bFkò
X
                   
@��B!D�I
b D̀
 ���
��� �̀
�I�X
�T��� o
�A	
�����
T�LB
 30320 

 3.3.1 ���
�!���� �
�� 

      �	Fk#L��̀
B
sTEs��
�	!o
Foj��G #L��'HAI�B! v 70 ��J
�K��KLF� 

 3.3.2 "�#�������
�������� �
�� 
     ����sTE�̀
���B
#`
�j�
F#L��'HAI�B! 4 ��J
�K��KLF� �̀
\XsAE�	
B�E��#L� 110 ��J

�K��KLF� �Xw��	�
 15 �
#L �b����Xw��
��F�gX�DL����o
��	Fk #!S�\	EsAE�FG� �̀
\XXYZ��A	L�F�#L�
�	
B��G	 3000 �� D���
#L �Xw��	�
 30 �
#L (�
��X�� o
� Kessler.1981) �F�\�B
�g�F�
�
�����E	F��j�
"���� Glass fiber (GC-50) 

3.4 
%&#���'����������(%)(��������� 
         �T�S�o'�!�#�LFk Lactobacillus casei TISTR 1341 o
��@
 
�	!o
F	!#F
J
�D�k��j�#�g�g�FL
�A��X�j�#J\#F (		.) 

         3.4.1 ���
�!����*�
%&#����(%)(��������� 
                   �T�S�o'�!�#�LFk Lactobacillus casei TISTR 1341 sTE��GB��L�F�T�S���E	 streak  ��s��
A
�
��G� MRS (I
�t�	� �.)  ��E	�̀
\X �Bs�D�E �B#L��'HAI�B! 37 ��J
�K��KLF� �Xw��	�
 4 	
� 
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o
��
S�sTEb
�
pl�kBb
�Xl�X
�A���#����sAE���� ��G A���#���� �
����
	\	Es�@'�b�
�D!�
��E	��G \	Es�D�E�FG�#L��'HAI�B! 4 ��J
�K��KLF� ��j#`
�
�@�
F�T�S���s��
A
�sAB� (subculture) 
#'�x 2 �
X�
Ak 

  3.4.2 ���
������')�
%&#�
�����)� 

                    �T�S�o'�!�#�LFk Lactobacillus casei TISTR 1341@�
F�T�S�ò
�	� 2 ��X��s��
A
��A�	 
MRS (I
�t�	� �.) X�!B
D� 175 B!��!�!D� #L��F��s�p�
��k��
� 250 B!��!�!D�  �̀
\X �B#L�
�'HAI�B! 37 ��J
�K��KLF� �	
B��G	 120 �� D���
#L  �Xw��	�
 24 T
�	gB� ��G �S`
AB
�\X	
���
�
�
����������#L��	
BF
	����� 620 �
g��BD� (X�
 �	
B�'������S`
AB
�sAE\�E��
�
�����������
�#�
�
  0.5 �E	F�
A
��A�	T�!���!B#L�t�
��
�y�
�T�S���E	) 

3.5 ���,-�*�
�����
�����.����/���"�.��0���1���2�. 3 ���
0��/���2����
���4

5'/���6'����
5'���� 

 �
�J[�"
�X�LF �#LF ���kX�j�� ����
A
���D�D�
�x BL��D��
A
�#
S�AB� 9 ��D��
��LS            
��D��
A
� �	Fk �
���
�FL�Dk �XXgD� �S`
D
����gD� ���z
D' 
��D�#L� 1 
��D�#L� 2 
��D�#L� 3 
��D�#L� 4 
��D�#L� 5 
��D�#L� 6 
��D�#L� 7 
��D�#L� 8 
��D�#L� 9 

- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
- 
+ 
+ 
- 
- 
- 
- 

+ 
- 
+ 
+ 
+ 
- 
- 
- 
- 

+ 
+ 
+ 
- 
+ 
+ 
- 
+ 
- 

+ 
+ 
+ 
+ 
- 
+ 
+ 
- 
- 

����� : �
��X��o
� Roukas and Kotzekidou (1998), Fu and Mathew  (1999), Fitzpatrick et al.         
(2001) , Nancib et al. (2005)  ��j Idris and Suzana (2006)  

 
 0���
0��  +     AB
F@[� �D!B 

- AB
F@[� \B��D!B 
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X�!B
H�
��
A
�#L�sTEs��
A
�#
S� 9 ��D� BL�
��LS 
           �
���
�FL�Dk                      5                       ��
BD���!D� 
           �XXgD�                            10                      ��
BD���!D� 
           �S`
D
����gD�                50                        ��
BD���!D� 
           �A������z
D' X�j�� �E	F 
                      \�gb�#��KLFB\ng���o�p���pD           0.25            ��
BD���!D� 
                      �B��
�L�K
��pD                                        0.03            ��
BD���!D� 
                    �B��L�KLFBK
��pD�nXDj\n���D            0.1           ��
BD���!D�     

��D�#L�  1       sTE�S`
��
���Xw�D
	#`
�j�
F�b���X�
 X�!B
D��Xw� 1 �!D� sTE�Xw�T'��	 �'B 
��D�#L� 2 v 9  sTE�	Fk�Xw�D
	#`
�j�
F�b���X�
 X�!B
D��Xw� 1 �!D� 

           ��D��
A
�#
S� 9 ��D��LS�D�LFBs�p�
��k��
�  500 B!��!�!D� X�!B
D���D��
A
��E�F�j 70 

(350 B!��!�!D�) X�
 ��
bL��TsAE\�E 6.5 (± 1) Xl�o'��E	F�`
�L �̀
\X�[��y�
�T�S��E	F�'HAI�B! 121 ��J

�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 �Xw��	�
 15 �
#L �`
A�
 �S`
D
����gD��F��[��y�
�T�S�#L� 
110 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 �Xw��	�
 15 �
#L #!S�\	EsAE�FG��D!BA
	�T�S�o
� 
�E� 3.4.2 �E�F�j 5 ��s��
A
�#
S� 9 ��D� #`
�
�#���� 3 KS`
 �̀
\X �B#L��'HAI�B! 37 ��J

�K��KLF� #`
�
�AB
�#L��I
	j�!�� ��G �S`
AB
�#'�x 6 T
�	gB� �Xw��	�
 120 T
�	gB� 	
���
bL��TD���
�
�#���� 	!���
jAkA
X�!B
H�S`
A�
��K��k�AE��E	F	!zL��� A.O.A.C 2000 (I
�t�	� � )  
X�!B
H������D!�g�F������� HPLC  (I
�t�	� � ) ��jX�!B
H�S`
D
����gD�D
B	!zL��� 
Dobois.1956 (I
�t�	� � ) g�F	
��t��
�#�����   Completely randomized design (CRD) 
	!���
jAk�E�B���E	FgX����B��Bb!	�D��k SPSS �	��kT
� 11 �X�LF �#LF ��
���L�F���D
	�X�#L�
J[�"
g�F	!zL Duncans New Multiple Range Test (DMRT) 

3.6 ���,-�*��8��/�2�.3���
0��/���2����
���45'/���6'����
5'���� 

         3.6.1  ���,-�*�%��
5'/������"�.50'2.9�:��
�����
0��/�� 
     �������D��
A
�#L�#`
sAE�T�S��o�!���jt�!D������D!�#L��AB
j�B#L��'�#L�\�Eo
��
�
#�����E� 3.5 g�Ft
��X�T�!��A���\�gD��o� �
��LS 
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��D��
A
� �
���
�FL�Dk (�E�F�j) �XXgD� (�E�F�j) F���LF (�E�F�j) 
��D�#L� 1 
��D�#L� 2 
��D�#L� 3 
��D�#L� 4 
��D�#L� 5 
��D�#L� 6 
��D�#L� 7 
��D�#L� 8 
��D�#L� 9 

0.5 
- 
0.5 
0.5 
- 
0.5 
- 
0.5 
0.5 

- 
0.5 
1 
- 
1 
- 
1 
1 
1 

- 
- 
- 
0.5 
0.5 
1 
1 
0.5 
1 

0���
0��  - AB
F@[� \B��D!B 

         ��D��
A
�#L��AB
j�B#L�\�Eo
��
�#�����E� 3.5 �D�LFBs�p�
��k��
� 500  B!��!�!D� 

X�!B
D���D��
A
��E�F�j 70 (350 B!��!�!D�) X�
 ��
bL��TsAE\�E 6.5 (± 1) Xl�o'��E	F�`
�L �̀
\X
�[��y�
�T�S��E	F�'HAI�B! 121 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 �Xw��	�
 15 �
#L 
�`
A�
 �S`
D
����gD��F��[��y�
�T�S�#L� 110 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 �Xw��	�
 
15 �
#L #!S�\	EsAE�FG��D!BA
	�T�S��E�F�j 5 ��s��
A
�#L��D�LFB 9 ��D� #`
�
�#���� 3 KS`
 �̀
\X �B#L�
�'HAI�B! 37  ��J
�K��KLF� #`
�
�AB
�#L��I
	j�!�� ��G �S`
AB
�#'�x 6  T
�	gB� �Xw��	�
 120 
T
�	gB�  	
���
bL��TD����
�#���� 	!���
jAkA
X�!B
H�S`
A�
��K��k�AE��E	F	!zL��� A.O.A.C 
2000 (I
�t�	� � )  X�!B
H������D!�g�F������� HPLC  (I
�t�	� �) ��jX�!B
H�S`
D
����
gD�D
B	!zL��� Dobois.1956 (I
�t�	� �) g�F	
��t��
�#�����   Completely randomized 
design (CRD) 	!���
jAk�E�B���E	FgX����B��Bb!	�D��k SPSS �	��kT
� 11 �X�LF �#LF ��
���L�F
���D
	�X�#L�J[�"
g�F	!zL Duncans New Multiple Range Test (DMRT) 

 3.6.2 ���,-�*�����
�!�������
0��/�� 

     �������D��
A
�#L��AB
j�B#L��'�#L�\�Eo
��
�#�����E� 3.5 ��j�E� 3.6.1 g�Ft
��X�
�	
B��G	��  �
��LS 

          ��D��
A
�#L��AB
j�B#L�\�Eo
��
�#�����E� 3.5 ��j�E� 3.6.1�D�LFBs�p�
��k��
� 

500  B!��!�!D� X�!B
D���D��
A
��E�F�j 70 (350 B!��!�!D�) X�
 ��
bL��TsAE\�E 6.5 (± 1) Xl�o'�
�E	F�`
�L �̀
\X�[��y�
�T�S��E	F�'HAI�B! 121 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 �Xw��	�
 
15 �
#L �`
A�
 �S`
D
����gD��F��[��y�
�T�S�#L� 110 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 
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�Xw��	�
 15 �
#L #!S�\	EsAE�FG��D!BA
	�T�S��E�F�j 5 ��s��
A
� #`
�
�#���� 3 KS`
 �̀
\X �B#L�
�'HAI�B! 37  ��J
�K��KLF� #L��I
	j�!����j#L��	
B��G	��  50 70  100 ��j 150 �� D���
#L ��G 
�S`
AB
�#'�x 6  T
�	gB� �Xw��	�
 120 T
�	gB�  	
���
bL��TD����
�#���� 	!���
jAkA
X�!B
H
�S`
A�
��K��k�AE��E	F	!zL��� A.O.A.C 2000 (I
�t�	�� )  X�!B
H������D!�g�F������� HPLC  
(I
�t�	� �) ��jX�!B
H�S`
D
����gD�D
B	!zL��� Dobois.1956 (I
�t�	� �) g�F	
�
�t��
�#�����   Completely randomized design (CRD) 	!���
jAk�E�B���E	FgX����B
��Bb!	�D��k SPSS �	��kT
� 11 �X�LF �#LF ��
���L�F���  D
	�X�#L�J[�"
g�F	!zL Duncans New 
Multiple Range Test (DMRT) 

 3.6.3 ���,-�*����081�����
0��/�� 

    �������D��
A
�#L��AB
j�B#L�\�Eo
��
�#�����E� 3.5 ��j�E� 3.6.1g�Ft
��X��'HAI�B! 
�
��LS 

        ��D��
A
�#L��AB
j�B#L�\�Eo
��
�#�����E� 3.5 ��j�E� 3.6.1�D�LFBs�p�
��k��
� 

500  B!��!�!D� X�!B
D���D��
A
��E�F�j 70 (350 B!��!�!D�) X�
 ��
bL��TsAE\�E 6.5 (± 1) Xl�o'�
�E	F�`
�L �̀
\X�[��y�
�T�S��E	F�'HAI�B! 121 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 �Xw��	�
 
15 �
#L �`
A�
 �S`
D
����gD��F��[��y�
�T�S�#L� 110 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 
�Xw��	�
 15 �
#L #!S�\	EsAE�FG��D!BA
	�T�S��E�F�j 5 ��s��
A
� #`
�
�#���� 3 KS`
 �̀
\X �B#L�
�'HAI�B!AE�� 35 37 38 40��j 42 ��J
�K��KLF�#`
�
�AB
��I
	j#L�\�Eo
��
�#�����E� 3.6.2 
��G �S`
AB
�#'�x 6  T
�	gB� �Xw��	�
 120 T
�	gB�  	
���
bL��TD����
�#���� 	!���
jAkA
X�!B
H
�S`
A�
��K��k�AE��E	F	!zL��� A.O.A.C 2000 (I
�t�	� �)  X�!B
H������D!�g�F������� HPLC  
(I
�t�	� �) ��jX�!B
H�S`
D
����gD�D
B	!zL��� Dobois.1956 (I
�t�	� �) g�F	
�
�t��
�#�����   Completely randomized design (CRD) 	!���
jAk�E�B���E	FgX����B
��Bb!	�D��k SPSS �	��kT
� 11 �X�LF �#LF ��
���L�F���D
	�X�#L�J[�"
g�F	!zL Duncans New 
Multiple Range Test (DMRT) 

   3.6.4 ���,-�*�������5�'
;���������
�����
0��/�� 
     g�F�������D��
A
�#L��AB
j�B#L��'�#L�\�Eo
��
�#�����E� 3.6.1 g�Ft
��X�X�!B
H
����KLFB�
�k ���D �
��LS 
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��D��
A
� X�!B
H����KLFB�
�k ���D (�E�F�j) 
��D�#L� 1 
��D�#L� 2 
��D�#L� 3 
��D�#L� 4 
��D�#L� 5 
��D�#L� 6 

0 
1 
2 
3 
4 
5 

 

   ��D��
A
�#L��AB
j�B#L��'�#L�\�Eo
��
�#�����E� 3.6.1 �D�LFBs�p�
��k��
� 500  

B!��!�!D� X�!B
D���D��
A
��E�F�j 70 (350 B!��!�!D�) X�
 ��
bL��TsAE\�E 6.5 (± 1) Xl�o'��E	F
�`
�L �̀
\X�[��y�
�T�S��E	F�'HAI�B! 121 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 �Xw��	�
 15 
�
#L �`
A�
 �S`
D
����gD��F��[��y�
�T�S�#L� 110 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 
�Xw��	�
 15 �
#L #!S�\	EsAE�FG��D!BA
	�T�S��E�F�j 5 ��s��
A
�#L��D�LFB 6 ��D� #`
�
�#���� 3 KS`
 
�̀
\X �B#L��'HAI�B!  #L�\�Eo
��
�#�����E�  3.6.3 s��I
	j#L�\�Eo
��
�#�����E� 3.6.2  ��G      
�S`
AB
�#'�x 6  T
�	gB� �Xw��	�
 120 T
�	gB�  	
���
bL��TD����
�#���� 	!���
jAkA
X�!B
H���
���D!�g�F������� HPLC  (I
�t�	� �) ��jX�!B
H�S`
D
����gD�D
B	!zL��� Dobois.1956 
(I
�t�	� �) g�F	
��t��
�#�����   Completely randomized design (CRD) 	!���
jAk�E�B��
�E	FgX����B��Bb!	�D��k SPSS �	��kT
� 11 �X�LF �#LF ��
���L�F���D
	�X�#L�J[�"
g�F	!zL 
Duncans New Multiple Range Test (DMRT) 

3.7  ,-�*����6'����
5'����"�.
%&#� Lactobacillus casei TISTR 1341 :
����0���

�/
��A'����"��
 2 '���5'/���0����/
�� �.0���"��
 2 '��� 

        3.7.1 ���6'����
5'�����/
��A'����"��
 2 '��� 

                  �������D��
A
�#L��AB
j�B#L��'�#L�\�Eo
��
�#�����E� 3.5  3.6.1  ��j 3.6.4  B
#`
�
�
t�!D������D!� g�FsTE�
�AB
��j�
 p�
��k�I
b�
�AB
��  �jg�FsTE p�
��k��
�sA��  2 
�!D� s���
A
���LSF��T�S�X�!B
D��E�F�j 70 (1330 B!��!�!D�) X�
 ��
bL��TsAE\�E 6.5 �̀
\X�[��y�
�T�S�
�E	F�'HAI�B! 121 ��J
�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 �Xw��	�
 15 �
#L #!S�\	EsAE�FG� 
�D!BA
	�T�S��E�F�j 5 (70 B!��!�!D�)  �̀
\X �B#L��'HAI�B!#L�\�Eo
��
�#�����E� 3.6.3 s��I
	j#L�\�E
o
��
�#�����E� 3.6.2  ��G �S`
AB
�#'�x 6  T
�	gB� �Xw��	�
 120 T
�	gB�  	!���
jAkA
X�!B
H���
���D!�g�F������� HPLC  (I
�t�	� �) ��jX�!B
H�S`
D
����gD�D
B	!zL��� Dobois.1956 
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(I
�t�	� �) 	!���
jAk�E�B���E	FgX����B��Bb!	�D��k SPSS �	��kT
� 11 �X�LF �#LF ��
���L�F
���D
	�X�#L�J[�"
g�F	!zL   T - test 

 3.7.2  ���6'����
5'����:
�(%) �.0���"��
 2 '��� 

     �������D��
A
�#L��AB
j�Bo
�#L�\�EJ[�"
s��E� 3.5 3.6.1 ��j 3.6.4 B
#`
�
�t�!D������
D!�g�FsTE�
�AB
�s�@
�AB
��I
b�
�AB
��  �jg�FsTE@
�AB
���
� 2 �!D� s���
A
���LSF��T�S�
X�!B
D� �E�F�j 70 (1330 B!��!�!D�) X�
 ��
bL��TsAE\�E 6.5 �̀
\X�[��y�
�T�S��E	F�'HAI�B! 121 ��J

�K��KLF� �	
B�
� 15 X���kD��D
�
��!S	 �Xw��	�
 15 �
#L #!S�\	EsAE�FG� �D!BA
	�T�S��E�F�j 5         
(70 B!��!�!D�) �	 �'B�'HAI�B!#L�\�Eo
��
�#�����E� 3.6.3 �	��E	Fs b
�s��
D�
 100 �� D���
#L 
(Gao et al. 2006) \B�DE��b���
�
J  ��G �S`
AB
�#'�x 6 T
�	gB� �Xw��	�
 120 T
�	gB�  	!���
jAkA

X�!B
H������D!�g�F������� HPLC  (I
�t�	� �) ��jX�!B
H�S`
D
����gD�D
B	!zL��� Dobois.1956 
(I
�t�	� �) 	!���
jAk�E�B���E	FgX����B��Bb!	�D��k SPSS �	��kT
� 11 �X�LF �#LF ��
���L�F
���D
	�X�#L�J[�"
g�F	!zL T-test 


