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1. ������	
��
����� (������� �)   
Bile salt      
Corn starch agar                                                                          

&�'()*�+,�	'- 
Difco 

De Man Rogosa and Sharp (MRS) 
Gelatin agar 
Glucose 
Mac Conkey agar (MCA) 
Mannitol salt agar (MSA) 
Mannitol egg-yolk polymyxin agar (MYP) 
Nutrient agar      
Oxford agar 
Phenol-red broth base 
Skim milk agar 
Tryptic soy agar (TSA) 
Tryptic soy broth (TSB) 
Yeast extract 

Difco 
Difco 

  Univar 
Difco 
Difco 
Difco 
Difco 
 Merck 
 Merck 
Difco 
Difco 
Difco 
Difco 
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2. H����I
 
Alpha-amylase 
Ammonium sulphate 
Bromocresol purple 
Catalase 
Gelatin 
Hydrochloric acid 
Hydrogenperoxide (�,��	K 3 H2O2) 
Lipase 
Pepsin 
Proteinase K 
Sodium acetate 
Sodium azide 
Sodium chloride 
Sodium hydroxide 
Sodium hydrogen phosphate 
Typsin 
 

&�'()*�+,�	'-  
Sigma 
 Merck 

Lab-chem 
Fluka 
BDH 
BDH 
BDH 
Fluka 
Fluka 
Fluka 

Lab-chem 
  Lab-chem 
Merck 
 BDH 
  Merck 
Fluka 
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3. �PQ��RS       �
T�,� 
Autoclave Tomy ES-315, SS320 
Centrifuge      �PX� Harrier 18/80 
Electronic balance     Vortex-2 genie 
Gas chromatography HP5890 GC-HP5972 MSD 
Hot plate Fisher sciencetific, USA 
Incubator MMM medcenter 
Inductively Coupled Plasma-Mass Spectrometer (ICP) Lachat Quick Them 8000 
Laminar air flow cabinet Micro flow advanced bio safety 

cabinet  
Microscope      Olympus Optical Co., Ltd. 
       �PX� 2 Genie. 
Microwave Sanyo 
pH meter      Mettler Toledo seven easy 

Pipette & Autopipette     Eppendorf 
Scaning electron microscope JSM-5800LV JEOL 
Ultrasonic cleaner     Branson     
Vortex mixer      Mettler Toledo PB602-L 
Water bath TW20 Julabo 
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��������
��� 
 

1. ����������������� �!" ��# 
 

  ��d&-)���X�
�-,��+,�
�Q�KI�R 200 ��)I e��-PXI�I)��f
���)�g�
h�

���-,��+,�
� �.�I��
 
e.H
g	� hf���d&-)���X�
*P��f���-)�
i-X��'TI-,�e���K*)T
H'��HPf��K&������I)� �f��� 1-9 (9 
-)���X�
) (FSF1- FSF9) (�+Q*
T 4) i	K-)���X�
�-,��+,�
�k�l)
�I)���T� em���� 9 -)���X�
 (FSF10-
FSF18)  n�,�I*)�
��d&-)���X�
�-,��+,�
�Hm���de�+Q�
� 9 -)���X�
  (CSF1-CSF9) (�+Q*
T 5) *
T��
g��-�I
*,�
-	�fi	K�,�
H��nH'��,�k� �.��fk�oX e.H
g	� ��I*)�
�If  27 -)���X�
 hf�I
��)H
-)���X�
�-,��+,�
�f)
�
� 
�-,��+,�
�k���K&������I)� �g
����T��X��X� FSF (Fermenting Sufu) 
 FSF1  =  �-,��+,�
����P 1 �f���  

FSF2  =  �-,��+,�
����P 2 �f��� 
FSF3  =  �-,��+,�
����P 3 �f��� 
FSF4  =  �-,��+,�
����P 4 �f��� 
FSF5  =  �-,��+,�
����P 5 �f��� 
FSF6  =  �-,��+,�
����P 6 �f��� 
FSF7  =  �-,��+,�
����P 7 �f��� 
FSF8  =  �-,��+,�
����P 8 �f��� 
FSF9  =  �-,��+,�
����P 9 �f��� 
 

�-,��+,�
�k�l)
�I)���T�q �n�T��Q�
�&�*
�&Q�'I�Ri&�*
��
�i	�-'� 
FSF10  =  �-,��+,�
����P 1 �f��� 
FSF11  =  �-,��+,�
����P 2 �f��� 
FSF12  =  �-,��+,�
����P 3 �f��� 
FSF13  =  �-,��+,�
����P 4 �f��� 
FSF14  =  �-,��+,�
����P 5 �f��� 
FSF15  =  �-,��+,�
����P 6 �f��� 
FSF16  =  �-,��+,�
����P 7 �f��� 
FSF17  =  �-,��+,�
����P 8 �f��� 
FSF18  =  �-,��+,�
����P 9 �f��� 
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�-,��+,�
�Hm���de�+Q �g
����T��X��X� CSF (Commecial Sufu) 
CSF1 =  �-,��+,�
���	��
 �. �I��
  e. H
g	�  
CSF2 =  �-,��+,�
�if
 -���fd�g
T�'�	� �	'-hf�&�'()* �'HP�P-H�����I em��)f �. �I��
  
              e. HIP*�H���   
CSF3  =  �-,��+,�
�if
 &�'()*Qr��Ps*t
t+ufH-)t	'I
�-df Q�K�*ve
� �+,i*�em���X�� 
               hf�&�'()* *
.w
. ���. �'��-��S�*�f em��)f    
CSF4  =  �-,��+,�
�if
 -�� �x�
h�� �+,e)fem���X�� �,�
�P,�HX��em��)f HI��R
 ig�
 
            &�
If �g-*PX
��P ��P
�*nI����� 
CSF5  =  �-,��+,�
���	��
 &�'()* Huang Dah Mu Food Co., Ltd. s-,��)� 
CSF6  =  �-,��+,�
���	��
 &�'()* Hong Kong Long Food Co., Ltd. e
� 
CSF7  =  �-,��+,�
�if
 e
� 
CSF8  =  �-,��+,�
���	��
 -�� New sun e
� 
CSF9  =  �-,��+,�
���	��
 s-,��)� 
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�"
��� 4 �-,��+,�
�k���K&������I)�e��h�

���-,��+,�
�k� �.�I��
 e.H
g	� 
 
 

 
 

 

�"
��� 5 �-,��+,�
�Hm���de�+Qem���� 9 -)���X�
 *
Tem���X��k��m������fk�oX e)
��)fH
g	� 
 

 
 
 
 
 

CSF1 CSF2 CSF3 CSF4 CSF5 

CSF6 CSF7 CSF8 CSF9 
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2. ��������&������������'(���������� �!" ��# 

 ���-��e�)&Q�'I�Ri&�*
��
�i	�-'� hf��)T
-)���X�
�-,��+,�
�  25 ��)I kHXk�
lP
n	�H-'�Q��ve������� &
&k�,�-,��+,�
�	K��
�fi	,��-'I����� MRS broth *
TI
��	�� (NaCl) 5%  
em���� 225 I	. i	,��e��e�
 10 �*X��Qz�	m�f)&k� MRS broth *
T�-'I��	�� 5% e���)��f+fI� 0.1 I	. 
��Ke�������&� MRS agar *
T�-'I 0.04% bromocersal purple, 5 mg% sodium azide  i	K��	�����I

�g,Ig,� 0, 5 i	K 10% -�I	m�f)& &XI*
T�PR��+I'  35°C �Qz���	� 3-5 �)�  -��ef+�	*P��)� �)f�	���
h�h	�
*
TI
	)�(RKi-�-X�
�)� (H
i	Kg��f) i	KsIX�	'-���swIS��-��	H *m������k�,&�'HP*{'|&�

����� MRS agar *
T�-'I��	�����I�g,Ig,���I�KHI i	,���d&�)�(������s�,k� stab MRS agar *
T 4°C 
���e���
��)f pH (���I�Qz���ffX�
) g�
-)���X�
�-,��+,�
�hf�k�, pH meter i	Kk�*P����*f	�
sf,
*m�w�m� 2 ��)�
 i	,��m�I����X��}	
T� 
 
3. ������*!���&�����������*���+�& 

 ���-��e��i&�*
��
��X�h��hf�k�,�,��Q��ve��������)T
-)���X�
�-,��+,�
� 25 ��)I kHX
k�lP
Q��ve������� &
&k�,�-,��+,�
�	K��
�fi	,��-'I������	
��
����� TSB (Tryptic soy broth) em���� 
225 I	. i	,��e��e�
 10 �*X��Qz�	m�f)& hf�k�, TSB i	,�f+f 0.1 I	. ��Ke�������&� MacConkey 
agar, MYP (Mannitol-egg yolk-polymyxin agar), MSA (Mannitol salt agar) i	K Oxford agar �n�T�
-��e�� Escherichia coli, Bacillus cereus,  Staphylococcus aureus i	K Listeria monocytogenes  

&XI*
T�PR��+I' 35°C �Qz���	� 24-48 �I. -��e�)&Q�'I�R�����i	,�*fH�&*�
�
���I
&�
��'f�n�T�
&X
�
�H��n)�{PSk��&���
-,� ���e���
��)
-��e�� E. coli hf��'{
 MPN methods  

 
4. &�
���,(�
+
�-�+������&������������ (du Toit et al., 1998) 

  4.1 *fH�&���*�-X���	����m�f
 hf� streak �����*
T-,�
���*fH�&&������ MRS 

agar *
TI
��	����m�f
 0.15% i	K 0.30% e���)���m�sQ&XI*
T�PR��+I' 35°C �Qz���	� 24 �I. -��ef+�	
���*���	����m�f
 

 4.2 *fH�&���*���fhf�lX�������kHX MRS broth *
TI
 pH 2, 3 i	K 4 -�I	m�f)& 

�m�sQ&XI*
T�PR��+I'  35°C �Qz���	� 24 �I. e���)��-��eH�&���*���fhf�f+���IgPX�
�Q�
�&�*
�&�)&�����*
TsIXsf,�-'I����� 

 4.3 ���*fH�&���IH�I��lk�����X��hQ�-
� iQ~
 i	KsgI)�  
 4.3.1 ���*fH�&����X��hQ�-
� 
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���*fH�&����X��hQ�-
� *m�sf,hf�k�,sI,e'�Itr�Q��ve�������Q~�������*
T-,�
���
*fH�&	
&� Nutrient agar (NA) + 1% skim milk i	K NA+ 1% gelatin i	K�-'I supplements  

(������� �9 i	K �2) 	
k�������	
��
�����*)�
H�
��'f &XI�����*
T�PR��+I' 35°C  �Qz���	� 48-72 
�I. -��ef+����e�'ohf������*
TH�I��l�X��hQ�-
�sf,eK��'f�
kH��&h�h	�
 �)f���IH�I��lk�
����X��H	���Qz�f
��
g�
����X��H	��w�T
�*X��)&���I��,�
g�
�H,��X�v+��S�	�
g�
�
kH (II.) 
���f,���H,��X��v+��S�	�
h�h	�
 (II.) 

 4.3.2 ���*fH�&����X��iQ~
 
  ���*fH�&����X��iQ~
*m�sf,hf�k�,sI,e'�Itr�Q��ve�������Q~�������*
T-,�
���

*fH�& 	
&� NA + 1% corn starch *
T����-'I supplements (������� �10) &XI�����*
T�PR��+I' 

35°C  �Qz���	� 48-72 �I. -��ef+����e�'ohf���f Lugol�s iodine 	
&�������	
��
����� hf������
*
TH�I��l�X��iQ~
sf,eK��'f�
kH��&h�h	�
 �)f���IH�I��lk�����X��H	���Qz�f
��
g�
���
�X��H	��w�T
�*X��)&���I��,�
g�
�H,��X�v+��S�	�
g�
�
kH (II.) ���f,���H,��X�v+��S�	�

h�h	�
 (II.) 

 4.3.3 ���*fH�&����X��sgI)� 
  ���*fH�&����X��sgI)�*m�sf,hf�k�,sI,e'�Itr�Q��ve�������Q~�������*
T-,�
���

*fH�& 	
&� NA + 1% tributyrin *
TI
����-'I supplements (������� �11) &XI�����*
T�PR��+I'    

35°C  �Qz���	� 48-72 �I. hf������*
TH�I��l�X��sgI)�sf,eK��'f�
kH��&h�h	�
 �)f
���IH�I��lk�����X��H	���Qz�f
��
g�
����X��H	��w�T
�*X��)&���I��,�
g�
�H,��X�v+��S�	�

g�
�
kH (II.) ���f,���H,��X�v+��S�	�
h�h	�
 (II.) 

4.4 ���*fH�&���IH�I��lk�����-'&h-k�H���K*
TI
i	KsIXI
���w'�e� hf� 

streak �����*
T-,�
���*fH�&&������ MRS agar i	,��m�sQ&XI*
T�PR��+I' 35°C �Qz���	� 24-48 
�I. ���k-,H���K*
TI
���w'�e�i	KsIXI
���w'�e�hf�k�, anaerobic jar 
 
5. &�
��8����&���������������9�&��	9������������#��,8#���&���������+�&   

  5.1 ����-�
�Ii&�*
��
��'�f'���-��S (indicator bacteria)  
  i&�*
��
��'�f'���-��SH��n)�{PSI�-����*
Tk�,�n�T����*fH�&�PRHI&)-'����)&�)�


�����sf,i�X Escherichia coli ATCC25922, Staphylocuccus aureus  ATCC25923, Bacillus cereus 
TISTR687, i	K Listeria monocytogenes DMST4553 (��I�'*��v�H-�S���in*�S) *
T��d&��+Xk�
�,�
Q�'&)-'���eP	�
��'*�� �RK�'*��v�H-�S I. H
g	����'�*�S �m������I� 	��	
&� TSA �m�sQ
&XIk�H���K*
T��I�KHI�)&������)��q i	,��g
T������*
T�e�'o�Qz�h�h	�
�f
T��q �m�I�Q�)&���IgPX�k�,
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sf,�*X��)& 0.5 McFarland hf�k�,��m���	�� (normal saline) ���I�g,Ig,� 0.85% k����Q�)&���IgPX� 
eKsf,em���������Q�KI�R 108 CFU/ml f+f����� 0.1 I	. (107 CFU/ml) I��-'Ik������ TSB soft 
agar (0.7% �P,�) Q�'I�-� 7 I	.  �HIk�,�g,��)�HPf*,�� eKsf,������'�f'���-��S*
TI
���I�g,Ig,�g�

�w		SQ�KI�R 106 CFU/ml �m�sQk�,k����*fH�&-X�sQ 

  5.2 ���*fH�&����)&�)�
f,���'{
 Agar spot assay (de Carvalho et al., 2006) 
  ���*fH�&����)&�)�
f,���'{
 Agar spot assay *m�sf,hf�k�,i&�*
��
�i	�-'�*
T

�n�K�	
��
k�IXq (fresh culture) k� MRS broth &XI*
T�PR��+I' 35°C  �Qz���	� 24 �I. �m�I�Q�)&k�,
I
���IgPX��Qz� 0.5 McFarland (108 CFU/ml) e���)���m�I�*fH�&���IH�I��lk�����)&�)�
g�

�����i&�*
��
�i	�-'�-X�i&�*
��
��'�f'���-��S hf�k�,sIh��Q��Q-f+fi&�*
��
�i	�-'���'TI-,�k�
�������	�  5 sIh��	'-� ��f	
&������ MRS agar �X�
�)���f	K 3 �w�-'�I-� &XIs�,*
T

�PR��+I' 35°C  �Qz���	� 24 �I. i	,��m�I��**)&�'���,�f,������� TSB soft agar (0.7% �P,�) w�T
I

em����������'�f'���-��SQ�KI�R 106 CFU/ml  ��
*'�
s�,k�,igd
�m�sQ&XI*
T�PR��+I'*
T��I�KHI�)&
�'�f'���-��Si-X	K��'f �Qz���	� 24 �I. �)f�	����)&�)�
hf��)f�H,��X�v+��S�	�
g�
g�&�
kH (II) 

  5.3 ���*fH�&����)&�)�
f,���'{
 Agar well diffusion assay (Ammor et al, 2006) 
  ���*fH�&����)&�)�
f,���'{
 Agar well diffusion assay hf��m������i&�*
��
�i	�-'� 

sub culture 	
&������ MRS agar i	,��m�sQ&XIs�,*
T�PR��+I' 35°C k�, loop �g
T������*
T�e�'o�Qz�

h�h	�
�f
T��q I� 2 loop �	
��
k������ MRS broth &XI*
T�PR��+I' 35°C  �Qz���	� 48 �I. e���)��
�m�I�*fH�&���IH�I��lk�����)&�)�
g�
HX��kH (cell-free supernatant) *
Tsf,e������	
��
�����
i&�*
��
�i	�-'�-X�i&�*
��
��'�f'���-��S hf�����m�e������� TSA I��**)&f,�� TSB soft agar 
(0.7% �P,�) Q�'I�R����� 7 I	. w�T
I
�'�f'���-��Sem����Q�KI�R 106 CFU/ml  ��
*'�
s�,k�,igd
 
�e�K�	PI�P,�f,�� tip Q��ve������� (g��f�H,��X�v+��S�	�
 8.9 II.)  �X�
�)�Q�KI�R�	PI	K 3 
�w�-'�I-� �-'IHX��kH*
TQr��i���w		S���i	,�	
sQ�	PI	K 80 sIh��	'-� �m�sQ&XI*
T�PR��+I' 

35°C  �Qz���	� 24 �I. �)f�	����)&�)�
hf��)f�H,��X�v+��S�	�
g�
g�&�
kH (II.) 
 

6. ������,�#,(�
;��	�������#� 

  ���&X
�
���'fg�
H���)&�)�
hf��)f�	���i&�*
��
�i	�-'�*
TI
���IH�I��lk����
�)&�)�
�����i&�*
��
��'�f'���-��S*
Tsf,e�����*f	�
 5.3 I��n�K�	
��
k������ MRS broth &XI*
T

�PR��+I' 35°C  �Qz���	� 48 �I. Qr��i���w		S *
T���I��d���& 6,000 ��&-X���*
 �Qz���	� 10 ��*
 

�PR��+I' 4°C  �m�HX��kH I�Q�)& pH 7  i	K���
f,����Kf�(���
 (millipore) g��f 0.45 
sIh���I-� i	K�
�HX��sIX-,�
Q�)& pH  i&X
HX��kHkHX�	�f�m�sQ�)T
��m���)� �n'TI���I�g,Ig,� 
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hf�i�Xigd
i	,�*m�k�,i�,
 (lyophilisation) i	,��m�I��)T
��m���)�*
T��	�� Q�)&���I�g,Ig,�k�,sf,�Qz� 
10 �*X� hf�k�,��m��	)T�Q��ve�������e���)���m�I�*m�H�&H���)&�)�
*
T�	'-hf�i&�*
��
�i	�-'�hf�
����)&�)�
����� L. monocytogenes f,���'{
 agar well diffusion assay (g,� 6.3) (de Carvalho et  al., 
2006)  
  6.1 ���*fH�&H���)&�)�
*
T�Qz���f 
  ���*fH�&H���)&�)�
*
T �Qz���f*m�sf,hf��-'IHX��kH*
TQ�)&i	KsIXQ�)& pH 
Q�'I�-� 80 sIh��	'-� 	
k��	PI TSA plate *
T��ff,�� TSB soft agar w�T
I
����� L. monocytogenes 

�HI��+X &XI*
T�PR��+I' 35°C �Qz���	� 24 �I. -��eH���)&�)�
*
T�Qz���fhf�f+e��������sQg�
�

kHg�
HX��kH*
TQ�)& pH �Q�
�&�*
�&�)&�
kH*
T��'fe����f 

  6.2 ���*fH�&H���)&�)�
*
T�Qz� bacteriocin i	K H2O2 
  ���*fH�&�� bacteriocin hf�����m�HX��kH *
TQ�)& pH 7 i	KsIXQ�)& pH I�&XI
�X�I�)&���swIS��'f-X�
q (1 mg/ml) ���T�
e��sf,I
���
���X�I
i&��*��'h�w'�&�
��'f*m�
��sf,

f
k�H��n pH -Tm� ���swIS*
Tk�,sf,i�X pepsin, trypsin, proteinase K, lipase, α - amylase i	K 
catalase hf�f+f HX��kH 60 sIh��	'-� i	K���swIS 20 sIh��	'-� kHXk� eppendofe &XI*
T

�PR��+I' 37°C  �Qz���	� 2 �I. (Millette et al., 2007) *m����*fH�&����)&�)�
i&�*
��
��'�f'��
�-��Shf� agar well diffusion assay  hf�k�,���swISi	KHX��kH*
TsIXsf,*fH�&�X�I�)&���swIS
�Qz� control �X���	���*fH�&hf�f+�
kH*
T���sQ����	fg��f	
�����
kH�
�f'I  
    
7. ���*!�
��9����
���������=���*����&������������ (v+��S����T�
I���'*��v�H-�S I. H
g	�
���'�*�S) 
  �)f�	���i&�*
��
�i	�-'�*
TI
v)����nk�����)&�)�
������X�h��I�-��e����fi	�-'� 
i	K��f�Kw'-'� hf�����n�K�	
��
i&�*
��
�i	�-'�k� MRS broth Q�'I�-� 50 I	. &XI�����*
T

�PR��+I' 35°C �Qz���	� 24 i	K 48 �I.e���)��*m������d&�����Q�'I�-� 10 I	. i	,�Qr�����
T�
*
T

���I��d���& 6,000 ��&-X��'��*
 �Qz���	� 10 ��*
 �PR��+I' 4°C  �m�HX��kH*
Tsf,I����
f,��
��Kf�(���
g��f 0.2 sIh��	'-� i	,��-'I acetone i	K methanol �n�T��Q	
T����fi	�-'��Qz� 
methylester i	,�}
f�g,� ����T�
 Gas Chromatography HP 6850 hf�k�, column HP 6850, inlet 

temperature 250°C, oven initial temperature 70°C i	K detector temperature 300°C, hydrogen 
flow 30.0 ml./min i	K air flow 300 ml./min i	Kk�, flame ionization detector 
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8. ���,�#,(�
;����&������������������-
 *������������ �!" ��# 
  ���&X
�
���'fg�
i&�*
��
�i	�-'� hf��m�i&�*
��
�i	�-'�*
Ti��sf,I��,�IH
��)I 

���H�,�
���swIS��-��	H HX�����em�i��i&�*
��
�i	�-'�k��Kf)&e
�)H (Axelsson, 1993) hf�
��v)�	)�(RKg�
�w		S sf,i�X �+Q�X�
 �����
�
-)� i	K���*fH�&f)
-X�sQ�
�  

  8.1 ���*fH�&����-'&h-*
T�PR��+I' 10°C i	K 45°C 

 ���*fH�&����-'&h-*
T�PR��+I' 10°C i	K 45°C hf�lX�������i&�*
��
�i	�-'� 

	
k� MRS broth &XI�����*
T�PR��+I' 10°C i	K 45°C �Qz���	� 24-48 �I. H)
��-����-'&h-hf�f+
���IgPX�g�
����� �Q�
�&�*
�&�)&�	�f��&�PI*
TsIXI
���lX������� 

8.2 ���*fH�&����-'&h-k������*
T�-'I��	�� (NaCl) 6.5 i	K 18 % 
 ���*fH�&����-'&h-k������*
T�-'I��	�� hf�lX�������i&�*
��
�i	�-'�	
k� 

MRS broth *
TI
 ��	�� 6.5% i	K 18% &XI�����*
T�PR��+I' 35°C �Qz���	� 24-48 �I. H)
��-���
�-'&h-hf�f+���IgPX�g�
����� �Q�
�&�*
�&�)&�	�f��&�PI*
TsIXI
���lX������� 

 8.3 ���*fH�&����-'&h-*
T pH 4.4 i	K 9.6 
 ���*fH�&����-'&h-k������*
T�Qz���fi	KfX�
 hf�lX�������i&�*
��
�i	�-'�	
 

k� MRS broth *
TI
���Q�)& pH �Qz� 4.4 f,�� 1N HCl i	K 9.6 f,�� 1N NaOH &XI�����*
T�PR��+I' 

35°C �Qz���	� 24-48 �I. H)
��-����-'&h-hf�f+���IgPX�g�
����� �Q�
�&�*
�&�)&�	�f
��&�PI*
TsIXI
���lX������� 

 8.4 ���-��eH�&���e)f��
�
-)�g�
�w		S (tetrad formation) 
 ���-��eH�&���e)f��
�
-)�hf�H)
��-���RS��
�
-)�g�
i&�*
��
�i	�-'�*
TI
 4 

�w		S��
�
-'f�)�hf�����,�IH
��)I 
  8.5 ���*fH�& salt tolerant 

  ���*fH�&����-'&h-g�
i&�*
��
�i	�-'�k������*
TI
��	�����I�g,Ig,�-X�
q 
hf�Q~�������i&�*
��
�i	�-'�&������ MRS agar *
TI
��	�����I�g,Ig,� 0, 5 i	K 10% &XI*
T

�PR��+I' 35°C �Qz���	� 24-48 �I.  -��ef+�	����-'&h- 
 8.6 ���-��eH�&���IH�I��lk����H�,�
�x�w���S&��sf���swfSe����� 

�I)���m�-�	�	+h�H 
 ���-��eH�&���IH�I��lk�����I)���m�-�	�	+h�H hf�lX�������i&�*
��
�i	� 

-'�	
k�������	
��
�����Hm���)&*fH�&���k�,��m�-�	 (phenol red broth base) *
TI
����-'I�	+h�H 

1% &XI*
T 35°C �Qz���	� 18-24 �I. H)
��-���H�,�
��fhf������eK�Q	
T��e��H
if
�Qz�H

��	��
k�,�	�Qz�&�� l,�sIX�Q	
T��H
k�,�	�Qz�	& i	Kf+���H�,�
�x�w���S&��sf���swfSk� 
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Durham tube l,�I
�x�we)f�Qz�   heterofermentative lactic acid bacteria  l,�sIXI
�x�w����I
�x�w
�	d��,�� e)f�Qz�  homofermentative lactic acid bacteria hf�I
i&�*
��
�i	�-'�H��n)�{PSI�-���� 
f)
�
� Lactobacillus bulgaricus TISTR451, Lactobacillus plantarum TISTR862, Lactobacillus 
lactis TISTR452 i	K Pediococcus halophilus TISTR334 �n�T��Q�
�&�*
�&�PRHI&)-'g�
i&�*
��
�
i	�-'�*
Ti��sf, 
 8.7 ���&X
�
���'fg�
i&�*
��
�i	�-'�hf�k�, identification kit (Lactobacillus API 
50 CHL 50300, &�'()* Bio Me�rieux, France) w�T
Q�K��&f,�� API 50 CHL �Qz�������	
��
�����*
T
k�,�X�I�)&�Pf*fH�& API 50 CH strip k����v��(���K&������I)����Sh&s��f�- 49 ��'f g�

i&�*
��
�i	�-'�*
Ti��sf,e���-,��+,�
� *m����*fH�&sf,hf�����g
T������&�'HP*{'|e�������igd
 MRS 
agar 	
k���m��	)T�Q��ve�������Q�'I�-� 2 I	. hf�Q�)&k�,I
���IgPX�I����X� 2 McFarland e���)��
lX�������kHXk���m��	)T�Q��ve�������Q�'I�-� 5 I	. Q�)&k�,sf, 2 McFarland &)�*��Q�'I�-�g�
�����
*
Tk�,  e���)��lX�������e���	�fQ�'I�-� 2 I	. kHXk�������	
��
����� API 50 CHL Q�'I�-� 10 I	.  
hf�lX�������Q�'I�-��Qz� 2 g�
�	�f 5 I	. w�T
eKsf,�����*
TI
���IgPX��*X��)& 2 McFarland k�
����� API 50 CHL lX�������*
T�-�
�IQ�KI�R 120 sIh��	'-� 	
k� API 50 CH strip &XI*
T

�PR��+I' 37°C �X���	�	)
���&XI�Qz���	� 24  i	K 48 �I. hf�k�, L. plantarum TISTR 862 �Qz�
-)��Q�
�&�*
�&  �	PIi��eK�Qz� negative control HX���	&��eK��'f���T�
e�������I
���k�,��m�-�	
i	K�	'-��f���I�I
�	*m�k�, pH k�������	
��
�����	f	
 H)
��-����Q	
T��H
�'�f'���-��Sk�
�����e��IX�
�Qz�H
��	��
 �m��	*
Tsf,I��*
�&��
�
��'fhf�k�,hQ�i��I��In'��-��S  API Web 
Stand Alone V. 1.1.0 
 8.8 ���&X
�
�H��n)�{PSi&�*
��
�i	�-'�hf�k�,�'{
 16S rRNA gene �'����K�Shf�
��X�� MU-OU : CRC �RK�'*��v�H-�S I���'*��	)�I�'f	 hf���'TIe�����H�)f genomic DNA 
e��i&�*
��
�i	�-'� i	,��n'TIQ�'I�R�'�� DNA �}n�KHX��*
T-,�
��� (k�*
T�
��I��l�
�}n�KHX�� 
16S rDNA)  f,���*��'� Polymerase Chain Reaction (PCR) hf�k�, genomic DNA *
TH�)fsf,�Qz�
iIXi&& i	Kk�, primer 20F (forward primer) i	K 563R (reverse primer) i	,�*m���� Sequencing 
Reaction f,���*��'� PCR �X��	m�f)&�&Hg�
 DNA hf��m� DNA product sQ�'����K�Sf,������T�
 
Automated DNA Sequencing e���)���m�	m�f)&�&Hg�
 DNA *
T�X��sf,sQ�Q�
�&�*
�&�)&
���g,�I+	k��'��*��S��- hf��g,�sQ*
T��Qsw-Sg�
 NCBI (http://www.ncbi.nlm.nih.gov/, April 
23/2007) e���)���	���*
T BLAST i	,��	���  Nucleotide-nucleotide BLAST (blast) eKg�����,�-X�

k�IXk�,���kHXg,�I+		m�f)&�&H	
sQ copy 	m�f)&�&Hg�
-)���X�
kHX	
sQk��X�
 Search i	,��fQP�I 
BLAST eKI
��,�-X�
k�IX�Q�fg���I� ��H)���+Xe�g,�I+	h�	f�H�de��
�&�,��f+�	��� Blast w�T
	m�f)&
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g�
�����*
Tg���k�&��*)fi��eKI
���Ik�	,��
�
�)&�����*
T����m�I��*
�&*
THPf ���I��I����)�eK
	f	
e��&��*)f&�	
sQ&��*)f	X�
-�I	m�f)& 
 
9. ������*!�
��9�����8�'(���������� �!" ��#'(�����(���!9������� �!" ��#	>����*�"
 (AOAC, 
1990) 

 -��e��Q�'I�R��	��k�-)���X�
�-,��+,�
�hf��)T
-)���X�
�-,��+,�
� 0.5 ��)I kHXk�t	�HS�
g��f 250 I	. �-'I 0.1 N AgNO3 	
sQ 30 I	. k�,Q�'I�-���'�n�k����*m�Q�'�'�'���)& NaCl ��'f
�Qz�-K��� AgCl3 sf,�If �g�X�k�,�g,��)� �-'I 6 N HNO3 	
sQ  20 I	. �m�sQ-,Ie��f��fQ�KI�R 
15 ��*
 �n�T�k�,-K���*
TsIXk�X AgCl3 	K	���If *'�
k�,��d� �-'I��m��	)T� 50 I	.  i	KH��	K	�� 
Ferric alum 	
sQ 5 I	. �n�T��Qz��'�f'���-��S e���)��s-�-�-f,�� 0.1 N NH4SCN w�T
eK*m�Q�'�'�'��
�)& AgNO3 HX��*
T��	��e�l�
ePf�P-'w�T
eKI
H
if
�'���'fg���&)�*��Q�'I�-� NH4SCN *
Tk�, i	,�
�m�I��m���R���Q��S�wd�-S��	�� (%NaCl) hf�I
H��	K	����	�� NaCl ���I�g,Ig,� 5, 10, 15, 20%  
�Qz�-)���&�PI  
 
10. ������*!�,(�
���
��9��������� (��X������T�
I���	�
 �RK�'*��v�H-�S I. H
g	�
���'�*�S) 
  ���-��e����'fi	KQ�'I�Ri�X{�-P*
T�Qz��
�SQ�K��&k��-,��+,�
� hf��)T
-)���X�

�-,��+,�
�Hm���de�+Q 4 ��)I kHXk� Vycor ��
&� hot plate st�X��qk�-+,��)�e���m��K����IfsQ �n'TI
���I�,��g���e�-)���X�
sIXI
��)� (k�,��	�sIX�,����X� 5 �I.) �m� Vycor sQ�g,� Muffle *
T�PR��+I' 

750°C  ��	� 180 ��*
 (3 �I.) e���K*)T
-)���X�
�Q	
T��e��H
fm��Qz�sIXI
H
 ����H
�*��X�� *'�
k�,
��d��m�I�	K	��f,����fs�-�'��g,Ig,� 10% ���
f,����Kf�(���
i	,�Q�)&Q�'I�-�k�,sf, 10 
I	. f,����m� (deionized water) H��	K	����f�e��e�
*
TI
h	�Ki	Ki�X{�-PeKl+�f+f�g,�����T�
 
Inductively Coupled Plasma Atomic Emission Spectrometry �n�T��'����K�S����'fi	KQ�'I�Rg�

h	�K 
 
11. ���@A�B�+&��	� ��C8#(=��;���� �!" ��# (v+��S����T�
I���'*��v�H-�S I. H
g	����'�*�S) 

 ���v��(�h��
H�,�
n����'�hf��m��,���-,��+,�X���I)� �-,��+,�
���	��
 (CSF1) i	K 
�-,��+,�
�if
 (CSF3) -)���X�
	K 1 �,�� I� fix f,��H����I
 w�T
Q�K��&f,�� 25% Glutaraldehyde 
(C5H8O2) k�t�H�t-&)t�t��S 4% Formaldehyde (CH2O)n �Qz���	� 1-2 �I. e���)���m�-)���X�
I�
	,�
f,�� t�H�t-&)t�t��S 2-3 ��)�
 i	,��m�I� fix ��)�
*
T 2 f,�� 1% OsO4 �Qz���	� 1-2 �I. g�����+X
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�)&	)�(RK-)���X�
 	,�
-)���X�
f,����m��	)T� 2-3 ��)�
 i	,�ge)f��m����e��-)���X�
hf�k�, alcohol 
series ���� acetone series e�����I�g,Ig,�-Tm�q sQe�l�
 absolute ��� 50%  Ethanol 15-30 ��*
 2 
��)�
, 70% Ethanol 15-30 ��*
 2 ��)�
, 80%  Ethanol 15-30 ��*
 2 ��)�
, 90%  Ethanol 15-
30 ��*
 2 ��)�
 i	K100% Ethanol 30 ��*
 2 ��)�
 �m�-)���X�
sQ*m�k�,i�,
f,���'{
 Critical Point 
Drying -�I�'{
���Q�'&)-'
��k�,����T�
 CPD (WI-RES-CPD-001) i	,��m�I�-'f&� Stub hf�k�,�*Q
��� 2 ��,� carbon tape ��m���*��	d& i	K carbon paint ���� silver paint �Qz�-)���f e���)��e�
�m�sQ
}�&*�
 -�I�'{
Q�'&)-'
�����k�,����T�
 Sputter Coater (WI-RES-Coater-001) i	,��m�-)���X�
sQ
v��(�����Q	
T��iQ	
h��
H�,�
n����'�f,�� scaning electron microscope 
 


