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1. minimal medium (Fooksa, et al.,  2003)   

������� �� ��! ("�#�/% &�) 
 peptone water 
yeast extract 
NaCl 
K2HPO4 
KH2PO4, 
CaCl2 _ 6H20  
NaHCO3  
MgSO4 _ 7H20 
bile salts 
Tween 80   
hemin   
cysteine>HCl  
  

2.0 
2.0 
0.1 
0.04 
0.04 
0.01 
2.0 
0.01 
0.5 
2         ml 
0.05 
0.5 

@ A�"���&��B� 
 C#DE�������&��F#&���G@HI�D�JKLM@NON�E&NH%J%�BPHHQR�"%#DHS%N@&N�PTN�UVFU T%#EW�"H#QHI QE
M@NPTN�BXHS%N@WYE�& � cystein-HCl 0.5 "�#�&GF% &� ��#K[��FCPTNMUN 6.9  U\UF�T��P�GO@UHR�M�[GH
UN@B"]�^MH_&��WHS%J�`UUN@B septum S%JaG��CVQFI�D 121 FEb��^%�^�B� �@��U#H 1 K��B�"�b ��cH
�@%� 15 H�I�  
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2. De Man Rogosa Sharpe (MRS) 
������� �� ��! ("�#�/% &�) 
Dipotassium phosphate  
Beef extract          
Yeast extract         
Dextrose   
Polysorbate 80      
Ammonium citrate  
Sodium acetate        
Magnesium sulphate  
Manganese sulphate  
Proteose peptone  
 

10.00      
2.00         
5.00       
20.00      
1.00       ml/l 
2 .00       
5.00        
0.10   
0.05    
10.00      
 

 
@ A�"���&��B�  

C#DEF�T�� 52 "�#�&GFHQR�"%#DH 1 % &� �HPTN�G@Hj���ON�"#HUN@B magnetic stirrer S%N@IR�PTN
���bW�"�CVQFUN@B���VDFEHYDEaG��CVQF�@��U#HMFHQR�I�D�@��U#HMFHQR� 15 �FHUk&GF&���EH Q@ FL!Tl\�  121 
FEb��^%�^�B� ��cH�@%� 15 H�I� 

 
3. Mueller Hinton Agar 

������� �� ��! ("�#�/% &�) 
Beef infusion 
Casein acid hydrolysate  
Starch  
Agar  

300       
7.50 
1.50 
17.00  
 

@ A�"���&��B�  
C#DEF�T�� 38.0 "�#�&GFHQR�"%#DH 1 % &� �HPTN�G@Hj���ON�"#HUN@B magnetic stirrer S%N@IR�

PTN���bW�"�CVQFUN@B���VDFEHYDEaG��CVQF�@��U#HMFHQR�I�D�@��U#HMFHQR� 15 �FHUk&GF&���EH Q@ FL!Tl\�  
121 FEb��^%�^�B� ��cH�@%� 15 H�I� 
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4. M 58 medium  
������� �� ��! ("�#�&GF% &�) 
Casien peptone, tryptic digest  
Yeast extract 
Meat extract 
Bacto soytone 
Glucose 
K2HPO4 
MgSO4. 7 H2O 
MnSO4. H2O 
Tween 80 
NaCl 
Salt solution  
Resazurin (25 mg/100ml) 
Distill water  
Salt solution 
CaCl2. 2 H2O 
MgSO4. 7H2O 
K2HPO4 
NaHCO3 
NaCl 
Distilled water 

10.0 
5.0 
5.0 
5.0 
10.0 
2.0 
0.2 
0.05 
1.0 
5.0 
40  ml. 
4    ml. 
950 ml. 
 
0.25  
0.50 
1.0 
10.0 
2.0 
1000.0 ml. 

 
@ A�"���&��B� 

C#DE�������PHF#&���G@HI�D"R�THU j��PTN%J%�B�ON�"#H &N�PTN�UVFU S%N@&#QEPTN�BXHS%N@WYE
�& � L- cysteine  ��#K[��FC��cH 6.8 _UB 8 N NaOH K��WLPHO@UI�D��p���cHb\HBkB�"�b [GHUN@B"]�^
MH_&��WHS%N@HR�M�aG��CVQFI�D ���VDFEHYDEaG��CVQF�@��U#HMFHQR�I�D�@��U#HMFHQR� 15 �FHUk&GF&���EH Q@ 
FL!Tl\�  121 FEb��^%�^�B� ��cH�@%� 15 H�I� 
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4. FE�k��J"FKOFE HCl buffer (g/l) 
������� �� ��! ("�#�/% &�) 
NaCl  
KCl  
CaCl22H2O  
NaH2PO4 
MgCl2 6H2O  
Na2HPO4 2H2O  
HCl 5 M 
 

8.00       
0.20    
0.10  
14.35  
0.18  
8.25    
 

4. �������S%J@ A�"���&��B�����[VDF@ ����JTkHQR�&�%��U @^kUN@B@ A� Copper-bicinchoninate ( Foxand 
Robyt,1991) 
Solution A 
1.C#DE Sodium carbonate 2.74 "�#� 
2.C#DE Sodium bicarbonate 1.2 "�#� 
3.%J%�BPHHQR�"%#DH 45 � %% % &� 
4.�& � disodium 2,2 >bicinchoninate  97.1 � %% "�#� 
5.��#K�� ��&���cH 50 � %% % &� 
Solution B 
1.C#DE Copper sulfate pentahydrate 62 � %% "�#� 
2.C#DE L-serine 63 � %% "�#� 
3.%J%�BPHHQR�"%#DH 45 � %% % &� 
4.��#K�� ��&���cH 50 � %% % &� 
Solution C 
j�� Solution A S%J Solution B PHF#&���G@HI�D�IG�"#H��VDFPCN%J%�B "%\_���@���ON�ONH 1-10 
µg/ml ��cH���%J%�B��&�r�H 
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1. @ A�@ ����JTkHQR�&�%��U @^kUN@B@ A� Copper-bicinchoninate ( Foxand Robyt,1991) 
1.U\U���%J%�B C P�GPHT%L�OFEW�HT%L� T%L�%J 100 µl 
2.�& ����%J%�B&#@FBG�E 100 µl  
3.�`UW�HT%L�UN@B wrap S%JP�GPHsLE^ K 
4.KG�PHFG�EHQR��@K�L�FL!Tl\�  I�DFL!Tl\�  80 FEb��^%�^�B���cH�@%� 35 H�I� 
5.IR�PTN�BXH��cH�@%� 15 H�I� 
6.@#U�G�"��U\U"%VHS�EI�D 560 H�_H��&� 
 

 

y = 0.0735x

R
2
 = 0.9945
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l�[I�D 23 "��t��&�r�H"%\_�� "��T��� ��!HQR�&�%��U @^k_UB@ A� Copper-bicinchoninate 
Figure 23. Standard curve of reducing sugar analyzed by Copper-bicinchoninate method. 
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2. "��T��� ��!HQR�&�%I#QET�U _UBPCN Phenol sulfuric acid method (Fox and Robyt, 1991) 
1. �& �&#@FBG�E�� ��! 25 ul %EPH 96 -  well micro titer plate  
2. �& � 5 % (w/v) phenol �� ��! 25 ul 
3. �OBG�PTN�ON�"#H (��J��! 30 @ H�I�) 
4. HR� Microtiter plate @�EKHHQR�SOXE S%J�& � H2SO4 �ON�ONH�� ��! 125 ul  
5. j��PTN�ON�"#H (��J��! 30 @ H�I�)  
6. P�GPH plastic zipper bag S%N@HR�M�&N�I�D 80 FEb��^%�^�B� ��cH�@%� 30 H�I�  
 IR�PTN�BXHS%JHR�M�@#U"��U\U"%VHS�E I�D�@��B�@�%VDH 575 H�_H��&�  

 

y = 0.0036x

R2 = 0.992

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 25 50 75 100 125 150 175 200

sugar concentartion (mg/ml)

O
D

 5
7

5

 
l�[I�D 24 "��t��&�r�H "��T��� ��!HQR�&�%I#QET�U_UB@ A� phenol-sulfuric acid 
Figure 24. Standard curve of total sugar analyzed by phenol-sulfuric acid  method. 
 
3. "���&��B�T#@�CVQFWL% HI��Bk  
 3.1 WL% HI��Bk"GF_��   

 �O�DB�CVQFW�"F�T��@LNHSOXE�F�BEI�D�"XKPH stock �� 1 loop P�G%EPHF�T���%�QBE�CVQF�T%@  
MHB �R�T�#KSK�I����B S%J YM �R�T�#KB��&k WR�H@H 10 � %% % &� S%N@KG��[�J�CVQFM@NI�DFL!Tl\�    
37  FEb��^%�^�B� ��cH�@%� 18 C#D@_�E W�"H#QHsG�B�CVQFI�DKG�M@NP�G%EPHF�T���%�QBE�CVQFPT�G KG�I�D
FL!Tl\�  37  FEb��^%�^�B� ��cH�@%� 15 C#D@_�E HR��CVQFPH�JBJH�Q��IU�FK"��B#KB#QEWL% HI��BkOFE 
EPSs _UB�WVFW�E�CVQF�� D�&NHUN@BF�T���%�QBE�CVQF�T%@ �[VDFPTNMUN�� ��!�CVQF 106 CFU &GF� %% % &� 
�G@H�CVQF���&��B�_UB"���%�QBEPHF�T�� PDA I�DFL!Tl\�  37 FEb��^%�^�B� ��cH�@%� 7 @#H S%N@
�&��B����SO@H%FB��F�k _UBPCNHQR�I�Dj��  tween 80 �� ��!�NFB%J 1 �%FU�CVQF�IP�GW�H�[�J
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�CVQF�� S%N@PCNSIGES"N@�H�%FU�CVQFO\Uj @THN�F�T��PTN��F�kFF"��CJ%N�E"#KHQR� "�FEjG�H"�@B
S"N@I�D���R�%��%FU�CVQF�[VDFSB"��NHPBFF"W�"��F�kWJMUN���SO@H%FB��F�k S%N@H#KWR�H@H��F�k
_UBPCN hemacytometer ��#KPTNMUN�� ��!��F�k 106 �^%%k&GF� %% % &� _UBPCNF�T��PDB�WVFW�E 
4. "��H#K�^%%kUN@B hemacytometer 
�� ��&�OFECGFEPTyGOFE hemacytometer =  0.2 � %% ��&� × 0.2 � %% ��&� × 0.1 � %% ��&� 
                                                     =  4 × 10-3 %\"K�b"k� %% ��&� 
� U��cH 4 × 10-3 %\"K�b"k� %% ��&�  ×  1 %\"K�b"k� %% ��&�    = 4 × 10-6 %\"K�b"k�^H& ��&� 
                                                                  103 %\"K�b"k� %% ��&�   
                                                                 = 4 × 10-6 � %% % &�  
sN�H#KMUN A �^%%kPHCGFEPTyGS�UE@G� �� ��&� 4 × 10-6 � %% % &��� A �^%%k 
�� ��&� 1 � %% % &�  �^%%k  =    A             �^%%k&GF� %% % &� 
         4 x 106 
                                                          
 3.2 SK�I����B_��MK_F& " 
 PH"�!�OFE L. plantarum S%J L. acidophilus �O�DB�CVQFW�" stock culture �� 1 %\�P�G%EPH
F�T�� MRS �T%@�� ��&� 10 � %% % &� KG�I�DFL!Tl\�  37 FEb��^%�^�B���cH�@%� 24 C#D@_�E IR�"��
sG�B�CVQF%E�� ��&� 1 � %% % &�%EPHF�T�� MRS �T%@ �� ��&� 9 � %% % &�KG�I�D 37 FEb��^%�^�B�
��cH�@%� 18 C#D@_�EWJIR�PTNMUNWR�H@H�CVQF 109 CFU&GF� %% % &�PH"�!�OFE B. bifiduum PTNU\U�CVQF
W�" stock culture �� 1 � %% % &� P�GPHF�T�� M58 �T%@HR�M�KG�I�D FL!Tl\�  37 FEb��^%�^�B���cH
�@%� 24 C#D@_�ES%JIR�"��sG�B�CVQF%EPHF�T�� M58 F�"��#QES%N@KG�&GF��cH�@%� 18 C#D@_�EWJMUN�CVQF
�� ��! 107 cell/ml 
5. "��T�"���FUC�@ &OFE B. bifidum _UBPCN LIVE/DEAD BacLightTH Bacterial Viability kits 
FE�k��J"FKOFECLU"��IU�FK 
��� A  SYTO9 dye, 1.67 mM/propidium iodine, 1.67 mM 
��� B SYTO9 dye, 1.67 mM/propidium iodine, 18.3 mM 
O#QH&FH"��IU�FK 

1. j���G@Hj�� A S%J B �ON�UN@B"#HPHF#&���G@H 1:1 
2. �& ��G@Hj��PHONF1�� ��&� 3 M�_��% &� &GF&#@FBG�EI�D&NFE"��IU�FK�� ��&� 1 

� %% % &� 
3. j��PTN�ON�"#HS%N@HR�M�KG�PHI�D�VUI�DFL!Tl\� TNFE��cH�@%� 15 H�I� 
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4. TBU�G@Hj��%EKH�M%Uk�� ��&� 10 M�_��% &� S%N@�`UUN@B coverslip  
5. HR����GFEUN@B"%NFE Fluorescent   

"��FG�Hj% 
W�"T%#""��OFE��I�DPCNPH"��BNF�H#QH [K@G� �� SYTO 9 ���@�������sPH"��& UI#QE�^%%k

I�D��C�@ &S%J�^%%k&�BS%JS�UEFF"����cH���O�B@��VDF�GFEUN@B"%NFE Fluorescent PHO!JI�D �� 
Propidium iodine WJBNF�& U��[�J �^%%k&�B�IG�H#QHS%JS�UEFF"����cH��SUE��VDF�GFEUN@B"%NFE 
Fluorescent U#EH#QH"��H#KWR�H@H�^%%kI�DB#E��C�@ &WYEIR�MUN_UB"��T�j%&G�E�JT@G�E�^%%kI�D& U��I#QE
�FE �VFWJH#K�[�BE�^%%kI�D�TXH��cH���O�B@_UBI�DM�G& U��SUE 
"���R�H@!  
 [VQHI�DI�DPCNH#K�^%%kl�BP&N"%NFE = 5.71 x 10-4 &���E�^H& ��&� 
 [VQHI�DI#QET�UI�DH#K�^%%k(OH�U cover slipe) = 4.84 &���E�^H& ��&� 
 W�"[VQHI�D 4.84 &���E�^H& ��&� � U��cH�� ��&� 10 M�_��% &� 
 sN�H#K�^%%kl�BP&N"%NFEMUN A �^%%k WJ��WR�H@H�^%%k 
   = A x 4.84 x 104 x 1000         cell&GF� %% % &� 

5.71 10 
 

 
 
l�[I�D 25  "��T�"���FUC�@ &OFE B. bifidum _UBPCNCLUIU�FK LIVE/DEAD BacLightTH _UB"%NFE 

Confocol scanning laser microscopy  
Figure25. Confocol scanning laser microscopy of B. bifidum by LIVE/DEAD BacLightTH viability 

strain. 
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l�[I�D 26  "��t��&�r�HOFE �� ��! (A) "�UFJ^ & " (B) _[�[ FFH " S%J (C) K @I�� " 

@ ����JTk_UB GC-FID 
Figure 26. Standard curve of (A) acetic acid (B) propionic acid and (C) butyric acid analyzed by 

GC-FID. 
 
 
 
 
 

 

A 

B 

C 
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l�[I�D 27 "��t��&�r�HHQR�TH#"_��%"L%OFE pullulan @ ����JTk _UB GPC 
Figure 27 GPC chromatogram of pullulan  (standard curve). 
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 &���EI�D17  "��BGFB�%�BUN@B"�UOFE EPSs CH U&G�E�I�D[��FC 1 ��cH�@%� 4 C#D@_�E 
Table 17     Acid hydrolysis of EPSs at pH 1 for 4 h.  
 

Acid hydrolysis (%) of EPSs produced by  
Time (h) 

W. cibaria A2 W. confusa A9 L. plantarum A3 P. pentosaceus 5S4 
0 0.000 ± 0.00 0.000 ± 0.00 0.000 ± 0.000 0.000 ± 0.000 
1 0.348  ±  0.027 2.163 ± 0.206 0.184 ± 0.070 1.309 ± 0.020 
2 0.137 ±  0.012 2.504 ± 0.007 0.315 ± 0.026 1.203 ± 0.025 
3 0.048  ± 0.010 2.070  ±  0.493 0.467 ± 0.139 0.535 ± 0.004 
4 0.251 ± 0. 070 1.913 ± 0.016 0.547 ± 0.050 0.759 ± 0.179 

 

&���EI�D18  "��BGFB�%�BUN@B"�UOFE EPSs CH U&G�E�I�D[��FC 2 ��cH�@%� 4 C#D@_�E 
Table18.    Acid hydrolysis of EPSs at pH 2 for 4 h.  
 

Acidic hydrolysis (%) of EPSs produced by 
Time 

W. cibaria A2 W. confusa A9 L. plantarum A3 P. pentosaceus 5S4 
0 0.000±0.00 0.000±0.00 0.000±0.00 0.000±0.00 
1 0.150±0.017 1.341±0.285 0.114±0.017 0.508±0.055 
2 0.200±0.046 1.233±0.258 0.265±0.033 0.620±0.033 
3 0.042±0.008 1.475±0.135 0.315±0.008 0.478±0.052 
4 0.163±0.030 1.505±0.290 0.256±0.002 0.583±0.019 
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&���EI�D19 "��BGFB�%�BUN@B"�UOFE EPSs CH U&G�E�I�D[��FC 3 ��cH�@%� 4 C#D@_�E 
Table 19 Acidic hydrolysis of EPSs at pH3 for 4 h.  

 

Acidic hydrolysis (%) of EPSs produced by 
Time 

W. cibaria A2 W. confusa A9 L. plantarum A3 P. pentosaceus 5S4 
0 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 
1 0.110 ± 0.066 1.550  ±  0.030 0.153 ± 0.032 0.523 ± 0.003 
2 0.221 ± 0.016 1.940 ± 0.080 0.436  ± 0.024 0.418 ± 0.011 
3 0.038 ± 0.009 1.567 ± 0.105 0.335 ± 0.031 0.404 ± 0.010 
4 0.213 ± 0.021 1.649 ± 0.121 0.226 ± 0.011 0.786 ± 0.124 



&���EI�D20 "���W� yOFE L. plantarum (OD 660) PHF�T�� minimal medium I�DPCN EPSs CH U&G�E���cHST%GE���kKFH��cH�@%� 72 C#D@_�E 
Table 20  Growth of L. plantarum in minimal medium used EPSs as carbon sources for 72 h.  
 
Time (h)/ C-Sources  W. cibaria A2 W. confusa A9 L. plantarum A3 P. pentosaceus  5S4 Glucose No C-source 

0 0.247 ± 0.004 0.201 ± 0.001 0.210 ± 0.001 0.210 ± 0.003 0.234 ± 0.007 0.228 ± 0.008 
6 0.253 ± 0.003 0.200 ± 0.003 0.216 ± 0.003 0.231 ± 0.004 0.658 ± 0.004 0.302 ± 0.010 
12 0.258 ± 0.001 0.202 ± 0.004 0.239 ± 0.001 0.239 ± 0.002 0.972 ± 0.046 0.313 ± 0.003 
24 0.263 ± 0.002 0.210 ± 0.008 0.271 ± 0.002 0.247 ± 0.001 0.995 ± 0.007 0.315 ± 0.001 
48 0.260 ± 0.002 0.213 ± 0.035 0.313 ± 0.001 0.267 ± 0.014 1.090 ± 0.004 0.316 ± 0.003 
72 0.264 ± 0.001 0.214 ± 0.010 0.332 ± 0.001 0.273 ± 0.008 1.096 ± 0.003 0.319 ± 0.001 

&���EI�D21 "���W� yOFE L. acidophilus PHF�T�� minimal medium I�DPCN EPSs CH U&G�E���cHST%GE���kKFH��cH�@%� 72 C#D@_�E 
Table 21 Growth of L. acidophilus in minimal medium used EPSs as carbon sources for 72 h. 
Time(h)/ C-Sources  W. cibaria A2 W. confusa A9 L. plantarum A3 P. pentosaceus 5S4 Glucose No C-source 

0 0.236 ± 0.008 0.200 ± 0.004 0.200 ± 0.058 0.200 ± 0.011 0.200 ± 0.028 0.200 ± 0.016 
6 0.353 ± 0.032 0.340 ± 0.005 0.250 ± 0.002 0.226 ± 0.004 0.495 ± 0.061 0.296 ± 0.010 
12 0.362 ± 0.028 0.358 ± 0.006 0.353 ± 0.003 0.331 ± 0.003 0.696 ± 0.026 0.388 ± 0.001 
24 0.280 ± 0.041 0.356 ± 0.050 0.342 ± 0.005 0.359 ± 0.003 0.723 ± 0.021 0.394 ± 0.006 
48 0.370 ± 0.011 0.386 ± 0.008 0.320 ± 0.004 0.398 ± 0.001 0.926 ± 0.018 0.396 ± 0.001 
72 0.370 ± 0.007 0.390 ± 0.002 0.314 ± 0.006 0.397 ± 0.001 1.020 ± 0.006 0.385 ± 0.014 101 
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&���EI�D22 "���W� yOFE B. bifidum PHF�T�� minimal medium I�DPCN EPSs CH U&G�E���cHST%GE���kKFH��cH�@%� 72 C#D@_�E 
Table 22. Growth of B. bifidum (log cell/ml) used EPSs as carbon sources in minimal medium for 72 h. 
 

Sources of EPSs 
Time(h) 

W. cibaria A2 W. confusa A9 L. plantarum A3 P. pentosaceus 5S4 Glucose 
0 6.17 ± 0.07 6.14 ± 0.06 6.12 ± 0.04 6.14 ± 0.06 6.08 ± 0.02 
6 6.62 ± 0.05 6.98 ± 0.06 6.89 ± 0.07 6.88 ± 0.12 6.87 ± 0.12 
12 7.22 ± 0.02 7.16 ± 0.01 7.16 ± 0.05 7.07 ± 0.12 7.25 ± 0.04 
24 7.42 ± 0.06 7.30 ± 0.08 7.31 ± 0.04 7.09 ± 0.15 7.35 ± 0.07 
48 7.45 ± 0.10 7.38 ± 0.01 7.32 ± 0.04 7.12 ± 0.02 7.28 ± 0.04 
72 7.54 ± 0.06 7.34 ± 0.09 7.30 ± 0.03 7.28 ± 0.02 7.32 ± 0.01 
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&���EI�D23  "����%�DBHS�%E�G�[��FCOFEF�T���%�QBE�CVQF��VDF�%�QBE B. bifudum PHF�T�� minimal medium I�D�& � EPSs ��cHST%GE���kKFHI�D�@%� 72 C#D@_�E 
Table 23  pH value of B. bifibum growth in minimal medium contained EPSs as carbon sources for 72 h. 
Time(h)/C-Sources W. cibaria A2 W. confusa A9 L. plantarum A3 P. pentosaceus 5S4 Glucose 

0 6.960 ± 0.057 6.600 ± 0.000 6.715 ± 0.021 6.905 ± 0.092 6.975 ± 0.007 
6 6.760 ± 0.021 6.485 ± 0.021 6.680 ± 0.014 6.750 ± 0.028 6.570 ± 0.042 
12 4.840 ± 0.849 5.915 ± 0.007 5.950 ± 0.014 6.620 ± 0.127 6.160 ± 0.057 
24 5.310 ± 0.021 5.445 ± 0.007 5.420 ± 0.028 5.970 ± 0.325 5.185 ± 0.092 
48 5.290 ± 0.028 5.210 ± 0.014 5.185 ± 0.021 5.360 ± 0.297 4.955 ± 0.021 
72 5.180 ± 0.092 5.155 ± 0.007 5.125 ± 0.021 5.245 ± 0.191 4.830 ± 0.014 

&���EI�24 �NFB%JOFE"��HR� EPSs PCNPH"���W� yOFE B. bifidum 
Table 24. EPSs utilization by  B. bifidum in minimal medium. 
Time (h)/ C-sources W. cibaria A2 W. confusa A9 L. plantarum A3 P. pentosaceus 5S4 Glucose 

0 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 0.000 ± 0.000 
6 18.024 ± 0.529 26.945 ± 0.164 26.577 ± 0.473 6.081 ± 2.310 14.314 ± 2.820 
12 15.419 ± 1.504 30.383 ± 4.928 29.954 ± 0.926 8.643 ± 0.114 15.893 ± 0.358 
24 30.798 ± 8.789 38.629 ± 0.821 31.413 ± 2.613 16.532 ± 1.799 17.150 ± 0.650 
48 34.128 ± 0.032 42.079 ± 2.185 35.915 ± 4.876 25.959 ± 0.260 21.100 ± 1.889 
72 33.996 ± 2.339 42.195 ± 3.564 43.577 ± 0.866 39.979 ± 0.098 33.628 ± 2.929 
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&���EI�D25 "���%�QBE�G@�"#H�JT@G�E E. coli S%J B. bifidum _UBPCN EPss I�Dj% &_UB P. pentosaceus 
5S4 ��cHST%GE���kKFH 

Table 25.  Co-culture of E. coli and B. bifidum used EPSs produced by P. pentosaceus 5S4 as 
carbon sources.  

 

Growth of E. coli (Log CFU/ml) 
Time (h) 

E. coli + B. bifidum E. coli alone E. coli (No C-sources) 
0 4.85 ± 0.01 5.35 ± 0.72 4.22 ± 0.14 
12 6.76 ± 0.02 6.81 ± 0.01 5.31 ± 0.01 
24 8.65 ± 0.08 9.25 ± 0.32 6.17 ± 0.04 
48 7.77 ± 0.01 7.83 ± 0.18 5.86 ± 0.03 
72 7.41 ± 0.02 7.41 ± 0.01 5.45 ± 0.03 

 
&���EI�D26 "���%�QBE�G@�"#H�JT@G�E Stap. aureus S%J B. bifidum _UBPCN EPss I�Dj% &_UB P. 

pentosaceus 5S4 ��cHST%GE���kKFH 
Table 26.  Co-culture of Stap. aureus and B. bifidum used EPSs produced by P. pentosaceus 5S4 

as carbon sources. 
 

Growth of Stap. aureus (Log CFU/ml) 
Time (h) 

Stap. aureus + B. bifidum Stap. aureus alone Stap. aureus (No C-sources) 
0 4.00 ± 0.00 4.00 ± 0.00 4.06 ± 0.04 
12 6.84 ± 0.09 6.69 ± 0.12 6.35 ± 0.07 
24 9.48 ± 0.00 8.16 ± 0.44 6.93 ± 0.15 
48 7.94 ± 0.01 7.83 ± 0.02 7.24 ± 0.07 
72 7.66 ± 0.04 7.54 ± 0.09 7.29 ± 0.01 
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&���EI�D27 "���%�QBE�G@�"#H�JT@G�E Sal. typhi S%J B. bifidum _UBPCN EPss I�Dj% &_UB 
 P. pentosaceus 5S4  ��cHST%GE���kKFH 

Table 27.  Co-culture of Sal. typhi and B. bifidum used EPSs produced by P. pentosaceus 5S4 as 
carbon sources. 

 

Growth of Sal. typhi (Log CFU/ml) 
Time (h) 

Sal. typhi + B. bifidum Sal. typhi alone Sal. typhi (No C-source) 
0 4.65 ± 0.07 4.20 ± 0.28 4.34 ± 0.06 
12 6.70 ± 0.05 6.67 ± 0.10 6.39 ± 0.12 
24 8.58 ± 0.04 9.39 ± 0.12 6.51 ± 0.05 
48 7.98 ± 0.03 7.85 ± 0.01 6.40 ± 0.02 
72 7.50 ± 0.10 7.51 ± 0.05 5.90 ± 0.13 

 
 
&���EI�D28 "���%�QBE�G@�"#H�JT@G�E E. coli S%J B. bifidum _UBPCN EPss I�Dj% &_UB L. plantarum 

A3   ��cHST%GE���kKFH 
Table 28.  Co-culture of E. coli and B. bifidum used EPSs produced by L. plantarum A3 as carbon 

sources. 
 

Growth of E. coli (Log CFU/ml) 
Time (h) 

E. coli + B. bifidum E. coli alone E. coli (No C-source) 
0 4.74 ± 0.06 5.35 ± 0.72 4.72 ± 0.03 
12 6.76 ± 0.03 6.81 ± 0.01 6.72 ± 0.03 
24 5.74 ± 0.06 9.25 ± 0.32 6.72 ± 0.02 
48 7.17 ± 0.73 7.83 ± 0.18 6.54 ± 0.05 
72 5.76 ± 0.02 7.41 ± 0.01 6.17 ± 0.02 
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&���EI�D 29 "���%�QBE�G@�"#H�JT@G�E Stap. aureus S%J B. bifidum _UBPCN EPss I�Dj% &_UB  
L. plantarum A3  ��cHST%GE���kKFH 

Table 29.  Co-culture of Stap. aureus and B. bifidum used EPSs produced by L. plantarum A3 as 
carbon sources. 

 

Growth of Stap. aureus (Log CFU/ml) 
Time (h) 

Stap. aureus + B. bifidum Stap. aureus alone Stap. aureus (No C-source) 
0 4.15 ± 0.21 4.24 ± 0.34 4.06 ± 0.04 
12 6.57 ± 0.04 6.52 ± 0.04 6.35 ± 0.07 
24 7.36 ± 0.05 6.50 ± 0.04 6.93 ± 0.15 
48 7.46 ± 0.02 7.53 ± 0.07 7.24 ± 0.07 
72 7.47 ± 0.01 7.52 ± 0.06 7.29 ± 0.01 

 
&���EI�D 30 "���%�QBE�G@�"#H�JT@G�E Sal. typhi S%J B. bifidum _UBPCN EPss I�Dj% &_UB 

 L. plantarum A3 ��cHST%GE���kKFH 
Table 30.  Co-culture of Sal. typhi and B. bifidum used EPSs produced by L. plantarum A3  as 

carbon sources. 
 

Growth of Sal. typhi (Log CFU/ml) 
Time (h) Sal. typhi + B. bifidum Sal. typhi alone Sal. typhi (No C-source) 

0 4.18 ± 0.04 4.28 ± 0.03 4.34 ± 0.06 
12 6.54 ± 0.05 6.80 ± 0.03 6.39 ± 0.12 
24 6.53 ± 0.08 7.46 ± 0.02 6.51 ± 0.05 
48 6.50 ± 0.04 6.51 ± 0.05 6.40 ± 0.02 
72 5.77 ± 0.02 5.71 ± 0.02 5.90 ± 0.13 
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&���EI�D31 "���%�QBE�G@�"#H�JT@G�E E. coli S%J B. bifidum _UBPCN EPss I�Dj% &_UB W. confusa  A9
��cHST%GE���kKFH 

Table 31.  Co-culture of E. coli and B. bifidum used EPSs produced by W. confusa A9 as carbon 
sources. 

 

Growth of E. coli (Log CFU/ml) 
Time (h) 

E. coli + B. bifidum E. coli alone E. coli (No C- source) 
0 4.85 ± 0.00 4.85 ± 0.00 4.22 ± 0.14 
12 6.72 ± 0.03 6.72 ± 0.02 5.31 ± 0.01 
24 9.57 ± 0.04 8.13 ± 0.07 6.17 ± 0.04 
48 7.48 ± 0.67 7.81 ± 0.05 5.86 ± 0.03 
72 7.68 ± 0.03 7.02 ± 0.15 5.45 ± 0.03 

 

&���EI�D 32 "���%�QBE�G@�"#H�JT@G�E Stap. aureus S%J B. bifidum _UBPCN EPss I�Dj% &_UB  
     W. confusa A9 ��cHST%GE���kKFH 

Table 32.  Co-culture of Stap. aureus and B. bifidum used EPSs produced by W. confusa A9 as 
carbon sources. 

 

Growth of Stap. aureus (Log CFU/ml) 
Time (h) 

Stap. aureus + B. bifidum Stap. aureus alone Stap. aureus (No C-source) 
0 4.00 ± 0.00 4.85 ± 0.00 4.06 ± 0.04 
12 5.18 ± 1.43 6.72 ± 0.03 6.35 ± 0.07 
24 9.02 ± 0.05 8.63 ± 0.03 6.93 ± 0.15 
48 7.95 ± 0.00 7.81 ± 0.04 7.24 ± 0.07 
72 7.76 ± 0.09 7.94 ± 0.02 7.29 ± 0.01 
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&���EI�D33 "���%�QBE�G@�"#H�JT@G�E Sal. typhi S%J B. bifidum _UBPCN EPss I�Dj% &_UB W. confusa 
A9  ��cHST%GE���kKFH 

Table 33.  Co-culture of Sal. typhi and B. bifidum used EPSs produced by W. confusa A9  as 
carbon sources. 

 

Growth of Sal. typhi (Log CFU/ml) 
Time (h) 

Sal. typhi + B. bifidum Sal. typhi alone Sal. typhi  (No C-source) 
0 4.46 ± 0.54 4.00 ± 0.00 4.34 ± 0.06 
12 6.68 ± 0.03 6.75 ± 0.07 6.39 ± 0.12 
24 8.90 ± 0.09 8.16 ± 0.44 6.51 ± 0.05 
48 7.76 ± 0.03 7.83 ± 0.02 6.40 ± 0.02 
72 7.60 ± 0.01 7.54 ± 0.09 5.90 ± 0.13 

 
&���EI�D34 "���%�QBE�G@�"#H�JT@G�E E. coli S%J B. bifidum _UBPCN EPss I�Dj% &_UB W. cibaria A2  

��cHST%GE���kKFH 
Table 34.  Co-culture of E. coli and B. bifidum used EPSs produced by W. cibaria A2 as carbon 

sources. 
 

Growth of E. coli (Log CFU/ml) 
Time (h) 

E. coli + B. bifidum E. coli alone E. coli (No C-source) 
0 4.59 ± 0.16 4.77 ± 0.10 4.22 ± 0.14 
12 4.85 ± 0.01 6.54 ± 0.09 5.31 ± 0.01 
24 8.80 ± 0.01 8.16 ± 0.20 6.17 ± 0.04 
48 7.76 ± 0.03 7.51 ± 0.05 5.86 ± 0.03 
72 7.15 ± 0.21 7.32 ± 0.12 5.45 ± 0.03 
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&���EI�D 35  "���%�QBE�G@�"#H�JT@G�E Stap. aureus S%J B. bifidum _UBPCN EPss I�Dj% &_UB 
 W. cibaria A2  ��cHST%GE���kKFH 

Table 35.  Co-culture of Stap. aureus and B. bifidum used EPSs produced by W. cibaria A2  as 
carbon sources. 

 

Growth of Stap. aureus (Log CFU/ml) 
Time (h) 

Stap. aureus + B. bifidum Stap. aureus alone Stap. aureus (No C-source) 
0 4.00 ± 0.00 4.00 ± 0.00 4.06 ± 0.04 
12 6.44 ± 0.06 6.51 ± 0.05 6.35 ± 0.07 
24 8.94 ± 0.03 8.21 ± 0.11 6.93 ± 0.15 
48 7.93 ± 0.04 7.39 ± 0.70 7.24 ± 0.07 
72 8.15 ± 0.21 7.65 ± 0.07 7.29 ± 0.01 

 

&���EI�D 36 "���%�QBE�G@�"#H�JT@G�E Sal. typhi S%J B. bifidum _UBPCN EPss I�Dj% &_UB W. cibaria 
A2  ��cHST%GE���kKFH 

Table 36.  Co-culture of Sal. typhi and B. bifidum used EPSs produced by W. cibaria A2  as 
carbon sources. 

 

Growth of Sal. typhi (Log CFU/ml) 
Time (h) 

Sal. typhi + B. bifidum Sal. typhi alone Sal. typhi  (No C-source) 
0 4.00 ± 0.00 4.00 ± 0.00 4.34 ± 0.06 
12 6.39 ± 0.12 6.30 ± 0.00 6.39 ± 0.12 
24 9.15 ± 0.04 7.71 ± 0.32 6.51 ± 0.05 
48 7.59 ± 0.16 7.69 ± 0.12 6.40 ± 0.02 
72 8.07 ± 0.83 7.52 ± 0.11 5.90 ± 0.13 
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l�[I�D 28 _����_IS"��OFE GPC S�UEHQR�TH#"_��%"L%OFE OFE EPSs I�Dj% &_UB P .pentosaceus 

5S4  
Figure 28. GPC chromatogram of EPSs produced by P. pentosaceus 5S4. 
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l�[I�D 29  _����_IS"��OFE GPC S�UEHQR�TH#"_��%"L%OFE OFE EPSs I�Dj% &_UB L. plantarum 

A3  
Figure 29.  GPC chromatogram of EPSs produced by L. plantarum A3  
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l�[I�D30  _����_IS"��OFE GPC S�UEHQR�TH#"_��%"L%OFE OFE EPSs I�Dj% &_UB W. cibaria A2  
Figure  30. GPC chromatogram of EPSs produced by W. cibaria A2.  



 

 

113 

 
 
l�[I�D 31 _����_IS"��OFE GPC S�UEHQR�TH#"_��%"L%OFE OFE EPSs I�Dj% &_UB W. confusa A9  
Figure  31. GPC chromatogram of EPSs produced  by  W. confusa A9.  
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&���EI�D 37  �� ��!HQR�&�%I#QET�US%JHQR�&�%��U @^kOFE EPSs ��VDF����BK�I�BK"#KHQR�&�%"%\_�� 
Table 37.     Total and reducing sugar content in EPSs equivalence with glucose. 
 
Sources of EPSs Total sugar (mg/g) Reducing sugar (mg/g) 
W. cibaria A2 932.5 1.95 
W. confusa A9 507 1.92 
L. plantarum A3 570 1.97 
P. pentosaceus 5S4 695 1.74 
 




