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1. ��	
��
�����
�������������������������
1.1 ����	�������������������� De Man Rogosa Sharpe (MRS)
�����	�����������	
���
�
����

Proteose peptone 10     �����0��1��
Beef extract         10     �����0��1��
Yeast extract        5       �����0��1��
Dextrose             20     �����0��1��
Polysorbate 80     1       �1��1�1���0��1��
Ammonium citrate 2       �����0��1��
Sodium acetate       5       �����0��1��
Magnesium sulphate 0.10  �����0��1��
Manganese sulphate 0.05  �����0��1��
Dipotassium phosphate 2        �����0��1��

������	
�	�
�

��A������ 55.15 �����0�B������AB 1 �1�� 	BC�D�0EBF���GD���BHDE� magnetic stirrer ��DEI��
C�D���JK�������HDE��	��A��BLA�M0������	E��H�BN�B���I�A	E��H�BN�B��� 15 ��BH
�0������B1�E I�A
�OP�QR�1 121 ��J��S��S��� ��TB�E�� 15 B�I�

1.2 ����	��I�AC�DCB�������������� Nutrient Broth (NB) ��
 Nutrient Agar (NA)
�����	�����������	
���
�
����

Beef extract 3 �����0��1��
Peptone 5 �����0��1��
Agar 15 �����0��1��

������	
�	�
�
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��A������ 8.0 ���� (NB) ��
 23.0 ���� (NA) �0�B������AB 1 �1�� 	BC�D�0EBF���GD���BHDE� 
magnetic stirrer ��DEI��C�D���JK�������HDE��	��A��BLA�M0������	E��H�BN�B���I�A	E��H�BN�B��� 15 
��BH
�0������B1�E I�A�OP�QR�1 121 ��J��S��S��� ��TB�E�� 15 B�I�

1.3 ����	��I�AC�DCB�������������� Minimal medium
�����	���� minimal medium

peptone water 2.0    �����0��1��
 yeast extract 2.0    �����0��1��
 NaCl  0.1    �����0��1��

K2HPO4  0.04  �����0��1��
KH2PO4 0.04  �����0��1��

 CaCl2.6H2O 0.01  �����0��1��
MgSO4.7H20  0.01  �����0��1��
NaHCO3 2.0    �����0��1��
Tween 80  2       �1��1�1���0��1��
cysteine_HC1 0.5    �����0��1��

 Bile salt 0.5    �����0��1��
������	
�	�
�

��A��������0�
�0EB��
����0�B������AB 1 �1�� 	BC�D�0EBF���GD���BHDE� magnetic stirrer
��DEI��C�D���JK�������HDE��	��A��BLA�M0������	E��H�BN�B���I�A	E��H�BN�B��� 15 ��BH
�0������B1�E I�A
�OP�QR�1 121 ��J��S��S��� ��TB�E�� 15 B�I�

1.4    ����	��I�AC�DCB�������������� Mueller Hington Broth
�����	�����������	
���
�
����

Beef infusion 300 �����0��1��
Casein acid hydrolysate 17.50 �����0��1��
Starch 1.50 �����0��1��

������	
�	�
�

��A������ 21.0 �����0�B������AB 1 �1�� 	BC�D�0EBF���GD���BHDE� magnetic stirrer ��DEI��
C�D���JK�������HDE��	��A��BLA�M0������	E��H�BN�B���I�A	E��H�BN�B��� 15 ��BH
�0������B1�E I�A
�OP�QR�1 121 ��J��S��S��� ��TB�E�� 15 B�I�
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1.5 ����	��I�AC�DCB�������������� Muller Hington Agar
�����	�����������	
���
�
����

Beef infusion 300 �����0��1��
Casein acid hydrolysate 17.50 �����0��1��
Starch 1.50 �����0��1��
Agar 17.00 �����0��1��

������	
�	�
�

��A������ 38.0 �����0�B������AB 1 �1�� 	BC�D�0EBF���GD���BHDE� magnetic stirrer ��DEI��
C�D���JK�������HDE��	��A��BLA�M0������	E��H�BN�B���I�A	E��H�BN�B��� 15 ��BH
�0������B1�E I�A
�OP�QR�1 121 ��J��S��S��� ��TB�E�� 15 B�I�

1.6 ����	��I�AC�DCB���E1�	��
�
����1��PB��������H1ES
 ̀ H�E1a� Modified dinitrosalicylic acid
�����	����

NaOH 10    �����0��1��
Na2SO3 0.5  �����0��1��
Sodium potassium tratrat             200   �����0��1��
3,5-Dinitrosalicylic acid 10   �����0��1��
Phenol 2     �����0��1��

������	
�	�
�

��A� NaOH �����1��PI�A����BH �
���CBB������AB 0.9 �1�� K��B��BB���0EB��
���I�A
������
���CB����
��� NaOH I�A������NED 	BC�D�0EBF���GD���BHDE� magnetic stirrer ����K��
B��B B����������1����HDE�GEH������1����C�DNHD 1 �1�� HDE�B������AB

1.7 ����	��I�AC�DCB���E1�	��
�
����1��PB������I�����H `H�E1a� Modified phenol
sulfuric acid

Phenol 50    �����0��1��
Con. Sulfuric
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������	
�	�
�

��A� Phenol �����1��PI�A����BH�
���CBB������AB 0.9 �1�� K��B��B������1����C�DNHD 1
�1��HDE�GEH������1����HDE�B������AB

1.8 ����	��I�AC�DCB��������� HCl buffer
�����	����

NaCl 8.00      �����0��1��
KCl 0.20  �����0��1��
Na2HPO4 2H2O 8.25 �����0��1��
NaH2PO4            14.35 �����0��1��
CaCl22H2O              0.10   �����0��1��
MgCl2 6H2O              0.18 �����0��1��
HCl 5 M

������	
�	�
�

��A���0�
�0EB��
����
���CBB������AB 0.8 �1�� 	BC�D�0EBF���GD���BHDE� magnetic
stirrer K��B��B������1����C�DNHD 1 �1��HDE�GEH������1����HDE�B������AB

1.9 ����	��I�AC�DCB���IH������IB�0�����0��`H���BNS�

�����������BNS�

��BNS�
 human pancreatic α-amylase (EC 3.2.1.1) (Sigma) �
���CB`S�H���f���f�

��f�f��
CB (20 mM) CB `S�H���	��N�H
 (6.7 mM) SLA�����g����C�DNHD 6.9 `H�C�D 1 N NaOH

1.10 ����	��I�AC�DCB��������� phosphate buffer saline (PBS)  
�����	����

NaCl 9 �����0��1��
Na2HPO4.2H2O 9 �����0��1��
KH2PO4 1.5 �����0��1��
5 M HCl

������	
�	�
�

��A�����	����0�
�0EB��
����0�B������AB 1 �1�� 	BC�D�0EBF���GD���BHDE� magnetic
stirrer K��B��B����g������TB 1, 2, 2.5 ��
 3 HDE� 5 M HCl
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         �����I�A  10 �����H��E1�G����	I�������	�1�CB�Q�E
	E����TB��H
        Table  10.    Survival of lactic acid bacteria in acidic condition.

Log CFU/ml
Isolates pH/hour

0 1 2 3 4

APa 4 2 9.01 4.72±0.23 2.60±0.12 - -
2.5 9.56 5.65±0.10 3.80±0.18 - -
3 9.02 7.16±0.10 4.61±0.14 3.81±0.19 2.54±0.10

AIa 1 2 9.03 3.71±0.11 - - -
2.5 8.77 5.83±0.22 3.49±0.09 - -
3 9.03 8.18±0.15 6.28±0.23 4.72±0.10 3.73±0.08

APa 5 2 9.34 - - - -
2.5 10.48 3.63±0.26 2.87±0.26 - -
3 9.44 6.40±0.03 4.30±0.30 - -

AEa 3 2 8.86 - - - -
2.5 8.69 3.48±0.08 - - -
3 8.75 7.33±0.13 3.48±0.22 - -

ARa 1 2 9.78 3.59±0.16 - - -
2.5 9.48 4.91±0.15 3.83±0.25 - -
3 9.78 8.45±0.07 6.30±0.30 5.48±0.31 3.87±0.18

AEa2 2 8.7 - - - -
2.5 8.65 3.65±0.21 - - -

 3 8.7 7.48±0.26 6.48±0.40 5.48±0.30 4.48±0.11
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1. ���H�����G��N�`S��� ARa1 SLA���	E�������B��� Enterococcus faecium (GenBank accession 
number AY 675247) �I0���� 98 (492/501 bp) ����
�SnB�


GTTATTGATTATGACGTCTTGTCTGATTGAGATTTTAACACGAAGTGAGTGGCGAACG
GGTGAGTAACACGTGGGTAACCTGCCCAGAAGTAGGGGATAACACCTGGAAACAGA
TGCTAATACCGTATAACAGAGAAAACCGCATGGTTTTCTTTTAAAAGATGGCTCTGCT
ATCACTTCTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAAAGGCTCACCA
AGGCAGTGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGACA
CGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTC
TGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGTT
AAAGAAGAACGTGGGTAAGAGTAACTGTTTACCCAGTGACGGTATTTAACCAGAAA
GCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCC
GGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTCTTTTAAGTCTAATGTGAAAGCCT
TCGGCTCANCNGAAAAGTGCATTGGAAACTGGGANACTTGAGTGCAAAAANGACAG
TGGAACTCCNTGTGTANCGGTGAAATGCNTAAATATATGGAAAACCCCATTGNNAAG
GCGNTTTTCTGGTCTGCACTGACCTNAGCTCCAAACNTGGGTACCAACNGATNNAAN
ACCNNGGNAAA

2. ���H�����G��N�`S��� APa4 SLA���	E�������B��� Pediococcus pentosaceus SL4 (GenBank
accession number AY 675245) �I0���� 98 (655/668 bp) ����
�SnB�


GATTATGACGTACTTGTCTGATTGAGATTTTAACACGAAGTGAGTGGCGAACGGGTG
AGTAACACGTGGGTAACCTGCCCAGAAGCAGGGGATAACACCTGGAAACAGATGCT
AATACCGTATAACAGAGAAAACCGCATGGTTTTCTTTTAAAAGATGGCTCTGCTATC
ACTTCTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGCAAAGGCTCACCAAGG
CAGTGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGACACGG
CCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGA
TGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGTTAAA
GAAGAACGTGGGTAAGAGTAACTGTTTACCCAGTGACGGTATTTAACCAGAAAGCCA
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CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAT
TTATTGGGCGTAAAGCGAGCGCAGGCGGTCTTTTANGTCTATGTGAAAGCCTTCGGC
TCANCCGAAAAAGTGCATTGGAAACTGGGANACTNGAGTGCANAAAAGGACAGTGG
AACTCCATGTGTAGCGGTGAAATGCGTAAATNTTGGNAAAACCCCANTGGCNAAGGC
GNCTGTCTGGTCTGCACCTGACNCTGAGCTCNAANCCTGGGTANCNACAGATTTNNT
TCCCCTGGTAAANN

3. ���H�����G��N�`S��� AIa1 SLA���	E�������B��� Pediococcus pentosaceus LM2 (GenBank
accession number AY 675243) �I0���� 97 (691/712 bp) ����
�SnB�

GGCGGCGTGCCTAATCATGCAAGTCGTACGCTTCTTTTTCCACCGGAGCTTGCTCCAC
CGGAAAAAGATGAGTGGCGAACGGGTGAGTAACACGTGGGTAACCTGCCCATCAGA
AGGGGATAACACTTGGAAACAGGTGCTAATACCGTATAACAATCGAAACCGCATGGT
TTTGATTTGAAAGGCGCTTTCGGGTGTCGCTGATGGATGGACCCGCGGTGCATTAGCT
AGTTGGTGAGGTAACGGCTCACCAAGGCCACKATGCATAGCCGACCTGAGAGGGTG
ATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCASCAGTAGGG
AATCTTCGGCAATGGACGAAAGTCTGACCGAGCAACGCCGCGTGAGTGAAGAAGGT
TTTCGGATCGTAAAACTCTGTTGTTAGAGAAGAACAAGGATGASAGTAACTGTTCCTC
CCTTGACGGYATCTAACCAAAAAGCCCCGGCTAACTACGTGCCACCACCSGGGNNN

�����I�A 11  ����
�SnB�
���pR��0��HDE�����
�����HNq`H�	���1�I�Ag���� 1, 2 ��
 3
Table 11.     Hydrolysis of the extracts prepared from plant extracts in HCl solution with pH of 1

, 2 and 3

% hydrolysis

Plants extracts pH/Time 1 2 3 4

jewel-sweet potato 1 12.03±0.53 12.67±0.78 21.89±1.29 26.82±0.02

2 0.96±0.45 4.64±0.49 5.76±0.15 6.36±1.87

3 0.86±0.05 0.79±0.13 1.18±0.13 5.13±0.30

yam bean 1 8.22±0.29 21.45±1.49 26.86±1.39 35.86±1.26
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2 1.69±0.08 3.22±0.34 8.30±0.37 13.22±0.13

3 3.76±0.06 4.54±0.40 6.03±0.76 4.88±0.04

labanos 1 20.50±0.15 31.33±0.68 24.29±0.36 39.56±0. 11

2 21.03±0.92 23.10±0.46 21.65±0.84 20.94±0.28

3 18.61±0.69 13.59±0.39 12.66±0.10 17.29±0.10

madagascar potato 1 14.54±0.36 28.02±0.20 26.27±0.28 31.79±0.69

2 2.33±0.31 20.53±0.42 22.62±0.14 23.25±0.25

3 0.23±0.05 7.43±0.26 5.58±0.65 9.71±0.24

white-sweet potato 1 15.80±0.27 31.26±0.40 42.76±2.65 54.51±1.02

2 4.03±1.05 8.58±0.56 8.94±1.49 11.52±0.80

3 2.57±0.17 3.25±0.49 3.18±0.15 4.72±0.88

carrot 1 9.61±0.58 12.56±1.04 21.07±1.37 28.13±0.81

2 2.74±0.06 13.75±0.46 13.82±1.35 12.84±0.45

3 2.46±0.50 17.84±0.60 14.87±0.07 14.24±0.50

cyperus 1 45.52±1.17 59.38±0.18 55.49±0.86 64.50±0.77

2 26.56±1.49 41.24±0.66 42.81±0.30 52.62±1.31

3 19.79±0.27 44.37±0.68 49.57±0.13 45.86±0.09

taro 1 7.95±0.31 10.11±0.61 11.77±0.22 17.47±0.53

2 4.71±0.51 7.71±0.64 7.85±0.43 11.88±0.52

3 4.39±0.26 6.48±0.26 7.59±0.19 10.77±0.31
�����I�A 11 (�0�)
Table 11.    (Cont.)

% hydrolysis
Plants extracts pH/Time 1 2 3 4

red sweet potato 1 2.91±0.29 4.76±0.37 8.67±0.55 9.29±0.60

2 1.07±0.40 2.08±0.58 2.80±0.36 3.15±0.46

3 0.27±0.19 0.29±0.04 0.42±0.03 0.63±0.22

beetroot 1 1.66±0.156 2.40±0.03 3.39±0.29 5.04±0.11

2 0.87±0.12 0.99±0.24 1.53±0.30 1.73±0.36
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3 0.83±0.08 0.85±0.11 0.91±0.19 1.12±0.15

potato 1 0.56±0.07 0.86±0.12 0.92±0.22 1.70±0.36

2 0.28±0.11 0.47±0.19 0.47±0.42 0.90±0.20

3 0.09±0.07 0.19±0.08 0.30±0.06 0.37±0.04

purple sweet potato 1 0.61±0.04 1.44±0.35 2.79±0.26 2.82±0.23

2 0.37±0.22 0.85±0.25 1.13±0.09 1.12±0.11

 3 0.28±0.16 0.75±0.27 0.98±0. 2 1.10±0.05

�����I�A 12  ����
�SnB�
���pR��0��HDE���BNS�
 α-amylase G��������H

Table 12.     Enzymatic hydrolysis of extracts by α-amylase.

Plants extracts % hydrolysis
taro 10.81±0.41

red sweet potato 1.50±0.11
beetroot 4.94±0.29
potato 2.13±0.12

purple sweet potato 1.17±0.17
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�����I�A13 ����K�1uG��`��N�`��1�CB����� minimal medium I�AC�D ������H�B1H�0��v ��TB���0�   
	��
��B

Table 13.  Growth of probiotic used extracts as carbon sources in minimal medium.
Log CFU/ml

Bacteria
Time
(h)

Red-sweet
potato

Beetroot Potato
Purple-
sweet
potato

glucose

L. platarum 0 7.155±0.22 7.15±0.22 7.20±0.24 7.17±0.24 7.24±0.20
6 7.93±0.30 8.35±0.44 8.73±0.35 7.97±0.08 7.90±0.06
12 9.13±0.24 9.38±.40 9.45±0.49 9.49±0.02 9.686±0.23
24 10.03±0.32 11.36±0.25 10.22±0.35 10.72±0.32 10.87±0.11
36 9.48±0.31 10.98±0.44 9.19±0.16 9.79±0.22 9.70±0.14
48 8.38±0.38 9.61±0.43 8.28±0.12 8.67±0.14 8.10±0.15
72 7.84±0.11 8.29±0.25 7.99±0.06 7.58±0.49 7.72±0.24

L. acidophilus 0 6.74±0.26 7.37±0.17 7.70±0.21 7.38±0.17 7.50±0.37
6 6.65±0.49 7.93±0.07 8.29±0.35 8.03±0.21 8.60±0.57
12 8.44±0.33 8.63±0.34 9.35±0.23 8.76±0.217 9.21±0.54
24 8.74±0.29 8.77±0.08 10.44±0.49 8.97±0.28 11.47±0.48
36 8.82±0.059 8.68±0.26 10.27±0.71 8.55±0.36 11.69±0.36
48 8.53±0.14 8.16±0.07 9.59±0.35 8.16±0.07 11.32±0.37
72 8.11±0.02 7.82±0.06 8.15±0.42 7.82±0.06 10.25±0.56

Ent. faecium 0 7.55±0.14 7.45±0.21 7.39±0.25 7.54±0.14 7.56±0.21
6 7.79±0.57 7.95±0.25 8.09±0.04 9.23±0.66 8.79±0.41
12 8.95±0.67 8.70±0.43 8.56±0.29 9.88±0.52 9.95±0.32
24 10.08±0.88 10.22±0.41 9.72±0.25 10.15±0.13 10.73±0.45
36 8.84±0.14 9.25±0.66 8.97±0.86 9.41±0.39 9.84±0.41
48 8.02±0.42 8.03±0.32 7.58±0.28 9.36±0.40 9.02±0.30
72 7.41±0.32 7.57±1.20 6.90±0.38 8.82±0.22 8.42±0.24
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�����I�A14   ����������0E���B�
�E0����	I������0�`�	 ��
 L.plantarum `H�C�D ������H��TB���0�
	��
��B

Table 14.    Co-culture of pathogen and L.plantarum used ethanolic as carbon sources.
LogCFU/ml

Bacteria
Time
(h)

Red-sweet
potato

Beetroot Potato
Purple-
sweet
potato

glucose

Salmonella sp. 0 6.28±0.26 6.20±0.26 6.38±0.26 6.35±0.36 6.24±0.40
12 8.41±0.09 8.70±0.07 8.37±0.18 8.44±0.16 8.56±0.13
24 5.46±0.09 4.67±0.39 3.50±0.19 5.06±0.24 5.66±0.41
48 0 0 0 0 0
72 0 0 0 0 0

E. coli 0 6.32±0.26 6.00±0.55 6.38±0.55 6.47±0.47 6.06±0.27
12 8.37±0.14 9.14±0.11 8.80±0.13 8.61±0.44 9.15±0.22
24 4.75±0.29 5.27±0.29 5.37±0.46 4.27±0.72 7.66±0.25
48 0 0 1.80±0.14 0 5.78±0.08
72 0 0 0 0 4.02±0.45

S. aureus 0 6.48±0.14 6.40±0.21 6.29±0.25 6.45±0.14 6.54±0.21
12 7.19±0.39 7.23±0. 34 7.82±0.09 7.85±0.14 7.14±0.22
24 1.50±0.28 0 4.45±0.21 0 5.80±0.14
48 0 0 3.16±0.17 0 4.33±0.18
72 0 0 1.50±0.28 0 3.70±0.34
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Q�gI�A 31    ���f����y�B���E1�	��
�
 A) �
S1�1� B) `g�g1`�B1� C) N�`S �1E�I��1�
                   ��
 D) �1E�I��1�
Figure 31.  Standard curve of A) acetic; B) propionic; C) i-butyric and D) butyric.

A

B

C

D
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Q�gI�A 32  `	���`I����G�� GPC ��H�B����B��`����O�G��������HK����B�IJ���0E�������
�H�

Figure 32. GPC chromatogram of  red sweet potato extracts.
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Q�gI�A 33  `	���`I����G�� GPC ��H�B����B��`����O�G��������HK����I�RI
Figure 33. GPC chromatogram of beetroot extracts.
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Q�gI�A 33  (�0�)
Figure 33. (Cont.).
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Q�gI�A 34  `	���`I����G�� GPC ��H�B����B��`����O�G��������HK����B{��A�
Figure 34. GPC chromatogram of potato extracts.
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Q�gI�A 35  `	���`I����G�� GPC ��H�B����B��`����O�G��������HK����B�IJ���0E�������
������

Figure 35.GPC chromatogram of purple sweet potato extracts.



122

������� �

������
�	����

1. �����������E�����KO�1BI���

1.1 KO�1BI���
�0�`�	

 �G�A������K�������EODB�Gn������I�A��n�CB stock �� 1 loop C�0��CB�������������������E  
MHB ���������	I����� ��DE�0��g�
�����NEDI�A�OP�QR�1 37 ��J��S��S��� ��TB�E�� 18 ��AE`�� K��
B��Bp0�������I�A�0�NEDC�0��CB����������������C��0 �0�I�A�OP�QR�1 37  ��J��S��S��� ��TB�E�� 15 ��AE
`�� B�������CB�
�
B����IH�������������KO�1BI���
G�� EPSs `H��K��K���������1A��DBHDE������������
��������E �g�A�C�DNHD��1��P����� 106 CFU �0��1��1�1��

1.2 ���B���S�S
HDE� hemacytometer  ������� B. Bifidum
��1����G���0��C�u0G�� hemacytometer =  0.2 �1��1���� × 0.2 �1��1���� × 0.1 �1��1����

                              =  4 × 10-3 �R���J�
�1��1����
	1H��TB 4 × 10-3 �R���J�
�1��1���� ×    1 �R���J�
�SB�1����     = 4 × 10-6 �R���J�
�SB�1����
                                                         103 �R���J�
�1��1����

                                                  = 4 × 10-6 �1��1�1��
pD�B��NHD A �S��
CB�0��C�u0��H�E0� ��1���� 4 × 10-6 �1��1�1�� �� A �S��

��1���� 1 �1��1�1��  �S��
  =       A                �S��
�0��1��1�1��
                                               4 × 10-6

1.3 ��	I�����`��N�`��1�
CB��P�G�� L. plantarum ��
 L. acidophilus �G�A������K�� stock culture �� 1 �R�C�0��

CB����� MRS ���E��1���� 10 �1��1�1�� �0�I�A�OP�QR�1 37 ��J��S��S�����TB�E�� 24 ��AE`�� I��
���p0�����������1���� 1 �1��1�1����CB����� MRS ���E ��1���� 9 �1��1�1���0�I�A 37 ��J�
�S��S�����TB�E�� 18 ��AE`��K
I��C�DNHDK��BEB����� 109 CFU�0��1��1�1��CB��P�G�� B. bifiduum
C�DHRH�����K�� stock culture �� 1 �1��1�1�� C�0CB����� M58 ���EB��N��0�I�A �OP�QR�1 37 ��J�
�S��S�����TB�E�� 24 ��AE`����
I�����p0���������CB����� M58 ���	������DE�0��0���TB�E�� 18 ��AE
`��K
NHD�������1��P 107 cell/ml
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1.4  ���B��K��BEBKO�1BI���

CB���B��K��BEBKO�1BI���
K
B�������������I�A�����������I�A�E���0��v ���K��K��KBpL�

	E���GD�GDBI�A����
��G���������0�B1H  ��DE spread plate �B����� MRS ���������	I�������	�1�
��
������I�A�Q�E
N�D����J`H�������CB anaerobic jar ��TB�E�� 48 ��AE`�� �0EB��	I������0�`�	
�������B����� MHA ��TB�E�� 48 ��AE`�� I�A�OP�QR�1 37 ��J��S��S��� ��DEB��K��BEB`	`�B� ��DE
�����BF���TB CFU �0��1��1�1��

2. ���E1�	��
�
B��������H1ES
���E1a���� Dinitrosalicylic acid G�� Miller (1959) (Robertson et 
al., 2001)
�����������E��0������
���B��������R`	�����y�B

����������
���B��������R`	�����y�B`H���A�B��������R`	� 0.1 �����
���CBGEH
������1������1�B������ABC�D	�� 100 �1��1�1�� K��B��BB��N��K��K��C�DNHD����
�������y�BB���
�����R`	�	E���GD�GDB 0, 50, 100, 150, 200, 250, 300, 350, 400, 450 ��
 500 N�`	������0�
�1��1�1�� ��DEI�����IH���`H���1�����
�����R`	���0�
	E���GD�GDB��1���� 100 N�`	��1�� 
��CBN�`	�N�����
�g�I ��DE��1�����
�����HNHNB`��S��1NS�1� (DNS) ��1���� 100 
N�`	��1�� �G�0�F��C�D�GD���B �~HN�`	�N�����
�g�I HDE�g����1�C� (polyvinylchloride cling 
film) ��DEC�0CBpO�S1� (plastic zipper bag) B��N��D�I�A�OP�QR�1 80 ��J��S��S��� ��TB�E�� 30 B�I�
I��C�D��nBI�BI� B��N�E�H	0����HRH���B���I�A	E����E	��AB 575 B�`B���� HDE��	��A�� micriplate 
reader B��	0�I�ANHD��I�����f����y�B�������
���E1�	��
�
B��������H1ES
CB��E��0��

B����E��0��I�A�K��K������
����1���� 100 N�`	��1�� ��1���CBN�`	�N�����
�g�I
��DE��1�����
�����HNHNB`��S��1NS�1� (DNS) ��1���� 100 N�`	��1�� �G�0�F��C�D�GD���B
�~HN�`	�N�����
�g�I HDE�g����1�C� (Polyvinylchloride cling film) ��DEC�0CBpO�S1� (plastic 
zipper bag) B��N��D�I�A�OP�QR�1 80 ��J��S��S��� ��TB�E�� 30 B�I� I��C�D��nBI�BI� B��N�E�H	0����
HRH���B���I�A	E����E	��AB 575 B�`B���� B��	0�I�ANHD���IB	0�CB��������f����y�B
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y = 0.0026x

R2 = 0.9947
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Figure36. Standard curve of reducing sugar.

3.  ���E1�	��
�
����1��PB������I�����H (total sugar) `H�C�DE1a� Modified phenol sulfuric method
(Fox and Robyt, 1991)

��1���E��0����1���� 25 N�`	��1�� ��CBN�`	�N�����
�g�I ��
��1� 5 ����
�SnB�

(B����B���0���1����) phenol ��1���� 25 N�`	��1�� �G�0�C�D�GD���B (��
��P 30 E1B�I�) B��N�
`	�N�����
�g�IE���B�D�BB����Gn� ��
��1���HS��f~E�1��GD�GDB (conc. H2SO4) ��1���� 125 
N�`	��1�� F��C�D�GD���B (��
��P 30 E1B�I�) �OD�N�`	�N�����
�g�IHDE�g����1�C� ��
B��N�
C�0CBpO�S1� (plastic zipper bag) B��N��D�I�A 80 ��J��S��S��� ��TB�E�� 30 B�I� I��C�D��nB��
B��
N�E�H	0����HRH���B���I�A	E����E	��AB 492 B�`B���� HDE��	��A�� microplate reader �I���	0����
HRH���B���. I�ANHD������f����y�BG����R`	�
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y = 0.0062x

R2 = 0.9979
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Figure37. Standard curve of total sugar.

Q�gI�A 38   ���f����y�BB����B��`����O�G�� pullulan E1�	��
�
 `H� GPC
Figure 38. GPC chromatogram of pullulan  (standard curve)
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4. ���K�HK���B����g�BaO
KO�1BI���
`H�C�D 16s rRNA
������H DNA  ��������	I���������1�CB����� MRS broth I�A 37 ��J��S��S��� ��TB

�E�� 24 ��AE`�� ����K��B��BB��N��SnB��1f~ES
 (centrifuged) I�A	E����nE��� 10,000 ����0�B�I� 
��TB�E�� 5 B�I� ����K��B��B�D��HDE� TE-buffer 2 	���� ��
B���
��B���
���HDE� TE-buffer (10 
mM Tris-HCl pH 8.0, 1mM EDTA) ��1���� 300 N�`	��1�� B��N��D�I�A 100 ��J��S��S��� ��TB
�E�� 10 B�I� B��N��SnB��1f~ES
 (centrifuged) I�A	E����nE��� 10,000 ����0�B�I� ��TB�E�� 5 B�I� 
B������
��� DNA I�ANHD (DNA template) N� amplified `H����I�� PCR C�D primer UFUL ��
 
URUL SLA�CB���I����1�1�1����
���HDE� 10xPCR buffer pH 8.8 (10 mM KCl, 10 mM (NH4)

2SO4, 20 mM Tris-HCl, 2 mM MgSO4, 0.1% Triton X-100) ������� Taq DNA polymerase 

(BioLab), 2 mM G�� deoxynucleoside triphosphate (dNTP), primer ��0�
�B1H 0.4 µM ��
C�D 1 
�RB1�G�� Taq polymerase  ������1����C�DNHD 20 N�`	��1�� SLA�C�D	E���D�B��1A��DB(thermocycle)
95 ��J��S��S��� ��TB�E�� 5 B�I� ��
 30 ��� I�AC�D�OP�QR�1 95 ��J��S��S��� ��TB�E�� 30 E1B�I�, 
50 ��J��S��S��� ��TB�E�� 10 E1B�I�, 60 ��J��S��S��� ��TB�E�� 4 B�I� ��
C�D�OP�QR�1�OHID�� 60 
��J��S��S��� ��TB�E�� 4 B�I�  B����E��0��I�ANHD (16S rRNA gene amplicons)N�I��C�D��1�OIa1�̀ H�
���
��BHDE���I�B��`H�C�D����
��� DNA 80 N�`	��1�� B��� 14.5 N�`	��1�� ��I�B�� 
62.5 N�`	��1�� ��
 3 `����
 `S�H����
S1��Ig���� 4.6 ��1���� 3 N�`	��1�� ����I1��NEDI�A
�OP�QR�1�D�� 15 B�I� K��B��BB��N��SnB��1f~E�
I�A 12000 ����0�B�I� ��TB�E�� 15 B�I� �D���
��B
HDE� 70 ����
�SnB�
��I�B�� ��
B��N��SnB��1f~E�
���	���� B���
��BI�ANHDN�I��C�D��D�I�A�OP�QR�1 
95 ��J��S��S��� ��TB�E�� 2-3 B�I� B���
��BI�ANHD���
���CB Hi-Di Formamide ��1���� 10 
N�`	��1�� B��N��D�I�A�OP�QR�1 95 ��J��S��S��� 2 B�I� ��
B��N���0CBB����Gn� 5 B�I� I����1
�1�1�� DNA sequencing PCR `H�C�D Big Dye Terminator v3.1 cycle Sequencing Kit (Master Mix)
`H�C�D primer UFUL ��
 URUL SLA�C�D	E���D�B��1A��DB (thermocycle) CB���I�� DNA 
Sequencing PCR cycle  95 ��J��S��S��� ��TB�E�� 5 B�I� ��
 30 ��� I�AC�D�OP�QR�1 95 ��J�
�S��S��� ��TB�E�� 30 E1B�I�, 50 ��J��S��S��� ��TB�E�� 10 E1B�I�, 60 ��J��S��S��� ��TB�E�� 4 
B�I� ��
C�D�OP�QR�1�OHID�� 60 ��J��S��S��� ��TB�E�� 4 B�I� �0�BB��N�E1�	��
�
�����H�����
HDE��	��A�� automated DNA sequencer (Biosystems GeneScan 3700, Foster City, CA) B�����H��
���G�� 16S rDNA I�A NHDN��I������y�BGD��R�CB�1B ����
 �Bn�`H�C�D �E�NS�
G�� 
http://www.ncbi.nlm.nih.gov `H�C�D`������ BLAST




