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

GRETGEY
peptone water
yeast extract
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KH,PO4,
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2. De Man Rogosa Sharpe (MRS)
GRETGYY
Dipotassium phosphate
Beef extract
Yeast extract
Dextrose
Polysorbate 80
Ammonium citrate
Sodium acetate
Magnesium sulphate
Manganese sulphate

Proteose peptone
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3. Mueller Hinton Agar
GRPTGEY
Beef infusion
Casein acid hydrolysate
Starch

Agar
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4. M 58 medium

Al Usua (nFusioans)
Casien peptone, tryptic digest 10.0
Yeast extract 5.0
Meat extract 5.0
Bacto soytone 5.0
Glucose 10.0
K,HPO, 2.0
MgSO,. 7 H,0 0.2
MnSO,. H,0 0.05
Tween 80 1.0
NaCl 5.0
Salt solution 40 ml
Resazurin (25 mg/100ml) 4 ml
Distill water 950 ml.

Salt solution

CaCl,. 2 H20 0.25
MgSO,. 7H,0 0.50
K,HPO, 1.0
NaHCO3 10.0

NaCl 2.0
Distilled water 1000.0 ml.
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4
4. 93152n9UV0I HCI buffer (g/1)

GREIGIY s (nFwans)
NaCl 8.00

KCl 0.20

CaCl,2H,0 0.10

NaH,PO, 14.35

MgCl, 6H,0 0.18

Na,HPO, 2H,0 8.25

HCI5M

Y
4

4. a1sninaz i msasouasiie 1z IA1a3 AFa1835 Copper-bicinchoninate ( Foxand
Robyt,1991)

Solution A

1.“]?& Sodium carbonate 2.74 N

2.“]?& Sodium bicarbonate 1.2 N}

3.azaehuihingy 45 Tadans

4.0 disodium 2,2 —bicinchoninate 97.1 Haansiu

s5.J5ud5uasd)u 50 Hadanas

Solution B

1.%’ 3 Copper sulfate pentahydrate 62 Haansu

2.“5"’0 L-serine 63 Haans5u

3azawluiiingu 45 Sadans

4 J5u5ne5Tu 50 Hadans

Solution C

Werl Solution A 118 Solution B lusasidauiiwhiuilel¥azate nglaaaiududu 1-10

<
pg/ml L‘]Jl!f’fﬁﬂ%ﬂ”lﬂil”l@]ij@"m



93

HMNANHIN U
ad a d
IBNITAUAIICH

ada 4 2’ a A . .
1. ’J%’JL?‘ISWWHWVIQ%@DGB?{’JS’J% Copper-bicinchoninate ( Foxand Robyt,1991)
1L.gaasazals C lalunguueaniunqu viguag 100 ul
2.IANA15AZ 18629819 100 pl
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Figure 23. Standard curve of reducing sugar analyzed by Copper-bicinchoninate method.
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2. msvilSinanimanaviva Taeld Phenol sulfuric acid method (Fox and Robyt, 1991)
1. fud981915u18 25 ul aalu 96 - well micro titer plate

2. 184 5 % (w/v) phenol U3t 25 ul

3. wenldndu @szunm 30 3ui)

4.V Microtiter plate M9ULUT ¢ Ay H,S0, Wudual5una 125 ul

5. wan vty (Wszana 30 Ju1i)

6. 1a 4 plastic zipper bag 1@ AR 80 ssruwaFoa fiunar 30 wd
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Figure 24. Standard curve of total sugar analyzed by phenol-sulfuric acid method.
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~ Area ] acetic at exp. RPT: 5.550
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Figure 26. Standard curve of (A) acetic acid (B) propionic acid and (C) butyric acid analyzed by
GC-FID.
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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

{ 1 a 1 { I o
M319118 M3PBAA1BAIINTAVEY EPSs ilaaaq ey 2 15ua 4 421w

Tablel18. 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 554
0 0.000£0.00 0.000%0.00 0.000%0.00 0.000%0.00
| 0.150%0.017 1.34110.285 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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Table 19 Acidic hydrolysis of EPSs at pH3 for 4 h.

100

Acidic hydrolysis (%) of EPSs produced by

time W. cibaria A2 W. confusa A9 L. plantarum A3 P. pentosaceus 554
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
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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 554 Glucose No C-source
0 0.247 + 0.004 0.201 + 0.001 0.210 + 0.001 0210 + 0.003 0.234 + 0.007 0.228 + 0.008
6 0.253 + 0.003 0200 + 0.003 0216 + 0.003 0231 + 0.004 0.658 + 0.004 0302 = 0.010
12 0.258 + 0.001 0202 + 0.004 0239 + 0.001 0239 £ 0.002 0972 + 0.046 0313 £ 0.003
24 0.263 = 0.002 0210 + 0.008 0271 + 0.002 0247 =+ 0.001 0.995 + 0.007 0315 + 0.001
48 0.260 = 0.002 0213 + 0.035 0313 + 0.001 0267 £+ 0.014 1.090 + 0.004 0316 + 0.003
72 0.264 + 0.001 0214 + 0.010 0332 £+ 0.001 0273 £ 0.008 1.096 =+ 0.003 0.319 + 0.001

y a { a 1 I 1 4 I M
M5NN21 MINTYVI L. acidophilus 18IS minimal medium 1% EPSs tiaa1aiuuvasmisuowiiunal 72 421w

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
6
12
24
48
72

0.236 + 0.008

0.353
0.362
0.280
0.370
0.370

+

+

0.032
0.028
0.041
0.011
0.007

0.200
0.340
0.358
0.356
0.386
0.390

+

+

0.004
0.005
0.006
0.050
0.008
0.002

0.200 =+ 0.058

0.250
0.353
0.342
0.320
0314

+

+

0.002
0.003
0.005
0.004
0.006

0.200
0.226
0.331
0.359
0.398
0.397

+

+

0.011
0.004
0.003
0.003
0.001
0.001

0.200 + 0.028

0.495
0.696
0.723
0.926
1.020

+

+

0.061
0.026
0.021
0.018
0.006

0.200
0.296
0.388
0.394
0.396
0.385

+

+

0.016
0.010
0.001
0.006
0.001
0.014

—
]
—_



! = .. . { a I e = &
M519N22 MINTYVI B. bifidum 110113 minimal medium N 1% EPSs yilaasepiunrasmsuowilunar 72 42 lus

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 554 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 =+ 0.05 698 =+ 0.06 6.839 = 0.07 6.88 + 0.12 6.87 + 0.12
12 722 £+ 0.02 7.16 + 0.01 7.16 + 0.05 7.07 £ 0.12 725 + 0.04
24 742 £+ 0.06 730 + 0.08 731 £ 0.04 7.09 + 0.15 735 + 0.07
48 745 £+ 0.10 738 £ 0.01 732 £+ 0.04 7.12 + 0.02 728 £ 0.04
72 754 + 0.06 734 £ 0.09 730 + 0.03 728 + 0.02 732 + 0.01
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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 4840 + 0.849 5915 + 0.007 5950 + 0.014 6.620 + 0.127 6.160 + 0.057
24 5310 = 0.021 5445 + 0.007 5420 + 0.028 5970 + 0.325 5.185 + 0.092
48 5290 + 0.028 5210 + 0.014 5.185 + 0.021 5360 + 0.297 4955 + 0.021
72 5.180 = 0.092 5.155 + 0.007 5125 + 0.021 5245 + 0.191 4.830 + 0.014

M5197124 $o802v09n1511 EPSs 19 1um5193 04 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 554 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 £ 0473 6.081 = 2310 14314 + 2.820
12 15419 + 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 31413 + 2.613 16.532 + 1.799 17.150 + 0.650
48 34.128 + 0.032 42.079 £ 2.185 35915 + 4.876 25959 =+ 0.260 21.100 + 1.889
72 33996 =+ 2.339 42,195 + 3.564 43.577 + 0.866 39.979 + 0.098 33.628 + 2.929
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M13197125 MIABIIWAUTLHIN E. coli Waz B. bifidum 1aal¥ EPss NWan 1Ay P. pentosaceus
[ 1 4
584 1flumasmsvou
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)
0 485 = 0.01 535 £ 0.72 422 += 0.14
12 6.76 £+ 0.02 6.81 = 0.01 531 £+ 0.01
24 8.65 = 0.08 9.25 + 0.32 6.17 + 0.04
48 777 = 0.01 7.83 + 0.18 586 =+ 0.03
72 7.41 = 0.02 741 £+ 0.01 545 =+ 0.03

M5190126 M3DB93WAUTEHIN Stap. aureus 1L B. bifidum 1avl% EPss inan lag P.
pentosaceus 584 1AM VDY
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 + 0.00 400 + 0.00 4.06 + 0.04
12 6.84 + 0.09 6.69 + 0.12 635 + 0.07
24 948 + 0.00 8.16 + 0.44 693 + 0.15
48 794 + 0.01 7.83 + 0.02 724 £ 0.07

72 7.66 £ 0.04 7.54 + 0.09 729 + 0.01
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M13197127 MIABIIWAUTLHIN Sal. typhi Uag B. bifidum 1ae1% EPss nan 1ag
P. pentosaceus 5S4 1DuunaInsuey
Table 27. Co-culture of Sal. typhi and B. bifidum used EPSs produced by P. pentosaceus 554 as

carbon sources.

Growth of Sal. typhi (Log CFU/ml)

Time (h)
Sal. typhi + B. bifidum Sal. typhi alone Sal. typhi (No C-source)
0 465 + 0.07 420 + 0.28 434 + 0.06
12 6.70 =+ 0.05 6.67 + 0.10 6.39 =+ 0.12
24 858 £ 0.04 939 £+ 0.12 6.51 =+ 0.05
48 798 =+ 0.03 7.85 £+ 0.01 6.40 =+ 0.02
72 7.50 £+ 0.10 7.51 £ 0.05 590 =+ 0.13

M15190128 M3DB93WAUTLHIN E. coli 1AL B. bifidum 1av% EPss NHNaa 1A L. plantarum
I 1 4
A3 Huivasmsveu
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)
0 474 £ 0.06 535 £ 0.72 472 + 0.03
12 6.76 = 0.03 6.81 =+ 0.01 6.72 = 0.03
24 574 £ 0.06 925 + 0.32 6.72 £+ 0.02
48 7.17 £+ 0.73 7.83 £+ 0.18 6.54 =+ 0.05

72 576 + 0.02 741 £ 0.01 6.17 £+ 0.02
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M13197 29 MIIABIIIWAUTENIN Stap. aureus 1ag B. bifidum 1a81% EPss inan 1ag
L. plantarum A3 Junvain1sueu
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)
0 415 + 021 424 + 034 4.06 + 0.04
12 6.57 £+ 0.04 6.52 £+ 0.04 635 =+ 0.07
24 736 + 0.05 6.50 + 0.04 693 + 0.15
48 746 + 0.02 753 + 0.07 724 + 0.07
72 747 £ 0.01 7.52 £ 0.06 729 £ 0.01

M13199 30 MIIABIIIWAUTENING Sal. typhi uag B. bifidum 1as1¥ EPss inanlag
L. plantarum A3 unvainisuou
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)
0 418 + 0.04 428 + 0.03 434 + 0.06
12 6.54 =+ 0.05 6.80 =+ 0.03 639 =+ 0.12
24 6.53 = 0.08 746 =+ 0.02 6.51 =+ 0.05
48 6.50 = 0.04 6.51 =+ 0.05 640 =+ 0.02

72 577 £ 0.02 571 £ 0.02 590 £+ 0.13
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M1319731 MIIABIIWAUTLHIN E. coli 1Az B. bifidum 1ael¥ EPss NWan 1ag . confusa A9
I 1 4
Wunvasmsuou

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)
0 485 + 0.00 485 = 0.00 422 + 0.14
12 6.72 £+ 0.03 6.72 £+ 0.02 531 £+ 0.01
24 9.57 = 0.04 8.13 £+ 0.07 6.17 £+ 0.04
48 748 £+ 0.67 7.81 + 0.05 586 = 0.03
72 7.68 =+ 0.03 7.02 = 0.15 545 £+ 0.03

M13197 32 MIABIIWAUTENIN Stap. aureus 1ag B. bifidum 1a81% EPss inanlag
W, confusa A9 \WuuMaImsuen
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
12 518 + 143 6.72 + 0.03 635 + 0.07
24 9.02 + 0.05 8.63 =+ 0.03 693 + 0.15
48 795 + 0.00 7.81 £ 0.04 724 + 0.07

72 7.76 = 0.09 794 =+ 0.02 729 + 0.01
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M1319733 MIABIIWAUTEHIN Sal. typhi UaE B. bifidum 1ae1% EPss Neaalae . confusa
I 1 4
A9 1Hunvasmsuou
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)
0 446 + 0.54 400 + 0.00 434 + 0.06
12 6.68 =+ 0.03 6.75 =+ 0.07 6.39 =+ 0.12
24 890 =+ 0.09 8.16 = 044 6.51 = 0.05
48 7.76 £ 0.03 7.83 £ 0.02 6.40 + 0.02
72 7.60 = 0.01 7.54 + 0.09 590 + 0.13

M5190134 MR85 WAUTEHIN E. coli 1Y B. bifidum a8y EPss Nuda 1ae . cibaria A2
I 1 4
Wuuviasmsveu

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)
0 459 = 0.16 477 + 0.10 422 + 0.14
12 485 = 0.01 6.54 £+ 0.09 531 £+ 0.01
24 8.80 <+ 0.01 8.16 £+ 0.20 6.17 = 0.04
48 776 £+ 0.03 7.51 £+ 0.05 586 = 0.03

72 7.15 £ 0.21 732 £+ 0.12 545 £+ 0.03
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M13197 35 MIIABIIINAUTLHIN Stap. aureus Uag B. bifidum 1avl% EPss Nean Iag
I 1 4
W. cibaria A2 1HULHAIMITUDY
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
12 644 =+ 0.06 6.51 £+ 0.05 6.35 £+ 0.07
24 894 =+ 0.03 821 £ 0.11 693 + 0.15
48 793 + 0.04 739 + 0.70 724 + 0.07
72 8.15 £ 0.21 7.65 £ 0.07 729 £ 0.01

M13197 36 MIIABIIWAUTLHIN Sal. typhi UL B. bifidum Iae)% EPss NHaa 1ae W, cibaria
I 1 4
A2 Hunvasmsveu
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)
0 400 + 0.00 400 + 0.00 434 = 0.06
12 639 + 0.12 6.30 = 0.00 6.39 £ 0.12
24 9.15 = 0.04 771 £ 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 £+ 0.11 590 £ 0.13
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Figure 28. GPC chromatogram of EPSs produced by P. pentosaceus 5S4.
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Figure 29. GPC chromatogram of EPSs produced by L. plantarum A3
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Figure 30. GPC chromatogram of EPSs produced by W. cibaria A2.
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Figure 31. GPC chromatogram of EPSs produced by W. confusa A9.
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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






