10

MRS plus broth  Elliker broth
42 8,16 24

9% SNF 0.35%

5% 32 16

P<0.05
12
32 16
5
4

E Al A2

E Lactobacillus bulgaricus

Al+B2 A2+E &t 32

MEPS-1, MEPS-2, MEPS-3,
27, 32, 37,
MEPS-2
0.35% AR

MEPS-2

Al, A2, B2

Sreptococcus thermophilus B2

42 10% SNF

AL Lactobacillus bulgaricus CCRC 14098 (L)

+ Sreptococcus thermophilus CCRC 12268 (S)

4
42 Al1+B2

—1—

10% SNF
32

A2+E



L+S P<0.05 L+S P<0.05

L+S P<0.05
L+S 42 32
Al1+B2 A2+E

L+S

AtLactobacillus bulgaricus CCRC 14098 (L)
Sreptococcus thermophilus CCRC 12268 (S)
12% SNF 27,32,37 42
L+S, L+S+Al, L+S+A2, L+S+B2, L+S+E
L+St+A1l, L+S+A2, L+S+B2, L+StE

L+S P<0.05
L+S P<0.05 32
P<0.05
P<0.05
0.5% P<0.05

0.5% P<0.05



Y ogurt

Dave and Shah,
1997
Ramaswamy and Basak, 1992
100%
(Exopolysaccharide  EPS)
Grobben et al., 2000



Biothickener

Uemura et al., 1998

De Vuyst and Degeest, 1999

Roller and Dea, 1992



capsular EPS dime EPS

Sutherland, 1998

Cerning,
1990 Escherichia coli, Acinetobacter
cal coaceticus Erwinia stewartii
Ophir and Gutnick, 1994
0 -antigen
Sreptococcus pneumoniae S agalactiae

De Vuyst and Degeest, 1999

Cerning, 1990 Cerning, 1995
Andalouss et al., 1995
Scandinavian
kefir grain  Arigaet al., 1992 Macuraand
Towndey, 1984  Yokoi et al., 1990

5



Kojicetal., 1992 Makela, 1992 Makea
etal.,, 1992 VandenBerg et al., 1993

4 (@a -D-glucan
Leuconostoc mesenteroides subsp. mesenteroides Leuc.
mesenter oides subsp. dextranicum 3
a-1,6
2 4 aternan L euconostoc
mesenteroides mutan ( S mutans S sobrinus
) a-1,3 a-16 (b) B
-D-glucan B-1,6 B-12
(c) fructan |, B -2,6 D-fructose
levan B-21 Ol
S salivarius (d) polygalactan
2
Lactococcus lactis subsp. lactis,
L. lactis subsp. cremoris, Lactobacillus casea, Lb.
rhamnosus Lb. acidophilus, Lb.

delbrueckii  subsp. bulgaricus, Lb. helveticus, S

6



thermophilus

A

De Vuyst and Degeest, 1999

Kitazawa et al., 1993 Nakgima et al.,, 1992 Van
Kranenburg et al., 1999  Kitazawaetal. 2000
Lb. delbrueckii ssp. bulgaricus

Nilsson and Nilsson 1958
De Vuyst and
Degeest, 1999

Garcia-Garibay and Marshall, 1991
Bouzar

etal.,1996 Ceningetal. 1992 Kojicetal., 1992

—7—



a- B-
Cerning, 1995
D-galactose, D-glucose, L-rhamnose
Ariga et al., 1992 Doco et al., 1990
Grobben et al., 1996 Nakgima and Toyoda, 1990
Lb. acidophilus LMG 9433  Robijn et al., 1996 , Lbh.
helveticus TY1-2  Yamamoto et al., 1994 |, Lb. helveticus
NCDO 766 Robijnetal., 1995 , Lb. rhamnose C83 Gamar
etal., 1997 , S thermophilusSfi20 Docoetal., 1990 , S
thermophilus Sfi32 Lemoine et al., 1997 S
thermophilus LYO03, S. thermophilusBTC S thermophilus
4380 De Vuyst et al.,, 1998
rhamnose Lb. paracasa 34-1 galactose
Robijn et al., 1996 S thermophilus OR 901
gaactose rhamnose Bubb et al., 1997

Lb. sake O-1 glucose rhamnose
Robijn et al., 1995 Lb. delbrueckii subsp.

bulgaricus CRL 420 glucose

fructose 12 Manca de Nadra et al., 1985 S

thermophilusMR-1C
D-galactose, L-rhamnose, L-fucose 5:2:1
Low et al., 1998



sn-glycerol-3-phosphate, N-acetyl -aminosugars, phosphate
acetyl groups Grobbenetal. 1996

Marshal et al. 1995

Lb. delbrueckii subsp.
bulgaricus S thermophilus
Marshall et
al., 1997

4.0x 10*
6.0x 10° Dalton
Cerningetal., 1992 VandenBerg et al., 1995

Doco et al. 1990 S

thermophilus



(acetolysis) Smith 1D 2D 'H-NMR

De Vuyst and Degeest, 1999

dextran , mutan, alternan,
levan
# B glycosyl transferase
dextran sucrase for dextran levan sucrase for
levan
sugar-1-phosphates #
Cerning et al., 1986 Lb.
delbrueckii subsp. bulgaricus NCFB 2772
UDP-glucose = UDP-galactose
UDP-glucose pyrophosphorylase
dTDP-rhamnose Grobben et al .,
1996 S thermophilus

UDP-glucose pyrophosphorylase

~10-



Escalante et al., 1998

UDP-glucose
pyrophosphorylase S thermophilus
Ga
UDP-gaactose-4-epimerase galactose-1-phosphate

uridyltransferase
glucose-6-phosphate
glucose-1-phosphate
Grobben et al., 1997 phosphoglucomutase

thermophilus
S thermophilus  Lb. delbrueckii subsp. bulgaricus

lactose/galactose antiport

(Looijesteijn et al., 1999)



undecaprenyl phosphate carrier

B
¥ &
-phosphate ATP
# isoprenoid C55 lipid
carrier ATP
X. campestris

glycosyl lipid carrier
peptidoglycans, teichoic acids,
lipopolysaccharides
Southland, 1998

—1—



S thermophilus

41-240 mPa S 45-340
mgL? Cerning et al., 1988

Macuraet al., 1984
Cerning et al., 1992
Bouzar &

al., 1996  Gancel and Novel, 1994 Yamamoto et al.,
1994

plasmid Kojicetal., 1992 Lb. delbrueckii
subsp. bulgaricus S thermophilus

Cerning, 1990

Cerning et al., 1992 Gance and Novel,
1994 DNA

13-



MRS

Gassem et al ., 1997

Garcia-Garibay and Marshall, 1991 Kimme et al .,

1998 VandenBerg et al., 1995

Cerning et al., 1988

Cerning, 1995
pH
Cerning 1995
o/L
0.150-0.600 g/L S thermophilus

—l

0.045-0.350

Lb.



delbrueckii subsp. bulgaricus

0.800 g/lL Cerning et al., 1994 S
thermophilus LYO03 MRS
1.1g/L DeVuys et al., 1998

Lb. delbrueckii subsp. bulgaricus
Garcia-Garibay
and Marshall, 1991 Cemningetal. 1994
Lb. delbrueckii subsp. bulgaricus
MRS
Garcia-Garibay
and Marshall, 1991 Gamar etal. 1997

Lb. caseal
Cerning et al., 1992
Lb. delbrueckii subsp. bulgaricus NCFB 2772

Grobben et al., 1996
Lb. rhamnosus C83 4% 2%
1 1

15



3-4 Gamar et al., 1997

Xanthomonas spp., Pseudomonas  spp.

Rhizobium spp.
Sebastiani and Zelger,
1998
Mozzi et al., 1995
Marshall et al. 1995 L. lactis subsp. cremorisLC
330

1.0x 10° Dadlton
1.0x 10* Daton

De
Vuyst and Degeest 1999 S thermophilus LY03

Grobben etal. 1996 Lb. delbrueckii
subsp. bulgaricus NCFB 2772

=68 10 07
=25 10

16—



pH

Gancel and Novel, 1994 Grobben &t

al., 1998 Mozzi et al., 1996

Gassem et al., 1997 Kontusaari and Forsen,

1988 VandenBergetal., 1995

isoprenoid lipid carrier
pH
De Vuyst et al., 1998
1998 Mozzi et al., 1994
VandenBergetal. 1995
pH 5.8
6.2 Gassemetal. 1997

pH

peptidoglycan teichoic acid

pH

—17—

Grobben et al.,



DeVuyd et al., 1998

Marshall et al. 1995 L. lactis subsp.

cremoris

Bouzar et al., 1996 Grobben
etal., 1998 Kojicet al., 1992
Xanthomonas spp.

Alcaligenes spp.

Bouzar et al. 1996 Lb.
delbrueckii subsp. bulgaricus CNRZ 1187
DeVuys etal. 1998
S thermophilus LY (03

18-



Mozzi et al., 1996 i3

Cerning et al., 1992 pH
pH
X. campestris
0.1-1.5 g/L v.s 30-50
g/L
10
Kimmel et
al. 1998 Lb.
delbrueckii subsp. bulgaricus RR
29 ¢ Anion
exchange chromatography Gel permeation

Doco et al., 1991

~19-



dextran
blood volume extender
blood flow improver

levan Alternan

De Vuyst and Degeest, 1999
viili, langmjolk, langfil, tatmjolk,
piima, pitkapiima, fil, skyr

L. lactis subsp. lactis, L. lactis subsp. cremoris

B

B

Bouzar et al., 1997
S thermophilus Mozzarella
cheese Perry et al., 1997
Leuc. mesenteroides
1878



campestris Xanthan
FDA
S elodea
De Vuyst and Degeest, 1999

100%

Christiansen etal. 1999

Kefir

21—

1969

gellan

25%

50%



B

1.Elliker broth, M17 agar, MRS broth  Difco Laboratories,
Detroit, USA

2.Bacterial agar, Casamino acid, Casitone, Cysteine,
Glucose, Lactic acid, Lactose, Peptone No0.3, Yeast
extract Difco Laboratories, Detroit, USA

3.Pectin ' YM-100H, ,

4.Skimmilk powder Murray Goulburn Co-operative Co.
Ltd., Australia

(1) S. thermophilus CCRC 12268, 12257

(2) L. bulgaricus CCRC 14098, 14009

(3) L. helveticus CCRC 11052

(4) L. casei subsp. casei CCRC 12249, 10697
(5) L. casei subsp. rhamnosces CCRC 10940
(6) L. lactis subsp. lactis CCRC 10791

(7) L. acidophilus CCRC 10695

6.MEPS-1, MEPS-2, MEPS-3, MRS Flus broth  Elliker
broth
MEPS-1 Van den Berg et al. 1993

-



MEPS2 MEPS-3 MEPS-1

MRSplus MRS Cysteine, Casamino acid
FeSO, 7H,O Elliker broth
B
1.
(1) SNF 105 ,10
(2) 3% B,
(3) pH 4.6
2.
70 40
105
, 10
3. &t
AT MEPS-2 32 16

1. pH meter Model 691, Metronm, Swiss
2. Model DV-I+, Brookfield , USA
3. Model KN-70, Kubota, Japan

5B



4, Model Eclipse E400, Nikon, Japan
Microstation, Biolog, USA
Model 1024/1025, Forma Scientific,

USA
7. Model DC 210, Kodak, Japan
1.pH
pH meter
2. Titratable acidity
CNS 3441 9mL
9mL CO,
O5mL 1% & 0.1N NaOH
30
0.IN NaOH (mL) x 0.009 x
0p) = x 100
%) @
3. Thread forming property
Ariga et al. (1992) 10
10
4, Viscosity
Ariga et al. (1992) 10



10 Brookfield DV-1+

LV 3
Syneresis
Rawson and Marshall (1997)
10g 15mL 13cm

3000 rpm 15

Champagne et al. (1998)

MEPS-2 32 16
MRS agar
(pH5.5)  M17 agar 42 48+ 3
MEPS-2
32 16
CFU/ mL
11g 99 mL 0.1% R
10
1 mL 9mL 0.1% AR
100
1
mL 15 mL MRS agar
37 48+ 3
Gram’ sstain



1)
A.  200p L 1.5mL

O W

(2)
A. Gentianviolet |1

G. Fuchsin , 30

3)

1000

9. Biolog Microstation System
(1)

(2)
(3 Microplate



(4)
10. Sensory evaluation

1= 2=
3= 4= 5= 6= 7=
1= 2= 3=
4= o= 6= 7=
1= 2= 3= 4=
5= 6= 7=
1= 2= 3= 4=
5= 6= 7=
= 2= 3= 4=
5= 6= 7=
11.
Statgraphics
Generd linear
model GLM

Least-square means LSD

07—



10
MEPS-1, MEPS-2, MEPS-3, MRS plus broth

Elliker broth 27,32, 37,42
8, 16,24
12
Biolog Microstation
Al,A2,B2 E Al1+A2,
Al1+B2, A1+E, A2+B2, A2+E B2+E
8-12% SNF 32 42

%



i
AtLactobacillus bulgaricus CCRC
14098 (L)  Streptococcus thermophilus CCRC 12268 (S)
L+S, L+S+AlL
L+S+A2, L+S+B2, L+St+E

L+S Al+B2 A2+E &t 42 10% SNF

L+S Al+B2 A2+E &t 32 42
10% SNF 4



10 MEPS-1, MEPS-2, MEPS-3,

MRS plusbroth  Elliker broth 27,32, 317,
42 8,16 24
A
B

MRS plus broth  Elliker broth

32 ,16 MEPS-1,
2,3 Gassemetal. 1997 MRS
MEPS-1 27 ,24
32 ,8,16 24 37 ,8 16
32 , 16
MEPS-2 27 ,24 32 ,8,16 24
37 ,8 16 42 ,8
32 ,16 32 ,8 24
MEPS-2 32 ,16
MEPS-1 32 ,16 MEPS-3
32 ,816 24 37 ,8
MEPS-2 42 8,16 24
MEPS-2



0.35% 0.35% R 5%
Gassem et al. 1997
Gancel and Novel (1994)
S. thermophilus S22

Racine
et al. (1991) Propionibacterium acidi-propionici
25 35
Gassem et al. (1995) CH15
SWP 35 37,40 Mozzi
et al. (1995) Lb. casel CRL 87
Lb. acidophilus
30 72 24
37 42
Van den Berg et al. (1995) Lb.
sake O-1 20 30
2 Gassem et al. (1997) Lb. delbrueckii
ssp. bulgaricus RR 32
72
MEPS-2
MEPS-2 32 16

27, 32,31 42 8, 16 24

31—



Table 1. The selective media used in the experiments

Componert () MEPSL  MEPS2  MEPS3 MRS plusbroth

Skimmilk powcler 9 9 9

Yead extract 0.35 0.35 0.35

Peptone 0.35 0.35 0.35

Glucose 1

Lactose 5 5

Casitone 0.35

Cysteine 0.05
Casamino &cid 05
FeS04 7H20 0.003
MRS" broth powder 55

Elliker " brothisthe product of DIFCO Laboratories
# All ingredients aredissolved in distilled water and diluted to 200 mL.

-



(A) (B)

(A) (B)
Fig. 1. Macroscopic observation of the thread forming

property. (A) Low level, (B) High level.



Table 2. Macroscopic observation of the thread forming property
of medium fermented with different strains of lactic

acid bacteria under various conditions

Media 21 32 3 42

ohr lonr Zanr  ohr lonr cZanr 8 lonr z4nr  8hr o lonr Z4nr

MRSplusbroth -~~~ 4+
Elliker broth -~ - - -~ +

MEPS1 L S + o+
MEPS-2 e O+
MEPS3 e e MR R

+,+4, +++, ++++ Meansthelevel of thethread forming property.



16

42

MEPS-2

32

37

16

24

32

12

27
37 42

27
37 42
32
P<0.05
P<0.05
27 32 37

32 16



MEPS-2
Table 3. Fermented dairy products that with the thread forming

property in MEPS-2 medium under various incubation

conditions

Incubation conditions Fermented dairy products
8 hr
27 LT
30 R
37 S
42 S
16 hr
57 S
32 T
37 S
42 S
24 hr
o7 S
30 S
37 S
42 LT

+, ++, +++, ++++ Means the level of thread forming property.



4 Al,A2,B2 E Macuraet
al. 1984
Garcia-Garibay and Marshall (1991)

Bouzar et al .,
1996 Gancel and Novel, 1994 Yamamoto et al., 1994

Sreptococcusspp.  Lactobacillus

SPp.
Microstation, Biolog, USA Al A2
Streptococcus thermophilus B2 E Lactobacillus

bulgaricus Al

iy



Fig. 2. Microscopy photographs (1000x ) of the isolated lactic
acid bacteria with the thread forming property .



Fig. 3. Microscopy photographs (1000x ) of the isolated

lactic acid bacteria without the thread forming
property .



Al Biolog Microgtation™

Table 4. Theresults of Microstation™ automated system of Al strain



Al A2 B2 E 10%

SNF 27,32,37 42 30
pH
pH 2 27 B2
pH 6.45 27 E pH 6.42
42 Al pH 482 42 A2 pH 4.65
4
Al A2 pH B2 E
pH 30
pH 27 B2 pH 488 27
: E pH 4.90 42 Al
pH390 42 |, A2 pH 3.89
2 27
: B2 0.180% 27 E 0.178%
42 Al 0.622% 42
A2 0.611% 4
Al A2 B2 E
30 27 B2
0.585% 27 E 0.648% 42
: Al 1.090% 42 A2 1.166%
Al A2

B2 E

—4]—



Al
A2
B2

6.55

6.00 Al

A2

% B2

= 545 E
>

T Al
o

4.90 A2

B2

E

4.35 Al

A2

3.80 B2

42 E

2 3 4 6 9 12 15 18 21 24 30
Incubation time (hrs)
10% SNF 27,32,37 42

30 pH
Fig. 4. The pH value of 10% SNF skimmilk inoculated with
dime-producing lactic acid bacteriafermented at 27, 32,
37and 42 for 30 hours. A1, A2: Streptococcus
thermophilus B2, E: Lactobacillus bulgaricus.

—4)—



¢ 27 Al

1.210 87 A2
—4—37 B2
1.065 —¥ 7 E
—k—32 a1
= 0.920 —*—23 A2
8\/ —t 32 B2
> 0.775 — 32 E
=

5_3 0630 | 37 Al
o 37 A2
8 0485 SR
= 7 — A 37 E
" 0.340 = 42 Al
. 7- 42 A2
0.195 * 42 B2
42 E

0.050 1 1 1 1 1 1 1 1 1 ]

2 3 4 6 9 12 15 18 21 24 30
Incubation time (hrs)

10% SNF 27,32,37 42

30
Fig. 5. Thetitrable acidity of 10% SNF skimmilk inoculated
with dime-producing lactic acid bacteria fermented at 27,
32,37and 42  for 30 hours. A1, A2: Streptococcus
thermophilus B2, E: Lactobacillus bulgaricus.



2

32 Al A2 23 cm 42
E 3 cm 27,32 37 E
42 B2 E
12
30
27 42
2 42
Al 717cp A2 585 cp 37
: B2 5cp E 6cp 4
Al A2
B2 E
30 42 Al
2447 cp A2 2363 cp 27
B2 573 ¢p E 580 cp
4 42
: Al 9.08 Log CFU/mL 37
E 7.21 Log CFU/mL
27 32
37 42 9
24 32 Al A2
9.06 Log CFU/mL 37 E 7.21Log
CFU/mL



Table 5. The thread forming property of 10% SNF skimmilk

30

10% SNF

27,32,37

inoculated with slime-producing lactic acid bacteria

fermented at 27, 32, 37 and 42

for 30 hours.

42

Incubation
time

Thread forming property (cm)

27

32

37

42

Al A2 B2 E Al A2 B2 E A1 A2 B2 E Al A2 B2 E

9

9

9 523 23 11 6 15 15 11 5 7

9

5

3 11 10 10 5 25 25 12 6 15 16 12 5 9 10 5

4 19 18 11 5 28 28 14 6 15 16 12 5 1010 5

6 27 25 12 5 30 30 15 6 15 16 12 5 10 10 5

9 30 30 15 5 30 30 17 6 15 15 11 4 7

12 30

15 30

18 29

21 29

24 28

30 25

30

30

30

29

28

26

15

15

14

14

13

13

5 30

5 28

5 25

5 24

4 22

3 19

30

29

28

27

25

17

20

16

12

11

10

5 13 13
5 10 9
4 8 7
3 5 5
1 3 3
1 1 1

5

5

2

1

3

3

3

2

Al, A2: Streptococcus thermophilus B2, E: Lactobacillus bulgaricus.
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2448
—*7 a1
—8 57 a2
2040 — 2 &
7 E
—¥F—3 a1
— 3 A2
_ 1632 N
8 - - 32 E
Pan) 37 Al
'z 1224 —— as
El; -- %37 o
> — k37 g
816 42 Al
42 A2
42 B2
408 42 E

0
2 3 4 6 9 1215182124 30
Incubation time (hrs)
10% SNF 27,32,37 42

30
Fig. 6. The viscosity of 10% SNF skimmilk inoculated with
dime-producing lactic acid bacteriafermented at 27, 32,
37and 42 for 30 hours. A1, A2: Streptococcus
thermophilus B2, E: Lactobacillus bulgaricus.



‘ 27 Al
57 a2
A—57 B2

* 32 Al
32 A2

t 32 B2

37 Al
‘ 37 A2

Log CFU/mL

--®-37 B2

42 Al
42 A2

42 B2

6.80 1 1 1 1 1 1 1 | o E
3 4 6 9 12 15 18 21 24

Incubation time (hrs)

10% SNF 27,32,37 42

30
Fig. 7. Thelactic acid bacterial counts of 10% SNF skimmilk
inoculated with slime-producing lactic acid bacteria
fermented at 27, 32, 37 and 42  for 30 hours. A1, A2:
Streptococcus thermophilus B2, E: Lactobacillus

bulgaricus.

"y



32 42 8-12%
SNF

AL+A2, A1+B2, AL+E, A2+B2, A2+E  B2+E
8-12% SNF (Solid-non-fat) R R

32 42 8%,

10% 12% SNF Al1+A2 Al+B2 Al+E
A2+B2 A2+E
L+S B2+E P<0.05 L+S B2+E

32 8%, 10%  12% SNF
Al+A2 Al+B2 Al+E A2+B2
A2+E L+S B2+E
P<0.05 L+S B2+E
32 ,12% SNF A1+B2 1677 cp (centipoise)
8% SNF B2+E 461 cp
B2+E



L+S P<0.05
42 8%, 10%
Al+B2 Al+E A2+B2

L+S B2+E

L+S B2+E
SNF  Al1+A2
156 cp

1667 cp

P<0.05
32

42
Marshall and Rawson (1997)
(1994)

12% SNF
A2+E

Al1+A2

P<0.05
42 |, 12%
, 80 SNF B2+E

B2+E

L+S

42
32

Rhom and Kovac



32

42

8-12% SNF

Table 6. The macroscopic observation of the thread forming

property of 8-12% SNF yogurt made by slimy lactic

acid bacteriaincubated at 32  and 42
32 42

Cultures

8% 10% 12% 8% 10% 12%
L+S ++ +++ ++++ + ++ +++
Al1+A2 +++ 4+ ++ +++ -+t
Al+B2 +++  H+++ A+ ++ +++
Al+E  +++  ++4++ ++ +++ -+
A2+B2 +++ -+ ++ +++
A2+E  +++ 4+ ++ +++ -+
B2+E ++ +++ -+ + ++ ++

+, ++, +++, ++++ Means the level of thread forming property.

L: Lactobacillus bulgaricus CCRC 14098.

S. Streptococcus thermophilus CCRC 12268.

Al and A2 dimy strain: Streptococcus thermophilus.

B2 and E dlimy strain: Lactobacillus bulgaricus.



—4—32 W42

1800

1600 | /‘
'

1400 |

1200 |

1000 |

800

Viscosity (cp)

600 |

400

200 |

LS
Al1A2

o AlB2
LS

A1A2 |

A1B2
LS

A1A2 |
A1B2

AZE |

ALE |
A2B2

B2E

AZE |

ALE |
A2B2

B2E

AZE |

ALE |
A2B2

SNF 10 SNF 12 SNF

32 42 8-12% SNF

Fig. 8. The viscosity of 8-12% SNF yogurt made by slimy
lactic acid bacteriaincubated at 32  and 42
L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus thermophilus CCRC 12268.

B2E

Al and A2 dimy dgrain: Streptococcus ther mophilus.

B2 and E dlimy strain: Lactobacillus bulgaricus.

51—




32 42 8%,
10%  12% SNF L+S B2+E
Al+A2 Al+B2 Al+E
A2+B2 A2+E  P<0.05 Al+A2  Al+B2
Al+E A2+B2 A2+E

32 B2+E
L+S P<0.05
8% SNF B2+E 50.9% 12% SNF  Al1+E
37.9%
42 8% SNF  10% SNF B2+E
L+S
P<0.05 8% SNF L+S 53.3%
12% SNF  Al1+B2 42.3% 32
42 P<0.05
Schellhaass and
Morris (1985) 11% SNF
32
37 45 Wacher-Rodarate et al.

(1993)
17%
12%
Hess et al. (1997)
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12% SNF
B2+E

Al A2

32

Al1+A2

32

Al1+A2

32

42

B2+E

, 16

42

B2

8%, 10%

32



56.0

——32 W42

525 |

490 r

455 |

Syneresis (%)

420

385

35.0

LS
ALA2
oo Al1B2
LS |
ALA2
Ls |
ALA2

A2B2 |
A2E
B2E

A1B2 |
ALE

A2E
B2E

A2B2 |

A1B2 |
ALE

AZE |
B2E

ALE |
A2B2

SNF 10 SNF 12 SNF

32 42 8-12% SNF

Fig. 9. The syneresis of 8-12% SNF yogurt made by dimy lactic
acid bacteriaincubated at 32  and 42
L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus thermophilus CCRC 12268.
Al and A2 dimy strain: Streptococcus ther mophilus.

B2 and E dlimy strain: Lactobacillus bulgaricus.



—+—32 Wy

115
110
1.05
1.00
09
090 |
0.85 1
0.80 1
0.75 1
070
065 T
0.60 [
055 |
050 T
045 1
0.40

Titratable acidity ( )

32 42 8-12% SNF

Fig. 10. The titratable acidity of 8-12% SNF yogurt made by
glimy lactic acid bacteriaincubated at 32  and 42
L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus thermophilus CCRC 12268.
Al and A2 dimy strain: Streptococcus ther mophilus.
B2 and E dlimy strain: Lactobacillus bulgaricus.



At 27, 32, 37 42
12% SNF
AtLactobacillus bulgaricus CCRC
14098 (L)  Streptococcus thermophilus CCRC 12268
(S 12% SNF
27, 32, 37 42 L+S, L+S+A1,
L+S+A2, L+S+B2, L+S+E

27,32,37 42
L+S+Al L+S+A2 L+S
32
L+S

L+S 27,32,37,42
610 cp, 584 cp, 674cp 720 cp
32 P<0.05 L+StAl L+St+A2
L+S+B2 L+S+E 27
587 cp, 172 cp,581cp 653 cp 32
1024 cp, 1128 cp, 984 cp 1014 cp 37
864 cp, 982 cp, 715¢cp 722 cp
42 1034 cp, 900 cp, 812 cp
840 cp 32 P<0.05
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L+S+tA2 L+S+tAl1 L+StE L+S+B2

Teggatz and Morris (1990) Lb.
delbrueckii ssp. bulgaricus RR S thermophilus
C3 Lb. delbrueckii
ssp. bulgaricus 880 S thermophilus C3

32 45 Bouzar et al .
(1997) Lb. delbrueckii ssp. bulgaricus
CNRZ 1187 S thermophilus CNRZ 389

Lb. delbrueckii sp.

bulgaricus CNRZ 398 S thermophilus CNRZ
389

Bedl et al. (1999)

Torino et al. (2000)
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AL 12% SNF

Table 7. The macroscopic observation of the thread forming
property of 12% SNF yogurt made by traditional

cultures mixed with dime-producing lactic acid bacteria

Cultures 27 32 37 42
L+S + + + +
L+S+A1 ++++ ++++ ++++ +++
L+S+A2 ++++ ++++ +++ +++
L+S+B2 ++ +++ +++ ++
L+S+E ++ ++ ++ ++

+, ++, +++, ++++ Means the level of thread forming property.
L: Lactobacillus bulgaricus CCRC 14098.

S. Streptococcus thermophilus CCRC 12268.

Al and A2 dimy strain: Streptococcus ther mophilus.

B2 and E dlimy strain: Lactobacillus bulgaricus.
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Fig. 11. The viscosity of 12% SNF yogurt made by traditional
cultures mixed with slime-producing lactic acid
bacteria.

L: Lactobacillus bulgaricus CCRC 14098.

S. Streptococcus thermophilus CCRC 12268.

Al and A2 dlimy strain: Streptococcus thermophilus.
B2 and E dlimy strain: Lactobacillus bulgaricus.



L+S L+S+E

L+StAl
L+S+A2 L+S+B2 32
28.8%, 28.6%, 35.4%
27,32,37,42 L+S+Al
L+S+A2 P<0.05
L+S L+S+B2 L+S+E
42
L+S 0.917%
At
12% SNF L+S
L+S
L+S Obaet al. (1999) Tobaet al.

(1990)
Hess et al. (1997)
Lb. delbrueckii subsp. bulgaricus
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Fig. 12. The syneresis of 12% SNF yogurt made by traditional
cultures mixed with slime-producing lactic acid
bacteria.

L: Lactobacillus bulgaricus CCRC 14098.

S. Streptococcus thermophilus CCRC 12268.

Al and A2 dimy strain: Streptococcus thermophilus.
B2 and E dimy strain: Lactobacillus bulgaricus.
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AL 12% SNF

Table 8. The titratable acidity of 12% SNF yogurt made by
traditional cultures mixed with dime-producing

lactic acid bacteria.

Culture Titratable acidity (%)

27 32 37 42
L+S 0.827 0.780 0.804 0.917
L+S+A1l 0.807 0.843 0.788  0.903
L+S+A2 0.713 0.793 0.796  0.837
L+S+B2 0.867 0.796 0.825 0.869
L+S+E 0.821 0.801 0912 0.892

L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus thermophilus CCRC 12268.
Al and A2 dimy strain: Streptococcus ther mophilus.

B2 and E dlimy strain: Lactobacillus bulgaricus.
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Table 9. The sensory evaluation of ropy and traditional yogurt

Yogurt Symgess Havar Visodty Tedue Ovadl acogatahlity

Control
L+S 2.8 4.6 2.8 3.2 2.4
Ropy
Al+B2 4.4 3.8 5.0 5.2 4.0
A2+E 5.0 4.2 4.8 54 4.8

The sensory evaluation was based on a 7-point scale.
L: Lactobacillus bulgaricus CCRC 14098.

S: Streptococcus thermophilus CCRC 12268.

Al and A2 dimy strain: Streptococcus thermophilus.

B2 and E dimy strain: Lactobacillus bulgaricus.



10% SNF

L+S Al+B2 A2+E B 32 42

10% SNF 4
4
32 42 0-4
32 42
Al+B2 A2+E L+S
P<0.05 32 L+S 42 L+S
32 A2+E 20
32 42 L+S 5
32 A2+E
21,25,30 32 42 L+S 59,8 8
Al1+B2 A2+E L+S
P<0.05 32 42 P<0.05



32 42 10%9NF

Table 10. The thread forming property level of 10% SNF yogurt
made with L+S, A1+B2 or A2+E culture incubated at
32 and42 during storage

Thread forming property level (cm)

Week 32 42

L+S Al1+B2 A2+E L+S Al1+B2 A2+E

0 5 18 20% 5% 13™ 14
1 5™ 209 21 5% 0% 17
2 oy  21%  25% 9% 21 4%
3 14 30% 30" 8y 24  25%
4 11%  30% 3% gy 4% 5%

cd Means in the same row having different superscripts are
significantly different (P<0.05).
¥ Means in the same column having different superscripts are
significantly different (P<0.05).
L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus thermophilus CCRC 12268.
Aland A2 dimy strain: Streptococcus thermophilus.

B2 and E dimy strain: Lactobacillus bulgaricus.
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Fig. 13. The thread forming property of 10% SNF yogurt made
with L+S, A1+B2 or A2+E culture incubated at 32
and42 .(a)32 ,L+Sset; (b)32 ,Al+B2set; ()32

, A2+E set; (d)42 ,L+Sset; (6)42 , A1+B2 s¢t;
(f)42 , A2+E sat.
L. Lactobacillus bulgaricus CCRC 14098.
S Streptococcus thermophilus CCRC 12268.
A1l and A2 dlimy strain: Streptococcus thermophilus.
B2 and E dimy strain: Lactobacillus bulgaricus.
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32 42

32 ,L+S
, L+S
, A2+E 1131 cp P<0.05
42 ,L+S 330 cp P<0.05
L+S
32 42 Cerning et al. (1988)
Sebastiani and Zelger (1998)
7
32 42
32 Al1+B2 A2+E
P<0.05 32 A2+E 43.0%
L+S 48.0%
L+S
32 42 P<0.05
32

32

42

42

32

42



32 42

32 42 L+S P<0.05
32 Al+B2 0.896% 42 L+S
0.579%
32 A2+E 1.028%

32 42
32 42
L+S P<0.05 42 Al1+B2
9.17 log CFU/mL L+S 8.15 log CFU/mL
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Fig. 14. The viscosity of 10% SNF yogurt made with L+S,
Al1+B2 or A2+E cultureincubated at 32  and 42

during storage.

L: Lactobacillus bulgaricus CCRC 14098.

S. Streptococcus thermophilus CCRC 12268.

Al and A2 dlimy strain: Streptococcus thermophilus.
B2 and E dimy strain: Lactobacillus bulgaricus.



51.5

50.0

Syneresis (%)
N &
o Ul

&i
&

44.0

42.5

——32 LS
——42 LS

—#-32 A1B2 432 AZE
—*—42 A1B2 —e—42 AZ2E

Time (week)

32 42 10% SNF

Fig. 15. The syneresis of 10% SNF yogurt made with L+S,
Al+B2 or A2+E cultureincubated at 32 and 42
during storage.
L: Lactobacillus bulgaricus CCRC 14098.

S. Streptococcus thermophilus CCRC 12268.
Al and A2 dimy strain: Streptococcus thermophilus.
B2 and E dimy strain: Lactobacillus bulgaricus.
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Fig. 16. The titratable acidity of 10% SNF yogurt made with
L+S, A1l+B2 and A2+E cultureincubated at 32  or42
during storage.
L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus thermophilus CCRC 12268.
Al and A2 dlimy strain: Streptococcus thermophilus.
B2 and E dimy strain: Lactobacillus bulgaricus.
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Fig. 17. The lactic acid bacterial counts of 10% SNF yogurt
made with L+S, A1+B2 and A2+E culture incubated at
32 and42  during storage.
L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus thermophilus CCRC 12268.
Al and A2 dimy strain: Streptococcus thermophilus.
B2 and E dimy strain: Lactobacillus bulgaricus.



32

0.2-0.5%
32 8-12% SNF L+S
() 8% , 10%  12%
SNF
10% 12%
SNF
() 8%  10% SNF
12% SNF 0.5%
0.2% P<0.05 0.3%
0.4%
10%  12% SNF
12% SNF 0.5% 647 cp 8%
SNF 0.2% 274 cp 12% SNF
Al+B2 A2+E
1667 cp 1448 cp 0.5%
P<0.05 May (1992) Ramaswamy and Basak
(1992)



32 8-12% SNF

Table 11. The macroscopic observation of the thread forming
property of 8-12% SNF yogurt containing pectin

incubated at 32
Pectin (%) SNF (%)
8 10 12
0.2 + ++ ++
0.3 ++ +++ +++
04 +++ ++++ ++++
0.5 ++++ +++++ +++++

+, ++, +++, ++++ Means the level of thread forming property.
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Fig. 18. The viscosity of 8-12% SNF ropy yogurt and traditional
yogurt containing pectin incubated at 32
L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus thermophilus CCRC 12268.
Al and A2 dimy strain: Streptococcus ther mophilus.
B2 and E dimy strain: Lactobacillus bulgaricus.
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10% SNF 0.2% 10% SNF
12% SNF 8% SNF
P<0.05 12% SNF 0.5%
41.8% 8% SNF 0.2%
48.4% 12% SNF
Al+B2 A2+E 382%  38.7%
0.5% P<0.05 Roalin
(1993)  Schmidt and Bledsoe (1995)

) 8%, 10%  12% SNF
0.5%
P<0.05 12% SNF
12% SNF Al+B2 A2+E
0977%  0.991% 0.5%
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Fig. 19. The syneresis of 8-12% SNF ropy yogurt and traditional
yogurt containing pectin incubated at 32
L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus thermophilus CCRC 12268.
Al and A2 dimy strain: Streptococcus thermophilus.
B2 and E dimy drain: Lactobacillus bulgaricus.
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Fig. 20. The titratable acidity of 8-12% SNF ropy yogurt and
traditional yogurt containing pectin incubated at 32
L: Lactobacillus bulgaricus CCRC 14098.
S. Streptococcus ther mophilus CCRC 12268.
Al and A2 dimy strain: Streptococcus thermophilus.
B2 and E dimy strain: Lactobacillus bulgaricus.
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Selecting Slime-producing Lactic Acid Bacteria
for Improving the Quality of Yogurt

Jun-You Chien

Abstract

The study was conducted to select slime-producing lactic acid
bacteria for manufacturing ropy yogurt, in order to replace the
addition of pectin in the traditional yogurt, and to save the cost
of production and improve the quality of yogurt.

Ten strains of commercial lactic acid bacteria, five modified
media (MEPS-1, MEPS-2, MEPS-3, MRS plus broth and Elliker
broth), four incubation temperatures (27, 32, 37 and 42 ) and
three incubation times (8, 16 and 24 hours) were used in the
experiments. The results showed that the thread forming
property of MEPS-2 medium 9% SNF skimmilk containing
0.35% yeast extract, 0.35% peptone and 5% lactose under 32
a 16 hours was significantly higher than other treatment
combinations (P<0.05), so using it as the selective conditions.

Twelve commercia fermented dairy products were collected
and then the above selective conditions were used to select the
dime-producing lactic acid bacteria. It was found that five
products named : : : and , had the thread
forming property. After a series of isolation procedures, four
dime-producing strains named A1, A2, B2 and E were purified.
Al and A2 were identified as Streptococcus thermophilus, and
B2 and E were identified as Lactobacillus bulgaricus.

According to the combination of rod and coccus to match A1,
A2, B2 and E. The change of qualities during four-weeks
storage of 10% SNF yogurt made with L+S, A1+B2 or A2+E
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culture incubated at 32 and 42  was determined. The
results showed that, the thread forming property, viscosity ,
syneresis and lactic acid bacterial counts of A1+B2 and A2+E
sets were significantly better than L+S set when incubating at 32
or 42 (P<0.05), and 32 group was better than 42
group. The sensory evaluation results of ropy and traditional
yogurt showed that, A1+B2 and A2+E sets had lower syneresis,
higher viscosity, smoother texture and higher overdll
aceeptiablity.

Evaluating the qualities of 12% SNF yogurt made with
Lactobacillus bulgaricus CCRC 14098 (L) + Sreptococcus
thermophilus CCRC 12268 (S), L+S+A1l, L+S+A2, L+S+B2
and L+S+E culture incubated at 27, 32, 37 and 42 . Theresults
showed that, the thread forming property, viscosity and
syneresis of L+St+Al, L+StA2, L+S+B2 and L+S+E sets were
significantly better than L+S set (P<0.05), and 32  group was
significantly better than others (P<0.05).

Comparing the qualities of ropy yogurt and traditional yogurt
containing pectin. It was found that, the thread forming property
and viscosity of traditional yogurt were significantly increased
with the amount of SNF and pectin increased (P<0.05), and the
syneresis was significantly decreased with the amount of SNF
and pectin increased (P<0.05). In addition, the thread forming
property, viscosity and syneresis of ropy yogurt were still
significantly better than the traditional yogurt containing 0.5%
pectin (P<0.05).
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