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FUfk g% * 5 P& (exopolysaccharide » EPS) i:dp §* ik 4 ie 3t mie b2
BE o SR E AR SPEL G S BB v RN S RET XFF T VLA
SRR R EE A Ra PR e SRR Y £ 6 fRR A R R
e AL DL FHBERIFIRAZIEAEAH R IEAE DT
AR SRS FOBRERAE S - A BB (A) S%B AR~
(Lactobacillus bulgaricus £ Streptococcus thermophilus) » (B) 5% s fi& 7 ~ & 5%
AF I Lo helveticus BCRC 14030 » (C) S%pt st~ & 5% 4 # (L.
acidophilus - Bifidobacterium bifidum £ L. casei ) » (D) 5%p& 5 f& 7~ ~ 5% L.
helveticusBCRC14030 ~ 22 5% & 2 F£(E) 5% skt A~ % 0.17%% % » &4 7
17%% % 54 2 B g 18 0 3% 30 40 50°%C 0 BE T pH4.6320.1 5 53 64
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Abstract

Exopolysaccharides (EPS) of lactic acid bacteria are polysaccharides secreted
extracellularly by lactic acid bacteria. Several advantages of producing
exopolysaccharide by lactic acid bacteria include GRAS nature of the organisms and the
enhanced consistency and texture of the products by EPS. However, low EPS yield
limited the commercial use of lactic acid bacteria on EPS production. The objective of
this study, therefore, was to investigate the effects of lactic acid bacteria and incubation
temperature on EPS production for producing EPS and probiotic-rich yogurt. Each of
the 4 culture strains including (A) 5% yogurt bacteria (Lactobacillus bulgaricus and
Sreptococcus thermophilus), (B) 5% yogurt bacteria and 5% ropy L. helveticus
BCRC14030, (C) 5% yogurt bacteria and 5% probiotics (L. acidophilus |,
Bifidobacterium bifidum and/L. casél), and (B)< 5% yogurt bacteria, 5% ropy L.
helveticus BCRC14030, and 5% prob.i.o-tiigs_%wells inocuiated into a reconstituted milk
containing 17% dried milk powder. 'Aft;_l‘-«:-_, iﬁcubated.at 30, 40, and 50°C until pH
reaching 4.6+0.1, the fermented' 'mec:li.um was: homogenized to yield stirred yogurt.
EPS yield, ropiness value, the comp.osition'of fnonosaccharide, viscosity of fermented
medium, vible count, syneresis and sensory evaluation were analyzed.

The highest EPS yield of (0.20-0.60 g/L ) was observed at 30 and 40 °C. However,
no significant difference in EPS production was found among four different culture
strains. The syneresis of yogurt was severe at 50°C. Highest ropiness value of EPS (96
cm) was found in the yogurt inoculated with yogurt bacteria and L. helveticus
BCRC14030 at 30°C. Treatment D was fermented under 30,40 and 50°C, and the results
showed that treatment D had higher EPS ropiness value than treatment A Under 30°C of
fermentation, the viscosity of treatment B were not significantly higher than treatment A

(P > 0.05), but was significantly higher than the treatment E.
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Under 30°C,40 and 50°C of fermentation, probiotic counts did not decrease in
treatments C and D during 15 days of storage. However, the viable count of L.
helveticus BCRC 14030 decreased in treatment B. In addition, the viable counts of
neither probiotics nor L. helveticus BCRC 14030 changed in treatment D during storage.
In sensory evaluation, mouth thickness of treatments B,C and D were better than
commercial yoghurt. Treatments A, C, D and commercial yoghurt had acceptable.

In conclusion, inoculation of yogurt bacteria, L. helveticus BCRC 14030 and
probiotics with a reconstituted milk and incubated at 30°C produced the highest EPS
yield, ropiness value and probiotic counts, and lowest degree of syneresis, therefore,
was suggested for EPS and probiotic-rich yogurt production.

Key words : exopolysaccharide, probiotic, yogurt, lactic acid bacteria, syneresis
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Fast @ i 4 g Bacterium lactis > ¢t 2 B % ¢ Sreptococcus lactis 5 Ex 5 Ak A
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(1) ZfF<Bits-

(2) mEH ‘

(3) A% (T Sporolactob_aciIlus__:l‘_z_fP)j !

@) AMAEF SHAMEF - fg;ﬁi

(5) E¥#LEF & ﬁf%mm ‘mreﬂ%

(6) JEF R-kit &4 ~ i ﬁam*#w'*aﬂ‘%l%fﬁi%%%ﬁ%é\i?i
E o

(7) /¥ ~ieks 8RS > - BN FIRBAE L UET RERT
2 FRHRE K o BRI RAL CHREE KR AS LRSS P«?%‘f’;‘ﬁ”'
‘' B F] (homofermentative lactic acid bacteria) 2 £ 5 # i i* B F
(heterofermentative lactic acid bacteria) » = —‘*‘ SPERRITY A4 AL L&
BR P 90%~100% hipi 0§ BB F IRpE AHAEF YT R
AEps v 18 “ff TERERRITY 24 45%~50% hitpi o R ¥ 5 phosphoketolase
AL CEEE ZF Lo BB ERE THMET AL RS e fpe pEicme
fie® b vhie 1 (Collins, 1972) « p *h = 42 F /st Bt B A B &
B gfrt g A ko A S EpfedtpE o B0t BIG 302, 27
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B & i R A~ % 7 ¢ 7 Lactobacillus ~ Leuconostoc - Pediococcus -
Streptococcus ~ Bifidobacterium ~ ¥2 Sporolactobacillus = B4 - ¥ 4 + i3 & 5
i o MR PR ER2 EE L {2 a0 22007# 107 BRSO R
& %21 (Genus) 46344 (Species) » 4 %] 5 @ f*Fats A/ (Lactobacillus) ~ f &
& #6 (Carnobacterium) ~ Atopobium ~ Weissella ~ ¢a3% g% (Streptococcus) ~ % 3
7% (Enterococcus) -~ 5 p&rk F 4 (Lactococcus) ~ #-fv 7k 7 4 (Vagococcus)
Abitrophia ~ ] 7 74 (Pediococcus) ~ = #87% /4 (Tetrahenococcus) ~ ¢ & 7 7%
(Leuconostoc) ~ Oenococcus ~ 7 3 + 5 4% 7 (Sporolactobacillus) ~ B < # 7B
(Bifidobacterium) ~ Olsenella ~ Granulicatella ~ Paralactobacillus ~ Halolactibacillus

Marinilactibacillus % Pilibacter (' 2007):°

EON

1.2 iiF]

e

oot R AL - R g R L bulgarlcusi S thermophilus 8 & 7% 2 |
BRI A 2 AR R A R R 7wgww514»m PR o X d
ﬁ%Aﬁ%ﬁ’@?%%ﬂ%~iw%ﬁﬁwiﬁﬂﬁﬁi£’ﬁﬁuﬁ £
St p s %ﬁi;}iﬁé‘ﬁz THITEF owpEAAt o EE 11 s 44 L. acidophilus
(A /) ~ Bifidobacterium (B ) ~ L. casei (C /) * &2 > REsfG { 7 itk

Ié 7‘;/{ o

121 FAFH2 A

# 2 B (probiotic) & p # H3E ﬁ;:}% “for life » 1965+# Lilly and Stillwell &
BRI RAARF - APV A4 10T - ket 5 4 £ e F o Parker (1974)
Plias FREHEEH LS FAT FMA P AP T TV FA e B
1989 # > Fuller €472 & > s F 2 FA-fAa iyt 25 §

% 3 e A A %4 - Salminen (1996) RIR& 5 4 A5 #7531 5§ & ik
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Suppression of Control of Control of
endogenous Irritable Bowel Inflammatory
pathogens. Syndrome Bowel Diseases "
eg. antibiotic- Alleviate
associated diarrhoea T /y foed
& Balanced allergy
immune symptoms
response in infants
& Normalised f
Colonisation intestinal Strengthened
fesannce microbiota Immunomodulation S
composition —» immunity

\
Suppression of \ /
exogenous
pa“:rngve'}ls' ' Lower serum
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Bile salt
deconjugation
Supply of SCFA :
ang F:'.«i!iamins; 4——— | Metabolic effects /' and secretion
(eg folate) to the
colonic epithelium / \
Lactose
Lower level of hydrolysis
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reactions in the gut
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Fig. 1. Proposed health benefits stemming from probiotic consumption.

(Saarela et al., 2002)
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AP orE i By A G2 TP RFBUPEweappHeias 2k
DTERE LR LEIEERIE At e T ke AL FE AT
PIAeSFRE o 254 S pE 0 B G e BR2 2 4 o BAcP R (peptidoglycan) £ 7
*¢ f& (liopteichoic acids) 2 & 7 <[5 {2 f] G(+) ‘e BEeha & > @ fg S pEL £
WA G() 2w R A 0 3.5 Lt F € -5 PEAFA L T e BEC 0 ¥ e

Eh-A - HEHEPEF (glycocalyx) o b ffimre R F & 4p I 5 vE

% P& (exopolysaccharide » EPS) » & 5 & fa# 4] » ™ % % § P& (capsular
polysaccharide ) fi’%\_h%‘r 5 p& (ropy / slime / mucoid polysaccharide) » % ¥ § & ‘w2
z\mlka?ﬁm L ﬂ CURRE At e A gl AR LER S UL I i R
BERf o T atimte kEch 2 S EET L EPSe A R4sTRE Y 0 EPS T et mgikd
o I IECEF T - FEEY ﬁ*ﬁ «fmj' FEAMRL LS (WHrd # £ 54
+ ~ Fiph 2 JF) (Cerning, 1995) -

Lm.wﬂzwabﬁ~g$~¢4§$%ﬁ
FURF EPS i i w4 B A S M)
(A) B I (homopolysaccharlde)
d H- FalaE ey kgl ﬁ%{éﬁﬁ? #H oo Low BAEY (a) o-D-FF F
# (o-D-glucans) : 4-d Leuconostoc mesenteroides subsp. mesenteroides £ Leuc.
mesenteroides subsp. dextranicum #7# = 2_ % § % # (dextrans) > i & 11 q-1,6 597}
BT FE s F A a-12 0-1,3 & o-1,4 A5 B4 5 d S sobrinus
v S mutans #74 A 7% fE mutans > 12 a-1,3 2 0-1,6 425N K FRE R
- 42 o (b) B-D-F & § # (B-D-glucan) : ¢ Pediococcus f= Sreptococcus #74 & 2
S A B B-13 2 AN FEE AR A - 42 0 () B % PE(fructans) 1 4 S
salivarius 72 = % F pE(levan): ¢t 4 5 g B-2,6 HA) 5N B-D-% R H ~ M4t &
- 42 - (d) # # » 4 Lactococcus lactis ssp. cremoris H 414 #14 = 15 B L 5L
(polygalactan) » 4 7 Ip 2} 3% cnpE H 4 » 4% 54240 I 0 H ~ 1 (Cerning, 1990) -
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(B) £ % % & (heteropolysaccharide)

HFdafantnE@EUI R blestnx o ¥ LOEREF D-F F
(D-glucose) ~ D-X 5 4% (D-galactose) ~ L-& % ## (L-rhamnos) ~ N-z fig§ § &%=
(N-acetylglucosamine) ~ N- ¢ fg £ 5 #% %= (N-acetylgalactosamine) ~ # % #& ff i
(glucuronic acid) /& %pE (fucose) %> 5 & S p5~ € 77 — L2ERORC EF %
1 4oBift B (phosphate) ~ & figA (acetyl) % 474 (glycerol) (Low etal., 1998) -

EPS s (22 2 4 5 § 4p k¢ (Cerning et al., 1992 ; Van den Berg et al.,
2004 )°EPS A+ £ % 1x10°2 2x10°2 7 A 43438 5 (=1 %x10%
g3 R 5P (<1%10% (Vaningelgem et al., 2004 ) o — & 3 B 7  prehs +
£ ¢ IR 5 pER (Cerning, 1990) -

EPS et 57 12 il ik + 0 Pon, 1 5 EPS i it § 9%
pEi-ehle s bl4e EPS 2 25 8 % ’Eﬁﬁ (Faberet al;;1998) ~ EPS 2_ 4~ % (Tuinier et
al.,2001)~EPS 3157 fR4achfs i - EPS ij&ﬁ» s g HOpE R ekt 52538 (Tuinier et

w%)fws*ﬁlkgﬁém&ﬂWﬁ%ﬂ W(WMMm » EPS £ 14 B-1,4 7
s 4t Pl g id & EPS 3 xf&g’*ﬁ (stlﬁ’ness)m% (backbone) » F]pt i ¥ IR AL ST
poerp iR it o F A B-1,3B-1,2 2 o-5VE % 0 B € 32 = EPS 7 #1.7 #t (flexible)

¥ 28 (Low etal., 2001 ; Girard and Schaffer-Lequart, 2007) -

132 et jpE2 4 &

EPS2 4 £ 48 - ik 74 4 ApBES F¥ pE-phosphate § 7} £
- & ATP># - B Hend ¢ R 8- B i FkfasE > isoprenoid C55 lipid carrier
PR TS € R & - ATP B SR E{riB s T RN E BT R
(X. campestris) ¥/ > L PRF D EF E a2 A2 Ay G U ARk
£ 'W4] EPS & ¥ o d *% isoprenoid glycosyl lipid carrier e P ¢ &7 ‘w2 B2R & 4
s &5 B o Flpt EPS ©wmie BEen g = € & 4 3 7% (Southland, 1998) » <
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BAend £ ¢ 22 EPS 2 £ 47 jpis o
PP EPS 22 &4 (Bl=)° &3 M@ i 4 EfE 0 4o L lactis RIS
phosphoenolpyruvate dependent lac phosphotransferase system (PEP-PTS) » #-5' }&#%
fa i A5 = FUBEERRL i 4 (lactose-6-phosphate, lactose-6-P) » I ¥ i&i% I e p > 5
FERARL 1 4 L S BEEE-B-2 S #EH % (phospho-B-galactosidase ) F# 2} & L U 4%-6-
Frps (galactose-6-P) 22 & 4% > ﬁ% 5 BB F 4 (tagatose) » £ #4 g - Hn
R BER SEpEfREY o 22 ATP %5 2+ FE (blomass) 2 EPS £4f
HEAger2* 255 #FHE 4w 4 0FME 0 #4c L bulgaricus & S
thermophilus B 12 54 4/ L 5 4 =X % & v i@ ﬁs?] & % (lactose/galactose antiport
secondary transport system) > # ¢ % ¥ (permease) #-FUREE HEE T wr poo 2 X
AMHpEEL o 00 B-2 YRS (B galactosidase) #-H okjE o A8 F FAEL L
5 # (Welman and Maddox, 2003)#" :

¥ obEz AE (Blo): *“.5’%% x_}_;ﬁ;ﬁ it A5, glucose-6-P » glucose-6-P 7
BRI - 3R FPEEITE |¢ - 7&‘» phosphoglucomutase (PGM) & i+ =
glucose-1- phosphate ° glucose-iibholsphate {é‘, PR HROELY BV ak

(Boels et al., 2001 ) : - &_& %54 “UDP-glucose pyrophosphorylase ## % =

UDP-glucose » # ¥ # UDP-galactose-4-epimerase & i* ;= UDP-galactose ; = ®#_%§
- g A sk s £ Bt (epimerization) Zi B R ¥4 £ AREF ko
igit 2 4 dTDP-rhamnose ( Welamn and Maddox, 2003 ) - #74 = 3 UDP-glucose -
UDP-galactose# dTDP-rhamnose T i EPS & = 2% Zgi~ o

LAME L R (BT ERZ A ER) D AR R PR L
Lelior pathway Ap B % > § #-L g F 518 ﬁ%l 17 VR T e vh s o X FUdE
Plimve o> FUER] B 4RFE T e p oo i 1 X SR OE M ,T*ug 7 galactokinase
#-L s g % 5 galactose-1-P o £ 45 d  galactose-1-phosphate uridyltransferase '] £
%5 glucose-1-P > G- @ B NHF AL SRR H S FITL £ EPS shd
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5%+ (de Vuystetal., 2001) -

pEf%iv* @ ¢ fructose-6-phosphate » £ $HH P F2 £ 30V - BEX
P ¥ (Bl=) fructose-6-phosphate 5 d #i-#E X # (amino-sugars metabolism )
# % = UDP-GIcNAc ¥  UDP-GalNAc & #_ ] * % # -4 & # ~ 3f
(fructose-mannose metabolism ) 3= UDP-fucose (Boels et al., 2001) »

cd N BFF KT A 4 v UDP-glucose ~ UDP-galactose ~ UDP-fucose ~

UDP-N-Ac-glucosamine (UDP-N-¢ fig§ % #%%% > UDP-GIcNAc) % dTDP-rhamnose
Iorif bR (sugar nucleotide) #+ F 0 #EH 4 BT i EPS £ 2z wmi SRi o gk
VEH P TS HEH A S & & (glycosyl transferase system) %% #-igit b 5p it 4%
F I % 3 fwre 5 eh isoprenoid glycosyl lipid carrier (undecaprenyl phosphate carrier )

PRE = 2 F e EPS o B i @27 ks ¢ (van Kranenburg et al., 1998) -

!
\

Y ')
il
AN



Galactose Lactose H Lactose Lactose Galactose Galactose

Exterior

PEP-PTS®®  pEP-pTSLEC Symport Permease Antiport Permease

Interior

Lactose

Galactose
iy p-Galactosidase
Phospho-B- 'x.,_‘_‘
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unidylyltransferase
Tagatose-6-P Fructose-6-F Glucose-|-P
Tagatose-6- RS B dTDP-glucose
phosphate Bienhoe hala'su; G-Phosphofructokinase pyrophosphorylase
isomerase y i UDP-glucose
Tagatose-1,6-diP Fructose-1,6-diF  pyrophosphorylase
b, 0 I
o i UDP-Glucose dTDP-Glucose
] S | I
Tagatose 1, G- ™~ I ,  dTDP-glucpse
dighosphate aldolase e UDP—ggIactose , 4.6-dehydrajase
e | 4-epimerase ]
= : dTDP-4keto-6
— u
ATP Glycolysis uDP Glalactose : decxymannose
| i dTDP-rivamno
5 i syn
i I
EBIOMASS Pyruvate )
y \ ! dTDP-thamnose
Lactate X : /
dehydrogenase Glytgsyltrans ferdses
Y ¥
Lactate EPS-repeating unit
Interior i
Symport Paolymerisation and secretion
Exterior #
H* Lactate Exopolysaccharide

Fig. 2. Pathways involved in exopolysaccharide biosynthesis in lactic acid bacteria.

(Welman and Maddox, 2003)



nagg . fructose-6P

manA
Glucosamine- 6P Mannose-6P
nagA manB
N-Ac-glucosamine-6P Mannose-1P
N-Ac-glucosamine-1P GDP-mannose
l glmu l gmd
UDP-N-Ac-glucosamine GDP-dehydroxy-6-deoxymannose
UDP-N-Ac-galactosamine GDP-4-oxofucose
GDP-fucose
..\' P
FI= ~ % -6-RE ) % M2 3D i
Pathways involved in sugarnu sm from fructose-6P in lactic

nagB :
nagA :
glmU :
manA

manB :

gmd :

acid bacteria.

L Y
B vy e \

glucosamine-6P isomerase: “
e 75l i
N-acetylglucosamine-6P deacetylase.

UDP-N-acetylglucosamine pyrophosphorylase.

mannose-6P isomerase.
phosphomannomutase.

GDP-mannose-4,6 dehydratase.

(Boels et al., 2001)
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HrwAEeREE Rt RRFELI LY FA R MR I E
4 %z EPS th4 a4 Mo 4oBle #r7 > BPS &4 4% 3 & (Kitazawa et al.,
1993; Hosono etal., 1997 )~ % (Odaetal., 1983 ) 4k 2 % (Lo etal., 2002 )~
Fuf B (Nagaoka et al., 1994) % /& {5 i @ "8 B chrt »¢ (Nakajima et al.,

1992) o % b SpE2 A MEp ¢ X HE RS - AL AR U2 LB S

E oA RHEL RS AEE QHYERMEBEBE) Y E20 (BR - §F
L E R HEE) UE AYS 2t ERP EPS FHE AL A E AR E R

+ (Looijesteijn et al., 2000 ; Grobben et al.,2000) °

(A) % SRS

FARE T ER KRR R (blle salt hydrolase nBSH) - 7 #-3% & 41723 4 22
AReAER AR LR G LqE%Wﬁﬁ*#T&’%i%%ﬁﬁ“¥

"!
Egiaget o @ f e Fmal < E'ulv]z S BRI F A A R A 2 PER 0 T
'|

mE A R R 7 P—«i% i 3 mpﬂﬁﬁﬁ |7 € 3 4 pL i end TR
( Brashears et al., 1998 ; Klaver and van der Meer, 1993 ; St-Onge et al., 2000) - *% %
AR p #E"$3 FoRBHF R EL DL LR BN A S A - APrd] TS o
PR FASFUER P 4 AR 0 Pl R i 4 AR o P S F A R LR
(Scheinbach, 1998) - 2 EPS # = {7 Lactobacillus lactis subsp. cremoris SBT0495
FRE R pRp S < B HEFR S B A F F 02 EPS 2 S Eer il F i
#pe o dadh EPS ¥ v 3 AF 000 SR S PEDIT Y 5 T SR i MR F R N PR
fé (Nakajimaetal., 1992)- ¥ 5 # 3 # R SR F*TA 2 O PREFHEFAR &
=+ k fvenfig2 HMG CoA reductase (3-hydroxy-3-methylglutaryl CoA reductase ) 7%

HF B 7B S OEEm s 2 ( F > 1998) -
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(B) # & LA B
PR & B W B2 F (Gram-positive bacteria) » H #7 2 § edl & fpciE* o

e frd lmre BEe S FE A 5 B0 blde peptidoglycan s B FALM T g
% E g n® (macrophages) *#r#¥:i# ; peptidoglycanshi = 4 muramyl dipeptide ¢
Tlgcd 53k 23 IL-1 ~ 1IL-6 2 TNF-0 > & §)jc#k © w4 % IFN-y %2 1L-4
(Attouri and Lemoonier, 1997) ; ' i 7w * == 4 teichoic acids § 18 ok 4 i
IL-1~IL-6 % TNF-a (Meydani and Ha, 2000) - 5* fi& g0 ¥ B = 4 (L. acidophilus
% B. longum) » & fijcd s F J& o Tzianabos (2000) 4p 21 ik p 2 ] % pERE - % €
RPN Erfimie R TEEIER o 2 g A E Y F 0 SRS I
W roiime 4o X RS L 0 { i AR E wiime ehB Ay 4 (Tzianabos, 2000) e
b R AR 51%’“ﬁiﬁﬁ?*ﬁ]#§$,ﬁ/ R AR e 3 T A AR L R kA
2.2 BN ﬁ;:]"ﬁﬂ‘ém'i'é ke iﬁﬁl'l’]‘éﬁ? = fé‘ 7] 1;:] hnfE BRSO pE AL
#oF k suzo i 4 (Klimp et al,, 2002) :5‘.}%&;+ k472 ¥k p L. bulgaricus
OLL 1073R-1 #t4 4 ¢ EPS/ A & #gfd-l’h:‘ 44 WL Y ¢ S pEEE KB
KELES: Sells s RN X A ﬁ%?’ I J E:"B*m”eig 4 (Kitazawa et al., 1998) ;
Kitazawa et al. (2000) 4p 1 7 6 24 N R SESR 0 BV R e RUE AR B A
4o ¥ gREE Y L. casel strain Shirota € 3 % ThO ( T helper 0 cell)% £ =
Thl » B it fmbe L& & S I and & > "5 M5l4eiEack k2 IgE #=48eh 3
¥ (Hosonoetal.,2002) > @ B.breveYIT4064 R34 @ ThO % £ & Th2 - k48
AR RS BRI R A R R TR oehdsdad o

ARV A Eo s PR h B @ BB R 0 P AT R AL

% Thl & Th2 L EF 7 THK » ¥ $HB5 R hF #ihs Th2 hi i F
Mo £2 A7 H 4 IFN-a & IFN-y ch& 8 > # % Thl i £ F & REER
* J&(Cross etal., 2001 ) - # 7 &1 » 7 e L. rhamnosus GG £ B. lactisBb-12 *¢
FL ;%‘—d Ve 2 B EARY g L F B ( Majamaa and Isolauri |,
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1997 ; Isolauri et al., 2000 ) »

(C) 2%t S P2 AR R B

BN E2FEE RS g R MREREE L BT IR R e R
TSR SHEVRHS P G ORI O RERFAAFE T RAAL T
MEEFOYHARA G TR Y o e TN Y R W ey
FIFME» HE e ¥ ¢ FIE LY EIgdjaiga B0 o s #EE £ 2 FE
PUE R AT T i 2 AfET 2 % & {2 e Brooker (1975) J2iRlE-K T & F EA A
BN EE2 & & & 4 o Nadathur et al. (1995) 12 Ames test 4~ 17 f& ¥ %% K
B4 MNNG 2 DMBA 2 AR R ¥ F » F %S % FRASHE N2 R AR

ZIRFEFM 25 2o

ORI AL EY I

SR UE-BEE S - BT § lelz ’ IEUW «%r”%lﬁﬁtﬁ%xmié » Fl@ ¥ i i
%A iR (Gibson and Roberfr01d 1995) * &ﬁt)ﬂ e oK i B e o B deduld kb
(resistant starch) ~ % % p& (fructooligo-saccharide) 2 5@ (inulin) 5 ¥ RanigE 4
¥ o L casei ** MRS-glc # % & *f## EPS # B. infantis BCRC14602 - B.
adolescentis BCRC14606 2 B. bifidum BCRC14615438% 4 (4 i ; L. casal *%
MRS-fru # % &£ 7 EPS # B. longum BCRCI14634 % B. lactis Bb-128% 4 4+

o 2ok gt & R (R 2005)
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O Immune sy[stam leﬁdhﬂm

ymphacye prabfesion
Macrophage adivation Anfitumoral activiy
Cyioking producion

Ble ~ R A2 A2 % b 5 PG EE g
Fig. 4. Schematic representation of the possible health-promoting properties of

exopolysaccharides produced by lactic acid bacteria.

(Ruas-Madiedo et al., 2002)
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14 Fed 3 RARY 2 HidEd

% * EPS 2 & {4 (EPS-producing starter) fr #£ EPS 2 = F f&
(non-EPS-producing starter) # fif 2 4L 3 f PRIHCSHE § 3 TG o~ et at
iF (serum pore) (Amatayakul, et al., 2006b) - 7 § EPS erpisipt - 8 i~ =
% #8755 (1) EPS frj-v Fenie kgt - A2 > 4pF 5 H 248 % (compatible)
A i (WI)I(2Q)EPS 3 3oi [T BHEenstF34 ¢ -5 ¥ 7 4p % (imcompatible)
A f (B )(Folkenberg et al., 2005) - & * 2- EPS # = Ffd » # fliRptcnBi fic s 1
T B R RIDF R 2GR T A F Y It 0 ¥ R TR R A E AL
d #win strand HA ; # % EPS 24 & FEH BURF R MCE AP T R R
Fatilk o e d 3ty EPS iz 0 B R0 TR S AR ALY e o strand R

= (Hassan etal., 2003 ) -

5\ ] il
i

'\.I.l
,—— LR
i il '

15



Culture 13
ST-4239(EPS+)
LB-769(EPS-)

Culture 16
ST-3021(EPS+)
LB-769(EPS-)

BlI ~ % & LGB ZRARFE 13 o 16 “T2 =+ fjpe2 ikkiEs » Bl
A G TRk R R SO 0 BB G b S EECT R - A adp e
B AT o
Fig. 5. Confocal laser scanning microscope image of yoghurt produced with culture
13 and Culture 16. Image A: protein network observed in reflectance mode.
Image B: exopolysaccharides (EPS)(at the exact same position in the sample).
(Folkenberg et al., 2005)
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Culture 17
ST-2389(EPS+)
LB-769(EPS-)

Culture 32
ST-5581(EPS+)
LB-769(EPS-)

Bl - % £ ERABR R 17 o 32 #12 S pRpL 2 Bkt 0 B
A S B TR RAEROE S 0 BB 5wt SRECTR - AR
B AT RS o

Fig. 6. Confocal laser scanning microscope image of yoghurt produced with culture
13 and Culture 16. Image A: protein network observed in reflectance mode.
Image B: exopolysaccharides (EPS)(at the exact same position in the
sample).

(Folkenberg et al., 2005)
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15 re ¢ 5 pEEp AL RS2 PF
(A) AR

3% 5 AT 4y 9 EPS 8 MR (30 B8 T GEA SARAR (de Vuyst
and Degeest, 1999 ; Duboc and Mollet, 2000 ;: Law and Marshall, 2001) - 7 < /I?ea‘;] a

EPS 2 4p1 taficr r g i Sl 3L R B A 1 4p B 0 fe o 353 ¥ BhuRpt? (H EPS A

Ik

PR GoH AR AR e X3 M AT (Madico et al., 2002) o AL AR

W

EPS .  » & X ERR2 Fv TR BHTEE > § R g4l ey Tk
B R LR mER R 2 L R F1F CEPS A B 0 M F A B

a2

KR R A %

=

g ’L’ﬁﬁ_mﬁﬁ FARR S A F Kl (LA ]

%

\t%

|

kA RE A FENZEHIE AT o PiEE HEREEFETEE 2
MBS PR R AR £ N %]&_ (Nordmark'.et al.,2005 ; Yang et al.,2000) - Marshall
and Rawson (1999) % 3 EPS =7 :E‘_i_ # U %ﬁgﬂﬁ%m Z_ & ¥ & %]+ » EPS
P& EPS frd-d 2 @R 3 'f“;ﬁ.{«é—iﬁt&a»iﬁ%w RiLehh £ & F]5 o 1
£ EA AR etk EPS A & pﬂ’iﬁm%ﬁi ﬁ#’ 8w 4 EPS 2% 3w e R
B e G RER B IRIT 5 fé% = m&% SH (1) EPS foi-d Fangek i
A - A2 ABE D 'ﬁ % 4p % (compatible)X & ;5 (2) EPS 3% v B 4k S cngt
Fave o T Jﬁfﬁ 7 #p % (imcompatible) ki > = ﬂ B 'é‘aﬁ € 7 B REE
PO PR IR G 1R B SRS FURIE R 4 S R € F RS AR Y g it
& #rIR % (Folkenberg et al., 2005) -

EPS HL5' ¥ M W42 Ao ¥ EPS § A F B BFLGALL m
(Cerning, 1990) » # %4 EPS 2 = 7 (EPS producing cultures) {2t EPS 2 = f
(Non-EPS producing cultures) i 74 ¥ » %  #72 & SOpLsEpL § 7 $03F Tk fr &
(mouth thickness) ~ #F %% #& (ropiness) % A & - # X 3t K I % (syneresis)
(Folkenberg €t al., 2006) - Shihata and Shah (2002) i 21/ & Fjfie ¢ & & #% = pL i fie
AR -

18



(B) kb
% it * 22 EPS 2 & Ff& (non-EPS-producing starter) ~ % %3¢ EPS 2 = Ffd
(capsular-EPS-producing starter) # Zt 5 ;¢ EPS 2 = F#& (ropy-EPS-producing
starter) » ¥ f& F-v /:‘}‘Liﬁ-}é b )T ORE P ("P:&,Fi}n FERF) T E ML
I % (Amatayakul et al., 2006b ; Puvanenthiranet et al., 2002) - Guzman-Gonzalez €t al.
(1999) = % MF G beftif Fod REFF T2 R AP RETHR 0§ MR R
(e B G 4e 5 By DREFF R R AP ) o 2 he FRB B AT FiH NI
v OkHE € PR T QKT Bend-d FAR o FI R AL I %o T IR BRGRE
fr3t Kk I % (Amatayakul et al., 2006b) - Harwalkar and Kalab (1986) %= 7 &8 7 3~
SERTRAH A T AR o F 0 0 R B 6l T R RAR
AR R TR AL T (RPN f kA
44+ (Amatayakul, et al., 2006b). ¢ EPS 2 B (% 45 XA fodk PR EPS 4
= ) @2 EPS 2 & A B g ;ﬁuﬂ g3tk 14 (Amatayakul et al., 2006a) °
S 35 4o EPS M5 58 R J\Lﬂ* £ i 4T R Aok R % (Cerning,

1990 ; de Vuyst and Degeest, 1999)

(C) HA

AR & %/fl‘ fefR e 0 TRFRARGHE R 0 R A A R F R R
AP - ROBE S PLFTERGTURAAR > LS JHFPELLIFLH o
W7 9% 14%F Y VR FR Y [ F R VTR A RS 2T
*# ( Amatayakul et al. 2006b) - X @ Puvanenthiranet et al. (2002) % 5 e a2 A &
"EFE P /G vt T R A E A o Amatayakul et al. (2006a) IR %550
EPS FfEAALF 5 EPS 2 & Ffd & 4 & fytps » B MARALenH & ¢ 1208 % 2t
EPS Ffd > F (% 5 # 1~ F 4p 02 0% % (Hassan et al., 1996 ; Hess et al., 1997 ;
Marshall and Rawson 1999) © EPS ¢ #%4 #2585t 3ev iRk ppena) = > # 2 kg
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i AR S }i,ﬁﬁ"é 4 (Hassan et al., 1995) - Amatayakul et al. ( 2006b) -~

#FII EPS 2 & A A A PR B AR € F R Rt gt
R RO B g T I g o R R AR R R
AT R E BN S L AR F B2 AR AR (Hessetal, 1997) « it

2 A RN L oo BB T EPS o

16 EEITREAwtIpELEZ FF
161 g~

FAI ARk A kS EPS AE 0 ML AREAT RTINS
EPS 2 = 7 (ropy-EPS producing) » % + 32 % chFth & % % 3' 0 EPS 2 = f
(capsular-EPS producing) - Pl ¥ ig'§ i 5 EPS A E ™ ' - g & d 20 % 450 o EPS
At e b Ax TS 0 ER %Eﬂ (Zisuand Shah, 2003) -2 & i * - &
A S thermophilus fr- ébéz;ﬁﬁ\-} bulgarlcus A ET Y 0.2g1% 2 1)
0.8 g/l (Cerning et al., 1988) s & {1 Fi i %’Fﬁ—t AREF UHALEPS AR BT

I 1

#1
7 e R F

162 $mF%
(A) % ER

R EAp R EPS 2 A{cAMA £ Mo ot Ky s
EPS W liddh+ A8 > THFEIEFTEFLLFERT 5 RS EPS A (de
Vuyst et al., 1997 ; Gamer et al., 1998 ; Kimmel et al., 1998) - Marshall (1995) &%
v*g vORM AR A L. lactis subsp. cremoris» H B 4nie i EPS 2 & S pEE At K O§f
Bedp 8L LS R PR A ;t‘ B ApF e EPS 4 & f‘éﬁﬁﬂg ¥R
BT 2ggond LT 3 EPS vkt 2% (Kojic et al.,, 1992 ;
Grobben et al., 1998) - $10vf @ g 12 Fjm 5 » MOt deii 3 & B R (30°C)e 174 s
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0 B R M o fe S PEA E 47 € M 4 (van den Berg et al,, 1995) - F4fé
Aot Hbogd BE A Menthi Y o B @ B 0 eirg ®F EPS
A% (Cerning, 1992)> SR % 7 it crf ] 5 gk g chlmrz 2 £ > R iz BEL A
Fa N2 M ¥R A C ARgipd (isoprenoid phosphate) ehE s R o AR ¥

rnj%jé b i BN C FRmREA T BT EPS £ 22 % o ipEd N FM s £ e

=8

EPS 2 & 230 B Ao @i B A~ 3 26 0 3 4p 3 A 2 B % (Whitfied,
1988) o fkm » F ¥F4p K ré‘liffﬁi;% PR NI RANERERAERT 6T 53
cha § (Mozzietal., 1995) - L.acidophilus*s 37°C# % » # EPS A& &> 30C
(Mozzi et al., 1995) - S thermophilu LY03 *+42°C# %+ & 30 ~37 % 50C7F #&

% e EPS 2% (de Vuystetal., 1998) -

(B) pH & _

EPS 2 & ¢ £ pH *f é%"f"ﬁ {%ﬁéﬁ&ﬁ4a EPS 2. pH + 7 & 48
oo 4 3MAFT Y BT EPSE AL _&rw‘tm H: %6/ Zisu and Shah (2003) % 71
it pH 5.5 & {7 pE R EPS ﬁl‘;‘é_ g ¥R @ Gassem et al. (11997 ) #rdp
N BARAFERGL pH B VHRFEAE o 27 A S xR & < M2 pH

o e d LAt RiEE o PP BRPBPFREL > mEAMA LR iy

#ict £ ¥ (exponential growth phase) % T 4 #p (stationary phase) =pF ¥ 2t £ #1
Room it L2 T g aopE £ ¥-¢ % MOSRPE (peptidoglycan) £ 7% EEfik
(teichoic acid) % fm*e k&= & 3 & & > & {F isoprenoid lipid carrier & & %27 %2 ¢
SpEet A Fla RAAAR  REEABEL 3T L 0 R G R A
& PFREE > EPS ¥ iy § 4% EPS "3 f#px % iv* > %3k EPS A £ & > (Marshall et
al., 1995) -L.bulgaricus # = % pEdif 2 pHZ 65> @ mbi2 L2 pH 4k
(Cerning et al., 1992) - 45 ) A B if 2 A EPS2 pH » X5 1y pH2 (7 pEiv* >

HEPSA ® € o p AR¥F (RLi4z#/pH) % - Zisu and Shah (2003) # 3 S
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thermophilus 1275%+37°C » pH 5.5 (#* % S thermophilus 12753 i # 2 EPSz_pH) i&
(TR FE24CLPE 0 AR RBEES SEB AR AR 237C 0 b ke L5240 P
IR Jﬁ" e EPS 2 & (458 mg/L) ¢ ,éiﬁ (406 mg/L) - Zisu and Shah (2003) **
BA& YRR R S S B0 Jk¥gd r Sithermophilus 1275 s (7 pF o AR IE 2 5
37C ~pH 5.5 #px 24 ] pF o R p REFEDI IR ZER S 37C Py A
AEAE24-) B o IR PEPSA £ (1092 mg/L) » 3 & F (491 mgl) % him
% o Gassemetal. (1997) » 4p @4y pH E2 2% A HEPSAEHF 3 &9
# pH % o L.casel CRL87 **# o pH6 s £ B Y > EhFhimad
488 mg/L 24 Ffic» AT LA E pHous & #1192 EPSAE » § 917 3.6 &
(Mozzi etal., 1996) « B2 % 5 72 5 45 I F % pHit (75 ¥ § § #% £EPS > i 1
* B ApMER F L pH2 ﬁﬁ’?ﬁ» 3 ﬁﬁﬂ{*%r&*“é REpy o BeRETE
E ) pH £F 5%~ EPS é_if’»iﬁlfﬁ pH°§f%“€»J it o IR pH BT
prie* > 2 EPS A& ¢ f&p ’*’éﬁ%r’g fs'.."l‘“ AL EPS 2 = FfARE T e S A

i

raa

AL GR EPS AEKRE

__($s+

A

'\““ﬂ

C) BAPRR
BAMTEA CEPS HAR§F R SHER 0 2 RRES T T S EPSH
Fd >+ F Af2 EPS ehfisd » S % iE i £ A AR > Pl EPS ARV A €

T '% o L. bulgaricus®? S thermophilus > %t g5t @ 32 %24 pF » 2 EPS & &1 2

Ach»
“'\
]
T
5

RT2IFEER TR RFIHALSH EPS kfRpE cnivh <3t L A pE

* (Mozzi etal., 1995) -
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1.6.3 it 8 F%
BARAY X4 T g ko bldofE® 5 B4 2 peptone 2 B THFFE FIR
EPS # & € # 4c (de Vuyst et al., 1998; Gorret €t al., 2001) - 7 ‘vt WPC392 (whey
protein concentrate 392) > ¥ &t i~ — B f ¢ <% Jhd Hf 4c peptide % AL i FAE
2R EHF R A24) pFen 2 I 0 EPSA £ b 4v (Zisu and Shah 2003) -
#78 S thermophilus 1275 208 fs 2t ¢ & (B R % 5 54 ¥ 37 7 i 4 WPC3922 33
%3000 DHSS 3 %R 3TCI A4 & 240 B o 5 I i 4 WPC392¢h52
%75 HEPSAZ £ & ¥ 3 4v (458~1029 mg/L)- Looijesteijn and Hugenholtz (1999) :#-
L. lactis subsp. cremorisNIZO B40 3 % B e A S AR E L AN AR
W EN-2 B F § PR M-17broth 5 Rif 4§ § ks £ 4 6§ F EPS A
oA Ad T F M GRS “'"Lr 2 2. UDP- glucosepyrophosphorylase B R
HEZ EF RSP 0 w EPS 2 BORE -
17 SRE% Sma 7 | .I :

*ﬁﬁfﬂri éﬁ# 7] ﬁ’i&iﬁ%;‘r% AL T LR T

=
P
%
P
“{\%t-
?\.\‘_
]
pf
L

g0 4 TR ARSI R OB R R L PR o PR
AR D FHRTAREY DRI A E R M A L EHBH > A E IR g
B* TG ?:r%)ﬁ,j]% & M 2 AR 2 A o Alternan %5 FORchpE &R
Fla § FrRenZ R oM R bl > BT R * Nk A 8 & (de Vuyst and

Degeest, 1999) -
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21 R &4
211 #HE~

772 Lactobacillus helveticus BCRC 14030 fp A7+ & 51 ¥57 7 T %+
FFEY S Rk P Y RS e YC-380 (7 L. delbrueckii subsp.
bulgaricus £ Sreptococcus thermophilus)( YC-380, 50 U, Chr. Hansen A/S, Horsholm,
Denmark ) ~ L. acidophilus LA 5 ~ BifidobacteriumbifidumBB 46 % L. casei LC 01 >

lbbﬁg_fl%—%-ﬂ,f‘,,),\vﬁ AP (S )

212 A H

% %344 (Anchor, New Zealand Milk Lt&.)(?‘ié > BAG ¢ 9)
Lactobacilli MRS agar (Difco, USA)(?&B e f?ﬂ“u FOWRF AP o L)
Lithium chloride and sodium proplonatf:, MI%S agar (LP-.MRS agar)

Bile- MRS agar | B -

% % (Pectin, YM-150-H > pp 3= "3 5 ‘i')‘)

213 x5
@4 (Hydrocholoric acid, B K i* H x5 €425 p &)
4@ 3% i“4p (Sodium hydroxide Fisher Scientific, Inc., USA)

= Ay f& (Trichloroacetic acid, Lancaster Synthesis, England )

Ji
Fy

] ﬁiﬁ A& (Trifluoroacetic acid, Fisher Scientific, Inc., USA)
5 # (Glucose, F 2R B g4L > p &)

L-& % #& (L-rhamnose, Sigma, USA)

D (+H)-Z 5t 4& (D (+)- galactose, Sigma, USA)

N-¢ fg# % #°% (N-acetylglucosamine, Sigma, USA)
24



A 5 § £ 5 Shodex Standard P-82 (0.59-78.8 X 10%, % w # & » p #)
Polymer Standard (1.67 10", Polymer Standard Service GmbH, Germany)
z F% (Actonitrile, TEDIA, USA)

¢ fi% (Ethanol, :/##F)= ¢ /& > Taipei, Taiwan)

2+ (Bile)

% 1“4 (Lithium chloride)

77 fa4r (Sodium propionate)

214 KEHKA

42 B i .o % (HITACHI CR21G, Japan)

B8 % 5L (Freeze Dryer, Eyela FDU=830, Tokyo, Japan)

& 3 4 (BBL GasPak system & Coc_keysville_? MD, USA)

¥ A # ¢ (Oxoid Ltd., Basingstoke, Haﬁfnpshne, U.K.)

pH Ep] =_i% (Laboratory pH meter Llrll!olag-"pH level 1) 'Wissenschaftlich-Technische
Werkstatten, Germany) &

BB %4 (LM-570,5 %3 6.2 7)

= 7 % (TM-329, Tomin, Taiwan )

% »Tiv AP ¢ K 4 47k (High performance liquid chromatography, Jasco Co., Tokyo,
Japan)

FiF (Pump, JascoPU-980, Tokyo, Japan)

By 47 % 18 p] 2 (SFD RI2000, Schambeck SFD GmbH, Bad Honnef, Germany)

B H* #E # (Column Oven)

ARG "g 1. (TOSOH TSK-gel GMPWx;, 7.8mm id x 300 mm stainless steel, Tosoh
Corp., Tokyo, Japan )

i ? 1. (TOSOH TSK-gel GMPWx; guard column, 6.0 mm id x 40 mm stainless

25



steel, Tosoh Corp., Tokyo, Japan )

4 47+ (Shodex Asahipak NH2P-50 4E, 4.6 mm id x 250 mm stainless steel, Tokyo,
Japan )

-3 ¢ 1+ (Shodex Asahipak NH2P-50 4A, guard column, 4.6 mm id 10 mm stainless

steel, Tokyo, Japan)

26



M ATH 8 R £ AR 2 A7 ¢ w2 L. helveticus BCRC 14030
TR s TO%FERE AR T b E o I e 2 Sy R R
EF ke ke RABA S O EAR RN F o R FBL T BN TR
Fir 0.3~05mL MRS %> §° > & FAMABESRIFRAR B 0lmL
RiFiest MRST ¢ » BLEMR 2 FE )0 28 FiRdl &5 0.1mLiz » = @
F(121 °C » 15 min) 17%:& 5t ¢ » £ 37 Clif 3 & 24hre » B3 4 Cik
o 231 0 BS% A B R e R (121°C ~ 1S min)id fr 17%
BRY 0 A37TCTE A2 * o

MR RE R G L P BR ek B pEpF - (YC380) c &2 1L ¢
B 17%R R 5 R 23955 ﬁw"c ’ 1hrﬁ\ Ao ZIRZ FAHAN L

acidophilusLA 5~B. bifidumBB 46 % | L:__;;asel LCOl &2 025g 4~ Bl 4o x 1000

mLe® @ F2z 17%E& R3¢ o F i‘*% 24hrfs B % 4°C %% 0 £ B 5%

EAREHEA R FHZ 17%%?331%!:?"" ’_LL"~'37 CT 8% 24hriy * -

222 BERZZLE

(A) &% 7 F~ Al e
(a) 5%k 5 it 7 7~ (YC-380) (yogurt bacteria ~ L. bulgaricus & S. thermophilus)
(b) 5% 5k 7 ~ &2 5%k 5 ik L. helveticus BCRC 14030
(c) 5% e s ft A~ ¥ 5%% 2 F (L. acidophilusLA 5~B. bifidumBB 46~ L. casei
LCO01)
(d) 5%p& 5t 7~ ~ 5% L. helveticus BCRC 14030 ~ &2 5% % 2 &7

(e) 5% pt )~ (7 7 0.17%% *%)
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(B) pespeil &
()7 7 #e % 7%

% Lin (2003) ;2 13 &F 2_ > 500mL &5t (17%% 4745 3 T%F)#% ) 5 90°C »
10 » 4B H > A frts A Bl it asbrc 2 d mE A %30 30-40~ 2 50°C >
¥ f% 6-24 hr o 3 pE ) g PF 02 pH-meter B 5 - BaEps2. pH & > B2 pH EiE

ferot @ R T 4870 £ 32 pH i 4.620.1 > £ 455 172 kg ph R AL(R ) o

(b)7 #e % 7%

L 0.17%% A A B T%EMEILRIDS > 5~ g B e TOCH K » 573 1330
JHE A r e BEFN1T%BR M4 iR £33 £ 2 F 1 500mL 5 90°C
10 A shk i dris Feft o el (R 5 3 ¥ %%,30:40~ 2 50°C- 4 fif 6-24 hr >
2 28 B g pF ) pH-meter i8] L—‘* = ﬁ’x&{ﬁ%\ pH = ’/?J T_pH EiFARID & Ak 1T

13870 3 3 pH i 4.620.1 ; #ﬁi:}liig.w'év,&yfyfﬁfq o

(C) A58 p 22 %
Foisdfie #3217 EPS A& ~ ARSI H e = o 37 > BLRFLEK M - BRRR
IR FRAAKERE 2 /¥ (¢ 7 L acidophilusLA S ~ B. bifidumBB 46 % L.

casel LC 01) ] Z_-o
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[ 17% reconstituted skim milk and 7% sugar (500mL) ]

A 4

[ Heating treatment (90°C) 10min) ]

A 4

Cooling t t t ]
[ ooling to room temperature A. yogurt

bacteria(YC-380)
B. yogurt bacteria+
L. hevlveticus

h 4

[ Inoculation 5% starter in milk medium ]

C. yogurt bacteria+

-

[ Inoculation at 30, 40 and 50°C ]

proobiotics
D. yogurt bacteria+
L. hevlveticus

[ pH reaching 4.6+0.1 ]

A 4

[ Cool to stop fermentation ]

A4

[ Homogenized ]

A 4

[ Stirred yogurt ]

W=~ PR A AR -

Fig. 7. Process for stirred yogurt manufacture.
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223 T RFFE R
L - SEHE M A A LP-MRS % Bile-MRS2 & 4 o4 4 = % 3L LP-MRS 32
3 S Edik

AEET A LS T Fp s LP-MRS T k3 E 4 F 4 Hic s Bile-MRS
6

sq;/

fest F~ (YC-380) % L. helveticusBCRC 14030 ih2 & > e = f& &

¥

$ ¥ 12 Bile-MRS-T 5 % 3 L. helveticus BCRC 140302 j##c

Frflpspe )~ (YC-380) > iz L. helveticusBCRC 14030F # & *t 3t T 45 » 7]

(A)E 2 F 7z Rl
Pk EEPE R 2 4R I mL > 2 0.85% NaClj® Bk vt S48 > 2 % 4
Bz R IlmL - F »5%x @ > &5 » 10mLLP-MRS 33 % 2 (Lapierre €t
al, 1992) 3 > 237 Cit 7RF % > 5% ABhr 5380 £ R AR & AT
@2 BT £ 4 R - |
i)

(B) L. helveticus BCRC 14030 j#e2 ] -

=

(a) Treatment B !

Pt RPN 2 BRI 1 mL o 17 0.85% NaCl = )k il AR > B3 § 4
Rl R lmLojg » 3£ x @ o305~ 10 mL MRS 35 % A £ Bile- MRS
BAEARY NI CRERT B4 > % 48hr 2378 £ F iR 8 o F

2. /8 % L. helveticus BCRC 14030 F#c(% =) °

(b) Treatment D

Dol B EERE R 2 g% T mL o 12 0.85% NaCl = -k wud 41 - P~ % 4
B AR ImLojF » 35 %x ¢ > 5 &)~ 10 mL LP- MRS 3 % £ £ Bile- MRS
BAKRY NI CEARIBA BRBhr 3 L RUFREE 2%
Bile- MRS T 5 #7{% 2_ F#ici £ LP- MRS T 45 #7182 A #™ 5 L. helveticusBCRC
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# - ~ F2 A% L helveticusBCRC14030 #7i¢ * if# 22 & A2 & A

Table 1. Selective media used in this study for viable cell counts of probiotics and L.

helveticus BCRC14030
Agar medium Final composition of selective compounds in
the media(% w/v)
Bile-MRS Bile 0.15
LP*-MRS Lithium chloride 0.2
Sodium propionate 0.3

LP*: Lithium chloride and sodium propionate

(Vinderola and Reinheimer, 1999)
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48 -] PF i 2. e

Table 2. Five strains of lactic bacteria were inoculated with three medium under

anaerobic conditions, and the bacteria counts were calculated after 37°C

and 48hours of inoculation

Culture YC-380 Lb. B. Bifidum | Lb. casel L. helveticus
(log CFU /mL) aci dOphI lus | (logCFU/mL) | (log CFU/mL) | BCRC14030
(log CFU /mL ) (log CFU /mL)
Agar medium
MRS 8.5 9.5 9.2 9.1 8.9
Bile-MRS 0 9.3 9.4 9.1 8.3
LP-MRS 0 9.7 9.0 9.2 0
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%= ~ 2 A% L. helveticusBCRC 14030 2 3 % 3

Table 3. Medium used to count probiotics and L. helveticus BCRC 14030

Treatment B C D
YC-380+ L. helveticus | YC-380+ YC-380+ L. helveticus
Culture BCRC14030 Probiotics BCRC14030 +Probiotics
L. helveticus Bile2 Bile-LP?
BCRC 14030
Probioticsd LPe LP

*Bile means Bile- MRS medium.

®Blie-LP means Bile- MRS medium minus LP- MRS medium.

¢ LP means LP - MRS medium.

4 Probiotics involves L. aci dophilusICAS5, Bifidobacterium bifidum BB46 and L. casei

LCOl.

0
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224 BEAPLAER 2 B E

DM

bR 20 P ®¥-1 * Brookfield DV-1Viscometer > 2 500 mL "&+45 % B~ 500 mL
PRAL RS B A RTE (Famvk @ B ARLH & 4C) ¢ ISmin 7§
7@ > % 4% spindle > #i# 5 61pm 2 if (i (F AR Bl > B 2% % 12 CPS 4 7
225 PRk BT

500 mL RAtst 5 90°C » 10 ~ 488 > A 4rfe A HfEfEa~brc ~dZ el
i AR RAR~ZAPIALAEL T B RALFHFLEFTEY(FH A
100ml) » & - @i g % B ¥ 323 70mL > 3 % > 30 ~ 40 ~ £7 50°C > % fi% 6-24 hr -
B e R SERF L pH-meter iR <& = FRgE p2 pH > R] T pH BB 422930 & 3k 1T
figi e 23 pHit 4620 (il JLA\\%'JE»S ko gL R
F%0 é&EJ\l“*/?'JL”f'f#ﬁ‘r;&iﬁ% §.3‘4CJ\%€115§33%\%6%\§39%\
122z % 15 2 gl & m?di %MW e kT R R
AEAS R A JIF R 1:9&&6@»‘; 2 rmz o B BB 10sec PR A

(Amatayakul et al., 2006 ) o | Z 5 % FF A (W/w) & o 2 e

226 EPSz2 ~dgpfrz§

FEE R S TP e 2 & fifk (trichloroacetic acid, TCA) » s v et B »
25:1 (v/w) > MEF LB 2 R £55]5 (4 (22000 x g, 4°C, 35 min;
rotor NO.31, HITACHI CR21G, Japan) > # “$ AR D0 BE M B R R T A

g ke B (95% ethanol, 4°C)» ¥ g 7RI BRI 15 2 480 L3593 » B30 47C >

24 hr > £ G4 {8 (22000 x g, 4°C, 35 min ; rotor NO.31, HITACHI CR21G,
Japan) » 3|2~ K Ak 4~ T 5 EPS (Yangetal., 1999) -

g o718 20 EPS ARAE 4 £30-80°CFE 4 24 hro £ 2% > 4 i 57 % 1% (Freeze
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Dryer, Eyela FDU-830, Tokyo, Japan )i {74 if jc'% > 36 hr {42~ ¥ =&

Z_ (Torino et al., 2001)

227 EPSARS:EZ BT
i I e EPS bR 4 BT R 5T-20°C k48 24 hro £ B~ EPS ARk 47 B4 0.05 g
T ER 3N LW o3 pF 3min {8 BAL L R RIE VAR A A $TA 2 <
£ K A% 0-5mm % ¢ #fT 5 nonropy FfT’ >6 mm % 5+ FfT ropy jFf=(Torino

etal., 2001) -

228 EPSHE#ppE=2 247

#-EPS Zbfk 4~ B 4 11 100 (W/V),gﬁ’**" KO ETRERRIER 23 0 B
18 mL 2 5 kDa nominal moleeular'weight cu‘;pff 2-Centrion Plus-20 ¥ Jjg "t~ ¢
(Millopore Corp., Bedford, MA, USAj ﬁ@“’ (1290 x g , 4°C, 60 min ; rotor
NO.47, HITACHI CR21G, Japan) fb 1 iﬁﬁ—%ﬁw BN R LR R
e (320 x g, 4C, 60 min ; rotor NO 47 HITACHI CR21G, Japan) {s 4z & /% 82

Lajr bz 4R & > B~ 3 mL EPS /%3 7% %~ 0.375 mL 3 M trifluoroacetic acid »*-|:

ot
) -

PP R EB3 FE R 12004 F B 2 I RN RERD
NaOH #-pH # K1 7> £ 11 045 um 38 i > T 14 B sTie ik % K 47 R A 47
(high performance liquid chromatography, Jasco Co., Tokyo, Japan) > fe # I i (pump,
JascoPU-980, Tokyo, Japan) ~ SFD RI2000 ;47 3 i ;¢ 2 (SFD RI2000, Schambeck
SFD GmbH, Bad Honnef, Germany) ~ p ## & ~ ¢ L% #/f ¥ (column oven) -

4 47 ¢ #L (shodex Asahipak NH2P-50 4E, 4.6 mm id x 250 mm stainless steel, Tokyo,
Japan )~ iz ”F? 11 (shodex Asahipak NH2P-50 4A, guard column, 4.6 mm id x10 mm
stainless steel, Tokyo, Japan) » # # 48 (mobile phase) 5 actonitrile : water = 80 : 20

(v/v) > & 7iniE (flow rate) % 0.8 mL/min > ¢ /&4 2 67~70 kg/cm2 v Ry AT
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BIBERKEE39C F i iR A KR53 39C v HABHEES §§

B LB BEEE N-o R F MR RS MR S 30 ul o @R~ #

Ste

% 30puL > »47pF @ 5 20 » 48 (Lin and Chang Chien, 2007) °

229 EiFE&
i Fik%?;}%p* YF PRI L R T HiE 24T

() AR o D@L Fhfpgorimd 30 A i3 5
(2) ¥~ % 12 hedonicsacle (1-9 &~ 5 1t 22% 2 T E; 2 %2 T3 % & Bc s

FEAEE ;S A EREY AR 6 G REERE T ERSRERK O
% & Fo)(Larmons, 1982) °
B)F=h & ¢ k4T o & E G() SYpk AR ﬁ%(YC—380) (yogurt bacteria ~ L.
WMMQS?Smmmmmmumﬁ%ﬁﬁﬁﬁiﬁ5%%?%&%Lh%ﬂﬂs
BCRC 14030 - (c) 5%p& #t it 7 + & 5%_@—4 ﬁ (L. acidophilusLA 5 ~ B. hifidum BB
46 ~ L. casei LC 01) » #2(d) 5%mﬁﬁrl*§];ﬁk 5%L helveticus BCRC 14030 ~ £ 5%
2 M30CEFHFRRA D pH46i01 ’ ##%%li’!a T kMR (e)F & i
- AB it o
BFs=Hmp e ZHBE S FrR iR R FRERERLR -
B)gi®> iz 1 d 30 iR > FARIE- TP 0 £z X EHET SRR
RN E R T A FHRE o IR A UE R SR TEITE D AR R
B AR UK ﬁ%#a,fﬁwﬁﬁiﬁga’ﬁ—éﬁﬁﬁiﬁi

s It S S S B
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2210 iS5 E
SXok ST {8 T4 SAS £ S #0H (SAS 8.2 SAS institute )ik (7 % A 47 > 1 12

B N § %5 p 22 (Duncan’s multiple rang test) © & B35 E L B B F 2 o
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31 B e Bl

\3

M30CEFHFREFIRB EA S AR 15 222 L. helveticus F#ic g ™ 4>

f2 L. helveticus F#ch| 45 2 % > @ & F 2 %A > C¥ D A S 4Tk
PRS0 HE S FlEHi § T (R ) N 4A0CRFHERE #MB LA &
BRTR 15 2 t22 L. helveticus Fificg T ' - D 22 L. helveticus F#cR] adF 3
o hF2HPNA CHDEE S F L FRAFFIS AL Hliks 3§

(£ T ) S0CEFHE #MBEA S ARTR IS 252 L. helveticus F#c g
T D22 L. helveticus AR AT o om RFE A FONA > CE D AN
ZEA FEEITR LS X Bt R S ) IFRET SR T 152,54
Bl il T R > el *Jﬁﬂ%%bﬁg-fﬁéﬂriﬁﬁmps GRS By

B2 s 2 PR R R < RN -
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Fw s 30CHABZRARY 4CF s F 2 F2 AEe L. helveticus
BCRC 14030 Fj#&
Table 4. Viable counts (log CFU/mL) of probiotics and L. helveticus BCRC 14030 of

yogurt fermented at 30 °C and storaged at 4 °C

Storage Probiotics L. helveticus BCRC 14030
period(d) (log CFU/mL) (log CFU/mL)
“4C)
C D B D
0 8.83%0.11°¢ 8.7010.01° 7.8510.07° 7.9310.07°
3 8.75%0.04¢ 8.7110.02° 7.28%0.11%° 8.8140.012
6 9.04%0.15b 8.8110.042 7.34%0.03b 8.12140.08°
9 9.2010.05% 8.821+0.072 7.01£0.014 7.8910.16°
12 9.2710.01° 8.89+0.012 7.1410.07¢d 7.84%0.20°
15 9.2610.012 . 8.8310.10% 6.8110.10¢ 8.16%0.17°

abede Means in the same column followed B,y:.the' éame superscripts are not significantly
different (P>0.05) (n=3). "

B : 5% yogurt bacteria and 5% ropy. L. helveticus BCRC14030.

C * 5% yogurt bacteria and 5% probiétics. :

D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.
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231~ A0CHAZRARY 4CF s F 2 F2 A#Ee L. helveticus
BCRC 14030 Fj#&
Table 5. Viable counts (log CFU/mL) of probiotics and L. helveticus BCRC 14030 of

yogurt fermented at 40 ‘C and storaged at 4 °C

Storage Probiotics L. helveticus BCRC14030
period(d) (log CFU /mL) (log CFU /mL)
“4C)
C D B D

0 8.6510.092 8.6110.062¢ 7.7210.572 7.1510.21¢
3 8.8010.132 8.7910.16° 7.4710.102 8.2910.352
6 8.7710.05% 8.6910.0420 7.3910.0320 8.0010.0020
9 8.2210.500 8.5910.062b° 7.6510.072 7.36+0.26b
12 8.6510.1120 8.55+0.02b¢ 7.4610.40% 7.7110.322b¢

15 8.6710.012° 8.48%0.05¢ 6.8610.01° 7.50+0.28b¢

Y

¢ Means in the same column ‘followed b&?ﬁe same superscripts are not significantly
different (P>0.05) (n=3) . T |

B : 5% yogurt bacteria and 5% ropy. L. helveticus ];3CRC14030.

C * 5% yogurt bacteria and 5% probiotics.

D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.
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22~ S0CHAZRARY 4CHF s F 2 52 A#E®E L. helveticus
BCRC 14030 Fj#&
Table 6. Viable counts (log CFU/mL) of probiotics and L. helveticus BCRC 14030 of

yogurt fermented at 50 ‘C and storaged at 4 °C

Storage Probiotics L. helveticus BCRC14030
period(d) (log CFU /mL) (log CFU /mL)
“4°C)
C D B D

0 8.0210.022 7.9010.02> 8.3110.032 7.48+0.2220
3 8.1140.042 8.0010.06% 7.98%0.03b 7.74+0.092
6 8.1510.092 8.1310.072 8.0410.03b 7.1710.08°¢
9 8.05+0.072 8.0210,0320 8.0740.17° 7.0810.00°¢
12 8.1010.042 8,160,092 6.6910.04°¢ 7.21£0.01b¢

15 8.0310.052 7.9740.14% 6.6410.12¢ 7.24%0.11%¢

¢ Means in the same column followed by?he same superscripts are not significantly

I

different (P>0.05) (n=3).
B : 5% yogurt bacteria and 5% ropy L. helveticusBCRC14030.
C : 5% yogurt bacteria and 5% probiotics.

D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.
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32 A2 AR B 7
RGP TP FRE AR R > TR AR A PR E . A
Tttt BRI B ACR AR R T AR §F DH BT AR A EREE (e

Vuyst and Degeest, 1999) - 12 30 'C &7 p% > FHF i 7 FAvdRF EPS 2 =5 L.

helveticus BCRC14030 7B fv D a2 & AEIRABEALapF AL o A
AR AV F B2 E AL (P<0.05) (FlN) - B4 B DAL B~

A 4 HEPS A LSBT E B A AJL (P<0.05) (2L -) EEMBrD Al
ﬁi%ﬁ%i*i&ﬁ%’ﬂ%&?A.ﬁ@giﬂ’w$wym8m¢ﬂwﬁ

PeAfadbR a5 0 X3 HEDRE  BFBARNTFIE RS 0 ¢ & EPS ihigE

&
4
ek
&
ps
=
W

AE ~48E U Z fo EPS ot ife? fadv B L3N E

Aoz AR }i'fxaﬁ’?ﬁ%i—% MR «ﬁ%g_ﬁ e AR T LR 30

f
f

C REFEREE G RMEAA > 11 M0C 5'5- s € F BB ARR PABE > 50C ik A

o

.01 2 »aﬁNWkﬁE@ywm% %T%%wmvaﬁmumtﬁ?m%
FEER & TR 2 PR PLARR e"é‘p’%’r’%‘*“ 30 C(E] Y (P<0.05) 2k @ gt 55 % fr Mozzi et
. (1995) ”Lrifﬁ IRAERER (B 45C) S i FE 2 RRF] e & A A AR
Mo TR TR 3 R - ek o
AR RARA (A RIZE) 1 30CH 40C 78 ps B putpe
F1EPS A BB (0.6gL) id Bl A5 M\ R EERE T 258 o4 P B
EPS & % e % B 4oi3 Rk chdbA ¥ & & ¥ ol % (Vaningelgem et al., 2004) - 37 % &=
Tipdl EPS FEREMY itk & 0 17 WA &4 R (de Vuyst and
Degeest, 1999) - 4t ¢+ de Vuyst et al. (2003) » % 3 S thermophilusLYO03 # # # 3
I R HPREATR P AE IR ETE od BN FREFABC 2 D e
Wi FAZ B R R R T AT S 2 R HARR FORE T A UL
WR & F iR U B fsEfR4E R o Marshall and Rawson (1 1999) » # IR
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kg% RERY S RAZF~ L bulgaricus £ S thermophilus - 258 5 pE &

R EFRSB O LRRAARTRIRL
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A B C D E

Starter culture

BN~ @A SANEEF~ 30 ~408 50CT #72 & Rpgft2 3ER*
Fig. 8. Viscosity of yogurt were measured by reconstituted skim milk which are

inoculated with five cultﬁfe strains at 30,40 and .50 C.

* Means in the same row and columm followed by the same superscripts are not
| === ||

significantly different (P>O.05I)_. (n=3} | 1
*Shear rate : 6 rpm, Spindle : N(‘)"ﬁ,_ _S_ilrhple temi).'fzrcatl.lre P 4°7C.
A * 5% yogurt bacteria. < ;
B : 5% yogurt bacteria and 5% ropy L. helveticus BCRC14030.
C * 5% yogurt bacteria and 5% probiotics.
D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.

E : 5% yogurt bacteria(pectin).
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3.3 F L2 Ak 1R %

BAER LG 30C o Apd kI % (syneresis) (0~1.8 %) ¥ M >+ 50°C
(3.6~124%)(% = 814 4 ) o 11 30°CH Far 182 #rF FLitfit F A% F r i i kIR
Foo FRIT A RF]GMEFERET @SR IS TRERE > FI557 ¢ p
FoFT A BT AR A G 0 2 0 AL @aestd EsRpeY % 57 EPS EPS £ 1
BRKSREN S BRICEPS A FAp e kol 0 % 30°CF B tLendok i o ¥ 4
< FALApd 0 77 EPS AR B B9 FAT OB ERE qut = B
kM % (Hassanetal., 1995) - d £ = = F BRI b FARF - 2 RAR DR G 3
LFEFEFRE (P>0.05) 4R MGER R P AAYE-RIESRBRR ) NE
WA R R S v R s L Rk B IE R AR R 5 30T
P ORRARPEZ MR R W 7 € RETF ER X du £ i‘gﬁc (# - ) ° Amatayakul et al.
(20062) + § 4pF hi & - .08 4 mnmwm B RAIL e G - B KR

FTHEFAR  oJd LA 2 B a*a:féﬁ..B CZ Dm B rJdllep~afEerd =
2_Fr R pe o ﬂ#ﬁ’]\ﬁ@ff’#&-ﬁﬁ]ﬁ E%mﬁa /:9]‘ ‘o) E B2 EEF (P> 0.05) 0
EPS 4 & Fjfi % B 1% % 5 eivif N ;alz; mﬂﬁ@g”mga B4 AR & g o

MA0CE B FFERE (2N BRSO G IS BE 5 0 2 4p 0 2
BRI G S 2 F BERS (P>0.05) S BAMEY B F LR E o0 £ 3S5FR
WH LR 392 12 3 BAEB o D AJLE EAE A &2 s o
BRI F F MEFRET AR Cepm g (P<0.05) » a7 i £d % Bir D A
27 7 AF EPS 2 & 7/ L. helveticusBCRC14030> * & £+ - ¥ #R#EE B f- D
BIL e FA > A4 EPS HARSH IR A frC A EAE o Tt A R
FAFR AR ¥ L2 mieh 12 ¥ [ L BRGRR 3R K R % o Harwalkar and
Kalab (1986) 9= § 4 TR » % 30 74 T &% B H 4c > 07 % MAKR % -

BRI 50C 2T AR MR R P A F A R B £ 0 B
de(#4 ) e 30C A4prt o FIF] 50°C € F B chd-km % o B ¥ i R 7
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(1) 50°C i}%’%/\ﬁ*% Z2E Iﬁ-r/n.)i B R ® 0 %ﬁ’ﬁ*? FE o FrE AR %“’L‘Tﬁ I
LRk R Atz Bl o & 24T Bl BRI % By 7 0 (2)
MR REFFERE T N T 5 EPS kst ik pgo 21 T £ 7 L. helveticus

BCRC14030 et A ZbchFth > LRI J v 2R (7] o
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Table 7. The syneresis of yogurt of yogurt fermented at 30 ‘C and storaged at 4 °C

fgtrlt;z The syneresis during storage period (%,w/w)

0 day 3 day 6 day 9 day 12 day 15 day
A 1.812.6 1.2+1.3> 0.4%0.6 0.510.5>* 0.5%0.7> 0.1£0.12¢
B 0.610.8> 0.310.4> 0.2£0.3> 0.320.0* 0.6X0.5> 0.4%0.32¢
C 0.120.1= 0.0£0.0> 0.0£0.0*x 0.1X0.1> 0.3X0.4> 0.1x0.12*
D 0.010.0= 0.5%0.7> 0.2£0.0*¢  0.0£0.0> 0.4X0.5>* 0.0£.002¢
E 0.140.0= 1.0%0.6> 0.1%£0.0*¢ 0.3%0.2* 0.120.0> 0.1£0.02¢

* Means in the same row followed by the same superscripts are not significantly

different (P>0.05) (n=3).

* Means in the same column followed by::;he same superscripts are not significantly

different (P>0.05).

A * 5% yogurt bacteria.

]

B : 5% yogurt bacteria and 5% ropy L. helveticus BCRC14030.

C * 5% yogurt bacteria and 5% probiotics.

D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.

E : 5% yogurt bacteria(pectin).
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Table 8. The syneresis of yogurt of yogurt fermented at 40 ‘C and storaged at 4 °C

Starter The syneresis during storage period (%,w/w)
culture
0 day 3 day 6 day 9 day 12 day 15 day
A 4.3£1.28x  33+0adxy  2.9+1bxy G 4f1.12x  3.812abxy  4.44] 62bx
B 2.8+1.6>  1.2104%  1.810.5%  3.030.2> 1.4%1.3%  1.8%1.72
C 5.611.38bx 610,12 5.610.42x  6.0£0.92y 5.7+0.2abx  3.5%].4bx
D 2.612.6%  2.8f1.4y  33+1.9%  2310.9% 1.910.9%  4.4%0.6>

E 5.4%0.0=x  1.742.1%  3.0£0.5%% 4.110.6= 3.130.6*  4.4%0.62

® Means in the same row followeddby the Samie superscripts are not significantly

different (P>0.05) (n=3). =

»” Means in the same column.followed byiithe| same superscripts are not significantly

different (P>0.05).

A * 5% yogurt bacteria.

B : 5% yogurt bacteria and 5% ropy L. helveticus BCRC14030.
- 5% yogurt bacteria and 5% probiotics.

C
D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.

ey

. 5% yogurt bacteria(pectin).
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Table 9. The syneresis of yogurt of yogurt fermented at 50 ‘C and storaged at 4 °C

Starter The syneresis during storage period (%,w/w)
culture
0 3 6 9 12 15
A 6.010.722 5.611.58x  42+0.12by  4,0%0.72bz  3.610.5bY 3.710.7by
B 9.310.2&y  9.145.3=  10.3£0.6*  10.0£0.2»  9.8+1.6 10.110.62¢

C 10.312.0% 8.0£3.12 6.7£3.5%y  12.4%1.1>¢  7.613.0% 8.213.03y
D 7.0£0.48byz 9 1£(.22x 4.310.2by 9.7t1.4ay  8.012.42bxy  6.3+3.0abxy

4.710.822  4.710.4% 3.510.4% 3.910.6>  4.0£0.2% 4.210.0%

® Means in the same row followed by the same superscripts are not significantly
different (P>0.05) (n=3).

%% Means in the same column.followed 'l')jil_h_e same superscripts are not significantly

I

different (P>0.05).
A * 5% yogurt bacteria.

: 5% yogurt bacteria and 5% ropy L. helveticus BCRC14030.

B

C * 5% yogurt bacteria and 5% probiotics.

D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.
E : 5% yogurt bacteria(pectin).
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w4 A (A SRR R~ *B. 5% F~ ~ 5% L. helveticus
BCRC14030 ~ C. 5% fit Fj~ ~ 5% 2 # ~ D. 5% s fit H{~ ~ 5% L. helveticus
BCRC14030 ~ 5%% 2 #) ** 2 17%5 2 F Rt - 12 3040 & 50C 274
s PEEPFR 2624 FF > 23 pH 5 4.6£0.1 > #72 & chpi e d EPS A& & 1
30 2 40C 2 A% (0.20~0.60 g/L) B ¥ % % 50C (0.06~0.12 g/L) (% *+) - &
4= van den Berg et al. (1995) b’“r?}% M EHmAP S M RMSERIOCCEFE S B
. EPS 2 & € 3 4r -Ruas-Madiedo et al. (2002) » 45 Hif g £ & (20C) 7
% Lactococcus lactis subsp. cremorisB35 5 #2.% EPS A & 3 £ f & M i 7
BREALER  EFRBE EPS PR ATFIZRAERK > m@EL FE IR
pvf&’*“"m;mﬁ%ﬁ#?‘r”?* EPS g = » FREFL £ H SR
B0 RIARM S FhiE 56 P, A “EA\ eﬂb guw %”fa 4 g B30 ¥ T FMa
4 &%+ > EPS g é»ﬂifpmfgzﬁk : Cern1ng(1992) 2RI FEAS AT
vH 4 B R R R K iE T &?fﬁabﬁ’xﬁ]mﬁ]&g #i% > = EPS A& €7 RBIR
% o L. plantarum 348> 7% 4 5@ 1‘%’ CDM (chemlcally defined medium) » 2 7 ¢
R REFFER S FRIISCE A E2 EPS A ## 25-30 4r 37C 3
(Tallon et al., 2003) = iz » F &3 A FFT Y F 4K P % 0 305 Bl AW A & i
K €7 #® 9 EPS 2 & (de Vuystetal., 1998; Knoshaug et al., 2000) °

TF R OF PR ARIS S & S thermophilus £ L. bulgaricus i £ FfE 0 W
FEEER AL FT Lk s e S themophilus g £ 2 £ 0 &F S
thermophilus 2 # s*p& i@ pH *# 1 5.0 27 > L. delbrueckii subsp. bulgaricus
€ B iE 4 £ > L. delbrueckii subsp. bulgaricus ¢ # 2 % Ap L & &%
thermophilus 2 £ > i&ff& 2 % &ix 5B & FEReDA Y VAF R - & * FRAR
FFe (yogurt bacteria) ™ 2 & A5k 7] (L. helveticus BCRC14030) %] (B ke

W) A TRAEME B EPS ARG A TR TR Y AR Ee
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el (A g2 e) (P>0.05) (% 1) 7= Tt 4R F 5 it L. helveticus BCRC 14030

BAEET O (Z BB AR 3040 2 50T 0 #AEE pH 5 4.630.1) B FHFEERE

F_*

REHERAE EPS A8 > ¥t R F] AT A L helveticus BCRC 14030
* pH6» ARG 25CH 5iE &8 EPS A &2 3% 524 > 2005) 43"
it L. helveticus BCRC 14030 *7 4 ¢ EPS #pkstfit /]~ (yogurt bacteria) § ¥ &
PR RARRERS Ak ITREFALXAE BT RS EPS A8 0 7R
BB QR S R e R F R e B R d R 37 hg R B RA & ik
$ EPS A R4 2 ek ifurt B - FAd R LY fRRLE A A £ 4 F
wu] (CAILE) * 4 FERTRFR % 3L EPS AR 2 F A 00 R * i
REEH~ (AAILe)(P>005) Lh bt m i Ee TRARY 2 HhE 2 Hak
# EPS AR (2 +)-Rgith ﬁ&ﬂﬁéf;{]"bgi ™ % L. helveticus BCRC14030

thie s (D AJLE) » 7 FIRR A 75 % VR EPS 2% A RLE R ¥

b |
.I'

58 (P>005) # T wﬁzﬁﬁ@@ﬁ @g%éi}xﬁ BF RS (2 L)e mE L
| 1 |
iofr

[
BEF IR A YA L PP BN E Bl &% Ruas-Madiedo et al. (2002) 13 % k4
st A i\
BE I ABTH EPS 2R 2P R %ng BRI

DR ESFIM EPS AR AR EHTRBER L5 7 it 24 2 EPS hft
FREF AR 2 &= EPS duv 4 2 BB o ad <2 AR Hh F7F A

Wi R E 2 A EPS AT A FHIAE 5 B4 YTk (de Vuyst and Degeest,
1999) e x5 A T4 N H L pH M FHpEie* - B EPS A & ¢ #p Ry (2
4] pH) % (Gassem et al., 1997 ; Zisu and Shah , 2003) = fe 75 ¥ 4 & hphEps -
W FREEE ] pHo RA 3R REFI Gy 0 pHo Fl R AR F
WO EEL A2 BRAR F R g a2 R EFEY EPS A€ R AL o BEAR X

SN F pH 2 FEEE T RFE EPS 24 ¥ 7 AL ATER pH

(s

P R ARG RS AR Be AR Y B pH L3 5 RS
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Table 10. Amount of exopolysaccharide were measured by reconstituted skim milk

which are inoculated with four culture strains at 30°C, 40 and 50°C

Inoculated EPS yield (g/L)

temperature (°C) A B C D
30 0.60+0.60=  0.28+0.10*  0.4240.26=  (0.44+0.10*
40 0.60£0.34  0.20+£0.09=  0.20£0.11>*  0.33+0.34
50 0.0610.00v  0.07£0.00%  0.1240.04~  0.09£0.07%

“Means in the same row followed by;the same superscripts are not significantly different
(P>0.05) (n=3) .

“Means in the same column followed.«b%.the' .same sﬁperscripts are not significantly
different (P>0.05) . IR

A * 5% yogurt bacteria.

B : 5% yogurt bacteria and 5% ropy L helveticus BCRC14030.

C : 5% yogurt bacteria and 5% probiotics.

D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.
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Torino et al. (2001) #-%:% EPS 2 = f (ropy-EPS-producing culture) < & &
FiA 4 HEPS F H @B hE RAZHE 6 mm B & ropy(+) 0 F 13 0-5mm & 7 F
~ & nonropy(-) ° & &+ - g R FRAE T SOCEFHFEDAfr C L > T}
st fit 0 EP S 2 4k 3k |2 (ropiness) % A2 6 mm 33 & F & 5 S0°Cehphuipe - 2
EPS eagbiifd 'y M50 30 &2 40°C (- ) Rl P A B E R AL 2 A
Mo d RIFT IR ARRER (FW4A5C) FEFAE R ALDE
TAd TERER P AT L RYFA &L A4 (Gancel and Novel,
1994 ; Mozzi etal., 1995 ) « ¢t *h % 5 F 3 ¢ # R & & EPS enf  fh 7] & = EPS iy
PARAPEEAF TR A EAARRDEERIRR B SURARFA~E 5%
FEIEE L helvetlcusBCRC14030 (B @) amiggtiz % 4 M 30CEFH
R3S & o 719 LRk 2. EPS kst i (960 em) B EB R S%RARA S (A
)b s (21.1 cm) (P < 0.05) 4 g&;’-}.: L helveticus BCRC 14030 #x§ + # =
EPS Ab4it(% L — )0 & * f&&{ﬁ%ﬁf}lﬁulf; 22 Fehen (C AJT) 3t 30~ 40 2
50C= a7 kg REFH ﬁ"i‘“% EPS 4‘!» e ]vhn B F B RARAR R
2nl (AASZ)(P>0.05) S5k RERY Z 55 4 FEE RS EPSALIE
d £+ - 3 Iﬁu’ﬁ FAr AR R A L. helveticusBCRC14030 7B 2 D JdZ > 3% 30 »
40 2 50°C= 67 iR R e (74 f535 % 0 EPS 251 % § R 0 R~
el B (A EJE) g ot B % BT 3248 L. helveticus BCRC14030 H & 3k43 14 #

fe it 7]~ (yogurt bacteria) & » ¢t % &4k (2007)5% % - K o

54



Ao CRBABIREFA 3040 2 50CT 4 A RaER2 e b § pEAR S
Table 11. Ropiness of exopolysaccharide were measured by reconstituted skim milk

which are inoculated with four culture strains at 30°C, 40 and 50°C

Inoculated Ropines S (Cm)

temperature (°C) A B C D
30 21.189.9%¢  96.0+39.2% 8.016.8b 48.2+3.4bx
40 16.6+13.0%  52.1+32.7%y  12.5£10.2%x  42.6+32.5%
50 3.2+0.7 13.7£7.0%Y 4342 5% 33.5438.4%

®Means in the same row followed 'by. the _same. superscripts are not significantly
different (P>0.05) (n=3).
“Means in the same column followed.«b%.the' .same sﬁperscripts are not significantly
different (P>0.05) . IR
A * 5% yogurt bacteria.
B : 5% yogurt bacteria and 5% ropy L helveticus BCRC14030.

C : 5% yogurt bacteria and 5% probiotics.

D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.
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g2 s H EPSHprles? B2 Jﬂ%“rné':?r’“ TR (F D) % B HR(2007)
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Table 12. Composition of exopolysaccharide produced with four culture strains at

30, 40 and 50°C

57

Inoculated  Starter Rhamnose  N-acetyl- Galactose Glucose Other
Temperature Culture (%) glucosamine (%) (%) Sugars
(o) (%)
30 A 0 35 15 14 36
B 63 11 0 0 26
C 0 19 0 76
D 79 1 7 13 0
40 A 0 13 14 22 51
B 53 37 10 0 0
C 0 14 9 17 60
D 35 0 0 40 25
50 A 0. 32 0 17 51
B 100 0 0 0 0
C 29 (/A 0 0 71
D 1@ || =21 0 0 0
A * 5% yogurt bacteria. =
B : 5% yogurt bacteria and 5% ropy L. helveticus BCRC14030.
C * 5% yogurt bacteria and 5% probiotics.
D : 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.
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Table 13. Sensory evaluation of yogurt were measured by reconstituted skim milk

L BBABFMEAN 30T AL 5% 0B 7 GRARA

E treatment was commercial yogurt product

which are inoculated with four culture strains at 30°C, and

Items Appearance Aroma Taste Thickness Total
Acceptance
A 6.60:0.31°  6.39£0.33*  6.55+0.15°  6.04+0.08" 6.32+0.20
B 6.08:0.21" 5.80£0.23° 526+0.11° 6.2440.10°  5.95+0.08"
C 5.59+0.33°  5.74+0.07°  6.29+0.06°  6.28+0.12"  6.09+0.11%°
D 5.45+0.09°  6.13+0.15® 5.66+0.12°  6.17+0.25"  5.72+0.18%
E 6.36:0.18°  6.49+£0.15* 6.34+0.23* 5.58+0.15°  6.29+0.15

Score in a one-to-nine hedonic secale, where 1 s for“extremely dislike”and 9 for

“extremely like”.

ed Means without the same letters [im '-@e. Same column are significantly different

(P<0.05) (n=3).

A © 5% yogurt bacteria.

B

C

i |

il

: 5% yogurt bacteria and 5% ropy L. helveticus BCRC14030.

- 5% yogurt bacteria and 5% probiotics.

: 5% yogurt bacteria, 5% ropy L. helveticus BCRC14030, and 5% probiotics.
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