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Abstract

Diabetes is caused by deficiency in the secretion or action of insulin. Liver is one
of the main insulin-responding organs and plays pivotal roles in maintaining glucose
homeostasis via regulation of glucose uptake, deposition and metabolism. Lactic acid
bacteria (LAB) have been widely applied in various functional foods, with known
probiotic assets such as balancing microbial ecology in gut, fine-tune immune
response and glycemia. These health-promoting properties may at least in part
associate with the exopolysaccharides (EPS) of LAB. In this study, we screened high
EPS-producing LABs from 24 strains, and studied the effects of various culturing
conditions, including glucose supplementation, temperature, culturing time and initial
pH, on EPS production. Extracted EPS were then used to test FL83B hepatocytes for
glucose uptake and glycogen synthesis. Adding glucose led to significantly higher
EPS production in all 6 high producing strains, i.e. KT, LDB 4-2, BCRC 12574,
BCRC 14759, BCRC 16000 and BCRC 14691, with the highest (1.8g/L) in LDB 4-2.
When culturing pH was adjusted to 4.5 and 5.5, 6.5 or 7.5, LDB 4-2 also showed
highest EPS production (887, 932, 777 and 920 mg/L) among tested strains. BCRC
12574 produced more EPS (876 mg/L) at pH7.5. KT had best production at lower
temperatures (865~944 mg/L at 15~25°C), while LDB 4-2 produced more (917.72
mg/L) EPS than others at 45°C. With prolonged culturing, EPS production of all LAB
strains was gradually declined, and was the lowest at the end of test (day 7).
Obviously all those culturing conditions affected EPS production of tested LAB. For
testing with FL83B cells, EPS was extracted from LAB after growing at 37°C for
48hr. Gel permeation chromatography revealed that the molecular weights of
extracted EPS ranged between 850~1200 kDa. Adding 50~800 ppm of EPS to the
culure of FL83B cells did not reduce cell viability, and did significantly ehance the
uptake of a glucose analogue, 2-NBDG, and glycogen content in normal or
high-glucose induced insulin resistant FL83B cells. Preliminary results obtained in
this study suggest EPS from LAB may posessess hypoglycemic activity toward
hepatocytes. Further investigations on signaling pathways and expressions of related

proteins are welcomed.
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TERFZFAETEFEER » 2p AR5V ¢4 B (Minori.nc) FHLEF > B
s A S O S e B (genus) B A E A 28 B B F L
SRS C FCEtE /% (Lactobacilus) ~ 5 ek /4 (Lactococcus) ~ Bk 4% B

% (Bifidobacterium) ~ p* 8 5 4 (Leuconostoc) ~ & 3k 4 (Pediococcus) % 4azk
7’6 (Sterptococcus) e v #2. > & % 1 Melisscoccus /g ~ Enterococcus 4 ~ Trichococcus
& ~ Carnobacterium % ~ Vagococcus /4 ~ Tetragenococcus /& ~ Atopobium /4 ~ Weissella
% ~Oenococcus % ~ Abiotrophia % ~ Desemzia %, ~ Paralactobacillus /4 ~ Granulicatella
% ~ Alkalibacterium % ~Olsenella /4 ~ Isobaculum /4 ~ Marinilactibacillus / ~ Atopostipes
A ~ Lactovum % -~ Pilibacter /4 ~ Fructobacillus % ~ Lacticigenium 4 % Bavariicoccus
B (%,2000) @ ¥ &% & mE 2 R EkAcL 1-1 (2, 1989; F, 1991; f&i%
A T4, 1998; #%,1998; +k, 2006; F, 2008)
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Wi g ~ v e o3 o

(2) 4 “T B ek
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Table 1-1. Major lactic acid bacteria used in food.

)

FI* AEs | F b ¥ ER
F & 5Lt Stc. thermophilus, S. cremoris, S. lactis, Leuc. cemoris,

Lc. lactis, Lb. casei, L. helvrticus, L. bulgaricus,
Bifidobacterium sp.

Clth Lb. bulgaricus subsp. bulgaricus, Stc. thermophilus,
Lb. acidophilus, Lc. Lactis subsp. lactis, Lc. Lactis subsp.
cremoris, Leuc. citrovorum, Lb. casei, L. jugurti, L. kefir,

S. lactis, S. cremoris, B. longum, B. breve

H s : Kephir ~ | Stc diaceilactis, Lc Lactis subsp. lactis, Lc Lactis subsp.

A cremoris

PAESE |35 Lactobacillus spp, Lb. plantarum, Lb. delbrueckii subsp.
bulgaricu, Lb. brevis, Lb. Saek, Lb. carvatus, Lb. bulgaricus,
Ped. cerevisae, Stc. lactis, Stc. diacetilactis, Leuc. Cemoris,
Leuc. Citrovorum, Lc. Lactis subsp. lactis,

HxWUs | §FF % | Lb. fermentum, Lb. acidophilus, Lb. plantarum, Lb. brevis,
Lb. hilgardii, Leuc. mesenterodies, Leuc. Oenos, Leuc.
gracile, Ped. cerevisae, Ec. Faecalis, Lb. bulgaricus, Lb.
hilgardii

P E | PR S _;;},a, ~ % | Leuc. mesenterodies, Lb. delbrueckii, Lb. plantarum, Lc.

f% & 5b -3¢ f¥ 4 | Lactis subsp. lactis, Lb. sanfrancisco, Stc. thermophilus, Lb.
. L e acidophilus, Lactobacillus spp, Lb. casei, Lb. hilgardii,
R T RN AN
CRN AR
Ik R
WaEARRE | B R SRR

Ec.: Enterococcus, Lb.: Lactobacillus, Lc.: Lactococcus,

Leuc.: Leuconostoc, Ped.: Pediococcus, Stc.: Streptococcus

(i 32 1% 12 14, 1908; 3, 1998)
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Table 1-2. The different of lactic acid bacteria

Bt 10 e R 1
S 1 5 ]~ B RS
sa3t fE4at F 2 HHRE
3k B ® 483} ] 20 P LHRE
PE R paazk 5 £ 3 s RE
sk 4 R 5 £ 1 B RS

(3%, 1998; , 2006)

Stomach and Duodenum
(10" = 10° CFU/mI)
Lactobacilli

Streptococci

Yeasts

. Jejunum and lleum
(10— 10® CFU/mI)

Lactobacilli Bacteroides
Enterobacteriaceae Bifidobacteria
Streptococci Fusobacteria
Colon
(10" - 10" CFU/g)
Bacteroides Clostridia Pseudomonas
Bifidobacteria Veillonella Yeasts
Streptococci Lactobacilli  Protozoa
Fusobacteria Proteus

Enterobacteriaceae Staphylococci

Bl 11~ A REP A 2 A 5 )

Fig. 1-1. Microbial colonization of the human gastro-intestinal tract.

(Holzapfel et al., 1998)



G) kB ASYT £ BB (2@

G F L F kB (F* > e Lactobacillus FFET - b 4 % [
i 2 R AP g+ R Mg o i'l‘ﬁjﬁﬁf& 7r ¥ £ RPNV A %ﬁ P4 R B i
WEAL 0 L EES (£,2008)

FUEL Bt piB AR g Gl RS i &rﬁFﬁfz EA R E TRAN
SF R FomE o HABEFIpHEZ T #F T A&Z M pH RB P

S

(P, 1991) o ¥ ¢ 5 & mfE ™ A idr @i [hode s % 2 2 Strptococcus
4 % nisin ~ FLF 4§ oreuterin 2 & 4§ vErRuE B

v B Al 7 lantibiotics 4] (%,1989) « (xR FAT S & FPikFE & 2o

faecalis 2 S. lactis #74 & ed=

213 M43 LASY ¥ L2 F4 FEk
Table 1-3. The most commonly used species of lactic acid bacteria in probiotic

preparations

Lactobacilius sp. Bifidobacterium sp. Enterococaus sp. Streptococcus sp.
L. acidophifus 8. bifidum Ent. faecalis 5. cremoris

L. casei 8. adolescentis Ent. faecium S. safivarius

{. delbrueckif ssp. £. animalis S. diacetylactis
tbulgaricus)

L. celfobiosus 8. infantis S. intermedius
L. curvatus B. thermophifum

L. fermentum 8. longum

L. factis

1. plantarum

L. reuteri

L. brevis

(Parvez et al., 2006)

2~ & 5wtk e

4%%%§ﬂgiﬁﬁi%(@1ﬁ’a%&ﬁé&ii7%m ke

(‘w%)z&ﬁﬂﬁ%*%Wﬂ*#wm*%w Al E AR R T e

BAFREE FRM L LRF ﬂ&#ﬁ%*—ﬂﬁgf@mﬁw iR
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(Fooks and Gibson, 2002; Matsuzali and chin, 2000; f# %, 2007) - i & % » F'f&

A

FmAE s &2 F2 -
(1) £ 2 & (probiotics) 2 = 3

# 2 7 (probiotics) H % ik p »>F *M3E > L4 for life - 42 &3 52 &
1974 & & + Parker & & 24 B 5 i 5 MUEF A i PR T ik A B A P

o

%‘;‘i Salminen (1996) 2 HE L A F £ 22 H 2 8wz 2 >3

"

probiotics » ® H 7 - T X 5 FE R e
(2) # & &2 Az ik (Havenaar et al.,1992; Sarrela et al., 2002)
FAAGERETAFER
A~ AL ET > 5 GRAS Ftk (% 2 ) -

ST Aty epH (3 ) 2ER -
C-#yELyifliiadndt (HEiat dwely =rifld) -
DrELAZAEGH T
E~7 i sed St o

TR LR R o
G~ FdF LI kA o
H-4ex @iz B4 o

|~ $Had % 8§ -

(3) 2 Az E* 484

FHEESISR L R 3 44 A
7 Ecfh g+ (Fuller, 1992; %, 2007) :

>
fra
=
=
sﬂ’,
=
3
i
-

11



VAL F N A L2 R TR
B~ AidrFt B UG R A o
C "% (55 i Fhdk &
~ 1A B 2 24 (detoxification)fs & & e 4 o
E~iisgad 22 &4 (VitB# K)-
(4) %2 Fz 2B
FARFTRLAEAA LT A 5 = S B8 RFT2

APl Rop o A A T

3
%

AP E A EEY S L e RS BB L A 8 R RO
FaL A =82 2P Fa phER " e E2FANFEY 247 PR
R R A e oA B A ERrdn R FL & (M,
2007; Arunachalam, 1999) « = § 3% 3 #7 v pRER FRE e E L FR K

w

TR ﬁgséaﬁfi¢%(mmwv&mpbmm“)’ﬁjjﬁwgga PR
a~ P S Fop R AL R

% Staphylococcus ~ Salmonella ~ Clostridium ~ E. coli ~ L. monocytogenes
SWmEPE Y AT AME B EALLIFEY ARG - RA FARFT
Pl RO ¢ R 2 Py L E 4 T N Hs0074 {e CaCO-2
Wi e b oo @ ] s B % F e F Ao 4 (Ouwehand and Salminen,
1998) - 2002 # ¥ Jﬁ" Fook and Gibson #- L. plantarim 0407 % B. bifidum Bb12
BA&D Yo s8R 8 7 dr4] E coli 9517 2 Salmonella enteritidis
4444 % £ o =y ZF H e % L. rhamnosus GG it "5 44 ];mﬁﬁ BoVE 4 o
AR h3ES Y > % L rhamnosus GG £ L. acidophilus pF > ¥ 5 sl
LEPTaE P B o L. ocasei Shirota (5 RRESRE T A V4 A e iHin
PSR S A SR HE R4 (P, 2007, §,2004) -

b~ipp 75 iR

WREEWIRS SR SR BL cRYF L ARE Y BF R Fo FH
12



P EPER AR FFRES S ER R A S ’%’“ﬁﬁi*’ﬁﬁ
FOB g o FE AR A W FR R A e B P L
=+

BEANEE - A 3143,%354—5;{%:1;;% (rotavirus) ~ 3% %5 & (norovirus)
¥ o &% Oksanen # < (1990) A L.ocasei 3Lk 2 BHRFE > Bk

TE R U MLIRE 4 XS A MRk E R 0 B EFPR® L. acidophilus ¥ B. bifidum
FORSH a4 o @ H & L rhamnosus GG » £ k% (5, 2004) o

Wt & A5 1A= 8 523 UR (infantile diarrhea) eha 5] - 43 4f 3t 2 2 &
t2 (Bae et al., 2002) - g:;,m BB ST L e R A
B REGR S m R RS B MR F P 32 /F (Jalonenetal., 1991) -

‘-\n—

FrRm AL ﬂ%ﬁﬂp‘w L3 HBEM2 IgAFM DRSS FEEEE T D
B A 0 &0 8 ¥ 98 (Saavedraet al., 1994) - %i’f Saavedra (1994) 45
.4

3Z 4 & * S.thermophilus £ B. bifidum s ¥ ¥¢ }‘fﬁz—a,?%:}?s-s» 2ZEMBEIHE L
Tk (episodes) - 77 1 z@F 45 L. casei GG *t 3% 3 ¥ ¥ s H a2
TR e FLR %2 A F & (Majamaa, 1995) o ATk :@#s% ¢ 0 L. casel
Shirota ~ L. rhamnosus GG ~ L. reuteri 2 B. lactic Bb12 % it 7 *mﬁ@‘:”i%}ﬁ%
7 (Shornikova et al., 1997) - ¢ ¢+t ¥ fh & * S.thermophilus ~ B. bifidum s
breve 7= ¥ Fg 5 d 5}k [J%va- 71422 B v27) "2 ;5 ( Ouwehand et al., 2002; f&,
2007) -

d g it 23835

4 % 4% 4175 (antibiotic associated diarrhea, ij - AAD) &.dp J& *
A2 FEMERR cRYLDESFF LR B AF 2 FART FIRE F 0
PoAiRETAFAZERTYERLI LS > B BRGE AR iIA §
Clostridium difficile &2 Candida * Fpc A 4o~ E R BT A2 3 @ 318 g7 -
B. longum ~ L. rhamnosus GG -~ S. faecium 5.7 % &R 7 7 »cpt E 3t Z A H
A "L 4 (Siitonen et al., 1990; Beaugerie and Petit, 2004;Plummer et al.,
2004) - Ent. Faecium » £ f %% » ® L. rhamnosus GG 7& iy i % ik 2 2

A

#liT* o S. cerevisiae (/» % 5 Saccharomyces boulardii) f I ALY Jea

ho BE rdle ¢ ARFPTHE P = (MR, 2007)

13



e\apl‘ﬁ?f};;ﬂ” NS

#5555 L (Ulcerative Colitis » = %W~ % X)) £- % (%
FIeEH) g R R ERE LS Ne cHE A e
BRI H A RELF AT R AR EFEY ) R £ E
#= (ileal pouch-anal anastomosis) & # > # 4 & R E 2 RS A e
VSL-3 # &% Bim VSL-3 it 43§ »ifp SR L ehg 4 > 5 7 s g i 4 i
4 7%&&F (Gionchetti et al., 2003; &, 2005; &, 2007) -

frr g FEey X

AR F 0 JR* L. rhamnosus GG ¥ :x X &% gk (Biller et al.,
1995) -

g~ cd A % AR GHL R ER

+ % & g (Irritable Bowel Syndrome » IBS) » + #£5 "% E st g, &
TRIEAE SR FE 0 RTRAE Y RS S AR B S 95 10~15% - 1 &
LF) 5 % H7 LB R A ”K%%iﬁm#w%¢~%ié%*@%‘
BE AL DTF (5w FLR) ARE DG (RS ) R
%lﬂ%&ﬁﬁaﬁ%ﬁ(”iT%@#i)#ﬁ@”Wmﬁ (=5
FEd MR LEA FIFAR) R B SRR RS FE S
FORE R AR X N M e R e R SR R
A S ATRAR &Y AT S EHRRFE S RS
BTG o A RY VSL3 F A FaAIE S 0 B e it E
2y PR 2 g g TR sk 2 2% (MR, 2007)-Dunne ¥ § - (1999)

E‘At

# J1PR* Lacbacillus GG # 2 L. salivarius subsp. Salivarius UCC118 # iz
Bifidobacterium longum ifantis UC-C35624 + *% M Fu/ § %% g @ B ¥
Crohn’s disease~ 3 < ),?U;F, 17 4 v L. plantarum kg% IBS #75142 1% 3§
(=, 2000) -

h ~ ] ds F* 435245 7 (Helicobacter pylori) 2 &

PPl g%@ﬁﬁﬂﬁﬁﬁﬁ,f; TR
Aﬁé»WUFuﬁﬁ%%ﬁﬁﬂéﬁﬁﬁi’k s fEEER O HARR



kg > AR - B ER o P RahRe s Ei 5
ﬁﬁﬁ%ﬁﬂ’N“?ﬁﬂﬁﬂlkﬁﬁﬂ%%’&%qﬁmng@@,
“<?xw%LH%%18%$ﬁ$ EAFFIAT EE pH T
U s PR R A S 4 F €~ edrF A  (bacteriocin) > R i
ﬁi%ﬁJﬂi’ﬁiﬁ?mﬁ%ﬁwmﬁﬁkmi%iwﬁ*(ﬁmww
RPN 3 A JlRsh Y g, ¥4 l;.']p Frd § o da R AT /ij&mﬂl EoogmHE u,f‘l;]’
AR F oAV I FA AR EY FRAAD S TIN A
ﬂﬁ%mﬁﬂﬁﬁﬁﬁiﬁ:Eﬂépiméﬁé*iﬁ'*ﬁﬁﬁﬁﬁ
O RN B RS EEA S AP UREgE 2 K end 4 (5%, 2010) - Kabir %
?i(mwyﬁMLsmme*%ﬂiﬁﬁéﬁﬂﬁ”ﬁﬁmﬁﬁﬁﬁiﬁ
* oo L. Johnsonu Lal (LC 1) #pie b3 A4 o il F i
e T mE AR ME o K oa H - fé#\fr#m* P
%ﬁrmé;% (Bernet-Camard et al., 1997; Miche-tti et al., 1999; Felley et al.,
2001) -

iiﬁﬁ%%ﬁﬂﬁﬁffﬁ%%%m%ﬁvu%ﬁﬂ&%%;\ﬁf
FRs (32,2000 ¥4 Faiandnis PyEesd » - 38 Thl
BT i PrcX el 903 F@WHMA?M’_X*PﬁdTMmWAkiﬁﬁT
Imrz (cytotoxic T cells) » ®iE P2 4§ & F J& (cell-mediated immunity) (~
2000; Bengmark, 2000; +k, 2004) - F*fe A= 2 B R o & LB LEH
e gt 5 IL-12 2 TNF-a > #kh+ Thl ehd £ F B> ¥ H

34

WSIEEE S 5 oA E S I A w5 1L-10 (§, 2006) -

LL

a-» 5;!1 it guﬁ ,;“‘. ~u

FUREAT AR e A B4 G A IgA FUE 2 B 6w
% > 4o nterleukin-a (IL-a) ~ interleukin-p (IL-B) ~ interleukin-y (IL-y) ~ interferon-
o (INF-a) ~interferon-y (INF-y) % > 22 fiicd £ % som e 8% en4 = ((Naidu
et al., 1999; Pastka et al., 2001; %, 2004) - » ¥ & =2 Ewfimie 2 B m i 1
v AR R A X 44 (innate immunity) (+, 2004) - Gill * % &
(2000) # 7. L. rhamnosus ~ L. acidophilus # B. lactis# &>+ R{s ¥ & F p

ML e 2 i A SRR e B4 R B Sk R T e B E e 2
15



Evmae * om B.longum Bb12 g L. acidophilus Lal % s #%& = v o 3R 2 5 i 4

(Hatcher and Lambrecht, 1993; Schiffrin et al., 1995) o < i I it 5t =

LicBig = mre g 4 ¥ & < £ 1 INF-y (Aattouri, 2002) - #- L. casei Shirota

SEEXRBHRFREVTEGR INFy 2 IL-2 242> 2 B H4ep AL fmre
7% 1+ ( Matsuzaki et al., 1998;Nagao et al., 2000) -

« R IE RO R

Thl ¢ Th2 L4 F % PR § ERE\IBAFOAL > 2 ARk
3t Th2 2 F fisildee e 7 4 TNF-a 2 & @ E¢ INF-y + %E2 & 2 -
4% Thl ¥ & > ,);k/IgE74q\,|1,ﬁh;i§4{;}@o»mqf& 24 kfz s
PEFCR 2 a4 0 T AR AR R B AT R ot (4, 2004) o
B3 45 20 L. rhamnosus GG v #x & B 2 ac e & 2 & #4¢ (Majamaa and
Isolauri, 1997; Isolauri et al., 2000; Betsi et al., 2008; *#, 2009) - B. lactis Bb-12
EAMBRLEET A vt S A S felacs L F & (Kirjavainen
et al., 2002) -

C~ ke

E 2R HAL AR AL Sl SRS R R SR R SR

5 T 2

SEEETE T EEE

Flar SV A RB R o MR A S S E % BB LIRS i
o Fn RELABFREKER CSENAF XERFE T T AEREN A L
Wr%ig 2 & i{ p o0 B-glucuronidase ~ azoereductase ~ urease ~ nitroreductase
% glycocholic acid reductase ¥ 3% Jf% % Jk & 3 4 » 18R ROp A 2 0 /A
Fe b % kS (F,2004) - ¥4 FAMT AL mpyamr el 10 ®
AP RRLT PR B SRR L mie 2 e it 0 2T e G ]
F R A e i 2 5% (%, 2004; Goldin and Gorbach, 1984) - #f #t4F v
2R KRR R PRR 0 &0 " e (Benno et al., 1991; Hirayama
and Rafter, 2000) - £ # £ 2 F¥ #5d & (“ Eeillim s 2 f = tw%e > @ WP
PEER M2 A XL E WA IgA BRI A D v- FHRF O UFEFIERA S o

EF ALHT 0 AR H it B AREFRE a2 AR ART T NG
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* I endum i 8 4] (Ziemer and Gibson, 1998; Steer et al., 2000; Bielecka et
al., 2002; Krasaekoopt et al., 2003) - Kampman % % dﬂ“ (1994) & I InF R &
PERGREIEREE A RER ST A AN o b4cF 2 F B, bifidum © 3
F 52 [I;uﬁ IHF R R S RgEE2 (Marteau et al., 1990) » #r#| R A 4
(Ling et al., 1994; Farnades et al., 1990) -

b~ s f A A

e BL S F (B-galactosidase) s g FlE LKL A §

PSRRI AR A AL N e e RS
TG AL 0 R G E BRI 0 ARG YT ARG R SRR R
ko ARG W%%%wﬁjcazmmoaéguwu, 4T R i

WEETIEAFRE 0 A L 4L f2fF (lactase) ¥ v adFH E L FIESH N FY
FCAe 59 F prEe d BoF A X % 3R B-galactosidase 4 2 T8 AT gt g K 38
et M EHEF]T HUTHER @"T?@iimz“%%ﬁ‘*m ERRE & S et
* 4 (Montes et al., 1995; Jia-ng et al., 1996; Mustapha et al., 1997; Naidu et al.,

1999) o & 4 Fend-v (K fRfF A R ) IR R0 0 0 TR AP S
J it ez (Ziemer et al., 1998; Bi-elecka et al., 2002; Krasaekoopt et al.,
2003) - 7 7 # R L. acidophilus % &3 "2t 2 % B ¢ - H wre Wil B4
(permeability) 3 4v » ® P&+ & 5 4 ZL 5 ¢ B-galactosidase /% 1 (Noh and
Gilliland, 1993) - Jiang % F+# (1996) # 1 % 7 B.longum B6 2_ 5* 4L % 2. %

B-galactosidase /&5 145 % o
C~ B '§ PR E i et Ak

FfF s e i kv 2 lwie 2 £ R AL 0 0 SPER CPERLZ 2
BRIk c FLFSFHCRABP DL R G EIRFAML R
w2 3k st (Nelson et al., 1985) o Lk F"s "2 F g 5 5 A7 i o
Wil - AR EALSF LR Kf2pE £ (bilesalt hydrolase) » 7 274 % & 1F
* (deconjugation)m & 4 2 3 & 4] & "2 # (deconjugated bile salt) - i "4 %
fegr 4 L AR A 4 2 k(T > A P MR H AR ek (Klaver et
al., 1993;Lourens—Hattingh etal, 2001;%,2004) - e F Atk * B2 B & 4
RIZ 63 2 0 a5 u B 41 (15,1997) o § ¢ e om0 pH<6 P 4 3123

2R FRERT TR 0 0 PERA AR PR A IR R L M PR TR G RE
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Suppression of
endogenous
pathogens.

eg. antibiotic-
associated diarrhoea

Colonisation
resistance

v

Suppression of
exogenous
pathogens.

eg. travellers’
diarrhoea

Supply of SCFA
and vitamins

(eg folate) to the
colonic epithelium

l

Reduction in risk
factors far colon
cancer

Control of Control of
Irritable Bowel Inflammatory
Syndrome Bowel Diseases "
Alleviate
/ food
Balanced allorgy
immune symptoms
response in infants
Normalised f
intestinal Strengthened
microbiota " innate
composition Immunomodulation | —p immunity
ol Lower serum
Probiotics cholesternl

7

Bile salt

Metabclic effects

//Y

Y

Lower level of
foxigenic/mutagenic
reactions in the gut

"

Bl 12~ 52 F2 2 2o

N

Lactose
hydrolysis

deconjugation
and secretion

Improved lactose
tolerance

Fig. 1-2. Proposed health benefits stemming from probiotic consumption
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e AL Rk A R T (Brashears et al.,, 1998 ; StOnge et al., 2000) °

SRR EFee T &R R 0 H IV RSP R T
HoP g )?»]m'xﬁ ”’ﬁr]ﬁ%mm; S 8

+ (Grill et al., 2000; Xiao et al., 2003) - = & ¥ 2 F* S HEARY &2 5

(assimilation) » @ & Fp= iz o7 F g B

(4t ik & g i) © 8 7 441 Hydroxymethyglu-taric-CoA reductase 7% 1% » i @
FrilPEFIfE 2 & & (Homma, 1998) < #4325 ¥ » § "EFfR4 8 2 3 ¥ Jfd

ppegtm tE M g e E MRk R (Thakur et al., 1981) - @ 3t B %+ 4R
S. thermophilus ¥ i » ¥~ 2. SD + B ? & A i (Zommara et al.,

1996) - Beena ¥ & 4 (1997) 14 L. bulgaricus £ S. thermophil-us £ B. bifidum
BEENE S % e TG LDL 2 S B 4 7 % 2 484 o 4 gl
Bev oo Ep %A 9 PR 125mL 6 0 W% Mk i LDL 2 5 ¢ PR
(Schaafsma et al., 1998) - Usman % Hosono (1999) 4 1] % # L.gasseri (& L
acidophilus e3; % BL)¥ #"2 HfE 5 & Gime it > R D PERFRR 2 v 0 #
41 & &z BE D PRRPES A 4P M - L. acidophilus ¥ I 1t £ B AR Rk S A ¥
RS pH o 3t pH<G TV BRI A 4 Kk (B 0 E PRS0 ¢ R
At 2_Jk A& (Sanders et al., 1999) -

FREAEH e RSt £ H A5 75 7 #r4] angiotensin I-converting
enzyme (ACE)z = 4~ » H 2 % 2 -2 ¢ 2 B 2 -4 Frmp.in
(rennin-angiotensin-aldosterone system) *® & 4 f-a BRend & 38 (%], 2004,
¥, 2006) - L. helveticus #fzs 4 & SHR % Bl L H v '8 i< ACE &1 5 » 47
L. helveticus ¢2 S. cerevisiae 2 4 5 # H 7 & B 1 & 74*X VPP (Val-Pro-Pro)
2 |PP (lle-Pro-Pro) » % P m g x5t ¥ B E 4] ACE /B2 7ark» fap|H ¥ 4%
ECADNN - S 2 *‘ @ 4 4L 17 % (Nakamura et al., 1995; ¥ {+, 2001; Leene et al.,
2003; Lye et aI 2009) - L. helveticus CPN4 ¥ 3 354X Try-Pro » ¥ H ¥ *% X &
& (Yamamoto et al., 1999) - %+ F o & I 2 L. helveticus LBK-16H 7 f% 54 %
21 %t > BE K L BRPE TR Y 25 iv* (Seppo et al., 2003) - ;R & L.
casei ~ L. acidophilus ~ S. thermophilus ~ L. bulgarius % B. longum ** 7 & = 3\

A2 30 pF > ks SHR-E &K 8ixis » v & ] ACE 2 v 4 (F, 2001) -
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e S EEEER

FREAZEZ RIS YT ES AR PEN o B R B e cfp gt B R
FPARZEEE LA ARIT AL (B 12 F-Fiep b
(intracellular polysaccharides) » i & 4 i & fw%e B¢ » & RS FHEIIY > 4
SRR o % = 87 5 %1 % pE (structural polysaccharides) - B 5 4 = dm e EE2 S A o
e A G () By SRR e e 0 E LB E G (+) g
kEfe (lioptechoic acids) 22 *<% & (peptioglycan) » % = #f 5 15 felmre kE4h 2. %
PERE > A ¥ oo A Ao (e - RAHH Ze ek SR - GRS % pE (capsular
polysaccharides) ™ = 4% " ¥ >t e B2 5 ¥ - L ARk 5 pE (slime

p-olysaccharides) 124&ki% ) srflg &30 me L o

FPEREAY T P BREE L A 5 (exopolysaccharides, EPS) i 4 o
b S EEED FPREAT Y BRESERCARAL D AF AW AT
PERE o % AU DI At A E A RAZ B AT F PR R R R
(#,2009) - ' f& ke = £ 2124 F (GRAS : generally regarded as safe) - * #
7 ERopiE o 3 g5 Begitr (Cerning, 1990) » g 5z oh § pEL ALY A
S&EIEF O AoV RS AR A F MEITIR % 4 (Pham et al.,
2000) > @ 7 §;ﬁ€.uﬂ FRAGEA MR RE Het St NG M
(Ruas-Madiedo et al.,2002) > 4oFurdi g ~ 24 & fLF B "% M P PR R X R (1,
2009) o SFELm S o iTE KSR Ere @M B X EAR o

(-) *EAE RS2 “E'E*]&

FLEIrRAAKRT %ﬁ d R EEREAE S & = % ¢t 5 pE (exopolysaccharides,
EPS) - @ <3¢ S 4 A FHhT 4 € 4 fap & & hie ¢ 5 g (Cerning,
1990) - B2 g2 %t SpHE L~ BHEELFEF I aAF A RIFT LA
~ % - W F % @ (Homopolysaccharides, HoPS) =z £ &
(Heteropolysaccharides,HePS) - HOPS # 7 — fAH pEs + » 1 & o= 5 § F &2
AV A Ee x#EH (4 1-4) (Monsan et al.,, 2001; de Vuyst and Degeest,
1999) :

1~o0-D-§ &pE (a-D-glucan) : # = » % = 48 : (1) Dextran % # § #: o-1,6

%2 & Ftk & Leuconostoc mesenteroides subsp. mesenteroides %
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Gram-positive

Gram-negative

Outer membrane (LPS)

7! — Cell wall (peptidoglycan)

Cytoplasmic membrane

7
%7
‘4{}3

Cytoplasm (glycogen)

Cell wall (peptidoglycan and
lipoteichoic acid)

— Periplasm

/|

Glycocalyx (CPS and EPS) \ Glycocalyx (CPS and EPS)

W12 5 Bz BERETAL §pEz e A Gt

Fig.1-2. Cell location of polysaccharides produced by gram-positive and gram-negative bacteria

CPS = Capsular polysaccharides (capsule), EPS = exopolysaccharides (slime layer).

(Ruas et al., 2005)
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Leuconostoc mesenteroides subsp. dextranicum - (2) Streptococcus mutans %
Streptococcus sobrinus #1& 4 ¢ 0-1,3 &% # F #E2 mutan - (3) Alternan 3
Leuconostoc mesenteroides 2 0-1,6 2 a-1, 342§ F 1AL - A F £ - &

9 % 6.2~7.1x10°Da -

2 B-D-§ & pE (B-D-glucan) : & P13 st ¥ yaka A2 > & FkE

Pe-diococcus spp. % Streptococcus spp. °

~ B % pE (fructans) : = & 5 = » — 5 Streptococcus salivarius #7 & 4 2.

Y

Levans > 2 & d B-2,642%F %pE - ¥ — B| 5 Streptococcus mutans #7 & #

d B-2,1 4% 2 Inulin-like o &+ € - 46 % 2.7~21.6x10°Da -

4~ % X34 (polygalactan) ®_L. lactis subsp. lactis H414 =r# & » i & 3
a-D-= 5 4% 2 B-D- 25 fple g @ = o

¥ -5 HPS> d 238 fmer A jimd ez 7 pHpagda
EhE S (& 15) <msHEpELSF L D-§ 54 (D-glucose) ~ D-2 34 4%
(D-galactose) ~ L-& % #% (L-rhamnose) ~ N-2 fg L 5t #%9% (N-acetylglucosamine)
& ¥ 5 pEmERL (glucuronic acid)® o # A 3 £ - 456 4 4x10°Da ~6x10°Da - + %
FRREFTAZE SFELY 0 ATRM B RS oo@ g d] g

A
ﬁéﬁwm?%\r‘aﬁﬁjﬁgiﬁzéﬁo%a%ﬂ%%%$ﬁﬁ%%

‘m

P B FCREL A ADT REBERED S 2 HePS (Degeest et

al., 2001; Ariga et al., 1992; Marshall et al., 1995; Looijesteijn et al., 2000; Grobben
et al., 2000) -

wpR? PRAEG SHEOPEE ARPTEXTNAFE CZRZRR
AR AP RS TR et S B 2 B A & Bl
- KA mAed SPEE RE A2 BT R pER KGR kR U
f% (methanolysis) ~ ¢ f&f%i®* (acetolysis) ~ Smith % j2iv* -~ :Eape@F it ¥
v Aiva47 1D 2 2D H NMR k2% ik 4~ 7% = 2 “Fg > (Lemoine et al.,
1997; van Casteren et al., 1998; Cerning et al.,1994; Doco et al.,1990; Faber et

al.,1998; Navarini et al., 2001; Robijn et al.,1995; Yang et al., 2000) -
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PREE SELRERE 2 FATREF 0 X 5 A5 £ 43 40~6x10°
kDa (de Vuyst and Degeest, 1999) - @ % I FthE e ¢t S gL + £ 4 € 7 F
(Gro-bbrnetal., 1998) - I - FAtR** 2 3 FiF2T > Hre o S g2 o2 o3
£+ ¢ 7 22 > 4c Antrodia camphorate CCRC 35396 4~ + # # [f] i &+ 91.5~7.98
x10?kDa (Shu and Lung, 2004) - a2t A RERRS AR OB
e S EPAR S o 2 EPEM?%&&#A%—TJ (Petry et al., 2003) o & 4 3% 7 3>
B0t SR a G BRI B 7 g tak > - BT es S

£ < * 90 kDa ehj BpEL 7 i i Ak (2 (Kabat and Bezer, 1958) -
() Sepepre st s pEz 4 =
1~ &3 s

FE e BE i PR B (peptidoglycan) o % pESE (lipopolysaccharide)
Bk SEEA LG AR o dmre ob & g2 (extracellular synthesis) ¥ 4 = f
Toph > AEUBACNE LW CRPBTART S FERAESEF
(glucosyl transferase ; GTFs) # A4 k<41 4a+ R & A B2 mep & 25
(intracellular synthesis) # 2 = £ 7 5 g > H v imre o & & S jpd @R
- PR BER A A 4 2 (3, 2009) o FepL Y e IEPSFUREZ X5
TN fsipEd v @ A EPS (Bl 1-3); HARRAEE FIA e 2 b R E A A
~w #F (Kumar et al., 2007) : 'm® p 3 &% - %2 % = 5% % © § § # (glucose;
Gle) %5 = ® # % p¥  (hexokianse) #& # = § ¥ #& -6- # p
(glucose-6-phosphate;Glc-6-P) - Glc-6-P £ ;ﬁ d OB R OR F OB O ope
(phosphoglucomutase) #& it = § § #&-1-#if& (glucose-1-phosphate;Glc-1-P) » /i
H = Bipi-9 § 4 Emipii- s (urine diphosphate glucose pyrophosphorylase;
UGPase) #- Glc-1-P # 3 =+ Jk 3 = Bife - § % # (urine dipho-sphate
glucose;UDP-GIc) - UDP-Glc % 2 2 # b  pr2 S B 4ts~ > H 7 iod oy =
pi - & Ft 4 4- & R 4 - pF (urine diphosphate-galactose-4-epimerase;
UDP-Gal-4-epimerase) %L i # 3% = f J = # g - £ 3 %  (urine
diphosphate-galactose; UDP-Gal) - % = #ffif % 7 7 & e ifelm e B2
(periplasmic)z. GTF » p* %% {1 * *5 7 §* 48 C55-isoprenoid lipid carrier i* 5 ¥
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% » # UDP-Glc ¢ UDP-Gal & w1 S4» Fig &2 ¥ )% S mend 45 8§ = (R
1-4)- $w sfpgd ot mee et > B f F - d pEende R E 22 3948 (lipid carrier)
A\,%;’p:j’é\;l&ﬁ,fﬁm’v“?%‘i s _F_.:ﬁz;té;_-g- H ,«v/!f?‘,\g = ;,ﬁﬁ:u%’ig_‘?,ﬁ;«m] \Kl‘]»_g—t;’\&

kom0 BN SARE S pE e FT P (Welmam et al., 2003) -

VANRERO S X8 QI |

FPREFZADEPS EAAE RN Y7 2R H AR BAPARS fF
%81 EPS ehg & > BN VRGBS BREAFIEY & 2L A CBAES
FE BN 2L T3P a2 39 TE AT SR AFEE S EPS 4o i
(F2,2007) - % — & FE T FixH EPS 2 & ¥] 5 S. thermophilus Sfi6 > Stingele * & 4
(1996)% A ¥+ /| % 1525kb £ 15 Ben@ i % (ORFs)» 2 ¢ 3 13 B %
# (145kb) ¥ fFd #hei¥ 51 & & EPS ek %] - 23 epsA T epsM (] 1-5) - van
Kranenburg % (1999) 4] * Lc. lactis NIZO B40 # s H EPS A %] # 3
epsSRXABCDEFGHIJKL % 14 #-H ¢ epsDEFG + # 31 glycosyltransferase <
B oimd WS dah > B9 B EpsA d epsA A FlEFE B A FIA T B epsE-
F-G-H ol AR 7 @3 pmAEBFEPSE-F -G -H rl>&a Azt h
iz EpEaae %4 EPS 488 - R E 2D p L2 A FlepsC
D% eps)~ K #3%2 3-d Fit MB epsB L fvM & 2B FFAEAT > i
FHRAER FPERRBEL > M REEPS (hE & (m, 2007) o

3 EPS 2 42§47

FEEE S AT E kAP L BB L EEE (opH AP
FEsZER) 28244 (WA -FASEEFRFT) 7 F 92k
(Looi jesteijn et al., 2000; Torino et al., 2000; Grobben et al., 2000; %, 2005; 17,
2009) o # FHkA EHRA AL EE 2 FHRE RN A S S H A
LA G SRR R & o - A 3 AT S PEA R
A S % (Hallemeersh et al., 2002) - ## ¢F 5 e & 40 ~ 4 3] 2 4 i e -
A5 g ANA FR2 v 0 S pEA R Y 5 200mg/L A { i (5%, 2008) -
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Table 1-4. The component of homopolysaccharides produced by lactic acid bacteria

EPS Strain Linkage?®
a-D-glucans
Dextran Feuconostoc mesenteroides subsp. mesenteroides a-D-Glep® (1 —6)
Leuconostoc mesenteroides subsp. dextranicum
Mutan Streptococcus mutans oc-D-Glcpb (1-3)
Streptococeus sobrinus
Alternan Leuconostoc mesenteroides o-D-Glep (1—-3)/(1—>6)
B-D-glucans Pediococcus spp. B-D-Glep (1-3)

Streptococeus spp.

Fructans
Levans Streptococcus sallvarius
Inulin-like Streptococeus mutans
Polygalactan L. Iactis subsp. lactis H414

B-D-Frup (2—6)
B-D-Frup 2—-1)

a-D-Galp/8-p-Galp®

*Gle: glucose; Gal: galactose; Fru: fructose.
P At least 50% of the respective linkage.
“Homopolysaccharide containing a pentameric repeating unit of galactose.
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Table 1-5. The component of heterpolysaccharides produced by lactic acid bacteria

Repeating units References

Lactebacillus
Lb. delbrueckii subsp. bulgaricus 291 :Ef Faber, Kamerling, and Vliegenthart (2001)
Lb. helveticus Lbl61 E Staaf et al. (2000

elveticus O : oOom ( )
Lb. helveticus K16 Yang et al. (2000)

L
Lb. rhanmosus C83 1e-O1e Vanhaverbeke et al. (1998)
Streptococcus
S. macedonius Scl36
NAc

Vincent et al. (2001)

S. thermophilus SFi 20 Navarini et al. (2001)

S. thermophilus Rs
S. thermophilus Sts

Faber et al. (1998)

OO0

S. thermophilus MR-1C T Low et al. (1998)
“ L-Fuc

. @ Ac04 . .

S. thermophilus S3 by . Faber, van den Haak, Kamerling, and Vliegenthart (2001)
-@-O-O-00

S. thermophilus 85" ~O-B-D-Rib- @-l-Sug-@NAc— Faber (2000)

S. thermophilus EU20 0 g BOR Marshall et al. (2001)

Lactococcus

L. lactis subsp. eremoris NIZO B39
© :| Setauy van Casteren, Dijkema, Schols, Beldman, and Voragen (2000)
on

L. luctis subsp. eremioris NIZO B891 @ W03 van Casteren, de Waard, Dijkema, Schols, and Voragen (2000)

?This table does not contain structures already summarised in previous reviews (De Vuys & Degeest, 1999; Ricciardi & Clementi, 2000; Sikkema &
Oba, 1998). (W) f-p-glucose; () u-D-glucose; (@) B-D-galactose; () u-D-galactose; (4) f-L-rhamnose; (<) a-L-thamnose; (Rib) D-ribose; (Fuc)
fucose; (Nac) N-acetyl, (Ac) acetyl; (G) glycerol.

b Sug is 6-0-(3'.9'-dideoxy-D-threo-D-alfro-nononic acid-2'-yl)-o-D-glucopyranose.

(Ruas-Madiedo et al., 2002)
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Galactose Lactose H Lactose Lactose Galactose Galactose

Exterior
PEP-PTS®?  PEP-PTSL™ Symport Permease Antiport Permease
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Lactose-6-P Laciose

Galactose
Phospho-p [B-Galactosidase
galactosidase y Galactokinase

Galactose-6-P Glucose

Glucokinase

Galactose-5- 4
phosphate Glucose-6-P Galactose-I-P

kinase Phosphoglucose Phosphoglucomutase
Isomerase Galactose-1-
y phosphate

Tagatose-6-P Fructose-6-P Glucose-I-P unidylyltransferase

Tagatose-6- Fruclose 1 6- dTDP-glucose
Phosphate bisphosphaia!se 6-Phosphofructokinase pyrophosphorylase
Isomerase UDP-glucose

Tagatose-1,6-diP Fructose-1,6-diP  pyrophosphorylase

UDP-Glucose dTDP-Glucose
dTDP-qucfse

Tagatose 1, 6-

diphosphate aldolase lelEElEB EaE

4-epimerase

|
|
|
Y I
| - 5
Glycolysis UDP-Galactose | qeon ol
1 |
|
|
|
|
|

4 6-dehydrajase

: \ system

BIOMASS Pyruvate \

N\

| dTOP-rhamnose
Fyhthetic enzyme
dTDP-rhamnose

Lactate . ’
dehydrogenase Glyhps%transfegéses
A r
Lactate EPS-repeating unit

Interior l

Polymerisation and secretion

Exterior *
Lactate Exopolysaccharide

B 1-3~% % S A &2 BT
Fig. 1-3. The pathway of EPS biosynthsis

(Welmam et al., 2003)
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Polymerisation

Pi[UDP-GIc| 111 OMiE

and export
EpsD
Rha Cgs-P
| Cee-P-P-Gle E
-Gle-Gle-Gal], o MDP-Gle
! EpsE+EpsF

Gal-P,

EpsA+EpsB
EPsl+EpsK

Ccs-P-P-Glc-Gle

Cg5-P-P-Glc-Gle-Gal (Rha, GalP)

UDP-Gal
TITEpsG

UMP

Fsz
Rha
g [ _P-P-Gle-Gle-
UDP-Gal C,P-P-Glc-Glc-Gal C,:cP-P-Gle-Gle-Gal

TDP-Rha
TDP| RS

Key
Cyg = Cgg-isoprenoid lipid carrier

IOIT =EPSgene
B 1-4 ~ Lactococcus lactis NI1ZO B40 z_ %zt 5 pE 4 & & 2 fi3%
Fig. 1-4. Model of EPS biosynthesis in Lactococcus lactis NI1ZO B40

(Welmam et al., 2003)

RPa

mEE-Glc —» mm-Glc-Glc —)»-Glc-GIc-GaI—lr~-Glc-GIc-GaI+-G\c-GIc-GIaI

Polymerisation Export

Polymerisation,
chain length

] 1-5 ~ Lactococcus lactis NIZO B40 z_ 8 #]#

Fig. 1-5. Organization of the eps gene cluster in Lactococcus lactis N1ZO B40

(Welmam et al., 2003)
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(1) & @

ﬁ@%ﬁiﬁ®%ﬁg%%%ﬂ§Wéﬁi%iﬁ’ﬁﬁﬁ@ﬁiﬁﬁﬂ
%2 DNA 2%3%3 ren e &2 g2 et S w4 >~ 24
A3 e 2 (Cerning, 1990; Cerning, 1992; Macura and Townsley, 1984; 17,
2000) - # 2 & § ¥ i 4 32 EPS 2 ApBM AT AT 2 > & generalized
genomicinstability & mobile genetic elements > # 3= rearrangements % deletions £
#-i¢ gt L Flen7 £2 € (Germond et al., 1995; Guedon et al., 1995; Bouzar et al.,
1997; Knoshaug et al., 2000) - * ;g 5* fit ff4- Lactococcs # ¥ iv £_%]4 & »# ¢ 3
PEAFI T FHEA D AR g2
FRETEEAY BRI 3 2 A SPE2Z AT s H g F AT AR
TR A da BRA e Sppa 4 &4 (Kojicetal., 1992; Law et
al., 2001; Cerning, 1995 ;de Vuyst and Degeest, 1999) -

% ; @ Streptococcus % Lactobacillus

(2) pH &

FirdlAsder A A2 A B pHE » PIJ1209 oh 5 pEz 4 & (Petry et

,2000) > ® H gt FE ot 4oy R 4 B & & (Sebastiani and Zelger, 1998;
Gassem et al., 1997) « 3% 5 7§ dp dipHE>T ¢ [LiHAps » 5 5 2 % ¢ S R & &

- Gassem ¥ ¥ ¥ (1997) # 3 @m’%ﬁﬁﬁ@%é%ﬂéwim4ﬁé5&
Rt S AP HE DB EpHER 5 6.2 (van den Berg etal., 1995) - L. casei 3 %
%pH4\5~&&%’$%ﬁpH%6wﬁﬂm$ﬁF@4%%éﬁﬁﬂﬂsﬁpH50£
pH4.0; e g & Bimrz2 2 § kv fpf Bl iupH 45 iz 2 € (Mozz etal., 1994):
mapHS %t A B X P Aty & A G R0 2 ABF o 42 p|pH 57 & ELEPS
K fEE% % endif 7% pHiE(Mozzi et al.,, 1996) - n&?iﬁShuﬂerung (2004) #*
Antodia camphorate 3% &> pH5 PFH 2 £ F> pH3 426> @ pH 45 #?
F#c> 23 pHEA F & ¢ >3 pHE - S. thermophilus LYO3 3 & ** pHiE~
W 549-55-62-6922m ALY > FME pHE2PFF izt S A E o
Y MRS pHEFZ & 0 A2 EfEchm R > P By g SRk h
4 £ T4 > @ "5 MR ROk (peptidoglycan) % r# EEf4 (teichoic acids) 2. & = -
iEm @t b pEA B3 4o (de Vuyst et al., 1998) - ApH 5~8z 1 £ A ¢ B &
Aureobasidium pllulans > % 2 >+ % 10% 2 pHZ7pF 5 B A & > TR R R 2 4F
& 7 non-Newtononii % (Toda et al., 2000) - & # 3 Jﬂz #-L. bulgaricus BCRC
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10696, L. plantarum BCRC10069, L. mesenteroides BCRC 12273, L. rhamnosus GG
BCRC 16000 -~ S. thermophilus BCRC 14085 % L. acidophilus BCRC 1407932 % »*
pHE.5PF 7 % 2 2 £ 4= pH 55 - ¥ S. thermophilus BCRC 14085 = L.
acidophilus BCRC 14079 #: /' & £ % (&, 2004)- £ % > L. helveticus BCRC14030
A PHS5 62722 %" » FIEFpe 48 @ opHTw b S pE2 A 8 B
His pHE ; @5 72962 108/ pFts > pH 6¢ v H & & [ iE (1, 2004) - F #-
L. helveticus ATCC 15807 32 % **pH 4.5+ 5.0% 6.2% "3 4% » 5 36/ F¥{s pH4.5%

Fg et SpEAR 5 0549 g/L (Torino et al., 2001) - & - Gancel{=Novel (1994)
# IS, thermophilus S22+ 2 P A RTEB T > i et 5 pE2 A&+ 5 LR 4o
B s pHS.5~ F-4ERI 5 pH 7 o #3533 & L. delbreuckii subsp. Bulgaricus:& {7
P FmEREL At S@mpHE 5.8 A FNFpER 5 pH 6.5 (van den Berg et
al., 1995) - S.mancedonicus Sc1363: & 24 h - # ¢ 5 pEg e < 1 7 5

N-acetyl-glucosamone (Vincent et al., 2001) -
B r%ER

BREREWRe G IR L2 PRELE Py Ao LR A L ZRILH

A~ SRR R M BGEE R 2T P g ¢h 3 pE A £ (Cerning et al., 1992;
Gassem et al., 1997; Kontusaari and Forsen, 1988) - < Ji;ﬁe ip #1 Kandler and
Weiss(1986) s#-L. delbrueckii ssp. bulgaricus 3% & *+ <37 C> # R F & F & ¢
5 pE2. 4 = & -4 S. thermophilus*t30 Cx & pFH & £+ 37-42-45 °C % (Gancel
and Novel, 1994) - Gamar % ¥ + % L. rhamnosus C83 *+20 £:25 C™ 8% v
B SPEAR  RFH A GAORAME P F AR R DR LR
Fed 37 C'% 525 Cpeore¢t 5 pEA €5 & ¥ «nt = (Gamar-Nourani et al., 1997;
Gamar-Nourani et al., 1998) - R & Jﬁ" ¥ (2002)>+ 5= 7 ¢ ¥ 3L, delbrueckki ssp.
bulgaricus CCRC 14007 % pt Z2 € $ % **Bifidobacterium infantis CCRC 14661 -
iR EERARA I LA TE I RBARRT 0 F 5 5 #£2CDM
(chemically defined medium) #faL. plantarum » 25~ 30% 37 ‘C#2 ¢t 5 pE A € $i
%++18 “C (Tallon et al., 2003) - L. bulgaricus BCRC 10696, L. plantarum BCRC
10069, L. mesenteroides BCRC 12273, L. rhamnosus GG BCRC 16000 % S.
thermophilus BCRC 14085°% *t25 ‘C# & PFEPSeh 2 € %> 37 Cx % - a L.
acidophilus BCRC 140790137 ‘C3: & P+ 5 # % 2 2 ¥ (M, 2004) - L. helveticus

BCRC 14030 425 ‘C32 % #7 & 2. EPS % *+ 1+ 4.37% 50 ‘C32 % PF(4§, 2005) - 7 §
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ip 91Chr. Hansen- Peyma, Istanbul, Turkey # #kppeB- 3735 CT 3 4% » v+ 45
CL 7 ippz kR 2 IR > H 2 IRR S T (Zeynep et al, 2005) -
Pediococcus damnosus 2.6%t25 CF % » %2 ¢ A E 512 C > & "géffg“;;“]:
srglucose# Bacto casamino acid¥? 32 £ Pzt £ 7 A2 £ 5§22 » 2 3106-] pF{s
%t i 4 (Duenas et al., 2003) -

B-# 3 47 FEFHAYERGL LEARAF R Eet A E(de
Vuyst et al., 1998) - L. acidophilus .37 “C3 £ EPSA £ #2.% 30 'C3 % - (Mozzi
et al,, 1995) o WP & - £ % (2005) 7§ 3 W * phpeFped v b S pEE 3T C
FihsAE o

C B *h4EBRF > I FpEAE - Grobben¥ (1995) #.34-48
‘C ™ £ % Lb. delbrueckii subsp. bulgaricus NCFB 2772 » % 3.>%40 CPF » ¥ £ ¥
g ae et S pEAE - S, thermophilu LY03 %42 ‘C# % pF » #3+30~37%2 50 C
AL A PG S e 5 pE(de Vuyst et al., 1998) - Kimmel % & 3 (1998)45 1 L.
bulgaricus RR*z ¢t % p& 2 € %40 C ™ 30 'C » ¥ HEPS4 =i 5 %30 C
Pood BB EPF(BAS C)EBFAE FIAMT L X% a4 2 Wigslimez w7

% p&sc 4 (Gancel and Novel, 1994; Mozzi et al., 1995) -

ven den Berg % (1995) 3% & FIF“fk /% =t i 2 & & & (suboptimal temperature)

P EaE RS MR 0 @ 3 i 2 isoprenoid lipid carrier e ch § pE2 £ = B

WA LR AL SHRE R A g TR AL R0 N EML A

A riEEE

%&”?ﬁﬁﬁﬁ’%“éﬁéﬁﬁéﬁ’@%“iﬁﬁ"

2N o mBEREL A S ﬁ%m;iﬁ* il me’—E“ Bt _FF ﬁ‘ﬁi”f

FoEwr bR e A A PR et SR KRR 0 Pl At RS S

pEA 4 brig fopF > USRS E T AT P Bg(Marshall et al., 1995) - L. helveticus
BCRC 14030 *25 ‘C# %48 ~72~96 ~ 108 | p¥ » *t96/] P& T #14 = 2 EPSA &
2 ARSI S B (1, 2005) o 35 % F1h32 36~ 48 ~ 60 ~ 72% 84/ pFis o L.
helveticus BCRC 14030% L. helveticus BCRC 14076 *+60-] &3 # =~ "2 b 5 2
= & - @ Strep. Thermophilus BCRC 14085 R| %60% 72-] p= 3 # & A & (Lin,

2007) - Mozzi % (1995)2 4F £ 45 ! - L. bulgaricus£: S. thermophilus>t %t 75 3¢ @ 33
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£24 PP Bt SHEARBENRAT2 PP AFARI BRI BY RS
PEkfRpg k2 (0% <202 2 AT ER g2 R AR SR 1
CHEMEE AL S S ES M 2 S EE SRR R SR
ek SRR AP E > § ARG T S0 GRS 4 o 0 FIFHE § R
FI* Fd FopE o T KA M e B R R e o S R
P R R o At R S FMBRE RS F A T
fre vk 5 pEY gt bk L3k B (Bouzar et al., 1996) -

5) 5 % 4

Bed 3 00 SRR HE R S ERBES T o FRRI R e
AF2 £ (£,2004)

A~ %k

FEEAIEE AT £V 4k 2 4 2 (Sebastiani and Zelger, 1998;
¥, 2009) - L. bulgaricus 3 % >t & F f& 39 5 K f#2 =L p& casamino acid & e
30g/L 2. Bacto-casitone 2. # &z > V34 H et 2 2§ (Kimmel et al.,
1998) - Degeest % Vuyst (1999) 45 I S. thermophilus & "g3% & 2 7 7 & - b e
fed 4B e b Sz A F o A Y 4p 1 Le. lactis subsp. cremoris LC 330 ¢ A 2
AL FE2ZE I FBARATE N ot I REATEEd F AT
£ % ™4 3+ E (Marshall et al., 1995) » & #- Lb. delbrueckii subsp. bulgaricus = %
»+ skim milk = 7 e casein ¥ igig®z ¢k § gEeng 4 (Garcia-Garibay and Marshall,
1991) - L. delbrueckii subsp. bulgaricus NCFB 2722 33 %3tz = fa'a4 2 (% %
(riboflavin) ~ 4F-i£ % (Ca-pantothenate) 2 # 4 & (nicotinic)) H »& ¢k 3 ﬁ%ﬁ: g
WREEAY A ngﬁfriﬂﬁ (% per=ps (glutamine)~ = M * #icft (asparagine) %
#% 7 ¥fg (threoning)) (Grobben et al., 1998) - iR & 4% ~ 4 ~ B 5 5 F & o
(histidine) ~ f& =& (tyrosine) ~ ¥ 3 *=<f& (phenylalanine) ~ & &4 (xanthine)z 3%
%% » ¥ ik L. rhamnosus C83 z_%z *t % p& A ¥ (Gamar -Nourani et al., 1998) -
L. he-lveticus ATCC 15807 =** 7 H}j& ?Zvd (adenine) i gz i BB RX A
(simplified chemically definedmedium, SCDM) » 3 3L+ i ¥ 2 2 & &z 7
pr A & (Torino et al., 2005) - Ped. damnosus IOEB 8801 ¢ “f3% % 7 ¢ #/§ v =
HAepE o> e et S pEahA £ 4 # 4 (Emilie etal., 2005) -
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B~ ik

BAZYRAZ R w36 gRBw S AE R BA (F,
2008) - Cerning % (1994) Lb. casei CG1l ¥ & »% 7 Jk B &1 galactose -
glucose -~ lactose ~sucrose ~ maltose % melibiose ** basal minimummedium (BMM) »
5% 3 I glucose i e de e o) SHLAATRBAE A FAe )
FEHAML A LT AR FORE D F R FRREE S SR AT R
FoFr R rBRAT AT NAAS - F 2w SR R ER DY F B
(0.5,1,2.5,5# 90¢9/L) 7 sty & A ¥ 32 & Ped. damnosus IOEB 8801 - % 4%
TEHERMB R SREAES W5 o X AR (A 0§50
SR AEE PRIOR) Bt EAY O HFRRE T EBE BB E A 2
AR R i e %#% NRAE Rl R R R i A 05 M
R FER (900/L) i FAEre b Sk 24 w2 1% (2 (Emilie
et al., 2005) - L. acidophilus BCRC 14079, L. bulgaricus BCRC 10696, L. plantarum
BCRC 10069, L. mesenteroides BCRC 12273 #f ¢t 7 SRR B AE YR BEL
B (1-2-3%) B FEBARE F B ims s T ER
YUEURE S B R pE e b 5 pE A £ B i o L. rhamnosus GG BCRC 16000 R4+ & #& 7
iz 2 4% & o S, thermophilus BCRC 14085 12 s 4 5 st iapF » ¥ A 4 5% £ 2
b S D AR F R B AL RR 0 e S EEA B2 M2 H 4 (M, 2004) o o
fé s @ & :E 4 L. plantrum SLC 13 ﬁ]‘ v6 %% 8 W H F R Hre N IREE S
¥ fE 7 e % (F,2006) - ¥ %p ¢ 4 30 g/L p% » ¥ §1% L. delbrueckii subsp.
Bulgaricus B3 ~ L. delbrueckii subsp. Bulgarlcus G12 % Streptococcus thermophilus
W22 2 % # 5 pE4 & (Zehra, 2008)-Jung ¥ £ % (2008) i fispi S 48 6 if ¢
L. amylovorus DU-21 > s 2 A £ 5z ¢k S A 73 F > e Fm ¢ 7 b FEwMAE
7P RS

2ES ﬁ%;ﬁ FIH8 me b 2 GTRsiLi #5+7 H f& (sugar nucleotides) » i& {7 -
B FRASERICG AN Y BERETEY G RAL AR
SPERE BT AL B RE £ R o A5 2 R BN 4o ¥ GE R R FHePS
2 ARBMERES S 2 FBIT B (4, 2006) - Looijesteijn and Hugenholtz (1999)
¥ % L. lactis subsp. cremoris NIZOB 40*tM-17broth*® Tﬁabq‘)& NELT I
W~ SHE - H BAEEN-C mRy F S FIG e TEMBEoE ARG
MR BARY CRFIEAERMANFTEIRESBLIRAA LV i AT
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# % #& i @a2UDP-glucose pyrophosphorylasez. &4+ » # 3R pEFH R E 10 7 % 4
"ﬁr& e A R B EFEEZ AL SR I BT B RS

De- geest and de Vuyst (2000) # % S. thermophilus LY03>% & & 4 L 545
FH-RB TR CRIBERBIMRSE ALY S F Rl B AR SBR
;‘zf;ﬁ#%}b %ﬁ’f%ﬁ?—ﬁ%'ﬁti RSB RIBFTHER
PRI G PR TR EE SRS A RSN ER SR &
AERIAAIT 2 o RE TR SRR AL R GG L T S
thermophilus LYO3 32 %t % 2 5* 462 MRSPF 3 &g et S pEA £ > @ B 7 7 pE
AAEVHEBTHERE LRV REEIFRRZEE  BHEAF A F
Frech i Hove a2 £ R ER IR 2 }gkiﬁ d1L. casei CRL872z UDP-
glucose-pyrophosphorylase . dDTP-glucosepyrophosphorylase 24
dDTP-rhamnose-sy-nthic enzymeiz 14 » > L fLgz £ A 53§ 5 4 (Mozzi et al.,
2001) - @ *+2003# 2. 77 7 ¢ #% 1 UDP-galactose-4-epimerase = i L. casei CRL87
A4t 5pEz 4 & A%% (Mozzi et al., 2003) - Degeest and de Vuyst (2000) &
Escalant % £ % (1998) #-S.thermophiusss % &7 b 48472 35 & i& VAT LH A
S0 b S pE2 A4 x @ 4 B o & ¥ Gamar-Nourani ¥ 4 (1998) = N 3
22k 4o 3 g B2 L rhamnosus C832 %% b S pEA £ o 574 1 ﬁ ’ %E"Pif]téca‘%

K reh SpE Higle Ay v Ak o
(2) S FFe S * (M, 2008)
1-a&k1 %

FURL e ¢t 5 pE G % > 424 B (GRAS : generally regarded as safe)(Lin et al.,
2007) » F]H wodex pRend S AR R 0 T T 8 B AP R kiR 2
,{3 it {2 (Christiansen et al., 1999) ~ B2 4% & ~ B A & T oo g~ d 7

“#® A 5% T (Linetal., 2007) ~ 5 i& & 52 % % 2 (Roller and Dea, 1992) -
# B A SRR R B Bk 4 2 g E Ak IR % (Syneresis)(Hassasn et al., 1998;
Low et al., 1998; Broadbent et al., 2001; Ruas-Madiedo and Reyes-Gavilan, 2005;
Marshall and Rawson, 1999) - L. Mesenteroides 2. EPS 7 & % 44 & * YR # %
ﬁ‘%ﬁf\fﬁ 4 fﬁfﬁ‘%?ﬁi%ﬁ 2Rt om 1960 £ £ W& S &Y g 4l (FDA)P A S
- BHcA S pERT Y8 5 5 X, campestris 2 # 2. = i3 (Xanthan) - 1&
< AP ¥ it 2 gellan #_4 Spingomonas elodea (de Vuyst and Degeest, 1999) - g i
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FE P RF L AR VBRIt SR A L EPS BRIV A H Ao H] A
# < 4 &5 % (Gibson et al., 1995)- % # * EPS 2 fjtk>t yougurt &  cheese * >
BT g A R R B SRRk 0 3 R R B R
PEe T 5 e g iR PSR 4 2 4t W (Hess et al., 1997; Perry et al., 1997; Broadbent
et al., 1997; Ayala-Hernandex et al., 2008) » ¥ EPS 7= # 14 3 i& cheese 7§ sc 4512
(Grattepanche et al., 2007) - Lc. cremoris ¥ Lc. lactis * >t a3t ¢ » ¥ & e H &

~ kB ¥ AkAF 2 73+ (de Vuyst and Degeest, 1999) o # EPS #1475 3 % 5 1 &
2ok s s e g £ F & 2 58 (Ruijssenaars et al., 2000; Lin et al., 2005;
Ruas-Madiedo et al., 2002) - EPS 7= & 4 4 {42 7 i > S. salivarius ¥ S. mutans
v oh 5 pE e FRE X E S frd] 7 Fsaend) & 4 B (Cerning, 1990) - @ EPS £ 53
A 88 e i 4o L. lactis subsp. cremoris NZ 4010 #74 2. EPS » ¥ 1 i § fadapic 2
P FF bAoA s RT3 AP S £ B35 ¥ (Looijesteijn et al.,
2001)

FREAT ¥ %ié_i*ﬂ Frwroa § FERNEFE A MRE Tk
g re b g pEeand 1@ LM B (Ruas-Madiedo et al., 2002) - B # ?}I%u;fﬁ di g ¢}
SPEE G %482 1234 o2 (W 1-6)(4k, 2008;5%, 2008) 3 & 4 % (Kitazawa et al., 1992;
Ho-sono et al., 1997) ~ %% %;(Oda et al., 1983; Ebina et al., 1995) ~ ik % % (Lo et
al., 2002) ~ #vif 5 (Nagaoka et al., 1994) ~ *# i< n @ #£ %A% (Nakajima et al., 1992) -
Eig e 4 £ (Linetal., 2005)% =z 5 % if 7k 5 (Gibson and Robertfroid, 1995) -
FURL 2 % b § PR LR B e ok i 4 (Kitazawa et al., 1993a) ~ 3 % o e
% 2 A& 2 (Kitazawa et al., 1999) 2 3 & E v 'w#z £ 253 o %2 2_ 7 5 (Kitazawa et al.,
2000) - = [;Je:}l;, N B-(1—>3) FFAE - LR BRP RS > 5 13C L
AR o R h L B-(13) st E P eh S AABL A B EEFE @
7 e Rl n(1>6) -B-D H HM > 7 G PrpE s D-F BEBEA AL FIE
FOERE AR SN PRRRE G - 2 ke FURFE 0 S e R
WH DR LAF - TR & (¥t B;]‘Lﬂfr,%}&ﬁ% pOA ks B oA GR-
By T me 2 P feimie 25 g Tir(F, 2003) o @ B s HEF A

PEEE S A L2 Rtk s - Lactococcus lactic subsp. Cremoris ~ Lb. delbrueckii
subsp. Bulgaricus % Leu. Mesenterodies(¥%, 2008) - s7gm 7 » F* R e b 7 pE 2

PRERFORL AN B AR S S R FTL R AR E L ] B
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B3 2§ i (Welman and Maddox, 2003) -

R

(=) #imi-t7m% (epidemiology of diabetes mellitus)

I

4ﬁﬁu%’£§%ﬁﬁ%é%%’@%% PERS EAAHEFS
A RA R E ARG o REAHAFI RS T ARY

Aeh

:ﬁﬁ
mellitus, DM)... & -

i
oo
ba

|

2 blde s § & &R (hypertension) ~ % = *5 (hyperlipidemia) % #% # J (diabetes

,_

Ao & BPE i ¥ (metabolic syndrome) 2. - - BB 5 F - B
B G A BT mEARL o W B "% 4% Fj o B8 B (International Diabets Federation,
IDF) # 77 2011 # 23k 20~79 fk A v @ X5 3.66 @ * fe & DM-> 2 7 460 g + >
*‘v?ﬁ“f},;‘a » T i 3 2030 & #-F iE 5.52 ;A f’aﬁ.ﬁ“ }?5_ EbrE g it P 2011
#£973 28 /A 5§ § AL &4 (impaired glucose tolerance, IGT) - 4] 2030 &
AEFA T N398 M A MR o BiEL F I BRR - EARA S R
Fl- o H BRI EP 2005 AT 00 50 AiG 14 FRERE L
7B S B R P PR Bk BLA R 2 TR B R Y SRR H A
L R 2 R PR T L o f EhKen g o RERL O H 2011 # F%)%
ﬂi)é%S%imomﬁr?b&%@%&ﬁ*W%ﬁﬁﬁﬂMO§A’E
2““;%0%£HJ’Jﬁlf%_mﬂﬁ9aﬂjmnoﬁ%%ﬁﬁ
B RIEEAL g I E f O BB R R TR BT o E i B
e B AR A R M Rl TR FORRGEL f R
EHBRBE L, R B, AR B RE F oL g2
L& G oua B AR B FlF 01023 & Kylin 2 8 5 R § 473 @ Reaven
(1988) RIsE— Hdg N AP FHE AL & LFPLG R AL R FREABAL >
# ¢ % X syndrome > 7= fL5% § & fuldog ik 3 (Haffner, 1992) - WHO (1999) &
- PH S RPHEGHET TR ORTI R EH AR R ARED
Z % (% 1-6) - §  DeFronzo 2 Ferrannini (1991) #F % = A1 Ao ~ ¥ 5
FEB b PR H 2w FARTERL RPN o F A ) R ERL R
PRIV E PR R RS e

-

;e
B

%\/
\-Lét-
-ﬂ%

b A
S _3-\

w P

‘“\

|-

1‘731

~=\
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EPS

Gut
—— _Prebiotic
Stomach ‘\ /*‘/- ~

J.L_ Antiulcer I‘k =/
/ \ \' Blood

- R |
L__,---/ Immune system Cholesterol lowering

Lymphocyte proliferation \Hl
Macrophage activation Antitumoral activiy
Cytokine production

(Ruas et al., 2002)

Bl 1-6 + 7k % 5 pE2 2 ILe ok

Fig. 1-6. Proposed health benefits stemming from exopolysaccharides
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(=) # w4 (definition of diabetes mellitus)

WMo A% B FleT e s 2 B 2 B R 0 3 & TIPSR S
CCECLE SRR RPN E D R S R R T e
ARl P FAEREELLE N R R O FHRERD B
Witz EPenF o R REEAE T2 B0 TSk sz 2 - Bl ¥ g
FEHBHT CFamer B R Fu AR TR ,ﬁauiﬁ;
HmEEL = 5- % &~ % %h(polydipsia) ~ k}(polyuna)\%Q;i_;ﬁtérz(weight
loss) ~ &tk (blurred vision) % % 3 &% o ¥ m > K- EHTE S OB 0 F
FEREFIRT R €3 F B AP F R REEREF R R o2t
mﬁﬁ%%éﬁﬁ%’ﬁaﬂpﬁlﬁT’gﬁ*ﬁ % = (polyol) i & 4
N O (R -l S /L éEi‘ R A #Rﬁ“iﬁﬁ%
(retinopathy) ~ %" % (nephropathy) ~ % ézé 5 1 % (peripheral neuropathy) ~ %% 7
p A A4Y 55 % (gastrointestinal autonomic neuropathy) NIRRT PR i
(genitourinary) ~ 147 ¢ F s (sexual dysfunction) - s ¢ 5 s (cardiovascular disease)
% % & B (WHO, 1999; ADA, 2011; &, 2008) - s #f foptp b inf 2 Sy 5 5 £
B2 - oA BB ERE R 2T R BRI - kAR UE
AL EFRE -ASLBEIEF =AW SFERRZEEF SRR SR
éﬁ&ifﬂﬁﬁiiéoﬁﬁpzuﬁﬁm%ujiﬁﬁ?%é%%1%%&
A dom e st SR A H B ELF SR LA FEE SN AR S T
* (Fk, 2002) -

(=) ¥~ % (classification of diabetes mellitus)

#%ﬁﬁﬁeiév\iiﬁ%? 1979 & ~ 1985 & % 1997 & % § € & e % > § & L0
R § R A £ (R, 2008) ¢+ e p W A HTL R LI ADA 5
ﬂ%ﬂ&;m<ﬁ@1J%%L7éﬁw%ﬁi%%ﬁi%ﬁﬁﬂﬂ&iﬁé

24

¥ - 4194 5~10% 2 % - 419 ¢ 90~95% -
1~ %-7) #%Ejlsfﬁa(type 1 diabetes mellitus)

8- AR Ao TR AL AP S B e AR b R R AR
s (insulin dependent diabetic mellitus ; IDDM) o ~ F]# 4# 330 23 #) 2 § 24 -
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P ARAE S % & ARk (uvenile DM) © % - AR REBFF G - f - 5%k
B 7 @k F(idiopathic diabetes) #73% » 4o 4 & G & 45 o ¥ - B3 FPE S
w2 X 1| p 48 4 % (immune mediated diabetes) 2 B3> B3 G FamE DT K AR
REPM A ARG F - AR L T AR
(1) %= %4 %82 % & Fik (HLA; human leucocyte antigen) £ % -
2 Vi F AL FHPRAEF BRELEF B -
(3) " § eyl (islet cell antibody; ICA) ) 7R3+ 5 ¢
(4) % % pr s (ketosis)
A AERRREFEF ARG R 0 2 h v SR P REONE
AR S N AT F R AR SO R N [T EE

-t

2~ % = A Ao (type 2 diabetes mellitus)

Ao 7 2S5 5% § % ADR o (NIDDM) 8 < % 214 s (Adult of
maturlty Onset DM) o & ; g;-}»%f}'\}ﬁi }fiﬁ % 7'/\ I.L JTIJ 9 ﬂ '&f}? 7,\ 40 %4 f& r‘ﬂ/ﬁ o l}b
AR 5 i},;‘a"]mﬁéﬁx*’#f‘ Fido - e Hig&FxR5 -

(1) § 2 & % A d o 2 iF5E s 2 5 ’97‘%3&3%3%’*%% % 7R 1 (insulin

sensitivity) T ¥ > & {8 & 4 5% § Z red(insulin resistance) o
@ h 2 A3 Lo BREKEEFY FTEH 255145 5
(hyperglycemia) -

PARRL AT RN AG R ER S e TG A R A
s L SR G &0 R € 31423 % § % & i (hyperinsulinamia) o 7¢ £ iﬁ'z )
LR A AL B B L mre a2 o B AL E B AR A F
%= M4 & % g (hypoinsulinamia) o @ b 3122 % - 12 &+ L 8 5 2 5 80%
A St AR REN 0 A R 2 SRR PR o

3~ H s # 2 7| (other diabetes mellitus)

SE AR 1 1~2% 0 Vi R T A S AT E A R
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2146~ PR i H P SRR

Table 1-6. The criteri of metabolic syndrome

WHO(1999) NCEP(2001) IDF(2005) 5 #(2007)*2

B0 LA R i s B 2R T AL Z s
2 SR - > 11T G I =

. St " 1] C3 0 ]
Ry AL 13 13 )

g =0.

.« FE 2R 20.90 g4 =102 cm 74 =94cm g =90cm

' -+ =0.85
a7 AL LM > LM > LM >
e B BMI =30 [+ =88 cm [+ =80cm i+ =80cm

A 1\
PR e 110mg/dL | FG=110mg/dL | FG=100mg/dL*? | FG=100mg/dL

TG=150mg/dL | TG=150mg/dL | TG=150mg/dL | TG=150mg/dL

HDL-C
o HDL-C HDL-C 9 <40mg/dL HDL-C
() § <35mg/dL 7 <40mg/dL 4 <50mg/dL § <40mg/dL
L Y PRY E
-+ <39mg/dL -+ <50mg/dL . -+ <50mg/dL
MR
o =140/90mmHg =130/85mmHg =130/85mmHg
T R ER R | AN Bt | e Z¥ri s e | =2130/85 mmHg
1 mwien R | BEerich
Urinary Alb >
H | 20mg/min; Alb/Cr
>30mg/g
* LR 7 e MR R
Bl R o a I ¢ R S
7 =94 =90 =90 =85
] (cm)
= =80 =80 =80 =90

* 2:4e % B % 5.6mmol/L & 100mg/dL > &4 £ &K iE 7 OGTT » e OGTT I 2L U7 g i 474
¥ pEFFY TR RS T A 2N s R RF S R L RS
FES(CFFEGN) LRSS L RRED Y F

WHO: ' J fiF e % ( World Health Organization);NCEP: % & B 3£ #If% % = 3+ % (National Cholesterol
Education Program);1DF: & "% 4% # #5 B (International Diabetes Federation); FG: 3 *f s #% i& (Fasting
glucose);TG: = &+ ¥ fig (Triglyceride);HDL-C: % % & *5 -v *£ H g (High Density Lipoprotein
-Cholesterol);BP: .« /& (Blood Pressure);Urinary Alb: it v 3-d (Urinary Albumin);Alb/Cr: f ¢ 3-v [33+

(albumin/creatinine)
(M2 =, 2008)
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(1) AT K Blore st i &5 § & 17% 2 3L ¥4k |4 (genetic defects of 8
-cell function or genetic defect in insulin action) » 4% 12 5.4 ¢ §85+Fmrz §; 7]
+-1a (chromosome 12,HNF-1 ¢ (IMODY-3)) ~ A %% § % fe 4o (type A

insulin resistance)
(2) EH i B Fild 4oL % (glucocorticoids)~ %< & 3| Pyriminil/Vacor

(3) B % (infections) > 4rE .fsm’?ie:},%fr (cytomegalovirus) ~ L = 248 B fr 7%
(congenital rubella)

(4) 2 A opAn M SR 0 4o Lk (Down’s syndrome) ~ %
(povphyria)

(5) M~ it % (endocrinopathies) » 4o & # % & (Cushing’s syndrome) ~ %4
sz < & (acromegaly)

(6) 4 iwikrgn g (disease of exocrine pancreas) » 4o vt i /3% %RdE ﬂért

i

(trauma/pancreatectomy) ~ *& %% 2 (pancreatitis) °
4~ xR E o (gestational diabetes, GDM)

BEHEFIREPREZFERAIE ARG ERBE B EFFL 0
RE %= \Eﬁ(M%8%’?%EWb4%MM%@@f7“”wﬂoﬁé
MEDFRFHN TR Faecgilde e pladenS oL § mre sl < > % § 3

an’@zﬁm%%@o%¥ﬂﬁﬁ&wﬁi BHPE o R H
#prsd 4 5% (Human placental lactogen, HPL) » 4£4=% (progesterone) -
;jt (i (cortisol) MR e 0 AALE B iEa 8 ¥k f
S R AR %“ﬁﬁﬁwwﬁﬁ%iﬁ?0—3%5%&m%ﬁﬁ%,

RIF f SRR F AL 2 2 TR AOR o F A TR 8 R
g“ﬁﬁﬁﬁ%ﬁ’ﬁﬂﬁﬁm?ugﬂﬁmmxﬁ.@F A BFEDE G
PRZ A I WA LT R G H AR A PR R 2 2 L R P amg A e i M
JE K eE 0 AR M ;‘ﬁrﬁi PR BRI RAIFEER B HEER
PR EE AFMREE FA R RICETHE T A Ao YRS

TR R R R TR 5B R SR IR Ay 0 TR F L fEe T A 5]

CREF RO RoFRRESERS I LR S S i A

\;q.
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Gestational Diabetes **

Stages Normoglycemia Hyperglycemia
Types Normal glucose regulation Impaired Glucose Tolerance Diabetes Mellitus
Impaired I'?:sting Glucose Notinsulin  Insulin requiring  Insulin requiring
(Pre-Diabetes) ; requiring for control for survival
Type 1* —
Type 2 * v
Other Specific Types** Pssss o — e e
e T e T VS KRS

Bl1-7~7 Frefcz & # 4 f7

Fig. 1-7. Disorders of glycemia: etiologic types and stages
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F 17~ i F1A A2 B R

Table 1-7. Etiologic classification of diabetes mellitus.

[ Type 1 diabetes (B-cell destruction, usnally leading to absolute insulin deficiency)
A Immune mediated
B. Idiopathic
[[. Type 2 dizbetes (may range from predominantly insulin resistance with relative insulin deficiency
to a predominantly secretary defect with insulin resistance)
[I[. Other specific types
A Geneuc defects of B-cell function
Chromosome 12, HNF-1a (MODW3)
Chromosome 7, glucokinase (MODY2)
Chromosome 20, HNF-4a (MODY1)
Chromosome 13, insulin promater factor-1 {IPF-1; MODY4)
Chromosome 17, HNF-13 (MODY5)
Chromosome 2, NeuroDI (MODYE)
Mitochondrial DNA
Others
enetic defects in insulin action
Type A insulin resistance
Leprechaumism
Rabson-Mendenhall syndrome
Lipoatrophic diabetes
Others
iseases of the exocrine pancreas
Pancreatitis
Trauma/pancreatectomy
Neaplasia
Cystic fibrosis
Hemochromatosis
Fibracalculous pancreatopachy
Others
[ Endocrinopathies
. Acromegaly
. Cushing’s syndrome
. Glucagonoma
. Pheachromocytoma

1
2
3
4
5. Hyperthyroidism
[}
7
3

ST R e I g e D 0 O T e D

. Somatostatinoma
Aldasteronoma
Others
E. Drug or chemical induced
Wacor
Pentamidine
Nicotinic acid
Glucocorticoids
Thyroid hormone
DHazaxide
p-adrenergic agonists
Thiazides
Dyilantin
10 ~y-Interferon
11, Others
F. Infections
1. Congenital rubella
2. Cytamegalovirus
3. Others
G. Uncommon forms of immune-mediated diabetes
1. “Siff-man” syndrome
2. Ant-insulin receptor antibodies
3. Qthers
H. Other genetic syndromes sometimes associated with diabetes
[Crown syndrome
Klinefelter syndrame
Turner syndrome
Walfram syndrome
Friedreich ataxia
Hurwingron chorea
Laurence-Moon-Biedl syndrome
Myatonic dystrophy
Porphyria
10 Prader-Willi syndrome
11. Others
[V, Gestational diabetes mellitus

MOGE =) R R s e b

O LD T R L b

Patients with any form of diabetes may require insulin treatmernt at some stage of their disease. Such nse of
insulin daes not, of itself, classify the patient.
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(=) #Fpp e w4 (diagnostic of diabetes mellitus)

PoAREZ S ABREBELE 1L = B(2 18 nEPEEAY

- WF ARG fe B AE SR o #8154 % (glycosylated hemoglobin, AIC) - & - s
RRE BT FEBEE I LR 20 A KRN 2 RA  Fliza
HERDA120% > &P UEPRPEEA2~3 B Y 20 PRI 0 1 F G R

ol pEedgth w24 & T2 LET2 R FIZFW B R T HA A
BHPlE o 7 ’J\» # % # & (fasting plasma glucose, FPG) % 7 " 12 /| pF{s
2 BEE > ¥ & & 60~110 mg/dl - 5 < 3t T 126mg/dl B 5 fe RAE SRR ©
v PR F a8 325 (oral glucose tolerance test, OGTT) = 4L 5 2hPH (2-h
plasma glucose) - p* +k iRl #% + = % > FEAFHEP & & 150g/day 12 b o db o w
10~16 -] e a2 ¥ e & P o vhiB kT R AP T AN ERXFF D
THEEMEKkEF LA AL 750 23 5 1.759/kg ~ B4 L 759 R & * 523
TR, FFAT bR hR o AR ARRESH051-15-2-25% 3hida
WSk o ¥ AR E ] T 140mg/dl > i S+ % 2 200 mo/dl B G R AR R o ME
¥ 1 & @ (casual plasma glucose, CPG)2tz R R s fpim » H 2 4 - 2 ¢ =
o e A R S T 200 mo/dl e PE SRR RO 2 R 0 e
BeE vibs R ME P R R R %%ﬁjdﬁe o HEMRME AR T S 2RO b A
e ARAEYPFIPIRLBERF S (& 19) 5B AUR B OTIRE
24~28 % - JR* 75 55%@#@«@5 OGTT ® # &< 5@ 3 % ,ra,a-a{w%
Fegm + Fasting g < 2t & 2% 92 mg/dl 2 1 h i 4% g + >t %2> 180 mg/dl 7= & 2 h
i E 3% 153 mg/dl e MR B B MR ARG a‘%ﬁj@:fﬁa(pre-dlabetes) =R
EEFSTEIRELANER T2 BEANE ¥ L B EfrdE opt B iEL
A (% 1-10) - % FPG & + ** %> 100 mg/dl » ] ** 126 mg/dl B] & 2 8 § § 4%
2 ¥ (impaired fasting glucose, IFG) - § § # @t 2 2 (impaired glucose
tolerance, IGT)R] #_OGTT & + »* %> 140 mg/dl = -] >+ 199 mg/dl - ¢ & P* &
Iﬁiﬁ(rﬁg FAEAR > IDFY 2011 #4523k d K 28 @t 5t 0 &3t 2030
£ M5 398 A ST MR o F v oyl MR T R M R OR 2 2
HAEEZ R R oo

(Z) # et 4 (diabetes complications)
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BRpAE R A P A RSP AF LY o RBFHENE
TAL - 2 HF g AR R P~ (B8 1845 EE (B
) ri’&ri £ HP) A <A o MR S M e (hypoglycemia) ~ #5 Ak
hfp pk @ 4 (diabetic keto-acidosis; DKA) ~ % /% % & 247k 145 & (hyperosmolar
non-ketotic coma, HNKC) ¢ # & & « #% & /% 5 B 24k 12 55 & (hyperglycemic
hyperosmolar non-ketotic coma, HHNC) & #p & g g ¢ 45~ /] i F 2 T 2R
EmperFn XL P B SV EALAFELFL 4 R RIEAE S A2
BA AR S o

(=) #&Hphicd (diabetes therapy)

B2 in i L & R F VU B 2 AL E ARSI NA
PR TR TR PED SBEEE FIREY S LN RED ) AR U
PN ERFARLE > CHERPIE A BB RA BT A LR
fao - A% G B 5% 0 4ok »2) Glargine ~ # #2%] NPH insulin ~ ‘&5
regular insulin £ i# x4 insulin lisproe ¥ - 5 % 1-11 ¢ ch s 4 > H 3 & iF
FAE LB 10 B AR AR ES G et SR e d W HER R RIER e
WA T AR RS R T O S s AR b R F R

* oo

TERBAZEELA L BRAZ p RS FE LB 08 0 @ w-p*%‘-’
(traditional medicine, TM) % 4 v 3 & 3,55 & (complementary and alternative
medicine, CAM) 77 & X T £ 40 o Flpt » B EFE[F % s L 3w B4 2 ¢ I
B2 AR EPE D F PRos FILFF 5 2 RIS N g R | R AR
REHLBEEF AT AL P el f EA R BF R ERE Y
F ?/E"‘fﬂ HEFEEF RASTED L B Mg R s SR (%

%, 2011) -

\E— \5%%%
(-) %G5 F@A

N chfF <] § (islets of Langerhans) i & Ak G ¢ OF F A
HeE o i a-cell 974 sz 2 FEgcE (glucagon) 2 & B-cell & b evd § &

45



% 18~ W AR TR P SR
Table 1-8. Criteria for the diagnosis of diabetes

A1C =6.5%. The test should be performed in a laboratory using a method that is NGSP certified
and standardized to the DCCT assay.*
OR
FPG =126 mg/dl (7.0 mmol/l). Fasting is defined as no caloric intake for at least 8 h.*
OR
2-h plasma glucose =200 mg/dl (11.1 mmol/l) duringan OGTT. The test should be performed as
described by the World Health Organization, using a glucose load containing the equivalent of
75 g anhydrous glucose dissolved in water. *
OR
In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma
glucose =200 mg/dl (11.1 mmol/l).

*In the absence of unequivocal hyperglycemia, criteria 1-3 should be confirmed by repeat testing,

(ADA, 2012)

% 1-9 ~ AR R AR FOR TRk 2 TR
Table 1-9. Criteria for the diagnosis of GDM.

Perform a 75-g OGTT, with plasma glucose measurement fasting and at 1 and 2 h, at
24-28 of weeks gestation in women not previously diagnosed with overt diabetes.

The OGTT should be performed in the morning after an overnight fast of at least 8 h.

The diagnosis of GDM is made when any of the following plasma glucose values are
exceeded
Fasting : =92 mg/dl (5.1 mmol/l)
1 h: =180 mg/dl (10.0 mmol/l)
2 h: =153 mg/dl (8.5 mmol/l)
(ADA, 2012)

30110~ AR B B H L TRE D ERE
Table 1-10. Categories of increased risk for diabetes™

FPG 100 mg/dl (5.6 mmol/l) to 125 mg/dl (6.9 mmol/l) [IFG]
2-hPG in the 75-g OGTT 140 mg/dl (7.8 mmol/l) to 199 mg/dl (11.0 mmol/l [IGT]) )
AIC 5.7-6.4%

*for all three test, risk is continuous, extending below the lower limit of the range and
becoming disproportionately greater at higher ends of the range.
(ADA, 2012)
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W 1-8 - B fjp 2 & B
Fig 1-8. Major diabetes complications

(IDF, 2012)
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% 111, ¢ JRY 5 BE S

Table 1-11. Orally administered antihyperglycemic agents

Lol % - AlEH pEE Rk = 3+ Pk pF-4 | Amylin %8 | a -Glucosidase | Biguanide Sulfonylureas | 2t sulfonylureas i%_| Thiazolidinedione( &
7 | (Glucagons-like  peptide | #r#1 %] (DPP-4 | 124~ inhibitor HORO% G R G R aae® | i glitazones)
-1; CLP-1) inhibitor) b B
M| CLP-1 & % % i #1h % | # #1 | Amylin % | ot 35 # 4 #& ¥ | Biguanides | P % &/ ! | Meglitinide #F o2 | fj #£ TZDs o 7 f3%
| e - f& % &% % | DPP-4(dipeptid | % %K 8w | @ # | % S|y 2 F| 4 o A 4 orepagl | § % # a7 & (insulin
(incretin) - # 42 8L % €44 |yl peptidase | *# #7 4 ;& | acarbose % | Biguanide % = #& & = | inide(Novonorm® ) | sensitizer)
WPNpEE - b Aokpe (4) @ | 2FFE5 |miglitol o 4 | 2 w2 % | 5504 z
-4(dipeptidyl peptidase 4, | (incretin) # & G APEg | Y B P G nateglinide
DPP-4)-ig 3> i@k | CLP-1 7 % 4 i 2 > = € # | metformin o (Starlix®) = f& o
PR Lo b fE o :fjﬁé;)?;g;, N
2 PEEE T pE
%
P G M P e G | Gk RAK | Ar S B g | PR | H R S g B L | 5 s e P A G
| Fa W AR B |4 BEE B | R BoRiCEFm | EMR [P B ﬁﬁaﬁ(%ﬁ%gw}z‘.— E X B peroxisome
o~ Fe o] 2 opE E | e %% B % 4 | (glucagon) | Bk dr g | M A MRERE | RAe4 o | i gL | % 4 | proliferative-activated
(glucagon) & i ~ ¥ & | 3o ~ Frdl 2 pE | A i~ #¢ | glucagons-like | vR HE G | B B e F | i receptor- v (PPAR-
BRIz RE | R 6 #1 & #5 ~ | peptide ~ ;& Fop Y | FRBAaR R ORI RARE RV R
WILHR B lmie 4 £~ 0k FC BB oEa E BB PEap iy L 2
e e TR SCALL - RN jﬂécﬂqﬂﬁ‘_‘a“?&:\ﬂi—
e N K PR AR L
AR
Bl | Rk s FR R | B YRk o (RS B | PR F IR | R L BEN | e BEN I | R B
L8 2 2 Afesk b g | B AT | &S | A # & 3 4o 4o e s R B
¥ 1| L

SlAe G R L2 RS -

48




’/\
Liver g P Muscle
1 - Adipose
e
QQ%\LOﬁ
Biguanide TZD 0%e?
e ¥
FFA rﬁlease 57 o* OQ’@
\'% \«\goo &
o oW
Circulatory system e
B Biguanide
1 Glucose 17D
We . &/ 1 FFA
Defed‘det\of‘ o A absorption
Pancroas Glucose (/) Intestinal lipase inhibitor
absorption Vi
AGI
& Insulin secretagogue
2 Intestines
% @ Blocks
§ @ Promotes

Fig. 2: Major target organs and actions of orally administered antihyperglycemic agents in type 2 diabetes mellitus. TZD = thia-
zolidinedione; FFA = free fatty acid; AGI = a-glucosidase inhibitor.

Bl 1-9~ v PRILG n MEE 2 7% =}
Fig 1-9. Major target organs and action of orally administered antihyperglycemic

agents
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(insulin) « 2 % 2 & F BT MER 2 o B > B 7 {5 o f2 i
(glycogenolysis) # 2 § 54> iem @ FHEBER 2 o B A ERE S
v ey f2 5 (lipolysis) » A8 s B T iR ¥ o 1 E D RE T Ak pEer g
Zoie B ooom HpERFE N EH B E - AT (i R SR %*g"(ketone
body) » g *FHA R T Y R ERAR BEFEILEZNA A% FE
A R AR B A R F R ABRRRE P G FAEOTRER
2R AR o A PR ER G R L Rdamnt o L% § % B4 (R 1-10)
3% 5 A4A(I14E 21 BrRihpk) & B4a(15 48 30 BrRfk k) FE Y Akt
2 &+ 255 6000 hd-v Fo FEEERITERLE AL B 2R
SEBEAL S Bwre s jede o MBS T i RAAIN T A
b R TIETOL S AR LY o T HH T (4, 1986;m, 1999)

SEIRL

BELG FARLZFRY P od F A Ef‘r%?ﬁ SRR SARL S R
F (e GIP) ~ # 5 fodd e (et A) ~ A Edrd A d wpd - 27 iy
BTl% g 2R LR FZ(RI 1) A HEPSF 8 2Bk 31 - T
RRS BT PR R Ao § AT AEY GLUT-2i8 » tmie b > & 54 1
HEFHAL ATP % ATP KRB B e M P irif ATP 2 dodp 3 i@ i
( potassium-ATP channel) » i& @ ¢ w% %4 & i* (depolarization) ® B fx=x & B4
#]2. 4% 3+ i i (voltage-gated calcium channel) » & fmz p 45 3 Jk & 3 4c € T
7 % 5 % 2 e e ok (T ¥ (exocytosis) 0 % & & 22 H 4o (Rutter et al., 1993;
Worley et al., 1994; Novak, 2008) -

(2) % p R 0™

5 ZHEL S ABE NS L BEIPIBETEF  EER M IEY o35
FE RS G TR B PR (R 1-12) 0 A F L& Sk d
2_— (White and Kahn, 1994) -
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A chain

AB A9 A10 B30
Human Thr Ser lle Thr
Porcine Thr Ser lle Ala
Bovine Ala Ser Val Ala
Sheep Ala Gly Val Ala

g] 1-10 ~ Bé;%. Npﬁl
Fig 1-10. The structure of insulin

(Mayer et al., 2007)
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P2Y, IP """ Caz.j Ca”

..... L-type
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Y X
.. & Ca*
& pox ATP
" . l (low glucose)
insulin

B 1-11 ~ 3% 5 % 2. & 244
Fig 1-11. The section of insulin
(Novak, 2008)
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1~ pEsE &S 3t

W 6 HTEEAE S k2 BT A LT 5] A48 (4, 1986; %, 1992)

(1) 34 4c pyruvate dehydrogenase %2 6-phsophofructo-2-kinase /& (418 @ i i
Mz 17 % (Glycolysis) » i le s & e $H F AR 0] * & b5 e o

(2) Frd#EF #7242 £ * (Gluconeogenesis) *77 fi% % »+4r:phosphoenolpy-ruvate
carboxylase (PEPCK) ~ glucose-6-phospate (G6Pase) &t fructose 1,6-dip-hosphate 2.
AL FldE 4 0 " X F F 422 2 & (Shepherd and Kahn, 1999; Collier et al., 2004) -

(3) #U;g"+pE & = (glycogen synthesis) ® Fr4] H 4 & i¥ * (glycogenolysis) - *+
fEz z E7 FpHE &2 SR R T2 T HFRE 0 5§ % 7 4 4r glucok-inase -
glycogen synthase % fi% % /&8 m & AFpE & N2 3 4c; 77 e glu-cose
6-phosphatase % glycogen phosphorylase z_ & 1+ @ & 3FpE & &' %

(4) trigrq & = (lipogensis) % #r] % f 4 i (7% (lipolysis) : 3% & % ¥ 3 4«
acetyl-CoA carboxylase 2z /&% > ¥ b PFde = p fr fhipci® 20 75 1 0 W Ao mkpat W
(phosphoglycerol) » &_i# & = #3 & ; 7= ¥ #r4| 7 f2 fis (hormone sensitive lipase)i&
il g A fE

PR FRLIERPBEAHENE  REF 2 FLB FBEE R LAERE -

2~ Py TR
3%, § & ¥r Pq f3 fF (hormone sensitive lipase) =ra 1 B sk L fRiv s » ¥
B0 = e W Py & fiE A A e (glycerol) 2 PFdpry 5 s (free fatty acid; FFA) » i& @ *%
i ? FFA 2 & o B PF > % § % 4 ¥ 3 4c acetyl-CoA carboxylase 2 /&4 > g
3L ARy ’Jﬁﬁﬁii" Ry B kv BF 3 o P pg‘;s;l LR RN VS o < L )ch,ﬁj»;; o 8%, £ 2
T ORER AR i inlere o PR B PR 2 1S ’“f O S RN
o BEHC L o-EEfEH b o A Z FRH W g T RT R R P o

Fh G £ ApE TR fEiEr B ERE ¢ FFA ifa'r'éﬁ e B AP F 0L

Ad % B R A &A S m %2 (ketone bodies) it @ % IR A & o JE
(ketonemia) ~ fit 7k (ketonuria) 2 A& @ 4 (acidosis) o fe ¥ > F135 & Z R R 3 &0
EERIPmIEFH Y I F TR E R e R A AL B YW

5 & (hypertriglyceridemia) -

3~ v B
LB 2V R e W RAR A TV Sk wmie P endf B 3 i iE

A2 > Hi 4 DNA fo RNA 72 = » v 7 desg Popp i 2 figfe ) a8 ko F & = o
52



Foh b B LM oo BN HE ¥ ¥ F %Ak g (hyperaminoacidemia)
2o pER R o X FIEFATA ER G 0 A e Fod FOTH Ao S RN
4582 BB (Hk, 1986; , 1986) -

(m) %% § % e K 5 2 @3S

TGS S o2 FEBRERET 5 MM P T B B e b L E
(Matschinsky, 1990) o # & % f#2x 1 1 p ¢ & H L hiw e (o3 F5Kn%e ~ I ke
ZoRgipimiz) b2 055 ZXH(R) $E& 0T EE - BusFApT 0T > AL
mie o EEE 4 B F (B 1-13) - F0LE 2 IR B A1 L RS A e
A EC PR E A ARt 2 IR € T % G & £ 8 A T (Insulin
receptor substrates, IRS) 7% 2 F-v H® friwft E ~AgEEL 1 0§ HBREL 1 1S € %
£ PI3-Kinase =t § = p85 ¥-v s i&m & = PIP3> %gtb}éﬁtiﬁ'f 7 Akt (Protein kinase
B,PKB) ~ aPKC (atypical protein kinase C) =% i+ (% 1-12, 1-13; @] 1-14) » 3 ¥ #-
FEME e LFPE 9 TR E A TR L ST XA B
erfz z (Saltiel and Kahn, 2001; Taniguchi, 2006) - AMPK (AMP-activated protein
kKinase) e 43 F 34 & T 4 22 IRS-1 4p % & 7 PI3K fr Akt/PKB /512, @ % & & v
Akt ic 73 T 3 AMPK E 2 (Tao etal., 2010) wadr] AMPK &1 € i = %% & %
g % 45 (Carling, 2004; Yam-auchi et al., 2002) - # 2% & * + > AMPK #.&

i B L PR op E P iie o, W“ﬁﬁ%ﬁ%%%%%mﬁﬁﬁﬁ%#
(Kahnetal., 2011) - 5 & 1 it % 8 » AMPK $H1 & 33 & it § |5 2 /o SO0 B 105
FA | E® o ¢ F R BT~ IR SRR LS s e TG £
Ba R A0 RE R 7 2P A R BB R 2 e L% b E B % (B 1-15)
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|\‘.1|\-|>\ \."~ - e . 1 ' I

B 1-12 ~ % § & 2 RS i

Fig 1-12. The regulation of metabolism by insulin

(Saltiel and Kahn, 2001)
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Bl 1-13~ %% & %20 4, @i s
Fig 1-13. The pathway of insulin signaling

(Saltiel and Kahn, 2001)
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# 112 PKB B4 fo & i ¥ ek LS

Table 1-12. The isoforms of PKB in tissue

High expression levels

Low/moderate expression level

Aktl Brain, heart, testis, thymus

Kidney, liver, spleen

Brown fat, cerebellum(Purkinje cells),
Akt2
heart, skeletal muscle

Brain, kidney, lung spleen, testis

Akt3 Brain, testis

Heart, kidney, liver, lung,

skeletal muscle, spleen

#1-13 ~ Akt # ﬁéi‘i‘]i i *
Table 1-13. The function of Akt isomer

(Zdychova and Komers, 2005)

Isoform Function
Placental development and animal growth

PKBo/Akt1

Adipogenesis

Glucose metabolism

PKBa/Akt2 Adipogenesis and maintenance

Animal growth
PKBa/Akt3 Postnatal brain growth
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Insulin receptor

Inactivation via /

phosphatases +

Akt artagonists ‘\ﬂ

Active Akt

Bl 1-14 ~ % § % §]% PKB 7% i ept s
Fig 1-14. The pathway of PKB by insulin

(Zdychova, Komers, 2005)

Decreased glucose levels
Liver —— Decreased ectopic fat deposition <e——
Increased insulin sensitivity <
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Decreased lipid synthesis Increased lipid oxidation
Increased lipid oxidation Increased mitochondrial biogenesis

Skeletal
muscle

AMPK
Adipose
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- - //_/A — 4
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Decreased lipolysis Decreased insulin secretion
Decreased lipogenesis
Decreased circulating lipids Decreased insulin levels
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Bl 1-15- AMPK # &8 o 43T ff72_ & 4
Fig 1-15. Role of AMPK in the regulation of whole-body glucose homeostasis

(Long and Zierath, 2006)
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() "% 5 & pEs o

137 § 3 Bhe i
FE Lm0 & R HPmre vt b R 2 (F% > @R vop 2 8l s
T E A (F1-16) - FFd 33 & moe 3 o~ & @0 & d¥ o 45 2 (Zierath, 2003) -
PR A BT ek E R 2 o R d RS AN A ST A
w #E 0T = (Nordlie et al., 1999) o A 4r & 2 Aekd ke 5 ™ A o 4Bk B B4F 3 4-7
mM (Saltiel et al., 2001) o & Et Aok e fi (m ABE AR L) FF o> S 30A F 54 4
4% (50%) 27 % (25%) 0 FIARL/AD & B aep J1 % 5 gL pEG BBIE P R AE T
pEafE (R23) S frATE (U3) e » 24 § F el @ mgerg i &
(Nordlieetal., 1999) o »t 4 Sk ik (B w #EER ) § F L & 4= Asvp (X3/4)
.,u;i?m%’ Py 87 dmte Wik Ap 4] vt B (Zierath, 2003) o § fe h F F REDR R H 4o B
R I FREUEEEES LR F RN LR o
(GIucokinase,GK) F% @ phph i ,;ﬁg VERE S R E R gL L OFEERE G & AL B2
T% odogid B RETRET PFRTLF 2 ES2H FH 2 Lt Jr%
Ry T R R AP U S PR B L
~FEHES —“z TR IR S R B F BT e i v B T F2 (Nt
2 A T4 I}iwté:e R EE v ehin s ki 7 ¢ 41 (Lange, 2001) -
(1) # & #E#:F -9 (Glucose transporters; GLUTS)
GLUTs™ 5 @& &2 § #ben® — LW > & § F pbac i& IV9F50 e &g
W m e 2 o GLUTS 70% (% 1-14) frf 54g P % 2 & @ #F 134 B # 3
(isoforms) » @ %7 I ehle 8§ 7 255 2 it (Joost et al., 2002) - # ¢ § 4 &
#3312 § & (translocation) it 4 4eGLUTAT #38% § % @ -2 d 52 ik
#I|rewct > 32 e H e 4riv*  (Litherlane et al., 2001) » 3 4v f%2 B b e
RO RFAFHY ~wreadrny oa B 2§ AN L @ 0 o il
WE e GLUTL A xtmee st b B 2 A FAAF FHEE > &£ 7
FEALT A REE SN Bk oy FHEEE 44 (Herman and Kahn,

4‘+ ot
jﬂ

2006) « GLUT2 7 *+ 575 ~ B-%% sgﬂgsﬁ DH TR g RN A o
TEBERR A BAR S w22 §F 5B B E (glucose sensor) - #7 3 BT 0 BB
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BI1-16 ~ "% § & (7% 0 p iR le g2 54 i
Fig 1-16. The action of insulin on target tissue

(Samuel and Shulman, 2012)
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Fig 1-17. The metabolism of glucose in the liver

(Saltiel and Kahn, 2001)
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i AETRE T § TR GLUT2 chfhFA R > A AF % 3T RF
Zoo PRl R O FAR R IR S X 2 @ AT HFHY I B -
H3E F-v ST R F o2 8 (Fink et al., 1992; Yki-Jarvinen et al., 1992) - 3 =
Wik R A pE s SRR GLUT2 8 %3 53 » e » 130 -~ sk
fr(HK) #-% & #&i& i+ 5 Glucose-6-phosphate (G6P) » “g & & %] d_w " & = &
B ARIRIET o F 2o § i BIE R B MPE > SRR SRPEA R 1T 2
PEFATA T > LB GLUT2 #-3 F B et G ol 2 38
GLUT2 &9 § i~ & W2 &4 o ¥ b p iR LR I Rl 1
GLUT2 # .z #2581 2 ¥ P 3 (Ahn et al., 1993;Hah et al., 1992; Eisenberg et al.,
2005) -

m GLUT4 R+ & 2 AW § 2 A fpamwep &0y BFFJF‘« Py g %%’ﬁ?’?%%
FHEER F 8 b wre P angg -7 AL R ILISE I 4 (Herman and Kahn,
2006; Huang and Czech, 2007) - &t % /%™ » 42i6 4 = eh GLUT4 ¢ %35 e
Feavlep g D% 5 & &ep ’liﬁﬁ‘”a%%ii Fis W g T w2t o
¥-7 FEF ~ @ (Douenetal., 1990; Ryder et al., 2001; Thong et al., 2005) -
GLUT4 crgg 536 6 Z fljkm W4 0 2 2 2wt GLUTS aidid > i
miEiE Y 5 EE £:2F &+ (Furtado et al., 2002) - ;ﬁ;&ﬂé’ﬂ%ﬁ - 4

% GLUTA 2R E 2 pe o v hif G~ F 0 > i@ = F & 452 7p
&%%@%ﬂéi&ﬁ&%%%ﬁﬁﬁi?%ﬁ%ﬁﬂ#(Mmmm”mm;
Minokoshi et al., 2003; Zisman et al., 2000) ; @ % 3 4 GLUT4 %R E - ¥ iTiE
%R R Tl RS st § F B L E %G F AR 12 (Leturque et
al., 1996; Tsao et al., 1996) - s & } it » @& 3% GLUT2 & GLUT4 7 & #& & 3%
PEFELE R FN A2 H A% B GLUT chil 1A R & 21 H 3 -5 4o >
PR L AR B R R I e Bl .

(2) = mAEpcps (hexokinase, HK)

AR KRGS D BRTEY Z AP EME BY A A AT F R
%6 HK @ g3pe i = § 3 88> #ifc (Glucose-6-phosphate, G6P) (] 1-17) - H

-~ HEEH FAEE BRI ETREE S A BARREDE R MY B
EBREEM - pwg o HKY A sedg 285 1112 VA 5
Eﬁﬂkﬁﬁﬂ’iiﬂkﬁﬁwﬂiﬁ°ﬂﬁ|“|y BARD B AR
Km % 10-6 2 10-1mM> % IV 3] 5 4843 > Km % 6 = 11 mM (Bouche et al.,

2004) o ot e d 5 EE 1A e B IS e 5 orF HKE o 22040 35
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A e Ao R o B g GOP A o FIE B AL 2 B b K
PR op HK 2 % o § % 7 518 PI3K/p70 (s6k) & if 4] @2 ks = & HK
I e @ ARG IV 3] RBEEET 0 ARG § F AT (glucokinase,
GK)'GK FlE KmApg % f 2 X H A F § F 4> B cndri] > 4ok GLUT2
ALV ARG e iy §RER B E (glucose sensor) o & fF b F F REE R MpF > GK
XEFAAE I BEA T RPN e

~ FpE & = (glycogen synthesis) z_ 3 &

FHofie r mre s B TR IE Y (Glycolysis) » § § 4% i35 iE
Glucokinase £ Hexokinase g7 fis i+ = glucose 6-phosphate (G6P) » % f& &_» 5 X i
1%&#&%&(W%SWM/MWMWMamcwm\ﬁmvﬁ%m&vh
(pentose phosphate pathway) - # 4_= "#p% & = it * (glycogen synthesis) - @ G6P
v E_fé Pk & = f= (Glycogen synthase, GS) #-7Al:x % » # % 5 & 1 &GS (Ferrer
etal, 2003) -3 pE & & 1 & it fE% 2GS H E M3 & % EPISKHT #5kfsPKB
(Akt) 2 aPKC 2z g pa it k /& i "+ FE & = 3 f= (glycogen synthase Kkinase
3;GSK3) > irsg " pE & = (Cross et al., 1995;Yang et al., 2004) - @ *+fE 7 £ 7 F &
VERE £ A 2 iR e BT T R o

3~ ATA iv* (gluconeogenesis) £ #:j% it * (Glycolysis)

AR e I G BTATL A AN TR ERA Y AP B o
G6Pa-se-# [ #74 & 4 G-6-Pi 1 & § § 4% 7 W cF|re o » @& i s 2o o
polmrz F)E o GOPase > ro A PR B MRS fom BB o PR AR AT 7 T oy
AZFEBELLEFE BRI EBIN Y AR o % 37 LT
ZAEFATE TS AR el AL A RS EHIR T 2 2 BT 4R
FIPES NP R 2 SR D EBTATL S BmA Rep MEEE AT A
(Pilkis and Granner, 1992) o 4% & % @3 ¥ drd 4 B AT B/ B 42 p% % PEPCK
(phosphoenolpyruvate carboxykinase) % G6Pase (glucose-6-phosphatase) #k ¥]d&
b0 '8 M F F 42 = (Collier et al., 2004) -

T ~ % § 2 ek (insulin resistance)
() % & AR TRE B T
SR LRI LI SUNS RGN R Y I

ARDIRIF o F Y RE AARMP LRSS ERET IR A
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% 1-14~ § A EE 3y A

Table 1-14. Facilitative glucose transporters

Name Tissue distribution Proposed functions
Many fetal and adult tissues; Basal glucose and increased supplyfor
abundant in human red cells, growing dividing cells;
GLUT 1
endothelia and many immortalized transport across blood brain barrier
cell lines and other barrier tissues
Hepatocytes, High-capacity low-affinity transport;
pancreatic /3 -cells,
GLUT 2 o transepithelial transport
intestine,
kidney (basolateral membrane)

. _ . : Basal transport in many human cel-Is ;
Widely distributed in human tissues; P y

GLUT 3 uptake from cerebral fluid into

restricted to brain in other species .
brain parenchymal cells

Skeletal muscle. Rapid increase in transport in

response to elevated blood insulin;

GLUT 4 heart,
important in whole-body glucose
adipocytes disposal
Intestine (jejunum),
lesser amounts in adipose,
GLUT5 _ Intestinal absorption of fructose
muscle, brain
and kidney tissues
Hepatocytes and Mediates flux across
GLUT 7
gluconeogenic tissues endoplasmic reticulum membrane

(Bouche et al., 2004)
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(Zick, 2001) o 7 e F W% 5 FURAR T o up S IFERA AR B SRS R T
oA RN D AL BEAP R RIER Y S T SRS P LG FH A
RAES G W E AR R e SN G s & & (Saltiel, 2000;
M, 2006) - @ < L,?J% KB oo G sk § & 124 (Systemic insulin resistance) % 'm
v 135 § % 124 (Cellular insulin resistance) o s sk {45 § & [ 8 7] 5 o sk
FERXMETE > A g & red (peripheral insulin resistance) - # ¥
R PHRESl B BEXTSRASRE B AN (0% 5 £ £ A insulin
receptor,IR) ¥ 3 5k o fmPe 4 5% & & ey §_Flim e N 0% X REIE 1L 203 4 Ak ek
B R oW L Fu AT S PRS2 e % E F1E (Leclercq, 2007) ; &
dﬂz I AKT2 % éz- € A& 2% § % red (Gorge, 2004) -
%ﬁ%%%&ﬁa@f,?ﬁﬁ%ﬂ~%i§@~ﬁ%‘%%~§@m%a
BFMFTEFEFHM o 2P Wikl i & & FlF2 - (Gerich, 1998) - £ (2011)
FLNFLREIF R F /I8 F VRS 2P U EA RLL AR
Mo A ARG R bodoif 2B A R ESA P 2 PR REEFS
LA L ARG FRPEPN L w2 & ¥ - (B 1-18) -

() 5% G & I dr SR 0 i

PP AaFlpE FT i & RPN Bme o ih -0 (8% 30 & ahT 75
BRE > TiFimie s v e B2 nimre > T = BAREH AP wme k¥ FL AT
SRR U | SURIE AR 3 S LCY, Sl i F ol el j%’ﬁ“tb BosV Rt ee % £ i
5 R AT e 2 Moy e Rl § AR R Y 2 W e i
93 =28 B s fwre C2C12 &g ipkmie 3T3-L1 > ¥ § 5 a it 5 S 3w >
ERFGFERL o EE T A lFﬁ%?}; FLPEF o M MK w2 HepG2
2 FL83B %+ % % 7éFE2 T 5 » i H HepG2 % A &' K im?e » (T A7 ¥ &
* ol BUFER e FLB3B 0 H 2 F 4 1t ¥ G 3L g & R & 12(Cheng,2008) > F [F pF
v A 4 &k iFpE2 HDL(Breslow, 1973) - 1& XML ARG FERE F AL
2 4% & TNF-a (Tumor necrosis factor-a) ~ %5 e #&4F - @ B 412 & * T &
> B R AT
1~TNF-a#% HE2 redn
TNF-a % ~ + & 26 kDa 2 ‘wm® %% & F-v > - A% L wmie k3
(infla-mmatory cytokine) » ¥ & 7 33 & 4p B o #7 3 4p 130 < BUH P L8 TNF-a ¢
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Inflammation

Glucotoxicity Lipotoxicity

o *Pro-inflammatory Factors
NN SO -Oxidative Stress (TNF-a, IL-1B, IL6, PAI-1, CRP)
*AGE Formation «Pro-inflammatory Signaling
*Hexosamine Pathway *Ceramide *Kinases and Transcription Factors
*Pro-inflammatory Signaling (INK, IKKp, IRAK, NF-xB, AP-1)

| | J
& .
INSULIN \ ENDOTHELIA\

QSISTANCE / \DYSFUNCTION /
Diabetes CAD
Obesity Hypertension
Dyslipidemia Atherosclerosis

B 118 iaper g T2 4 2 g U F A2 2% 4 A Ep Lwe 2t
7 % 5 FH

“~ —

Fig 1-18. Shared and interacting mechanisms of glucotoxicity, lipotoxicity, and

inflammation underlie reciprocal relationships between insulin resistance and
endothelial dysfunction

(Kim et al., 2006)
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INSULIN
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Bl 1-19 ~ TNF- @ 5 90 m % ¥ 35 5% § % e bz 54
Fig 1-19. The mechanism of TNF- « induced insulin resistance in adipocytes
(Chen and Phillip, 2000)




Hiwh g Hredylang et al., 1992) - H ¥ it B F1 A TNF-a &2 fmie Wt 2. X B
o - e F pa A2 A SERe(ceramide) % L4k (choline) » H P A (TAEIc €
f1#cIRS-1 serinez s it » M I3 IRZ DI Frfl:Em F4E5% 5 3 B B Z (B
1-19)(Hsu et al., 1996; Peraldi and Spiegelman, 1998) - £ —'gf ' TNF-a 7 {3t s &
L E B AR 2o B g 2. A2 4 o deinterferon - ¢ (INF- ) ~ interleukin-1(1L-1) ~
interl-eukin-6 (IL-6) % (Tracey and Cerami,1993; Vandenabeele et al., 1995; Peraldi
et al., 1996; Senn et al., 2002) - ™ 5 # 3 # % TNF-a € + 3 "% w7
(hepatocytes) ~ # %% (myeloid cells) % 4 % ' (fibroblasts) 2. % § % &2
i# iz (Feinstein et al., 1993; Peraldi et al., 1996; Kroder et al., 1996) - & -+ Moller
(2000) 5 40 &1 7 S| B BESLEE % 5 & it Bl

(1) #rd]2e N § F 438 39 (glucose transporter, GLUT)

(2) Fr 7 % i B2 4 M pE A

(3) *uvif P fRiE B o ¥ PEHLI R

(4) #® >  peroxisome proliferator-activator receptor y (PPARY)
2.5

(5) #r41 IR 2 IRS-1 tyrosine z_ g pi i*

(6) 34 +c protein tyrosine phosphatase (PTPase) /= |+ %

§ (2005) = Cheng ¥ £ +(2008) % 2 TNF-a % $FL83Bim*s 4 4 5% § %
Fho F I FEE £ € EINF-a B R B 4o/ B2 i8a & 4 o ¥ b > Huang
BEWUE 2 (2009) 7 13 EFL83B: § & feh» % BT s RE T 2 § § Bk
»E € fﬂ'}?t%tTNF-a MR o A bt ?%”g\zi TNF-a# Emre 2 4% 5 2 4
Mo L EERTL BE 2 G e s T 5o

2~ P E2 (s T4 12 lipotoxicity)

WSy F AR ARA(RIL-20) BRBmE MR RRE AR
BB FEREIIEFEREL L R T 2% 5 R T
B AR R 4 fr(Poitout et al,, 2010) - § M) £ B BEEE L T %
BB A2 R¥ > T B4 1 (lipotoxicity)(Unger, 1985) - = § % B = }?L
g A Y FFAZ REL G FIdupt S 0t o B op B B AR 0 LR
wre R (cellmass) % % § % AT g 4e o LS F s in ] §9% 5 % 0
f2 & B % § % o g (hyperinsulinemia)(Chang-Chen et al., 2008; Poitout et al.,
2010) o @ xrptpEdp o BB ZOH R AL BT A AT K FRIP o EF B el ¥

FFA > fm¥e Rl v g isph G & A KR > 80 5§ § AR BB i< R %
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% glucolipoadaptation (RB11-21) - *5%% % it {5 - "2 4 &+ € R Fgpi(citrate) &
;ffpﬁmJPFK(al%ﬁ;’ﬁfsi - ) @ RG-6-PEF » FRY F BRI o gt F F] g mpL
BRER A vep Y B S AR E A2 R FHDAG (diacylglycerol)\fatty acid
CoAZ ceramide » ¢ & 4~ FIE &7IRS/PISK i@ 3 i /= » GLUTAME = 3 fm e BT @
o F g 1Y IRSehserined gL R 2 @ o A IR F AR R ¥ (M
%, 2006; Schinner et al., 2005) -
P St B IR R IR v § F HEEETCAcyclem 24 = %4 citrate »
# ¢4 & * malonyl-CoA » i& @ Fr4|CPT-1 (carnitine-plmitoyl-tranferase-1) #-75 i%
fai@ X PR AP 7 B F i o i@ 344 long-chain fatty acyl CoA (LC-CoA) » 8w
P22 7 g % LC-CoOAZ B 55 > ¥ B, H s 7p 95 N FF A 4~ ceramide{rDAG » i%_
% g FEF o g S R e 1§ (B]1-22)(Poitout and Robertson, 2008; Prentki
and Corkey, 1996; Prentki et al., 2001) -
FFA 2295 § % fild 2 3 & 440 (35, 2011) :
(1) *gimrz k=
74 FRA 20 4 KL wme? 2R > L FFA R E R F 0 % ] e ondff T Axp
B2 (Lupietal., 2001) - @ % i m¥e 2% 2 ZDF « 8% § w2 2 F S%R%F > i § o
P hfa b € HIR% G % Qe k= (Cnop et al., 2001; Hagman et al., 2005;
Maedler et al., 2001; Pick et al., 1998; Shimabukuro et al., 1998) - @ Bcl-2 3-v 2_ %
7 FRFA #r4] o @ FFA 7= ¥ %% JNK(C-jun N-terminal kinase) /% i* caspase
F e o A= o
(2) ™ &4 (endoplasmic reticulum stress, ER stress)
A BT F B RREER T 0 Seid A 4 iF § S 1§ (reactive oxygen
species, ROS) g = 3 it iR+ + 2
% % >484p 3¢ (unfolded protein) 3% i p >t H 4P hfE 24k e
% » 4 = ER stress (Chang-Chen et al., 2008) -
CILBE B lmoe v » & frig B RS2 & 2 0 € 3 4 ERstress > ¥ JNK
fv CHOP e P Bk = » AR e 4 o k= %L F L2 RE &34
E o iEm o fEEEA D ¥ A i(Eizirik et al., 2008; Karaskov et al., 2006; Lai et
al., 2008; Laybutt et al., 2007) - i ¥ = 7 & {r ¥y ¥ fs £r & o+ IR % (Hirabara et al.,
2009) -
D ~ ER stress# jri 16 € #r 4% § % A FIMRNAZ H Fd F & 3R> T ¢ 3

4v ATF34-SREBP -
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Genetic Predispositions / Environmental Factors

v

Excessive Caloric Intake / CNS

.

Hyperinsulinemia

v

Elevated Blood FFA and TG, Ectopic Fat Deposition

Insulin Resistance R-Cell Compensation

Progressive Rise in Alterations in Gene

Insulin Resistance Expression and Signaling
.

R -Cell Failure

_——

Type 2 Diabetes

B 1-20 ~ #&P~EE 2 AR L F £ 55 g Folaeand - AR 2 o F
Fig 1-20. Models illustrating the influence of calorigenic nutrients and overnutrition

in the etiology of adipogenic type 2 diabetes

(Prentki et al.,2002)
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COMPENSATION DECOMPENSATION FAILURE

Glucose

FFA

GLUCOLIPO- GLUCOLIPO- GLUCOTOXICITY
ADAPTATION TOXICITY GLUCOLIPOTOXICITY

YEARS

Bl 1-21~ foh oo o 06§ F I i 4 (LT T Qlmie (R 1f A pr2 pEYp
Fig 1-21. Hypothetical representation of the progression from beta-cell compensation
to failure in the face of obesity-induced insulin resistance and the role of

glucolipotoxicity
(Poitout et al., 2009)
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ATF3 4w SREBP % § 4 #7 IRS sz 4 i@ 3Eer IRS2 el dkiv® > @ i 3|

F1% G L Bk o
(3) L3 A WANAE

Bt BER M PEREE €7 T 2 SANT

A~ =40k iR x AL (v

Br & fmieih fy 2 2% = F% L 2R

C¥r#| & & ML § % 4 iu(glucose induced insulin secretion, GSIS)
% 3% B 2 A Fen4 3 (Poitout et al., 2006)

D - %‘gé FFA i 2 @ acyl-CoA #724 F#icg 3 % > HaBlwmre B s+
se-rine Kinase e77/& 14 o & it 2 serine Kinase € #rd|® ¥ % & 2 X BT 20— i@
B RLORFLAEAL 1V AR > B JRRRD ¥ AL 5 B L @R 3 2% E & e (Segall
et al., 1999)

E~ & fom pis R4 & chd A3 0 4o ceramide - H 1 5% £ F T £
I *Y(Gremlich et al., 1997; Jacqueminet et al., 2000; Poitout et al., 2006; Ritz-
Laser et al., 1999)

(4) # LF

ainpk g - § 14§ (nitric oxide,NO) L ApRiit o fmi2 A kB¢ > NO 7Y
% (Gao, 2010) - NO #7735 = B~ -3+ NOS(nitric oxide synthase) ; NOS £
Z# £ 45 > a 27 inducible NOS(INOS) £ & & & Wiennfr Gt 41 B & B 55
(Luiking et al., 2010) © # #»f& A 4+ ceramide € % "% § e ? NF-xB > i&
Mm% B INOS 22L& - 2 £2 INOS £ ‘mie 3 Moaxhk » ¥ i@q’én NO & » BimPeen
#iviea 24 B ¥ 2 482 (Van Raalte et al., 2010) - a2tk % FFAE R ¢ it
P grE IL-1-1L-6~1L-8 2 2 = » B m¥e F]pt 8 3 ¥ £ 4F (Bikopoulos et al., 2008;
Boni-Schnetzler et al., 2009; Busch et al., 2002; Ehses et al., 2009) = 7§ ~ x4 !
W Fops 24 & T £ 4p B 14 (Shoelson et al., 2006; Donath et al., 2008; Donath and
Shoelson, 2011; Donath et al., 2011) -

N2 A LR o

ERR A TR ;‘ﬁé&i%ﬁ“%“#% R HAF A TR PERZ 3G R
(hyperinsulinemia) P> H 5 45 adF &0 ¥ FFIp o LA EDER L FT 0 B
B L Rip %G me i FHA IR B L R IEr - FER G
WA B A G G (R R L e RS Bl AL

2o bl BB TR BN L mrr 2 (T g ?n;i;\ﬁlyg;gjr% A
68

X L imiEE



GLUCOSE GLUCOSE

1—’ GLYCEROL-3-P

PYRUVATE CERAMIDE

7

LC-COA === PA
P\

CITRATE DG ==p PL
\ 4
ACETYL-CoA TG

v
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B 1-22~ e Blmre ¥ F F AL g T2 B %
Fig 1-22. Effects of glucose on lipid partitioning in the beta cell

(Poitout et al., 2010)
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(glucotoxicity) (Unger and Grundy, 1985) - @ | @ {5 8 pF » F]9% § & % i A3 @ F
#% 3 »xdr4] HSL (hormone-sensitiv lipase) » & *qf2iv* » & 4 { % FFA®E
Pl ® o d P BEATSMEAFFAE A4 25 (8% » B¢ Blmre 2 k= > 4
3 #7531+ (glucolipotoxicity) (Prentik et al., 2001) o B AT R A
AL iE i o Rttt BB AR R M AR IR » 3 EER stressT #rd %% § % A&
Fl2 MRNA{r -0 e & 3> &R WPz ~ § & R & 5]+ ATF-3 (activating
transcription factor 3) # i = fm* &= o ¥ *}SREBPen& L E» €34 > 7 D
IRSezt & @ i {rIRS2:hfg 418+ - ¥ — 2 5 > TOR (target of rapamycin) &
PI3K-related Ser/Thr Kinase #2% » H ;#14% TSCL/TSC2 § + 4= (Bachar et al.,
2009; Chang-Chenetal., 2008) - d st ¥ > ¥ B k& § § HFrHITSCL/TSC245 &
Pk pe it BF 0 s mTOR (mammalian target of rapamycin) 4F & 42
(mTOR:Raptor: G AL) » mTOR;ﬁd PETHELTRAE 0 TEFE E L Aof
pE4840Sh3-v F pcpsS6 Kinase (S6K) frelFehi & -9 (elF4AE binding protein,
AEBP) » @ 3 4v SOK{r4EBP#ifiz i 42 & i& @ & IRS-1% IRS-2% 3| #r 4] o Ik BF
TSCL/TSC27= 4 #PKB/AKtz_ /%1 (Hung et al., 2008) - ‘f g2 ¢ > ROS7# ;{gd
BAEEE A A B4 A e ERINKGRE > #4]IRS-12 IRS-2 > » 4
T AktiE I 0 B r4]GSK3 A (glycogen synthase kinase beta) o

FEA 1id 20§ Z dtk 2 #4] (Yanetal, 1994; %, 2011) :

(1) ER stress

HiT*  FFA 31422 ER stress o

(2 FERT BB/ N 0 @ ROS e 4eiem 4§ 1L RS

M AR W et ® o ARy IR AR B mie L ki ROS A% (]
1-23) >t i A3l AnenF PR Bt A B e i £ 45 eh— B £ & $54](Poitout
and Robertson, 2008)

A~ § F ¥EF i giph i (oxidative phosphorylation) @ # § #5802 2 &
Bkt iy VB RERY A4 & Fp d A (Brownlee, 2001;
Reusch, 2003; Poitout and Robertson, 2008)

BB bk is ™  wie ¢ W § F A § ~fF 3814 2 (polyol pathway)
A 4 1 41 f5 (sorbital) » + £ ;) 42 # i¥ NADPH 22 NADP" > iz @ /383 & 4 i 4
g2 i+ 8 F & (Miwa et al., 2003; Naruse et al., 2000) -

Crja™E ¥ AP RT > P FHFHEEE Br<p (hexosamlne

pathway) a2 - g metn ® BIERH 5 BER? €5 A2
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i % 7 fructose-6-phosphate > 1%%7:} - i g F &A= glucosamine (GIcNAC) -
GIcNAc ¢ #¢ O-GlcNAc trsnsferase (OGT) ¢ 3-d f7 1 ¢ serine 2 threoni-ne
4% = proteoglycan f- O-linked glycoprotein - O-GIcNAC F1i¢ 3-¢ B i3 47 @ iz
$RAZED s B p ATSREEY 2 Ll 21 ER
fn%e %= (Du et al., 2003; Nakamura et al., 2001) -

E~ B¢ @ idsizivr ¢ F &3I4 dihydroxyacetone phosphate 3 3
HHER R 2 felt 7% 2% DAG > @ DAG ¢ {ljp PKC 2 7F 1t » @ =+ 5 VR
4 # = (Brownlee, 2001; Madsen-Bouterse and Kowluru, 2008) - 133547 1 45 1 >
BRSNS 2L T [ PKC Bl ¥ # 3 ESFF NF-kB hz & > &
A BT U F AP B P TS 4o TNF-q % - o P75 it 22 PKC 7= 7 15183
% NAD (P) H 8§ |2 § (“ vz /212 m B¢ ROS e 2 » 2 me § L35 -
AR Y oy # 3k IRS-1 serine 307 gapai » m 2 § %
tyrosi-ne =% t - it IRS-1 i B 7% 0 T 25 PISK B 4 WG Lk ¢ 4
PIBK 2 Akt z_i&f: > & GLUTA &2 8 =3 m e Wt » & § 5 BE 24 F » w
# @ (P, 2011)

F~ it % 2 4 (advanced glycation end-products,AGES) z. # =

B bEE R Ry FRFAPEFERE T TR F o BAPY
A+ & $(amadori rearrangement) £ % it i % A5 AGES o #&it 7% & F 4
* e AGES ¢ i = p d A 2 if L) § e gk (Ceriello, 2003) o
Ao B fErTEEA F A4 enendiol radical » A 3 4 AGES 2 & 5
By a3 pd Ao F ROS :Eii“a”‘é oA H T AEd NO A= { & § i
% 4 peroxynitrite (ONOO) - & - # 3 % DNA 3 § - # §] % RARP
(poly-ADP-ribose polymerase) :FiE 4+ » @ < £ i) 4 NAD' » @& § F 4 % 37
GAPDH z_ 75 1+ % *3(Reusch, 2003) » 4: i¢ glyceraldehyde-3-phosphate k& & + < »
Fimre b AGES ¢4 = 3 4r o

()R WA A4

WHR-—+ 2 4p % R E -9 T (pancreas-duodenum homeobox-1,PDX-1) » 7= fi

-

“:‘q

3%, § % g %) 1 (insulin promoter factor-1, IPF-1) » 4 & 3 475 Hﬁ{%ﬁ TR
e ¥ A 2. 4 & #4775 (Ahlgren et al., 1996; Leibowitz et al., 2005) - & /& i
PDX-1 w43 Blmre 4 £ ~ 3% & % 2 088 { F g8 v 4 B (Poitout and
Robertson, 2002) - #. i ¥ /=T > Pdx-1 ~ MafA {r Beta2 ¢ % & 3 Al-A4-Cl

FoEL PR T8+ E0 IR RIEAE § F Begs (£ o 3 4 A 3 Rl
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H25 > PDX-1 4 MafA #4573 & » e e &4 % > R E 3 A T4
ML F G F AT R o ppt 2 b B F AR > T E A
Frd] o 2 A 4 ceramide ~ g p2 o o ¥y AR fmeH A ¥ 0 e g

e Ay #ePE PR gl A L T S
RS L TS LR IR AY AR B E R KL= T BT

pr L Bz sk o #-HepG2 £ % >t & glucose ~ low glucose (Img/mL) %
high glucose (3 mg/mL) z_ medium ® > 3 % 1~5 % > ’;E“IFL%/] *¢ glucose ¥ ‘m ¥
AERBEFHES 2 m AF FEYIEE L 0 low glucose i 4E £ = 3t high
glucos- # A ] 5 glucose 7 § #4432 i #sFi(lyer etal., 2010)-Lin ¥ £ 4 (2008)
;ﬁ VLB MRS HepG2 2 L & B redu PP d ez AKt Bife 1 2 IE S 3Nin 4
5?%@&%&@;%%%%%%1&$T’ﬁwﬂﬁb%$AEGa%$iNd&
Feit AEF P A YR 2ZARE - Yun ¥ & 5 (2009) 5 iE HepG2 5 3% #5344 %
BRI B FH A o TRk o PR AU A RE 7
fofl B AR 2 GOmMM)PT BT g Al o @ E R 4t AR A 4 T 1 AKL-Serd73 g
HEwdom %’%’gv} 33mM z_ glucose 35 % 48 -] pF » ¥ & FL83B 2. § & #&HL v
¥ 2-NBDG # » £ 7 "% ~ > Akt gipi - AMPK &2 GS 2. # L& 2 ROS 4 =
B R FRET R P2 AREFR I Y E(Leeetal, 2012) -
TEFLATURET A E e d S e k2% R b I N A

A2
A SRR

FPRARSFALING P~ B AL AZR ke A RIFLTZ 3w Bhg 2
RS YO EERRYN TE L TAFLES 1) ARt AR
CEEIERES T SRR SR S S L SRR RS R L] o
SRR VL § 5 mE £ s iE P a T 7 Lactobacillus casei 5 # 4 F
SFLH B E L 2 oo ¥R R 4 2w gE IL-4~ IL-5~ IL-6R 2 IL-10 >
% < IFN v IL-2 ‘¥ #& #r 4] (Matsuzaki et al., 1997; Matsuzaki et al., 1997,
Matsuzaki et al., 1999) - Lactobacillus GG ¥ #x & n-STZ rat 2. HbAlc % & &
(Tabuchi et al., 2003)- Yamano % % (2006) 4p -4k & n-STZ Wistar rat 2. 7 7.56
x10" CFU/mL Lactobacillus johnsonii strain  Lal (LJLal) -k - ;ﬁ d 718+ 2DG(40 1
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mol/20ul)fs # & #& LJLal P &g > 440 % 5 A LJLal 7~ 7 j& > renal sympathetic
nerve ;&1 - ¥ 3 i gastric vagal nerve i#4+ » & LJLal ¥ it %ﬁé K R A &

WG F RS BF 21%3 R 4514 % - M Aop Wistar 8> 34 7
Lactobacillus acidophilus % Lactobacillus casei 2. ¥ %5 (2.5%) dahi 4x & » 2 & & &
7 o 4 ~ HbAle ~ TG ~ &2 % fg ~ LDL-C ~ VLDL-C 2 FFA % 4 it $ 5 3
WA FL R kit a HDL-CRIZHF @ Fd B% A7 47 3O AR 2
- ot 3 # g (Yadav et al., 2007) - Harisa % &  (2009) #-7. 56x10" CFU/mL
2_ Lactobacillus acidophilus (LA) ¥ i@ * £ & & acarbose (AC) » 3 #HF &
4 Wistar 1‘%@,& ELASAC # 7" MH & 4 -HbAIC 2 TA; * AC{
WLAESFLAE ACKPER * > H 2% f 0 H fhig * AC & LA-Abeer >t 2009
&7 7 H @ * Bifidobacterium (10° CFU/day) # Lactobacillus acidophilus (10°
CFU/day) z "% & #5722 » &% 4p 1 H jp¥% 3 Bifidobacterium # Lactobacillus
acidophilus 22341 prt > H 7 P AR > 4B ER ~ %2 ¥ - TG~ LDL-C 2
VLDL-C> @ HDL-C 2 % § 2~ 2P 3 %% - @ 3 7% &* Lactobacillus
plantarum # p% + %% 7 (FSGB) » X HZ%HFF H 7 R 1%L L 2 A~ Ao
MR ~ T dooh § £ i (Kim et al., 2012) - Moroti % F#(2012) 4> 4@z
B f- ;% o & & Lactobacillus acidophilus -~ Bifidobacterium bifidum %

fructooligosaccharides > % # 2 HDL-C 3 2 % 4% = » 2 Bk R 7~ P AR > o

% + Ruas-Madiedo *(2002) # 15 phfpa ey 82 e, 1 & £ H
EPS 2_ % %8 - Bifidobacterium 4 3tz EPS & fipra% & 5 A& &2 (7% (Wuet

., 2010) - JR* EPS = ¥|- =% (100 mg/kg body weight/day 2. Lactobacillus
kefiranofaciens) » ¥ § »zji > fm % % F 2% 3| % ¥ (Vinderola et al., 2006) -
kefiran % Lactobacillus 4 ixenf ¥ — 8 EPS > %4 3 "2 HAE 4+ 1% wiw 2
kefiran » %ﬁﬂ FuF L E iy M ge A it (Livetal, 2011) - & d
& Bk d o ek R AR R F MR Y SR A T M L
ho R RN S AR ALY T A A gl A
(¥, 2002; Xie and Du, 2011; Patel et al., 2012) -

Ay LAWY > 4% FL83B we S ER AR T FHA LR E F
iw FEAD 2 g S MRS L B T Lk R e
Bipldts o BT B St 2-NBDG 24 » £ 2 WEL & o AT ] Inth 5
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BRGSO SRR EPS ARV AR R ERBE LM D
FRF EPS 2 A% §FIZAKRAALFEEZ AR A G R o AT AR RE
FREREAPARPHEER BEAFEE FERGF2 EPS AL 5 MR
B 2 & EPS 2 ifi* » 4 EPS e02 & §

o
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Chronic
Hyperglycemia

/

Oxidative Phosphorylation

Sorbitol Metabolism

Hexosamine Metabolism —

PKC Activation by DAG ROS
Enediol Formation

Methyglyoxal & Glycation

Oxidative stress

Low capacity of antioxidant enzymes
+ Superoxide dismutases
« Catalase
+ Glutathione peroxidase

tbeta-cell dysfunction

Bl1-23- 3 s 454 2 2 ROSiEEF iV B4 15 B-cells i B ¥
Fig 1-23. Biochemical pathways through which elevated levels of glucose can form
excessive levels of reactive oxygen species (ROS), which cause oxidative stress and

lead to S -cell dysfunction
(Poitout and Robertson, 2008)
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W 1-24 ~ 5 % 4

Screen of the high EPS produce by lactic acid bacteria

Fig 1-24. Experimental framework

A 4

Make sure the high EPS strain is lactic acid bacteria

2 ~ Catalase test

1 ~ Gram staining

1 ~ Viable count by pour plate method
2 ~ The EPS content via

phenol-sulfuric acid method
3 ~ The residual sugar content through DNS method

3 ~ Produce acid in CaCOg3 agar

v v L 4
The influence of different EPS molecular
. . Cell modle
cultivated conditions mass by GPC
! |
| [ [ | v I |
pH Temp. days glucose Cell survival Normal cell High glucose induce
I I | I [ via XTT assay insulin resistant cell
v v v |
phenol-sulfuric DNS pour plate |
acid method method method |

2-NBDG uptake
though flow
Cytometry
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Ao~ b

2 > 2 i
- ERIREEA

(-) SpE i M #F 5
1+ 35k Ftk

AFTRRLIE RRG - - GERAAYSRIEFEFAL A TR
73 % 77 7 ¢ «(Bioresource Collection and Research Center, Hsinchu, Taiwan)z
BCRCAth '+ 7 2 KT 2 WA FamfF L RAKKFTEI BE
ATERIE 2 AR 0 I e gR A L L oplantarum (g 2 )0 2 kLB A B

G R £k B R R4 2 Ftk LDB4-2 -

BCRC Number Name BCRC Number Name
12248 Lactobacillus paracasei subsp. paracasei 14622 Lactobacillus sakei subsp. sakei
12251 Lactobacillus plantarum 10069 Lactobactllus plantarum subsp. plantarum
14625 Lactobacillus reutert 12574 Lactobacillus salivarius
10695 Lactobacillus acidophilus 14759 Lactobacillus salivarius
12256 Lactobacillus delbrueckii subsp. lactis 14741 Lactobacillus intestinalis
14691 Lactobacillus fermentum 12931 Lactobacillus agilis
12936 Lactobacillus helveticus 14735 Lactobacillus vaginalis
10696 Lactobacillus delbrueckii subsp. bulgaricus 10790 Enterococcus durans
12945 Lactobacillus brevis 14926 Enterococcus casseliflavus
14011 Lactobacillus kefiri 14677 Bifidobacterium boum
16000 Lactobacillus rhamnosus 14662 Bifidobacterium dentium

2~ FREAEEA

Lactobacilli MRS broth pp Criterion (CA, USA) - L-cysteine p£p sigma
(MO, USA) % agar f-f Difco (MI, USA) -

B RASHRAL M E S

Sodium chloride % Glycerol F£p Panreac (Barcelona, Spain) - Potassium
chloride # Sodium bicarbonate FEp +k & %1 ¥4k5% ¢ 4+ (Osaka, Japan) o
Po-tassium dihy-drogenphosphate P p 7 2 % # k5% ¢ 4+ (Osaka, Japan) e
disodium hydrogenphosphate p&p Merck (Darmstadt, Germany) % glucose Fp
Sigma (MO, USA) -
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4~ FpAHhETLES

H,O,ptp 4 =% % (Nantou, Taiwan) - Calcium carbonate (CaCOs3) Fp B
f % (Japan) - & B * % ¢ & (Rapid Gram Stain) Fp = & &K ¥
(Taichung,Taiwan) % API p&p API Bio Merieux Research Laboratory (La Balme

|

Les Grottes, Mo-ntalien, Jeraen, France) -
5 DNS 7 42 % &

3,5-dinitrosalicylic acid (DNS) fp Sigma (MO, USA) - Sodium sulfate
(NazSOy4) P p ok b 21 % k50 gni (Osaka, Japan) - Phenol pp Amresco
(OH, USA) - //1F paén 4 2 NaOH =1 (Taipei, Taiwan) o

6Bl ImIEEAL TR LER

TCA p-p JB.BARKER (PA, USA) - 95%¢ fpp £ P i 1 (Miaoli,
Taiwan) - phenol &5 Amresco (OH, USA) - zipa i p 25 1 (Taipei, Taiwan) - GPC

satandards (Pullulan) = Shodex,Japan °
(=) wweiphl & 5
1~ ) Blimbe ik

| B B P2tk FL83B cell (mouse hepatocyte line ; BCRC number
60325) M p S RIEBEF T A T A% 2P ¢« (Bioresource

Collection and Research Center, Hsinchu, Taiwan) > # % pLrga] km®e o
2~ mre s % A

2~ 11.1 g 2 F12K (Kaighn’s modification of nutrient Ham’s F12 medium)#-
* (Sigma, USA) > 11 900 mL ;=i 2 4 -+ -Ki3 &1 o) ﬁiﬁiﬁ;iﬁ}?\ 1.8¢g/L >
BlZ_pH E.% 7.2 £ 2 0.22 um i g *-(Millipore, USA) @;‘1,%1 » A 4e x 100 mL
52 5 - (Charcoal/Dextran treated fetal bovine serum ; FBS, Lot : 315734) » ;2 &
B sREE4LTCTHY -

3w i u EL
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Insulin p£p  Gibco (NY, USA) - Trypsin-EDTA % Trypan blue *=ptp
Biological Industries (Kibbutz, Israel) - Potassium chloride 2 Sodium bicarbonate
ik B #F 1 ¥4k ¢4 (Osaka, Japan) - Sodium chloride P& p Panreac
(Barcelona,Spain) - Potassium dihydrogen phosphate P p 7 2 % % k3¢ € 42
(Osaka, Japan) - disodium hydrogenphosphate F#p Merck (Darmstadt, Germany)
% glucose pp Sigma (MO, USA) - Acetic acid Fp TEDIA (OH, USA) - XTT
reagent pEp Biological Industries (Kibbutz, Israel) -

4~ i dmve kA 7 E 5
(1) & F i 4

2-NBDG 5 - ## § ## 024 > B4 Invitrogen (OR, USA) - %4 3
2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-D-glucose » 2 &~ 3 & %

342.26 ( Yoshioka et al., 1996) - ¥ =% & £ 487 nm jgc3 > ** 542 nm 3c 1) ¥ & o
BRI T PBSEe® > T ER S 29.2mM > #E7530-20 Cokfa s * o

(2) Propidium iodide

Pl (Propidium iodide) & - fa# -4 4% > § A Sigma (MO, USA)- # +
3~ iz ¥ DNA 2 RNA s A ¢ > 3t & 488 nm j% ¥ % 562~588 nm &

gk RV L - N4 M2 e hikdp o
SHREATES

Potassium hydroxide pp ++ % 1 ¥ $x5¢ ¢ 4+ (Osaka, Japan) - Anthrone pi-
p Sigma (MO, USA) - zrpipip 751 (Taipei, Taiwan) °

(2) 22 &RF2 XA

1~CO, 1238 # % 44 (2] % HEPA CLASS100)(Thermo, USA) - 5 * # % 4 (FIRSTEK
3152 RI-150)(New Taipei, Taiwan) o 4c #4728 5 % (21 52 WB212-B1)(Kansin,
USA) - 4v 2 ki (FIRSTEK 3] 5. B206)(New Taipei, Taiwan) o = I 3+ #ic %
(hemocytometer) (Superior, Bad Marienfeld, Germany) - & g4 i = (Bellco, USA) -
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F* & T 5 (3% VCM-420):¢ A (Taipei, Taiwan) o (5] = 3 & B e 4 () 55
IX-71)(Olympus, Japan) - ;% & % B+ 7% 19 (2] 52 LS-750)(Taylor-Wharton, Germany) -
=¥ Vortex (A]%. Vortex-2 genie)(Scientific Industries,USA) - ;& 3 # super
shaker-4X (GenePure)(Taichung, Taiwan) o ;= ;% %m ¥z i (3] 3. FACScan) (Becton
Dickinson, USA) - 5zi# # (3]1%. MC-01S)(Major Science, Taiwan) - f% % & & ~ 47
i% ELISA reader (%] % MRXII microplate reader, DYNEX USA) - & F | &t # (3]
5. UFO-2100)(Pantech, Taiwan) - % # 8 3w #% (2] 5L 5810R)(Eppendorf, USA) -
%%k & 3+ Thermo (USA) - pH meter (Mettler toledo 4] 5 MP 220) (Swiss) o 48
% i# 4t~ 4% 1 Himac CR 22G Il (HITACHI, Japan) - i b 4 (FIRSTEK 7] %%
OV-180) (New Taipei, Taiwan) - 4 i 7% % (FREEZE DRYER FD-5N)(EYELA,
Japan) -

2~ %% K 4772 (gel permeation chromatography, GPC)
Pump : Hitachi model L-6000 pump > Japan °
Column : PolySep-SEC-P 5000 300x7.80mm column > Phenomenex
Integrator : Hitachi model D-2500 chromatointegrator - Japan -

Detector : Bischoff model 8110 RI detector (Bischoff, Germany) -

S ERIRAL

(-) *RAM T %> 2
1 B %42 $rnml
(1) MRS broth

0.005 % cystine &2 55,5 g MRS broth z2_ 23 1 o2 2 4 35 -k > 5 121
C# 1/ 15 min -

(2) MRS agar
0.005 % cystine~55.5 g MRS broth #: % £ 15gagar-*t 1 =2 2 4 g3 -k # »

LR F 4 121 Ci# ) 15 min -
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(3) z 1% CaCO3 MRS agar

10 g CaCOs3 ~ 0.005 % cystine ~ 55.5 g MRS broth #> % &2 15gagar » /33 1 =
Az 3 g+ ok 2y 121 Ci# F 15 min -

(4) PBS solution

5.36 mM KCI ~ 0.44 mM KH,PO,4 ~ 4.17 mM NaHCO; ~ 0.14 M NaCl % 0.35
mM NaHPO, » 3# % pH 7.2 & 121 “Ci# [/ 15 min -

(5) DNS solution

A % 1% 3,5-dinitrosalicy acid ~1 9% NaOH % 0.2 % phenol 4: d.dH,0O =&
2 100 mL - Bi% & 10 %NaxSO, o C i R £ 40 %iF |z phdndph -

=3

2~ AR
(1) Apei

SR FTI ASIA R e AR CaCOs &7 ¥ 1 RIZinh 287 L3
IR B AR 24h B2 FRdlME £ 7 1 % CaCOsz2. MRS plate + » 5
Bhext BREIATYFRZR > FHTYASSIPAZLFR (1) F 2
RIS fEFTE ()

(2) 1 posdo

AP EF I A BT LTSI P oM AL L
b NN A AR 6 A TRIET § EREA 0 L SRER § IR 1 ¢
RFREE F o T FEB - F 3% HOp it s B B BRI R
BEDFRIBRY REPILTEAF e FAFEMNIIFE (¥) F 20
=R FE ()

(3) %54

FI* RFAEEFEBEAE mie L2 FafFt kG - IR A2 B
PR B B R FR ARS8 Y A F R 4o~ crystal violet % ¢ T )
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fe-kiex ™ gz > "gte * iodine solution % ¢ I Fjfs-kikx * g7 5 4v » decolorizer

M L P L pptsokiRT gr 0 EAvsafranin AF 2 T SRR T R 570 BB R &

(4) API 50 CHL

API 50 CHL strip 3##|ix3 50 B3t » » % 2 5 49 /7% Fapd-Kit &4 -
Fl* FRAFED FROKE £ T 2 P2 R 0 P HE S E R KA
W o fi3z % 18 h ¢ Lactobacilli MRS broth 2_ 5 & i 7% 2~ 1 mL ** eppendof ¢
# 04 6000 rpm e 10 mino 4tk iR fs o b~ IMLPBS U fRg kR T v
o R HLCEHEY R EAFFES L MR FSERBIRARFRF > 7
S5mLPBS $tm3ir2 g ? > ELRY AR S McFarland 2 2 f&i§ ik > ¥ 3B
Tl 2 jFd#c (n)e w73 I0MLAPISOCHL 32 % %% jF » FiR € 5 2n i -
AL RRY FR T RFRE AN 90 pL 2% Fie i F BRGRIEL I
PP RELF AL X RE-KFFH o B 3TC BA 3 24 2 48N
A -k ﬂig?l TR T AR o g% Tt API LAB software i StEET X R R

P2 fh -
3. EfE TR E

#-A PR % >t MRS broth ¢ > g B~ H 0.75 mL 2 % & eppendof ¢ ¢ >
Fder EF2 80 9 b 0 RIS (5%~ 80 CokfaikTz o

FAfAE T 1 opk it 2 FER 3t MRS broth ¢ 5 537 T3 & 22 h
R L - B s | %*E’]';}"H? MRS broth /B i % = =t » Wi 23 % 16~22h ¥

@ o

T

4~ % =3

i

2 5

V¥
B

(1) 41 * HCI & NaOH # # # brothz. pH * pH 45-55-65% 75,321
128
Fie >t b it & i i 2 broth (i 7 2 % glucose) » *+ 37 T % 48 h eI Hir

—_

[EEER AR LI
(2) oA A2 1 %5 % 10 %2 glucose ** MRS broth (/& z 2 % glucose,
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PH6.5) ¢ » B~ 1%z FR>t i & ik it 2 broth» 37 "CAL 48 h 2B~ 2 Fik i
FI AR LI

(3) B~ 1 %2 i > broth (& & 2% glucose, pH 6.5) ¢ > A~ %3z & & 15-25-30 -
372 45 C¥ > 5 48h s B H Eiriais 447 o

(4) B~ 1%z %> broth (& z 2% glucose, pH 6.5) ¥ » & %32 % 1~7 % (S B!
BER s E AT e

5~ PR B

PIEER AR LML AR OmML2 PBS Y g3 > >4 100 ML
N dlSh L) -ﬁ l:l—’ //‘ﬁﬁ;l’l‘,’ﬁ«\ MRSagar /wbijg » A 37 C;"e’%‘ 48 hﬁ;}‘ﬁ
@;o

6 ~ pH &P =
#-pH meter T &L 18 T &P FRIS 2 pH E -
7 ~ DNS (3,5- dinitro-salicylic acid) # #%& 4 7

FsmedRs o vRBERRY F 5 2 EA kiR (DNS;3,5-
dinitro-salicylic acid) ® & = ;%4 2. 3-3 A 5-W Ak (B 2-1) » HAF X
7> f &575nm F & < ki@ (Milleretal., 1959) -

¥ 4 48 h 2 fFi 4. 10000 rpm 15min - i § A L iR o B 1mL 2 fF
RArr1%BR2 9%AREFTRE 5100 "C-kig 15mins £ 4 » 0.5mIC
REFRZ > E>25 Cokip? 10min > 575 nm 2z gk & R H ek iE o AP
broth » = 2 2% glucose - & FEte £ 40 : fe 7 )k B cnH F 48577 2 D- (4)
-Glucose (Sigma, USA) 2 ## 5. - kR A~ % 5 :01-02~03-04~ 05~06 -~
0.7-08-09 % L0g/L e« Fu Rl MAWH &7 ABE « I & Sdorifsire -
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CHO COCH MH

NO, 2
H %:OH / HE:OH
— - /2N
HOCH " on l,f \ og HOMH HO—Q’/ )
Hbox / HEOH N
| _ > [
HCOH _— o HCOH Ho0c o,
CH,OH z CHJOH
glucose DNS gluconic acid 3-amino-Snitro-salicyclic acid

B 2-1 - DNS F &3¢
Fig 2-1. The reaction of DNS reagent

5 6k Z Eou
8~ "2tk 5 pER B~

3 & 48N hFiR b » A% TCA 4 2h 4 % v 12>+ 15 1C10000 rpm
Hro 15mine Bt Fik e » 2 BREME 2 95%¢2 R0 2 4 °C ¥ overnight > ]2
i€ &2 % pE3R-k 0 i 5 pEiTak o £ > 15 “C11000 rpm &t 20 min o #-k b v
2% dd. HO 4e » 2 2484 95 %2 fE2c® 4 C overnight i » 15 C ™ #w

11000 rpm 20 mine #-jic ik 4> 50 Cdz° % » ~ EHBR| @ % L f o F k502 -
O w5 pE G B A TP R

S PR BARRLINTEY T ROKIRS E R BRSBTS R
S ¥EE 4 it &3 (Keletiand Lederer, 1974) -

Bjo ke b pELe » ImLd.d.H,0 > 60 C-kiz Lhwid 2z o4 » 5mL JEsrfit
% 1 mL5 %ps (phenol) /37%# % 20 min{¢ > £ 25 C-kiz 10 min - ** 490 nm
2 & R H ek @Eofe ]l A k& 9 D- (+) -Glucose (Sigma, USA) i3 i i s &
#d o w5 10.04-008~0.12~0.16 2 0.20g/L %ﬁ“t“ g N -
2t SR 0 R RAoET o

10~ #2 *h S pE A & £ 2 Bl T

g ek §opEA S+ B U RE% B & 472 (gel permeation chromatography, GPC) » =
fie i A~ F B % K {72 (size exclusion chromatography) £ *% &% i Ja & 17 2 (gel
filtration chromatography) 4" 472. - 2 3% &+ £2 R 5 > BHpe | & F
BRI r TS &R TR L A A3 5 FRage » FapT iop 75
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B R S G e FRApR 53V A e chde Fetle s (F %, 2001) -

Porz oh G ks ARtk o g g AR 0 11 0.45 pm i By 0 P~ 20 pl
TiRiEF A > R HBEFPER (retention time) BB TR EH AT E o A

150 4o

# ®& =:pullulan (» + € 3.77~4-4.33-4.68+5.05-5.32-5.56 2 5.90 kDaltons
or Da retention time 4 %] 5= 11.22+10.92~10.33-9.68-8.97-8.46-7.87 2 7.34) -
AW SRt = o

2 B SN

;e i 1 0.8mL/min

4 7 ¥ 11 PolySep-SEC-P 5000 300%7.80 mm column

FHER 140 C

® i : Hitachi model L-6000 pump

i Bl = : Bischoff model 8110 RI detector

## 4 & : Hitachi model D-2500 chromatointegrator

(z) ez AP MR % i
1~ fmve 32 & 27 s

AR ERWI CREMpwE  EREB > EZFAFRTFLPEY KR LF
i ¢ Body FLB3B #Fugimre 24 ko 0 3t 37 Cokigth? BdfEak o 12 75 %
ethanol #4538 ¢ PIRL H » B Ak T S o © 2L 2 FL83B Mm% g5k v »
10 ecmdish » &b ~ 10mL & 4 > R &£353 3037 Tz 5% CO 2 1 % §

P RA 123 Amnd BTN T8 ARE o PIEASAREE o

metE g ? A ET AL R L2 ‘ﬁ% # %> 1 3~5 mLPBS jFix s
7 4v 2mL 2. 1xTrypsin- EDTA 3 % 48 5 5 min» ¥ w9 %4218 » 4 » 2~3 2 48

F ek & A M0 Trypsin-EDTA 2 (8% » B #3wie 5 T304 fe X 37493 %

<\

¥ oo BENEERYEE

2~ 3% % FL83B m® & 4 3L B % Fuld
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H-FLB3B Mm% 1 A A im0 L7 7 28R A8% 24 h> #%E?Hflt
e kB (10~60 mM) Glucose 2_ 35 % A3 1 m%e » 32 4% 24h {83 B % 4 >
Bidter 3% 522 2-NBDG 23 % L1 % 1ho 1yl lmoe ki PIEET § 4%

2 H rE o
3~ e E R

fI* Fwmre ke AR Y ghiapi3 4 7 (Succinate-tetrazolium reductase) #- XTT
e tetrazolium Tk 3+ %7 25 ¢ Bizd 2 formazan it & ¥ (] 2-2) - ;= gp & TN
B s P St s A £ 450~500 nm TR H e sk B 0V IRE e 3 s

7

% (percent of viable cells) -

Bime 3R %5t 96 7V 4 ¢ fAi B e (10° cellsiwell) i (732 % - etk k
Rzt 5pE24 his o BE R AF 0 PBS Bik- X > 4o r XTT #2450 pL
(XTT reagent : activation reagent =50: 1);2 &£ 53 >+ 37 CF & 2h»> >t & 595
nm iﬂ% FFHE 450 nm TR H =k iE o jEwre ¢ dehydrogenases ¢ #- XTT

FAE L formazan > T imre AR SRR R S AP HIRE R R B L S L ARF o

substrates

N /NAD

dehydrogenases

cell y's \NAD

electron mediator Tetrazolium
reduced form colorless

electron mediator

B 2-2~ XTT #& F &5
Fig 2-2. The reaction of XTT reagent

4~ FL83B im¥ ¥ ¥ Ak 01d 4 » £ A 45

12340 fhag R e (10* cells/well) & 732 % » 5% AR (B4 - %
hEpE) o4 r 33 5pug/mL % E &% 2-NBDG 23 & A 1% 1ho 2 "fﬂi\%
%o M IxPBS EES = 0 £ Trypsin jo f dmre st g @0 4o PSRt

e RIGRIBRT B ALY 2
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5~ FL83B im* p AFE2 ip| 2

1ERY BE-FEE A ARG R o 5 TR R 2 S g e H
ALY VEEMAERMEAGEF o A EHI I EF R E 625 0m ¢ &
B o e B R RSN % BOp RS AR AR 0 TRl 23 0.05

pug 2. "¥pE 7 £ (Lawrence etal., 1961) -

SRR T AR kg AR KT A w2k (£, 2011) 0 H 4H H
Lawrence % & 4 (1961) % f7 (2003) 2 = & o #-i& 'm¥e S B B 5 10° cell/mL
g ecemdishs 4v » 2 Rk AP ¢ 5 pEST D F % [Ediimie 240 {8 > 12 trypsin i
% R E I s F 0 @ (540~ 500 ul 30 % KOH R & 353 » %+ 100 C ki
20min> £ 4e» 3 BAEF2Z ¢ R 3l -20 CrkfafgE e o £ 144000 xg / #ro
15 min » "fe“ FoiR o BTk e w3 2 500 b = =k P 2 ez, 1 mL0.2%
anthrone reagent » % >+ 100 ‘C-kiz 20 min » {3 12 & &k & 32§ 620 nm = 5k

2

o

=

(2) ¥zt ad

FHATIERES T HEHER R X (MeantSD) 4 7 - @& * Student’s t-test
KiFo et B - p<00l A TiREFLE ~p<005 P& TEEFL
£ op>005 A&7 5l BEELR -7 fI% SASO.L B EHME T 2HEWK
3+ (completely randomized desigin) ~ % £ 4~ 47 (ANOVA) % Duncan’s new
multiple range test 4 47 > § # 3 @] > 0.05 (p<0.05) # 77 & & 3t s+ 5 HF
Z 2 o 7 * SigmaPlot 10.0 (Systat software , USA) #< 48 :& {7 (¥ ] -
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SR A i
- ~ % 28 EPS 2 5' ik 7 #% %
(-) #:E% A8 EPS 2 ' e F A Atk

i€ 22t BCRC f* M FFth%2 2 4 % 5 “TH 52 FHK LDB 4-2 2 KT » é
F 2447 B AE EPS 2 Atk o Btk R A o minE L H - FiES
* MRS broth # 37 “C#f% 48 h i {74 4785 - # ¥ BCRC 12256-2 2 BCRC
14691-2 % 249 ¢ 2 [ 5% £ LBt~ Afic 4 2 A4 J 2 i
ERRAL AT AL AAPET B R ASTHERL o 2 gy DA EPS
AR LA PR 02-04 giL o & ffd Ak T 04 gL F AR T Ea
BCRC 14741 (1.08 g/L) ~ 14622 (0.696 g/L) ~ 14662 (0.995 g/L) ~ 12945 (0.439 g/L) -~
14759 (0.581 g/L)~BCRC14691 (0.458 g/L)~BCRC12574 (0.630 g/L)~ BCRC16000
(0.670 g/L) -~ LDB4-2(0.602g/L) * KT (0.416¢g/L) * £ & EPS 2 & (B 4-1) -
# ¢ DNS i#5% ¥ fr4l e (A& F2 5 %%)p - BCRC 14741 ~ 14622 ~ 14662 =
12945 Fthse 2 % EPS 28 » 2307 DNSABE LS hB(R42) L4770 p
FRpLiE SRRl R RIDIR G OEPE  a PR RRIS R T A
EE* - @ LDB4-2 ~ KT ~ BCRC 14759 ~ 14691 ~ 12574 % 16000 % - & & EPS
AZf B DNS Az ERML > P SRrBAR A PRI SRTE S REA

Flet g * ST o

(=) #H 2B AL EPS 2 B A HEK

LDB 4-2 ~ KT ~ BCRC 14759 ~ 14691 ~ 1257 2 16000 > ¥ & & paac * #% »
JIP k2 A At B AMN S LT F o I Rskios §F o Bk
ERABREAT S F fOR R L SR T TR &R o R
GIHEZAREFIRAERAGFE IR FOTL R w22 AR E A
WA R SpEZ AR o At N Y o PR - 1 &2 (37 C,480) #

F2 e SR RERIBRE  FHA VIR ETERY 2 B2 ELE o
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- LL9P | SNNNNWNW- LL9P ]

1.2

- o2 Y 66 1
A 9001 - 69001
TR 96901 - 916901
Y- 20971 - 299
Y- § €t | - SELYT
- 9 - 229%'1
- 66 Y- 65Lb1
NS e AR
- 2 - €621
Y- (10091 .m - 00091
T ot 5 - 110¥1
T e 8 - -+
- 2621 @ - 7L5T1
I @ Koo R I
N\W\\REE R Y- 57901
- ozert @ 8 Y- 926¥ 1
ST vzt = - 96671
R ¢ 1691 & - 216901
T 6ol 2 - 1-169%1
N\ NGNS 9521
T 052z w B - 1-9572 1
PRS- 66901 NS T 66901
- 06.01 B35 R 06011
N\l =5 - 15221
ONY- 872¢1 w» & Y- 81722
RN [(HL0d »pﬂ nD\w - [0dju09
e
'] i § 1 1 1] T 1 ml m T T T T 1 1 1 1 1
: 8 8 § 3 &8 e A
<+ <
(1/8) 84 & 2 (1/8) SN@

Lactic acid bacteria
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Fig 4-2 The residual sugar of lactic acid bacteria in MRS broth



= =

CNEHARERE 2 EECHE ) SHAR L BB

(-) A depH B2 B

FEA LA MPHE P MR > RS2 e SPEE S R o mAE L E
pH 45~55+6.5% 7.5 *:37°C % 248 hif4EPSHA £ » % 4o o pHE
BCRC 12574* pH 45p 3 I3 EPS2 4 & » fe 4pH 75/ F kit 4 &
(875.63mg/L) » * }* P F#c(7.28 log CFU/ mL) % 7 #% £ (3.34 g/L) #H # pH i X
W @ FiRpHE(PH=3.86) #H # Ew]F (£4-1) ) BE 7T i L F L L F7
£2pHT75T 2 £ > it AR i WERPHE#H S - £ FEPS: FM &4 %
BT A4 = ik 7%~ ¥ (Sutherland, 1998) » zxpH % 7.5EPSE # % > ¥ A E
i o BCRC 14691**pH 6.5 % #« i ##c(8.16 log CFU/ mL) » = 2EPSZ & + »
SpH5.5(522.15mg/L)f if»t 2 i w2z A F 0 ¥ AT R(£4-2) 0 d 7 @
rE B EPSA £ 1 & 4249 B 12 - BCRC 14759>tpH 5.5p% » EPS# ¥ >t # #
% e (631.62mg/L) > fe ¥t F F I * F R pH A5 i - & ¢ 2tpH 4.5pF Fic
BF o B A S B TR TR BR A #ABE M ¢ (R
4-3) - BCRC 160002 EPS# = £ ++pH 7.5 (478.53 mg/L)# i+ H i %] » ¥ A4
BB e e R B e R e R A (& 4-4) - Toda ¥ F
(2000) 45 o 7pH5~82 3 & A ¥ 3 & Aureobasidium pllulans » 3 S # ++ % 10=
PPpHETFE G E A > #3 & k24L& 7 non-Newton-fluidsi % - 35 % KT>pH
4.5 (883.48 mg/L) % 5.5(900.85 mg/L)p¥ » HEPSA # # ig>*pH6.5% 7.5 A £
Al 5pH45(2.64g/L) M3 s fmwls » ppFAEISLPHET 5 #EF & (8.26 log
CRU/mL) » 2l At~ 21 * g%z > Tt Athr b2 3B FPE5 3
EPSz # 7] » $EPSiE>t # Fth(# 4-5) - LDB 4-2*tpH 5.5 (932.35 mg/L)% 7.5
(920.22 mg/L) P¥$ $& #EPSZ & £ » ¥ pH 552 DNS:E R ## 5 it (2.25
g/L) > ® s AEcE 5% ©(9.21 log CFU/ mL) > 42 $7a sk AR < £ 1% =
FEox PP AR AL R BEET L E T BEPSA R 2 AT EPSHE B Fk
(#4-6)° ¥ &+ it HhEt 7 b pHE R ET » BCRC 12574% 16000%pH 7.57
B #EPSA ¥ -BCRC 1469114759~ KT % LDB 4-2**pH 55~ 4 & Z#EPS# & £ o
H9LDB 422 EPSAE B H © T Ak 2 HFABT BN E B F(£47) - &
% 4 #1L. helveticus ATCC 15807 3 %36 h>*pH 4.5+ 5.0% 6.2 % #y4ms % A&
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¢ o ik 47 JipH 4.5% £ % EPSA £(0.549 g/L)(Torino et al., 2001) - @ 1§ (2004)
* 40l FHR025 C ~ pH 632 %48~108 h» § k 4EPSA B (1.79~2.81 g/L) - # 5
#;1 DpH 6.25F > 7 it K PR £ 2§l 2 TR i a H 4cEPSA £ (Gassem et
l.,1997) - Mozzi % & - (1996) L. casei ** % FpHE 3 £ T » pH 61 #ic 2 EPS2
LR ESWPHER 40 PR FRAFFL & FEPS2 it 4 b » 7 S EPSk Rt A
HERAFRHEFRZRAEPSAE - FE H > WRAPTF AR A A2 pH
BV HRAEPSA E o ¥ o2k RN E b AT L F & F (Sebastiani andelger, 1998) -
Gassem¥ 5 ¥ (1997)2 A7 § » AT d B % 5 %2 b 5 ph2 pH % 55.8 %L
A5 FE b pHER] 2 6.2 (van den Berg et al., 1995) - e fadzm 5 > aiFed |2
Rt epHE Fl 5 £ 7 Btk RSPl > 2 B0 T g S RE et K T4
#p > @ ' PR ROk (peptidoglycan) % Fz EEfL (teichoic acids) 2. & = > i&m i %2
5 pEA £ 3 4c (de Vuyst et al., 1998) -

C)BRAERZEE

i

ETE - RME e wmARE

7
THl* g R15-25-30~37245 C~ » 1 % quM hg 2 8 B $1EPS A # h§’
o H % 4T o BCRC 12574 (£4-8) 2 %3t % iR R PF » EPSA $ v i3t 1 &
ANFLR (p>0.05) 2 BT S fiEEE R T (15245 C) A K E(4.84% 4.98
log CFU/ mL) » # ¢ 1215 CRABE > 53 AR HRASE L EER2L]

245 °C > @ %252 30 CPr 5 o thF B 4 £ 8 A (9.39% 9.04 log CFU/ mL) -
BCRC 14691 (# 4-9) %25 C P 3 # i [##(9.25log CFU/ mL) %= EPS 4 &

5 e feap 215 &R RHEPSE & £ 2 B4

(697.77 mg/L) > @ *t45 CF K Ak E > =72 B 2 £ > FPFEPSAE 7 %
= % (61515 mg/L) - 4 PIEPS : AR &4 R AT 2 S RE A A P
(Sutherland, 1998) - BCRC 14759 45 ‘CEPSA € 3 & i » 4ol B & A2 £

LSRR T & XE 5 2EPSy @15 C2ABE(7.870/L) B> H 8 g
(#4-10) - BCRC 16000( % 4-11) *+15 C ™ $ # i<EPS (215.26 mg/L)# = = #
B~ #21(3.09 g/L) > diiplet # FEE ] * glucoseadF 2 £ (9.1 log CFU/mL) 5 & &
45 C™ 5 & ™ ##<(6.76 log CFU/mL) % # & EPSé‘E_(482.11 mg/ mL) > ﬁ%#;] d
S. thermophilu LY03 %42 Ci &P » $#&3°30-37250 C % 2 S 5 ez ¢k 5

i (de Vuyst et al., 1998) - Kimmel & & (1998)#F] 'L. bulgaricus RR#*# *+ % pE &
® 240 CTig»30 C-r® HEPSA =i 1t 430 Chem B B (F3745 C)
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Table 4-1 Effects of various pH value on growth, pH, residual sugar and EPS yield with BCRC 12574 after 48hr of incubation

Viable count
Residual sugar EPS vyield
pH (log CFU/mL)
" : n : (9/L) (mg/L)
Initial Final Initial Final

45 6.26+0.14° 7.91+0.21% 4.52+0.02 3.37+0.00 3.40+0.01°5 189.46+16.24 7
5.5 6.26+0.14° 7.81+0.10% 5.55+0.02 3.56+0.02 3.12+0.13¢ 355.15+4.05 Y
6.5 6.26+0.14° 8.01+0.162 6.61+0.01 3.75+0.03 4.80+0.28" 444.77+11.00%
75 6.26+0.14° 7.28+0.71° 7.53+0.02 3.86+0.01 3.34+0.028¢ 875.63+19.01"

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C;w, X, Y, z) with

different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-2 Effects of various pH value on growth, pH, residual sugar and EPS yield with BCRC 14691 after 48hr of incubation

Viable count
pH value Residual sugar EPS yield
pH (log CFU/mL)
» : ”» ) (9/L) (mg/L)
Initial Final Initial Final

4.5 6.95+0.10°2 6.7620.16¢ 4.52+0.02 3.62+0.01 2.47+0.00° 461.24+2.07Y
55 6.95+0.10°2 7.21+0.12°¢ 5.55+0.02 4.07+0.03 1.52+0.00° 522.15+21.30%
6.5 7.18+0.03°2 8.16+0.15°2 6.61+0.01 4.28+0.04 2.43+0.01° 463.36+8.31Y
75 6.95+0.10°2 7.53+0.12° 7.53+0.02 4.41+0.06 2.31+0.01°¢ 509.99+5.80 %

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column (a,b,c ; A, B, C, D ; X, y, z) with

different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-3 Effects of various pH value on growth, pH, residual sugar and EPS yield with BCRC 14759 after 48hr of incubation

Viable count
pH value Residual sugar EPS yield
pH (log CFU/mL)
» : ”» ) (9/L) (mg/L)
Initial Final Initial Final

4.5 6.51+0.13°2 7.50+0.19% 4.52+0.02 3.39+0.04 2.67+0.08° 429.19+1.75°
55 6.51+0.13°2 6.58+0.11°" 5.55+0.02 3.55+0.01 3.23+0.02°¢ 631.62+13.70"
6.5 6.51+0.13°2 6.47+0.16" 6.61+0.01 3.76+0.02 4.50+0.13" 463.02+8.967
75 6.51+0.13°2 6.57+0.07" 7.53+0.02 3.84+0.03 4.06+0.028 452.06+3.167

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C, D ; X, y, z) with

different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-4 Effects of various pH value on growth, pH, residual sugar and EPS yield with BCRC 16000 after 48hr of incubation

Viable count
pH value Residual sugar EPS yield
pH (log CFU/mL)
» : ”» ) (9/L) (mg/L)
Initial Final Initial Final

4.5 7.49+0.18°¢ 8.44+0.03° 4.52+0.02 3.49+0.01 3.42+0.00° 373.45+13.72°
55 7.49+0.18°¢ 8.37+0.11¢ 5.55+0.02 3.69+0.02 3.41+0.07° 460.86+1.80Y
6.5 8.22+0.07°2 8.94+0.04° 6.61+0.01 3.80+0.03 3.11+0.01° 462.61+3.67Y
75 7.49+0.18°¢ 8.10+0.15°¢ 7.53+0.02 3.86+0.01 2.39+0.00°¢ 478.53+6.31%

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C; X, Yy, z ) with different

superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-5 Effects of various pH value on growth, pH, residual sugar and EPS yield with KT after 48hr of incubation

Viable count
pH value Residual sugar EPS yield
pH (log CFU/mL)
» : ”» ) (9/L) (mg/L)
Initial Final Initial Final

4.5 7.09+0.17°2 8.26+0.042 4.52+0.02 3.35+0.01 2.64+0.00° 883.48+4.14"%
55 7.09+0.17°2 7.97+0.08" 5.55+0.02 3.56+0.01 2.74+0.03¢ 900.85+4.77"
6.5 7.09+0.17°2 7.85+0.01 " 6.61+0.01 3.77+£0.01 2.84+0.07°5 667.16+20.83Y
75 7.09+0.17°2 7.71+0.23°¢ 7.53+0.02 3.89+0.01 4.72+0.094 456.11+1.87°

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C, D ;w, X, Y, Z) with

different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-6 Effects of various pH value on growth, pH, residual sugar and EPS yield with LDB 4-2 after 48hr of incubation

Viable count

Residual sugar

pH (log CFU/mL) EPS yield (mg/L)
- ) ” ) (9/L)
Initial Final Initial Final
4.5 7.27+0.14° 8.87+0.05°¢ 452+0.02 3.61+0.01 2.63+0.01 B¢ 886.73+12.10Y
55 7.27+0.14° 9.21+0.07°2 5.55+0.02 3.68+0.00 2.25+0.01°¢ 932.35+10.79%
6.5 7.27+0.14¢ 9.17+0.06 % 6.61+0.01 3.86+0.01 3.31+0.018 776.55+32.22°7
75 7.27+0.14¢ 9.08+0.01° 7.53+0.02 3.95+0.02 3.86+0.06" 920.22+18.34%

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C; X, Yy, z ) with different

superscripts are significantly different (p<0.05). Data were shown as mean £ SD for triplicates.
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Table 4-7 Summary: effects of best pH value of various strains on growth, residual sugar and EPS yield

strain Best pH EPS (mg/L) DNS (g/L) Log CFU/mL
BCRC 12574 7.5 875.63+19.01 3.34+0.02 7.28+0.71
BCRC 14691 5.5 522.15+21.30 1.5240.0 7.21+0.12
BCRC 14759 5.5 631.62+13.70 3.23+0.02 6.58+0.11
BCRC 16000 7.5 478.53+6.31 2.390.0 8.10+0.15
KT 5.5 900.85+4.77 2.74+0.03 7.97+0.08
LDB 4-2 5.5 932.35+10.79 2.25+0.01 9.21+0.07
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FRAE FIRE 42 Wi slime 2 %2 ¢k § pEal 4 (Gancel and Novel, 1994;
Mozzi et al., 1995) - KT »* 15 (867.10mg/L) ~ 25 (944.22 mg/L) % 30 “C(865.10
mo/L)#F B4 A8 > 2325 Crj itk 15 Ch & AT (283
g/L) > RIS FBREGE S BT A K 0 2 FREKRAZ 2 L EPS i 4 gt
H#Fte (£ 4-12) 0 2 prdp DA R R LR MEEGIER 2T RF O IR
A % (Cerning et al., 1992; Gassem et al., 1997; Kontusaari and Forsen, 1988) -
Kandler and Weiss (1986)4p o1 #- L. delbrueckii ssp. bulgaricus 35 & » i3+ 37
T #mF RFres spr2 2 28 o ¢ S thermophilus >t 30 CRAMFH &
14 374245 C% (Ganceland Novel, 1994) - &= & H ¥t#c s £ 8 #32 &
BARd 37 Cre5 25 Cpeoreet SpEAE G Bg¥ant 2 (Gamar-Nourani et
al., 1997; Gamar-Nouranietal., 1998) - >+ % 32 £ 8B T » 7 § ¥ #2 CDM
(chemically defined medium) #:#& L. plantarum » 25 ~30 2 37 C* * % g &
¥ # 1>+ 18 °C (Tallonetal., 2003)-LDB 4-2*+ 15 °C (9.25log CFU/mL) 2
F#ic# 45 °C (5.48log CFU/ML) & > w77 o A7 &t MR 2 £ (% 4-13)
e EPS A £ 4 45¢ > 45 °C (917.72mg/L) %>t 15 °C (486.86 mg/L) » ¥
f2f 5 LDB4-2 R pE 4] glucose ¥ 78 » & A BT 5 Fik2 £ BE
BET o A N EPS WEFAMZ A K KL A RFAKRN T FIREARET
(% 4-14) » BCRC 12574 (467.06 mg/L) ~ 14759 (769.26 mg/L) ~ 16000 (482.11
mg/L)* LDB 4-2 (917.72 mg/L)*: 45 C™ % 512 EPS 4 & £ ; @ BCRC
14691 (697.77 mg/L) % KT (944.22 mg/L)R]*+ 25 C™ 4 5.8 2 EPS A £ -
% # vendenBerg ¥ (1995) 75 FIftpjF» =i 2 L@ A (suboptimal
temperature) pF2 £ iE F#E W 0 @ F # % 2 isoprenoid lipid carrier &z ¢t
SPEZ AR REWALFEF  FAMLAHHEIFF 0 NS EIXFFTE A
A Bk N EM 2 R R o et SPEE AR .

(=)

oy
e

i /77]‘ * %’j“_’éf;fpi%ﬁfgﬁ

A frdp MR e AR T UEEPSE S o d A g kR (9%) F § A
$oeh S pEA & § 2 {17 12 (Emilie etal,, 2005) o & kA7 §E 4l > 54
109%glucose* &t & ¢ 7 5 2 % glucose MRS broth? » # 2 % 4T o £4-15%
BCRC 1257447 I+ § § #2k & %2 BEPS4 = £ - ﬂJ‘ 4l ~ 5 % glucosep* ] #ic
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Table 4-8 Effects of various temperture value on growth, pH, residual sugar and EPS yield with BCRC 12574after 48hr of incubation

Viable count
Temp. pH value Residual sugar EPS yield
) (log CFU/mL)
(C) — _ — _ (9/L) (mg/L)
Initial Final Initial Final
15 6.70+0.34° 4.84+0.12°¢ 6.6110.01 3.9410.00 6.18+0.15° 402.69+34.00"
25 6.70+0.34° 9.39+0.17% 6.6110.01 3.9710.00 3.1740.04° 454.56111.63"
30 6.70£0.34° 9.0410.25°% 6.6110.01 3.8410.03 4.73+0.07°¢ 442.94+4.12%
37 6.2610.14° 8.01+0.16° 6.6110.01 3.75%0.03 1.92+0.37% 392.32420.27"
45 6.70£0.34° 4.98+0.31°¢ 6.6110.01 4.2710.02 3.28+0.00° 467.06+3.82*

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C, D ; X, y, z) with

different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-9 Effects of various temperture value on growth, pH, residual sugar and EPS yield with BCRC 14691 after 48hr of incubation

Viable count
Temp. pH value Residual sugar EPS yield
) (log CFU/mL)
(C) — _ — _ (9/L) (mg/L)
Initial Final Initial Final

15 7.18+0.03" 7.8810.32° 6.61+0.01 3.9610.00 7.19+0.06% 345.8249.13°
25 7.1840.03°¢ 9.25+0.06° 6.61+0.01 4.0910.00 2.89+0.02° 697.77+15.83"
30 7.1840.03°¢ 8.59+0.19° 6.6110.01 3.8210.01 5.01+0.04® 412.57+27.107
37 7.1840.03°¢ 8.1610.15™ 6.6110.01 4.2810.04 2.43+0.01F 463.3618.31"
45 7.1840.03°¢ 3.17+0.611 6.6110.01 4.0310.01 3.47+0.05°¢ 615.15+25.17"

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ;A, B, C, D, E; v, w, X, y, ) with

different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-10 Effects of various temperture value on growth, pH, residual sugar and EPS yield with BCRC 14759 after 48hr of incubation

Viable count
Temp. pH value Residual sugar EPS yield
) (log CFU/mL)
(C) — _ — _ (9/L) (mg/L)
Initial Final Initial Final
15 6.51+0.13° 5.55+0.16° 6.61+0.01 3.92+0.00 7.87+0.16" 659.40+16.34 "
25 6.51+0.13° 9.39+0.16° 6.61+0.01 3.97+0.02 3.67+0.06 € 428.02+1.44°
30 6.51+0.13° 8.42+0.04° 6.61+0.01 3.88+0.01 3.61+0.09 ¢ 450.31+3.42 Y
37 6.51+0.13° 6.47+0.16° 6.61+0.01 3.76+0.02 4.50+0.13° 463.02+8.96”
45 6.51+0.13° 2.70+0.00" 6.61+0.01 3.97+0.00 2.91+0.05° 769.26+3.28"

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C;w, X, Y, z ) with different

superscripts are significantly different (p<0.05). Data were shown as mean £ SD for triplicates.
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Table 4-11 Effects of various temperture value on growth, pH, residual sugar and EPS yield with BCRC 16000 after 48hr of incubation

Viable count
Temp. pH value Residual sugar EPS yield
) (log CFU/mL)
(C) — _ — _ (9/L) (mg/L)
Initial Final Initial Final
15 8.22+0.07°2 9.1+0.16°" 6.61+0.01 3.93+0.01 3.09+0.08° 215.26+8.13°
25 8.22+0.07°2 9.18+0.08° 6.61+0.01 3.80+0.01 5.25+0.04 € 361.99+2.217
30 8.22+0.07° 9.02+0.21° 6.61+0.01 3.81+0.01 6.37+0.10" 433.91+8.67"
37 8.22+0.07° 8.94+0.04° 6.61+0.01 3.80+0.03 3.11+0.01° 462.61+3.67"
45 8.22+0.07° 6.76+0.25°¢ 6.61+0.01 4.02+0.01 5.61+0.03° 482.11+3.76"

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ;A, B, C,D; v, w, X, Y, Z) with

different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-12 Effects of various temperture value on growth, pH, residual sugar and EPS yield with KT after 48hr of incubation

Viable count
Temp. pH value Residual sugar EPS yield
) (log CFU/mL)
(C) — _ — _ (9/L) (mg/L)
Initial Final Initial Final
15 7.3310.11° 9.3740.16" 6.6110.01 3.9610.01 2.83+0.08° 867.10+£18.68*
25 7.3310.11° 9.6240.08° 6.6110.01 3.8310.01 5.46+0.03* 944.22+8.25"
30 7.3310.11° 8.5240.06 ¢ 6.6110.01 3.8710.02 4.16+0.04° 865.10+£27.07 %
37 7.3310.11° 8.50+0.17°¢ 6.6110.01 3.8110.01 4.16+0.04° 655.5645.91°
45 7.3310.11° 7.31+0.07¢ 6.6110.01 3.9910.00 3.4610.04°¢ 680.89+8.023"

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column (a,b,c ; A, B, C, D ; w, X, Y, Z ) with

different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-13 Effects of various temperture value on growth, pH, residual sugar and EPS yield with LDB 4-2 after 48hr of incubation

Viable count
Temp. pH value Residual sugar
) (log CFU/mL) EPS yield (mg/L)
(C) — ) » ) (9/L)
Initial Final Initial Final
15 7.27+0.14° 9.25+0.14° 6.61+0.01 3.9940.00 4.27+0.12% 486.86+1.93°
25 7.27+0.14° 9.28+0.02% 6.61+0.01 4.16+0.00 2.73+0.09 ¢ 899.60+13.44"
30 7.27+0.14° 9.49+0.11° 6.61+0.01 3.84+0.01 2.60£0.01° 807.17+0.51%
37 7.27+0.14° 9.17+0.06° 6.61+0.01 3.86x0.01 3.3120.01° 776.55+32.227
45 7.27+0.14° 5.48+0.23" 6.61+0.01 3.99+0.01 2.74+0.02°¢ 917.72+13.76 "

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C, D ;w, X, Y, Z) with

different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.

105



2414887 AR R GERZ Al ABE 2 eSS 22 B

Table 4-14 Summary: effects of best tempatrue of various strains on growth, residual sugar and EPS yield

strain Best temp. EPS (mg/L) DNS (g/L) Log CFU/mL
BCRC 12574 45 467.06+3.82 3.28+0.00 4.98+0.31
BCRC 14691 25 697.77+15.83 2.89+0.02 9.25+0.06
BCRC 14759 45 769.26+3.28 2.9140.05 2.70+0.00
BCRC 16000 45 482.11+3.76 5.61+0.03 6.7610.25
KT 25 944.22+8.25 5.46+0.03 9.62+0.08
LDB 4-2 45 917.72+£13.76 2.74+0.02 5.48+0.23
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B2 A% > @ & 10% glucose T FA# M H B ko P HRARETF ER
glucose = 4 ? i o % “E F glucose Jk /& 3 4 pF > DNS #% 4% £ 4§ 2 3 4 » EPS
AT RS B I e 10% glucose 3 # i EPS # #(929.62 mg/L) - BCRC
14691 i e 10% glucose 3 # &2 EPS # = £ (975.22 mg/L)% & 8 A # %
(6.60 g/L) » I P¥i#ic s 7.21 log CFU/ML #' # & % 6 > 1 % 7 FAE$ 3 R
glucose it 4% » 4 £ wdE A > #7043 EPS 20 4 = (% 4-16) - BCRC 14759
ERERY F L RILE G 5 d EPS & € (1223.40~1476.50 mg/L) > e F#ciE ¥
FE kR A T (5.75~7.04 log CFU/ML)> 2 #¥if e 5 2 10 %% Ffichii-
b (R ALT) o gt 2 B ERREC SRS R B R ERL T §
R ERE R En BEAHKL L L - BCRC 16000 7t TERFY IR
B2 A B (1591.37~1716.36 mg/L) > ® ¥ kA & DNS # £+ €2 # 3
(6.27~7.56 g/L) » @ ¥ ¥ & o HA ke FlAR G B RA LT E BT G T
itk 42 (8.22~8.73 log CFU/ML) « it k"% T vn g
RA S VI FIRAZ G RS EPS 2 2 (% 4-18) & KT kR
10% glucose # » 2 EPS ¥ (1803.85 mg/L) % A ¥ (7.62 g/L) & ** 1 % 5 %z
glucose & > @ F#c™ @ B Y B A7 b Al 48R KT ",4rt 7 41 * glucose § iTa
EnEA RN AT %’gé 7 e glucose #% = #& 4% EPS 2_ it # (% 4-19) - £ 4-20
% 7 Ip ik & 2 glucose ¥t** LDB 4-2EPS # & ~ F#icx A€ 2 #25 - LDB 4-2
*+ 10 % glucose ® - # it EPS A& € (1829.47 mg/L) > # % 2 7% #& £ (10.52 g/L)
e B2 pH ERIRE # 2K RSt AR ERT SR AR 4 A
ERAL - j"%é Fit %7 ¥ (4 4-21) » BCRC 16000 *“ﬂ]‘ 4v 1 % glucose F* 3
& # EPS 2 £ » BCRC 14759 *?;‘,’F e 5%pFF iz EPS A 28 > @ &;‘f]t 4v 10
% glucose p¥ » BCRC 12574 ~ 14691 ~ KT # LDB4-2 v 3 5. EPS A & - # ¢
1 KT (1803.85 mg/L) * LDB 4-2 (1829.47 mg/L) % %% EPS A & - & + it
;‘flzéc DTEBTUEGEEPS 22 2 > » 7 ufh et L AR & = EPS» w3
TERZAFEFRAKRIE TR cd FRBAY AL AL ot
Bl g B et SpE2 AR 2 2 (4, 2008) - Cerning % (1994) Lb. casei CG11

q

3l

o

¥ %%?iz’lt 4v 7 & & ¢hgalactose ~ glucose ~ lactose ~ sucrose ~ maltose * melibiose
** basal minimummedium (BMM) » % % % 3 glucose m,,?r Se i il gcre ob 5 pE 2
AATHRFAE I FRIRRRE G @G B F AR
FF i id g - g 2wk 380 03 kR ny 54505 1, 25 54

90 g/ L) et % 727 32 % Ped. damnosus IOEB 8801 - 7 SLAL § 5 4Bk & 3
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R SEARS M S A Hp i SR R AR B RA (009/L)
OF AR e b FpEA &g f4F2 1 * (2 (Emilie et al,, 2005) - L. acidophilus
BCRC 14079, L. bulgaricus BCRC 10696, L. plantarum BCRC 10069, L.
mesenteroides BCRC 12273 #f ¢} 7 SRR FAESTEEZREBEERN23%)
o f SRR gt SRS S8 B R IR SRR
b 5 pEA $ & 4 o L. rhamnosus GG BCRC 16000 R4t & 44 it 2 i #

S. thermophilus BCRC 14085 » s' & 5 s P > ¥ A 42 BB £ 2 % ¢ S ¢ TB’K
"EFERBELERE > S EEA B NE2 B 4c (M, 2004) o d FEE P EE L
plantrum SLC 13 i:%c 6 96% 8 962 § § 4%1s > H et S ph g & LA 2o pF
% (F,2006) 4 % * 74 0 gL B

L. delbrueckii subsp. Bulgarlcus G12 % Streptococcus thermophilus W22 z_ % ¢t %
pE 2 = (Zehra, 2008) - Jung * ¥ -+ (2008) /3 ¥ pk #5 1®)* & i 1 L. amylovorus
DU-21 e A bret SPEAR A § > Lpa s FHRANAET P RS

{1 L. delbrueckii subsp. Bulgaricus B3 ~

() % % 2 BF

PREATAEARY e SpEe HH LA o mMHHRE A 37 CHEE LT
T FER AP T EPS 4 22 B8 £ 4-22 % BCRC 12574 57 b PF 32
% T EPS2 4 &g -BCRC 12574 ¢ ¥ A FF I H 40 > A2 R 0 2 7
AP TH32 ERAMAZLE LR TR -7 HEPSAE %= 2 5%~ X
P B ik 14 (432.19~44856 mg/L) > H ¢ o H = 2 A E 5 (293 0/L) - SR
FRap EPS e L 3 RENHALIHNZE FRYPPFLT RFAL M
EFLAMAERES 13RI ERELw S S E2L £ 3 -BCRC 14691 (%
4-23) "EFRABEH L FEEZRS N E 5= XA} i EPS 23§
(460.19 mg/lL) > & % = % % % = X pF > EPS 2z 4 = & 5 & 1 7 (188.46 -
177.96mg/L) - 42| F1 5 K fEprh € A £ 52 o & DNS A g% > M %
22 F 5 KBB4 gL) 2 H - 2 F ABEGIS L) A NE 2 X G Ak
KEgg i  EPSAI* o Mty - X pﬂ%%;r‘]“iyi s HpE2Z a4 33 AT
#% o 4% 4-24 5 BCRC 14759 2. ' % - Fjllc g TS A A A 4o m B0 > 50§ =
T F A Ao R A TSR AR Y FERB R TR AR T A
ERFARIIP 2P TSI %0 c ¥ =22 v ApF) A iE2 EPS4 2
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Table 4-15 Effects of various glucose concentration on growth, pH, residual sugar and EPS yield with BCRC 12574after 48hr of incubation

Viable count
Glucose Conc pH value Residual sugar EPS yield

(log CFU/mL)

(%). (/L) (mg/L)

Initial Final Initial Final

1 6.70+0.34° 8.04+0.20 ® 6.61+0.01 3.71+£0.03 6.25+0.02° 730.64+6.12°

5 6.70+0.34° 8.17+0.20° 6.61+0.01 3.73+£0.02 6.25+0.03° 873.13+7.17”

10 6.70+0.34° 7.66+0.12° 6.61+0.01 3.67+£0.01 6.64+0.01° 929.62+66.18 "

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B ; X, y, z ) with different

superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.

109



#4-16 2 P § 5B ERHBCRC14691 ** 32 % 2 e ~pH & ~ A E 2 2 b S 52 A2 B
Table 4-16 Effects of various glucose concentration on growth, pH, residual sugar and EPS yield with BCRC 14691 after 48hr of incubation

Viable count
Glucose Conc. pH value Residual sugar EPS yield
(log CFU/mL)
(%) (9/L) (mg/L)
Initial Final Initial Final
1 6.95+0.10° 7.45+0.10™ 6.61+0.01 3.73£0.05 5.75+0.02 ¢ 671.12+19.66°
5 6.95+0.10° 7.51+0.11° 6.61+0.01 3.73+0.01 6.43+0.01° 860.63+17.50”
10 6.95+0.10° 7.21+0.17°¢ 6.61+0.01 3.67+0.02 6.60£0.06" 975.22+16.67 "

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C; X, y, z ) with different

superscripts are significantly different (p<0.05). Data were shown as mean £ SD for triplicates.
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Table 4-17 Effects of various glucose concentration on growth, pH, residual sugar and EPS yield with BCRC 14759 after 48hr of incubation

Viable count
Glucose Conc. pH value Residual sugar EPS yield
(log CFU/mL)
(%) (9/L) (mg/L)
Initial Final Initial Final
1 6.24+0.14° 7.04+0.09" 6.61+0.01 3.69+0.01 6.46+0.01" 1223.40+£23.57°
5 6.24+0.14° 6.05+0.13° 6.61+0.01 3.68+0.02 6.22+0.05° 1476.50+£30.07
10 6.24+0.14° 5.75%0.25¢ 6.61+0.01 3.63+0.01 6.04+0.01°¢ 1338.38+33.14”

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C; X, y, z ) with different

superscripts are significantly different (p<0.05). Data were shown as mean £ SD for triplicates.
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Table 4-18 Effects of various glucose concentration on growth, pH, residual sugar and EPS yield with BCRC 16000 after 48hr of incubation

Viable count
Glucose Conc. pH value Residual sugar EPS yield
(log CFU/mL)
(%) (9/L) (mg/L)
Initial Final Initial Final
1 7.49+0.18% 8.49+0.16° 6.61+0.01 3.71+0.02 6.27+0.14°€ 1716.36+72.11*
5 7.49+0.18® 8.73+0.03° 6.61+0.01 3.64+0.00 6.67+0.02° 1591.37+49.80°
10 7.49+0.18% 8.22+0.06 ¢ 6.61+0.01 3.58+0.03 7.56+0.024 1662.61+32.15Y

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C; X, Yy, z ) with different

superscripts are significantly different (p<0.05). Data were shown as mean £ SD for triplicates.
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Table 4-19 Effects of various glucose concentration on growth, pH, residual sugar and EPS yield with KT after 48hr of incubation

Viable count

Glucose Conc. pH value Residual sugar EPS yield
(log CFU/mL)
(%) (9/L) (mg/L)
Initial Final Initial Final
1 7.09+0.17° 7.45+0.08" 6.61+0.01 3.71+0.03 6.74+0.01° 853.48+5.81°
5 7.09+0.17° 7.45+0.18"° 6.61+0.01 3.70+0.01 7.10+0.11° 1685.11+10.94”
10 7.09+0.17° 7.58+0.27°" 6.61+0.01 3.63+0.01 7.62+0.02* 1803.85+53.46 "

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C; X, Yy, z ) with different

superscripts are significantly different (p<0.05). Data were shown as mean £ SD for triplicates.
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Table 4-20 Effects of various glucose concentration on growth, pH, residual sugar and EPS yield with LDB 4-2 after 48hr of incubation

Viable count

pH value Residual sugar
Glucose Conc.(%) (log CFU/mL) EPS yield (mg/L)
Initial Final Initial Final @b
1 7.04+1.35° 8.41+0.02° 6.61+0.01 3.72+0.00 5.94+0.07 902.04+5.31”
5 7.04+£1.35° 8.03+0.05° 6.61+0.01 3.7440.00 8.5520.04 ° 933.66+5.21"
10 7.04+£1.35° 7.68+0.02° 6.61+0.01 3.67+0.01 10.52+0.09” 1829.47+40.83"

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C; x, y ) with different

superscripts are significantly different (p<0.05). Data were shown as mean £ SD for triplicates.
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Table 4-21 Summary: effects of best glucose concentration of various strains on growth, residual sugar and EPS yield

strain Best glucose conc. EPS (mg/L) DNS (g/L) Log CFU/mL
BCRC 12574 10 929.62+66.18 6.64+0.01 7.66+0.12
BCRC 14691 10 975.22+16.67 6.60+0.06 7.12+0.17
BCRC 14759 5 1476.50+30.07 6.22+0.05 6.05+0.13
BCRC 16000 1 1716.36+72.11 6.27+0.14 8.49+0.16
KT 10 180385+53.46 7.62+0.02 7.58+0.27
LDB 4-2 10 1829.47+40.83 10.52+0.09 7.68+0.02
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(460.02 2 47210 mg/L) > e Fl ¥ » = 2 s EE (414 g/L) #% = % (2.93 g/L)
B HNEPS A4V i B FIHRITIEREAS A 7 2% Ek3 - BCRC 16000 (#
4-25) » Al H w P X pEY MO A e Al o EPS A BRI H = 2 ik (46144
mo/L) > ® ABEERE B 2351 9/L) Rl AETH AL T 2 PP
EFIAMELFEL  BERI L ERELRIPEZ &L o KT 05 R
BEFETOARENSY -2 =22 HMEQRES 2 362 g/lL) 0w F ALF|
* R R kA S £ @ R F 7 #(8.53 log CFU/ML) ; 18 R E_5]
FARERIY 2 R T R EL A S EPSELEY &t R = 2 2 EPS
7 3% £(82957mg/L) - LDB 4-2 ** 32 & X # % = T P 3 EPS 2 &
(916.72mg/L) » s PR E B 7 K (362 g/lL) > e p ¥ x % 5 & £ EPS it
(818.32~449.49 mg/L) » % *+ % = X pr ki A ¥ (44949 mg/L) > L PFF K2 B
# (3.40 log CFU/mL) c R B APFTEA CEPS R A E G B i EFR
B0 5 &% EPS G4 v R g A2 et SpE kR A 0 FlA el K
5 pEA A brE o o L AEREE hiT AR P &g (Marshall et al., 1995) - #& & o

Sl FEBEES et SRR AR L  F H MG O bE B
H e o gt ﬂﬁﬁgﬁiié’ﬁ‘%ﬁ?' % FREFEE S TR R D AR §
BB AR RO st S BEY D BB DI o At R S FREY R b
RE o T EFMEIA o F Aeoh §pER gt Gink L 3% % (Bouzar et al., 1996) o

FESHRALER (R 428) LA A EZ 2 75 btz EPS A8 > H ¥ 1
LDB 4-2 (916.72mg/ L) % 5% - @ F#ic> & B] = BCRC 16000 # % 3#<(8.01
log CFU/mL) - v)]%#g. NP RAREERY o e e ER e s Lt I
R AT AR ARTIDE FRDE 2 FIRHMEERFELS 47 RS
GERELE S LA A RERER A A > e SHERAR G R 4R
Bl LFINEEE T G A e SR g A B S R KRR
Fo%e a2 RS S PEA L BT o S SRR DT ¥ AR P & (Marshall et al.,
1995) - L. helveticus BCRC 14030 ** 25 ‘C# % 48 ~72~96 ~ 108 /|- p¥ » + 96 /|
pET et k2 EPS A E % AR31 5 B £ (1, 2005) o 12 % F#x 32 - 36 - 48 ~ 60 -
72 %2 84 h & » % 3 L. helveticus BCRC 14030 % L. helveticus BCRC 14076 ** 60
P Bx ek 5pE4 2§ > @ Strep. Thermophilus BCRC 14085 R & 60 2 72
‘| P 3 8 A £ (Lin, 2007) - Mozzi % (1995)4p 1 > L. bulgaricus £ S. thermophilus
WY A 24 [P R b SPEAR PR A T2 PP 0 A AL

BAGY SEkEfEE 2 T A AL 4 AT R o
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Table 4-22 Effects of various incubation time for BCRC 12574 on growth, pH, residual sugar and EPS vyield

Viable count
pH value Residual sugar EPS yield
days (log CFU/mL)
(9/L) (mg/L)
Initial Final Initial Final

1 6.2610.14° 8.1740.13° 6.6110.01 3.81+0.00 4.25+0.03° 313.78422.57°¢
2 6.2610.14° 8.01+0.16"° 6.6110.01 3.7610.01 4.11+0.03° 392.32420.27"
3 6.2610.14° 6.55+0.21° 6.61+0.01 3.79%0.00 2.9310.02F 448.1017.14"
4 6.2610.14° 4.34+0.06 ¢ 6.61+0.01 3.84%0.05 4.06+0.02° 448.5610.34"
5 6.2610.14° 4.27+0.25° 6.61+0.01 3.80%0.02 4.0610.01F 441.0617.70"
6 6.2610.14° 4.10+0.17¢ 6.61+0.01 3.83+0.00 4.2610.04° 432.19+12.92"
7 6.2610.14° 3.60+0.26° 6.61+0.01 3.83+0.05 4.67+0.01° 347.57+14.82"

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C, D, E ;w, X, Y, z ) with

different superscripts are significantly different (p<0.05). Data were shown as mean = SD for triplicates.
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Table 4-23 Effects of various incubation time for BCRC 14691 on growth, pH, residual sugar and EPS yield

Viable count Residual sugar
days a L) pH value L) EPS yield (mg/L)
og CFU/mL g/L
Initial Final Initial Final

1 6.95+0.10° 7.9510.03° 6.6110.01 3.9210.02 4.01+0.01° 414.9418.68"
2 6.95+0.10° 7.3140.18" 6.6110.01 3.87+0.00 4.11+0.18° 428.6917.85”
3 6.95+0.10° 6.7110.12° 6.61+0.01 4.13+0.17 3.94+0.024 460.19+8.52*
4 6.95+0.10° 6.5410.27 6.61+0.01 3.96+0.08 4.1140.03°¢ 422.6915.08”
5 6.95+0.10° 6.3810.02° 6.61+0.01 3.86+0.00 4.3610.04° 449.6916.96
6 6.95+0.10° 6.101£0.02° 6.61+0.01 3.91+0.01 4.15+0.02°¢ 188.46115.90°
7 6.95+0.10° 5.7610.32" 6.61+0.01 3.95+0.02 5.13+0.03F 177.96+17.05°

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C, D, E; X, y, 2 ) with

different superscripts are significantly different (p<0.05). Data were shown as mean = SD for triplicates.
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Table 4-24 Effects of various incubation time for BCRC 14759 on growth, pH, residual sugar and EPS yield

Viable count Residual sugar EPS yield
days pH value
(log CFU/mL) (g/L) (mg/L)
Initial Final Initial Final

1 6.2410.09° 7.2440.06" 6.6110.01 3.8210.01 4.3310.07° 436.11+12.65
2 6.2410.09° 6.4410.21° 6.6110.01 3.80+0.00 4.50+0.02* 441.8146.70”
3 6.24+0.09° 4.83+0.06° 6.61+0.01 3.7910.02 2.93+0.01F 460.02+11.15*
4 6.24+0.09° 1.28+0.06° 6.61+0.01 3.87+0.04 4.14+0.03° 472.10+1.14"
5 6.241+0.09° 1.0640.04f 6.61+0.01 3.79+0.00 4.45+0.03% 444.94+3.08”
6 6.241+0.09° 0.84+0.03° 6.61+0.01 3.81+0.00 4.1140.02° 429.94+2.08 ¢
7 6.241+0.09° 0.69+0.01" 6.61+0.01 3.88+0.04 4.22+0.02° 439.231+1.54%*

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C, D, E ;w, X, Y, z) with

different superscripts are significantly different (p<0.05). Data were shown as mean = SD for triplicates.
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Table 4-25 Effects of various incubation time for BCRC 16000 on growth, pH, residual sugar and EPS vyield

Viable count

Residual sugar

days pH value EPS yield (mg/L)
(log CFU/mL) (/L)
Initial Final Initial Final
1 7.4910.18° 8.2740.15°" 6.6110.01 3.9740.01 6.04+0.01° 426.61+2.81"
2 7.4910.18° 8.1740.22° 6.6110.01 3.8510.00 4.4610.16 © 440.48+11.35”
3 7.4910.18° 8.0140.01° 6.61+0.01 3.7810.02 3.5140.14" 461.44+4.12"
4 7.4910.18° 7.3210.15°¢ 6.61+0.01 3.85+0.05 4.07+0.02F 432.2815.05”
5 7.4910.18° 7.3910.28°¢ 6.61+0.01 3.7810.01 4.7740.02° 434.0610.71"
6 7.4910.18° 7.1810.09° 6.61+0.01 3.83+0.00 4.23+0.02° 404.44+10.62°
7 7.4910.18° 6.6410.26° 6.61+0.01 3.86+0.03 4.78+0.02° 406.27+21.33¢

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C, D, E, F; X, y, ) with

different superscripts are significantly different (p<0.05). Data were shown as mean = SD for triplicates.
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Table 4-26 Effects of various incubation time for KT on growth, pH, residual sugar and EPS yield

Viable count Residual sugar
days EPS yield (mg/L)
(log CFU/mL) (/L)
Initial Final Initial Final

1 7.33+0.11° 8.53+0.19° 6.61+0.01 3.84+0.00 3.65+0.01° 683.32+14.93%
2 7.33+0.11° 8.50+0.17° 6.61+0.01 3.81+0.01 4.16+0.04° 655.56+5.91”
3 7.33+0.11° 6.26+0.02° 6.61+0.01 3.8+0.02 3.62+0.02F 829.57+11.87"
4 7.33+0.11° 5.18+0.56°¢ 6.61+0.01 3.89+0.05 4.08+0.05° 754.04+11.67"
5 7.33+0.11° 3.46+0.041 6.61+0.01 3.79+£0.01 4.47+0.04" 732.27+9.94"
6 7.33+0.11° 1.37+0.05° 6.61+0.01 3.83+0.00 4.38+0.03° 721.10+11.23"
7 7.33+0.11° 1.16+0.04° 6.61+0.01 3.85+0.04 4.16+0.03° 444.11+9.78°

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ;A, B, C, D, E;u,v,w, X, Yy, Z2)

with different superscripts are significantly different (p<0.05). Data were shown as mean + SD for triplicates.
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Table 4-27 Effects of various incubation time for LDB 4-2 on growth, pH, residual sugar and EPS yield

Viable count
pH value Residual sugar
days (log CFU/mL) EPS yield (mg/L)
(9/L)
Initial Final Initial Final
1 7.04+1.35°2 8.35+0.25°2 6.61+0.01 3.83+0.01 4.14+0.094 687.14+36.56 "
2 7.04+1.35° 7.54+0.03° 6.61+0.01 3.83+0.00 3.86+0.0078 888.14+3.61"
3 7.04+1.35°2 6.73+0.18% 6.61+0.01 3.88+0.04 3.62+0.02° 916.72+11.31"
4 7.04+1.35°2 5.60+0.32 " 6.61+0.01 3.89+0.05 3.95+0.03° 818.32+9.53"
5 7.04+1.35°2 5.17+0.11° 6.61+0.01 3.81+0.00 4.30+0.03" 684.61+6.29*
6 7.04+1.35°2 4.42+0.14" 6.61+0.01 3.85+0.01 4.19+0.01° 491.19+10.37Y
7 7.04+1.35°2 3.40+0.11° 6.61+0.01 3.88+0.04 4.09+0.05" 449.49+4.57°

Statistical differences were calculated by Duncan’s new multiple range test. Values in the same column ( a,b,c ; A, B, C; u,v, w, X, y, Z ) with

different superscripts are significantly different (p<0.05). Data were shown as mean = SD for triplicates.
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Table 4-28 Summary: effects of best incubation time for various strains on growth, residual sugar and EPS yield

strain Best glucose conc. EPS (mg/L) DNS (g/L) Log CFU/mL
BCRC 12574 3 448.10+7.14 2.9340.02 6.55+0.21
BCRC 14691 3 460.1948.52 3.94+0.02 6.71+0.12
BCRC 14759 3 460.02+11.15 2.93+0.01 4.83+0.06
BCRC 16000 3 461.44+4.12 3.51+0.14 8.01+0.01
KT 3 829.57+11.87 3.62+0.02 6.26+0.02
LDB 4-2 3 916.72+11.31 3.62+0.02 6.73+0.18

123



Kﬁ;ﬂ,b7 F o K*%‘%%Fgg&ﬁq%jt ,g,bﬁ,;»«'-gé(} ﬁ;;:mg g%g’;}éﬁ?} , -'r;g }g_&ﬁ
ST R T SRR ﬁﬁwﬁﬁﬂ%m@aw%’%ﬂr L

VBRG] A o 0 FI RS B IR SR Tt R A R
W7t §F MR e SR A AR BRI e AR R R A
WARBORE A AL S Ft ek S EEY gt pv: L 3% B (Bouzaretal,
1996) -
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WEHREEZALSFE(CASFZ)d B 43 BRI SR TRHET > H A REF
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RIFRE & 4~ 14 * 50 1] 2000ppm (B 4-4A 2 4-4D) 5 H @ FHaAl & 200 $] 2000
ppme & % A 7 KT~LDB4-2+BCRC 14759 # BCRC 14691 7 4 £ i& 7| 2000 ppm
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name Retention time (min) MW (kDa) name Retention time (min) MW (kDa)
KT 1142 462 BCRC 1138.038
it 12574 o~
S =2 e ®
p <
P - %
o o
N ____/Lm.__-—
LDB4-2 1166.811 BCRC 8946692
o 16000 e
. i
@0 ';‘St ~ oo
@
o
s e
BCRC 1038.32 BCRC 1107.032
14759 = 14691 w0
- ® =
e .
~ r =

Fig. 4-3 Molecular weight chromatograms of EPS by gel permeation chromatography.
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LB BEE TR L e 2 h 0L BE ot Fime v e 2 g
e E o a BB S S~ 2 S i 4 o FL83B 2 32 & & FI2K 12 4
ARG TMM G E 4 ARG 10380 mMM 2§ Fmie ¢ oo 2 5%
b E AL I RN iR BT § BRI HE D~ (2-NBDG uptake) Bl
¥ 1757 ek & 0 Glucose #43t FL83B ‘m*s 2. 2-NBDG #& » 2. #2538 o % % 4r
45 #47 > mh G 4 (800nm) fE % * FL83B ‘% > 2-NBDG 2 # » £ & & 2
11.62 964 = & 16.04 9 - % 7 * 7%+ 60 ~ 70 2 80 mM 2 Glucose % * § # i

4] pFis »2-NBDG #E» £ P g 3095 F 2 2 0.7~08 & o »0 i & & £ 2. &
IR ;ﬁu 6OMM § 5 kR AIL me (5 BAFEEL S P A MAM95 8 £ 2 0.75 & >
2702 80mM 1 (Bl 4-6)c a3t nFHRFE ;ﬁd A R NSk B
A 60 MM 2 i F M0 T i AKE B9 TR A MERTF R (8, 2010) -
AT AR 60 MM F H 4 FL83B Mmik 24 ] PEA, A 0§ & e o

2~ 7 I FtR2 % 48 EPS & & ¥ FL83B 2 2-NBDG # » &

@&Pf&ﬁi%iaﬁﬁw,ﬁ¢ﬁﬁﬁ@5§%a;%g%gﬁ’%
[*H]- -~ [*C]- £[*®F]-2-Deoxy-D-glucose (Yu et al., 2001; Jiang et al., 2003; Kumar
and Dey, 2003) - #d 7 &8 F* 5 e R0 oe crc s 5 4 2 F R R
TR NTRR T 2 e BERRRSRAFRPITRERAT FEBERZFCE R
# 2 F % # Z (Shimokawa et al., 2000; Yuen and McNeill, 2000) » p* = j* %
PERIPFAEE > PHRARKMK oD AT R Y 2-NBDG © 7 égkﬁ?’ G
"o §4 0 2 glucose transporter #Tefc R Ehy o b FAEAS F o LT U
FFAER Tt o T H Y KM L7 F AR &% (Yoshioka et al., 1996) » = H 2 4%
R A5 E )l%c* o

123 dmre k4 47 FL83B i 4 EPS 15 2 2-NBDG # » £ (B 4-7) - % % 4
7+ »BCRC 12574 2. EPS % 200~800ppm ¥ control % (% 7z EPS % insulin)p s »
HvH 2 2-NBDG#H » £ 11715 R ;28 g 2 X kv BFrojpi g & e

400 | 800ppm F A%+ < 15 5] 1.6 % (H 4-7A)-H 4-7B 5 BCRC 14759 2§
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Statistical differences were calculated by Student t-test. * means significantly

different (p<0.05). Data were shown as mean = SD for triplicates.
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B E ZE R T > %5 @ 2-NBDG & ¥ # »~ Iz b o ¥7 control 4prt H A
100~800 ppm 7 % = 14~15 2 % » £ ; ¥ 5 F % § % % EPS AL ™ » 50 3|
800 ppm 2. EPS ¥ ¥ 34 1.2 B2 § § s+ » E(M4-7D) - &i,’]?én
400~800 ppm LDB 4-2 z_ EPS (8] 4-7 E)wfﬁ#ﬁﬂ feprt s kA 5 600 2 800 ppm

FEEEH S~ B(LT 2 23R); &5 800nNM R E EpE > B E F edpt o
400~800 ppm #: 47 ¥ 11ie 2-NBDG # » (1.3~2.4 %) = | 4-7F % i 4 400~800
ppm KT 2. EPS ** i % FL83B % - % 7 % § % 2 EPS # control ‘e i se3* A
}5 0600 2 800ppM T AEFH/ L 2 2 24 FELE F BT 2T 5 AR
% § % o 7 4 EPS 400~800 ppm ¥ AF ¥ ¥ 4 1.7~2.1 5 2-NBDG # » & -
& i k2 EPS % > KT 800 ppm Ap gt B & Atk EPS > & irdle
v R CBQRAR) FERE FREIETT o HLE F gt KT
2 LDB4-2 2. 2-NBDG # » £ (2.4 i3)if 2 # @tk EPS oyt % % & % (2011)
¥ ERD 2Pl S pE(GXM)4prt - H ik 4o it 2 GXM 800 ppm *+ & ¥ FL83B
o BHATFLE Bk Tr T e 2-NBDG 2 F » (192 26 1) -
BeH 2% iR 7 I PR EPS (e dnipl ARy ¢ EPS A o g w0t
Er 2 GXM 4 o

LR ELE e r T 4e EPS v w4g 2-NBDG 2. 4 » £ > # %

% 4c@) 4-8° 5 60 MM glucose 2 H &35 24l (5% T o W OF B E £ e gp
vy 25 4 800 nM 760 mM glucose Z fEfied ~ £ T 064 B ;A oE 2

b %%2 60mMglucose Rl P Bg £ B - H 8 F| 5 0 ¥ RPN 5005 R iEY
3 fm ﬂa%sxww’]‘wa%% U SEREE W NUHE Vall ) S 4 A ] 2 S
R R R i BN Y S R R ga 3 # 3% ap o HAEL S @A
Beifte A ®ABLITY 1 & 39 4o IR~ pAKE % 2 o i 40 BCRC 12574 EPS

W

W

400~800 ppm >+ 3% etz fmee @ (B 4-8A) ° 2L ¥ % 5 24pv » &h T &%
$ AR E T g PR 2 2 fuln e i 40 400~800 ppm EPS £ 0 ¥ 7 v 4
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21226 Bz R x & FEEFLEAY > K4 800ppm 2 F AL E F iTH 2
400~800 ppm # 7 ii¢ 15~1.7 5 2 % » £ - 1 4-8 B % 7 ¢ 400~800 ppm BCRC
14759 2. EPS ** 3 g Wie iz woe ® > 1 ¥ g Fmpit > @A h & 0F
* 2 TG BEFw iR 2-NBDG F » 2t (1.8~2.7 B); FE iy pt
7 4 800 ppm % 7z "% § % iv* 2. 400~800 ppm % ¥ & 1.3~1.7 B2 » £ o
fedin®s ¢ > fEd BCRC 14691 2. 400~800 ppm EPS & 14 7 7 4 (] 4-8C) -

B ¥R g F oo 600 2 800 ppm 2 7 %% § % 2 400~800 ppm ¥ F A F w
B~ B2 (1.2~21 B); &refiiefpt > 600~800 ppm &5 § £ # ke (T % 2
%G %2 800 ppme T A F 2 (L1~1.3 )34 e iz e 55 BCRC
16000 EPS 400~800 ppm /AJ= ([ 4-8 D)» &%} &% § % 2 (€% T »400~800
ppm &% & & iprt o ¥ 5 w4g 2-NBDG 2 % » £ (1.6~23 &) - d H § A g
L EERFIEY T O BEFLEM A o FEEi e pt » 600 22 800 ppm % 7%
+ 2_ 400~800 ppm *# ¥ ¢ 2-NBDG 2 & » £ (1.1~15 ) - LDB 4-2 2 EPS
e iimre Y (B 4-8E) > 1 ¥9L E & Wk pRfiedpt 5 % 4e 400~800
PPMF &% 6 E ek (F% T ¥ w4 2-NBDG 2 % ~ £ (1.7~2.8 8 2 1.1~1.8

£)-® 4-8F 5 KT 2z 400~800 ppm EPS J& * *+fediimz @ ’/,’]‘4\1 400 1] 800ppm
P AL AT To D Yok R gt R T w4 S 2-NBDG
Forplamrep (L7~3 @2 L1~198) ¥ Ma ¥ 2 § ¥ a5 2 Bz
EPS %% &% § % £ Ip iv* 2. LDB 4-2 EPS 800ppm *" fefruie i 4 2.8 & 2. F
» R RE RN HE B Fik2 EPSeE 3% & &k iF* T KT 2 800 ppm EPS
BEfiept f g2 F 28 38) F ok R ENA L R o Jrd bk 1
e KA % T 4o EPS 4427 2-NBDG 2~ B3 B EH e o F AT
adiflr § £428 GXM > 7 #¢ 400 ppm * RIS A E-N N Sl A Ak
FL83B m?s 2. 2-NBDG # » € Z [efile2 213 » * A ¥ %ﬁ“r} PAKT z_ 3% § 2
g Tk H 2 2-NBDG 2. % » £ p42p| EPS 7 0 % § % i 305 /T pAkt
gag 2-NBDG 2z #F ~ (£, 2011) - Kiho % 4 (2000) 12 #-k % B~ Tremella aurantia
2 Pt % pERE > ¥ & glucokinase ~ hexokinase &4 » 143 ig %2 b F 5 44 ~ -
FF AR RE 4 2-NBDG 224 » £ 0 VA A F G @t L pE R A2 £ pAKT
255 R BB IAR M o LR R A R A d s L T M
S Ey IR

(z) 7 I EPS ik & %f FL83B "t & & § 2 B2 4
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H«T—ﬁ_j%gg_ )3 }f%w—ﬁgzb = bb’é\ﬁ’*%r& r”{_j_m_l @rﬂh j\-ﬁlgé;pi ﬁ:’ @
(W1 4-9) % feyafiimes (W 4-10) 12747 ik & 400~800 ppm EPS - fi 3t 4 5+
%%ii%ﬁ’”*ﬁJtﬁ’%wwﬁkﬁﬁ**ﬁﬂg’N%%“%z%
BoR ¥ 2 A e f ML 4 EPS DR R 4r A MpE S 3 e 2 AB% - BCRC
12574 % & ¥ f& FL83B fm*e ® 7 4c 400~800 ppm (] 4-9A) » £ 37k & & £ &
control 2 5% & Z gt > VR IF ERARR » FHESPHES LW B
(1.3~1.4 ) o g+ B %o o ¥ & FL83B 2 2-NBDG # » & » 7 %tk 7 EPS
FHRAGEBEENSF £ 2 EH SRR G o B 4-9B 5 BCRC 14759
2  EPS *3FpE L S AR MR 2 B % @ £S5 F ¥Rk (5% T 2 400~800 ppm
SR imbe (s > 22 control 2 3L B & ledpit o B}V RAEMREL & (L2~14 B %
1.2~1.6 &) o #pt 2% 22 2-NBDG F » £ 2 » PR Z 7% 5§ & (v* pF >
B2 7R EPS * A P AF 8 2-NBDG # » > e fre g AW FpE & X § o J Bt 2 F §
WA ﬁ%@éﬁlﬁ * T mre N0 i@ g3 TP 2 3 o BCRC 14691EPS »t 1t ¥
& FL83B m¥ ¥ i 4: 400~800 ppm (] 4-9 C) » # #p% &  4p %+ & & control 2
R G Fedpt o 5 RRARR PR E AR E L 2 W B (L4-LT Bt
&0 ¥ f FL83B 2 2-NBDG # » 2 4p% Jis » e T thF EPS ¥ I § § #&
B fd o~ 3 e ) TE-H e SRR - B 4-9D 4 5+ BCRC 16000
400~800 ppm 2. EPS- & # 7 &% § A > (¥% T » & control 2 % § % e 4pt >
v aesFpE LS & (1L7~23 )0 #0522 2-NBDG 4 » R4 @2 > %9
Btk EPS ¥ g imie 4 » 2-NBDG 2 it 4 0 X M- §AET sl 2 T pERT
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AR E SAREE 0 95 1.2-13 % - &2 2-NBDG # » 2 ¥t {8 » 7 # vy 2
Fth2. EPS % 800ppm £ 600 2 800 ppm i&gs § & i¥#% 227 > ¥ W4 § § 4%
Beiid 2 o ¥ RGP £ % o Bl 4-9F 47 KT i 4c 400~800 ppm p¥
I pEL 2R 2 B BHE TG % E &k (5% 5 EPS *t 400~800 ppm
FHEL AR o 2 EE ER%ApV ¥ § 7% 5 & % 2 400~800
ppm 7 & i £ % 1% 2. 600~800 ppm - $i: 35 =2 2-NBDG # » € ¥ i & 3k
PR3 o 57 E i BRF 2 EPS % % > BCRC 16000 EPS 800 ppm & # & Atk
EPS dptt > § de k2 WRES A dp st R - 8 (2011) 47§ 45 21> 7 4 800 ppm GXM
PR RITY > VR AVFELSAAHEILR C HE AT B SR
Hort i o
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FELE A T AT RS & £ - BCRC 12574 EPS ey FL83B
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E) @ AT 51 % b3 % T o f i mp el FH L S (132 3)
FET AL F e 600 2 800 ppm FomL g R AR (T 2 7RG F 2
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PEdufe fmiz 2 £ A R BEx B bimie 2-NBDG #F » £4peE i > 21 1 F 5%
FEEIEFEApY 0 A RERE AR ZEY 2T o T e AT RS L
*E(1.1~15 2% 1.6~22 ) - & F it~ thF2 EPS % % » BCRC 16000 ** 800
ppm 2 % F E* T o b fEge i e 26 B2 REL AR 0 PR RNH B R
th2 EPS- % (2011) 47 » 3% & % 2 400 2 800 ppm GXM » ¥ # 4 [ 4 fi fm
2 MFEER (252 33 18)0 SPEET A EA B BIFRELS SAEE GSo HiE A &
% i PIBK 1T p5cfiv PKB (Akt) 2 aPKC 2 gfik 1 k75 14 W5 & & v
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2004)
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GTCCTCGAGCGCGCTATCATGCAGTCGAACGAACTCTGGTATTGATTGGTG
CTTGCATCATGATTTACATTTGAGTGAGTGGCGAACTGGTGAGTAACACGT
GGGAAACCTGCCCAGAAGCGGGGGAAACACCTGGAAACAGATGCTAATAC
CGCATAACAACTTGGACCGCATGGTCCGAGTTTGAAAGATGGCTTCGGCTA
TCACTTTTGGATGGTCCCGCGGCGTATTAGCTAGATGGTGAGGTAACGGCTA
CCATGGCAATGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGA
CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCA
CAATGGACGAAAGTCTGATGGAGCACGCCGCGTGAGTGAAGAAGGGTTTC
GGCTCGTAAAACTCTGTTGTTAAAGAAGAACATATCTGAGAGTAACTGTTC
AGGTATTGACGGTATTTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAG
CGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGC
GAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCTTCGGCTCAACCGAA
GAAGTGCATCGGAAACTGGGAAACTGAGTGCAGAAGAGGACAGTGGAAC
TCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGA
AGGCGGCTGTCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTAGC
AAACAGGATTAGATACCCTGGTAGTCCATACCGTAAACGATGAATGCTAAGT
GTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGCATTCCG
CCTGGGGAGTACGGCCGCAAGCTGAAACTCAAAGGAATTGACGGGGGCCC
GCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCTACGCGAAGAACCTTA
CCAGGTCTTGACATACTATGCAAATCTAAGAGATTAGACGTTCCCTTGGGGA
CATGGATACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTG
GGTTAAGTCCCGCAACGAGCGCAACCCTTATTATCAGTTGCCAGCATTAAG
TTGGGCACTCTGGTGAGACTCCGGTGACAAACCGGAGGAAGGTGGGGATG
ACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGG
ATGGTACAACGAGTTGCGAACTCGCGAGAGTAAGCTAATCTCTTAAGCCAT
TCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGTCGGAATCGCT
AGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACA
CACCGCCCGTCACACCATGGAGTTTGTAACACCCAAAGTCGGTGGGGTAA
CCTTTTAGGAACCAGCCGCCA

160



e~ ELKT Y APl ;e

API 50 CHL V5.1

) ERYCS) OC=)0=) Oomd ) e () k=
OJJ)J@J@J.DSJQJ
) (] (4] (#) (=) (=)(=)(=)(+)(+
ww1@Jwaw@
T T S S T R SR

24) 25 26 27) 28 29

20 21) 22 23 2

+ [+ #| -

0 2

2) ) S C=)ee) Cad ) () () s

©
@
@ +

4) 35 36/ 37) 39 39

J@J@J@@@@@

REFERENCE DATE
KT 5125111
COMMENT
VERY GOOD IDENTIFICATION
Strip API'S0 CHL VS
Profile e T itk At B0 S B I A R e +--
Note
Significant taxa % ID T Tests against
Lactobacillus plantarum 1 99.9 0.63 |GLY 1% | AMD 7%

PR 2 R S
Glycerol Ribose,Galactose,
D-Glucose, D-Fryctose,
D-Mannose Manniol, Sorbitol,
oMethyl-D-mannoside,

o Acetyl glucosamine, Amygdaline,
Arbutine,Esculine, Salicine, Coilobiose,
Maltose, Lactose,Melibiose, Saccharose,
Trehalose, Melezitose, D-Raffinose, Amidon,
Glycogeene, Xylitol, PGentiobiose, Gluconate

161



7.0000 -+

y=-0.5323x+9.8058
R?=0.9975

6.0000 -

5.0000 -

t (kDa)

Log molecular weigh
(¥ ]
o
o
o
o
1

0.0000 . . . . 1
7.00 8.00 9.00 10.00 11.00 12.00

Retention tume (min)

WAz s S EEA T B2 REY R

Appendix 3. Standard curve of pullulan.
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Appendix 4. Standard curve of DNS method.
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Appendix 5. Standard curve of phenol-sulfuric acid method.
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Appendix 6. Standard curve of anthrone assay.
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