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Abstract

With the increasing patient population year by year, diabetes mellitus has became
one of top ten leading causes of death in Taiwan. The risk is closely related to factors
such as changes of lifestyle, lack of exercise and improper diet. Studies also show that
maintaining the balance of microbiota in intestinal can reduce the incidence of type 2
diabetes mellitus, whereas lactic acid bacteria (LAB) are the most important species.
Literatures have proved LAB or it’s fermented products have physiological activities
in modulating immune system function, blood pressure, blood sugar, lipid and
improving fatness. However, few LAB products with blood sugar regulation activity
are available, thus the aims of this study are to investigate the probiotics
characteristics of the isolated LAB, and to understand their in vitro mechnism and
impact on glucose homeostasis.LAB strains isolated from fermented foods, vegetables
and infant feces were preliminarily verified by their catalase activities, Gram staining
and curd tests. After further typing by genomic DNA sequencing, the
intestinal epithelial cell adhesion, acid tolerance and bile salts tolerance of the isolated
strains were evaluated.The sequencing results indicated these isolated LAB strains
were mostly Lactobacillus and Weissella spp.. With further detection in preserving
glucose homeostasis, many LAB strains have revealed notable inhibition in
a-glucosidase activity with their culturing media up to 90%.The results confirmed that
none of 9 LAB strains have shown proliferation inhibition when murine FL83B
hepatocytes were treated with their culturing media. Glucose analogues (NBDG)
intake analyses revealed that FL83B hepatocytes treated for 12 and 24 hours with
culturing media have shown efficient intakes, therefore all subsequent assessments
were peroformed at these two time points.Treatments with LAB culturing media have
enhanced the glycogen syntheses in FL83B cells under both normal and high
glucose-induced resistance conditions. Under certain concentration of LAB culturing
media, improved phosphorylation of AKT in murine FL83B hepatocytes when
probing insulin signaling by Western blotting. The activation extents were elevated
with the treatments of LAB culturing media as shown in cellular insulin signaling
investigations analyzed with Western blots of AKT phosphorylation. To sum up the
results mentioned above, the culturing media of the isolated LAB’s in this study have
imposed regulation effects on hepatocyte FL83B at all levels in turn to maintain the
glucose homeostasis.

Keywords : Lactic acid bacteria,FL83B hepatocytes,Glucose uptake, Insulin resistance
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1-1-1 # fcJs (Diabetes mellitus, DM)
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1-1-2 #% P = 3¢

B ik FIERE R A 5w 3] 4 B EE - AR~ % 2 3R R - B
F R AW Ao 14 3 S 4R 388 Fiop (American Diabetes 2015) - w%} Bpom 2 4F 7 H%
Flofs o M & T2 AR

1-1-2.1 % - A4 (Type 1 diabetes mellitus)
Fo AR LY EMBEAR L A B 5~10% 0 < LR % G F kAR
F s (insulin- dependent diabetesmellitus, IDDM) 2 *> & 3| 4% /& 5 (juvenile-onset
diabetes) AR F) T R 2 PR A E R AHEIR T R B e st i~ AT @Ak e
BFZ2E230F% » @ a2 F R S faizaFre ¢ ik
ép. AL E E KRB AL A A PR B+ 3 aldeprph # (diabetic ketoacidosis)
H R e

1-1-2.2 % = ¥ (Type 2 diabetes mellitus)

B AR AOR §OE AR OB R BiE) 90~95% & fLE 2Rk § kR AL AR
J (non—insulin- dependent diabetes mellitus, NIDDM) » # & 5% § & 24 & Fq
2 ¥ 2 3 & ¥ 5 (Goldberg 2001; Wild, et al. 2004) I S LI e M |
WAL R Fopm o AR F Ry f e _V‘H‘"”‘V‘ R KA
o ASE AT ERENE I%‘/\éjafﬁ sl g m MEh s M
(Reaven 2005, Petersen and Shulman 2006) - ¢ 54 = J Flf G A P AP
FEENS F] o A0 092 G 3B R E T A e fesm b o B EE AR A 3R
AT LAl TRk A By e A N A b Ak B REL A5 F i
FEEREZ L BES L 0 2dF a4 2 (American Diabetes 2010) -



1-1-23 # & 2 4] # F i (Other specific types of diabetes mellitus)

BAHCHFRABRRDT AR TS Bl i 2 AT LG F T 2
AT P A REF SRS IR R RAR A EF A ESTHE
#73k (American Diabetes 2015) -

1-1-2.4 4z 4= 2] # Fi 75 (Gestational diabetes mellitus)

PR o A i R A PR D R e ot A 2 AR A ey
2428 % 0 L AFMP TR F R ralAe > wARE GBIk § L 4 o
WA TR MR > R BT agdl e

Stages Normoglycemia Hyperglycemia
Types Normal glucose regulation | Impaired Glucose Tolerance : Diabetes Mellitus
or .
Impaired Fasting Glucose : Notinsulin  Insulin requiring  Insulin requiring
(Pre-Diabetes) * requiring for control for survival

Type 1*

Type 2

Other Specific Types**

Gestational Diabetes **

R~ RO B T R R B
(American Diabetes 2010)

113 4 g 2 S 1o

P 4B R ® L ik JhaE (5 4 (glycosylated hemoglobin, A1C)~ 5 s 4]
% (Fasting Plasma Glucose Test, FPG) ~ v JR ¥ § #& @t 2583 (Oral Glucose
Tolerance Test, OGTT) % % # «. #& i& (Random Plasma Glucose Test, RPGT) % = f&
7 I = 3N i 7 2 %7(American Diabetes 2015) o #& it . & & B 3 & %3 6.5% 0 7 E
i BB T B0 126 mgldL o v PR F REE S ALRIES ) PRI L MEER
200 mg/dL % %4 4k £ 5 20 & %0 200 mg/dL B > L 5 B R (A £
- SEE) e AR B e HE LB EHRE S FPG & BFE 43¢ 100 I 125mg/dL ;
OGTT & 48 4 *> 140 T 199 mg/dL » ALC 4 ** 5.7 T 6.4% » % iz47 3] e
BRH BT H s 00 e AR R 6 R 3 BB AU« ALCY 2 T 35
o pEZ R R A R Z AT e
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WA oR 2 B b Aﬁgwﬁéﬁﬁ%ﬁ’ﬁ%@**&%’Wﬁ’ﬁﬁi
W2 THHPYR RO iptR S £ R IR S AR IR S N AR S A SR
Ehr: Bliofy o Bfiche %G FLAHUE U RS JL%%*—"*%L”"”L &
ek P EREFE A AR hg] (T ’41\?”% AN G EEARERG LT
SHRL BRI 2R E L AL B 2 X RFTERBZ DL S A
PaA T e & 2 e p ko

td- B P SRR

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
8h*

OR

2-h PG =200 mg/dL (11.1 mmol/L) during an OGTT. The test should be performed
as described by the WHO, 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 unequivocalhyperglycemia, results should be confirmedby repeat testing.
(American Diabetes 2015)

A T G AP TI0G 2 MR

Mean plasma glucose
Al1C(%) mg/dL mmol/L
6 126 7.0
7 154 8.6
8 183 10.2
9 212 11.8
10 240 13.4
11 269 14.9
12 298 16.5

(American Diabetes 2015)



1-1-5 v JRF i 4k 5 4

a8 EEEE R AR F AR ik 2 Y f&%%’gr} At U
BrPig w@haEzEdIRE KT EREL DN NS "f TR B F 2t
T PR w 4E 2 3 (Oral hypoglycemic agent, OHA) #_% = 3| | 4% K T %,—*Ff Y - EH
(L Bl= ) s Hfpié * 2 H v v pREw BEENLE 2 4 % * (Cheng and
Fantus 2005) o H $+ "% i< w #E 2 Tk F pcde it & = 977 o

1-1-5.1 g7~ 4g (Biguanide)

PEEE O F L metformin s L BB L Prd DR F BB T AT (B
B A SFHRG R S ) R At M L BTIEOLE R A  - BaeR T ¢
CEREAE L2

1-1-5.2 & p& P& (Sulfonylurea)

PR ER LR E SRFLWP e T FBELRR R oiea BB S
ém’Bw%&iwﬁgahﬁmﬁgﬂ?%“”°¢imﬁ&%ﬁ%# #
Glimepiride ~ Glipizide ~ Glyburide % Gliclazide % » @ } 22 & F 4 B fmbe v
FARE G FF ] G R o gliE P A LR ek SR

1-1-5.3 2L 5 f& " (Non-Sulfonylureas)

%= Meglitinde #g in 4~ » 4 5 repaglinide ¥ nateglinide = #& - i * 4|8 5
PR EE S A TR B e AR F o R R Y R PRI B S 0 2
KE v P L % 8 e (Luna and Feinglos 2001) » 3§ & * ko R 5B o

BB f AR E H e BB S B o

1-1-5.4 Thiazolidinedione #g #7 2 4~ (TZD)

S HE B e x FO% B % 3 0H (Insulin sensitizer) - (% 451wz 4
5 4% BiES VB 4 E 1 B B (peroxisome prollferatlve-activated receptor-y,
PPAR-y) » 3§ 4 3558 ~ F Reie s 5 oo Sk iR AR 0 € S 2 ¢
G RRAE IS R R M SRR L R B

1-1-5.50-Glucosidase #r ] 3|

PCREE R 2 S L e pEfE R cniT Y > B WEENE ST M L A
o ¥E2 B o F * & % acarbose ~ voglibose 2 miglitol » i B iEE L HE L K
#r#4] a-Glucosidase fi% % /% +(Derosa and Maffioli 2012) - i&#g Z 4 § L e (7 *
& ;}éag;}—f SRR E R e



1-1-5.6 #¢ 8 #& % 72 7<(Glucagon-like peptide 1, GLP-1)

GLP-1 5 A #8p &1 & en% & (incretin) > B g R 5 > d 2% 2 304 4
oot o GLP-1 ¢ 5d S fliken A0 ki ¥ FEABER A 2 2R > RAE
LR Bt e A G E R T ) o twe B g 14\;‘.&,,‘{5& BELTHFRBEET
LT FEBER AT ¥ FER(E, 2011) o ot 3 # 5 de liraglutide » &) F* ¢ 45
HH R 2 FRE P F sl AsE MR L2 R o

1-1-5.7 = *x fL *x fiF-4 Fr+4|&](DPP-4 inhibitors)

DPP-4 v ic %’ﬁ“s’ #b %% GLP-1 4% DPP-4 & gk » w £ H (v % pF
Brsec s § & agp t4o F 2 % 4~ 4o Sitagliptin 2 Vildagliptin % > &] % * ‘,4rt WS
PRk 2 PLIH2 b R 2 )f?%fﬂ D E ST a5l 4 B F B & % 7 (Sasaki, et al.
2010; Yokota and Igaki 2012) -

Adipose
tissue

Gut

Abbreviations: AGI, a-glucosidase inhibitor ; DPP-4i, dipeptidyl peptidase-4 inhibitor ; GLP-1,

glucagon-like peptide-1 ; SGLT2i, sodium-glucose cotransporter 2 inhibitor ; SU, sulfonylurea ;

TZD, thiazolidinedione

RS~ 5 AR AORE ORI BT AR v R L EE T 30
(Bailey 2011)



W 2~ TR & EE P 2 TR R 2T

Reduction Reduction in FPG
Class of hypoglycemic agents in HbA,. (%) (mg per dL [mmol per L])
Sulfonylureas 0.8102.0 60 to 70 [3.3 to 3.9]
Meglitinides 0.5t02.0 65 to 75 [3.6 to 4.2]
Biguanides 1.51t02.0 50 to 70 [2.8 to 3.9]
Thiazolidinediones 05t0 1.5 251050 [1.4 to 2.8]
Alpha-glucosidase inhibitors 0.71t0 1.0 35t040[1.9 to 2.2]

HbA, . = glycosylated hemoglobin A,.; FPG = fasting plasma glucose.
(Luna and Feinglos 2001)

1-1-6 p iz %

PEAEE ~ ) 1 R AeidF A ek s 3 R L2 a-amylase #- % pEA 2 5 R
B BEFE R~ [ S 1S B d T B R % 2 o-glucosidase f F OH-EMEE A
fR L H Ao d F o0 gt A58 A e jx 2 4] # (Sales, et al. 2012) -

1-1-6.1o-amylase

a-amylase (EC 3.2.1.1) SU5% Mg vt ML & A ing 2 — 0 S0 F s fE
3 3 26 F4LpER ) 1 2 18 * (Kandra 2003) - a-amylase = p *» A% % » oK
f32% pE & % pEeh a-D-(1,4)glucosidic bonds » # # 3 &4 2 & #&(van der Maarel, et
al. 2002) - @ #r4| a-amylase /& H Bl ic R < A 5 FERETRN 2 4 R et
(Aquino, et al. 2003) -

1-1-6.20-glucosidase

a-glucosidase(EC3.2.1.20) 4 *t » Al & » =30 Rk > £y 2 £
EpEF AR T RERE EREAfRLER s FELEAHEFER U A
Yotk fofs 2 i % (Lee and Lee 2001) « #r 41 o-glucosidase 75 1 R it 4t % pEag i i
ki S ehi § AT 0 ook d & 18 % o #g (Panwar, et al. 2014) -

1-1-6.3 FE iR fi% & 74 A

PEMREE F e Al A A" S2n Rk % - AR R BB EEH R
B EBEY S E R RES T AL BT W L PEfRRE E
#1#4racarbose » ¥_x & ;‘;éﬁ%‘gﬁt;‘_ 4 (Actinoplanes utahensis )% f¥iE 4.7 #7 4 24
h- 48 % #%(oligosaccharide)(Schwientek, et al. 2012) » & 44 it Bl = #77n < #7 % ©
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AR R AR b R T § 2 % Jx(Creutzfeldt 1999) o - F 4 ¥
S LT R 6 ki S e

TP mEE KT E kG v[;k:}ﬂ MR A FESE KRS R G P
o-glucosidase 122 i 4 *1 2 BT g BTk o BPAL L 5 B4 R RPEFRRE & P

4] (Ramchandran and Shah 2008; Panwar, et al. 2014) -

CH,OH CH, CHZOH CHZOH
0
HO N
OH OH

"B = ~ Acarbose z f & % f;
(Kuriyama, et al. 2008)

1-1-7 §a ¢ o B2 5 2
THEASRTEARET R AL R 2§ R LR Y A 4~TmMM

Z_ [ (Saltiel and Kahn 2001) - & f8p w b o 22 @4F 7 8 %5 B fmbe & 0% §
F 02 %G AP e F ke Mo TR s ol 8% 9 eh 4 (Zierath and Kawano

2003) -
Brain
Splanchnic organs
etc.
..": A
...,o' ﬁ
@ /’_—‘\\
LiVer N ﬁ
Glucose 1 e Skeletal muscle

o 1]

Pancreas .
Fat tissue

Rl o~ dE w2 8
(Zierath and Kawano 2003)



1-1-8 % & % (Insulin)

1-1-8.1 % § _;+ﬁ

S L IR R A L RAREAY o SR L ”“’ﬁfﬁhdﬁ'lﬁ%f@i
Apa i erie S > o wl R 21 BreAp Az 30 BrRAM B H A4S
6000Da £ § & &3 & § 42 i 4 (Wilcox 2005) -

B chain

A8 A9 A10 B30
Human Thr Ser lle Thr
Porcine Thr Ser lle Ala
Bovine Ala Ser Val Ala
Sheep Ala Gly Val Ala

SN EGNE S

i
b
-—ﬁnh-_

(Mayer, Zhang et al. 2007)

1-1-82 % § % 2_ fe %
b AP D E S £ R o R E P B T A A (e
Bl ) Hivr & 45

(1) #=F14% F #72 (Glyconeogenesis)

1995 Collier ¥ 8 % 4p 4 > %% § & @i e | pE TATL BT 2 M 42 PE F DAL
fit 5 fir fx 22 i* s (phosphoenolpyruvate carboxykinase, PEPCK) 2 ¥ § #%-6-# fix fis
(glucose-6-phosphatase, G6Pase) 7k Fl#& 4% » i > § § #&2 = (Collier and Scott
2004)

(2) 3 *x s:—;ﬁ% & = (Glycogen synthesis) = #r41] 4 jz(Glycogenolysis)

FREZ R F R R E B REe BAT 2 TR o L g R iy IRAE Y § MRk
(glucokinase); sEEE & = A (glycogen synthase) 2 ¥ & /& > i@ B MFEEL & o
Y- %o %G e PR i ps (glycogen phosphorylase) # § % #E-6-84
Fafis £ 2 50 0 LR S IFEE A (R o
(3) B H F ATl fE

10



g%% £ 0B (FH IR U LR R imie o B A B HN T F B S @
BLG F T o~ el 0B S F § 2 2 % (Shulman 2000) -

(4) $r#417 F ~ fiz(Lipolysis) % e #5 %5 & = (Lipogenesis)

G 3 B 5 2 (lipase) i b o % 15 3 1E 7 (lipolysis) © g %
%+ BN e el s A # i fis (acetyl-CoA carboxylase) s | o 838 g WL &
o e PFL B 4e 3 fiR fL ke (pyruvate kinase)zo 5 14 0 3k B BRFLH
(phosphoglycerol)snz & » BAE 3R & = o

(5) it o6 4 &

R SRS LEE SRS N LI R R I e L R B
vOF2 RE fE 5 S 697 = (Dimitriadis, et al. 2011) -

Amino Insulin
acids receptor

13 d | ":: ' “ 5
i I M’W"“"’*

¥

Triglyceride | —> [ FFA
[Glycolysis/oxidation]

Glucose

FFA

il

K

#

Glycogen

RS SRR R 2 R
(Saltiel and Kahn 2001)

1-1-83 % § % 2o

Bi,_%—%m.rﬂ‘f,&rgé’lﬂlﬂ;%‘\ﬂ’b}%&” 57;3;»3§ fga%%mﬂff,é\;)i
R SERCE 2 DN R RIS mea%psagérv F(Leclercq, et
al. 2007) - iw@fow%%w e RHER W 2 Ak ¢ R R R E R
BFE -T2 9w %2 A opE B (Elliot, etal. 2002) - @ % § & il F 3
BB RS 0 hd Bl B2 e S FE T F ARG R R S
SAERpR L E R ke

11


http://terms.naer.edu.tw/detail/209832/?index=1

a Insulin sensitive state b Insulin resistant state

Liver Liver
Glucose Glucose
output output
= normoglycaemia v Hygm::se?t;arymd
— ; Ghicise hyperinsulinaemia
uptake uptake
/‘t-._ =
AN A AT~
muscle muscle
'y
Adipose tissue i L
Lipid storage Lipid storage

Adipocytokines

- (@)% 5 RN R RREA L T T ()% R Aok B2 R %
(Leclercq, et al. 2007)

1-1-9 % § 2% wre K o 22 BT

LR R EE s frimie il b 2 96§ & 2 8 (Insulin receptor, IR)Z a
THAGELe BH Y2 B HAE ;ﬁ LERps 95 g & 2 482K F (Insulin
receptor substrate, IRS) 2% » &2 % F4 g vofig -3- = (PI3 kinase, PI3K) » &
PI3Kp85 =t & ~ % & 1 & = PIP3-4% % & it T % Akt (7 4 Protein Kkinase B, PKB)-
Rifrwre? FHER T foke B2 - ir 2 2 2 & & J(Saltiel and Kahn
2001) -

Q

Insulin/IGF-1
receptors
A 2 ' 2 B

Glucose

,53;¢¢:§§siaaaixii

@

“PTEN hed
5H|P2\/w-"r‘m"7p8‘? T —r L —_C ‘Gg‘.

P-__IRS-2 P
PI(3)K L
& P RS }P;gie@/ v
1 Mek
- IRS-4 P
<«—— Akt aPKC P Gab-1 -8 ¢
4 ¢ N\ N MAP kinase
p70=k PP1 GSK3 | @
N Vv < ) Cell growth General gene
Differentiation expression

Glucose metabolism
Glycogen/lipid/protein synthesis
Specific gene expression

B LA A e
(Saltiel and Kahn 2001)
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1-1-9.1 % & % < %2 (Insulin receptor, IR)

L E E X RE D A B mre et (g 0 B A (o-subunits) 2 B B 7 3RS
s ar b ch B = B A (B-subunits) St e A 2w B BE 3ev o % R PR R g pE
(receptor tyrosine kinase, RTK) 2% - 3% § 7 IR 2 o =t H ~ 55 & 15 H 4] 3%
o PR H ARRpLppY S TR H op MR BEET 254 F 2 B (Butler
and LeRoith 2001) - @ § IR &% & 4 pr > € F 4% § F e fachi § o

1-1-9.2 %% § % < %8 2 ¥ ((Insulin receptor substrate, IRS)

L E B XMAT A 5 IRS-1-IRS-2-IRS-3 2 IRS-4 v #f » ¥ $& i--SHy AL B
i+ %8 wPIBK(P8S B4y ®) B &2 i o H P 11 IRS-1 2 IRS-2 & pEug
ZAF R LA Eod B R % F IR f IRS-1 A %2 ] & ¢ hRFTEE -
¥R AL F I 2 A R F 2 13 (Araki, et al. 1994;
Tamemoto, et al. 1994) - @ 7| ",ﬁi IRS-2 7L F]z ] Bl7® ¢ HIRH sFuges ¥ f w5
A0 R FRd 5% B AR R P2 4 B 4 4k e Withers, et al. 1998; KIdO et aI
2000) - IRS-1 2 IRS-2 *t#F0gP 2 a5 % Fldrd] > § HE F 2 T #a
AHE DA T H At R FIRSTARE ¥ IRS2P 43 H @
»o S AE T @38 2 a5 (Taniguchi, et al. 2005) @ b % § % @31 2 & i 4] o
ORI e R g e 2 /Y ;ﬁ LA dE a4 enfz 2 (Fisher and Kahn
2003) -

4

1-1-9.3 g 7 3-fig -3- ¢ v (Phosphatidylinositol 3 kinase, PI13K)

PIBK #_d 248 ~p85 % E 4 H ~ pll0#re=- 4+ & 4 % 5 85% 110kD »
» — 8% = F Y (heterodimer) - PI3K £ ¥ 4 % class 1a ~ class 1b % class 2 = # >
B EALr FEBAHMEREM S classlac PIBK 34§ % @2 ¢ 2 58
few A, PIP3 > 7 BaE 5 /B L 0 BAET P55 iE R T Akt &2 AMPK
(AMP-actived protein kinase)z_ i# 21 (Lietzke, et al. 2000; Saltiel and Kahn 2001) - #=
TEWRE PIBK g% R pF o gﬁc WEFHE TR B9 P2 A¥e A FA D
#2(Cichy,etal. 1998) - &g+ H 255§ H A3 (N fpe S+ 2 B4t & d o

1-1-9.4 39 7 jgf= B (Protein kinase B, PKB/Akt)

#v ' jcps B (Protein kinase B)* # Akt H 4~ 3+ & % 60kDa - Akt 2. £ 7]
ALZZHOAGWAFEEY 2 EG 2R IEY o 54 AKL 0 3 & 5 A
CRREE L S R e A R E R 2 X ~TC R i
5 AKE3 0 3 Rt A R deg H;}(Zdychova and Komers 2005) - ;& i i Akt 7 %27 48
PR A TR Gldein e R4 TR By A S AKtA T g
VR & 2 mhAL 1 =2k % threonine®® g2 serine® o @ %R o P ol R
2 AKIZ 50§ NIE S AR 2 5 G RIS RO 2 R 0 BT AKL S
FRP ¥ o B T2 £ & A F)(Cho, et al. 2001; Garofalo, et al. 2003) -
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tdow o~ AKE B AR 2 A G 8w i

Isoform High expression Function
levels
PKBo/Akt1 Brain, heart, Placental development and animal growth
testis, thymus Adipogenesis
PKBp/Akt2 Brown fat, Glucose metabolism
cerebellum(Purkinje  Adipogenesis and maintenance
cells), heart, Animal growth
skeletal muscle
PKBy/Akt3 Brain, testis Postnatal brain growth

(Zdychova and Komers 2005)

Insulinreceptor

i A
Inactivation via /

phosphatases +
Akt antagonists _\—.__._

HERIL % E & T PKB E Y 2 BT
(Zdychova and Komers 2005)
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1-1-95 /E}’iﬁ?iﬂ!}iﬁ HoiE v jgcpF (AMP-actived protein kinase, AMPK)

Eﬁﬁi“?ﬁ%i@ -0 s (AMPK)A_A B8 2 B4 30 o » Brf SL i ddr o
g > AMPK B4 a~B 2 y= B=x B ~orle 2 Bk = R4 (heterotrimer) -
mF B EAx Eg oA B R 453 (Hardie and Sakamoto 2006) - AMPK it &
Foimre ] AMPIATP 25 i 0§ 4 2 40 £ P% » AMP/ATP it &=  » 751+ AMPK
threoninel72(Thrl72) =2k » ¢ § % ###%:F v 4(Glucose transporter 4, GLUT4) &
IR > BAEF F T ~ A2 ATP I3 4e acetyl-CoA carboxylase gifc it - &
LR IARL S R R AR Y Z R B X R F IR BB L AR
M (Carling 2004) - B 5 & * 2_*f & #% % $ 4o Metformin z_ 17 % &) 5 55
AMPK > s¢ 1838 GLUTA #& =12 ‘f']ﬁf'_f%‘i FrHEFPE KT AMPK 5 A fE¢ &£ & en
A ¥~ F# B (Moller 2001) -

Resistin
Insulin

1 FA Oxidation

{ Hepatic glucose production 1 Glucose uptake
I Lipogenesis 1 Mitochondrial biogenesis

"B - AMPK @32 5% 3 &
(Steinberg and Kemp 2009)
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1-1-10 5% § % 22 gy 1% 25

L1105 § 570 & 2 iy

PP 2 %G 27 2 Bedd » i enadkep? §
R RS S ETE TEER S TN FERES LR ST TSN
T E 0 ARAR B F AR B R B (Glucose sensor) FoBASTHOER P> 1B §
AR SR L SRR R At Rl i
N P R AR Y S P Y RER P PEL By L P
CE RS s TR R R SR L f’»}wiww F LY
% (Nordlie, et al. 1999; Zierath and Kawano 2003) e PR R w BERS
T f 8aE GLUT2 ek F14 33t 3 %5 § % TR B T RI4p & (Saltiel and Kahn 2001) -

1-1-10.2 3 & = 2.4 &

%’%ﬁ P Foo W F B OREE TR O e (s BARETREfR TR i%‘%
d Glucokinase ¢ Hexokinase ifé i = G6P » 4% % i& {7 5o =~ (A TR/1& ¥k %k
(Krebs cycle/Tricarboxylic acid cycle)~ T & #&#4 fiz k= /= (Pentose phosphate pathway)
2 3 FFE & = (Glycogen synthesis) - = )I?Je#l;, 415 G6P ¥ % " FpE & = fi=(Glycogen
synthase, GS)z_ #. 4] » @ % X 7E L s GS> H S 9FpE S 22 3 & I AR S o 4k §
% 0T > PI3 Kinase 2. ™ ?7jcfis PKB(AKt) 2 aPKC ¢ &% s mipk it k& i W pg
& = jgcfi= (Glycogen synthase kinase 3, GSK3) @ i& @ 3 4r GS /& [ 3 g FpE & =
(Cross, et al. 1995;Ferrer, et al. 2003;Yang, et al. 2004) -

1-1-10.3 B ATA 7% & **g“ﬁr%&ﬁ';’

SRR R R L R R A A I A B g 2 G6Pase # AT AT A 4
G6P $§§+}§T Fc D e ko D ARRGEFRTA IFH v A A2 FHMELILE £
ed AR ) T B EHR T o BER T B AR PRI N B R A
W AT n—/kﬂi%'—ﬁ%A}ﬁ’*;}B BEp% % 2 F1& R Fla 4§ F HEL 2 = (Pilkis and
Granner 1992)  # 3 4p ! - PEPCK £ G6Pase & #% fA7T24 i if2 ML % > ¥ i
o35 E E Baa frd| A FliEs 0 B0 F F 4E4 = (Collier and Scott 2004) -
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Insulin

Glucose receptor
,,.,e::mlmmnm I
Glucose kg ? ? ,"i- 1)
/-' \MIKDCHDI‘IGI’IE Q! y
Glucose
Glucose 6-P {__} "__} Pyruvate —
/ Glycoge &
Z \ ; Citrate
i T
ycogen - Acetyl-CoA
Gene expression W
% Dr+:,rl—CGA
},*CGA

NP - R N R S P A
(Saltiel and Kahn 2001)

1-1-11 740 B #3896 5 & 1Rz o) BUFR n Pe st

WP & 2 DA s B S FAE AR 2 R R T A AN RS R
Bk fl > RPEMT S B WA ALHE LSS R Y WM I T
HoPFR AT RS SRR RS g e b TR ARRRRR S A2
* Ay %Tﬁiwﬂﬁ%lﬂHMM%m%)Piﬁ PR MBS BB B
AP ELFHAIML ST A Es v 2 EPIAE o a 5 R T
+MWF®KPUP]ﬁmjmiﬁﬁkfh’ﬁg%ﬂ%ﬂéi@¢mpﬁé’
B M OB 2 s 5 (Yan, etal. 1994; Ceriello 2003) » & #7577 § #3535 § %
2 B Flreph g4 EE X AR F VR A F 1 PKC &2 INK i8¢ IRS
Bk v (Ser307) » i > IRS-1 e mips i > #r4] IRS-1 % & 3 IR #r# 3% (Lin and
Lin 2008) -

PERR VR R g iR s L G R IT R T ERE IR AR
FletF U e L R R T 2 A R oA e TR R 2 IR
SER VT FBEIR B R NBHTY M mie g Y s | BRI
FL83B % - T fIFf = A2 T S H 2 2641 FE 5% 5 ZaR y,L X
&2 REFPE PR uﬂ%a%%Fw%aw’%@ A4 E E e
$oo 5 TNF-a Jk R 4 m B> F § 482 F » £(Cheng, etal. 2008) » ¥ - & 3
- RFEF R, ol AR E AR RS F @M Y Foe IR
PIBK ~ GS 2 GLUT2 4 31 » e § § # % » (Huang, etal. 2009) - 7 4 # 7 4
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Bz 33 8 30MM F 5 4R A TR e HepG2 A 2 P& B & fE s 3k f &
BT BB et o 2 AKUBE (A LT 0 4 d ok d A EGCG
oMt R FHK % H & ZLE (Linand Lin 2008; Yun, et al. 2009) - & F it#7 7 B
T T AT BAES R S5 R b 2 FN o F R SR L S S 2

5=
et oo

\ .
4 Insulin

/

/

I 1 L
i [
i i W
' i ¥

Glu'co§e ‘ [iﬂﬂl]elqc_osg Transporter

Insulin Receptor

Insulin-stimulated.+~"

Tyrosine
1 hosphorylatiory’ \
PO IRSA1 p=a 70
Glucose , PI3K5‘E.{,‘, —s301P
N .z \\ ,,
\1/ \__a’
( Akt P .
~~ ,,[ _ Pkewnk ) AMPK )
< LKB1
( GSK3p \ T
Oxidative EGCG
g Stress
. Gs )
Glycogen High Glucose
synthesis Condition

(Lin and Lin 2008)
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1-2

1N

/:l,—‘p%]"
1-2-1 £ 4 F2 Lk

FARAMEAY > S0 AR REF HE LR LG G oocE
(FAO/WHO, 2002) - e :7# k¥ % #7353 s L,
PSS RpAL L R LT
ke 2 FER P T E L B R
F] % & > #{2(Saarela, et al.
A e Ry e 4 SN S T
(1) #5438 Fo % "B 2 50 4 o
(2) 2AF e 2 F AR 4 o
(3) #rdlp o Fend £ 2 BB iR L A o
(4) BEERL A B & 4 o
(5) Tk #F £ F B2 7o
(6) EFAE TN 2 AdFchde 1 ko
(Saarela, et al. 2002)

1245&%1%?

MLARKAR S F A AR FE a2 Bt oo Hu Lt 0 S o ipi 2
ﬂ“%%%ﬁééwi;é%@ﬁﬁiim%@#ﬁﬁ%7ﬁ*ﬁ;,égag
gism‘%;@%mmg » HARM S ho B 2 R o ) -
%%Jﬁ;%*? 8 R W»%«ﬁl%q’r%&F&}%‘/r}%‘ﬁ‘iﬂi”ﬁ‘di\'f‘éfi

44 o 5-(Aggarwal, et aI. 2013) - & T R E2ZFAST F A2 AR H P ug
e -1k Kk e

o

a3

x;_-fg\,g ‘g@%%:«;—éiﬁg 2_fed pe

Lactobacillus species Bifidobacteriun species Other LAB Non-lactics

L. acidophilus B. adolescentis Ent. faecalis® Bacillus cereus (‘toy(u“)""d

L. casei B. animalis Ent. faecium Escherichia coli (‘Nissle 1917°)"

L. crispatus B. bifidum Lactoc. lactis®

L. gallinarum® B. breve Leuc. mesenteroides® Propionibacteriun ﬁ'eudem‘eidrﬁ“'d

L. gasseri B. infantis Ped. acidilactici®

L. jolmsonii B. lactis® Sporolactobacillus inulinus® Saccharoniyces cerevisiae (‘boulardli’)d
(L. paracasei) B. longum Strep. thermophilus

L. plantarum
L. reuteri
L. rhamnosits

*Mainly used for animals.

"Probably synonymous with B. animalis.
‘Little known about probiotic properties.
“Mainly as pharmaceutical preparations.

(Holzapfel, et al. 1998)
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Suppression of
endogenous
pathogens.

eg. antibiotic-
associated diarrhoea

|

Colonisation
resistance

l

Suppression of
exogenous
pathogens.

eg. travellers’
diarrhoea

Supply of SCFA
and vitamins

(eg folate) to the
colonic epithelium

l

Reduction in risk
factors for colon
cancer

Control of Control of
Irritable Bowel Inflammatory
Syndrome Bowel Diseases "
Alleviate
Balanced allergy
immune §ymptoms
response in infants
Normalised f
intestinal $trengthened
microbiota | lati innate
composition mmunomodulation —»| imm unity
Lower serum
Probiotics cholesterol
Bile salt
/ deconjugation
Metabolic effects and secretion
{ Lactose
Lower Ievel of hydrolys|s

toxigenic/mutagenic
reactions in the gut

e

(g

20

Improved lactose
tolerance

(Saarela, et al

. 2002)



1-3 5* it 5

1-3-1 54 7 A & £ it

F* & ) (Lactic acid bacteria, LAB) & 4 v #9 i HpEag - ¥ A 2 5 £ 5
HEEF RRIETY > Z7 g RARZ 2R Z AL - BmAY
FREWAM B EEDRREEY > SER2ZFA R RN AL 2 AR
(GRAS, generally regarded as safe ) - #* e F/BE L 12RF 7 7 2 LW B IF>
AER P A f G F IR R F 44 £ ff pe(Catalase) 2 ‘w¥e ¢ % (Cytochrome) o

1-3-2 5t A 4

FPRARIEAE VA IER HFHEE S FHE 0 1 4 Lactobacillus
% Bifidobacterium - 5§ 7/ 4- Lactococcus « 5 fis ) ik H 3 fE o X A 4 2 N3 T
% oo & 5 A % (Homofermentation ) ~ 2 4% % (Heterofermentation) %
A & paa p¥(Mixed acid fermentation) = 25 (11 Bl - = ) o e 313 pE 5 i RS bE 2 0T
* 5 A 4 % 90~1009 3¢ p4 - Lactobacillus acidophilus » Lactobacillus bulgarius -
Lactobacillus delbrueckii - Streptococcus thermophilus % Enterococcus faecium i&
ﬁ%ﬁﬁ%éﬁﬂoﬂﬁﬁﬁﬁﬁﬁﬁiéiﬁW%%&iﬂ’*éiﬁﬁ\b
fe~ - % itz 2 2 v & F > Bifidobacterium breve ~ Bifidobacterium longum ~
Lactobacillus fermentum ~ Lactobacillus casei ~ Lactobacillusrhamnosus %
Lactobacillus plantarum B >+ ¢t 48 2 f% 28 2] (Bucke 2004) -

A.

! 1ATP

Fructose 6-P

6-P-gluconate
1ATP
1NADH C.
Fructose 1,6-BP Yylulose 5-P @

Glycer-  <f——3m Dihydroxy- Glycer- Acetyl-P 2NADH
aldehyde-P acetone-P aldehyde-P :

2ATP o
| NADH A

Pyruvate

LATP

e L '..,
e
e )
| NADH
@ Acetyl-CoA

2NADH

(A Al 2 (B)E A% a2 (C)R & e i (Hofvendahl and Hahn-Hagerdal 2000)
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1-3-3 Sk A2 4 L ok

1-3-3.1 ‘35 %  FET fre e B F
A AN M S O S A
EF SR AFAMEE o R HE2 2 RINEE A F 2 KD
Wi ABCRE e Yo d R NE Y BPEpH &5 25~35 2 B > mUK
I s b3 K F#c 3 10~10°CFU/ML > i A 5 BE B E o
FL & 1% fF(Lactobacilli) % 4&xk 73 (Streptococci) = @ 33T § Hig A = > ",4rt 1 OFUpR
A B 1% 7 (Bifidobacteria) shdic & 3 4e 2 b > 2 MIRE N IAEH B Fo o4
% in A (Enterobacteriaceae) # % ¥Rk ¥ fF4oif o 7§ (Bacteroides) ¥ & ##
(Holzapfel, Haberer etal. 1998) - Ffp e = % 5 ~ c T H P FF P X NI R EF
B ER > Hn AW A ndrnE R Rk (DEp R FaE S A
i kg b 2l S QR FEN B RRFERIF RS T QI SRR
2N BAE P AoiE s L d m'f;:’]-/% 2 G OBRE éf’]#ﬂ’;ﬂu:%(]’ﬁ%ﬁ,ZOOﬂ 0

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" - 102 CFU/g)
Bacteroides Clostridia Pseudomonas
Bifidobacteria Veillonella Yeasts
Streptococci Lactobacilli  Protozoa
Fusobacteria Proteus

Enterobacteriaceae Staphylococci

BT~ AR B2 AR A
(Holzapfel, et al. 1998)

1-3-32 . H A & i *
FES-E A u@ﬁﬁ;ﬁhm,yi F@’ﬂﬂﬂﬁ+%%@ﬁ’fﬁiﬁ
*’%@?—fﬁm’?é om F 4 1;—] FASGHLYE y 5 faie* “f RER 2| 4 B
T wmre(Type 1T helpercells Thlcells)iz i #8827 F & ~ H# 4c IgA cha i
ﬁd Th2 cells 3 4 m %2 & (£ T ‘w*z (cytotoxic T cells) » &% m% £ L5 F R
(Bengmark, etal. 2001) o ¢ #b » S EFBHCE FABLE A {EE 2 2 ek
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% % /i v % 12 (Interleukin 12, IL-12) £ + 3 % y(Interferon, IFN-y) > & i % Thl ¢
%7 F Jis(Haller, et al. 2000) - @ #7523 & (F% & 4555 1 L& 5 5% RS EATIR %
Forbi s mE AL KT G 0 G v ptdp 14 S BALB/C /] & 7 f& Lactobacilli
e FEALRZBAEALEF K DK wre i wie 75
(proinflammatory cytokines)TNF-a  IFN-y % [L-12(Perdigon, et al. 1999) - 7= 3 1§
NRBFLRETIRAE N I e A2 IL-6-TNF-a 2 IL-IB- £ 5 &
£ &2 1w (Liu,etal. 2011) - G R EETIRE > & 0 F ?}%‘Jq:fﬁb,;; AL T ok
ﬁ’i & BACR B AE G AR RO 4 0 A T MGB AR deje et i

wo Lk Js(Kirjavainen, et al. 2002) (1 2004) - & FLf 2 5~ 7~ B R F B RS
FEIRAEDE S SRR RET 4 & 3 a2 # »z(Sashihara, et al. 2006;
Enomoto, et al. 2009) -

1-3-3.3 " M P EHEZ £
M L e AR ety Ben chE B A A 04 HER SRR & 8 A

FEFOmSRy > Ff? 77 BLAPEFMBAF 55 2 b%A 1t 2 ﬁfﬁﬁ FUpe
] Ae % E 5 4o P F AR 4 _‘il;/i’l B EFAM L ST R TH T MERAR S 4
cHRI(DFRALF ERKEEFT AL I BEANETER > RIEFRBEHF A
£ (T o @ iE 3] F O B AR et i (Klaver and van der Meer 1993) > ® Uz )
wE AR PR R RN 0 B E MPERRR G 4 TR Y PR R HE S AR B
(Tahri, et al. 1997) o (2)5' P& im P Y SRS PE MG o s v PR IR N S e
TG e E 0 B P X v gU R R R entE PR AR ot ox i i3 (Grill, et al. 2000) ¢ (3) F
4 AR #@ﬁ’_“ FAFEIBRST BEROTIIERARE SR LY RO R
i E i AN - ph H pew 7 A R R s (3-hydroxy-3-methyl-glutaryl-coenzyme A
reductase, HMG-CoA reductase) s/ 1% > 1&— ) Frd "L F R e & & o F7 3 45 11
L. aC|doph|Ius(ATCC 43121)4% & B *£ 7| f% » Jx 2= Sprague-Dawley(SD)+ & > # 3

€4 I B 25%mwrm§§ BorEr i A2 4 AR we
£ 4 (Park, etal. 2007) - ¥ 7 # 3 45 4114 Lactobacillus plantarum %
Lactobacillus fermentum 4% & 3 :Pﬂﬁgcéx G E2 A BN ME R e PR AE
LDL-C %2 Triglyceride 7z & (Xie, etal. 2011) -

1-3-3.4 3 & i B

% -5 B lcHE R R F Ak St(Renin-Angiotensin-Aldosterone System, RAAS)
AR A e Behd B4 A S REAL T Ry AR Hgp A Fe
# 7 7 rile f ok E ## pF (Angiotensin I-converting enzyme) shsk 4 a0 %
= Al g 1,5% (Angiotensin-11)e32) & > if 3| "% o B ek o FURL R EATA &
2_ 4§ 4o y-aminobutyric acid (GABA) 7 = ¢ ’]I.AF]",% & 3% f= 374 ] (Angiotensin
I-converting enzyme inhibitors, ACEI) » i 35 I# & = & 3 4 (Yamakoshi, et al.
2007) - Fuglsang % & ﬁ (2002)# 7 45 112 Lactobacillus helveticus % fi% 5 4 & Jn

R ND
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https://en.wikipedia.org/wiki/Interleukin_12

#2% o B < B (spontaneously hypertensive rats, SHR) » i #ri % = 2l 5 & e ¥5 %
(Angiotensin-I1)z #& % > 3 "% M )E(Fuglsang, etal. 2002) - 7= 7 8 *F E 5k %
4p 102 Lactococcus lactis 3 2 2 34 £ a  feig & fk pr e S 1
(Rodriguez-Figueroa, et al. 2010) - & % ﬁ;_;;L v BB e ACE iE 2 @ fd@4dit Ps
% Val-Pro-Pro ¥ lle-Pro-Pro(Seppo, et al. 2003) -

1-3-3.5 "% AR 4 =
FEYRETENFRZIHERY > SEY 25 TFEL S

B-glucuronidase ~ nitroreductase % azoreductase » i&#Efi % € it R R
(procarcinogens)# # % 3k &4~ (carcinogen) » @ FU L g S BHEH AT A 4 LR 2 Ay

fa® 7 1 p& A %f»r’# | 2 3 5 H X % ehiRk R (Goldin and Gorbach 1984) - 7+ 5
‘ﬁ%f% @éﬁéﬁﬁ iR HAPERBESOERETEMRE SRR S
(Kampman, et al. 1994) - Ling % % HREEERE R BFsr e FE T
Lactobacillus strain GG z_ 5* ®l & > % i{ @ 2 R p% % 518 F % 1 (Ling, et al.
1994) » A RAN RS ERBIHFTLEE G F o T SEIRAHY
PR R PR X 2 R RARE LR A S 2 T ]
7 = (Rafter 2002) -
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FoR FLP RN
2-172 % p ¢h

VeRop s RTRILD FRE PR A A AP 9 - AR E - AR
BANM 206 G A Iedes Bk fhn L L 3 H ¢ A PA L £ TS BT &
AR R L ER M -TRAFAMISEY ER 22 FE VT E2L R
WSS 3 P I SRR A EMASH AR RS ] L6 ok
4ot o B w fEs o P 2 e sk F (Fuglsang, et al. 2002; Lee, et al. 2006; Yadav,
etal. 2007; Xie, etal. 2011)-»* Rt F s ¥ ~ 2 F H Efrd|pEfaps 4 sz a4 o
Flg|ie* 52 5 B oot > AR G IR E 5 5 2 % A $r 44 (Ramchandran and
Shah 2008, Panwar, et al. 2014) -

PR R e S L I REAA S #oc s BY T Sl 2 4
KA & SN S o RS o T AR T R fRRE R a-amylase %
a-glucosidase fi% % & 12Frdl i # Bl e 2 FLB3B "Fimiz 2. { § 44 » 2 3 FpE &
X E AT FEIRE é’#%%’“ﬁiﬁ*“%ﬁ dAG T A 0T m;@a S R R R
FRARSHS L Z 0L T2 P L ARy IR £ EE R iiﬁ
Pt o A i@ 4 2 |rf’~’§1§,.=m’?a foA DR R FUR

A

E:] o
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2-2 s % 1

Lactic acid bacteria

\ Catalase test \ \ Gram staining HMiIk-curdIing test‘

Acid tolerance

Adhesion assay Bile salt tolerance

Caco-2 cell

l

16S rDNA

l

LAB culturing media

Residual sudar a-amylase a-glucosidase
g inhibitory activity inhibitory activity
FL83B cell

L
\} ] L \}

Glycogen content
Alamarblue assay Flow cytometer yeog Western
assay
Cell survival Glucose uptake AKT
PAKT
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FoR - HRE
1 F S

3-1-1 5k 7 %

3-1-11 3% itk

Wd s B RREERRAREFE R LY P ER GRS
Bichr G a st j FPRBARFHEFL BB IR R 2L
N R A s L S T SRS R R
T IZRES B

3112 R AR 4 A
Lactobacilli MRS broth p g DIFCO (DM, USA) - L-cysteine £ p Sigma(MO,
USA) - Agar pp Difco(MI, USA) -

3-1-1.3 S [k ok 2 4 b 2 &

H.O, B p 4 i= %] 2 (Nantou, Taiwan) - & #F = % ¢ % (Rapid Gram Stain)pp
= 7 & % (Taichung, Taiwan) - HCI ~ NaOH Pt 5 i & g% > 5 22 2 (Taipei,
Taiwan) - Phenol p£p Amresco(OH, USA) - Sodium sulfate(Na;SOu)pp fr sk & %
1 ¥ 1&3" € 4 (Osaka, Japan) - Bile salts ~ 3,5-dinitrosalicylic acid(DNS) ~ iF|# f& 4@
40 ~ a-amylase % o-glucosidase pp Sigma(MO,USA) -

3-1-2 ‘mPe G 2%

3-1-2.1 | & % th
|- BUAFRR bm #2 h FL83B cell (BCRC 60325, mouse hepatocyte cell) - pp & &
1 EF BT AT S FIREG 2 A7 7 ¢ o (Bioresource Collection and Research
Center, Hsmchu Taiwan) o & pE*t ] fm v o

3-1-2.2 A 35 mPe R
A HE xS H;Tuﬁf-p ‘w7z $k C2BBel (BCRC 60182, Human colon adenocarcinoma,
clone of Caco-2) - p-p & -1 £ EF 7 72 H Tk %35 % 47§ @« (Bioresource

Collection and Research Center, Hsinchu, Taiwan) o & % & ¥ % g + & ‘% 2. 35
B A e
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3-1-2.3 e 12 %

F12K (Kaighn’s modification of Ham’s F12 medium)ptp = 4o 5 % 35> 5 22
7 (USA) - DMEM(Dulbecco’s Modified Eagle Medium)pp Gibco (CA, USA) - #-
# w7 (Fetal bovine serum; FBS)rp Gibco(CA, USA)-0.22 1 m & g 7 (Millipore,
USA) -

3-1-24 mress £ H 1 & 5

Insulin ~ Trypsin-EDTA pp Gibco(CA, USA) - Trypsin blue p&p Biological
Industries (Kibbutz, Israel) - Glucose pp Sigma(MO, USA) - AlamarBlue® pi-p
Invertrogen(CA, USA) - Sodium chloride ~ Disodium hydrogen phosphate F#p
Panreac(Barcelona, Spain) - Potassium chloride pp £ % 1 ¥ k3¢ ¢ 4+ (Osaka,
Japan) - Sodium hydrogen carbonate B p fosk & 28 1 % 4k 3¢ ¢ 4+ (Osaka, Japan) -
Potassium dihydrogen phosphate p#p 7 2% % k5% ¢ 4+ (Osaka, Japan) °

3-1-3 jn N mve kA T E R

3-1-3.1 % & i
2-[N-(nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-D-glucose, 2-NBDG =
¥ % ¥E P > pp Invitrogen(OR, USA) °

3-1-3.2 Propidium iodide
PI(Propidium iodide)r i Sigma(MO, USA) -

3-1-4 B A 17 5 5

Anthrone p£p Sigma(MO, USA) - sificpbp B 1 i 5 Bk > 5 *L 2 @ (Taipel,
Taiwan) - Potassium hydroxide pfp +k 35 % 1 ¥ k5% ¢ 4+ (Osaka, Japan) °

3-1-5 F-6 B A 7R

3-1-5.1cell lysis buffer

Sodium chloride Fp Panreac (Barcelona, Spain)-Tris = p Amresco (OH, USA) -
Nonidet P-40 substitute(NP-40)r p USB (OH, USA) -
Ethylenediaminetetraaceticacid(EDTA) ~ Phenylmethanesulfonyl fluoride -~ Sodium
fluoride ~ Sodium orthovanadate - Protease Inhibitor Cocktail pp Sigma (MO,
USA) -
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3-1-5.2 3-i AP M
BCA™ Protein Assay Kit - Thermo(USA) -

3-1-5.3 & = i iF A

N,N,N,N-Tetramethylenediamine( TEMED )~Ponceau S f£p Sigma (MO, USA) -
Glycine ~ Glycerol 2 Tween-20 p&p Panreac Quimca Sa(Barcelona, Spain) -
Ammonium persulfate( APS )~ Dithiothreitol(DTT )% Sodium phosphate monobasic
monohydrate pp GERBU(Gaiberg, Germany) - Acryamide-bis solution 40%ps p
SERVA(Germany) - Sodium tetraborate-10-hydrate ~ Sodium phosphate dibasic f4p
Merck(Darmstadt, Germany)-Sodium dodecyl sulfate( SDS )rp Bio-Rad(CA, USA) -
Methyl alcohol % Tis ( hydroxymethyl ) aminomethane p£p Mallinckrodt Baker( NJ,
USA) - BlueRAY Prestained Protien Ladder pp GeneDireX(Bruges, Belgium) -
Blotting Paper pp Whatman plc.(Kent, UK) - Polyvinylidene Fluoride (PVDF)
Membrane ~ Immoblin™Western Chemiluminescent HRP Substrate Fi-
Millipore( MA, USA) -

3163 & HKEL 2 G&

CO, {78 #5 % 44(3) %% Forma310) (Thermo, USA) ~ 4r #4158 95 %k H, (41 5
WB212-B1) (Kansin, USA) ~ = lﬁé*ﬁz%(Hemocytometer)(Superlor Bad
Marienfeld) -~ & 4% i® - (Bellco, USA) ~ i) = ¥ % B4t (2] 5 IX-71) (Olympus,
Japan) ~ j% f& § #%7% # (3] %5 LS-750) (Taylor-Wharton, Germany) ~ 4 sk sk g 3+
(Thermo, USA) ~ & 7 # (3] 5. Vortex-2 genie) (Scientific Industries, USA) ~ £ + 4]
Hos $5(4) 5L 5415D) (Eppendorf Germany) ~ ¥z % 1 (3] 5L MC-01S) (Major Science,
Taiwan) ~ F-9 & & 1 (3] 5L MiNi-Protein) (Bio-Rad, USA) ~ & = #/# % (3] 5L
CtiterionTM Blotter) (BIO Rad USA) ~ 7 & & & B (3] 5 MP-250N) (Major science,
Taiwan) ~ 3 i# 8 3w (3] 55 5810R) (Eppendorf, USA) ~ it ;% % ik (] 52
FACScan)(Becton Dickinson, USA) -

'2?'5%_}7 /é:

3-2-1 FjthA B2 iRk

PApitha &R 2 LR B3ERfEL 7 0.05% L-cysteine 2 Lactobacilli
MRSz fiss % fh > 2 37TCHE 20/ P (781 « PRt 2 FiRiE e R E M
A - Bt 0 2t MRSbroth @ £ S iE i > £ E AT F A M IS Ko A
WOH - Ftk e B s 2 FRRE 5 15%Y 4 2 MRS broth » *5-707C 4 i %

% o
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3-2-2 §“ ik i $HiE 3 EE

3-2-2.1 {g i

M2 7 F e pE gé_i‘%ﬁ L3232 HO0 475 wiF ¢ {1* fHps
A fiE HO2 Hzozlv\ﬁ*ﬁfig 400 @ F Fie AL o SRR AW L T
AL FiE BTCHE 28 PP AREHFRY Y 5L 3%EF L& 0 F

S
7
FREALAEF B EFEALNEEF Q)

Ry Ry

3-2-22E s

FI* mieqpdz A e d i B RTRAA L RENE FABEREIEEER
B3TCH A 24 F2 FiRk "?#"\?ﬂi“ FoBE TS F * oS BUF 5 5 % (crystal
violet)4 ¢ 1 &~ 48> 1 = =X ZAg ki3 24> £ 4c iodine solution B2 1 ~ 451s »
12 95% v EEsid > B g 2 safranin B4 45 F) 0 U R F AR E S - &
WABEHRAL BEESS > A FAEBCOALY B ied -

3-2-2.3 it iRk
P~ 100 L He o33 & 2 B Sor & 5ML10%%en £ 4w @ 5 37°Cas 4 24 | pF
BRERELDFRNF o dF ST R AR L

3-2-2.4 i ik et T iR B
B~ 1mL 1 % Fie (10%cfu/mL) 4e » 5 0.LNHCI 3 1 pH 2.0 2 B B % i
B BHEINCLII | - BRISER ﬂJﬁrﬁ » 1R F)E 18 % > MRS agar o
%‘Lgt'li} & et fk 7 #i(Gomez Zavaglia, Kociubinski et al. 1998) o #-5 ad ik 385 1+
25 ﬁ‘r;*;;fl’ "2 5,000 rpm e 5 A 4B 1L 0 14 1x PBS ¥ 73 i ik 0 2R 1
d—»—:; EE# L Oml 3 03%" 2R3k £ 01543 [ B 4B EAIH
> iz 2 %% MRS agar 3+ #c3 #F 05 i F#c(Gilliland and Walker 1990) -

3-2-2.5 » %t Caco-2 % ig + A wm¥e 5%
B~ 24-well multidish plate » = i well 2c » — * ZgL % o # “$ BEr 5 gD

FA& ik 0 11X PBS ks =i A “f e~ Iml Trypsin &7 1 > dEdp3 & &9
w T o @ a0t R o e DML ATH DMEM 35 & 453 1 0 3 i e B2
10°CFU/mL > = i well 4c » 0.5mL fm% f& %% » %+ 37°C ~5% CO, # #12 % > #
fmie 2 4 & “l‘f:“??iﬁ»u £R-ER AR IXPBS %A o4~ 0.5mL
Fri#E nre 3 & (7 7 penicillin-streptomycin) 2 100pL 5 & @& Fi% > *+ 37°C ~
5% CO, # #35 & 2] PF o N ER &% > 11 IX PBS i = = o 4e » 200 pL10
% formalin 7 2 30 4 4& > & F#{rimre B 23t well p F 3 5 1+ < 12 pipet & )
formalin » r2 1x PBS % = & o 4v » 200ul 5 g 42 1§ g <7 crystal violet # ¢ >

& 24-well multidish plate #F & — & 4864 > v 100rpm #:d #5 & 4 ¢ 5~ 48 > 1x
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PBS ; 7 =D 4 f ;f,éj,zﬁq ° lj%_g-ﬁxvh —taﬁu‘%{gi\.aﬁ\u 3 ,—N’# 5] 2 N g’%gﬁgﬁ‘{(
SBLE 0 TP Ros T e b 2 54 i A ic(Gopal, et al. 2001) -

3-2-2.6 Genomic DNA % B~

FUf4 7 DNA 2. 75~ % §]* ZR Fungal/Bacterial DNA Miniprep™ 7 % % 3¢
4L - ¥ 1mL10° CFU/ mL j#% 14 12,000 rpm i e 2 4 45 > 4 '35 % % 8
T 48 o 12 200uL 1xPBS 42 & 48>+ ZR BashingBead ™ Lysis Tube ¥ » &
% 4v » 750uL Lysis Solution & 5 4 48 gLk 'm e BE o 2 7 514 13,200 rpm &
s 1A 48 B 400pl £ % % 2 Zymo-Spin™ IV Spin Filter # » & 12 7,000 rpm
## % 3w 1 & 450>t Collection Tube # 4r »~ 1200uL Fungal/Bacterial DNA Binding
Buffer 25 j& & 5 » B~ 800uL # 8 £ % 2 Zymo-Spin™ 11C Column 12 13,200
rpm g g 1 446183 f,ﬁ@,,z » I EAF it 3R o 4o~ 200pL DNA Pre-wash
Buffer = Column » 12 13,200 rpm & Zrw 1 2 4518 2 jgik » £ 40 > 500uL
Fungal/Bacterial DNA Wash Buffer = Column » 1z 13,200 rpm ## & 3w 1 4 45 »
#- Column #x ¥ *t 377 1.5mL Tube » 4 » 50uL DNA Elution Buffer % & 5 F % B
DNA - =g 13 54 4a1s > 2 13,200 rpm &3¢ gg.< 30 §547 11 DNA » #+-20C %
FHH e

3-2-2.7 % & pa 44 & & #](16S rDNA PCR)

Fi* ®ebe g A v pe2 313 w(Rinttila, etal. 2004) & 0.2 mL g 3w ¢ £
4e » e 43 e PCR F fisire 19ul > # &2 > h 5 0.5ul 2. 200 pM dNTP (N=A, T,
G, C)>2.5uL 2. 10x PCR buffer-3uL 2. MgCl,>0.5uL 2. 10 pmole (each) primers(5’-
AGCAGTAGGGAATCTTCCA-3’ ; 5>-CACCGCTACACATGGAG-3’) » 0.1uL 2z
Taq DNA polymerase 2 11.9uL #& /2 3+ -k > £ 4c » 1uL 2 P & 7% genomic
DNA - @ i ¥ ** PCR thermocycler i&{7 & & o ~ 472 5uLPCR ¥ i & # » 12
1.5% agarose gel »* 0.5 x TAE buffer ¥ &7 & /A~ 45 > 2 UV box gLz (s 4p B -

3-2-2.8 DNA z_F
ti#rg hPCR A4 £ 32 h T W% 24 F #5 o & (Taipei, Taiwan, R.0.C.)i&
7R o

3-2-3 FLEL s A AR M RSk

323 1lrHrUy
#o mE 2 F ﬁi ﬁ,,"{r 124,000 nm ¥ <F r%}/ﬁ-'iﬁ 20 A i ¥ 12 022um filter 16
BB AR > 200 T g o
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3-2-3.2 DNS(3,5-dinitro-salicylic acid)# #& 4 47

TEBEERA T REGMEZRY 5 2 BA A KPR (DNS)E R = iFd 2
3-v=f 58 ok E A% 77 & 575nm F &+ % & & (Gusakov, et al. 2011) -
BoAmL 2 U EE A3 & R 4e ~ 1% B (5% NapSO4) 2 99% A 7% (1% DNS ~ 1%
NaOH % 0.2% phenol 4 d.dH,0O =& 3 100 mL) & F & & > %5 100°C-kiF 15 4 48 >
£ 4er 0.5mMLC iR (67% A7 fesrdh )R TR 3 » B30 25°C-kif 1 4 48 > »* 575nm
TR HEmkE -MRSEZA AL S 7 2%glucose > @ AR E R LA ik
ROy FHERRAERES ERA Y ,5.0 2468 10mg/mL - F R ¥
REFTHRE? ABEE -

3-2-3.3c-amylase fif % &t e it 4

a-amylase = B 2 2 1% = B 2 -k pa(3,5-dinitrosalicylic acid; DNS) £ %
fed 2 B R PR FRARE T PR R A BCOK T B e T R
B 3 @ BT R 0 B~ 40ul # &4 ~ 160pl 3 3+ oK 0 SE1S 4 ~ 0.5%(W/V)
2Bk % % 400uL > 2 2 200puL(30U/mL)f%E % % - *t 25°C T & g 3 A 4mis 0 p ot
LR B&:". 200uL I A7er 1.5mL g g @ o 4o » 350 5.3IM AT fh 4T 4 R
7DNS & & ;3% 100uL {8 » 3+ 85°C-kig 15 ~ 45 # dv o~ 900uL 2 B+ -k o 1o
Ak Sk B 5 R £ 5A0Nm Tz ek kR o

3-2-3.4a-glucosidase fi% % & tEdr a4 Bl E

¥~ g-glucosidase (10’units/mg)i% *+ 0.1IM PBS ¢ % % jE & % 1U/mLe P 100uL
oo 4 » 20uL f¥Z % 0 2 2 380uLl 0.53M 4-nitrophenyl a-D-glucopyranoside
(p-NPG) » *t 37°C © £ Jis 20 A 4#i% » 4 » 500uL 0.1M Na,CO3 iR & 353 > & %
%4 Em P b F o Ak ERPIAE 400nm T 2Rk iE o

3-2-4 ‘w2 % 2 HAp A A 47

3-2-4.1 ‘¥ 32 % o1 ek

PR F BT FL83B Wmre i F > 2 3TC-kipHh? ¥ EN > BRI AR
T o) o3 10cmdish @ 4e » 10mL 32 & A 0 ¥ 4e » © 2k 2 FL83B wme
i3 ES BN 3TCE 5%(:024&:;4“56 s Fmre A £ 1NNk
P @eafﬁ% % o

mie d LX) I AR Ak Ak U PBS RS K o e Ix

Trypsm-EDTA B AT T G548 Fee At e r A BB IR E
L % 0k Trypsin-EDTA (8% » L #-fmie Rife T30 fel 3ot 4 @ 0 ¥ 3038

AT BA
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3-2-4.2 3% # FL83B im®e & 4 3% § & [

Bimrep AT AR (3 F FBS2Z R A A 24 P L {55
60MM M2 Ak > 338 24 )P - % R e RURIY B AER Y
2-NBDG # » £ (342 3-2-5)» 2|87 8 2 Himre & 4 W h B o G i ge

fsenmee » BT AN 2P R G R

3-2-4.3 ‘me B 4 5 Rl

F1#* E ke ¢ % AlamarBlue ;2] ¢ s Resazurin 58 R K o> )= i d 2
Resorufin it & 47 o>t £ 550 2 590 nm T B H vk g T g § w4 E o
#-in e 32 % 4 06 74 4 ¢ (10%cells/well) - etk ERZIEREARARE R 240
P A 5 % H& 3 12 PBS Bk > & 3t 4e » 100 puL AlamarBlue (AlamarBlue : F12K
medium =1 : 10) » »>* 37°C ¥ & 24 -] p¥ » 3> 550 % 590nm T jp|H sk & o

3-2-5 ¥ § #EH 4 2-NBDG # » £ 4 47

2-NBDG (2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-D-glucose) »
SR FHEUES > A F 85 34226 0 ¥ L £ 487 nm £ Pl 0 3t 542 nm
A F ko AR T U PBSFe@ER 5 20 MM s 253 35-20°C sk fa i F o 3
12344 ¢ 3 £ we (10°cellswell)ie (732 % » A % B F % [ fis » £k 4 7
FRREZ I BRFARARLEE 42122 24 ] > %%‘ﬁ%i%%f&ji 1 PBS Bk > 4~
77 20uM2-NBDG 232 & A i®* 1/ > % § Z 2f4 » 7 5 2-NBDG % %%
5 %(0.862uM)z 32 % A 1T % 1] Fr o B2 E AP “$ f$ » 11 PBS Bk > £ 11 1x
Trypsin-EDTA dc & fmve 2555V @ o e r 12 PBS - 1 10%2 Pl > 3 12 i 58
lm¥e kP 2-NBDG 2. % » £ -

3-2-6 ¥ & LB

¥z £t 6omdish® » &2 50 F 2% e ¥ ﬂr oAbk B 2SR
Fi A s E 122 24P RO B 53 & A £ PBS i e 500uL Trypsin
Mlmfe ok 1 Hre o f 4~ 900uL PBS #F# Trypsin » *+ 4°C 12 5,000rpm # &
Bw 344 B 7 Trypsin 235 %R {6 > #lwte i 150200 & * o 12 500ul
PBS #-pellet 4273 » 4c » 500uL 30% KOH /& £ 353 > 99°C ki 20 » 45 > 3t %
BTEAEE S Ao = B REAE 95%2 0 3t-20C T ikl 16 ) pERS 0 2 4T
4,000rpm # 3¢ &t 15 4 48 > A5k b ik o & T c4aiedg pellet - 2 500uL - =
Kw s o 4o » e 20 0.2% anthrone reagent - 99°C -k ig 20 » 4&1¢ » »t L & 620 nm
T p) 2 ek i@ (Templeton 1961) o
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3-2-7 3=v F 4 MA Y7

3-2-7.1 F-v FF B~

Mo B R EIVE Y A LD W BE Rk Tk RIERZ SRR
i 24 pF o Kf B A& AT 2 PBS Ex > 4o~ 300ul lysis buffer » 1231 9
#dnre 2T o Tt 1.6mL s g @0 2t 4°C e 12,000rpm # iE 3pes 20 4 4
feBss i T 5 w30 B 50200 K % o

3-2-7.2 35 2 ¥

11* BCA™ Protein Assay Kit £ FL83B fm% 44 B~2 3, 39 [ o #-3v 7
12 lysis buffer g § ## 5> B~ 10uL f-f# 3 F £ 200pL ;&4 (Reagent A : B=50:1)
Ly ts s B 3T CT @ RE i 30 A 4 ; s 3k £ 562 nm TR H sk E o 1
ok REE S BSA @IFHREY M B Ewie P &30 kA& (ug/mL) -

3-2-73 @ > @&~ 45

B~ 20pg #-v k&2 Sample buffer (Working : 0.3mM Tris ~ 1.5% SDS -
150mM B-Mercaptoerhanol ~ 6.8% glycerol ~ 0.013% bromophenol blue):® £353 >
T Ezis 1 95°C 4o £ 5 4 48> Running buffer(192mM glycine~24.8mM Tris-base -
0.1% SDS)® » 12 10% ~ 12%¢77™ # SDS-PAGE & {7 T i » H#-F-d B A 3 o 518
*+ 10mM NayB4O7 Transfer buffer ¥ > #-3 7 # + 3 5 # 1 Polyvinylidene
Fluoride (PVDF ) %=+ o -3 % *+ 2~5% skim milk-1X PBST(140mM Nacl ~ 740 uM
Na;HPO,4 ~ 9.2 mM NaH,PO, ~ 0.1% Tween-20) ¢ 2~5% BSA -PBST ¥ » 1z
100~150rpm R 1/ BF > 4o » T PRI R0 2 - sl R T RT 2
) B o #3mr PBST jEi%£ 15 448 3 = > £ 4v » = & Fubl (in 2~5% skim milk-1X
PBST) ** 3BT 2# 1 ] pF > 2 IXPBST &% 3= » S {8305 F 4 »
Chemiluminescent HRP Substrate # f& - #-%% *t C-DiGit""Blot Scanner(LI-COR,
USA)# s & T8 o FLREFT M3 M8 o

3-3 kit a7

B Beh g T35 @ £ (MeanstSD) % 7 v 4% SAS9.3 st ik
8 (Statistical Analysis System, SAS Institute, Inc.,USA ) & {788 < 37 § % 8P|k i+
(Duncan’s New Multiple Range Test) 4 7 > % # 3 &) ** 0.05 (p<0.05) pFi&
R ERFLRE > F % SigmaPlot 10.0 (Systat software, Inc.,USA) #&
{7 ivH o

34



Fri - BF:aUH

4-1-1 5* Fe Fji~# 618 & 2

AR PR SR R AT R R 2 R e K AR R AT MRS % i
BAA N RHEARASRNE - FY O DY PERFRER AT
AL B% oA hFELSEE AT HRFBRL T DERAL A AL B
H Genomic DNA i 17 %A » %34 - 3 4 = ¢ %77 o 4 304 Fk i
Lactobacillus 2 Weissella 5 » & 5 fRps sk TIE 1 F B @I 3% 2 L g 44
EHMF R Ak 2 ALBEER -

4-1-2 54 e g7 ' Caco-2 % i + A e 2 i 4

AL e B A P R B 2 R B R G L TS g A )
REoh o oI g e o TR R ROF] R R RGR A LR A 0 FI R
a4 F IF G F 2 R @ E iE 2~ (Li, etal 2008) o AFT Y I A BEYE e
R Caco-2 2 7%k > HEF 2 RGP 2 B> @ IRk SN foE sl 2
K REE 0 AR S AT A1 i e 058 (Hauri, etal. 1985) © < grdp ) o & im0 e
ot 15 B F AR o [R5 4 A E ks 4 (Pedersen and Tannock 1989) -
WS Ed A - 2 Az 4w > TIAE Blaieag 10 B A 2 FAks G 10
o Tor Blares it 20 BRI ZFREF Ttk HP B L KR
Z AR B Ti0E Bt Wt 3 1 39 B M a4 R iR
Ftk & Weissellasp.(B1-7) s H =& = # ¥ & & K2 Atk > L1095 Bloke ¥ S gy
13 22 3 %8> rfae # 2 2 Atk 5 Lactobacillus fermentum(F8-4) 5 &= % % ik
AR R B TI0E B TR 2 1 17 B s
4 B2 2 Ftk & Weissella cibaria(EL-1) « #7 3 4 Jgn K18 % i REAL
(Lipoteichoic acids, LTA) ~ 4t & % (Lectins) 2 *z “} % p&(Exopolysaccharides, EPA)
IR ESH A A e 2 B3 o #-5U i ) Lactobacillus johnsonii snr B A G 2
gz LTAB & 2 8s » R w2 v 5 ER Rif{d
(Granato, etal. 1999) o @ T ¥ % F > FAthinre L o & A 1 b & AP e o
SEE M-H ISR T B R M PR S B0 PRI Y 6 B H
wo t 0 BEnS a4 F a0 39 S 4 BE 12(Sun, et al. 2007) -

35



4-1-3 5P R B 2 i

FI AR AR EAS A AR R iR - > H AR EN
F ¢ o4 732 M 4E(Saarela, etal. 2002) o ARG A1 F R CPAARL IR R A RS
FF e pH 2.0 3R T 3hr e 0 B 7 AR oA PR B A% 0 2 MRS-bile broth
(0.3% oxgallbile) ~ 47 5* fé F ¥ e B chmf X o BBk % d 2w T £ 2 7 F %
SR kR SR AERAIE P £ AREAE AR 2 A S ARSI
pprrma g FARL > AW E_F1-3-F2-2-F3-1-F3-3~-F7-1-F7-3~F7-4~F8-2 ~
F8-4 ~ F8-6 ~ F9-1~F9-2~F9-3 2 F9-4> &7 H £ 5 mipe2 # o 5 pH 2.0 ik s
3] PERS 2 R e ”P#,pn YA 3 E??”flft“f FO-2 2 ¢t » H 4 13 R
2.3 Ef:]ﬁ;t%J L S i )/ 1 ﬁ»’f’x il LA N = )a 8%%1;17 =
R SE Sl N /%@Wwwﬂ%?—g i85 Aw {El-l E2-3+G1-3+H1-1+H1-2 ~
H1-5-J1-1 % J1-2> #¢ G1-3~H1-2~H152% J1-2 2 F#cE "2 B30 7 B &
o PSP ER D B 0L kR B1-7-B2-1-B2-2-B3-1-B3-5-B4-1 ~
B4-8 2 B10-7 * 8 RIS L E R L 2 H F#cE & 0] EE;}ELLﬁ&FI;g
AR E F ik 2 pﬁﬁ»"’ﬁ 14 o ?fJ?#FI hFEa ]?:]”;&7 e padk BETRB P 2 I?r/rvﬁf]gt
€M ¥ Phdk BT "F 2 PR 4o m i (Wang, etal. 1999) 0 T A e F 4 A2 wE
@ |+ ot e 2 1% (Favaro-Trindade and Grosso 2002) o & 77 7 2 385 % % 7™ 5 L%
IR FERABRL AR GMRE ERRILE PP YT - A 1? °
FARLFS EFIFAHRT A G 2R T ERG L AFRRETED S o T
B i 2 £ & B 4&(Shida and Nanno 2008) -

4-1-4 5 e ﬁi% R 2 PEfRRE A PrAlEE

R Bl A op FREPL R EG TR o FralpEiaa A
a-amylase %2 a-glucosiasez. /& 147 4 & pEAE e iV @ B W F F B R ¥
AP RIS B o B 2% ~\(Panwar etal. 2014) - i 2 F % ?ﬁkgf | * dE b 5
Brtr T e B $pEfERE £ odrdlac 4 (Hansawasdi, et al. 2000) » & & 2 F** 2 &
FFFIFET R A *Fi AR 3T R 6 AR PERRE R 2 Prdl e ok o AR
St r 2 R 2L "% p 4% B acarbose 0 H ¥ta-amylasez. Frd F A 2% 0 &
o-glucosidasez #r#] 3 5 49% o B % d £ = #7157 > FLE FR & R Ha-amylasez 3¢
#17e% 327 LR - Fa-glucosiasez e F b R EO0% 2 o G v phd B0 R
¥R SR E D B RE F Bt a-glucosidase s 4 5 B B 9 % 89%
(Panwar, etal. 2014) - 22 A 385 55 % APAT - 7F > Fp 2 prdg L B AGECR B
FB% | 2 ¥ta-glucosidase z Frd|iE 1 0 B % Ao drd| FETT%(3EE, 2007) 0 o
= 2% BT %5F2-2F3-2~F7-3~F7-4~F8-1-F8-2 -~ F8-4 ~ F8-6 ~ E2-1 ~
H1-2~H1-4~H2-1-J1-3~J1-4-B2-2~B4-1-B4-4~B4-8~B10-6 ~B10-7#¥ta-glucosidase
FAERIT A AZET0%Z Pl E B A e @ R EER R Ay 4 %l e R

2R BEE Y PENE G S HEE S FEEL Fko &8 E R IF2-2 - F7-3 -
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F7-4 ~ F8-2 ~ F8-6 ~ H1-4 ~ J1-3 ~ J1-4% B10-7/* 9 4% H-:8 (7 F B o
4-1-5 5 ik 2 A AEA 7

ABEELTEALED FHREERS LFE KRR 7 2B ALY
e (DNS):B i = iF ¢ 2 3-74L 5-p) AL -k 4 &> ¥ >+ 575nm 3 & + =% & {& (Gusakov,
etal.2011) » 2% d £ A7 s F222 A BEE B 42 ABEE N Lo
AW E 06832 1088mg/mL 2 B o LliciE AT FiEE B A iE2 U
AR AR A3 07~15mg/mL tpd » BEEE D3 s o d R ¥ LR
200~1600ppm 3 i3 » & (7 mie 2 - B S BB A AT FHER 45 0.38~3
2 06~48mM> R K FI2K B £ A F FHBIER S TmM o e § fEpe > §
FMEER S 67TmMM o o ik & 1600 ppm 5k F35 & e 2 G de § HER T Bk
B F i 50%3H 4 (& F &) o

4-2 5k % FL83B »im % 2 34 &k 4 17

4-2-1 % I 3k B 51k 5 4 i B FLB3B i e 3 4 5 1138 %

ORI RARARLT e AE A GEH 2 T > AT I
Alamar Blue 24| 4~ 47 8 3 4 Fid B4k & F2-2F7-3-F7-4~F8-2~F8-6 ~ H1-4 -
J1-3~J1-4 2 B10-7 2 1 % 7% ﬁ?ﬁ % 200 ~ 400 ~ 800 % 1600ppm » F A& &7 43t
FL83B im#e @ 1£% 24 | P o ok d Bl- T WL “7m » L BRI AZ B B RW
BiRART 282 FMe% Control e g g ¥ £ & - Mor kSt eie 4 B 0a
Pl o Fp o S R4 200 ~ 400 ~ 800 & 1600ppm ftw Bk B 23 A R E(T
B B HFLEIB e 2 § BN » E BB

4-2-2 5V i F#5 4 if $ FLB3B w#e 2. 2-NBDG # » ¥ 4%

AEryie* 2-NBDG ¥ % § iy e 7 me HF FHY ~» L4450 2
PR 5§ x4 2 0 2NBDG T Ack § U § B E B 8
FARLR B R T I SN w2 kAT § BF ~ it 4 (Yoshioka, et al. 1996) -
R GIERHRPTL BRI B RS we 8§ 24 FF2 2-NBDG # » & » B 5 &
T F2-2~F7-3 % F7-4 7% » i 4 G TZ 1 > FIPt ARBRiE- ) U 2 BRIV R
m3rH 2 FL83B ‘w1 % 412 % 24 /] pF2. 2-NBDG #F ~ & » FEFfs fm e ] L
2 60mM Glucose 5 is £ "7 5k - FEHFESRHT B LIRB LT 0 W L wre
SR F2-2 £ % 24 ] prz 2-NBDG # ~ £ 4r Control 4p+* & 85 % £ B (B -) >
FEFLfy fmie B4R - F2-2 £ ¥ 12 /] 2. 2-NBDG # » & fv Control 4p +* g ¥ 3 4¢
01-11 B (B+- )it ¥ Bw2 B K FI-3{cF7-4 £ % 12 2 24 ] pF2_ 2-NBDG
% ~ £4v Control 4p+* % % 1% 0.3-04 B (B - = B+ z) *rEFETREL G
BEHA D 2P Eiiime B N F7-3 X 8 24 /) FF2. 2-NBDG # »
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Ef-Control 4+t Ag ¥ 8 11313 B(Bl L2 ) IEfft wie R S F7-4 £ ¥ 24
| 2 2-NBDG 4 » £ 4 Control 4p +* & % # 4c 0.8-3.1 &2 (B 1) &2 4 »
FHREA B Y 4 B4 0 B F K Control o 124tk 12 pE 2
24 [ F » BRGER > TR AR ERSELE 12 P2 24P

R
4-2-3 5' p& pﬂi‘“ % % ¥+ FL83B ‘m¥e 2z ¥k & & § 4

S RN RTIEL AN R R TR FA S R RS >V 4
BPFEEL S AL EE O UREF FET e p\ & PR TR M o AR
FHHAPERZBAREDL N E AL e A B R 1287 24 ) B T T e X
B SFfE *ﬁsé;g,. % e n Pt 10 A 4t » 100NM W E B S L T 0 T
4 Ff:"’#‘:&fﬂ?lk BlLt-*® 2FERF2222%7221 § i FL83B wiz &
B 12 ) PFis 0 LR R 2 FEE S A 4p 4 913 Control A etk e w0 @ 7 Sv ik
% {504k 5k & 800ppm~1600ppm 2. "FpE & Rt B 5§ 2 wAp B E R B o
F2-2 2 35 % e #1 & ¥ f FL83B fn*e £ § 24 [ BF{5 > 7 r4 i bo$k 53k & 800ppm
ZAFEEL S AP EERE B AP FT-3 %y § it FL83B wmie P £ % 12
| PERS 0 RS-0k & 400ppm 2 800ppm 2 *EpE £ + 4p #f £ # Control Af ¥ #
2 ;‘7’]‘4\:’9&% 3o R R BRARSAKRAITIEL £ HRERPIE %
Z2oalFL R FT-3z2 8 %220 ¥ it FL83B e £ ¥ 24 fJ‘EE??é’;’;‘,”J‘*‘c 200 ~
400 = 800ppm 2. f% -k & % i B B2 FpE S A4 £ (119121 2 0.7 &) -
Bl- L9 Fl-4 %2820 § it FL83B fwre® £ % 12 /| pFis » & 14/’]‘%“&%%
2. 200 ~ 400 ~ 800 % 1600ppm H & » S B/ ASTHEL & > S imie d X B 24 ]
B?fmﬁ PRESTHEZELZRR -

S0 ¥ i e 60MM iﬁ“g%,p,.fzvﬁﬂm EEZ ALY RN S I
11;,]‘.4\:‘4 FERSEER A RS me o u Y 1228 24 | pis 2 7370 5 R
T oLt ¢ F2-22 B &y eiag FLB83B me £ B 12 /| pFis » k5 kB 400
ppm 2 e T o FEBZFPEL AR E o @ R R otk BwH R
ERAPHE MR 0 X8 24 [ R ARG AR o B4 ¢ FT7-3
235 & iR S 1e g FLB3B fnve £ B 12 FF 50 i %o 1% ,% 200400 2 800ppm 2
EEE R RA L S L ARR B S e 2. 2-NBDG F » £AR# 0 22
£ 8 24 ) pFEie R 200ppm 2k R A EFR D FPEE S cBlZ - ¢ Fl42 %

Bredugy FL83B fmPe £ % 12 ) FFis > fl%i%&ﬁw»ﬁ“ vV R F R TR
£ & 30 400ppm R S 4 T F BB L FPES 0 B ABE S 2-NBDG IS
2 BT A FHETAER - R E 24P BHG AL F O R
fE% T o 4 1600ppm kB 2 HR Y AR FR B AFREZ £ F o 2 pdp o § a8
BRSO %G G g G e Bl B e P £ AFRERE G o
T '3 (Samuel and Shulman 2012) - d B+ = & = - - #7157 » < ML F30 i
2 mAe T A B 2R RS 2-NBDG A » 2 APIT 2 AR 0 KAtk f R 1S
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SN RRIFEL S RN URR T AN A £ AP RE 2 AT
B N AP T Frdl G M o RS R Y T F RN LR ¢ X
B 24 P2 RIE G R Y MOT 120 B d R Y R TR AR R RRY
SR W mre A4 0k § AL A e ok 24 ) PR M Eo o Bt EARY ) 4
IR TR o

4-2-4 5 PR3 % R FL83B lme B Fov FAME 2 B

UG BE T BE L AR P T vk | AR T R £
GAFPEL S EFATL A AN BB R IR R N
Ag%g 2 @ % (Schattenberg and Schuchmann 2009) - AKT(PKB) & %% & # i#2n § jT 2.
THEAG R R MY R E R L NI R A TR
Frafes2sipsd.

M=+ = (A7 EF meiihd kR R2IEESEREE 12
224l S ERET R 12 AKTAp$t4 B9 24 | 5 g » 20 AKT
BEpa 1t 75§ A e AB% o 5 4e F2-2 0k & 1600ppm 2 35 K R0k ¥ e ¢ o T A
FHD AKT 2 E - /Z’J‘ soik i EAEH {5 5 1600ppm £ & AP EL L R R B E
#H o Bz LD (B)from o NIESET 0 £ B 12 pF2 AKT 23R E ¥ 24 o) pF
BoeAmALE 128 24/J~Elr*r’§,9]:%cfir%?7t g3 4 AKT 230 - Bl= * = (A)
B %G A T o AKTBRFL B F i 7 4 1600ppm +¢ & f fm#e @ &
E122 24 0 pF o ¢ 7 A AKT R SRR © & Wik s f 2157 50 7 5k
BRRL S RBE AR R RS 2 Z (B)Y ARG T e At
Control 4p'- % mBg F £ B » S L 2 (5% 2 800ppm = & £ % 12 /] B » it
BEFRF AKTEERL T o 4+ i AKT 4p B 2 5 1 gRps i 42 & (PAKT/AKT) sz »
d Bl= S (AT bR &S A §RFRA DV w2 AKT Bk W A2
24 ] (T PR 800ppM & B 0% § E R E § AR n Rk B F F NG e o
Bl-teB)F Fw fifijmie bl » T REZHEFTHS AKT L 25
dv o %% f & g 800 2 1600ppm £ ¥ 12 | Pz EAfe ARR REF LR o

Bl= =T (A)r o F e & B R 23 R FT-3 9 LA
ARrE R 12 0@ o FRWER YD HE AKT 2384 “g2. %% » &1 200ppm =
1600ppm ¥ & § AR scfl o 24 PEIET PR o w BER RS 02 AKT 2 RE 2
Control 4p++ "+ 58 % + 2 - |- L 7 (B)¥ > ”T Ao 4 BT E R e IR e 2
AKT 0L o 20k B4 § &4 c% > 2 3 2H 8l - AKT 5o pipe v #
R Tl B AKT At DIAER S AL ka5 7] - B - -2 (A)
BT o 2B 122 24 ) pF2 g BOL G R e n] Y i BaE R F e AKT BRpe it - &
Control 41t E 25 % £ B o »Fl= L = B)[Edififmre ¥ » S EHILE %15 0 kb
800ppM 2 F7-3 35 % & £ B 12 pFit  »cdt 3 AKT B 1 £ I o 3+ it AKT
AR A T U EER AR R (PAKT/AKT)ia > d Bl= L = (A)#fn i ¥ fafmre @ o
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hUE® 24 ] pEiss 800 2 1600ppm £ & 9% § % 2 AL L b BEE A o
Bl- - B)redigmred > 12 ] pFivt pFRF > 200 ~ 400 2 800ppm & &% § 2
R -3 STRTRTINS -2 t\.%%,_o
Bl= - ~A)TT 0 & F A 14\17» kR 2 F7-4 54 ﬁ’;"]};‘]‘i‘*%‘ﬁiﬁ 12

B ¥ AKT %\Eﬁu FERAF F 5 7 40 1600ppm 2 k%] o & Control 4p 1 AR
FHRE B x ¥ 24 {55200 2 1600ppm & & 3& 5 & 2w i 3 40 AKT
& IE o Bl=- \(B)FF#mm”EF‘ W SRR RS AKT A3RE > HeY
ERMFALR FWO 3 ui%_ 12 )2 2 RERB ETF L2 B4R -
Bl -4 (A7 - A m A ime kB 128 24 PP > L RGAR L R 2

r BER e AKTMWM“&&”“ P2 AB% 012 ) pF2 pAKT 232 R &
4 Ao Bl= 4 (B)Iesifh fmes & 12 ] P2 Bk AZR E > 210 F e
BHAP 0 2 ¢ 400 2 800ppM 155§ £ b (T T AR sk R gL BT o B
i ey ’pAKT B G ZflET 2 A TR Ez&::,] be UL )R R R R
# 2 AKT gipe (v o ¢ i AKT 4p B & 3 10gips i 42 8 (PAKT/AKT) 32 > o
W=+ ofm o & ¥ fdwre o (E% 120 RIS 0 KRk f R 2 N H R
LB REE TR 0 ER PR 24 TS 0 PleL £ B 4o % § % 2 800ppm e A7
FR BRI ] 3R e ¥ o R A AT 12 & 24 ) BF o 5 e 2 B
ot G T 2 AR > E 2 3E B AKT BEpL i ARR o é}l%#ﬁ I AKT i B
it rg| T "%;‘GSKSB ek I @ GS # ik (b @ B E M BAESFEE & = (' * (Cross,
etal. 1995) ¥ ¢ M 4 GLUTA =2 P it » 2 3 e 3 F 482+ » - AKT
2 Hpipe it 2R E B 7§ Prd] FoxO1 £ R 1 PEPCK &2 Fla *5 Mg
Fr4 1w 2 dF o b (Scheid and Woodgett 2001; Kitamura 2013) - o & % ¢ 3R »
400 % 1600ppm #2354 5 2 f2 18 % 22 F7-4 32 % % » > 12 | pFis® g+ > AKT
L AR R B F RS HEEE S ém%:é?zfg“i%ﬁc s JHIPF wn BB ML B B
;éﬁﬂ SERE L A (T a%’gﬁ“%i" FEAEDTRCE c kA% E F 0 S o R

ML E F BRI R RARELE FERITY Eosnk E a2 4ol fhid
Bi,%% o(B=- L7 B) RFT i & ¥ o g ‘ngpxﬁ.%zj;}g.y?r Br3R o 3N Re ¢ P
BAR?PZPHFEEE FERSEAEELE FHEE IR & B3R e
RERIFS AR S B AR L RS PR g A L a
B2 TR TR - HAEF RER o

4-3 i A KB

4-3-1 &%

L R EE L FRIDL ISR s R BLR 2 B S
Lactobacillus % %2 Weissella % -
2. et iR LR ERE AR ZITERLEEFMEN LG IAL A
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F 2 Btk 0 %E 2 F2-2~ F7-3~ F7-4 ~ F8-2 ~ F8-6 ~ H1-4 ~ J1-3 ~ J1-4 =
B10-7 ¢+ 9 B St (T ta P % o

3. ‘5 Alamar Blue ‘m® 3 2 & |4 %5 % % » 5k § F2-2~F7-3-F7-4~F8-2-F8-6 ~
H1-4 ~ J1-3 ~ J1-4 2 B10-7 32 % ;% 24 FL83B | &'+ m% & & M it * o

4, i we Rime AR SR kT 0 F2-2-F7-3-F7-42 12/ % 24 /]
PR § F M4 2-NBDG 4 » B it o & is 4 1% = Rt 12
R 24 PR TR

5. MFEEE SR G0 A H R ¥ S A Fme o SR R & R 35F &8 FLB3B
e P 2 MFEE L A F 2 ABE o

6. b & @A > FLB3B w2 MAR AR L B 7 &2 AKT gt v @
EIE SRR LR SRR A P

7. KE+FP L %% F2-2-FI-32 FI-AS AR %R ¢ £ F 14 ol el e 3
W R PERERE R FAIEN  HY P22 L BB L wmie s itay 4 0 FT-3 2
F7-4 003 RIZE2Z FHBF » 297F@E L 204 > Ba = RET o 258
reni® 400 E DB EF F B T2 # oo

4-3-2 h KB H

EAFLREFSEFET > SCRAB AR FLB3B w5 P > F A §
M 2-NBDG 2 3 FpE2 &+ £ 2 A% > I kAT £ AKT Bipie it
2 ZIMH BN A 2 FEBAHM BEAT V- HEEHE R Bas
540 IR~ IRS ~ PIBK ~ AMPK 2 pAMPK 2 % 3 » £ # S e >0 M ¢ a5
Er 4l- A kERSEBHHFIREY BT (HBLNARARHL 258
RS SV
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- CHEREES R 1T RSB AR

Number Name Catalase test ~ Milk-curding test ~ Gram stain Adhesion(counts/cell)
F1-3 Lactobacillus fermentum ) (+) (+) 10.4+1.8°
F2-2 Lactobacillus plantarum () (+) (+) 20.3+2.3"
F3-1 Weissella sp. ) +) +) 5.3+1.0%
F3-2 Weissella cibaria ) (+) (+) 1.5+0.6"
F3-3 Weissella sp. ) (+) +) 2.8+1.3%
F7-1 Lactobacillus plantarum ) (+) (+) 3.3+1.2%f
F7-3 Lactobacillus brevis ) (+) (+) 0¢
F7-4 Lactobacillus plantarum () (+) (+) 2.5+0.6°"
F8-1 Lactobacillus fermentum () +) (+) 6.0+1.8"
F8-2 Lactobacillus fermentum ©) (+) (+) 3.241.3%
F8-4 Lactobacillus fermentum Q] (+) (+) 22.9+3.4%
F8-6 Lactobacillus plantarum () (+) (+) 3.5+0.7%f
F9-1 Lactobacillus fermentum ) (+) (+) 1.7+0.6™
F9-2 Lactobacillus fermentum ) (+) (+) 2.8+1.3°1
F9-3 Lactobacillus fermentum ) ) (+) 0°
F9-4 Lactobacillus fermentum ) (+) (+) 8.8+1.6°
F11-1 Lactobacillus fermentum ) (+) (+) 9.9+2.3°
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o BEp DRETL UEIRERE

Number Name Catalase test Milk-curding test Gram stain Adhesion(counts/cell)
D1-1 Weissella cibaria ) (+) (+) 0°
El-1 Weissella cibaria ) (+) +) 17.9+2.3
E2-1 Weissella cibaria ) (+) (+) 0°
E2-3 Weissella cibaria ) (+) (+) 0°
G1-3 Weissella cibaria ) (+) (+) 0°
H1-1 Bacillus megaterium ) (+) (+) 0°
H1-2 Bacillus megaterium ) (+) (+) 0°
H1-4 Bacillus sp. ) (+) (+) 2.5+0.7°
H1-5 Bacillus megaterium ) (+) (+) 0°
H2-1 Bacillus megaterium ) (+) (+) 0°
J1-1 Weissella cibaria ) (+) +) 0°
J1-2 Weissella cibaria ) (+) (+) 0°
J1-3 Lactobacillus plantarum ) (+) (+) 0°
J1-4 Weissella confusa ) (+) +) 0°

I BEA 3 eREY LR (p<0.05)
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q AR

%2 f 2 16 A AE

Number Name Catalase test Milk-curding test Gram stain Adhesion(counts/cell)
B1-7 Weissella sp. -) (+) (+) 39.5+2.9°
B2-1 Lactobacillus fermentum ¢) (+) (+) 28.7+2.8"
B2-2 Lactobacillus fermentum ) (+) (+) 8.9+1.0°
B2-3 Lactobacillus fermentum -) (+) (+) 27.0+2.7°
B3-1 Lactobacillus fermentum ) (+) (+) 19.8+2.7¢
B3-4 Lactobacillus fermentum (-) (+) (+) 23+2.4°
B3-5 Weissella sp. ) (+) +) 7.9+1.5%
B3-6 Weissella sp. ) (+) +) 3.5+0.7%"
B3-7 Weissella sp. ) (+) (+) 3.7+1.59"
B4-1 Weissella sp. ) +) +) 3.0+1.0"
B4-4 Weissella sp. ) (+) (+) 5.6+1.0"
B4-5 Weissella sp. ) (+) +) 2.5+0.7
B4-6 Weissella sp. -) (+) (+) 26.7+2.2"
B4-7 Weissella sp. -) (+) (+) 5.7+1.5""
B4-8 Weissella sp. ) (+) +) 6.0+0.8"

B10-7 Weissella sp. ) (+) (+) 5.9+1.8""
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Fo - GE(H2.0)AIR e RH T R F(E A 6 2)2 2 E B

Acid tolerance

Bile salt tolerance

Number Ohr 1.5hr 3hr Ohr 1.5hr 3hr
F1-3 9.1+0.1° 8.5+0.1° 8.0+0.0° 10.2+0.0° 9.3+0.0° 9.3+0.0°
F2-2 8.1+0.1° 6.5+0.2° 6.5+0.5° 9.8+0.0°% 9.5+0.1° 9.4+0.0°
F3-1 6.7+0.2%° 6.5+0.1° 6.6+0.0° 7.1+0.2° 6.8+0.1% 6.7+0.2%
F3-2 6.8+0.1° 6.4+0.1° 6.2+0.2c 7.6£0.0° 6.7+0.2" 6.5+0.2"
F3-3 6.6+0.3¢ 6.5+0.3¢ 6.3+0.3° 8.2+0.0° 8.1+0.0° 8.0+0.1°
F7-1 7.540.2° 6.7+0.3° 6.4+0.1° 8.8+0.0° 8.9+0.0° 8.8+0.04"
F7-3 7.9+0.1° 6.9+0.3° 6.4+0.1° 9.4+0.0° 9.3+0.0° 9.2+0.2°
F7-4 7.7+0.1° 6.4+0.4° 6.4+0.1° 9.4+0.1° 9.5+0.0% 9.6+0.1°
F8-1 7.3+0.1° 6.7+0.1° 6.2+0.2° 7.0+0.1%° 7.240.4%° 6.8+0.1"
F8-2 6.6+0.1° 6.7+0.4° 6.4+0.1° 9.5+0.1° 9.5+0.0° 9.5+0.0°
F8-4 7.4%0.1° 6.70.2° 6.5+0.6° 9.3+0.1° 9.3+0.0% 9.1+0.0°
F8-6 7.7+0.2¢ 6.6+0.0 6.4+0.1° 8.7+0.1° 8.5+0.0° 8.3+0.0°
F9-1 7.3+0.1° 6.7+0.0 6.4+0.1° 9.1+0.1° 8.6+0.0° 8.4+0.0°
F9-2 7.4+0.4% 6.3+0.3 6.2+0.2° 8.1+0.1° 8.4+0.1° 8.8+0.0°
F9-3 6.7+0.1° 6.6+0.3" 6.4+0.4° 8.1+0.1° 8.0+0.0° 8.1+0.0°
F9-4 6.5+0.5° 6.5+0.2° 6.3+0.3° 8.7+0.0° 8.8+0.1° 8.6+0.0°
F11-1 10.2+0.1° 10.1+0.0° 9.6+0.1° 9.3+0.0¢ 9.6+0.0° 9.3+0.0
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2T ~ G (pH2.0)a 2 (S P RS R (I )2 2 & B

Acid tolerance Bile salt tolerance

Number Ohr 1.5hr 3hr Ohr 1.5hr 3hr

D1-1 9.6+0.0° 8.10.0° 7.8+0.0° 9.6+0.1° 9.4+0.0° 9.5+0.1°
E1-1 7.240.2%° 7.5+0.2% 7.6+0.2° 7.6+0.2° 6.5+0.1% 6.2+0.2°
E2-1 8.7+0.1° 6.3+0.3" 6.2+0.2° 6.2+0.2%° 6.4+0.1° 6.2+0.2°
E2-3 5.4+0.1° 5.2+0.2° 5.0+0.0° 5.5+0.3% 5.5+0.3% 5.6+0.3°
G1-3 6.5+0.5° 5.4+0.1° 5.2+0.2° 9.0+0.0° 9.1+0.2 8.9+0.1%
H1-1 6.5+0.6° 5.7+0.1° 5.2+0.2° 6.3+0.1° 6.6+0.0° 6.4+0.1°
H1-2 6.9+0.1° 5.5+0.5" 5.2+0.2° 9.4+0.0° 9.5+0.0° 9.6+0.0°
H1-4 7.7+0.7° 5.4+0.1° 4.240.2° 7.7+0.0° 7.5+0.0% 6.5+0.1%
H1-5 7.5+0.5° 5.2+0.2° 4.240.2° 8.5+0.3% 8.5+0.2° 8.0£0.0°
H2-1 7.3+0.3° 5.2+0.° 4.8+0.1° 5.7+0.4° 5.5+0.6" 5.3+0.3°
Ji-1 5.5+0.5° 4.6+0.2° 4.2+0.2° 8.5+0.2° 8.4+0.2° 8.1+0.5%
J1-2 8.5+0.1° 8.30.0° 8.30.2° 8.30.0° 9.0£0.0° 9.6+0.1°
J1-3 7.2+0.2° 7.3+0.0° 5.3+0.3" 5.6+0.2° 6.1+0.2° 6.2+0.1°
J1-4 7.240.2° 5.3+0.3° 5.2+0.2° 5.5+0.3" 5.7+0.1° 5.7+0.4°

FBES L b ERE 2 M F 4 B (p<0.05)
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202~ g (pH 2.0)AJR (5 PR B R L (R % 0K ()2 4 & BB

o

Acid tolerance

Bile salt tolerance
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Number Ohr 1.5hr 3hr Ohr 1.5hr 3hr
B1-7 6.9+0.1° 6.2+0.2° 6.3+0.0° 9.0+0.0° 8.8+0.0° 6.4+0.1°
B2-1 9.2+0.1% 8.6+0.0° 8.1+0.0° 9.6+0.1°% 9.2+0.0° 8.9+0.1°
B2-2 6.4+0.1° 6.2+0.2° 6.2+0.2° 6.5+0.3% 6.3+0.3° 6.3+0.3
B2-3 10.2+0.0° 8.8+0.1° 7.5+0.0° 8.6+0.1° 8.1+0.1° 8.2+0.0°
B3-1 7.9+0.0° 7.0£0.1° 6.2+0.2° 9.1+0.0° 8.9+0.0° 8.9+0.1°
B3-4 9.2+0.0% 8.5+0.0° 7.9+0.0° 9.8+0.0° 9.1+0.0° 9.1+0.0°
B3-5 6.5+0.2" 6.3+0.3" 6.2+0.2" 8.5+0.0° 6.7+0.1° 6.5+0.2"
B3-6 8.5+0.2" 6.4+0.1° 6.2+0.2° 9.2+0.1° 8.6+0.0° 8.4+0.1°
B3-7 10.3+0.0° 7.4+0.1° 6.6+0.2" 9.2+0.0° 8.6+0.1° 7.9+0.6
B4-1 8.8+0.1" 8.7+0.0° 8.7+0.1° 8.71+0.1° 8.8+0.1° 9.3+0.1a
B4-4 9.8+0.1° 8.8+0.1° 8.7+0.1° 8.5+0.0c 8.9+0.1° 9.4+0.0°
B4-5 9.5+0.1° 8.9+0.0° 6.6+0.2° 6.4+0.1° 6.2+0.2° 6.1+0.2°
B4-6 9.4+0.0° 8.4+0.4" 7.2+0.2° 8.6+0.2" 8.2+0.0° 8.2+0.1°
B4-7 8.1+0.1° 7.7£0.1° 7.240.2° 6.9+0.2° 6.7+0.3° 6.6+0.4°
B4-8 6.2+0.2° 5.3+0.3" 4.2+0.2° 8.1+0.0° 5.4+0.1° 5.3+0.3"
B10-7 7.4+0.4%° 6.8+0.1° 6.4+0.1° 7.7+0.2° 7.7+0.1°% 6.7+0.1"

FBEA G ERE L FEL B Y L8 (p<0.05)



%= ~ FPE A & R $ o-amylase 2 a-glucosidase 2. i 4 P 2

inhibition inhibition inhibition
Number Number Number
a-glucosidase a-amylase a-glucosidase a-amylase a-glucosidase a-amylase
F1-3 42% -36% F11-1 43% -35% B2-1 48% -3%
F2-2 70% -5% D1-1 56% -52% B 2-2 66% -83%
F3-1 46% -41% El-1 52% -38% B 2-3 42% -31%
F3-2 68% -48% E2-1 66% -70% B3-1 47% -40%
F3-3 40% -45% E2-3 44% -47% B 3-4 47% -29%
Fr-1 8% -37% G1-3 42% -48% B 3-5 60% -5%
F7-3 79% -47% H1-1 46% -35% B 3-6 48% -33%
F7-4 64% -50% H1-2 64% -54% B 3-7 51% -22%
F8-1 73% -43% H1-4 85% -37% B4-1 67% -28%
F8-2 89% -47% H1-5 43% -27% B 4-4 69% -64%
F8-4 91% -49% H2-1 90% -33% B 4-5 57% -36%
F8-6 88% -46% J1-1 34% -39% B 4-6 57% -22%
F9-1 37% -37% J1-2 61% -53% B 4-7 59% -23%
F9-2 32% -35% J1-3 74% -39% B 4-8 66% -57%
F9-3 42% -46% J1-4 73% -43% B 10-6 65% -19%
F9-4 60% -24% B1-7 55% -30% B 10-7 73% -34%
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AAC-BBAELTRAREARARLIARE

Number  Residual suger (mg/mL) | Number Residual suger (mg/mL)
MRS 5.87+0.42 F8-6 6.87+0.11
F2-2 10.88+2.06 H1-4 7.14+0.4
F7-3 7.62+0.48 J1-3 7.2+0.31
F7-4 7.76+0.84 J1-4 6.8+0.24
F8-2 8.12+0.82 B10-7 6.85+0.25
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(A)Normal (B)Resistance
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