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ABSTRACT

PHYSIOLOGICAL CHARACTERISTICS AND APPLICATIONS OF
LACTOBACILLUS PENTOSUS STRAINS IN SELECTED DAIRY

PRODUCTS

Candidate for Ph.D. degree: Jin Su
Specialty in Food Biotechnology
Directed by Professor Zhang Bolin & Professor Geroge CORRIEU

ABSTRACT

Two Lactobacillus pentosus strains, named as Ind1l and Ind3, were isolated from a traditional Chinese
cheese product called Naigeda collected from Xinjiang region of China. There is little information and
less report on the probiotic properties and applications of Lactobacillus pentosus strains. Therefore, the
objectives of this study were to: (1) assess the abilities of these two strains to tolerate human
gastrointestinal environments in vitro; (2) evaluate their adhesive ability to intestinal mucosa via Caco-2
cell lines; (3) investigate their effects to bind mutagenic agents like phenol, p-cresol and indole that
accumulate in intestinal tract; (4) deal with their modulation of the mice intestinal microflora; (5) analyze
the formation of y-aminobutyric acid(GABA) by two strains; and (6) use them to process cheese and find
their way as potential probiotic adjuncts in selected dairy products. The following are main results:
1. Isolation and identification of two strains

First of all, two strains Ind1 and Ind3 isolated from Chinese traditional Xinjiang cheese product
called “Naigeda”, were identified as Lactobacillus pentosus according to their morphological,
physiological-biochemical properties as well as 16s DNA sequence data.
2. Tolerance and adherence studies of two lactobacilli strains

The survival of 2 tested strains were observed in simulating human gastric and intestinal
enviroments. The possible factors affecting the adhesion of the 2 strains, including bacterial cell growth
stage, pH, and temperature, the association of adhesion with surface protein or S-layer protein was studied
using Coca-2 cell ines as model. Strains Ind1 and Ind3, after grown in the gastric juice of pH 2.5, intestinal
juice of pH 6.8 and 0.50% concentration of bile salt at 37°C for 4h, had high viable counts. Their viability

enumerated was above 90% in acid solution, and 80% in bile solution, respectively. The two L. pentosus
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strains showed strong resistances to harmful gastrointestinal environments. Individually, the intolerance
of Ind1 to gastrointestinal enviroments was slightly better than Ind3.

Bacterial adhesion tests on Caco-2 cells (ATCC 2102-CRL) monolayer were carried out in 24-well
tissue culture plates. Strain Ind1 displayed relatively poor adhesiveness compared to Ind3. Its adhered live
cells per 100 epithelial cells were only 431.0+£28.16, while that of strain Ind3 were 830.5£19.46. The
adhesion ability was strain-specific. Strain Ind3 showed similar adhesion performance to that of
commercial probiotic strains like L. acidophilus NCFM and L. plantarum Lp115. The good adhesion
ability of the two L. pentosus strains occurred when the growth stage of bacterial cells reached 26h with a
pH of 4.0 and an incubation temperature of 37°C. Heat inactivation had no significant effect on their
adhesion to epithelial cells. The adhesion decreased significantly due to the presences trypsin and
proteinase K, but the removal of S-layer protein from cell surface did not cause the loss of their adhesive
to epithelial cells.

3. Ability of two strains to reduce pre-carcinogenic substances

Some compounds produced in intestinal tract from fermented proteins, including phenolic and
indolic substance, might be harmful as mutagenic and pre-carcinogenic agents, and are responsible for
colon cancer development due to long-term accumulation in the colon. The growth and survival abilities
of these two L. pentosus strains were observed in the presence of phenol, p-cresol and indole with
concentrations ranging from 5 pg/mL to 150 pg/mL. Resistance to three pre-carcinogens agents was
strain-dependent. After the addition of phenol, p-cresol and indole to MRS, the two strains grew very well
at the concentrations of 5 pg/mL to 50ug/mL, but their growth was influenced at a concentration of
150pg/mL. Compared to the control, their viability was decreased by 1 to 2 log. The phenol and p-cresol
remainings in MRS media were reduced in the presence of two lactobacilli strains, depending on their live
cells. The phenol residual varied between 0.95 and 1.93pg/mL or the p-cresol between 0.45 and
1.14pg/mL when the cell counts of two L. pentosus strains decreased from 10°cfu/mL to 10°cfu/mL.
Moreover, it was seen that the content of phenol on the bacterial cell wall of two strains vried between
0.42 and 1.47pg/mL, and that of p-cresol between 0.90 and 1.28pug/mL when the L. pentosus strains were
grown in MRS media containing three pre-carcinogenic substances at 37°C for 144h. These data indicate
that involvement of two L. pentosus strains into media is able to remove some pre-carcinogenic substance

from intestine.
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ABSTRACT

4. Modulation of gut intestinal microflora by L. pentosus strains

The effects of the two L. pentosus strains Ind1l and Ind3 on mice intestinal microflora by oral
administration of 10°cfu/ml contained in 0.5ml skim milk were investigated. The live cells of intestinal
bacteria, including microorganisms from the genera of Lactobacillus spp., Bifidobacterium spp.,
Enterobacter, Enterococcus as well as Clostridium perfringens in the feces of rats were detected via
selective media. The feeding of L. pentosus Ind1 to mice for 10 days significantly promoted the levels of
lactobacilli and bifidobacteria from mice gut, and inhibited the growth of Enterobacter and Clostridium
perfringens. However, no obvious growth inhibition of Enterococus was observed after rats were orally
administrated with strain Indl. After stopping the feeding of strain Indl for 6 days, a substantial
improvement of lactobacilli in mice gut flora still went. Oral administration of Ind3 for 10 days produced
quite good effect on the improvement of beneficial bacteria from mice gut, as a commercial probiotic
strain L. acidophilus NCFM did. Compared to the control, a great growing of lactobacilli and
bifidobacteria in mice gut was observed (P<0.01) while the levels of entrobacter and Clostridium
perfringens were significantly inhibited(P<0.01). Even after stopping the feeding of strain Ind3 for 6 days,
the enumerations of lactobacilli cells were significant higher than that before feeding.

5. GABA production by two strains

The L. pentosus Ind1 and Ind3 were observed to transfer L-Glu into GABA. The optimal parameters
of the two strains to form GABA were incubation of 37°C in a modified medium with pH 7.0, 20g/L
glucose, 10g/L tryotone,10g/L yeast extract,10g/L beef extract, MSG concentration of 15 g/L plus CaCl,
concentration 0.5mmol/L. A 2% (v/v, a quantity of 10® cfu/mL) inoculation size was recommended.
Under the conditions, the maximum biosynthesis of GABA was 1.002 g/L for strain Ind1 incubated for
72h, and 0.3262g/L for strain Ind3 incubated for 84h. The levles of GABA by the two strains reached
1.4064¢g/L and 0.4563¢g/L, respectively stored at 4°C for 30 days.

The GABA production was 0.065g/L for L. pentosus strains Ind1 and 0.003g/L for strain Ind3 when
they were grown in skim milk incubated at 37°C for 24 h. Under the same condition, addition of
monosodium L-glutamate(MSG) to skim milk promoted GABA by 50% for strain Ind1 and 314% for
strain Ind3. It was seen that glucose and yeast extract as carbon and nitrogen sources were beneficial for
producing more GABA.

6. Application of two strains as dietary adjuncts in cheese-making
VIl
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A Chinese traditional cheese produce was manufactured with the two lactobacilli strains as dietary
adjuncts with start microorganisms. Addition of the two strains to typical Xinjiang cheese shortened the
cutting time of curd from 5h to 4h. The water activity of final cheese product was decreased to 0.546 for
strain Ind1 and 0.494 for strain Ind3 from an initial stage of 0.659. The protein yield of final cheese
product was increased to 6.25% from 5.27%.

In conclusions, L. pentosus strains presented in this study offer some benefits to host. The probiotic
properties include good survival in harsh gastrointestinal environments, a nice performance of adhesion
to intestinal mucosa, modulation of gut microflora by improving the beneficial bacteria and reducing the
harmful microorganisms, and reduction of mutagenic agents existing in intestinal tract. Use of the L.
pentosus strains promotes the GABA production in milk, a functional compound helpful for decreasing
blood pressure, and improves the physical texture of final cheese products. To our knowledge, this is first
report that supports L. pentosus as a potential probiotic bacterial candidate or dietary supplement to be

used in selected dairy or related food products.
Keywords: Lactobacillus pentosus strains; probiotics; adherence; intestinal flora;

phenol; p-cresol; indole; mutagenic substances; y-aminobutyric acid (GABA); Chinese

cheese
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B (B. infantis) 1912 %5, X6 HAg 75 A AF I A FLAT o8 FOSUSAT 18 432 T ER 5
THE DRBOR. KBRS, . REgdla . ShlmSErsmd. BHar, s
i E E AR IR R A A T 3, Hor= i DR Bl ol IREWEZ MR,
EAAFAHEE 9

T 10 4EK, AT RIGHEL, E NSRS 2 TT R 6 A B R 7L A,
FE 2 A5 AP IR B 2 A2 R DA B & AR B TR 25 24 R0 B ol U S & T R T T Tz
FIRE T, CRAS K& B A VB N AN B 2 A B B i s AT B A 5 i
RAMUARFE TR FIAWIRN, DLEIRIRES: . MAEY M R = EBE, AR
XTI AR IERA R . 8T, SEAMALG, B AR a8 A Rl Ee ot 78 5
i TF AT ABAE & e B o
1.1.3 HEWEFIIGE
1.1.3.1 {23t 2 J dh i 89 ol

ai AR TR E NI AE W AE KB, TESNAER N AT = A 2 R A e A I B
B AN 2 R R A, (Rt 7B SRR 2 T TEATEE SR I T AL AR, X — 1
BN 2 R AR BE s A K e e . 23R 2 52 M 20, 724
HAERB. AVE. HIR. R ZIREMENETT . I HAERUIEER . HAb &40
G S R A A EEAEH] (Clausen MR, et al., 1991). i
E A SN, EE I R SR BRI R, T
TR R B 45 & I RE = ORI S A RE R 1 40%~50% . 7E 7 A 2 A2 T K1 374
WiE W, & AR & T oW, Hix e [F e BA 5 1aE e . AR
AMUATCAP= A Z PP, T HAeiE =R, . B BRI R, deee 44
ZDIIMRUSCFIFIF (Ichikawa H, et al., 1999).
1.1.3.2 M4 LB R At

FUPER AN R 200 J 4t A i 4 B 1) R, SLBEAE AN FL SR AL P & 2oy
R 7.0%H 4.8%, & NMAELREFRE, FFEAEENAEREN. ARG EARE
A PRI PRE A0 7K A P T B R > U0, A B AR S A ie o 5 Ak P s D LR, S50
FUMEE R IR R, BOAMEWEYI R R Pt K BRI, S5 R 51 EE . K. 18
PIRA B SR EAE R, X PR RR AN FLEA ZMPAE (Lactose Intolerance) (i
¥, 2001; Jiang T, et al.,1996; Lin M Y, et al.,1991). 43RA FH LA N 1A AL R i
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1. Bi S

=, Rl RIT N, FURERSCAS B35 B b5 LU SR, DRt FLBE AN G R i 2 152

BT GE
an A AR FLEAFAE G LT o] BAS 36 BB ALME S (B-Galactosidase), £ H]

THRER AR o O PEER AT P ROBF T8 55 a2 B R I BR W5 A B T LM H

t, TR KBARAPEATE (Daniel J, 2001). Kim 1 Gilliland (1983) W7 T K&K

T2 1) 6 TR LA T 40 T SRR AR TR RO S0, 6 A IR 447 2 10° cfu/mL ME R FLAT T 1)

KRIAKEEY, FLERR 20 238 0. £ FH & AR T 1 77 st e ZLBE AN T o

1.1.4 mAREKERIIN
5 CHB AT E R R UG IR R A FH T 2 FE D 8. REUSSS LU

K
VEREY 7B S EIREE S

1) 406 WA FE A R A B R B A FUIR R AN RSO B E I AR N IR R
FEAEFLIR . BERRAEVIIL,  F i v T TR 1 AR K AT D Ak P B R R AR

2) BlplEH: SRR, IRVSSEMIEAGRER . FLAF B ARUEAT 3 AR B IR i3t T
o B AC R S DR, X EE A LR IE Re R 1E 1% 5, (R HRE . BT
B R4 A FH S RE TIERTT B A% B 6 78 T B e = AR 4 el 14 IR TS

3) ek AR SR B R AR BRI S R LR B OSUBORT B AR A LR AN AT T 2R
C— APl A 7= A R TR AE IR R B 5D AT DAOR SR FRATT s DR B 4 51 A 1 A
R G AT REME . Horh a AR VR R OR TR 9 K I IEYS . FAO Fll WHO 2873
25 A= B % 5K 221 (Expert consultation of Probiotics ) MR G124 1 T 78 il
N A B N AR SR 1) g R D CFE T TR AR 97 e R 25 51 & 1 LB SR g
NER

fi AR RO I E AR B AR, AL

1) BRI RSHRIE A SZARRE N, SAOEE T E Y, S50 R TS R
BrRL, SR L A7 s A 2 B s A S, R R E s e R
T 7S 21 X6 T BT 1) s R A BLAVE FH

2) P AU Y. FLBR B AE 9l AR TR B AT PR AR R A IR TR LR, ZE A
MR NSV IE W =4 4R IR T RREHE R MENRIIR, FF{SWiE pH
B, AT R 0w i AR R o AR T = AR — L8 R Y o i S &L
MR, I 7EE FEH K EE . Gibson ZF4RIE, XUEFTF B REF £ —Fh AR EN11)
g BIE Y, BT TIRE . ESIRE . E AL S0 5 T 1. L
FURRAT R« BEERES . ZF M EEAQSE R Rl P2 A — e ) AR s R AT
K. PR REE, RIS IR B TE N AR KT .



TSN LA BT 1) AR B T 280 8% 8L R 9

3) B, AMEHENDNRIZIE S EMBAEK, TWE S E R E IS B0
W R BT B E e mEEH M HEERER.

4) HEYFE. EHEMAES RS, REREZRBFE . R AES06 KR A
I E I e, RIS D IR, (R REMEMMERK, KR
SUEAEPLT, K ARSI H o 3R U SRS I PRS2 AT B AR F LB 2
—o (HIESIVIE N R BARTE W EMEH, A Rk — BT 5t

5) VAT AR S w AR B T DU S e AR, AT I 5 N AR G g BT L
(R A s[RI f AR B AT DU I A1 B 928 58 e ot Ao S e B g R i s VB2
S BT S 98 AR iy S5 i B 5
et A= T 1700 P G 28 1R 1 R0 e 2 SRR P RO AP 7S I 52 B ok 2 1 96 o FLER B 11

AU =40« 4 LB Sy LA B LR BT A JY T P 11 o R P S50 0 A R s el S 2 R 15 1)

HER R TRV 2 228 00 AR W 1 ) SR 3T THFFL, Perdigon (1987) %5

B [ W T BR B AN B TR FLAT R R B0 2 BR A B A R R, R 2 B ) 15 Wk 4 i A

RN B A TS (Perdigon G, et al., 1990) . X U AT B ) K = BF AR, OUELAT

B AEiA S TNF-A. IL-2. IL-6. IL-10 F1 INF-A ) mRNA k658, 0% B4 i,

U0 Nk 4008, T 4RRARE g, &SRR e AR R e e e Thee . A ikiE,

R & — 8 TR BB B I R W T (6 4R Y T 0 i 7= 42 15 3-4 £i% (Robert Havenaar,

etal, 1994). FRFLERHFT B GG 7 LA iy LA G 52 IR B AN YD 171 PR B %8 i ) A4

R4 (Fangac, 2000) . %5 FLAT T G205 32 58 B K 0T 28 9 592 1 1Y) IgA 7K1 (Fukushima,

1999).
a4 TR IE AT AR S A BOIR L« MR 2 AR MR S T . DHERE, B

TR HY K e RS Re KB T R R, T A O T BRIV R 85 5 7 % DA O

(Goodwin, 1995). #i 4= B A LA iy A4 T AR5 3 1) S SN . 2 s NK 2 i

LS D) 68 (Solana, 2000 . i 713 BH B 2= W AT 11 A0 LR FLAT B C & 43 A T LA

PEEPHAE B F AR A % Th e (Sheih, 2001). 345 HE TG B 4000 . SE40 I EL

REEFEYIES A A e B I ThAe, HoaR AR T B S AN S R B RO RS (B

AL, 2001),

1) AR, (EREE IR A A FLRE B

2) VRN GE 2 B SO (R 2 A B W P A AR S LS B T, PR R g T
IKPRSEI . SEEG PPN A 22 57 245055 5 1 R R R (/KT Bt (R AR 4k, i ok Je
FTRECR IR EE, (HXFTN 7 AR BB T N2 2008 B I35 PR DA A 470
TR BT R BURYI R AL A, (RS HTHOIRE E . X LR LA 8-
HIE PR IREE, HECRRE, FMEUEIER. ARt EREeHARNE, ERKe
R P &6 e v AR BB IR 386 0 NCFML (%R 78, 20 J 1 S 56 B3 1) S /s &5 i 1 A
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1. Bi S

KK ) (Goldin and Gorbach, 1980). NCFM 54k & —EME FH Bon& M4

I8 FA) 95k /> (Goldin and Gorbach, 1984c). Goldin and Gorbach (1984a) [EIFEHF T T e
£ NCFM X A &R (1032 RIS Atk A e . TR IR & NCFM

(152 B 3 HIZ K23 K T . fEAESEES, Goldin and Gorbach (1984b) %
IR R 25 NCFM 14305, =PSB RG 1)35 JJ9> T 20-40%.  AHABLIR) &5 R
EHE NEIFFEd (Goldin and Gorbach, 1984c) , &4 # 52584 (Goldin et. al.,
1980) #¢ &I .

3)  REHE LA RO AR VS SR R TS R A - i A T I R B R ] P L A 5 4
JY T R MAC 114 285 ] TS 7 o4 (K L 0 7 5 7L I 7= 2 1) S e o i 35 - 02 T TR LA
2NN P
11375 L ] e 7K T FR B e 5 R et o R E B G B TR 3R, 1 2 R4 Bk I e th 3

A 235 A B A — 5 1A B A T A P
N AR I H e AR ] 2 AR 5% i B 1 B D U A T BRI e o0 R R A 2

A TR L4 5 BE S 10 BRAR M g 0 A, R B T EHE A AN 52 1 (Taylor and

Williams, 1998). 7E XF #& g L # 7 NCFM [ #F 7T (Gilliland et.al.,1985;Gilliland and

Walker,1990) &7t FL AT AEK: 5206 =5 A= K5 9 5 b 1 RE [E B2 BRI RE 17 . NCFMg 4R

T8 HAGAE AR o ORA R A 2% A T ) JIE [ e P R s, B SEAADL A J il o %o W R LA A 1

S O O ST Sl 1= I - G A AR (2 B < B 7 O T O 1 T R

(Thompson et al. 1982) 127 i 5 # % H 8 250 ml & FERR LA B B 4= 9547 9 HH9

JEVTRIRIE 9, 5 Y0 ] P R % 3 A S, ) ot 0 LS5 L350 e R 52 o MG TR FLAF B B 2R o

WAL R B RA BT T 0 AR PRGN K2, Raleigh, NC) JEMEFR, 7= 5

J& TR A W52 462.10° CFU/mI MERRFLFTBEINCEM. 7= S 7E3JE s 9% . 1EE A

Q7 ERRAAT AR, BRYVAESFL, = IE T i AE R K B 0 E
fu A= TR K E TR (4 P
BTV 9 8 P R0 20 2 E (g R N HERG) F T, DT 7 e A R X IR A ) i A

VEF A EE R . 8Ny an A B RE N 1 Th 30E T B A e 1 R R

IATTHAR R0, AR B R B IR LS AR I R i 2 . (HEEPRIE LR N T 5 . {H Hatakka

SR SRR S T KA & 25 A B (0 R A I S ot B 68 BRIl i B e ) L8, U

FILE, MREANEE
R TH R 2 08 i 1 (I PR IR 6 R SR 9T, 73 HH 2 AR B AT 2 g A

PRI IR R IR o SRR S 2% ) 1), T 46 A1) 2 2 T ek A AR g B TR/ FE (I 7 — B

AME AT o AT O IR — @ R BRI, T AT = 2 — 2RI R R

GiVE EEE T . B, S T BT SR E R AR LR, ST &=

B AR NAT KIS 7T . IRk, S SR 2 T B 78 B s 1K B [ FR
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TSN LA BT 1) AR B T 280 8% 8L R 9

UL A D iy U S o IEES A9 S 5 17 S B PR P S50 0 o 5 8 U A
TEE AT R IR AR o

HIREAT— NI TR AN P] R 58 4 i 2F B A DO R, B —J50%) 2 A2 B R A AT S 1)
PP B ARDX 22 3 5 N TSR A A AT 2t o A FH 2 2 1 T M (2 2 { RREAT L [ A5 7
P, RN — P AT PRI H GE A A B R T B

1.2 w4 E iR RS

AR 25 R A8 DA R AE AR A 5 D 28 T I 3 ORI A 7 2 i, 0 B 2 7 A )
i, FFESRRFE—E AR,
(D FEHE

a2 BN 2 1 2 AR D A AR I v R R B DA O, A R R FLIR T
BN ERRULAEE] 10710 LA B & AT 25 4 ThAg
(2) BRERSEm 2

IR LR 1 5 2 2 i T FE M WA VE ], 77 WA RE S @IS pH B AT
Tk, IR IE N I IRER IR . A E AR IR TR R FUAT A RE 32 1% pH
MR EERE ER 3RS, A /D BB IR FAT T B AT XM EE /) (Lankputhra, 19950, LLETH
RS BNIE 18 L 00 B R A & P H A T 32 M, DR TR PR A T JIE 56 A2 i e 2 A 1 1)
— A EZHEAR (JAYAP, etal. 1998).
(3) HiFHAE

an AR REAN G IE G, 5 SR Rt I A R Ak, O 5 RG IR T R R R 2R A
RP T R B T, XA RN B — 7 T TE PRI e R A B R, DARH LR
JR w5 kiR AR S5 &, 7 — 7 I T s A2 B s fg 3 B il e RS
X AR TSR], X PR B AE )2 5 H A BEAE FH B0 R 2 FHOC T o P A & A2 T PRI 286 PR 1
REREAT PR AN i, Rt EREw AR BN LN — N EENE. FLh, AR
RS T, Ree i ek i —4F, Jovknt e = AR ER DRt 25 A2 B 2 P
BE IR I A N APl iR R BN EEL, Collins 38 HIE £ 2 AL MR PR UEZ, 2
A2 B A R PR E HE T8 E A IE B RE T, DD Ak A AR O b R A ZH 23 B
B RE K HATE I T8 A7 3G I R EHAER  (Collins JK, et al. 1998).
(4) HAtifee AR

1998 4F, BREEFLERH Lk*Ff (Lactic Acid Bacteria Industrial Platform, LABIP)
SR T IR IR AN VEAL 55 AR TR PR AE, 48 AR BN 2 DT SR RIE MR B T
FRNAR: BALEURTE . TR AEEE . 5 TRAE . AP, T f
Dige ARG TR Can[FEACEE B . o> LRSS ) DL R REM 32 & Fhn 2% A 45 AR
AR (Kamao M, et al., 2000) . TXF T 5 AE B A2 B A NI RIN, H

£ 1999 4 Jacobsen Z5Xf 47 Pk M AR B3 B FLER W HEAT T V-0, A BIRE
6



1. Bi S

pH 2.5, 0.3%ZFIHERVARACEE, FEHETIRINEII Caco-2 AIMSESS, 5k EA RAT
M52V, BN P b R A M i B R 25 (i e ) B R I, e & A i 26 i S5
R 5 PRALERES, b 2 BRAJETME, 3 #RIETRME. FAO/WHO (2001) 8 HI R Y H
T R T NIREAE 2 A2 B s B P VR A A o 2 —, TRTRR ) Th e P bl R I i
HIE,

HAT, A 9% a8 AR B A ™ it T R IR 5 RO R 43 B8 AT T 1) i A B B o o B
b, SRR E AR IVIE IR VEA bR UE S EEE: (1D BEREEIRADE L A TE, LSRR
B TER A GRBER. S T RARSAER: (2) BAX ERAE
T IR RE T, REAETH LIS P E A

1.3 KR BFr

AT G AN IR B 88 A% G B | S G52 R R B AR BN 2 Bk R FLAT
(Lactobacillus pentose) Ind1 #1 Ind3 JFRERT 7T, W50 EATIEETE 1 B M8 1 32 7é
J1~ XH&SL Caco-2 7Y fizg b R A0 1 1) 5 B B8 70 A0 AT B FRPRE BT AL, % /1N B i i T
VAR FH AR RIS [A] s [RIINE, GE PR I LA B et T 15 Bl b B S5 B an 8 1y %
FH P FFE M PR A AN [RI9AC B2 IS PRI 52 A A X A 35 70 Joia PR B B B e 4 AT DA s X
PEFLFF R Ind1 A1 Ind3 7= vy &2E TR (GABA) [E&M3HT Tk, WIDHRT T &=
y AT IR AR B FLH] ) L2260, XS BBk Ind1 AT Ind3 AE D94 Bh & % b Al VR i
SRYIER I T 2T THEFE, B 7R 5035 OB ST 1 20 AE iR 0 e SOPAl AR &, ST B R RS
B RE ST VPR B, TRIHAR N R B e HE AL S A BB AL, D RE AT S R R T K
TR FARHARAMKHE .






2. RFEAAT AR S HEK

2. KEFIHEEMRNEESEK

21 5753

2.1.1 SEISR R
T HE MERCK KGaAZA ],
MR SE i 55 77 5 MERCK KGaA /A ) ;
MRS R 35 7% 5 MERCK KGaA /A ) ;
PY Al 77 5 MERCK KGaA /A ;
3580 ] 24 2R 4]
REME (rirat) I 24 4 41 ;
FALEN (ordrat) [ 24 4R 4] 5
L (At [ 24 £ 141 s
= wHEAT,
bugbox K E K F: 56 Ruskinn/A A ;
MS3 basiciE ik iR 2] &% I IKA A T
pHit B2 Y R H PR A A
Bs-300s ¥ % 7 1 K F B2 Y R H IR A A s
AUTOCLAVE MLS-3750°K i 2% SANYO Electricfi R 7 ;
DKB-600B 7 i #AfH i 7K 46 il —ERE AR A A
DAL [ E| Hettich /A & ;
JEHEALAT B Indl, Ind3 F6 MY K 22 A ) 2 B A s

2.1.2 SEH

(D FFAEYFEIESEE: IRIERERENE ST 10l KEKH, 99CAE
PE 5 B OB SR AARAR , {8 F] TaKaRa 16S rDNA Bacterial Identification PCR Kit
(Code No.D310), LA Forward /Reverse primer2 N5%), ¥4 H ) Br. B 5 uL #E4T
N W B S LYK

(2) FEFRKIUAHFHE: FE L aF B AR A T MRS [R5 7258 |, 37°C #53%
3RIGMERBETCR KA B, R EREEERAE; PR, Rt )E,
WEAIMITIR . HEFI 30 TS T M e == [ A UL

(3) AALARF PRI -

A ERERL: PRI K T MRS BRI 72, BT R8s B, R
JEAEFL EIN— 3% 1) HaOn, #5 A =N BIME OB, e I R .

R R BK RS BUSILIT 1) MRS RIRREF=P0 1~2 W, Bef TR K iR 77

9



TSR LA BT 14 A B T 280K 8 A 9

A, IR BnaE R AT Y, RJEE T 37°C MEIFR 72h R, WLER4S
TERK AR R TR RN S IR R 1) MRS R 7REE,  HUR TR VBN EE
AN, RIS BRI ARG TR DX I, 20 Sl 48 FE A mn 7= = B
WKL GV R B RIS : SR 2.1 FiAIAE, 70 s 2 P K Ak & P A
SRS I A I B Al R e AR b, WY pH EE] 6.8, 7R EIRKIEA B LS
PR 2K TR IS B0 15 TR BE AT K B o BT AL AR B IR 3% 1 %6 IR R, 70l
AT EAA RN G KB IR, BT 37°C 5% 24~72 he

2.1 REIE P RIBKIE ST

Table 2.1 Carbohydrates used for fermentation in the present study

TR Wi (g/100mL)  KE/EWM pHAE  K®E A (min)
Bo] Fo A 4 0.5 6.9 12
LRt N 1.0 6.9 15
A 1.0 6.9 15
] 2 A 1.0 6.9 15
FLbH 1.0 6.9 15
gz 1.0 6.9 15
H il 1.0 6.9 15
i = 0.5 6.9 15
T T4 1.0 6.9 15
o 0.5 6.9 15
B, 2 1.0 6.9 15
A 0.5 6.7 12
L A 1.0 6.9 15
FEE B 1.0 6.9 15
UESg 0.5 6.9 15
A K 1.0 6.7 12
LR 0.5 6.9 15
HE b 1.0 6.9 15

(4) pH M52 1: KRBT MRS AR FRIE PR TRY), $EAIE pH3. pHI.6
) MRS i7e5Er, RJEREFRIRAE 37°C MMEIRKEFE 24 h, BREFMIRGHINET
560nm T AT B IRIEONZ EIE OD fH, K4 OD B A Wrd A= KR it o

(5) i FhAEM B PREAER T MRS R HHTEERE 777, #E NaClLIREN 6.5%

10



2. JEHEFLFF R RIS E 54K

F18% I MRS WA IR L, 7£ 37°C MHIREFE 24 h, HEFWIRGHNE, T
560nm | PAZS (IR NS IRIE OD {8, K& OD {8 FIWr4u i A= KR .

(6) KL PP FE AT % 2% Fh B 2 MRS Bigedkdr, 37°C #59%
14 h, (EHERIE 7115 27870, B CIEAL LT B DL 2% Fh & 5% N MRS 55778+,
37°C ¥59% 14 h J5 20> (6000 r/min, 20 min) WAERE K. HUERIMEART T KH
() 9%o E BRE K T, P BB 10° cfu/mL, SRJ5 % 2% %R E RN B MRS 953k,
Yo — e i (R A1 BB ERE, 560 nm AL E R GAE, [FIRS I pH 1E.

2.2 SLUGLE

221 FTHEMETIEERER

DL Seq Forward. Seq Internal 45105 F ik EIS =447 DNA JliJ¥ . Ind1 1 Ind3
1) 16S rRNA J& K 7 51| 43 #f7 45 2R«

(1) w@#k Indl /] 16S tDNA JEKF 570445k (CTB689-P SEQ): L% [&]
Al~A7

(2) Witk Ind3 ) 16S rDNA ZEH 75173445 R (CTB689-Ind3 SEQ): MY 3R /&
B1~B7

(3) MRAEFLFR A Ind1 M Ind3 WEATER, ABAAE RN K 16S rDNA % 5E
R, CEAFIEIESE Ind1 A Ind3 N BEFLAT 1 «

(4) H#k Indl F1 Ind3 [ Genebank acccession Number 737l /& EU483102 £l
EU483099.

M DNA  Marker
DL2,000

1: CTB689-Ind-1-PCR=
LY

2: CTB689-Ind3-PCR;*
LYl

K 2.1 Ind1 1 Ind3 ) 16S rDNA F[X]
Fig. 2.1 PCR product by using -1 and-3 specified primers

11



TR LT AT 1) A B T R0 B B B

M: DNA Marker DL2,000
1: CTB689-Ind-1
2: CTB689-Ind3

€ 2.2 Ind1 #1 Ind3 (40461 168 IDNA %A
Fig. 2.2 The purified 16S rDNA gene from Ind1 Al Ind3 strain

2.2.2 BBHERKESKEER
Wik Ind1 A1 Ind3 7F MRS [FEIfAR 223 3% 2 K5, BRI AGREERHE, H
FECH, DGR, TR, HERAE lmm A4, WTFE 2.3 fE 2.4

K23 Indl KIEEZER T Kl 2.4 Ind3 Y H SR T
Fig. 2.3 photo of Ind1 Fig. 2.4 photo of Ind3

P Ind1 A1 Ind3 75 B 50EE FLEE, 4N KATFTE, DURANERERIRAAE, #=IK
e PEE, K 2.5 FIE 2.6:

12



2. JEHEFLFF R RIS E 54K

> -
- *af 4
o AR ?@} P b o O K
} b 4 * }" T
~
A r LY [
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A \ e .
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¥
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¢ v e 4
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2l An?’
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L Jl‘! } i
v ¥V .
~ & - wn = 0
/ "1d i
P - BN
%
" L}
! =5
.’-} |
T - s % »
L o ’ f“;\ } Al

K 2.5 Ind1 FIEHHE

Fig. 2.5The microscope photo of Ind1

2.2.3 HALR NS R

‘*‘*4; ~ 2 i {
v : F 4
4
- = » 4
" bl 1 -
.’: e v‘ - {‘ v ‘J‘j \f A
i j A7 * / 'J”-‘
) 4 !
W &
v -, ¥ L":‘# ;h) ' 1!
5\ ¢ ”
r r~ A L \
! T o F W w .
no3 )
= ' \ b
- -
- Lo N
v 7 - ol "
4 o \z'r. g ’ﬁ:‘\
e} + \ {:Tf}xp
fgve “ 2 L
- i ‘.M’ \
- ™ ,;f':q-l’ "‘-( %
k77 () ¢
Ly~ )\ /
=i - .l, j‘
Sy fo: o R
# s ¥y

K 2.6 Ind3 1Y W08 H

Fig.2.6The microscope photo of Ind3

ST AR Ind1 A Ind3 (1) — LA H0 AR AR AT ARSI, Z55R K 2.2 Fos: &R
2.2 WA, Bk Indl F1 Ind3 $47E 10°C AT LUAEK; 6.5%0 Shikie A K, 18% i} & ik
ALK, ENERRRE, ARKER IR, AKMEVER; REACHEILE . R EPE .
FURE. ZZEENE. AZPE. JENE. BTRLARE. SR4ENE. MAHE. MR TME. B . LAY
B, B R ARRE. SRR H B ER . ANREAH BRSSP R, A PR AR
ARG (AN S8 FMD) 28 JURR A IR B SORE ZUAT 3 RRAE, Btk IX 2 BRALT
BRI B PR 0 45 0 N S LA B

R 2.2 U R AEE AR

Table2.2 Physiological and biochemical characteristics of Lactobacillus

HEAE Ind1 Ind3
10°C £k + +
45°C A& + —
6.5% I £h + +
18%i 5 — -
s 2 B K A — —
TER K — —
JUE=R e — -
(TR (&R + +
ZrYE—hE + +

13




TSR LA BT 14 A B T 280K 8 A 9

SNt + +
Cikabit + +
FLAE + +
Ea + +
HRwE + +
A = + +
i + +
W + +
FR 4= — —
K% + +
L AL + +
JREAE + +
NERER + +
A + +
LR + +
HEEnE + +

2.2.4 pH it 52 14

WK T MRS AR IR AL R 537, $EPHTE pH3. pH9.6 ] MRS £ 37 kL,
SRIGHGIEFRIRAE 37°C FEIRIEFE 24 h, KEFRYIRG IG5 T 560nm T LLAS H¥E 5%
SNSRI E OD 18, JBEFLAT I8 A= K 1E 5 Ut B 0% 2L AT 18 7T CAZE pH3~pH9.6 2 [A]
K.
2.2.5 Ty 2R MR

PRI KT MRS RHE B EE 72, B2\ NaClLiREEN 6.5% Fil 18% ¥ MRS ¥
PRREFEIE T, 1E 37°C NEHERTFF 24 h, KEFRMIRS LG, T 560nm K DLZE (A8
FrE R ZIENE OD 18, 255 Ul B S FLA B o) LAZE pH3 1 pHO.6 HITHHL A K.
226 KL

PR B A P AT 4% 2% R B 12 2 MRS 5953k h, 37°C 1555 14 h, {HEE
BT AWE, K CIEIL I IR R DL 2% M 85 N MRS B 77504, 37°C 5537 14
h JG B> (6000 r/min, 20 min) AR K. UL K IR BT T KE K 9% H
K, HEE 10° cfumL, JRJG 1% 2% R E R R 2] MRS 859538, % — 52 i 7] 17 b9
HURE, 560 nm AJEROEAE, AR pH (E. BiE S FIP # P Indl AT Ind3 2\
MRS WAREE TR F, 37°C, Ki3% 24 h, BERAHMAE Kl AR B ARk an ] 2.7 FHIA
2.8 Fi7:
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2. RFEAAT AR S HEK

6.5
2.5
6.0
= 2.0 5.5
§ m 5.0
= L5 =
i) E 4.5
2,
B 4.0
0.5 3.5
0.0 5.0
2.7 Indl F1 Ind3 AEK 45 /2.8 Ind1 Al Ind3 1 pH 421k,
Fig. 2.7 Growth Curve of Ind1 and Ind3 Fig. 2.8 pH changed of Ind1and Ind3

HIE 2.7 &Y, PR Indl f Ind3 Y9535 4 h Gt A BAEKHE, 14 h £
AR EAEKY, AR, Mk pH EAMKT 4. Wik, B EME S
PN WE G, WL Indl #1 Ind3 KA MRS W ARE; 773 37°C 5537 14 he

2.3 KENGE
HT 165 rDNA I 5uds DL AR T 5% 28 BRAEARAFAE, Ak Ind1 AT Ind3 J& T

JEREFLAT B o HEFLITIE Ind1 A Ind3 A5 pH TR SZVEAITR £ 6E 77, 72 37°C IR
FMT, AnJEREARHEH, 16 h JE#EAEREEW
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3. HEFLATE XS B BT 32 A FAR AE

3.1 mEEMFMERMER

3.1.1 BMHLE R

ZH B AT E FELAE 2 2 A B AR D) R0 B EREAE, ] DURAR H T i 3 R T R
e L P ) RGP AE FHAE B R di i b, A X, AR R AT R O VA RIS — S H
WA IR . AR, BRI S NI EAR SRR A, BRSNS
W FEAF A TCVEARER W I I LS O, 0 H — SRR M B AR R IR AT 2 AR M B E B AR
NBERIE A Bk, B DOl R AhR s A2 BB 9T, B0 fE AR A S Hh RE % 44 T1
R R AR AR TR, IF HAAE A T 2R AR, A RS LB A K e
(Alander et al., 1999; Bouhnik, et al., 1992). % —JjH, RE i EEAEARNET
—ERM, HRARIEL RO R BN E i, IR B SNEREAT A L,
A2 R BRI B S 7 A R IR B 2 AR T R BT A Y 7K BT 7R S R
TE VS H 2R 25 ) 2 AR A B o (H 26 Z5URF DA 2 A2 B 4D 85 B AR L R AR AE QB B i
(A

ANi, FEZH A5 TR Ot i PR B 2 L PR R B 8 038 DA R 2 X e AR TR R R PR
AN TT, XEIR A ENCFM B 5T 2 7 £ N S VR e 248 i v R 45 05 40 b 48
BA MM, 177585 I 32 I 2 38 0 &5 B4 P (Greene and Klaenhammer, 1994;
Kleeman and Klaenhammer, 1982). 73840 MR IHT-29, X B ISR 25 1) fizg i 4H
ML, BN S mE NI E L. R AR AT R S5 NCFM,  7ERBIU A B AH
K pHIEAE6-8 2 A1 B E 1A M . (Greene and Klaenhammer, 1994), {#i fH 7 &
B4, Hood and Zottola (1987) {57~ tHNCFMAT X A AR4H i A 58 47 0 286 B 1% .

3.0 LR A TR N B PR X B
Table 3.1 Comparisons of adhesive properties from probiotic bacteria

+, BEMHAAIL; -, EFEM; HT29, FMHT29EHT29-MTX4H i

2 P 7 i FH 1) 40 A 421

SFUFT B B M i P HITH Caco-2 HT29  ARFMHIEER SCHR
s0074
W& R AL A L.acidophilus + + + E4=l Greene and
NCFM NCFM Klaenhammer, 1994
Vg R 7L A L.acidophilus + + + Gl Chauviere et
LA LA al, 1992; Coconnier
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g g FL AT L.acidophilus + ST etal, 1992
LB LB
W R A AT L.acidophilus + S EEH
LAl LA1
& oA M L.crispatus + + =] A M Greene  and
BG2FO4 BG2FO4 K& Klaenhammer, 1994
M KA AT L . gasseri + + K E
ADH ADH
2R LA B L. rhamnosus + Mack et al,
GG 1999
AT L.plantarum + H 2 B R B Adlerberth et
299&299V 299&299V £ al, 1996
18 R FLAT R L.delbruechii + + Greene
1489 1489 Klaenhammer, 1994

T EHAEHRIF: (Greene and Klaenhammer, 1994)
LT B 7E N 25 4 L 285 B L 2
(Factors Involved in Adherence of Lactobacilli to Human Caco-2 Cells )
JEFFREY D. GREENE AND TODD R. KLAENHAMMER*
TbFEZAHIM T K FE A Bad W IE 4, Bin il %, Raleigh, JEFZHAF 27695-7624 CKFET 1994 F 12
H 16 D

R R R E R S 20, A R S i A 0k RO SRR [ 8 3 T T B
F T FRIRIE 7825 3 DA A AT B P 280 R AL B 2 A TRl B . %6 PR 2 1 U S 3R 70 10

3.1.2 FNERAIBEIT

MRS AETHEDMEE. MEE, SMEED. HiE. ERADN2ZRER—KS
TAEIRE B2 VDA S IR IR Y BT, PTRER R . 2K, PEERE . FEEH 2 BE el
W, M EE ZMES MR TR Z e 1, (HEARIIBLE G 1 THH . REFNAE
H F 2R AR AR — R e M T ngi M =& E . PSC (28 F LTA (JIRfEE
1) SR 15 £ R TR 7 I 32 AR I &5

(D WFAEERHFNH—R M RES

FURW MR REO Y 2R, 225 MR EEZYR . RN
(2000 FH JBR R 1 g Ak BESUBT T B HFE S RV B 35 5% HIEWL R IL I&E B )
N, BB EEEER . AAk, ATk A B 2 It O L EE A B O B
P RS e AR I ROV ER B . RN R EE - AP B

S ZEH: AR IAREMNFMEASMREBRZEARETMEK. REEANA
S-Z % F (surface layer protein,Slp), AW LLARILAN BB B9 4 CHaLfRr 2 R I AH LA
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D 54 BErISE 4 (Weygand M, et al., 1999; Sleytr UB, 1999) & VF 2 415 M b A=
] 44 B SR T BT A R AR D K O A — AR B P ORI T SR R E AR .
S-JZ B A AT 71 F 2= AE 40 000~200 000 [8], 1M 7F & B FLER B o ,S- )2 8 A X
7> ¥ FUEAE 25 000~70 000 [A]. S-ERHMThAE AT REA . 4ERFAUMISNE, BefEpi 2, 7
TIRMER, TSR, SOOI E LM, BT 18 £ L i ssss (FE%4E,
1997). S-F& [ LAREE f I 7 B Se B P8 56 T 40 PO A AR T, 0 11 A 285 B 1 Rb S 0
St A I 5 S B B E o B B AR 2 T C 8 K AR E M AR T FUAF 1 AR 2
() S-ER I At S-B A MIE Rl . “PETRAL” i — L FLATTE, WIFEIRAATE . B
S H - . NREMEERAARRFMRERE. E56F S BERdwd, K2
HERZHMEEEATME, AHEASEDR 1020%44. EARKEF, RE
HAM S FEILHEZITE 40-71 kDa 2 (8] (Garrote GL, et al., 2004; Sleytr UB, et al.,
1993). FLAF B8 T 2 QPP PE IR A, HART R S E#02 DAL s sl 55 1
BSME M MMREEIHS G, HRMEAMREZEARE. SNHHESERGT. Takahiro
2 N 2mol/L #h AR EL 1 45 i FLAF 14 JCMS5810 H1f¥) CbsA ZH (collagen-binding
S-layer protein A) (Takahiro T, et al. 1995). Garrote 2 AFJH Smol/L LiCl M\ & InZ& 4
FUAFBE (Lactobacillus kefir) F1ZEEn& A (Lactobacillus parakefir) #1755 15 2
TN 66-71 kDa )35 )2 25 4 (Garrote GL, et al. 2004) . 5% &AL 7] LA 2R 90%
LLER S JZE A, AATRAREN S JZHEHA Mr KZ44 (41~52) x10° (Syvie L, et al,
1992). FLIWE R BLASEHL S-JZ 5 1) Lactobacillus acidophilus L050103-12 X HT-29
UM &G P ECN 440.33£8.02 /> « 100 4HiJfi-1, 114 LeLi i JE IR TN 227.46
+65.74 4~ « 100 4iffe-1, WHZAIZEFREE; RN S-EEAMORI S-EEA
ORI AT 5 B050102-14 T HT-29 4 (1) &5 i Ho e R Iy 72 ik B 3, 1X5RH S-
J2 B 7 LI T 286 P 2 Hh S B 24 FH[9] - Schneitz 2875 AR 70 25 H & 28I FLER T 1
XA TR AN I b AR R B B, LR AT B I 4E M BE AR AE S-E B AR, BRI
R, TR I BL T R AKX 10]. Greene 28R 50 &, FHEUAGAR AL FE L FLAT 1
BG2F04 il NCFM/F2, %Br SJZEHEZE, MAREFIZFEE /IR WEFK (Greene JD,
etal., 1994); T k%R H A HE 25 5 2% IS FLAF B JCMI081 19 S 2B 2 J5, X HT-29
S () 86 BN R CEXREE, 2006). {H 2t 225 W SO TR ALAF B MO2 i, 2B
SEEAKE, ZWRKIF A I BERK, WS BEASE T M (Kos B, et al,
2003), LR ERTR, S BEAHAZEITANAMERMEGC, XREQELIEE
FAEE— M

FEFUAT BRI SR G 7 — 2R E E, 5 IR 8 R bUOT 4 A 48 i 2 1
AN, EREAER LM FIGH R 2 [RE R “Mr 7, X PR EE EE AR I R TR R 2
AT T &N, e AT A (Campylobacter) FIEG/EE (Pasteurella)
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MEERE T X NIRRT AR m AR T — MBI &R .

WAMB A SCHRIE, WERRALFT B BG2F04. NCFM/F2 &k Afs. B E AR
AL BRI P 053 R R, (BN IRFLAT B LDH 2 RS 1% 5.3 26 (Greene JD, et
al., 1994); FMERRAL A LB & ts HBE A B E A K AR BRI 26 B 71 R WPEMIK (Chauviere
G, etal., 1992). % IRFLFFE JCMI081 K] S EERHA 5, PR AmME AR K LM )5,
HAT YN ROBGFE /1 N %, B IRFAATE JCM1081 RN EARS TRES S THE
HT-29 40 IR . FATE RSB 2 P25, Hoh JUAT R 0 H R
SPATRES S T AT R R BN, s AN [E] 0 AR 2 [FAMAS [F R R R 2 5 R T B B
FRIRAAAE—E S (ERE, 2006).

(2) BEARZRTH R B R -1 ——— e s B o R O S0

FUAF B A = IRPH PR, L g B B b 5 & I IR EEER  (lipoteichoic acid, LTA)
MRS . F IR FE R I, W1 R 2B == BHE B, 20 B v (1) i ol B R A 1 4
[ RE B AR R R IE T o LTA & AWV 2 5 22 [H I R I & M 1, BT A
HEHEEKET (Streptococcus) 5 ERZMMRIMA4EERE N B AR5 E 4.
Jig A % % BR 8 ( Staphylococcus saprophyticus ) 5 JR I8 & R 40 B . 2 Bz %6 % BR

(Staphylococcus epidermidis) H54F4Et . 4o % EKE (Staphylococcus aureus)
5 R4 2 18] () &5 Bt . Dominique BFFEEE B, 464011 LTA RJ A Rt A AT 5 -5
A Caco-2 AEM, LTA 25 7 AM B E R 4EMar &5k, LTA W ReSeHE
TAHEREEAS T ERFES LGRS 58 TR A4EEREALS S

(Granato D, et al., 1999),

WPG s&—Fh PS MK R RS ARG, T WPG OR$F 1 ZH B 1) 5 B2
TR, PRI (A A7 BELAE F AT e 2 WPG HII R B E BRI R K 2 — o XE—F45H
ELISA FHWHERTFE 7 XUEAT R 7> T 72 IR (WPG). 28 (PS) XJ 44 B &l
PWEAMRMEN, SRV REERIT WPG BEN FRMIEH B—F2%,
2000). FEZIABEA QAN ZHE (EPS), At 5HEM I (DeVuyst L, et
al., 1999; Henriksson A, et al., 1996). Fhidt&d it F m i ER A # m] B [ {IX L.plantarum
Lp6 HIZEBYE, WOk EMZ 5 TR . fE5—J7H, mBERAA it mT e 2 40
WO T AEAE PSS E REER A7), sRE S 5RIMI S W AR &, X ME
FEt4E A5 EPS | (FhE5E, 2006).

3.1.3 FiM 2RI R
B T 4T BT B 24N, T 2 4006 AR AT AR S 1 B 2 Ak, B R 40 1
B 22 5705 3 4 AR S A2 2 A1 S e 4 A e R, i A 75 LA AR S 1) 3 Ak
SEARIRIZRIE, s 3 0 T RS 7S 10 R ST IR B R B S MR o T 3 41 3 T 6 P 2532 4k 11
SRR FIHIE L 7 2 41 i 75 85 BT 2 41 3 T D % 86 B o7 B A B P A2 A —
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R T4 E M 4B b, H AT SR 3R RS AR AR S D, I R I R
F 20 B SR AR AR S A B G B 2R B 524, I B T — S T TR R B B S AR Ak A
B, IXLLSZAR L NREREMESR H (Cohen PS, et al., 1985).

FRER A FH JiR 8 A B AN o PR AN AL P Lovo dUM )5, R B 5 00 FT 1 1) 285 B B
WA, I BPREN R R NE R R AL AR ) C-C B8, PIREMEIA RGP 2R 24k . RSN
ORI G I 2R AT RE R il i b B A M P8E - R me RBE o FH S BE S AT 4 ik g ) &5
Rift—PRY, WEATHEM RN ZAETTRYE D-HEEA K GRERARTE, 1997).
Fujiwara S¢ 0 70 I,  ASUBOAT B 35 772 B3 WA 29 0 HH 1 2 1 B 40 o 1l 4 e 0 16
ETEC X HHE R4S & 3248 (GALD HIZEMT, [EIN o ge 4| Foxd i b Rz 40 HCT-8 1%
B HL 2 AN, (Patti JM, et al., 1994), X 15 B OSB82 B 25 1) 2 ] g e —
FRBENE « BB 2R 0 5244 B B dn AT e bR 2%, BRI BT 28 ) i AR B o H A6 AL
B RGP 2R 2 AR B D, A SR N RS2 AR TR F B BARALHE A i i — 2P
RAWTF . A 5 BTN B et RN R 2RI e I B il it e &R, %
SRR ST, IR BT 1) & A 6

3.1.4 ZMEME R

LT TRT 11 200 P I 72 A 200 1 2 1T 11 206 B 2 R0 4 o sl Rt VR o 1 o S P 2 A 3L [R] 58
R, AHSEER b, B IR AE AN S BB 3 AR B SZARIREA OC, 5 FLER B 1 A
2R DL KA AR, W R AR pH . B IR AR KR BORE B 25k
REY]

WG OUT, fE— BBV N, FLIR B8 R P 20 B B RO FE (R T T
o R P R A BN, BiA R AR —EER, R R (RkE5E, 2002).
R Z ARG BWIRRE. IR KSR = i BRI ) 5 7E — s U R
PN, b BB A B R B T R i T e, (IR AR T 10° cfw/mL J5, BHBSEARTE 2. R,
b PR BRI 3E 4T 75 AR B IR B KT 10° efw/mL 4644 R kAT .

MRS NRBL, HHEMNE (Bifidobactericum adolescentis) 0926 1 &k 7E A ] (1) 4=
KEr B EANFE IR RE ST fEXAFEAKI B G K, BEEK, AR
B RE S AW B, 7ERRE A B e . 2B K BEW Baado 0926 2B 520 . 21 B (1)
A KRR RE S A0 R R B BE R (LTAD FISRTHNER F A . A 40 AR K )32 LTA
& s in, 2I#F-HAE R LTA 5% (Bond DR, etal., 1999), [ItE: ik b 5
Ve Ao, FIRES LA G,

— RN, A EIEE A A BRI, {H Fourniat 28 &I IEFAT 1 AL A 596
FHIR %G f B8 /7 (Fourniat J, et al., 1992); 487K HFEMEEKIE (17 B AU B DM8504
B R N KT 40 i 52 CCL-229 (135 BRI 30, & B0 K 3% R U SOAT B 5 3  35) e 6 P
T b R AR Bl K B SUET T PT B B S0 BEAH R AR ARSI HUR S %
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BRI RO B B0 1 K W A B (EPEC) FEMAHIHIER . TR A & B e f
SE PRI 2 A, XA RS B A e R S PR B BRI T X — %2 ¥ig % . HEHT
X WA 2 32, T PR R A 25 o 71 B AR D v B o 5

FEXT T2 A AR P05, AR BRI PR 5 1 0 S A, H R e fod AR
WE A ek B A ORGSR R E AR AR — AN EER R, RESE AT
E B AR B S T R ST 0926 RAT SRR

Dominique 5 &8, M/ B R BEAFT B Lal 7EARSMNR IS RE9 2 1)
X Caco-2 AU R R B 1, BLOR pH B IF A& M i P i ME— R 3=, A2
SRR B R R, (R 4~7 YO Bl U5 pH A #8022 500 211 B 0 A i 4 i
Ff Caco-2 41 R ALK (Granato D, et al., 1999). pH {E X XS AT B 26 B 52 e 1171056
RIL, BEE pH AR TR, SEATEAFMEIE 2, ATaed TR pH EIEH T H)=
S, SR T A AR SR EE BT, AT IG5 T OBUEAT O TEC 40 RGP (R %
2, 2002).

3.2 IRPEFLATESIMNREFMIRS £ R RRERE J1SE 3
3.2.1 MRE Tk

3.2.1.1 FRs#

HER PRI MK TRHMEFLATE (Lactobacillus pentose) Indl 1 Ind3 HidbEi#k
WK A ARAE R AE, PERRFLATH (Lactobacillus acidophilus) NCFM. w434
(Lactobacillus plantarum) LP115 B EifgrHe e b | (3% ARAAH4E. A
S m PR Caco-2 401, w Big bRl BT am i FE R 4t .

E%alR

DMEM/HIGH GLUCOSE % [E Hyclone A 7

TG B R 22 i PBS (pH 7.2) 2% [ Hyclone A 7]
IR 06 T Z L FEMEM NEAA ¥ [EGIBCOA 7

R aﬁ ( +10,000Units/mL  Penicillin+10,000Ug/mL £ EGIBCOA ]
Streptomycin)

0.25%Trypsin-EDTA 2 EGIBCOA A

2 JHY K Ox-bile Fluka 2\ #]

H & [E amresco A F]

e miE g (FBS) AL B

T PR & — ] 2454 4]

HCL PR IEL! ] 24 5= 141
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NaOH rhrat ] 24 £ [4]
EEEL 543U/mg [ 24545 4]
[k il 11800U/mg ZitE
MRS-Agar. MRS-Bouillon f5[E Merck /A ]
TR T srirat
it 1 WK Bvh=
P& AR &

MCO-15A &AL IE T 44 HASANYO ]

MLS-3750 = K B 44 HASANYOX A

ABAR IR UK HASANYOX ]

SW-CJ-IFO i TAE & TN Z IR ARG R 7]

TR EA 5 [ Memmert /A &)

D-55122 i /14 A 5 E SCHOTT A ]

DKB-600B H, #AIE i 7K il —ER AR A IR A ]

BD/{H R 746 f# [ Binder 2 &)

ED H A X it Bt F6 1% [ Binder 2 7]

CKX41 188 B HAOLYMPUSA ]

BX5 1065 BAsE H AOLYMPUS /A ]

EBA20Z 0oL 785 [F] Hettich 2 7]

EM208ES 1 HASANYOX ]

FRAR IR KA HASANYOR A

HRIRG 1 [E TK A )

BS 300SHL T K T2 AR AR AT A IR A

I e AIPHT (PB-10) FEZRIRLEOER AR A F

32,12 £h7k
HARIEL: B ESA G TR Indl. Ind3. NCFM fl LP115 £
N 10% fEFL ARG AL —4R, 37°C JREERS 77 24h, SR 5 1% 3% Fh & T MRS-Bouillon
BRI TRIEAL AR, 37°C JREHR;FF 18h, UMEREMIE SRR K E
FUATF T B B & 1AL G 26 T AR Indl. Ind3. NCFM Al LP115, %18 3%
PR N MRS-Bouillon 55723+, 37°C 3% 18h J&, #5.0 (6000 r/min, 20 min) ¥
BN 7 NP4, H—H% 65°C K KIS 30min, Z5d MRS-Bouillon 37°C R4 ¥
FRE—FTLMAEEK, ENKIE; B— ARG R . Tow R 2% v PBS
(pH 7.2) B L¥eVs, B HATTIEEIFT DMEM B 38 0 304159 1x10° cfu/mL (]
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TS B EF TR AR K PR EIRE N 53107 cfumL (T %%
PESZIRD

FUF R 52 PSS : (1) WfAHERSEEG /5% B ImL Ind1 A1 Ind3 B8 2590 B4 2029
5x10° cfu/mL, AN 9 mL {175 B 2 HH & MRS-Bouillon (GKFEZ> 514 0.00%- 0.10%-
0.15%- 0.20%- 0.25%- 0.30%- 0.35%-. 0.40%-. 0.45%. 0.50%) "1, HIFFAS[EHE
AHER B (B EELN 5x10° cfw/mL), BT 37°C fHIRIGEFEM T, H3% 4h )5,
I3 AV FE AR B T 48 (20 N T B YR 32 SR s AR SMSADL AT i i 15 A0/ g »
DA @ 2 JE A B R VA Z I I 521 o ¥4 Ind1 A Ind3 0% & 72§l & 4 G A
THW (5x10° cfumL), RF¥ILIGE, BT 37°C =R F#M P, 76 1h. 2h. 3h. 4h,
Iy ImL B R R R . N L EBMH & BURESECN 10%3E 8
16.4mL & E F/KFMFE, {E pH 705108 1.5, 2.0, 2.5, 3.0, 3.5, BB EAMNE
(1g/100mL), /¥R, H 0.22pum MRS IERFE R H . BEEME (543U/mg).
(3) N LI 52 525 : 4 1mL Ind1. Ind3 &R (5x10° cfu/mL), 73 HIEERT 9mL
TN LW (pH6.8) 1, 37°C [HIEIEFE 4 h J5, HUFEMRE, TEBEETHE. AN Ll
Hl%: FRELKH,PO4 6.8g, N2 17K 500mL & #, LABE70%0N 0.4%0) NaOH %
WOETT pH N 6.8, BI7KZE 1000mL, 4 100mL RN 1g MR AR, 78060
&, H0.22 pm FISLIE BERR B, SR s (11800 U/mg).

Caco-2 | Fz A 55 7% B A M ASE 2R ) 2 57

(1) 4HMe s =M & . O 7% i : DMEM/HIGH GLUCOSE (%
4.00mML-7 & Bk, 4500mg/L % % ¥ ) Hyclone, & 7 & % (penicillin) 10,000Units/mL-
HEFE 2 (streptomycin) 10,000Units/mL, 1%JF0 75 &R MEM NEAA, 20%Jf 41
B (Fetal bovine serum, FBS), LA Eif5f3y 0.1 HOKTCHd e, 4°C fhffr. @41
THAL (JERE-EDTA WAL : 0.25% Trypsin-EDTA 0.1 fCK L H i€ (GIBCO), £
AT /M, -20°C IRAEE . @THALZ 1 : DMEM/HIGH GLUCOSE (%
4.00mML-A 2 Wi, 4500mg/L F 4D & 20% M54 1iE FBS, 4°C {fff. @41/
YRA7% : DMEM/HIGH GLUCOSE (5 4.00mML-% 2 B, 4500mg/L #iZ k) & 30%
ILED g, 4°C PRAF

(2) W bR TE: OCaco-2 4 E T 25cm® KIIEFEM T, IIAEH 20%)04
MG 1% E L FREEERR, WPt (FE. 8% 100 U/mL) ] DMEM & 724,
T 37°C, 5% CO, 57 EEFR, 1~2d #e—IRIGTRMH . @OFBAIEFR: 0% FEI5 80%
KA, BATAER. WH IR FR, FH PBS Zrilirhvt 1~2 ¥k, A 2mL [EE
FBEH A (A 25em® B59900A), AR A E L AN s, S tEmE LR
JER 37°C. BIE WA USRI, A4 BI4E, M2 A FEES B, R
9 A B T LA B AL . IR TR R N VS AL B, WRET A A, A3 Bk
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AL, AR 10mL 208 H, 1000 r/min, 6~8 min 7 _Fif, HIABEE
IR, I R e T o SOSN8 BB AR SR R, AR
135 B RN AZAME T 5x10° AN/mLo K BELFIR B B 4TI B 20 285 T 25em” B389
TEL) 7~8 mL. RS MR ERERIRT 7000, & MM ifiss, BT 37°C, 5%CO0, Ki 74
HgkaliE 7%, ARARYHM 2 /NI S GG B B AR RRRE b, 2 AR A i e T AR o B R
AR 50%LL Eg++, 75%R+++. R — LR —IR. FRrgifER 15~20d 2 5
P 24 FLBCH TR SLE6 . OMRGFSE D B TXEEK R (5x107
AN mLEENE 20% H i) DMEM 15 783, 4R A7 FEFE 7 - 4°C, 40 min— -20°C,
30 ~ 60 min— -80°C % f7; M-80°C MK /KA FHUHE A, MIEB AR & Pk
K E T (37°C), AWl 5esh, fidsd L .

(3) AR T KA RE R T 24 FLIR P B 4T85 9% H] DMEM 55383 (&
20% A4 MM 1%AR L TR IER, W EHE-H5E 100U/mL) FBAMmIKE N 5x10°
ANmL, PR SRR 24 ALY, AL 2mL, BT 37°C, 5% CO, 357746+
B9k, — REH— KGR F5 Caco-2 HHMLTERE TR B 5 1 o 2 2800 b 7
1564 L P JISOR 225 40 i FH T 0 B S5
3.2.1.3 AbMHE 5

AP FH T Caco-2 4HMITE 24 FLEEFRMR P HEAT, £F 24 FLARH Caco-2 4 %5 B A |
80%LL ., FITEHEMAS Ca™s Mg™ B 7 PBS (pH 7.2) Wik 2~3 W, HLINA
DMEM }: #2207 AL B B 2mL, & T 37°C, 5%CO02 #3746 2h, KB PBS
Ve 2 KR EARBE NI4T, WREE & 20min, B S I0A, LY, W it
20 MBEHLALEF N R P BI040 E A AHTE 0, REPHTRE L 100 A4 b 26 B %) 20 T 5L
T, BAMRATAT 3 L.

PR LA B 6 B 30 ) 2 S g v

(1) WMAM BRI Caco-2 UL AT 2R K AL BT Ind1 AT Ind3 JRE
B % 18h, BONEEFA, DMEM ¥R E S, WEEIRE N 1X10° cfu/mL, A
K2 BZ4IEH 24 fLIRH, BT 37°C, 5% CO2 B34, 7 mlks3% 1/2h. 1h.
2h. 3h. 4h. 5h. 6h /5, B, 8T THEAH MR B an e A E

(2) WML B EE P Caco-2 4HHIRE M2k K B FALAF I Ind1 A1 Ind3 PREAKT
7% 26h, B OISR R, DMEM 3593 E B A #, 2 AR HIKE N 1x10° cfu/mL.
1x10° cfu /mL. 1x10” ¢fu /mL. 1x10% cfu /mL. 1x10° cfu/mL, HIA 2K Z 524
L 24 fLER, BT 37°C, 5%CO2 857746 2h J5, 22 RGO EE 100 M40
B 2 e A H

VU FhFLAT 6 I Caco-2 AN LU SESS : ¥ S FLAT A Ind1 A Ind3, FERRFLAT BRI
NCFM, FEY)FAFE LP115 #:70T MRS iR 7Rk, 37°C [REREFE 14h B OWUEE
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A0, FI DMEM 35359 B Al , B BRIKRE N 1x10° cfu/mL, &T 37°C, 5% CO,
BRFRA R, B59F 2h B R, T ENIE AN E A B, MG E S 3 k.
3.2.2 &R 55T
3.2.2.1 & AT
(1 N T B W 52 1 -
232 WIRPILAT B T B 2 se i e R (g efw/mL)

Table 3.2 Artificial gastric juice tolerance results of two strains

Strain pH Oh 2h 3h 4 h
Ind1 3.5 8.13+0. 8.05+0. 8.00+0.
11 12 07
3.0 8.43+0. 8.00+0. 7.95+0. 7.93+0.
15 09 05" 07"
2.5 7.99+0. 7.88+0. 7.71%0.
07 09° 12°
2.0 7.92+0. 7.82+0. 7.53+0.
11 08’ 14"
1.5 4.05+0. - -
0"
Ind3 3.5 8.08+0. 8.02+0. 7.93+0.
08 07 04
3.0 8.48+0. 8.00+0. 7.83+0. 7.73+0.
16 24 15" 14"
2.5 7.640. 7.61+0. 7.56+0.
12" 13" 14"
2.0 7.41+0. 6.84+0. 6.58+0.
08" 12" 16™
1.5 - - -

e RPSLRHIER A B AR EEIROR, B HUE . SABERT Oh AHEE,*: P<0.05 FRIRZER:
B, **: P<0.01 oRERRLE.
Note: Values are expressed as means + standard deviations of at least three independent experiments. *:
P<0.05, **: P<0.01; compared with Oh.

I BN B W pH AR I R IMRIE IR 45 A R IR K, 3 H pH BN 3.0 244
11 A T TR R — A 1~2h, B HEZSIER DN 4~6h (BhF%E. 1987). A
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3. A FLAT X TE IS (1 52 AN B RE 70

TEE IR B B pHAE A 2 o4, WAEDIRIAR R IR . w342 A A0E IS B 2E
W2 5 A RERIEH S A ThAL, IR RE )42 & A2 b PR 0 ik B AR bR 2 — o ASEEG R A ik
SMEALAAT BB N T B, AR PR 5 LA B A0S B R PP i AR I T BR e T o %
I HEFLATE (Lactobacillus pentosus) Ind1 Al Ind3 ¥ & £ N LB+ (pH N 1.5, 2.0,
2.5, 3.0, 3.5), 37°C 1EIEL}EF% 1h. 2h. 3h. 4h 5 BURERS BER BTG T L 458
W 3.2,

pH 2.0 (AT B h 9% 4h JGHEFE Indl A1 Ind3 V3R AR SIS R, 25
N 85%F 75%. BFE Ind3 7EN T H K pH v 2.0 18597 3 h, & S FTAH
BEWLD (P<0.0D), HIHHEOSEE N2 6.84 Lg cfumL™; pH A 1.5 24 T 4b3
Ind3, JCiEEMH . FEE Indl 7 pH oA 1.5 504 FACEE 2h, HERFE RN 49%,
HiGwEEE 5B AT 2 R W2 WPk Indl 7€ pH 4 1.5 5640 T 402 3h J5)LF
ToiE A

FERERELH: pH 1.5 AT HBAHEEHEH Indl. Ind3 AR pH 2.0
N LB RALIE, PIRRE T LIRS, AR S bl 5 AL BRI R] ) 1B KT 9>, {2 4 h
JEAAR B IR B AR R, 20 WA 85%A1 75%: pH 2.5 N T BN, 2 #RIBEILAT
R FLAT T B A5 ZR 38 4E 90% LA F.

(2) N Lt 52 14 -

90 r

W Oh 4h

85 r

1g (cfu/mL)
*®
[=}

~
[9)

70

6.5

Ind1 Ind3

3.1 FAFEXN AL (pH 6.8) it 52 14 sL 6 45
FUAT T K MRS-agar #EAT-PARUEE B DLE AN BUE RS, S5 A2ERT Oh AHLE,*: P<0.05 %
RNEFEE, TSR ER 3K, SRBIERA P EME R EE RS
Figure3.1 Lactobacillus survival after suspension in simulated intestinal juice (pH 6.8) for 4 h.
Viable cell counts were determined followed by plating onto MRS-agar. *: P<(0.05 compared with the
control (0 h). Standard deviations of triplicate results are represented by error bars. Each value is the

mean of values from three experiments.
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FLER T Bk 718 N L B A RS KU IR S I RE T, A ReAE i iE e i, X 1E
FEBGRAEIE, AR B 75 A2 B DI AL FLER B A H7 A 3 D e e M 1R v B 4
I FE A10° cfu/mL (Kumann JA, et al., 1988), 7 SIZI6 3 ik 44 MBI 173 FA B 05 95 2
PR SN LA B Ind 1 A Ind35%F N TR 32V o K B ARk Ind 1 FInd3 FH pH=6.8 1 \ Tz
TE3TCHITEIRIE IR M T AL BRAh, HURER RS B T3k

ZERWLK3.1: fEpH 6.8( N T H37°Chb#l4h )5, HkInd3 i # e 5 AL BE AT
ML B Z WD (P<0.05), ik B HOCEE FREF]7.90 Lecfu mL; i B bk Ind 1 T H &,
Z5, WARInd1 MInd32 N\ T AL 2 5 A2 05 23 7E90% LA b o Rl 28K IR FLAT B
SEN L aica B kBT RE 77, HrP B AR Ind 16 N B30 (0 i 52 PE A 58 T B AR Ind 3

(3) HERTRH 571

i AR WM e T E S, AU IR —E i s2 v, FF FL 52 1R s B
PR PR AE T8 R A TG e DR . N iZE IH 325 8 7E0.03%~0.3% 75 2 N (5kERIE,
1997) 0 ASSZIGHE T T IOBHFLAT B Ind LR Ind3 46 S [ 94 55 25 L 26 i 32 44 o 5 18 FkInd 1
AlInd3 &7 T B 4 IHEEMRS-Bouillon ™', & 50.00%~0.50%, 37° ClEIE}; F74h)5,
3 VORGP R R A T V% TR TR o H SR 52 1th 2%

—@— Indl —O—Ind3

Lg (cfu/ml)
o =
O =)

N
=)

e
[

0.00 0.10  0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Bl 3.2 FUAT B0 AS R P R 2R AT 32 %

Figure 3.2 The ability of Lactobacillus pentosus to grow in different concentration bile salts (0.00% ~
0.50%) for 4h. Ind1 (black circles) and Ind3 (white circles).*: P<0.05 compared with the control
(0.00%); **: P<0.01 Vertical lines on the bars represent standard deviations.

K 3.2 SR 1 2 MRIHEFLAT B AEA IR EE A ER AR KOIR AL, AT AR H ek
FUFFRIAK Ind1 F1 Ind3 Y R ATIRSRAMAEER B8 77, BEAE I 3R L I T e FL B AR AR TG

TR EFR Indl Wi HELBE 1A T Ind3, (HZEF AR . FEE Indl A1 Ind3 7EAHZRIK
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3. TS FLAT T X M A T 52 A 285 S

&0 0.30%5 A 14 TR 4h, WK ITE R BT I TR (0.00%) s wEL Witk
Ind3 ZR7E#E (P<0.05). TEIREN 0.40%H L2355 9% 4h, BEfk Indl A1 Ind3
FIEHE SR (0.00%) MIEEZE TR (P<0.01), EHFERIRIRE, 25N
88%F1 82%, BN AUA FFEI/NT 2. Indl BVFT 0.50%M)HEE-MRS ¥ A5 77 2
H4h S5, T BEON BUE S R TR OE WO BUE < ZUVRNT 2, B AR S AT
SRIEE] 80% LA bo HIMEEREA, 2 PRIGHEFLAT A Ind] A Ind3 Y6 B AIPUA- T #h E
VAP
3222 M N FHR

Caco-2 H 221 ff SEIG AR Y B AWOUL 82 . R AN BB 2 N\ i b R 4l & Caco-2 41,
O 32 T ORAl 25 A A B REE (Blum, S, et al., 20000 . Caco-2 41l 5 A 1 fz 41l
TETEAS S FAREL, B A R A0 M b e R % e . Caco-2 AMMTEAS: 318 R
HH L5 3] B P AN PR T B L A B B IR B 75% A B R] T S ] 3.3-3.4:

s

3.3 Caco-2 241 B K 3.4 Caco-2 4L yH AL A8 F
(BOR A5 % 2000)
Fig. 3.3-3.4 The microscope photo of Caco-2 cell

ICHEAAT R Rt 2. AT BRI A EREE S Caco-2 A AE FH IS [A] ) %E
Kimidgm, FLAFHELS Caco-2 4HHSL[FRIREF% 0~3h [A] K BEFLAT B Ind1 A1 Ind3 X Caco-2
MR G P B IE N, 3h SR RGN, VUEEEE TR S, KRR
FFEE RGP Caco-2 40 BRIV BE 735 77 I8 ) 25 UIAH OC o [ BE LA 1 Ind3 % Caco-2 4 &t
fa# (830+20/100cell, 2h) KT IHEFLATTE Ind1 HIFGFHFEEL (431+29/100cell, 2h),
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[
N
1

—O—Indl —@—Ind3

—_ — —_
(=] [\S] e

NO. of bacteria (x100)
[eee]

K 3.5 AN B Indl A Ind3 26 P a] ih 2k

Fig 3.5 Time curve of Lactobacillus pentosus adhesion

16

" —O—Indl —@—Ind3

12

NO. of bacteria (x100°

Amount of bacte7ria (cfu/mL Igx)
K 3.6 FLAT BRI b BEIAC E i 2%

Fig 3.6 Concentration curve of Lactobacillus pentosus adhesion

TN FLAT B R PR R AR IR FE N 42 TRBE AT R RGP Caco-2 2 R FRY A7 A4k P52 A0
25 (N 3.6 i) FUFT B AR IR BRI (10°~10° cfu/mL), ZEMRER, MHIKEN
10°~10° cfu/mL B, ZHP 2 BHE TR FUAT 5 5 R RO B bt 25 B B B F s i
w, W RARE—E RN, R R BEAAT R FLATE Indl A Ind3 Rk
FEBBHE B AR BT R T, (B IR BER T 100 NmL J5, BEFRNE SR MiReE
N 10° cfw/mL i, Pk Indl A1 Ind3 MIZEFHFEE BN (59+18) /100cell, (84+14)
/100cells [HiH, Z5h R BOMRRIEEAT 75 BEAE AT BER BE KT 10° cfwmL 6£F F#E4T, DA
N SERCR B A 10° cfu/mL.
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3. A FLAT X TE IS (1 52 AN B RE 70

I FLAT B Ind 1 A Ind3 %6 F Caco-2 41 ALI¥T B8 ) 5 B AR IR B AR 7% IF (1) %85 DI AH %
WP AR SR U0 45 1. BRI B N 1x10° cfu/mL, A [F]2h.
3.2.2.3 FUATHIALIH AL 7 Ho AR

ARSI X0 M AR G e W T 7 128 HH PRI 20K B FLAT B Ind 1 A Ind3, AT T PR METT
Wro KNG 1 Mt 4 B Pk Caco-2 4 L (A AR AME RS, 5 Danisco i b 2 A= B PR V8 TR
FUMFFEINCEM. YA FELPLISHEAT 7 RFO Eeseie . DM FLAT B R Caco-24H B 1Y
FhPHE RS R AR 3.3:

# 3.3 VUMFLATBE X Caco-2 4 ¥4 S0l B 5256 285 2R

Table 3.3 Adhesion of four strains of probiotic bacteria to Caco-2 cells in vitro

S FiFHHE% (NO. of adhesion)
L. acidophilus NCFM 873.0+44.86
L. plantarum LP115 934.2+41.35
L. pentosus Ind1 431.0+28.16"#
L. pentosus Ind3 830.5+19.46

T FNTEECN 100 MM LRSS, LI BE BRI P AR HEZE R OR . 5 NCFM A
th, *: P<0.05 FonZEREHE, **: P<0.01 LoRERHRR#E. 5 LIPS ML, #: P<0.05 Kx%E
BRE, ##: P<0.01 RREFWEE
Note: Each adhesion assay was conducted in duplicate with cells from three successive passages.
Adhesion assays were monitored after 2 h of incubation. The table presents mean numbers + standard
deviation of bacteria adhering per 100 epithelial cells. *: P<0.05, **: P<0.01 compared with NCFM; #:

P<0.05, ##: P<0.01 compared with LP115.

HI23.3%0, ALl 4R FLAT i, REPREC (RE100 40 BRI A R 20O A
P3¢, {E400~1000217] . A E)FL AT BRILP 1153 Caco- 241 AR VE RE ey, &
PIREA $1934.2+41.35; AFRERRIFNTESG 257, WERNCFMA Ind3 % i 15 2032
IEFIB00LA -, 437l y873.0444.86, 830.5+19.46: KInd1fMREHIPEE %, BiFHHREK
N431.0428.16. [ FLAT 1 Ind3 M Ind3 O R BT FE 4, 22970 T 789 Ml 25 A IR ARNCFM
LP115, L Ind1 2257 53 (P<0.05). I 5 2 DA b 2t 4 BAR R FEXT L SRS, mIRIK
B FLAT TR Ind3 A Ind3 %0 By L B 40 A5 B0 O B BT

3.7 5k 1 DUBRFLAT B R P A 5 D0, R BRI 1A, HAT 2L
FHE R AZIEDL S
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TR LT AT 1) A B T R0 B B B

y ,}‘,}

K 3.7 JURRFUAT B ZH PR T Caco-2 4H AR A 22 I UL 5 B (BUK £5 %k 2000)
Fig.3.7 Adhesion of different Lactobacillus strains to Caco-2 cell monolayer observed using light

microscopy after Gram-staining. (magnification 2000x).
3.2.3 KT/

(D) AhsEie s R B R, RPEAN H AT FHInd1 MInd3%F N TE# AN LR
BIEA RIFMm szt . N T B B pHAE X HARGE A B2, FHpH 1LSKA T H#’
AR, TEARInd 1A Ind3 3 AN BEAATE s pH 2.05 04 T W IR 18 47115 R B o5 AL BRI [R) f 2B K
MRS, H4nER BARESRAEEER, 73 0885%M75%: pH 2.5 N T B AP
RN B LT B S A 3G R ARTE90% L s N TRt AT B S AN K, 1730 3
7E90%LL F, pH 6.8 N LIH37°CALF 4h)E, BHFRInd3 % AR 538w, Mw bk
Ind1 TEA R 2 5% . BFRInd 1 FInd3 %5 N T B AR B A B (i 52 1%, H B Rk Ind 1
ZAERH T B bR Ind3 .

(2) RFESLATEAATE Indl A1 Ind3 KA [ EE 4= 10 E5 2 45 1R 9 A i 32 4
Pk Ind1 B 52 B 58 T Ind3, (HZE R A RZE . 7F 0.40%/HEL A0 BE 4h, B#K Indl F1 Ind3
FEEFRAR S, 737009 88%A1 82%, THEEEL T BT 2 DX EUE: 7E 0.50%/H EhIKFE
AbEE 4h, Indl FEVEREAIIRILE] 80%LL F.
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3. DAL BN R TE I (1 52 AN Y g

(3) LAZimlim a4 Caco-2 40 ARG SEI B I 2 B 3N )7 S i o, 2
PRICHE FLAT B R Caco-2 AU /)5 BARIK LS FR I RV 25 UIAE O, B AE 1R IR
VI FF) i LA T A AR 1 B PR BRI N s LA 1 B AR BE AR T 10° cfw/ml, B PHEHUR
1%, BEMF I BRGIIRIREE N 1x10° cfu/mL, ZHFfES ] 2h.

(4) 57k 25 A AR T B T b s ie 5 B R, RPEAAT R Ind3 A1 Ind3 ()
BB AR ECIA /N TR 35 AE TR AR S R FLAT B NCFM RE P FLAF 5§ LP115, AP Bk Ind1
ZREE. LIKEHK LP115. NCFM. Ind3 ikt E8iAF 800 ML E, 451N
934.2+41.35. 873.0+44.86. 830.5+19.46; WPk Indl HIZGFHPEE ZE, FMIEEHN
431.0+28.16.
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4. R FURT VR A 1355 B s R 3R e 8 R LA PRI

4. XHEFLATE RSN FAR 200 E = R FAFHALHI R

A 5 LR 0 PRI TSR, DA, A 5 R PR AR 2
(K SRR EFLBR TR 600 4 S SRS S R BB LB e 38 2
AL ACHHIIOR NI A Caco2 AMMNRMHEIN, %% 2 hiuh
FURFR Ind1 1 Ind3 (RAHIRES, BRSO E %, EKIBL pH
RAEL R RR: HUPIRRILR B RS R MBLA, CERIL BRI, %
T8 11 AT AT S J52 8 0S5 T B B 50

4.1 MR5EREE

4.1.1 SEXOHAPEL

BEAER AR : (1D RBEFLFTFE (Lactobacillus pentose) Ind1 A1 Ind3, ik
FMO R AR AE et . (2) MEFRILATEE (Lactobacillus acidophilus) NCFM,
HPFAFE (Lactobacillus plantarum) LP115 i1 B e E (%) HIRA A
ft. (3) NSIEaItk Caco-2 4008, w1 LR 40 i R4t .

Regrdk: A EES 72 MRS-Bouillon (MERK, Germany), 121°C KB 20min. 4ff
s 973 DMEM N3 [E GIBCO 2 w77 o

Y15 7% H¥: DMEM/HIGH GLUCOSE (% 4.00mML-A 2 B, 4500mg/L %
EME), HEHZHR (penicillin) 10,000Units/mL-§£%5 % (streptomycin) 10,000 Units/mL,
1%3E 5 TR IR MEM NEAA, 20%fR4E MiE L2 (Fetal bovine serum, FBS), UL
WA 0.1 WO TG L IE

F
ES Hyclone
DMEM/HIGH GLUCOSE
A
% [E GIBCO A
kL TR IERMEM NEAA -
=
X Hr C +10,000Units/mL  Penicillin+10,000Ug/mL 2% E GIBCO
Streptomycin) ]
fasE g% (FBS) BUH Y=
, % [E GIBCO 2
0.25%Trypsin-EDTA
Al
ik 2 1 it} i /711800U/mg [ 24 4 141
B & fitfi% 71453U/mg & 22 4 ]
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%E{@K ﬁj %amresco//}
b PIE S
_ 1 [F Merck 2
MRS-Agar. MRS-Bouillon -
WA
MCO-15A A iR F= A HASANYOA 7]
MLS-375075 & K 15 4% HASANYOX 7]
AR VKA HASANYOX 7]
SW-CJ-IFO i T1E & TN Z IR SHARA R 7]
TK I 15 [E Memmert 2 )
D-55122 14 34w HEA 8 [ESCHOTT A 7]
DKB-600B H, #1H iz 7K Al g EREAER A R A 7]
BD/{E R #7468 1 [F Binder 2 )
ED H ZR X ik AH {8 ¥ Binder 2 ]
ED H A% i gt A % [ Binder 2 ]
CKX41 {58 2 H AOLYMPUS /2 ]
BX5 1G5 Rt H AOLYMPUS /A ]
EBA20E 0L f [F] Hettich 2 7]
EM208ES 1 HASANYOX ]
AR VKA HASANYOX 7]
AR 4 1 [ TIK A2 7]
BS 300SH T KF L PR AR LA R A A
W K& FPHiT (PB-10) L RHRL AL A IR A A
4.1.2 SEW Tk
FUAF B A KR 1 -

(1) LIS 1% 3R a2\ 200mL ) MRS-Bouillon F1, 37°C fHif R4
7% 4h. 6h. 8h. 10h. 12h. 14h. 16h. 18h. 20h. 22h. 24h. 26h JGHUH, JRA
4°C UKAE, AR E SR EL, IRl £

(2) LI 1%8) R B8\ 200mL ) MRS-Bouillon H 37°C 18I R 3%
7% 26h, fH CINAC KBTI E AT Indl A1 Ind3 pH 2L HEZL

PR b L AT B 2R B e i R 2R S 6 7 v

(1) AR B FUAT R P 7 b B 4 ) s 4 b FLAT B Ind1. Ind3 JRE
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4. R FURT VR A 1355 B s R 3R e 8 R LA PRI

£:9% 8h. 18h. 26h 5, B LUCERE, H DMEM K5l E S A H, HEEHIREN
1x10° cfu/mL, B 2mL A C &K R Z40MIM 24 FLARH, BT 37°C, 5%CO2 1%
FEFAT, B59E 2h JEAEE IR, VB 100 40 ZS A B A5

(2) pH fEX} Ind1. Ind3 P b2 4020 : DMEM H & Indl. IND3 {5
WEY 1x10° cfu/mL, FHERR B Y 2mol/L HCI ¥ A B B9 pH 23514 4.04 5.0+
6.0, 7.0~ 8.0 5 Caco-2 AHfIFLFF 2h, T+ Zb 240 B 4.

(3) MREEXF K Indl A1 Ind3 RhES I B B4R 5200 . 20 BILE 4°CL 37°C. 45°C
R AE FRATR N 9258, FUATBEIRE N 1x10° cfu/mL, ZEFN 2h &, THE0anp s i
B4

(4) FUATFHE Indl F1 Ind3 5 J55F Bh B L R AR A2 K O 28 VR 47 B8 9 2 11
KIEHFEE 4 Indl Al Ind3 (1x10° cfu/mL), B 2mL A Caco-2 401 5.2 40 24 1L
BRI, BT 37°C, 5%CO2 ¥i7ifd 9 2h, THECFLAT e &b P %

I AT BR A 71 B AIL A -

(1) JRFEFLAFF B AT Indl A1 Ind3 AR =405 Caco-2 AU FLFEZMA: 43 5 A
PRI IR R SR LI E BT, WEIREAN 1x10° cfwmL, [ Caco-2
HZIM 24 FLES TP REFLIEN 2ml B &, 37°C, 5%CO2 ¥ #=FH 2h, sz
BB R A RE I RE 7T FER B AIHI % RIS LF R AR Indl A1 Ind3, 4% 3%
AT MRS-Bouillon H, 37°C JREHE 7% 48h J5, B UENE BigH: #R EiEW
£ 100°C, 10min Ab2H, FHEFAAFEHATRSLLE, DUREAHEFER EIBHOR
H, FR EBERD ML 1mg/ml. 3mg/ml. Smg/ml JHEE AT, B2 AN HE G T
B aas, CARSAEHRER IS A .

(2) B 1 P Ak 38 B A ) 286 B I 520 - 2500 (6000r/min, 15min) YW AEFLAF B Ind1
A1 Ind3, F PBS ¥t 2 %, 23 2.5mg/mL HEEE AR, 37°C 4FE 60min, FHH#HCK
WA A LT 2 B4k . TRV PBS ¥k 2~3 IR, B IREETR K, H] DMEM R H Ak,
TR 1x10° cfu/mL, FHAR AT AR N2 AXTIRAL, #EAT BRI S25 .

(3) HEEN K AR A0 B sz . K FUAT R B4 23 0 2.5mg/mL 2
FIEg K, 37°C 43 60min, FHF#KIE G4 ML 26 by 4k FRdEAT R P Se8e vk ) b

(4) S-ZEEXB AR : 2.0 (6000r/min, 15min) YEAFTHE Indl. Ind3,
Fi PBS ¥t 2 ¥k, 2051 Smol/L EALAEAT Smol/L Eh AN B 2 4K, 4°C 4:¥E 60min,
JE R L, 1200r/min 15min, YCEERR, H PBS ¥k 1~2 X, DMEM #H &3,
e, B (1x10° cfu/mL) 47 5925 .
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42 RS540

4.2.1 BRAK HZ R E

WSS PR Indl A1 Ind3 BL 1% FEEEN 200mL 1) MRS AR 77,
37°C 3555, LAIE WO EUEF] pH BT IS [R] 115 45 380 P ok 17 16 2 K il 2 AR 12 A2 A
2, WK 4.1 FIE 4.2 foR:

P 4.1 A& H, Bk Indl F1 Ind3 7E MRS WARR; FR I b A KHE RS, 35 B 1T 30E
K il 22 Eon 8% 5% 8h 247 2 ¥k Indl Al Ind3 AEREA G EAE K, 7E 20h JE#E AN FaE
Wlo Rl B HRAE RS U2 KBS, MIEPL Indl A Ind3 SR MRS 7RSS
FRFE 37°C K597 18h Ja 15286, MK 4.2 1, FUAFE Ind3 (K77 FREE /1858, 24h i
KB pH £ 4.0 /iAys WPk Indl 19 pH Ny 4.6 /itqs

9.0 r

o
[

x
o

Lg(cfu/mL)
~
W

—0—Indl —O—Ind3

Py
=

N
[

N
=

4h 6h 8 10h 12h 14h 16h 18 20h 22h 24h  26h

4.1 Ind1 A Ind3 A K i 25
Fig.4.1 Growth Curve of Ind1 and Ind3
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4. R FURT VR A 1355 B s R 3R e 8 R LA PRI

6.7

6.2 F
5.7 r

52 ¢

= Indl Ind3

pH

4.7 r

4.2

3.7 ¢

3.2

0 5 10 15 20 25 30 35 40 45
It /b

K 4.2 Ind1 A1 Ind3 1) pH 4£1L,
Fig.4.2 pH changed of Ind1 and Ind3

4.2.2 PIRFLITEIZ R R R BB 5

AR BO FUAF R R PR B B S A sz S REREN I (8ho . X EU(18h). A2
SEH (26h) (SR FLAT B4R 225 5 Caco-2 4 37°C £537 2h J5 =2 KU, MU
100 4HAREE YA ER 2. 5577 8h FIFLAT IS 18h RUAHEL, FEPHEUS A 80, 26h (5L
FREREI AE 7 RE N (P<0.01) UL TR #K Indly Ind3 AIRE PR RS>0 y: 53727,
931200 FRRATANFI AT BURH B 2 W3R 4.1 o

41 K BOS R AR
Table 4.1 Effect of growth stage on Lactobacillus adhesion

KB FiB#a% (NO. of adhesion)
t/h L. pentosus Ind1 L. pentosus Ind3
8 293.1+£23 T48+26
18 431429 83020
26 537427 931420

e FEPHHEECH 100 M4 EFE AR, SEE BRI R AP AE R E R R . 54K 8h IR B AHLL,
*: P<0.05 oRZERLE, **: P<0.01 RoRZEFRMEE.
Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. *: P<0.05,

**: P<0.01 compared with 8h.

TE AR A ACE B (8hy 18h. 26h) HTH AR M Bk fo I, B LT B AR
K, WIRRRMBE A IE R, AR e BRI R i, oAt T AR A B B ik
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R R Y HIRIEH P AE, S EAAFERRIMTEE 7, 1025 I B A4 ) 25 B
Iy ARIKE I, RN R B B o
R 4.2 pH X3 R RZ
Table 4.2 Effect of pH value on Lactobacillus adhesion

pH value FiBta% (NO. of adhesion)
L. pentosus Ind1 L. pentosus Ind3
8.0 326.6+30.42 539.5+33.50
7.0 431.0+28.16 830.5+19.46
6.0 459.5+24.92" 917.8+36.32"
5.0 534.2+27.22™ 933.2422.16"
4.0 506.0+24.00"" 955.5429.78"

T FMHEECN 100 MM ERN ARG LI R R E R OR . UL pH 8.0 J9XIIE, .
P<0.05 £RZEFEFE, **: P<0.01 RREFMEE.
Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. *: P<0.05,

**: P<0.01 compared with pH 8.0.

—O—Indl —@—Ind3

NO. of bacteria (x100)

4 5 6 7 8
pH

K 4.3 pH X ZUAT T 2 B 1 RE
Fig. 4.3 Effect of pH value on Lactobacillus pentosus adhesion
pH (B X SOHEFLAT P Ind1 AT Ind3 R P L B2 A A2 . ARV ALIE IR pH fEE
[N 2~8 (EZ 4R, 2004), TTREAVHALIE B BRAF H 6 W 80H Prisds, mish — i
S SZIG KT pH 3.5 26440 N E5 9% 2h B Ak Ind1 A1 Ind3 ORISR N 95%LL F, %+ pH
N 4~8 NS FEIAT T pH X IHE PLAF R R M i B B A s . sl 4.3, 3% 4.2
Fn: B pHER T, PIARILAT X Caco-2 AR MEIE £, Indl. Ind3 FiFH4E
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B0 HIAE pH {H 5.0, pH4.0 FHAFIG K: 534.2+27.22. 955.5+29.78; 1 pH {H AN 8.0
e AT BB Fa 2000 BN 326.6+30.42. 539.5+33.50. 34 pH 7.0 I, PERFLAT K%,
BHEHE B KT pH 8.0 IZNFHER, ZR B (P<0.05); pH 4.0 B He %z 7
2.3 (P<0.01); 7E pH 4~7 254 R8BI AR 45 R R W pH B X ALAT Indl .
Ind3 B IREERTIER, MR EZ —. (H2&%EIEW AMEE pH Wk L&
RANM RS RS540, 145 pH 7.0 VB LA B A 40 BHRI6 2614

Greene Jeffreyd ZE7ER 0 AU GRS REBT thBf 7o 4t FEBEARES IR BIEWH /)
SFEMMUEENIEEART (B pH 5D, BB UURAIIA S, (8RR BT
Caco-2 4 U i PE 3855 (Greene Jeffreyd, et al., 1994 ). A 5235 X% XUEAT T4 2% B 52 1
IR FTAR H, FBJS R IEVRPT DU OUBT B ) & BT, T XS B RS B3 pH BN
4.0 i 47 (Bernet MF, etal., 1993). Al Re2 MR pH /EFH T-40ME, o074 1 400 36 F 52
PRI LG T, BG5BT AH B IR PR . AN RE 200 pHAE X B B R 52

TR BEX pE FUAT 18 Ind1 A Ind3 2B L 2 i ps2m . 7R AE 3R 37°C K
HEFLFT B Ind1 A IndD3 X 4HAR ARG AR e 22, T AEARIRAN sl T 2 P 8 20 A
PR, 7E 4°C FPIRRAM BH RIS B 2080, 73718 261.2432.36. 538.6+29.58;
M 45°C AbFH X B A SEM AN 55 (L3R 4.3) 0 BRGNS ) I PR 5 10 7 vk L e
BRAAEREE KA T A A RRAEA K. AFRE. GIEEEHREE NEE
RUBUEAT #0926 Xf IEC i B AT R B ARrME (BRZESE. 2002) .

R A3 X RS

Table 4.3 Effect of temperature on Lactobacillus adhesion

B FiFFE % (NO. of adhesion)
(Temperature
o L. pentosus Ind1 L. pentosus Ind3
4 261.2+32.36" 538.6+29.58"
37 431.0+28.16 830.5+19.46
45 304.0+31.24 814.1+23.37

e FMHEECN 100 DMK ERN ARG SR BEE R AP RO . 5 3T C SRR, *:
P<0.05 £RZEFEFE, **: P<0.0l LREFMEE.
Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. *: P<0.05,

**: P<0.01 compared with 37°C.
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R 44 FUAT R EYPIRZS X BB B2

Table 4.4 Effect of the living being state on Lactobacillus adhesion

EYPRES FiPtHE% (NO. of adhesion)
Living state L. pentosus Ind1 L. pentosus Ind3
AR (the living) 431.0+28.16 830.5+19.46
POKIEIRA (the 405.0£30.24 839.1+24.59

heat-killed)

VE: RN ECA 100 AN4HH ERE 4R, SCIR BRSSPI AR E RO . HIRE AL, *: P<0.05
FORERLE, **: P<0.0l FREFREE.
Note: The table presents mean numbers =+ standard deviation of bacteria adhering per 100 epithelial cells. *: P<0.05,

**: P<0.01 compared with the living forms

FATEAFAEPIREXS Caco-2 AMRREMT IR LLAPNFIA FZEYPRE GAOK
FOIRSANEEARZS ) FLBRAT X o B AN RN BE J1 . R 4.4 0, PIMZEVPIRGS
NI AT B Indl AT Ind3 BIREAEFE P Caco-2 4HJf, H KT IR FUAF I 26 IR HOF A
TR, LREMER (P>0.05), WVFRKITIRE T KRR R Mo B i
A B S B R AR, (845 AR IR REJ1 AN

AIRIE,  KE OUEAT  R] B BAT 5% AR R A S0 (R 7K &S5, 20000,
FAERAE ST B Ind1 A1 Ind3 BAT 55 WA R R RE ST, X5 1 A SMEGE A
Fidro MM TIREN S, JURA S BA R A e VEAT 22 4k, T 5 K A 1
FHR LIRS .

4.2.3 PAFHILAT B RSN RE AL 5T

FUAF BRACE = 400k 2 B 52 0«

(1) ANRIRE IR X FUFF B 2 B 114 52 1

F# Y] MRS—Bouillon 35777, FERE; 7% EIEMRIFAME, ST Caco-2
MRS EE SRS fE . WIER 4.5 s, &I TFER BB FLAF B Indl A1 Ind3 RiF 452k
KT BV AE R R FR R AT (P<0.01);  KIG2H 5% B 4L 26 I e 11 2 A
3 YRR R BRI BB AR AE S UM B R A O RGP R, RTRE S AR AR K
A FE W BB SR S BT, A S AT R W b B A R R B

4.5 FLFFE X Caco-2 4 o ) 2% Bt 6 £k

Table 4.5 Adhesion of Lactobacillus to human intestinal epithelial Caco-2 cell

ENEEES FMtFe2 (NO. of adhesion)

42



4. R FURT VR A 1355 B s R 3R e 8 R LA PRI

WS FHPRA (the living) HRIRA (the heat-killed)
Different
. Indl Ind3 Indl Ind3
culture fluid
BT B R
fresh culture 431.0+£28.16 830.5+£19.46 405.0+30.24 839.14+24.59
fluid
FER FIEW .
902.3+30.44 . . 1248+24.79
exhausting . 1237+20.81 883.4+£33.10

*

supernatant fluid

T RHHEECN 100 DMK RN A AL eI BURE R A S EE R RN . SRR T i A
FIEL, *: P<0.05 R ZEREZE, **: P<0.0] FREFREE.
Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. Each value

is the mean of values from three or four experiments. *: P<0.05, **: P<0.01 compared with the fresh culture fluid group.

(2) FER LIE A H b3 ) LA B 26 B FE 20 A2 4

FEIRS RIEM S o 3G 5 1 FLAT B B RGBT RE T, FFER EIEZ 100°C, 10min
KL B CLE FUAFE Indl. Ind3 R PHAEECE 2 FRK, HERWEZE, 4508
421.1£12.04, 780.3+22.08, W3 4.6, A1E T HE/ LIH M ()55 LL 5 B 20 FABURE,
HoRA T 250 BRIk, FLAT BRI RGP 28 825 T %

R 4.6 KR LIEHE A I G R AR R PR 2 2 1L

Table 4.6 The effects on adhesion of strain in heat treated culture

ENEEAT S F MRS (NO. of adhesion)
Different heat L. pentosus Ind1 L.pentosus Ind3
treatment

Xof Hit 902.3+30.44 1237420.81
100°C, 10min 421.1+12.04™ 780.3+22.08"

e FiMHEECN 100 DA R A E A SHIREE KR P A EAREE RS . B IRALALE, *: P<0.05
FoRNEFLE, *: P<0.0l RRERWEE.
Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. Each value

is the mean of values from three or four experiments. *: P<0.05, **: P<0.01 compared with the control group.

(3) FER TR LR IR 1 B X SLAT B 26 B R 52
N TR IS R T2 SO A R AR BT AN RIR R
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FEACFE IS, WS FLAT AT Caco-2 IR BHE BN LIG AL, WK 47, SiRER, &
T AR RS R, BN AE ) B RS, JF FLREH B AR
FEE (K38 R BE TR SOZ W AR . 4 b8 (IR Tmg/mL I, FLAT 8 K86 P 40 T %t
FAZLAR HE 5 AR (P<0.05): 43KJE )y 3mg/mL I, Bk BHHEH0A R 2 B AR R 5K

R 47 FR LI R AR AN S B AR P R R A2 A

Table 4.7 The effects on adhesion of strain in Trypsin treated culture

ENEIL o WE FiFt % (NO. of adhesion)
Different (mg L. pentosus Ind1 L. pentosus Ind3
treatment /mD
Xof HE - 902.3+30.44 1237+20.81
1 735.3+29.76" 1040.7+25.43"
R 2 1 3 561.0+18.87 954.5424.31"
5 404.5+23.58" 817.2424.55™

e BRSO 100 DA R A E A SHIREE SR P A EEAREE RS . BRI LL, *: P<0.05
FREFLE, = P<0.0l RRERWEE.
Note: The table presents mean numbers +standard deviation of bacteria adhering per 100 epithelial cells. Each value

is the mean of values from three experiments. *: P<0.05, **: P<0.01 compared with the control group.

RSLIGAE R, FORRE TR LIE R PR S AT R R A SR IR 7, HAE
R I WRE il A3 FLAT 8 1R 2 B B8 77 535 PRI 20 J B A 2 5 I 5 0 L
FFB P Ind1 1 Ind3 % Caco-2 A MR ARG F, U BHARSS L35 A7 75 B P 22 2 — P AN
I E AR . (ATERTEE B TR B P AAT AT OR B BRI B I RE 7T, BB FLAT
Indl 1 Ind3 BEAAA S W AFER T3

R 4.8 FUIT I 20 B AL B R AR N HR A2 e

Table 4.8 The effects on adhesion of strain in Protease treated culture

A b B w FiME% (NO. of adhesion)
Different i3 L. pentosus Ind1 L. pentosus Ind3
treatment (m
g/mb)
Xof HE - 431.0+28.16 830.5+19.46
ik 2 1 2.5 67.3+20.70" 190.7+19.80™
MK 2.5 114.4+26.34" 226.2423.91"
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e FNIEECY 100 NHH BRI R, SLIR B SR I R EE RN . SXTRRZAAREL, *: P<0.05
FORERLE, *: P<0.0l FREFREE.
Note: The table presents mean numbers =+ standard deviation of bacteria adhering per 100 epithelial cells. Each value

is the mean of values from three experiments. *: P<0.05, **: P<0.01 compared with the control group.

FUAF R 1 2 AN HRR B Caco-2 A S0 - K4 AT R Ind1 1 Ind3 B A5 51 H
fRE AR (2.5mg/mL) FIEEHE K (2.5 mg/mL) 37°C 4B 60min, ZiFHFEEAE 4L Hh
RUNpE 4.4, RS R AIRERE AR K AERS, PIRRFLAT B X Caco-2 41 1K 2 B AE
713 R R (P<0.01), £ ARG HE B 44 J5 R M FR B0 T 22 E g K AR BRZE 1) R B 45
(K 4.8), LHEFAA B Indl A Ind3 AR H 8 R 1] B S5 H P RE 1A %,
TENFEM S 5% Caco-2 4HMRIEEMEIEHE . ENAMBA M CHRIE, WERRILM W
BG2F04. NCFM/F2 &l E MG, B & B 5 R /) 538 N %, (H2 N IR
LDH £ g )15 B #4810 (Greene ID, et al., 1994); FEFRFLAF I LB 4 /& Ml A1
AN K AP SR /1R WK (Chauviere G, et al., 1992). FLAT I 2 [ 1) & H L
A2 5 7R R, AR ERELZ 5/ EAMEE —EmE R (ER5E,
2006)

9.0

OIndl M Ind3

w P N ~
o W 1= )

NO. of bacteria (X100

—_
W

N

Control Trypsin Protease K

o
o

4.4 FEALIEXT AT B AP Caco-2 4HAR I FZIR
Fig.4.4 Effect of trypsin or pronase treatment on adhesion of Lactobacillus to Caco-2 cells
FUATTE S-JZHE X H R Caco-2 BRI : A 22H KDL, I 15
RN —R2H0TRAEHIIN S ZEA, 25 7 AN FENZH (Schneitz C, et
al., 1992). A HRHRIE, KA ELEER 90%LL B S JRE A, FLF 4R 1 1)
S [ Mr K41 9(41~52)x10°(Syvie L et al., 1992). 4 T i} Lactobacillus pentosus
Ind1. IND3 ] S /2 & FI /& S AL R R AOAE L, ARSI R ZUAT T Ind1 AN Ind3 44
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S Smol/L & ALEE 4°C 4bFE 60min, ZEFHIEEAAL WL 4.9,

R 4.9 FUM R A2 SR Ab 3 5 TR AR 5 P 4R 20 A2 £k

Table 4.9 The effects on adhesion of strain in Protease treated culture

ENEEGE:] WE iK% (NO. of adhesion)
Different (mo L. pentosus Ind1 L. pentosus Ind3
treatment /L)
X e - 431.0+28.16 830.5+£19.46
Epia 5 417.5+28.16 780.7+26.11

T FMHEECN 100 DA ERE A E AL SHIRHE KR AP A EEAREE RS . BRI LL, *: P<0.05
FoREFRE, ** P<0.01 FREFWEE .
Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. Each value

is the mean of values from three experiments. *: P<0.05, **: P<0.01 compared with the control group.

WAL 2R S ZEEAFH LG, WHRFAATERT Caco-2 40 1% I AE 71 1% A BA
BEAR, RBLHEFLIT T Indl A1 Ind3 BASNRIHM S EEA T RKASHFIERE.
A5 R Y Greene S AL —3, FHE LA ETR FLAT B BG2F04 A1 NCFM/F2,
LS EEAZE, WKEMREE AR WK (Greene JD, etal., 1994,); Txk55EXK
&AL £ BR B IR B JCMIO081 (1) S JZEE A5, X HT-29 20 B A &h s AN K

(EWREE, 2006). HR2WA 7 EHFER A E M2 I, 2k S EEAE, ZEKk
MF MR I BE R, SEEASS T M (KosB,etal., 2003), HILAEH, SEE
FHAE—E S 5 A AT H B A2

4.3 KB
(1) BL Caco-2 AL ARG FHABIESE, SEma A FLAT 1A Ind1 A1 Ind3 2P A 3222
2R AR A K B, pH. BE IR B A AT IRAS

O T 2EH T (8h) . XTHUH(18h) FaE I (26h) SFEA A 1A K B B AT B
MR R IR E R, TR BRI AT W R e SR, A=K 2 26h [FLAT
R A PR AL AE 115 8h A EL 25 Al B % .

@ARI[F) pH AR I BE AT Ind1 A1 Ind3 FIZEFTAE J7. BESE pH FEI%, PR
FFRAE Caco-2 4l EIIREFREOYE 2 . BIFk Indl A Ind3 (WFEFHHEXS HIE pH 5.0
F1 pH 4.0 AR E K. 4 pH A2 7.0 B, PIARILAT B B F5 P FE 20 K T pH 8.0 (W%
(IEERI®

@IGFRREE N 37°C IF, PRRFLAT IR IR Re 1 mcom, BEdRiRET M & 45°C JF
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ANEZE LW EARRI MR B 4°C RIEST B ARG A2 B RE 176 B B A HI/E A .

@1 BEOIRAFI RS I WS FLAT B T AR #E RE IS R P Caco-2 4Hiffl, HOKIEE{E
I B AH [ (9 26 B R

(2) JRHEFLFFBE Indl F1 Ind3 HIFEFRAE 70T Be 5 AR =9 R R B 2 8 A
Ko BIF TR LIEW AT Ind1 A1 Ind3 BEEHEEOR T3 LR 57 00 AT 1
LT RS FER BB 100°C, 10min AN#KEIE 5 LT B 26 T AE 77 538 PRI, #E
SR ETE R R AL S A 0 3 0 LT AR Ind] A Ind3 OREMEE ), HBEEE
IR 2 138 K, LA B 20 P e BOZ T PRI . X RS O FLAT i 7R AR K AR R mT
SO — R R AR, NSHFM LRI, JHEFLAT R Indl A1 Ind3 4 E
B R ARG OB K ACER S LRGP AE ) 3 TR, IR 3R B o FLAT B (0 3R T A
HZ5 T d . AEE LR S ZEA)E, Hik Indl A1 Ind3 X} Caco-2 40 (1%
BRI A BB EAC . X R H AN RT S EEARAS SRR,
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5. JROWE FUAT T X /N B T B R P 4

5. RHEFLAEX )R imEE A ETER

5.1 FEEHENTIREER

WAV AL, A BV FLANA) H A= B T8 A2 O TR 1R, 0T 200 B TS A& T T
(17, B AR Z AR ER AN B SRAS BT THURE (1 40 BRI Le 21 B AT R ey B3 P A e A
20 BRI E SRR W Rt R VR 2 AN 9 B A AR AR M T A TE AR
WEEE IS5 NI FEXAS FE I AR Bt T A N AT & B T R R Ak
X LE AR DD IAFAE e N S RED) o B R BEATTRE . AN TTEL . o2k e vl A 3K
IR R Ik BiE A R, K RS T B ER 2O R AR SRR FLAT H IR
371 /IN g SIS BT C A DR R ST L AT T 662 ) A A 31 B0 A, 9 7 4 B ) e 3 5t
N o 3% = =5 A B AT AR AR i T8 R DR AP A i T8 A i 0 4E  100-400 F
NGBS

N, FHALSh Y —FE, FEAE REMAED . EITEETENRPI K, W,
PRI RH T8 25 R0 S IRAT T AL IE, FE208h 101 A, = ARG A6 . ARt
VI aEE N2 2365, JFHMEEL, LT 400 Fho — N N—4piE 2L
65 Mg, MM T 12 KRR EE.

FBRIX e 5 AL AR (AR ) K F T LA (0 P18, 5 vl e S BUBHEIRYS . 484
RERZ TP AEAE M TN 52 . SR AN SRR TR A, i 2 A
BRARTE B T — AN KT B2 2% B4 RS AR R BN IS R TR OR 22 S (R AT
0 A EH S PPN [ TR AR 4, 2 BORT AR T MR IR SR (>99%) o DR A8 B FE SR AL R 855
] R RIS B, (1 DR SR B R 22 ) L 38 A 1 S e 1k PR AR B T B3R R i R AN g
AT 7 BB 1, IR e, 1 DR AU B ) PEAE SE PP RR FE B2 31 T Sife it PR B 1 249

WATE AR RE ] 50 N = KK

(1) 515 FHAENAEEANE. AEWRARH, SRETHRAREE, SHEE
FAEFA G R, 18 E B R A K P S B, 08 w9 TE 5 it i
Yili. WIFLAFEE . BB . RAF B AT S5 2 Ip BFI E B s, BAE IR,
G PN YR IR 0 W R B B A 5

(2) 515 MK MEORE. DR REANE, BEhdemsE, st
W BB, EREAE ST, XA R R DA SEUR, FER RS
N, HERTHEZ BAREE, SAEE,

(3) FIRE. KRZNEHE, KCEPIILSBIRD, TEREfE S P,
PR IR, ASBUR, — PR — w5l i, WA AR
AR, DIV (FERIEE, 2002).
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5.1.1 fpE M AT AR

1. ZHREA

(1 AR

JoreE A B PR AR T AL ) B TR R A e R, BRI E  E RE EOR R
FEAFEARHALIIRE (4. RIS FM—EEHAR SN (Cununlngs JH, et
al., 1996), JET] S AEER 43 22 BRAVER (15 . B BR 1 v] 2 A 2R 1A 5 SUBCRE B ml P AR %
FOB, K ARVEVER A BRI AR A AT

(2) GRfEH.

FiE T A PRA R W] LB R 2 R AR 3, ITE B R T LA IR A 3, g A&
Bl. B2. B6, VC. VK, Jewlg. AEVHEMMHIREE, HAXEATFERE & B4l & B,
KA & il R K, BEBERBE & g AE R Co (HR IR mMATUE R R E AN
A RE SR A KR I (Tannock GW, 1995); 0] & G5l iER, fpiE
RIS B R B R P AR J R IR TR, W R T TR

2. EMEEAER

W& EAERKKRE, ARFEAEENHCAEY e ETERE T, TERmiEsh &
A AT, %P T DU S B L5 SR A N A

(1) PR S B2 F Y iS5 a, Bk — ZMBEEB A,
B IEH R BRI B, WHE EAEE] T SR ER . i e g R AE
FH AT NAR (0099 i B8 JC R I P R B PR R0 A, A, S X DA AL, AT 72 281 5% 5 i
W EEIEYUER . T RAGHE R THAE, mE7REs L TiR%, ThiE
HH PR SR B ST TE B0 1 e 8 IR T, PR T AR B AR K B E IR A
YT B R A E R R

(2) fiE A 2 A R = AR R M TR TR FI LR, PR K1 pH, A
A S EE T AR KB . P A — S P R i A I RS, M i &
W25 (Kamao M, et al., 2000).

3. RIZIATAER

(1) IEH J3E v vl R sea 1 E e R0, (S s st AR se 3, 12
AR ) S B BINLAE » TERS X E B BN S RGRT R I E R G0 PUATE SR
GEMREAR . BT HNY R BT H @AM T, R B mEb K, g
Hh A BB WK EE B TE (Jiang HQ, et al., 2001). A 23 X o B XS /N g A1 8] Bz i Ar
WELEIEAT T Hei, RBLLLIEEXS /N 4/5, B HBRBEANBLM T MG, H
T % R4 5 EXSMAL (Drasar BS, et al., 1985).

(2) s = A e S ThRe, FrAEdERE S e T I YRR E A
SIS, S 5RT R . WIESRPTARI A, IR R AN AR Th RERI G I T R

50
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= A5 . o B IR S B 3R AR B IR SIS, FEACIAS tH 7 I Y TgA, TG Y
NIV B TgG 289 /N B 17106 9206 2 B0 XS T RS B0 B LAZR B 4 e
P CHESE, 2002), {REERE AR BRI 2 A . AL B R B I T
IMERIRE, IS r=E 2 P A T, T IgE N5 M 8% M (Shida K et al., 1998) .

4. Rup4E M bR e ey 38 i Fa i

JY T8 BT A D R M A L ) S . TR /DN BR S R E R/ BRAE B, BRES b R A A B
BRI, BEIATEA R/ B TE 8 1 p i AE A mT LAt B R i B 34 E (Younes H, et
al., 2001). JEHRIE, b RZARMRI b5 B el R E A 0%, SAE AR = A
BEARITIR, Rt bR M ) o A VT . FEAR AL T R Re O H ) MR 4 B K B, (et
Y34t (Gibson, et al., 1992). s #1145 /A8 4L

T PR O BN AR P T TR AN R — AR I, B N AR R AR T
A7

BOUM: MEANAEE SR, BHERZ.

ORI MR a R EREY, WE, FREAE, ENREEA P, ™HE
Y, IRHPTAE R G AR N R ) TR, I E N DIRER R SRR . R
Waee . BRICH B A& BRI SR & B 2 H B D .

ZHH: SRBEPIREAREN, HEFE IR ARER; RERENTHE: Z2F
N Wy TE R U AT B8 K FREAER, 7 U AR 8 K b T o XA i T it 2 I TE AL R
R A fg FRR LA 3 Br 0022 N, AR A8 o X P i B RE ) E AR 24, R RRil I (R
BEZEZ.

BRI, ABEFE SR IG, B A 28 kb, RIS Fom A A . R
A 9EOK A 7 e AL, A BETE B AR A BOIRER, AE B PR GV 06 AR, AT 3 5 G2
FELEB . FTLL, el i A 5 40 B R Rk B R A5 (1) B i, S8R UL i (A
8 B Ll

5.1.2 FHIBE AR %

P8 R R S AN N AL T A R RS, H 2 B, A3 ST 15, s
B AR S P AR SR AR 2 R R I RE I, i A AR VDR o8 KR R AR AN R R L
HIALAL, TR KR, A W SR>, P E R . PUA RIS E R,
TR W 70 A P2 0 2 Aok P T e i 2R AR

1. fAEFAE

il I A 2 mT DABRE ) 4] L 22 25 SE A SRS e A T (E 2 HU A R AR R ST A 1Y
IR R AE T A ai e, A2 €M BB 7 i E e n T, KR IiAE R,
SUERMIE AR 10 PP R, WA R AT TR 24 P 1) i P TR 5 5 6 B T AR 3 7
A B, PAEM A TERE bR, & RRIE N CE ST 1
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2. BHROAE

I I SRR AR A B R TR, TR B R R RIS A . R A TR —
Floo i 2 2 (AR AL B IR A3, mTIE R R E A 2 T B AR T, T A
o3 JE R A AE IR, TR G B TE R, BRI R AR AR S . Ik
i, VF2 BN E, ASBERE B KA A T IR R A, R Be A a il
AV FLEEFT R . BT B AR, PR A AR AN R R TR, (A 2R
BHEH u—2A%, 2003).

AR FER /AN RAERL, BEFT T REFLAT B Ind1 AT Ind3 S /) 57 B R 0 1 15 4
KA RIIE], 57 e B mo b it i b B AR FE BR FLAT B NCFM FIEY) AT i LP115
) B T B A T AR AT b . B PRI UE A LA B Ind1 A1 Ind3 A P9 26 % b R 4
FLERIRE ST, D9t 9t s AF R 7E B B R B AR SO R SR A B IR AR R

52 MREFE

5.2.1 SEISATEL

MR PR M S2Ie s JUBEFLFT T (Lactobacillus pentosus) Ind1 A1 Ind3 fidb 5t
Mol KAV B AR AR, WERRFLFT A (Lactobacillus acidophilus) NCFM. 43,
FF1# (Lactobacillus plantarum) LP115 fiPHE R b E (5 AR AR M. EE
Al Fh B RN 50 H, ARE N 18~22g, Hi AT KA BE 2 e sh A Sk b

feftt.

S YN wilE
MRS-Agar, MRS-Bouillon 1 [ Merck A 7]

FUFF I P R IR HE LBs £ HEGIBCOA A
BT LB R SR AL TPY A EAA IR ITE A A
Fid B T £ 7R 28 VRBDA AE R BOARA IR ST 2 A
J K oA e A 35 i Pfizer AEHT AR IR 9T 7]
JER R - AR R Eh - P 22 A IR B TR FE A TSC LB EARA IR ITE A A
D-H 22 5 1R [ 245 4]
S [E 255 14
e [ 24 £ 141
MR CER [H 255 1]
TR B 5 R [ 245 4]
Z e 2 [E 255 14
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D& ASh &
MCO-15A — 0BG 3246 HASANYOA ]
MLS-37501= & K B #74 HASANYOX 7]
GEER (ARl ] HASANYOA 7]
SW-CIJ-IFO #i T1E & TN IR SR IR ]
KA 15 [F Memmert 2 7]
D-55122 i 14 A {8 [FSCHOTT A ]
DKB-600B H #1H i K 78 g ER AR A PR A A
BD{E R 74 % [ Binder 2 ]
ED H 2R % it 4A {8 [¥ Binder 2 ]
CKX41 {58 27 H AOLYMPUS /2 ]
BX5 1t B AL H AOLYMPUS /A ]
EBA20 & LA 18 [F Hettich 23 7]
EM208ES 1 3% HASANYOZ ]
GEER (AR ] HASANYO ]
HIRG ¥ i [ IK A /A 7]
BS 300SHL T KF L RHRL AL A IR A A
W & FRPHit (PB-10) FEZ R R AR AL A IR A A

5.2.2 L FIE

BRI e 14 2L VR THR AT (SR TR Ind 1 T Ind3 BEA 10%J58 LA i
E—M, JEEHN MRS R 7R P SE B AR

VEH BV H % Indl. Ind3 BB A I 1% M E A 200mL
MRS-bouillon ¥577H, 37°C JREREFE 18h, BCUSEE & (6000r/min, 20min).
W E B E KB O PSS, RRERTIE BT T 20% KB BIERL T, AT RIRELN
5x10" cfu/mL.

NCFM. LP115 FEfi#%: NCFM (150B), LP115 (400B) /e #i5e i E %
WATBR A FIRAL, W& B E N BIN 1.5x10" cfu/g. 4x10" cfu/g. FREERRFLFTH
NCFM (150B) B#3 10g, B 20mL 20% K BLAE L : FREUEAFLAF 1 LP115 (400B)
B Sg BN 35mL (K 20% iR 7L, Fik—E 805, SHELN 5x10" cfu/mL

EE B EIRAE L E S5 ¥ Indl. Ind3. NCEM. LP115 BB IR
951, AT RHEK EP # (1.5mL) 1, S5 4% ImL, ST, 288 T-80°C
WYRRAE. KH, ¥4 Indl, Ind3, NCFM, LPI115 VB @i EP & & EUE— R, Hhk
TN 37°C FIZK B s . TCI 2R B 3R K 10x F5 LURRRR R A1), MRS BRI H: 355t
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W&, 37°C IRESS IR 24h~48h. FFUCEE B RTHCHRAF) EP &, TREE T 37°C
FIKIBHRAIRTE, P 200 (R FLoK B =R R 10 1, B WE S H =L 5x10°
cfu/mL.,

LIV ANRIGN RN BT SR, B R EUOK, IR 4 Al e
20~25°C Fll 45~50%, Tiba7E 6d FH 5550, &R — RERE—IK, BN 5 4,
R 10 HUNR, BN IE . WEH Indl 4. Ind3 41. NCFM 4H. LP115 4. (¥
AR K AR A B B P S e AT

VEB ik H A 9mE, 43 A S5 /N BTGB E B 20% B IE AL A1 & Ind1 - Ind3 .
LP115. NCFM i BEFLE B (S H RN 5X10° cfwmL), & HEEH 0.5mL,
H—k, ES#ER 10 Ko

AR IR SO VL

(1) FEERRE: AERET, ¥HEL 2d. 4d. 6d. 8d. 10d, f#1L#EH
J& 2d. 4d. 6d LR RENEFI(ER . BHE/NRERTAL, EEEAE G S T
BEFATL) 1g, BT IHEKEM EPE 2mL) h, &AL/ RIS 3 MMERA,
SCEDEE BP B, A 3 /N2 I

(2) FRARRIFREFIFRE: 00 1 KB E NN 9.9mL Jo g 2B 3R K A5 A o
FARPRREL 0.1g FIZSET5H 9.9mL LW A F K IRE b, RS % L2 515K,
Hil43 1:10 BIRE A1 WEL ImL 1: 10 B AN 9mL & T A B SR K E .
KFEFEE 25 107, 107, 107, 107, 10°, 107, 10%, 107, WIEFLIGMLER, &
5 2-3 NEIE IR

(3) FERMAIRE TR BUEEMBEERRA ImL, 20 BIER T35 95 fLRAT 1 . UBAT
B AT BERE . PARSERRE I LBs. TPY. VRBDA. PZ. TSC ik FR; g%
% bo ¥ TPY. LBs. TSC BB NIREAEFES, MARAKEHE, RERKR: &
EMB. PZ ¥53RREEH MR SR B 77 BT HTERAE. B2 IRt R TR
JE AT R T B 100mL TPY Eifla#5 722 H A 4mL NNLT ¥, %F 250mL TSC ¥
RIEFEIEAP NN 0.5¢ D-FA 22 E 8

T % OB AR EE/K: FREL 8.5¢ NaCl Ml 1.0g 2 RV ## 2] 1000mL 75
TRk, 121°C K 15min; @NNLT #i: #HE 6g: ZRICHAMR 0.3g: HiMoH# =
0.2g; WMMREECTER 0.25g, ZZM/K 100mL, ARG IERE, JFROGA AR

(4) F{ERERIAEFR: AT H (enterobacter), f7FBKEE C(enterococci), 7*
S JE M RR B Cclostridium  perfringens ) FL #F % ( lactobacillus ) , X 1 #F
(bifidobacterium), ; LEFEVERFRIE D HIN: K B IHER 775 VRBDA, WBKHEH
EPEEDENE Plizer, JHRER-TEAE IR R -4 22 T IR B G 244l TSC (4mL/100mL NNLT), FL
FFRERE MRS 7R 3L LBs, XA HEEFEMEE 7R3 TPY (1g/250mL), 3K 5.1 Fiis.
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R 5.1 NRIERCE RS IR bR

Table 5.1 Mouse intestinal discharge microbial detection indicators

X REHR% B
i B 4% " R 3 2
FHZFR 4 K7
VRB W 25+1°C <25 EIEEELE, R
] °C, dm - .
AR S EAR = ;I e s 5|
DA enterobacter 18~24h m .
PEAT
frEk 37+1°C 1~1.5 HiEEAGE, 6
Pfizer . ’ T OHEME RaEE,
enterococci 24~48h mm " -
== PR P R B
PR AR B 37+1°C 13 WkEAN, 5
.5Sm
TSC clostridium PR RS TR H R, =
m
perfringens 7% 72h PG BH MR R A B
o 3741°C e
MRS AN [ 1.5~2. Wk 2 AT,
lactobacillus o 5mm B2 P PEAT B
32‘?2, 48h
XA B 37+1°C s VR SR,
.Sm
TPY bifidobacteriu RS e, FE KR
m %, 72h " SCRAT B

(5) BEVETHE: ARYEPAR B AR, TR A ST, 4580
BT IRZEEREA P A O BUE H R (gefu/g). B mL Z8FE TP B 753 cfu/mL= ([&]—
MRESE 3 AL V- I B RS HD /U

J17 T TR R R 1T B A

PRt 1 RUSOFF B AT BR8N, 7= SO TEAR TR D AN G I, SO 1 B
B TR TR 38 I E 15 0 PR B2 /0N T RSO B Bl LA R

PRifE 2. SUBOH B B AT 3G 0, 7 SRR T D BN I, SO A
o i ER B D 5O B 5. A8 (Kamao M, et al., 2000) .

LIRS TSRS EE 3 K, LI EE R I E AR E ROR,
KA1 SPSS 13.0 G i3 A4 t kx e

55



TSR LA BT 14 A B T 280K 8 A 9

53 ZER5 9
5.3.1 ¥ B AT E X RAKE KR

SEES/INER AT TR R 20% Gk W IR 7LD AL R SLIed GEB SR EL
4 5%x10° cfu/mL [ Ind1. Ind3. NCFM. LP115 20%/li/lg 7L 8%, HELEHE S HiE
BRI 5.1 iR, & 3T S 4L IR AL AR 28y, #EE ed
Jei, MBS E N RARE B I B T R . R 4 RIS AT DU HE N R
X R B o FUAT R I i A, R TE IR, B E R E R
VIR I . A= H R, sl A R LR G SE, FEBh R LI A R o
R E F=PR, AR T8 B0 RO - SR AL RR IS R & R R AL
FR LB AR, A HLER Re N as iz (i 2, Rk & & E e = mnes . 2. B
it (Clausen MR, et al., 1991).

ood
B2d
B4d
B 6d
m@8d
| 10d

40 -

38

36

34 r

32 r

30

1k /g

8t
2% F
21 [

2 |

20 L=
Control INDI IND3 NCFM LPI15
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45 r —{3— Control
—B-

40 L Indl
—/— Ind3

35 - === N CFM

30 | —>—LP115

25

P N /g

0.0 Ex
0d 2d 4d 6d 8&d 10d

5.1 R B SUAT TN /N B AR = A2
Fig.5.1 Effects of the probiotics on body weight in mice

5.3.2 HEILATBIXT /D B E B BT E A

(1) FEBT 4 PRI XS /N B FUFT B 138 B A FH R FLRF AL ()

s A TR R 1 2 AR TS FAE A TE R TS B AR UIAE O, A AR R AL B
KA F) 10° cfu/mL BLEA B8 R 1E AT 25 AR ThAg . IR BEFLAT I Ind1 A1 Ind3 7€ pH
2.5 N LB pH 6.8 N T h35% 4h AFIEFRIILE 90% LA s FEIREE N 0.40%0H £L
BE IR 5% 4h, PR Ind1 A1 Ind3 7235 373 700 88% A1 82%, i B KT HUE T R34 /)N
T 2. HTHHETEREMAE LA —E R0k, ERES A EIRELS R 100
cfu/mL, FiE /N E TS EEOBAE 10° cfu/mL DAL S236 /N R 2> BESE E 5%10°
cfu/mL 4 PRFALAFEA 10d, HEE AT HEBWR KT IEER G, &5/ IS E AT R
BRI E 42, B 42, EHEEALI0HINT FEECE S5 B AT ELEA Brigin .
4d J5 Ind1 40/ RAE AAFEECE /N T Ind3. NCFM F1 LP115 2564 . 10d %% 26 42 B
SIS FUAT AR SV B ATA L2 RS (P<0.01), 28 A B SCUG 2H & HURE I [A] £,
INREEAAFE R R TXRA, BAEEES 10d 5XTRAMLZEREE
(P<0.05). FH: KPEAATE Indl F1 Ind3. FEFRFLAT B NCFM. HEYFATH LP115
XN R T8 AT RS — I EAE A, S ERCRTE I B2 7

fFIEEE G, &I /DRI EAM R EA R, BTG AR A
SRR [A] i, /NS AT R BCEAR K TR 16d 5 0d FHEL, & A2 B S5
HIAFTEHE R ZEHI (P<0.05). £ FILHEB)E, 4 PRITHERX/BRIGIE AT
WA — e MR ER, A ER T 4ERr— A A4 . RBEFLAT A Indl A1 Ind3 57
W PRERR AT NCFM. AEYIFLAT I LP115 X i SUAT B iR 1578 B A B SR 10
ZE 5t

57



TSR LA BT 14 A B T 280K 8 A 9

98 r
9.6
9.4 r
92 r
a
£ 90
2
)
o 88 T
—
8.6
84
82
8.0
—{3— Control
98 —B— INDI
96 - —/— IND3
==O==NCFM
94 =—==1P115
92 +
.
£ 90 r
&
S 88 r
o0
1
8.6
84
82
8.0

0d 10d 12d 14d 16d

K 5.2 /R IE I E AR S

Fig. 5.2 Effects of the probiotics on murine Lactobacillus spp.

R 52 MRIEH AT EHEAL (1g10"/mL)

Table 5.2 Effects of probiotics on lactobacillus of the mouse intestinal tract

AFEEHE (1g10"/mL)

W xof B 2 Ind1 4 Ind3 41 NCFM 4. LP115 44
0d 8.31+0.19 8.31+0.15 8.33+0.17 8.35+0.13 8.28+0.14
10d 9.03+0.12" 9.35+0.13"# 9.55+0.04" " # 9.50+0.11""# 9'5;:0'10
12d 8.90+0.10° 9.29+0.10" 9.34+0.11°" 9.25+0.13" 9.31+0.11"
14d 8.91+0.13 9.26+0.17" 9.32+0.09" 9.24+0.17" 9.27+0.12"
16d 8.90+0.11 9.25+0.14" 9.33+0.12" 9.19+0.18" 9.28+0.12"
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I RSB R P IEEbSEZER R, O HE. 5 0d L, *: P<0.05 RoRnZER R, **: P<0.01
FoRER WS E; SXIRAMEL, #: P<0.05 oREREE, #: P<0.0l ToRERWLE.
Note: Stool samples were collected and detected by plant count prior to administration treatment, on day 2, 4, 6, 8,
10 of treatment, and 12, 14, 16 days after discontinuation of dosage. The table presents mean numbers + standard
deviation of Lactobacillus of the mouse intestinal tract. Each value is the mean of values from three or four experiments.

*: P<0.05, **: P<0.01 compared with 0d; #: P<0.05, ##: P<0.01 compared with control group.

* 5.3 BiE P XU E R AL (1g10n/mL)

Table 4.3 cts of probiotics on bifidobacteria of the mouse intestinal tract

S ATFEEE (1g10"/mL)

ale PUcRA| Ind1 4 Ind3 4 NCFM 4 LP115 4

0 7.83+0. 7.87+0. 7.87+0.14 7.74+0.13 7.94+0.1
d 16 13 3

1 8.37+0. 8.60+0. 8.93+0.18 8.97+0.10 8.96:+0.1
0d 11" 15" - T TH#

1 8.23+0. 8.33+0. 8.77+0.13 8.98+0.12 8.74+0.1
o 3 13" " " o

1 8.19+0. 8.17+0. 8.66+0.16 8.90+0.12 8.52+0.1
4d 14 20 " " 3"

1 8.05+0. 8.16+0. 8.3240.11 8.34+0.12 8.21+0.0
6d 15 15 9

I RS R EHebR R, KOAXEUE. 5 0d AEL, *: P<0.05 RoRZERRFE, **: P<0.01
FoRZER M, SXIREME, #: P<0.05 RRZEREE, #: P<0.0l RRZERRLE.
Note: The table presents mean numbers + standard deviation of Lactobacillus of the mouse intestinal tract. Each
value is the mean of values from three or four experiments. *: P<0.05, **: P<0.01 compared with 0d; #: P<0.05, ##:

P<0.01 compared with control group.

(2) WEE 4 BRILAT NS/ B T8 BUBCRT B #7754 ) S Fe A 2 1)
FEE AT B WA LA R B LR, B e /N RS XU B R AR A R
4-3, SEES MR SIS A B R HCE S od GEB A AHELESE T (& 5.3 S5
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B AT (0d) ML, 10d B XFHHRZL, Indl 4. LP115 ZH 00T B A2 1 n & 2 (P<0.05),
Ind3 ZH. NCFM ZH i SUBAT R 38 il 2 2% (P<0.01); Ind3. NCFM Al LP115 256
HAXEAT B R S IRAM I Z R EE (P<0.05), Indl SZIGZHEE B B 6 & BURERT H]
XTI, DROUEATHEE TR EEES . R 608 & PEFAT B Ind3.
WETR FLAT 7 NCFM A Y0 FUAT B LP 115 B B0 7L vT DA /)N BRI 1 oSBT B 4=
T SHE LA B Ind 1 5 SO BRI A B R BB

fFIERER JE, A SEe g/ SRRSO i Hcs 5 B IR AH A BT lali . 14d S
Ind3 F1 NCFM SEEGZH /N RS XNEAT B EE 5 0d AHELAIPR 22 el B3 (P<0.0D),
LP115 SEE A 2 7 i 3% (P<0.05); Ind1 ZH XU AT B8 Him 3 A [m] B3 B AT A0/KF. 16d
) 2% SIS 2H /N SRS XEAT AR IR 2 THE B AT, AT BE B i Kr . 51k
VEE LUE & 35 R R S 4 S0t PR AH b, SUEAT E A B AR B3 . R R Ei1E
HEB G, JRPEAA B Ind3 50 ML R PRFETE FLAT B NCFM FUE Y FLAT 18 LP115 X i
WS AT AR AR, HOE AT (R a4 4d £ 4

92
9.0
88

8.6

E 84
=
)
82
8.0
78
76
7.4
0d 2d 4d 6d 8d 10d
—{— Control
92 —B— INDI
9.0 —/— IND3
==O==NCFM
88 r —O—LP115
8.6
E g4 |
s
2
en 82
—
8.0
78
76

7.4

od 10d 12d 14d 16d

K 5.3 /IR E XUBHT T AR AR AL i 5

Fig.5.3 Effects of the probiotics on murine Bifidobacterium spp.
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(3) HEE 4 PRILAT R /I U8 o A 17 1 5 4 FH B LR 2 T (1]

HEHSH 4 WRAFE (510°cfumD FIBEAL, /NRIE AT E SRR g
4-4, SEEOHARDG RN RIS AT AR C BB MR, S SR, EE W
B it w g 2 T s (nEl 4-4). 5#EBRT (0d) M, #EEE 10d Ind3. Indl.
NCFM 1 LP115 S50 4H it s B E 0> (P<0.05); S5 IR ZH /N SR AE AT B 2
FIEE, Ind3. NCFM SZEG4 27 W B 2% (P<0.01); Indl. LP115 SZ¥edl 2R B #
(P<0.05). FH: EFRHEIAFE Ind3 A Indl. BRI E NCFM. YA H
LP115 AT/ RIGE AT S, Bk Ind3. NCFM X T B8 $ il £ FH s 471
Ind1 A1 LP115.

74 r
72
7.0
6.8
= 6.6
E
=
€ 64
=)
— 62
6.0
58
56
5.4
0d 2d 4d 6d 8d 10d
—{3— Control
74 —m— INDI
72 —/— IND3
70 - ==O==NCFM
=—=—=1P115
6.8
= 6.6
£
ﬁ 64
en
— 62
6.0
58
56
5.4

od 10d 12d 14d 16d

K 5.4 /N I A A SR AR ALk 3

Fig.5.4 Effects of the probiotics on murine Enterobacilli

P 5.4 51, 15 I0EES G SLi A/ B E A EuE R InEH . 28 16d,
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Indl. Ind3. NCFM. LP115 SEie4H /)N bR EE(E it i 2 M T E B AT Bok-Fs &
i AE B SRS AH AT AR AR T X RE AL, (HIG R 2 7 . 14d I Ind1 SRS 2H /N R AT B
B b T EE B AR R AFIEE LS, JRHEFLAT R Ind3 A1 Indl. WERRALAT
NCFM. HEY)FANFR LP11S V358 nT 5 i vh i Ar s 8 s, 1 T 4E4F 6d

FAi.
® 54 P ESEARAL (1glon/mL)
Table 5.4 cts of probiotics on entericbacilli of the mouse intestinal tract
X FairEHE (1g10"/mL)
ale X B 4H Indl 4 Ind3 NCFM 4 LP115 4
0 6.99+0. 7.05+0. 6.98+0.13 7.00+0.13 6.94+0.1
d 17 19 0
1 6.96+0. 6.01%0. 5.85+0.16 5.82+0.19 5.99+0.1
0d 17 19'# ki " 3
1 7.10+0. 6.55+0. 6.08+0.19 6.01+0.18 6.27+0.1
2d 18 16 # " T
1 7.12+0. 6.98+0. 6.29+0.22 6.32+0.22 6.73+0.1
4d 15 16 #H# 2
1 7.15+0. 7.08+0. 6.80+0.18 6.68+0.19 6.83+0.1
6d 22 13 9

v RS EYE R P MEE R ZE RN, SO EUE. 5 0d AHEE, *: P<0.05 BoRZERFEE, **: P<0.01
FoRERREE, SXIRAMLL, #: P<0.05 XREREE, #: P<0.0] FRERNEE.

Note: The table presents mean numbers + standard deviation of Lactobacillus of the mouse intestinal tract. Each

value is the mean of values from three or four experiments. *: P<0.05, **: P<0.01 compared with 0d; #: P<0.05, ##:

P<0.01 compared with control group

5.5 R EL (1g10n/mL)

Table 5.5 cts of probiotics on enterococcus of the mouse intestinal tract

i) JAERE SR (1g10"/mL)
[] Xt Indl 4 Ind3 41 NCFM 4 LP115 41

0 8.98+0. 9.02+0. 9.05+0.13 8.99+0.13 8.93+0.1
d 17 19 0

1 9.29+0. 8.87+0. 8.80+0.19 8.68+0.16 8.66:+0.2
0d 14 24 # i 4

1 9.27+0. 9.02+0. 8.93+0.30 8.87+0.21 8.88+0.1
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2d 17 18 # 8

1 9.34+0. 9.1840. 9.16+0.15 9.06+0.17 9.13+0.2
4d 19 17 0

1 9.34+0. 9.22+0. 9.18+0.17 9.16+0.20 9.21+0.1
6d 29 13 2

T R PSR E R P E A E R, PO 5 0d HIEE, *: P<0.05 FoRZEREFE, **: P<0.01
FoRZER R XA, #: P<0.05 RoRZEREE, #: P<0.01 oRZEFRMZE.
Note: The table presents mean numbers + standard deviation of Lactobacillus of the mouse intestinal tract. Each
value is the mean of values from three or four experiments. *: P<0.05, **: P<0.01 compared with 0d; #: P<0.05, ##:

P<0.01 compared with control group

(4) FEB 4 BRIUFT XTI B3P P ok o 1 V8145 1 P R HL R 48t ()

VE BT E S A IE] A S I AN B SE PR R E AL (L] 5.50 . SEE AT (0d)
FHEG, STREZ/NRSE R R E 2 LY, ZRAEE (P>0.05); EBE&
i AR B SR 2H D U Ak A = A b, EIERE M ZES (P>0.05). #EHEE 10d
AR AHSX AL, NCFM SZigdH: ZERHKEZE (P<0.01); Ind3. LP115
LIGH: EZREH (P<0.05); Indl KKAH: ZRAEE (P>0.05). F£H: ¥ EH Kb
FUAFH Ind1 AT Ind3. PEERFLAT R NCFM. FEXIFLATE LP115 X/ &R i gk b 1) 2
FAAG AN [FIFR B2 B4l E

M 5.5 B 5, & SCIRH AR A HCR A 23 N $5 . 5 12d, Indl Ind3 NCFM.,
LP115 SRIG A /N SRS AE 7 BR R A 2 2 B /K. (H2EEIEE 16 K, iR sL
56 20 - BRI ) s /N BR S I Bk AR VMR T X R AL, ZERAEE (P>0.05). 1R
Tl E R AR E, (RIS, IRBEAATE Indl A Ind3, FERRFLM B NCFM,
TEPIFLAT B LP11S AT SR BT LA /)N 517 18 B 3K v 5, (R FAE AN e 4 F 2d 72 A4,
T BEANWT RN 1T kS 4 R A B E R
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’ —O—NCFM
94 | —>—LP115

92 r

Lg (cfu/ml)
)

88

8.6

84 r

8.2

0d 10d 12d 14d 16d

Kl 5.5 /NI IE s Bk B B e s
Fig. 5.5 Effects of the probiotics on murine Enterococcus
(5) FEHE 4 PRIV BN/ SRUIE 7 TS MM TR (14 15 1 P S e F 82 )

VRE 5 I P R SUI0A) Ko A5 LRV B DA, B SR 2H /N BRI SE US MRAR T B AR AL (I
5] 5.60 xR/ = SR F AR SRR AT (0d) MLk, 2RnE% s
FVEZER (P>0.05); HEE A& mAR LR EBERES RN 2 Maks, EE
5510 RS5REEAT (0d) MHEL, Indl. Ind3. NCFM. LP115 SBGZH: 7=/ L AR B 4L
BEFREZE (P<0.01). HEBHE 10d, 754 SLH M R E 8O TR A
(P<0.01). KHW]: FEBXHEILFIE Indl M Ind3. FERRFLATH NCFM. HEFLFF A

LP115 3 250AT AV /) B B 7 < S AR Bl ) 1 5
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74

72

Lg (cfu/ml)

0d 2d 4d 6d &d 10d

—— Control
74T —B— INDI

—/— IND3

727 —O—NCFM

= P115

6.8

Lg(cfu/ml)

6.6

64 -

6.2

od 10d 12d 14d l6d
K 5.6 /R IE TSR B AR AL

Fig. 5.6 Effects of the probiotics on murine Clostridium perfringens

fRIERE B Ja, A R AR DA SEI0 2H /) B P I AR B B AT B lml It Indl. Ind3.
NCFM. LP115 SE56 2 25 HURE i TA) /s RS 7 S e IR B B DD AR IR T XS HR AL 14,
Indl. LP115 SEEGEH =SSR AU S X IRAA A L, iR E B3 (P<0.05). £ 16d
a1 A B S A /N R P R SRR B SR A B AT K. IR E S S, OpE
FLFFEE Ind1 A1 Ind3. FEFRFLAT R NCFM. FEYIFLAT 1 LP115 X/ Uz E 7= R AR
B PRI 4 FH AT 4 4d 4

# 5.6 PR EHEAL (1g10n/mL)

Table 5.6 the probiotics on murine Clostridium perfringens

in FEEEEREEE (1g10"/mL)
J&] TR Ind1 4 Ind3 4 NCFM 48 LP115 4
0 6.95+0. 7.03+0.1 7.01+0.17 7.01+0.15 7.00+0.1
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d 14 1 5

1 6.98+0. 6.44+0.1 6.40+0.10 6.53+0.12 6.49+0.1
0d 11 47" 4 i it 9" Ht

1 7.08+0. 6.6120.1 6.51+0.14 6.66=0.18 6.5120.1
2d 11 4 “HH # 4

1 7.100. 6.73+0.1 6.81+0.16 6.74+0.20 6.53+0.2
4d 14 6# 24

1 7.14%0. 6.85+0.1 7.04+0.13 6.86+0.11 6.7240.1
6d 10 6 3

T R PSR EE R B E R HEEROR, PO HUE . 5 0d MHEL, *: P<0.05 FoRZERRE, **: P<0.01
FoRZER R SXRAME, #: P<0.05 FoRZEREE, #: P<0.01 RoRZEFRMZE.
Note: The table presents mean numbers + standard deviation of Lactobacillus of the mouse intestinal tract. Each
value is the mean of values from three or four experiments. *: P<0.05, **: P<0.01 compared with 0d; #: P<0.05, ##:

P<0.01 compared with control group

i AR R A i 5 RT DOl R R S i R b B A 2 AR, A E A T
FaiE b, S5 5 18 v S R B, T I R A SR I SR AE AT S A,
JET AR 2 HE R, AT AR 21608 S 1 1) sE RS DUVE A s Wil v i s BRAC =4
MR . BERIECZIE pH, FPAMEY RS FE . ME RS, M mEa FHwE
MO ST SR s AR B HENTE B 2R, T i R B A TE B B0
W e FHE TRV, T FH R A K

%/ R R (5107 ofwmL) [ HEFLAT B Ind1 A1 Ind3. 73V B AR B R 3L
FFER NCFM M AEP)FAT T LP115 BERS AT 508 A as B AR (LA BENISUBRF B D, 40
WA FE HHE . R TR T MAKETE. i w e be e, 1%
BEFLAT R Ind1 A1 Ind3 RERE L 21518 3 W18 w45 /R

54 REFINGE

(1) #E B RAEFLAT Ind1 JEA0HE 10d J&, /N BB TE A FUAT T R OBUBTAT T8 20 B 2%
SN, AT R R T I 2 B8 ], (B ERE A E AR . R
B HEFLAT B PR Ind3 AR IE R FLAT B AR NCEM JEZHIE 10d J& 5 /N B8 SUAT 1 A0
XUSOAT T B30 S 25 1 s AT T 5 2 e, NS S 5 A P R AR R, i BR T
HOEAT Pl M EAR A AT B o E B P 23 A AR AT R AR LP115 VR4 10d )5,
/N SRS LA TR RSO T AR I I S 25, P T e S 2l (R B BR T A S,
SRR T B AN E AR . REB 1R 6d LUE, TRMRDU PR LA 3 B/ BRIE P B
MR PR 7 AR B B /N T R, Hoor AU 528 B 25 B (A
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XEY, S5 A EERR I E NCFM ST LP115 —KE, VB IR
FFR Indl A1 Ind3 REWE X 1E W /N WU TE W AE P A A RIRE R R, i AETh 30T
PeRr— I AT, 5 BN WS N AZ R AR A B 24 5 I 8 4 i T ol A S R T 1) 2 A
TR

(2) RAEHE S 25 A P sl R FLIN/N BRAR EE 230 s %s, B7ER#EE 6d J5, kB dL/
BRI I B s TR R A . IXRE, SRR A B RR AL NCFM A3
FFE LP115 —#E, B PR Ind1 A1 Ind3 7] DU HE 8 E F200 R I, o5
/I B PR A
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6. [LAETLATEHIHISE R FHOHS

NHIEALTE WAEEE KL 30 NE 500 ZRAEY), HRESEES % 1005 10"
AN, AL B DR et PR A 75 280 3 300, & T 1 DR B A 4
FF B (bacteroides) « #R IR % i A 1 (clostridia) % , 3 ¥ IR & & A & % £k
( staphycococci). iEEK B (enterococci). KIAT B (E coli)s . PR &R A iz i KT
e AU B B0, 9 HL 22 IR PR MR TR o = 555090, R0 4 A LR P (LR AT B . KA IH
REER TR %) ABUBAT B, 53— 2 s 22 IR M 1 (Calrane G T , 1994). i A= 4
REREPEMRAN A (FELMAR, FHNAR, ORARARART) rERZ X AE
AEMRYI, R KWy BIEE. BIME, N-T PR PR, IRFAEIT R
MEPEI R S . X FHYIN NEFE 2 7 EE, WK, B, 3-F s, 2%
T R ORIy, TR S A B AR R SR IR M U B e B, A2 iR
AR Z A RE, T XA Y = I 752 7], 2R N A o 2 X ) 5y
SEL R .

A FE PGP IR IOE FUAT BN i A 5 0 5T S 2Ry R FE g R IR PR TR 32 A 37 R e
73, DM o A2 B A4 A1 i e Ag BRSO PR R (AR HE . PRI SEER 4 R
1) 5258 : @A MRS B5FR BNy . 6k A I RGeS S AR [R5, A i e

GA R 7t HEFLAT B Ind1 A1 Ind3 B ARA K520
2) W RAR R TG R P B AR ORI v O € R S B B LA TR A R A A

Bf s R ISAR R R Th R, B FC H X AR R R

6.1 MRS HE
6.1.1 SZIGAT R}

Ky (o) sigma /s 7 ;
XTI (Eiat) sigma /A 7l
{1 QR Ep) sigma’/\
HHR MERCK KGaAZ 7l
MR ST fif 35 77 5 MERCK KGaAA l;
MRS #3577 3 MERCK KGaAZ
NaCl Il 245 48 [41 5
LW (A4l 6 2 42 [
HE (352, 0.2um )8 MERCK KGaA 2 ;
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L (i, 0.2um 1) MERCK KGaA A#];
bugbox K& % 75 46 Ruskinn2y 7@ ;
MS3 basicliE i ik 5] & 1 [ TK A A ] +
pHit AR YR AR A A
Bs-300s#5 # 73 T R AL 362 4 30 R A PR A
AUTOCLAVE MLS-3750K [ 2% SANYO Electricf fR A ;
DKB-600B 7 F #4155 /K 46 il —EREARA A
BL Al 8 El Hettich /A 7l
e AL Ind1, Ind3 AL TR K 55 2 D25 B 5K
A €3 agilent1100 51, agilent A ;
ZORBAX Eclipse XDB-C18 {41t (4.6x250mm 5-micron) agilent 2 A ;

6.1.2 RIWHVE

6.12.1 RERT X RABIATEH £ KRR

WRECH]: 73 A AERIRREL 1g+0.003g ZKMy . XT FEY . Mglibr, JLrpomy . ok H i hn
A 200mL KR, BIIIN 200mL SRR, 53043 3] Smg/mL FIZRE . 6
M5 RER, 121°C. 15min KB4 .

RAZRFIEFREERCH] . 7E MRS P IGFREE P 2 MR 0 Y 1| e e il
CEWE N 0. 5. 50, 150pg/mL ] MRS 755953,

B RS BT Indl. Ind3 7E MRS Wiz85 3R 37°C [REEE 9% 24 h,
B0 (6,000g. 20min), 10mL B PBS(pH6.4)Pkik 3 X, FHEFEM, M2
JERE TR B B AR Y 109cfu/mL . $ZHME 3% N\ & RAZR 1 (1)K MRS P75
FrFE, 37°C [REHEFE 144 he

TEEEEONE: & 24 h Fl MRS BERFREE (T BE 1.5%) “FAOHEUENNE B
£, JoBE 0.85% NaCl ¥R 10 fisMBe AR ME, 3 AT, 37°C JREIEIE 48 h, 3%
B E7E 30-300 2 (8] FFI-PAR 1140
6.2.2.2 5 AEFUAT B 5 A Ao MR R BT 89 5F 5

(1) HWREH: A EFIFREL 1g+0.003g 785y XTIy M5k, HrpoRm, Xt
I 200mL 7K AR, M1 200mL ZEEEM, 20 3453 Sug/mL A . Xt
. MIRERER, 121°C. 15min K@% H. £ MRS PZEE 7R3 0 5K ) |
Sof FR Y L TS| R S RN 04 54 504 150pg/mL ) MRS 5% 753,

(2) WFEL: RAEFLATE Indl A1 Ind3 7 MRS Wiz 9536 37°C [RER; I
24 h, B (6,000g. 20min), 10mL JoEE PBS(pH6.4) bt 3 Ik, HFaiZmiEk, 4
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F o e i BB AR N 10°cfu/mL . %8R0 3% N & 578 K 170 K MRS
Wizks e, 37°C JREKEHE 144 he

(3) Wk SEIRILI B KR FREE 4°C B0 (6,000g. 20min) YSAE B 7R 41 i,
PBS ik =K.

(4) HRYNIBRERE: WEE R IR, 0.2%AH B (37°C, 60min) FE4NA.

(5) ZKMy. X HE) HPLC Sy AR IR B AH 5 [ e A A AR 1 i o v 280
FEEO T 1) 5 PN E B 25 A, DRIZR I A I A 2 G B AT R, DR 33 21 550K
OB A, AR YR A ORI R A e R . e 2R

KW HPLC A 26 . #EFERL: 20ul, Jii#: 0.5mL/min, JishtH: 4JE: 7K=50:
505 WRFE: EiRE (25°C); HK: 220nm; {REFEFA]: 7.939s

Xy HPLC 26 1h: #EkEE: 30ul, Wi: 0.6mL/min, WizhAH: 2 /K
=50: 50; @AE: =i (25°C); PWA: 220nm; LREARSIE: 7.924s

7824

| | I | |
=
Kl 6.1 X H i HPLC &
Fig. 6.1the p-cresol photo of HPLC

Ry RIS B P o o fT 286 PRI E < TP AR T3 AR T R T o A ol I N B2 7K B 1)
10, 20, 30, 40, S50ug/mL PIARAERWE, T 220 nm AR E(E, DG A A7
R AT kAR AE th 22, 13 BRM f 2077 y=1342.1x S5XTH &2 y=
1228.9x .
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F.a9z29

T T T | T T T
=
4 6.2 %y HPLC &
Fig. 6.2the phenolicl photo of HPLC

6.3 ER55th
6.3.1 AN[FI¥ B SR AR BRI %o B AR AR K B 2 Tl

IRHEFLAT 1 Ind1.Ind3 7E MRS & His% 555 rR 37°C JREUEFE 144 h, 45 24 h 5L,
) 0-144 b AL, I T DL R A2 PER SRS T B
PRIIRE o
6.3.1.1 w3kt B #k 84 %4 oF:

10 —e—Oug/ml
i —s— 5Sug/ml
9 50ug/ml
—e— 150ug/ml
£ 8
j=)
<
o
1
—
6 [
5
0 24 48 72 96 120 144

FEFRINTH] /h

B 6.3 Ml os [pE FLAT T Ind 1 FRIFE

Fig. 6.3 the indole impact of L. pentosus Ind1
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10 ——Qug/ml
I —s— 5ug/ml
9 e 50ug/ml
i N 150ug/ml
E8 r
-
Gy
(@]
2T r
—
6 [
5
0 24 48 72 96 120 144

BRI 1E)/h

B 6.4 W5|HS JEHE FLAT I Ind3 5
Fig. 6.4 the indole impact of L. pentosus Ind3

Kl 6.3, 6.4 ARHEFALF B Indl. Ind3 £ MRS &1 753 R [FIG IR EE . 37°C
1) AR TR A AE T I AE K 42

6.3 NMEIERT Ind1 (FEZM, IR &0 MRS 1805 7% 56 5] sk 4 Sug/mL.
50ug/mL 174 4% B 2R AT FAEIR FE N Opg/mL 1 2k ZE AR /N, IR EEA S0ug/mL 1 i
ZRAE 72-120 h B35 B8 B BORH A T3 N Opg/mL 1A4% A 2835 T B 50, 177 144 h B
5PN Oug/mL. Spg/mL & @ B EEIT: WKEN 150pg/mL K ZE7E 72-144 h 2
AT 25 FAF Opg/mL HIZE, UiBAmIME NN & 1) 2 5% Indl MAEKA — 2 I .

K] 6.4 M|t LHE ALAT R Ind3 [I520A, AT RIS DRV B O Spg/mL. 50pg/mL
(R 4% i 2 R0 25 I REIR B Opg/mL (9 #2835 A 235 22 1, U6 B BORE ALAF B Ind3 A=K
AL LA S0ug/mL M| WEHIFZM s BN 150pg/mL (I ZR7E 120-144 h Z Bk T2
FAE Opg/mL M2k, Wi BN &R /N OB LA B Ind3 1A KA 520
6.3.1.2 X ¥ By xF A Ak 69 %

Kl 6.5 6.6 NIXFEFLIT R Indl. Ind3 /£ MRS &l 725 37°C JRAREF %M
AN TED R B g AR it 2R . p AT xS FE BV FE A 150pg/mL 1 il 2k 5 o Ath it 28
AR Z5.
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10 —e— Qug/ml
B —=— 5ug/ml
9 %—_ﬂ— 50ug/ml
_ : \'\ 150ug/ml
E L
5 8
o L
© B
g 1T T
— r
6
. B
0 24 48 72 96 120 144
BLFRIN ] /h
6.5 X F I 0T OBE FLAF R Ind 1 )R
Fig. 6.5 the p-cresol impact of L. pentosus Ind1
10 ; —e— Oug/ml
i —=— 5ug/ml
9 ,f:_/:‘ 50ug/ml
C 150ug/ml
E g I
> L
o B
3} i
g1 -
6 -
.

(@)
\]
o~

48 72 96 120 144
i IR [E] /h

6.6 Xof g X B FLAT BT Ind3 FAORZME
Fig. 6.6 the indole impact of L. pentosus Ind3t
6.5 Jy5xt H By Yo M FUAT T Ind 1 FRISZE, F 1 RT RO 55 77 3k h ot PR I B Oy
Spg/mL+ 50pg/mL [P 5% 26 A0 25 AR FE A Opg/mL M Hh & A B w220, RAW
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£ 50pg/mL (1 HIZEAE 96-144 h N B EUR IR T2 B RF s WRBEDN 150pg/mL 1) H 26 7E
24-144 h ZMEEIR TS AR, U FE AN 150pg/mL B S0E AL B
Indl HAKA M.

K 6.6 Xt FE Gy 0 G FLAT B Ind3 (W50, BRI W] RN A s 37 B von R IR BE N
Sug/mL. 50pg/mL R 5% #H A A2 I REIR L DN Opg/mL #2635 22000, i B0 HY
WPER S0pg/mL A2 JLHE LA B Ind3 A2 KANSZ 20 W BE N 150pg/mL 1 #1267 24-144
h 2 TS T 25 AR, BT Y INN &8 150ug/mL B JOpE AL B Ind3 14
KABKREW . B 3.3, 3.4 0] R1EIR SR EE BT 0 S ALAF B Ind1. Ind3 1)
AR, HRI 144 h EREBCRERFE R I 10%cfu/mL 747
6.3.1.3 KByt & Ak a9 %0k

Kl 6.7. 6.8 JXFEFLFFB Indl. Ind3 BIPRIE MRS EMMisFR 5 37°C HIIREHS
FRAME T AFEIRENREE I A K 2k

6.7 AT HEFLAT B Ind 1 HISEMR, H P AT R i i 27 i o A [R] R Py ik 5 it
ZRAE 24-120 h Z AR E0A — € 1324k, b oRk ik FE A m I s AU I, (H2 120-144
h B IR, BT DR s & R .

Bl 6.8 KMy IBE AT B Ind3 (52mm, bR B RT RS RS 57 2k AR ORI B N
Sug/mL HZRFIA AREIR FE N Opg/mL 1 HZRI% A 0 20, RN 50, 150pg/mL
MZRTE 24-144 h Z M EERIC T2 A8, BEIZEM NN KT 50ug/mL B 3o pE 7.
FFEE Ind3 B4 KA B R0 . 144 h I B BERRLE 10°-10%cfu/mL.

10 E —— Oug/ml
B —=— 5ug/ml
9 €;:==:’**‘~\\\\£§ 50ug/ml
i 150ug/ml
£ 8
= C
q_| —
3 L
o0 - -
I S
6
s

0 24 48 72 96 120 144
B 7RI A] /h
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Kl 6.7 ZREN HEFLAT B Ind1 HI5ZE
Fig. 6.7 the phenol impact of L. pentosus Ind1

10 E —— Omg/m1
T —=— 5mg/ml
9 T 50mg/ml
- ; 150mg/m1
~ 8 r
o "
[$) L
g 7 B
— i
6 .
.-

0 24 48 72 96 120 144
i IRt TE]/h

Kl 6.8 KNS JHEFLAT I Ind3 FRIFZMH
Fig. 6.8 the phenol impact of L. pentosus Ind3

6.3.2 [Fl—¥KERZFEFIEKRAE KK
6.3.2.1 3} Indl #%f

K] 6.9-6.11 Ay RHEAAT B Indl 7E 5 A A FREE RS . X, B5] W6 MRS 2144
Brgrdkr 37°C MIREHEFE 144 h WA K 264

6.9 NI KEFLAT B Ind1 75 MRS 5725 37°C FIREARE TR 144 h B K 4 A,
MRS 7R IR AL, SR M. XK, MINRR) &N Spg/mL. B 6.10 9 5hE 5L
FFE Indl 7E MRS 53745 37°C R 77 144 h FIAEKINZE, MRS 8375012
MAEEFEIE, S 2EMy. XFREE. WL EN Soug/mL. B 6.11 NIRFEAATE Indl 7E
MRS R 7R 37°C FIREARE TR 144 h AEK LR ], MRS B3R BB MR 773, &
KMy XTHIZR, ISR &N 150pg/mL.

1 6.9-6.11 7] 501, [ FLAF B Ind 1 7E MRS 1455 773 7 37°C (I IRE S 37 0-144
h (AR A, 00 [R5 (A [ 5848 [R5 BoBE ALAF B Ind 1 AR KA — 2 [ sgm, {H
SEIRHEFLAT B Indl (2R K852 B RS R F- IR I K/ N BIsE IR . SRR 7 i I &= 78
Sug/mL B BB AM B Ind1 7E2R MY . X FER, MR AR KA B B X)), 144 h i
MRS &85 3% 35 b DOHE FUAT 1 Ind 1 (035 B 50 RZFE 107cfw/mL 247, FLrhms| ey
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i) S FLAT B8 Ind 1 A KBRS . W RN, AR R TN INETE S0pg/mL B e L
FFEE Indl 7E28M) . X H R A AR KA BHE X, 0-144 h MRS A&1iks 77 25 Fh 3o b 3L
FFEE Ind 1 B35 B A RSO R, 10 JEHE LT B Ind1 7EMIWEHR A2 K 24-120 h B S 1 4
TR X ORI B 2 B R U N &R AE 150pg/mL B X HE AN B Indl 722K
By XFHEZR. MR AR SZ B0, SR FLAT R Ind1 7E MRS 8135 2+ 37°C

10 —e—phenol
—=—p—cresol
9 ' ——indole
= -
= 8 ¢
2 -
© i
o
o -
— L
6
.
0 24 48 72 96 120 144
B IR 1] /h

Kl 6.9 &Mk FREEH & Sug/mL KFIFAR R 71575 144 h XF Ind1 [H5200
Fig. 6.9 the impact of Ind1 cultured 144 h in medium containing of Spg/mL phenol, p-cresol, indole
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—e— phenol
—=—p—cresol
—— indole

Log cfu/ml

0 24 48 72 96 120 144
FEFR 1 A] /h

Kl 6.10 2ifisE 7RI+ & 50ug/mL ) RAZ K115 5% 144 h X Ind1 F5200
Fig. 6.10 the impact of Ind1 cultured 144 h in medium containing of 50pug/mL phenol, p-cresol, indole

10 - —e— phenol
—=—p—cresol
o ——indole
=
= 8 ¢
= r
o 7 -
— C
6 -
- b
0 24 48 12 96 120 144
B 7RI 1] /h

K 6.11 BRI E & 150ug/mL 1 9AR H 755 9% 144 h %] Ind1 (15400
Fig. 6.11 the impact of Ind1 cultured 144 h in medium containing of 150ug/mL phenol, p-cresol, indole
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IREEFETR 0-144 h IS TR ECE A BORZE A, % F 2RI Wt s FUAT B Ind1 2R
KesZm LR R, M FLAT B Ind1 7EIRFEA 150pg/mL FIXT H R[] MRS 12105
Ik v A A VE TR B AT 2R A

Kl 6.9-6.11 Ut B 1 JRHEFLAT R Ind1 755 A AH R EE R By . IR, 15[k MRS
BHfikEFREE T 37°C IIREEE TR 0-144 h Z (AR KRS, Hh B A 024 2R AR K] (A 571
K, —MIRETE Sug/mL-50ug/mL Z AR, RHEFLATFE Indl F94E K2R R 7RI
WA/, T SR R IR TR S0ug/mL PA BB i FLAF I Indl A K2 252 m . I
HH, W] IR R 4 X8 T o PRS2 M
6.3.2.2 3t Ind3 &%

Kl 6.12-6.14 SRR FLAT R Ind3 765 A FHFERIREERIZE Ry . X FIZE, M55 MRS &
Wik FREErh 37°C (Y RERE IR 144 h A K& A

Kl 6.12 N HEFLAT# Ind3 /£ MRS £ 755 37°C IIREE; 7 144 h A K2
K, MRS ;78N BMRE IR L, S oKM . SR, MBIV EA Spg/mL. B 6.13 NIk
BEFLAT TR Ind3 7E MRS #5775 37°C [ JREFEFE 144 h BFIAEKHIZEE], MRS 377k
NBMRETREE, EREy . STHZR. WMIRRIESN Sopg/mL. B 6.14 KHEFLAFH Ind3
fE MRS £ 755k 37°C MIIREIEFE 144 h IAKHIZEE], MRS B =B MRk,
Ry X HZR, M5 RN 150pg/mL.

—— phenol
10 . —&—p—cresol
[ —— indole
9
= -
= 8
= r
oo [ E
s
6 r
-
0 24 48 72 96 120 144
KEFRI 18] /h

Kl 6.12 1&ifiks 7R 3EH & Spg/mL (54K F15 9% 144 h XF Ind3 (15200
Fig. 6.12 the impact of Ind3 cultured 144h in medium containing of Sug/mL phenol, p-cresol, indole
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—— phenol
10 [ —=&—p-cresol
—&— indole

Log cfu/ml

0 24 18 72 96 120 144
SR 18] /h

Kl 6.13 2ifis 7R3+ & 50ug/mL ) RAZ R 11597 144 h X Ind3 H520H
Fig. 6.13 the impact of Ind3 cultured 144 h in medium containing of 50pug/mL phenol, p-cresol, indole

—— phenol
10 ¢ —— p—cresol
—— indole
9
=
S8
S
a0 [ [
S
6 L
5
0 24 48 72 96 120 144

FEIRIN 18] /h

6.14 1 7R A A 150pg/mL B RAZ K 557 144 h Xf Ind3 #5200
Fig. 6.14 the impact of Ind3 in medium containing of 150ug/mL phenol, p-cresol, indole
H11&] 6.12-6.14 T %1, 7E MRS &1k 7758 B FLAT 1 Ind3 7E 37°C JREFE IR 5%

PR EE 3R 0-144 h BOE AR, IS I0AE R & AN [R) AR IR %o M LA B Ind3 OAE KA
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BRI, R BE LA R Ind3 B AR 52 B0 R (0 5200 55K, Uk BH SBE FLAT B Ind3
TEE AR JUH AR & B i I AR K 2 2 B PR ), X AN 548 KT i 2K
INRIE LG o SRR IR I TE Spg/mL B S ALAF B Ind3 7E250 . X2, mglwg b
RAERKBA X, 144 h I MRS 215 T3 A SO FLAT & Ind3 )35 B EE R4/
10°cfu/mL 7247, FerPoRmy s S LA B Ind3 ZE KA EY . X HZE K. AR RF 1
VRINEAE SOpg/mL I BEFLAT B Ind3 7EMIME . % FF 2 b AR KA B BLIX 5, 0-144
h MRS &1k 77 5 o SO FLAT B Ind3 (V& A s R LIAE IR, T BOBE AL B Ind1 7E2K
My 2K 24-144 h BHEBE B T 280 . X REE . RABR 7R INEE
150pg/mL B} JEHEFLAT B Ind3 FE2R MY . PR, M5|merb A K2 B em, b LA iR
Ind3 7E MRS & 1ik5 7 37°C PREASEFE 0-144 h BTG B B A BORZE A, X H RN
W] o xof R BE FLAF 1 Ind3 (AR K RE I LUK I I 2/, JRBEFLAT B Ind3 7EWRE A
150pg/mL 2RI ) MRS 12135 77 35k Hh A2 K I 7% TR 25 s 0K T 0 R 2R RG] g

6.12-6.14 BLH1 1 AR FLAT B Ind3 765G AH R BE 2R R 2R 150 MRS
Bk FREE R 37°C WIIREIE TR 0-144 h Z [AAE KRS, b B R e SR AR IR 1 F 571
HKE, —MIREAE Sug/mL-150pg/mL Z [HB, SO FLAT B Ind3 A2 3] — 2 1
FOMR, R SR R IS N, e SRR AT 10°cfu/mL 247

6.4 MR SITE

(1) I AEADL AR iy T8 P 858 P 5y R o P P AKX T L AF B Ind1 A1 Ind3
KB, fE 37°C REGKM TR 144 h 5, REANEIRERERIE, XTH
FIMGIVE RSy e AR, (B 2 BR IS RO R B S 4E R 72 10°cfu/mL, Ui#d 2 Fk
T AT B XS il R S SR AR S B e (R T 52 1

(2) 1E 5pg/mL-50pg/mL HMIGHIERAZF AT, KEEFLAT®H Indl £RKZ5
M350y, T 24 EE R T 50ug/mL WA Ind1 BIAERKSZRm 0K .. Hir, 5| BRI H
RN AR KIS R . THEFLAT I Ind3 7E Spg/mL-150pg/mL WK 2Ky . X H
A MgIAEAE TS, HARKREZS—2E e, H5EK Indl AH A2 201
UM, BZH BB FRAE 10°%cfu/mL. B4R, TROBEFLAT B X i3 P 548
Utz e 5 W UIRERH .

6.4.1 MRS R% 3557+ R F T B4k

AR SAIKREN 5. 50 ug/mL 2Ky XTH ) MRS Pz 7R3 37°C

F59% 24 hy 144 h, SRJEXF MRS #5736 3017 40 ¥, HPLC falll, 4R« 6.1. &

] DUE AR AE & Spg/mL K. XFH ) MRS Pz 3 FREEH 37°C #5397 24 h

1144 h B, MRS Pz R FRHEE PRy X H I 1 & s, Ui B FLIR B A PR AR [

THIThRL. Hr, 24 h ik, RFEFLFTEE Indl. Ind3 FUAEYIFATE Lpl15 AR FE3E T
81



TSR LA BT 14 A B T 280K 8 A 9

R IR FE /D 8 7E 1.20pug/mL 5 1.93pg/mL 2 [7]; 144 h i, [RHEFAAT B Indl. Ind3
MFEFLAT B Lpl15 W35 IR 5 b R B BE /D B 7E 0.95pg/mL 5 1.22pg/mL 2 [A]
M 24 h 5 144 h A 45 50T DL H AR DR 5 PR U8 PR 0 o o 7L o 55 7 ) P 3 1
BAAR . 3X A] BEE PR 9Bt 5 55 FR I TR) A48 b, MRS 3% 9% 35 v 1 7L 9 T 1 0 kst je i,
FURRTHE B BORBUN 10°cfu/mL FEZE 10°cfu/mL, 7] LA 5 3L B X 58 A% PR -1 I B
YE o e Y ) MRS 359745 rh 24 h 8558 (190D B 7E 0.45pg/mL 5 1.02ug/mL Z[f],
144 h B HE/D AR 0.87ug/mL 5 1.14pg/mL 2 08, X B FiREH AN, AR
I B X AR R B B RRAE

F6.1 FRM. MK Sug/mL (1) MRS B 7R BEAERE 7 24, 144 h [R5 AR N & &

Table 6.1 phenol and p-cresol concentration of Spg/mL after 24 h. 144 h cultivation of lactobacillus

strains in MRS broth
‘ BHEEPHESE \ Ind1 Ind3 Lpll5
W S Bi IR (h) — —
(pg/mL) B 9% 5 7 i (ug/mL)
s 24 3.07 3.80 3.54
. 144 4.05 3.78 3.81
My
50 24 35.61 36.74 38.78
144 46.08 48.47 47.02
s 24 4.55 4.22 3.98
B 144 4.13 3.92 3.86
X F R
50 24 41.47 40.23 40.86
144 40.77 40.66 39.27
4.5 r A Indl
4 t O Ind3
35 R IRERE Lp115
z 3
®2.5 1
w2
<1"]I 1.5 F
1 [
0.5 r
0

24h 144h

Time (h)
6.15 KMy Spug/mL ¥ MRS 5577 BEAEHE 97 24, 144 h J5 3577 B ok 0 & &
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Fig. 5.13 phenol concentration of Spg/mL after 24 h. 144 h cultivation of lactobacillus strains in MRS

broth
60 A Indl
A Ind3

50 B Lpll5
= 40 |
~
oo
° 30 F
i
<P]I 20 +

10 r

0

Time (h)

Kl 6.16 7Ky S0pg/mL ] MRS IEFREAESE IR 24, 144 h G R & &
Fig. 5.14 phenol concentration of 50pg/mL after 24 h. 144 h cultivation of lactobacillus strains in MRS

broth
4.8 r A Indl
16 - O Ind3
B Lpll5

A4 r
=
® 4.2
]
o 4 F
&I

3.8 1

3.6

3.4

24h Time (h) 144h

Kl 6.17 EXTHZK Spg/mL 1) MRS 572 BAE 597 24, 144 h e B b ORI & =
Fig. 6.17 p-cresol concentration of Spug/mL after 24 h. 144 h cultivation of Lactobacillus strains in MRS
broth
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12 ¢ @ Indl
41.5 - @& Ind3
b SLpll5
E 0.5 r
2 a0 b
ﬂjﬂ 39.5
39
38.5
38

24h Time (h)

Kl 6.18 SATHIZK 50pug/mL ) MRS 57 E7E R 97 24, 144 h G5 R 2R & &
Fig. 6.18 p-cresol concentration of 50pg/mL after 24 h. 144 h cultivation of Lactobacillus strains in
MRS broth

5.4.2 FLER Y W A+ R R 2L

WAL AL S A RIE RN 5. 50ug/mL KW X HEY I MRS PizEs 7R 37°C K
7% 24 h. 144 h, S8J5X FLRR A B AR BEAT 402, HPLC fxill, 255w 6.2. 3K 6.2
AL HARRFEAES Spg/mL K. XFH B MRS 7857 H 37°C £59% 24 h
144 h I EFEFLAT A Ind1y Ind3. FEAFLAFE Lpl15 B RS A 88y %k B By i
5, Ul W FLIR TR A0 A RGP R AR R T IR RE T, X AT RERT BT FL IR R R AR R R R B
FEAGR. 2, 24 hih, SHEAATE Indl. Ind3 FREYIFATE Lpl15 K EAL
Mo 2Ry & B AE 0.94 ng/mL 5 1.47 wg/mL Z [d]; 144 h 5}, [RAFEFLATH Indl. Ind3
MFEZLAT R Lp115 W AR4H i 455 & %A 0.42 u g/mL 5 0.79 b g/mL Z ], A\
24 h 5 144 h Bl 45 SR 7T LUE H R AR PR 1 1) R P =2 il LI Tl 35 7 INF 1) 1) 38 17 P
%o XECNBEAE LRI RIR3E 0, MRS Brop b LR M A T . AR BRI TERE
BV R S T DhRe N RRIGE . T 1) MRS 85582k 24 h £ 7R 1090D 2 AE
1.01 v g/mL 5 1.28 ug/mL Z [A], 144 h F5 7= /D EAE 0.90 1 g/mL 5 1.17 ng/mL 2
B, [FEFEULE T AL ER s IRt I G, VR PERRARIT, RN Dh &0 bl 2 PG
* 62 SIEMY. X Sug/mL. 50pg/mL ) MRS B 9R3EfE R 9% 24, 144 h S EAR T Wy . X

IR

Table 6.2 Ability of LAB to bInd/absorb phenol and p-cresol after 24 h. 144 h cultivation in MRS broth

‘ BxREREHEE X Ind1 Ind3 Lplls
e Jif o e S ()

(ng/mL) B5 9% J5 W (ng/mL)
2R Py 5 24 0.94 1.24 1.47
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144 0.57 0.79 0.42
24 1.04 1.33 2.63
>0 144 0.54 0.57 0.35
24 1.19 1.01 1.28
. > 144 0.90 1.13 1.17
AR 50 24 1.29 1.78 3.05
144 1.00 1.25 1.88

3 @ Indl

2.5 [0 Ind3

Lpl15

& ug/ml
—
(S
T

24h 144h

Time (h)

6.19 FZKM) Sug/mL [) MRS 55 F7E7EHE % 24, 144 h J5 B A AR 10 & &
Fig. 6.19 Ability of LAB to bInd/absorb phenol concentration of Sug/mL after 24 h. 144 h cultivation in

MRS broth
3T B Indl
95 L O Ind3
Lpllbs
E 27
Q0
=
mﬁ 1.5
b1
1 |-
0.5 1
0 N
24h Time (h)

6.20 KM 50pg/mL ) MRS i FRIETERE IR 24, 144 h Jo AR P ORI ) & &
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Fig. 6.20 Ability of LAB to blnd/absorb phenol concentration of 50ug/mL after 24 h. 144 h cultivation

in MRS broth
3 [
B Indl
2.5 T 0 Ind3
= 9 | Lpllb
>~
o0
=
i 1.5
Q
a |
0.5 1
0

Time (h) 144h

K 6.21 & Spug/mL (] MRS 85 IR FEAEH 9% 24, 144 h Ja e A4 Hhonk FOR I & &
Fig. 6.21 Ability of LAB to bInd/absorb p-cresol concentration of Spug/mL after 24 h, 144 h cultivation
in MRS broth

B Indl
3T E Ind3
Lpllb

2.5 1

A~ EL
T ug/ml
—_
Ol
T

Time (h) 144h

Kl 6.22 & X H 2K 50ug/mL ) MRS £5 723670 RS 77 24, 144 h J5 B AR o6 2R 1 & &
Fig. 6.22 Ability of LAB to bInd/absorb p-cresol concentration of 50ug/mL after 24 h. 144 h cultivation
in MRS broth

6.5 ARE /I
Rt 1A SRR A AR S S e 2 v 7 2 S X Y W WSy 2K R

IR LW AR T N BIE N, K2 SR8 S & 24 ke o T 26 1
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6. JIHEFUAT B4 i) 5 A2 R 1 A F 7

RE 8% 7= A F 15 S B PRI 7= 4, e o B T N OSSR B . LR AT 1R S A 2 b R R AR —
LERRMEARH ) (N CFR . FLIR . FERENRINIIR) e BRAIK/m s pH , AT i K M A 1 &
PRI AR A B 2R B 80% LA by I A UL B R0 5 6 AT 1T 7 A i A/ I, v
e AR JA ok S B2 A B 1) 2 20 22 i, E T AL S0 T N A 1 2 3% TRV T 2 AR it g
(1, AT DABH 1k B 22 0 _F 52 20 B R0 R B RR N T 2 A= B4 RE {2 13E B P 2B P B B 1)
AP, BA SCE TE AL . (R A A B G . I R AR
THERRAL R 1 & R

T I RGO (BT MRS 35 77 5 A0 FL IR T TR A H B R P B SR A2 DR 1 R D 2k
PEHAT T o0 M, G RRUPE AR EE S AN 5. S0ug/mL K. XFHE T MRS
Wiz 7R 37°C 595 24 hy 144 h J5, X MRS B8 AT A0 B0 . A, B H
FAFH Indl. Ind3 AUEYIFATE Lplls BIE:FRIEH 28K R Jk/b 2 7E 0.95ug/mL
55 1.93ug/mL 2 8], XF 9/ B 1E 0.45ug/mL 5 1.14pg/mL 2 18], 1 FLER B (1) B
BN 10°cfu/mL P2 10%cfu/mL 247, AR K1 W Bt 2 B 5 LR 1 335 3 T T Fg 386 K
M REAG, X AT BEAE Ry MRS 3555 56 A (10 7L R B B 200 PRt ), ml DA sE FLIR B 0
AR A5 B T B E R IRAEFLATTE Indl. Ind3 RUEYIFLATEE Lpll5 K440
M E B S B 0.42ug/mL 5 1.47pug/mL 208, XFHHBKSEE 0.90ug/mL 5
1.28ug/mL Z [A], il 45 5] LA th 9 AL Rl 1 66 B 2 il A LR BT 335 5 I ) (1 1S K
BEAR, DRABEAEBEFRIT RIS A0, MRS 35780k b R LR R B 4 R % FLIR TR PR B
B P 2 1 DR T B BT o 170 [RIRE U B 1 2 FLIR T 55 7 I [, v 1 AR A
FLRG B Th 250k Bl 2 PRI
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7. RAERATE - AT B RIS a5

——

7.1 5|5

v-& TR (y-Aminobutyric acide GABA) XNFREMEIR, & —FIEER A KAZR
B, B R i EE ISP, BRI, SGERLAE
U P AEST BN . WS E I RS TR S TR . NMAAR X GABA A
—HEWTARS, Yz A B, Az B AR, RIRGEIR. £ AN
H, BAR GABA W] HINHS A 2 RAE I AR B I/ FH TRk s, (H 2 AF R I G AT
R R IR GABA HOAR B 53 IRHE, @ o H R Bk b 78 T A 250 el X pfetk
o
7.1.1y-RET BRI ThEE KR VLH]

GABA J& Ko i 22368 3 1 2 AN, 75 KM B A Z R B Bk & Ao BEAA
GABA 2 — P& TAMHIF], GABA AN TS5 A5 i B RS AR BT R (1) o X ik
FREAR S FE R . OSSR B AR Bk A ST R RRRG  Bi ik
B 1R A . GABA WA\ X &5 2 A S5 HAT BRI T 2. fEAR S GABA AL
FA AT AR E5 R BE AN PR 5 i BA Y, RIALSFE SR GABA AL BB #R ] L= A=
fERET R RIFRTIRE GABA FIME FIRTHEEAEFH (17 82 GABA A H Bzl i
WipERE, D EVRTER) GABA ANREEIA K. AL EPE I y-F2 5 T IR T L
I BEbE, (HR TR EA %M. BilS GABA MIKIZYIN Y K& F] GABA
FIZVYI A, X3 GABA [RIZUA AT LUE VR IT N IK GABA FEig 4 .

BUEIER GABA 15—/ ME R bRt E, XCALE 20 el 50 A0 —
AR . 53— 7T, GABA FH RN A5 (70 5 0L 380 R i 25 1 22 1) i fi o e e
BHAS, X LR WIPUE MLEBNAL R T GABA STk eh i, SR, REHh
I RS, SR E TR GABA C4 3 WX 42 5 v I /3% B [
R (97 3% S5 F 39 424 8 i 1 R A3 1 B B TR IR R 7T, Tnoue A1 Ath 23 ° g
HAERBEFL= I GABA FIB AT LS Il R UK . R FH K BRAEAY,  Yamakoshi
FHAN 2 Z AN GABA ANLEUE rhAR AP, T2 S0 B Bl pps, 54 A0 s
ZIESNMIEAT, R Na HEML 3G I SRR T 38 B & 41 4 25 H B R R 1)
il B T B

N GABA A2 NH T LA s NAE KR il . BARTEER A
AT B o GABA B AEIEA . RONAEK R 2k 75 24 K L GABA I
B, FTCAER TR & GABA [N AN E 1 .
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7.1.2 y-= 2T BRIISRIR

— SR R . SIE BRI Fh REFREK. SR, RS
FEHy-E I T R R, ERYART, B S EBRE N A SRR, HEEdL
TRARAKY o H HAEYIM B 7> B A LG R e, PR T 48— Pk i 7= R 5 0 8
3] GABA [ )5 7230 75 JE B .

24N ONEILSIBNIEY)) #EES L GABA . AT B FLER AT B B Rt 4
fe i A=k GABA IRt ). Siragusa FIHAD2EF AT T M KFIFBEH 43 B (1 FLIR
B, AT B ERA 14%00 LU 24E GABA. fEXEET-FEH GABA AR E %
FARK, EEIREATILE] 400 mg kg'o KB Yakult 2= 5 QA& E I T AR L 1
IR S2E8, = i 724 i GABA &1 L. casei Shirota Al Lactococcus lactis YIT 2027
REETTRI . 78T 70 R B~ 5 FH ) GABA 5 58 10-12 mg 100ml™ . Chang #4
BN H B L. buchneri B3 774 GABA ) f8/1, FERRIRMH AR N
94%.

7.1.3 WA Fy-2H T BRI

(D) Az aly-2 8 T R AR R
A T 12 H AR 2R — F B A A y- ST A SR A AT T L, H 5 R
A Y J5 3RAT B H s e i 22 S S « RIR S K R I HIAT  Abi2 S B i
PR PR, A T RN 2], RO &S % DA 2 4V 22 0 IR R XE )2
R AERFPER AT, B2 IEYIRE S GABA HIFLIR

Table 7.1 Lactobacillus that can synthe ize GABA in the special medium by the part experimenting

FAFBE (Lactobacillus) FLERE (Lactococcus)

Lactobacillus plantarum M-10 Lactococcus lactis YIT2027
Lactobacillus acidophilus Lactococcus lactis SYFS1.009
Lactobacillus brevis hjxj-01 Lactococcus lactis SYFC02
Lactobacillus brevis IFO-12005 Lactococcus lactis01-7

Lactobacillus casei (Shirota) Lactococcus lactis ssp. Lactis 712
Lactobacillus paracasei NFRI 7415 HEFRTE Streptococcus thermophilus 9Y

Lactobacillus delbruekii

(3) AR A By-2 58 T BRI 77 AL
OFLRR IR E R R 75
WA RTE B Tk E it d (1 MRS 5 TYG), BEBERINETAY R L-B %
FRIRJZE KR R 5, RG-S B GABA G-I B, TI{E NS GABA MR, I
A E &R,
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VLR K7 1 VP 2 58 N AE B N 8 IR ) 7 a8 Y s 77 GABA 1 3L TR T8 PR
Lactococcus lactis SYFS1.009, 7] LU & # i ' GABA & 242 =1 £ 200mg/100mL LA .
WL T R IR A& =5 AR P70 45 2 — MR EUs 7™ GABA AR, 1EAN
0.1% B Z M TYG MAREEFRHE, 30°CIRESS I 24h, Hy EikF] 0.463g/L, JFXtik
B RRAT A5 1) % 52 NPE TR FLFT 1 (Lactobacillus acidophilus); Wiy k2% () B V145 A M fie
b BAFE] 1 Mk GABA HIFLER A PR hjxj-01, 2420 % %€ Jy F FLAT i

(Lactobacillus brevis), 7£ 8 5% L-A 2 BN H) GYP B9 dkrh, LR F ™ GABA
R RIRIEN T g/L. EIEAN B, NSe/FMH 18R IMRAT v S 4ot th & W PR iEAT
THEARAEE . FAEE R 1 bR E IR hjxj-08119, LA 12 K, WAL HEREEE
H A KB A SR 2B FE I AR T H H I L0k 15 2 = 7 GABA HIALIR
(Lactobacillus plantarumM-10), Z%FLE& B KRR AAAE T BEXG 28 GABA g
1o ZF AT RE GABA S, HEE L Gabaron KA1E & GABA KR Z 1)
10 52 . JFHOKEMEAER &, KRR, Frd GABA AR IR E M. A
T, BUEH pH(pH 3~10)7u W #RASE . BRI AT AEEVF 2 B i TRk idsin

AN, FEemE BERR A (Streptococcus thermophilus) AIT-E&FLAT I (Lactobacillus
casei) TEAFEE;FRAE T A = 1 e

QAR A Hiy-2 5 T BRI

FLIR W 7E K BE P R i R R R I N LR, 38 IR pH PAEG . T IX A AT A
FIT LR E4ERF B 5103 770 Rk, 2008 M ERALS] . T GAD B35S IS pH
T (<5.5) BEK, HALBARRN . Takesh H ZYCNTEIRE R, L-BEMEIET
& (GUtA) HZNsM LN, MM GAD I N HFE— H AL GABA Jf:
FETB CO, o 4 A A R M P2 VR A S0 15 3t — 3o — R A o8 200 e S o 0 9 A A
I A PR L) pH R ZE AT 1322, T M is s E R i & i, i
IS FEH T B ATP (H1 FiFoATPase #fE4t), CO, M4 H B4 SN S 95 PR A ol 3 (1) 4
BTN £, ILRFE 4 GABA [MEE /)1 585 LR W N FR B /1A <.

Q@FLIR B A Bly-2 5 T BRI X B il

GAD =ZAEMHAELLET” GABA [MCHER . A, Y. BHRAIALIA
KIFH] GAD G5t 2 AR K, Mgty b 22 5w 5 B M0 57 SR 3R A2 B 2 5k 2
ERHFRMELRZ—.

ANFERIE K GAD RIS AR AMIE, GAD HIEMEH AR KZER], Xafft5HE &
Il FRE A G, Y TR TN ER RE /1 & 48 GABA e
FREHRRI RSN, A — LR R0 GAD 13-

A.pH fH

GAD ERRMEF L (pH 3.6~5.4) RS G /), pH 6.0 UL LA MEE 1), X5
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GAD B S AN E B AN . RSN KB RY, Le. lactis 755245
P o P3G R A N B A y- 2 T BRI AR AN RE AT N B GAD & .

B2 o7 5o T P 5

RIS BE (PLP) SRR FRBUREFABIA T, PLP. VBg J Ca™' fE— k¥
IR AT TS, RIS BN T 100 v mol/L I, 1EF K/NA PLP>VB:>Ca*". Jx
AR 2 H IR I SRR FEAE 0.05mol/L LA R, tHAEHE Mg, (HEEE LRRIRE KA
Wi, BeiE 1 TR SAECRE. CERIRHERE . PR IR SR R R A — Ll
BN GAD &1 .

@ y-Z AT RAE IS S P SRR 1R

FUR TR KB AIA T E R KR, ORI G R B LR, Dyttt B o fe
PR (1) Fe B i 7 B AF R BRSE o JF H T FLIR 11 I IR SR B3 n 1 ek, IR mT R B K
PURRIINLE], DATEAR pH PREE T ORFFA MG /) K pH M8 IE LA R T AR GAD
fvE I, JHAE T AR Tmieb TR, RIS SRR GABA VETERI T REPEFLE] .

7.1.4 GABA 7= 5 B N A BUR

PEREE AT 2 107 E 5 R R, ERBKIEEN, GABA # HIERE &4 775k
W, fEREmTkd, EWMRA GABA /= KZHHE. £EHA, GABA &
#edttiEy FOSHU status.

EHA, ®E GABA &MIIFFRIET 1986 4, HAFF KM E S GABA M
Gabaron Tea 7%, IXM'E & GABA 7% CE T3 EAE B IILE Dh RE & 85 8 . 1994 4,
H A MK 48 B ARV ARES 2 1 K D GABA-RG FUKHE, 2 f5 H A SR 46T &
B & GABA MRS HEKTIFLIR B « BB TR o GABA WK JE U R v 3= M 45 . it
TR, B E GABA IV L SR, BOVESMIT TR R, BAEEPICKIE . KA.
Zhok PN, ELHIEL . PUZLRE. NEREESE). BUEVIGLIRE . FERHSEHIORET GABA
1B dh.  Yakult 55 GABA IRYY, BRI UPIs M. £ HAK Glico 8 AN
TH GABA WII5w /1, 1B/ Al s ARISHA . (Toshio Sakurai, Siew-Lii Bong,
Bettina Hornung; personal communication)

FERRE, Wi L& GABA W M5 — A2 LB W K 15K . Haitai
T GABA 1550 /), M) E AR & A A HE A5 W A i T DAFE B e 18 70 - GABA
HIsR KT i AT i, i S 2 R M AR . 7E56E, GABA #INE N
RILNL, A mT DA IR B i R Sk SRR 57 JB it 1T A D R A1 2K o I R4l [ FDA
HHE, GABA 4 fF s Ab g BRI A T RER .

FEIRE AL G I 2T A% i #R A GABA i, W15 Al Gabaron Tea F1Z5#4H —
ETER GABA, 5HASFRIKEZAME, HEE GABA K& MR 2%
A%, AIRERES GABA K< HIEZRAKAGE dh A &5 dh A T seb B, id
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BA b, JEEIXBR SR GABA MEEAR, RNAHGEMIh Rt — 2 1)
JRi PR o

AR ATHCK F R G AR A% . o RAVZ AT IR Bk, BT y-E TR
(GABA) 3@ FHAS AN E B r MrRE e, DAEAEAE i AL R A PROE A E -2 8 T RIS &
I AR AR LB S R AU AR TR IR IR 85 7R B 2 1 5 4k He L-5 =R (L-Glw)
ININE . BRIRRTIE], BRFRIRAE. W46 pH. &BE T PR, EMESER,
SEFLIR B A GABA (B30, i€ FLRR W S CERE IR S AR AT i, N ORI Tl g
PEFLH o A A P SR LB AN BORARSE B Ak DBl FL AT B Al h A4 4 L-Glu 3
GABA [FIRBEVERE—— 2R M, 2 S HSRI BB, IR ) 5508 S MR
FE il N pH AR BRI AR E MR ERADTSINAN <5 a8 10 Xk ARt 10 52 i S5 g 2 P I
ANFEM R ZRBEAT T IT, DA E DB FLAT A L R IRF AL Jay- =2k T IR I AL
s AFLIEONAT B, $5Ah e GABA IFLER I Wbk, 1R, il %8k GABA
HIFLH e, BAENBHRIRIT A S GABA & BRI DB & i 4R it —E iy HR Al
FIRL AR o

72 MRS HEE
7.2.1 R HE K

(1) Lactobacillus pentosus Ind1 — — TV AR FEEF G %5 1511C006000000044
(AT fai#R P

(2) Lactobacillus pentosus Ind3 — — TVHAEM BHEF &5 1511C006000000025
(LLF T FR Ind3).

7.2.2 R 5HE

B TR AR M, # BT 5 mL 1 12%8 F8 FLCAT RN 1% 781 &85 A 0.5%
MEERHRE D i, 37°C [REHEFE 24 h, SRJG 1% 2% EFL BT MRS AR R 75+,
37°C JREEFEFE 18 h, LUMEREMRIE /11527 /KK .

Bk Ind1 A1 Ind3 SR A MRS RS 7225 37°C 555 14 h, BRREZ AT, S HEK
BITE MRS RAARES 7238 FIRAEMIR, DMERERE /1522 E

(D L-BRARH (MSG) (KKK, y-2 TR (y-Aminobutyric acide i 44,
99%, T Sigma A F] ).

(2) HEE. PUSWRIR A = g Al R 482K —HEE (OPA, T Lifg‘E
T, >97%);

(3) KBy, ZEMRK. OB BRER S AR N E = ali;

(4) s TEEA (U TE 14,400~97,400 Da), 4 1MiEHEEH (BSA);

(5) FEHTLS.
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7.2.3 Ui E

SPX-150B A4 7246, R R LAES, FREJIKE S, pH 1T, L4MA]
WA LT CGEMr@E, Te #Hithal), ot kF, ¥ EMEE, Ki#, GL-20G-
LA VRES O, TY9S-TITHE 5 P A M i e, LKA DYY-4C, HL¥kAE DYY-IIT, Hijk
e B A DBT-08, AR il A A CRIEMKSZAS), DGF2053 & 3l - A
TR S He B A
7.2.4 GABA 2Nl /5%

(1) GABA JAH 3 (1) 5 PR A 2 &2 Bt

O FE: ODS C18 #£(250mm X 4. 6mm,5um);

@iishAH: 0.1mol/L WL — E A L& i (pH = 6. 0): VU W N: H {5=52:2:46, i3l
FHIZ 0. 22pum JEEEUE, M A A 30 min JFEH

kil 56 24t 338nm;

ORI : = (19~23°C);

AT FIBC I M 742 SN = K5 27 mg OPA , 40uL 2- MCE (B-3%i 3t Z.8%) & T 5mL
HEEH . B 0.1 mol/ L AR ZE M (pHY. 5) 5 mL #I#5ATEM, ZH 5T 4 CHE
{77 B SR 10~15uL 2- MCE, A[{#H] 7~ 10 d;

O®REEBAE UL B, B R B SE A 5 20 10 min (8000 r/min) LARRZ: K%
TA, B ISR

DL 50uL A S0uL A7A4ERFIE 2] 90s JEHEFE 20ul.

(2) GABA X RACZENTIEI & = 4T

@O GABA MW KFH: WL 10pL A dh, SSAEZRIESEAL 2.0cm, FF 5 (AIEE
2.0cm. B ERE G (IELAE B IFHI(E T B UK 2887k =4:2:1, & 0.4g/L & =FR) T & IT,
HNFREJE (90°C, 10min) 4 5hrdE AL B — S AE T, HEBRBT (VI5%4
V0. 1 %R B4R A =38:2) ¥t 25 734t 5 76 510nm W 5E HR O .

@ GABA Frif th 2k HI1E . HEFFREN GABA HrifE ik 200 mg N 10 mL [ 5 &
A, IMNZEMKZEZIEE, A4 AEL 0.5, 1.0, 1.5, 2.0, 2.5 mL &N 25 mL
A RERF, A 10g/L B L-Glu W2 ZE, dlk 0.4, 0.8, 1.2, 1.6, 2.0 g/L
MIFRAETEIR, T 510 nm bR RIE . DA AVEBRIS T, #7 GABA Rl AR
ik

® GABA & E&ME:

A REERE > (6,000 r/min, 10min) HX_Ei&EWR, AEE 10uL;

B KFLE L (12,000 t/min, 20min) B EEW, SAE 10uL.

(3) GABA ik e st
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(DWGABA FrdE M 2RI/ HERIFRIL GABA FrdEfh 100 mg N 10 mL (&&=
b, IR EZIE, AWFAaRIRE 0.5, 1.0, 1.5, 2.0, 2.5 mL BN 25 mL
s, A 10g/L L-Glu Wl 2% 5, Bk 0.4, 0.8, 1.2, 1.6, 2.0 g/L 1
PRAEVETR, B 0.6mL ARAEEAIN 0.4mL WIRRZEM AT (pHO) ik N, FEAnA
0.8mL6 %6 A AL 1.5mL X RNV TR (5 A 20 5.23%), 7K 10 min J5 s
UK 20min, £ 630nm WOGEIE, #37 GABA fuillbraE tiZe.

@M [ M GABA & &R &

HY 0.6mL B S NN 0.4mL AR ZZ M (pH9) H ik e B, FEIIA 0.8mL6 %
RV 1.6mL IR SRV R A B AU 5.23%), 17K i 10 min J5 B /K 20min,
£ 630nm W I AA -

7.2.5 GABA R EE &AL
(1) FFRREX WA Y& GABA =& 1520

7E 15mm X 150 mm AJiRE T, 3N 5mL & MSG(10g/L) ff) MRS WAk 7535,
2% (viv) b BRI N 14h (I SCPEZUAT B BAR P D Ind3 GEEECHEZ 10°
cfu/mL). WHEEREFHIRE R 23°C~43°C 2 [a], HHIEAFNRE T, 78 pHH 6.5 HIkE
FETE P R RE I 48h S5, 1% 2.4.1 MII5E GABA W= EMBEAE IR, e RERFE
.

(2) ¥I46 pH AEX AR 1L GABA P2 & 520

£ 15mm X 150 mm FRE T, A 5 mL & MSG(10g/L) ff) MRS AR 3L,
2% (viv, TEHEEOREEZE 10° cfu/ml) SR ERF I N 14h [ D0HE FUAT B B bk P
Al Ind3. H 2 M/L ) HC1 A1 NaOH 1% & B 4146 pH fEN 5+ 6. 6.5, 7. 7.5 8.
9. 37°C JREAEE5% 48h J&, 1% 2.4.1 Wl%E GABA K= mME ALY &, WEREVILHE
pH fH.

(3) AN [ (BRI T AR IR A= 0 i . GABA 7= = 1) 5 M)

¥ MSG(10g/L) 1] MRS #5325 (A AT 0% FH S5 s 10 200 RERE . b &4,
il A IR B 2 R MRS i 9528, K iE AR IR A 14h I B FLAT B Ak P AL
Ind3 % 2% (v/v, JEEBOHEEZE 108 cfu/ml) HFEBM T MRS & BEEFE G, ¥

GpHE A 7, 37°C [RENEFE 48h, 1% 2.4.1 M5E GABA W= BMEIKLWE, WE
B FERRYR -
(4) A AR R B AR AW i B GABA 7= =& IR 52

& MSG(10g/L) ) MRS #5783 R JE RS . 4FWE . EAlk. fEA
i FRER IR e, ) 46 AN [F) P — IR I R MRS 159738, G RE 2 N 14h
[RIEERE P AT Ind3 3% 2% (viv, TEEEOREE 10° cfu/mL) M BRI T MRS 2 R 5
FEFA, WU pHE N 7, 37°C [REREF 48 h, 1% 2.4.1 JE GABA /=& M A4
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Ve, e sAEEER .
(5) ABHRASRI I & A B TR AR I AE ) & . GABA 7= & [1) 52
¥ MSG(10g/L) 1) MRS ¥ 7 dk b ) GRS B 9l BEE 10g/L, Z-AE 10g/L,
EAME. BEAK. BEAKSBEN SgL A 10g/L, H14RARE SRR S R
MRS B30, BHEMIE TR RN 14h ER P A Ind3 1% 2% (viv, TEWEAE SR
10° cfu/mL) BRI R T MRS i R 7R%E 0, ¥)46 pHAEN 7, 37°C JREHE I 48 h,
¥4 2.4.1 M3 GABA W= B MEARAEYE, e mER A %50,
(6) 7 HAN [ (1 ik 20 L X R AR R AR ) & . GABA 7= & [ 5%
¥ MSG(10g/L) 1 MRS 177 55 i i i As 005 1 e 4% 5:30.10:30.20:30.
30: 30, 40:30 (g/L: g/L) & A FEBE KR MRS 958, Ris s mm
W5 14h B RE P AN Ind3 GEEEOHEE A 10° cfu/mL) 3% 2% (viv, EHEEURE S 10°
cfu/mL) FEMERM T MRS st RE5FRE T, W48 pHAE N 7, 37°C [REK;FF 48 h,
% 2.4.1 MWEH GABA Wr=EME ALY R, HREFFEEPARRE S 20 KPR
GABA F=&[15g, FAFEEFREmRE LS.

7.2.6 H X GABA HI3h 1% 5T

(1) AR (00 4 0 08 56 B AR 1 A2 4 1 B 2E A GABA T3

BE AL B IR BT Y 14h OB RE P AT Ind3 32 2% (v/v, WG HEEOHHE E 10° cfu/mL)
PR R T MRS SR #5375, RN RFIMAARFEKER MSG (5, 10, 15,
20, 25, 30, 40g/L), ¥l4s pHAE A 7, 37°C JREAKEFE 48 h 5, 1% 2.4.1 M H = GABA
fRyeE, (R E I 5 P B R B A AR )

(2) PLP Fl Ca* ST BRI A& I GABA 72 & (115

PSR IR B TR Y 14h B RE P A Ind3 3% 2% (v/iv, IG BB 2 10 cfu/mL)
Pefp B R T & MSG (15g/[L) MRS MR I Fr3Eh, KMNAR & d 20 5o A
PLP( 0.1lmmolVL)FIA[FEKFER) Ca*"(0.1, 0.25, 0.5, 1.0, 1.5, 2.0mmol/L), LAARH
N PLP il Ca® (kG R FEAEXTIR, 37°C PRI SE 48h Ja, 1% 2.4.1 ME GABA [/~ &
A&

(3) AN[FI B A7 R 22300 AR I AR ) B )L GABA P2 &5

PE R RE R (8, 10, 12, 14, 16, 18h) K P Al Ind3 W& FE 2> HilT%
2% (viv, IEEEIAREE 10° cfw/ml) #EFTES MSG (15g/L) MRS i KR53,
WItE pHAE N 7, 37°C JREIETE 48h J5, 1% 2.4.1 Wl5E GABA M EMEIAAEY) & .

(4) BRI B T R ) A= P it S A G GABAL 5%

FE R IR ERE Y 12h (1) P F Ind3 PIBHR T 004% 1%, 2%, 4%, 6%, 8%,
10%, 12%, 14% (viv, TEEEHEZE 10° cfu/mL) #EFE MRS i B 877 5 e ff
EFk, WIUh pH ME N 7, 37°C JREIETE 48h J5, 4% 2.4.1 ll%E GABA M7= EME A4
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Y.
(5) REEFEPEARACH L-Glu 2 GABA fc i 8] 4515 57
PR RS N 120 (P ERR P A Ind3 R 1 R 2% (viv, 1S HEEOH
F10° cfwmL) R EEA T MR FRIE T, VUG pH N 7, 37°C JREREF 108 h,
FERR 12 h BUFE, I3 GABA 775, i€ GABA KR £ B A
(6) ML FEH GABA P2 254k
BB R T WS 9 12h B B RR P AT Ind3 4% 2% (v/v, i& B E0H B 22 10° cfu/mL)
PR AT MRS og RE577 R, W46 pH{EN 7, BPE P 37°C JREREE 72 h,
Pk Ind3 37°C JREHEF% 84 h J5 B TRIEIE (4°C), 2 0. 1. 2. 3. 4. 5. 6. 7. 8,
10, 12, 14, 16+ 18. 20, 22. 24. 26, 28. 30d HUFf, i RKEEHR -+ GABA 1481k

=

HHo
(7)) KEFHK GABA FIBUAH (B4 I [59,60,67-71]
POEALIE TR TE RS 9 120 B9 PR P AT Ind3 4% 2% (v/v, 1% B 0 2 10° cfu/mL)
Perh R T O RS TR, W46 pH fEA 7, Witk P37°C JREKEFE 72 h, Bk Ind3
37°C JREAKEFE 84 h Ja, KA E L (8000 r/min, 10 min) A,

7.2.7 REEFH| A GABA & ERI R

(1) WEAEFLHI & S KB

O 12 g Bs R T 2518k, E&E] 100 mL.

@i% 2% (v/v) BEFPERFPE AR P A Ind3 TS (P REEMUIEILIAIN 1%
W&, 37°C K% 24 ho SEMICHEAATE AR IRE (FEaD) —#, ER %
T E CRGEIIMSG) fEKBEALE, FE5UIN MSG BIFE G FIIN 5558, 5597 2108
IR S5, R A AU R ) GABA & &

(2D FLHAINAS [F] BRI TR AR AR K S AR L-Glu 2B 5 GABA 7= 2= R340 .

WEAE IR P A Ind3 2 ll#E N UK I 4 AL 3R 2k, M E 2%
(viv), BifEZEFLT MSG IIANE N 0.2 g/L. SEEH BN 1%F)3 &k FLkE K
RERE, BEPR Ind3 DAASTES IR R B G 4= FL AT IR A, BBk P DAY I 1% %8 26 4 1 i g 44
FUE XTI, 37°C [REREFR 24h, RAFIRMRERS TR 80E, £ MRS BTk B35
7= 48 h, ME W IRAY&E K H GABA A RiE

(3D FLHEINAS [F] B B T AR A2 K AR L-Glu 2E i GABA P2 S ¥4

WEWEIWERE P A Ind3 Al N CKERIBAEZE AL R T, EME 2%
(viv), BiFeZEFLH MSG IIANE N 2 g/L. SEEGH BN 1% BEREE . 4 WE .
TEMR, VAR IR ZIR B E 2R AN R, 37°C, 559% 24 h, RHAFARF RS
FRiHBOE, 7E MRS BE AR B35 48 h, E HARA Y& M H " GABA & &,

(4)  RPEFLH SR A] GABA & &2 17484k
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O KEEFLH| S % MSG S8 2 g/L, WM 1% &M 1%K)BEREE 78 7
BE. 2% (viv) EEFEEE P A Ind3 TiZ85 98 84, & 10 mL R RER 28 2K
W, 37°C JREHEFE 24 ho

@ KA AR A W R FRE G E 4°C KGR ORFF. B 0dy 1d. 3
d. 6d. 11d. 16d. 21 d HUFf, #%2.4.1 HiE#ATRI. DA E GABA TE4FFLI &
frAR4L

13 RS0
7.3.1 GABA B4 At 75 ¥ A AL

7.3.1.1 A/ S ik 48 &35 69 M) 2

(1) GABA FR#E S BAH E i 1 5 14 70 Bt

VAR (O3 2540 e bRt SR PRI BT AL BRG] 2.4.1, GABA IR BB AN 16.27min, W&
7.1:

e
T

I T I T
il 15.0 15.0

K 7.1 GABA [ 50U 1] 1
Fig. 7.1. HPLC chromatogram of GABA

(2) GABA AR fh A €3k (1 52 250

GABA HrdE ik (0HI7E: HERIFREL GABA SRtk 200mg JEN 100 mL HI2 &
W, N ZE K ZZE, AR AIE 0.5, 1.0, 1.5, 2.0, 2.5 mL #FWAAN 25 mL
IR, IMAZEKEZIE, Bk 0.04, 0.08, 0.12, 0.16, 0.2 g/L bRk
W, T 338 nm AL IR W E . LIS TRIAR 237, GABA A AR e it 26 .
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TR LT AT 1) A B T R0 B B B

5 L y=2.3884x
R?=0.9995
~ 4 I
°
X
£33
=
£,
1
00
0.0 0.5 1.0 15 2.0 25
GABA (g/L)

7.2 WAHETEN GABA FIbRHE #h 2%
Fig. 7.2. Standard curve of GABA by HPLC

F P 7.2 ATEN, A SCATR FH B AR (355 7E GABA 0~2g/L [Yu P9 A R 4
PIZRPER R, 2R RN y=2388.4%,
7.3.1.2 AR Su 2 BAREAT R GG 2

(D) RZEPERT DRI R B R E T 0 B, Bl o 2R KR, ]

DRI HHs 2 M S5 R 70 85, 450 3 5 1) GABA B BY T, Ve YRS 7E 510nm
TR G A, ARAEARAE R AT H ST GABA (977 8. GABA M1 L-Glu 5 i Al 8%
WHVARZE AT I WA 7.3 MK 7.4

GABA — >

L-Glu

Kl 7.3 GABA Fl L-Glu (140247 7.4 KRBT GABA 1 L-Glu
Fig. 7.3 GABA and L-Glu by paper chromatogram Fig.7.4 GABA and L-Glu in fermented liquor by
paper chromatography
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(2) bR AERI, Tl g 2 WL 7.5

1.4
1.2
1.0 t v — 0.561x
0e R*=0.0033
0.6
0.4
0.2
0.0

EFEEE (A510am)

0.0 0.5 1.0 1.5 2.0 2.5
GABA(gL)

Kl 7.5 B RACZEHTZEN GABA Rk i 4
Fig.7.5. Standard curve of GABA by Paper chromatography

HHE 7.5 ATEN, ASCHR FH B e R AUZITVEAE GABA 0~2¢g/L ()76 Bl A B R 471
LR R, ZMETTHEN y=0.561x.
7.3.1.3 #R/E & Berthelot tb & & 690 2

1% 2.4.1 J7ikAhr et 2, Bril g 2 DL 7.6:

2 —

y=1.5729x
~ 2
é 15 L R"=0.9941
S
o
<
~ 1 I
o
i
% 05
=

0
0 0.2 0.4 0.6 0.8 1 1.2

GABA(g/L)

7.6 Berthelot FL ikl GABA Frif i 25
Fig. 7.6 Standard curve of GABA by Berthelot Spectrophotometry

I 7.6 A1%0, ASCHTR S R 4UENTIEE GABA 0~ 1g/L VEEE N % B U1
SRR, LMHITEA y=1.5729%,
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7.3.2 R¥EFLA A K BRI
73.2.1 ERIBENFH

T g B S () S M AR A A KR AR A I R B IR 3R 2 — o TR RE T DA DA AR S 1
JIEFCURTE AR A A o IR T T, A0 AR P A A B SR DA A ek
17, A AR ST (FREE—RrE iR, EE. R &AM A
S Z BN S IR . Bt DA SCR B R0 2 23°C~43°C 2 [/], 43 HIFEA A
WFER, fEWIUGE pH 1H 6.5 MG IR h 35 9% 48h J5, 1% 2.4.1 ME GABA HIF=&, i
ERFEREFRIEE o REEIE X A E Y R A GABA AY)E iy mtn & 7.7 K 7.8 A
7N o

HE 7.7 F11E 7.8 AT LLE t, 43 F71R 8L 24°C FHE 3 37°C B, B bk Ind1 H1 Ind3
R GABA P22 i K. 3 37°C i, GABA F= & ¥k Bl H &, 4 )N 0.4599¢/L
F10.1818g/L, iR JEAET;=ly, PHEPE Indl A1 Ind3 A L-Glu 42 GABA JF46
TR, KR GABA FERIRH N JEH, PR RIIRAARE DR A ERTE 37°C 1A
Bl . SO 25 R, B B IR B 3 AN R T R LA B AR A A AR
GABA, 37°C N Ind1 Al Ind3 KEZA4E % GABA M iER% .

25 - = 4 0.20
1 0.60 2 s RNARE O
_ £ 23 [ g 1 0.16
;\H 11 050 Q22 r §\§ 0.14 3
: ~ 7 E
11 ™ o ~ 2.0 F —O.IOE
7 0-30311%% :‘\é 1.9 | 1008 5
ooz =18 | P: 1006 5
: 2 T B 1 0.04
1 003 E g L 1002
S S 0.00 1.5 0.00
24 27 30 33 37 39 43 24 27 30 33 37 39 43
W R R —$— GABA & = A e —O— GABAF &
K1 7.7 ANERBE X Ind 1 B R4 908 S GABA K 7.8 A[EIEEE X Ind3 B AR A9 X GABA
FE i R 72 1R
Fig. 7.7 Effect of temperature on Ind1 biomiss Fig. 7.8 Effect of temperature on Ind3 biomiss
and producing GABA and producing GABA

7.3.2.2 #45 pH 1849 % vk
TR A A — 1 pH S T LU, (R —50E pH . AT B K #
WG pH HN 5+ 64 6.5+ 7+ 7.5+ 8. 9, 37°C [REH;FE 48h J5, 1% 7.2.4 W&

GABA /=& M EREY &, e sEvIiE pHE. 25538 7.9 F11E 7.10:
100



7. IRBEFLIF B (-, TR S LS R 7T

25 1 1 025
> 3 100 S-EERAER
~-AARMAH 20 1 0.20
%2.0 1S I N 0.5 g § —~
s T[] P . ‘ ~ O
2 1 H .H? 1045, 215t 1 015 ®
ars H VT E 2 )
a LW R S =
o IN BN 0.3 g i 1 &
~ 1/ 1| ] 1.0 0.10
1.0 | | d | ‘1L ottt » j
g 102< = ome N A <
= ul M = 4 A
- < =05 | 1005 3
=05 1010 g
s = \
0.0 ] 0.0 0.0 bbb SRS 0,00
5 6657758 9 5 6657758 9
= Bk E Wik —O— GABAS B

K 7.9 W46 pHE A Ind1 B4 4EY & M2 GABA F7.10 #1146 pH E X Ind3 B K E4) & K GABA

7R A R PR
Fig. 7.9 Effect of initial pH on P biomiss and Fig. 7.10 Effect of initial pH Ind3 biomiss and
producing GABA producing GABA

I 7.9 ATLLE Y, BE3R30046 pH N 6.5~8 i, HFk P B AEY =1 GABA
PR SR, o pH 7.0 B, BRI ER GABA WKFESR G, TV pH
N9, BEJLTFARRAK.

B 7.10 A LAEH, 553280146 pH N 6.5~7.5 B, Ekk Ind3 @A) &A1
GABA FeE & AER R K, o2 pH 7.0 B, BRI S GABA WK i .
I, PAE#FIEIE R pHT.0 1E N3 IR B W46 pH E .
7.3.2.3 TR R 69 % R

2 E H I ES GABA HIRAKE L P A1 Ind3, 75508 B IS 78 5 A R I 4%
AR UF R e R . EARAS R S AN OB AT DASE R AN M B, (R B RK
AP A0 3G K I R BORAFTEAR K22 57, F 98 SORE FLAT B 5 2 A (1 AH TG R
XTI M A: 77 | B RS 7R AR AT A0 AT EE R S o G T T B 7R B 4 o ik AT A Ak
¥ MRS 55773 v (18 2 b P S5 B FU0E . RERRT SRR e, )45 A R BRIV 1 5 R
MRS $;753E, ¥J8h pH A 7, 37°C JRERGTF 48 h, AW EHRAERIR . w98 4s i
I
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23 - 06
~ 22 7,._=/;\ 1 o0s 25 1 030
g 21 L . - — 24 B i
2 - s Sl 0s 2 223 | :

A 20 |- : : > S |
o - {— -3
S K : =4 0.3 o K21 |
=R I 6 I i I A o % 020
RN 35 T S R /A 65 = “ 9 |
=S I 3% I O VO (N < o -
g o = ; . © RER IF. 3
=16 [ | v S =17 |
258 IR 1551 NP R 85 6 t
1.5 0 s . . .
CAE S UL R REWE S LA A
i
CoT L) 5 —e— GABA S 24 41 —O— GABAT“
B 7.11 ANFEIBREXS Ind] & A A=) & 7.12 AFEBIER Ind3 B ALY &=
S GABA 77 & [F 520 S GABA ™= & [F] ]
Fig. 7.11 Effect of carbon source on on Ind1 Fig. 7.12 Effect of carbon source on on Ind3
biomiss and producing GABA biomiss and producing GABA

P 7.11 FE 7.12 W LUE HBERE Ind1 A1 Ind3 PJREFIFHRENE. FUME. 45 A
FpEAE K AR AL L-Glu A% GABA. MBI AL GABA P2 &K%, Wik Indl F1
Ind3 HEEFAHAREAK, A GABA M= &IRMG: DURBEARIER, KEHEARS
GABA 7=, X% 0.5544g/L A1 0.2460g/L. T FHERIMASEE DT, $2 0 R Tk A 7=
(R RSAS, DRIkt FH 7 B2 v P e e AR 9 i R SR R L
7.3.2.4 B &R A # R

RIS AR E AL AR B EZ TR, MAEMRAE KK E A EEEZEH,
ANEFEIR T EFRBOIAE, SEERAEKR GABA =& AR, LA
MSG(10g/L) it Rs F= 5 g dkat, HamEIRH RS . 4FWE. ok, fikd
Wi REE MR 4, A BN R S — 2RI R MRS 559748, 1% 2.4.1 WlE GABA
=g, e AR

FHP 7.13 fIE 7.14 7TLUE H, WEE Indl AEERHR B N R —FIRN, RIS &
B AR A B B s GABA 7=, 1A% 0.5544 g/L; ik Ind3 M52 DL 8 A R
REIERS, KEFRBEAR S GABA P&, 153 0.2477g/L, MRFER I HE KLY &
KE, KEBEARENEEEYE.
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25 r 0.30
25 1 * 1 06 = N
- X . £ i 0.25
E20 (NI I < 020 2
O A . . ’_] v - 1 ~—
215 » g 04 =2 = §\§ S
S} S 0.3@ T § PR
1.0 3 2 = § 0.10 &
§ ¢ 1022 ié 05 é
= - = 1 0.05
205 10 I 10103 )
:HE[ 0.0 L ) . ) 0.0 # 0.0 1 1 1 1 0.00
’ ’ D B K X X%
@g@ &fr\ % w&%’ Q%gf& & K B
CO R4 YE =S WA B —O— GABAT &
B 7.13 ANEEEXT Indl FHiASYE M K 7.14 AREEEXT Ind3 HASYE &
GABA 7= &= {152 GABA 7= & 50

Fig. 7.13 Effect of nitrogen source on Ind1 biomiss Fig.7.14 Effect of nitrogen source on Ind3 biomiss
and producing GABA and producing GABA

7.32.5 AR EEHR

M 7.3.2.3 IR, PABEBER B ARG N f— BRI, T R I T A4 AR A D
4F, GABA Ky~ 2 HARXS &y, (H2 50— BRI By UL —, I R J LR &
5 e P SR — R 2 S U B iR . KR B MSG(10g/L) [ MRS $5 77 5 v 1 05 A e
NEEREE 10g/LAWE 10g/Ls HAR, REDRE, fEaEs 5N Sg/L F 10g/L,
il A R 2 &R R MRS 5775, 2 7.2.4 %€ GABA W&, WiEmRER
ERIFRCEE .

25 o 1 09
: . 25 1 035
24 T = K' 0.8 24 | ] & % 3
E23 1 Fl K o7 £ 23 S § é 0-30
2 o0 ML ACE L F/ [T E g 22 023
LELEINE e E 1 05 a2l 7 1 020 57
C 20 iyt w/ﬁ‘\.{ 1 os ) S20 NN % 020 iy
2ag L EVEETED B 03 = E s b E | ﬁ
= SOELEET R P 02 © N L 0.10 S
= 17 INEYE RS : : _% 1.7 E
= L6k kB R w16 f 0.05
1.5 0.0 1.5 el bl 0.00
1 2 3 4 5 6 1 2 3 4 5 6
R AEY R —¢— GABAJ“ & ) i A AR A —O— GABA

K 7.15 AR EGEIR Indl WA ED) & 7.16 ANFEE G RIER Ind3 B ALY &
L GABA - &5 L GABA 7= &I
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Fig.7.19 Effect of MSG concentration on Ind1 biomiss  Fig. 7.20 Effect of MSG concentration on Ind3 biomiss
and producing GABA and producing GABA
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MSG WL F] 15 g /L, GABA 21535 K 0.8716g/L, M5, k2L MSG k)%,
GABA 7242 B4 . 24 MSG IKZIAE] 30 g /L, GABA /=& M T 61%. [HH,
B Pk Ind1 124V EAE MSG IR N 40 g /L 2 i BB Ak %, 7l WALk MSG
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H & 7.20 A0, BEE OB H MSG KGN, Bk Ind3 AR EP R LE MSG
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Wi, GABA F=&FEZ 3G, {H MSG KEEM 15 g /L 3% 40 g /L B}, GABA F=&
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K] 7.25 R EXT Indl BARA YR X K] 7.26 RN Ind3 BEARAEYE KL
GABA 7= & 15 GABA 7= & f52

Fig. 7.25 Effect of the cell concentration on Ind1 biomiss  Fig. 7.26 Effect of the cell concentration on Ind3 biomiss
and producing GABA and producing GABA
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FEE R R . BT UL PR Ind1 A1 Ind3 AR#f MSG #ALAZ B GABA, SidfhFHfh &
IR FEIN 2% (viv, T HEEOHEEE 10° cfu/mL).
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IS5, GABA B BE AR A Kl T A20E, BEMRAR /1N,

1.2

GABAM*&E (g/L)
S o o =
N o) co S

o
&}

e
=

—&— P —O0—Ind-3
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Fig. 7.27 Time course of Ind1 and Ind3 producing GABA
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7.3.3.6 AR B IR T 69 GABA 69T

T GABA (17742 ] AE5 LR I AN R AL AT 5, mifE LA B2 AF R 5= 1
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Fig.7.28 Deposited time course of Ind1 and Ind3 producing GABA

FHE 7.28 AJ A1, BEHK Indl A1 Ind3 7ECA7 B GABA [P EEGk S F T, JUHGERT

10 ihﬂhﬁ% Iy AEF] 1.3547 g/L A1 0.3904 /L, ZJG#aT 2518, 1F 30 RI17H
ZERI, FEEAY LT 1.4064 g/L F10.4563 /L.
7.3.3.7 ﬁwwiﬁ#’%%)é K B %P 89 GABA 8948 & 3545 )
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Bl T MRS By RE5 3%, H L-Glu RN 15g/L, ¥4k pHE AN 7, 37°C
B;9% 72 h (Ind3 M 84h) 5, KEERE OMBEMTE, OGRS R 7.29 &
7.30.
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Fig. 7.31 Effect of MSG inducer onInd1 1 Ind3 producing GABA in fermented skim milk
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Fig. 7.32 Effect of some sweeteners on Ind1 biomass Fig. 7.33 Effect of some sweeteners on Ind3 biomass
and producing GABA in fermented skim-milk. and producing GABA in fermented skim-milk.

HH it ge 25 R 1A 7.32 K] 7.33 FTLLE H, JLFRBEXS B AR Ind1 A Ind3 42K F1 GABA
A A SR I D e > TR AR>S FLRE . RN FLRE . REREAH L, NS AR FL A i N8 A
AT AR B AR K, IRIR S GABA A RGE:

7.3.43 LR R B RUR %R

FESIEER Indl A1 Ind3 435l#E N CKE K BUIR A AR 7, HME 2%
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Fig. 7.34 Effect of nitrogen source on Ind1 biomass
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Fig. 7.35 Effect of nitrogen source on Ind3 biomass

and producing GABA in fermented skim-milk

HitIn s R 7.34 F1E 7.35 ATLUE H, JUMEIEX HE AL Indl A1 Ind3 wAAAK
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Fig. 7.36 Ultraviolet absorb of GABA of fermented skim-milk during storage of 21 days
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7422 #4 pH 1A
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L AN [ A BRIl AR ) 2 2 R MR B XT T pH AE R SZ RN R, gl A5 AN R T
RIEEWIGE pH EARAEIR K2 ek o VEZEHENT L139 MIF7E R I, B4 9230144 pH 14
15 5.0 Z 0 HA R T R AR AE KA GABA AR XU DR 78—k AL IR FLEK
SYFCO02, &I Ea IR 185 75 3L e 0146 pH {E N 7.0, BEFRFEYI46 pH K & AR
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BRI B0 pH N 6.5~7.5 i, GABA AR AR = /K F, Hdldh pH v 7 i,
R GABA W e o
7423 #HRE T

T R A AL S BT AR PRI SR R e B ()RR, AN RIS B IR P AR B, — R BRAR P 1Y
R &R, TR RERE . SRE . FLREAR A8 S AR o E Hofth— e 7Y
ORI, FLERRACHIAE B GABA M7= &2 BIRIRFR R 15, — M SRpE o] DA ik
GABA M4, FHAMEFEMNH] GABA WA XIiES AT AR ALERE L.lactis|
SYFCO02 #ATHEFE, ReRI M ZIME . FLBE . SRR T A KA IEA B GABA, ANEEAR
WA TETE R . WAERU GABA 77ERE, LAFLBE. FPEARRIER, KEARAA R
1 GABA 775 . HREFEFILMAETTA, EHINEE AR TR IR . AT
FOR LB Indl A1 Ind3 ZIRe R RERE . Hi&T0E. FL0E. BT L-Glu 4% GABA.
WPk Indl DURBEARIER , KEAHE AR S GABA F2&, 1 LA ABRIER, g
EVERAS, GABA B~ & R A R ABKIEE I 12% . M #E P Ind3 5 Indl AHL, DA
SRR A BRURET , R BV AT 5= GABA F= 8, 1M LAFLBE A RRIR A , B A4 2E P2 Al GABA
= R X5 IR RARF, PTRE R i T B A 1 22 S 1t B %) R FH e 0 )
FAIF . M 48h J5 KB H IR AV ERE, WK Indl A1 Ind3 25 DL 2] B A1 5
PRENBRIRIT , KRB BB m B R A, R0 SR FUAT B B85 50T (04 ) P 46 465 h
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MUERBE. AT DAE H,  WARH A RS B L B AR A KN GABA HIAE R, 1B
AN [ () BRI AR 2 TR AFAE 22 e 1k o
7424 RRAEA

AR B B GABA P2 &2 IR R 3R 22—, 3720 R A A &R GABA
= E s ANE, IR N TVEMANE, — R ARR] LA B, R A L
BRI 1S, (HFLIR R AR K08 72 BoRIE B AT Z1, B — B TCHLEIRAS R i 2 R
AR FER. XIES AR LR ALERE Llactisl SYFC02 HEATHIFT, KL FREPTR
I — oAV B IR B ER B AR RN, AR TL AR ARG, W RUR] A LR 2 R
FNE . B BREAEEK I GABA. IFHEAE. BREENEASRIEA
A AEIA B = 1) GABA 77 & JRATHIHT 78 K LB Pk Ind1 AT Ind3 IR R H I LFHA HLEA
JAE 8 GABA . PR Indl ABFEREE, Bfk Ind3 DA AN —RIRR, K
M B A B s GABA 7=, BWRAYIEWR G FURREE 4= E NI R 77
Ferp iy e BIRA R E AR 75, SR K, 1F 10g IR AR, 10g BEERRE |
10g FAERIZAE T, Indl A1 Ind3 ALY ER GABA F~2iA 2R, H GABA
PR TERER-RENTE, WUESRIEREFREMAE, BT GABA K
FEAE
7425 # AL ETA

B IR AOE G BRIR . BRI LA, Be e A B AR R AT 78 4 10 R AT AR U AR R
GABA, JEHEE . VLRI AN B L139 #HATHE 45 R AR &
BIRIVIGEIREESS N 3%, GABA 7P &gy, EMLBREIRVIGIREE T, AR T H ik
F LIRSS FEP I A GABA AR o X3 56 A0 FLER FLEREA L.lactisl SYFCO2 #47
AT, RIBIE I I B — s te il (20g/L) J&, PRGN mxT GABA A= sl /E A,
JRER AT e B S s T B X E R A T A R B . 5 HARRL, ASCH 7 4h
RRW], TN 2% A &R 3% 2 & AU GABA W= Eiks, WY R,
ARSI 2 RO EL ], 3] GABA R4, AREIRER, A A 52 A [H
B R F R D E A A AR [
7.4.2.6 MSG H A&

GABA Z AR L-Glu BRTE =4, FUILERY L-B 2K (8L MSG) ik
¥R E GABA TR E BN R Z — . TLHBEXt FUAF 8 L139 #EATHF AR, igde4s
JRYDIREE (1%~5%), MEEHE/RFALZ, SRR, IRV EEN 2%, L EER
AR CE 1% MR ER, WERLEREFRED, BRERsEKE, Xt
MSG FIVEFEH 2 Frde s, EEMMEYIKE, v GABA =& R rigs, Br
DL, EARAL G s TR, k4 2% IR BIRGRIR AL . A THIW 7 K I Ind1 B
B H MSG WKL N, GABA F=& R 2 381, MSG #REIAF] 15g/L, GABA F=&
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BRI K 0.8716g/L, MG, #k&:18in MSG WE, GABA F=& %M N, [FE,
MSG FIREENG N, BERAYE2/DEINES, £ MSG IR KT 25 g/L i,
BRI A K TF AR Z B0 BRIAK Ind3 B SOV MSG KFESE TN, GABA F=&ERiz
HEhn, MSG IREIAS] 25 g/L, GABA P& IE&E T2, WALy EZ AR
Pk Indl, FUHABE MSG FIREESGE N, HARKAEY) &2 /D B INESAE MSG kAL
KT 30 g/L b, BERRFIAEKIFMGEZ2HEH . B8, ARFEENT MSG B 52 447
15 2 Sk

7.4.2.7 AT B RK

FEREFPENF TG, B M. P 8UE KM T Fhifd K 48 sl Rl 1
W FE IR AR T3 R AR 2 HOL AT HIAE K818, AN REEFRMIRE K, FYTFiaE
RS AR S I G T A i K BRIk Bl s = 5 iR A s B A, S8
FRAE ST B . BN, S DL AR AL T A HE B O B K R e R N &3, IXRE T R
Frman s 7 .

VLS R ILFUAT R L139 7E55 7% 3~4h JG it AXTECAE KA, 18h 72 45 45 O AR K
BRI, DR R MRS N 16h. THFRAIBF LR, Indl 1 Ind3 7EE5FE 4h
JEHEANSTEUE KA, 14h A SO S K, AFEl, ER TN 120 I 3
IR A E P A0 GABA F= &4 . Bk Indl A1 Ind3 R MSG %104 % GABA,
BOE M TR R IR RN 2% (viv, THEEIAE R 10%fu/mL).

7.42.8 PLP 4245 % T

5T TR L % I (PLIP) 2 S AR 28 HH A 2 I JI R T ) it g o 2 2 TR It PR Il P A
IRB T 5 EE R AEME, RN N K X051, TSUCHIYA %278 th &AL
BAMMFRE, I PLP 5, AEERIRBRE /158 =0k 40 5. BREE 118 R M
HOIINAS R R 2 1) PLP X7 23 48 ALAF B 415 Bk GABA [ BE [, IR B0 45 R 1,
BEE PLP MIIREEIE K, IPIIWIESE DAL= 2B, BA T8, UWiE
IR IR IR BEA 2 T PLP KAME, ERAN FEIEAE. mEATM 5
RIN, (EREFREPEIN PLP (0.5mmol/L), X GABA /= AN &, XAl fEE
AR RN B4 TR VBe SriEFE A K. B4R, PLP XA FMHE 12 GABA
ArERe ST RAE

i Ca*' R INANARAEEY:, AR TYRNEE. W RIEV NS E R
SEAEIRIER, 52 Ca® /CaM s, ULIIN—EKZER) Ca® o] LUK KL =4
GABA fI7=&. MRATKIBF LD, WEm Ca> f{Eit GABA f=4, HEN Ca™
WA P B, 4RI IR Ca® IRE#EE 0.5mmol/L, GABA HIF &%
[ kLB
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7.4.2.9 R AT 8] B 4B A]

Takesh H 25\ NFLERH & 4 GABA [MEE 11T g5 ALER B WINER e S 5%, B LA
FLIR T K BEr=E GABA MAXTEX BUEKHILUS, pH N R EARIK RS o X3 &4 .
PR FLERE L.lactisl SYFCO02 B 78 KBl 12h ), GABA 7~ E1RM%, M 12h % 48hGABA
[P B KR, 72h J§ GABA 17~ BH6 IR E 2208 . T 33U LFF 1 L139 1
WHFL R, 76 0~6h BHR A A KIER ], AR GABA, UG pH 2218 T %,
M AE K TF AR HE AT AR K, 20 44h ik B 2L, 24 pH FE 2 — MEA R, GABA
TG G 44~80h BRI NASE A, 7EREBY B, PR —/MEA, GABA & 0HE
BREAINER, KEWPAR, %) 80h B RSk 25 m, 80~100h N AR, XA,
PR A AH LT 46 1, B B R B 45 R o AR SCRT T 9 (R B ik Ind 1 A Ind3 £E 120 B 77 2RI,
12~72h i GABA 77 & & G FE B 2R, 72~120h GABA F=&E4%8: FFh, (HIfEK
5218

MRk Ind1 Al Ind3 76K 8% 72h J5 76 4CHIMEER, GAD IGHEKIREAE, AR
GABA H)= &4k 8 T, —1RJE, GABA W& LA MG,
7.4.2.10 MRS & 3% 2 b %02 SLATH 4 R GABA #9248 &35 460

o R 0 VAR 2R ARG, TESRAME I 26 FIB T LUX E] pmol/L. 17 R F#HK
H1) L-Glu #1 GABA 15 %] mol/L, IR Bk, MRS RIL, FELE LA,
It H OPA 5 B—#ikk O BF 5 EAERINE S5 A T 4 e SR BRI GE [ B, T AR pH
AR T 4, XFEFH AU AT AT 0 H B4 R ORI IR R AR B AT A RS, TaAE
IRFARA . FrLL, AW TOR R EEAL — e ] (10 £5) Fks, BEnTi b AT AR50 1)
FH &, SO 06 TH AR 70 vH 1 28 1 28 1 Y T Y

T OPA 5&EMIY R IIAT AR e iz, WA 2. wERf s i) s S [E]
AN 7V R, T ELA E & PR B B AR e o AR B 52 T AN
JOLE [AD X 5 P 2 SE R AT AR M BB e, 25 SRR W], OPA 5 2 HUE SR IY S M. TE
60s N CIFATE A, MNAEAIERRTE 90s W BLTEA . WKt S SN [A) 48— 4% il 7 90s.

RFICIL I, W XS & Fh e FERR A R B I A2 RO, MR fEH 16°C B &
21°CHl}, GABA KR BEI (A B 18.46min #2RTH] | 15.27min, Jfr DAFE Rl i 75 rh 22 0%
R EETEE -

7.4.3 KEEMARZLHI M H GABA S EMHIT

TEFLBR R B FL R B I AR b, i i L %) 1oy S B AR ) AR K A T 22 21 8 GABA
= A AN E R R S R Y h GABA 077, . R BB i K T 4 40 Jf 50 2 1)
AF, RN pH {E. MSG 73 51X B K 2 4L [FIVE F 2 GABA A k.

TEFEE RIS AR A, 2405 A R I B 11 2 B e RSO TR R S 1R, SRS LR 1 3

BRI, "R BRI S Z IRy GABA 1 CO,, TR I SLARANZE R
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AT CO, BIP= AT AT« Nomura M 25 A FRAH 78R R B0 7 s b LR Bk e 57 R
A 3 MERARAEE IR A B GABA, JFReETEREGAI T £ T GABA, &
Al IS 383mg/Kg. WA GAD T 1 1) FLER B 45 1 A e i A 7, 2 FLHI i =
4 GABA HIPANIEEZAE
7.4.3.1 #h MSG

IRZHEFRRY, EEFRIMIMNE MSG 4 GABA KIZEMAHE M. skl
MK GAD fill % GABA i, KICKIEA MSG HE# K, GABA /A #%,
P LU G E I, Glu AR ] LUIA 2 100%, IX I A 1) Glu 2 #5165 GABA.
AARISAE R TG FLEE TR MSG X R #4E 3. GABA HAERCH 15 S1EH, GABA
FEE R
7.4.3.2 RAsg R A TR

MR 2R P S bR RN N, MR Indl BT RIHILREBONIRAE, ARefd
RIEEMNEFLAE 37°CF 24h N EEEFLIRES, B LA AU INBIE 1) 25 H XTI

FERE R L, s LRSS B #R Ind 1 A Ind3 A5 KA GABA AE W5 (S M I A -
AT FE> TR LR . TUMRIR Ty BERRR E>E A S NE . X T A
R 2 R A 7 I S IS Rl R AN BN GABA S AR AR A — 3. 6 % B A
Pz BEE A {3k B AR Ind1 AT Ind3 A4 B GABA.

7.5 RENGE

(D FIHBRAVEHTEESL v-2 3 TR (GABA) JEMEHIE &5 A2 Fp 251
FE BITHIEC T N: IE T KR K =4:2:1 (& 0.4g/L Bi=Fi); 30°CJ&JF 3.5h,
KI5 90°CHETF 10min, Kexf NI AT T FHEEIR(VT5% OB VO.1%0 R =38:
2) 3mL Pt 25 43 8hE1E S10nm P 52 HI 6 AR .

(2) BT ERIR . B DA SR B SR AR A R A B R B 7R 45 s IR A&
fR (L-Glu) #NinfE. $59RRfE. B 9218 % . pH. &R B TR R K, gk
BEFLAT A B GABA s A3 56 1F S B E R GABA,

(3) VLAAENA TR, BeFhmrs GABA [WRMEFLAT I Bk, BHIREEMS, W
L-Glu W55 AclsFI R 2 A 580 (5] GABA F20E A7, il #5584 GABA 1)
FLH . SEREM: © KBS IA MSG X R B 4EH GABA 4 3 S1ER -
@ FEBUAEAL T, W0 LR ST B Rk Ind1 A1 Ind3 42 K A0 GABA AE BE B2 IR A -
AR>S RSN . TR EGR ISR T : BERRR E>E A WE . ©
], 7F 0~21d 2 I8, Pk Indl Al Ind3 2E T GABA & & 221N, 21d
i GABA & & 2 BIWI G S 21 135%F1 145%, 1£%) 0.3253g/L A1 0.0980g/L.
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8. HrEEYIE I (FE L ZRIAT T

3. FFEMEHIET SrM 5
s.1 815

8.1.1 FrEERF BRI

TR D RO SRS (b X 5l /D AR B 3 AT B P WSS 10 % e ST 108, A AT IR P
RILE W HIAE i, R FRIG “WHIZ9E " WHTZHE S 2 T Ph AL R S i 1% s e N R
TR RO BIRIEAEARN T % o« PyI29E 7 LU F W JERE B 1 kg TIE 5 201
FEZ) 10 kg BEYY A 2 TR R A SR B SRR K48 1 10 15 . IR 92 SR
B FLIR T 3 il 1 FURE P AR FLIR, B 20 FLAE AL A2 B LI b 8 e 1 R NDIR N S =
PEBE 2R AL R BN IS S AN G . S Rt m e e R A TS U B[R]
R B I RAE LR R AOPE A R 0 Ik R IR S E TR L AR R S N
AT AR ST, PR e mT A, W52 95 2 ' SR B A s PR B i o

8.1.2 HEERF TR A P BUR KR FR AT =%

T8 RO AL ST 0 26 7 R 2 R S B 3T AR 7, 38047 [ B TR i, 22 5K AR
KB A SR ZE SRR K . AT SE A /D BN A (0 % e 1 I A 7 b, 1R 3eAT T O K
€ K17 2% 117 37, HAR ORI B W 7 SRR D7 b 2 IRANTE B TVE S — . [RIRS
TG Yyl HEAT I EAR B AR D, RGMERIBE I LA, B 5 2 B
Fro T EAEFEYRZ I Al R R IR R A . BEE N RAETE KT R4
X B R 2 D8 o B 1A o F) 5 SRS BT B i B 2 e [ e B (R it — 28 O g DA S AE 5L
T 9% 2 TR RIFEN T, B I b R A T R PR A Fe 5%, T T SEE R €01 IS N 122 9T
EIXA T HOHEE 1 S S I kUK

8.2 LIGFE
8.2.1 SEOMRLFI B &

82.1.1 HA
Yo-mix 187 (FHJe v b E 5 5 A FRA Fl 32 6
Indl. Ind3 (ATAEAME R £ i Al A P S5 = 4 i)
8.2.12 F WM A Ak &
Bt B9, CINAC BRIE HBhEREM . ATHINEUE VKBS Sl A |
IKOPIEEAC . BRIAF NI B RGN,
8.2.1.3 %%k
JRRE L PR B — SR LR B — VS I L R B R I 71— TELIR R B — Vs 0 CaCL AT,
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A — V) E AL — M AR RIS — AR — T — R — i
8.2.1.4 RAtILaGLIF

IEHOGHT B H G H B AR 5 R A
8.2.1.5 RAILAHE

KA ERAEM T E: 75 COREF 15s, RELRIE AR A S0 JFREAL A K 2 £ 24 b A1
T3 JFE A X Re AT B I AR, T L
8.2.1.6 sAm K BEF

FRE AR A H R E 42°C, 0 Yo-mix 187. Yo-mix 187&Ind-1. Yo-mix
187&Ind3 = F KI5 .
8.2.1.7 128 & B 34 CaCl, A= ¢ SLEG

42°CHETR A, KEEIRIIR BEAY H )il E BREAR A, 4 pH (EFE S 6.4~6.5 iR
LB, JHEIN 0.02%[#) CaCly.

=

Kl 8.1 ki

Fig 8.1 .Femetation
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8. HrsE gk HIE T Z MW

8.2.1.8 &, HILF
2 pH (IR E 4.8~52 W&, YIEEEHCAIK 2~3em HIE 1A

8.2 bk
Fig. 8.2 Cutting

&l 8.3 HitFtHETLIE
Fig.8.3 Whey off in Xinjiang cheese-maiking
8.2.1.9 LB HILA
Rt 5ELTE —IFEAN R, JERILE.
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$2008. 11.22

& 8.4 iLiEHEILIE
Fig.8.4 Wheying off and Filtering
8.2.1.10 AL A
HRFLISE e LB 7 RN T IS A e 2 o R o T ) B AR
8.2.1.11 ¥+
E SO°CHEAR I 3~4 K.

Kl 8.5 HTaEGIE i
Fig.8.5 Finished Product of Xinjiang Cheese
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8.3 RS #h

8.3.1 =ENMHRMEGKTIZSH
%81 BMTESK

Table 8.1 Processing Parameter of Models

HEALI
. i ™ IR B BT
==} arzyme X X
T WpH BN E ()
150)
. 1/8 (2080
Yo-mix187 5 DCU 5.11 15 3
IMCU) /100L
Yo-mix187 5 DCU 1/8 (2080
4.91 15 3
Ind-1 2% IMCU) /100L
Yo-mix 187 5 DCU 1/8 (2080
5. 18 15 3
Ind3 2% IMCU) /100L

7E: Ind-1 1 Ind3 PL 2% 4M M T 12% MR AR 2R b, 37 CHiFR R, W 248, BIRE N K E#
7.
8.3.2 WEEHI{EIEFEH pH E KW =
2 M 7 bl UEE, R0 Yo-mix187 1F 4 & BRI i1 Eiw) 18] &y 5h,
M7 Ind-1+ Ind3 5 Yo-mix187 BXA KM fa I VIR B4y 4h, 45%5 T 1h, HILE
B, TRAK Ind-1 A1 Ind3 (B98I0 AT 4 55 905 75 (0 D) 1 Bk 1]
8.2 WP HIAE I AR AN [F] IS [A) B FLER A pH A
Table 8.2 The pH of Curds in Different Time during the Cheese Making

H A B C
R} [

0 6.57 6.54 6.58
0.5 6.50D 6.490 6.500
1 6.45 6.44 6.43
1.5 6.33 6.29 6.30
2 6.26 6.24 6.23
2.5 6.19 6.10 6.16
3 6.10 5.84 5.96
3.5 5.72 5.51 5.61
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4 5.50 4910 5.189
4.5 5.36
5 5110

¥E:  A: Yo-mix 187 BikkAKE¥; B: Ind-1&Yo-mix 187 BES KM; C: Ind3&Yo-mix 187 Bi& kE%; O:
0t LB A) 5 @: Y)EGEFLLRA A
JERLFLWIAE pH N 6.88; KE GRS 42°CH pH{E N 6.5 EF .

7.0 1
6.5
6.0 r
——A
B5.5 =B
——C
5.0
4.5 r
4.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
1A Ch)
Kl 8.6 AN [ )AL ¥ 1) pH fE
Fig.8.6 The pH of Curds During in Different Time During the Cheese Making
8.3.3 M&KMEE (AW)
R 83 =TI R K IR (AW)
Table 8.3 The Final Water Activity of Three Kinds Fermentation Cheese
o Yo-mix187&
R Yo-mix187 Yo-mix187&Ind-1
Ind3
IKIPEEE CAW) 0.659 0.546 0.494

H# 8.3 ATLLEH, REIN Yo-mix187 15 A& B AT BE AR Th B & /K il N
0.659, T2 BN Ind-1. Ind3 5 Yo-mix 187 W& K % Jo i T FR R i B 22 B K 700 FE
BIBAR T, 43708 0.546 F11 0.494, LR BB R Ind-1 F1 Ind3 %oF BRAR T8 8 il (9 7K
I EAR — AR
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8.3.4 ;X
K 8.4 PP T 7 2
Table 8.4 The Yield of Three Kinds Fermentation Cheese
R SRR L R (kg) B s (kg) PR (%)
Yo-mix187 12.008 0.633 5.27
Yo-mix187&In
12.002 0.682 5.68
d-1
Yo-mix187&In
& 12.011 0.751 6.25

% 8.4 Fa[LLEH, ¥ Ind-1. Ind3 5 Yo-mix187 BES K o= R A frfi
1, AN Ind3 [ERCR B, P2 R IR IN Yo-mix 187 1E N R BEFIR 325 T 1L 1%,

8.4 ARE/NE

BRI N E TR E RS S, IIFEFLAT R Indl A1 Ind3 2 J5 L2245
A IR R], it R 7K 233 B AN = ZR A AN IR FE B e o ASHIE SO € 1 BT R I ol
EM L ZMAR, HOGRSHW T JFRFRBE &M 75°C, 15s, KEERFER 42°C
THR, 2 pH EMF 2 6.4~6.5 B INEEALEE, FHAIN 0.02%01) CaCly, #EFLIVIHF pH
B 4.8~5.2, MG 15h, ABIRAL, MTIREEN 50°C, 3d, FAERIR 15
o WNINEEPE Ind1 BC Ind3 5 Yo-mix187 BG K EESG, 4aka 1 UIRINT (], FEAK T 7=
ARG, $m T =%, A Ja AT 5T 8 S7E:

Ot — 25 25 7= i 1R AG F E1JRK

@I B 57 FIH Indl Al Ind3 HxF ARIIA s AEIER, fRftd—5m
I AR I8 A4 5

@Mt —BHET WIRKAE ] RV P B AR L, DL R X —RIRINE 78 X
HMRR(E B D0 B I ROR, T AR R A
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9. diitHRE

9. HILS5RE

AL AR GEBT SR W 57 18 HA 1K) 2 K I0RE FL AT 1R (Lactobacillus pentosus) Ind1 1 Ind3
NSER IR, WA F TR BN T WIS, R AR

9.1: ETUMEE. AR 16s rRNA MNREHE, 2 PRI 387 %  ~ b
AHFFEE, B Lactobacillus pentosus Ind1 A1 Lactobacillus pentosus Ind3.

9.2: PRKIZHEFLAT A Ind1 A1 Ind3 XV A& 10 BE A 55 47 AR BT RE ), A7 05 R HAE
80%LA b HE Akt A W — R B B R i L AN RO RE TS, BORE LT TR RS B
REJ) S RARIREE . RiFRIFIA] pH. 353708 B LA AE K Be s DIAH G, AR R I
HEHRA RS S T RNEE, EREAEIIEREN S REAWRRAZS5HMIER,
RGBT Be S AFAE R bR ZE e, BRIPR Ind3 JEoR 1 SE 47 RO R BT g

9.3: PR ICHEFLAT R BEFF S0 /N U IE R AHE R T ThRL, T ROR W LA4ERR 7d 72
s AW N o FUAT TR R 8 44 FL U 5 il A A R 1) s AR D RE

9.4: JRKEFNTEEAMN 2 OGN . AN . WIEERAZ R T IEE), ZMiER
AE P 2 T T 40 ) B S A e SR B o S 0 5 57 1) ) S A T A

9.5: PUMRICHEFLAT A BEW I8 A AT Xy — & TR (GABAD, ML AT Z
AT DAL HEALAT B Indl AT Ind3 ERKBEA TR GABA F“EideE 3 1%, oalikH
0.2647g/L 1 0.0677g/L. K5 FEFLAT T Ind1l F1 Ind3 5 Hodth A 1 G R G 25 o) 4% o B4
GeTW%, AT LA R T ISR B[], 8T M 5.27%3 = E 6.25%.

9.6: Zi b, HRIHAF PR I FLAT R R I 1 B O AE B B AIH SR EE T TN 52 7,
HATBIF ORI AT E /R T, Bet T B il A s A FH P4, e PR lin
B RAR K T & &, AT U FUE A A B0 1) GABA S8 FE DI RERLY

HAE— RS OO T IR I VEART s, AT DAV 9T £ 1) 73 A B B e R R F 217
LY/ IR PSS ey [N

9.7: H— PRI TAEREE:

(1) HATSRRY], MRIEHEER IR RA RKRZER, Bl TR AS BA W
WA e PR 22 At Xl ot A T A SE B B B B 7 S — 26 i A . T X — A
AR 352, HAEJyat B WA B st 2 9iE e, BRI i S — 20 R A Rl
PRI UE T2 K KR AR BT 28

(2) 15 EWpIEEFER TP ARR IR 2, i h AR TR CReal e T
M) SR, AMENBURY B ATA R SRS, BT UEA T — 2R RN,
ARt — 30 58 3 R FUAT PR D9 8 2 26 11 TR AR ) BRI AR A

(3) AW HEFAATH Indl A1 Ind3 HTIFEAR A1 KT 5278 LA BEAdE . WP 75 A2 1A
THITHREVEREAT T ARSI SRS, 5 b T4 N BE AR LR AR B A%, HOR B &5 e A7 16,
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i 2 B 22 [ AR I B R AIE 5K o
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iB)crB689-P_seqforward

{@ CTBE689-P_seqgforward

{@ CTB689-P segforward

4Bl crBeno-p_seqforward

4 cTBE89-P_seqforward

4@ CTB689-P_seqforward

{@ CTB&E9-P segforward

i

CTBEBS-P
"Untitled Project™"

Sequencher (tm)

#1 ACGCTGGOGE
#1 ACGCTGGCGG
#61 CATCATGATT
#61 CATCATGATT
121
£121 AGRAGCGGGEE
#181 GGTCCGAGTT
#181 GGTCCGAGTT
$#241 TRAGATGGTGG
#241 TRGATGGTGG
#301 GGCCACATTG
#301 GGCCACATTG
#361 CCACAATGGA
#361 CCACAATGGA

2007412 726

K Al

CGTGCCTAAT ACATGUAAGT

CGTGCCTAAT ACATGCAAGT

TACATTTGAG TGAGTGGCGA

TACATTTGAG TGAGTGGCGA

GATAACACCT GGARACAGAT

GATARCACTT GGARACACAT

TGARAGATGG

TGARRGATGG

CTTCGGCTAT

GGTARCGGCT CACCATGGCAR

GGTRACGGCT CACCATGGTA

GGACTGAGAC ACGGCCCRAR

GGRCTGAGAC ACCGCCCARR

CGRAAGT ATGGAGCRARC

CGAARGTCTG ATGGAGCARC

H

133

CGAACGARCT

CGARCGAACT

ACTGGTGAGT

GCTARATACCG

" CACTTTTGGA

ATGATACGTA

ATGATACGTA

CTCCTACGGE

CTCCTACGGG

GOCGCGTGAG

GCOGCGTGAS

Page 1 of 4

P ) 16S rRNA ZE[H 551 5 #7
Fig. A1 P The sequence of 16SrTRNA gene from P

CTGGTATTGA

CTGGTATTGA

ARCACGTGGG

ARCH

CATAACAACT

CATRACARCT

TGGTCCCGCE

GTCCCGCG

GCCGRCCTGR

GCCGRCCTGR

BCGCAGCAGT

AGGCAGCAGT

TCERAGRAGEG

TGARGAAGGG

TTGGTGCTTG

TTGETGCTTGE

AMMCCTGCCC

5 AARCCTGCCC

TGGRCCGCAT

TGGACCGCAT

GCGTATTAG

GAGGGTAATC

GRGGGTAATC

AGGGAATCTT

AGGGARTCTT

TTTOGGCTCG

TTTCGGCTCG
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q@ CTB689-P_seqforward

4@ CTBEBY9-P_seqforward

.@CTEEBQ—?_SEQIO:H& rd
@(:']'HGR 9-P_seqginternal

*@ CTBE6B9-P_segforward
‘ CTB689-P- seqinternal

1) crB689-P_seqinternal

q@ CTBEB9-P_seginternal

Sequencher (tm)

CTB685-P

#421 TAABRCTCTG TTGTTARRGR
#421 TAARMACTCTG TTGTTAAAGR
#481 TTARCCAGRARA RGCCACGGCT
#4861 TTARCCAGAR AGCCACGGCT
#541 CGTTGTCCGG ATTTATTGGS
»§1>
#541 CGTTGTCCGG ATTTATTGGG
#601 AGCCTTCGGC TCRAC

#35 AGCCTTCGGC TCAACCGARMG
#601 AGCCTTOGGC TCARCCGAAG

#95 CAGTGGRACT CCATGTGTAG
#661 CAGTGGAACT CCATGTGTAG
#155 CTGGTCTGTA
#721 CTGGTCTGTA
200?4‘-‘;12 H 26 I

"Untitled Project"

AGARACATATC TGAGRGTAAC

AGAACATATC TGAGAGTARC

AACTRACETGE CAGUAGUCGC

AACTACGTGC CAGCAGCCGC

CGTARAGCGA GOGCAGGCGSE

GCGR GOGCAGGCGSE

CGTARAGCGA GCOCAGGCGG

ARGTGCATCG GAARCTGGGA

ARGTGCATCG GAAACTGGGA

CGGTGRAARTG CGTAGATATR

CGGTGARATG CGTAGATATR

ACTGACGCTG AGGCTCGAAR

ACTGACGCTG AGGCTCGAAR

Page 2 ot 4
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Fig. A2 The sequence of 16STRNA gene from P

134

TGTTCAGGTA

TGTTCAGGTA

GGTAATACGT

GGTAATACGT

TTTTTTARGT

TTTTTTAAGT

TTTTTTAAGT

ARCTTGAGTG

AACTTGAGTG

TGGAAGARCR

TGGAAGARCH

GTATGGGTAG

GTATGGGTAG

TTGACGGTAT

TTGACGGTAT

AGGTGGCAAG

AGGTGGCAAG

CTGATGTGAR

CTGATGTGAA

CTGATGTGRA

CAGAAGAGGA

CAGARGAGGA

CCAGTGGO

CCAGTGGCGA

CRRACAGCAT

CARACAGGAT
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4EJcTBE89-P_seginternal

q@ CTB68Y9-P_seginternal

4B cTBE89-P_seqreverse

4E)crB689-p_seqinternal

{E)cTB689-P_seqreverse

q@ CTB689-P seginternal

'@ CTBEBS-P_seqreverse

.CTBEBQ-?__seqinr_e rnal

1@ CTBGBY9-P_segreverse

(B cTRERY-2_seginternal

'@ CTBEBI-P_seqreverse

CTB689-P

Sequencher (tm)

#21% TAGATACCCT
#781 TAGATACCCT
#275 CTTCAGTGCT
1>
#0841 CTTCAGTGCT
#335 PACTCARRGG
#35  RACTCARAGH
#201 ARCTCARAGG
#395 TACGCGRAGA
#95 TACGUGARAGA
#961 TACGCGAAGA
#455 CTTCGGGGAC
#155 CTTOGGGGAC
41021 CTTCGGGGAC
#515 GGTTARGTCC
8215 GGTTARGTCC
#1081 GGTTRAGTCC

2007412 pj 26

"Untitled Project™"

GGTRGTCCAT

GGTAGTCCAT

GCAGCTARCG

GCAGCTAACG

AATTGACGEE

ARTTGACGGE

ARTTGRCGGE

ACCTTACCAG

ACCTTACCAG

ACCTTACCAG

BTGGRTACAG

ATGGATACAG

ATGCATACAG

CGCARCGRGC

CGCRARCGRGT

COURRCGRAGE

Il

ACCGTAARCG

CATTARGCAT

GCAT

CATTRAGCAT

GGCCCGTACA

GGCCCGTACA

GGCCCGCACA

GTCTTGACAT

GTCTTGACAT

GTCTTGRCAT

GTGGTGCATG

GTGGTGCATG

GTGGTGCATG

GCARCCCTTA

GCARCCCTTA

GUARACCCTTA

ATGARTGOTR

ATGAATGCTA

TCCGOCTGEE

TCCGCCTGGG

TCCGCCTGGG

AGCGGTGGAG

AGCGGTGGAG

RACTATGCARA

ACTATGCAAR

RCTATGCRAR

GTTGTCGTCA

GTTGTCGTCA

BGTGTTGGAG

AGTGTTGGAG

GRGETACGGEC

GAGTACGGCC

GAGTACGGCC

CATGTGGTTT

CATGTGGTTT

; CATGTGGTTT

TCTARGRGRT

TCTARGAGAT

TCTAAGAGAT

GCTCGTGTCG

GCTCGTGTCG

GTTGTCGTCA

TTATCAGT

TTATCAGTT

TTATCAGTTG

Page 3 ot 4

B A3 P 1] 16S rRNA it K 5514 ¥t

135

GCTCGTGTCG

s CCAGCATTAA

CCAGCATTAR

CCAGCATTRR

Fig. A3 The sequence of 16SrRNA gene from P

SGTTTCCGCC

GGTTTCCGC!

GUARGGUTGA

GCAAGGCTGR

GCARAGGCTGA

ARTTCGRAGC

BATTOGARGT

AATTCGARGC

TRGACGTTCC

TAGRCGTTCC

TAGRCCTTCC

TGAGATGTTG

TGAGATGTTG

TGAGATGTTG

GTTGGGCACT

GTTGSGCACT

GTTGGGCACT
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CTB689-P
Sequencher (tm) "Untitled Project"

q@ CTB689-P seginternal #575 CTGGTGAGAC TGCCGGTGAC ARACCGGAGG ARGG

1@ CTB6893-P_seqreverse #275 CTGGTGAGAC TGCCGGTGAC ARAACCGGAGG AAGGTGGGGA TGACGTCAAR TCATCATGCC

$1141 CTGGTGAGAC TGCCGGTGAC ARACCGGAGG ARGGTGEGGA TGACGTCAAR TCATCATGCC

.' CTBEBS-P_seqreverse #335 CCTTATGACC TGGGCTACAC ACGTGCTACA ATGGATGGTR CARCGRGTTG CGRACTCGCG

£#1201 CCTTATGACC TGGGCTRCAC ACGTGCTACA ATGGATGGTA CARCGRGTTG CGRACTCGCG

‘@ CTB6EB9-F segreverse $395 AGAGTAAGCT AATCTCTTAA AGCCATTCTC AGTTCGGATT GTAGGCTGCA ACTCGCCTAC

#1261 AGAGTAAGCT AATCTCTTAA AGCCATTCTC AGTTCGGATT GTAGGCTSCR ACTCGCCTAC

; CGGTGAATAC GTTCCOGGGC

4E)cTBE83-P_seqreverse $455 ATGARGTCGG ARTCGCTAGT RATCGUGGAT CAG

$1321 ATGAAGTCGG AATCGUTAGT BATCGCGGAT CAGCATGCCG CGGTGAATAC GTTCCOGGGT

BRC

1@ CTBEG689-F_segreverse #515 CTTGTACACA CCGCCCGTCA CACCATGAGA GTTTGTRACA CCCARAGTCG

#1381 CTTGTACACA CCGCCCGTCA CACCATGAGR GTTTGTARCA CCCARAGTCG GTGGGGTAAC

¥

1@ CTE689-P_segreverse €575 CTTTTAGGAA CCAGCCGCCT AAGGTGGGAC AGATGATTAG GG

#1441 CTTTTAGGAA CCAGCCGCCT ARGGTGGGRC ACATGATTAG GGG

2007412 26 Page 4 ot 4

Kl A4 P 16S rRNA LR F 51547 4
Fig. A4 The sequence of 16SrTRNA gene from P
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12 23 B 15 56 67 78 89 100 11 122
_.’ __ ﬁ
BCATGCTGATCCGCGATTACTA mnn,-:_“n._.;.:r GGCCAGTTGCAGCCTACAATCCGAACTGAGAATGGCTITAAGAGATTIAGCTTACTCTCGCGAGT TCGCAACTCGTTGTACCATCCA]
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JEJcTB689-Ina_seqforward

;@ CTB689-Ind segforward

{EaCTBGBSfIndiseqforward

anCTBGES-IndiseqforwaId

4E)cTB6E9-Ind_seqforwazd

q@ CTBG&EY-Ind_seqforward

q@ CTB689-Ind segforward

Sequencher (tm)

#1

#1

#61

$121

¥121

181

#181

$241

241

#301

$301

#361

#3061

CTB689-Ind

ACGCTGGCGG CGIGCCTAAT

ACATGCAAGT

ACGCTGGCGE CGTGCCTAAT

CATCATGATT TRCATTTGAG

ACATGCAAGT

TGAGTGGCGA

CATCATGATT TACATTIGAG

AGARGOGEGE GATAACACCT

AGAAGCGEGE GATAACACCT

GGTCOGRGTT TGRAAGRTGG

TGAGTGGCGA

GGRAACAGAT

GGRRACAGAT

CTTCGGCTAT

"Untitled Project!"

CGAACGAACT CTGGTATTGA TTIGGTGCTTG

CGARCGAACT CTGGTATTGA TTGGTGCTTG

ACTGGTGAGT AACACGTGGG ARACCTGCCC

ACTGGTGAGT AACACGTGGG ARACCTGCCC

GCTAARTACCG CARTAARCARCT TGGACCGCAT

GCTAATACCG CATARCARCT TGGRACCGCAT

CACTTTTGGA TGGICCCGLG GUGTATTAGC

GOTCCGAGTT TGARAGATGG

TAGATGETGA GETARCGGLT

CTTCGGCTAT

CACCATEGCA

TAGATGETGA GGTAACGECT

GGCCACATTG GGACTGAGAC

CRCCATGGCA

ACGGCCCAAR

GECCACATTG GGALTGAGAC

CCACAATGGA CGARAGTICTG

CCACAATGGA CGARACGTCTG

200712526 H

K B1

ACGGCCCRAA

ATGGAGCRAC

ATGCAGCARAC

CACTTTTGGA TGGTCUCGOG GOGTATTAGS

ATGATACGTR GCCGACCTGA GAGGETAATC

ATCGATACGTA GCCGACCTCA GRAGGGTAATC

CTCCTACGGE AGGCAGCAGT AGGGAATCTT

CTCOTACGGE AGGCAGCAGT AGGGAATCTT

GCCGLGTGAG TCAAGARGGE TTTCGGCTCG

GCCGUGTGAG TGAAGRAGGG TTTCGGCTCG
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Fig. B1 The sequence of 16SrRNA gene from Ind3
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Sequencher (tm)

{@CTBGBE’—Ind_Sequrward #421
$421
AEBICTB689-Tnd segforward  #4B1
#481
1EaCTB689fIndiseqforward #541
4@CTBEBQ—Ind_seqinterna1 >31>
#541
(EJcTBees-Ind segforward  #801
qEﬂCTBSBB—Indiseqintarnal $#35
#001
{EﬂCTBEBQ—Ind_seqinternal #95
%661

4E§CT5689—Indkseqinternal 155

$721

200742312 H26H

CTB689-Ind

TARBACTCTG TTGTTAARGA AGARCATATC

TAARACTCTG TTGTTARAGA AGAACATATC

TTARCCAGAR AGCCACGGCT BACTACGTGC

TTARCCAGAR AGCCACGGCT AACTACGTGC

COTTGTCCGE ATTTATTIGEG CGTARAGCGA

GCGA

CGTTGTCCGG ATTTATTIGGG CGTARAGCGA

AGCCTTCGGC TCAACCGALG

AGCCTTCGGE TCAACCGARG ARGTGCATCSE

AGCCTTCGGC TCARCCGAAG BAGTGCATCG

CAGTGGRACT CCATGTGTAG CGGTGRAATG

CAGTGGARCT CCATGTGTAG CGGTGAAATG

AGGCGGCTGT CTGGTCTGTA ACTGACGCTG

AGGCGECTGT CTGGTCTGTA ACTGRCGCTG

"Untitled Project"

TGAGAGTARGC

TGAGAGTARAC

CAGCAGCCGC

CAGCAGCCGC

GCGCAGGCGE

GCGCAGGCGG

GCGCAGGCEG

GRARCTGGGR

GARACTGGGA

CGTAGATATA

CGTAGATATA

AGGCTCGAAA

AGGCTCGRRA
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TGTTCAGGTA

TGTTCAGGTA

GGTAATACGT

GGTAATACGT

TTTTTTARGT

TTTTTTARAGT

TTGACGGTAT

TTGACGGTAT

AGGTGGCAAC

AGGTGGCRAG

CTGATGTGAA

CTGATGIGAA

TTTTTTAARGT

BACTTGRGTG

ALCTTGAGTG

TGGARGRACH

CTGATGTGAA

CAGARAGAGGR

CAGABGAGGA

CCRGTGGCGA

TGEGAARGARACH

GTATGGGTAG

GTATGGGTAG

CCRGTGGCGA

CAARCAGGAT

CARARCAGGAT
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CTB68S-Ind
Sequencher(tm} "Untitled Project"

q@CTBGBSfInd_seqinternal #215 TAGATACCCT GGTAGTCCAT ACCGTAAACG ATGAATGCTA AGIGTTGGAG GGTTTCLGCC

#7681 TAGATACCCT GGTAGTCCAT ACCGTAAACG ATGAATGCTA AGTGTIGGAG GGTTTUOGCC

‘EI CTB689-Ind seqginternal #275 CTTCAGTGCT GCAGCTRACG CATTAAGCAT TCCGCCTGGG GAGTACGGCC GCAAGGCTGA

1@CTBGBS—Ind_seqreverse »kiz ATTARGCAT TCCGCCTGGE GAGTACGGCC GCRAGGCTGA

#EB41 CITCAGTIGCT GCAGCTRACG CATTRAGCAT TCCGCCTGGG GAGTACGGCC GCAAGGCTGA

]@ CTBE8Y9-Ind seginternal #3353 RACTCAMAGG AATTGACGGG GGCCCGCACA AGCGGEGGAG CATGTGGITT ARATTCGAAGC

1@ CTBEB9-Ind seqgreverse #40 ARCTCARARGG RATTGACGGG GGUCCGCACRA AGCGGTGGAG CATGTGGITT AATTCGARGC

#901 ARCTCABRAGG AATTGACGGG GGCCCGCACR AGCGGTGSAG CATGTGGTTT ARTTUGARGC

{@CTBﬁBQ—Iﬁdiseqinternal #395 TACGCGRAGAR ACCTTRCCAG GTCTTGACAT ACTATGCARA TCTRAGRGAT TAGACGTTCC

1@ CTBE8Y-Ind segreverse #100 TACGCCGAAGA ACCTTACCAG GTCITGACAT ACTATGCAAR TCTARAGAGAT TRAGACGTICC

#961 TRCGCGBAGA ACCTTACCAG GTCTTGACAT ACTATGCARAR TCTAAGRGAT TAGACGTTCS

{@ CTBEBY-Ind seginternal #4553 CTTCGGGGAC ATGGRTACAG GTGGTGCATG GTTGTCGTCA GCTCGTGTCG TGAGRIGITG

1@CTE68 9-Ind_segreverse #160 CTTCGGGGAC ATGGRTACAG GTGGTGCATG GTTGTCOTCA GUTCGTEICG TGAGATGTTG

#1021 CTTCGGGGAC ATGGATRCRG GTGGTGCATG GTTGTCGTCR GCTCGTGICG TGAGATGTTG

1@CTBGB9*Indiseqinternal #3515 GGTTARGTCC CGCAACGAGC GUARCCCTTA TTATCAGTTG CCAGCATTAR GTTGGGCACT

1@(‘:TBGB9—Ind_seqreverse #220 GGTTAAGTCC CHGCAACGAGC GCARCCCTTA TTATCAGTTG CCAGCATTAR GTITGGGCACT

#1081 GGTTRAGTCC CGCAACGAGC GCARCCCTTA TTATCAGTTG CCAGCATTAR GTTGGGCACT

20071283261 Page 3 of 4
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Fig. B3 The sequence of 16SrRNA gene from Ind3
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Q@CTBGBBfIndiseqlnternal #575

1@ CTEE89-Ind_seqreverse

1@ CTB6E89-Ind_seqreverse

‘@ CTBEBS-Ind segreverse

1@ CTB6BI-Ind seqreverse

4@ CTBEB9-Ind_segreverse

1@CTBGBQ—Ind_seqreverse

CTB689-Ind
"Untitled Project"

Sequencher (tm)

BRRCCGGAGH RAGGTGGGGA

ARACCGGRAGG ARGGTGGGGA

BAARCCGGAGS AAGGTGGGGA

BCGTGCTACA ATGGATGGTA

fies

TGACGTCARA TCATCATGCC

TGACGTCARE TCATCATGCC

CRACGAGTTG CGRACTCGECG

RCGTGCTACA ATGGATGGTA

BRGCCATTCTC AGTTCGGATT

CARCGAGTTG CGRACTCGCG

GTAGGCTGCE ACTLGCCTARC

BGCCATTOTC AGTTCOGGATT

AATCGCGGAT CAGCATGCCG

AATCGCGGAT CAGCAIGTCG

CACCATGAGA GTTTGTAACA

CACCATGAGE GTTTGTAARCA

BAGGTGGGAC AGATGATTAG

CIGGTGAGAC TGCCGGTGRC
#280 CTGGTGRGAC TGCCGGTGRC
#1141 CTGGTGRGAC TGCCGGTGRAC
#340 CCTTATGARCC TGGGCTACAC
#1201 CCTTATGACC TGGGCTACAC
#400  ACAGTARGCT AATCTICTTAR
#1261 AGAGTRAGCT AATCTCTTAA
#4600 ATGAAGTCGG AATCGCTAGT
#1321 ATGRAGTOGG AATCGCTAGT
#520 CTTGTACRCA CCGCCCGTICA
#1381 CTTGTACRCA CCGCCCGICA
#580 CETTTAGGAA CCRAGCCGLCT
#1441 CTTTTAGGAAR CCAGCCGCCT
200 7ﬁ'g|gl 2 H 26 H

BRAGGTGGGAC AGATGATTAG
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Fig. B4 The sequence of 16SrRNA gene from Ind3
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GTAGGCTGCA ACTCGCCTRC

CGETGARTAC GTTCCCGGET

CGITGARTAC GTTCCCGEGET

CCCARAGTCG GTGGGGTAAC

CCCABAGTCG GTGGGGTRAC

GG

GG
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>w )—uw__o.nﬂ:._m CTB689-Ind_seqreverse Inst Model/Name 3730/3730XL-N01-17119-009
o._.wamw._znlmonaéam +L.muw.m8u8”mmﬂ€.nm._.

SIN G:122 A:131 T:131 C:190 KB_3730_POP7_BDTv3.mob +=H 25,2007 10:17 F %, CST

KB.bcp Pts 2150 to 11200 Pk1 Loc:1987 Spacing:15.14 Pts/Panel1500

KB1.2 Cap:22 Version 5.2 Patch2 HiSQV Bases: 613 Plate Name: 20071225N01R02

e CC TAATCATCT GTCCCACC TTAGGCGGCTGG T TCCTAAAAGGTTACCCCACCGACTT TGGGTGTITACAAACTCTCATGGTGTGACGGGCGGTGTGTACAAGGCCCE GG AACGTATTCACCGCG)
12 23 3 45 56 67 8 89 100 11 122

u_ R * ! \

GCATGCTGATCCGCGA _:_mnnt_.,nnm;_.._.m:m:nnnn_.n__an GCCTACAATCCBAACTG AGAATGBC TTTAAGAGATTAGC TTACTCTCGCGAGTTCGCAACTCBTIGTACCATC

133 144 166 177 188 199 210 221 232 243

.__.....___....r \CGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCA rnmﬁ.nn__nﬁ_ﬁﬁnn___n_ﬁ.nﬂﬁ.nﬂ n_ﬁ._n.rn,__u..n._nﬁnn..n__.,_._mn._nnn:_n._n__A_._._
254 265 276 287 298 309 320 331 342 353 364

\l _r:::,_;:_E;:::._::._?.F ::E_EE:::::,:_:L:_: U AP

GGTTGCGCTCBTTGCGGGACTTAACCCANCATCTCACGACACGAGCTGACGACAACCATECACCA \CCTGTATCCATGTCCCEGAAGGGAACGTCTAATCTC “_..a,u__nﬁ__.m.__._n_ﬁ_.n_
386 397 408 419 430 441 462 163 a7 485 496

oo o oo e

KCTGGTAAGGTTCTTCGCGT AGCTTCGAATTAAACCACATGCTCCACCGCT TGTGCGGGCCCCCGTCAATTCCT TTGAGTTTCAGCCTTGCGGCCGTAC TCCCCAGGCGGAATGCTTAAT
507 518 529 540 53l 562 573 584 595 606 617
VA [V N\ /\ [V A i 4 0
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CTB689-Ind_seginternal = 25,2007 09:53F %, CST

S/N G:201 A:220 T:157 C:224 KB_3730_POP7_BDTv3.mob +_-A 25,2007 10:17 F %, CST
KB.bcp Pts 2245 to 11200 Pk1 Loc:1985 Spacing:15.07 Pts/Panel1500
KB 1.2 Cap:24 Version 5.2 Patch2  HiSQV Bases: 616 Plate Name: 20071225N01R02
GC GAGCGCAGGCGGTTITTTARGTCTGATGT GANAGCCTTCGGC TCAACCGAAGAAGTGCATCGGAAACTGGGANACTIGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTE AMATGE
1 56 100 111 122

n..____,___...ﬂ».,m_,n ﬁ..., GTIGGC .._._nm_n__..nn_w_uﬂ—ﬂn_ﬂ_n____..._n_.nmn.:.:.ﬁn__:m_‘_._.,n_:nﬁm.ﬂ_nﬂ,,._..._.no,__Haﬂ,._.ﬁ m._nm._..nﬂnm.___:un_.,..__.fnﬂ,__w..._‘__n.

=
144 155 177 188 210 221 243
H.,n_n:aﬁ.,mnn:_:enqm:wm TGCTGCAGC TAACGCATTAAGCATTCCGCCTGGEG A GTACGGCCGCAAGGL TGAAMCTCAAAGGAATTGACGGGGGCCCECACAAGCGETGGAGCA
254 265 276 287 298 09 20 331 342 353 364 a7s

| :_—::r::_:: :::L:::.E:E.:.:::::___:_: :r:::ri.::::E::::.E::::::: A\

TCGAAGCTACGCGAAGAACCTTACCAGGTCTTGACATACTATGCAAATCTAAGAGATTAGA CETTCCCTTCGGGGACATGGATA \CAGGTGGTGCATGGTTGTCGTCAGCTCGTGT|

GTGGTT
386 397 408 419 430 441 152 463 A7 485 496
CGTGAGATGITEGGTTAAGTCCCGCAACGAGCGCANCCCTTATTATCA GTTGCCAGCATTAAGTTGGGCACTCTGGIGAGACTGCCGGTOGACANACCGGAGGAAGGTGGGGATG
s07 518 529 540 551 562 873 584 595 606
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12 23 M 78 111 122
VAN __ __: :_; _

..:....... il ey :r_::_.s,_?r.;Ei_ U U o L U
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I :::LEE%:: AN EE__EE:..:;: N A U ,_EE::: b

o._.._.,nnn_:n;...mﬂ....,_,:n.n._._;m._.:nn._._n_‘.nn__nn_m._a...nan_. TCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGEA GGCAGCAGTAGGGAATCTTCCACAATGGACGANAGT

254 265 276 287 288 309 320 331 342 353 364 475

Al ::::Er,,,_,_:_E;_J A\l AN .::.;;,::2;:. AV AV AW Wi WA gl AV

A_n_,._ﬁn_nn..ﬁnnnnnﬁ_o \GTGAAGAAGGGTTTCGGCTCGTAAAACTCTGTTGTTANAGA .n_l.,.__ CTGAGAGTAA .nn:n..om.__ _.__...“.,nno_...__._-,._”.n”lnﬂnnﬁﬁ ACGGCTAAN
386 67 A08 418 430 141 452 463 174 485 496
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ABSTRACT

Two Lactobacillus pentosus strains, Ind1 and Ind3, were isolated from a traditional Chinese
cheese product called Naigeda, collected from Xinjiang region of China. Since there is little
information regarding the probiotic properties of L. pentosus strains, this study was designed to
provide more supporting data for L. pentosus as a potential probiotic strain application.

The physiological properties of the two L. pentosus strains, Ind1 and Ind3, such as the in vitro
test on the intolerance under the gastro-intestinal environment, the ability of adherence on the
intestinal epithelium were studied. Their intolerance as well as inhibition and degradation ability
under presence of pre-carcinogenic substances existing in human gut such as phenol, p-cresol and
indole at different concentrations were also determined. The effects of the two L. pentosus strains on
modulation of the mice intestinal micro flora, by oral administration of 10°cfu/ml of strains in 0.5ml
of skim milk, were investigated: the amounts of Lactobacillus spp., Bifidobacterium spp.,
Enterobacilli, Enterococcus and Clostridium perfringens in the feces of mice during and after the
feeding of probiotic strains were counted. Furthermore, the technological properties of the two L.
pentosus strains on their GABA producing ability were studied: the medium and process parameters
optimization was carried out in order to try to obtain the highest GABA content in the fermented
dairy products.

Results showed that the two L. pentosus strains had high survival rates (higher than 90% in acid
and 80% in bile solution). The adhesive ability is strain independent: Ind3 adherence was
comparable with those of two commercial probiotic strains (NCFM and Lp115). Indl and Ind3
showed good resistance mutagenic substances phenol, p-cresol, indole at concentration below 150
pug/mL). Indl and Ind3 also showed certain effect on promoting the increase of Lactobacillus and
Bifidobacteria counts, and inhibiting the growth of Enterobacilli and Clostridium in mice gut. These
results displayed positive properties that the two L. pentosus strains can be good candidates to be
used as probiotic strains potentially used in dietary supplement application or Chinese-style dairy

products.

Key words : Lactobacillus pentosus; y-Aminobutyric acid (GABA); Adherence; Intestinal flora;
Phenol; P-cresol; Indole; Mutagenic substance.



INTRODUCTION

Two Lactobacillus strains were isolated from Chinese traditional Xinjiang cheese, namely
Lactobacillus pentosus Indl, Ind3. As there is little information and less report regarding the
probiotic properties of Lactobacillus pentosus strains, This study was designed to assess these two
strains regarding their ability of tolerance in a simulated intestinal environment: To assess the
tolerance of these two strain to human gastrointestinal environment in vitro, these two strains were
tested in solutions simulating human gastric and intestinal conditions. To test their adhesive ability
to intestinal mucosa, Caco-2 cell model was used to evaluate the possible factors affecting their
adhesion, including bacterial cell growth stage, pH, and temperature. Association of adhesion with
surface protein or S-layer protein was also studied.

Phenol, p-cresol, indole, were selected at three concentrations to evaluate the growth and
survival ability of these two Lactobacillus pentosus strains.

The effects of the two Lactobacillus pentosus strains, Ind1 and Ind3, on modulation of the mice
intestinal micro flora, by oral administration of 10°cfu/ml of strains in 0.5ml of skim milk, were also
investigated by analyze of the amounts of Lactobacillus spp., Bifidobacterium spp., Enterobacilli,

Enterococcus and Clostridium perfringens in the feces of mice.

Part . Isolation and Identification of Lactobacillus pentosus strains.

Two strains of L. pentosus, Ind1l and Ind3, isolated from Chinese traditional Xinjiang cheese
product called “Naigeda”, based on their morphological, physiological-biochemical properties (Fig.
1.1 and 1.2) as well as 16s DNA sequence data (Fig. 1.3 and 1.4), were identified as Lactobacillus
pentosus. Right now they are collected in China Industrial Cultural Collection (CICC, Beijing,

China).



Fig. 1.1 and 1.2 : Microscopy photography of Indl and Ind3
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Fig. 1.4 PCR product by using -1 and -3 specified primers
Fig. 1.3 The purified 16S rDNA

gene from Ind1 and Ind3 strain

Part Il. Vitro test of tolerance/adherence study and potential mechanism

Since the viability and activity of probiotics are needed at the lower digestive tract, these
organisms should withstand the adverse conditions encountered in the host’s upper gastrointestinal
tract (GIT) (Kotsou M G et al., 2008; Tannock G W, 1999). However, many probiotic bacteria lack
the ability to survive the harsh acidity and bile concentration commonly encountered in the GIT
(Annuk H et al., 2003; Frece J et al., 2005; Mack D R et al., 1999; Lahtinen S et al.,2009; Greene J
D et al., 1994). All bile, depending upon its concentration, can inhibit the growth of bacteria. Bile
acids inhibit many Gram-positive probiotic organisms such as Bifidobacterium and Lactobacillus
genera; therefore, the ability to adhere to intestinal mucosa is considered as an important selection
criterion for lactic acid bacteria (LAB) used as probiotics (Ouwenhand et al., 2002; Schneitz C et al.,
1993).

The ability of the 2 L. pentosus strains to resist artificial gastrointestinal stresses, and their
adhesive properties to the intestinal epithelium was evaluated (Table 2.1; Figures 2.1 and 2.2); the
possible factor influencing the adherence of two L. pentosus strains was also investigated.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Annuk%20H%22%5BAuthor%5D�

2.1 Resistance on acid, gastric juice and bile solution

Strain pH Oh 2h 3h 4h
Indl 35 8.13+0.11 8.05+0.12 8.00+0.07
8.00+0.09 7.9540.05 7.93£0.07"
25 8.43£0.15 7.99+0.07 7.88£0.09" 7.71x0.12"
2.0 7.92+0.11" 7.82+0.08" 7.53+0.14"
1.5 4.05£0.10™ - -
Ind3 35 8.08+0.08 8.02£0.07 7.93+0.04
3.0 8.00+0.24 7.834£0.15" 7.73+0.14"
2:5 8.43+0.16 7.64+0.12" 7.61£0.13" 7.56+0.14"
2.0 7.4140.08" 6.84+0.12™ 6.58+0.16™
1.5 - - -

Table 2.1 Survival of Ind1 and Ind3 after a stay (2, 3 or 4 hours) in different pH solutions.
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Fig. 2.1: Intolerance on simulated intestinal juice Fig. 2.2: Intolerance on bile

The viable counts of two Lactobacillus pentosus strains, Ind1 and Ind3, were enumerated after
grown in the gastric juice of pH 2.5, intestinal juice of pH 6.8 and 0.50% concentration of bile salt at
37°C for 4h.

Vitro test results showed that Lactobacillus pentosus strains Ind1 and Ind3 has high survival

rate (>90% in acid solution and >80% in bile solution respectively), which means they had strong
resistances to harmful gastrointestinal environments. Individually, the intolerance of Indl was

slightly better than Ind3.



2.2 Adhesion assays on Caco-2 cells

Bacterial adhesion tests on Caco-2 cells (ATCC 2102-CRL) monolayer were carried out in
24-well tissue culture plates (Collado M C et al., 2005; Marteau P et al., 1997). (Fig. 2.3)

Four lactobacillus strains (Ind1, Ind3 and two commercial strains Lactobacillus acidophilus
NCFM, Lactobacillus plantarum Lp115, obtained from Danisco A/S) adhering to the epithelial cells
were observed under inverted microscopy as dark purple rods. Twenty microscopic fields were
randomly counted to assess the number of bacteria attached to Caco-2 cells. The average number of
bacteria (+ standard deviation) adhering per 100 cells were calculated from these data and defined as
the adhesion index (a measure of adhesiveness of a strain). The adhesive index of all four probiotic
strains is summarized (Table 2.2).

Table 2.2. Adhesion of four probiotic strains to Caco-2 cells

Bacteria No. of adhesion
Lactobacillus acidophilus NCFM 873+44
Lactobacillus plantarum Lp115 934+41
Lactobacillus pentosus Ind1 545+31*#
Lactobacillus pentosus Ind3 790+29

Each adhesion assay was conducted in duplicate with cells from three successive passages. Adhesion assays
were monitored after 2h of incubation. The table presents mean numbers + standard deviation of bacteria adhering
per 100 epithelial cells. *: P<0.05, **: P<0.01 compared with NCFM; #: P<0.05, ##: P<0.01 compared with
Lp115.

= ~ . o e i vy 0 . S 4 Z e, '!-L =1
Fig. 2.3 Adhesion of four probiotic strains to Caco-2 cell monolayer observed using light microscopy
after Gram-staining. (magnification 2000x).



Result shows that comparing with two commercial probiotic strains NCFM and Lp115, Ind3 is
comparable but Ind1 had a relatively poor adhesiveness, and its live cells adhered per 100 epithelial
cells were only 431.0 + 28.16, while Ind3 were 830.5 + 19.46.

2.3 Potential factors influencing the adherence ability

Caco-2 was used as the model and the potential factors influencing the ability of adherence
such as growing phase of bacteria, pH, temperature and cell count were studied (Deepika G et al.,
2009; Blum S et al., 1999; Dunne C L et al., 1999).

Impact of strains at different growth phase on the ability of adherence was evaluated under
following steps:

1) Anaerobic incubated the two strains at 37°C for 8 h, 18h and 26h respectively,

2) Centrifuge and standardize the cell count to 1x10° cfu/ml.

3) Added 2ml of each suspension into the 24-well tissue culture plate, and then incubated in the
CO; incubator at 37°C for 2 hours.

4) Counting the adherence cells and calculating (Table 2.3.1)

Impact of pH, ranging from 4 to 8, on the adherence was showed in Table 2.3.2. Impact of
temperature on the adherence (Table 2.3.3) was tested at 4°C, 37°C and 45°C respectively. Cell
counts were standardized at 1x10° cfu/ml, after 2 hours adherence, checking the adherence cell
count.

Impact of the cell activity was established comparing the adherence between the viable and the

non-viable bacteria (Table 2.3.4).

Table 2.3.1 Effect of growth stage on Lactobacillus adhesion

Growth stage No. of adhesion
t/h L. pentosus Ind1 L. pentosus Ind3
8 293.1+23 748126
18 431429 830+20
26 537427 931420

Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. *: P<0.05,
**: P<0.01 compared with 8h



Table 2.3.2 Effect of pH value on Lactobacillus adhesion

pH No. of adhesion

L. pentosus Indl L. pentosus Ind3
8.0 326.6+30.42 539.5+33.50
7.0 431.0+28.16 830.5+19.46
6.0 459.5+24.92" 917.8+36.32"
5.0 534.2427.22" 933.2422.16"
4.0 506.0+£24.00" 955.5+29.78"

Table 2.3.3 Effect of temperature on Lactobacillus adhesion

Temperatur No. of adhesion
e (C) L. pentosus Ind1 L. pentosus Ind3
4 261.2432.36° 538.6+29.58"
37 431.0+£28.16 830.5+£19.46
45 304.0+£31.24 814.1+23.37

Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. *: P<0.05, **: P<0.01 compared with 37°C.

Table 2.3.4 Effect of the living being state on Lactobacillus adhesion

Living state No. of adhesion
L. pentosus Ind1 L. pentosus Ind3
Live culture 431.0+28.16 830.5+£19.46
the heat-killed 405.0+30.24 839.1+24.59

Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. *: P<0.05, **: P<0.01 compared with

the living forms

The results showed that the adhesion ability of 2 L. pentosus strains depended greatly on their
cell counts and incubation time. In vitro, a cell concentration of 1x10%cfu/mL for 2h-incubation was
proved to improve significantly the adhesion. Moreover, pH, temperature and the growth phase also
have an impact on the adhesive effect. A heat treatment (at 100°C for 20min) was supposed to kill
the live culture,which assuming to cause lower adhesive index. However, the adhesive ability was

almost the same as live culture for both Ind1 and Ind3. (431.0 cells versus. 405; and 830.5 versus.

839.1).



2.4 Potential mechanism of adhesiveness

The potential mechanism on adhesiveness of these two L. pentosus strains was investigated on
functionality of metabolites, surface protein, and s-layer protein components:

Surface protein was removed by treatment of trypsin (11800U/mg) and proteinase K on the
bacteria, and comparing the influence on the adherence with untreated bacteria (Kos B et al., 2003;
Steer T et al., 2000).

The S-layer proteins was extracted to compare the difference of adherence ability: Ind1 and Ind3
has been centrifuged at 6000rpm/min for 15min, washing twice by PBS, re-suspending the bacteria
cell by adding 5mol/L lithium chloride at 4°C for 60min and then centrifuge at 1200rpm/min for
15min to get the bacteria cell (Lortal S et al., 1992; Ohashi Y et al., 2009). Standardize cell count
into 1x108 cfu/mL and do the adherence test to compare the difference (Table 2.4).

Table 2.4. The effects of different treatment on adhesion

Different No. of adhesion Decrease on adhesion
treatment mg/mL (%)
L. pentosus L. pentosus L. pentosus L. pentosus
Indl Ind3 Indl Ind3

Control - 431.0+28.16 830.5+19.46

Trypsin 2.5 67.3+20.70™ 190.7+19.80™ 84.5 77.1
Proteinase K 2.5 114.4426.34"  226.2+23.91" 735 72.7

Lithium chloride 5 417.5+28.16 780.7£26.11 4 5.9

Note: The table presents mean numbers + standard deviation of bacteria adhering per 100 epithelial cells. Each value is the
mean of values from three experiments. *: P<0.05, **: P<0.01 compared with the control group.

As shown in Table 2.4, the adhesion ability of L. pentosus Indl and Ind3 decreased
dramatically after treated by trypsin and proteinase K (P<0.01). The adhesion index of two strains
was decreased by over 70%. It implies that the surface protein of the two strains could be related to
adhesion ability.

It seems that there was no significant difference (P>0.05) after treatment of lithium chloride:
the decrease of adhesion was less than 10%, which implied that after removing S-layer protein from
the cell, the adhesive ability had no big change. The conclusion was that S-layer protein could be or
not involved in the adhesion of these two lactobacillus bacteria depending on the strain.



Part I11. Inhibition of mutagenic/ pre-carcinogenic agents by Lactobacillus pentosus strains

Some intestinal bacteria can produce many genotoxic, mutagenic and carcinogenic substances.
The major products of the bacterial aromatic amino acids fermented phenolic and indolic compounds,
which are responsible for colon cancer development, are accumulated in the colon (Nowak A et al.,
2006; Fooks L J and Gibson G R, 2002).

The effect of phenol, p-cresol and indole (5, 50 and 150 pg/mL doses) on growth and survival
of selected LAB was studied. The ability of two Lactobacillus pentosus strains, Ind1 and Ind3, on
reducing the amount of phenol, p-cresol and indole potentially existing in the intestinal tract was also
evaluated.

3.1 Tolerance on different concentrations of precarcinogenic substances.

The impact of phenol, p-cresol and indole (5, 50 and 150 pg/mL doses respectively) on the growth
and survival of probiotic strains L. Pentosus Ind1 and Ind3 was studied and result showed in Figures

3.1.1t0 3.1.6.
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Fig. 3.1.1 Tolerance of strain Ind1 to different precarcinogenic substances at concentration of Spg/mL.

The results showed that even if there is no presence of any precarcinogenic substances, there
was still 2 logs of decrease after 100hours, therefore there is no more impact on the survival of Ind1
after incubated together with all the substances (phenol, p-cresol and indole) at low concentration.
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Fig. 3.1.2. Tolerance of strain Ind1 to different precarcinogenic substances at concentration of 50 pg/mL.
There was still no significant effect on the cell count of Indl at the concentration of 50 pg/mL.
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Fig. 3.1.3 Tolerance of strain Ind1 to different precarcinogenic substances at concentration of 150pug/mL.

At concentration of 150ug/ml, there was obviously impact on the cell count especially for

p-cresol and Indole. Comparing to the control (no presence of any precarcinogenic substance), there

are almost 1.5 log lower after adding p-cresol and more than 0.5 log lower in cell count when

co-incubate with indole after 100 hours.
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Fig. 3.1.4 Tolerance of strain Ind3 to different precarcinogenic substances at concentration of 5ug/mL.

Results showed that there was no impact for all the substances (phenol, p-cresol and indole) at

low concentration (5 pg/mL) comparing to the control (no any precarcinogenic substances)
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Fig. 3.1.5 Tolerance of strain Ind3 to different precarcinogenic substances at concentration of 50ug/mL

Fig. 3.1.5 showed that at concentration of 50 pug/mL, only phenol had some impact on the

growth and survival of strains, there was 1 log lower in cell count comparing to control after

incubated for 120 hours together with phenol. But there is no difference of cell count between

control and adding p-cresol and indole after co-incubated for 144 hours.
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Fig. 3.1.6 Tolerance of strain Ind3 to different precarcinogenic substances at concentration of 150pg/mL

Fig. 3.1.6 showed that at concentration of 150 ug/mL, the growth and survival of strains was
impacted by all the substance: p-cresol, indole especially phenol. There are 0.5 log lower of cell
count after 144 hours by adding indole and p-cresol in cell count comparing to the control; and there
are more than 1 log lower of co-incubated with phenol for 144 hours comparing to the control.

Conclusion:

At concentration of 5 ug/mL, there is no impact on the two L. Pentosus strains, Ind1 and Ind3,
by presence of either phenol, p-cresol or indole, while they were influenced by 150 pg/mL of above
three substances (1 to 2 log decrease comparing to the control). Specifically, there was an obvious

impact on Ind3 at 50 ug/mL of phenol presence but no impact on Indl.

3.2 Ability of absorbing and reduction of precarcinogenic substances by L. pentosus

strains

Normally there are 50 to 100 mg/d volatile phenols in human’s urine, mainly phenol (9.8 mg/d)
and p-cresol (51.8 mg/d) (Tamm A and Villako K, 1971; Bone E et al., 1976; Bieniek G, 1996).
Recent research found that lactic acid bacteria had a degradation effect on those mutagenic
substances such as phenol, p-cresol and indole and indirectly help the decrease of adhesion: less
than 10% of decrease and the effect of inhibition on colon cancer (Nowak A and Libudzisz Z,
2006). Phenol, p-cresol and indole were added at concentration of 5 and 50 respectively, into MRS

medium to evaluate the absorbing and degradation ability of the probiotic strains L. Pentosus, Ind1

13



and Ind3, and of another commercial probiotic strain: Lactobacillus plantarum Lp115 (Table 3.2.1).

Table 3.2.1. Phenol and p-cresol concentration after 24h and 144h of cultivation of L.pentosus strains
Ind1 and Ind3, and L. plantarum Lp115 in MRS broth.

Initial Ind1 Ind3 Lp115
concentration in  Incubation
Compounds the medium time (h) Concentration residue in MRS
(ug/ml) medium after incubation(pug/mL)
. 24 3.07 3.80 3.54
144 4.05 3.78 3.81
Phenol
50 24 35.61 36.74 38.78
144 46.08 48.47 47.02
. 24 4.55 4.22 3.98
144 4.13 3.92 3.86
p-cresol
- 24 41.47 40.23 40.86
144 40.77 40.66 39.27

Table 3.2.2. Ability of L. pentosus strains to bind/absorb phenol and p-cresol
after 24h and 144h of cultivation in MRS broth

Initial . Ind1 Ind3 LP11
Compounds concentration in Incubation 5
P the medium time (h) absorbed inside strain after
(ng/ml) incubation (ug/mL)
. 24 0.94 1.24 1.47
144 0.57 0.79 0.42
Phenol
- 24 1.04 1.33 2.63
144 0.54 0.57 0.35
. 24 1.19 1.01 1.28
144 0.90 1.13 1.17
p-cresol
- 24 1.29 1.78 3.05
144 1.00 1.25 1.88
Conclusions:

1) The decrease of phenol remaining in MRS medium is between 0.95 and 1.93 pg/mL, and the
decrease of p-cresol in MRS medium is between 0.45~1.14 pg/mL; while the cell count of two L.

pentosus strains has changed from 10°cfu/mL to 10%cfu/mL, which means the L. pentosus strains
14



has effect on absorb and degradation on the precarcinogenic substance.
2) Showed from Table3.2.2, the content of phenol inside the bacterial cell was between 0.42 and
1.47 pg/mL, the content of p-cresol was among 0.90 and1.28 pg/mL, which shows that the two L.

pentosus strains has certain effect on absorbing precarcinogenic substances.

Part IV. Ability of modulation on gut intestinal flora for animal model

The effects of the two L. pentosus strains Ind1 and Ind3 on modulation of the mice intestinal
micro flora, by oral administration of 10°cfu/ml strains in 0.5ml of skim milk, were investigated
analyzing the amounts of Lactobacillus spp., Bifidobacterium spp., Enterobacilli, Enterococcus and
Clostridium perfringens in the feces of mice (Guglielmetti S et al., 2008; Hooper L V and Gerdon J I,
2000).

50 mices (male, from Kunming, body weight between 18 and 22g) were randomly divided into
5 groups. The temperature and relative humidity of the mice feeding room were controlled at
20~25 °C and 45~50% respectively. Feeding started after 6 days and weight were taken every other
day. 5 groups of mice were orally administrated by 20% sterilized skim milk (control group) and
with 20% sterilized skim milk containing 5x10°cfu/ml Ind1, Ind3, Lp115, NCFM, respectively. This
was done for 10 consecutive days, once a day (Fig. 4.1).

Fresh feces were collected before taking probiotics and after feeding for d2, d4, d6, d8 and
d10, stopping feed for d2, d4 and d6. EP tube was seal immediately after taking feces and testing
within 3 hours. Change of cell count on Lactobacillus and Bifidobacterium spp, in the mouse
intestinal tract during feeding and after stop feeding was numerated. The results are shown Table 4.1
and Figures 4.2 and 4.3 for Lactobacillus, Table 4.2, and Figures 4.4 and 4.5 for Bifidobacterium spp.
Meanwhile, change of cell count on murine Enterobacilli, Enterococcus and C. perfringens in the
mice gut during feeding and after stopping the feeding was also investigated to evaluate the ability of

these probiotic strains on modulating mice gut micro flora (Table 4.3, Figures 4.6, 4.7 and 4.8).
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Fig. 4.1. Weight change of mice during and after feeding probiotics.

Table 4.1. Effects of probiotics on Lactobacillus of the mouse intestinal tract. All data are expressed at
logio cfu/mL with the average standard deviation.

Lactobacilli (1g10"/mL)

days
control Ind1 Ind3 NCFM Lpl15
0d 8.31+0.19 8.31+0.15 8.33+0.17 8.35+0.13 8.28+0.14
10d 9.03+0.12" 9.35+0.13"# 9.55+0.04""# 9.50+0.117# 9.59+0.10"#
12d 8.90+0.10" 9.29+0.10” 9.34+0.11" 9.25+0.13" 9.31+0.11"
14d 8.9120.13 9.26+0.17" 9.32+0.09" 9.24+0.17" 9.27+0.12"
16d 8.90+0.11 9.25+0.14" 9.33+0.12" 9.19+0.18" 9.28+0.12"

Note: Stool samples were collected and detected by plant count prior to administration treatment, on day 2, 4, 6, 8, 10 of treatment, and 12, 14, 16 days after discontinuation of
dosage. The table presents mean numbers + standard deviation of Lactobacillus of the mouse intestinal tract. Each value is the mean of values from three or four experiments. *: P<0.05,
**: P<0.01 compared with 0d; #: P<0.05, ##: P<0.01 compared with control .

Fig. 4.2. Change of Lactobacillus in the mice gut during feeding period
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Fig. 4.3. Change of Lactobacillus in mice gut after stop feeding

Table 4.2. Effects of the probiotics on murine Bifidobacterium spp. (Ig10"/mL)

Control Ind1 Group Ind3 Group NCFM Group Lp115 Group

Before 7.83+0.16 7.87+0.13 7.87+0.14 7.74+0.13 7.94+0.13

feeding

10" day 8.37+0.11" 8.60+0.15 8.93+0.18# 8.97+0.10"# 8.96+0.17 #
after feeding
2" day after 8.23+0.13 8.33+0.13" 8.77+0.13" 8.98+0.12™ 8.74+0.19"
stop feeding
4" day after 8.19+0.14 8.17+0.20 8.66+0.16" 8.90+0.12™ 8.52+0.13"
stop feeding
6" day after 8.05+0.15 8.16+0.15 8.32+0.11 8.34+0.12 8.21+0.09
stop feeding
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Fig. 4.4. Change of Bifidobacteria in the mice gut during feeding period
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Fig. 4.5. Change of Bifidobacteria in mice gut after stop feeding

For four probiotic strains feeding at 5x10°cfu/ml, the results showed that comparing the number
of Lactobacillus before feeding, after 10 days of feeding and 2, 4 and 6 days after stopping the
feeding, there were always an increasing number of Bifidobacteria for the four groups than before.
The increasing numbers of Bifidobacteria of mice feeding by Ind1l and Lp115 were significantly
different (P<0.05) at the 10" day of feeding comparing to before feeding.

There were extremely significant difference (P<0.01) for groups feeding by Ind3 and NCFM.
There were also significant difference (P<0.05) for number of Bifidobacteria at the 10" day of
experimental group comparing to the control group. However, the group feeding by Ind1 had not
significant difference comparing to the control, meaning that only Ind3, NCFM and Lp115 had
certain effect on promoting the increase of Bifidobacteria number in mice gut.

After stopping the feeding, the numbers of Bifidobacteria at each group decreased comparing to
that of feeding period. The group feeding by NCFM after stopping the feeding for 6 days, and the
group feeding by Ind3 and Lpll5 after 4 days, the number of Bifidobacteria were significantly
increased (P<0.05) as compared to the number before feeding. However, after stop feeding, the
differences between each experimental group and the control group were not significant in terms of
the Bifidobacteria count in mice gut. This means that after feeding for one week, within the 4
probiotic strains, only NCFM still kept certain effect on the modulation. Consequently, in order to
maintain the modulation effect, probiotics needs to be taking constantly.
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Table 4.3. Effects of the probiotics on murine Enterobacilli (1g10"/mL)

Control Ind1 Group Ind3 Group NCFM Group Lp115 Group
Before feeding 6.99+0.1 7.05+0.19 6.98+0.13 7.00+0.13 6.94+0.10
10" day after 6.96+0.1 6.01+0.19"# 5.85+0.16 ## 5.82+0.19"## 5.99+0.13"#
feeding
2" day after 7.10+0.1 6.55+0.16 6.08+0.19"# 6.01+0.18"## 6.27+0.17##
stop feeding
4™ day after 7.12+0.1 6.98+0.16 6.29+0.22 6.32+0.224# 6.73+0.12
stop feeding
6™ day after 7.15+0.2 7.08+0.13 6.80+0.18 6.68+0.19 6.83+0.19
stop feeding
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Fig. 4.6. Change of Enterobacilli in the mice gut during and after feeding period
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Fig.. 4.7. Change of Enterococcus in the mice gut during and after stop feeding
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Fig. 4.8. Change of Clostridium perfringens in the mice gut during feeding and after stop feeding.

The results showed that before feeding, during feeding and after stopping feeding, the control
group has no significant difference on the number of Enterobacteria (p>0.05) in mice gut. However,
at the 10™ day after feeding, there was significant decrease (p<0.05) on the number of Enterobacilli
for every experimental group comparing to that of before feeding, and there was extremely
significant difference on the decrease (p<0.01) of Enterobacilli for groups feeding with Ind3 and
NCFM comparing to the control. There was also a significant difference on the decrease (P<0.05) of
Enterobacilli for groups feeding with Ind1 and Lp115 comparing to the control. This implied that
feeding with Ind1, Ind3, NCFM and Lp115 had certain inhibition on the growth of Enterobacilli in
mice gut.

After stopping the feeding, the numbers of Enterobacilli at each group increased comparing to
that of feeding period. The group feeding by NCFM, Ind3 and Lp115 after stopping the feeding for 6
days, were less than that of before feeding but no significant difference (P>0.05), the increases were
all less than the control group but also no significant difference(P>0.05). Specifically for group
feeding with Inl1, after stopping the feeding for 4 days, the number of Enterobacilli had rised back to
that of before feeding. This means that after feeding for one week, Ind3, NCFM and Lp115 still keep
certain effect on the modulation, but in order to inhibit the growth of Enterobacilli, probiotics need
to be taking continuously.

There is no significant difference (p>0.05) for the number of Clostridium perfringens before
and during feeding for the control group. For the experimental group, the number of C. perfringens
decreased extremely significantly (P<0.01) at the 10™ day after feeding with Ind1 and NCFM, and
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the Ind3 group showed significant difference (P<0.05) comparing to before feeding.

After stopping the feeding, the number of C. perfringens for each group had certain amount of
recover, and almost reached the level before feeding, however, the group feeding with Ind1 at the 6™
day after feeding had significant difference (P<0.05) comparing to the control. But no significant
difference for group of Ind3, NCFM and Lp115 (P>0.05) was observed.

Part V. Evaluation on GABA producing ability and optimization on process parameters

y-amino butyric acid (GABA) is a very important inhibitory neurotransmitter in the animal
central nervous system. Fermentation by using lactic acid bacteria (LAB) is a nature and safe way to
obtain high content of GABA (Possemers S et al., 2004; Lebeer S et al., 2007). Here the GABA
producing ability of the two L. pentosus strains Ind1 and Ind3 was studied, and a try to optimize the
processing parameters was done.

Optical density measurement of GABA is:

1. Set a 2.0cm distance between spotting line and edge of filter paper.

2. Take 10ml sample and drop sample on spotting line. Keep 2.0cm distance between spots.

3. Put the sample paper in developer for 3.5 hrs at 30C. The contents of developing agent are
n-butanol, acetic acid glacial and water. The ratio is 4:2:1, in which contains 0.4ml/L ninhydrin.

4. After development, the sample filter paper is dried at 90C for 10 min.

5. Run a reference sample by same conditions meanwhile.

6. Compare sample paper and reference paper, and shear the point that is at same position as
reference paper.

7. Put the sample point in eluent for 25min. The eluent contains 75% ethanol (v/v) and 0.1% CuSO4

solution (v/v). The ratio is 38:2.
8. Measure optical density of sample eluent at 510nm by spectrometer.

GABA content was calculated using the standard curve.

<+— GABA —»
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Fig.5.1 Chromatography of pure GABA and L-Glu Fig. 5.2 Chromatography of GABA and L-Glu in fermentation broth

The GABA production of L. pentosus strains Indl and Ind3 was 0.065g/L and 0.003g/L
incubated in skim milk at 37°C for 24 hours, respectively. Under the same condition, the GABA
production was 50% and 314% higher with a supplementation with monosodium L-glutamate
(MSG). By using different carbon and nitrogen sources, the results showed that glucose and yeast
extract were the best supplemental nutrients added in skim milk for strains Ind1 and Ind3. It was also
seen that yeast extract had a higher influence on the GABA yield than glucose.

The optimal conditions for L. pentosus Indl and Ind3 to transfer L-Glu into GABA were:
incubated at 37°C in a medium at pH 7.0; MRS medium modified with 20g/L glucose, 10g/L
tryptone, 10g/L yeast extract, 10g/L beef extract, MSG concentration of 15 g/L, and CaCl;
concentration 0.5mmol/L at a recommended inoculation rate of 2% (v/v, 108 cfu/mL). Under these
conditions, the maximum amount of GABA produced by Ind1l strain after incubation for 72h was
1.002g/L, and 0.326g/L of GABA was produced by Ind3 after incubation for 84h. The GABA
concentration increased to 1.406g/L and 0.456¢/L after storage at 4°C for 30 days, respectively.

Glutamate decarboxvlase (GAD), as one of important enzyme able to convert L-Glu to GABA,
was extracted from the cells of L. pentosus strains grown in MRS incubated at 37°C for 16h. Its
purification and its properties were characterized. The molecular weight of GAD isolated from the
two L. pentosus was 43 kd. The GAD showed the maximum activity in transformation of L-Glu to
GABA when it was incubated at 37°C for 1h and maintained in a given pH of 4.8. It was proved

that the enzyme was sensitive to heat and never tolerated temperature higher than 60°C.
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Among metal ions used in the study, Ca** showed the greatest promoting effects on enzyme
activity: the activity of GAD in Ind1 and Ind3 can be increased by 126% and 223%, respectively
after adding 1 mmol/L Ca*", followed by Cu®*, Mn** and Mg*".

Meanwhile, after optimization of incubation condition, GABA production by Ind1 and Ind3 in
fermented milk drinks was also set up. In the fermented milk, the content of GABA produced by
Ind1 and Ind3 can reach 0.325¢g/L and 0.098g/L

Fermentation on skim milk (incubation at 37°C for 24h) with the two L. pentosus strains by
adding MSG (2g/L), 1% glucose and 1% yeast extract, allowed to obtain GABA content at
0.264g/L and 0.067g/L, respectively. During storage period (21days), the GABA content had slightly
increased, about 35% and 45% for Indl and Ind3, respectively. Milk is a good carrier for GABA
production.
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Conclusions

Two Lactobacillus strains were isolated from Chinese traditional Xinjiang cheese, namely
Lactobacillus pentosus Indl and Ind3. This study was designed to assess their potential probiotic
properties such as: (i) their tolerance to gastric juice, intestinal juice, bile salt, and some
pre-carcinogens substances present in the human gut; (ii) their adhesive characteristics; (iii) their
ability of modulate the mice gut microflora.

The adhesion ability was strain-specific, and L. pentosus Ind3 showed similar adhesion
performance to that of two commercial probiotic strains: L. acidophilus NCFM and L. plantarum
Lp115. The good adhesion ability of the two L. pentosus strains occurred when the growth stage of
bacterial cells reached 26h with a pH of 4.0 and an incubation temperature of 37°C. Heat
inactivation had no significant effect on their adhesion to epithelial cells. The adhesion of L.
pentosus Indl and Ind3 decreased significantly due to the presence of enzymes like trypsin and
proteinase K, but removal of S-layer proteins from cell surface did not cause the loss of their
adhesive to epithelial cells. These two strains of L. pentosus might be selected as dietary or probiotic
adjunct for potential uses in Chinese-style dairy products.

Bacterial resistance to three carcinogens (phenol, p-cresol and indole) was diverse and
depended on the bacterial strain, the compound and its concentration. However, all strains
presented ability to multiply and growth in the presence of three carcinogens. Specifically, for the
two strains, the concentration at 150 pg/mL for all three carcinogens (phenol, p-cresol and indole)
had impact on the survival and growth only except for Indl in presence of phenol. However, Ind3
presented more sensitivity to phenol even at 50 pg/mL, Ind1 showed great resistance for phenol.
For concentration of 5 and 50 pug/mL, all three carcinogens had almost an impact on the growth and
survival of Ind1 and Ind3.

Owing to diverse impact of phenol, p-cresol and indole on growth and survival of intestinal
lactobacilli, it is necessary to take their resistance into consideration during selection of strains to
producing probiotic specimens. The results achieved will enable to develop further research
connected with the ability of intestinal LAB to bind or metabolize the above-mentioned carcinogens.

The modulation of gut microflora of the two L. pentosus was as following.
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1. For L. pentosus strain Ind1: at the 10™ day after feeding, this strain significantly promoted the
increase of Lactobacillus and Bifidobacteria in mice gut, and significantly inhibited the growth of
Enterobacillus and Clostridium perfringens, but with no obvious effect on Enterococus. After
stopping the feeding for 6 days, Ind1 still had some effect on the increase of Lactobacillus.

2. For strain Ind3, a quite similar effect as a commercial strain (Lactobacillus acidophilus
NCFM) was observed: at the 10" day of feeding, there was extremely significant difference for
improving the growth of Lactobacillus and Bifidobacteria in mice gut (P<0.01) and for the inhibition
of Entrobacillus and C. perfringens (P<0.01). Even after stopping feeding for 6 days, the increase of

Lactobacillus was still significant comparing to before feeding.

The GABA production of L. pentosus strains Ind1 and Ind3 incubated in skim milk at 37°C for
24 hours was 0.065 g/l and 0.003 g/l, respectively. Under the same condition, the GABA production
was 50% and 314% higher by adding monosodium L-glutamate (MSG). Glucose and yeast extract
were the best nutrients to be added as carbon and nitrogen sources for getting high GABA content.
GABA content in fermented milk showed a stable increase during the cold storage period after

fermentation.

In summary, Lactobacillus pentosus Ind1l and Ind3 the tested strains would be promising as

potential candidates as a probiotic in food and dietary supplement applications.
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RESUME

Deux souches de Lactobacillus pentosus, Indl et Ind3, ont été isolées a partir de
« Naigeda », un fromage traditionnel Chinois produit dans la région du Xinjiang. Les
propriétés probiotiques de L. pentosus étant peu connues, la présente étude a été conduite afin
de determiner si ces 2 souches, Indl et Ind3, sont susceptibles d’étre utilisées comme
probiotiques.

Certaines propriétés physiologiques des 2 souches de L. pentosus, Ind1 et Ind3, telles que
leur tolérance a I’environnement gastro-intestinal et leur aptitude a adhérer a I’épithélium
intestinal ont été determinées lors d’essais in vitro. Leurs propriétés de dégradation de 3
substances carcinogénes (phénol, p-crésol et indole ; concentrations comprises entre 50 et 150
pug/mL) ainsi que leur inhibition éventuelle par ces mémes substances ont été étudiées. Les
effets des 2 souches de L. pentosus sur la microflore intestinale de souris, apres administration
orale de 10°%cfu/mL dans 0.5 mL de lait écrémé, ont été analysés. A cet effet, les populations
de lactobacilles, bifidobactéries, entérobacilles, entérocoques et Clostridium perfringens,
contenues dans les feces des souris, avant, pendant et apres leur alimentation en probiotiques,
ont été considérées. Enfin, les capacités des 2 souches de L. pentosus & produire de I’acide y-
amino butyrique (GABA) ont été étudiées, et les conditions de milieu et de culture assurant la
meilleure production ont été définies.

Les résultats montrent que les 2 souches de L. pentosus, Ind1 et Ind3, présentent des taux
de survie élevés : plus de 90 % en milieu acide et de 80% dans une solution de bile. Les
aptitudes a I’adhérence a I’épithélium intestinal sont souches dépendantes, avec pour la
souche Ind3, un potentiel similaire a celui de souches probiotiques connues (NCFM et
Lp115). Les souches Ind1 et Ind3 démontrent également une bonne résistance aux substances
carcinogénes (phénol, p-crésol, indole a 150 ug/mL). Enfin, ces 2 souches permettent un
accroissement des concentrations de lactobacilles et de bifidobactéries dans le tractus
intestinal des souris, tout en inhibant la croissance des entérobacilles et de C. perfringens.

Ces résultats démontrent les aptitudes potentielles des deux souches de L. pentosus
étudiées pour une utilisation comme souches probiotiques au sein de régimes diététiques ou

pour I’élaboration de produits laitiers fermentés.

Mots clefs : Lactobacillus pentosus; acide y-amino butyrique ; adhérence ; microflore
intestinale ; substance carcinogene.
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