AR EATREFANTFAEMAT L ATEZAT Pk
BIPLA AR F A T MA A S AL P e AERER LD
rhamnosus THSH-1 ~ Lb. delbrueckii subsp. bulgaricus CCRC 14009 ~ Lb.
casei subsp. rhamnosus CCRC 10940 ~ Lb. casei subsp. casei CCRC
10697 ~ Lb. acidophilus CCRC 10695 ~ Lb. helveticus CCRC 11052 ~
Lactococcus lactis subsp. lactis CCRC 10791 % Streptococcus
thermophilus CCRC 12268 & 8 Fth 7 i 2 S R FtR > iy E 7w

fad S ox b G enf BEIRE FH K EH L § BT TR

2RI RS A BT Bf6 10% Lb.
rhamnosus THSH-1 [#& ~ 2% &0 pH 8 % 42°C =7 &= & e frig 2 ™
At 3% EER S By AH AL EERSTR IR PFLASR

kS g b o @ e Ll T AR Lb. rhamnosus THSH-1 4% fat 2

>

B dm gt g 4 A
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I3
~ N PRz PR

(=) Rk

' B (lactic acid) #1780 & #_d Carl Wilhelm Scheele 3 I > #X
t¢ £ % Louis Pasteur, Joseph Lister 2 Max Delbruck #_& & 5* f& ] &5
fas priEAe® 74 4 o= i» (Litchfield, 1996 ; Datta et al. 1995) -

PRI FLAIRANTCFES AL GFEES A AR
(Boyaval and Goulet, 1988 ; Litchfield, 1996) o i1+ & Xk F] 5 12 i+ & =
FESRBIRREARY €A 2 BORARERAA X FUF] T
fr= Mg L p e V5 p AR £ 1 9k %] (Litchfield, 1996) -

B 5 §_fd 7 1931 & d Whittier fv Rogers B 4547 7 7 [ crvi fE = 2

2

!

¥

(Boyaval and Goulet, 1988) p #v# & >& 4 2 26 ~ § @t pk o

HBe X5 90% H v Fpk g pE o2 = (Nolasco-Hipolito et al. 2002 ) -

(=) H@z2EiE
F & (2-hydroxypropanoic acid ~ « -hydroxypropanoic acid ) #_%

Kend Ak o Tk FAOT L & frenfisEa 2 24 5D (—) AR



(=) 3+%4feL (+) # S (+) 52%2 DL 57 = fo%
B P it 5 fh(Tsai er al 1993) - B- T &L (+) 32 D (—) A5

Fa kRS e - 57 FAIN R o

0

D (—) -lactic acid L (+) -lactic acid
Bl- ~L(+) 32 D(—) 3rE2 L FHEE4H -

Fig. 1. The optically active isomeric forms of L(+) and D(—) lactic acid.

o s PREBFIBE

Table 1 Selected properties of lactic acid enantiomers

Enantiomer and chemical abstracts

Prooertv L(+) D(—) DL
Molecular weight 90.08 90.08 90.08
Melting point ("C) 52.8-53.6 52.8-53.6 16.8-33
Boiling point (C) - 103 82-85
pK 25C) 3.79 3.83 3.73

( Litchfield, 1996)



(2) *i
pais e 2y REP G KRB 5 54559 x 107 2wt

MmE A& E L 12~159% et i) 2 £ (Litchfield, 1996) o o

e

PRAR LY N FESCF S AIWUE R SRS
(Pauli et al. 2002 ; Hofvendahl and Hahn-Hagerdal, 2000 ; Chiarini et al.
1992 ; Mehaia and Cheryan, 1986 ; Mostafa, 1996 ; ) o &4~ A4 * ¥
L8 Fiks » A eRF AL 3 % (Pauli ef al. 2002 ; Hofvendahl and
Hahn-Hagerdal, 2000 ; Chiarini et al. 1992 ; Krischke et al. 1991 ; Mehaia

L &
Ll

=y

and Cheryan, 1986) c 5* & 2 H B>t a ¢ i * 4o d = #7571
LEHERNIEESFELE (FDA) 3227 % > # * (Litchfield,
1996) °
Ra 2E h- TR 28 Fan* 2 (Mehaia

and Cheryan, 1986 ) B w & X PP (e * € B B RER &4 2 4
P ANHE LS H4cE F fe (polylactic acid s PLA ) » # 1% 4 i3 ¥
BAaEz Y REEASSRE od A AER AT RHY Y

(biodegradable plastics) 2 PLA B2 % 5 P w1 & a7 3 > v
(Fitzpatrick et al. 2003 ; Pauli et al. 2002 ; Fitzpatrick et al. 2001 ;
Fitzpatrick and O’Keeffe, 2001 ; Kwon ef al. 2000 ; Hofvendahl and

Hahn-Hagerdal, 2000 ; Lunt, 1998 ; Litchfield, 1996) -
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Table 2. Food applications of lactic acids and lactic acid compounds

Compound

Food application

L(+) lactic acid
D(-) lactic acid
DL lactic acid

Calcium lactate

Potassium lactate

Sodium lactate

Ferrous lactate

Calcium stearoyl-2-lactylate

Sodium stearoyl lactylate

Lactylated esters of fatty acids

Lactylated fatty acids esters of
glycerol and propylene glycol

Glycero-lacto esters of fatty
acids

Antimicrobial agent, curing and pickling,
flavoring enhancer, adjuvant, pH control,
solvent and vehicle

Flavoring enhancer, firming agent, nutrient
supplement, stabilizer, thickener, leaveing
agent

Flavoring agent, flavoring enhancer,
humectant, pH control

Flavoring agent, flavoring enhancer,

humectant, pH control, emulsifier

Nutrient supplements and in infant

formula

Dough conditioner in bakery products,
whipping agent in egg products,
conditioning agent in dehydrated potatoes

Dough conditioner, emulsifier, processing
aid in baked products; emulsifier,
stabilizer processing aid in milk or cream
substitutes, snack dips, imitation cheeses,
dehydrated potatoes

Emulsifiers, plasticizers, surface active
agents in foods
Emulsifiers, plasticizers, surface active

agents in foods

Emulsifiers, plasticizers, surface active

agents in foods

( Litchfield, 1996)



]i ﬁ;—?x /P }—?)r fj&
FoF A B Ak § TS AP ( Hofvendahl and
Hahn-Hagerdal, 2000 ) - % 1930 & prdp > @ (55 5 A H g 5ol en 3
L5 ph A3 pr st ol (Litehfield, 1996) » &g prst i 4 4 51k

iEARY S RFE T EREIRASER L AR

4 AT o @
‘é’/f‘%i *ﬁ"i@.i‘%‘_ > Jﬁ“]ﬂfﬁ > j’%—%ﬁl& > pH @L_ N uz. ;}P’ ﬁ*i\’?ﬁ,};fﬁ & H"ft
W FREROY RRE - FREE2 REXHF X (Hofvendahl and

Hahn-Hagerdal, 2000 ; Litchfield, 1996 ; Tuli et al. 1985) -

(-) ks &

Bt A0 Bt AT E R T2 - g kA
Fend FREE - HBAOT 0 F A EAN R 2 kR
P FRABH Y EI P PP R A I EARERF AR
2 pcd 4§ 3 g * 03 2 (Hofvendahl and Hahn-Hagerdal, 2000 ;
Hujanen and Linko, 1996 ; Mostafa, 1996 ; Tsai et al. 1993 ) °

Ysai (1993) sos fI* #p2 AF M2 AT L L LT &B
B () PO T AL Q) FTREEA S EFAAE R
A EB Q) AR ASERET RS Q) VISR T

B ] 5 (5) T AT A E I S s d i (6) B



B oot R F 5 (7) BfE e B kAR A gendd i o Litchfield
(1996) » 2% LERF AR LT OIREHES - FRA
F~EA pHZ2 Hipa Pfeitfd 25 (su/52/5 | pF) Fik

i+ ‘—; E!_\—g "L b s 4’3‘%‘]1?4’% ;§ fj;g. "’E}]‘%é ‘j"r/\%'%i}'m F]%ﬁ;{? mﬂb

d‘t

g £

lm%

- g, .
LRSS A

CEEPE PR F R T bR A £ 2 A

7,

W4 o — &% Lactobacillus ~ Streptococcus % Leuconostoc 327 % 1

o0

Fit 4 F Fpe o w2 Lactobacillus 3 % 4% 1 * o 2 ¢ 14 Lb. delbrueckii
spp. bulgaricus (Bury et al. 1998 ; Tejayadi and Cheryan, 1995) ~ Lb.
helveticus( Fitzpatrick et al. 2001 ; Hujanen and Linko, 1996 ) & Lb. casei
(Fitzpatrick et al. 2003 ; Pauli ef al. 2002) # & % L i pEFpc o ¥
*t > Str. thermophilus (Bury et al. 1998) ~ Lb. rhamnosus (Kwon et al.
2000 ) ~ Lb. casei subsp. rhamnosus (Arasaratnam et al. 1996) ~ Lb.
delbrueckii ( Arasaratnam et al. 1996 ; Ye et al. 1996 ) % = # 44| *
Rhizopus oryzae Jv Bacillus laevolacticus &_° #Ag | * 3t 24 &
FUEL eh2b gt i 2 78 (Tsai er al 1993) « 2 # 5 Rhizopus spp./f 4
R. arrhizus ~ R. oryzae % ZJ§* 5 3 Bos & fRfiE & O 0 £ 5 F
HHRR S FF Rk S PRl L () Al 4 o Rk

§E A2 1.5 %8 g5t f (Litchfield, 1996) -

St
|

G R!



(=) ER

Pk BT K 20CT 45C 0 Ba b s

FN A
i
[Rape ﬁ;\‘
[
7**\

La
|l
k)
Rg
v

A X

2 G REARFEIRA LG T oo i D
FIPER IPREARFIELIATOER §VEFIERE SRR E

i 4 A ¥ P X (Hofvendahl and Hahn-Hagerdal, 2000 ) »

Lb. amylophilus ¥ > 15 C# kB T 4 £ » w § % 5 3753 45
CHEFLAFZEFLAEDER A B E252 35Cea Lb. casei
% Lb. paracasei i 8 K R E_ A3 37C L 44CdeFIp - 82 F
T ¢ IR Le lactis 2 Lb. rhamnosus #% 5*fa2 A5 % % 4 &

F R R A W HE 33CE 35C% 41 % C45 ( Hofvendahl and

Hahn-Hagerdal, 2000 ) -



(Z)pH &3# &

FRERAY AL ATA S pH EFEFIN RS H FEcE £ 5 pH
Beg AR TR o 4 R TV A AT 5 U e Y ehpH s
AP EF o7ig > (Yo ef al. 1996) o e o friEser > LA
AR EA E o A XL Aok % (Yo ef al.
1996 ; Litchfield, 1996) » F1¢* - 4 pfif42* 4 pH @53 & 5 2430 5t
fa 2 = 2 A H# % (Hofvendahl and Hahn-Hagerdal, 2000 ; Litchfield,
1996 ) -

B £ RS S e pH R pHS~7 2 @ pH & 14
WST T RERE ENREEFRL A AT BRI FHET R
5s et % 14 (Hofvendahl and Hahn-Hagerdal, 2000 ) - — 45 % 1] * && /%
F R R e R AT kg wrgpzie? o pH & (Hofvendahl and
Hahn-Hagerdal, 2000 ; Kwon et al. 2000 ; Bury ef al. 1998 ; Arasaratnam
et al. 1996 ; Litchfield, 1996 ; Mostafa, 1996 ; Ye et al. 1996 ) - i5 & % >
OO R ALY MAF R SRR 2 E R S pH E -
H @i * %472 (electrodialysis)( Bailly, 2002 )~ % B~ (‘extraction )

’

% w3 vfi# (adsorption) #- fEiE Az A 4 enf b iR Y A

TE L F S R A B R R RS P RERE 2 AR

( Hofvendahl and Hahn-Hagerdal, 2000 ; Ye et al. 1996 ) -
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(z) FLF 2P

B 1930 & pErdp > @ g BB RS 0 SR R
@{jﬂ%&%ﬁ%@ﬁﬁﬁ#%ﬁﬁﬁc&@dhﬁﬁﬂﬂ ( Litchfield,
1996) o tts ke 3 5 % ¢ F A EL FAL T * T AA LY R hft

PR S A e T A EEART g ey £ T
| ®

a7

I

Y

B P AR 2 = 2 (Fitzpatrick er al. 2003 : Pauli et al. 2002 ;

Fitzpatrick et al. 2001 ; Fitzpatrick and O’Keeffe, 2001 ; Hofvendahl and
Hahn-Hagerdal, 2000 ; Kwon et al. 2000 ; Bury et al. 1998 ; Litchfield,
1996 ; Arasaratnam et al. 1996 ; Chiarini et al. 1992 ; Krischke et al.
1991 ; Mehaia and Cheryan, 1986) -

LR RE R SRR AR s RENEREL L DR

JR )4 yeast extracts ~ corn steep liquor ~ casein hydrolysates % malt
sprout % 2 ¢k > H s - B srRAESH AL & m,;‘j‘ be dr BdodR A AL S
B2 F ~HPF - B2 5g (purines) % effpegsE (pyrimidines) # 4 A
KA ¥ T IRAE P R m/,”j‘ 4v 47 (Fitzpatrick et al. 2003 ; Arasaratnam et
al. 1996 ; Pauli et al. 2002 ; Fitzpatrick et al. 2001 ; Fitzpatrick and
O’Keeffe, 2001 ; Kwon et al. 2000 ; Bury et al. 1998 ; Litchfield, 1996) -
Egmgﬁ~%#?\ﬁi%Bﬁi¢ﬁ#m%?%ﬁ&%ﬁ»—&

i 7 ‘v B #FL0.5% I 3% (Litchfield, 1996)
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1. f22 % B% (yeast extracts)

SN SRR R R LY K TSR 2 L R R o

4

# B 5 RAR B R lcfE T WAL S 355 Pk Bi(pyruvic

4

acid) fr4 7 p& (glyceric acid) % (Litchfield, 1996 ; Arasaratnam ef al.
1996) © F F e % F MR Z P57 917 £ T RN E ’
Ea HGER S XD F A A KT Ak ok ko F H TR e
EFhp A GRS RFAA L A G 2y & 7 e ¥ (Fitzpatrick et al.
2003 ; Pauli et al. 2002 ; Kwon et al. 2000 ; Arasaratnam et al. 1996 ;
Chiarini et al. 1992 ; Krischke ef al. 1991 ; Mehaia and Cheryan, 1986) -

FP4 F1E 5 #F R vk (peptide) 2 H s 4 £ Fld#ew 0 G sniiaE

‘-h’rl-
_lr

izt
FREASLEZ RS AH Y B2 F BEARNG LGRS A&
i & e & (Kwon ef al. 2000 ; Arasaratnam ef al. 1996) -

R E At FEPONS R AR v R R
i 30% v bend Ak G SRR RS BRSO &0 I A
* e IR (Kwon et al. 2000) - FIp* FH { { & ]4\:;}”? &
BHRfeR * A AR RATHRBIPD A0 F o L P AT A

& p & (Fitzpatrick et al. 2003 ; Kwon et al. 2000 ; Chiarini et al. 1992 )
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2. * B
(1) * 82 3%9 Fz 82 %5

)

‘\E’,_/z\

i
b

HE ARSI R F Y o
WA DR FEMF{ AR ERY NG R BHERE DL F
(Kwon ef al. 2000 ; Scalabrinietal. 1998 ) p 22 A x* 2 A £ &

A2 1547 5 & =+ (Kwon et al. 2000 ) -

M-

ERYFZE - AEG 395~415% 2B T 40% o %

a

S B B 90K TAKEB R EBRd 94 904 T A pH4.5~4.8
BBk o LBk IRAH G FRAK B9 A A5 R 23 k9 (soybean
globulins ) » @ A AN A BIfL 5 ~ 2 5 J‘ #v (soybean whey
protein)e ~ & F-v B ¢ I Fv L BB 1 (0.5~1.0M NaCl) 5 i 90% >
HY 23 % 8 et (glutamine) ~ X P % "<fk (asparagine ) % #f
Mgz (arginine ) > & 7 A% fade® Fioefc  (methionine ) % X 2k
& (cysteine ) P] i 4 o 5t ]\3‘” A& A A @ 5% G fedrd A (trypsin
inhibitor ) ~ = % & % % ( hemagglutinins ) ~ "5 % if ¥ i* fis
(lipoxygenase ) ~ B-% % #&f* (B-glucosidase ) ~ ik #s f# ( B-amylase )

Brfafi (phosphatase ) ~ fw? ¢ % (cytochrome C) (Smith, 1972) »
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(2) 2% (soymilk)

ERALG AT ARG R LEITERLM BRI

—\\
o

W2 A A* Rizer B o RERSER £ SRS TE

% 1917 & » Osborne & Mendel # .2 ~ & chj-o ¢ ‘, R
ﬁi‘.i@iﬁ'ﬂt%ﬁé‘ﬁ%f”&"iﬂ'i'ﬂﬁ ¥R R AW L% G e
Frdl @~ fon ZRE B £ 2 % (saponins) % Fa 4 2 (antivitamins) % -
Il at A A2 A LR FRAL BRI EY T LN
T LB E S ARERFE R FRIZET R e BB G T
Ao TR F FEFRPTOEFTEAE R SR TR
2 g (Kwokeral ,1995) ¢ e 4 #1iERk ¢ HRI=AR 22 3 %
MALE > B 4 3 v F R (Maillard reaction) ©

EWIAFESHEEAL L 4 A B g £ A (Scalabrini ef al.
1998 ; Kamaly, 1997) 15 & % » § feh B L 48 &7 12 5~ &
Erogeo P L SAvcE i 4 A R4 (Kwon ef al. 2000) ¢
AEP TRt R R AR ERS o E - N L s 2B
FAARF TR EFHEAEFIRDL ST EYIRLE RS

* (Kwon et al. 2000) - Kwon (2000) » 2 Jg @& * -Kjz =

Jaun

BP0 ST B F R R O S S L AR KR
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PRI RALEWY 204 2FF 5 2 TEW At 1 iEEY
2 B RJEBE SR F 2 UK Y & 4 P 4 o Angeles and Marth(1971)

B R 80T AUL 1~60 A 42

\"1\
".L

HAMBESR K - 28
FlaBFEmg A2 L Rehpiit 4 (sulphides) %4 & Frdl8] > 2 F
100 & L B AR RAILE W o il A Fop AL A $ S
LAFE A o

Mital & A (1974) 3§ %% 1 S. thermophilus, L. acidophilus ~

L. cellobiosis, L. fermenti, L. plantarum ¥ L. buchneri (& 47 2_ 3 78
FAse At g 43 o Kamaly (1997) » & 3| & > S, salivarius
subsp. thermophilus ~ Lb. delbrueckii subsp. delbrueckii ~ Lb. pentosus »
Leuconostoc mesenteroides subsp. mesenteroides ~ Lb. acidophilus ~ Lc.

Lactis subsp. lactis ~ Lc. Lactis subsp. cremoris ~ Lb. casei subsp. casei ~

Lb. helveticus % $REE & 2 £ g B 3L o 2%t PEIRFALE

\“‘l\
ﬁ_

AR A iFt e ERB O -BRAER BAFTE -
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"EEF 2IRGcpend A2 F R FH A B O Ruehgoky 2 G BRE
Tk R AL GefR B EARY BT R o Al o 2t g
3 RYEG LG iEaY PRlAS B2 5 BT
Bl A H W RS RIE e FI A Y Ae A G o gl A A
31T# k&€ &7 % P & (Hofvendahl and Hahn-Hagerdal, 2000 ;

Arasaratnam et al. 1996 ; Mostafa, 1996 ; Chiarini et al. 1992 ; Krischke

et al. 1991 : Mehaia and Cheryan, 1986 ; 5& > 1995 ; +k » 1993) o

FOFEF 2B AR LRSS  FUF ERERERFLET E
S R0 RS G SFRRR M PTG F S B R
2R o RAER R RS RAIE S RS T T A4 T
S5~ WRiE R RS R E S (5 > 1995) o

5 AT A * R A24e Bl = #7597 (Rosenberg, 1995) -
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Phosphotipid-

- . enriched
Lipid aggregation retentate
A
NF [+ 1
MF
1!’
Pre-treatment ™ UF [ '
Y Defatted whey
UF
s Sy S
NF Permeate Defatted .
KR - whey protein

e

) concentrate
Whey protein

concentrate

Partially
demineralized
permeate
concentrate

Lactose recovery

Partially
demineralized
whey
concentrate

(Rosenberg, 1995)

Bl - ~ Ultrafiltration (UF ) -~ Microfiltration (MF) % Nanofiltration
(NF) 375 22 i A2 0] -
Fig. 2. Applications of Ultrafiltration ( UF ) , Microfiltration (MF ) and

Nanofiltration (NF ) in whey processing.
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FHEFIERORY TSR B TERLZ B g T
0 FE2 R Z RO BEEL I LBy ﬁvﬂ‘%t*"éﬁi‘v‘ e n
AL ¥ VARG AL H P FUp AT
SRR AR AL RO R (TR LS B AR
J #L (Hofvendahl and Hahn-Hagerdal, 2000)  #* #t » £ ¥ ] * 42 /g
Ao B F Berhgl g Red fodt B ik £ 4o 2 * (Fitzpatrick et al.
2003 ; Mostafa, 1996 ; Krischke ef al. 1991) -

PR G- Xenft g g i 2 sk F kST S
Fo kAP R S A MR E BRSO 2 SARE R AR 0T R

Rl e £ 4 &4 & 4% 2 2 (Hofvendahl and Hahn-Hagerdal,

2000 ; Litchfield, 1996 ) -

Ay
c
=
DalN
KRS
\4-

AR P TR 2 0 T 95 2 Y T2
20% > TR A G N XA E - R A A TR fod
(lactalbumin) ~ 53k 39 (lacto -globulin) 12 % F=v * 7 ~ F9 %%
(proteose peptone) = L &3R4 > H P fLd Fod 75 B3 Iv -~ a-

R SICERE TR SRR 3 S E S SN A S
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POB-A R 2 a-Fte R R AR ¢ A A R aa AR
(Bury et al. 1998 ) -

FRGFUEI T RS 239 T2 R B ARGHE - RF - Flt 0k
SRR TP REI ST R Tafug iy Pt 88 4o

f@ﬁa~3§ﬁv—g~

>\\+

FEEEA ARG o F A M IBEES S B AR
R Ery SACELIE AN I AN SN F T TR S S s
PG ot ke FE RS ES R T (o) 0258 5E)

2.4 5 (450 1993°)

2. FUFAIRR

FOFFIRAE P R RS FL AN R kS
R AS o B ZF A5 R RG4Sy gt R BT
4 % 2 0§ a7 3 14§ (Fitzpatrick ef al. 2003 ; Pauli et al. 2002 ;
Fitzpatrick and O’Keeffe, 2001 ; Fitzpatrick et al. 2001) o §* 5% ik ¥

LRI GHF LSS FETIRSEIRAF RN @

3. Fpz Wiyl
P - A SER e ST R - A S B

KB (1) e e AL e e 1 (2) A I a3 1 (3) ik
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N

fiﬂ

2R R LR P E BN WA (s R

2 F PLE T MR 98-99% 2 W 5o FUMEA 2 gk ¥ Bt Bk

U

RN U SR AL R SR R
P R AT kAR Y ORI TR A A LA (5E 0 1995) -

PV NFERS AR IBAAIILY CFERATRE

fBr AL R T R ARG Y

Fwr g ®e v vl KRB BT P2 (Fh 19937)

4. FeFds R 2 Aea B

Pk R W o 2 BRI WE D E o - RS pERT
mORALEE > A2 e grE ST o AR N g o RORNE
B (LERFPHE) $AILY > L GRIH 2 BE - kAL -
AACR L FIT TSGR LI R AR N TS 2
FoF AR TS (580 1995) ¢ - P& rf ook 1=

FFBE T 0% B GBI L RS (3 1993°) ¢
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FrR ok R BIR o AR Y R ERE P L e BT R R 2
EE OGN R S ANIE R RN L L AR A L e
B B gk SR R e kg E (3R 0 1995)

EEYEE o Fr R s

-

WE AL G T adE B vBy s oa hd FAARY SRS

SR E A T e ] v 40 a2 enss £ A (Bury er al. 1998 5

Tsaiefal 1993) » ¥ 111 £ 554 &7 @~ Ak~ FPIIE 24 % B,

o
dq
;i-‘
\.\.‘.

N
|
ai
ETIRS
1 N
3
x

ke

2+ 2_4 A blde Saccharomyces
flagilis 7 #5457 917 90% 10 b2 FURE 4R o e s 4 R Red o T T
iz BOD ( biologic oxygen demand ) * & j& ™ » " g xR 275 4 (5k >
1995) o s fe B Al B A E FE A A SRR EARGR G AR
dAe gy o n 2 v nED{ R iR * 225 (Mehaia and

Cheryan, 1986 ) -
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el SRR e

pe RO RREFETE AL ELLAPN B R F R
i O FRFAIMAR LT oA o p T Aawm T FEE A
FEAFRFEM LI UHAFETRARE AR THT
PRASEFRORR A RS PEERE? AR F il P
g 7= #1498 (Pasteur) * 1857 & » IS (sourmilk) » 5 fico)
A Rs o BHE 2 2% Tevue lactique > d W EE RS R AT
TR TR AR FR L EHF RS EFTE I8T33 £ %
# (Lister) 1% 2 > d pait @ % v &~ 3 Bacterium lactis » -

E_P @ e Streptococcus lactis > Z_E % A A Hri K et iR o

SR Ea Y AL R R R RA A4 X RREmE
TIEE RS o A g A2 KTt B A @ S A &R e (Stiles
and Holzapfel, 1997 ; % > 1992) o

FREALF - LREFEELLEI FABEE RS - 24
Fle~ g3 F2% s g i@d M2 3Rl s v g ERs pH E
51T hR B B 2 & RB R 1 207C 1] 45°C(Hofvendahl and

Hahn-Hagerdal, 2000 ; Stiles and Holzapfel, 1997 ; *& > 1992) -
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(Z) FRAZA%K

FREA-REAMAE - AE A PREELHFE I RALSZ T
s 7 ﬁ“f fFag i i A4 (Lactobacillaceae) » 2 & 7 & Z 3k % 45 ) o
AR T A L FEIR R (Streptococcus ¢ 7 Lactococcus) ~ v A TR
76 (Leuconostocs) 3 w 43¢ 7 (Pediococcus) - @ 1% 77 5 fat: 7
% (Lactobacillus) % B2 4% F (Bifidobacterium) (Hayakawa,
1992) -

IWERCEF AT AT e, T kI EAAS T 3§ DNA
B AAR 01452 RNA B 5149 0714 57 > 418 @ 577 F 4 11 35 2452
7 i PrEfh: & - FH > BarfFt ozl > RIBRAL AL
#F a7 (Stiles and Holzapfel, 1997) -

b FRFEAIRIEE BEASZ AR T AR R
(homofermentation)f-# 2|4 ¥ (heterofermentation) 5* fi& ] - i& {7 ¢
A F PR R FSERTY R ERAREIAMES ZRER
= 5 90~100% 5 fk (Hayakawa, 1992) » B it & F 384T @

Ce¢H 1,0 — 2 CH;CHOHCOOH
B e T B AR o SR AR (Y A2 0 45-50% St o
¥ 4 phosphoketolase &% » & 2 ¢ fp~frpas - 5 ¥ H & i34

¥ (Hayakawa, 1992) » H i* & & Jg ;8 40T
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C6H1206 - CH3CHOHCOOH + C2H5OH + C02
Bifidobacterium spp. 7~ 3t B 4| 5 pa AFg > v oH- 5 8 75 B
A4 - A Fpde 1.5 & A fF pk (Hawkins, 1993) » 1 & F 38407

=
!
fa
o
>
1
=
i
|~
|
~=
[
[N
A

R R B v P E S BERES
G NRR R LI NAFE BN EY s LR d o g
Far* TRl eR -FREF S R U5 WEW PR T
FREA&EDFEf ot IR EA ST IAREREEL 0 S
ARE T OE S HiE ~IERE Y 2 1 F ¥ (Stiles and Holzapfel, 1997) -
S EFABEE S RE > g0 R Rk g
WER s R Rk BEER R £ BB B E R 4 0 T
A a4 o0 v A4 ES0% P Ek L wfp e R 0 e pH E 4 FFa
4 £ (Kwon et al. 2000 ; Stiles and Holzapfel, 1997 ) -
PR R H A T2 R SPE B 42 % fructose-1.6-diphosphate %
phosphoketolase i3 82 2 * ¥ &4 L = #f :
(1) %% 3% % (obligately homofermentative )

F¥r A pEF 0 5 d Embden-Meyerhof-Parnas (EMP) i S
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4 5L E& > 4o Lb. acidophilus % Lb. delbrueckii % - F]pt 3514 > pL 3 5
FrgBlti L AT REAEE R DR
(2) 148 A% % (facultatively heterofermentative )
LRBAUNEEE £ FE AP AT AE AL M E
FIRPERFRABFEAL FPERABRER L HY 2 Z3F S Rp
¥ AR DR R 0 455 E_Lb. plantarum ~ Lb. casei ~ Lb. coryniformis ~ Lb.
curvatus * Lb. farciminis %
(3) % 2% % (obligately heterofermentative )
P 33F E & phosphoketolase » ¢ #f F|th ™ 2 £ &R A 12 T 53
Co s B R 5 30~40C > AMEF §755 & Sk > ¢ 3 Lb.
brevis ~ Lb. buchneri ~ Lb. bifermentans ~ Lb. fermentum ~ Lb. cellobiosus

% Lb. viridescens % o

2. F4axk | (Streptococcus)

EBRE BT AR 3 DR

‘gi

-
A5 %l K 0.5~1 pm 2 B sk S Fe gt Ak s B o 2t B 1980
B>~ LAk s L%k B4 (Enterococcus )~ 5 R 3 7 (Lactococcus )
2 s 4ark FE (Streptococcus) % =/ (Stiles and Holzapfel, 1997 ) -

d ot Bt pEEARY AL BokR R FIP G R R0 2 R



At > A AP REOPFH I DFRTELE DL o R EFRHER
R AEAA 0 BIF B RS R o G4 R pCeiviE
EOARME S A fRgT Y engE % 2 4 Rben% ¢ B IR H giEh o A 4 St
liquefaciens 2_ 73 t.> ¥ iy i = 2 9 72 2 »R > streptococci (£ % & € i
NIT5 4 A RekdE L o

& AT Lac. lactis subsp. lactis ~ Str. thermophilus ~ Lac. lactis
subsp. cremoris % o B ¥ B B % & {259 Str: thermophilus 5 % 8 7 » A
L3 AR SRMA . 2 45CE S0CHREY 724 & > ISCFR 7 &
4 L2 pH9.6 11 b4 RS 2% s EpE. EE 4 & o H 3 37~50
ChoAd o> 3408 AF 2 Afac 4 > F FIag sy § 24 5k
Boek oo T B ¥ AR NG pEpLSC 2§k ehEpe (Stiles and
Holzapfel, 1997 ) »

¥ ¢t Lac. lactis » & &fp? ¥ - LB ER YA A R
FEEF O TAENN0CHHRRET » L L EEFFEASC o 7§

F#A 2 L (+) 5@ (Stiles and Holzapfel, 1997 ) o # £+ & 5 4%

FAEE LR o E MR ARE pH EE TP R T RA
2o W FFEE A2 FrFP Fonisin A £ 3] £ 4R(Hofvendahl and

Hahn-Hagerdal, 2000 ; Stiles and Holzapfel, 1997 ) -
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3. w4axk /& (Pediococcus)

CEBREWSHRE FELBRE > DA @R - 88
i-d@Ardo 22 DLANM: ARk 14 S R o rmEREE
#]

AR 2 W AN SRS Y o A TS A e
FUdE o et A g 4 E g & (Stiles and Holzapfel, 1997 ) -

% 3 P, cerevisiae~ P. acidilactici~ P. pentesaceus ~ P. halophilus
% P urinae-equi % - 7 £ FHR¥E R ~pH E2 NaCl & 5 < 4 >
4e P acidilactici iv & 50°C 1™ 2 & > $## 2 5 @ ld o P halophilus i

T3 18% NaCl ek 8 o @ P. damnosus ~ P. pentesaceus iz » *

PR e s Fo 2y o B L ER TER L PR A
ez A4 hvhend ¢ > 4o P damnosus i A 24 B ¢ g (diacetyl )» @ ®
F A IkB 2 12 £ pF acetoin fr diacetyl » € & 2 o § & § i ¥ F
BT 0 4e P damnosus A& # 5wk > P cerevisiae & * Z:5 o 2 F BT ¥

= W pE4 % L & FfE (Stiles and Holzapfel, 1997 ) -

4. v £3x 7% (Leuconostocs)

NS
14

PRABFEFABEER BRSNS R S HERE -

EANE B S SR A D) Bk i 2 RRA G
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2030C » &5CT 224 %« SR AEEHRT ¥ L RKHBF
PERR - BT @mE ks Tl Al 85 &2 PR
P ALY TSR Mo R ESE G Ak A H XK

BN EE Y EER . T AR 0 R R R R el irpe

7L FAMAT €A B2 3E 0 4o Leu. mesenteroides € 7 = ¥ AE
FLAEREMGFEETAL A LR R o B Leu mesenteroides 7% 1
fl* B4 A Wid § § B4 (Hofvendahl and Hahn-Hagerdal, 2000 ;

Stiles and Holzapfel, 1997 ) -

b, = & FHE (Bifidobacterium)

*> 1899 # d Henry Tissier 7 £ &8 2% i # g 3> T3 1900 &

%g{;

B & & % Bacillus bifidus communis > 1 % 4 d Berger #-H # %
Bifidobacterium % > - B R A A# (Actinomycetaceae) ¥ - i
FIBRLAFSEE ¥ RAE 2 » R A2 F PR R EIRE

ko F - KRR Eﬁ?; Lactabacillus > F|3* % & % #ic A 82 3R
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A5 Edak o B E G 2 BoREEE R B-6-EEL I B

(Fructo-6-phosphate -phosphoketolase) » it #— & + § § #EA & 5 1
mEERE IS AR FREMERBERE G T SRR DA
% [-2 544 p* (galactosidase) % a -# % #%4 f#p5 (glucosidase)

]

SR R a-L ORI REL e

N

EA R o dfdo L ag(e 32500 52 3 A ) BT TR
FZHER LAY BVER AL SHE LE ST Y T o g
de A FHIRY B bifidum A TR > T e A 2 2K P A
gk @ B.infantis 2 B. breve R & W]t % 2 E v 3L 20 g i ¢ B
B B longum P A 35~ REFHENT 2 F At ¢ ¥ 80 o
Pa SHIR B dentium €& Fded 7 PApoHE L F LG ERF

M FHA G ;széc«;:«);ﬁﬁggua %’Lﬁiﬁfﬁlﬁ“‘ o

(2) FRFLYEFLD SpER
FPREAZEFFHROYFRIZ R -FIY B PV AR E A

FIEB P 0 GldctEde s §L 2 B4 fo X f8 ¢ (Hofvendahl and

Hahn-Hagerdal, 2000 ) = y* #F » — & 4 £ Flfics £ 8 4 £ (N B34pF or

T bldere il i S B el Z olicfd 3 8% ¢ 3 pyruvic and glyceric

acid % (Litchfield, 1996 ; Arasaratnam et al. 1996) -
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1. Bkt &
(1) 54
FREL A RARPENROFREAT I BT L L RERN
HELEE A ELTE o FuEE D D-L 54 (D-galactose) 2 D-§ &
$&(D-glucose )1 B1-4 4% & T -5 “ﬁﬁ%ﬁ' d i i% fiF (permase)
& PTS f%¥ % % %(phosphol-pyruvate-sugar-phospho-transferase system)
#-FEd fmre ob 38 (transport) &~ dmfe > £ AL B-galactosidase
2 phospho-B-galactosidase 4 f2 5 § F 452 L4 0 ¥ — &> B
phosphoenolpyruvate dependent phosphotransferase system ( PEP-PTS)
B-F MRt @ i~ e P > B p- B -galactosidase A fE =
galactose-6-phosphate 2 3 § #& > ‘£ » IEFEfE A BB EA A L & ~ F
CEIERNE Y SO
(2) %54
7' e 2 PEP-PTS j /5 & ATP-dependent if 35 & #-F § #4% »
F1* B 5 pERY 3RS /S (Embden-Meyerhof-Parnas ) /5 ¢ #-§ § 454

f# 5 D-form & L-form 5 fi& 2 »c £ (Hemme et al., 1980) °

(3) %54
FREAT T XML 4G S 0 %7 PETPTS # & 7 3

ATP-dependent i % & Sl * 2 » (5K L Fu 2 Mfed L4 2
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LB sorE i 2 & 2 ATP-dependent i€ 3% fis & 3L 5 A o

L e BRI Atk A £ 0 < 84 0 S thermophilus ¥ L.
bulgaricus # it F1* L 5 (Somkuti and Steinberg, 1979) - L 5. }&R|
&d Leloir 2 /S 4% 5 5 5 B-0-EFa B > @ & » EMP B /E (4% o
1993) » e & A WA SR AL 3 HE)F LI g pRE AR T

¥ #% I % (Loones, 1989) -

2. k9 F

PR A 0 B AR A R o BB A IR hERET A
Fv BRI R U PR AR FEFEEANER Y TR
AL od WAREAG R P REFFEEE 2 LT 2RARK
Bev TR SR G RB A R0 TR B RAM 2 %ok
(Law and Haandrikman, 1997; Abraham et al., 1993) -

FREL G e R e hs A RREE 0% 0 s A fRPER
,f‘:m’?é'/;E%?T’? Rl T afEA Y Fv FAcf kv ¥ 7§ £ F(Abraham
etal., 1993) o Friend £ Shahan (1984) 7 % 11 ' ik {7 A f354 5@ 30
En o W SRURARER RS o

BEAR Ged TR A T IR PREE K Ry By AR

RAFFMFN S L5 SRR 2o R PR A EA &
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TrRA A o gl h s SR FeNF A R R AE (S € A 2 i en
5 #X (Khalid and Marth, 1990) o

PR AL RO B AR A @y B F R > B¢ 0w L bulgaricus
4v L. acidophilus % V%’ # ¥ (thermobacterial group)# § - 4a1k 7
(streptobacterial group)=t 2 o F|* S. thermophilus % &2 2 # FikR &
¥ % (Rajagopal and Sandine, 1990; Chandan et al., 1982) -

Arasaratnam (1996 )%= 3 it % % (NHy),SO4 15 5 S R 2 &

Feng e Haisy ¢ ARk SORARNRIEA § £ SRS

fed AFEPFAF L o Bt R T ¥ 2 2R (NH.):SO4 411

&=

Fitvwdtie RO SERFL R 2 SR ARBORE] faEa s B

% Jh bl4c peptone ~ * E s £

4 Epp % BV B BBSEAT

‘.‘,

FURL L T KRR A VL HGE 0 P BT A e A 7

=

=< o

%-" LJJ Bﬁ“‘di”?ﬁ_]y : ‘f‘*‘ l_zﬂmk’J"Eagﬁlﬁ%aﬁﬁiﬁét,

N

gl s X p pﬂm” 5 fREE (T H o
AR R (6 0 I fe (linolic acid) o=t I firid ik

(linolenic acid) € 3 &= fk™ "% ; ¥337q 9B 2 A "q ik (stearic acid )
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% b s (oleicacid) P% ¥ # 4r (Rao and Reddy, 1984 ) o 423 {475 %%

e drppfh c MREERE BT SUTEEIRRDER S .

w

— AR AR B AR S 45°C 2 pHO.0 0 @ Uk 2 3 At

SEARARE I FAG AP -

4, ‘a4 3

Friend (1983) #m @it A @l@ &Y - P REFE P
24 F2 B¥EdZ & o Fla B pEEAY > 24 % B, -~ riboflavin ~ orotic
acid a2 2 ¢RI EAN I~ > ddoii ke 2 FREA 4L+ o

skt 2 B¥EFHILERK 3 L FED

Lt F o B2 ZBHEKRNG L RESKFAL S
fié er174 s (Arasaratnam ef al. 1996) °

AR~ FRE R Rt el R0 P REd 278 o 4oF
I S IERY BAFFZEREI AT M A
4 %7 £ (Rao and Shahani, 1987 ) o ' & 7] =7 IF if /& &
Atz a2 2 BEERY 7 AR AEMHSY AL AKRKE ERD
B R R G A2C 2B BN RFE4S5CH o £ 2 24 % By

SRR M2 E M o ¥ RS SETS CHro> 2% ~ phgpa 2
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b. 4 T
PEFLERERS N 7 TS R TR AR R e

mEZEERS AN ERIMUS LRI T ETAEFRE -
3+ & L ocasei £ & end £ Fl¥ie > Fl i v {fﬁé\l FPEed a s

& 12 & (Fitzpatrick et al. 2001 ; Krischke et al. 1991) -Fitzpatrick (2001)

FA 3 4 0 Locasei B PEFC IR LR FEJ’J‘ bR AL T R PIRLE SR

4 %2 U] ¥ o Arasaratnam e al (1996) # F4s3 5 ¢ B8

T FEH B R A L i o

6. 7 Wk

1 SR e 3ol v sl aE PR R i G B 8
Brh> o BT 7 o PR A A SR AFMITY L A2 kA R G B
fa > o eH g ¥ P& (citric acid ) ~ A p& (acetic acid ) ~ ¥k & (formic acid )
¥.38 f& (succinic acid) ~ # % f& (malic acid) ~ /g & (uric acid) * F*

#m (orotic acid) % 7 & 435 = o
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B g

- REmH R

1. 23R %A
de Man, Rogosa and Sharpe (MRS ) broth, MRS agar ( Merck,
Darmstadt, Germany ) °

2. BAFRERA

Modified-MRS (70 g/L Lactose )

IR T
Composition Content (g/L)
Peptone (from casein) 10.0
Meat extract 8.0
Yeast extract 4.0
Lactose 70.0
Dipotassium hydrogen phosphate 2.0
Tween" 80 1.0
Di-ammounium hydrogen citrate 2.0
Sodium acetate 5.0
Magnesium sulfate 0.2

Manganese sulfate 0.04
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3. U ;Fi Y R L (Whey permeate powder)

MR G LA P A3 (LAND O’LAKES, USA)

IR AN ol N
Composition Content (% )
Protein 3.6
Moisture 4.5
Lactose 83.0
Fat 0.2
Ash 8.4
pH (10 % solution) 6.0

Titrotable acidity (6.5g to 93.5 mL water) 0.12

4. ¥ & (soybean)

IR NAS Ty
Composition Content (% )
Protein 35
Fat 15
Carbohydrate 30
Sudium 0.0375
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R NUAS ey
Composition Content (% )
Protein 77.0 (Mini)
Moisture 5.0 (Max)
Lactose 12.0 (Max)
Fat 8.0 (Max)
Ash 5.0 (Max)
pH (10 % solution) 7.0
LY
FFIELEFF AT
L deT o
Composition Content (% )
Protein 88.0 (Mini)
Moisture 7.0 (Max)
Fat 1.0 (Max)
Ash 5.0 (Max)
pH (10 % solution) 7.5%0.5
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7. B E &
(1) Yeast extract ( Difco, Detroit, USA ) -
(2) Peptone (Difco, Detroit, USA ) -
(3) Casitone (Difco, Detroit, USA ) o
(4) Meat extract ( Merck, Darmstadt, Germany ) °
(5) Lactose (Merck, Darmstadt, Germany ) °
(6) Rennet ( Difco, Detroit, USA )
(7) L (4 ) lactate kits ( Sigma laboratory, USA ) -
(8) D- Pantothenic acid ( Sigma laboratory, USA ) e
(9) CaCO; (Ferak, Germany )

(10) (NHy) ,SO,4 (Osaka, Japan )
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8. B FR

AT BEHRY AFHRFAFN AP A SRR

RO EISRIEFEFATTARFZTEFAL Y C RAET

Lactobacillus rhamnosus THSH-1 2 pp 77 ¢ w2 51 f ‘ﬁr]”ﬁi :

(1) Lactobacillus delbrueckii subsp. bulgaricus
(2) Lb. casei subsp. rhamnosus

(3) Lb. casei subsp. casei

(4) Lb. acidophilus

(5) Lb. helveticus

(6) Lactococcus lactis subsp. lactis

('7) Streptococcus thermophilus

(8) Lactobacillus rhamnosus THSH-1

£ BRI 8 K -

39
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9. Em2 W@
B4 flig kst (1998) 2 2 24l & ¢
(1) B~% 2333 ¢ 47457k 150mL » ¥ 60°C 28 kis @ 2i¢ 4 /]
B o
(2) i&ie 15 #iz e K @4 0 4 80°C 2 FAf-k 150 mL B o
(3) MipsBipdEegd + & Gneik o
(4) MR ESEE 121C 0 15 2 8RRAF -

(5) WEH=RE LI BakfpEr o
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10, F 50
Jops 3R (1995) 223 2 Wi o e b N2 L F BTk Ty

RALF 2 2 2 80°C 4 £ 15 min ¥R 7 > 4 4r % 30C -

|

AfcL A e /;"‘ 4v 1% Lc. lactis subsp. cremoris

g2 Lc. lactis subsp. lactis °

l

iiii‘?'“ﬁﬁé?']ifjt 4v D30°CRiz 2 PR30 A4 faRiE 0.18% o ¢

FLSTE o R AT R > FY 35 Ak

|

A2 8 A2 (9 1-2cm2 =2 4f)

|

SR R E S A AER 4 1TCead 4o T 38°C (7 ETIEAE)

l

‘v ¢ 5% NaCl e

|

%‘L;ﬁﬁ',f Pl S RICTHE IS SR FEAFRR Y o

l

RICZAH X TR BREF

|

#4
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S CABRRBRA

1. B4 k3 is

Model 2323K, HERMLE, Germany

2. 4 sk sk B3+ (spectrophotometer)

Model UV-1061, Shimadzu, Japan

3. Brxanieipd & 447Kk (High performance liquid
chromatography )

Model L-7100 intelligent pump, Hitachi, Japan
4. % ¢tk g pl® (UV detector)

Model L-7400, Hitachi, Japan

5. # 4 & (chromato integrator )

Model D-2500, Hitachi, Japan

6. € 4c# E (colum oven)

Model L-7300, Hitachi, Japan

7. RTERE R

Model S300R, % 5, Taiwan

8. Kjeldhal system-1002

Model Foss tecator, Sweden
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R VYL

W - PRERAR - B R
PR E (1998) 23 242 42 5 4 F AR gl R e o i
B fcz ffiR lmL > BHRIFZEHFEN RS =
(cycloheximide) 200 ppm % [ fi4r 0.25 %< MRS # % L ¢ > 3t 30
TH37C 42T 45CH %2 B RANEH b2 B 278
2B o B2 FRIEFEST MRS broth ¢ - % 12 30°C ~ 37C »

42°C ~45C % 16-20 /) pFis » %3304 C o Fd FiEiv - X o

Bt PPRAR BEFT AR
(1) 2 @hd ek

(z)ﬁﬁﬁ;%é'%jz‘i%% 48 - pF2_H - ’Lﬁ:ﬁe%" 3% E% ita - o>

V

3

(3) #Eealatsdm > R 47 WPk ~ - ¥y o B RAAE
Y FMALETE RIETHRL P S R TR
(4) Fepedpat 338 (Tsaietal 1993): 3+ % gk 7 A 7-100%

Fopa (95 R N5.6-8% L) ITCR A BBL S LR
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N

Atk E

EPAWRAI B RS o TERE DR ARG
2_ Atk > 12 MRS broth 7% it {5 > ** 4°C > 4500 rpm &< 10 4~ 45 > 4
%%wéii%ﬁiﬁ%ﬁ%’Uﬁﬁiiﬂ%§$$ﬁﬁﬁﬁ:’
TR 2 e~ 5 E R 2 12% PR R IUR 40 10% 4 @R &
RITSFUR A RREH A B80CAH K F 3 RT3 50 AR
Pisigt o 2.4 %};ﬂﬁ’oi% *oaE LSRR 1;:]\ 16% SNF 5 7 5t 3 &

s (37°C 0 161 B R A A .

WA AMA S RS

iz B¢ Hujanen, M. and Y.-Y. Linko (1996) 2 = # » #-% Fikiz
#6 1% ** 5 § modifiecd-MRS i &3 % # 100mL 2 % £ 250 mL 5 #
LY o # 7 v 3% CaCOs {5 EFL e > ¥ 30°C ~ 37°C ~ 42°C ~ 45°C >
150rpm ZF % > 2 BRI 0481216243648 /| FF2

Flic s SEFIBE S S E2 48 L (+) ANEEISE -
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W BRBEEER
o g Lb. rhamnosus THSH-1 >t 7 5|72 @ p¥if 2 2 T 2. A i
P o AT N RER R AR N
(1) @33 & pH & % ; ]4\:3% CaCO; 3 & pH &
(2) #ExE%2 150mpmEFTE £
(3) 1% HHEE 2 10% HEE (& HFET 2 FiR A5 4500 rpm 3
S SR oL £ X )
Hj#h4246°0 7 1 modified-MRS i 432 % % 100 mL 2 % £ 250
mLi}%—ﬁi\‘—‘ » A2 Cr % P RIH 048121624 -~36~48 ]

PR e SR FIRE 2 St SR

BT P R

1. & Rt vids

MFFBIERA B RSB T 49% cpH6.00 F 7 £ 5 046¢g/L
2z R R 5 ‘)fa”‘i‘/‘% o ReFU ‘}?";‘7"5 me 100 mL % £ 250 mL = ;;"ﬁi
¢ i 4e ~ 3% CaCOj 3 fiegt it o

# L7 F F R (yeast extract ~ peptone ~ meat extract ~ casitone ~

casein ~ soymilk ~ soy-protein ~ whey protein ~ (NHy ) ,SO4) 1 F % £
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(0.5 g/L)* 5% ikik ¥ <4248 10% Lb. rhamnosus THSH-1 /€ (4
fa2 i B U5 4500 rpm Hrew o 3tk bR 1 B FAlARAE ) 0 11 42°C

150rpm & F & > BIH 12243648 ] F2 5 Bt = £ o

2. PR RBBHH LR

WFFBERA B RSB T 49% cpH6.00 F 7 E 5 046¢g/L
2 B R SCFH R o L FF IR 100mL B 2t F £ 250 mL & 5T
¢ s 4 de » 3% CaCOj ¥ it ik -

WHFHARY A LI FIRARZ S Z2P (0% ~05% 1% -
1.5% ~2% ~3% ) 448 10% Lb. rhamnosus THSH-1 F£ (&~
i 77254500 rpm A > 3 of b 2 B FAARAE ) 11 42°C > 150 rpm

s % o Bl0~4-8-12~16~24+36-48 /| pFrz ik ~ S F14

l

o

|l

2l =
3. FFH PR

fof p Wacpe iz tdF (S z£5% pHS7 28 1.1
gL §H T3 8 5.6% » i 0.5% )o At 3 fiER FBg o Fde m
3% CaCOs 3 firgt fasg = chpadr4| o #48 10% Lb. rhamnosus THSH-1

FE (2 AR R 5 4500 rpm g - 3 0g bR B P A )
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¥ 42°C > 150 pm B F s % > BlH 0481216243648 /)

PR i FOBFIBER R A SR

4. B L d Bk

MFFBIRRA B RSB E 49% cpH6.00 F 7 £ 5 046¢g/L
2R FF R o BRI 100 mL B2 E £ 250 mL s AR
?oo T4 » 3% CaCoOs 3 eyt i o

ey £ (0.5g/L) £ "T 4viZ fé 0.6 mg/L (Yoo et al. 1997 )
WHF IR Y o 4248 10% Lb. rhamnosus THSH-1 F € (3482 Fik
R AE 4500 rpm Bt o 4t b iR 1B ARAAE) 0 11 42°C > 150 rpm
PR A BB 12243648 | P 2R

ELS 022 pmiBREEERI FF B IR o
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T~ A7 R

B e
iz Busta et al.(1984 )2 = P~k & 1 mL-> & ** X5 0.1% peptone
i Ek 9mL 2 i P g HERS 10T - # FRAR AR
ST N B’»;ﬁ;—% i ImL *+ 33 Zmx ® > 4c » MRS agar 15 mL ;&

B3R BENITCTRA B LI L E A FE

R T TR
i% P Mostafa(1996)2_ Phenol-sulphuric acid i#] _> * » B~4& 5 2
mL > 4r 5% phenol 1 mL > £ #r sulphuricacid SmL®E & > # % 10 ) >
2§ 3 25°Co ki 15 min o Pk & 480 nm ek B o e § 0~0.008 %
FME e A REITIERE S R L d R R NTBER
AT IR B R 1 4°C 0 12000 x g B 20 A4 0 Bt

RERAT R B R o

3. L2 2 L7
iz P& Hujanen, M. and Y.-Y. Linko (1996) 2_ = ;% » %%’FS BT AT IR

A ¢ K A 47 ik Rl o A 44 41 5 BioRad (Aminex HPX-87 H, 300 m X
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7.8 mm) e Pl EiEE D A H4p 5 0.008 N HySOy 0 7iti#E 0.6 mL/min > i
& 65°C > UV 220 nm | Z_-

AT IR B R 1 4°C 0 12000 x g B 20 A4 0 Bt
AR A S R R et SR T RS R e R IR R Y
IFU AT S T R B AT o SR EHF 5045 um

Wi B I W Y R R

4. L (+) g2 £ 47
i Noll (1974) 2z = /% > 4] * nicotinamide adenine dinucleotide

(NAD) & L (+) §'pa2 & pr2 F Bl 2> F i dlac™

< Lactate dehydrogenase

Pyruvate + NADH » Lactate + NAD"

A dra BJR ¢ B3k 5 0.2mL ¥ 0.6 N trichloroacetic acid ( TCA )
04mL /R &£3253 > 1500 g 3o 10 & &8> L™ Fov B o Bt ‘}%“21’3’ 0.1
mL &P o

Glycine Buffer 2.0 mL ~ 7z 4§ -k 4.0 mL 2 Dehydrogenase 0.1 mL
2 NAD 10mg iR £353 « B~ £ 29 mL & & & 0.1 mL ** 37C >
15min ¥ & > *" & 340 nm ] F_o 3+ 5 3 4T

Lactate (mg/dL) =Aj4 x 130.5



b. ¥

Ik

A4

0 BB R R e b T (ONS 3449) 2= i irl 2

(B—Bp) x 0.1 x f x 0.01401 x %

&g (A)

© By 5 Blank & 0.1 N frpiaif 2 & o
© f5 0.IN Feprz 4 i -

© B i 0.IN #rptif 28 °

6. t4 5

FEEZ EAF R F > RIPIIIE P ATE BRI 0 B F SAS Kt E R
R T AT o Bipsh 2% - SR HY (General Linear model ;
GLM )& {77 e d2 R 2. £ B 4B %5 ¥ 12 Least-square means(LSD )

BlTEVRAL A T T2 L REEN -
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E;‘@: ﬁ?%ﬁ
R I RARAS R B2 Ry
ke

B A 5P G

B

PO R TR

i

75:]1}:

PRI AI B g
C AT G g X

#1323 ¢ w2 16STDNA R4 B 71 4 7 %2 Biolog #2_ % 4
Lactobacillus rhamnosus THSH-1 o #-pt

5§ B AT
BAREH 2 A RS

FRE Rt AT Q)I;Lv‘
¢ RA Fea 4 o
R CEABABIEE
(- ) A4 #%
A A FRE 2 AS R AL & DS F e { E A
BLB ARSI F PR Y 72 A
R EA
FAEL IR
gl 3

PR A AR
A SRR EPHCA P R RS E A eh N BB B B R
2 P REERR e 0o

¥ 2 %% (Tango and Ghaly, 1999 )

B A5 HREFEEHRY LR

RSk p (7iE 72 Lb. rhamnosus THSH-1 ¢t » ¥
R RRRY GAREY L F G %

#ipL A
PRp AT 8 &1 EFEF
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T TR 2 Y Y s 2 §Y L F BT Lb. delbrueckii subsp.

bulgaricus ~ Lb. casei subsp. rhamnosus ~ Lb. casei subsp. casei ~ Lb.
acidophilus ~ Lb. helveticus ~ Lactococcus lactis subsp. lactis %
Streptococcus thermophilus = YA FAfE » T " & A7 FIER T #
FRELE BT R R AR L () f@L S b B

oo g e

1. Lb. delbrueckii subsp. bulgaricus

SRR E Y TS AR ERe o S5 1930 &
m g pce R Y wdcfEH RS 2 AT p e BAz s 7 (Litchfield,
1996 ) -
(1) 2 BEAEER2 3 £ kR

Lb. delbrueckii subsp. bulgaricus >* 13 #4535 % 3 ? 11 % F§ A& 30
3742 2 45CEAFH 4 £ RAcB = 977 - BB % &7 > 30T
%16 P2 L RRRE B ERRAF T B A 48 ) BRI Flick
% » 10.1 Logcfu/mL - m 2CrE£FE4+H 4+ E 3 F > e d2H% 12 )
Pris i 4 £ 1 36/ 3 Ak 103 LogefumL o @ >+ 45C % ™ »
Lb. delbrueckii subsp. bulgaricus # £ % -3 % 36 -] PF {5 3% 7% F ¥k
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(2) F*fIr B =8
% 30~37~42 %2 45°C2. % g B ™ Lb. delbrueckii subsp.
bulgaricus >t 3 A7 % FL P 2. FUREFIH 2 SRR A A 2 B X e Ble At
oo H %% BT > Lb. delbrueckii subsp. bulgaricus £ #% >t # fa i R T
BE ARBRAY 12/ ) Fa 2 M2 SR d XY 7 0 o 2§
RCHAE 16/ FEs L S E @R D 364 = 66.7g/L 5
e o 37CE A5SCH Z R 4 24 [ S Fpe s & £ 4 BANH 40 » A 53
48 /| pF1s 4 = 73.6 &2 38.3 g/L 5 F4 -30°C & & PF Lb. delbrueckii subsp.
bulgaricus 82784 £ 45 CrAPFE > R HA xSk 4L B A

48 [ pEis SR A E R 3 223 g/l o

2. Lb. casei subsp. rhamnosus

Lb. casei subsp. rhamnosus E_fe B 3 fE 5 pats B > » AG W AR
* 34 & U hE R (Hujanen, M. and Y.-Y. Linko, 1996) -
(1) » FERERE2 4 LR
B FE R 303742 % 45°C#2 & PF Lb. casei subsp. rhamnosus
Wig A A AR B4 LW RYcB T vt o HESET 03037 &2 42
‘C3 % P > Lb. casei subsp. rhamnosus #¥c 24 -] P70 ' SEp5 A 3 4

g o H P30 2 37CHA 12 P RHETF 95 & 9.6 Log
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cfu/mL> ¥ ** 24 /| pF A # ¥ i 10Log cfu/mL 12 F o @ * 1 37C# %
A 12 ) B EBE B2 30 2 42°C 0 R £ 12 FEL 16 ]
A ESM 16 P sfs £324 ) b 5% F#k 104 Log
cfu/mL o Lb. casei subsp. rhamnosus > 42°C 33 & 24 /| FFE 5 B 7 7% 7
B R FRABIFETH L 48 ) FFAdlics 9.3 Log cfu/mL - @ 45
Te%1 8 [T ERAET B4eH4 > 36 | FisE 9.7 Log
cfu/mL 2 % /& Ak o
(2) @ * Hasps <&

% 30~37~42 2 45°C 2.7 kB R ™ Lb. casei subsp. rhamnosus >+
AR R Y 2 FUREI M SR N2 SRRl T c B S R B
7+ 0 30~37 22 42°C 32 % PF > Lb. casei subsp. rhamnosus 5* #%3]* £
LfpA AR 24 ) FER SR E A R o BP0 3TCHR A 24
PRESES SR 68 gL AN H BB AR EY RS STk
F oo fe F HFRE ) * 2 F R 42°C e & Lb. casei subsp. rhamnosus
PRl id o SCIRFEPIE R T ae € B Lb. casei subsp. rhamnosus 3 4%
FURES L FURL RS o @ 45CE AR 16 ] L > FUp A = § A i 4
‘v 3 36 FFiE 61 g/L 54 g4 = & o Lb. casei subsp. rhamnosus 2 30
CHAEPGFARIA I ASTH ARG » L AP 2 S oneg fr i

A o
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3. Lb. casei subsp. casei

Lb. casei ¥ 5fe F pER-F iR P 2 SRS L (+) 4
fe s S AAF AR Y TR aES A AT R ERe ( Fitzpatrick et al.
2001 ) -

(1) 2 BEAEER2 3 £ kR

A FIE R 303742 2 45°C¥e % ¥ Lb. casei subsp. casei 3™ 13
Gy A A 24 E W oS oA o BRRES 03037 &2 42Tk
% P¥ > Lb. casei subsp. casei Fl#c24 | P G EPRFER M A £ F 0@
Pt % 24 ) P Ay i 10Log cfu/mL 12 b e Lb. casei subsp.
casei ¥ & 8 | FEH R » 11 3T C 3 & PF A 4o P o 32 % 1224
JpEEP R R E_ 42°C 8 & 2 Lb. casei subsp. casei Fi#c® 3t E 8 f
By eom 30Cs 4 24 | B2 {8 AEcAIEMB 1 48 - i 106
Log cfu/mL o @ 12 45°C 32 % Lb. casei subsp. casei PF 2+ & $ £ > 8 /| PF
o E ] Baes e 536 PR A (S F#ics 9.7 Log cfu/mL > 2K
AR @R 1 48 /) BF 5 7.9 Log cfu/mL -

(2) F*fIr HEspsd =8

%30~37~42 2 45°C2 7 I B ™ Lb. casei subsp. casei % 13 4

BAERAY LSRN PR A A2 SR Ao A S o BBk

" A2°C #5 % P& Lb. casei subsp. casei $ a4 25U s B i o
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WA 24 PFE AL 694 gLk o HAE3TCE A 36 FFE T
66 g/L 5-fic 4 = & o Lb. casei subsp. casei 11 30°C ¥ 45°C 12 % pFehit

o

i 4 =t

e

b ﬁ*

i

4. Lb. acidophilus

Lb. acidophilus % "%’ BAMAE EAEAFE o ¥ R N IE L F RS
P2 FARMA ARHREEF I RERARAFENRK S ST L PE o
(1) 2 B EAEER2 3 E kR

n7 R R 303742 2 45°C# % BF Lb. acidophilus *% 13 &F 12
AV 23 B0 SAcRA T c HBRRET OB EADITCRE S
RSB R 0 Ra 8L R R BN o Ly 4203
% P¥ > Lb. acidophilus P33 & 8 -] PF2_ 14 73 i F#c-id 3 4e > 16 /]
PR SRR AR RERB A A P36 PFEEF 5 E FE103
Log cfu/mL - Lb. acidophilus ' 45C# A pF 24 £ & £ o
(2) S fIr B stpsd =8

%30~37~42 2 45C2 % B R ™ Lb. acidophilus %13 &% 33 %

AP ZFUEI M SRS N2 B Ao R o o BB SR 0 Lb,

-

acidophilus &% PR Rz % 16 | PFRFEFEA L& 5 > L g

37CH & 16 | P B ¥ U * (i if - 42°C 1 % 0 Lb. acidophilus

56



SRS Aok hodo K 24 [ PR ATES SR B4R EH 4 T 48 ]
BT A & 693 g/l Uik o H = £ 45CH % 48 | A 2 547 g/l 5
e o B2 X 30~37°C32 & 48 /) BFEP /F Lb. acidophilus F#c's % ** 45°C >

T PEHAE Y LB RS S e R ASCR AL o
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0 30C 49— 37C A—42C B-45TC

Log cfu/mL

0 | | | |

0 12 24 36 48
Time (hours)

Bl= - * & § AT Lb. delbrueckii subsp. bulgaricus 713 4735 % L 7 2.
4 E W&o

Fig. 3. Growth curve of Lb. delbrueckii subsp. bulgaricus at different

temperatures in modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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Lactic acid @30 C —4— 37 °C 4—42 C —B— 45 C

Lactose =-©-30°C -©-37C-A-42°C -H- 45 C
80

40
30

20

Lactose and lactic acid concentration (g/L)

10

Time (hours)

Ble ~ % 8 B T Lb. delbrueckii subsp. bulgaricus # i3 4732 &% £ 7 2.

ST R RS

Fig. 4. Lactose utilization and lactic acid production of Lb. delbrueckii

subsp. bulgaricus at different temperature in modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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Q- 30C 49— 37C A—02TC B-45C

Log cfu/mL

0 | | | |

0 12 24 36 48

Time (hours)
Bl ~ % B R T Lb. casei subsp. rhamnosus %13 4735 % L ¢ 2 4 &
W OAR o

Fig. 5. Growth curve of Lb. casei subsp. rhamnosus at different

temperatures in modified-MRS.

*Lactic acid produced was neutralized by CaCOj
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Lactic acid -@— 30 ¢ —4— 37°C 442 C 8B 45 C

Lactose -G- 30 Cc -©- 37C -A- 2°C -B- 45 C
80

70

60

50

40

30

20

Lactose and lactic acid concentration (g/L)

10

Time (hours)

B~ ~ 7% F IR T Lb. casei subsp. rhamnosus 713 4732 % K¢ 2 U

’TIJ? :k}‘a ébﬁjfgi é\; o

Fig. 6. Lactose utilization and lactic acid production of Lb. casei subsp.

rhamnosus at different temperature in modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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- 30C 49— 37C A42TC B-45C

Log cfu/mL

12 24 36 48

Time (hours)

B~ ~ % B R T Lb. casei subsp. casei i3 A3z % AV 2.4 £ d M o

Fig. 7. Growth curve of Lb. casei subsp. casei at different temperatures in

modified-MRS.

*Lactic acid produced was neutralized by CaCOj
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Lactic acid @— 30 C 49— 37 C 242 C -8B 45 C

Lactose -G- 30 C -©-37°C -A-42C -H- 45 C

80
S
1)
: 70 ag’\gff <~
2 bASN
£ 60
=
S
§ 50
=
S 40
.C_')
2 30 f
=
=
g 20
=]
£ o
DJ 10 B \\A \\\\ﬂ\\\\
0 I ~—-‘$=:;=_=__—:“-:-
0 12 24 36 48

Time (hours)
B~ ~ % B R T Lb. caseisubsp. casei t13 AF¥: % ¥ 2 4
MBI FLRE A & o

Fig. 8. Lactose utilization and lactic acid production of Lb. casei subsp.

casei at different temperature in modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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0 30C 49— 37C A-492TC B 45C

Log cfu/mL

0 | | | |

0 12 24 36 48

Time (hours)

B4 ~ % FERBRT Lb acidophilus %3 A3 % £ 7 2.4 £ & -

Fig. 9. Growth curve of Lb. acidophilus at different temperatures in

modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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Lactic acid -@— 30 C —4— 37 °C 442 C —B 45 C

Lactose -G- 30 C =©- 37 °C -A- 42 °C -H- 45 C

Lactose and lactic acid concentration (g/L)

Time (hours)

B+ ~ % R R T Lb. acidophilus {13 &7 3% % #A 7 25U * 2 3t
fad = o

Fig. 10. Lactose utilization and lactic acid production of Lb. acidophilus

at different temperature in modified-MRS.

*Lactic acid produced was neutralized by CaCOs
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5. Lb. helveticus

Lb. helveticus E_I¢ Fa# pEs e 2 547 ~Ap T H & LR
PREL G ORGSR AR AE SRR x FIH ﬁf{““%’ #Ar
Gl AR RS L NE RS EV TR PR T R
TR AT S B RS GA A R F & (Tango and Ghaly, 1999 ;
Chiarini et @/.1992) - # # = DL 3|3~ .5 - B 2 b H s 3L A2
13 8t ( Chiarini ef al.1992 ) -

(1) * FERRER2Z 4 LR

B R R 303742 %2 45°C % P Lb. helveticus »% 13 47 33 %
A2 4 B0 BBt - o B B R AT 03037 27 2T A
Lb. helveticus F#c 24 | P 3 SgPF Pt £ m B 4e o H ¢ 12 30 2 37
THr% 12 i AT ¥ F 9.6 Log cfu/mL » 35 % 24 -] p5 i F#k™
# 10Log cfu/mL 14+ 0@ 11 42°C B33 % 36 | P53 10.1 Log cfu/mL
W6 i o Lb. helvericus *t A5 C 1 R A #2 £ B L o
(2) F-pfl* Pt = 3

%30~37~42 2 45C 2 7 = B R Lb. helveticus %3 47 12 % 2k
PSR PR A 2 R Aol S o 2R A A 37
CTH % P Lb. helveticus 5*fe 4 » 22 it > 124 36 [ FFis¥ A4 68

g/L 3 o @ 30°C3# & Lb. helveticus ¥p FF crjF#ic2 LB 2R % 8 % 42
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2 ASCr A% > R HFpA s fpri i o

6. Lactococcus lactis subsp. lactis

Le.lactis R £ RePF £ * Ffae s B FH# RIS KE v 2 &30
10Cen% BT > 7 41 * § 5442 L(+) 5 & (Stiles and Holzapfel,
1997) ¢ B FfEs FARR * § (FFE L A S B OERe -

(1) 2 BEAEER2 3 £ kR

A% R R 303742 2 45°C2 % ¥ Lc. lactis subsp. lactis 3 13
Ay A Y 2 4 B A MAcB = Ao o H 2% &7 0 Le. lactis subsp.
lactis %+ 30~ 37 2 A2 CH AP > F#c24 | FH T 7T H 4o &
B oA 3TCHAE 12~16 | FHFFREL L €7 BFRE > R
AR AR @ 420 A 1224 )l T Aol B A T R H
BREE VT EABEE 36 FF2 {5 Le lactis subsp. lactis F#ch] € -3
B0 o A5 C 8 & Le. lactis subsp. lactis FF 4 £ £ > @ ¥ 12 % 36 /| P&
2 f6 0 FEF S LR 1 A8 F s F# 5 #] 7.1 Log cfu/mL -

(2) F*fIr B =8

% 30~37~42 2 45°C2. % 8 B ™ Lc. lactis subsp. lactis »* 13 4%

BAEAY 25U MR IR A2 BB e it o HAES A

7t > Le. lactis subsp. lactis >+ 42°C3 £ g B3 4 s &
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4. R AT AL B8gL it - Hx F 37°C % 36 | A4
70 g/L 54 & ° Lc. lactis subsp. lactis 72 30°C 32 & PFeng g4 * 2 3k

SRS i A S

7. Streptococcus thermophilus

S. thermophilus % B 8 7> .5 7 B DFRfE - 2 45C3 50

C

o
o

P T4 E s ISTRERIH A2 £ o B 37~50Che A 0 £ 4 4
% 2472 A Feic 4 (Stiles and Holzapfel, 1997 ) -

(1) *FERER2Z 4 E KR

B IR R 303742 2 45°C12 % FF S. thermophilus >+ 13 A% 32

RAY 24 LW S4BT AT o B USSR 0 S thermophilus # %
WRREERATREA 2 FPFAEKTEFETEL A H A oS
thermophilus >+ 30 £ 37 C A P FA#icd £ it > B4 12 /) FF#T
F 9.5 % 9.6 Logcfu/mL » ® ** 24 -] pF {3 73 % F#ic s 24F 10Log
cfu/mL 12} o S. thermophilus >t 45C £ F 4 £ &4 » @ ¥ L 42°7C
BA& 36| s r s FER D L

(2) S B <&
% 30~3742 %2 45°C2. % B BT S thermophilus >+ 13 &7 32 %

Y2 FURE R RS A2 B R B A c HERE T S
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thermophilus E#%* PRER T Z 16 | FHF L S8 ¥ 2R
dvoo@m FUBEFIF £ R0 37 CHiE o B2 2R S thermophilus 14 45°C £ %
P £ B2 R HFURAIH B R LR SR Pt iRt E i R
By% BR36)FETAL T0Tg/L5 - HAR I 42CE %

48 [ e ¥ A4 649 g/L SRk -

8. Lb. rhamnosus THSH-1

P AREATHRFAL S BEE OSSR LI EREAY
TR T 2 L ¢ S ER L Lactobacillus rhamnosus THSH-1 -
(1) * FERRER2Z 4 LR
B R R 303742 2 45°C#& % P Lb. rhamnosus THSH-1 »*
AR R AT 22 R AR - T o HEBERET 03037 & 42
C# % P > Lb. rhamnosus THSH-1 F#c24 /| pdp B 3 "g P P 4e
B oM E 24 B F 5 F#cY 23 10 Log cfu/mL m b > H P 30
T4 48 PG B3 5% FAKS 105 Log cfu/mL - & & Lb.
rhamnosus THSH-1 %+ 45C 3 £ PP & F 2 £ > 1378 F#cHo 10° 12T o
(2) W * Hasps <&
%.30~37~42 2 45°C 2. % ;8 B ™ Lb. rhamnosus THSH-1 >+ i3

A A AP 2 FUREA T M LR Y A2 BBl Nt o H S K B
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7 0 42°C £ % PF Lb. rhamnosus THSH-1 et g4 % |4 2 FLBL 4 = s
BRHBERREE > INER 24T 674 gL IEA SR B2
RITCHr %24 P2 64 3 655gL s ped 2§ 238 % 16/ B
LA A 202 g/L Arig Mt R PEERF 42 Cr 2 0 355 gL stpa A
=& o @ Lb. rhamnosus THSH-1 12 30°C# % 36 /| pFis ¥ & 4 74 g/L
LBk o

FENMNLY FRMAARIER TR AL 8% 0 4 Lb. rhamnosus
THSH-1 & 42°C# % 16 | prenftfe s & £ 5 355 o/L 2 #4117 £
374l HERNHE FRARAEBEE T ORGSR P
FI# 2 B3 B engu Bl 3 FUAL S 20 o s E B AT G

FUE PR L FPT

(=) L(+) A

FURE AR SR BEke v R FES RS § oAl e A Y
A 5D (—=)A4rL (+) 42 DLA=FLEE P -L (+)
ANFEF T FISRE S AR et m TR g RE A (TR A RS
P NBRE Al o ST E G i ) ¥ 4 (Tsal er al 1993) - &
B FERTHN I FRARABRSL(H )N L S DR

ERHIBALGHE LAY BE 4 PP L () 2@ S
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2R P et = 417 o R R B 0 30CH & 48 ) pFiE > Lb. rhamnosus
THSH-1 sh L (+) A fA £ % F AV GF W FEAT 46 Fiani

£ (P<0.05)c e & H s &3 H_

F_&
[98)
~
S
[\
S
(V)]
a
e
¥

8 | FFis » Le.
lactis subsp. lactis 0L (+) A3 BAE 2 F AV BT HF B3R E
THE AAEDEE (P<0.05)c £ HF 1 45C % 48 pFiE > H L
(+) A5 AL 5 63.62/L° |~ 5] 96.1% BB o @ Lb. helveticus
22 Lb. delbrueckii subsp. bulgaricus % & % 5*F? L (+) A F ~ v 5
DA A H A 7C£‘“%E‘35"“Lr4’¢“mL (+) Az &7
AV G R T 50% -
Lb. delbrueckii subsp. bulgaricus & Lb. rhamnosus THSH-1 &_r2 42

Tr %>

it
I
e
Ja
o
=
An)
—
—~
+
N—r
3
—
3~/
=
<
|

>A PO > X
THERRE AR

X om H s 2
A "

R
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flm
F_L
AN
e
a
%
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’i%
\Tm
\ [
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—
—
+
\—
)
9
jpus}
2

LrlR R R R A F (P<0.05)-
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- 30C 49— 37C A-492°TC B 45C

Log cfu/mL

0 | | | |
0 12 24 36 48

Time (hours)

B+t —- ~ % FERET Lb helveticus 713 4732 % L ¢ 2.4 £ d 4 o

Fig. 11. Growth curve of Lb. helveticus at different temperatures in

modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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Lactic acid -@— 30 c 49— 37 C —4A—42 C —B- 45 C

Lactose -G-30C -©-37C -A- 42 °C -E- 45 C

Lactose and lactic acid concentration (g/L)

Time (hours)
Bl = ~% FERT Lb helveticus {13 A7 32 % 5 ¢ 2. FU A * 422 3t
fad = o

Fig. 12. Lactose utilization and lactic acid production of Lb. helveticus at

different temperature in modified-MRS.

*Lactic acid produced was neutralized by CaCO;

73



- 30C 49— 37C A-492°TC B 45C
11 r

Log cfu/mL

0 | | | |

0 12 24 36 48

Time (hours)

B~ =% F§ BT Lactococcus lactis subsp. lactis 713 A7 3 % FL 7 2
4 Ao

Fig. 13. Growth curve of Lactococcus lactis subsp. lactis at different

temperatures in modified-MRS.

*Lactic acid produced was neutralized by CaCOj
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Lactic acid -@— 30 c 49— 37 Cc 2—42 C -8B 45 C

Lactose -G-30C -©-37C -A- 92 C -B- 45 C
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Lactose and lactic acid concentration (g/L)
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B+ 2 ~% FE &R T Lactococcus lactis subsp. lactis 713 4735 % L @ 2

FRT)T R A S

Fig. 14. Lactose utilization and lactic acid production of Lactococcus

lactis subsp. lactis at different temperature in modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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0 30C 49— 37C A-492TC B 45C
11 r

Log cfu/mL

0 | | | |

0 12 24 36 48

Time (hours)
Bl--7 ~ 7 FE R T Streptococcus thermophilus .13 A7 s % A ¢ 2.2

Fig. 15. Growth curve of Streptococcus thermophilus at different

temperatures in modified-MRS.

*Lactic acid produced was neutralized by CaCOj
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Lactic acid @ 30 Cc —4— 37 °C 44— 42 C —B-45C

Lactosse -O- 30 C -©- 37°C “A- 42 C -E- 45 C
80

70 B=

60

50

40

30

20

10

Lactose and lactic acid concentration (g/L)

Time (hours)

Bl =~ ~ % ki8R T Streptococcus thermophilus 713 £33 % A 7 2.5t

BT R Sl &
Fig. 16. Lactose utilization and lactic acid production of Streptococcus

thermophilus at different temperature in modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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-@- 30 C 49— 37 C —A—42 C | 45 °C non-growth

Log cfu/mL

0 | | | |

0 12 24 36 48

Time (hours)
B+ = % kB RERT Lb rhamnosus THSH-1 A3 &3z £ A7 2.4 £ ¢
f"ﬂ o

Fig. 17. Growth curve of Lb. rhamnosus THSH-1 at different

temperatures in modified-MRS.

*Lactic acid produced was neutralized by CaCOj
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Lactic acid -@— 30 c 49— 37 C —A—42 C —B- 45 C

Lactose -G-30C -©-37C -A- 92 C -B- 45 C

Lactose and lactic acid concentration (g/L)

Time (hours)
B+ ~~7 FERT Lb rhamnosus THSH-1 %12 &7 32 & £ ¢ 2. 5 4571
O FLEL A A o

Fig. 18. Lactose utilization and lactic acid production of Lb. rhamnosus

THSH-1 at different temperature in modified-MRS.

*Lactic acid produced was neutralized by CaCO

79






LR ST
*iE S A 0 Lb. rhamnosus THSH-1 %7 5| % e FEEiE 2 R &

T_Lé‘ﬁ»;—‘/{:% » T4 5']_‘:%_@""’ 74k E B"ﬁ’»'ifjrﬁ’x;?ﬁj— 7 o

(-)pHEH &
2R % ”T SRR R R AP o REWES Y Lb. rhamnosus
THSH-1 #7i¢ = enfiadr4] (T % o 2% ¢ I vt #i Lb. rhamnosus THSH-1

*’?’*F’/] GRRPAATZ B AR HH A ERESETY BE g R

% 5% o

3]

*“?3

7
-~

pH &2 & %43 Lb. rhamnosus THSH-1 fi2 4732 & & ¥ a4 £ 27
B2 B% AR 4 o c BHEEkET o 288 pH Bt %4 7° Lb
rhamnosus THSH-1 3 % 8 /| PFz_ {3 > 3% FEcy Mt e pH B2
BAA IRA 12/ P FAETI L H 4@ Lb. rhamnosus THSH-1

54 W& pH s % A e % 24 [ PE2 15 58 FicE B % 10 Log

.-\\

cfu/mL 12+ o

pH &% & %4> Lb. rhamnosus THSH-1 713 &7 32 & & 7 gt g
PR AR SR Bkl L o A% 0 A0 & pH
Benk: & A ¥ Lb. rhamnosus THSH-1 H 5 fe 4 = & 2 JL 44 # ?E_“,’TT

THEESFLITWBENIASPHEZ B R AL AREZDF Y

81



FWad R Ao 1A B LR E S E TG 20g/Lo Ap ¥
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Litchfield (1996) % Chiarinietal. (1992) %335 & & 305
AR FPRATIRALE B R R ARERBV R BEA
® (1% ~10% ) Lb. rhamnosus THSH-1 2. % & ~ $UEf* (2 3 B

4
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ERF24 )L AFIEESETS Tl BEFR KM IL0
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1% AT e

FEN I RHREE OEAIN AT A& pH EX TR & OF
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Fig. 19. Effect of pH adjustment on growth of Lb. rhamnosus THSH-1 in
modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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Fig. 20. Effect of pH adjustment on lactose utilization and lactic acid

production of Lb. rhamnosus THSH-1 in modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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Fig. 21. Effect of agitation on growth of Lb. rhamnosus THSH-1 in
modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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Fig. 22. Effect of agitation on lactose utilization and lactic acid

production of Lb. rhamnosus THSH-1 in modified-MRS.

*Lactic acid produced was neutralized by CaCO;

88



—A— 1% = 10%

Log cfu/mL

0 | | | |

0 12 24 36 48

Time (hours)

Bl= - =72 F&EFAE Lb. rhamnosus THSH-1 & ig &5 32 % £ ¢ 2. 4 £

WA o

Fig. 23. Growth curves of Lb. rhamnosus THSH-1 with different

inoculum in modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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Fig. 24. Lactose utilization and lactic acid production of Lb. rhamnosus

THSH-1 with different inoculum in modified-MRS.

*Lactic acid produced was neutralized by CaCO;
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oo Ay At QRS 2 2 AT F D kg

B Ao Ra B g § BB MO B AN ST B AR
#r % (Krischke er al. 1991) o o i 7 5 & % ¥ 3 AR Fa {1 * »0
A LG R DTG 0 AL TR ARF A T AR REEARY A

Feheny R T 4 R B R E A et 1Y A RS A

9

¥R TGRSR A X Y 7“\’1 dedeo KRB E kW AT T B RN
g (R EA49% - F 7R3 046gL > pH6.0) ¥ 4 2dp ke
FElcfdF R F R R § R RSE Lb. rhamnosus THSH-1 2% fi% 5
FE R A SR Tk o

A e § RSV GE% ok ¥ Lb. rhamnosus THSH-1 54 e 2
FRE B Ek ke irT o ApR F E (05g/L) (9 fEE AN
% 7 1% % /R yeast extract ~ peptone » meat extract ~ casitone * casein
soymilk ~ soy protein §= whey protein 2 & % % /2 (NHy) ,SO4 © :#%

S AT WAV F B IRR P 44E Lb. rhamnosus THSH-1 77 4e yeast

extract (52 ¥ B ) PEenftped Aok hid > P24 T AL

519 ¢g/L 5*fc (P<0.05)° 4pi >t H # § /R 2 meat extract & =X > 3 fi%



4 ] A2 498 g/l FUpk o @ 4 % casitone FFF IR IR P SR A &
3036 | BFEREIS 5 44.5 g/L o peptone EJR s 3N fE 48 | PEFLEL
4 28 5 445g/L0 ¥ ehAd 2 soymilk e R R R U8 E 48 ) PR
4 = 39.5¢g/L 54 f&k > ® > 4F ov casein ~ soy protein ~ whey protein %

(NHy) 2SOy et F-izonie @ s 4 = 2 (P<0.05)c # ¢ 4 "L g
i (NHy) 2SOy ¥4+ Lb. rhamnosus THSH-1 4 fif 5 % i ke £ iRse
ARk b Lol L > A8 PEF AR N A 2 32 /L FUk o

RSB RE IR AR IR Y 4248 Lb. rhamnosus THSH-1 7
g R X P R4 RSOk G L Rt BRI AT AR
B § 4 EBAPRE BG4 L FET 1 kR REL L2 AR
A0 HP Bt F BEARG AR 45D & D= A (Kwon et

al. 2000 ; Arasaratnam et al. 1996) - Arasaratnam et al.(1996)# 3 + 4p

T

I:?F?(NH4)2SO4 T a3t ﬁ”;#' EREag R —,ﬁ’}j‘ﬁﬁ ﬁ'ﬁ-ﬁ’t

ke

MR RABARE A EEATRALZ A2 ATRETE 2 R
)Er o pt R T ¥ "‘ﬁ'#’# ’g,lT (NH4)2SO4 Z’ﬁ;”’} | * /, de gt /)a FEoeR e R
Lb. rhamnosus THSH-1 # & 2 F'fe 2 &2 B cnh ¥l dpdens His 5

¥ ¥ /R ] 4r yeast extract ~ meat extract ~ casitone ¥¥ peptone & > B ¥

® 4&4% Lb. rhamnosus THSH-1 §* & 4 5L & o
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Fom AT SL R Be F IROTFCG% o Y Lb. rhamnosus THSH-1 5 & 2
=2 J 5

Table 4. Effects of supplementing whey permeate with different nitrogen

sources on lactic acid production by Lb. rhamnosus THSH-1.

Nitrogen source Lactic acid (g/L)

N* (% ) 12h 24 h 36 h 48 h

Yeast extract 10.0 21.2% 519" 493%  450%
Meat extract 11.6 10.6° 498" 454  43.7%
Casitone 12.7 47" 367" 4457 458"
Peptone 15.0 32% 213%™ 38.7% 44.5%
Casein 13.5 2.0" 9.0™ 21.1¢ 34.6"
Whey protein 114 1.8 4.6™ 10.6" 21.1%
Soy-milk 0.85 48" 204%™ 306  39.5%
Soy-protein 13.0 174 9.4 224  353W
(NH4),SO, 20.7 1.5" 2.2% 2.7% 3.2%

*The nitrogen content of all media supplement was 0.05% .
a-d : Different letters in the same row indicate significant difference (P<0.05) .
p-x : Different letters in the same column indicate significant difference (P<0.05) .

Lactic acid produced was neutralized by CaCO;
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d ¥ RA LRSS TE 0 2R 5B §_RSE Lb. rhamnosus
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oo B P ke 3% PR TP A Kb o H R 12
PEEF 994 LogefumL 2 5% it e BB G ‘},"jﬁtﬁ-ﬁ‘z#‘* EBde
shit % ik @ Lb. rhamnosus THSH-1 &3 78 F#ic s *> 16 ] P id 51
BB o XA A 1 B 1S% DR REDS IR R B AR 16 o) PR A
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SefiER X B engt ,fg'—,?t R AR R 2 b pﬂﬁ{ 4> 8.6 Log
cfu/mL -

A e R R R EER F P-4 AC % DR 57 Lb. rhamnosus
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FinRai A Sk EE (P<0.05) -
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FRE SERERL DT FTERRLREIBAL LS A

facidd & A > Fli - LRMEE 2 £ FIKT A ¢ FIARE RO RS i

(Bury et al. 1998 )« *3#% 1 Lb. rhamnosus THSH-1 4 5 iF (4%
S8 5% pHSTF 58 L1gLs fd F 5.6% » & A 0.5% )» i
PO LR BBt E 4 B U MR RS Ak 2 P .

A CLEER F B gL P $3% Lb. rhamnosus THSH-1 2 & 3258
2R deR S L A o HBRA T R 3% FEA FEp T e
Lb. rhamnosus THSH-1 %54 7 i et £ > FfE 16 /) B 5 % 5
#ic7 iZ 10 Log cfu/mL 12+ o @ Lb. rhamnosus THSH-1 *+ 5439 4
LR B3] EINERE 3 7 ¥ 9.5 Log cfu/mL -

A CLEER FPe N FU 43 Lb. rhamnosus THSH-1 3“4 1%
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Fig. 25. Effect of supplementing whey permeate with different

concentration of yeast extract on growth of Lb. rhamnosus THSH-1.

*Lactic acid produced was neutralized by CaCO;
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Fig. 26. Effect of supplementing whey permeate with different

concentration of yeast extract on lactose utilization by Lb. rhamnosus

THSH-1.

*Lactic acid produced was neutralized by CaCOj
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Fig. 27. Effect of supplementing whey permeate with different
concentration of yeast extract on lactic acid production by Lb. rhamnosus

THSH-1.

*Lactic acid produced was neutralized by CaCOj
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Fig. 28. Effect of supplementing whey with yeast extract on growth of Lb.
rhamnosus THSH-1.

*Lactic acid produced was neutralized by CaCO;
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Fig. 29. Effect of supplementing whey with yeast extract on lactose

utilization and lactic acid production by Lb. rhamnosus THSH-1

*Lactic acid produced was neutralized by CaCO;
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Fig. 30. Effect of pantothenic acid additions in whey permeate
supplemented with soymilk on lactic acid production by Lb. rhamnosus
THSH-1.

*Lactic acid produced was neutralized by CaCOj
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The Studies for the Selection of Lactic Acid Bacteria and

the Production of Lactic Acid from Whey Fermentation

Pei-Chun Huang
Graduate Institute of Animal Science
Tunghai University

Abstract

This study aimed at selecting homofermentative lactic acid strains for
lactic acid production from whey fermentation. According to this study

results, Lb. rhamnosus THSH-1 performed the better results than other
strains in lactic acid productivity and lactose utilization (P <0.05) .
Optimisation of temperature for lactic acid production by Lb. rhamnosus
THSH-1 was 42°C. pH adjustment and agitation culture provided

beneficial effects on lactic acid production during the fermentation

process (P<0.05) . Inoculum of 10% Lb. rhamnosus THSH-1 was the

superior to 1% inoculum on production of lactic acid (P<0.05) . The

addition of nutrients presented a positive effect on the lactic acid

production. Among the different nitrogen sources supplemented to whey,

yeast extract performed the best lactic acid productivity (P<0.05) . At3
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% w/v yeast extract supplementation, the lactic acid productivity was the

best (P<0.05) . The addition of pantothenic acid in whey permeate

supplemented with soymilk presented a significant beneficial affect with

lactic acid production (P<0.05) .

116



3'7\ h 1{':“:}‘!:]2 /J\ TQ

i

v
p

A BB ERRA AN AROTEL Y 23 p o A

e

BENEZEFZ2H IR BRI AERY B2 ERFY o
ARBOETBAL A EZAF kAR ELE, I3 &L B
G RAR AL EEIF R AERRAE AR 4

Bt prt 2 g o RFIZFEE AR £ 0 g

117



PNy

(31% p & %1 (3 TETEL)

%t Bl - ~ Lactobacillus rhamnosus THSH-1 2_ 3] i °

118



GAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGC
AAGTCGAACGAGTTCTGATTATTGAAAGGTGCTTGCATCTTGATTTAATT
TTGAACGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCTTAAG
TGGGGGATAACATTTGGAAACAGATGCTAATACCGCATAAATCCAAGAAC
CGCATGGTTCTTGGCTGAAAGATGGCGTAAGCTATCGCTTTTGGATGGAC
CCGCGGCGTATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAATGAT
ACGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGC
CCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAA
GTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGCTTTCGGGTCGTAAAA
CTCTGTTGTTGGAGAAGAATGGTCGGCAGAGTAACTGTTGTCGGCGTGAC

GGTATCCAACCAGAAAGCCACGGCTAACTAC

(31% p &3 ¥ 7 “TETIRL)

"Bl = ~ Lactobacillus rhamnosus THSH-1 2. 16S rtDNA R & B 71 o
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%t % — ~ Lb. rhamnosus THSH-1 2_ Biolog #%_% %A #7588 %

Program : Biolog MicroLog3 4.01C
Worksheet File + C:\BIOLOG40\93ID003.W4C
Read Time : Mar 25 2004 11:36 AM
Incubation Time ¢ 20-24

Sample Number : 93ID006

Plate Type : AN

Strain Type : AN GP-ROD

Strain Number :

Strain Name
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Data Generation Mode : Manual

Number +/b/- Reactions :37/5/ 54
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=> Species ID : LACTOBACILLUS RHAMNOSUS <=

ML4.0 SPECIES PROB SIM DIST TYPE

=>1 ) LACTOBACILLUS RHAMNOSUS 100 0.775 3.39 AN GP-ROD
2 ) LACTOBACILLUS CASEI 0 0.000 6.60 AN GP-ROD
3 ) LACTOBACILLUS GASSERI 0 0.000 9.28 AN GP-ROD
4 ) LACTOBACILLUS PARACASEI SS PARACASEI 0 0.000 9.33. AN GP-ROD
5 ) LACTOBACILLUS BIFERMENTANS 0 0.000 10.59 AN GP-ROD
6 ) LACTOBACILLUS PLANTARUM 0 0.000 10.78 AN GP-ROD
7 ) CLOSTRIDIUM BEIJERINCKII 0 0.000 11.00 AN GP-ROD
8 ) ACTINOMYCRS CANIS 0 0.000 11.01 AN GP-RQD
9 ) PROPIONIBACTERIUM ACIDIFROPIONICI 0 0.000 11.12 AN GP-ROD
10 ) LACTOBACILLUS DELBRUECKII S§ LACTIS 0 0.000 11.69 AN GP-RQD

(31% p &1 ¥ 7 “TETFL)
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