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SUMMARY

1. Title

Development of Fermented milk by Lactic acid bacteria producing GABA

II. Objective of research
The objective of the study was to develop fermented milk containing

GABA, which was isolated from lactic acid bacteria under specific conditions.

III. Research scope and area
. Collection and isolation of lactic acid bacteria
. Selection of lactic acid bacteria producing GABA

. Identification of lactic acid bacteria

SN ow NN

. Characteristics of lactic acid bacteria selected
- Growth of lactic acid bacteria, proteolytic activity, antibiotic tolerance,
enzyme activity test, bile tolerance, pH tolerance, antibacterial
activity
5. Establishment of optimum cultivation condition in lactic acid bacteria
producing GABA
- Medium condition
- Concentration of reconstituted skim milk
- Concentration of monosodium glutamate
- The addition dosage of lactic acid bacteria producing GABA
6. Development of optimum formula
- Selection of best materials added to fermented milk
- Establishment of optimum formula by Sensory test
7. Establishment of fermentation condition in lactic acid bacteria producing
GABA

- Determination of addition dosage of lactic acid bacteria producing GABA



- Determination of optimum fermentation temperature and time
8. Product development and physicochemical properties

- Establishment of processing technology

- GABA concentration and analysis of phsicochemical ingredients
9. Animal experiments

- Measurement of blood sugar, cholesterol

- Learning ability

IV. Result of research and suggestion of application

1. Collection and isolation of lactic acid bacteria
a. Isolation of lactic acid bacteria from raw milk

Raw milk was collected from several farms under support of Raw milk
testing lab. within the jurisdiction of Central, North, Western guidance division
(part of Kyoung Gi Do and Gang Won Do)in Seoul Dairy Cooperation,
Provincial institute for livestock promotion(Jeonbuk, Kyoungbuk, Jeju). 1502

bacteria were isolated from modified MRS media.

b. Collection of commercial strain
10 lactic acid bacteria such as ATCC, NRRL, NCFB, KFRI source were
collected from KFRI. 4 commercial strains were collected from Rhone-poulenc

and Culture System company.

c. Collection of lactic acid bacteria producing GABA by reconstituted skim
milk added monosodium glutamate
510 and 1,039 bacteria were further isolated after the microbes were
innoculated on 10% the reconstituted skim milk followed by incubation at 37C

for 24hr and 48hr, respectively.

2. Selection of lactic acid bacteria producing GABA
The concentration of GABA in individual strain was 1,815.45ppm in A-56,

685.71ppm in A-268, 2,303.76ppm in A-275, 521.02ppm in D-66, 717.64ppm in
K-520, 711.40ppm in K-567, 1,298.31ppm in K-573, respectively.
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3. Identification of lactic acid bacteria

Designation of lactic acid bacteria producing GABA were A-56
Enterococcus faecium, A-268 : Enterococcus faecium, A-275 : Enterococcus
faecium, D-66 : Enterococcus faecalis, K-520 : Lactobacillus fermentum, K-567
. Lactobacillus crispatus, K-573 : Lactobacillus fermentum in the result of
Gram staining, fractography, sporogenesis, aerobic and anaerobic growth,
catalase formation, growth in 15C and 45C, gas formation from glucose,

ammonia formation from arginine, and sugar fermentation test.

4. Characteristics of lactic acid bacteria selected
a. Growth of lactic acid bacteria
Optimal growth temperature of Enterococcus faecalis D66 was 37C, while

that of the other 6 lactic acid bacteria was 40C.

b. Proteolytic activity of lactic acid bacteria
Enterococcus faecalis D66 showed the highest proteolytic activity, while
Lactobacillus fermentum K520 among Lactobacilli showed the highest

proteolytic activity.

c. Antibiotic tolerance
All 4 Enterococci had stronger resistance than 3 Lactobacilli against
antibiotics such as Gentamycin, Neomycin, Ampicillin, Bacitracin, Polymyxin B

and Chloramphenicol.

d. Enzyme activity test
Enterococcus faecium A275 showed higher activity on Acid phosphatase,
E. faecalis D66 had relatively higher activity on Alkaline phosphatase, L.
fermentum K520 on Esterase lipase, Leucine arylamidase, a-galactosidase and n
—-glucosidase, L. crispatus K567 on Leucine arylamidase, [i—-galactosidase and [

—glucosidase, L. fermentum K573 on Esterase lipase, n—galactosidase and [i

_11_



—-galactosidase than the other microbes.

e. Bile tolerance
6 lactic acid bacteria were seldomly affected, while Enterococcus faecium

A268 was strongly affected by bile salt.

f. pH tolerance
Livability of FEnterococcus faecium A275 among 4 Enterococci was not

affected, while L. crispatus K567 among 3 Lactobacilli was not affected by pH.

g. Antibacterial activity
Enterococcus faecium A268 resisted superbly against Escherichia coli and
Enterococcus faecalis D66 resisted against Salmonella typhimurium and

Lactobacillus fermentum K573 resisted against Staphyloccous aureus.

h. Glutamate decarboxylase activity
Glutamate decarboxylase activity was 8bmmol/L in Lactobacillus
fermentum K573, 9.0mmol/L in Enterococcus faecium A275, 7.6mmol/L in

Lactobacillus crispatus K567, respectively.

5. Establishment of optimum cultivation condition in lactic acid bacteria
producing GABA
a. Enterococcus faecium A275
Incubation at 40C for 18hrs with 1296 reconstituted skim milk, 0.5% MSG
and 1% Enterococcus faecium A275 shown pH 4.15 and 2,340.46ppm of GABA
concentration.
b. Lactobacillus crispatus K567
Incubation at 40°C for 18hrs with 129 reconstituted skim milk, 0.1% MSG
and 0.5% Lactobacillus crispatus K567 shown pH 4.3 and 704.5ppm of GABA

concentration.

_12_



6. Development of optimal formula
The formulae for the developed products was 80.682% raw milk, 3.234%
skim milk powder, 5.0% oligosaccharide, 2.0% fructose syrup, 8.0% strawberry

jam(or blue berry jam), 0.084% MSG, and 1.0% water.

7. Establishment of fermentation conditions in lactic acid bacteria producing
GABA
When 05 and 15% of FEnterococcus faecium A275 were added for

fermentation, about 15 hrs were needed to reach pH 4.2 whereas 12 hrs were
needed as 2.0% of Enterococcus faecium A275 was added. When 0.5, 1.0, and
2.0% of Lactobacillus crispatus K567 were added, it took 9, 7, and 6 hrs to
reach pH 4.4, respectively.

8. Product development and physicochemical properties

One percent of Lactobacillus crispatus Kb567(fermentor A) and Enterococcus
faecium A275(Fermentor B) were innoculated and fermented till pH of the
mixture, which was mixed with 96.05% raw milk, 3.85% skim milk powder,
0.19%6 MSG followed by autoclaved at 90C for 30 min and cooled to 40C,
reached to 44 and 4.2. Fermentor B was heated at 90C for 30min and
combined with fermentor A to produce fermented milk of having 8.0% of
straw berry(or blue berry)jam, 5.0% oligosaccharide, 2.09% fructose syrup, and
1.09 water. The product contained non-fat milk solid 10.096, milk fat 3.34~
3.46%, lactic acid bacteria 1.19~2.98x10° CFU/mL, GABA concentration was
709.66~1,271.64ppm.

9. Animal experiments

To examine hypoglycemic, hypocholesterolemic, and learning ability effect of
fermented milk, SD rats were arranged into 3 groups and group A was fed
with mixture of Lactobacilus crispatus K567 inoculated and FEnterococcus
faecium A275 inoculated ones(90C, 30min heating) with 7 : 3 ratios whereas
group B was fed with the mixture of 50 : 50. Group C was fed solely with

Lactobacilus crispatus K567 added fermented milk. Although there was no
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significant difference in blood glucose level between groups till 3 weeks, group
B showed the lowest blood glucose levels followed by group A and C. There
were significant differences in HDL, LDL, TG, GPT, and LDH in group B
between 8 and 10 weeks and TC, and GOT at 10 weeks. There were
significant differences in HDL(10 weeks), LDL(8 and 10 weeks), GPT(8 weeks)
in group A. Learning ability was determined by measuring time to escape
water maze. There was significant difference between control and fermented
milk fed groups after 1week. Group B had the best result followed by group A
and C.
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A1A TEFY ALEE R AFALT TF

1. ANZE%

MRS 713 7F 70d el 80U 27 Al= HEfF Al diEEs AHA
P A La Al 80 BHE= LH Rl Wstel 1H3s - 7les i
A AAAer w5 TERRFE AREY] deo] ofFojx 90dd x A F

e e
& RER AEe A Afve(iEe 7150l 61.7%9 34.3%31 o1 20001
= A, 3, =" TE e BlEo] 432%, 20.6%, 36.2%5 YERW SR, 2004
ol = 36%, 18%, 46%=A =2 LE o] Bl &o] Frtstal e FAlolth
B A ASAR]D AAFE LR 200099 = 9% S 7HEE 84004 ¢, 2001 o

= 124, 20050 = 1.2 thel] o]& Ao® AWHET. HId = FmopFEE

FFEE), a2 (EE s, H%%n‘-’r(*&ﬂﬂi) s 7l ="a

o
B4t AA ol Adst

2. A AFANL TF

FAFE NEG WF - AR 5 A7 oleue B SHe avAE

of ARATFY, AAATAE ST o] VTS A AFEe] EEsA T
Wy ok F Aol ARy SElad EE 7]1EAL DHA & EPA 53 22 7]
S AAE HVMS AE, AAY 2 R giAd o AZZYAF e A
S48 a72 JehE §ATS ~EEHEZ AFES X Zulo] €l (probiotic) A%
ol A AlEE v "W EEW S 2o
7h QUA e 8¢k 23 w3 et fFAT T ARE

Ad2e, A9, w3l A, FESFa, 5 FeU " EA As 59
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AA, FofitE AdEL A, d9@day, ddayd, dAdy, Z2EgaEa
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uh @ W aFeE
o sle] A g3Fel SR (Y - AR e el - A 5 Akse]

7€ fFEE 553 gE Fod AFEE AdEa ok

A2d THY Ve EF

1. =9 7le &%

GABA(Gamma-Amino Butyric Acid)&= A Ao EX3l= vjaid ofn] A}
°of dFoF EHEFES MUY HFd EAEte 24 Y BHE YoFoRe
Hol ERE Mt He| AATFE FTHAA WO tiAb F 2 o &A T
o] A EAR AF€E o] brain foodB L E3H o] oE AFY dBFF
o =

FolmsmEel nazdae Bug odei 9 434

==

Y
m 0
r
o
H
2

18 Y A3t&F(anti-hypertensive effect) ¥ ©]x & I} (diuretic effect) 5
e zbgo] BasEal gl

a2t GABAT Hiobm], HAp 9 #el & o}
Fat7loll= gglo]l o] ol Al HHARE GABA4 ﬂ\‘i]x-'%

L)

= aa

toolele Adolth Ay 4 d 5 GABAS Ul@Ael #d AT T
Agsle] grot §4 GABAS A% A8z, Wyl MAb Fo Hago] 9ol
WEAPES o 88 GABAS Aol AFHn glou ohde fge] e 3a
otk Tl A WAGAL Tohrke] .(F)7h BANM GABAE Aursts w7
g Bestel BAMAA WA o) 919_4, MEAAEY SBEHEAE $H4

i
_LL;
o
M
ol
o
v

o] ofu7] wiitell frAlFEel 538717}

2. 79 Ve @%
7}, GABA?] 4
A AFTFATaY EHE A FV1A ZjoMW 2k o<le] tiAbE 4
T8t T GABASH &ehd o] iAol o ch
% GABA® 442+ SFENTENEL(GDCO)7F A83to] FFEHAL
Eolxitk= o] & gtoeu o F ov=Edsd ol o)
ottt Fubalk An|ddalo]le=® BaEtteE Aol w4 wddTAE Y] S
BAEANES] A= et Ak E

o]g}

215k o
oRRE
=

Lth

o qTE %%‘6}0% u GABA %7
o e o HHE AAHAY AEdA ALDH, FF, AF, FAARE,
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H
A= GABAS 8 ® ¥ SFEAr] Wolop | ExrE olye} GDCe| &4
o] il L GABAS st Zawe] &4do] vtolof Hu= Zo] FaAE o

A F8Y FToA GABAS 2= o9A HoldEAE nFd 2k H
thEo] ot F8d FoHdE FAHoleoz EAst 3o, folded T+
extended® & # 3} thar FA3kA . # < Crittenden 5 (20012 GABAS=3}
o] oA Atel oa GABAF3HEco] 7HE bEE HEl= o Yol &4t
ol A Fadgtsta e sHdsteEeletar 22843 ol GABAFTE&AS

g F4ard mgol 4 & gt

ol

O

HOJ\/\/NH?

GABAS9] +x2

GABA®] ¢fejet#Ql A=A A57h4 GABAFTE Aol GABAast GABAb7F &
g4 d=d, GABAaxs <3, #El, 7k 2Ele] sub-unitE 7}2 heteromer©] ™
GABAb=% sub-unit = 7}2 monomero|tt. 84 GABAaxs 1 T% %
@ ao]channelS 7FAl AL Itk Abgho] BB Ejol whA KU RE TAH S
2 ZHo] olzl ujo] A Ho]HrS o7 GABA A AEolA GABAZF W
At WE9 GABAx &A% Adsta F8A 72 W3y Aoy ¢
channelo] @& @AolZo] AxX el FAHAT L A3 Az Jirr 3
= k. GABAY ZHE A= HEFo| 23 o] o dtxlEo] Sl o
GABAZI A M Z S F9e]l dasitt =W vz Axe] SAdol iy
GABA®] A3 AgA A7 YE QM el 7t ¢kste

T&A GABAb®] AA7TomAM= g {EERel 45 #olditte= Aol 7

_23_



A Avk

Holl ol ARAEL =FE4 59 TEAH GABA 59 AN 2714 A%
b ds xAske] 2 wESE dEed o] ¥ lse] A¥oR fFAHL vk
AL e, GABAZE o] @& A= T3 A4S st e A=
o]E2 Utk webA whd GABAZE AWelA @A AHHW EFEol =
% o] Bernard &(2000)¢] A A gk upef o] 7hAFA Fol vEbdTh A A A 9
ZUstE A 237 A yA Tinuper 5(1992) 2 Fibigeret Lloyd(1984) 7} A4

3 whe} o] o)A Eetolu} mhulE S LheA) Hoh

ot GABA® Ael24
GABA+ 24", 44
= BYW, &, Bt T diE ’1‘_]75“?_}23 ETJr o Aggd 7lsel U
(Stanton, 1963; Omori %, 1987; Okada %,
oJefForME WO dRE MG ArTEHFS STUAA HAALE F31A7
o

= [¢)
Age HBE HEFo} FRIAY FHF W5

1o

= FHSol GF FE AL
d, o &As 5o g SF&HIL Uk AF7HAY ATl WEWH GABAE A
FEA 5 vehiE w94 Avu FASAL HolE el A8 FdF
o] TRV} #AastE Aol ¥r¥ AU (Manyam 5, 1980). = TF IS HolE
A @A oo GABAFEZF AstEo] gtk AMMRRE GABAC 2174 <]
TS AAstE Aol dS AR FHHAL UATHKRERN AR 5, 1997). © %o

N

Petty 5(1990)3 Roy S92 7|&Asy &2 &5 3AlolA 4 F
GABA® =7} #48ta 982 Haat¢lal Ishikawadt Saito(1978)E $&%5 A&
okel desipamine®] Y} aminotriptyline®] ZF-g&7]Zto 24 GABAAEA S A A3l
GABAS] frel& FAstmeA 259 M 7ot Azhste] 347448y
Bebdale] 2F HItHFol GABAAIZE A #ofstar A& AT L,
1996; Petty 5, 1990; Roy %, 1991). % Ishikawa®} Saito(1978)7} HE o=

@ GABAS »4u) Fel% 4% A9 A3 Wwd steuael 49 GABAY
of ¥ etgbee] feldon FREL Hol GABATH 37] Jlele] Exd Fa
B3 9ee nustdr dsol FEolold MAE Ao Afe Aug
550 Agatel Folnsorel wazde] BulE oAstn Fue 344
A Wre B Ago] ARHYT Bed 1Y AQLF AT A8 A9
4 GABAZ FHS oAs: Aol Aee HIAATAKED



1987).

olsh gol the] MY Agol wusol Y GABAE HE 3

A2 dolit %3 Bo] AFBeE FhEe] gomz FTAo
G

2ol Zbsshh et olF AEel FHd

v FEES H3Ey] A% Hags AEdA HAse AL Zds . 1
U dE sHFAMAE T FAAIE A Saikusa 5(1994)0] AFE FXe Ay
Avjol WAE Q= SFEIUL gt gyt 7z dsA vy Fo FF
B aS i@ o R T 343 GABAR AA v AL dHsar, o] AMNS
$83to] GABAES 1% = 7

B OSAAZ GA] Aol 23] el A Eekdth
(Onoda &, 1998). o]Z2FH T AEZHHY AAHHN= 44

U GABAE Azzgo] 725 A= d7tA] Bol AHAsE Aol 7hestA H
Ak g Adr] G 2 22700 yEyr] e sWeld 2w

3, A& Aele AW, ATl oAM= 57 dids] oy
sttelth. GABA« Aa7bA AW, A3 ool a7 X8 s
d GABAZF ¥ oA AAZTES A= &S vk A o]
Az s 71Eds, Am Sl M= FoAFe GABAEE7F #AAagt
Aol A AT ik, 1988). T Al
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® HlREA A

@ LA F248

AF, +4, A, =95, =3 o &3 23
© #FARZE, Eetae] i

0 HAEs 75 Hd2E

@ hgeh oA =8

@ JFs=E FHEHE

2t GABA®] AAAEE

Hratolu] = FE] 24HGABA)> A Aol de] Xk ofr|xite] dFo R
Al EfrEEe] Yy Hgo EAlstE oAA AlAHdYEE ot GABAE dEf
red mold rice®l 20mg/100g &=, Gabaron tea®] 150mg/100g &%, soaked
rice germol| 400mg/100g &=l FTFF3tax  Arh(Kono®t Himeno, 2000;
Tsushida 5, 1987, Saikusa &, 1994; Saikusa s, 2001).

glutamate®] ©7l2E243Z w3l Glutamate decarboxylase(GAD)E 4
H @ okGale, 1946), %2 % (Okunuki, 1937; Schales %, 1946)3% %
(Blindermann %, 1978; Robert®} Frankel, 1951)9 A4 ¥-aminobutyric acid(GABA)
& Ak

nl. GABAE Aibste Akt

Nomura 5(1999) Lactococcus lactis?7t GABAE Aitste 5898 AAFgH
A3} Llactis subsp.lactis 75+ ©] 22 AAEe Wb [actis subsp.cremorist
AArE A Bkt B askglth lactobacillid] ¥ #FE glutamateE €712
BAslsle] HFAEZ GABASE COE AAsttx 319 th(Hanaoka, 1967).
Hayakawa 5(1997)& glutamate decarboxylase®] 93] glutamic acid2% 8 B
%ol GABAE 2143 AAstE ZAAt Lactobacillus brevisE w2 3F3 =l
glucose-yeast extract-Polypeptone ®JX|o|A 59mM glutamic acidolA] 50mM
GABAES Aatetdvtar spdvt. ejy arke] wiA] wjkoio] Al Aol aL,
glutamic acidE REZF 8¢l GABAE AAtste= AAH ol Tt A9 QAo
HF5 o] Yokoyama 5(2002) LdZ=5F A AU A glutamic acide] F7F §lo]
T Z2kt9l Lactobacillus brevis IFO-120057F GABAS Atsldcial @313k
o},
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vl GABA 7 &3
1) 7ketE 2

of Al=wRe 5AL FriAHet sAE o whEg o8 TrIA A
of FFEA dFo] FEHL I Fo FrAHYUR GABAT FHo| Trleted o
o E7]o] GABAZE el 7] witel €718 AAsA & vhyelE 3o

7heEE 2+ 100g Fol GABAE °F 200mg & ot

2) o]
ZvHE) e B AV, AeAl SAAAVIed T FA7e NEFmEE

Ab AFEEFFATE B AFAA AL, AFSE A
@l e] wfofol= 100g T A&l 500mg HE=S] GABAZF FHtso AR A E
=oll 7 AIZE AAATI wjol Fo] FFEte] GDCOl 28 o2 GABAZ W3}
doh s o2 RE GABAS WEE o 4 AlXUe Tl whEshe]
gistevh= Aol e slow, dvrt wopdk wel] Axue] Zgo] Suishe
d GABA7F 4% D}. ol Foll= @vle] oF 28u), wWwe] oF 1049
GABA7Z} $Hrsle] itk 53] w54 S d A @8l Ade wfol FEg oF
3% A= ST 741‘41 Hjopr] & el Zl “Ad wo} wreldm|" Al 9

o A wjol woldmle] GABATRFES Ul Ad) Hiopy .a_qg oF 7ujL}

¥

3) @v GABAY
Zo AAAA GABATFHS S7HA7 “GABA 73} Ao} FEE"S o
T2 AR 715 57 Atk FHEAAE A A, (FEtel Aol E
ol A wel, 18 (30mDol GABA 10mg 3Fatar dtt FHZell= “gv] GABA WA
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4) GABAZ s} Ao}

THEEIANEES (T FsdATel od GABAE Z3hrzl
ufole] gk stel] FEetitt o Ao sy & Aujol T GABA®R
o] 25~50mg/100go] & A o] 350~400mg/100g 7FAl S 7FA1 71 Aol 7hsshA H
Atk A Folo] &&= o] FofA A A=, GABAZ St Aujo}l mAlRET, GABAZ
s & wjote] =% F5EY Fol AdH vk “ev A GABA 2172 GABA
E 73kA171 Aol supplement(Zd A1)l 100go] GABA 250mgs -3t St}

A FHE WES ARE sl W
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7) GABA ZE 7]~
KEFREF)ANAM = TEAFS] 2EEEA ALEH
GABAE 1% =2 gy 38 /A A3
FA o 3= GABA 13Hi2 A
32 800mg/100ge] dolehar B s e} ik GABA HEN7| A fAlES 74
22 st A&k os HaAFT] wied HEA, 7S] wol dAA e

HHsE ol b,

=

8) GABA T4 224

FrEGTAF)ANA= AR Hote FELG Ax el as=9



lo

GABAES =2X7|= WHE AESe] ve pHslolA GDCol 93] =
GABAE =ZA7|=d AEe9ch. GABATY F=2dete] Z4gztee uzkal

4
AE oAlstel BagaB e $92 s g 7] sk,

o

rr

=

=
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Ll

9) GABA 18Hf 4t

(F)Fd= KEAAASY KREnuFete] FsdTolr GABA L3t
SUAES Rtk 274, oFAl, WA FelA GABAZE Wol e, 1
flel GDCE#Ael w2 Ag PAste uhs TR AUurh sutA E45 F
Z3lo] SRS GABAR W3A7E 21S HES 23 20%°]42] GABA
= GABA 13 subAlEe] sidke] Aaatdth @A “GABA - 20" =
= 9 “GABA - 20" AAI7E Sldol EAIHa d=dH 1M EE 14 Fol GABA

¥ 20mgo] H=E AAE] 3l

[l

O

10) GABA &y @& oprte] g2

(F)oFell 77 HE7)A - N E R Fho e figEduet S 0z7e
okl FFATolA GABATH wa oprtE| o] AFEstel AEstsinh ofrtE]
=Wl FfatE GDCO #go= AA wjx] Fo| SFEANCRRE Wi
GABA7} 1%k FAHte & #Asidrh MARFHe] GABA L EAFS
FHzolv o =
ALE ¥t oy JJrﬂHElL & GABAZ 25~30% &3 EZEY
oo #&4 By vl o Folrt.

UJ‘ =
L

11) GABAE# A=
BEKAE - SRS (1997) 0] wEE X == B4 A9 GABAE #3514
AT GABA A TS 717 fAHT S AMgste] E9F AsHEES AW GABAS

e A FEA A= A FASEE Esidithal sl

2 3 GABA th A2t

AolAE Awjol W mZS FulE st FFEY

GDCe H&A9 Je5494kS pH 55, 40T, 6417 w1 7)o ¢s) GABAS]

g ZF AR S et deh Aol H9 GABAS AAFES wiol 100gE 29g,
g1

m7el 73 7go] "rhal ®arE o] gl

(e}
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13) woldm] GABA Whole Powder
Zl bl fd e fr ()] st AFoz dn
2 &3 A7z BER sl AEststa

WobAl A H5mrtaA o

o™, GABA g2 25mg/10go]

s

>

e} T

zolth H AEo = GABAZF 169mg/100g &85 o

3T
™
vhol QW A(F) AW BRAFOL vjol L WS Ao PPon &
A

100g <ol 74mgel GABAZ} 5o des LA AT o w2
= HE VNS oF 563 e GABAZE 3td Zlolgt Harseo] 3l
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1. 9%
AeSf 9, 29, ARAEE 88 AFA4LGE L FAE 99, A
B EANEATL, AN AFIANEL D AFE FHDFANN A Qe =

AggFolA Az AFE TRkl At

Mesfraszgels Azxd did 350%, AT 1.0%, ©@FstE(R9)
52.5%, 3 B 71 85%, i 3.0%% AlES A&l
4. NF33

AFA Y o A Al xgE 3 55%01, T 39%°]d, &elald 6%°]5kS]
e A&
5. &893

(Tl A A xS o] ATESHIT 99%, HESHIT 1% AFS AE
&t Atk
6. 274

s F&BeIA Az D7) 45%121 AlFs A&t
7. EFH R

(FIF71A Az SFulg40% (v =), WAa" &4, dYExET, e
2 789 AES AHgskath
8. Monosodium glutamate

Sigmaol Al 4% AFS AFESHS

_31_



o £S48y g 7|4 dolZ colony:E  triptic soy agar slante]l 37T A
]_

Table 1. Composition of Modified MRS agar

Component gram/liter
Proteose Peptone #3 10.0
Beef Extract 10.0
Yeast Extract 5.0
Lactose 20.0
Tween 80 1.0
Ammonium Citrate 2.0
Sodium Acetate 5.0
Magnesium Sulfate 0.1
Manganese Sulfate 0.05
Dipotassium Phosphate 2.0
Sodium Azide 0.25
Bromocresol purple 0.04
Agar 15.0

2. GABA(¥-aminobutyric acid) & %3
7k Aol A

eppendorf tubeo] A& 0.1g$9 methanol 400plE ¥ 2 L& S 60~70C
2 oAy water batholl A ¢ Ai(ef 302 A 2)AFTh o7]e] 70mM LaCls 1
mS 7Fsked & A3 13,600g(10,000rpm7d E)ell A 573 A F dsd 700

Wt 0.1M KOH 160405 eppendorf tubecl] 7}3F th& 3~587 wwkdldch, ohA
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13,600go A 587 fAEE & A5 d(buffer? 1/5 dilution 3t AFE-38H) 55040

=

= cuvetteo] ¥t}

. standard =41 2 GABA<®l A=W

GABA(mM) 0 0.005 0.01 002 0.05 0.1 sample blank
@O1mM GABA O(me) 0.005 001 002 0.05 0.1 0.55 0
20.5M K4P207 075 0745 074 0.73 0.7 0.65 0.2 0.75
34mM NADP 015 015 015 015 015 015 0.15 0.15
@2.0units Gabase/m¢ | 0.05 005 005 005 005 005 005 0.05
®20mM o0-KG 005 005 005 005 005 005 005 0.05
DRO@NE E3-ale] 30nmold FAHE ZA(nitial A ® o KGE 7ha}

o 1AZF FoF Ao "W &E 340nmo A EFFE =A(final A TS XF

GABA standard curve

0.9
0.8 f y =0.0817x +0.0028
07 R? =0.9979

0.6 -
05 -
04 -
03 -
02 t
01 f

Absorbance(at 340nr

0 2 4 6 8 10 12
concentration of GABA(ug/m)
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LAibtF= MRS HAuf =] o] A 23] 0] Al v Yste] €58 3
A7 & Ago] A&t gakite] 542 Hammes 5(1992)2] ol <8}
of AAleitt &5 Eiy

catalase§ 4, 15C % 457

P2
T Gramd A, A, 2714 2 @714 AR

o
oo
2
>
lo

A% glucose® F-E 7}2=A A argininel 2
B ammonia A4, dv|F#Z3 API 50CHL kite} API 20 STREP kit(API
sto] 49F9] BHE AFES AAE AdE ATB

o

bioMerieux, France)& ©]

2

identification system(bioMerieux, France)el = 3dle] 2

& 2435t

9] genus®} species

4. Ad AT S
7k Bakate] A%

Aabgto]l A2 A, pH

Ll

=33t A Aq. A 10% EA 5
150mlell ZAHFS 1mle I3 ldrop HE3 & 34, 37, 40Tl A 3A7F 7tA o=
AN 7AWkt ZF AJBE 0.1% peptone Aol 3]Asle] BCP plate count

agar B oA Fo] £33 F 35TA 4842 vldate] Astda, &= 2 Azt

7

—

WE pH W3tE A3t olu] pHE pH meter(Mettler model 345, England)

2 =45

o]
&3ttt MRS AlufA] el A 18413t i Fe 2} w55 1% F skl 32Tl v
staA] dAgsk AFE R AR E A F st pHE S48k, Hull(1947)2] ol
2 A2 5mlE #3F4] 0.72N Trichloroacetic acid 10ml¢} o] & F 1083 4
A3k & whatman No. 42 of 3¢l o3td A|5E A bml FHste] sodium

=

carbonate—-sodium tetraphosphate solution 10ml¢} 2 41-& < phenol reagent
3mlE THAl AolA 5EEF & E5o HM IHAAIZl F spectrophotometer
(Hitachi model 200-20, Japan)& ©]-&3te] 650nmelA A3 kS v vhEo
A tyrosine standard®] o= 3HAF3le] ke 3Tt
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2) Tyrosine standard solution

1 2 3 4 5 6 7 8 9 10

tyrosine 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

TCA 4500 4000 3500 3000 2500 2000 1500 1000 500 0

Tyrosine standard solution< tyrosines %% ©&3te] F volume tml &%=

TCAZ w3t} spectrophotometerE ©]-&3F0] 650nmolA TF=E A5l
o] Fto 2 RFEIAES a8 AR FHEE dYstY tyrosine TEE T3

Tyrosine STD curve

y =-0.2598x +1.9526

18
R®=0.9942

16
1.4
12

08
06 r
04 r

T(%) at 650n1

0.02 0.04 0.06 0.08 0.1 0.12 0.14
tyrosine conc.(mg)

ok FAA Wd AlE

FAA WA AlFEe MRSHA Ao 2+ 775 HFske] 30TelA 1823
uﬁokﬁ :}Q 0.1% peptone*q-onoﬂ xequ:i ‘4/\4 ]_3;\ L ﬁoxgxﬂﬂ_ 71— =T Ha
23 tryptic soy AA A 10° ~ 10° cfu/ml FF o2 HEse] 30T A 48
AZE vt & Setoz HEste AFARE AASAT. FAA WAHASFHLS 2

v S A RS AREstdon,) A" P e % E MIC(Minimal inhibitory
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concentration) #%2Z ZAAsA . A= Sigma Chemical Co.(USA)E FH
TujEte] AF&EFATE A A= Amikacin, Gentamicin, Kanamycin, Neomycin,
Streptomycin, Penicillin-G, Methicillin, Oxacillin, Ampicillin, Bacitracin,
Rifampicin, Novobiocin, Lincomycin, Polymyxin B % ChloramphenicolE A] 3 ol

AHgak et

ok ZAagA A
MRS efAlfA] el A 30°C, 184 3F&t Mgt 55 AHATF= 345

10° ~ 10° cfu/ml %<9 A82 AT

i)

API ZYM kit(API bioMerieux,
France)& ©ol&3te] 30TolAl 5AZF kst o5 SaRksg AAY 248842

FEAGRE Bl 0 ~ 59 FAE ‘AT, tixT o] Salkaline

o

phosphatase, eterase(C4), esterase lipase(C8), lipase(Cl4), leucine arylamidase,
valine arylamidase, cystine arylamidase, trypsin, chymotrypsin, acid
phosphatase, naphthol-AS-BI-phosphohydrolase, n-galactosidase, B
—galactosidase, [i-glucuronidase, ua-glucosidase, [—-glucosidase, N-acetyl-i

-glucosaminidase, n-mannosidase, fi-fucosidase &49 A4S =A39

vk WeEEAd A9

Gilliland¢} Walker(1990)e] wWHe wel 0.05% cysteine©] 3% MRS A
Aol 0.3% oxgalle H7F3 & liquid paraffine =353+ t}S MRS H A vl ] of] A
37°C, 18AIRF Wi 7 %3 F3te] 37T water batholl A vl sl
A AZPEE ODeotk = S48kt

_E_‘
lo
By
N
mlm

vk pH WA A3

Clark 5(1993)9] W] wma} 37% HClE S/ 4o pH 12,383 o
ZT 24 pH 648HE AxeAx, Axd pHEA 10mlol 0.05% cysteineo] &
el MRSHAwRA oA 37T, 2447 wigFd zzo] #F5 Im¥s 42 F
37Tl A wFstHA 0, 1, 2, 3A%F 9] A5 37T, 48413 7] w3 o+
A8k et
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i

A,

ot

pibe A3

d

Gilliland¢}  Speck(1977)¢] el wel te Ao AR AAREQ)
Escherichia coli, Salmonella typhimurium % Staphyloccous aureus<= 3= 2%
AFPoez HyY FIgEgow, AATde FAWAZA Escherichia  coli,
Salmonella typhimurium, Staphyloccous aureust nutriunt A v Ao A 7] 4
O 37T, 24Xt vl gFetdeh. Sl B i xatol AREE wiAl= MRS o A Hf
AZA BAbt st AA S Z42E JFske] 37ToA 2413 v st A EafA|
24 Escherichia coli= EMB agar, Salmonella typhimurium-< Bismuth sulfite
agar, Staphyloccous aureus = Baird parker agarZ AF&3to] 37ColA 6A7F uj
Fokadnh. sakatel] o)F At e] A& vh5o Hoem ekl

( Mz #4 CFU/ml) - (£ Fo] <4 CFU/ml)
e T T T O O O O O O O O O T
( x99 74 CFU/ml)

o}. Glutamate decarboxylase &4 A&

GDC &4 =42 M CO,-trapping method(Urena-Guerrero %, 2003)ol e}
=" L-[1-" Cl-glutamic acid® 718< AMg3st9a, A2 0.32M
sucrosed| Al TFAZFA AT HFE3IE AE 90we]  PLP(0.2mM)  20x0%}
Glutamate 200 18]3 [ Cl-Glutamate 200E = o] wrSA AT WA
A B+ 37Col A 308 F<¢F shaking incubatoroll Al ®i %3 oS 6N HoSO4 20040
S A7relel wkes AXAZT WEH M CO, & 20040 of hyamine hydroxided]
A A "o BEAL ZF sampleS 3 wHE 2719] blankE T &4 1719 wHS A
g dild HAdE = g2 19 ARE SASAT LS 6000 SE Beckman
Spectrometer® A3t 30% E<F proteinol A WEHE M CO, per mgs A3

o 72X GDC activityE &<l
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g AASNAL 15g3 22 FEl5S 9L, 105+1C 9] 71 Zx7](Ciculation
air cool strilize oven, Seoul Scientific Co., Korea)oll A & &o] & w] 7}x Ax3

& dAAolHe Wyt FAE A 5 AR oF 4g& A Dof 4] AT

LA F kel Azx7)el &A 3AZF AFRAN F AFARS Aol dA
AolElo] 3083t Wty FAES AUk o] 2L oW wEsw
FA Apel7b tlmgelatrt B WS HEFAZ gt
AR T F2(%) = (W - Wo)/W x 100
W AlRe] AR H(g)
Wo o FFael F(g)

Wi Az & AR B0 e AdFde] FA()

Y

1B L |

A8 05-1gs AE3] dolr Es|Z&=m A (Kjeltabs auto, Tecator, Sweden) 2
tablets(1 tablet:1.5g K2SQ,, 7.5mg Se), X 3H3At 12miet &4 B Ze~=d ¢
3 gk B aX] (Digestion system 20 1015 digester, Tecator, Sweden)ol 4]
°F 350CE 7hdstsint. e Eetaae g o] T d2ow yzhsta
T PmlE s & SFA A A (Kjeltee Auto 1030 Analyzer, Tecator,
Sweden)E AR&3te] 0.IN HCl AA S 73 vha vt 22 ALk oz o
A e sk

0.1 x ml HCIl x f x 14.007 x 6.25
/\%EE%%% I T T T T T T T T T T T T T T T T T T T T T T T T T T g
mg A& x 100

f 1 0.IN HCI®] BAA S

o A

A Z=SHADE 50B : 1986)0 & A S EA5T AlES oF 1 ~
2% Hlo]Ad AFE F 8 ~ 10ml HCIS #7138 o A ggAo] 7bgA ef$
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Al FEE FOstAEA  EE JA7E e &aiE wizbA At felA A AE]
7ttt s &alE A s&dE Wrste] B2 74 &7 vt EtOH
10mlE #H7}ste] &3k & o 7|9 Diethyl ether 25ml, Light petroleum 25ml=

Axstol ARGt SUHE 1 F RAEGsA PAE f3 180 AR

gk Umx] S HolzZdur)o] & t}e  Ether® Light petroleu
156ml #7¥eke] 244, 32 FEeATt of7ldA e FedS ZFE ATl B
= 5 & evaporatorol A SEAIZ G AWFT7IE dry ovenoll A 1413 A=
AzxF F A A HAA deom Bzt & FAE SAAT SAFAY A

o7k +imgeldtrt B WA o] 2A4& W] AFFAZ sk,

e 3%

A o 12 A%ste] FAE dn Q= AAEA o] Asta W7%

facs

(Muffle fernace, Blue-M, U.S.A)e]l Y1 &% Z 350C7HA A A3 &8 A7|7}

al
o ol UA gow thA] 550TC7HA 25 SHA oF 347 Fob 3] 3A 7

A5t B F AAEAUE dAAIe] Yo deom Pud te TAS
ZA4stech ol 248 ole W WHekn wEke] FA FFol7t +lmgol st @
WE HETA gt

A= F Z23E(%) = (W, - Wy) / W x 100
Wi @ 38 e AAEIY e FA(g)
Wo @ 33} 3o AA=7Y FA(g)
W Al=9 AFE-EH(g)

ANBRE HAS &3 v, 37£1CT=E 7F23 5 A& 9gol T7FF 18mlE
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7hatel g Metar 1% Almxzdeel &9 05mis H7hek thd 0.IN NaOHS oo
2 3027 BgAe] A&d o 74x] A5
) 1ml= 0.009g 4t

0.IN NaOH #7 #(ml) x 0.009

=]
z
Z
o

o
T
op

AR 1lgs Faxoz AFs] 9ml HEG A Ho] 7TxFe 30cmit4d L
2 253 Al E50] & F A oR 3Asta BCP(Brom cresol purple) 3 3

48 WA ANAES ol BTAN LA MFE T BT FA g
o X
Tl

1l =
AFel Hedie dxAEFATdWe ATAdER ANt o, AF A
o Z2AL 2EAVEE D FYAIE 94 V|EHEH o T AN 1 APRE
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43
b AlE Z2A SRR A
2 A A& GABA At FE o &3 WEfo] ddAst, ZuH
= A3 g5 E & T 29E dotry] st
Ao 2 st Lactobacilus crispatus K567 5 o] &
faecium A275 TFolE& WEF(90TC, 30min €A)HE 7 ¢ 3 H
e T IF A 5
Lactobacilus crispatus K567 w55+ o] & 2§ &
AA A A AR ATFol WS dYste] 44 £ TEFE U

o} w920 747t 8ml/kg/day® Sl AF Fol s,

4
N
M
rlo
>
el
e
pop
Ho
r o
=
fo
o
il
—
£
o
4
BN
M
o
o)
=4
S,
1o
it
32
=
>
f
ofo

Aol AHEHE FE2 FHAFFEANA HAATe] 250g H= AFH(SD.

4 STZ (streptozotocin, A0130, Sigma)E # A=

—
Q)
<

il
S
=
ofo
ol
o
32
i
i
kil

—_ 2

_YE

lkgd 40mge] HEE 0.1M citrate buffer(pH 4.0)9] =] 02ml A% B7FFA}
(intraperitoneal injection)® 9 Xx3 (DM, diabetes mellitus)S F23stxl, STZF 4
% 790 Precision Plus™ Electrodes (Medisense Contract Manufacturing Ltd,
United Kingdom)E ©]-&3&to] g5 FAsto] 200mg/de o] ¥+= A5 A3
o W39 (randomized complete block design)e. & A&t & 109F8]¥ 8] X 8}
Atk A, B, AFSTIE R ARV T EES 25 2042T, FHEE 5045%,
271314 10-128)/hr, Z2HAZFS 24 TAREH oF TA7HX], 2EE 150-200Lux

2 zAsto] Abgelal, &3 A ol= Argellad libitum) A 2

_42_



= e} =
b S48 w3

ol

Fol Fabo] Sl ASHA7F ¢le A4 558 60vte] e o
o2 10wty 4o wjx| st th 3# 8 AlE(commercial formulated feed)oll
#H 271 &(ard, 10%)3 Z#~H =(Sigma Co., A %H, 1%)<S zZH2 S99 (w/w)E

A7} 2 o] (HFCD, high fat and cholesterol diet)E 7]%E A& A olg 31, A3

r

WA T 5F Fek BE Aol HFCDE dodtgiow, z+zF 259 45 3137
o] ot} Wl E(REL# ks, orbital plexus) S EZHE dAS st FH 2=
S A AENA * 657 AFEH dl2aS A9

&

= O = = &4 =]
S RS FEES WY AT EOkistaA

ot

AR 9F A 4F

d U SHET A 1A

Table 2. Composition of experimental diets

Ingredients Contents(%)
Moisture 3.62 £ 0.24
Protein 1991 + 0.05

Fat 272 + 0.10

Crude fiber 5.00 + 0.03

Crude ash 544 + 0.06
Calcium 0.99 £ 0.05

phosphorus 0.60 = 0.01

Table 3. Composition of high fat diets

Ingredients Contents(%)
Moisture 3.76 £ 0.18
Protein 2261 = 0.09

Fat 14.07 + 0.02

Crude fiber 500 + 0.04

Crude ash 6.16 + 0.05
Calcium 095 £ 0.34

phosphorus 055 + 0.02
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-
Duncan’s multiple range testol] 2]&] p<0.05
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FAA(TC, TG, HDL, LDL Zd 2H )3} 7t
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A 3A A4 € uF

1. Zaw B8 2 $3
7h Aol A Zakat By

AAT2, BAH IEAAANELE E AFE FAEAE LA A ko)
249 A5Z2 233k MRSHIA ol Bromcresol purple® sodium azideZ #7}3k

37Tl A 48X 7+ wjekst s =24 colonys 2}7] ofE &
G =FEYE 3] MRS agarell streakingste] 2ojzl
colonyZ triptic soy agar slantell 37CeolA 18417 vj<3l t}S HA3FSIT) o uf
208271 ] #FE EE kAt

plate®]] smear

kel colonyE A3}

T3 B Ffol sty Yl skim milkEs A2 £ deE A T ol
lojof stz 10% SAdEALfol EeitFE HET F 37CAAM 24433 48
AlZE vl eFete] Sard b Zb7E 86170 ek 16197 e ol Ath(E 4 ~ %
9).
v AddsF A

St A EATFA WA 2 F<9 ATCC, NRRL, NCFB, KFRI &< ZAibd
10523 AAHFF(F =%, Culture System) 452 3 on g T 103 2
t}.
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Source

Lactobacillus acidophilus

NCFM, Rhone—poulenc

Lactobacillus acidophilus

Culture System

Streptococcus themophilus

Culture System

Lactobacillus acidophilus

NCFM, Rhone—poulenc

Lactococcus lactis subsp. lactis ATCC 21053
Lactococcus lactis ARRL B-633
Lactococcus diacetylactis NRRL B-2356
Lactobacillus casei ATCC 393

Lactobacillus acidophilus

ATCC 11506, IFO 3205

Lactococcus cremoris

KFRI 00349

Lactobacillus delbrueckii subsp. lactis

ATCC 7830, IFO 3376

Lactobacillus bulgaricus ATCC 33409
Lactobacillus amylophilus NRRL B-4437
Lactobacillus reuteri KFRI 00661

t}. monosodium glutamate’} F7Fe Skim milkvl A S ©]-& GABA A4+ 2 Akt

PN
T4

monosodium glutamate 1%7F Z7FE 10% LA E -0 24A 7o S 1

2L EEe T 861/ME HES $ 37TolA 184

549 A ohg 4~ X 9% 2k
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skim milk skim milk
72| gm ws | pH GABA 72| omwe | pH GABA
°o e (ppm/g 71 &) °oTe (ppm/g 21 &)
24hr | 48hr 24hr | 48hr
A-81 + + | 540 19.28 A-121 +
A-82 + + | 556 30.37 A-122 +
A-83 A-123 + 5.30 31.58
A-84 + + | 524 20.78 A-124 + 5.23 23.92
A-85 + + | 512 21.46 A-125
A-86 + + | 532 18.73 A-126 + 5.35 27.20
A-87 + + | 518 9.93 A-127 + 5.30 50.31
A-88 + A-128
A-89 + + | 5.38 273 A-129
A-90 + + | 516 9.71 A-130
A-91 + + | 518 4.24 A-131 + 5.34 45.52
A-92 + + | 5.06 22.83 A-132
A-93 A-133
A-94 + A-134
A-95 A-135| + + 5.18 5.88
A-96 A-136
A-97 A-137
A-98 A-138 | + 5.03 5.33
A-99 A-139 | + 5.19 1.09
A-100 A-140
A-101 A-141 +
A-102 A-142 +
A-103 + A-143 +
A-104 | + + | 510 23.79 A-144 +
A-105 + A-145| + + 5.04 6.15
A-106| + + | 510 15.84 A-146 | + + 5.13 10.80
A-107 + A-147
A-108 A-148 | + + 511 8.89
A-109 A-149 | + + 5.05 14.88
A-110 A-150 | + + 5.10 8.32
A-111 1| + 5.02 2.19 A-151 + + 512 9.55
A-112 A-152
A-113 A-153 | + + 5.00 18.73
A-114 A-154 | + + 5.04 3.55
A-115| + + | 5.09 7.89 A-155| + + 5.08 7.11
A-116 + A-156| + + 5.22 7.66
A-117| + + | 529 1791 A-157 | + + 5.45 0.68
A-118| + + | 531 25.43 A-158
A-119 + A-159
A-120 + A-160 +
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skim milk skim milk

72| gm ws | pH GABA 72| euowme | pH GABA
° c° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

A-161 | + + | 547 492 A-201 +

A-162 A-202 +

A-163 | + + | 5.22 20.51 A-203 +

A-164 A-204 +

A-165 A-205 + + 5.18 6.58

A-166 | + + | 555 18.87 A-206

A-167 A-207 +

A-168 A-208

A-169 A-209

A-170 A-210

A-171| + + | 5.03 15.04 A-211

A-172 A-212

A-173 | + + | 536 1.78 A-213 + 5.04 3.83

A-174 + | 554 A-214

A-175| + + | 545 4.24 A-215

A-176 + A-216

A-177 + A-217 +

A-178 + A-218 +

A-179 | + + | 5.05 19.69 A-219 + + 5.06 12.41

A-180 A-220 +

A-1811| + + | 5.09 12.17 A-221

A-182 | + + | 540 9.71 A-222 +

A-183 A-223 +

A-184 | + + | 550 3.01 A-224 +

A-185 A-225 +

A-186 4.90 4.65 A-226 + + 4.96 20.37

A-187 5.13 21.19 A-227 +

A-188 A-228 +

A-189 A-229 + + 4.90 6.84

A-190 + A-230 + + 472 19.14

A-191 A-231 + + 474 21.60

A-192 + A-232 + + 5.57 17.22

A-193 A-233 +

A-194 A-234 +

A-195 A-235 +

A-196 A-236 + 491 9.43

A-197 + A-237 + 5.51 12.30

A-198 + A-238 + 5.65 9.43

A-199 + A-239 +

A-200 + A-240 + + 5.51 271.50
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skim milk skim milk

72| gm ws | pH GABA 72| euowme | pH GABA
° c° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

A-241 A-281

A-242 | + 5.08 40.46 A-282

A-243 | + 5.20 18.71 A-283

A-244 | + 5.33 11.21 A-284 +

A-245 A-285 + + 5.24 7.11

A-246 + A-286 +

A-247 + | 54l 11.48 A-287 + + 5.28 .84

A-248 + | 512 8.48 A-288 +

A-249 A-289 +

A-250 | + + | 531 271.50 A-290 +

A-251 + A-291 + 5.34 19.00

A-252 | + + | b.62 4.92 A-292 + 5.58 19.82

A-253 | + + | 5.06 53.04 A-293 +

A-254 | + + | 515 5.74 A-294 + + 5.36 308.41

A-255| + + | 517 6.84 A-295

A-256 | + + | 511 13.40 A-296 +

A-257| + + | 5.30 5.15 A-297 + + 5.23 16.54

A-258 | + + | 539 9.57 A-298 +

A-259 + A-299 + 5.33 30.21

A-260 + A-300 + 5.12 11.76

A-261 + | 543 4.37 A-301 +

A-262 + | 534 66.85 A-302

A-263 + | 5.38 23.10 A-303 +

A-264 A-304 +

A-265 + A-305 +

A-266 + A-306 + 5.54 40.46

A-267 + A-307 + 5.42 4.24

A-268 | + + | 559 685.71 A-308

A-269 + A-309 +

A-270 A-310

A-271 A-311 + 5.27 14.22

A-272 | + 5.06 50.17 A-312

A-273 A-313

A-274 A-314

A-275| + + | 5.38 2303.76 A-315

A-276 A-316 + 5.32 13.67

A-277| + + | 5.37 20.37 A-317

A-278 + A-318

A-279 A-319 + + 5.29 23.51

A-280 | + + | 526 24.06 A-320
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skim milk skim milk

72| gm ws | pH GABA 72| euowme | pH GABA
° ° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

A-321 A-361 +

A-322| + 5.20 58.78 A-362 + 4.98 11.48

A-323 A-363 + 5.15 15.99

A-324 A-364 +

A-325 A-365 +

A-326 A-366

A-327 A-367

A-328 A-368 5.42 14.35

A-329 A-369 498 13.53

A-330 A-370

A-331 A-371

A-332| + + | 548 25.02 A-372

A-333 A-373

A-334 5.17 12.58 A-374 +

A-335 5.18 8.89 A-375 +

A-336 A-376 + 5.69 20.10

A-337 A-377 + 5.27 875

A-338 A-378 + 4.96 28.84

A-339 A-379

A-340 A-380 + + 5.01 11.89

A-341 + A-381 +

A-342 + A-382 + 5.21 13.26

A-343 + A-383 + 5.17 6.15

A-344 + A-384 +

A-345 + A-385 +

A-346 A-386 +

A-347 + A-387

A-348 A-388 + 4.95 12.85

A-349 A-389 + 4.834 37.05

A-350 + A-390 +

A-351 + A-391 +

A-352 + A-392 +

A-353 + A-393 +

A-354 + A-394 + + 495 12.30

A-355 A-395 +

A-356 + A-396 +

A-357 A-397 +

A-358 + A-398 + + 5.29 47.16

A-359 A-399 +

A-360| + + | b.24 32.26 A-400 + + 5.30 17.16
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skim milk skim milk

72| gm ws | pH GABA 72| euowme | pH GABA
° c° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

A-401 | + + | 5.06 11.46 A-441 +

A-402 A-442 +

A-403 | + + | 5.08 5.39 A-443

A-404 | + + | 514 16.68 A-444 + + 5.32 2.32

A-405| + + | 539 22.19 A-445 +

A-406 + A-446 + + 5.30 17.50

A-407 | + + | 547 26.50 A-447 + + 5.20 5.47

A-408 | + + | 544 37.87 A-448 + + 5.31 12.99

A-409 | + + | 496 40.19 A-449 + + 5.46 15.86

A-410| + + | 536 1.37 A-450 +

A-411| + + | 5.37 127.55 A-451

A-412 | + + | 521 2.22 A-452 +

A-413 + A-453 + + 5.30 23.10

A-414 | + + | 543 9.71 A-454 +

A-415 + A-455 +

A-416 | + + | 515 0.55 A-456

A-417 + A-457 +

A-418 A-458 +

A-419 + A-459

A-420 A-460

A-421 A-461 + 5.52 1.14

A-422 | + + | 5.36 8.20 A-462

A-423 A-463

A-424 | + + | 579 8.89 A-464

A-425 + A-465

A-426 + A-466 +

A-427 + A-467

A-428 | + + | 511 10.25 A-468 +

A-429 + A-469

A-430 A-470

A-431 A-471 + + 5.10 18.95

A-432 + A-472

A-433 A-473 + + 5.34 17.91

A-434 + A-474

A-435 + | 544 11.48 A-475 + + 5.11 4.58

A-436 + | b44 4.10 A-476

A-437 + | 567 9.98 A-477 + + 5.69 11.44

A-438 + A-478

A-439 | + + | b.66 3.01 A-479 + + 498 13.14

A-440 | + + | 512 6.56 A-480
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skim milk skim milk

72| gm ws | pH GABA 72| euowme | pH GABA
° c° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

A-481 | + + | 525 5.59 A-521

A-482 | + + | 5.03 6.69 A-522

A-483 + A-523

A-484 A-524 + + 5.30 23.38

A-485 A-525

A-486 A-526

A-487| + + | 5.04 13.21 A-527

A-488 + A-528 + + 4.85 10.24

A-489 + A-529

A-490 | + + | 5.02 9.65 A-530 +

A-491 + A-531

A-492 + A-532

A-493 + A-533

A-494 + A-534

A-495| + + | 473 13.26 A-535

A-496 | + + | 5.30 25.15 A-536

A-497 | + + | 547 50.17 A-537

A-498 A-538

A-499 A-539

A-500 A-540 + + 5.47 27.34

A-501 | + + | 553 24.61 A-541

A-502 | + + | 543 2.32 A-542

A-503 | + + | b.22 28.16 A-543 +

A-504 | + + | 523 28.57 A-544 +

A-505 | + + | 5.23 32.67 A-545 +

A-506 | + + | 4.78 41.01 A-546 + 5.20 20.23

A-507 | + + | 465 12.85 A-547 + 5.24 41.29

A-508 A-548

A-509 A-549 + 5.38 25.84

A-510 A-550 + 5.15 42.11

A-511 + | 492 8.45 A-551 +

A-512 + | 5.38 9.78 A-552 +

A-513 A-553 +

A-514 + A-554 +

A-515| + + | 497 16.68 A-555 +

A-516 + A-556 + + 5.31 1.37

A-bB17| + + | 495 36.23 A-557 + + 5.31 5.74

A-518 | + + | 5.02 38.00 A-558 + + 5.25 55.55

A-519 + | 493 47.98 A-559 + + 5.28 40.87

A-520 +
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GABA
(ppm/g 71 =)

7.88

0.98

3.94
12.56
2.95

10.83

0.98

3.94

5.91

14.78

7.88

2.95
2.95

511

2.03

4.58
4.75
5.14

6.19

5.20

5.25

5.20

4.58

5.25

5.20
4.72

48hr

k
o
[¢)
24hr

B-41
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B-44
B-45
B-46
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B-48
B-49
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B-53
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B-55
B-56
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B-59
B-60
B-61
B-62
B-63
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B-65
B-66
B-67
B-68
B-69
B-70
B-71
B-72
B-73
B-74
B-75
B-76
B-77
B-78
B-79
B-80

GABA
(ppm/g 71 =)

0.91

4.92

0.98

1.97

2.95

3.94
0.91

4.92

0.98

1.97

3.94
12.58

6.89

pH

5.22

5.67

5.40

5.39

0.21

5.95
4.66

4.89

4.88

6.05

5.14
4.64

5.01

ilk

m
i vk
24hr | 48hr

skim
o
[

o T

B-1

B-2

B-3

B-4

B-5

B-6

B-7

B-8

B-9

B-10
B-11
B-12
B-13
B-14
B-15
B-16
B-17
B-18
B-19
B-20
B-21
B-22
B-23
B-24
B-25
B-26
B-27
B-28
B-29
B-30
B-31
B-32
B-33
B-34
B-35
B-36
B-37
B-38
B-39
B-40
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skim milk skim milk
= | 5w we | pH GABA 72| euowme | pH GABA

° c° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

B-81 + + | 5.07 492 B-121 + + 5.05 5.91

B-82 + B-122 +

B-83 + + | 518 591 B-123 +

B-84 + + | 470 12.78 B-124

B-85 + + | 469 591 B-125 + + 5.35 1.97

B-86 + B-126 +

B-87 B-127 +

B-88 B-128 + 477 3.94

B-89 + B-129 + 5.50 492

B-90 + + | 4.87 2.95 B-130 + 4.60 2.58

B-91 + B-131

B-92 + + | 457 5.91 B-132 + + 4.95 9.68

B-93 B-133 +

B-94 + B-134 +

B-95 + + | 545 0.98 B-135 + 4.65 7.88

B-96 B-136 + 476 2.95

B-97 B-137 +

B-98 B-138

B-99 + B-139

B-100 | + + | b.24 9.85 B-140 +

B-101 + B-141 + + 4.834 591

B-102 | + + | 490 6.89 B-142 +

B-103 + B-143 + 4.88 2.98

B-104 + B-144 + 5.31 450

B-105 | + + | 5.08 0.98 B-145

B-106 + B-146

B-107 B-147 + + 493 12.80

B-108 + B-148 +

B-109 | + + 1471 0.98 B-149 +

B-110 + B-150 + + 5.41 492

B-111 | + + | 4.88 25.8 B-151 +

B-112 + B-152 +

B-113 + B-153

B-114 | + + | 491 2.95 B-154

B-115 + B-155 5.23 8.86

B-116 + B-156 5.43 27.58

B-117 | + + | 491 1.97 B-157

B-118 | + + | .22 3.98 B-158

B-119 + | 472 1.97 B-159

B-120 + B-160 + 5.04 2.95
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skim milk skim milk

72| gm ws | pH GABA 72| euowme | pH GABA
° ° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

B-161 | + + | 5.37 498 B-201 + + 452 14.77

B-162 + B-202 + + 5.04 10.83

B-163 + B-203 +

B-164 B-204 +

B-165 | + 4.59 11.82 B-205 + 5.57 1.97

B-166 B-206 + 4.82 2.95

B-167 B-207

B-168 B-208

B-169 | + 492 1.97 B-209

B-170 B-210 5.31 13.79

B-171 B-211 4.65 12.80

B-172 B-212

B-173 | + + | 5.28 12.80 B-213

B-174 + B-214 +

B-175 + B-215 + + 4.64 12.80

B-176 | + + | 459 10.83 B-216 +

B-177 + B-217 + 454 0.98

B-178 + B-218 + 5.13 7.88

B-179 B-219 +

B-180 B-220 +

B-181 4.56 2.95 B-221 + + 5.02 2.95

B-182 459 14.77

B-183 458 10.83

B-184

B-185

B-186

B-187

B-188 | + + | 463 1.97

B-189 +

B-190 +

B-191 | + + | 512 15.76

B-192 +

B-193

B-194 | + + | 453 3.98

B-195 +

B-196 +

B-197 | + + | 450 20.68

B-198 +

B-199 | + + | 455 6.98

B-200 | + + | 462 9.85
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skim milk skim milk
72| gm ws | pH GABA 72| euowme | pH GABA
° ° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr
C-81 + + | 555 5.14
C-82 + + | 521 6.55
C-83 + + | 4.72 17.13
C-84 +
C-85
C-86 +
C-87 + | 531 19.84
C-88 + | 520 20.41
C-89
C-90 +
C-91 + + | 5.32 5.47
C-92 + + | 466 6.89
C-93 +
C-94 + + | 5.33 15.62
C-95 +
C-96 + + | 464 1.97
C-97 +
C-98 + + | 582 3.68
C-99
C-100
C-101 | + 4.92 8.97
C-102
C-103
C-104 | + + | 5.00 15.24
C-105 +
C-106 | + + | 5.88 20.11
C-107
C-108 | + + | 591 1.49
C-109 +
C-110 +
C-111 | + + | 470 .47
C-112
C-113 +
C-114 | + + | 5.68 5.14
C-115 +
C-116 | + + | 5.39 5.89
C-117
C-118 +
C-119 | + + | 519 10.54
C-120 | + 5.11 9.65
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skim milk skim milk
72| gm ws | pH GABA 72| euowme | pH GABA
° c° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr
D-81 + + | 462 1.97 D-121 +
D-82 D-122 +
D-83 + D-123 + 4.81 17.73
D-84 D-124 + 5.15 13.79
D-85 + 4.70 6.89 D-125 +
D-86 D-126 + + 4.64 0.98
D-87 + 4.67 8.86 D-127
D-88 D-128
D-89 D-129
D-90 + 5.15 1.97 D-130 + + 4.49 7.88
D-91 D-131 +
D-92 D-132 + + 4.99 19.03
D-93 D-133 +
D-94 + 4.64 0.98 D-134 +
D-95 D-135 + + 5.29 14.77
D-96 D-136 +
D-97 D-137
D-98 D-138
D-99 + + | 449 6.89 D-139 + + 494 19.70
D-100 + D-140
D-101 + D-141
D-102 | + + | 462 8.86 D-142
D-103 D-143 + 473 5.46
D-104 + D-144
D-105 | + + | 473 38.41 D-145
D-106 + D-146
D-107 + D-147 + 5.02 14.77
D-108 | ~+ + | 470 2.95 D-148 + 473 7.88
D-109 | + + | 4.78 3.94 D-149 +
D-110 D-150 +
D-111 D-151 +
D-112 D-152 + 5.39 5.91
D-113 D-153 + 5.15 13.79
D-114 | + + | 5.04 12.80 D-154 +
D-115 D-155 + + 478 0.98
D-116 + D-156
D-117 D-157
D-118 | + + | 472 20.68 D-158 5.62 11.82
D-119 D-159 5.04 0.98
D-120 + D-160
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pH
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(ppm/g 71
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skim milk

LSS

24hr | 48hr

pH

GABA
(ppm/g 71 =)

D-161

D-201

D-162

D-202

0.06

12.80

D-163

4.72

6.89

D-203

D-164

D-204

D-165

D-205

D-166

4.62

3.86

D-206

5.33

9.85

D-167

D-207

D-168

D-208

D-169

4.74

2.95

D-209

D-170

D-210

5.34

17.73

D-171

5.19

9.85

D-172

|+

D-173

D-174

D-175

4.70

3.94

D-176

4.79

5.91

D-177

D-178

D-179

D-180

4.71

0.91

D-181

4.83

3.94

D-182

D-183

D-184

D-185

5.58

6.85

D-186

+ |+ |+

D-187

D-188

4.84

15.76

D-189

4.84

1.97

D-190

D-191

5.60

4.77

D-192

D-193

D-194

5.46

13.77

D-195

D-196

4.78

1.95

D-197

S e N

4.46

3.94

D-198

D-199

5.45

8.71

D-200
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skim milk skim milk

72| gm ws | pH GABA 72| euowme | pH GABA
° ° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

E-81 + + | 5.03 14.77 E-121 +

E-82 E-122 +

E-83 + E-123 +

E-84 + E-124 + 493 17.76

E-85 E-125 + 5.02 15.76

E-86 + E-126 +

E-87 + E-127 +

E-88 + E-128 +

E-89 + + | 456 17.73 E-129 +

E-90 + E-130 +

E-91 E-131

E-92 E-132 + + 456 11.82

E-93 E-133

E-94 + 4.60 29.55 E-134

E-95 E-135 +

E-96 E-136 + + 461 9.85

E-97 E-137 +

E-98 + + | 501 32.50 E-138 +

E-99 E-139 + + 6.18 20.68

E-100 E-140 +

E-101 E-141 +

E-102 E-142 + 4.62 18.71

E-103 | + 5.19 3.94 E-143 + 4.67 12.80

E-104 E-144

E-105 E-145

E-106 E-146

E-107 E-147

E-108 | + 4.60 27.58 E-148 +

E-109 E-149 + + 4.50 22.65

E-110 E-150 +

E-111 E-151 +

E-112 | + + | 512 7.88 E-152 + + 451 13.79

E-113 E-153

E-114 E-154

E-115 E-155 + + 498 1.97

E-116 + E-156

E-117 + E-157

E-118 | + + | 4.89 0.98 E-158 + 4.65 492

E-119 + E-159

E-120 + E-160 + 4.68 591
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skim milk skim milk

72| gm ws | pH GABA 72| euowme | pH GABA
° ° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

E-161 | + + | 467 13.79 E-201 + + 455 16.74

E-162 + E-202

E-163 + E-203

E-164 + E-204

E-165 + E-205

E-166 E-206 + 5.34 28.56

E-167 E-207

E-168 E-208

E-169 E-209 + 461 7.88

E-170 E-210

E-171 E-211

E-172 E-212 + + 5.18 0.98

E-173 E-213 +

E-174 + E-214 +

E-175 E-215 +

E-176 E-216 +

E-177 E-217 + + 5.41 19.70

E-178 | + 4.68 .86 E-218 +

E-179 E-219 +

E-180 E-220

E-181 E-221 + + 5.47 14.77

E-182 | + + | 6.16 0.98 E-222 +

E-183 E-223 + 5.18 16.74

E-184 E-224 + 5.12 46.29

E-185 | + 5.15 492 E-225

E-186 E-226

E-187 E-227 +

E-188 E-228

E-189 | + 4.69 17.73 E-229 + + 5.22 15.76

E-190 E-230

E-191 E-231

E-192 E-232 + 5.27 21.67

E-193 | + + | 534 15.76 E-233

E-194 + E-233

E-195 + E-235 + + 4.88 3.94

E-196 | + + | 528 15.76 E-236

E-197 + E-237 +

E-198 + E-238

E-199 | + + | 6.18 13.79 E-239

E-200 + E-240
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skim milk skim milk

72| gm ws | pH GABA 72| euowme | pH GABA
° ° (ppm/g &) ° ° (ppm/g &)
24hr | 48hr 24hr | 48hr

E-241 | + + | 460 14.77 E-281

E-242 + E-282

E-243 + E-283 + 461 2.95

E-244 E-284

E-245 | + 4.66 21.67 E-285

E-246 E-286 + 454 15.76

E-247 E-287

E-248 | + + | 466 17.73 E-288

E-249 + E-289

E-250 E-290 + 4.99 6.89

E-251 | + + | 587 13.79 E-291

E-252 E-292

E-253 E-293

E-254 E-294

E-255 E-295 + + 457 2.95

E-256 E-296

E-257 E-297

E-258 E-298 +

E-259 E-299

E-260 E-300 +

E-261 E-301

E-262 | + + | 524 2.95 E-302

E-263 + E-303 +

E-264 + E-304 +

E-265| + + | 568 11.82 E-305 +

E-266 E-306 +

E-267 E-307 +

E-268 | + + | b44 8.86 E-308 +

E-269 E-309 +

E-270 E-310

E-271 | + + | 479 12.80 E-311

E-272 E-312

E-273 E-313

E-274 + E-314

E-275 + E-315

E-276 | + + | 512 16.74 E-316

E-277 + E-317

E-278 E-318

E-279 E-319

E-280 | + + | 5.09 15.76 E-320
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AGE Aol e #59 GABA FFRIEF 7)E) XS 2W E 116X

=

9} o] B F 86170 = 96%7F S0ppm/gr wte] 2l ar, 100ppm/g ©] o
T I &% 500ppm/g oldeldtt e dEF T A-56
= GABA A4FsFo] 181545ppm, A-268 w5+ 685.71ppm, A-275
2,303.76ppm, D-

@

=
6 5+ 521.02ppm, K-520 w5+ 717.64ppm, K-567 5+

711.40ppm, K-573 ¥+ 1,298.31ppmE&.=A] A-275 #F7F GABA A4t

[op}

ofd

o] W

@9 GABA(ppm/gd &)

GABA%PXJ : 78]—;—‘%5 73; L‘f 1—75 B | e | ATE
1~9 89 62 26 52 19 4
10~49 355 20 26 28 53 6
50~99 86 - - - 1 -

100~199 17 - - - -
200~499 10 - - - -
500914} 6 - - 1 - -
Total 563 82 52 81 73 10

_67_




X 12, AT 2 A EFATdAA B AT A Saro]Fef wj Yk
%9 pH ¥ GABA 3%
=2
. it GABA
B Z Akt = A 33l W3- | pH
24hr | 48hr (ppm/g,DM)

L. acidophilus* NCFM, Rhone-poulenc + + 1421 32.50
L. acidophilus* Culture System + + | 453 22.65
Streptococcus themophilus*|Culture System + + | 4.32 30.53
L. acidophilus* NCFM, Rhone-poulenc | + + | 4.12 23.64
L. lactis subsp. lactis ATCC 21053 + + | 581 591
L. lactis ARRL B-633 + + | 6.07 9.85
L. diacetylactis NRRL B-2356 + + | 475 6.89
L. casei ATCC 393 + + | 544 591
L. acidophilus ATCC 11506, IFO 3205 | + + | 545 591
L. cremoris KFRI 00349 + + | 5.66 3.94
L. delbrueckii subsp. lactis| ATCC 7830, IFO 3376 | + + | 5.30 594
L. bulgaricus ATCC 33409 + + | 5.30 8.86
L. amylophilus NRRL B-4437 + + | 6.07 591
L. reuteri KFRI 00661 + + | 5.84 10.83
) o« AT
dHT 2 A FATdAA B AT BE A E 2443 Yol &L
Sa, AT MEF e pH7F vro, GABA A oAl A AAE AT
2. GABA At A dF A

Aol e 671 FFek AT TS HF SR monosodium
glutamate F7FEFH 2 247 19%, 3%, 5% = FA7FE 10% SHA =] 2o 35T ol A
18417 WlF ¥ pHSl GABA AMRS 243 Ade oo ¥ 139 2o
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¥ 13, A"l Aol monosodium glutamate A7 pH 2 GABA % =4

skim milk
GABA
Rl 53 s pH ;
7 I
24hr 48hr (ppm/g212)
1% + + 5.37 127.55
A-411 3% + + 4.80 9.85
5% + + 4.83 13.79
1% + + 4.96 1815.45
A-56 3% + + 4.97 589.96
5% + + 497 846.03
1% + + 5.51 271.50
A-240 3% + + 5.23 36.44
5% + + 4.80 9.98

1% + + 5.59 685.71

A-268 3% + + 5.26 642.16

5% + + 541 426.46

1% + + 5.38 2303.76

A-275 3% + + 4.83 1208.48

5% + + 491 640.19

1% + + 5.36 308.41

A-294 3% + + 4.76 291.53

5% + + 4.73 231.45

1% + + 4.21 32.50

L. acidophilus* 3% + + 4.35 30.53

5% + + 450 33.49

1% + + 453 22.65

L. acidophilus* 3% + + 455 32.50

5% + + 461 45.31

1% + + 4.32 30.53

Streptococcus

. 3% + + 451 30.53

themophilus*

5% + + 4.60 24.62

1% + + 412 23.64

L. acidophilus* 3% + + 4.40 25.61

5% + + 4.37 26.59

F) e AF BES AXE FPET

A= pHE SopAw

H}r

YFoAE monosodium glutamate H7FES

r-{m
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GABASI#o] "Wolx= S HS+=d, o= monosodium glutamate’} ZAHT
A7l AslstAY GABAE Fdllshe &avte]l &40 7] wl (G atik, 2002)
o2 HAT AYeEFE= GABAFZo] 20-30ppm Tl =2 A FE Tl H] &)
7< 3] A-275 TFE GABASEFo| 2,303.76ppm/g (7]
o2 A dafo H&3H Faf 100g ol 23mge] GABAZF EfH A
o7 B 4 9ttt GABATE W red mold riced] 20mg/100g 71 & %, Gabaron tea

o 150mg/100g 71 =2 soaked rice germ®| 400mg/100g 7= wko] dhf¥of it}

f{i
¥
rlo
P
o
fru
v
ful
3L
ui
Jm

(Kono® Himeno, 2000; Tsushida %, 1987; Saikusa %, 1994; Saikusa %, 2001)
3 Bask Ay vjad o B ALY =& A9 A3E 4T

Sk, # < Enterococcus ol tist 717 13 7FsAdol Arvidd wE FUM=

Lactobacillus 7= A3 4 Gram G T rod Fee = s gdo=z

GABA A4 ds A 2345 1 140 derdisdh
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X 14 AFolA 2 #FE e R EAF Sl ok Mg Fo] GABARAE

skim milk skim milk

Sample Sk GABA Sample & anke GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr

K-1 + + 38.746 K-26 - +
K-2 + + 20.215 K-27 + + 45.484
K-3 - + K-28 + + 26.953
K-4 + + 75.807 K-29 + + 50.538
K-5 + + 55.591 K-30 + + 18.530
K-6 + + 48.853 K-31 + + 3.369
K-7 + + 52.222 K-32 + + 32.007
K-8 + + 38.746 K-33 + + 20.215
K-9 + + 25.269 K-34 + + 26.953

K-10 + + 47.169 K-35 - +
K-11 + + 53.907 K-36 + + 35.376
K-12 + + 15.161 K-37 + + 16.846
K-13 + + 16.846 K-38 + + 3.369
K-14 + + 33.692 K-39 + + 18.530

K-15 + + 57.276 K-40 - +
K-16 + + 77.491 K-41 + + 20.215
K-17 + + 45.484 K-42 + + 30.323
K-18 - + K-43 + + 37.061
K-19 - + K-44 + + 35.376
K-20 + + 38.746 K-45 + + 20.215
K-21 + + 38.746 K-46 + + 40.430
K-22 + + 10.108 K-47 + + 10.108

K-23 - + K-48 - +
K-24 + + 16.846 K-49 + + 42.115
K-25 + + 30.323 K-50 + + 30.323
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skim milk skim milk
Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr
K-51 + + 47.169 K-76 + + 30.323
K-52 + + 70.753 K-77 - +
K-53 + + 43.799 K-78 + + 15.161
K-54 - + K-79 + + 33.692
K-55 + + 43.799 K-80 - +
K-56 + + 33.692 K-81 + + 30.323
K-57 + + 11.792 K-82 + + 21.900
K-58 + + 28.638 K-83 + + 18.530
K-59 - + K-84 + + 64.014
K-60 + + 23.584 K-85 + + 16.846
K-61 + + 30.323 K-86 + + 8.423
K-62 + + 15.161 K-87 + + 26.953
K-63 + + 6.738 K-88 - +
K-64 + + 48.853 K-89 + + 30.323
K-65 + + 21.900 K-90 + + 35.376
K-66 - + K-91 + + 21.900
K-67 + + 38.746 K-92 + + 53.907
K-68 + + 33.692 K-93 - +
K-69 + + 43.799 K-94 + + 6.738
K-70 + + 20.215 K-95 + + 38.746
K-71 - + K-96 - +
K-72 - + K-97 + + 23.584
K-73 + + 48.853 K-98 + + 30.323
K-74 + + 25.269 K-99 + + 32.007
K-75 + + 16.846 K-100 + + 30.323
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skim milk skim milk

Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr

K-101 - + K-126 + + 15.16
K-102 + + 20.215 K-127 - +
K-103 + + 33.692 K-128 + + 6.74
K-104 + + 47.169 K-129 - +
K-105 + + 26.953 K-130 - +
K-106 + + 13.477 K-131 + + 20.22
K-107 - + K-132 - +
K-108 + + 40.430 K-133 - +
K-109 + + 26.953 K-134 - +
K-110 + + 38.746 K-135 + + 1.69
K-111 + + 47.169 K-136 + + 58.96
K-112 + + 43.799 K-137 - +
K-113 + + 42115 K-138 + + 33.69
K-114 + + 23.584 K-139 - +
K-115 + + 42115 K-140 - +
K-116 + + 47.169 K-141 - +
K-117 + + 43.799 K-142 + + 35.38
K-118 + + 18.530 K-143 + + 15.16
K-119 + + 35.376 K-144 - +
K-120 - + K-145 - +
K-121 + + 37.06 K-146 + + 13.48
K-122 + + 18.53 K-147 - +
K-123 + + 13.48 K-148 - +
K-124 - + K-149 - +
K-125 + + 8.42 K-150 + + 10.11
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skim milk skim milk

Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr

K-151 + + 60.65 K-176 + + 40.43
K-152 - + K-177 - +
K-153 - + K-178 + + 109.84
K-154 + + 13.48 K-179 + + 116.91
K-155 - + K-180 - +
K-156 - + K-181 - +
K-157 + + 5.05 K-182 + + 52.22
K-158 + + 32.01 K-183 - +
K-159 - + K-184 - +
K-160 - + K-185 + + 139.48
K-161 - + K-186 + + 28.64
K-162 - + K-187 + + 33.02
K-163 + + 6.74 K-188 + + 37.74
K-164 + + 40.43 K-189 - +
K-165 - + K-190 + + 60.31
K-166 - + K-191 - +
K-167 + + 67.38 K-192 + + 73.79
K-168 - + K-193 + + 53.91
K-169 + + 60.65 K-194 + + 33.86
K-170 - + K-195 + + 48.01
K-171 - + K-196 + + 54.08
K-172 + + 26.95 K-197 + + 34.37
K-173 + + 40.43 K-198 + + 34.70
K-174 - + K-199 + + 10.44
K-175 - + K-200 + + 33.86
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skim milk skim milk

Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr

K-201 + + 43.799 K-226 - +
K-202 + + 50.538 K-227 + + 47.169
K-203 + + 50.538 K-228 + + 21.900
K-204 + + 28.638 K-229 + + 35.376
K-205 + + 42115 K-230 + + 50.538
K-206 + + 40.430 K-231 - +
K-207 + + 40.430 K-232 + + 48.853
K-208 + + 18.530 K-233 + + 52.222
K-209 + + 25.269 K-234 + + 47.169
K-210 + + 48.853 K-235 + + 53.907
K-211 + + 23.584 K-236 + + 57.276
K-212 + + 62.330 K-237 + + 42.115
K-213 - + K-238 + + 128.029
K-214 + + 37.061 K-239 + + 77.491
K-215 + + 42115 K-240 + + 94.674
K-216 - + K-241 - +
K-217 + + 53.907 K-242 + + 64.688
K-218 - + K-243 - +
K-219 + + 45.484 K-244 - +
K-220 + + 58.961 K-245 - +
K-221 + + 43.799 K-246 + + 10.276
K-222 + + 53.907 K-247 - +
K-223 + + 18.530 K-248 + + 29.986
K-224 + + 55.591 K-249 - +
K-225 + + 40.430 K-250 + + 34.366
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skim milk skim milk
Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr
K-251 + + 34.703 K-276 - +
K-252 - + K-277 - +
K-253 + + 61.993 K-278 + + 129.545
K-254 - + K-279 - +
K-255 - + K-280 - +
K-256 - + K-281 - +
K-257 - + K-282 - +
K-258 + + 35.545 K-283 - +
K-259 + + 41.609 K-284 - +
K-260 + + 111.014 K-285 + + 220.176
K-261 - + K-286 + + 228.767
K-262 + + 32.681 K-287 - +
K-263 - + 109.835 K-288 + + 20.552
K-264 + + 7.749 K-289 - +
K-265 - + K-290 - +
K-266 + + 55.928 K-291 + + 107.477
K-267 - + K-292 + + 97.706
K-268 - + K-293 - +
K-269 - + K-294 - +
K-270 + + 41.778 K-295 - +
K-271 + + 32.344 K-296 - +
K-272 + + 33.395 K-297 + + 135.273
K-273 + + 48179 K-298 - +
K-274 + + 70.584 K-299 - +
K-275 - + K-300 - +
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skim milk skim milk

Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr

K-301 - + K-326 + + 53.233
K-302 - + K-327 - +
K-303 - + K-328 + + 70.079
K-304 - + K-329 + + 15.835
K-305 + + 47.842 K-330 + + 104.445
K-306 - + K-331 - +
K-307 + + 130.050 K-332 - +
K-308 - + K-333 - +
K-309 - + K-334 + + 42.620
K-310 + + 142516 K-335 + + 52.054
K-311 + + 29.817 K-336 + + 48.179
K-312 - + K-337 - +
K-313 - + K-338 - +
K-314 - + K-339 + + 16.172
K-315 - + K-340 - +
K-316 + + 32.513 K-341 - +
K-317 + + 34.197 K-342 - +
K-318 + + 120.448 K-343 - +
K-319 + + 104.950 K-344 - +
K-320 - + K-345 - +
K-321 - + K-346 - +
K-322 + + 45.821 K-347 - +
K-323 - + K-348 + + 19.710
K-324 + + 94.674 K-349 + + 36.050
K-325 - + K-350 + + 32.850
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skim milk skim milk

Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr

K-351 + + 52.728 K-376 - +
K-352 - + K-377 + + 79.176
K-353 - + K-378 - +
K-354 + + 48.011 K-379 + + 39.588
K-355 - + K-380 - +
K-356 - + K-381 - +
K-357 - + K-382 + + 46.495
K-358 + + 48.853 K-383 + + 40.599
K-359 + + 52.728 K-3%4 + + 52.728
K-360 + + 59.129 K-385 + + 102.76
K-361 - + K-386 - +
K-362 - + K-387 + + 50.032
K-363 - + K-388 + + 41.946
K-364 + + 52.728 K-389 + + 54.244
K-365 + + 52.222 K-390 + + 47505
K-366 + + 51.548 K-391 + + 57.781
K-367 + + 50.875 K-392 - +
K-368 - + K-393 + + 56.434
K-369 - + K-394 + + 79.344
K-370 - + K-395 + + 31.670
K-371 + + 43.462 K-396 + + 89.452
K-372 + + 45.484 K-397 + + 88.609
K-373 - + K-398 - +
K-374 - + K-399 + + 42.115
K-375 - + K-400 - +
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skim milk skim milk

Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr

K-401 - + K-426 + + 49.359
K-402 + + 48516 K-427 - +
K-403 - + K-428 - +
K-404 - + K-429 + + 50.032
K-405 + + 16.846 K-430 - +
K-406 + + 58.118 K-431 + + 221.524
K-407 + + 52.728 K-432 + + 35.545
K-408 - + K-433 + + 22.910
K-409 + + 91.810 K-434 - +
K-410 - + K-435 + + 27.122
K-411 + + 39.588 K-436 - +
K-412 + + 29.649 K-437 - +
K-413 + + 52.728 K-438 + + 30.323
K-414 - + K-439 + + 26.953
K-415 - + K-440 - +
K-416 - + K-441 + + 22.237
K-417 + + 48179 K-442 + + 34.871
K-418 - + K-443 - +
K-419 - + K-444 + + 49.022
K-420 - + K-445 - +
K-421 + + 47674 K-446 - +
K-422 + + 44.979 K-447 - +
K-423 + + 44.642 K-448 - +
K-424 + + 46.832 K-449 + + 40.936
K-425 + + 53.570 K-450 + + 35.713
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skim milk skim milk

Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr

K-451 + + 28.975 K-476 - +
K-452 - + K-477 + + 68.226
K-453 - + K-478 + + 31.839
K-454 - + K-479 - +
K-455 + + 37.061 K-480 - +
K-456 - + K-481 - +
K-457 - + K-482 - +
K-458 - + K-483 + + 24.427
K-459 - + K-484 - +
K-460 + + 87.262 K-485 + + 132.072
K-461 - + K-486 - +
K-462 - + K-487 + + 40.430
K-463 - + K-488 + + 63.172
K-464 + + 71.427 K-489 + + 65.194
K-465 - + K-490 + + 22.237
K-466 - + K-491 - +
K-467 - + K-492 + + 107.645
K-468 - + K-493 + + 82.545
K-469 - + K-494 - +
K-470 + + 94.169 K-495 + + 81.366
K-471 - + K-496 + + 37.229
K-472 + + 11.287 K-497 - +
K-473 + + 69.910 K-498 - +
K-474 - + K-499 + + 39.756
K-475 + + 96.190 K-500 + + 48.179
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skim milk skim milk

Sample Sk GABA Sample & aLRkg GABA
(ppm/g 1) (ppm/g 71 )
24hr 48hr 24hr 48hr

K-501 + + 24.427 K-526 - +
K-502 + + 54.412 K-527 - +
K-503 + + 49.358 K-528 + + 23.584
K-504 - + K-529 - +
K-505 - + K-530 + + 21.057
K-506 + + 40.767 K-531 + + 19.710
K-507 - + K-532 - +
K-508 - + K-533 + + 23.416
K-509 - + K-534 + + 15.161
K-510 - + K-535 + + 17.014
K-511 + + 31.839 K-536 + + 19.710
K-512 + + 32.681 K-537 - +
K-513 + + 272.904 K-538 - +
K-514 + + 51.548 K-539 + + 19.878
K-515 - + K-540 + + 27.290
K-516 - + K-541 - +
K-517 - + K-542 + + 35.713
K-518 - + K-543 + + 14.319
K-519 + + 65.867 K-544 + + 24.595
K-520 + + 717.635 K-545 + + 20.552
K-521 + + 18.194 K-546 + + 19.541
K-522 + + 2.695 K-547 + + 23.753
K-523 - + K-548 - +
K-524 - + K-549 + + 10.444
K-525 - + K-550 - +
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skim milk skim milk
sample s (pp(;éfg ) Sample s (ppijfg =)
24hr 48hr 24hr 48hr
K-551 - + K-576 + + 47.169
K-552 + + 0.168 K-577 + + 372.126
K-553 + + 70.247 K-578 + + 49.864
K-554 + + 47.505 K-579 + + 490.721
K-555 + + 30.996 K-580 + + 12.466
K-556 + + 12.466
K-557 + + 19.878
K-558 + + 22.574
K-559 + + 15.330
K-560 + + 28.638
K-561 + + 11.624
K-562 + + 18.025
K-563 - +
K-564 + + 8.591
K-565 + + 26.953
K-566 + + 345.004
K-567 + + 711.402
K-568 + + 12.634
K-569 + + 25.774
K-570 - +
K-571 + + 24.763
K-572 - +
K-573 + + 1298.313
K-574 - +
K-575 + + 28.133

K520 ¥+ GABA g &o] 717.64ppm/g, K567 ¥+ 711.40ppm/g, K573d %
1,29831ppm/g .2 F7tE EE =t}
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GABA AtgFo]l 2 7 #5E st sALES 3 A=
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i

Table 15. Biochemical and physiological characteristics of lactic

1solated from raw milk

=]

15

acid bacteria

strains A-56 | A-268 | A-275 | D-66 |K-520|K-567 | K-573
Gram stain + + + + + + +
Cell morphology coccl coccl coccl | coccl | rod rod rod

Spore formation - - - _ _

Motility - - - - - _ _
Aerobic growth + + + + + + n
Anaerobic growth + + + + + ¥ +
Catalase - - - - - _ _
Growth at 15C + + + + - - _
Growth at 45T + + + + + n +

Gas from glucose - - - - -

Ammonia from arginine - - - - -
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API 20 STREP

Strains A-56 A-268 A-275 D-66
Pyruvate + + + -
Hippurate + + - -
Esculin - + + +
Pyrrolidonyl 2 naphthylamide - + + +
6-Bromo-2-naphyl a-D-glucuronate - + + -
Naphthol AS-BI [-D-glucuronate - _ - -
2-naphthyl-fi-D-galactopyranoside - + + -
2-naphthyl phosphate - - - -
L-leucine-2-naphthylamide - + - -
Arginine + + + +
Ribose + + + +
L-Arabinose - - + -
Mannitol + + + +
Sorbitol + + + +
Lactose + + + +
Trehalose + + + +
Inulin - - - -
Raffinose - - - +
Starch + + + -
Glycogen - - - -
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API 50 CHL

Strains K-520 | K-567 | K-573 |Strains K-520 | K-567 | K-573
Glycerol - - - |D-xylose - - +
Erythitol - - - |L-xylose - - -
D-arabinose - - - |Adonitol - - -
L-arabinose - - - P —Me‘?hyl—D ) - - -
Xyloside

Ribose + - +  |Galactose + + +
Glucose + + +  |Sucrose + + +
Fructose + + + |Trehalose - + -
Mannose + + +  |Inulin - - -
Sorbose - - - |Melezitose - - -
Rhamnose - - - |Raffinose + - +
Dulcitol - - - |Starch - + +
Inositol - - - |Glycogen - + -
Mannitol - - - |Xylitol - - -
Sorbitol - - - |Gentiobiose - + -
a-Methyl-D-

i - - - |D-turanose - - -
Mannoside
a-Methyl-D-

. - - - |D-lyxose - - -
Glucoside
N acetyl

) - + - |D-tagatose - - -

glucosamine
Amygdalin - + - |D-fucose - - -
Arbutin - + - |L-fucose - - -
Esculin - + - |D-arabitol - - -
Salicin - + - |L-arabitol - - -
Cellobiose - - |Gluconate -
Maltose 2-keto—gluconate +
Lactose 5-keto—gluconate - -
Melibiose -
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ATB identification systemell 453 A3 A€ 537 DS G573 & 16

W 2,

Table 16. Identification of lactic acid bacteria
Stain Identification
A-268 Enterococcus faecium 99.9%
A-275 FEnterococcus faecium 99.5%
A-56 FEnterococcus faecium 98.5%
D-66 Enterococcus faecalis 90.9%
K-520 Lactobacillus fermentum 99.9%
K-567 Lactobacillus crispatus 98.3%
K-573 Lactobacillus fermentum 99.9%

4. A% AT EHZA

GABA Aitel B2 #F 755 Adsto] SEAXALE A8 ts ols)
T A-56 T F(Enterococcus faecium)< Enterococcus faecium A5S6, A-268 5+
(Enterococcus  faecium)T=  Enterococcus faecium  A268, A-275 TF
(Enterococcus faecium)© Enterococcus faecium A275, D-66 v (Enterococcus
faecalis)= Enterococcus faecalis D66, K-520 w3(Lactobacillus fermentum)<
Lactobacillus  fermentum K520, K-567 T F(Lactobacillus crispatus)<
Lactobacillus  crispatus K567, K-573 o F(Lactobacillus  fermentum)<
Lactobacillus fermentum K573 z+7z} W a9 th.

7h. Akt o] A%

Fig. 1~140l 4 ®i= npel o] bt 7F°] AFEHEE 47 98t 10%
FAEAf 150mlel]l Zabt iSRS 1mlE FAdoez 13 HEF T 34T,
37C, 40CH = 3/\]7} A 5l 3 A3} Enterococcus
faecium A56 W= 40C7F 7HE A4 Sx7F wston pHolA = 9A 7] 7
34°C, 16AIZFelF+= 40C7F AHAA el BT Enterococcus faecium  A268,
Enterococcus faeczum A275, Lactobacillus fermentum K520, Lactobacillus
crispatus K567, Lactobacillus fermentum K573 5+ 33| 40C7} 7F4 A% &=
7} wsrom pH 9A] 40C7F AR o] @kt WA Enterococcus faecalis D66
T+ 37C7F 7H AR 2EE YeEth Hafe #HA pH 43¢ =dsi=d
Lactobacillus fermentum K5203 Enterococcus faecalis D66 ¥+ TE T+
Hlal AR ST A = oF 184]%bo] A8 H T
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Incubation time(hour)

Figure 1. Growth of Enterococcus faecium A56 in 109 reconstituted skim milk

at various temperatures

—0— 34T X\A
45 [ —X=37C ~o_
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Incubation time(hour)

Figure 2. pH changes of 109 reconstitued skim milk during the growth of

Entero. faecium A56 at various temp.
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Bacterial log. number
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Figure 3. Growth of FEnterococcus faecium A268 in 10% reconstituted skim

milk at various temperatures

55

¢ X
:(;gjg Q\ﬁxtﬁ
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Incubation time(hour)

Figure 4. pH changes of 109 reconstitued skim milk during the growth of

Entero. faecium A268 at various temp.
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Bacterial log. number
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Figure 5. Growth of Enterococcus faecium A275 in 10% reconstituted skim

milk at various temperatures
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Figure 6. pH changes of 109 reconstitued skim milk during the growth of

Entero. faecium A275 at various temp.
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Bacterial log. number
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Figure 7. Growth of Enterococcus faecalis D66 in 10% reconstituted skim milk

at various temperatures

Incubation time(hour)

Figure 8. pH changes of 10% reconstitued skim milk during the growth of

Enterococcus faecalis D66 at various temp.
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Bacterial log. number
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Figure 9. Growth of Lactobacillus fermentum K520 in 109 reconstituted skim

milk at various temperatures
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Figure 10. pH changes of 10% reconstituted skim milk during the growth

of Lactobacillus fermentum K520 at various temperature
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Bacterial log. number
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Figure 11. Growth of Lactobacillus crispatus K567 in 10% reconstituted skim

milk at various temperatures
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Incubation time(hour)
Figure 12. pH changes of 10% reconstituted skim milk during the growth of

Lactobacillus crispatus K567 at various temperature
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Figure 13. Growth of Lactobacillus fermentum K573 in 10% reconstituted skim

milk at various temperatures
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Figure 14. pH changes of 10% reconstituted skim milk during the growth of

Lactobacillus fermentum K573 at various temperature
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Figure 15. Proteolytic activity of FEnterococcus faecium A268, Enterococcus
faecium A275, Enterococcus faecium AbD6, Enterococcus faecalis

D66 in 10% reconstituted skim milk at 37C

Table 17. Proteolytic activity of L. fermentum K520, L. crispatus K567 and L
Jermentum K573 in 10% reconstituted skim milk at 37C

. incubation time 0 hr | incubation time 16 hr
strains :
tyrosine(mg)
K520 0.534073 1.181984
K567 0.552653 0.809647
K573 0.542048 1.073295

3% 9 Enterococcus faecium AB6, Enterococcus faecium A268, Enterococcus
faecium A275 T kel 7S HQl WV Enterococcus faecalis D66 15
v 3AZE o|FRY  Frhety] AlFbete] 12A1ZW7EA] FTFeke]l  tyrosine ol

< YER Y. Lactobacilli ¥

LN
[e] B = [e)
we v Page ned
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=
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ok A WA

A WA AEL tryptic soy broth(Difco)E AF&3le] 28] 3] A Ho] ¢
& AFARE BHEY HAAAFTEMIC) #*e Astd o, 1 A= Table
180l Al H.i= wpe}

Table 18. Antibiotics susceptibility of lactic acid bacteria

Antimicrobial strains
E.faecium E.faecium Efaecium E.faecalis Lfermentum L.crispatus L.fermentum
agents A28 A5 A5G D66 K520 K567 K573
minimal inhibitory concentrations(ug/mf)

Aminoglycosides
Amikacin 320 320 640 160 160 160 160
Gentamycin 640 640 1280 1280 160 160 160
Kanamycin 3200 3200 3200 3200 1600 1600 3200
Neomycin 3200 3200 3200 3200 1600 1600 1600
Streptomycins 1600 800 1600 1600 800 1600 1600
fi-lactams
Penicillin-G* 20 20 20 10 20 20 40
Methicillin 160 320 320 160 160 160 320
Oxacillin 120 60 240 60 60 120 60
Ampicillin 1280 1280 1280 1280 640 640 640

Gram-positive spectrum

Bacitracin* 120 120 120 120 50 50 50
Rifampicin 120 120 120 120 60 120 120
Novobiocin 30 30 30 30 30 30 30
Lincomycin 800 800 400 400 400 400 400

Gram—negative spectrum
Polymyxin B 1200 1200 1200 1200 600 600 600

Broad spectrum
Chloramphenicol 320 320 320 320 80 80 80
Vancomycin* 800 400 400

* 1 units/ml
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Enterococci 4% 9] AT Lactobacilli 3%9] H]3] Gentamycin, Neomycin,
Ampicillin, Bacitracin, Polymyxin B % Chloramphenicol 52| A& 2| tfs}
o Aol Attt E faecium AS6 T+ Amikacin, Gentamycin % Oxacillin
o thal WAool AR, L fermentum K573 T+  Penicillin-Gol tia] WA
| 73t 9 E. faecalis D66 = ulido] Fstsith T L fermentum K520
5= Rifampicinol s} W-dol oFskglal, 53] B 5ol we] dAHow 3
V& 2o o3 Aol 2F3tdt}t. thet Vancomycinol wWa|A= e Zheto] ]3]
dol Ag Aew vEyth 70 #F &3] Novobiocind w3t Wdo] sUstd

O

At 7% 4294 APLI ZYM kitE AF&3te] AAstgow 1 Ax
= Table 19914 ®i= wfe} 7o},

Table 19. Enzyme patterns of lactic acid bacteria

Strains
E.faecium E.faecium Efaecium E.faecalis Lfermentum L.crispatus L.fermentum
A268 A275 ADB6 D66 K520 K567 K573

Alkaline phosphatase 2 3 2 4 1 0 1
Esterase(C4) 3 3 3 3 3 1 3
Esterase lipase(C8) 1 1 1 1 3 0 3
Lipase(C14) 0 1 0 0 0 0 0
Leucine arylamidase 1 1 0 1 5 4 1
Valine arylamidase 1 0 1 1 1 1 0
Cystine arylamidase 1 1 0 0 1 1 0
Trypsin 0 0 0 0 0 0 0
Chymotrypsin 1 0 0 0 0 0 0
Acid phosphatase 2 4 2 2 2 2 2
Naphthol-AS-BI-

3 3 3 2 3 0 3
phosphohydrolase
n-galactosidase 0 1 2 1 3 0 3
[i-galactosidase 0 0 1 1 3 4 3
[i-glucuronidase 0 0 0 0 1 1 0
n-glucosidase 0 0 0 0 3 1 2
[f-glucosidase 0 0 0 0 0 3 0
Nacetyl B 0 0 0 0 0 0 0
glucosaminidase
n-mannosidase 0 0 0 0 0 0 0
ao—fucosidase 0 0 0 0 0 0 0
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* © A value ranging from 0 to 5 is assigned to the standard color, Zero
represents a negative ; 5 represent a reaction of maximum intensity. Values 1
through 4 represent intermediate reactions depending on the level of intensity.
The approximate activity may be estimated from the color strength ; 1
corresponds to the liberation of 5 nanomoles, 2 to 10 nanomoles, 3 to 20
nanomoles, 4 to 30 nanomoles and 5 to 40 nanomoles or more.

E. faecium A275 % Acid phosphatase, E. faecalis D661+ Alkaline
phosphatase, L. fermentum K520 @5+ Esterase lipase, Leucine arylamidase, o
-galactosidase ¥ a-glucosidase, L. crispatus K567 <+ Leucine arylamidase,

[-galactosidase % [-glucosidase, L. fermentum K573 w5+ Esterase lipase, o
£3] Benzopyrene2 %

-galactosidase 2 [-galactosidased] &A&Ao] =gt}
ot BHE ASAI|E HUdF A9 f-glucuronidased] 7 $-ol= 10|38 24 oA
Aol Qo E3 FIFEHES Lo 7= [i-galactosidase FA L FHHTE 7

o] =kt

o B
5ol tig #Fo W 3st7] 98t oxgall(Difco)s #7FelA] &2
At A MAANA 2 @R WS A@% Ade 247 Fig. 16~ Fig 199

A mE npeh p

Optical density(620nm)

—0— Enlero.faecium A268

—4&— Enlero.faecium A275
2 + —O— Entero.faecium A57

—X— Enlero.taecalis D66

Incubation time(hour)

Figure 16. Growth of cultures in MRS broth containing 0.05% L-cysteine
without 0.3% oxgall
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Figure 17. Growth of cultures in MRS broth containing 0.05% L-cysteine with
0.3% oxgall
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Figure 18. Growth of cultures in MRS broth containing 0.05% L-cysteine

without 0.3% oxgall
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Figure 19. Growth of cultures in MRS broth containing 0.05% L-cysteine with

0.3% oxgall

Fig. 16~Fig. 19°1A4 ®i= wvhe} o] oxgalle H7bshAl ek A9 H7rsk 49
ol & zpolE e A ol 4% 9 Enterococci AT 2T dEuU Aol A=
Aoz Ueuk=d, ODgkel 03¢ =2at=t ~avs ARE S43 24345 B
W oxgall F+H7 1t E faecium AS6 57} 1.7A1%Y, E. faecium A275 59}
E. faecalis D66 TF7F 1.86X1%F, E. faecium A268 7} 2.46X17F 4o]g o,
oxgall A7F = E. faecium AS6 T, E. faecium A275 79 E. faecalis D66
T &3] 21613, E. faecalis D66 T 2.74AFS. 2 Y ELYL

T3 3% 9 Lactobacilli i 9 A 4% 2] Enterococci vroll B8] HHWA S oFst 9]
o Aol e Ao® vEuth ODgte] 03¢ =dat=d Ao HE ANE =
A3 A¥E B oxgall FAHITE L fermentum K573 #F7F 1.7A 7, L
crispatus K567 w7} 2A17F, L fermentum K520 w57} 2.7A17F ol o

oxgall M7Vt L. fermentum K573 w57} 3.0A%Y, L. crispatus K567 =7}
375A %Y, L fermentum K520 71 43X =02 UEWYY. ol o 5(1996)
of MEW FYE AT IF 568A1ZF 28 H ATk Hareh vas] B oof g
AAkto] oxgallel ZA IS WA X2 FORE YEWTh %3 Lactobacilluus
acidophilus ATCC 431213 Lactobacilluus acidophilus ATCC 49629 4% 0.3%
oxgall 37} 2734173} 397X3bS, H7HAI= 2934133} 52743k 242t e}
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PUotn B ugk 8 Juh(Gilliland ¢ Walker, 1990). Cha®} Kim(1994)& 0.3%
oxgall #7}Al  Bifidobacterim longum KFRI 977¢] 35A17F,  Bifidobacterim
infantis KFRI 974% 5XA17}, Bifidobacterim bifidum KFRI 9738 6A|7+S Z+zF o}
Ehutthar gk Aol vus] E ow @gol ik WA ol A Aew yErskth

vk pH w173
Ak vlszgk Fro] pHel diek WS Polry] flste ZAbHFE pH 1,
2, 39 FRFoAA 3N BEAFE AP A= Fig. 20~Fig. 269014
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Figure 20. Survival of Entero. faecium A56 after three hours in HCl(pH 1,2,3)
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Figure 21. Survival of Entero. faecium A268 after three hours in HCI(pH 1,2,3)
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Figure 22. Survival of Entero. faecium A275 after three hours in HCI(pH 1,2,3)
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Figure 23. Survival of Entero. faecalis D66 after three hours in HCl(pH 1,2,3)
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Figure 24. Survival of Lactobacillus fermentum K520 after three hours in HCI

(pH 2,3,4)
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Figure 25. Survival of Lactobacillus crispatus K567 after three hours in HCI
(pH 2,3/4)
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Figure 26. Survival of Lactococcus fermentum K573 after three hours in HCI
(pH 2,3,4)

pH 29} pH 39 Ffollr= 3A 0744 AL 2 &l slley pH 19 &

Fods e wF7E A= =2A #

i

Ba, ot Enterococcus

2
faecium A275 5+ 2 log ALY #AARA U2 459 3 logd =9 ZHAo H
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3l pH W7de] e Aoz yeutth 22y 143 ol Foll= BE #5771 AbdEst
gl ol= Clark 5(1993)°] B. longum 5ol oA A 7HA] o =AHE A=
qe HoE APAdel Ha] pH wWdo]l <kt vk Conway 5(1987)¢]
Lactobacillus acidophilus 215, Lactobacillus bulgaricus, Streptococcus
thermophilus®] ™3t A&oA BE F#F7} pH 104 147 o]Zo] BE5F A1E3f
Aoke Baekes H=e AEgS BTk ole Wl Lactobacilli w5l o3l
A& pH 1S wiAlste] pH 2, 3, 4 ¢F pH 645 ¥ oz A43& AASAT. L
fermentum K5207FF+= o &2 pH 64949 #¢ vlwdt A3} pH 29 39
A 0AITH = AEE o] 56.5%0lW Bo] 3AZE o] %ol = 37.6%%F 40% = 7FAsk
3L, pH 494 0A| 7ol = 783% < AEE] 64% = Ast9th. L. crispatus K567
= pH 2% 3ol A 0A]3Fell= AEE0] 539%°]d 3lo] 3AIZF o] %= 40.0%
2 AA3E I, pH 4olA OAIFel &= 731%9] AEE9] 66.7%=2 HZAsAT. L
fermentum K573 5= pH 2%} 3914 0A]7bell & AEE&0] 50.0%, 57.1%°]E A
o] 3AIZF o] Fol = 32.8%9f 34.5% % A4S AL, pH 4914 0AZkel = 75.01%<]
AEEo] 586% = HAasA . welA 3F 9 Lactobacilli 5 L. crispatus K567+
F7F 7P Aol =2 Ao R YEwh

akate] AFEatel el A=A AAlst=AE FAH8] A& St

Table 20. Inhibition of pathogens by Enterococcus faecium A56 in MRS broth

Growth
Pathogens Pathogens® E. faecium A5S6" Inhibition
CFU/ml pH CFU/ml pH (%)
Escherichia coli 1.28x10° 6.48 1.79x10° 493 44.92
Salmonella typhimurium — 2.19x10° 6.53 1.28x10" 498 34.25
Staphyloccous aureus 3.76x10° 6.53 2.29%10° 494 39.10

# Initial count of Enterococcus faecium A5S6 : 1.0x10’CFU/ml
* Determined after 6h of incubation at 37C
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Table 21. Inhibition of pathogens by FEnterococcus faecium A268 in MRS broth

Growth
Pathogens Pathogens” E. faecium A268° Inhibition
CFU/ml pH CFU/ml pH (%)
Escherichia coli 1.28%10° 6.48 47x10° 492 62.50
Salmonella typhimurium — 3.76x10° 6.53 2.52x10° 4.98 29.52
Staphyloccous aureus 2.19x10° 6.53 1.8x10* 493 4155

+ Initial count of Enterococcus faecium A268 : 1.58x10'CFU/ml
* Determined after 6h of incubation at 37C

Table 22. Inhibition of pathogens by FEnterococcus faecium A275 in MRS broth

Growth
Pathogens Pathogens® E. faecium A275" Inhibition
CFU/ml pH CFU/ml pH (%)
Escherichia coli 1.28x10° 6.48 5.35x10° 4.99 28.52
Salmonella typhimurium — 2.19x10° 6.53 1.0x10" 4.99 39.27
Staphyloccous aureus 3.76x10° 6.53 2.56x10° 4.94 33.24

* Initial count of Enterococcus faecium A275 : 2.05x10’CFU/ml
* Determined after 6h of incubation at 37C

Table 23. Inhibition of pathogens by Enterococcus faecalis D66 in MRS broth

Growth
Pathogens Pathogens® E. faecalis D66" Inhibition
CFU/ml pH CFU/ml pH (%)
Escherichia coli 1.28x10° 6.48 7.3x10° 5.40 12.50
Salmonella typhimurium — 2.19x10° 6.53 2.33x10" 4.94 48.40
Staphyloccous aureus 3.76x10° 653 4.4x10° 491 42.90

* Initial count of Enterococcus faecalis D66 : 1.79x10’CFU/ml
* Determined after 6h of incubation at 37C
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Table 24. Inhibition of pathogens by Lactobacillus fermentum K520 in MRS

broth
Growth
Pathogens Pathogens” L. fermentum 520° [y
CFU/ml  pH  CFU/ml  pH (%)
Escherichia coli 1.78x10 7 6.65 1.75% 10 7 5.55 1.97
Salmonella typhimurium 1.28x 10 7 6.65 1.08x 10 7 5.68 15.63
Staphyloccous aureus 2.49x 10 7 6.68 1.99x 10 7 5.35 20.08

* Initial count of Lactobacillus fermentum K520 : 1.5x10°CFU/ml

* Determined after 6hr of incubation at 37C

Table 25. Inhibition of pathogens by Lactobacillus crispatus K567 in MRS broth

Growth
Pathogens Pathogens® L. crispatus K567°  Inhibition
CFU/ml  pH CFU/ml pH (%)
Escherichia coli 1.78x 107 6.65 1.26x 10 7 5.04 29.21
Salmonella typhimurium 128x 107 6.65 7.8%x10 493 39.06
51.40

Staphyloccous aureus 249x 107 6.68 1.21x 10 7 498

* Initial count of Lactobacillus crispatus K567 : 1.32x10°CFU/ml

# Determined after 6hr of incubation at 37°C

Table 26. Inhibition of pathogens by Lactobacillus fermentum K573 in MRS broth

Growth

Pathogens” L. fermentum K573" Inhibition

Pathogens
pH (%)

CFU/ml pH CFU/ml

178x 107 665 1.8x107 4.90 -
475 41.80

Escherichia coli
Salmonella typhimurium 128x 1) 7 6.65 7.45% 10 8

6.68 1.19x 10 7 4.99 52.21

Staphyloccous aureus 249x 10 7

* Initial count of Lactobacillus fermentum K573 @ 1.82x10°CFU/ml

* Determined after 6hr of incubation at 37C
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Enterococcus faecium AS62 ATt JAlErE E Fole gldlon
Escherichia coliel wd| 44.92% =24 AA a7t 7b¢ & WA, Salmonella
typhimuriumol ™8] 34.25% =4 Az 7FF Ao, 2Tt HEEAe
pH 6.48~653°1w, Tgujkde pH 4.93~498¢|Av}t. Enterococcus faecium
A2682 Escherichia colidl Wdl A&7t 625%=A A&7t 7 & 9bd,
Salmonella typhimuriumol sl 2952% = A A&7t 7Hd Adom gz
2=t pH 6.48~6.5301™, E3vf ¥ pH 4.92~4.98°] A T

Enterococcus faecium A275% 25t A adrt 2 Zolr7h ARk
Salmonella typhimurium®] t™a| 39.27% 24 A&7 74 How, x4l

I

2512 pH 6.48~6.53011, &l ¢F o> pH 4.94~4.99°] At

N

Enterococcus faecalis D662 Salmonella typhimurium® Staphyloccous aureus©l
el Zhzb 48.40%9F 42.90% =AM A &t 2 wkA  Escherichia coliol tha)
1250% =24 A Z7t Fojd o= gerom tix< A S5 pH 6.48~6.53
ojw], &3t FH2 pH 4.91~5.40°] At
Lactobacillus fermentum K520 Salmonella typhimurium3 Staphyloccous
aureusol W3 Z+7+ 15.63%F 20.08%=A thE o H]E] A &o] g &
3| Escherichia colidl ™3] Ael AAEZH7} Q= Aoz YJegon, gzl
2l =92 pH 6.65~6.68°1™, E3vf 2 pH 5.35~5.68°] A T
Lactobacillus crispatus K567 Salmonella typhimurium®} Escherichia coliol| o)
3 A& 39.06%9F 29.21% %11, E3] Staphyloccous aureus®l] Wl & A& o]
514%=A FA oz AAEZHN7 =& AR YHewon, gz AemdS
pH 6.65~6.6801™, &3 ujFod2 pH 4.93~5.040] A T
Lactobacillus fermentum K5732 Escherichia colidl W3] JA&H7 gl Ao=
el v Staphyloccous aureus©] WE] A go] 5221%2A thE ol H] |
AA g7 M =2 Aow YElytow Salmonella typhimuriumell tis] <A
&o] 41.80% =M ¥ ¥ AAERE HIh

ol4el Ay B wl Escherichia coliol W3l Enterococcus faecium A2689],
Salmonella typhimurium®] ©3| Enterococcus faecalis D66°], Staphyloccous
aureus W&l Lactobacillus fermentum K573°] 7} A& 37F & Ao 2 eyt

.
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8) Glutamate decarboxylase(GDC) &4
e F 278 Awtd AT F GABA o] o #FE N o® GABA

sty GDC &4 3¢ #AE vehdl A3 24 GABA =3 GDC &4 o] vl

=4

AR -

skl ol GABAZE 5457] 9alA= GDCe #7do] Folof dthe ®HaL
CGEMHE, 2002)¢F L x18atk. Xu 52004 w2, Lactococcus lactis 01-79)
GDCE= 05lmmol/L, Lactobacillus brevis IFO 12005+ 9.3mmol/L, Lactococcus
lactis SYFS 1009% 1.9mmol/LZA Lactobacillus brevis IFO 120057} A& 5=21
Enterococcus faecium A27592F A3 &4 & el i)

Table 27. A5 GABA %3 GDC &4

T F GABA &=(ppm) GDC Activity (mmol/L)
Lactobacillus fermentum K573 1298.31 85
Enterococcus faecium A275 1298.31 9.0

Lactobacillus crispatus K567 711.40 7.6
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5. GABA A FHujgzd 44
Aabte]l Bzt A  fojxl Al GABA AAEol w2 AAkted

Enterococcus faecium A2758} Lactobacillus crispatus K567 w5 Aoz

qzAS AA3sA
7F. 399 A 5 =3 Monosodium glutamate(MSG) #H7FFo] GABAE 2o 1)

1) Enterococcus faecium A275
}9gRH L Monosodium glutamate THEHEE  HrtE QA Fo
Enterococcus faecium A275 RAATE 1% HEda 37CoNA 18A17F w3 &

GABA %2 5743 A= oS Table 28% 2t}

Table 28. The effect of reconstituted skim milk content and the addition
dosage of MSG on GABA content during 18hr incubation of

Enterococcus faecium A275" at 37C

(Unit : ppm)
reconstituted MSG 0.1% MSG 05% MSG 1.0%
skim milk GABA content
8 % 475.05£119.84 773.23+67.82 700.23£21.46
10 % 951.23+201.20 951.79+98.79 1,084.88+114.35
12 % 1,147.77+93.45 1,279.73+47.48 1,152.82+91.84

“dosage of Enterococcus faecium A275 : 1%

3}

shel 22 s 8%% 12%°lA = MSG 05% H7Hge wi7F MSG 1.0% #7F
e WET GABA ol =4 usked, ol= AR ex HubEe @A
A7F obd 7 A AT F EAfF w8 10%14E MSG 0.1%9 0.5%7tel =
kol 7k gl ot 1.0%91 4= GABA $Hol 7Hd =2 ds At

T3 MSGE 7o =28 o MSG 73 A#gle] sdEAf{ w27t S71g

o
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5 GABA o] FTrtstdtt webA FHEAF5 12%, MSGE 05% 738l

% Wok g AR 2ol

2) Lactobacillus crispatus K567

qAdEAF 2 MSG ﬂ‘%“%i Lactobacillus crispatus K567S 1% HZ3sta
37Tl A 18417t vt & GABA &3S 543 Ade obs & 299 o)

Table 29. The effect of reconstituted skim milk content and the addition
dosage of MSG on GABA content during 18hr incubation of
Lactobacillus crispatus K567" at 37°C

(Unit : ppm)

reconstituted MSG 0.1% MSG 0.5% MSG 1.0%

skim milk GABA content

8 % 719.74+14.65 566.25+25.23 411.38+32.56

10 % 666.82+56.27 587.14+26.56 602.13+13.41

12 % 739.98+ 9.08 558.50+36.33 553.11+11.21

1)dosagzr,e of Lactobacillus crispatus K567 : 1%

3 A F TRV 7SS MSG 7 E R 3AaeE GABA 3
'D%l S7tshe AES WYESTh webA e = 12%, MSGE 0.1% 7t

< W7k 7P A e 230190

gkt J7bE Sk =0 GABAG Ol vAl= 9%
1) Enterococcus faecium A275
71 Ao HAA xR 4 GAF Fx 12%0 MSG 05%E 3 7tst
a1, Enterococcus faecium A257 73 2 WGl Z 18AI7F iG-S w2

GABA 3&s 543 A3+ ths Table 303 #t
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Table 30. The effect of the addition dosage of Enterococcus faecium A257 and
incubation temperature on GABA content during 18hr incubation in

12% reconstituted skim milk added 0.5% MSG

(Unit : ppm)
Incubation 34 °C 37 °C 40 °C
Temp.
Starter GABA content
0.1 % 430.80+11.05 802.56+17.87 2,237.14+ 90.53
05 % 835.56+35.74 806.92+61.64 2,279.81+101.36
1.0 % 944.49+28.65 945.05+52.41 2,375.27+232.55
Enterococcus faecium A275 FH7VFo] F71843 GABA 3Fo] Z7lstd &,

o= A7) AAbwtol A et vlzgk As Btk 538 HUMHETE gkl
o] AA YERA, 34TeF 37CHTF= 40TCodA GABA &=Fo] ZA S71s A
o2 yetutth o] o] #o HAL%E7F 40CRA Tol F7hehel wel glutamate
decarboxylase #o] ®old MSG EIH =7l Zolx GABA o] F718kA
) Ar=ZE A whEbA Enterococcus faecium A275 H7FEE 1.0%, WYL=

= 40T7F HAHzZ=7 0.

o2

2) Lactobacillus crispatus K567
7V) L. crispatus K567 3 7}&Fo] GABA 3ol wx= J3

A7 A Aol HH xR A HAHF FE 12%° MSG 0.1%E #H7tst
a1, L. crispatus K567 A 7FFHZ 37T A 18A17F w3l S wle] GABA T3S
4% Ade v £ 313 2k

o

AN
o

¥ 31. L. crispatus K567 3 7}=Fo] GABAE o n]x= 33k

(49 ppm)
o A7t 0.1% 0.5% 1.09%
GABA 3= 672.49£11.95 741.84+1.53 733.58+0.68
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¥ 3194 ®BE nvpel o]l I HUE 05%Y uWl GABA ol

a1

741.84ppm e =X 7 = FHE UEdTh

fu

) w7t GABA 3ol v X 3

%

o

g7l Aol HAZEA Y A T 12%9 MSG 0.1%E #H7tst

3, L. crispatus K567 7 05% = 3F oo w2 18A17F wikadlS uj
°] GABA %S =A% Aye= o2 ¥ 329 2o

I 32 e w7 GABA 3o nx&= o3k
(44 : ppm)
Ll S 34C 37C 40C
GABA 3= 660.98+2.47 727.46+0.64 745.66+0.99

F 32004 ®= mbel 2ol GABA A4 HAWI U2 SAdEAF 12%,

MSG H7b 0.1%, L. crispatus K567 H7FeE 05% R vl g% 40TolA 1841t

wj e w Zvp-opw| B 24 giFo] 745.66ppme] ATt

ot W FAIZke] ©E pHO GABA B Fol v+ IF

1) Enterococcus faecium A275

HAHzZAQA dY EAXF TE 12% MSG 05%E #H7}slal, Enterococcus
faecium A275 A7FEF 1.0% 2 wlSLE 40CE LS o wjFAzre] w2 pHe}

N
o

GABA %S =43 23+ Fig. 279 2ok
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BHEAIZHOI [HE pH2 GABA M e - A275

7 2500
A
L
65T 1 2000
6 |
11500 €
o)
T 55 g
{ 1000
5 L
—0—pH
as | —a— GABA 1 500
4
4 0

0 3 6 9 12 15 18 21 24

Incubation time (hr)

Fig. 27. The effect of incubation time on pH and GABA content in 12%
reconstituted skim milk added 05% MSG and 1% FEnterococcus
faecium A257

Wl 18471744 GABARHEE AHoR Zhshthsl 2147 olFde #a

= BAE Btk

2) Lactobacillus crispatus K567
HAzA Y dAH 5 12%°] MSG 01%E #H7Vstal, Lactobacillus
crispatus K567 7v% 05% 2 wjke®= 40C2 S v wjkAzto] w2 pHet

GABA %32 =43 2y e Fig. 289 2t}
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BHEAIZHOI [HE pH2H GABA M d &F — K567

7 900
[ 1 800
6.5 -
1 700
6 | 1 600
5oo§
o
L 55 | %
1 400 Q
O
5 | 1 300
oA 200
a5 | —— GABA
1 100
4
4 0

0 3 6 9 12 15 18 21 24

Incubation time(hour)

Fig. 28. The effect of incubation time on pH and GABA content in 12%
reconstituted skim milk added 0.1% MSG and 05% Lactobacillus
crispatus K567 at 40C

wjoF 244 747hA] GABAZMES X 4# o m Zrlato] GABA 3ol 833.3ppm<
el o wrafe ¥4 pH 20 7ets)

3, o] Wl GABA g&Fo] 704.5ppm<S YEFH ST

32

2 W W 1847ke] 4ad

ol

- 114 -



6. 3 =L E ML
b Az A

Lactobacilus  crispatus K567 TF5 o]&3 WEfF+= GABA o
Enterococcus faecium A275 w55 o]&3 @Hafo H|3] GABAEHo] & &
AAel o, T3 L U753 9+ Enterococci ol gk $8)4 =gho] oiF
Ha 9dol Bt GABAEEC] =i A AFMES S Lactobacilus
crispatus K567 #FE ©|&3 @wg Aol Enterococcus faecium A275TT5 o] &
ato Wi HE NS dAEeta Efsts Mol AT EA olu A g
g e GABA §#Ho] A=A AFE v % 339 eI

Fil

33. Enterococcus faecium A2751FE o] &3k g oalS 90Tl 3083 A3t
o 213 GABAY % W3}

T et g ol v et IR

2

GABA ¥ (ppm) 2030.04+5.01 1996.97+6.82

=]

33014 ®i vhe} o] Aol Qo] o] Gl Ao Ushdel wer &
= EA g Ao vey

w3k, Enterococcus faecium A2757 T MSG 05%E #7Fe w7} GABA 3=
o] 7t Ekoy A= AFA MSG 579 =73 gro] ¢kt ol 9o 7%

dol "olx&= A wEel GABA kol & Aol7t UA & MSG 0.1%E
H7bske Aol wpghA kit

oo wa} ¥+ 96.05%, EA 1 3.85%2F monosodium glutamate 0.1%S 3
7hakal 65Cell A wigketed s8] 0 F 90Tl A 307t At on, 40T=

YA v AEYdEFE 1%v/vE e, HF pH 4402 74T wf7iA

Fxs
WeFalth Bt ARE F Ogd 24 Aol sALERE A O S
BsAAE AAse AY MFEYTS SdsAt

o, g
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i k1] (%)

2l 2
A B C
o e 80.682 80.682 80.682
2 3.234 3.234 3.234
R T 5 5
ERER 2 2
e S ==
4 6 8
EFu g
monosodium
0.084 0.084 0.084
glutamate
A A F 5.0 3.0 1.0
Total 100 100 100

#® 35

faecium A275 T o] & waf

7] LERFE] ¥

7:3 HleR T

Lactobacilus crispatus K567 5 o]&
S Ax3 o2 90T, 30=3t
SHAAL 3 Aol

WS

(D}  Enterococcus

A2l AFID=

¥ 035 19 02 7:3 882 £ By BEgo s 2337
Mean+Std
e THA
3 1 ra’ SES
- - ut x4 7 N5 T4 AL
control” 5.33+¢156° 5584168 553+1.73% 542+18%°% 533197
A 550£0.90° 542+1.31° 558+1.08%  558+1.08° 5.67+1.30°
B 6.00+0.85®° 6.17+1.34° 6.00+1.13%° 5.83+1.03°  558+1.08%
C 6.50+1.17% 6.00£1.81° 6.25+1.22° 6.17+1.64°  5.83+1.80%
V1~9x874A 9] HEE 1399 Hrheel| ok Bt ghol ),
7 Aeeh Fou(s]r)eltt
b ol Eel A BAY EAs SNK tE wae] 5% FEolA BA4eR fo
Aol gl 9wt
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-
It

36

5:5H&R 4T 27

Lactobacilus crispatus K567

°ol-&

WE (D} Enterococcus

faecium A275 5 ol & WEHE AXI thS 90T, 308 dx93 AEFI)S

WE o A @ Avfolth

¥ 36 I3 112 505 &2 S 97] wase wex F497
Mean*Std
o S % A7 jéi e
control” 4.36+0.92° 6.09+1.58" 591+1.30* 564+1.29  5.45+1.63°
A 5451.13°  4.91+1.04° 545:093%  5.45+0.93° 5.18+0.98"
B 6.18+0.87°° 6.27+1.10° 573+1.19° 6.05+1.06°  5.91+1.38°
C 6.45+1.13°  6.09+1.30" 5.82+0.87° 6.36+1.12°  6.18+1.17°
V1~9%7tA 9] H4E 139 bl & Firgho|th

SRR OGRS
" oge

B7E71E A LA’ EA= SNK v5 HlaLe] 5% FEolA SAA SR o

ol gles ou gt

¥ 372 Lactobacilus crispatus K567 TS o]& E7] ¢33 {09 #TeHA
sk Aot}
¥ 37. Lactobacilus crispatus K567 i o4 =7 wrgfo wed ZA77Y
Mean+Std
e T4A
Al 5 Z A7} o] o] A
%7]@ = B 1= 7]§E :ll H’] ]'
control” 533+1.72° 6.42+1.44% 642+4138% 6.25+142°  6.00+1.81°
A 59240.90% 542+131° 59241088  558+0.90° 5.33+1.07°
B 6.58+0.79° 6.58+1.08% 6.58+1.08% 6.50+1.09°  6.33+0.98%
C 6.25+1.06°° 6.42+1.24%° 6.33+0.78°  6.50+1.17%  6.33+1.07%

U 1~9174A 9] M55 1399 Frherel 9@ Pt ghol k.

Y A gf FoE Bl
a,b

2o FANFEIA BEAF FAEL SNK 0% HliLe] 5% swold EAHoR el
gol glee ou g,
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¥ 382 Lactobacilus crispatus K567 w5 o|& WaRF() Enterococcus
faecium A275 5 ol & WEHE AXI thS 90T, 308 dx93 AEFI)S

73 0&R2 T3 S dafe A 3 Aol
¥ 3819 112 7:3 H&2 &3 B3ue dgge A4 Fa37
Mean+Std
“7___‘—:_7]_‘_%_ =5 A
g A o e K
control? 5.25+1.42% 592+1.38% 558+1.24° 567+1.15°  567+1.07°
A 567+1.30° 5.67+1.37% 583+1.19° 5.75+0.97%°  550+1.09%
B 6.33+1.15° 6.50+0.80° 5.83+0.94%° 592+0.90*°  5.75+0.97%
C 6.25+0.97° 650+1.31%° 5.83+1.27° 6.17+1.03%  6.00+1.21°
V' 1~94714 9] H4E 1399 Hrbekel| o sk Bt ghol ),
P NeeH Fou(3 B)olt)
abpre i) BUF Bx= SNK UFE Hlue] 5% sFold EAHoR §9

ol fles om gt

A275 TF ol g WE &S A %3 E‘r% 907C, 3027 EA s AEID=S 5 : 5 H
g2 &3 EFug Hafo #eHAF 3 Ayl

5:5 H&w &3

F 39. 17 IS ]
Mean*Std
A= = 5} A
. ° A kS =47 7"];; 92l A}
control” 5.75+1.48%  6.17+1.40° 6.00£1.21° 6.17+127°  6.08+1.16%
A 567+1.30° 4.08+1.08° 4.83+0.83° 3.83+1.11°  3.67+1.07°
B 6.25+1.06° 4.42+151° 4.92+1.08° 4.33+156°  4.42+1.38°
C 6.00£0.95% 4.58+168° 5.17+147%° 450+1.73°  4.25+1.42°
U 1~9"871A 9] A42 139 9] Hrheke] o3& 3t gholtt

Y e gf Fou(E Rl
e GAEAA BUT B
ol Reg olv gt

SNK th5 Hl19] 5% FFollA FAXHCZE {9
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X 402 Lactobacilus crispatus K567
Abst Aol

N
rﬁ
o
o
ofo
ilus
u
=
Ak
=3
o
Ho
E
_\g

s
Y,

3% 40. Lactobacilus crispatus K567 5 o] & E2wg] wgfo #5x EA77}

Mean+Std
o LEE % zAg jﬁ‘i RN
control” 550£1.09° 567+1.61° 6.08+1.38%° 558+156°  550+1.57°
A 5.83+1.64° 517+1.19% 542+1.44* 517+153*  517+1.53°
B 6.17+1.34°  6.17+1.19° 575+1.42°  6.08+1.16%  5.92+1.24°
C 5.83+1.03°  6.17+1.40° 5.75+1.48"  6.17+094*  6.00+1.04

D 1~98AX e He2 139 ] Hrhgkel] od Hatgroloh
P NES S Fod (3 )0
ab o Pl Fe A FA FAE= SNK thE vlae] 5% FEoA EAHoR &9

ol fles ou gt

7. GABA A% w59 2ExA 4A
7}. Enterococcus faecium A275 5

A 96.05%, EAEF 3.85%¢ monosodium glutamate 0.1%E A 7}skaL
65CAA wigate] «kd3] H F 90TelA 30&7E st on, 40T YA
21 Y Enterococcus faecium A275 #FE HEH ¥R 05%, 1%, 2%W/v)=

]

HEskar, wieF 1273744 wj<kste] ikt o, AAHAE 2 pH WIE 54

A= Fig. 29~313 2t

|\
rot
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Fig 29. Enterococcus faecium A275 5 Zd7FsF 2 v kA 7 2 A

& sl
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Incubation time(hr)

Fig 30. Enterococcus faecium A275 v+ Z7F# 2 wjdA|z+E pH W

3}
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1.2

——0.5%
1%
—X-2%

0.0

Incubation time(hr)

Fig 31. Enterococcus faecium A275 i+ 2715 2 oA 78 AAH AT A3}

e Az HAE pH 4.3~449 AALE 09~1.0%° st 2
o] 0.5%%} 1.0%% °F 12A]Fe] 2 Q% a1, 29% H7baFe] A= 114 3be
ek A £ 05%9 1.0% H7FF A 10%cfu/ml 22t 124]
o] A8 % W 2% HIbEol A= 9A[te] Ae itk 1y GABA e

2

=
et
N
NS
ol

=

=~

Y. Lactobacilus crispatus K567 i

A 96.05%, YAERF 3.85%¢ monosodium glutamate 0.1%E 75l
65 Cell A wlgksle] 3] <0 3 90Tl A 307 Awratd o, 40CT= WA
71 Y8 Lactobacilus crispatus K567 #F5 HEHF H=EZ 05%, 1%, 2% W/v)E
HEetar, vl 12237b4 v Feto] gkt

A= Fig. 32~349F 2t}

a2
o
>
k1
SE
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a
g
oty
il
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o
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Fig 32. Lactobacilus crispatus K567 o5 ZH7be @ wj kA 7¢
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Fig 33. Lactobacilus crispatus K567 ¢ A7F# 2 wjokA|7-d pH H 3}
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Fig 34. Lactobacilus crispatus K567 5+ 7M1 2 v A 7bE A A e W3}

Tafr Azl HAZAQ pH 43~449 AAAME 09~1.0%°] =dshed 2t
T TRl 05%01A = 9A12E, 1.0% A= TAIREel 28 %L, 2% 7kl A
B 6A7re] 2aFArh 2 e BE A7bEol 10%cfu/ml E2shsdl 6413
°of Zaxo] waTH] v wE AL & F Un
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8. AE AL R ol 5Y 2A

=
D €35 AHe 45

7hH #HEZE A 9F 96.05%, BRI EF 3.85%9F monosodium glutamate 0.1%
5ColA wigtste] 3] =9 F 90ToA 3083+ st o,

2

40TCT= YA v Lactobacillus crispatus K567 55 1.0%(v/v)Z &3}
= A wizbA] vl e aith

W) 2ax Bt 96.05%, SAE A
= H7kstar 65TCelA wighstel ¢hds] =l F 90Tl A 303t Atsklon,
40C=2 YA 7 e Enterococcus faecium A275 = 1.0%(v/v)2 HEFsF,
HE pH 4202 AT wj7bx] v et tha 90Tl A 303 d A2l sksit.

th) 29 ;o n&sadd 9E Hagx A9 BE 3 (AAY 84%)3 th

D7) (e B g R)8.0%, S8y 5%, AT 2%, AAF 1.0%S H7t

3.85% 9} monosodium glutamate 0.1%

2

wEez A 9F 96.05%, EXEH 3.85%9 monosodium glutamate 0.1%%
HA7vetal 65ColA wighsle] b3 Il & 90TolA 30%3F Aarstd o, 40T

2 YWAANZ v Lactobacillus crispatus K567 #52 1.0%(v/v)E FZ8ta, F
=

< pH 4402 Z4d w7bA] v QCdAe] 84%)e EI (L= EFH Y
)8.0%, =81 5%, W4T 2%, AT 1.0%5 H7letal wnkste] 4w
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1) &3+ A8 B+

(9% 2 a2 F] (A% 2 FAE ]

MSG MSG

0.1% 0.1%
BEEGTOEE | iH65C) |
| A(90C, 30%) | | AH#(90C, 30%) |
L. crispatus 567 E. faecium AZ275

1% A7} 1% 7}
[ Wl eF40C,7A171) | [ Wl 2F(40°C, 157 7F) |
a4 d - &9 - ASE(90°C 30%)

(A A2 16%)

]

2) HAHF ALS

MSG 0.1% |

A

(A1 4] 16%)

a5 2 9

|
! HH%L(‘65°C) \
[ A7 (90C, 30%) |

|

L. crispatus 567
1% %7t

|

[ W k(40C,7A %) |

A

]

Fig. 35.

- 125 -




o} GABA ¢r3F 2 o]glst AR A
719k o] A Zd T GABA T % o]3tE AR = Ax
3 2

3E 4L N AFS] GABA e 2 o]5het A 4

41

rr
)
o
=3

Y

) ek | RAE S
S| samog) (e og| Ao | smog | FABATE | BT
A = (ppm) (cfu/ml)

o

AV 85.34%0.06 | 4.35+0.06 |3.34+0.05| 1.03+0.07 | 1091.67+3.37 | 2.42x10’

B” 86.25+0.56 | 4.45+0.04 |3.44+0.03(0.92+0.02 | 1271.64+30.01| 1.19x10’

c? 85.11+0.13| 4.23+0.01 |3.46+0.03(0.90+0.02 | 709.66+14.43 | 2.98x10’

Y Lactobacilus crispatus K567 @5 o4& 2a () Enterococcus faecium A275 3%
ol LEFUDS EFH =7:3

? Lactobacilus crispatus K567 5 o] a4 Enterococcus faecium A275 5
ol LAF(IDS & =5:5

¥ Lactobacilus crispatus K567 @5 o4 o g

E4E hErlE 2 AR5 meY, sAREge] 49 FARIEE 80%,
Bkt 19 cfu/ml o] 4o 2A BE FAolglom, thut ASt BAIES Wzt
207k Bastn FAol Bd wao] gl W, GABA #o] wrh: Aol
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Figure 36. Body weight change of SD Rat fed experimental diets(g/mice)

Aol 1t AT AT WSt FolA AFHA FS AL AA dF 4|
goll ztol7t gl Afde ATl FFS MAA Fevhs A7 (Kent 5, 1989
Kim &, 1989)¢} frAtgh Ao w Aead iz (Fe] Aol Aol thae
zholE B o, §98 wksk Wslrt YElA] ekl Lactobacilus crispatus K567
A2t 3 LEAFE dEY FASE o] gle FoR YWt aFEs

Lactobacilus crispatus K667 w5 o€ HEFE FY 15 C7F ©bE 159

HlalA T Fhe Aow e,

2) A715A =74
Aokt ol § 6FE el kAl A7l SD rate] 2 71 FACNAE 1 A
, angke] FAe] Aolel M FoldE AT o gldd uwh WS A=
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Table 42. Organ weight changes of SD rat fed experimental diets

W8 59} Enterococcus faecium A275 1

=N =
g 1E

(organ weight/100g)
Liver Spleen Kidney Testis
Control 16.95+1.58? 2.01+0.29% 0.87+0.12? 1.66+0.08°
A 17.30+£2.07° 2.06+0.17° 0.95+0.17° 1.67+0.21°
B 16.98+2.84° 2.24+0.34° 0.78+0.18° 1.60+0.29%
C 17.33+1.55° 2.06+0.69 0.82+0.09° 1.62+0.49°
3) 894 =4
Ag 7)7ke] g "o wIE ZA Ay 3F/AE FeAde] ey 4
FIEEE fFolAo]l yelr] AlFsle] 6570 = BT, AT, C £ 2 FE %
zholE YERAT o]= GABA 3ol T7MESE 9y #AAVF 7S AE &
T Qow FhHE(2002)0] X ASS AT TE R X3 AYE A
=
350
340
330
/§ 320 —&— Control
S 310
£ 300 Group A
\ﬁ/o 590 —{1 Group B
Bl 550 1 —>— Group C
270 r
260
250
0 1 2 3 4 5 6
Weeks
Figure 37. @25 F2AI7l AEJA 657 GABA HERFE T o g5
H 3}
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Figure 38. Body weight change of SD Rat fed experimental diets(g/mice)
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Table 44. Organ weight changes of SD rat fed experimental diets
(organ weight/100g)

Liver Spleen Kidney Testis
Control 20.94+2.62" 0.79+0.11" 3.36+0.25" 3.60+0.28"
A 24.22+3.99% 0.87+0.14° 3.59+0.39° 3.31+0.48°
B 23.48+5.12" 1.03£0.21% 3.53+0.32" 3.34+0.27"
C 22.31+3.34" 0.83+0.11" 3.44+0.32" 3.48+0.21"

3 AdFE FA

3 A& AFE(commercial formulated feed)ol #)X*]7]E(lard, 10%)3} =g 2~H|
=(Sigma Co., Mo, 1%)e 247 S w/w)= H7FEE 4ol (HFCD, high fat
and cholesterol diet)E 7] A g2 o]z &ta, AF/NA| & 55 &< BE o]t
of HFCDE +=oataiorn, ztzt 259k 450 3o <tebd 5 (I sk,
orbital plexus)ZHE HAEG FHsle] Fu| v STHS ZAFSATE A TA

F 6FANE UETe AdH ddEe 9F AX 4F FF VEs FE

]

I
=
d AT ndista 9 U suUEd el MAs d¥s AR Ay 2

T A d dESY AdFkd vx= 9 Fig. 39~459F 2t

7} FZd 28 &(Total Cholesterol)

a2 Eo S Tl e AHe dFom AWt AdHo|J= o 2~FH
g B FEFe] T e olES I s FTFUzEHEolg shew,
2 50~100mg/dl ©o]gfxx HuFa (o],
1994). v  Fig. 39 Agx ¥ 1AW As5E F93% Rat®  Total
Cholesterol®] ®W3tE e E=d Birwko] 1052014 o)Al AUtk o=
FUHE(2002)0] GABAZE ddF o FH2HE F7HE A te BHieh dXA

23E A

44420 Raty FZdzdHE 3

ofs

rot
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Figure 46. Body weight change of ICR mice fed experimental diets(g/mice)
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