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GABA Productivity in Yoghurt Fermented by Freeze Dried Culture
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Abstract

y-Aminobutyric acid (GABA) producing lactic acid bacteria, Lactobacillus acidophilus RMK567 was cultivated in 50 L
of sterilized MRS broth using afermenter at 40°C for 24 h. The cell number wasincreased to 10.04+0.13 Log CFU/mL with
agrowth rate constant (k) of 0.454 generation/h and a generation time (g) of 2.303 h after alapse of alag phase (L) of 5.16
h. A total of 487 g of cell paste with 40.5% moisture was harvested with viable cell number of 12.48 Log CFU/g cell paste.
The cell pastes after preparation with glycerol, glucose, and polydextrose as cryo-protectants were lyophilized under avac-
uum of 84 mtorr. A total of 408 g of freeze dried (FD) cell powders were mixed with acommercial strain of Sreptococcus
thermophilus to prepare of three types FD starter cultures with the viable cell numbers of 12.42 (FDA-GY), 12.60 (FDB-
GG) and 12.91 (FDC-GP) Log CFU/g. During preservation the FD cultures at -18°C, the cell viability of the FD starter cul-
tures were rapidly dropped to below 3.24% of the day of storage. No significant difference was found in the cell viabilities
among three types of FD starters cultures, but significant difference (p<0.01) was found in storage periods. Yoghurts fer-
mented through FD starter culture of L. acidophilus RMK567 were determined to contain 155.16+8.53 ppm, 243.82+4.27
ppm, and 198.64+23.46 ppm of GABA, respectively. This study shows that GABA production activity of L. acidophilus
RMK567 is not affected during the freeze drying process and would be available for commercial production of yoghurt con-
taining high GABA content.
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el ofaix SFEFILIC ZHE] GABAE A5k A
T-(Hayakaya et al., 1997; Higuchi et al., 1997)7} o]|F
o] Fxpe] UZ<l Gabaron tea2] 7R (Omori et al.,
1987)% 1 58837t st o g wEAA HIo. =
HellX<= GABA A/deo] 973 it o2 A X
] Lactobacillus brevis OPY-1(Park and Oh, 2005), </
X|Zof| A L. buchneri(Park and Oh, 2006), I-f-<llA L.
acidophilus RMK567(Lim et al., 2009) 59| Z4t+g it
=% A7E0] o]FoiAt. HEAEl wEAAE
3} AHsle] Hudo} 3ol chitosang- 7FsPA glutamate
decarboxylase &/do] F71ste] GABA TS S7tele
AHE EHEUlaL o] QT2 E] §-§3 A7 (Park and
Oh, 2005)7} o]Fof#ltt. < Santivarankna (2008} -
2 ite] Ax TR wE F245H (cryo-injury), &
gell(thermal injury) B Bl o8t E8A38), AdE &
243}t 717k aFsi o, 7e AEE I3 T
[RlogE Befd g, i e FEEEAE 2 4
At M3 3]4:A)7] S(Lorca and de Valdez, 1999; Shin
2003)°] Utt. FEUZE AA S A T AP A 27
of §43H dojuve A2 MEES Pk AWEA
T ISR BlEo] FTksl] AlxEEre] /o] 3+
Astar, @eoll gk AlEEre] 977t 7tk Wi (King
and Su, 1993)°]™, A7 5 AWESZ Akslabgo] gy
o] ZHr g Zo] S7tskaL, At ghelZo] ApLikel 3l
A& wo 2 i Azte] AgARS s 7]7] i (van
de Guchte et al., 2002)°.2 I A St Y /2R
T} e L5oA] sk A= phosphatidylglycerol 2}
diglycosyldiglycerol &&Fo] ol 547} sliEol digh
A&Ado] ©] EolA|H(Fernandez et al., 2001), TA1Z%
ZEHE O] A7|AE 5 AEY d3%S = 8R1eEE
TR = FEIAIE(Higl e al., 2007, Kurtmann et
al., 2009), A% (Silva et al., 2002), Ak~ (Kurtmann
et al., 2009), g7} e A9 % FokA Z(Castro
e al., 1997) Fo] &&A Ut} Aikte] WEdel &
stole vk = AAGAE AWEE(Lorca and de Valdez,
1999; shin, 2003) T A7 223 HA A2 elA 9
it 2o A 2Ed 2 gt AEEC g 97
(Shin, 2003; Yu et al., 20053, 2005b)7} =UollA =38 %]
Aot 12} GABA 2ihtS FAX AEEHE AES)
she #go] dagh dige] ikt AEE 7] S1g vl
SR FAAZTANA Bt AlEe] A&l i
AT= FHolAE oF7HA] Al=EA] skt

2 7= GABA AAEHo] & Ad kil L
acidophilus RMK5672- -8 4:1% AA=ZE i)
st S5t Al dYe] sAUx 38T A% T A
TES doliH, 3410x HAAZE Axg QFEE9
GABA &3} FAlol 5471% F74°] GABA Ad |

HAE 9% Gous] Ad BHoZ AN

Mz A 2y
GABA My Hitz
S ARl = BElste] BE 590 GABAYAY
o] 9438k ZaHTF O Z A 16S IDNAY] o8t 54 A L.
acidophilus2. #1812 RMK567 #55 AR&3l3ich.

GABA ‘Y Hiha di e

BE 29l L. acidophilus RMK567S 3% ©]4 MRS
brothel x| Althul = Este] &8-S 3| HAIZATE A0y
&S 93l fermenter(Ko-Biotech Co., Korea)ol] MRS
broth 50 LS ZAI8}aL, 121°CollA 158-7F W3k F 39°C
2 Wzksl S L. acidophilus RMK567-- 1847t njjokst
MRS broth 1%2 T2 o2 FHE39t). Fermentere] uj
T+ 40+05°CE A3 AL, viA= 40rpme] &&=
2 Qwishl mslglor], RaEle RS dstch
HjF Foll dojuh= 2459 ®ish= fermenterol] =¥ pH
meter, DO meter 2 thermometer2 +F 3kt E3] ¥
T3 2N NaOH & 1N KOH §9S Ei reservoirol
A¢-aL viA]] pH7E 5.20 o} FAIFES 3027 1324
AFsE=3tATh

M=Zs| o SHUx

Fermenteroll A B 244]7F wjof] mjekele] £ E 12°C
2 g5l Wzhsk & A4lEe] 718 AR o]Eskd
o it Alxe 73 398 d4liE]7](Domoe, Japan)
£ 16,000 rpm/min®.2 3| AA)A cell paste FE| =2 3|3}
Aot FARIA|ZA glycerol(GR grade, Duksan Chem.,
Korea), glucose®} polydextrose(Food grade, Samyang Co.,
Korea) 52 Table 13} o] glycerol(FD-GY), glycerol+
glucose(FD-GG), glycerol+polydextrose(FD-GP) 522 HJ|
gate] 10% $HAEA|F 500 mLoll k2 F7iek & 121°C
oA 5&It Ftste] WzkekATh 2k H7holl cell paste
£ 150¢% H7Islal -45°CE 543 & F A% (Freeze
Dryer, =283 50kg, Operon, Koreg)oll A W¥d7] £% -50
°C, YEF &% -20°C, 84 mtorre] XF ol A Hx3}d

Tablel. Composition of cryo-protectants used for freeze
drying of the cell paste of L. acidophilus RMK 567

Carrier Cryo-protectants
Cultures

SMPY Glycerol  Glucose Polydextrose
FD-GY 1009 50 mL - -
FD-GG 759 50 mL 259 -
FD-GP 759 50 mL - 259

DSMP: skim milk powder (Samik Dairy & Food, Korea)



Freeze-dried Culture Preparation of GABA-producing L. acidophilus RMK567 439

FD cell powderE #3313t}

SEUx XN M=xet HE

L. acidophilus RMK567 52 A|Z3+ FD cell powder
(FD-GY, FD-GG FD-GP)Z 77z} 10099} GABA A4
o] §le Ao=Z FRIF 48 @5 S thermophilus(CSL,
Abiasa, Canada)s 10% SHIEA|fFoll A 18A17F vl 5}
TANZAZ B2 5097 GXE 5005 T3Sl
% 3EF° FD darter cultures(FDA-GY, FDB-GG, FDC-
GPE A=Al 242t Seh2F bagsell ¥ol H&dtd
WA (LG Electronics, Korea)oll A -18°C& #3513t

STEE M=

QF=E ujoFe=(100 L, Buseong Eng., Korea)oll -
7|22 dh= QF2E Ho]2A 70LE XAS 3 90°C
Al BEZE Atetlth. 8T EE Hlo]lAe 40°CE ¥t
}aL L. acidophilus RMK5672] FD cultureZS 1.0-2.0% 3
ot ST 2E Mt & HF pH 4400 He AT
wjol] vjF ol WS FHdte] AFEES 4°CE &
&3] YWAAA ke T8t GABA A 71H=EA
MSGE 7t & 43 Q7 2EE Alxsion, 37t
FFEL MSG o] AR &= 0.02% 553 GABA
AAAES aste] 0.04% T 0.05% 5 H7Feor,
2 TEME A8 7520 ABT-B(Samik Dairy & Food,
Korea) & 1.0% HE3t QF2EE A X33t

ol 9,

f

it 55

Fermentero]] 42t A8 A3 WHE Tl 73
o2 A3k L. acidophilus RMK567 vl oFel, ¢14
7 59| cell paste, TARTA} T3] T4
frozen cdl, 344% ¥& & FD cel powder, S thermo-
philus$} &35+ FD starter cultures, 25 2 4F ®HE3
cultures, 70L¢] &Fo 2 A X3 QT=ZE 5 ZF A859Y
Akt S-S SN Y. 24 AEE 1mL 5 1¢8
F3ted 0.1% HEEH A AFHo = 3| A5t 138 E
Tt petri distell 578t & Bt MRS agas 531 37°C
o] gkenjek7]|(Vison Scientific, Korea)oll L 48A171 Hj
Fste] Uehd AF A ikt dEhs Al =21 %
(Log CFUML)S.2 ghatsloit).

5
)

i

SEEY Ay

Cdl paste2} FD cell powder?] $~E3+2FS Moisture
Determination Balance(FD-600, Kett, Japan)S ©]-&3}]
120°Coll A 1581t Axste] st

v-Aminobutyric acid(GABA) MMEM
GABA AAEAL 37|28t dATYo) A A5}

Ak ST2E A8 50uLE FHske A=x A7 § PICO-
tag WS o83t hydrolysis @ PITC labelingS 3153
t}. PITC labdling® Al22 200 uLe] solvent Aol §-3)at
& 0.45um Millipore filter2 o]z}3}e] HPLC injectorol]
loadingd} A th. HPLC system2 27]2] Hewlett Packard
1100 series pumps, Waters gradient controller, & HP 1100
series autosampler2 FAEATH E48 column Nova
Pak C,g column(3.9x300 mm, 4 m, Waters, USA)o] 1S
detector= HP 1100 series detectorZ AFS-5lo] 254 nmol]
A AE39T. 85 £7 AE 14 mM NaHAc, 0.1%
TEA, 6% CH,CN2| &3-8-H(pH 6.1)°0]%1o™, &= &7
= 60% CH,CN °]%it}. 8ull A9l flow rateS 1.0 mL/
min 2 1583 8SA1710) 150X 18E7HA1E 12%
o] 8] BZ £Z319}. oA &19] flow raeE 1.5mL/
minZ 0|31 8&ol|A 20%7}%] &1 BE 20%= =33
, 2050l A 32557}1A] 46%=, 2. 755 E S1] BS 100%
2 3] 3EZF columns AIHEATE 1 F A= AR
injectionS 913} flow rateE 1.0mL/min, Su|& AZ 7}
Z} vHro] 4571 reconditioning SF33T.

GABA 2N

GABA AHEAL =23 A7-dellA] AAsksit). &
TE2E A89] AAT+= Zhang® Bown(1997)2] =HHz}
o] eppendorf tubel| A& 0.1 g¥} methanol 400 uLE 4
3 & 4L v 60-70°CE o EH water batholl A <F 30
B2 94438]) 133} AAT o719 70mM LaCl, 1mLS
7Fete] 2 431 13,600xgell A 5E7F A4 dE Fo A
S 700 uL¥} 0.1M KOH 160 uLE eppendorf tubecl] 3
7}t oS 3587 wHkelgnt. thA] 13,600xgel|l A 5E7t
AR & FEAS U5 343k 550 uLE cuvetted]
2otk GABA 3 =42 Lim 5 (2009)¢] "ol &
sto] AT

SHXE|

B AN dol TARIAY F7E AF7T ] wh
E A& At A59] AT SAS(1996)2] General
Linear Model ProcedureZ o]-&3te] EAHEAS AA)31%]
a1, Bt 7o 94 778 (p<0.01)2> Duncan®] tHE77
Ho g Fo)ZHQl Aol & HlwsHT.

A o

[

i

L. acidophilus RMK5672] M= Hjg¥

L. acidophilus RMK5672] 7ol #sle] A A=
Table 29A] K= ule} 2t} 50L9 MRS brothol] L.
acidophilus RMK5672 &3 $9] 4w+ 6.76 Log
CFU/mLo]le™, ull%F 15A]3F wiel] 9.92 Log CFU/mL,
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Table2. Change of pH and viable cell numbers of L.
acidophilusRM K567 in MRS broth in a fermenter

Viable cell number

Incubation

time (h) pH? DO” (Log CFU/mL)
0 6.58 9.22 6.76+0.03
15 502 0.18 9.9240.04
18 5.06 0.18 9.730.45
21 5.24 0.18 10,0140.11
24 526 0.17 10,04+0.13

DpH was controlled by 1 N KOH or NaOH.
DO means dissolved oxygen.

21A]7F Wil 10.01Log CFU/ML®] Aol T=galich.
Zakt ME= B4kt 427 10.04 Log CFU/mMLY| =23t
2407 wof| Sstint. vl & pHE 5.2 oo =
A3}7] 915t KOH B NeOHE FH3tAo, #43
Aol F2jo] o] FojR|= 1243t o|Fol= pH7}F 5.0
To 2 "ojgom, FA7I7 AlZHE 21A13T WiFEE A
A LTI} ZHaste] Al pH 5.2 S FAIE = 3l
Atk 4 2 FAUZE PN =& AEHE fI8iA
ot Y F9 A4 pHZF 55 oo R fAEHe
o] F4Ao]z|vKSandine, 1996), £ ATl AE o]HTh
e ot 2Ry Bkl SlojM FAx
27 pHE 4.6-4.8°|2F= Schweigart (1971)2] F4ll
o) wjF FEA)Q] HF pH 5.26& 23 Ml &)
ol & 4 Sl

acidophilus RMK5672 vjfsh= So] Ao A3}
o] Aozl A= Table 304 B v} o] A& 4
F (K= 045401001, ojuf FE7|(L)= 5.16A1ZF, Al
AIZHg)S 2.203A7F0 2 VERT

Fermenterel] A 1|93} L. acidophilus RMK567S 4%
2]3te] 3|53k cell paste o thet A= Table 40l4] B
© Hke} 2o wjgdS M348 A4lEE] 7|9 o |t
o 2RE 353 cel pasted] F FTHE 487.5g(FEHF
40.5%)°100 1, ol= vl Hel FHE Zahte] 97.4%)
Fgah= ko)t Cell pasted] A= 12.48 Log CFU/
g oldoE Wi =T

e

o 12 W rr
N

W

ol &
L

FD cell powdere| Mz
Table 49l|A] K= v} o] 3FFo FHRSA} cell

Table3. Growth rate of L. acidophilusRMK567in 50L MRS
broth in a fermenter

Generationtime”  Lag phasetime®  Growth rate constant®
(@ L (k)
2.203h 5.16h 0.454 generation/h
Dg=1k.

2L =1log N,- log Ny x k/0.301
9k = (log N, - log Ny)/0.301 x g.

Table4. Viable cell numbersand moisture contents of the cell
paste, FD cell powder, and FD starter cultures of L.
acidophilus RM K 567

Products Weight  Moisture Viable cell number
(9) (%) (Log CFU/qg)
Cell paste 487.5 40.5 >12.48
FD cell powder
FD-GY 185 NDY 12.28+0.04
FD-GG 85 ND 12.77+0.00
FD-GP 138 ND 12.93+0.01
FD starter cultures?
FDA-GY 285 4,25 12.42+0.21
FDB-GG 185 3.90 12.60+0.24
FDC-GP 238 4,08 12.91+0.03

YND : Not determined.

2 FD starter cultures were prepared by mixing 100 g of FD cell
powder of L. acidophilus RMK567 with 50 g of S thermophilus
(CSL, Abiasa, Canada) in the range of the cell number of x10%/g
and 50 g of carrier.

pasteS &35l 5 A7%3%H FD cell powder(FD-GY, FD-
GG FD-GP)ol| 4H¥/dgo] %2 S thermophilus(CSL,
Abiasa, Canadd)E &%3te] A2 FD sarter cultures
(FDA-GY, FDB-GG FDC-GP)2] &g 717} 4.25%,
3.90%, % 4.08%¢]t}. FD darter culture?] A= 2+
7} 12.42(FDA-GY), 12.60(FDB-GG) ¥ 12.91(FDC-GP)
Log CFU/go|ith. SAAZ o3t AlF APEES AL
3t ZAR A Fo)A glycerol ©]2]e] FFZS 78+ FDC-
GGS} FDB-GP7} ozt ke Aoz H9jon}, #9322l
zto]7F YEPA] ket o9} Zdo] &2 A+, 5E
AZE AT = A== 2HE ALRF ez
Response Surface Methodology(RSM)ell 2]3l] A% =43
o] HIXHHA F-AIE 107.1 g, glycerol 41.0g 2 Ca5.6 7g
o uf 7PF AEEC] EJUTHE Kingd Lin(1995)2] =4
I fA13E A0 FARSAS ALE3E AvE Bl

FD starter culture X& & M=EE

L. acidophilus RMK5672] FD starter culturess2] %
= A= Table 59 2t} 3579 FD darter cultures
o) At A 25 ol 97% o) APEEktt A
2 279 3 FDA-GY+ 2.45%, FDB-GG= 1.56%, FDC-
GP= 324%9] vl-¢- 2 AEES AT A% 85714
A A oF 00% F= A4S AF 27Y $9
Ataeol] misle] Zbzh 15.92%, 13.21%, 8.29%7} &S}
Atk 18y, 2 1dx 239 el Hlste] 99% of
F ArEstTt. A%< FD darter culturese] A= 7+
e A7) Wk frol6e) Jolrh peoL Sl
=IO, FARSA HFtele foio] I
A AT APF 0 E AREE FAESA|ZA] trehaose-
borate’} $).©.™(Conrad et al., 2000), gelatin(Champagne
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Table5. Survival rate of the cellsin threetypesof FD starter culturesof L. acidophilus RMK567 during storage at -18°C

S FDA-GY FDB-GG FDC-GP

orage

perii)% Cell No. Survival rate Cell No. Survival rate Cell No. Survival rate

(Log CFU/qg) (%) (Log CFU/qg) (%) (Log CFU/qg) (%)
od 12.42+0.21% 100.0 12.60+0.242 100.0 12.91+0.033* 100.0

2wk 10.84+0.02°* 245 10.82+0.06"* 1.56 11.41+0.09°4 3.24
4wk 10.49+0.21°* 1.16 10.18+0.04°* 0.35 10.14+0.01°* 0.17
8wk 10.04+0.06"* 0.39 9.94+0.08°* 0.21 10.33+0.02°4 0.27

3bM eans with the same letter in the column are not significantly different (p<0.01).
AMeans with the same letter in the row are not significantly different (p<0.01).

T, 1996y AG2el ofgh PakS FHASIN7|H, sucrose,
maltose, lactose, glucose, fructose 2! sorbitol 52 mem-
brane phase transition temperature(T, )< SE0] 024
AEAS o] ZUHLinders et al., 1997)3L 3133t} Carrier
ZAE X177} 25% F=74A] L. acidophiluse] A2
of 71 58t 40% ool =i Al YRS st
o] AZAEE AAAZIA Ho] ME7} ol kEHe
A7to] ojx] & “dsll(heat damage) o= E2 33l (cryo-
injury)s A FtHEspina et al., 1979)31 313 A= tf
E ZARSAY TIRE-S synergistic B7H(Santivarankna
S 2007)7} = Aoz dEH o, Oldenhof 5(2005)
membrane phase behavior B== A M) whA 23}
Txo| B &= F7|= I Utk B AF
ol ALE-3E 20%2] F-A1gE3} glycerol, glucose, poly-
dextrose 5 3579 $AHIAIE 52AZF FAM o
ofufs T4 WA e E=%oU A Tl dojut
© AIEARE WA S3ks T4 22 Z10= Ko, glycerol
= o) Hlgte] SRS B A2 G A=
Uhebsi.

TANE & AR T AEEL Yu 5(2005")°] Frofe]
ol A F2]gh L. acidophilus KH-15 A732-2-0l|A] vl
g & -20°ColA WE RESIGS uje] AEE 822% Y
9.86%H T & Aol dojxl A= ot W2 el
RA, L. lactis LL41-15 W5 AFSIGS W A% 1Y
T AEELE 8%l 25 F AEEC] 82% FF
(Kim 5, 1998)°l BlspA w9 v ol dt. A% A
TARSA AT E Adre 47 1228 (FDA-GY),
12.77(FDB-GG) 2 12.93(FDC-GP) Log CFU/go] 2o,
A 85Y F AsE 47 1004, 994, 2 103302
A8l o] 22 B uj, A% 2719 glycerol+poly-
dextroseZ £33 3713 FDC-GP 239 HE57} Blu 3
F& AHollov B HAZE Fo3Q] A (p<0.0)E K
AT 27Y o|FHE = AP ETL AStEEA vlwA =
= AEES A Wl glucoses £9F 3715 FDB-
GGT 87Y Fol 0.21% Bl AE3IRA] Fole] A&
Eol] 7P w2 Aotk ATkt T SHEERSA TF
of ME A ATt AEENE FolF] Aol

A= Ao YEiEth B Agex FA0x $o AXE
T 2 AEFE WS =%y AR 27)9] AEE|
o Gk o]f= MEHlS T tig S21719] pH7| 5.0
FEoE WA A" A9 A% F vlaE w2 s
(3.9-4.25%)0 2 QIgh =& S =(Higl et al., 2007),
FD cultureE AA3te &% 4°CHU} AR e -18°Co)
A A5 7] W E(Castro et al., 1997; Silva et al., 2005)
o2 FeET T2y -20°CoA AEE AdrE 4°C)
A A E W} o] w2 ARTE FXEINTE 4
HkEl 73} (Champagne et al., 1996)= X 1% AT}

—_

FD starter culture2| GABA 2iAd2d

70 BE19] g2 A|Z3 QFEEo|A GABA A

FE HPLC AZvETI"A RIS Av= Fig. 13
Zt}. Glutamic acid®] pesk= 5% 7ol 22 pek= 8=
o] FAS ™, GABA peske threonine peake] shoulder
peakZ UERS daninedl] o]or] 1258 7ol 8Fo] H 30t}

Table 6ol QT2 EC] GABA g A 43 4
5 B pH 4400 =23 v 7213 Wil MSG F%
of et GABA 3% xtol7}t et 0.02% MSG
2 7} QAT 2E9 GABA ¥EE 155.16+8.53 ppm,
0.04% MSGE 713t R TEEGME 243.82+4.27 ppm,
0.05% MSGZ %713} @ P2 EdX= 1R} B2 198.64
+23.46 ppm ©]3It}. Parky} Oh(2006)= SAIX|=ol|A] &
23 L. buchneri OPM-13} Lactobacillus ssp. OPM-27}
1.0% MSGE &3 MRS brotholl A i 4843t <t
AJAJe GABA e Altd Zhzt 92 9 117 mg/L2 A
=2 GAD ZA45ES BHYtta st Lim 5(2009)
38 LERARF ARSE S S 1.0% MSGE
A7¥ek 10%9] AR froll HEste] 35°Coll A 184]7F
wjoFst A¥} L. acidophilus 755 pH 4.52-4.219] A
22.65-32.50 ppm, S thermophilus 75~= pH 4.3°14] 30.53
ppms gttt Bastqitt. o] AR=3 Hlud
L. acidophilus RMK5672] FD darter culture2 A %3 &
TEEOA ujg 7AIZE vl A5 GABA S 1 H
o} 5108 =2 Aot sk ZX|elA 2]t L. brevis
OPY-1315+& HHa 3 GABA &W|Q7-2E9] 137 uglg (Park
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Fig. 1. A chromatogram of amino acids and GABA of a yoghurt sample fermented by 1.0% of L. acidophilus RMK567 (FD-GP

culture) at 40°C for 7 h.

Table6. Comparison of GABA concentration in yoghurts
with different levels of MSG by the FD starter
cultures of L. acidophilus RMK567 at 40°C for 7 h

incubation
FD MSG 3 GABA 2
Cultures level noculum (ppm) pH
ABT-B®  0.00% 1.0% 0.00+ 0.00 4.40
FDA-GY 0.02% 1.0% 155.16+ 8.53 4.40
FDB-GG  0.04% 2.0% 243.82+ 427 440
FDC-GP  0.05% 1.0% 198.64+23.46  4.40

YFreeze dried culture was directly inoculated into the formulated
yoghurt base (70 L) and incubated at 40°C;

AFermentation was stopped at the final pH 4.40.

9ABT-B is a commercial brand of yoghurt FD culture (Samik
Dairy & Food, Korea).

and Oh, 2005)8] AFHTIE o7t H& 30 sl
o]t} Champagne 5(1996)2 o- 2! B-galactosidases}
e FAEALE 200C A A wjoll= 4°CH -20°CE.
oh 20 o)}t AFACH, AiEre 1008 o) A
sttharL sto] FAUX Foll A FAWT oflet &
280 % IS = T At AHS AR T4

Table 6014 RS FD culturedl] 213 GABA A =
2 Fig. 2914 0.1% MSGE 371eF 12%2] e+
o L. acidophilus RMK567 Althejkst HF5 HEsIL
HjQFAIZ Wt S48 pHOE GABA A3 vl sl
1, vk 7417kl AAE GABA & 200-300 ppmiE.th
OFZF YiAY e FFold
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Fig. 2. Changes of pH and GABA concentration in 12%
reconstituted skim milk containing 0.1% MSG by L.
acidophilus RMK 567 at 40°C.

gk L. acidophilusE 3-&sto] wi¢F 18A 17k ol] =<t pH
+ 450 =0l e ™, GABA 2 600 ppm o]t 1
2y FD darter culture2 A Z3F QFEE+= wljoF 1747
o pH 4.050] =25}9.oH, GABA MATE 374.94 ppm
o2 Zrleld). ole} 22 A¥=E E uf L. acidophilus
RMK5679] GABA AAdele 52X g0l 9ste 7
A3HA] e Z 0 E Holn, 53] W 4] SN E
AEo] #A4 FAEE o2 Ueth ek 2 A
TolA G5 Az 34 9@ sA0x 3 219
95t A|Z" L. acidophilus RMK5672] FD starter
culture= GABA $Ho] =& o =2E9] A Az
ARSE S AR dAdE
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o OfF
i) =

GABA A Zikto 2 4t Lactobacillus acidophilus
RMK567 755 didt 50 Lo] MRS broth7} 0] l&
fermenterol] E3te] 40°Ce] Wra Lol 2427 Bk
3F3ATE. L. acidophilus RMK567 A<+ 10.04+0.13 Log
CFU/mLe]lom, odff 5.16A17te] F=7](L)E #A 2.203
AZEe] AltiAIZH (@) o2 S48t e, s dTrRe
0.4544|t/h o]tk 50L2] MRS Hjd o 2 HE] 3435t
cell paste®] & FHE 4879, FETES 40.5%0]0S
A== 1248 Log CFU/g ©|1t}. Cel pasteol| glycerol,
glucose & polydextrose 5] FARTAE H7lsle] -45°C
oA deep frozendtil 84 miorre] FF 3lolA 3A7F &
AAZ3l & 40892 FD cell powderS AAFITE FD
cell powderel] Sreptococcus thermophilusES £33+ FD
starter cultures®] =232 4.25%, 3.90%, 3 4.08%°]31
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2 H7Fska, FD darter culture= B3 @ -2 E 9] GABA
Slake Zk7} 155.16+8.53 ppm, 243.82+4.27 ppm 2 198.64
+23.46 ppm ©|%lt}. o] A¥= L. acidophilus RMK5672] FD
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