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Optimization of y-Aminobutyric Acid (GABA) Production Using
Immobilized Lactobacillus plantarum K154 in Submerged
Culture of Ceriporia lacerata

Eun-Ji Lee' and Sam-Pin Lee"**
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Abstract The production of GABA was optimized by co-cultivation of immobilized Lactobacillus plantarum K154 (ILK)
with Ceriporia lacerata cultures. The mycelial culture of C. lacerata was performed in a defined medium containing 3%
glucose, 3% soybean flour, and 0.15% MgSO, in a submerged condition for 7 days at 25°C, resulting in the production
of 29.7 g/ mycelia, 3.1 g/ exopolysaccharides, 2% (w/w) B-glucan, 68.96 unit/mL protease, and 10.37 unit/mL o-
amylase. ILK in C. lacerata culture showed viable cell counts of 3.13x10° CFU/mL for immobilized cells and 1.48x10®
CFU/mL for free cells after 1 day. GABA production in the free and immobilized cells was 9.96 mg/mL and 6.30 mg/
mL, respectively, after 7 days. A recycling test of ILK in the co-fermentation was consequently performed five times at
30°C for 15 days, resulting in the highest production of GABA. GABA could also be efficiently overproduced by co-
cultivation with the produced polysaccharides, -glucan, peptides, and probiotics.
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Ak FHZoll= nAES] HEE
T8 GABAS] AJiteo]l A= Slom(e), AXNA ‘el
Lactobacillus brevis, L. plantarum 2] ZAAo] gk e
GABAE Aiteithal d#A SIth7g). 53], U8 s 53
GABA A2y AF=2A ZAAIA Streptococcus thermophilusSt L.
delbrueckii TF2] co-cultureE F3|4 AHAI GABA AAHo]
SAHEATE Bt JATH9). 2y tefet dardEs 5
FH o g o]gstd GABA thE A HAH sl A3k A=
213 O]I;]—
xzjole

oluf FE7} AEEo] v
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€] (probiotic) 2. ZA ZAMAF-2 BAAF7IHHLE &
*JE AR RE, AT A3 Al 919 s A SelA i
o] ApHElH, AgoA] EHlElE Astaast @At Sl o8l
A Aol AsfEle AR dEiXvh10). B a8 se B
Aol ZAiAdS IASAA R oY HEsAY st
AoA WEAIE = olA(11), RG] 7HE(1 2),
£(13), 21Z2(14) 2 HlolelRI(15) 59 At st ¢
8] Y= Ut vA=] 343 A4 784
2FAaF(sodium alginate) wAFN S Hskdg 8o
Sl Y71 2FAF (Ca-alginate) =71 A€ Thk(16). PIAE
3788}t 7l olde gst ;Fxﬂe olgg WEred A7t
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#AE AR F dom, A% BEvL 7hsste] S =Y
T AL, 09E HAT F e Aol Avk(17). Tipayangst
Kozaki(18y Lactobacillus sp-& EA|U]|o| E(alginate)s ©]-8-3t
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B $7F 7Kt Baslt) Kime(19)9] 2o oshd L
acidophilus 1F032055 L7V Ho R BI=E Alxg 23, 2L
A 3F7kA] Hl= el mlAEo] LA, 1357 57%=
gt Ao vyt wEbs LAl 243 rlee o
ZE# 2 gRlo2HE ZAMFS Bl AEHE =o|7]
g AR o R AE, ooF F o wopllA A9H
AHgo| g ool Ut

kA 2 AT WA GRS o83k GABAAAE AL
o] EPMEFS FaA thdet A EEEI GABA A
A slslaA} st en, ol QEA 1XHLZ C lacerata WA
F] HAMFS A ARBE=EAE EFHe #AH vl
< HAslelion, 212 o2 vAskE A S 7
S B34 GABAEZC] 73t WAMYE AAle] ALkE F
Aglstarzt sk

Tz o

M=

E=(glucose), ANE L2 (ethyl alcohol), F2HIU|F(74Y)
(MgSO, * TH,0), CaCl,= G4+ 318K (Ansan, Koreayd| &S %3}
93, FFELFAF (sodium L-glutamate)}2 Yakuri Pure Chemicals
(Kyoto, Japan)ollA] =3t ARSI ER] F7FRe {44
F(Gwangju, Korea)ollX] F+43te] 258t & graelx Byste]
AR X9 B2 AE-9-f(Seoul, Korea)dllX +3}
o] AMgelgl o, Al AAS AFRe AR &4 Sigma-
AldrichAKSt. Louis, MO, USA)IA F43te] ARSI T

ANEDF

2 Aol AlE-3 A FF= ()2 =] 2 8(Gimcheon,
Korea)oll Al £ W& C lacerataZ potato dextrose agar (PDA,
Difco. Co. Maryland, NY, USA) #iX|ol #HF3s}e] 25°C, pH
51202, 2 270A 10L7F vkt ARSIt GABAS A
Al A FS AR oA B2k AS R L plantarum K154
(KACC 91727)% Lactobacilli MRS broth agar (Difco. Co.) BA]
o HEsle] 30°C, pH 6.5+0.2, 24X]17F B k3to] ARE-3IIT)

C. lacerata DAL Hi¥

C. laceara WS A Fe] FAA ALHE HAs)at7] 9]
AHE iR 222 glucose 3% (W), soybean flour 3% (WAv),
Al (MgS0,) 0.15% (Wwiv)E 8kl 4% GSM (glu-
cose, soybean flour, MgSO, )2 7]& wix|Z A3} GSM Hll
A& 121°CAA 1587 Hdste] SLAF 24 7] (Fermentec Co.
Ltd., Cheongwon, Korea)ollX] 218} vjFslitt. PDA uijR]of|A] lf
4H C lacerata A FdS HA(punchyE ©]-&3l] A& 1.5
cmZ A7lg T2 potato dextrose broth 100 mLell H7Fst &
A7) (homogenizer) (10,000 rpm, 3 min)2 23} st} A7k},
g 2702 2% 25°C, 371FYE 1 vwm, 3|HEE 300 rpm
o2 s} 747 A Wik § e EAS Wkt

HAMME OASE M= Y S§ie

DA F 1.5%9F 3% MRS #jxIolA ujddlt kA g-&
5% 7kt & &3] cell suspension €S L T
CaCLell Hslste] Y1Ads H=E AU AlXH vl=Ee
i SRTE 23] AlFES o iR el Hrketanh. 3l ol
AFESE BiR] 2SR C lacerata WA WIFEY skim milk 5%

W), SFHAEF 2% (WVE J7TSE T Alza]ZakT(cell
culture flask) (SPL Co., Pocheon, Korea)S ©]&3Fo] 30°CollA 7
A7F AA| wjFsiATh AT sk AjAREol ©gt GABA
A HHLe HEE XEHo 7 ARESPEA 33U wld & U)E
o] WA= AAsIL, M2 viRE F7iste] 39 (PHo R 53
7F mjAE A A EFEEE STt
pH, &= ! EE £H

pH= ®F 10mLe FH3ted pH vE(Digital pH meter
420A+, Thermo Orion, Washington, DC, USA)E ©|&3}o] =34
ST A4 2H== pH meterS o]-8-3ted vl e] pH7E 8.39]
=2 o 7kK] 0.1N FAslAFNaOH) .2 A slar, 1 4]
FS ElefEM(tartaric acid) 2 ZAF %, )2 FAibste
e A tH20). Bee AAZEFGEA(0-93°Bx, Refractometer,
ATAGO Co., Ltd., Tokyo, Japan)Z ©]-&&}1

Hn
e

E o 9 s §E =N

% 3 g% ¥|=-34Hphenol-H,80,)H 21l Wl A& 1
mLel| 80% & 89 25uLE 7Kt H Ak 25 mLe vtk
AE3] v Al & A2eX 307 FAAIA 485 nmollA] &
F=2 =419k 3 kS DNS (dinitrosalicylic acid)R ol
olal) =3 TH22). 4% A1F 1 mLel DNS AeF 3mLES 7}t
SkaL, 100°Col A 5E7F wAA 7T Ao odiolA 4087 W
7k & 550 nmellA FHEE G TF B AT TS
EEF(glucose)yS BFEHR o] FFFAL AT F AEst

AR ¥ ClER 22 =55

C. lacerata T M vWFEC) e AN Alxe] R
SEFE Lee 5(23)9 WS WHEHs AT v 200
mL¥ sl 94 E8(1,500xg, 20 min)ste] A BT Az o
2 R AAES #AA AR R FR4E 23] AFH3
o WEAzsle] ¥AE g3, A5l diE Axe o
FHE s fske] xrhe ofolaZzE LF-E(isopropyl
alcoholyS wl el tiu] 2w H7lste] 4°colA] sk W5
t}. ololaz e dFL FHE gIFie A £E(1,500xg,
20 min)dted 3|43k & WAzt FAS s

HIEIZFZHB-Glucan) ¥ E0|E2 (tyrosine) & X

C. lacerata dA A WiFEe] W7z £ 100mgs JF s}
o] Megazyme kit (K-BGLU, Megazyme International Ireland,
Co. Wicklow, Ireland)s ©o]-&3ted W} 253 T8 454
th24). Bk T3 Z 510nmelH SR, &
I gut SR T zfolE HE ST FHORE AN
th WAL m SRl A AR HELo) = (peptide) SRS 243}
938t folin Al2FS o] 83t tyrosine TS S 3HATH2Y).

EHYET [R5 4 (Protease) &
S §§

C. lacerata WANA Felsls o Vs aas) 52 &
HaihTdS =H57] Y8l Protease] FAEE Kim 59 ¥
HEeE HIst S48t 7122 0.6% 7HAQS ARSI
A, AR AASAE 0.02M 4S89 (phosphate buffer, pH 7.0)
2 et 2 adS 2AEY A s 24 248
=439} o-Amylase 8742 ololod MEWHEO R = H]

atmol |0| & (a-amylase)
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th27). 71AZE 1% 7H HWES AHEsiden, ae=s) &
A(0.005% L, 0.05% KDOZ SHAA 13T},
W X

e = Yo st Akt vl f2E 2
AAlETE 22 S vtk vl e BibMdrE
TAsE v¥=9] 3EE22S 1M phosphate buffer (pH 7.0)°l &
&A17] & peptone 1% &Aooz Az S|Aste] ZH3IATH28).
iAo fElE B AT S EAS AR 545k
121°Coll A 15%-7F AHF8t MRS broth agar ¥iA]ol] 20 uLE =%
S 5, 30°C F2uidT1olA 24A17F wdet AakAlFe] AETE
221 P49 CFUMLE YRR ATH?29).

GABA &2 =3

22} By g3t C lacerata dAH ¥lFES] FFE4H glutamic
acid)e] ko] w2 GABA AAFS thinlayer chromatography
(TLC) Ao 2 el3Ith30). AMgre =% FELdIE@n-
butyl alcohol) ™ ZAHZFFG:1:1-viviviE SFFAL, WA ek
2 02% ninhydring AF&-3led GABA spotS ERISATE C lac-
erata TAMA| W= ZAhdg 7170 ME glutamic acid
3t AAFE GABA TS YA TIAAZrHE T3 (HPLO)S
3l SABATG. AR AEE 20X 3027F phenyl
isothiocynate (PITC), ™| €-&-(MeOH):H,O:TEA:PITC=7:1:1:1)& 7}
ato] fFEASHE v, 100% &7 A (140mM NaOAc, 0.1%
TEA, 6% CH,CN, pH 6.1)%} 100% solvent B (60% CH,CN)E
2587 591 ¥, 94 8¢ 4SS HPLC (Hewlett packard
1100 series, Palo Alto, CA, USA)Z 413} t}h Columne
Waters Nova-Pak C18 4 um (Waters, Milford, DE, USA)E A}&-
359 2™, flow ratee 1.0 mL/minS 2 3}, 254 nmol|A] =4
315

FAXRIE0|4H (Field emission scanning electron micros-
copy (FESEM))0l 2lgt H|= &Ei zHa

343} iAo 1 ¢ o Fele] AASE BES fl5te
AALALE FAPARE R 7 (FESEM, CFE, S-4800, Hitachi, Tokyo,
Japan)S ©|-&3I3TE Al HIEE WExs & WS 2
ZF(osmium, 0s)0. 2 FRAA HAEAAES 24 a5er, 7154
3H3kV, SE Image)R =2 40ulollA] 10082 &t Z&3l9ic).

SH X2
A3 AFs At B3 23 (meantSE)E YERNGICH, B

AxE]= SPSS (statistical package for social science, ver. 21.05,

SPSS Inc., Chicago, IL, USA)E ©|-&3l] dYujxEd B4

2A1E & Duncan’s multiple range test® A4S p<0.05 F=

oA AZFtATh

al

1 =}

ot nE

——

C. lacerata TAHA| HiFE2| O|staty S

C. lacerata T A A wike] FAwgF 27422 glucose 3%,
Z7VE 3%, FAIUEMeS0,) 0.15%S £33 wiR] 2AS
0|83l 5L jar fermentorol|X 79 Bt & wdst C. lacerata
A A v FEe] o|stehA] 548 A8 th(Table 1). pH
£ Wl A pH 6498 FACE Yy, 79 wi¥ Folle pH
5502 RS YeRAQIth At=E =43 A wid A 0.05%
oA 79 WY F 032%= FUlelAth BEAA WG 271
437°Bx=2 UEREA, w79 F 2.83°BxE vt JYL5E
stk 9 AT TS S A, o] x&E
TE ashs e Y 33 H714 SdA duEt
ol e AES Idste I dFoE xxd, #, A9,
ZEMELH S = B olgH| = Fo] of7]df &3ttt ol gt
HA BlgE T U2 HiX] 952 AME-E glucose, soybean
flour’} C. lacerata A 7’3740l o] 8Eo] AR ZAow It
"t

ik 7Y A, AR TS 2970 /L, AlE 9 A R
sheFe 310 gLE A UERSTh Lee®t Lee(32)2 AAE o] &
3to] C. lacerata A DA viYS ZEFAA(flask)ollA] 797
Hiekel & FAS A, AR T 112 gL, OER FH2 3.0
gLZ Yehd Aoz B o B Ay Ado\M C lacerata dAt
A ST AR B R dEe] e 22 AS ¢ 5 A
Aot E2lE IR HE Bglucan FFS S A, Yk 7
QA A 2.00% (ww)E JEFEC ™, fermentorS ©|-&3F A H)<k
< F8lA FAMl, R, B-glucan A4te] -F3kSiT).

C. lacerata FAHA| WiFEe] A 7lpiel] AxE 7% e
Z AT 4 A= tyrosine THS ST A, wjd A=
13071 pg/mLoll A 79 WioFslAS w 580.84 pgmLE LFERLF
tyrosine 30| =& A BT} ol C lacerata TAHA v

Table 1. Physicochemical properties of submerged C. lacerata culture broth

Fermentation time (days)

0 3 5 7
pH 6.49+0.01¢ 4.42+0.01¢ 4.38+0.01° 5.52+0.01*
Acidity (%) 0.05+0.01¢ 0.17+0.01° 0.29+0.02° 0.32+0.01*
Soluble solid content (°Bx) 4.37+0.12° 4.43£0.06° 3.57+0.12° 2.83+0.06°
Total sugar content (%) 3.6240.02° 2.94+0.02° 2.13£0.11° 1.2440.02¢
Reducing sugar content (%) 3.29+0.16* 2.95+0.07° 1.58+0.04° 0.45+0.01¢
Mycelia dry weight (g/L) NDV 20.70+0.10° 21.30+0.30° 29.70+1.30°
Exopolysaccharide (g/L) ND 2.40+0.20° 2.70£0.50™ 3.10+0.10*
B-Glucan content (%o, w/w) ND 1.11£0.19° 1.72+0.05° 2.00+0.34°
Tyrosine content (pg/mL) 130.71£0.92¢ 44137+4.21° 537.95+£5.53% 580.84+5.79°
Protease activity (unit/mL) ND 37.12+8.73° 68.94+0.67* 68.96+9.33*
o-Amylase activity (unit/mL) ND 4.85+1.80° 7.91£1.46" 10.37+1.69*

UND: Not detected. Each value is a meantSE (n>3); **Means in a same row with different alphabets are significantly different by Duncan’s

multiple range test (p<0.05).
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Fig. 1. Changes of pH and acidity in C. lacerata culture broth
fermented by L. plantarum K154 immobilized with different
sodium alginate concentration. “*Means in a same row with
different alphabets are significantly different by Duncan’s multiple
range test (p<0.05).

=0 ik 717kl webA whE iRl <3 HEle]= A
Aol S7HEE Aoz Aztdnh =g wiAl wiF=2] protease &
AL =43 A3, Wi 72 A 68.96 unitmLE UER =& 7}
2 S BAT Park (33) dujollA ujkdt A4H]
P Al AR HlFE2] protease B4S =43 A3 20
Al AL vl RO A 4218 unit/mL, AEHAl HiSE
2790l 24.81 unimL=2 WEhd Zlo= Hol, 2 AdF A
A WSt C lacerata WA WIFE2] protease E4g0] Tl
@ 28 & F At C lacerata WA FEjEE ©
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pH, &= H M7 B3t

GEES o] &8 Mg IS B dUxe] w43t
A E o3 WE WIS EolW34), #A I AAREol
7Fssle] B AE vEE Bar) 7ed Aol Atk3s). L
Aobd ZAFE o83t C lacerata WA FAA WISER
FE GABA AAFS 98] E3AEE 9o, 797 Zakta
% sodium alginate 1.5%%} 3%ell webr] pHoL A=E S4g 2
= Fig. 13 2th AM0)E Fxd e i3S 243t
g vz AAS &4 A, HE A7E AMOE 1.5%,
3%E AZsIAS W FHHoE 7 209mm 2 2.63 mmE Lt
ERtth Jeon (17)2] AolA GABA AJAHS Qls) ZAkAlg L
A3} v=e] AL HaF 22mmE AFs] ARSI oH, o]
gt =9 7|7} #A 2GS FA o el IS PIA|
WA, ge] 8490 AN #HHo] o Bargh vlof uwheh
ol9} FASE Hl=9] ATE AMESFATH

C. lacerata ¥-AHA] WFEol skim milk 5%%2} MSG 2% 3
713t 23} Zabg Eo] 7] pHE AUIOIE 1.5%9} 3% A
Z3 vj=9] A9 712 pH 6.09, pH 6.112 eFiHd o2 eyt
o} AFEE =24 A vk A 026%E JERET, vl 1Y &
0.97%= F43] 71ty MY 3Y ¥ 0.61%= 4ste by
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Fig. 2. Viable cell counts in C. lacerata culture broth fermented
by L. plantarum K154 immobilized with different sodium
alginate concentration. ““Means in a same row with different
alphabets are significantly different by Duncan’s multiple range test
(p<0.05).

G717 B FABIATE. C lacerata A WOl AREEL BiA]
TS o83t ZabM sl ojgk AALEE F
HjF7)7to] A &EFE vt SvksiA S7leke 4
ThH(data not shown). L&} C. lacerata dAH| W SE
o 743} o] ojgt EFLEE SFAS o, wiY 3d &
FE w77k wEbA] Abert X8k Aol A3 vEekst
ot ol& FARe] wix]e] EAlShs wEAY B o83t A
&£ARo 7 ZHAS AWASIE AoR AZAEY, C lacerata A
HjFES Al dE= sl ©aglo] Am|Eo] ZAkAFo] ik
of AREE F e dEA To] FSslEE Sty Al v =
719l AHE7F FTFsERAINE wiFe] A &g Ao dhdt
A & A2 A 53], GABAALE ZAbA|Ho] 27
El| o] E (glutamate)S AU glutamate decarboxylase & A~Z}-8-of]
o5t ol 2] AAE FaA Al A gl tigh A
S BRlge AT7A336)9 Aol ool Azt

C. lacerata T A MIFEZHE GAU0|E sk W 2t
M 27838} Hl=e] ot E3hits § AATE S A9=
Fig. 2¢F 2t} A5 42 H= o xyshd 2+ A
o9} wiA e felE A AF5TE S5k vlaskat.
LA E 1.5%E ©]&3t5S o, sl 1€ Al H|= elx] &
ZHAlEE S7F 3.13x10° CFUMLOZE A YeRgar, wjd7]zke]
A&EEHFE B ZAAasG9AT =2 #e B ¥, wix]
AME Adre EUAT w71 S 1.48x10° CFU/MLOZ
A7t dZsHA fAlshe AeR Hob #59 8o w2
A& g 7 AN GAMO|E Fd wpEbA] wix|el H[= e
Al ZAA ] AFgedlA] zpel7t flem, ATt v
717bo] AEEFE AAHE 2S¢ F Utk EFgdE A
skim milk®] H7F= Q&) FiMFe] ASE =Y F AU, ol
St L. plantarum 472 =& Ad57t C lacerata T A Wl
ES o] g3 &3 V)7 59t glutamate’t GABAZ AJE 7
gtej= Aol 7loste AR Aztdr. A2 A5
H A wet #] AS B=rt 4kl ¢ U3, Lo plan-
tarum 5 NGFAY] pHE W 28 § AFFE F43] 2AA]
itk Ad3E Bag up QIAINK37), E3EE AdelA A
457t dASHA FAEE AL C lacerata T M| W=
IR sl whE wfgRe] Jiae 7IIske AeE A7t
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Fig. 3. GABA production pattern in co-fermentation by
immobilized L. plantarum K154 using C. lacerata culture broth.
Test sample (A) beads for immobilized cells, (B) culture broth for
free cells. Spots for standard material: (a-c): sodium glutamate
0.25%, 0.5%, 1.0%, (d-f): GABA 0.25, 0.5, 1.0%; Spots (g-k):
sodium alginate 1.5% (lactic acid fermentation time: 0-7 days), (I-p):
sodium alginate 3% (0-7 days). The latic acid bacteria (LAB)
fermentation was carried out after fortification of 5% skim milk and
2% MSG.

GABA & =3

C. lacerata dAHA] WFEZHE IA3SE ZLH|HS o] &3 &
SR E S5t AXAE GABA S TLCE E3) B4 2
= Fig. 39 YeERRITE #lY717F B9t H= dlox] Ad=
GABA 335 243 43, 3% SAMCES A9 o
1.5% LA ES AM8-319S "W H2T}h GABA spote] 27171 H
A Vebsteh w9 19 A GABA 3to] F2438] Z7}ste] uj
& 717k0] A&EELFE 0.5% ©l’de] GABA T3o] FA=SeH,
HiQF 3 & FFEEMEAFO] U 7= CKFig. 3A). HiA9
A AAE GABA TS 2743 A7, 3% EAC|ES AES)
RS @ GABA F=7F O F7istsien, wid 1¢ A GABA7}
025% Ax A= Mg 39 & SFHELFO] g &%
=WHA] GABA spoto] 43 AX= RS & F Aok Mg 19
A, 3% GAUC|EE AHE3I3RS o GABA 3] 0.5% ©%
o2 YePthFig. 3B). TLCE AT ul, AISE 2vl] 3|X 5}
2R3N o, HEHO R C lacerata T M W FEZHE ZAAH
A 2332 o183 T aE] g 7d A wixe} v=
oA GABA7} BF 1% A= AA4E AL & F Atk

3 HEEERE w9 v|= YellA BAHE GABA FES
LA o)E Fo] wEbd HPLCE 58 A% 243 Axe
Table 29} 7t} SAMO)E 1.5%S AFRaS of, vk 79 &
H|= oA GABA o] 630 mg/mL7F AL, wiR] ol A
= 9.96 mgmLE UEISITE AAMOIE 3%E ARESIS o, uf
% 79 & AAE GABA o] Bl= Yol 5.85 mg/mL, A
oA 9.93 mgmLE UERSITE wehr] AYoE Fxe wE I

A8l iAo 28 GABAALHS wix]o] EAjsle FFE
aFol v ikl oA BT M, FA
of GAo|E H= WRE {98 SFHALF] 23 2
Algtol] oJElA GABAZ AT o= YAMo|ER w43}
AN RAAF-S 083 GABARATNA 7149 FREAAFo]
H|= upgZol| A Agste ZakHle] o8 348992 GABA
2 %" & 5 AATh

LA -2 Aol digk uid 71%ke] U324 glutamate decar-
boxylase (GAD)= glutamate=FE GABAE AJ4tsl7] 93l &
Sk g Ao|th(38). S &) G-I AE Y] Fiol
o] ZHlE MXE W pH/t FHES FRIESE olFatH, AES
AP wEodle AFgE ATHO). GADREE fldl &
He AX Yddls mgde od] FaEe 2oz AztEm,
o] AE xHshed], ole Fihdd 7|7 B9t Akt WA
A= A & = Uk L plantarum K154 G55 SAE
71 A8k C. lacerata TAA| WFAE ol &sto] YT
FAlO] A7) Al B9 B2 AFFE AR GABA
Aikso]l 953 w2 7oz vyt HEHQ EeEe ¢
3t g B GABA, W3R, ZAk} Z2ulo] o E o] 7
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Table 2. GABA contents in co-fermented culture by immobilized L. plantarum K154 using C. lacerata culture broth

Fermentation time (days)

Amino acids Alginate 1.5% Alginate 3%
(mg/mL) Immobilized cells Free cells Immobilized cells Free cells
0 7 0 7 0 7 0 7
Glutamic acid 7.30£0.66°  0.07£0.01°  12.48+3.58*  0.12+0.02° 6.10£0.15°  0.07£0.01°  11.29+0.80° 0.1120.02°
GABA 0.10+0.01° 6.30£0.07°  0.02+0.01° 9.96+0.65°  0.04+0.01°  5.85+0.32°  0.02+0.01°  9.93+0.45°

Each value is a meantSE (#>3); ““Means in a same row with different alphabets are significantly different by Duncan’s multiple range test

(p<0.05).
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Fig. 5. Changes of pH and acidity in C. lacerata culture broth co-
fermented repeatedly using L. plantarum K154 immobilized with
different sodium alginate concentration. “"Means in a same row
with different alphabets are significantly different by Duncan’s
Fig. 4. FESEM of Ca-alginate bead immobilized L. plantarum multiple range test (p<0.05).

K154 in alginate 3%. Lactic acid bacteria fermentation time: 0 day;
(A-B), 7 day; (C-D). (A, C): outer surface, (B, D): inner surface.

4.89% WA YERow, 39 g = pH 4292 7HAstsitt.

a0 SAUOlE 15%S ol&HHS w, =S AT Az, W
39 A 2 13 § 14%= A JERer, BE 33 & 1.66%

Ao A HIIESS B8 C lacerata dAHA] SE 2 Skl oY, Ba 4, 53] o]F 1.33%= A4St g
ZRE i IASE o] 83 GABA Asta 712 A FRof OlE 3%E o832 wl, vi%k 3d A HE 13 T 0.89%= L}

o ol bssta, U BY BAL ALH WE L 9 Bhgy, WE 38 F 4% FUHHIOU, BE 4, 53 F

o2 REY] BHE T BHoR oof sPAE, AF 5 tHF 127%2 ZHA3t). A3t #AE FAIZE AREEHA S

Sk wokoll A &-g-o] 7|tjEth(41,42). 717k Bt AEHH o E MjAE Hrlste] ZAakAlre] ASe] 93
= 7ol pHe #adta Atert S7kekeh

oM OAsStel MALZ 25t GABA dit I 54 BobAl - st =9 AARE A ollA Ao fElE At

21FAelA Aol I sh= A #AE FAIZE A TE A% A3, GAOE 1.5%E o]835t9S ), 28 53

|3 $ 3, A% 1gr) sl AAS =Y S Y & FQF 3.52x10° CFU/MLSE f-x] 3813 tH(data not shown). &=

A 7K Atk WA GABA A S3141717] 8 Az O|E 3%E ©]&3InS W, 3¢ wiYg F I' 13|94 2.60x10°

S 7S Bk B =5 FAIZE ARESPEA] 397w CFUmLZE Yeptor, @8 538 & 295x10° CFU/mLE =4 Y
< 7189 WA= AASAL, MR wWiXE J7FeaA 53] A& Elgtt). o= AAIE Etgd = %%L%}l HiAl ol skim milke]
SFLEE 3t pHet AH=E AT A3+ Fig 59 2ok & A7E=2 Qe Zaklere] wjdgd o] 3AAQ S Fof LR
AM|O|E 1.5%E ol&ste] Axgt HibAg 24ste] pHE = 712y &9t A7t 100 CFU/mMLS 1 she Aoz *Mr—'ﬂv}.
At A3, wiYg A pH 6.16914 3Y ¥ & pH 4.17=2 43}t ZA 243 v =E o83l EPUEE Sl iR olA
Atk ZE 13 o] 23] WfiEH 537 A2 wiXE FEE AdE GABA TS BA% 43, 237 13 o]% 23] wjiE
o, 8i%F A pH 51002 Yepgton, 2 uiAE I3 & GABA A%te] 343 Frkete] EFLE 53] 59 0.5% ©F
Z}zke] wjoF 717kl webA pH7} ﬂ*omt} °Lx]Lﬂ ] 3%E GABA 33o] A= lthdata not shown). 283 #AS ZA|
o] &35l A3 ZAAF A8t pHE =A% A3 vk A 7 ARESPEA 397 e 3 XNEFHOZ C lacerata dAH Hl
6.152 UEton, 32 wjyk & 428% héo}ait}. g 2, 33 AJEF} skim milke] H7IE ZAAFe] S-S Eo|, vAHIE
o, 2 wAE FHsle MF A pHe 5352 YERLeH, 3 A2 Fgslel GABA At E=R-S % RAoz Azter),

o WY & pH 4222 A4St Hg 43]9F 53] o, v A E3a 717 B AAE GABA S HPLCE S8 A

Table 3. GABA contents in repeatedly co-fermented culture broth by immobilized L. plantarum K154

Amino acids Fermentation time (days, cycles, C)
(mg/mL) 0 3(1C) 3(20) 3 (3C) 3 (4C) 3(5C)
Alginate 1.5%

Glutamic acid 8.01£0.31° 0.11£0.02° 0.11£0.03° 0.10+0.03° 0.10+0.02° 0.09+0.03°

GABA 0.02+0.01°¢ 4.97+0.02° 6.24+0.03° 6.250.03° 6.34+0.02° 6.4120.03°
Alginate 3%

Glutamic acid 9.60+0.37° 0.41%0.01° 0.10+0.01° 0.09+0.02¢ 0.08+0.01¢ 0.08+0.02°

GABA 0.02+0.01° 4.5240.02° 5.39+0.02¢ 5.49+0.58° 5.89+0.01° 6.04+0.05°

Each value is a meantSE (#>3); ““Means in a same row with different alphabets are significantly different by Duncan’s multiple range test
(p<0.05).
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A% A= Table 33 2tk SAMVCIE 15%S AMSSIAS
u, glutamic acid TF Y A 8.0l mgmLAlA vl 3 &
0.11 mg/mLE 43| Zaslo] w71zt &<t fAslsitt. GABA
T Y 38 F 497 mgmlE AAFEACH, R wXE
A7VETE GABA o] F7iste] s 23] of 624 mg/
mLE Uehds, E3ha 53] w wiFlolA 641 mg/mLe] GABA
steFo]l AAFH A GAMIOIE 3%E AHE-SIHS i, glutamic
acid e wjF A 9.60 mg/mLE UEREO W, w1 ke] A&
245 235 GABAZ 8 ITh GABA 3He Wik 3¢
% 452 mgmlE AAPENL, ELE 28] W 539mgmlE T
7kt on, 2L wMAE Hristd WE 37t Boldss
GABA o] A&Ho g Frlele], Thda 53] w ujz|oA]
A4E GABA7} 6.04 mg/mLE el

A #AE g S o4 HEd ds] Bad A
T2A A7 HE7} Ve dFRe AR AXTBO| (Aspergillus
niger)’F 1044 7Fssltta HIEA(43), HAE RS (Zygosac-
charomyces)°] 30 (44), Streptomyces aureofaciens= 362 (45)7HA]
wgol o83 ¢ Jok B EATE Wb C lacerata T
Wl FES o]83t] L plantarum K154 A2 133 o] 23]
GABA A4bs 913t 717 wrart 7hssiohar Azt

o (o] 3
pl =

L. plantarum K154 I3} C. lacerata dA A WIFES o8
st AT E FolM T, B-glucandt 242 AREAEE
7153 GABA A4+ &3} 3larzt skt C lacerata dAMA
o] HA Wi 2AS=Z glucose 3%, soybean flour 3%, MgSO,
0.15%5 &Fste] v 2 AR, SL jar fermentorS ©]&
ste] 25°CelA 797 F® miFRIdATh MGES AR T
29.7 g/L, ©VF &3 3.1 g/L, B-glucan 2% (w/w), protease 4
68.96 unit/mL, o-amylase T4 10.37 unitmLZ vi-$- =4 JERS
th. C. lacerata FAHA| WMES o]-&ste] ZikAld sl 9
g ERaEe] AdTE S A wid 19 A H= o
A ZARAe] = 3.13x10° CFU/MLE =7 YR, vix]o]
frejd g e g7t FRt 148x10° CFUMLE fr
ATt GAUOIE 1.5%5 AHEste] HI=ES AlxsAS o,
GABA 35 49 43 g 79 A ¥= HolA 630my
mL, WiAeIA 9.96 mg/mLE EA YEbstTh A g5t
AR 7Fs3S gRlst] A8l st v =E 537 AJARE-st
o] 30°CollA 1597 SR 43}, GABA Aol 5243 5
7¥ete] wiF 717k Bt FASKAT. A8H SR C lacerata At
A MFEEREH 2G5 2AHES o8& EPLEE ¥
GABAE XFH 7154 &AIE AT 5 Ao, o= 4
2 AE 2] 87 Ego] ek

o

aAle| =

thetal s v A=A
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