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Abstract The research was aimed to analyze the functional
constituents (GABA and isoflavone), radical (2,2-diphenyl-1-
picrylhydrazyl (DPPH), 2,2-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS), and hydroxyl) scavenging activities and
enzyme (co-glucosidase and lipase) inhibitory effects of soy-
powder milk (SPM) and fermented soy-powder milk (FSPM) with
varied Lactobacillus brevis. Ten y-aminobutyric acid (GABA)
producing lactic acid bacteria that showed 96-99% similarity with
L. brevis, according to 16S rRNA gene sequence analysis, were
isolated from fermented kimchi. The conversion rates of GABA
were obtained 66.96-93.51, 63.76-84.58, and 57.05-69.75% in
monosodium glutamate, gluten and soy protein, respectively. The
levels of pH and glutamic acid of FSPM were found lower than
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those of SPM, but the acidity and GABA contents were higher.
The GABA conversion rate of FSPM with BMK484 strain was
attained the highest 69.97%. The contents of isoflavone glycoside
(1290.93 pg/g) was higher in SPM, but the content of isoflavone
aglycone (287.27-501.9 ng/g) was higher in FSPM. The levels of
isoflavone aglycone such as daidzein, glycitein and genistein,
were found as the highest 240.2, 61.24 and 200.45 pg/g, respectively,
when FSPM was made with BMK484 strain. The DPPH, ABTS
and hydroxyl radical scavenging and o.-glucosidase and pancreatic
lipase inhibitory activities of FSPM made with BMK484 strain
were the relatively higher 60.31, 88.10, 61.25, 52.71, and 39.37%,
respectively. Therefore, the L. brevis can be used as a material
capable of simultaneously enhanced GABA and isoflavone
aglycone in FSPM.

Keywords Antioxidant activity - Fermented soy-powder milk -
Gamma-aminobutyric acid - Isoflavone - Lactobacillus brevis
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gt Fole Ay g =Zo| AF FH=o
A28 g8t FxA o] FARE oliZEhEe] FEe] 3l
on AHF Al I T3 A8 A8 A T S A
S YeERIA Foh3]. olaZeHEe uldA (glycosides)et H]
I (aglycones) FEZ EFEH JoH F F53 TA A2
ol megt 254 Zole ot dukARl AR{FY Agol=
glycosides (25%), malonyl-glycosides (70%), acetyl-glycosides
(3%), aglycones (2%) FE|Z EAISTH4]. &3] v FEHE
2 7 Aatsl 28-S 2kl ot tiEF 2%el Este] 3
2 Ay SoE TS FTTMITIAIN P AR <L
g MAES o]&d HEFHS FE o83l ok 53] F
g g Folle 2E g0l Wt B (daidzein, glycitein,
4 genistein) FEN7F 30~80%7FK] S7FSHAl H 5.

Gamma-aminobutyric acid (GABA)= B4 ME2 A% H
ThilAd oln=AkO 2 olutamate decarboxylase (GAD)Ol 23]
FF 2K glutamic acid, GA)S.ZFE Zekik ukS-o] o3
GABAZ Z3HATH6]. GABAE 541747 A3xdEd= +
8 7so2e ¥t Aukpel 22 A¥IA 7T 2Ed &
ot T BN A4S ¥t AATE A= 4EA
tH7l. ol 9 FRAG 715 U] GAY & FEd
GABAS] &3 A= dwbd A& AA 28 +3F7A
AAAQ He 715 7FsA Fol RAaEHITHR]. T3k dv
=21 = 89 Sol= GABAZE r-Eo] oy a2
epf7lels 2 de] w9 W2 IAE GABAY %S 7|
sl ofeE AAoIt}H9,10]. °l&fdt olf= L HEEH
GABA #&& 37117171 f1st g4 dA7F &5 8=
Out wH] gl Axje}l e F2R8 A7 BaEe] shehE §
dafo] ofd AEXMIE T2 GABA TS SUAII=
A7t diFE Bk gEdez dv[l1l1] e F(12]9
ol gl whg[13] 28]al dolvh ARFAF e REHE 9
H41 8714 A i 5o A7F BRIaEAT15]. 53
Bouche®} Fromm [16]> YFEFe] v]3)] dolFolr] FFEt
o] dAstA Frhetkar s1e™ Huang 5[17]% Lindt
Lai [18], Devi 5[1912 GABA A3 A0l 484 &Y
2 g o] AZEEN 72 7T EFEe] AAdEY RSt
Aok 2HER Foll= GABA HTEZ GA7l T T
o 2lo] MAE BEE B3 GABAE T7/MIE F doH &
3] GABA A4 58] &= wAE 94 A3, Oh [20]9F
Park3} Oh [21]= Lactobacillus +3Hdo] 5= GABAE
A goha Bkt

et B Aoxes fikt 2R E B BEA o)aE
£ B9k ollgl GABA &S Al SXIAA 718 HET
fFrET AFFFEE SN dgh A3t B 2R Ao ¢
= T sl AAslain. =, SRAFO R E GABA
A gAS Adslal 16S rRRNA G7148 BAL E3) 7)
o) dHA J- FAREH o592 accession numbere} H]wE}
o ATLATH BAE ARG ©lE +79 GABA %
&2 GA 712 F7ol wt v Z4sU =3, GABA L
A FARES THORE AMEEtY] T Ffr(soy-powder
milk, SPM)E 2 g3sle] g F-EU Ff(fermented soy-
powder milk, FSPM) A% § 7t7ke] 5 TRl e ¢85

2, olaZeh B TS v B

o E3
}V]\—T,— '"_1‘01
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A=, Al 2 7)7]
ARE FEE FENTY FYATHLY GRABRIA A
& ol AME-3F315L monosodium glutamate (MSG), &4 2F
3 3 e AFe iy delvkeeld 7Yste] Abge
Attt fakd WS Lactobacilli MRS broth (MRS, Difco
Co., Becton Dicknson Co., Sparks, MD, USA) HiX| & %]
skl ARgsilTh 65 el olaZEHE f=Al T WAl
(daidzein, glycitein 2! genistein)= Sigma-Aldrich, Inc. (Merck
KGaA, Darmstadt, Germany)ollA] T332 wldA|(daidzin,
glycitin ¥ genistin)= Indofine (Hillsborough, NJ, USA)°l|A]
T8tk 2N Folin-Cialteu phenol, GA, GABA, 2,2-diphenyl-
1-picrydrazyl (DPPH), 2.4,6-azino-bis (3-ethylbenzthiazoline-6-
sulphnoic acid) (ABTS), thiobarbituric acid (TBA), trichloroacetic
acid (TCA), p-nitrophenyl-a-D-glucopyranoside (p-NPG), p-
nitrophenyl-butyrate (p-NPB), a-glucosidase 3! pancreatic lipase
= Sigma-Aldrich, Inc. AFS A3}tk Thin layer
chromatography (TLC) #41-2 silica gel ¥ #2]¥H0.5 mm,
Merck KGaA)S A3} th HPLCE methanol, acetonitrile,
water 3 acetic acid 5] Al2F} §-7]-8vl= Fisher Scientific
International, Inc. (Fairlawn, NJ, USA)A F+Y3ske] ARE-sIA
om 1 & ZIEpAoRS Qe wEhA 48 19 Be 594
kS st ARESIATH

GABAE X339t frejobu)icit S opmjicih AFEitH
(Hitachi, L-8900, Tokyo, Japan)S ©]&-3l] 233151, #
2 3, sk 24 B astas AsEA S EE

i 2
N

k]

L

A(UV-1800 240V, Shimadzu Co., Kyoto, Japan)E A3}
Z43 et olAZEE -2 high performance liquid
chromatography (HPLC, Agilent 1260 series, Waldbronn,
Germany)& AMg-3fod #4133t

0.

GABA A4 3 #3

GABA A4 ikt gRE 98l AR 59 LarES A3
aela dAF FHalel 37°C 278l MRS HaujAlo] =
o oujgsisleh. =2 kst yeld 7] o HEEe] o
3 MRS H3Ao] ZHzt 7 BEste] HE oF 500095
frakte e B SEsI o™ MRS H¥A] 22 20% (viv)
glycerolell 74 § —70 °CollA] HA3IHA Hgo ue} &3}
AA AHESISATE. GABA A% 7 81 5% GAZF $Hrd
MRS ARl zH7ke] faltES Eat 30 °CollA] 484
7h ERF MY & H4 st AEdE FHlEkith TLC
platel] 5% GA ¥ GABA EZEFH ikt ol Feds &
Z} 2 ulA spottingdtAal FEEFE: 2L SHE (4:1:1, vivivyel
A 2057 AAAAZ T %8l 1% ninhydrin 2H-g-Ho] 3
A oAl AZAIA 100°CollA oF 1027+ TAA]A GABA
A S ERIETH22). ¢, GABA A4dFol sttt
3L BI1E[22] Lactobacillus brevis KCTC3320 5= =AY
EAFJAE] (Korean Collection for Type Cultures, KCTC)ollA]
g wol Y TR ARSI
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16S rRNA @714 4 #4

HE 1059 GABA A its ALsiflaL o8 #45 &
& flste] 16S rRNA €714 E #4& Arlskitt. 22t
fritS MRS HARA] O] HEste] 30 °Collx] 48A17F w43t
T #AE B2 F G-spin Genomic DNA Purification Kit
(iNtRON Biotechnology, Suwon, Korea)E ©]-&3}¢] genomic
DNAES FZ319th 16S rRNA F+422] polymerase chain
reaction (PCR) 3% & primer= B 3E #IF (5-CGG
AGA GIT TGA TCC TGG-3)¢} 9%k #R (5-TAC GGC
TAC CTT ACG AC-3"& AME-3IHL™, PCRS 95°CollA] 5
B2 HA T 94°C-30%, 49°C-30%, 72°C-1% 30% wH3-S
308] WHE FejEldom 72°CelA 1087 WHE F 4°CE &
=5 Wy WS FE8UTL %% PCR &2 PCR
Purification Kit (iNtRON Biotechnology)E AF8-3le] A3t
T 1% PR A X H719EE AAsl] Rl & o]
E FYo R sl AETHAHE Q7IMES A8 168
RNA AMd %2 DNAMAN analysis system (Lynnon Biosoft,
Quebec, Canada)S AF&-3Fo]  alignments % evolutionary
distance=F-E] AAFIATH23].

GA 713 379 W& GABA %, Ags € fop=At B4
GA 7182 MSG &4 ZFH3 T 9 e AME-3A
MRS HAWIA] 0.05% MSGE 7k & 121 °ColA] 15% 4
73 & GABA A8 ARE WGAS 2.5% HE3SH] 30 °Cel
A 60717 vhekslel st e, HAIG 50 mLel 2% A
B2 9 50, &4 FFE 5o 59 F o Bus Sotela
121°CollA 158 g3 & GABA A4 ikt vy S
2.5% E3t 30°CollA 60417F vl

FrEjolm it BHLe 74 AR Imlol] /4 4mLE 718
% 60°ColA 1AZF WHEAIF]ZL 10% S-sulfosalicylic acid 1
mLE F7lste] 4°CollA 2417F WAAA diES A7) 5
AR F 45dS 0.45 um membrane filter (Dismic-25CS,
Toyoroshikaisha, Ltd, Tokyo, Japan)& <13}3}3it}. o] o3jlS
60 °ColA] ZbEEslal 7=A1Z1 F pH 2.2 lithium buffer 2
mLE 7kt &3] & 0.45 um membrane filter® THA] oz}
AlZL g oAt AEA 7|2 #AI8IATH24]. 3HH GABA
A3EE ot B4 & ool 2 402 GABA A
&S Ilsier 7ol fElohieat FES me/100 mL

= gksle] YeRhQ
GABA H3H&(%)=[GABA+(GA+GABA)]x100

FTED 59 d8 FEY 55 Ax

AEHHF 1,000 g2 A7 T8 =718 AAT F 100°C
oA 3087F F213 & 55°CoA Axst B st 100
mesh -2 A ZsIc}t 28 FEY T Alxe 2T
10gol SF/ 100mLe} A 2¢2 7Sl &34 H
121 °CollA 158 4hasle] 2T F7(SPM)S AlZsIsith. Al
Z% SPMolA At fabi-g 2.5%% HEdke] 30°ColAM 72
A7F BEE frsle] Ba FR2Y FHESPME ARSI
[23].

pH, 4= € A#F

pH= pH meter (MP 220 pH meter, London, UK)E ARE-3}]
233193 AeEs 275 50mLoll A8 1 mLE Hrlsle] Bab
AZ1 % 0.1 N NaOH €802 pH 83+027HK F3A17) 5 3
b ko g kele] %E JERISIE Ad ER1E AIEE 10
& SMHo R FXsla MRS HIMA| ] =T8I 30 °CollA
48717 wFst § 30-30070 Aol o] AAdE HyhmiAE
Aeete] A5 5783t log CFUMLE JERN AT

Z Hsgs Y

SPM#} FSPME S471% 3 & W3AIA £ERE AlZstaL
2 1ol 50% MERS 10mLE H7ksle] ALolA 124]7F
312 45NS 045 um membrane filter2 JFFsle] FEES
AzsArt FEE 0.5mLet 25% BHARFEF(Na,COs) &
0.5mLE Algde] BFs 387F FXAZ1 F 2N Folin-
Ciocalteu phenol Al¢F 025 mLE F7ste] £%3t o) 37°C
oA 1A7F FoF WAAIA 750 nmollA EFFEAE o]8-31o
S48 TH23].

)=}

RN
=
T

olaZE #4

olaZetE i EAe HPLCE AMgsle] Cho S[4]e] W
of Fate] AABIATE Aol AMEE ZH2 Lichrophore 100
RP C18 column (4.6x250 mm, 5um, Merck KGaA)S A&
SIS ol fulE 02% ZAF S HPLC water (solution
A} 02% ZAF Y- acetonitrile (solution B)Z F243}31 T
ol AL A &1 71FoZ oRu 100%, 15%-90%, 25%
-80%, 35%-75%, 45%-65% R 50-65%= TAIsISATh A
ABEE 20 uLE FYsI¥ e o5 = 30°CoA 1 mL/
min® 2 FA5139 k. A&7]+= diode array detectorS AR5}
UV 254 nmellX] AE3IGTE HAEE Z7ke] o]AZEHE peaks
< EFF AR digste] s ALtekainh

o AL

DPPH, ABTS ¥ hydroxyl 2}tz &AE42 Hwang 5[24]
o] WS uwet =AUt FEE(0.5mgmL) 0.2 mLol
DPPH &9 0.8 mLE 7lste] g2olx 3027F WA § 525
nmellA 27431tk ABTS 2z &AL 7mM ABTS
A3} 2.45mM potassium persulfate (K,S,0)5 1:12 43 &
Ao 12-16417F B#3le] ABTs radical (ABTS™)S &AA]
ZAth o] & FZE(025mgmL) 0.1 mLol ABTS &9 09
mLE H7Fete 3% $o| EFETAE o83t 732 nmellA
=231tk Hydroxyl 22 4752 FeSO,7H,0-EDTA (10
mM) 0.2mL, 2-deoxyribose (10 mM) 0.2 mL, H,O, (10 mM)
02mLe} 247+e] FEE(0.5 mgmL) 14mLE E¢slaL 37°C
oA 4A7F Ft vEEAIF L o] RESE] TBA (1%)°} TCA
(2.8%)5 ZH7t 1mL¥ 7Fste] 100 °CollA 20%-7F S A A
520 nmellA EFEE =939tk DPPH 2 ABTSS] 2A4Ul=
T= AEHA FFHTE ARSI hydroxyl #HHZ 4759
LA EZFE PBS €EANaCl 8.76 g, NaH,PO; 0.11g,
Na,HPO; 0.596 gy AH&-3te] A& F7Htek #37k- Alele]
FHEe Aol WEE(%)E HERHAUTH
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Azt AN

o-Glucosidase A& pH 6.82 ZAE AU EF =9
(200 mM) 50 pLoll A E2} a-glucosidase &4 50 uLE 3 7)s}
o 37°CIA 1027F dH] ¥REAIZL & of7]ef] IMRYEF ¢
Z4(100 pL)Z p-NPG (5mM) 100 uLE 7}8ke] 37°Cel A
1087F W3-8 X171 & eREE (100 mM) 0.75 mLE 713}
S FTEAI F 20mmelx FFEE SASATH24].
Pancreatic lipase A3&d2 ZH2te] 55 50 uL, pancreatic
lipase (1.0 U/mL) &48& 50l 2 pH 6.82 ZAH o2}
EF 4EA100mM) 50 uLE E3Hete] 37°Ce] G804
1037F ofb] WEgAI7]AL QIMMES $hdlol] =21 p-NPB (5
mM) 100 uLE H7F & oA 1087 9HAIZl & e EF
(100 mM) 0.75 mLE 71l S48 F4AA 420 nmelld &
FEE =789 tH25]. a-Glucosidase®} pancreatic lipase A3l
24 Aol AME 24 UxTe FE2E W SFFE AR
SIS Alg-ge] Hrbrel BT Alole] FHE Aolg W

=& (%)= HERHRIT

SAAE

7h APe AF vk FeEIglaL o] A= SPSS 12.0 package
S ARl Bt B4 SIS W+ BFHAR YeR)
dom Zzke]l B Ade o8 ARS a2 = p
<0.05 ===°ll] Duncan’s multiple range tests 2A|3}ATH

234 9 313

GABA A7 -4kt A € 7|2 w8 GABA A#E H|%
TLCE It 43} GA EFF9 7% Rf 083} GABA %F
F9] 79 Rf 2.0°190t}. WCP02, LAB28, LAB40, LAB48,
LAB62, LAB112, LAB224, BMK41, BMKI184, BMK484=
HHE fARFEAN GARFE GABAS A= o=
UeRdtHFig. 1). 1052 GABA A4 H4HEE9] 16S rRNA
A7NEES B3 A3 2% Lactobacillus brevis2t 96-99%2]
F5dS RATHSupplementary data Table 18S).

Auk fakre] 71dd wE GABA HIE-S A9E Az
Table 13} 74Tt MSG 7129 2% GA ¥ GABA 32
747} 84458 2 42.86 mg/100 mL7t AZHJI WCP02 #F
E 43.72mg100 mLE GA $HeFo] 714381903 GABA e
629.79 mg/100 mLE. F713IHoH HA3E2 9351%=E °lE F

GABA
GA

7 w& Foz Jeldth 39 LAB28 dF= 66.96%Z ©]
£ 5 7P 92 GABA AES Hom o] ywz] FF
52 80% o] 943 GABA ©g&-g Jepiolth &
A 2FEe GA ¥ GABA %2 77 2573 ¥ 1.12mg/
100 mL7} HEEAS MSG 71ZelA Hghgo] 7 -3k
H WCP02 5= 82.93%%] WA 58k H3a-S el
AS™ LAB62¢t LAB224 H5% 63.76%%} 64.54%2 X7
W 3RS JERIIAL 9] #FES 70% ol HgHE
< BT F el GA FEHS 250.69 mg/100 mLY.LH
GABAE 27.09mg/100mL7} ZHEE Tk LAB40 w+F&
69.75%= 7P A&go] 3R LAB62 7= 57.05%=
olE F 7FF e AFES Yo o9 FFEL 9 60%
ool HEE-S UERNUTH Table 1).

oldel Be AT AHNEL Bl Lactobacillus sakei, L.
brevis 2 Lactobacillus plantarum™} 7r2 o8 FAtdE0]
GABAE AT F & 5Eo| e AR HiHy Yt
[22,26-28]. Tung [29]> ©Afol MSGE 7zH7t 0.1, 0.6,
1.2%5E A7V & L plantarum NTU 102 455 843t
A7 0.6% MSG 5504 GABA (33mglL) o] 714 =
rom, Kook S[281% 3% MSG T+ ©AFolA L. sakei
A 17,014 mg/LEHE GABAZS AA gty Rusisic
Cagno 5[26]# Stragusa 5[30] L. plantarum® 73-%- 4983}
125 mg/L7t AEEE st e £ A A3E v

o2 MSG (66.96-93.51%), gluten (63.76-82.93%), & soy-
protein (57.05-64.42%)% 71A2ZX H7I8I9S Al dlRE 45

£2 GABA A#Hgo] 97331 53] MSGS gluten 37t
Al GABA H3Hgo] ¢Falmg 5 GABA AL 93 &
At W= MSGY glutens ER7|1E=E FUlseE Aol
A3te zlo= AlEHTH

SPM3} FSPM] ©|315He &4 9 fopu=Al §F vl

A GABA A fAHFS o83l wg FRE Ax &
o|s}eld 543 GABA Z3H&S Wws A= Table 29
Fig 2¢] JERRITE. SPMe] 79 pHe 6.49, AF=E 0.32%3
o, GAS} GABA9 %2 747 17559 mg/100mL %
27.86 mg/100 mL7} AZE ATt FSMP SPMKEt} pHE of7F
7Aasl e, olo Agsle] Atwel Adre SR, &+
F4 o= gIATH(Table 2). =72 AME-3 KCTC3320
F2 WEAZ] FSPME GA7} 23 71431513 GABAE ¢+
Z7FlAth(Fig. 2). 53] BMK484 & HEAIZ] FSPMS

Fig. 1 Thin layer chromatography (TLC) profiles of GA and GABA standards and culture medium of Lactobacillus brevis
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Table 1 Comparison of glutamic acid and y-aminobutyric acid contents and conversion rate on monosodium glutamate, gluten, and soy-protein
substrates by the various Lactobacillus brevis

Contents® (mg/100 mL)
Isolates 0.05% MSG 5% Gluten 5% Soy-protein
GA GABA Cgt’;e&‘;“ GA GABA Cf;Ze(f%’“ GA GABA C;’;Z‘“‘(ﬂig’“

SPM® 844.58+42.23*  42.86%2.149 - 25.73+1.29°  1.12+0.06° - 250.69+12.53°  27.09£1.35¢ -
FSPM¢

KCTC3320  66.65+3.33" 581.43+29.07°  89.72 4,08+0.20°  23.58+1.18" 8525  135.56x6.78° 193.43+9.67*  58.79
WCP02 43.7242.19¢  629.79£31.49°  93.51 4.83+0.24°  2347+1.17° 8293  108.89+5.44" 197.19+9.86"  64.42
LAB28 236.62+11.83" 479.56+23.98"  66.96 6.71£0.34°  18.56£0.93° 7345 115.64+£5.78"  169.08+8.45°  59.07
LAB40 97.17+4.86° 586.30£29.32°  85.78 9.07£0.45°  24.01=1.20° 72.58 61.39+3.07"  141.56£7.08°  69.75
LAB48 81.08+4.05¢ 588.88+29.44°  87.90 8.07+0.40°  24.92+125° 7554  123.18£6.16° 197.65+9.88"  61.61
LAB62 98.73+4.94° 577.21£28.86° 8539  12.13x0.61°  2134+1.07°  63.76  142.36+7.12° 189.06£9.45°  57.05
LAB112 107.39+5.37¢  609.92+30.50°  85.03 9.17+0.46°  23.68+1.18°  72.09  113.28+5.66° 200.65+10.03°  63.92
LAB224 101.58+5.08¢  578.41+28.92°  85.06  10.39+0.52°  18.91£0.95°  64.54  117.54+5.88° 195.98+9.80°  62.51
BMK41 120.97£6.05°  576.27+28.81°  82.65 6.43£032°  3528+1.76°  84.58 88.48+4.42¢ 17429+8.71®  66.33
BMKI184  131.69+6.58° 558.92+27.95°  80.93 6.78+0.34°  32.11£1.61° 8256  120.29+6.01¢ 189.19+9.46*  61.13
BMK484 78.65+3.93"  530.70+26.54°  87.09 5.94£0.30°  24.84+124°  80.70  113.78+5.69° 185.29+9.26°  61.96

*All values are presented as the mean + SD of triplicate determination. All values within a column with different superscript letters are significantly

different from each other at p <0.05 by Duncan’s multiple range test

®GABA conversion rate were determined using the following equation: % GABA =[GABA + (GA + GABA)] x10; GA, glutamic acid; GABA, y-

aminobutyric acid.
“SPM: soy-powder milk
4FSPM: fermented soy-powder milk

Table 2 Comparison of physiochemical property and GA, GABA, and ornithine contents on the soy-powder milk (SPM) and fermented SPM with the

various Lactobacillus brevis

Samoles/ Index® Contents” (mg/100 mL)
amples e -
Isolates Acidity Viable cell numbers Lo
pH (%, as lactic acid) (log CFU/mL) GA GABA Ornithine
SPMP 6.49+0.32° 0.32+0.02° 7.24+0.36° 175.59+8.78" 27.86+1.39°¢ 3.70£0.19°
FSPM®
KCTC3320 5.56+0.28" 0.45+0.02° 11.24+0.56 101.52+5.08¢ 49.1142.46° 346.49+17.32°
WCP02 5.57+0.28° 0.45+0.02° 11.01£0.55 119.04:5.95¢ 65.89+3.29¢ 331.05+16.55"
LAB28 5.66+0.28° 0.5240.03* 10.88+0.54° 122.45+6.12° 61.87+3.09¢ 338.88+16.94"
LAB40 5.61£0.28" 0.54+0.03 10.78+0.54* 131.106.56° 63.97+3.20¢ 346.30+17.32*
LAB48 5.67+0.28" 0.55+0.03 10.99+0.55* 131.06+6.55° 61.09+3.05¢ 372.38+18.62°
LAB62 5.55+0.28" 0.6140.03° 11.45+0.57 110.32+5.52¢ 88.27+4.41° 332.61+16.63"
LABI112 5.64+0.28" 0.58+0.03° 11.09+0.55° 133.0446.65" 77.39+3.87¢ 328.28+1641°
LAB224 5.62+0.28" 0.57+0.03° 10.99+0.55° 87.30+4.37° 87.24+4.36° 313.6015.68"
BMK41 5.51£0.28" 0.42+0.02° 11.54+0.58" 134.1246.71° 72.36+3.62¢ 340.92+17.05°
BMK 184 5.48+0.27" 0.48+0.02° 11.44+0.57 50.70+2.54" 106.2445.31° 3.97+020°
BMK484 5.40+0.27" 0.4620.02° 10.45+0.52° 47.9440.90¢ 111.7246.59* 32940.16°

All values are presented as the mean+ SD of triplicate determination. All values within a column with different superscript letters are significantly

different from each other at p <0.05 by Duncan’s multiple range test
°SPM: soy-powder milk
‘FSPM: fermented soy-powder milk

GA &3] 47.94mg/100 mLZ 23] 7aslal ool 233}
o GABA S 111.72mg/100 mLE 7P% ZA| S78I5Le
o GABA HEEL 69.97%% 7P 9531 tH(Table 2).
ornithineS THH-E2] FSPMolA & &) AEHIL
LAB48 52| FSPMeIAE 37238 mg/100 mLE 7173
ko] A=A BMKIZ4 (3.97mg/100mL) 2 BMK484

&U Alm ro[l
s 4%

rlo

(329 mg/100 mL)E A|€]gt A FSPME 9A] 313.60 mg/
100mL (LAB224) 346.30 mg/100 mL (LAB40) =305 M|
2 =& ko] ZAZEHUTH(Table 2). TaurineS Tl 2
SHA @gkor}, FSPMolM AZEJLL ole fikt 2Eel
o AR " Ae= FH3ATh Aspartic acid, serine,
alanine®| 739 ¢t HZEAES Al FE Fol A
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Fig. 2 Comparison of GA and GABA chromatogram on the soy-powder milk (SPM) and fermented SPM with the various Lactobacillus brevis. A;
SPM, B; KCTC3320 strain using FSPM, and C; BMK484 strain using FSPM. 1; GA and 2; GABA
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(Supplementary data Table 2S).
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GABA A7 GAD &2 ¥k3dl] 2J3] CO7| W&EEWA GA
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3 A7 o2 GAERRE GABA7F A=A =™ Snedden 5
[35] 2 Ohe®} Cha [36]5 Ca’/calmodulin ©H¥&o] GAD &
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o] ZXHEE& BIEAT 3 Kookd} Cho [37]¢] 97+ 2}
M= AR pH 4o wEt GAD 84¢] S7kehH o]
o] W} GABAZ} AAHL ol kol s 2 &
ol ME Aog Byt 3 Jo F[381& E AT AL
g 3 waAlEe] BFe] GABA TERS BAS Ax &4 1
43.8 mg/kgo]AL 33 FolE 120.6 mgkgl & F7150|
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Fig. 3 Comparison of isoflavone HPLC chromatogram on the soy-powder milk (SPM) and fermented SPM with the various Lactobacillus brevis. A;
SPM, B; KCTC3320 strain using FSPM, and C; BMK484 strain using FSPM. 1; daidzin, 2; glycitin, 3; genistin, 4; daidzein, 5; glycitein, and 6;

genistein

uEl ATEEQ GAE #Agthy BRysinh ol dE §
ol GA Fo] ZastHA olo] WIAHOE GABA FH°l F
bt 2 A7 Ansle XS EF GABATH FElo]
e HAke] e A71A 204 AEElE W GAE A
Stal GABA o] @A|sHAl S7HRIT AL BarEo|RIrH39].

3 A 9] Hxjo SH-E GA7F GADell &Js) o) xkabekAi
7t WEFe] GABAZY AAEE ALE HIFHUTH38,40,41].
< Hwang 52212 Aldhge] wolzze| wjz} GABA A
TEZe GA Tl wEl GABA AAFHFS 101.6 mg100
mLE B3t mEbA] 2 A5 A3 JA] FSPM2 4t
o] AAdsl= GAD 27300 93l HFZXLSE GABA= 78l
AFAA GAZY ZaEE Aoz AlgHh

Diana 5[42]¢] A+ AFoMe X2 4 27| DANA
ornithine®] §2H+¢] GAD E4EA 98] AT B8k

3“4 A7l A] BMK1849} BMK484Z A|¢]3lx 82| A
ARSI E B 4ol omithined] HEH] fikt T
¥ GAD 4ol we A3 3349t 931 GABAZL A

H F2 a0 UM 71ET ek 2ol GABA A4 it

ﬂ~—«l GAD &8¢ &3l GABAZE Z$HeT}. Kurata
54318 2Ed27F 5% miced|Al omithineS A+ F43
S Al A9 AW e B, Sugino F[441>

ornithine-2 7&«] =4 dRYolE AATL RIASFAT
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wEba oMol AFE EfE B Apdae AARNTE He
3t 1052] GABA A o521 L. brevis7} A433% GAD &4
o 9]l ormithine & GABAR A3 Ao AdwH, 7|
Ao ARgoll we} omithine 3-& GABAS] AAHo] e R
2 JA=c)

SPM3} FSPME] & ¥|Egx W o|AZhE 3 vz
SPM3} FSPMe] = =g~ &g ulw Azl SPMS 042
mg/ge] AZEFAL FSPMoIA 0.64-0.67 mg/g 22 <F7H
=2 &Fo] HEF UK Supplementary data Fig. 1S).
ZgulE sEe CHo 4 5 st -OHZ X3 &
A& @ -OHE VN ol 2t e BES A ©
28 F2E zhe ELS AAAl] Bo] EAlsH 53] H3)
o & HoJUe catechin®] 71 thxHolH o] o Aves
chlorgenic acid, Z=4 #4F Tol= anthocyanin JENZ &
F Holdt EeHE EES o ARH uE s &
A2 A Jom I, dF 5o stEgel s
4 sEge gkl ks Ze® HaEe] o], 53
T dEaEel A=y, 2yt ol F£f 87 =2EA g
Fo] Z7lsle Aoz Ruse] Jri[22,2345] wEbA E A
TFolA A HEE E3)] A2Y FSPMS &g 5 f2kto)
AAgslE b e B-glucosidase®} 7S Aol <ls|
SPMOMHTR= F dlEelx o] S7he Zlo8 €t
SPM3} FSPM EFollA F-8Z o= ol 3%t 65
F7F AZHAL SPMe] 739 MiBAIR] daidzind} genistin®]
8 IFPEZ HAEFHJOU(Fig 3A), HERTE AL
KCTC3320 @5} BMK484 #FE5 AR-3F FSPM H|FA|<]
daidzein?} genistein®] 2 IJIEZ HAEEAH(Fig. 3B-C).
w91 daidzin, glycitin?} genistin 2 SPMoIA 22+
485.06, 198.29, 2 607.58 ug/eC1AL FSPMelA = A #k
sled < 30.07, 23.53, 2 1098 pug/g F5oIUL, o]} wi)
Z H]ZFAQ daidzein, glycitein?} genistein T Ht 26.85,

o

=

16.19, 2 1622 pg/g (SPM)AIA 217.63, 53.71, E 168.16 pg/g
(FSPM) 2.2 7159t &, SPMollM = g 31g=2]
ExT7t 439%0 £330, FSPMeA = HGA 315E<]
BIE7F Bt 8723% T202 A Z7}18THTable 3).
Fo A o]AZ el (glycosides, malonyl-acetyl glycosides)
< dFE FHsia dou s8] TeRd] Ay e o

Sl vEel sl EE Y T ougAlE Aasial vl

7} 7V Aol B2 ATE B3 HAEHIJTH3]. Hwang 5
2312 L. plantarum S48 ARE3te] TR L& Al 48X
HIFA] o] AFERE-e TSIl HFA| o]AZERE-S oF 35% &
= U8R Ae® BT Donkorel Shah [46]¢] i &
Fo\M= Lactobacillus  acidphilus, Lactobacillus casei 2
Bifidobacterium®l 2J8] WG] &=Fo] 7HAslar oo wath
A FFo] SIS BASITE 53] L acidophilus 110
chte] ZA9ole wE 36AIA WAl ol oF 63% 7HF
Z7V8F33 B. lactis B94 2 L. casei 5L Wa 2477
D 12NH D2 T7%SE T1% S71HS B AEIITH46]. )
A olaZEhE Fhgo] fAstal HIgA| o|iaEetE FEol
7hhe oleldt A A= & A7 A= dAlske AES
HeER o Z47te] o]AZed g Alole e Bl
ERstth. ol2lgt Aol U5 T EFFH AMSE(EY,
71% 5), 28 e TR vidEel Adse 7] o
A8t I GAE o] e AT AEHE F 5, T
73 Tl weh o7 el o3k AR AThE T

o 01N o_‘T_T, [ :‘0 R

i ol

dot poy O T

(

SPM3} FSPME] Uiz AAEAY 9 2stadh AsEA vz
SPM3} FSPMe] @4itsl 4 (DPPH, ABTS % hydroxyl) &
Asla s A& (a-glucosidase 2 pancreatic lipase) A=
Table 49} ZF3k31, SPMETF FSPMe] &7d0] =A] Yehsith.
DPPH 2|z 284S SPME] - 47.25% B4& HS)
3 FSPMeIXE B4o] F718ke] 57.09-65.19%Z YERAATH
ABTS 2]z 2784e dAZ o= DPPHETR= 1 240]

Table 4 Comparison of biological relative activity on the soy-powder milk (SPM) and fermented SPM with the various Lactobacillus brevis

Samples/ Radical scavenging activities® (%) Enzyme inhibitory activities® (%)
Isolates DPPH ABTS Hydroxyl o-Glucosidase Pancreatic lipase
SPM" 47.25+2.36° 53.80+2.69° 25.83+1.29 6.49+0.32° 15.02+0.75¢
FSPM°®
KCTC3320 61.32+3.07° 93.07+4.65% 60.23+3.01° 53.04+2.657 34.81+1.74°
WCP02 63.65+3.18° 98.82+4.947 62.52+3.137 55.11£2.76* 41.12+2.06°
LAB28 63.54+3.18° 98.56+4.937 62.42+3.12° 52.38+2.62° 40.83+2.04°
LAB40 60.58+3.03" 91.24+4.56" 59.50+2.98" 50.87+2.54" 32.81+1.64°
LAB48 58.89+2.94" 87.06+4.35" 57.83+2.89" 53.88+2.69" 28.22+1.41°
LAB62 65.19+£3.26" 95.42+4.77° 61.17+3.06" 53.69+2.68" 37.39£1.87°
LABI12 62.06+3.10* 94.90+4.75* 60.96+3.05* 50.3142.52* 36.82+1.84°
LAB224 58.25+2.91° 85.49+4.27* 57.21£2.86* 49.27+2 46" 26.50+1.33¢
BMK41 57.09+2.85" 82.61+4.13* 56.06+2.80" 54.96+2.75" 23.35+1.17¢
BMK184 63.49+£3.17° 98.43+4.92* 62.36+3.12° 51.2542.56" 40.69+2.03°
BMK484 60.31£3.02° 88.10+4.41° 61.25£3.06" 52.71£2.64* 39.37+1.97°

?All values are presented as the mean + SD of triplicate determination. All values within a column with different superscript letters are significantly

different from each other at p <0.05 by Duncan’s multiple range test
"SPM: soy-powder milk
‘FSPM: fermented soy-powder milk
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=A e SPMolME 53.80%2 /42 YERIIA. FSPM
olME o] B} =& 8261-98.82%2] L 2ABAE YE
W2lt}. Hydroxyl 2H]Z 2482 99A] DPPH ¥ ABTS9} v}
ZRE A A AgFo] fALSIAAL SPMelME 25.83%2] th
2 ge JuZd 2AEAHE HIoH FSPMOIA = 56.06-
62.52%% B7Jo] A7 STl tH(Table 4).

erskE el aa?l o-glucosidase A31Ed ARE= SPM
o] A 649%°] ol5 W 4L eSO Y FSPMe] 73
G O oF 50%7F e AsiEAES JERAICE AEE] &
2 Aa&AdQl pancreatic lipase= SPM2] 7% 15.02%2 e}t
WA FSPMS 23.35-41.12%% E4do] 7153 tH(Table 4).
53] FSPMellXl GABA A/d5°| 3 BMK4849] 3¢ 2
Oz 2AGAH Lstas A A FEdoh

gz A T olaZEHE SijHE Fhel W
HHoz Z7¥le 02 Choi S[512 Cho 5451 Hia}3l
t}h 53] o|aZetE F HIGAl FEiQl daidzein?t genistein®] 7
H3 Fatsl B4YS Tyug 5471 Ry 3o & &
W F Y TRHE v SIS Al 7 B TR
U A0 ¥ $<3itt B uslSit). 53 Hwang 5[23]
2 WA AAE it FREG FaE T uE 248
d GA = ZloF Bl oyt A3Ee T Ad A
g Edo] o o] FFE7] witelH o]z & At A
Feobe fAleE Zloz k) 3 98 Fol vjs) I d|
£ 53l daidzin—>daidzein, genistin—>genistein® 2 313E2] ¥
s7b dojubs Ae fakto] a3 Sl s B
glucosidase &gl st AU Donkore} Shah [46]= H 313
LR AT GA] ol5e] Aet dAsIT. g ) A
F5E Asrzled =go] € ¢ e EFL I ko=
Sl5HE]l o= Kim S[48]e] A+ Axelr Basdrt. shH
Behloul®t Wu [49] & Lee 5[50]2] A7ollxe 3T3-L1 A=A
T Al daidzein B genistein FEES FASIGS Al @9
7 A F=E foFoE a7l A= Yt ol
SRS e} Yt G50 e AoE Btk £
AT A P Fo| HaHd wel ZgulEd vgA o)
2 Z7tol ule} ksl &4 2 M| Gt Yepdss
2 FAEA. b Ag7iAe] ATASE vl R 2
FollM A %3 FSPMS GABAS} HIgHA| o] AZEHE o)
ti=lo] gt ksl gxke} A SPMell Blal] Astas As)
o] MAEER 758 AR I TFsde] w8 Zle=s
71l =3t A7 fAES o83 GABA A4 I+
MSGH GAE 191402 FH7lsle F77)e d¥se] iy
S ReA o= N =2 | B A Rt P R b B K M e e B A
o o] e A 71F AROENE GABAE A=
AqEHR A 77 7 Z10F AlRHn
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=z = O

B A= Lactobacillus brevis 455 |83t Az 2a
Z-E Ff(fermented soy-power milk, FSPM)e] 7154 &2
SHGABA ¥ isoflavone)s} dHAksl €4 2 Aslg s A&
& ¥ ST AXERY JRE A AR 105 &

3L 16S rRNA 3 824 A3} L breviset 96-99% 3%
S JeEIITE GABA #3H&2 MSG &4 2Fels 3 ©
WA A ZFzb 66.96-93.51%, 63.76-84.58% 2 57.05-69.75%
AT FSPM2 T2 F-(SPM)ETE pHeF GA $Hg2 &
oL}, A=l GABA 32 =94t BMK484 o5 FSPM9]
GABA A2 69.97%= 7P 53Tt ¢+, SPM2 o
A o) AZEHE O] T3(1290.93 pg/g)el =%oH, FSPME H]
FA| o) aZEHE o] 313(287.27-501.9 pg/g)ol =UTH BMK484
o&F FSPM2] 739 v|gA] o]|AZ g9l daidzein, glyciteint
genistein ko] ZHzF 240.2, 61243 20045 ng/eS 2 M =
kth. BMK484 &+ FSPM2| DPPH, ABTS$} hydroxyl 2}
Z+ A 2 o-glucosidase®} pancreatic lipase A3 8-S
7} 60.31, 88.102F 6125 2 52.719} 39.37%= W22 $<=3)
Aot Wb B A L brevisES e BT FHolA
GABA % H|GA| o|AFeHEg FAld Z3tE 4 e A=

A AHgE 9k

(

pash @

Keywords 71} - &g F-2U Ffi - o] LT -

A3+ Lactobacillus brevis

e

A 2 o] =EL 16T SR Ao sk EAThe] 7%
TAR (@AM E: 2016R1ID1A1B01009898)2] A1} 2017 % 2H <] #)
Ao® FFAdAITAY AFAF AL LA S AFAY(FA S
2017023A00-1720-BA01)¢] A1)l e]af o]Fo]zl A#Yuct.
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