. ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
Korean J. Food Preserv.

At R AL EE X O EE Uk
J EH
e |276), 769-780 (2020) 2 S IRABN YT HY
upaates | https://doi.org/10.11002/kifp.2020.27.6.769 &~ The Korean Society of Food Preservation

Changes in active compounds and biological activities during
fermentation of soy—powder milk by the mixtures of
probiotics lactic acid bacteria

Chung Eun Hwang'?, Du Yong Cho', Jin Hwan Lee’, Dong Hee Lee’, Kye Man Cho'*

'Department of Food Science, Gyeongnam National University of Science and Technology, Jinju 52725, Korea
’Department of Research and Development, Jinju Bio Industry Foundation, Jinju 52839, Korea
Department of Life Resources Industry, Dong-A University, Busan 49315, Korea
‘Industry Academy Cooperation Foundation, Andong National University, Andong 36729, Korea

ZEE ST ABISHR, (XTI QMRS AN,
“SolTfsti MBRIMIS, ‘OIS THstn MetpiEic

Abstract

This study evaluated changes in y-aminobutyric acid (GABA), isoflavones, and antioxidant activities during fermentation
of soy-powder milk (SPM) by Lactobacillus brevis WCP02 and Lactobacillus plantarum P1201 starters. The levels
of glutamic acid (GA) were significantly increased during first 24 h of SPM (100.38 — 290.13 mg/100 g) then
decreased after 72 h of SPM to 177.91 mg/100 g. The GABA contents obviously increased from 32.05 mg/100
g to 76.22 mg/100 g between 0 and 72 h of SPM. Levels of isoflavone-glycosides, including daidzin, glycitin,
and genistin, significantly decreased (746.23 — 24.04 pg/g, 183.52 — 76.00 pg/g, and 980.72 — 10.08 pg/g, respectively),
as levels of isoflavone aglycones, such as daidzein, glycitein, and genistein, significantly increased (52.03 — 577.01
ng/g, 12.95 — 66.48 pg/g, and 38.62 — 462.42 pg/g, respectively) during fermentation of SPM. The antioxidant
activity and inhibitory effect on digestive enzyme (1 mg/mL) also considerably increased during fermentation of
SPM: DPPH (30.23 — 88.50%), ABTS (59.71 — 74.54%), and hydroxyl (65.51 — 76.10%) radical scavenging
activities and pancreatic lipase (8.00 — 34.53%) and o-glucosidase inhibition (12.38 — 45.38%) activities.
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M B 222 3 vigAe} BHIGA 2 Us 4= 1o, H]EiEA]

He|= daidzein, glycitein @ genistein®] LA Ut} ESE

FGlycine max L.) o]AZeH(isoflavone)2 o4 S 21 WA= daidzin, glycitin, genistin®] THHEZAo|H, o]<]d]|
I 27T v AR AEA o AEZ Al(phytoestrogen) malonyl-daidzin, malonyl-glycitin, malonyl-genistin, acetyl-
o7 BEE=tk(Brouns, 2002). AEA] JAERAQ] o|AE daidzin, acetyl-glycitin, acetyl-genistin®] ZA]5}A|qk, o] 5}
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AEE2 Tl vF EAcks ZAoE dBA Urth(Hwang
5> 2018c). F o|AZTES IRk o2 HigA| FEZ T
= SASHAE, ol T 24 FH= diF 55 7R
ACHE2E, ol R, vgE)ol wet thefstA sk
(Matsuda 5, 1994). o] 8ol 74d7| 2A3}e} Jtha5 59
T 859 Q= Aor BiFEYHCoward 5, 1993; Lee
5, 2005).

T2 ThAO] AR THldo] osf| ZKE oAl F
Al o EA6P, &3] sidof Srhal g7l opAnElik
(asparaginic acidy U3t AMJ ofn|icAla} ofg P ofu]ie
Al(valine, isoleucine S)ExL $F3=o] QIth y-Aminobutyric
acid(GABA)Q] UAMRE AFXAEEER] wE ERT
TCA cycleZ &5t0] of2] 79| ofu|icAl dS AA A
AE)= JLzo]H, 34 glutamate decarboxylase(GAD) 2H4]
I GEAE H13of| Qo] SFEAIC R HE GABARE %
CHHwang 5, 2018b). GABAE= QAR E duj(An 5,
2010), E2|(Cha 5, 2012) 5ol o =] Sl A=
HuEglon), 1 o] vl A2 AR GABAS] oF2jzt
&2 Uet7]ols AR 71dist7] of=le Aot wet
Al o] ZAIE sidsks W E o= = AlAIE ol
&l BEAES 485 GABA s S7HI7I=
771 115} © H(Hwang 5, 2018¢c), An 520102 &
1] HolE 53 GABA T S0l 455+l Pyo(2008)+=
ToaS ol&sto] FOEFE GABA FAo A5e A+
Ane Baste

TZ HAMERAR] FH Y F B2 1 8T EES 9
£ U8R gRkEQl QT2 EQN= TEA HEJF JF8E
= AFE & qlom, 53] 73 RSk A gt 13
EUS =0l o 28 97 HiA AlEel7|& 5t
THHwang -5, 2018c). AA7HA] 7 A7 Aol =1, +
= 7848 9dy tefe] B3} A4S gaetal 9l
of AU SHENAEE M2 AsHAZE 4= 1AL, AR o]
Ergsittal H i E it Hwang 5, 2018d). 124 o]FA|
F23 Qe 1312 A B F 714 W] lon,
53] lipoxygenaset= E-7-9] HIAHE Aok AR 718
A& A5A|7]2, flatulence, trypsin A3JA, phytic acid 5-2]
g 7tA A EEE0] RREO] Slo AlAY Bevt
2UH(Yang 5, 2013). o|&|3t F v} 7kA BHELS
AAsH = HH9] stz YRS o83t A7} Eol
Y= AHLee 5, 2019). E3L ojn] QAR o] E5
9] F= ol8%t 8FEE Al Bol ZPE<SIAL 55, 22
= A A" F(Hwang 5, 2018c), ZAF(Hwang 5, 2016a),
58 AF3(Hwang 5, 2016b) ol Ff {/FEEQ]
phytochemical g 3}l et A7} H1E Y,

i)

T8y, BARE AT TRt F5(M, 7] 59 F
ol thet A Bo] ool gton ole] E5el vl et
o] 27 /1A 8ol UhS- HolL AR} T 7 2]
ST EHKo 5, 20162 $UII] B AFAIE o]
A0 FAEIh e B ol SES 5 9
52 sto] -2 FR/E A|xskaL, vEgA] isoflavone A8
A Q< H#91 Lactobacillus plantarum P1201(Hwang 5,
2016b)7} GABA A < #5291 Lactobacillus brevis
WCP02(Hwang =, 20180)S B340 AM5}o] njAhe: aF
B2 A8ARK T FrollAl 71574 &89 isoflavone
3 GABAE A o AT o= = A dazzdd

e g BIER: vl
ERRT

dM=E, 04E 2 Ao

2 AollA AR SHBH(Ghycine max Merr) 52 &
SZAGNA Aplet £k Ae AlSEok ARSI 2
Aol A ARESE AAAAA Ak A 59 WRAECRE
He E2et & AR AAAIEo] ERIE Lactobacillus
brevis WCP02(Hwang 5, 20182)2} Lactobacillus plantarum
P1201(Lee 5, 2018b) FF5 ARSI Akt Big
MRS broth/agar(MRSB/MRSA, Difco, Becton Dicknson Co.,
Sparks, MD, USA)E ARg-sto] Aol wet AA| T 114
HjoFelATt. 6 F79] isoflavone A % HIHHIA] FEQ
daidzein, glycitein?} genistein Z HiFA] FE{Q] daidzin,
glycitin®} genistine= Sigma-Aldrich(St. Louis, MO, USA)O]|
A SIS, ikt ST 25 A 2780l 4
L5} A|9F 2 2.4,6-azino-bis(3-ethylbenzthiazoline-6-sulphnoic
acid)(ABTS), 2,2-diphenyl-1-picrydrazyl(DPPH), trifluoroacetic
acid(TCA), thiobarbituric acid(TBA), p-nitrophenyl-a-p-glu-
copyranoside(p-NPG), p-nitrophenyl-butyrate(p-NPB), o-glu-
cosidase ¥ pancreatic lipase &A] Sigma-Aldricho]|A %)
jo] AR5} Methanol, acetonitrile, water 2 acetic acid
59 AoF 9 f7]-80l= J.T. BakerAH(Philipsbug, NJ, USA)
oAl FtQfsto] ARG CH, 11 9] 7]Et Aok HQof wiet

ARG 1T B ST AR TYt] At

247]7)

Lo Al BAL oAl ZARS-EA17)(L-8900, Hitachi
High-Technologies Corp., Tokyo, Japan)g AR8-5l0] 435}
FOom, isoflavone A2 high performance liquid chro-
matography(HPLC, Agilent 1200 system, Agilent Technologies
Inc., Waldbronn, Germany)& AR5} o] 9 S &
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A 9 23hEL AR 2HS BREAU-1300
240V, Shimadzu Corp., Kyoto, Japan)E ARE5}T}

S8 WA |i2 0|8 LE F-EY F8 AHX
8 AlZ A, Lactobacillus plantarum P12012} Lactobacillus
brevis WCP02 w55 Z1ZF MRS HAH[A]of] A TF F5}o]
37COIA 3U7E NES7E 10%-10° ol &g vigsto] &
2 Zulstelth SUR( kS 12412 71eF ol Belw
271 A 5, 100CoIA] 3053 245t 3 45CoIA 297
x5l Eaffeto] F B SHIsilHE HIE T £ 20
goll SF(180 mL), AR50 gy H7F H TRt o 12
1CoA 1587 Axtsto] F B F/E AXskith 7]
of FHE I+ 5 mLE HFA7]2L, 37CAA 72A1F 52
aAA HEHoE UE F Y 578 AXsuh

pH, ME o M3+ st 23
WE ARPE F BT R4 1 mLE Fske] pH ]E7|(MP

i)

220, London, UK)E &A1, Ales= 254 49 mLe}t
ZY7+o] AlE(1 mL)Z H7}5k2 0.1 N NaOH fHRo g =3}
AAstlon, HFTHORE lactic acid= FHAFSto] WHELS
2 Uit

i e qAF AFo) ad Azte] AATy |
mLE 10%-10" $£F02 WAERE 3|4 5k, 1 3|49
0.1 mLE u]2] A3 MRSA HjAo] $35le] Egos
15 B F 37COIA 48A%F Wik F AAE Wees
“gstol CFU/mLE HERfR{ch

AN il

Q2lopjiAr 24

oAl B2 7 A8E 521Xe & E4isto]
w2 SH[EI 22 1 gofl HPLC water 5 mLE 7ot
F 60TOIA] ZHREs] 4L 1417 WHch. o 7k
=] 10% S-sulfosalicylic acidE 2 mL 7|5}l 4CoflA] 2
AIZE AN A Sl d S A7, 5,000 rpmo] £ 3
2 AEEsH] $8AFE 60T oA A 5FAIA 0.2
N lithium citrate buffer(pH 2.2) 2 mLZ -8-3l5}al 0.45 um
membrane filter(pore size 0.45 pum, Advantec MFS, Japan)
£ o3t &, opu)ieAl AEEA7] 2 A76l] mg/100 g
Z YeERYIthHwang 5, 2018a).

FEE A2

228 AR Hwang S(Q0180)) 3] wet 242}e] 2
a2 ol 80% WE F4 40 mLE 7okl 25TolA 12-16417F
AT WHIAZ| 1 YRS ASHS 0.45 um membrane
filter2 oJ3}SF & YXH = isoflavone 410 AME519ith Lt

HAE FF S | mgmlE AR5, ol s} 24
3 Aot EA A S0l ARSI

il

Isoflavone £4

Isoflavone £41-& Lee S5(2019)9] Hyo]] &35to] HPLC
2 A EAs9. Column Lichrophore 100 RP Cig
(Merck KGaA, 125 mm»x4 mm, 5 pm, Darmstadt, Germany)
< AR5 o, o]lsA) 80 A(0.2% glacial acetic acid in
water)@} B(0.2% acetonitrile in glacial acetic acid)@ A5}
of H4g SIS 2 Bu) T} 2L B SofE T1E0
2 00%(05), 10%(155), 2006(255), 25%(355), 35%(45-50
BE FASHIH. ZF &9 AT 20 pL= A5,
o]5 4 &= 30TCoA + 1 mLe| §52 F-A[5to] 254
nm2] diode array detector(DAD)°]|A] vdA|(daidzin, glycitin,
genistin)@} B[ A (daidzein, glycitein, genistin) 65F5
A&

2l 2784 24

DPPH 9 ABTS 2tz AAEALS Cho 5(2018)2] 1
o 7l&H A B R $=3¥53ith DPPH 2t AAS
42 429] F52(10 mg/mL) 0.2 mLE AJHHe] F3taL,
DPPH (1.5x10™* M) €9 0.8 mLE 7}5lo] oA 1587k
YREAIA 527 nmo|A SFEE S5

ABTS 2z 2752 WERZ(50 mL)o]] ABTS &(7.4
mM)Z} 2.6 mM9] potassium persulphateE 1:1%2 23}5}10]
12-16A17t 37t Aol A ABTS Jol2Z FAIZH. olF
732 nmol|A] Z3%0] Zro] 0.8+0.027} HEE Here s 2
Aolal, 2= ABTS 8N 0.9 mLo] Zzke] 25 0.1 mL
£ 7I5to] A 3850 732 nmojlA S45tATHCho 5,
2018).

Hydroxyl ]zt AA5L A|d3o] 10 mM FeSO4-
EDTA(10 mM, 0.15 mL), 2-deoxylribose(10 mM, 0.15 mL),
H0,(10 mM, 0.15 mL) Z4Z}9] &8 1.2 mLE A== 7}t
2t & 37ColA 4A7t B3-S SIS o] RSO 1%
TBA%} 2.8% TCAS 1 mLA 7}5t & 100C o)A 20871 &
AAZ|12L YZb & 525 nmollA FBE HIE S5kt
(Lee 5, 2018a).

ASIEA AHfjgtd =3

Aok 4 A& 4L B51E(o-glucosidase) T A|Rf
(pancreatic lipase) ElaA T+ 7FAE Lee 5(2019)7} Hwang
5(2018d)9] ®Hof ulet AA|5FA. a-Glucosidase A3
432 200 mM sodium phosphate buffer(pH 7.0)°] p-NPGE
BIAA HF 5 mM FE=E 78S ARSI 70| =
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£ 718-84S 1.0 mLA H7isto] 37C9] A" 2%
oA 1027t ofB] ¥-GAIZITE o] Hg-Eo] o-glucosidase(10
U/mL) 3488 5 H7I5taL, tHA] 37CoA 1087 &
AR FE5HT ¥ ¥ NaCO5(100 mM) &4 0.75

£ Z7Iote] W82 SEAIZ H 420 nmoA 3% gt
< S5

Pancreatic lipase A|3f&4-S ZF 32&E37} pancreatic lipase
BAEH(10 UmL) 0.05 mLE A[g3o] Fstal, of7]of 200
mM sodium phosphate buffer(pH 7.0) 0.05 mLE 37}5}o]
AFFL2FR(37C)NA 10827F AfBEkeS AlFT oH]RE
2 & 200 mM sodium phosphate buffer(pH 7.0)°] &%
p-NPB(5 mM) 7|45 0.1 mLE 7IRE & F5UsHA 37T
A B 8RS A]7]) T NayCO5(100 mM) 0.75 mLE A7}sho] ut
S = A 420 nmo|A FBEE SF5IH e, 2
E ooz U 45kas ASEHL 7t 2EE YA EReE
ARgste] 7 24 R e] S8 AolE oY
Alof| tiYdsto] WEE(%)E HEFHATE

AN =(%) = (1 - FHET/ A7 F35) = 100
SAA2

7} 9 4w Sagsteon], B A

242 eyl

Ir

YA EEH

¢

my

oy

=
=

i

NZIO| M2 B-2% £90| ofstEty £4 wst

W A7) T2 0.9 ofsishy B4 S Table 17}

7H4.57), 36A17H4.22) L 48AI7H4.177H A= AAE L= 2
ASI9T, olFol 217} 424 9 4252 OB} 2Nt AY
o}t AE= g %7] 0.48%° A LE 48A17HA] 1.60%
& HE0] S7Ioke ATE UEleH, pH7F 5715t AR
Q1 R 60AIZHE 24170 = ZH2E 1.32%= 9 A
She A= UEUItK(Table 1). At A 271(5.76
log CFU/mL)%¥] ¥Fq 36A17K7.36 log CFU/mL)7HA|= L.
plantarum P1201 #<57}F F23] 27161900, ha 484171
B T2AHA= P1201 957F g 7HAstol wet L
brevis WCP02 w7} 6.33 log CFU/mLOJA 8.54 log
CFUMLE F7Fohe A3 Uelier, & 4= 98
1y F HEs] STk

@Al gt draofa= pH7F Z4sskal ofof AFg-5to
A7t 718k o] Al B el fARE T 24 E
ALollA = pH o] wet 4Her} S71ske Xt Bk
AcH(Lee 5, 2018a; Lee 5, 2018b).

Y RN OE 3-2Y FRel [Elom| L4t Bk 3}
48§ FEforulieAt £4 A¥h= Table 2 9 Fig. 13}
23t Ta A 7zl 23 vjgsotu|iAte] & g
A27] 623.24 mg/100 gof|A] La 72A17FA] 1102.75 mg/100
go 7 A &7t o] % aspartic acid(12.61 — 30.26
mg/100 g), serine(28.32 — 108.99 mg/100 g), aminoadipic
acid(7.31 — 87.82 mg/100 g), glycine(15.08 — 75.29 mg/100
g), alanine(83.14 — 123.01 mg/100 g), a-aminobutyric acid
(3.06 — 9.16 mg/100 g), cystathionine(5.31 — 10.88 mg/100
g), P-alanine(32.43 — 37.99 mg/100 g), B-aminobutyric
acid(45.37 — 74.29 mg/100 g), hydroxylproline (16.34 —
27.26 mg/100 g) 2 anserine(6.88 — 14.33 mg/100 g) 4f

Table 1. Changes in pH, acidity, and viable cell numbers during fermentation of soy-powder milk by mixtures of probiotics L. brevis WCP02

and L. plantrum P1201

Fermentation time (h)

Index
0 12 24 36 48 60 72

Physiochemical properties

pH 5.84£0.29"  4.72+0.24 4.57+0.23 4.2240.21 4.17+0.21 4.2440.21 4.2540.21

Acidity (%, as lactic acid) 0.48+0.02 1.08+0.05 1.13+0.06 1.34+0.07 1.60+0.08 1.32+0.07 1.32+0.07
Viable cell numbers (log CFU/mL)

L. brevis 4.48+0.22 3.1240.16 3.74+0.19 4.26+0.21 6.33£0.32 8.26+0.41 8.54+0.43

L. plantarum 5.76+0.29 7.36+0.37 7.77£0.39 7.36+0.37 5.37+0.27 3.75+0.19 4.2540.21

Total 10.24 10.48 11.51 11.62 11.70 12.01 12.79

DAl values are represented as the meantSD of triplicate determination.
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Table 2. Changes in free amino acid contents during fermentation of soy-powder milk by mixtures of probiotics L. brevis WCP02 and
L. plantrum P1201

Fermentation time (h)

Contents
(mg/100 g dw”) 0 12 24 36 48 60 7
Non-essential amino acids
Glutamic acid 100.38+5.02”  234.88+11.74 290.13+14.51 271.86+13.59 236.79+11.84 182.48+9.12 177.91+8.91
y-Aminobutyric acid 32.05£1.61 4720236  65.30+3.27 75.7243.79  82.53+4.13  83.2244.16  76.22+3.81
Aspartic acid 12.61£0.63  31.51+1.58  32.68+1.63 13.81+0.69 8.25+0.41  26.38+1.32  30.26+1.51
Serine 28.32+1.42  86.15+4.31  117.31+5.87  107.24+536 55374277  83.1444.16  108.99+5.45
Aminoadipic acid 7.31£0.37 26.71£1.34 51.01+2.55 72.42+3.62 58.34+£2.92 55.15+£2.76 87.824+4.39
Glycine 15.08+0.75 61.98+3.11 79.11+£3.96 77.08+3.85 40.25+£2.01 57.33£2.87 75.29+£3.76
Alanine 83.1444.16  141.45+£7.07 159.47£7.97  117.63+5.88 72.60+3.63 99.38+4.97  123.0146.15
Cystathionine 5.3140.27 8.90+0.45 8.51+0.43 8.02+0.41 4.71+0.24 7.64+0.38 10.88+0.54
Tyrosine 26.95+1.35  21.50+1.08 8.22+0.41 9.06+0.45 5.85+0.29 9.46+0.47 12.99+0.65
B-Alanine 3243+1.62  73.58+3.68  87.06+4.35 80.70+4.04  49.59+2.48  33.19£1.66  37.99+1.91
Aminoethanol 4.92+0.25 6.22+0.31 7.71+0.39 6.90+0.35 5.29+0.26 7.53+0.38 7.35+0.37
Hydroxyproline 16.34+0.82  12.50+0.63 17.0240.85 16.00+0.80 2.12+0.11 23.23+1.16  27.26+1.36
Ornithine 2.46+0.12  193.7249.69 233.48+11.67 217.50+10.88 126.26+6.31  179.51+8.98 215.45+10.77
Anserine 6.88+0.34  10.37+0.52 9.93+0.50 11.84+0.59 5.09+0.25 13.7840.69 14.3340.72
Carnosine ND? 41.85+£2.09 30.89+1.54 75.03£3.75 7.85+0.39 9.07+0.45 10.83+0.54
Arginine 153.13£7.66 ND 2.39+0.12 5.98+0.30 1.64+0.08 2.32+0.12 2.72+0.14
Total 527.31 998.523 1,200.22 1,166.79 762.53 872.81 1,019.30
Essential amino acids

Threonine 0.93+0.05 3.91£0.21 69.66+3.48 5437272 28.69+1.43  43.1442.16  58.76+2.94
Valine 26.11x1.31  86.40+4.32  93.824+4.69 76.27+3.81 38.40+1.92  55.71x2.79  77.17+£3.86
Methionine 14.40+0.72  27.74+1.39  30.53+1.53 24.19+1.21 12.78£0.64  18.91+0.95  26.34+1.32
Isoleucine 24.01£1.21  48.544243  55.964+2.81 43.95+2.20  17.0740.85  26.12+1.31  40.39+2.02
Leucine 49.19+2.46  139.14+6.96  181.8149.09  161.10+8.06 69.49+3.47 98.96+4.95  144.33£7.22
Phenylalanine 44.93+2.25 120.31+6.02  162.21+8.11  137.90+6.90 69.04+3.45 93.18+4.66  128.90+6.45
Lysine 36.93+1.85  77.44+3.87  89.32+4.47 76.08+3.80  48.09+2.41 59.6142.98  77.21+3.86
Histidine 14.63+0.73  29.72+1.49  39.21£1.96 36.14+1.81  23.29+1.16  29.54+1.48  36.00+1.81
Total 211.13 533.2 722.52 610.0 306.85 425.17 589.1

Total amino acids 738.44 1,531.72 1,922.74 1,776.79 1,069.38 1,297.98 1,608.4

Ammonia 19.6140.98  34.84+1.74  42.19+2.11 40.48+2.02  26.69+£1.33  25.84+129  48.61+2.43

Ddw, dry weight.
DAl values are represented as the meantSD of triplicate determination.
not detected.

>
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Fig. 1. Changes in free amino acid chromatogram during fermen-
tation of soy-powder milk by mixtures of probiotics L. brevis
WCP02 and L. plantrum P1201.

8 27|Hoh Eg AT 34 Z7F6F3TE 3] ornithine
9] AL "hg 27| 2.46 mg/100 gol| A WA 72X 21.45
mg/100 gO 2 H|Wolu|iit & 7 2 F71ES YEehY
It Table 2). T4o}d|:ARQl threonine(0.93 — 58.76
mg/100 g), valine(26.11 — 77.17 mg/100 g), methionine
(14.40 — 2634 mg/100 g), isoleucine(24.01 — 40.39 mg/100
2), phenylalanine(44.93 — 128.90 mg/100 g), lysine (36.93
— 7721 mg/100 g) 2 histidine(14.63 — 36.00 mg/100 g)
A €Fg 2A7H 2% 2716130 E9] leucine 49.19
mg/100 golA 14433 mg/100 gO 2 7} 2 Z712Ee e}
Witk Table 2). $HH, ®q *%7] glutamic acid?} vy
-aminobutyric acid= Z¥Z; 2353} 70800 &% (Fig.
1A) ¥8 27| glutamic acid S 100.38 mg/100 gof|A]
HhE 124)7H234.88 mg/100 g)T} HFE 24A1ZHA 290.13
mg/100 g 02 714 Wo] Z7}519 T (Fig. 1B), B 36A]7F
HE 271.86 mg/100 gO 2 A5, 2a 48A)7H236.79

mg/100 g), 60A]7H182.48 mg/100 g), 72A17K177.91 mg/100
g)oll 24 glutamic acid 2 A1415] 7H451SIHE. GABA
Slgo 234 Zvlslo] dha %7 32.05 mg/100 gol|A] ¥ha
12A17K47.20 mg/100 g), & 24A17H65.30 mg/100 g), T
B 36A1ZK(75.72 mg/100 g), WE 484]17K(82.53 mg/100 g),
E 60A17HA] 83.22 mg/100 gO 2 I Z7fet91, Wa
A7l 7622 mg/100 gOo & <kt 7FAstTKFig.
10).

g8 g 5 54 feoplicilo] F7beke A=
Baumann 5(1991)9] 5780 & ol-&3t gy a8 A+ 23}
o YRI5 Pyo(2008) A & AL} FARE FH 2| F-
T ol&e F ¥R I F fEopmiAl F ol
2,936.2 mg/100 g 2 F7IRkE Hisigion, & AFote
ARSIt £3] Pyo(2008)= LaF B TaE Fof H5|
arginine T TASITIA 511, lysine, leucine, pheny-
lananine¥} 72 Worofu| L ARS. Z7ISHCET B T5HY L, O]
22 A= £ ot 299t X5k Kamiya(2002)2k
Aoyama 5(1996)2] Ax}o]| =1 FZ|opu| At 73} 7|
Zof| g7 AT Fojigt ope}, g5 £%l(Aoyama G,
1996) & FAtSKHoppe &, 1997)2F 22 22 JdeH4 &
e BAstgnt wEhA B2 o)A AxS aFRe v
HA] isoflavoneHt o}zl GABAR} o] -R-2jofu| Al
Eo] FHolnZ ojn] &7 FAEY(Hwang 5, 2018¢c)7t
22 oFfey aaso] IAAQFeE WAEo] g AeE
7|}

Ya Az o2 -2 FR9 isoflavone & H3t

IR A OE FR]9] isoflavone T H4A A=
Table 3, HPLC F=PHE 19 H3k= Fig. 200 eIt &
6579 AT AEEULL YR Z7|0ll= daidzin(peak
1), glycitin(peak 2), genistin(peak 3)°| F9. isoflavone 3}g+
=& UE O H(Fig. 2A,B), Ta 7|7to] S7Hd5 AlA
5] Aol Wa 60AI7H o= daidzin(peak 1), glycitin
(peak 2), genistin(peak 32 2rq Z7]of| vlsl] ZA| 745t
o} W8 2A17HollE daidzein(peak 4), glycitein(peak 5),
genistein(peak 6)3} 7+ B[HA] isoflavoneo] A F7Fot
= = UEHIIHHFig. 20). ¥R 27] A isoflavone
S 191047 pg/gol HAEHUL, TA 12AHH0l=
1,586.67 pg/gl = °Ft ZAAstylom, WA 24A17H o=
664.34 pg/gC & 79| thEE ZAsiGinh o]fox 2|&4]
o7 gasiion, aE AR = 110.12 pg/ge] AF
F| At oo AJ-g-sto] H[HiGA] isoflavone> FE3| S5}
£ S UEMIL R 12A17H] 453.89 pg/g, HE 244
7 18773 pglg, WA 36AA HEiGA| F b2 1,216.62
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Table 3. Changes in isoflavone contents and conversion rate during fermentation of soy-powder milk by mixtures of probiotics L. brevis
WCP02 and L. plantrum P1201

Contents Fermentation time (h)

(ng/g dw') 0 12 24 36 48 60 72
Glycosides

Daidzin 74623437317 842.95+42.15  452.07+22.60  23.69+1.18 21.41£1.07 22.02+1.10 24.04+1.20

Glycitin 183.5249.18  207.70+10.39  136.00+6.80 94.21+4.71 72.17£3.61 71.5543.58 76.00+3.80

Genistin 980.72449.04  536.02£26.80  76.27+3.81 12.45+0.62 8.40+0.42 8.95+0.45 10.08+0.50

Total 1,910.47 1,586.67 664.34 130.35 101.98 102.52 110.12

Ratio (%) 94.86 71.76 45.75 9.68 9.00 8.53 9.06
Aglycones

Daidzein 52.03+£2.60 158.95£7.95 329.29+£16.46  653.41+32.67 533.52+£26.68 565.37+£28.27  577.01+£28.85

Glycitein 12.95+0.65 21.51£1.08 38.91£1.95 57.20+2.86 61.69+3.08 67.33+£3.37 66.48+3.32

Genistein 38.62+1.93  273.43+13.67 419.53+20.98 506.01+25.30 436.30+21.82  466.83+23.34  462.42+23.12

Total 103.60 453.89 787.73 1,216.62 1,031.51 1,099.53 1,105.91

Ratio (%) 5.14 2224 54.25 90.32 91.00 91.47 90.94
Total isoflavones 2,014.07 2,040.56 1,452.07 1,346.97 1,133.49 1,202.05 1,216.03

Ddw, dry weight.

DAl values are represented as the mean=SD of triplicate determination.

ng/gC = 7P 3A S7FAa(Table 3 2 Fig. 2B), o|uf
HiA| 2 5E vl O] ML 90.32%2 UERGT
b, | 48(1,031.51 pg/g) A 60A17H(1,099.53 pg/g)oll=
HEgA] & Sl ot ZhAske AE e loH, H

A isoflavone

ol

s

| w2t deee 91.00 2

4 genistein o] F71hS Halstglon, 5] 5
of| 4] HiZA| isoflavone 747} Lojul= EAlo] H]Hj
isoflavoneo] F7lok= @A Akt 22 HE vy
o] /gok= ZAL otMlE 59 thAEEo] ool A3t FE
9] EaJ7} o]F0jA|1L, o]Eo] AJAok= B-glucosidase T4

0 ooft >
ﬂn 2 oy

91.47%= & © =019, HE 7247 1,105.91 pg/g
o= ozt F7Ielelal, WA= E H[EiFA] isoflavone A
e HEHOZ 90.94%= LFEFNQITE E3L isoflavone
Z 3RS 9HE 271(2,014.07 pg/g)olA EaE £5(1,216.03
ng/g) AlFo] 48 Fadi= 43RS YERYQItH Table 3).

Yang 5(2013)2 B. subtilis(X1Z21)%} L. plantarum(5-4t
W< o|8slo] EnfE FEH 7t 5 342 EE A X0t
LG Aiks 2 AT Aaels nRIA 2 sigA s 7
Aol HEigAlE F7RRITHL shoict oleh fARE A1ES1
240 B A Ta 27|Hoh g $7)o] v
isoflavoneo] F71¥t= Zo] oln] HIEtHCho T,
2009; Cho 5, 2011). TESE, URbH o= Fo] 79 wha 7
ZFolu @A et 22 &4 A2 Al phenolics 2}3HE0]
Z2Frhy B o, E3| flavonoid AE 9] daidzeind}
genistein®] 7 HHEZAQ IRIER F2fA UTHPratt 5,
1981). 3HH, Jeong S{(2005)2 F-L At 71=8H3)| A] daidzein

&, A8 A% & Zo=E oy AolA EiuEgo
(Hwang -5, 2016a; Hwang 5, 2016b; Lee &, 2018a; Lee
5, 2018b; Cho 5, 2018). £3] & 7oA AR&3F -S4}
AR AANERES B a0l AE851¥S Al Lactobacillus
acidophilus~= YW isoflavone Z¥HE0] 63%F 1,
Lactobacillus casei= 77%2] 23S YEfjo] & A4 2
Tohe gAY ShkElcDonkor®} Shah, 2008).

M Y Asg

ke

& AzZio| mE -2
A Y HE

g A7l w2 F5-9] g AT AStah A
o] H3k= Table 49+ 29t} DPPH &tjzd AAGE &
A A}, 9 27|01 30.23%2] AAZAS HJT, Ta
UATN A= 2AZGA) WSt 34 glolor, Ha 364
7H(43.51%)01 4 HE 48A1ZH61.47%)7HA]= A1A13] 57Tt
A, 9E 60A17H} 724171 0] Z+2F 88.03% I 88.50%F

FRol st

e
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Fig. 2. Changes in isoflavones on HPLC chromatogram during
fermentation of soy-powder milk by mixtures of probiotics L.
brevis WCP02 and L. plantrum P1201.

7V A S7F6iH. ABTS 2oz A4S Ua 27|
59.71%014 & 7287 74.54%= UERE O 24 DPPH
o= t=2A Ha g 5 AAS] S5k AE UEURL
t}. Hydroxyl 21t} 9A] ABTS®}F AA|ok= ZikE e
om, A\ 27] 65.51%9] 53t 2ALGE YERASIL,
U8 Y 5 A4S S7Iste] 124170l 76.10%F YE
WAt

U457t Aggdo] wet HE ZHd AAZ0] Sk
ZAit= 2rg 74 5 A= total phenolics L H|E{EA]
isoflavone gt o] QY= Aoz TWHEthKim 5,
2000). Chung 5(2011)2 ¥=5 3 ¥ T 55 =749 4|
I AoflA] phenolic ¥ isoflavone SHHE Hefol H]E|s}od
AL 4ol F7IRkE Harsiqltt. Egh Fol ofd o
50 E55E F3AY0KS A, ARNk3ol <]
phenolics 2FtEo] AA4J=|1L, o] Ax} Fiks} G40 S7et
o3l Yound} Chung(2012) ¥ Durmaz®?} Alpaslan(2007)2
B 315}9t}. o]2 % phenolics?}; HIHiEA] isoflavone SIFHE
S2 st g0 27 Flolele AR AmEr,

QHH, o-glucosidase(T2Hs 25 A2 IR 27
12.38%9] 0% W] UERET, BHL 12475 18.43% <7t
71t eH, art 2] wet 31.97%, 36.28%, 40.05%,
43.62%, 45.38%% 2zt Z71513ek. S, Bha 244171714
= pancreatic lipase A3 &4J0] 8-11.28%= = X}[o]|& Ho]
A] QIQFOLY, MAZARE| 17.07%5 27 71K B
Y 5 A48 S7Iste] T2A17H0l= 34.53%9] A5l S
= YERASLTH

o-Glucosidases= A7 dho] EAjok= aiolH, A& A
F Al s ey 999 dERE Edflcks 7e=
SRR Aslet Fopof IoAolt). o] BpdlE 3d B4

Table 4. Changes in antioxidant and enzyme inhibitory effects during fermentation of soy-powder milk by mixtures of probiotics L. brevis

WCP02 and L. plantrum P1201

Activities (%)

Fermentation time (h)

0 12 24 36 48 60 72

Scavenging activity against radical (%)

DPPH 3023151V 31.54+1.58  31.65£1.58 43.51+2.18  61.47+3.07 88.03+4.40  88.50+4.43

ABTS 59.71£2.99  60.50+3.03  63.1243.16  66.5443.33  69.69+3.48  73.49+£3.67  74.54+3.73

Hydroxyl 65.51£3.28  66.44+3.32  66.84+3.34 68314342  69.44+£3.47  71.974£3.60  76.10+3.81
Inhibitory activity against enzyme (%)

a-Glucosidase 12.38+0.62  18.43+0.92  31.97+1.60 36.28+1.81  40.05+2.00  43.62+2.18  45.38+2.27

Pancreatic lipase 8.00+0.40 10.00£0.50  11.28+0.56  17.0740.85  21.76+1.09  32.34+1.62  34.53+1.73

DAIl values are represented as the meantSD of triplicate determination.
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AsirZl AtRe 25 F JA0] UE FAe= Aa
A7 2 Slo] B ARAZE A8HT UchLee 5. 2014)
TS dubA o7 o tiAfo] wet A4kl FE7E doju=t,
ol Al W &AAE IRt dEA Qlol(Kimy}
Yoon, 2014) o]e} Z-2 FF A5 A= AAH LR AlSHA]
AEA WA B T3 QL& A0 7|dhEch A, lipase
£ F8olA A== B4 F PR FHATS Adlot
=8 E2Z = Baolnh T2y A o] B2 AES
o} AF6IA= Aloll= QAo = AHARS: triglyceride
& A= Aok EA] Al QA o Ao S4=H AlF
o] Z7ISHA Hot A &3t ol F8% g sl
lipase &= ASIAIZITHA A[Ho] S =] okl Hlo|= wid
Hown qNERTIT 22 H8S o 2 JckKwon
5, 2014). Park(2013)2 B8 HA AEEL poly phenol 3t
g3k glow, o} 2o APARe] ZaE ok,
71 A3 A S8S AT B st Kim -5(2000)
2 21%%9] flavonoid SFHE0] th3l a-glucosidase #|3f&
AL B2 =A% 23} luteolin, amentoflavone, luteolin
7-O-glucoside, daidzein, genistein A2 A& G1ME
UERHTH B 53 53], Park 5(2009)2 °lE 3HekE
% daidzein®] 739 100 pg/mL BLo|A F 80%S] <=3t
a-glucosidase A &4Jo] S-S HI51g o, o] AujzH
B 2 AtolA] A&t YRFH2] AF9ol% daidzeindt Z-2
Chegat flavonoid SFEHEe] 71<l5to] B0l Lehd 2
o= mhEch §HH, pancreatic lipase A3fEHJ9] AL, o)
330] 1l 42 22204 thake] polyphenol B0
OJ3} lipase A3[&/dZ UeEPHTh= Park(2013)9] Hi1%= QL
At HH, Kim 5(2009)= E33 A E5714S A|shs)
= 242 Wd =014 K€ flavonoid] stghEolzt
B 5191, Behloul®t Wu(2013) 2 Lee S(2013)% A5 A
TAIEO] daidzeinT} genistein FEES FFSAIZE Al @9
A Tt A4S HAIsI3iH: 0]2] Hong 5(2010)2]
ARFA QOB RH lipase AiEA &4 £ At oA
& flavonoidA] SFHE % kaempferol-3-O-sophoroside(ICsq
value, 20.3 uM), kaempferol(ICsy value, 9.1 pM) SF3HE0]
lipase A3f&/do] Sli= A 02 HISIGItt wEbA ol=gh
AFANEZ ST Ay B dolA Az daFRo
79 28 IAo] w2} daidzein Y genisteino] A F7}s}t
L, =B &4 5 polyphenol 4 4 A= 2%k
ou g F AR o] SVRITHL 7] BaE ot
F T =5of o<} flavonoidd SISHEEC] 93] a4
AoE UEhd ZeE e

207, B3 fAto g2 MR ATl F-f-= phytochemical
St ik} o] WRAR Bl d o E FTl6s A%

= UEHAH. E31, GABAL} H[HZA] isoflavone Tt A
2h&o] 60AIZIIA] HE3] STt o, T2AIKHA et A
Sk= A UEIT & A2 oy k¢ g Azt
Aokl R854 S 1, XA YBRAIES 604
Ho=E 2ol "aT Ao wrErk J3Hg B AofA
ARgSt B3l AAAAL. plantarum P1201 2 L. brevis
WCP02)5-2 7 a7t 23] w2t HlEigA] isoflavone
I} GABA 3tg0] FAo] SRIEEZR isoflavoneo] 2J3k o4
SEE YA, GABA| 9Jgt EPAst 52 53 85
Uetf= AF dEE &8 71T 208 AlEHrh

o OF
g = =

H A= Lactobacillus plantarum P1201 9 Lactobacillus
brevis WCP02 #F5 Algslo] T BT F8(soy-powder
milk, SPM) %8 Aj7to]] wE 7}N(y-aminobutyric acid,
GABA)2} o] AETHE oFg 9 hilsl &4 HeksE S4513
o} SR SRR g 4R A FUVeR L
(100.38 — 290.13 mg/100 g), B 72417k Folli= 74519
TH(177.91 mg/100 g). 1=t} 7H} g2 & &9 77 U=
2 32.05 mg/100 g(OAIZHOIA 76.22 mg/100 g(72A]7H 02
A F7FetTh E3E T £ 55 48 59t vigA olh
Z2}29] daidzin(746.23 — 24.04 pg/g), glycitin(183.52 —
76.00 pg/g) I genistin(980.72 — 10.08 pg/g) TFS A
a5l o, ool A-&ste] BlEigA o]AETRE2 daidzein
(52.03 — 577.01 pg/g), glycitein(12.95 — 66.48 pg/g) &
genistein(38.62 —462.42 ng/g) TF> A 7K &
Al B 9 ASkaA Ao G4 A F 2T F ER
% A S7FIAH. E3]1, | mgmL 5% A2 A| DPPH
(3023 — 88.50%), ABTS(59.71 — 74.54%) @ hydroxyl
(65.51 — 76.10%) 2}cjzt 2A EAJT} pancreatic lipase(8.00
— 34.53%)%} a-glucosidase(12.38 — 45.38%) #|3] &4Jo]
Flei,

A 2
AT 2016WE WS89} SHATARe] 712 ATAY
2I(No. 2016RID1A1B01009898)9] A} FAHIA7| G5
oA Aedek= 2018 Ak AFSHIEE 71e7EAI(No. S26
66938)2] A|glo]l 2J3f o]Fojxl A3yt
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