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ABSTRACT

This study was conducted to study the changes in the physiological
activity of soymilk made from ’'Shinhwa Soybean’ grown in Jeju due to
ultrasound and fermentation. Soymilk was prepared by preparing Shinhwa
soybeans (SH) and Baektae soybeans (BT). After removing the bean fat,
soybean milk was heated, soaked in water, pulverized, and sonicated (0, 3, 6,
9, 12 min). For fermentation, the lactic acid bacteria were isolated from
kimchi, and then the formation of GABA was confirmed. Moreover, the lactic
acid bacteria with confirmed GABA formation were identified as Lactobacillus
brevis by 16S rRNA sequencing, which was then used in this experiment.
After sonication, solid content, pH, color, reducing sugar, ABTS free radical
scavenging activity, DPPH free radical scavenging activity, total phenol
content, isoflavone content, GABA formation, and quantification were
evaluated. Experimental results indicated that the solid content increased
depending on the ultrasonic treatment time. The ultrasonic treatment was
effective in reducing sugar increased as the sonication time increased. In the
antioxidant activity analysis, Shinhwa soybean increased in ABTS free radical
scavenging activity and total polyphenol content. In addition, both ABTS free
radical scavenging activity and DPPH free radical scavenging activity
increased after fermentation, and the total polyphenol content of Shinhwa
soybeans increased even after fermentation. In the isoflavone analysis, it was
confirmed that glycosides greatly decreased and aglycones increased according
to the fermentation of lactic acid bacteria. The GABA content was also

increased after fermentation.
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WALl BastHA Aol ARESAT RluEA S fEA dHEFoR A
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Dried Shinhwa beans and Baektae beans

Washing
(6 times)

Soaking
(16 h, Dried soy : water = 1:4(w/w))

Dehydration

Water addition
(Dried soy : water = 1:5(w/w))

Heating
(90~95C/30min)

Dehydration

Grounding with water

(Dried soy : water = 1:6(w/w))

Filtering

Ultrasonic treatment
(20kHz + 50 Hz, Probe 25mm)
(0, 3, 6, 9, 12 minutes)

Freeze drying

Figure 1. Production of ultrasound processed soymilk.
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WoATelA AR AEH FAre AFAYG g A4 e wWFaA

O

oA welehirh MERAE A A9 F 085% NaCl §91€ 147 A

gl £ Bromocresol purple 0.006%(w/v)E X3¢k MRS Agar (Difco, Detroit,
MI, USA)el 0.1 mLA FA=EH o2 HFsto] 30TolA 48A17F &<t H Hulj
shlth. Ak o) Fele AE dAFA =89S Y dAE ddeR 2
7] B 5o Fuet 5o wep FAE Addbste]l MRS A ujA el 3%}
AfuFsle] =g sttt ols FFE 20%9 glycerolo] ¥ wj X o] F

F3te] -70C9o =A2WE 1 (DF8S1TS, lishinbiobase, Daejeon, Korea)oll X

232. #3948 FATLZHE GABA A4 F

Wi =25 28 fhe] GABA AAls 91 Hwang 5(2018)9 W
He Fasdn. ® e 20009 fAE 7 FE 5% MSG  (monosodium
glutamate)7} %ol & MRS AAul#] HE3 5 30Tl A 4841+ E<t uf

= FE2 %7 13,000 rpm
oM 1E3 AAEHE AAsdd. 1 & Aedoer EHS AAskdh
GABA #42 silica gel 60 F254 thin layer chromatograpy plate (Merk Co.,
Damnstadt, Germany)Z ©]&3le] TLC A4S AAEAt. A7)&9 = n-butyl
alcohol : acetic acid : distilled waterg 4:1:1(v/v/v)e] Hl &= E3tsto] A9
A 3AIZE A Z T TLC plateol 0.5%, 1%, 5%<9 GABAXT¥ 3 MSG %+
F, fakt wga s 47 2yl "AHsa 10-15 mmE fFAEAT HE F
TLC plate®] sampleE A Zx3 & A7stA 1, A7 € TLC plates A<
ol A ok 3087t AXAIATE AXFE TLC plateo] A 0.29% ninhydrin
(Sigmaaldrich, St. Louis, MO, USA) &5 He2]al heat guno = T4 {53}
of Eletdith. Aok GABA S1A¢F AR Wl=E Hlwsto] gQ16H3] AL,
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Figure 2. TLC chromatogram of GABA. Lanes 1-3 : 0.5%, 1% and 5%
MSG standard. Lanes 4-6 : 0.5%, 1%, and 5% GABA standard. Lanes
7-19 : Isolated lactic acid bacteria.
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2.3.3. GABA B4 T4 A

GABAd A o] 943t §2bit Lactobacillus SP.2 Aslal 16S rRNA & 7144

2 ol §

=

rol

T+ 4L nlo]eAME 2 Fslo] 65 rRNA E7]/ LS F&f &4
st o, BLASTn (Nucleotide Basic local alignment search tool) search$}t
CLUSTAL W Zg2a3l& Abgste] s #5929 A7I4d3% A9 dA =7}

Hi
=

& T2 16S rRNA #3497 4 S vlalste] §4gskaiv)
Al
of A7 4gre] #3134 A9 phylogenetic  treeE #IsA 1
Lactobacillus brevis ATCC 14869¢F &/do] 99.93% o= 7M1 =& Ao= 1

e}y th(Fig. 3).

%
2

#2412 Clustal X, BioEdit, MEGA 4 (www.megasoftware.net/)S ©]

o

op

-/
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10 OI:Larro bacillus acidifarinae DSM 19394T (AZDV01000008)

0% Levilactobacillus zymae DSM 19395T (AZDW01000036)
100 C@vﬂartobarﬂhﬁ namurensis DSM 191177 (AZDT01000040)
70 Levilactobacillus suantsaii L88T (MH730159)

— —————————Levilactobacillus spicheri DSM15429T (AZFC01000009)

rl.arrobari”us sp. KYB 12

100! Levilactobacillus brevis ATCC14869T (K1271266)

[L evilactobacillus angrenensis M1530-1T (MK 110858)
a7 Lactobacillus suantsaiihabitans R19T (MHS810313)

494|j£ evilactobacillus senmaizukei L13T (AB297927)

Levilactobacillus hammesii TMW 1.1236T (AJ632219)
60 Lactobacillus finuanensis 244-4T (MK 110862)
| SEE Levilactobacillus tangvuanensis 137-37 (MK 110859)
62—Levilactobacillus parabrevis LMG 11984T (JQCI01000059)
Levilactobacillus vonginensis THK-V8T (JN128640)
Levilactobacillus tongjiangensis 218-10T (MK 110863)
Levilactobacillus enshiensis HBUAS37009T (MN082021)

Levilactobacillus lindianensis 220-4T (MK 110865)
Levilactobacillus koreensis DCYS0T (F1904277)

Ly
[

Levilactobacillus cerevisiae TUM BP 140423000-2250T (KT445896)
95 Levilactobacillus mulengensis 112-3T (MK 110866)

Levilactobacillus paucivorans DSM 22467 (JQCA01000055

—
0.0050

Figure 3. 16S rRNA sequences-based phylogenetic tree showing the

location of bacteria isolated from kimchi.
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THANE Az fste] WA FAFS widEAdoh 14 dF wdS
MRS A wjx& Azste] Hyrg 5T o] MRS AA wiA o 2kt &
HEZ F 30ColA 2443 viefate] JFAdom AMEslt vigd #55 =
SA g ¥ FH(SHO, SH3, SH6, SH9, SH12, BT0, BT3, BT6, BT9, BT12)
AE 150 mLell ZH7F 2% (v/v)E Al (271955 oF 1.0 x 10° CFU/mL) % &3}
30Ce] gl 72417 Ek AAMG stk wEVE e dEY
(FSHO, FSH3, FSH6, FSHY, FSH12, FBTO, FBT3, FBT6, FBT9, FBT12)< &
A7 2(Cool safe 100, Fujitsu, JPN) $ WsH IS o, 4ol dod o o}

o &#stel Btk
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2.4. A%

241 pH % A F=(TA)

ZS9AE] 2w o wadE FHE 5 mL $HEe]  pH-meter (S470
SevenExcellence™, Mettler-Toledo, Schwerzenbach, Switzerland)® 24319
th At HALe HEZEeds ARE o] 01 N NaOHE Alg38te] =439

T AE 1 mLE 34 mg FEHoR AT B QL& 33 ukEE g

|t
A

242. 7t8AHLEE
252 AxH" FHE vortex mixer® Z 33 F F A (PAL-BX |
ACIC181 Master Kit, ATAGO Co., Ltd., Tokyo, Japan)E o]&3dto] =43}

BE 24e 33 wEsdr

ZedA g Fre A=E SA457] ekl AELHAB5 mm x 10 mm)oll F
=2 % Colorimeter (PCR-TCR 200, PCE Americas Inc., Jupiter, FL,

o HEHUS T4 FE9 WE(CIE L' : lightness), A2 %= (CIE

a : redness), FAME=(CIE b" : yellowness)E =A3ltt. =g [F

value: 9291, ¢* value: 4.15, b* value: - 15249 #< VElyon, »nE =429 3

Ze9xE 2 dgd FHY FHTd #4S fsted Miler(1959) 9]
Dinitrosalicylic acid (DNS)H & o]&3sto] F#H& A3t 1/10 #5= 34

S 33 AE 1 mLol DNSAI¢FS 3 mLE H7lste] whe-S 93t 90CAA] 5
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B ke A 7)o Ao WZhskdth 28]al UV spectrophotometer (DS-11,
DeNovix, DE, USA)Z 50 nm &3 =2 SA3IA ) GlucoseE: ZFA|E 2 319
Fol vl

o
2

3

ol

KeX
=

0, 200, 400, 600, 800, 1000 pg/mLe] FE& FA3lo] 5=
st

2.4.5. DPPH radical scavenging activity

Z59xe 9 waw FH9 DPPH free radical 27 58S =317 935k
Mensor 5(2001)¢] Wy oz =A3sAr}. 2,2-diphenyl-2-picrylhydrazyl(DPPH)
g "2l = 03 mM DPPH && £Hssi 4 dAxd AR 1 g&
10 mL9] ol gh&of Fola o] §Hg 20 mL #F3t9 0.3 mM DPPH &9 0.8
mLe} sttt o] EFE&AE Hlo] gle dhael 30&3F A Z T Ao

4539 % spectrophotometerE E3to] 517 nmol A FHEE SAHSHT. o] &

a

ﬂl
o
oX,
=
N
M
|o
fr
o
2
=
El

2 9] Control2 THTE AF83F91 1L, ascorbic aci
A th AAEA L ol e} .

Sample absorbance ) % 100
Control absorbance

DPPH radical scavenging (%) = (1-

2.4.6. ABTS radical scavenging activity

ZeoAe @ wagd 59 ABTS free radical 275 HS 3<ls7] st
M P E Nicoletta 5(1999)2] W& ol&ste] FAstth 7 mM ABTS+8 9
[2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt]¥}
245 mM potassium persulfateE W3}l &&slo] bAoA 16A7F vH-g-A] 71
t}. UV/Vis-spectrophotometerE ©]83}o] 734 nmol A &3 =7F 0.70£0.057} ¥
=E o eE R sAMgth 3AE ABTSE 19 mL¥ A& 005 mLE &33he]
gkt

A\
o

6 F Aol BAIgE F 734 nmoll A FEFEE
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1-(A sample - A blank)
A control

ABTS radical scavenging (%) = x 100

247 F Y= &%

ZodAd Fek TR HAssEe e SAs7] sk Singleton &
Rossi (1965)¢] W o2 Folin-reagent’} =9 ¥4 3g&Eo 93] 45
of FAMog WA= U E ol&r. sEAARHE MEF 1 g THFT 900
ulLo] =33 & 2 M Folin-Ciocalteu’s phenol reagent 100 uL< 78ttt 1
2la "ol gl ¢hadl 5837 ¥k A ZTh 2% NayCO; 300 uLE #H|ato] A3

ol Tt SRR 2 mL FESATh oAl hael A 1ARE v A7)

W

1l spectrophotometer ©]-€3}o] 760 nmollA THEE =AHIYPT. =4S
gallic acid €2 0, 200, 400, 600, 800, 1,000 ng/mLo. = 2A3F . A ZE9]
= ¥ dEFe 100 mLF 2 mg gallic acid equivalents(GAE) % 3% & 311t}

sttt oAl A 21(7800 rpm, 10 min)E sl e NS F 3T o] %
1S (0.2um PTEE syringe filter (Thermo Scientific, Rockwood, Germany)® ¢}
7tstel HPLC #2415 #vstsith HPLC ®F&9S A Zxst7] $l35te] Daidzin,
Glycitin, Genistin 3% 0.001 g& A3 Zo} &2 (MethanoD)ol ] 1 mL
2 3 JdS FFEPdHog AFE3FF TR Daidzein, Glycitein, Genistein %53
0.001 g& AE3 Zo} DMSO (Dimethyl Sulfoxide)el *¥o] 1 mL= 3dtHS #%
THddo g ot BFdNE 348k 05~50 pg/mL(ppm)o] H =% g A&

AEFEAE FFgHor gt HPLC 4& Column CapcellPak C18
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(Shiseido, Tokyo, Japan, 4.6 x 250 mm, 5 pym)2. = 283ttt o] x4 grj=
SN EUER : 01% EZFLRoAEAH F4£& Y 10 mL, FYZFS

10 L2 31 2 PDA detector (260 nm) o 2 43} o}
2.4.9. y-aminobutyric acid(GABA)9 HA £4

e A TR MSG #dl9t GABAS A THES Flstr] 9ste] TLC
plate®  °]&3sto] A4S HYstHTk  #Hlw AEFEZ Glutamic  acid
(Sigma-aldrich, St. Louis, MO, USA), y-aminobutyric acid (GABA) XAl 5
(Sigma-aldrich, St. Louis, MO, USA)E H|sl¥ . ¥5Al% (Glutamic acid,
GABA)= 05% F% 1, 5%¢ w%& AREsEA T A7l= n-butyl
alcohol:acetic acid glacial:distiled water (4:1:1, v/v/v) &d A A/NA A} 2t
AES 2 uL A FAAs] AxE A7 A7 & Aol AEAIZAT 0.2%
ninhydrine F3ske] 90C 102 &<F TS AlA GABA AA oAAFE &5t

.

2.4.10. y—aminobutyric acid (GABA)9 AZF 4

ol
-
£
a1l
=)
@)
=2
X
—_
\]
>,
&
off
Ay

AzxsAT GABA A= <13 acetonitrile®l] 5] A g
1-fluoro-2,4-dinitrobenzene =~ (DNFB)  solutionS  A}-83}¢] pre—column
derivatizationd} % t}. 100 pL DNFB solution % 180 pL &%, 100uL NaHCOs
(05 M, pH 9.0), 20 pL distilled waterS ¥ il nlHF3}o] 60CoA 60% &9+ <&
HES-shA T whg ga ¢ Aoz Wyzksto] 400 yl KH2PO4 (0.01 M, pH 7.0)
E ¥ 15% &9 Be AHAA wresdith. GABA £42 HPLCE ] 83t

S48t em Li et al. (20169 WS WS MgsAv. HPLCE



Shimadzu LC-20 series (Pump: LC-20AD, Degassor: DGU-20A5R, Column
oven: CTO-20A, UV/VIS detector: SPD-20A, Japan)® T4 % 2™ column
< Shim-—pack GIS, ODS (250 x 46 mm, 50 pm, SIMADZU Co., Kyoto,
Japan) & AM&3}tE. Mobile phase®Z+% 0.02 M photassium phosphate buffer
(pH 7.0), (solution A)¢} Acetonitrile (solution B)S AF&3} 1, Flow rate 1.0
mL/min, column temperature 35C, injection volume 20 pL, UV detector?
wavelength+= 360 nm#Z 3}9] GABAES #4399tk GABAE 0.0001-0.125

mg/mL WY ZFEEAS ZASt AE3A L, FEE2S 100 mg/mLE Al X
2 5 mm

slo] AL8-38F9 2™ derivatizationA] 71 WE-3-Y A4 filter= o ¥}3lo] &4
of AR-&3FSit.
2.4.11. TAAF

e ARE 335 wrEste S5l Ay W 2 EF AR FEAES
o}, B4 B4 (ANOVA) 2 TukeyH EE testE A 8390, AHFE HAEE
SPSS(version 24.0, IBM SPSS Staisticsces) AZE Y oS Alg&3le] FoAS
A7t P<0.05= Heoly A4 trol Fo3k o]zt AdFS e
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3. 2% 4 13&

3.1 225 {3 hE F#9 pHet Y=

Z5AE Az wE & 7FA F pHelF M= WStE Table 1.0 LEHY]
Atk SHE Z53A ] Algte]l Aojol wet pH7F Yol =], A e Al7ke] 6
Hol7bH Al pHe| zkelell FoxkE HERATHP<0.05). BTE X542 Al
ko] Aojx|WA pH7E StolAaE AARE, oAl ApolE e}

(p<0.05). A% FA o= SHE BTAHESY L@t 25342 Algto] ZHojAW
A YEREA R, o)Al Aol sk vERURL kth F, BTolA = 257 A
g A 7tell wEl golH el o]y} UERIAE 2Fokan(p<0.05), SHelHdE SHOZ}
SHI2A ololl MRt 6121 Zfo] & YEb AtH(p<0.05). a"dlA= SH7F BTHUY
Aol LpERLbAL glom, 2 EF Az wet SHe| a'= foH Aolrh fllont
(p<0.05), BT9] 4 HAolA Aoz fofxel Wty vebsth(p<0.05). b*
et AomT gk m=gAlo] gelo] H&= SH7F #4414 doAE BTHEY X
gk A et HRo] &g weh FAe] o AdfNe & F 3

o @ W Aol 4 FekAl tebsa, of
y)

©

I3
>
I
52
%0
i)

e dTolM=E Frel pHeE AEE geld & dfded, suidl diFE Az
& S pH7F 6380, LY a’, b7} 247} 56.86, -1.32, 5.31°]il(Han &,
2017), =4k REFo = A x3 Ff= pHZF 6800l LY, a', b™7F Z+7F 82.94,
243, 26,7722 YEstH(Jeon 5, 2015). ¥ A9k 2ol w4k T pHZF 6.50
AEFE veval, A4 FFol web By o 72 =dde] S4S Yl
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Table 1. Changes in pH and color of different soybean milk depending

on ultrasonic treatment time

Samples pH A Col(or A

L* a’ b
SHO 6.82+0.01% 75.67+0.93° -2.31+0.29° 3.07+0.54%
SH3 6.79+0.01%" 76.89+0.51% -2.10+0.05 3.64+0.28"
SH6 6.77+0.01" 77.01£0.57% -2.05+0.07% 3.38+0.44*
SH9 6.75+0.01° 76.41+0.10% -2.06+0.15 3.75+0.37*
SH12 6.78+0.03" 77.40+0.50 -2.12+0.18 3.24+0.13?
BTO 6.88+0.24* 76.90+0.07* ~1.76+0.12%* 1.64+0.24"
BT3 6.77+0.01% 77.92+0.05% -1.57+0.04* 2.12+0.06"
BT6 6.76+0.15 76.87+0.94* -2.07+0.22 1.25+0.14°
BT9 6.74+0.00% 78.07+0.05 -1.60+0.04* 1.82+0.07%
BT12 6.72+0.02* 77.83+0.53" -1.70+0.14* 1.70+0.05"

Data show in mean * standard deviation.

Different letters in the same column indicate significant differences in same bean type (p <

0.05). SHO, SH3, SH6, SH9, SH12 : Shinhwa soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes.

BTO, BT3, BT6, BT9, BT12 : Baektae soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes.
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Table 2. Changes in pH, acidity, and viable cell numbers of different
soybean milk depending on wultrasonic treatment time with the

Lactobacillus sp. KYB12 fermentation process

Physiochemical properties Viable cell

Samples Acidity numbers
pi (%, as lactic acid) (logCFU/mL)
FSHO 3.69+0.02 0.93+0.04 8.20%0.08
FSH3 3.69+0.04 0.93+0.05 8.24+0.04
FSH6 3.68+0.03 0.93+0.05 8.20+0.04
FSH9 3.72+0.04 0.95+0.04 8.23+0.08
FSH12 3.68+0.02 1.00+0.06 8.19+0.06
FBTO 3.76+0.04 0.96+0.03 8.18+0.07
FBT3 3.72+0.06 0.97+0.03 8.22+£0.04
FBT6 3.71+0.03 0.97+0.04 8.19+£0.03
FBT9 3.74+0.04 0.95+0.04 8.23%0.03
FBT12 3.80+0.06 0.97+0.02 8.25%0.04

Data show in mean * standard deviation.

There was no significant differences in same bean type (p > 0.05). FSHO, FSH3, FSH6, FSH9,
FSHI12 : Fermented Shinhwa soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes. FBTO, FBTS3,
FBT6, FBT9, FBT12 : Fermented Baektae soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes.
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Table 3-1. Changes in solid content and reducing sugar of different

soybean milk depending on ultrasonic treatment time

Solid content Reducing sugar
Samples
(°Brix) (ug/mL)

SHO 457+0.13° 360.07+20.13°
SH3 5.43+0.06° 320.07+12.06"
SH6 557+0.15" 372.07+24.19"
SH9 5.80+0.10%" 376.07+18.58%
SH12 6.13+0.58" 427 40+23.07
BTO 4.93+0.32° 347.40+2.00"
BT3 5.47+0.58" 354.73+7.57°
BT6 5.60+0.00° 384.07+35.35%
BT9 5.90+0.01%" 434.07+20.23
BT12 6.17+0.15% 428.73+41.00°

Data show in mean * standard deviation.

Different letters in the same column indicate significant differences in same bean type (p <
0.05). SHO, SH3, SH6, SH9, SH12 : Shinhwa soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes.
BTO, BT3, BT6, BT9, BT12 : Baektae soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes.

Table 3-2. Changes in Reducing sugar of different soybean milk
depending on wultrasonic treatment time with the Lactobacillus sp.

KYBI12 fermentation process

Reducing sugar

Samples
(ug/mL)

FSHO 305.17+11.55%
FSH3 331.28+25.51°
FSH6 254.06+21.50"
FSH9 227.94+30.29°
FSH12 275.72+98.98*
FBTO 360.72+24.96
FBT3 380.72+25.62°
FBT6 371.28+20.84°
FBT9 346.83+4.417
FBTI12 383.50+25.17*

Data show in mean * standard deviation.

Different letters in the same column indicate significant differences in same bean type (p <
0.05). FSHO, FSH3, FSH6, FSH9, FSHI12 : Fermented Shinhwa soy milk ultrasonicated for 0, 3,
6, 9, 12 minutes. FBTO, FBT3, FBT6, FBT9, FBTI12 : Fermented Baektae soy milk

ultrasonicated for 0, 3, 6, 9, 12 minutes.
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Table 4. Changes in ABTS, DPPH radical scavenging and total phenolic contents of different soybean milk

depending on ultrasonic treatment time with the Lactobacillus sp. KYBI12 fermentation process

Radical scavenging activities(%) TPC
ABTS DPPH (mg GAE/g)
SHO 24.22+1.25% FSHO 7547+1.70" | SHO 13.32+1.38" FSHO 30.94+124* | SHO  9522+592*  FSHO 98.55+6.28%1
SH3 24.21£1.09% FSH3 81.38+4.04* | SH3 1249+0.74 FSH3 35.27+2.94* | SH3  97.44+491*" FSH3 100.31+8.27*
SH6 26.80+0.75% FSH6 77.84+298" | SH6 12.84+2.01% FSH6 29.89+2.43" | SH6  96.46+1.12"  FSH6 110.94+7.05!
SH9  24.05+0.79 FSH9 80.00+2.72%' | SH9 12.04+2.22" FSH9 33.92+2.28" | SH9  99.11+4.41*" FSH9 106.73+9.10*
SHI2 2514+1.35% FSHI2 80.50+391% | SHI2 12.00+1.39® FSHI2 30.21+299" | SH12 91.77+345" FSHI2  102.14+8.98"
BTO 20.85+1.30” FBTO 7257+348" | BTO 19.18+0.75 FBTO0 38.83+3.84* | BTO 82.07+3.08" FBTO 77.80+8.79*
BT3 2248+0.73° FBT3 7519+155" | BT3 20560.13*> FBT3 3807458 | BT3 88.12+2.70®" FBT3 76.10+5.95
BT6 23.07+048% FBT6 71.94x163" | BT6 19.46+0.18" FBT6 36.68+512" | BT6 89.54+2.06" FBT6 81.82+3.25%
BT9 21.94+026% FBT9 73.72+2.72* | BT9 19.77+0.39 FBT9 40.38+2.73" | BT9 87.14+0.43®" FBTY 84.28+7.74%
BTI12 195742972 FBTI12 73.00+3.81* | BT12 19.49+0.79* FBTI12 36.19+357 | BT12 83.49+3.64® FBT12 85.35+6.05"

Data show in mean *= standard deviation.

Different letters in the same column indicate significant differences in same bean type (p < 0.05).

Different numbers in the same row indicate significant differences before and after fermentation, analyzed by t-test (p < 0.05).
SHO, SH3, SH6, SH9, SH12 : Shinhwa soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes

BTO, BT3, BT6, BT9, BT12 : Baektae soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes

FSHO, FSH3, FSH6, FSHY9, FSH12 : Fermented Shinhwa soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes

FBTO, FBT3, FBT6, FBT9, FBT12 : Fermented Baektae soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes
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T "R HdEFT st olAZeHE S #4359 Table 5.9 YEATH
SH¢t BT E5F Z53A g zte] e JaFs gle Aoz yesn. SHe 4

$Daidzin®} Glycitin, GeristinolA ®3tE UEA] LA BT 4 =&
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HEE AP T olaTHE s SAS AdolA BEaRAdE Fate] ST BT
B Glycosides”} Aglycones® W3lE Z1& glsk 4~ 9tk BTE Glycitin®]
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Aglycones® Al FBT®} vl sle] FST7F = A e
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Table 5. Changes in Isoflavone contents of different soybean milk depending on ultrasonic treatment time with the

Lactobacillus sp. KYBI12 fermentation process

Isoflavone contents(mg/L)

Glycosides Aglycones

Daidzin @~ Qycitin -~ Genistin -~ Total Daidzin @~ Gyatin @~ Genistin -~ Total Dradzain  Qydten  Gaigen  Total Daidzin @+~ Qyatin @~ Genistin -~ Total
SHO 1547 2.86 3111 4944 | FSHO N.D N.D N.D N.D | SHO 0.81 1.33 1.28 342 | FSHO 1832 2.58 38.03 5893
SH3 1578 3.06 3106 4990 | FSH3 N.D N.D N.D N.D | SH3 0.79 1.18 1.30 3.27 | FSH3  19.26 2.64 40.17  62.07
SH6  16.07 3.01 3190 5098 | FSH6  N.D N.D N.D N.D | SH6 0.81 1.34 1.28 343 | FSH6 1838 2.44 3832  59.14
SH9 1577 311 3145 5033 | FSH9 N.D N.D N.D N.D | SH9 0.70 112 1.27 3.09 | FSH9 1756 2.41 36.87  56.84
SH12 1542 294 31.27 4963 | FSHI2 N.D N.D N.D N.D | SHI2 0.69 1.27 1.26 3.22 | FSH12 1797 2.00 38.04 5801
BTO 1155 2.32 2217  36.04 | FBT0O N.D 0.50 N.D 0.50 | BTO 0.63 0.94 112 269 | FBTO 1820 2.25 3347 5392
BT3 11.16 2.35 2166 3517 | FBT3 N.D 0.51 N.D 051 | BT3 0.61 0.81 1.10 252 | FBT3 1884 2.12 3467 5563
BT6  11.97 2.50 2291 3738 | FBT6 ND 0.52 N.D 0.52 | BT6 0.66 0.95 1.16 277 | FBT6 1884 2.25 34.71 55.80
BT9 11.99 2.53 2323 3775 | FBT9 ND 0.42 N.D 0.42 | BT9 0.66 0.86 1.16 268 | FBT9 1877 2.30 3664 5771
BT12 1249 2.53 2406  39.08 | FBTI2 N.D 0.50 N.D 0.50 | BT12 0.68 0.97 1.19 2.84 | FBT12  18.80 2.03 3473 5556

SHO, SH3, SH6, SH9, SH12 : Shinhwa soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes

BTO, BT3, BT6, BT9, BT12 : Baektae soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes

FSHO, FSH3, FSH6, FSHY9, FSH12 : Fermented Shinhwa soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes

FBTO, FBT3, FBT6, FBT9, FBT12 : Fermented Baektae soy milk ultrasonicated for 0, 3, 6, 9, 12 minutes
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3.6. GABA A4 =

Abde] EEE fAPS B FRE 28 T GABAYAS 9] 5
TCL chromatogram< &-83to] 743t 3¢zt Hast 43 FSHe FBT A
£ 5 GABAZF 4% A& Fdsislv. 2Ha A5 7]+ = SHO, SH3, SH6,
SHY, SH12, BT0, BT3, BT6, BT9, BT12 A& Z5o| A4 GABA 7]FA =29}
Hlaste] GABAZA O] w1 ZkAINH FAb #E § FSHO, FSH3, FSHS,

FSH9, FSH12, FBTO, FBT3, FBT6, FBTY9, FBT12 A Z oA =% GABA7} &
A" 7ol el Hth MSGE GABAAA Al &85 $a3F 2xko]tH(Choe
5. 2019). B8 ¥xdo] FET A MSGHT $HAHo 7 AXstE AoR o

B

HA AtHLee %, 2016). ¥ Ad o= TCL chromatogram olAE MSG
72 = gelst 4= AR L breviss E3te] A3 (SH)T WMeZ(BT)o 2
FH GABAE/do] F1HIT

_32_



G:B; : ;‘..Wq . .4.

1134_5-&.1.3_1-%—_12345
SH
e F%
GABA mp .| J- .
MSG = W TN

A ] el e il -

_- 1“ ‘I’i'iZ ‘lﬁﬂﬁ‘fﬁ“ﬁfﬁ
Figure 4. TLC chromatogram of GABA before and after lactic acid
bacteria fermentation. Lanes 1, 3, 10, 17: 0.5%, 1% and 5% MSG standard,
Lanes 2, 4, 11, 18: 0.5%, 1%, and 5% GABA standard, respectively. Lanes 5-9
(BT): BTO, BT3, BT6, BT9, BT12, Lanes 5-9 (FBT): FBTO, FBT3, FBTS6,
FBT9, FBT12, Lanes 12-16 (ST): SHO, SH3, SH6, SH9, SH12, Lanes 14-18
(FST): FSHO, FSH3, FSH6, FSH9, FSH12.
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3.7. GABA A FEA

Ze3 AgAts 23 SHe BTE 74 At 3 E dstel GABA

-
do
.

steks BA5 tH(Figure 5-1, 5-2). GABAE 4kt tiAE <o) A A<l
GA (glutamic acid)7} ®8E Aol7]o wayAHor F7F °d ZSE Hil §lo

j

2, 259427 GABA Aol ojud JgFs F=A Felstazt ek &
1247 SHOS 182ug/mLolA 2axde %F3t¢9 FSHO (121.5¢g/mL), FSH3
82.51g/mL), FSH6 (166.81g/mL), FSHY (186.9ug/mL), FSH12 (188.9ug/mL) 4
e BT Z7HE A BT 265ug/mLol A RF fibdt L& F3te] FBTO
(183.2pg/mL), FBT3 (180.8ug/mL), FBT6 (176.8ug/mL), FBT9 (185.2ug/mL),
FBTI12 (192.7pug/mL) A< =5 S7FE Atk SHeF BT F+ #5 EF ¥a +
GABA @] Z71¥& oz Yepygth ool dAgelA ik GABAE A

et 2

>

1:3011

ﬂl

JdE TS BojFa Qvh ol e Fof| Lactobacillus brevis

il

B
=3to] GABAY Z71E &l a(Hwangs, 2014), Lplantaruml = X
W gste] GABAE S7HAIZ A+ % T (Cagno &, 2010). B Eo] #AAE
o] &3t Lsakeis T3 GABAALE #HadA A4% o]Fo HthKook %,
2010). Ak HEE F3e] fFAre GADEA o] GAE #HAAl7]3L GABAE
=7} W2 BaE i gtk (Hwangs, 2018). o] 9} #Zo] L. brevis 919 4%

Tl M= GABA A #rdd A+7F gl vk vt A FEl fAktol

ml
il

ki
il
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Figure 5-1. Changes in y-aminobutyric acid (GABA) of different soybean milk (SH) depending on ultrasonic

treatment time with the Lactobacillus sp. KYBI12 fermentation process.

={ BTO FBTO FBT3 FBT6 FBT9 FBT12

" DWW (O] (e i

y-aminobutyric acid
y-aminobutyric acid
y-aminobutyric acid
- y-aminobutyric acid
y-aminebutyric acid

y-aminobutyric acid

Relative index (mV)

-

-

-

b
-

—
-
—

T T T T T T T T T T T T T T T T T T T T T T T T
84 pat o Lol 800 150 ot ] 50 L] Lt ;e 0 L] L] 150 w0 2 LY wa 150 na . 5 o =4 2

Figure 5-2. Changes in y—aminobutyric acid (GABA) of different soybean milk (BT) depending on ultrasonic

treatment time with the Lactobacillus sp. KYBI12 fermentation process.

_35_



o
o
5

)

glol webM pHE 2

N
“I—kll
el

ol

el

-

1)
G

7hgel Ve

o elzaiel %

}

N

A2l Al

Kely;

e

%0

olo

B2k 7H8

H

o

198 3

[e)
32
Riu

2171 =k

%

S

e

N
Njo
Wr
(-

—

NV

gl¥l =2 ABTS ooz

3z
=

%0

W

A

12171 e

=

;OH

-

a9l

1

el

o4 2] o}

S

==

= 3A AaskdA v

of webA wj A
013}t TCL chromatogram <.

2

=13
=

iy

$abit Aelo] et

ojn
N

—~
fite)

o)
o

=

%0

A

0

GABA7}

_ZTI

S

e

g el

GABA<]

A

2

=13
=

5 Ae)

=~ O
=

ki3

el

A Ay

0
off

o
gt
4

o

A

A FA G A=

21830l

o1, o]% Esto
o}

3} 7]

ki3

71t

=
=

_36_



e

oF =
_ T o oo o) T & M .
w ﬂﬂ@r@r%ﬂ%%ww T oMo N g W
= Q2 o o NI H Mo No gz ™ 0
Mo g NE D G g gomp
o3 3T T ®aw g )
do X N T R T
) ) o .
W ﬂﬂﬂﬁﬁﬂ@%gmx %ﬂﬂ@yﬂbw
= fro "~ o P RS = Mo T TN Mo =
o X oo W o w = w <1 o T
‘»IAFL ﬂ < w Jmu-o ‘q :i ﬂ_tm _ﬁo _E ﬂ‘_ = 1__/| o ﬂU :i
w2 DooEowmrow o ! TN oy
N — X =) ) )
= M R R ER . -
= o o 5 G N Gy @ i X5 =
N o 7w 2 T < X = : = T T =
SN T T iR rErs DELZIZZR
- g S X 2 ¥ owowe o E Y x T oo
o w w2 E R T D LIS T o W
e v 5 ¥ T K Do Ao GO
ohy K o 8§ K op X oy o P ek
7 = R I B DA e
T RISt ® wEDE O ME ]
No d\M iy ) mm M N W N o N _ %o_u an g N v o
Sow FAELLFeUYE_ 73 SENRC. W
,ﬁ e o 3 E#E L T io ﬂww._ m S J‘.Om_ll ,_Q_n A ‘ml —_ < 3
»ow X B or e X E B oy <N 3 ) b Gl
& Mﬁ A Em W o WO T oD% H T = o Jﬁ.o = No = %o
0 N J . e] T ~ |
TEewr ffEsTEsELEE N oed 8T
= 9 NG R R = = B oW R o T o ™ T
N oo oy | py AN S o N
TR o o e gy o T oo 5 o X . m X4 N ,ﬂva J| =
E oo wn_a = TH 7o T HoN =) o i M NI~ W o
ﬂ” 0 )AO = © N =) iy _ﬁo O_E — - ) ~ ,ﬂl,._ ) ﬂ
T o Al o< X N o= o X M o- R L )
_ Jo o - = 2 o5 W T m 8w < Hp 5
X ™ N ;Ir‘_n/l a2 ‘mﬂ —_— o 8o \Lﬁ 0o E#E Hn_ Q_OI ﬂwﬂ .
“w E.E io - 1_11_ 1:_A| O_E 1,..H UT.c 1 O_E 3 1__/| X EO wm ‘mwl ) .ﬁo H.f 1
N k3 H oA T Ko il NJo &= K OB
e e BST 2 R ) L T RS
X & < = 5 _x_u _E = do o = o _E o < MM ,ow _M@ o
0 Nom T TR N no R o
Ax_/zso_% " & M oW oo W

A TLC

-

1

A= A

&to] GABAZ} A5

o

=

o

=
=

3

=13
=
- 37 -

B F 2t Alskg ol

uy

ojxW wE F GABA ¥ ol

o] =7 vhEhyteh,

chromatogram



Bgeleh: BgTgor Au@

2

Sotael s w

8ol %

FE Al

el
Mo
oy

—_—

<

218}

-
1

ofe} 2 A3E AFoNA AuH

=K

N
NJo

%0

o

B

q
o
Hin
<
o

AL
00

Do

<

—_—

H

Mo

Mo

o
50

shel Wi 5 o

<
T

A

_38_



REFERENCES

Augustin MA, Riley M, Stockmann R, Bennett L, Kahl A, Lockett T, et al
(2016). Role of food processing in food and nutrition security. Trends in Food

Science & Technology. 56, 115 - 125.

Awad TS, Moharram H A, Shaltout OE, Asker D, Youssef MM. (2012).
Applications of ultrasound in analysis, processing and quality control of food:

A re view. Food Research International. 48, 410 - 427.

Cagno RD, Mazzacane F, Rizzello CG, Angelis MD, Giuliani G, Meloni M,
Servi BD, Gobbetti M. (2010). Synthesis of y-aminobutyric acid (GABA) by
Lactobacillus plantarum DSM19463:functional grape must beverage and

dermatological applications. Appl Microbiol Biotechnol 86, 731 - 741.

Cassileth BR and Vickers AJ. (2003). Soy: an anticancer agent in wide use

despite some troubling data. Cancer Invest. 21, 817-818.

Cho KM, Hong SY, Math RK, Lee JH, Kambiranda DM, Kim JM, Islam
SMA, Yun MG, Cho JJ, Lim W], Yun HD. (2009). Biotransformation of
phenolics (isoflavones, flavanols and phenolic acids) during the fermentation of

cheonggukjang by Bacillus pumilus HY1. Food Chemistry. 114, 413 - 419.

Choe JY, Lim JS, Lee SP. (2019). Increased production of GABA in
non-alcoholic by optimization of lactic acid fermentation using Lactobacillus

plantarum. Korean Journal of Food Preservation. 26, 157-164.

Choi IS, Bae Y], Jang S, Lee DH, Yun ME, Lee HS, Kim MH, Lee SH,

Sung CJ. (2005). Effect of soy isoflavone sup plementation and exercise on

_39_



serum lipids in postmenopausal women. The Korean Journal of Food And

Nutrition. 38, 411-418.

do Amaral SC, da Silva LB, Schwan RF. (2014). Co culture fermentation of
peanut-soy milk for the development of a novel functional beverage.

International Journal of Food Microbiology. 186, 32 - 41.

Donkor ON, Shah NP (2008). Production of a-glucosidase and hydrolysis of
1soflavone phytoestrogens by Lactobacillus acidophilus, Bifidobacterium lactis,

and Lactobacillus casei in soymilk. Food Microbiology and Safety. 73, 15 -
20.

Falade KO, Ogundele OM, Ogunshe AO, Fayemi OE, Ocloo FC. (2014).
Physico—chemical, sensory and microbiological characteristics of plain yoghurt
from bambara groundnut (Vigna subterranea) and soybeans (Glycine max).

Journal of Food Science and Technology. 52, 5858 - 5865.

Gomes AMP & Malcata FX. (1999). Bifidobacterium spp. and Lactobacillus
acid ophilus: Biological, biochemical, technological and therapeutical properties
relevant for use as probiotics. Trends in Food Science & Technology. 10, 139

- 157.

Han KY, Choi JY. (2017). Quality characteristic and antioxidant activity
analysis of soybean milk added Chickpea. The Korean Journal of Food And
Nutrition. 30, 1015-1024.

Hongyu W. Greg JH., John RM. (2000). Effects of ultrasound on milk

homogenization and fermentation with yogurt starter. Innovative Food Science

& Emerging Technologies, 1, 211 - 218.

_40_



Hill C, Guarner F, Reid G, Gibson GR, Merenstein D], Pot B. (2014). Expert
consensus document: The international scientific association for probiotics and
prebiotics consensus statement on the scope and appropriate use of the term

pro biotic. Nature Reviews Gastroenterology & Hepatology. 11, 506 - 514.

Hui S, Min Z, Weiqin W, Sakamon D. (2020). Solid-state fermentation with
probiotics and mixed yeast on properties of okara. Food Bioscience. 36,

100610.

Hwang CE, Haque MA, Lee JH, Joo OS, Kim SC, Lee HY, Um BS, Park
KS, Cho KM. (2018). Comparison of y-aminobutyric acid and isoflavone
aglycone contents, to radical scavenging activities of high— protein soybean
sprouting by lactic acid fermentation with Lactobacillus brevis. Korean

Journal of Food Preservation. 25, 7 - 18.

Hwang CE, Kim SC, Kee JH, Hong SY, Cho KM. (2018). Enhanced
biological effect of fermented soy-powder milk with Lactobacillus brevis
increasing in y—aminobutyric acid and isoflavone aglycone contents. Journal of

Applied Biological Chemistry. 61, 245—255.

Hwang CE, Cho DY, Lee JH, Lee DH, Cho KM. (2020). Changes in active
compounds and biological activities during fermentation of soy-powder milk

by the mixtures of probiotics lactic acid bacteria. Korean Journal of Food

Preservation. 27, 769-780.

Jeon KS, Park SI. (2015). Manufacturing and functional properties of soymilk
prepared with Korean and Chinese Soybeans. Culinary Science & Hospitality

Research. 21, 68-79.

_41_



Jianming W, Yuan G, Ping L, Feng H, Liying L. (2013). Optimization of
ultrasound-assisted extraction procedure to determine total isoflavones in
Chinese soybean cheese by Box-Behnken design. Food Analytical Methods. 6,
221 - 226.

Jun M, Fei F, Yunfei L. (2017). Effective of different homogeneous methods
on physicochemical, textural and sensory characteristics of soybean (Glycine

max L.) yogurt. CyTA - Journal of Food. 15, 21-26.

Kang SA, Jang KH, Cho YH, Hong KH, Suh JH, Choue R. (2003). Effects
of artificial stomach fluid and digestive enzymes of the aglycone isoflavone
contents of soybean and black bean(Rhynchosi molubilis : Yak-Kong). Journal

of Nutrition and Health. 36, 32-39.

Knorr D, Froehling A, Jaeger H, Reineke K, Schlueter O, Schoessler K.
(2011). Emerging technologies in food processing. Annual review of food

science and technology. 2, 203 - 235.

Kim IB, Shin S, Lim BL, Seong GS, Lee YE. (2010). Bioconversion of
soybean isoflavone by Lactobacillus plantarum and Bifidobacterium longum.

Korean Journal of Food and Cookery Science. 26, 214-219.

Kim SJ, Joo NM (2014). Development of easily chewable and swalowable
korean barbecue bef for the aged. The Korean Journal of Food And Nutrition.

27, 75-181.

Ko SB. (2010). A study on the organization and management of the Jeju
soybean cluster. Journal of the korea acdemia-intustrial cooperation society.

11, 3740-3746.

_42_



Kook MC, Seo M], Cheigh CI, Pyun YR, Cho SC, Park H. (2010). Enhaced
production of y—aminobutyric acid using rice bran extracts by Lactobacillus

sakei B2-16. Journal of Microbiology and Biotechnology. 20, 763 - 766.

Kum JS, Choi BK, Lee HY, Park JD. (2004). Physicochemical properties of

germinated brown rice. Korean Journal of Food Preservation. 11, 182 - 188.

Lee LS, Choi EJ, Kim CH, Kim YB, Kum JS, Park JD. (2014). Quality
characteristics and antioxidant properties of black and yellow soybeans.

Korean Journal of Food Science and Technology. 46, 757-761.

Lee M]J, Park SY, Lee KS, Kim HY, Ra JE, Ham HM. (2019). Bioconversion
of isoflavone and soyasaponin in the fermentation of soy embryo using lactic

acid bacteria. Food Engineering Progress. 23, 209-216.

Lee SH. (2015). Antioxidant capacity and nutritive components from biji
sub—micron suspension by ultra-high pressure homogenization process. Korean

Journal of Food Preservation. 22, 714-"720.

Lee SS, Kwon DJ. (2015). Quality characteristics of kimchi with Artemisia

annua extracts. Korean Journal of Food Preservation. 22, 666-673.

Lee SY and Kwon SY. (2006). Soy products for the health of the aged.

Chung Ang Journal of Human Ecology, 24, 85-95.

Lim SD, Yoo SH, Yang HD, Kim SK, Park SY. (2009). GABA productivity
in yogurt fermented by freeze dried culture preparations of Lactobacillus
acidophilus RMK567. Korean Journal for Food Science of Animal Resources.

29, 437 - 444.

_43_



Mariah BRS, Heloisa, GF, Louise EK, Sandra HP, Adriano C de C,
Fereidoon S, Elza II. (2019). Ultrasound- and hemicellulase-assisted extraction
increase B-glucosidase activity, the content of isoflavone aglycones and

antioxidant potential of soymilk. Journal of Food Bioactives. 6, 140 - 147.

Matsuo M. (1997). Application of okara koji, okara fermented by Aspergillus
oryzae, for cookies and cupcakes. Journal of Home Economics of Japan. 50,

1029-1034.

Miler GL. (1959). Use of dinitrosalicylic acid reagent for determination of

reducing sugar. Analytical Chemistry. 31, 426-428.

Nevin S, Gokcen BB, Sezgin AC. (2019). Health benefits of fermented foods.
Crit. Rev. Food Science & Nutrition. 59, 506 - 527.

Park KY. (2012). Increased health functionality of fermented foods. Food

Industry and Nutrition. 17, 1-8.

Reilly JK, Lanou AJ, Barnard ND, Seidl K, Green AA. (2006). Acceptability
of soymilk as a calcium-rich beverage in elementary school children. Journal

of the American Dietetic Association. 106, 590 - 593.

Saadat YR, Khosroushahi AY, Gargari BP. (2019). A comprehensive review
of anticancer, immunomodulatory and health beneficial effects of the lactic

acid bacteria exopolysaccharides. Carbohydrate Polymers. 217, 79 - 89.

Sai KV, Jin W, Vijaya R. (2020). Effect of ultrasound and microwave

processing on the structure, in-vitro digestibility and trypsin inhibitor activity

of soymilk proteins. LWT - Food Science and Technology. 131, 109708.

_44_



Sajad S, Seyed SS, Saeid, H. (2020). Stimulatory effects of low intensity
ultrasound on the growth Kkinetics and metabolic activity of Lactococcus lactis

subsp. Lactis. Process Biochemistry. 89, 1 - 8.

Saito V, Dos Santos T, Vinderola C, Romano C, Nicoli J, Aratjo L.
Uetanabaro A. (2014). Viability and resistance of lactobacilli isolated from

cocoa fermentation to simulated gastrointestinal digestive steps in soy yogurt.

Journal of Food Science. 79, M208 - M213.

Sawal Y, Konomi K, Odaka Y, Yoshitomi H, Yamaguchi Y, Miyama D,
Takeuchi A. (1999). Repeating treatment of anaerobic and acerobic incubation

increases the amount of a-aminobutyric acid in tea shoots. Nippon Shokuhin

Kagaku Kogaku Kaishi. 46, 462 - 466.

Stephen H. (1997). Soya ; The health food of the next millennium. Kkorea
soybean digest, 14, 91-97.

Syah D, Sitanggang AB, Faradilla RF, Trisna V, Karsono Y, Septianita DA.
(2015). The influences of coagulation conditions and storage proteins on the
textural properties of soy—curd (tofu). CyTA-Journal of Food. 13, 259 - 263.

Taruna V and Akash P. (2019). Effect of microwave assisted extraction on
vield and protein characteristics of soymilk. Journal of Food Engineering. 262,

92 - 99.

Tyug TS, Prasad NK, Ismail A (2010). Antioxidant capacity, phenolics and

1soflavones in soybean by-products. Food Chemistry. 123, 583 - 589.

Vanga SK and Raghavan V. (2018). How well do plant based alternatives

_45_



fare nutritionally compared to cow’'s milk?. Journal of Food Science &

Technology, 55. 10 - 20.

Vargas—-Bello-Pérez E, Fehrmann-Cartes K, fﬁiguez—GonZéleZ G, Toro Mujica
P, Garnsworthy P. (2015). Chemical composition, fatty acid composition, and
sensory characteristics of Chanco cheese from dairy cows supplemented with
soybean and hydrogenated vegetable oils. Journal of Dairy Science. 98, 111 -

117.

Weng CV and Shao-Quan L. (2016). Biovalorisation of okara (soybean
residue) for food and nutrition. Trends in Food Science & Technology. 52,

139-147.

Yi JH, Cho Y, Hwang IK. (1998). Fermentative characteristics of kimchi
prepared by addition of different kinds of minor ingredients. Korean Journal of

Food Science and Technology. 14, 1-8.

Zhao DP and Shah N. (2014). Changes in antioxidant capacity, isoflavone
profile, phenolic and vitamin contents in soymilk during extended

fermentation. LWT-Food Science and Technology. 58, 454 - 462.
Zisu B, Bhaskaracharya R, Kentish S, Ashokkumar M. (2010). Ultrasonic

processing of dairy systems in large scale reactors. Ultrasonics

Sonochemistry, 17, 1075 - 1081.

_46_



#AL 2

ol
G

A

3 A

2y

M

Wzl sh

N

B
o

o
Hl
pjJ

] 20

Z

Hapbgo] v}

A3

Al Al
AZ17F = A

=
=

AN AL 7]l

e}, 5

Yo, a8

Eas
=]

2ol A H+e

o 27

= AZE &A%

7 A

nr

p—

N

o

i)
B

i)
B

Seoll ol A 4143}

!

2R 2ew wg o 3147

A ekl

ol
=

7] A} A

Gl

!

™

o

il

B

tolet e, 1 9

S

AlAIeHAl &=

Ane

H4l LINC+AF & o

AR wes
Uk, =39

- O
e -

FA 3 Aol

A

A ol A

=
=

A

l
=

A Aol 7] 5ol

S|
o

=4

]_

1A

j
a-

l

7

i)

—

N
—_

o

e

o] FAEH Y

OPAFA AL EokFMAM A7AA] & & ARFH

=
=

18 A

%

_47_



oA76] WA BE BEo] WAW Al Fule] AN BE FEZRE Bd 49

S Aol A it dol AR ZEel oA motiAl He= ATV HASY
2

_48_



	ABSTRACT
	LIST OF FIGURES
	LIST OF TABLES
	1. 서론
	2. 재료 및 방법
	2.1. 두유제조
	2.2. 초음파 처리
	2.3. 유산균을 이용한 콩 발효물 제조
	2.3.1. 유산균 분리
	2.3.2. 분리된 유산균으로부터 GABA 생성 확인
	2.3.3. GABA 생성균의 동정
	2.3.4. 유산균 발효물 제조

	2.4. 분석방법
	2.4.1. pH 및 적성 산도(TA)
	2.4.2. 가용성고형물
	2.4.3. 색도
	2.4.4. 환원당 함량
	2.4.5. DPPH radical scavenging activity
	2.4.6. ABTS radical scavenging activity
	2.4.7. 총 폴리페놀 함량
	2.4.8. 이소플라본 함량
	2.4.9. γ-aminobutyric acid(GABA)의 정성 분석
	2.4.10. γ-aminobutyric acid(GABA)의 정량 분석
	2.4.11. 통계처리


	3. 결과 및 고찰
	3.1. 초음파 처리에 따른 두유의 pH와 색도
	3.2. 유산균 발효에 의한 pH와 산도, 생균수
	3.3. 가용성 고형물과 환원당
	3.4. 라디칼 소거활성 및 총페놀함량
	3.5. 이소플라본 함량
	3.6. GABA 생성 능력
	3.7. GABA 정량분석

	4. 결론
	국문요약
	REFERENCES


<startpage>7
ABSTRACT 1
LIST OF FIGURES 2
LIST OF TABLES 3
1. 서론 4
2. 재료 및 방법 8
 2.1. 두유제조 8
 2.2. 초음파 처리 8
 2.3. 유산균을 이용한 콩 발효물 제조 11
  2.3.1. 유산균 분리 11
  2.3.2. 분리된 유산균으로부터 GABA 생성 확인 11
  2.3.3. GABA 생성균의 동정 14
  2.3.4. 유산균 발효물 제조 16
 2.4. 분석방법 17
  2.4.1. pH 및 적성 산도(TA) 17
  2.4.2. 가용성고형물 17
  2.4.3. 색도 17
  2.4.4. 환원당 함량 17
  2.4.5. DPPH radical scavenging activity 18
  2.4.6. ABTS radical scavenging activity 18
  2.4.7. 총 폴리페놀 함량 19
  2.4.8. 이소플라본 함량 19
  2.4.9. γ-aminobutyric acid(GABA)의 정성 분석 20
  2.4.10. γ-aminobutyric acid(GABA)의 정량 분석 20
  2.4.11. 통계처리 21
3. 결과 및 고찰 22
 3.1. 초음파 처리에 따른 두유의 pH와 색도 22
 3.2. 유산균 발효에 의한 pH와 산도, 생균수 24
 3.3. 가용성 고형물과 환원당 26
 3.4. 라디칼 소거활성 및 총페놀함량 28
 3.5. 이소플라본 함량 30
 3.6. GABA 생성 능력 32
 3.7. GABA 정량분석 34
4. 결론 36
국문요약 37
REFERENCES 39
</body>

