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FFol w1 et TS IS oiF R A AFE AAolw AR
linoleic acid®} linolenic acidE *33F theFst E3x3) Ahqko] RS (£ 1)

(2 ot ZAge Aol o B SR o) 138%F AAs FHe) zr)ad
2R ol go] JUHm Z5& EES HFE 9T s BAolu A FFo| 17%F A
Agte] wabo] mE 2 oY P BES T 5 S =R nEA B AR e
o= R ojmlwst BB He] M 234FFE FHE NUT F AS FAFHAE
B BTx5 R1701012; 2w &, 2015)

1. 8252 HYEE Hu

=g ZMXE /5 | QXTI R5 | F+BHO |F Y et

(2 20H) (FE'Yol) (&==0H) (4]

Z 2 (a/109 544.67 44259 516.62 440
EtBHE(%) 10.26 16.85 26.23 133

ENS LLESICA 48.26 57.85 38.36 64.4
ZX|2(%) 35.81 17.85 28.76 14.4
=il G2 77 77 58 63

== (%) 2.47 213 2.63 2.41

3|2 (%) 3.17 531 402 5.45
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A0l M3 (%) 5.89 843 0.29 -

B; 7.83 mg/100g B; 881 mg/100g B. 1.66 mg/100g | B 0.4 mg/100g
Bs 2.56 g/100g Bs 4.26 g/100g B;  8.04 mg/100g B, 2.0 mg/100g
H|EtRIF By 139.13 mg/100g Bs 925 mg/100g | Bs  0.04 mg/100g

D 241 ug/100g D, 867.5 pg/100g
E 31.32 mg/100g E 3.89 mg/100g
Oj4% 2388 mg/kg O4& 3,663 mg/kg Oa4& 2018 mg/kg OpI4lE 1,09 mg/kg
[EPSECE 2l 680 mg/100g 2l 724 mg/100g 2l 424 mg/100g 2l 47 mg/100g
Z4E 656 mg/100g ZE 1,597 mg/100g Z4E 1,029 mg/100g Er 234 mg/100g
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b BeATF7HE BE A2 Z8Y S Y, s Rad E
gt ZEuHlo| Y #FE U FRE Y5 HFEFHOE &8
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(7b Pilot scale &toll A AlA|F AH4kel] o3 ti=F A4 7hsd 4
(Lh) o] AFAHAAE B3 AF F4E HAH 2 Bt
(th 95 AdaoA 2AZ7HA A=A, 2 AAA, 345 ME 2 xF3)
(2h o ol Y4 34 AL L BE25 A7
U a7 gt
D &Ez7] A& JAE A3 dA- g 71s A
(b SIL ratio, &%, 49, A%t 55 WHSIAA A8 & dH=E7] A& 24
Az [ #AY |— | o 2% —| delzr] AEA
CEL e =&, 99, 4| * SDS-PAGE
2L & 371 + Immunoblotting
B
(2 522 2 28Vs I HEASIE AT
48 T e =2t — e [ ddze |— A3s | —
1. AEF=gln| 2232%0r = Flavourzyme 40-60°C 50 °C, 60brix ZJE?U
=l = Alcalase 6-24h 7t
= Protamax &
EE — AA" | ua —[ fd¥e | — ¥8sF — i
; *f‘:é‘ji{—;ﬂ}ﬂl é%ﬂ%‘m ;7%11%%31]5& 50 °C, 60brix il i
Vibgo] AMgsE nAES $evel A tEetdAol A s g0l 7b5E nAEelY ww FDACA A4 g
Generally Recognized as Safe (GRAS) VA&, T A2 A <bdA H7HEAA WA, B-glucuronidase, hemlosy

ARE BT AL SRS

(3) ol&tetz FHAEHL &4
b YA E(AOACH), pH, M= =4
(W) 78l =& trinitrobenzenesulfonic acid (TNBS)H & Al-&3te] =4
(th @94 g =+ 0““311/} TRV EFES o] &3t 4419 pHE pH 2 ~ 112 %A
st gld HEFE =7l 10 mg/mle] HE2 BRuE A3 T 479 ohul 3}k
I 45N Fo 9 d 3FS BradfordHoz =4
() Water holding capacityx= &A o F/FFE 718t 540 rpmol Al 30 min 7+ w WS &
8000 x gell Al AAliEelsted JAdd FAE 4, &4 7A@ F 558 & FAQE
A
(v QOil holding capacity«= &Ald AE4 2d& 7tsted & & AAE FAE 4, &
A FAE T FTE &Y FA@E FEA
(M) AEIEA T 245 =2 Ad F283 EF7]Z 16,000 rpmol A 2 mingt 23 A
% JEH 2AF Adye &4 FoE 53
(M) 38 A9 TRJE A4S F o] T AEA 2d& ¥ 20,000 rpmez
A3}t 3000 gol Al 5 mintt dAEE st 7 T RyoE A
(4) & =7 A& 24



b BEAFGHH 2= SDS-PAGEE 3+ ¥ immunoblottingsle] &#=27] A RS 8H2ld),
Primary antibody= A} ¢#l27] A9 A4S 1% FAZE horseradish peroxidase =
A3AIZl anti-human IgEE 23} A= A&

(5) &2+sl &4

(b ABTS assay+= ABTS" solutiong ¥o] o] F ZZolA 2
FEE =4, AFAEZ+= trolox (25-600 xM)E AF&-3}
nts(TE)/g fresh mass® A

(b)) DPPH assay:= DPPH solutiong o] ¢aoA 308 WHSAZl 3 517 nmolA &3 %
=7, AI}+= scavenging activity(%)=Z 3EA|

(th FRAP assay:= FRAP solutionS il o5& ZolA 30 min ¥H3-AZl & 593 nmoil A
F4E =H, EFAFEZE trolox (25-800 xM)E AMg3tH Axt= M TE/g fresh
massz 3EA|

() Reducing poweri= phosphate buffer(0.2M, pH 6.6) A& =74l 1% potassium
ferricyanideE Yo 50ColA 20 min ¥-3A1Z1 & 10% TCAZ W3S ZF83}d

10,000 rpmellA 5 min ¥AEE * F/FT2 0.1% ferric chlorideE @] 700 nmell

A FBRE 23
A

h ¥-&A1Z1 3 734 nmol A &
o A= M trolox equivale

©
S

6) Id= &
(7P o -amylase A3 F2> dAFS] Alme 20 mM sodium phosphate bufferoll «
-amylaseE F7Fe F 37CoA 125 HAST § 1% AE &A& 7|d=E gt 37C
01]/‘1 1023 ¥EgAIZ. HhgAo DNS AleF 1 mLE& XdﬂL % 95C oA 58 <t #
S AAANZYD F SFF 2 mLE ¥ YA A UV/Visible Spectrophotometerg ©|
0}04 405 nme] FFNAN FFEE SAHSIA A3 A<= S8
(W) o -glucosidase A3 A A Ao 20 mM sodium phosphate buffero] «

—amylaseE 71 & 37C oA 1858 X & 1% A& 4S8 7|A=Z sl 37C

. HE-g-oH S AleF 1 mLE H7FgE & 95C oA b <t #

o WS A X] Al 7 —?— > 2 mLE ¥ar W¥ZtAA UV/Visible Spectrophotometer&
£ SAst A& A %)= AT

5).
(7P Large scalestol A 2] A4t 34 =

(L) S4=x24F HACCP A5l A 34 53

o
(2) 1B 17led Fxst SHAETTZY VET4 R FAE 24
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D rgo] AHEEE UAYEL SEuE A Eo Ik AASHE 2go] JF5d vAEoY v FDAMA A&
Generally Recognized as Safe (GRAS) t| &, =t AFAoA A4 H/HZFYA WA, p-glucuronidase, hemlosys

AEE T AL AHEsHA S

(3) o3}tz FHAEAL 4
b 1Ard =9 5L o o
(P pH, A%, 7R E, o g3 =, water holding capicity, oil holding capacity, &3
s, ke 53
(4) &g =7 A& 4
b AEAFv] &2AE SDS-PAGEE 3+ ¥ immunoblottingsled <&l =27] AES &g
Primary antibody®2 Al &#l27] A9 A& 12 A= horseradish peroxidase =
H3A1Zl anti-human IgEE 23} A2 AF8-3
(5) &4kst &4
b 1Ard =9 5L ol o3
(1) ABTS assay, DPPH assay, FRAP assay, Reducing power &%
G) 2384 A4
O 1A =9} sL3 el ok
(Wb «-amylase A3l &4, o-glucosidase A3 &4 =4
6) HE LA PA ) GELSFTE) £
b 72 &3y A8E (Y, A, &%
(h &3 A$ A% AES 245t Ao &&

(1) =E A9 FZH=HE Al 45 ofr4l

~—

R

T

>

A
)=
e

-~

e

A 3A AL g
L 1A=

7V FHAFNR - @A E
D A7 W&
b Y& f3t3Hs o] &3 AFT
D HA v AED AFY AxE A AA =
2] o] A x3 3 F72 emulsions A XA (F 4.
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(Unit : %)
Ingredients A San;ple c
PAE I 18 4
PSS ES 60 66 64
4% 2 2 2
=8 20 20 22
HEME 10 8 7
s 100 100 100
@ z=1A AFY 2AAE Az 34 A4S 94 AdFE2= 229 FHS S¢etd A
g EAAE FHlElA . olF BAlFol AR AARES EFS AF Aol v
g Znd #F BEARS M3 EYsiH 3500 rpme &%= A(SSC811CA,

Matsushita, Japanm)oll Al ¥ &3}st] U £S5 913 emulsions A 233+
©® FHEEH &4

@ zu A AFYU 2AHEY] 4= YEEA7I(MASTERSIZER 3000, Malvern, England)
At SRS &, EHEIL 5 ~ 6% WAV HES S/ 500mL A=
F<43k % D10, D50, DI0%t= SAHs e =PA AFY 24E Ce miling
speed 1,000 ~ 1,200 rpm, pump 35 rpm, chamber Temp. 10C ¢ &% o= A

e

¢

A3+ bead millSuper Mill 5L, KM tech, Korea)S &3t 7] 53 345 0 ~
303 7kA] ZElste] EHg & 3lFdd mE Y=, AR 55, AL 5o =8
sistd 54 WstE AR S 2UA AFY 2= 24 T T seE AEFS

FH HE FAHS EFst AASH ZH53E
@ M =+= A A(CM-3600A, Konica Minolta, Japan)< ©]-&3}e] disposable plastic cell
10 mm ©f 10 mLE &5F3sted L*, a*, b* @<= 3ut&Este] 4%+

ZHlAl AFR Z2AEEY ALDPEA L G2 LAY AT mE By 5
£ s+
W A 28 d=x 34 1253 8 FA71+ 24
O 84 AR 7AF9 222 303 243 2rA AT 24=028° Brive]

Ohkawara

Ae 1718 4<%

A ~EBS FHubste] HZF 40° Brix®2 %A%
kakohki Co.Ltd., Japam& E&3}stAw. olw] EFAx7] 9
% 150 kg/cm?®, outlet Temp. 90°C, inlet Temp, 180C, atomizer speed 25,000 rpm %
AolA xR s (L™ 6).

o

Mo
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o
PPN
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o &
2
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(th s §330e ol 88 F84 ALY AR FAE AA
13 ]

6-1. Bead mill2 0|83t X0OJN| HRT =MHE

T8 ZHAEE

o
g4 ZRART ARY F
o4 2UAED ATY FFL A EAATNGAELC] s Hor] BAL & 5
o} 2o 2o Z AP H . A S HPLCE O Z B&IALS] S/ oM EYE

S
Sigma-AldrichA}2]  formic acidE AF&3IAS. E4o A&d FFF  curcuming
Sigma-AldrichA+] analytical standard(08511-10mg)E Fuisle] Al 59} A 24 oF
SRS, HEES 50% ACN £rjo] =o Img/mL FEZIAE W51, o] thA 34
st EFE&HOE ot HAFAAES AR AR 42 A 8F 50% ACN &rjol
o] 05 mg/mL TFHHRE W=7 0.2 um syringe filter2 AglE & Sgw 2EXx

Aoz REAsty 3ukE B3 & dojzx MS chromatogram 2] peak areaS o83}
ng] 23 A erRE E4AE W AEY 55 U=

# 5. Instrument condition by HPLC for curcumin analysis

A. LC Method
1 | Chromatography Nexera X2
2 | Mass spectrometry LCMS-8050 (Shimadzu)
3 | Column ACQUITY BEH C18, 1.7um, 100*2.1Tmm
A :DW(0.1% Formic acid)
4 | Solvent . .
B :ACN(0.1% Formic acid)
Time A B
0.0 95 5
5 | Elution condition 2.0 95 5
10.0 0 100
12.0 0 100




12.1 95 5
15.0 95 5
6 | Flow rate 0.3 ml/min
7 | Injection Vol. 1 uL
B. MS Method
1 | Detection ion mode Positive(([M+H]+), Negative(([M-H]-)
2 | Interface Voltage 4.0 kV
3 | Interface Temp. 300 °C
4 | DL Temp. 250 °C
5 | Software LabSolution
C. MRMMS
Standards RT(min) Precursor Mass Product Mass
1771 [M+H]*
Curcumin 10.216 369.1[M+H]* 145.0[M+H]*
285.1[M+H]*

() 1FHsE 17548 =3t SHELFZ large scale Ak 3 75 2 EF3)
(D Lab scale 3% =(large scale 7] &)
T71#ANA AAS lab scale FAEE 7]E S =Z 3Fto] pilot scaled} large
s

SARR AA s kdstel 2§ The RS ATt akdEE jAde]
3} [e]

@ Large scaledll A B4k 34 F5& A dAE /I 34 &9
@b A EA T wFH Y] At

nAE 77 HETY A4 HAE

ZRY AFw-S Bacillus amyloliquefaciens 2 Lactobacillus planta-
Zy MYP agarel streaking 3}l wjFste] colony AHE] oA o HE
gl 3, TBS #w}=#] 100 mLel 1 colonyE HZF3ste] 35T elA] 100 ~ 150 rpmS
2 ZgetH 24A3F v eFetH 2A17kultt 660 nmoll Aol FFE7F 0.7 EEEtE



@ Azt

2 08 BE 54 AR
- A 3

u} 2
3Nk Wit

3
pmO.E wWHHSlH 2447 HEE PSS HEI 45H AEAFE
k-89l o] pHE pH meter(Libinno 800L)ZS o] &3l YRS =AHsL,

= g W FH S TCTHA A F FFE 0.7 o] e
nAE #F JEFRS BF3 F 37C9 shaking water batholA] Hx =& 100

Lo

A=

1P E

< whatman filter No 419l o33t oGNS A|dAoZ 3l refractometer(ATAG

O PAL-1, Japan)& ZA3}3 .
@ &% dx T8 " BEAFHH AEHASRGA 117
HE

off

g A A

- Lab scaleoll A+ 355 S7](Eyela, N-111002 70C oA 30& o|H=ZE Zds=

< AY3te 28
"T’*Xé

@ Large scale A4k

~
o
o

—

b MAE Fej 9] large scale & AXFAHE AR olfrv F 67 Zo] 893%=.

H 6. Lab scale®|M Large scale HEA| THAIH Fo 7|M LIE

STEP Lab scale procedure Large scale (final) 74 olf
AMOIHON TR A
— d =L OO
1 A= HiYY 2 HE BT de8H Ed7 o s
AEH oA
2 td ¢
T HI 2 Time table
3 2= Higd &2 N 3% thest
Sty
=l
4 =2dst & 47 S o Hof Mg (=2, EMY)
5 &5 42t 7ks 70°C, 302 OfLf
6 oz 3" =7t
7 5 Hs5EY &, 3F Ft

@ 1715 Al F
@Y Bacillus® ==

b F, B4

1
_l
J
o
b
Ir
>
ol
M
o
ojf
i
N
O
2
Q
o
-3
41
N
ik
ofo
N

o pasol 9, WA JUHE, TAEN 2YS BHte] DRI

HE 2AZA TR BE P AESGL.

S

@ A =X Hunter 24 2}A(CM-360A, Minolta Konica)& ©]-&3}e] disposable plastic cell

10 mm 2.2 358 =A3}9 S
@ #FH7I= 25 ~ 554 Atole] d 16W & dd= AAsty, 24 10 ~ 11
of 94 AHAHE AL UAE HluHoR IAYSIFS. AR AAE A=

|

g

Al ALo]
10 g&

FFEEZ H7)3 F40] Jv T Q¥ &) Hol A5 A AT &A

e
o B5H B ik 9 @ w AN JEEE YIS



@ 9t YFAE, HIERID, 252 U718 @ulel F =3 =754 FA T

W FAoR A A B FA7ER] S FAEFATYA o F 5t £35S
©@ DPPH radical scavenging activityx= @578 &4kst &4 24 Wi ost
o AANsYS. & AE 100 L 0.2mM DPPH (2,2-Diphenyl-1-picrylhydrazyl)

1.2 mLE E&3ste] AolA 30& ¥8 $, 517 nmollA FFEE S8AS o
Z7+ w8 A5 4 methanolS 100 xL %7}, blanks= DPPH th4l methanol

1.2 mL AH7lsle] 2A8ge. ¥ iz o2& ascorbic acid (1 mg/mL)E A}

©
=

=] (o)
&3t A =

Abs sample — Abs sample blank )
Abs control

DPPH radical scavenging activity (%) = [1— ( *100

. |
=gl 3 o o A EF 2AQZA 7S A
SR w. A2 FA7AR] =7 FAFAT A ot A5 S.
@ 17154 2Ae AAAAAN HE

oF Qt AE-LB= 4 C dAaA 909 o]
Resie] AFS, FNEEATE, dATFS M flmGM, USA)O, Amdss
salmonella-§& KIT(MC-Media Pad, JNC corporation)& o]&3le] 35 CollA 24 ~ 48
A2 kst A AR AS A S
(2 A7 234
b Ux=& F3t3iE o83 AFE 24E Al
7

© #HH zmAeg A FTH, TE EIM 5L
gelste] Axd 3F72 emulsiond T A} A9 A B =ubREH dH 99
Fogo] st ol E7FeHS. B &Y WA T WAMR % M=ot de
stel Aol A= 5 Y E&40] A3 HoHE HAFTHOR WAAE FF
S B33 2% FE2E FFE 5 C g 2vA AFY 2EES AAAS
b A A 2 3 FAE A4



hoLE(80°C)

AR + HEHE
by
2g+5d
Homogenization
4,500 , 5 mi QOF
. rem, 5 min) [ "H"-Q-l'x'"

A4

Homogenization
{3,500 rpm, 5 min)

[ FO A7 S5

(emulsion)
A% 7. 2014 H7RYU =EE Hx 3.

@ Bead mill®] &3 3l57F S7HEE P4 AFY 24E A= FFOE HAE)
A =(p<0.05). 1038 THEFEH HF Yd=DOvh0)= 1 um oJ3t2 FAHJoH F=3HA
7139 dE HIF 71 Dvo0 B A3E FEeRe W 24358 1 um ©]&HY

AEZS YA ERE 1 um o|ste] ZmAl AFN 2AES AXsHH 243] o]
WHESto] Azt A2 AASAS (% 7, 19 9.
E 7. Bead mill 24 340l ME X0|4 HFY Y20l Y=
(Unit : um)
Cycle (times) Dv(10) Dv(50) Dv(90)
0 2.64+0.20a" 51.75+0.64a 179.00+1.41a
2 0.95+0.01c 3.81+0.07b 16.50+0.85bc
4 1.12+0.01b 4.34+0.05b 16.75+0.07b
6 0.93+0.00c 3.32+0.04b 14.55+0.64d
8 0.91+0.02d 3.40+0.10b 15.50+1.18cd
10 0.34+0.00d 0.63+0.01c 2.71+0.27e
12 0.33+0.00d 0.58+0.00c 2.04+0.03ef
14 0.32+0.00d 0.55+0.00c 1.62+0.01efg
16 0.31+0.00d 0.54+0.00c 1.72+0.02efg
18 0.31+0.00d 0.51+£0.00c 1.49+0.10efg
20 0.30+0.00d 0.49+0.00c 1.29+0.01fg
22 0.29+0.00d 0.47+0.00c 1.14+0.01fg
24 0.28+0.00d 0.45+0.00c 0.99+0.01fg
26 0.27+0.00d 0.43+0.00c 0.85+0.00fg



28 0.26+0.00d 0.42+0.00c 0.79+0.00fg

30 0.26+d 0.41+0.00c 0.71+0.00g
F value 375.57 14,121.9 12,272.6
Pr<F <.0001 <.0001 <.0001

Y The values with different letters in a column (a-g) are different significantly by duncan’'s test

(p<0.05).

50 200
50
150
40
£ £
= 30 2 100
2 &
20
50
10
o [) ) . S
0 2 4 6 8 1012 14 16 18 18 20 22 24 26 28 30 0 2 4 6 & 10 12 14 16 18 18 20 22 24 26 28 30
Cycleftines) Cycleftines)
A% 8-1. Bead mill 22 S0 2 E0|N 133 8-2. Bead mill 24 H:0f [IHE X0
AR =822 Dv(50) Hal AU =829 DV(90) tH3l

@ Bead mille] 3 3lol] mat 2rA AFY 4= AEE #A5FHOE FUtete 4
Folla(dely A=) M=+= L* a*, b* Z2+2 0.05 ~ 003, -0.04 ~ 0
-0.17 e #F93 Ael7k Aoy A3 mE FEFS A KEAds (F 9.
T 7HA A o] ARE AR or A7 917 AR
E3129l Pzl Hmate] 0.07 ~ 0.142 79 A 2o]7} glo] ARHoz =33
T A Zold] e FA o ZAoE ATFEHUS

H 8. Bead mill 22 314:0f M2 X0O|M HFAD =ME2| Color value

Cycle
(times) L* a* b* AFab

0 0.04+0.00a" 0.09+0.00a -0.22+0.00ab

2 0.04+0.01a 0.00+0.02b -0.22+0.07ab 0.10
4 0.04+0.01a -0.010.00b -0.19+0.03ab 0.10
6 0.04+0.02a -0.03+0.02b -0.22+0.04ab 0.12
8 0.04+0.01a -0.03+0.02b -0.23+0.01ab 0.11
10 0.04+0.01a -0.02+0.06b -0.24+0.05ab 0.12
12 0.030.02a -0.01+0.06b -0.17+0.06a 0.10



14 0.04+0.00a 0.00+£0.01b -0.25+£0.01b 0.09

16 0.03+0.00a 0.03+0.04b -0.23+0.01ab 0.06
18 0.05+0.01a -0.03+0.07b -0.24+0.08ab 0.14
20 0.04+0.02a 0.00+0.05b -0.26+0.05b 0.11
22 0.04+0.01a -0.03+0.02b -0.18+0.02ab 0.13
24 0.03+0.01a 0.02+0.03b -0.20+0.03ab 0.07
26 0.04+0.01a -0.02+0.01b -0.21+£0.01ab 0.11
28 0.04+0.01a -0.01+0.05b -0.22+0.06ab 0.11
30 0.04+0.01a -0.04+£0.02b -0.21+0.05ab 0.14
F value 0.69 243 1.13
Pr<F 0.7765 0.0172 0.3686

Y The values with different letters in a column (a-b) are different significantly by duncan’s test

(p<0.05).

@ Bead mille] Ea) 3150 wrel Zu| A AFY A E9 AAHAHA
A FRA AR 1A7AA F2oA FASH 2uAl AFR 249 £
ek A 0 ~ 123] FHE/NAE BeHozE BEE s 14 ~ 1
BAAE #5AoR FdANE BYoy vt IPF AU

S

S

Yo
5 M o o dr
o 41 ® & ot &

i gull L=
e AE A} fAHE A BeAoR Hshdg. 1HnE 2R
=) %

FAAE] AF 208 ol FHstq Axste= Zo] wiEATS Zom ATEH
=)

CERIED

12 9. Bead mill £

(th g 2408 Az
O FAEES P 2% S84 ZUARD ATV BF YEOVE0L 0.431
Mm-S (17 10). FEFLe
16.33, 79.330.2 =4
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150+ Dv(50) = 0.431um
€ 1004 | )
: |
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o0 I e e e -|||||;-r, LN 000 S o 1 e e 011
001 ol 10 100 1000 10000 10,0000
Size Clatsns (um)
= X2 A7
a3 10. =84 X0|MEY AU e ExSM

@ 584 ZPARY AFY FE BA
I 11-19) 23 AFFHoR 24E2d F84 AT AFUNE 98 mg/ge g
o (= -
EAEor F2nEORL I8 11-2¢9 Z2S(HE 2 %)
20000000 7 _; 182 075 8284 x- 32,676.3910
18000000 1 ' 7o nizo_ggs;s- B Sample 1 (Sug/mil)
16000000 / 2500000-{F5EB T0-177 851+ Tine 9.545%
14000000 - P 11368 105282 0s(e)
E 12000000 ’// 2000000
2 10000000 //"
& Bsooocooo | - 1500000
6000000 | ]
4000000 | it
IUGUUUE / - - - - . ."D‘JMD:
0 05 1 15 2 25 3 _,/ku
Conc.{ug/ml) 100 s 1o s 120
33 11-1. Standard curve of curcumin at 33 11-2. Chromatograms of curcumin at
420 nm. 420 nm.
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Al large scale A4 34 75 2 EFE

(D Lab scale &34 % (large scale 7]¥)

@ FEAT7I oI A AN lab scale FAE (1Y 19 A AFHOoR FEAwre
aAlg S e @UHOE ofeige] o] Ax FAL AAstl WA YA
o

AHJYEDD] EE HE EY (70°C, 10 h)
« 2 EIE {2.5% Glucose)

« Solid : Liquid = 1 : 5 H{EE =2 7}

« Bacillus amyloliquefaciens MKSK-J1 5% & \
35°C, 24h shaking incubation (130 rpm) ‘

«=E W 01}:80°C. 3 h B FE F HY At
HFE o}l TIF &35 : 60°C, rotary evaporation
bl YE S
59 ans sz sy
oZ AN
245 29 (DPPH radical scavenging activity, SOD like activity, Reducing power)
7Isd ASIE A ShA e
Aslg A 2M (a-glucosidase activity, a-amylase activity)
==
A Halo . -
38 14. Lab scale 0M2] 17|58 7t+EdllE &% HESEERSHH7|2 HS)

@ Large scale 11754 &4 A4 &
@b AE AT vk o]z

Z
- A Ee B, Y4ske 9AE

o

gete] 1 A 20S AENNS. AEAFHT] M dds 90C ~ 121TolA 0
~ 1208 B9 7 PR 9 ARG F AES WsE 19 159 29 JU4E

ol E.coli®}y Staphylococcus aureuss= &5 A ks
- AEteE @A 90T wRhol ALY 108w Rk A °l—r°%7é1 A 54 A8 9 A
o] Fw3] o] FojAA &S F A, 150T o)FolAY 120% o]/Foll 4] o] Fof
d A A7 F3E F dAAESRI T FNES FHE Al 10-2019-0050540%)
ek N 751‘—61“?} A A 218 90T~ 100C oA 602 o= HAASA S
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2 - . 2 #Bailus

elactobacilius
i i
® Bacillus
o o
o 10 20 30 40 50 60 0 20 40 60 a0 100 120
Sterile time{min) Boiling time{min)
= CC A S
a8 15, AF2 =40 ME YEH L] HjgAo| M Hal

B v Az e W& HAE FF HITA AT AE
- Bacillus amyloliquefaciens 2 Lactobacillus plantarum T32 A7to] @& HZE
T WIS St FBE 07, HFY 27175 107 CFU/MmLY) o] 2% Azt

T T8 ~ 10N A o & BFsE 745 HEYS F
Ao Z FAFEHIJS (I 16).

o

[e)

)

KX
=

P

Jn

&

Bacillus amyloliquefaciens Lactobacillus plantarum

Absarbance (0.D)
Absorbance (0.D)

Time (k) Time (h)
a3 16. AlZtofl ME OjYE »EAW 5 Hal
@ AZte] mE AEAFE Fad HaEY A&

- Bacillus amyloliquefaciens &8 < E ATt wjFdo HEste] 37CollA 24 Al
kA & & A e Fa R Ay, pH, oo nFE I W= &
o} A Hart JAPHAA AdTe F716k7] ALt dE 12 ~ 2443F F<3F
8.86 ~ 8.91 Log CFUMLE w43 x1d=o] ¥a Ay vjnste] of 28] o) o=
7V bk s. ¥R TS IR OAIEED 1.278) SUbeksle. HE F dEY
DaE 782 e 921%3 =

# 9. Bacillus amyloliquefaciens *$'27|52t0] ZE Ul A|Zto ME T2 54 Hal

W7 at0) 2ZAIZHR)

HY A 0 6 12 24




=S

4.94+032 453+027  632+0.07 886009  8.91+0.03
(Log CFU/mL)

pH 6.58+0.04 6.57+0.04  656+0.11  6.66:004  6.56+0.03
&0 E (Brix) 5.18+0.05 545:006  595:0.04 651+000  6.90+0.16

- Lactobacillus plantarum SH-& 2 EF5F2hv] wjFdel HFsko] 37CoNA 244
7HA R E - EF ek dade] e, X“H?—r, pH %Eﬂr% 3 103 2=
27 QPSRN Ages S7re] AFsRa dE 12 ~ 2443 ]k 8.9
9.93 Log CFU/MLE && 3} wlalste] of 2u) o) d d7F S7ketdl=. a7}
7¥ekell weh pHE 6.0391A4 3622 Soldly. waE & dedy] ¥Es £&2 3
93.8% A+

(LR

!

o

44 o

# 10. Lactobacillus plantarum *8'87| SFet0] 20| Azt U2 25 H}

eea=Ru ko=l 2 Al ZHh)

HY A 0 6 12 24
M

4.94+0.32 445+029 665+0.14  894+0.78  9.93+0.45
(Log CFU/mL)
Hitds

3.61+£0.41 6.47+0.02 8.02+0.45 9.53+0.17
(Log CFU/mL)

pH 6.58+0.04 6.03+0.00 5.07£0.07  4.02+0.01 3.62+0.10

)

[e)
- Large scaleol| A9 ¢

® Large scale JJ]L” 24 AL 3 2F 3=
b /M= large scale ¥F AZRFAEE 19 177 o] FAHEYS.
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Lab scale procedure
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CREATAO EE UE 2L (70°C, 10 h)
+ B H7} (2.5% Glucose)

+ Bacillus amyloliquefaciens MKSK-J1 5% 4% 3
+ Solid : Liquid = 1:5 &2 +& 87t
+ 35°C, 24h shaking incubation (130 rpm)

195C O, 1h g3

+70°C 014, 24 h

+90°C~130°C, 5~ 10 &2

.+ 60 mesh 0|3}
|

A A HESHE.

A9} Lactobacillus=. A 57133
A4, vt 5 37 &4
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E 11. o30f w2 WEE20 17|54 2%2 color value

Sample L* a* b* AE*ab
=2 41.96+0.59a" 3.81+0.11b 18.91+0.44c
M B2 34.09+0.59¢ 8.30+0.53a 23.27+0.55b 10.05
ra=NI:R 36.60+0.31b 8.96+0.18a 25.36+0.48a 9.84
F value 185.48 218.71 134.49
Pr>F <.0001 <.0001 <.0001

Y The values with different letters in a column (a-c) are different significantly by duncan’s test (p<0.05).

2 QUE . S M ERiD| E, WY-B : Baclusz MEFSS 17|58 A, WY-LB : Lactobacillus=E
Al

dEHetet 17|59 K.

r2

W F 120X 2} 2ol YEH Bacllusz BEARS 171543 &ANS Lactobacillus= Ay
=A% 1758 &2AY #AFHIbe 4= AS dHelA 2% EYE olEE
AR olF, olH] T R FFolA M A HIMEHAS vAE +FE
AR 1754 &4 252 4= Hluste] o, 3, gl 7|55 BT 93
o2 =A FrHE A= ol AEMIE, Az, B3 A FAHdd o3t d=Tt
ZHA FAEE YA, FIHEREFE) olste] Awstel A o]H] AA ¢ H=
=4 A Tl o3 Ao AGEHIAS. , Lactobacillus2 A =%3 117154
A A AT AekA A=l AA AR 7S =olA Bacillusz e SR Il
7158 &A1Y FreHe® EA 7 AS(p<0.05).

2 12. #F0 e

BEFFetn n7ls

2ol 7|2 = HA}

Sample Q2 ot o k=t
H=? 4.00+0.73b" 2.06+0.68b 1.63+0.62b 1.75+0.68b
A2 5.59+1.08a 5.75+0.68a 6.06+1.61a 5.63+1.02a
M- 1BY 5.53+0.99a 5.44+1.03a 5.56+1.31a 5.06+1.12a

F value 14.54 100.76 60.23 75.72

Pr>F <.0001 <.0001 <.0001 <.0001

" The values with different letters in a column (a-b) are different significantly by duncan’s test

WH_B : Bacillus2 MEFES

TS AT, A

I

H_LB : Lactobacillus=



@ BEFAFHY A7 e 1B AT B4 AT 9 YL, vl

WD, ggel B4 At ® 139 25 NAE #FE YBARS 2754 &
2%e WM, B4, Ve D FF BT JPHAVEH viastae o 247
922 ~ 972%, 1,779% ~ 2,220%, 172 ~175% ©]7 =2 Z o= EA =0l &A AA
2% 3o nYAREARAL) B M e Ao BRAYLER 3 F

2o o3}

Z). 2017d sEEAANA AAZ AEFAFT dEY] LR AR
A @I Srstes AL 2uwd, 22, BENID, Za FEol
14.4%, 867.5 ug/100g, Z<+ 234 mg/100ge] ot HA o] Ag-3F 2
o dutd S =eiE 50.05%, =AW 23.04%, T8 4.01%, 3

AEded 2aWd FiFo] A= Hluste] F71ekl=.
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o
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448.83
22.61
1.12
55.33(922%)
15.23
574
0.11
219.71
395.89
26.69(1779%)
140.18(175%)

440.72
21.03
2.32
58.37(972%)
13.68
593
0.11
231.80
429.73
33.30(2220%)
137.96(172%)

440
133
64.4
14.4
867.5
234

1.5
80

(9/100g)?
(g/100g)
HIZE (mg/100g)

(9/1009g)
X (g/100g)

(kcal/1009)

P

(9/1009)

X8 (9/100g)
N

A

te
2l

I.

LIEE (mg/1009)
Vitamin D (ug/100g)?
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- J8EE dES EFstY =AEY AstE &3 7sH HE FE ERs =
T AT OFT ofr|igbo] FHREA H BacillusE BE=HAEG 171548 LA
9} Lactobacillus® AEAES 17|54 AAE THAFAZE L@yt olUe}t 1
7154 oAt FEAAEAY &8 VAR 52 AerE AdHAsNoo T,
2013).
B 14. 30| W2 WHASFL0| 17|58 ATl Fdoto| it B4
A& =(mg/g) =" .Y A 1BY
B = CHH[(%) EC] = CHH|(%)
El2Al 27.49 24.35 88.6 22.05 80.2
e 30.65 29.21 95.3 28.27 92.2
MIEl 35.39 28.87 81.6 28.46 80.4
et 51.7 52.24 101.0 49.49 95.7
=F 69.55 60.44 86.9 60.48 87.0
2Hof A 34.07 26.61 78.1 27.24 80.0
20[4l 46.07 40.58 88.1 40.13 87.1
HE 6.36 8.55 134.4 5.49 86.3
2el 36.8 35.42 96.3 34.2 92.9
or27|d 38.98 29.75 76.3 33.12 85.0
OfAdfef7I4t 59 51.03 86.5 4927 83.5
0|4~ 20| Al 21.29 19.97 93.8 21.11 90.4
Egled 23.78 21.06 88.6 18.37 88.8
H gt 21.64 18.84 87.1 30.48 84.9
==z 33.79 29.4 87.0 11.91 90.2
S| AE[E 13.75 11.69 85.0 2.0 86.6
A|AEl 2.78 2.31 83.1 3.73 723
EZET 478 3.92 82.0 0.0553 78.0
s ¢ 557.87 494.24 485.05
Y RE . WHIERO| }E, WY-B : BaclusE METESE 17| AW, WHE-LB : lactobacillusE MET
gtot 07|15 AX



@ DPPH radical scavenging activity
- AT FE,
7154 A2A1¢] DPPH Falgtt)zd 2A% L Bacllus®2 HERZI 1754
714 =9kw(90.03 + 057 mgml) AHEASET (6851 =+
Lactobacillus= &R 17154 £A4(85.40 + 1.52 mg/mL) o]
Bacillus= HE2A835 17154 29 BBAASFSvE Lactobacillus=
17154 AAY vty fojF o R E9kal Bacilus® AHEHN3S
A Aol o] Fold 2 A S(p<0.05) (L 19).

100

90

b

80

(%)

70

€0

50

1)

#He

a

o

| 19. Z30f M2 WEHY S0 17|5d 2% 2| DPPH radical scavenging activity.

o
Mo IF, WH-B : Bacillus2 MEFatst 07|s5M AX|, WH- 1B

©

71548 A YA A(FTEH) 4

e “AF 2 AFHNE %7@
Fevle] T4 Ve 7—‘1
mg/kgo .2 A% o]
AEAZS 175
573 =)

B 15 2700 ME WEALA0 DI|5Y AN 534 BY

Bacillus2 AERAZS 1754 A2A, Lactobacillusz Y57 3¢
A7
0.31 mg/mL),
1S E3
A=

7154

. Lactobacillus2 ME%

M5 (mg/kg) AESH Ad.gY A 1BY
ZEME 7IE ] 71E thHl(%) o 71E ohH| (%)
=1 0.3 0.0508 16.9 0.0553 184
ItES 0.3 0.015 5 0.015 5

B> r$£ rQL

Z 4

A% ¢ 0.3 mg/kg, 7t=F 0.3
Bacillus2 A=7233+ 317154 aA} Letobacillus=
§ 249 W9 AEE P AETAN ATHALE 15, 3



N MEH B Bacillus2 METMTIS 17|5Md AKX, WH-LB : Lactobacillus2 MEHEet 175 A

@ 171548 &Ae] ARIAHY AE

b AE AAEA S Xﬂ%“’&%*é HAEEZ —?43}04 Bacillusz. AE333g 317154 A,

Lactobacillus= 3 E 4TCAA AA 90Y7tA] BB A,

= :6_:};{ A7 AR B Bacillus= Ay

A, Lactobacillus= AEZXZgE 3171548 A9 B+ A

S5 A gtow AFFe AS Bacillusz AEXSS 117154 &A, Lactobacillus=
AEAZS 171548 AAA AA8] F7tske AEFols (R 16).

ru{n
r&‘l
e
o
N
ol
X

il
2
o
rot
K
N
o
oX,
F>

# 16. #F0| WE WEHSFEO 27158 23 Ea

+
rk
_I-O'_I-

= ISES& s
(Log CFU/q) 0 30 60 90
M. 470+0.28 N.D. 0.50+0.71 1.15+0.21 2.87+0.12
M _LB 4.70+0.28 N.D. N.D. 0.50+0.71 1.15+0.21

) WEH.B . Bacillus2 Ma™Est 17| AN, WH-LB : lactobacillusE ‘daXest 17|54 AN

DHRSAAZA S THsE HE
17154 A9 o, F4 54, 1%%*3, FAAHE, s A, Yl as, At
ARE AES A7 &A AAROZE 5% AFLANZAY 7S FASIL
o GukAE, EF SEd 2AE, APE Hol oA et 4 F8=71 7=
ARG EE 93 FEAxR T 2718 JPEAS (28 20)
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dsdT71d G

D I3 He

b EAFHE] - AEFY dEEr] AR &4
O AEAFHY dAE AME9 d@=27] 2 Immunoblotting A3 &4l
b dH27] AR FH HE2FOE AAS, AAH(TAE ZAS, AFIAPEIH S
HI7F &RAA], e AT PHEA Y8k ARESEA =
@ 80C A Ead EAFr A= 242 A 5 JAGLEAA, ALA,
TR Zol FHIEEA S AT A= GARE Zol Evlstd o, 42 Aee
B = 10 min 42 * YA Z Zol AE3IA 5.
@ EAFE FAAE B8 5 g& 47 65, 70, 80CY =7]olA 1 min, 5 min,
15 min, 30 min, 60 min, 90C oA} 1 min, 5 min, 15 min ¢ A FPS. T 3
T2 IYS7IEA7I(ERAS -2, 2-A], F)E AREse] 121C, 0.14 MPa =31°
2 5E A ie. s Aol ARREZ] H7EA 80T oA B A=
@ oid ==
@ A& 1 g< protein inhibitor cocktailRoche)”} Z7}¥ phosphate buffer saline(pH
7.4 1:10 vl &2 &3 AA 4T 2] shaking incubatorol 4l 180 rpme.Z 4 h F&3}
Fe. F=F F, 16,2156xg, 30 min, 4C o2 2 AL FeHS ANFH A
Ao ALE3IES. @A FEE Bio-Rad Protein Assay(Bio-Rad, CA, USA)e] W
NS ARl =Aslgon £FEEE bovine serum albuming AH&EAS. oW
zTo= AT dE, €302ES ¢ YHo=E FE3tH vHustd s
@ SDS-PAGE ¥ immunoblotting with IgG
@ Mini-PROTEAN Tetra system(Bio-Rad, CA, USA)& A}&3to] 10% separating gels}
4% stacking gelo] T & FZH %7} 20 ygo] HEE loadingdtd S (A A -$-<]
749 1 ug). SDS-PAGES] wrad »®iti= 2 Precision Plus ProteinTM Dual Color
Standards(Bio-Rad, CA, USA)E AH&slsls. #A7lds %, @iidoe] fEgd AL
Trans-blot® TurboTM System(Bio-Rad, CA, USA)& A}&-3te] PVDF membraneol] Z
AF&FaL Ponceau S solution Bioreagent® dA4&te] transferd S &<138l9-8. Skim
milkE ©] &3t 1h ‘&<t blockingdt ¥, 1%} &A=& rabbit anti-arginine kinase IgG
antibody(Abcam, Cambridge, UK)E Skim milke} 1:1000 H]E=Z 3|43} 4T oA
18h &<k HiFstHs. TBSTE o]&3ted 15 mingt 3 AHZ $F 23 FA=
anti-rabbit IgG, HRP-linked Antibody(Cell signaling, Massachusetts, USA)E 1:1000
&2 3|43l 2o A 45 min B3l ¥l FE membrane ClarityIM Western
ECL Substrate(Bio-Rad, CA, USA)9 =FA]%]1 % ChemidocTM XRS+ System with
Image LabTM Software(Bio-Rad, CA, USA)E o] &3}o] #2319 2.
(Wb BT dAe] Wi & ] A 4

© ZEA5F2tv AAE

S

~

b AEAFE] AEB 10 g& 27 9FAx, BAAE Leuy EE HoA A
£ S Deng AFL IYFNAFN@ASE TN, FDE o] §3}e]
121C oA 0.14 MPa =722 10 min(A10), 20 min(A20), 30 min(A30) &<+ A



stAw. #e ASFer AES =0 - Wel AFgrE ¥ 10 min(B10), 20
min(B20), 30 min(B30) &<+ AAZsAw. A2 F, AFSvE oF 20 min o]
2138l $o-80C ol A B A3+ =
@ GC-MS #4

@ SPME/GC-MS 41 TRACE 1310 Gas Chromatograph (Thermo Scientific,
Massachusetts, USA)< AR&ste] F3P31%=. SPME fiber+= PDMS/DVB (Supelco.,
Bellefonte, USA)JE A&3std+s. Als& 28 7] 6875D Freezer/Mill®, SPEX
Sample prep, NJ, USA)E o] &3t AAAa oA EHEH AT AR 2 g
NaCl 2 g& ¥ vialell 1,2-dichlorobenzene 3 LS F7}skal 5 mm/secE2 FY3st4
70CoA 10 minZt A &gF & 40 mint 22 SAAHS

©@ GC-MS+ Thermo Scientific (Massachusetts, USA) TRACE 1310 Gas Chromatograph
o} TSQ 8000 MSDE AF&3F3s. Columne DB-WAX (60m X 0.25 mm X 0.50
Micron)& AF&3td o, ERb7IAl= <% 99.999% Hes AF8-3t% 3z, 2.0 mL/min %
%08 dAA FAAS. ARE split20:) modeZ FYstPoH, FAT &
= 250C, 7] 5= 40ColA 2 min A & 4C/mino.2 255 4<sAl#AH 150C
oA 10 min FX3tZ, 3IC/MnlZE &5 A<5A1A 200CoA 5 min FX3+2, 1

0C/mino.2 2%& F5AA 240ColA 5 minZt A8t F 20 mingt E43H
<. GC B4 o] Eold 2 peak AR HFEZS HFEEAZT 2L GC-MSY
23t mass spectrumS 7|HFS. & &} spectral library data base (NIST 2.0)9} W] a3}
o SASAS. AATe xToE, EA TN d5Y dFHFEE FUIE
A8 A=
(th AT e 544 7hisf
O AaAFr e LS AAS BEAFT] 1 goll 1%(wiv)e] @ld JheEs) a4

(alcalase, neutrase, protamex, flavourzyme) 1.5 mI(E/S ®]& 1.5%) % 0.02M sodium
phosphate buffer(pH 6.0, 6.5, 7.0) 7.5 mLE % 7}3}s] water bath(50C, 60°C)olA 90
min, 24h 7hrEE st s, 7zl Eud 90C oA 15 min 7FEste S48 EBE
AstA 713l Aol A Wzste] 6,000 rpmoll Al 30 min YA EE T FEHS Aol A
&3t w. x2S AEAFHR 1 gl S/ 9 mL H7ste] AAIEHA =
(Z) Z=ulo] Y axgtol| o3 AEAFEH| o TF
O @33 BEAFHY G FIHHoE AS AAS BEAFer] Sgoll 25g9 S/
¢} "H(glucose/sucrose/soluble starch) 7.5 g (2.5%) A 7}ste] 121C oA 20 min &
o 3, starterql probiotic Bacillus amyloliquefaciens MKSK-J1 24 h ®j<ed& 15 mL
(5%) HEs3 Aegwk (35C, 24 h, 130 rpm)ate] WE NS A 259 -S
@b TFE AZte] W& =, pH, Brix %
0, 24, 48 h A1E<5 30 min o] AAAA, FsHe AFHAs =, pH (10 =)
sl M)e} Brix (IME A9 S
B 2 Aggd 482 24



AL
flo
ot
ol
it
&
AL
&
N
2
oF
i
X
T
i)
=)
e
ol
A
BN
M
=)
—

oQ

o
ot
K
>
s
2
X
ot
ol

®

B RN X ome o e N2 4y
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@ z3pe HUHHUE AU FFE Srel R Fee) AFA2 B 2
g& Wi, 550C BFzoA FHFel £F & W 74X FBste] IR FFL A
&A=

@ 7tidE 574

@D IrERHE JlERIEE JpRSE 250 xLol 0.2M  sodium  phosphate
buffer(pH 8.2) 2 mL FH7}star 0.1% TNBS 2 mLE 7}sF & 44, 50CAA 1AZE
WA EA S, WS AAE 98] 0.IN HCl 4 mLE 7+ F 340nmel A F2= =35
AS. FFZAEE L-leucine(0.15 ~ 0.75 mg/mDE Atgslgon A= %2 FA S
A

Q® FuPE TF

@ FhrRAE F5Ne 2TolEE ogstel FEAGx 00 ~ 33.0% ATAGO,

Japan)el] Bolx=d ¥ F5S st =
@ SDS-PAGE

@ JERsEe] @A gele sodium  dodecyl sulfate  polyacrylamide  gel
electrophoresisE ©]-83te] At AE. 2t 7HFE3 &2 10,000 rpm, 4C, 1 min 9
AR T AL AS5d 17 4LE 12% geldl loadingdle] 60Voll A oF 2417 H 7]
%S Z3Y3tar Coomassie Brilliant Blue GICBBGE A8k 9 destaining &% (acetic
acidmethanol:water=1:2:7)< o] &3t YA ZH . EAF vt7= SMOBIO A #&
AL =

® dgd= &4

@b « -glucosidase A3} A
Alg 50 xLel 0.02 M sodium phosphate buffer (pH 6.8) 50 «L, p-nitropheyl- «
-D-glucopyranoside (pNPG) 200 L % «-glucosidase solution 50 «L H7}s % 3
7ColA 40 minZt ¥iFsIH . 0.1 M Na,CO3 1.5 mL FH7}ste HES-S AA S &
UV/Visible SpectrophotometerE o] &3} 405 nmolA I =5 SAHSI . =T
= A% W4l SPBE # 7}, blank= e -glucosidase®} pNPG o4l SPBE H7lstod =
AR, YA ERTOEE acarbose (1 mg/mL)E AFR3FG o, Al &4 A4k

JE EEs

A1
~

Mo

1>
rlo



o« -glucosidase inhibition activity (%) = 100 - [(

Abs sample — Abs sample blank )

*
Abs control — Abs blank 100]

@

o —amylase A3l &43
Alg 50 Lol 0.02M SPB(pH 7.0) 50 x«L, 1% soluble starch solution 200 «L, «
-amylase enzyme 50 yLE &3t 37C water batholA 40 min ¥EH&-3l% <. ©]
%, DNS solution 1 mLE Z7}sle] 95C water batholl A 5 min ¥WHg ¥, Z=HSFE 3
mL H7Fstd 540 nmolA FFEE SASAS. 2T AR Uil SPBE 7
blanki= o -glucosidase¢} pNPG th4l SPBE #H7tste SA3 A . IA °
+ acarbose (1 mg/mL)E A&stRom Aall &4 AL oot 23

[( Abs sample — Abs sample blank )

*
Abs control — Abs blank 100]

« —amylase inhibition activity (%) = 100 -

®

<]

@b

Fursh B4 4

DPPH radical scavenging activity

A& 100 xL¢ 0.2mM DPPH(2,2-Diphenyl-1-picrylhydrazyl) 1.2 mLE &3%ate] <
AollA 30 min ¥H& ¥, 517 nmellA FEFEE SRS HE2TE B

tf Al methanol& 100 xL %7}, blank:= DPPH th4l methanol& 1.2 mL X 7}st
ZA5I9 . FA UE2T O Z+= ascorbic acid (1 mg/mL)E AFE3sIE . AE 524
g4& =A3te] EC 50 value (mg/mL)E AlLtstF od, % &4 A4kae ofgel 2

o

.

DPPH radical scavenging activity (%) = 100 - [(

Abs sample — Abs sample blank
Abs control — Abs blank

)*100]

@

SOD like activity

A& 100 «LeF 0.06M Tris-HCl buffer 1.5 mL, 7.2mM Pyrogallol 100 L& &%
o 10 min Ao Hx %, 405 nmolA FFEE SAIAS. =T L8
RS @ 31, 0.00M Tris-HCl buffer 1.6 mLE H7lste] =433 . blank
Pyrogallol €A ¢31, Tris-HCI buffer 1.6 mLE H7lsle] A3 5 AE &
H 849 =A3sle] IC 50 value (mg/mL)E Al4bstd ow, % A1 AAkA& o}

o
=

Lo orr oot ok

i

. .. Abs sample — Abs sample blank
o) = _ *
SOD like activity (%) = 100 - [(—— =" ———5"="— = )*100]




©@ Reducing power

A& 250 Lol 0.2M sodium phosphate buffer(pH 6.6) 250 xL % 1% potassium
ferricyanide 250 L& %o 50C oA 20 min ¥H-§A1Z1 & 10% TCAZ HI$& 5
39S, ¥ 10,000 rpmell Al 5 min FAEY ¥ Z7F4 500 «Le 0.1% ferric
chloride 100 xL& %o 700 nmollA 3= SA3}AS. FAd tEZTF L= ascorbic
aciddl mg/mL)E AFL3tAa. AE 55 84S =43 EC 50 value (mg/mL)E
ArEtgom, % A AA2S ascorbic acide] Abs (at 700nm)E 100%E 3te], A
Al &S ofefjol o] ALtstA =

Abs sample
Abs positive control

Reducing power (%) = ( )*100

(2 A3 23
b ¢Ez=27] A8 dAE A dAY 7lend
O & dFolA= ZEAFHT Y arginine kinaseol tdk Ldel=27]18& U535 &4
2710 v gEF ANE AFESIHS. Srinroch et
P 27]o g AFANAAE 1A FAE S dd =27 &2 dF
/\P%—O}%U’LP B AFo|A= IRB #5292 &4 arginine kinase IgG antibodyZ th A
st A 339 o™ Immunoblotting 235 R3S s ZE v d¥dE 585 Y
sHA st AdS A5, AAIFA= band(eF 40 kDa)7t wl-$- A YERG oM
a2 8 e A, A I8 AEAFEY FEA = bandgE HolA &ts. ©
A A5 A7) dl A FEE 1 pgo®E WASIY ALY Fon, 1
A= 9 219 YErgls. 718 §h8 3 HE AZE Wl 1= 7HEF A3 Al *ﬂf\HT
o Rt band7} YElREO Y oF 1002 A Al &2 AFANAME gF2 band”t ‘/‘rE}
(data not shown). ©]+= arginine kinase7} *J}/\H—‘%OH o= A5, ANSE d= x{

e & Aede A BEAHIL dFdx AYE & Afde s B4
HoeE AL BRojE w3, AEATFE ﬂﬁﬂr ZAxE A+ arginine kinaseol]

g3t band7t HAEFHA R ol AEAFEv| oA arginine kinaseZ} HAZ= 3
o ®3% Srinroch et al(2015)9] A< IA|3HA &+ ZAF#YY. Kamemura et
al.(2019)¢] ATl A = immunoblotting ¥ A= 4] A arginine kinase’} AZE A &
U BstRe. A8HCE B AN AEFAFYN dE 2 dFdxE B
NS dyzriet wap vkgAdo] Qe L =49l arginine kinaseZl HEE A ¢Fgk
wEbA] 7] dE 23] g IgG i) gElEr] vES Bole 3xke] A9, AE

i

[

d

FoHE AHT A EEET] 9SS HolX ¥S ASE AZHE. FFoe AE
g E AZE o (kamemura et al., 2013), o2 2]&3=x 2 (AR F
g 27121 tropomyosinel]l gk AF7F B3 Ao Z HS,

o 47 X
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50 -
o [ 5] ”
25' -
o
(@ (b () (d (e} (fh (g O ) ky M (m) (n)
2% 21. S FEE Y MEEatn| FEE9| IgG immunoblotting Zit,
@M=, (b):4

T2 M2, (O:AMP, (d):AEEFE0| F, (e):NEYFE0] EEHZE, ():70°C, 5 min M
).

X2|Z, (9):80°C, 5 min THE|F, (i):90°C, 5 min MXM2|Z, ():121°C, 5 min & 2|2, ((k):HAHX(1ug),
():&2 M2, (m)EErFetol =, (ngE7Fe0 ESdxa).

(b A ol mE AEAFer e Fr] A &4

O AEAFHI Y GC-MS £4 A= F 179 YehidS. 4 23, 6712 aromatic
compounds, 37§¢] alcohols, 6712] aldehydes, 17§¢] ketone, 171¢] furan, 471¢] acids,
1709 ester7t AEEHUS. AA g HHI Aaglo], 1219 == Y AAHZHE A
1 AZ2] ¢ 1-Octen-3-0l3 72 alcohol ¥ 2-heptenal, 3-methylbutanal, hexanal,
nonanal® Z2 aldehydes: $tFo] Z713lS. ol dS 7lste W29 AAYE 3§
7] W&ol AFEkr] e Aol AbslEo] MAZ ZoE AREH. o ARCE ¢
# A = methylbenzene(=toluene)e] 7%, A E 3 A5 I FFo] HAsIHL
o, 53 #Y AHEE & 45 A FAsAe



# 17. ¥EF 50 d= A A2 HEQ S8R

Samples RAW DRYING A10  A20 A30 B0  B20 B30
1 '2'3"t‘)‘eTnezté?]r:ethy' 0007 0038 0006 00075 00075 0012 001 00105
1-Octen-3-ol 0021 0136 0029 00205 00405 00315 00365 0033
2-Ethylhexanol 0018 00225 0018 00195 002 00175 0013  0.0095
2-Heptenal 00015 0005 0001 00015 0004 0004 0006 00075
2-Methylbutanal ~ 00035 0078 0002 00045 0014 0009 0006  0.006
2-Octanone 0022 00465 0018 00185 00275 00305 0012  0.009
2-Pentylfuran 00115 00785 0015 00135 0048 0018 0021  0.0205
3'Methnyi't'rﬁéb“te”e 00275 0004 00175 0026 00685 0041 0007 0009
3-Methylbutanal 00085 00605 0003 0009 00325 0032 0017 0022
Acetic acid 00175 0325 0021 00345 00285 0027 0007 00035
Benzaldehyde N.D. 00325 00015 00025 00195 0033 0028  0.0325
Benzeneethanol ~ 04925 1935 11095 02055 0373 0095 01095 00735
hy dﬁgﬁ({/’fgfuden . 00335 00865 00745 00195 0076 00465 00745 0031
dl-Limonene 0056 00845 00535 007 0065 00515 0049 00205
Dodecane 00035 01225 0005 00075 00095 0007 0009 0009

Ethenylbenzene 0.056 0.0175 0.0255  0.0285 0.033 0.0205 0.014 0.016

Ethyl 9-hexadecen 5955 303 01005 0017 0076 00935 02485 0258

oate

Ethyl_myristate 0112 01185 00365 0007 002 00285 00965  0.085
Ethylbenzene 00265 0023 00145 00165 0021 0018 00115 00115
Hexanal N.D. 00785  N.D. N.D. 0033 006 0081 0.0625
Meth%ﬁig{groxyb 00305 00635 0029 00305 00315 0039 00365 0036
Methylbenzene ~ 03715 01795 02365 0238 02985 0.1605 00685  0.033
Nonanal ND. 00155 0004 00015 0017 0024 0037 0.0355

Tridecane 00165 0033 00115 0013 0018 0014 00105  0.01

UN_30.61_193 0.0525 0.0555 0.03 0.027  0.0315 0.048 0.0385 0.034
UN_30.80_267 0.0415 0.044 0.025 0.0215  0.0285  0.0405 0.032 0.0285
Vinyl_hexanoate 0.0385 0.054 0.044 0.0255 0.0415 0.0315  0.0445 0.051

Z‘7‘Tet;ac?jce”°'c— 00225 0029 00115 00015 002 00095 0042  0.0335

TRAW, M=HIERIO| E; DRYING, SZAXE; A10, 121°C x 0.14 MPa x 10 min; A20, 121°C x 0.14
MPa x 20 min, A30, 121°C x 0.14 MPa x 30 min; B10, 100°C x 10 min; B20, 100°C x 20 min; B30, 10
0°C x 30 min.

b &4 Jheia W 90 min & F P E FFS 42 ~ 6.8 ° Brix® SIS

A



(GE 18). A8 E5F 90 minEt} 24 h 7}-ES)3 A5 £ 1
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18. THE ZhE3 22 3 Ao ME JteEolEe] & nEE 2

Total soluble solids (°Brix)

ample

90 min 24 h
Whole fat 1.5 3.2

Control
Defatted 1.5 34
Whole fat 6.2 7.8

Alcalase
Defatted 6.8 8.8
Whole fat 5.0 6.2

Neutrase
Defatted 5.2 6.0
Whole fat 4.6 54

Protamex
Defatted 5.2 6.0
Whole fat 4.2 5.8

Flavourzyme

Defatted 4.8 6.6

@ SDS-PAGE A}

@) Sl RS 4o wE AEASFEr = E4W-S ZZ(alcalase, neutrase,

protamex, flavourzyme, E/S H]-& 1.5%, water bath(50°C, 60C)olA] 90 min, 24 h ¥+
235 BE A7) MR EYS (28 22). v EAT(CO, CX)oll HIsIA alcalase,
flavourzyme @& 7l-EslE2 dWdo] & 7l-EdlEo 5 kDa o|3t= Wl
=7} YyEb e protamexe 25 kDaolAl 35 kDa Abolol 3lwjgt WM=7} YEFSES
o]= alcalase % flavourzyme®] protamex®.t} 7}<EE7F o 2 dojy A EAF 9]
Elo| =7} Ho] AAZHATT & F 5. Cho 520199 A+ mp=H 8AIZE 48
AFetr o] g d s JteEs) A o JheEsivl & dojd A4 TR E
A 10 kDa o]3te] AHEA HEelo]=& AAJ3H alcalase, flavourzyme % neutrase=
2 AT Z& A94E BAds. gA0 dAXKY zole e HELATS X
33 mE ABE 7l4Es 90 mnEth 24 hold o e wala slsRe)r) do



[ 90min ] [24h]

18 22 &4 g FHUO| ME BYE [,

CO, Control ®X|; CX, Control EfX|; AO, Alcalase TX|; AX, Alcalase EX|; PO, Protamax FX|; PX,
Protamax EX|; FO, Flavozyme T X|; FX, Flavozyme EX|; NO, Neutrase TX|; NX, Neutrase EX|.

@ wmd Jpree fa D A BE ARHFR SRR B GAEBA
b W FhRel Eael wE AEATee] 5RsEe] DPPH gz &4 B4

2 90 min®t}h 24 h 7FEEF A87F O gkow 53 flavourzyme E4E FH7b
& AlZollAl 90 minT 24 h 7rell BE 2ol RYS (F 19). 24 O #A X)
A= Abolo] Aol 5. O R a4E HUME AR F neutrase 3H7F

rulo

A&7} 744 =& DPPH a}u}% 27 4L B

@ SOD FAF &AL protamex E4E 71 A8 E oA DPPH &}t
Uz &7 243 Zo] 90 minEth 24 h 7leE3e ARV 6 52 245 UER
= HlEATHRT 84 HI7F Al5AA &A4o] ko™ neutrase 471 7MY =2
SOD frAF E48E& A=,

[t
2
o
ot
i
al
>
bl

@ Reducing powers HlE47-2 24 h 7lrEs] & g o] Hojzxoyg 845 HU}
ANEEL 90 minkEth 24hol] o & SdES BYs. @Wd e a4 HU)
A8 F flavourzyme 7} AE7F 90 min 24 h 2% 714 =2 IFLES YHER

[e)

=

@ DPPH #ttjZt &7 @A} SOD FAF Al A neutraseE 713 A 871 7H4 &
reducing powere 3 HAE o 7oz Hol HEAFgr thild s 7}
2 Agtsitta A2 E A



E 19. THE JhaE] 24 3 AZHf| ME JteE g0 FMerEE (%)

DPPH  radical ; i ;
Sample scavenging activity SOD like activity Reducing power
90 min 24 h 90 min 24 h 90 min 24 h
Whole fat 86.5 93.7 37 3.0 99.6 834
Control
Defatted 87.4 91.6 2.1 5.2 94.1 87.8
Whole fat 66.9 86.1 -37 5.6 88.3 98.1
Alcalase
Defatted 71.8 85.9 2.9 5.2 82.7 95.2
Whole fat 94.8 95.8 7.5 14.2 80.7 88.2
Neutrase Defatted 933 92.7 10.4 15.3 84.0 89.9
Whole fat 904 92.6 6.5 6.2 86.8 86.2
Protamex
Defatted 88.8 89.9 104 8.5 89.5 88.7
Whole fat 45.8 80.4 31 133 95.9 99.5
Flavourzyme
Defatted 48.0 73.5 36 14.1 95.0 102.8
@ S Tl a4 P AL mE grstE Eas G vAe I
b Eo) wE FEAEG] GE JpeRESE] ¢ —glucosidase B 2F FAFSH

-amylase &4 min¥} 24 ho] FAEAY 24 hol 90 mink o =4 y$k
@ ,y]_tﬂﬂtca}n] ] A2 x—]7]_0]_0d u:H E]— 32]»3 -,—oH}_f,_/\o] a—glucosujaseﬂ a
-amylase?] &4 BT 90% ©]Fo2 E2d ol oA iR A HAUtE

o 1 ol
ARA ] e RAEe B5EE Boisd 9L 4 %ov 95dE &

A
A

A =%om 24 h 7FEs F 90 min Bt @2 A4S HIYs (& 20) a
90
i

H 20. 24 Hg T EtpslERsies /80 0X|= g
a-amylase  activity (%) a-glucosidase  activity (%)
Sample
90 min 24 h 90 min 24 h
Whole fat 117.8 1254 113.8 100.8
Control
Defatted 129.0 130.7 1151 98.7
Whole fat 108.4 134.1 1115 99.2
Alcalase
Defatted 109.2 121.0 1104 98.5
Whole fat 135.5 134.3 106.1 102.1
Neutrase
Defatted - 111.5 106.7 100.0
Whole fat 112.1 127.8 107.0 99.3
Protamex
Defatted 109.4 131.7 107.0 100.7
Whole fat - 122.7 1117 104.3

Flavourzyme
Defatted 129.2 119.5 114.6 100.6




@ Probiotic Bacillus amyloliquefaciens MKSK-J1& Alg-3le] wta st B SFgn = &
FolE TH EA AR BAGlol BE FolA ‘%‘E 0 h (3.46 log CFU/mL)9
HIgl W& 24 h o]F o] FAsHA AAstRom(7.36 ~ 8.39 log CFU/mL),
sucrose 7S Alelskal 48 holl 543 dastes s Bl (F 2D. &
of F¥ol wWEtA= sucrose FH7bolA THE et Al At e, glucose,
starch M7k =olds. AEATGH E2 &2 o5 matxs F3g zbol7t
UEtA] got, AA] E2EE FES Hart o|Fonty ATEHII S ok, A

7}el= &S sucrose, glucose, starch £ 2 Wa 7} # o] Fojx| 1, &% FA
[3kA ¥om, 24 holl o] HHE F23te ZoE YUeh} HEFHOE 24 h

2 E AR dAs A=

H 21. Probiotic Bacillus amyloliquefaciens MKSK-J1 ‘&8 SF2t0]|2] M7

tlo rlo
Bk

A M= (logCFU/mL)
Carbohydrate Pretreatment 0 h 24 h 48 h
Glucose Whole fat 3.46b* 8.05 + 0.04ABa Oc
Defatted 3.46b 796 + 0.05ABa Oc
Sucrose Whole fat 3.46b 8.10 + 0.14ABa 732 + 0.54a
Defatted 3.46¢ 8.39 + 0.24Aa 7.4b
Starch Whole fat 3.46b 7.56 + 0.85ABa Oc
Defatted 3.46b 7.36 + 0.21Ba Oc

*UEA T B HLME) / AR EE2 A E HL(ZIR) (p<0.05).

B FEAZ ] IE F 1FHE FF WS TE 24 WA= B 7oA gnketA S
Zbebe= REAE, €] B¢ g 48 holl 5438 SUbstal A EEe $E 48 ho
ashe %S GRS (F 22 pH E=, ) £ A o] 2ag
A 24 WAAE pHIF Z4% W, RE 48 hol B Bwe pHE F7h A4 BR
< pH7} Zasks AEde UeSlE. fldlA 243 2 BaE ARl 24 hel F
IYPE TS 6.7 ~ 7.1%°]3, pHe= 592 ~ 7.2 0|5 (3 23).

H 22. Probiotic Bacillus amyloliquefaciens MKSK-J1 22 A4H{|F2i0|Ql & nHE S
T 1Y E SE(°Brix
Carbohydrate Pretreatment - &l )
0h 24 h 48 h
Glucose Whole fat 5.5b 7.0 £ 0.00Aa 7.05 £ 0.07Ba
Defatted 5.5b 6.7 = 0.14Ab 10.5 + 0.71Aa
Sucrose Whole fat 5.5b 7.0 £ 0.00Aa 5.85 + 0.49Bb
Defatted 5.5b 6.7 + 0.42Ab 11.75 £ 1.06Aa
Starch Whole fat 5.5b 7.0 £ 0.00Aa 6.35 £ 0.49Bab
Defatted 5.5¢ 7.1 = 0.14Ab 11.2 + 0.00Aa

* NEZAF: & E HRME) / 22X g2 A2 E HU(ZLE) (p<0.05).

H 23. Probiotic Bacillus amyloliquefaciens MKSK-J1 23 AHJ|5F2t0|2] pH



pH

Carbohydrate Pretreatment

0 h 24 h 48 h
Glucose Whole fat 7.11a 6.38 + 0.18ABb 571 + 0.08Bc
Defatted 7.11a 6.33 + 0.02Bc 6.65 + 0.12Ab
Sucrose Whole fat 7.11a 5.92 + 0.04Bb 541 + 0.27Bc
Defatted 7.11a 598 + 0.59Ba 6.85 + 0.22Aa
Starch Whole fat 7.11a 6.25 + 0.57Bab 5.56 = 0.28Bb
Defatted 7.11b 7.20 + 0.01Aa 6.78 + 0.01Ac

* LHEA: & 8 HUMEZ) 7 22X 28 AlZE & HL(7I2) (p<0.05).

@ BEEY 2F A

@b Probiobic Bacillus amyloliquetaciens MKSK-J1& AF&3F 24 h @& A5 Had
A AY A= 7 249 28 DPPH radical scavenging activity &4 23} 3n) 34
A Qo= Bt BE TolA 89% ol aAETE VHA =2 A g4 U
BuUlon, 53 HA BEFoA 92.77 ~ 96.15%% @A BT nla] Aol
=9re. #H7}3 9] 5o Wk = sucroseet glucoseoll A =7 ¢ 2 XS
e 1S, SOD like activitys= 28 24 h 5ol A 29.22 ~ 56.02%2] &AS 7}
A, DPPH radical scavenging activity 232} FL3lA €4 B2 Rt dx] &4
AA o =& XS YeRQa, 1 F sucrose H7FolA 56.02%= Ao 71+
=%

@ TEEO| ¢-amylase inhibition activity =4 A3}, & FF wet o7t YElgE
H) sucroset} starchE A 7F3 & inhibition®.thE= activatione 3= A O&E HoOJ
H, glucose FH7FolA+= 15.70 ~ 23.70%2] °Fsk A3 A4S Yelh A2

H 24. Probiotic Bacillus amyloliquefaciens MKSK-J1 24A|7t &g ASoHo| Me|gd MY

Antioxidant activity

DPPH radical . o a-amylase
Carbohydrate Pretreatment scavenging SOb Illzg)actlwty inhibitiony activity
activity (%) ° (%)
Glucose Whole fat 95.14 + 0.66 4136 + 0.83° 15.70 + 14,57
Defatted 90.11 + 7.49 29.22 + 0.56 -5.56 + 38.13
Sucrose Whole fat 96.15 + 1.09 56.02 + 3.56° -21.74 + 1943
Defatted 90.04 + 121 3434 + 2.66 -27.40 + 2.02
Starch Whole fat 92.77 + 5.05 43.62 + 543 -47.92 + 18.55
Defatted 95.06 * 6.33 4044 + 1248 -59.74 + 8.97

* 2f BolEs E HME|Of THE F2lH XH0| (p<0.05).
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] BeP7F Aol weh

E 26. WHAL0] 27|54 AT EH] MHES AR JISE AN

AE-B(%)? Q2 Ej ot HAHY 7|=2E
0 5.19£.91 6.50+1.10 5.75+0.93 6.06+1.00
0.3 5.50+0.89 6.56+0.81 7.13+1.09 6.63+0.89
0.6 5.13£0.96 6.63+£0.62 6.50+1.26 6.13+1.09
0.9 4.81+0.91 6.19+0.66 6.00+1.21 5.50+£0.97
1.0 4.81+0.98 5.88+0.89 6.06+£0.93 5.44+1.03
2.0 4.38+0.62 5.81+£0.66 4.25+0.68 4.06£0.77
3.0 3.69+1.01 4.94+1.00 3.06+0.68 2.81+0.83
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. /\]7(1-3

- 879 /z}/\ﬂ %7]) AFEre 19 300 YERY

AEZ O #F € ==
MEZD g8 SH=E
E=2gnTE]

RE7eh scte ZARE
LH8%H 60 g 250 kcal)

HASYE % o SoETCHERAh, AHSIZal
SR FESRoIAEE S ARAEAZ AL

22 EoojAot 5. REEEEIRMANNS =
g H=Z 5 HOIUMEE olidERE] 207
':."':h_ _'.'.'_-:I[ 'ql.;:—u.- E._."E-,_:."'._"HEH‘?‘: T-I-'l;l.;!:—u.-:l.
_.'-l-.c 1%] 12 % .—'\. Ed- EJ-E-HLEI I:|r.-:|._.'-|- ﬂ_l:i I: l:i
2RSSR B2SEINERELSENNE
COEEMEniE, T Nolss ZHE HEF
E2% EUHEhEyOMEs, ol HiEt e
ETHA dla-EFHIEHEHNE HEEE EE
223 oliEEay Uz Stopnls, g EHEH

AETHHEERLESL OFHHOIE SS=FEE
HIEFRIAOHHEHIOIE, dio-EIHS) ZFOMSMHT

E M MoorHE dlEttieedME HiEFMEZ H
S ENE BEUSAEY oliEae BT
HHTEY~ES DETHI2F JEtHEeD

[+]] [=] =
5 kg = e
IER o Hig
LIEE 200 mg 0 %
E&E 112 g EES
EE] 34 g 3 %
TIEF 26 g E %
| EFATT 04
TR 12 g B %
EEEEER 0.14 ng 0 %
ELE 38 g 7 %
H[EfDID 4 ug 40 %
H?E 57 mg T %
19 E9HE =Ad O# e56e=s 2000
kml Flz0|22 APle Eo @Y o o
+ flayc

TETE = AIEMs HEZEREATo
THl71. HIEMIDs #HZEs
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HKISI I (Lactobacillus 2K Q).

@ 84 2rAET AFU FEAFEY] ArlsAd 2AE 2t LIS

ESARIET 2F LF) a*, b e & 289 e V& AEFH vlwste] LEgk
el o4 A38FR S (p€0.05). Bacillus 2=A7F 78 "Ly 93¢ o

3} b

A

2A7} A7 FE-BE WA Aasie] dold A 7E @alo] FE o
R

H 28 nYXE 17|58 23t SHEEFI color value.

Sample L* a* b* AE*ab

CH=+ 77.07+0.06a" 6.52+0.16b 47.09+0.70a

TZ-B 76.45+£0.12b 5.79+0.07¢ 29.29+0.19¢ 17.82

I B 75.85+0.03¢ 7.03£0.15a 37.20+£0.46b 9.98

F value 177.85 63.04 967.17

Pr>F <.0001 <.0001 <.0001

Y The values with different letters in a column (a-g) are different significantly by duncan’'s test

(p<0.05).

2 HEF - @EHAE HeHAdss =B OYe| o9 © DBNSFZ(Bacilus M BR), $E-LB :
X ).

== R |
OlYa| ot o DHEXIS=I(Lactobacillus 2K TS

330%, 13,068% ~ 15,440%, ©]¥ =<
st AFoz AFHAF(HE 4 F=2).



A
A= el FYHFHIIE +=.g" $IZ-|B"
A2 (kcal/100g) 411.72 41837
Et=3}= (g/100g) 59.99 55.78
=3 (g/100g) 15.94 17.43
ZEHE (g/100g)? 6 16.75(279%) 18.82(314%)
ZX[E (9/100g) 11.64 13.33
Z3HX|E (g/1009) 8.32 6.11
E-MAX|E (g/1009) 0.00 0.00
EYAHZE (mg/100g) 2.64 0.72
LFEE (mg/1009) 868.66 1,000.21
Vitamin D (ug/100g)? 15 196.02(13,068%) 23.16(15,440%)
Z%& (mg/100g)? 80 253.55(317%) 264.03(330%)

D 4mop; OYUe| THY o DRSS (Bacilus AT BR), WE-LB : OY2| THY o DHRISHEI(Lactobac
illus 28 Bt]).
2 NHKISIAZE

o
H
ri
rtl

F(KS H 4897)+4 MEH LM E(2019. 12. 06 7{7d) H|w.

@ AFAKE WA P FHRVFI AFY FFe 1Y 1119 FE2IA
AFIHOE AEF FEA ZUART AFUL 12 ~ 132 mg/go® BYHAOM

N
o
o
O
2
zi
O

71 A ELS AE AFARAATIER] Frtel =l o F st

25T, 35T, 45ColA 90 7HA A% A3 B 25T oA A+,
FAXTEgTH, Arddgs AEHA Ede

T2 A% AF 0¥ 540 CFU/golA BE =74 Algte] AgssE 7
2 AR 90 o]Zo|= 25C 260 CFU/g, 35C 230 CFU/g, 45C
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YSESPAFds
0 30 60 90
Z=m_gh 2.50+0.12 3.56+0.09 3.81+0.00 2.75+0.21
=z | B" 2.20+0.04 2.25+0.07 0.59+0.16 2.42+0.14

V4mp o 2] ot o D-XSFI(Bacilus M BR), HE-1B ¢ HY2| ot o DYNSII(Lactobac
illus 27 BHR).
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@ o=y Aol A Mt
oy 7MW EDRAFE WA FZESE, THAXAYUNAFE, AYJEZSFZ) 0.3% Bacllus=

&)
U g@sd .
D A7 He
G ZEnpol ‘%l%% =83

D 7154 ZZnlo] 0¥ Al
@b

op o

@
@b

@

3 17154 2AE FAUislY B4
a4 H7F f5ol #AGle]l MAAH
Uz o 7|axr) F9e.

gl 17154 aAe dEe SHIY A F& ATFY

w st

2IA8 A3} Bacillusz A3k
, TP 20232, AQEFESFE,

5 :
g

A&
71
2]

o% IH H o=

) ﬁ 01r r}&
—\P( 2 ox o

A7
3z
ar

L
T71%

rL

S AEUE A E 01]/‘% 0.1% pepsind} 0.3% bilt salt ZANA HEF FAHFF 28
F12 B38|, Escherichia coli KCTC 1683, E. coli O157:H7, Staphylococcus aurerus
KCTC 3881, Bacillus cereus KCTC 1012¢ tigt &+S&4 S F3 107] +F 23 A
71 % a- glucosidase A&l &Aool M w2 N 5 HF AEHso A

1:1[0 m&

“:‘é'?i Fehn) g

Starter= Lactobacillus plantarum MKHA15, L. plantarum KCTC 3103, PBacillus
amylolique faciens MKSK-J1, B. amyloliquefaciens MKSE 24 h ¥ %l -& Al-83}5 3.
AR AFEgE] dFAZ B 100 goll 2.5% glucosest E=HF4E 21, HE solid
liquid= 1: 57} I &% SHFFE Y11 T35t 121TC A 20 mingt EHsFHS. 3
5C F7HA 23 ¥, starter 24 h ¥iFA& 5%7F H =T HEstal, 35CToA 24
Ak

_|_4

h @k wjoF (130 rpm). W& T8 F, S-S AR (6,000 rpm, 5 min)sked
SAnkS BEstae. R AsAe 20T BAsY AFo) ALgstga, g2
Fede sAAXS AP AHESE S =3, 4R AFTAL i vitro digestion
3ta] Aol ALREHS. Starter® L. plantarum MKHA1ISS AM-83 wta #AE A5

2}v]= HAGB, L. plantarum KCTC 3103& A+8-3F 212 LPGB, B amyloliquefaciens
MKSK-J1& AR&3t A2 SKGB, B amyloliqguefaciens MKSEE AH&3F 712 SEGB,

starterE F7FstAl ¥ A (G B2 25 592> CONeE il g i+
() AEHZI|ES o] &3 dv] U AAASFIHE HUIgE dv] HEE Ax
O A3A =
@

AE AT = 293 (E‘r’“/\l gka)ol A 70C, 10 h 2o =2 43 dxd 4%
Agol A A (F=Id™, A4k, =) R A" AT, A, €
)& AY v (o]rtE, d?_h ol Al Tl ko] AFE-SEA

WaE sl Lactobacillus rhamnosus GG (ATCC53103), Leuconostoc mesenteroides
MKSR (KCTC13848BP), Lactobacillus plantarum MKHA11 (KCTC13927BP), Bacillus am
violiquefaciens MKSK J1 (KCTC18452P)& X33k F 471A] X =ZHlo] Q¥ 37} Af
SE A5, Lb. rhamnosus GG % Leu. mesenteroides MKSR-2 2% glucose (w/v)7} 3
7} LM broth [0.5% (w/v) yeast extract, 0.5% (w/v) peptone, 2% (w/v) KsHPOy, 0.0
2% (wlv) MgSO,-7H:0, 0.001% (w/v) NaCl, 0.001% (w/v) FeSO,-7H,O, 0.001% (W/v)
MnSO4-H,0, 0.013% (w/v) CaCly-2H,0l, Lb. plantarum MKHA11-> De Man, Rogosa,

o



and Sharpe (MRS) broth, B amyloliquefaciens MKSK J1-& nutrient brothollA 24 h
Bt 37 = 30T A4 HiFst AE-sHA =
@ dn 8 E A=
b & 312 ZF 10F9] v L AEAF E‘rﬂl An] HEE] A5 wiFgdudd. S7HA AE
2 100% W& FH7ist FHlstdal (BR A1E), & 7HA A& 70% @Rk

30% AEATFEE B Hrlsle] FHEYS (GB AS). ME 455 g B EF7

S T
4 116-125 g3} Lb. rhamnosus GG (BRL, GBL), Leu. mesenteroides (BRS, GBS), Lb.
plantarum MKHA11 (BRH, GBH), B amy/o/iqufaaéns MKSK J1 (BRJ, GB)) 5¢ &+

o

< ZH2} 455 g HUbste] &3 & 25T oA 0, 18, 30, 48, 70 h &<t T A&3H3 =

2 31. 90| % ¥EY S0 22E WE vl

. Cricket mixed with brown rice
Ingredients Brown rice samples samples
(9) BRC" BRL BRS BRH BRJ) GBC GBL GBS GBH  GBJ
Bro]l’lvg‘ur”ce 2841 2841 2841 2841 2841 1989 1989 1989 1989 1989
Cricket
sowder - - - - - 852 852 852 852 852
Sucrose 455 455 455 455 455 455 455 455 455 455

Distilled water 1615 116 116 116 116 170.5 125 125 125 125

LGG? - 455 - - - - 455 -

M}'Q(S - - 455 - - - - 455 - -

MKH
A1 - - - 455 - - - - 455 -

Starter

I - - - - 455 - - - - 455

Total 4911 4911 4911 4911 4911 500 500 500 500 500

" BRC: ¥O| & CHEF, BRL: Lb. rhamnosus GGE Zast 10| ME, BRS: Leu. mesenteroides MKSR
2 9SSt ol0| ME, BRH: Lb. plantarum MKHAT1Z 25st &i0| MZ, BRJ: B amyloliquefaciens
MKSK J12=Z 2ot 90| ¥E, GBC: &E7I5FEt0| H7t 90| Zad =T, GBL: Lb rhamnosus GG
2 2ot Mg Se0l Mt °._4|3| MZ  GBS: Leu. mesenteroides MKSRE gt st M EEgiO)l AT}
$i0| MEZ, GBH: L[b plantarum MKHAT1Z2 Stast M&HIEeto] X7 &0l ME, GB): B
amyloliquefaciens MKSK J122 & st We|Eat0l M7t o] ME

LGG: Lactobacillus rhamnosus GG, MKSR: Leuconostoc mesenteroies MKSR, MKHA11: Lactobacillus
plantarum MKHA11, J1: Bacillus amyloliquetaciens MKSK J1.

(th A8 e & AEAFHR Y o A& 4
O AAg B
) HEAFGHE dFTAF, FEAZE, 1L 1Y A, g4 et F v 7HA 9
& 4 dzE 70CeolA 10 h =<t 3
gERow, FAARE TZAHAZX7] (TFD5503, BYAl Hlo]QH|o]2~ FFHA|, 3
T)E o] &3l 5¥UL FAAXENFS. 1L 3¢ Hys ndEr1EH#r] (PAC-60,
Labhouse, EHA|, 35S o] &3}ed 1211C, 14.5 psiolAl 15 mingt 7Fd3sle] R3ys}
Re. BAE iks Bl E ARESE AE AT o ATS A AR =

rlr il
ku
m‘d



@ ol H&E &4

@ GC-MS+= solid-phase micro extraction (SPME, Supelco, Bellafonte, PA, USA)E
ste] 57FA 9] AE ATt o FrAES BA5IA S, Glass vialdl Als 3 g&
silicon/teflon septumo.2 UTFE HE3I T FL2 60CoA 1553 100rpm o=
st YRS HY AUz TEr 1083 I AES  fiber (50/30um
DVB/CAR/PDMS 24Ga, Supelco, Bellafonte, PA, USA)dll JFZAAL. o]F 220TC ¢
Gas chromatography-mass selective detector (GC-MSD; Agilent 7890A and 5975C,
Agilent Technologies, Santa Clara, CA, USA)e] F=UT fiberg A Yste 1083 &
23 & BAsgS. BA A-o® HP-5MS 30 m X 0.25 mm, id. X 0.25 xm
film thickness)E A3} 3L carrier gas® N, (1 mL/min)& ©] &39S, Ovend &
T 27] 40°CollA 583 HE & B3 5° CE F7HAA 2000C7HA] FsA1zl F
108 7+ fA39S. FUTY &= 220°CH o splitless modeol| A #4131 2.
Total ionization chromatogram (TIO)ellAl #&l® A&E-2 mass spectrum library
(NIST version 12)& ©]-&3te F83tR o™, 2ejd F7|HEE9 peak HA S o F
®FE32 pentadecane 0.005 uLe] peak ®A 3} wg A4ksle] A& 100 g ugl =
UEHS L HFE AZEE ]88t HFE ATE ALt

@ GC-O&= Agilent 7890A GC-MSDell #2H# olfactory detection port (Gerstel Inc,
Linthicum, MD, USA)E o] &3t A3t 5. 29 A7t & 44 vh& A3}
Ae. SAE GC-MS 43 FAl st on &4 =7] 5& W= &rjrt
elution® &= Al F74o] A 2E pEste $45H2 GC-MSe EAAZte=E §
oA 2587MA] A=A F 494 (1 = low, 2 = medium, 3 = strong, 4 =
very strong)2 FEE A= AANE o] &3t Fo FrE H FA AHE SAHIA

2
= K o

Bl of

=
@) olststx 4 54 24

al, 75C oA &=

o off
By
BN
M
e
—
oQ
o
o

o
Kjeldahl 4 AHFHS AL s AY Sg2=39 AR 0.2 g3 &3
;A Ll I A7kste] hdstel wajsial
& B FRER AT F, BAYH FHF 30% NaOHE FH3te] 0.05 M
(e}

= o TT
2 F, 01 N NaOHZ #Aste] A4 LulFe Sa) zguz

H
P
o
oot
B
Do
o
=

f
1
-
o
e

@ =2AYS SSdFSHe ARSI s AEFAFE] @32 B2 2 g8 28 ¥
A, 105C A=x7)olAM 3 AlIRE Az §, Sl ddste dH=E o83 8 Al
=

@ Z3|E AAFS] 5% B¢ 2
gS Y, 550C 3|3lZolA o =& & u 74A I3}t 37 sk AAks)

B &S 7R = RS E 250 Lol 0.2 M sodium phosphate buffer(p



H 8.2) 2 mL #H7}stal 0.1% TNBS 2 mLE 7}k & 4, 50C A 1 h X353+
HE-&- Xéxlg —?48H 0.1 N HCl 4 mLE& 7}gF % 340 nmoﬂ/ﬂ 3= 27‘50} - X

® FnYL ?&%ﬁ
@ 7hrEdlE dede 2EoEE o]§ste] TEABrix 0.0 ~ 33.0%, ATAGO, Japan)
of Wolmal ¥ EFe FAUsFAL,

@ SDS-PAGE
@ 7hRSEo] W 38E-S sodium dodecyl sulfate polyacrylamide gel electrophore
SisE o] &8sty B4 A, ZF JheREAES 10,000 rpm, 4C, 1 min YAEE] &
Ao A5 17 4,LE 12% gelo) loadingslte] 60VolA oF 2417+ A9 55 23 s}
31 Coomassie Brilliant Blue G(CBBG)Z {443k F destaining 8 <f(acetic acid:metha
nol:water=1:2:7)& ©]-&3st] SHAZE. TAF vi7l= SMOBIO Al &< AHE-3H3A =
© frejotr =it &4
@ ofu] x4t X238 high-performance liquid chromatography (HPLC) system (UltiMat
e 3000, Dionex, Sunnyvale, USA)E ©]&3ste] &43tds. 52A0FE 0.5 g9l 75%
ogb2S 713 ¥ 1 h 59 sonicatoroll A F=39S. F59 0.5 ul = INNO C18
column (4.6 mm x 150 mm, 5 ym)el]l F=Jstd B3RS 52 1.5 mL/min$
H, 40C 2 A =% Aspartic acid, glutamic acid, serine, histidine, glycine, threo
nine, alanine, arginine, tyrosine, valine, methionine, phenylalanine, isoleucine, leucin
e, lysine, proline, cystine, glutamine, asparagine, tryptophan, hydroxy proline (Sigma
-Aldrich, Saint Louis, MO, USA), 7y -aminobutyric acid (GABA), taurine (Agilent, San
ta Clara, USA)& 233 1759 ofn4le] FFEHAE AMEHAS. Fobr x4t

At e 4 o] §3te] AL

n [100XLeUsgmple x 100X LYSsample X X 100XThtsample
EAAI =

Lelyeference Lysreference Thrreference

. the number of essential amino acids considered for the calculation
EAAsample: the content of essential amino acid
FAA eference: the content of essential amino acid in reference protein (FAO, WHO, UNU, 2007)

(vh) A3k &4
(D DPPH assay, SOD-like activity, Reducing power= 1xtd =2} 53 W] o3
@ FRAP assay
@b 208} 343 JlERS|E AlF 50 pLol FRAP €9 (300 mM acetate buffer: 10 mM
TPTZ: 20 mM FeCl; - 6H,0, 10: 1: 1) 1 mLE Ya 37CoA 30 & w-gA|xl & 5
90 nmoll A F3F%= SAHSAS. EFAEE FeSO4 (0.2~ 0.8 mM)E A&t o 4
= mM FeSO,2 #A8HA 2.
@ Folin-Ciocalteu methodZ ©]-&3}o] Total polyphenol contents (TPC)S =43} <.
D) FDm FA
O 1Ad=et A el o3k



@ «-amylase A3 A, «-glucosidase #3 A4S =4
AP FEg2HE &4
(D HMG-CoA reductase A3 &4
@b HMG-CoA reductase assay kit (Sigma Aldrich, USA)E A&3le] ZAH3AS. AlE 1
« L, 1 X buffer 182 xL, HMG-CoA 12 «L, Nicotinamide-adenine dinucleotide
phosphate (NADPH) 4 xL$} HMG-CoA reductase 2 L& <£AUZ &3t 340
nmoll Al 10 min?t FF= =, $FA YRTF OS2 atorvastatin (100 mME AHE3HA

om, A4S ot et 2.

HMG-CoA reductase inhibitory activity (%) = (AAbS control — AAbs sample
Abs control

)*¥100

-amylase (75 units/mL)e} &3+3Fe] 37C oA 2 min ¥H-&A]%1 &, 15 mL¢] gastric
juice®t &E338te] 37CoIA 2 h 9 ®W-g pHE 69% A =, 10 mLo

[e) 1l
43471 H, 20 min F<2F 6,000 rpm 2 4C ZAANA LA EE TR

=
Az 2322 ANRGL. AR 2o P JDPS of
= [e]

20
K

b =3} A
O s2xdx &% 258 g= F
Newport Scientific, Jessup, MD, USA)E ©]
b 7t& EA
O sZ2dx % 125 gd 75 30 mLE &33te] 60CeoA 30 minzt
6,000 rpmell A 15 min AA T F, AxH A5 FA, Ad=E FA
water absorption index, water solubility index, swelling power& A4Fsl
O3 2

Water absorption index (g gel/g) = Wprecipitate/ Weampie
Water solubility index (%) = (Waried supernatant/ Weampie) X< 100
Swelling power (g water/g) = I’K)recipitate/ ( Weample — Wiried supernatant)

&3t3sled Rapid Visco Analyzer (RVA-4,

ol 53 542 BAHAS
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Worecipitate: Weigh of the precipitate (g)
Wiample: Weigh of the sample as dry basis (g)
Wiried supematant: Weigh of the dried supernatant (g)

2 A3 A3
b e Z2hpo]l gy s 83 EAFHV Y AR 20 AT
O 7164 ZEvto]l 8 A4t #F &
@b = AERFEAEZ 68F0lA 0.1% pepsind 0.3% ZANA &3 28 7| +F =,
g A7 a-glucosidase A3l FAHE 71Fo 2 HF ¢35 Lactobacillus plantarum
MKHA15 (MKHA15E Adst9s. A¥ 5 MKHALSE » BRSS9l hemolysisE 7}



glucuronidase ggo] gle A #FUS A E S (3 32). MKHAILS
d, Zkdol, MRS wlA] olA HAES FAsta catalase TS =4
E4E 7HH s (& 33). MKHALS9] &r3l&E o]8 59 (GE 343 165 rRNA €7]
g EHo=E AN eH (39 35, 8 A Lactobacillus plantarum subsp. pl

antarum ATCC 149173} 99.86%2] &3S 7F4 (& 35), #E Lactobacillus plantar
um MKHAISZ HH3td s (238 36).

{o

# 32. Hemolysis and B-glucuronidase activity of L. plantarum MKHA15

B-glucuronidase activity

Strain Hemolysis
Activity (%) Visible color
MKHA15 y-hemolysis 449 £ 219 Colorless
E. coli’ N.D.” 4781 + 11.48 Yellow
B. cereus’ B-hemolysis N.D. N.D.

V' Escherichia coli KCTC 1682: Positive control of B-glucuronidase activity.
2 Bacillus cereus KCTC 1012: Positive control of hemolysis.
% N.D.: Not determined.

# 33. Morphological characterization of L. plantarum MKHA15

MKHA15

Shape (Microscopy 1000X)

- _:‘
—_
]

Colony (MRS agar plate)

Gram stain +1
Catalase activity -
Slime formation +
Y + : positive reaction, - : negative reaction.



# 34. Carbohydrate utilization of L plantarum MKHA15

Carbohydrate MKHA15 Carbohydrate MKHA15
Control -0 Esculin ferric citrate +
Glycerol + Salicin +
Erythritol - D-Celiobiose +
D-Arabinose - D-Maltose +
L-Arabinose + D-Lactose (bovine origin) +
D-Ribose + D-Melibiose +
D-Xylose - D-Saccharose (sucrose) +
L-Xylose - D-Trehalose +
D-Adonitol - Inulin +
Methyl B-D-xylopyranoside - D-Melezitose +
D-Galactose + D-Raffinose +
D-Glucose + Amidon (starch) +
D-Fructose + Glycogen -
D-Mannose + Xylitol -
L-Sorbose - Gentiobiose +
L-Rhamnose - D-Turanose +
Dulcitol - D-Lyxose -
Inositol - D-Tagatose -
D-Mannitol + D-Fucose -
D-Sorbitol + L-Fucose -
Methyl a-D-mannopyranoside + D-Arabitol -
Methyl a-D-glucopyranoside - L-Arabitol -
N-acetylglucosamine + Potassium gluconate +
Amygdalin + Potassium 2-ketogluconate -
Arbutin + Potassium 5-ketogluconate -

Similarity strain (%)

Lactobacillus plantarum (99.9)

Lactobacillus pentosus (0.1)

Y + : positive reaction, - :

negative reaction.



| GCAGTCGAACGAACTCTGGTATTGATTGGTGCTTGCATCATGATTITACATTITGAGTGAGTGG 62

63 COGAACTGGTGAGTAACACGTGGGAAACCTGCCCAGAAGCOGGGGATAACACCTGGAAACA 122
123 GATGCTAATACCGCATAACAACTTGGACCGCATGGTCCGAGCTTGAAAGATGGCTTCGGC 182
183 TATCACTTIITGGATGGTCCCGCGGUGTATTAGCTAGATGGTGGGGTAACGGCTCACCATG 242
243 GCAATGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGOGACTGAGACACGGCCC 302
303 AAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCTGATGGAGC 362
363 AACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCTGTTGTTAAAGAAGAACAT 422
413 ATCTGAGAGTAACTGTTCAGGTATTGACGGTATTTAACCAGAAAGCCACGGCTAACTACG 482
483 TGOCAGCAGCCGUGGTAATACGTAGGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAG 542
543 CGAGCGCAGGCGOTTTTTITAAGTCTGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCA 602
603 TCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAA 662
663 ATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGTAACTGACG 722
723 CTGAGGCTCGAAAGTATGGGTAGCAAACAGGATTAGATACCCTGGTAGTCCATACCGTAA 782
783 ACGATGAATGCTAAGTGTITGGAGGGTITCCGCCCTTCAGTGCTGCAGCTAACGCATTAAG 842

843 CATTCCGCCTGGGGAGTACGGCCGCAAGGCTOAAACTCAAAGGAATTGACGGGGGCCCGT 802
903 ACAAGCGGTGGAGCATGTGGTTITAATTCGAAGCTACGCGAAGAACCTTACCAGGTCTTGA 962
963 CATACTATGCAAATCTAAGAGATTAGACGTTCCCTTCGGGGACATGOATACAGGTGGTGC 1022
1023 ATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCT 1082
1083 TTATTATCAGTTGCCAGCATTAAGTTGGGCACTCTGGTGAGACTGCCGGTGACAAACCGG 1142
1147 AGGAAGGTUGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCT 1202
1203 ACAATGGATGGTACAACGAGTTGCGAACTCGCGAGAGTAAGCTAATCTCTTAAAGCCATT 1262
1263 CTCAGTTICGGATTGTAGGCTGCAACTCGOCTACATGAAGTCGGAATCGCTAGTAATCGCG 1322
1313 GATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGOCCCGTCACACCATG 15382
1383 AGAGTTTGTAACACCCAAAGTCGGTGGGGTAACCTTITAGGAACCAGCCGCCTAA 1437

)

)

b

13 35. Nucleotide sequences of 16S rRNA of L plantarum MKHA15.

# 35. Identification of L plantarum MKHA15 using 16S rRNA gene sequences

Strain Identification Similarity (%)

MKHA15 Lactobacillus plantarum subsp. plantarum ATCC 14917 99.86

[Lactobacillus plantarum MKHA 15|
Lactobacillus plantarum subsp. plantarum ATCC 14917

Lactobacillus plantarum subsp. argentoratensis DSM 16365
Lactobacillus pentosus DSM 20314

Lactobacillus paraplantarum DSM 10667
Lactobacillus paraplantarum DSM 10667
— Lactobacillus parabrevis LMG 11984

Lactobacillus pentosiphilus IWT25
{ Lactobacillus paracollinoides DSM 15502
Pediococcus parvulus JCM 5889
{:Jediucoccus claussenii ATCC BAA-344

-I:Pediococcus argentinicus DSM 23026
Pediococcus acidilactici DSM 20284

—

0.0050

1% 36. Phylogenetic tree showing the position of L. plantarum MKHA15.



@ 715 z=2ulol ¥ A+t &5 L. plantarum MKHA159] &4
@b MKHA15E 0.1% pepsinel Al 96.3%, 0.3% bile saltell A 53.56%2] H&E&S Jeb
o (% 36), Shigella sonnei, Pseudomonas aeruginosaZ E3Har 870 Aol o s
FF A4S 7HHS (% 37). =3, MKHALSE 69.68%%] « -amylase A3 &4, 99.2
5%2] o -glucosidase A3l &4, 65.81%2] HMG-CoA reductase A3l &4S 71H L
H, =2 g4kst @4 (DPPH oz &AEA 100.53%, SOD A &4 56.62%, &
A9 2695 HERAS (GE 38 ~ 3 40).

# 36. Tolerance to artificial gastric juice and bile salt of L. plantarum MKHA15

RSR (%)
MKHA15 L. rhamnosus GGV
Pepsin (0.1%, 2 h?) 96.30 £+ 0.10 96.54 + 0.28
Bile salt (0.3%, 2 h) 5356 + 586 5272 + 279

Y lactobacillus rhamnosus GG: positive control for RSR.
2 Reaction time.

# 37. Diameter of the inhibitory zone of L. plantarum MKHA15 against pathogenic bacteria

(mm)

Pathogens MKHA15

Gram negative

E coli 6.13 + 0.13%"

E coli O15T:H7 6.05 + 0.07¢
Pseudomonas aeruginosa 8.38 + 0.75%
Shigella sonnei 10.00 + 1.15°
Shigella flexneri 7.88 + 0.85*
Klebsiella pneumoniae 7.38 £ 0.48°

Gram positive

0.13¢

I+

B. cereus 6.15

S, aureus 6.08 + 0.05¢

" Means with different superscripts in a column (a-d) are significantly different by Fisher's least
significant difference test (p<0.05).



# 38 a-amylase and a-glucosidase inhibitory activity of L. plantarum MKHA15

MKHA15 Acarbose” (1 mg/mL)
o-amylase inhibitory activity (%) 69.68 + 2.38 63.61 + 0.22
a-glucosidase inhibitory activity (%) 99.25 + 474 100.10 £ 0.10

" positive control.

# 39. HMG-CoA reductase inhibitory activity of L plantarum MKHA15

MKHA15 Atorvastatin”(100mM)

HMG-CoA reductase inhibitory activity (%) 65.81 + 6.50 90.84 + 1.34

" positive control.

# 40. Antioxidant activity of L. plantarum MKHA15

MKHA15 Ascorbic acid” (1 mg/mL)
DPPH radical scavenging activity (%) 100.53 + 6.91 9442 + 0.10
SOD-like activity (%) 56.62 + 1.77 7215 + 498
Reducing power (Abs @ 700 nm) 2.65 + 0.19 2.68 + 0.11

" positive control.

© AT daEe] A+ 2 pH
@b o starter= %‘Ef‘ﬂ AAAFen (GB)Y EE 7Fsd s Brkstr] flsl AEdT
o} pHE SA3sI39 s (& 4D. #8 3y 3¢ ZE GBY AE #5+= 1.3 log CFU/
mL °]’ %QI?QQE 7. 11 = starterE HFSHA ¥ CONoJA X 24 h
T8 % 853 log CFUML7MA] ol F43tior, 8= o9 ez £4 2
S =5 CONoA Z213 nA 9] #< Bacllus® 43S Autoclave (1
21C, 20 min) A ¢ ARl VA ELS 25 AFESHA R, spore A wFE Sp
oreE AAASIATIE o] %o A FAT F U5 B éﬂrﬁ‘r fFAFSHA starter glo]

N

mealwormS 2 &3 An et al (2019)4 AFNME B8 T Bacillus & dF7F $F
o7 ZFA¥ga R3PS BE Bacllus &E GB (CON SKGB, SEGB)~ pH7} <F
7 ZAES ). ¥, LABE %% HAGB®} LPGBe] pHe & w<F ¢F 21 ~ 2.
7V A FAaSH e, Bacilluse HE FQF dEYoR olvlF{el 2 Iy

AbES At pHE S7HA110 <A JARE HE Z27]de 4 A
=< A5t pHE ZAAZ 5 5 (29A &, 2014). =3 LAB= 48 52t
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¥ 41. Change of viable cell counts and pH value during GB fermentation

Viable cell counts (log CFU/mL)

0 h" 24 h
CON? 0.00 + 0.00° 853 + 0.19°
SKGB 5.40 + 0.14° 8.88 + 0.17°
SEGB 6.11 + 0.00° 872 + 0.17°
HAGB 822 + 0.13° 9.52 + 0.17°
LPGB 7.85 + 0.00° 9.25 + 0.03?

pH

0h 24 h
CON 7.08? 6.32 + 0.21°
SKGB 7.05° 6.27 + 0.01°
SEGB 6.72° 5.72 + 0.00°
HAGB 6.67° 3.97 + 0.02°
LPGB 6.37° 427 + 0.00°

" Fermentation time.

2)

Fermentation with no starter (CON); MKSK-J1 (SKGB); Bacillus amyloliquefaciens MKSE (SEGB);
MKHA15 (HAGB); Lactobacillus plantarum KCTC 3103 (LPGB).

? Means with different superscripts in a row (a-b) are significantly different by Fisher's least significant

difference test (p<0.05).

@ %Wéﬂ“ﬂ‘rﬂl Ta = AYEA

g GB-Q] ?‘%}%‘r g4e a8 379 YyeERs. HAGBE] o -glucosidase =&

(AGD Z4L2 F=o mgt FHez Frhetdlem, 30 mg/mL oldolAs 33t
A4 dA-dS UeEMAS O 96%). LPGBe] AGI &4 2 50 mg/mLolAl 39.61% 74
Z7Fsk WkE, CON, SKGB % SEGB+= 50 mg/mLAlA %= AGI &4o] wl$ %eks
(12.36 ~14.64%). Chen et al. (2014)3} Nurhayati et al. (2017)e] w=H, 47 LAB
7} A A3k exopolysaccharides (EPS)Y inuline] AGI &4& yehd & o gk
22 L plantarum Foll= A= tAREEC= AoVl S F Jdon,
Ramchandran & Shah (2009)e] WZ2H FUdg F = EPS A5 zkol7t 9o
H o]Eg5 o] &% LEEANANE o]ef 22 xo|7t FYsHA UEY T Bi5k3 &
BE GBe o-amylase A3l (AAD &4 %= HAGBAA®W fFeold o=z =95, HAGBE
F=7F Z71skol ulgk AAI A% Z718ke] 50 mg/mLOﬂf\i 68.48% % UERH HHHA,
T2 GB: E5 ¢-amylase JAo] F&FS w2 &gke. wrals], MKHAIGES AM&
3 a3 GB (HAGB):= starter (MKHA15)9] 723k —glucos1dase Al B4 D ¢
-amylase A3 &Ao] FAFHo|, ttE wHE GB AITHT FoFoz =& Idn
24S e S g1t
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38 37. a-glucosidase (a) and a-amylase (b) inhibitory activity of fermented GB.

W FZHHE A4

- U8 GBY I zHE S F 429 YEWRS. starterE AFgste] L AT
GB¢] HMG-CoA reductase A3 HMGRD &4 (37.90-120.89%)2 =5 CON
291v) R} FoFo g HgeS. E3|, ¥aE GB T HAGBS HMGRI &A4o] 97
o= =om (120.89%), ©l= LPGB (103.24%)4 A tizTLo=Z A3
atorvastatin (111.24%) R TH5 E& FF0|32.

- A¥rAo® LAB & GB7F o ol HlE] ¥ %2 HMGRI €48 Jetiil=t),
LAB7} A§4+s}+= ferulic acidyt propionic acidE *3§+3F #714F == &4 HElo|=
7F HMGRI €4S YEld &4 b ®Bixo] )3 (Tomaro-Duchesneau et al.,
2014, Wang et al., 2009; Rinto et al., 2017). o]ol ©&o] HAGB= Z&E 3ol A
ARE = s 24 Edo 9 ZAEd 59 HMGRI €48 Yehd Zlo=
L=

H 42. HMG-CoA reductase inhibitory activity of fermented GB

HMG-CoA reductase inhibitory activity (%)

CON" 291 + 6.029"
SKGB 4550 + 599°
SEGB 37.90 + 2.88°
HAGB 120.89 + 0.42°
LPGB 103.24 + 9.11°
Atorvastatin (100 mM) 111.24 + 8.60

" TPC, Total polyphenol contents; GAE, Garlic acid equivalent.
2 Means with different superscripts in a column (a-d) are significantly different by Fisher's least
significant difference test (p<0.05).

@ s4k3t A
- %8 GB9 343l ZAl3 TPCE # 439 UJeAS. EC 50 o2 ®3d 3 DPPH



2oz 24%S SKGB 2 SEGB (8.21 mg/mL, 8.88 mg/ml)ol Al §o| %oz vigl
on, LPGB (12.71 mg/mL), HAGB (17.05 mg/mL), CON (19.60 mg/mL) <°]3}<-.
EC 50 gto =2 ZdsE 3y A, SKGBollA fFojd o= vigtom (0.29 mg/mL),
HAGB (0.69 mg/mL), SEGB (0.88 mg/mL), LPGB (0.94 mg/mL), CON (2.06 mg/mL)
o=, IC 50 @ = FHS SOD A &4 -2 HAGBAIA 22.37 mg/mLE /<
Aoz vekom, LPGB (30.51 mg/mL), SEGB (46.41 mg/mL) SKGB (49.79 mg/mL),
CON (67.34 mg/mL) <o)l L& HAF starters= YE g53E © dhajz,
IEA SEE T wilste e B I Otlﬂi Aggds 3
A+ 53] bacillus spp.= T 7t E4E Evistd aRAEde AR
154 3gE == JHeolEE2 E3jet 7ehdEs F7HE F ds (Wa9d 5,
2019). w3}, Jactobacillus 4 E%H3 ¥ LAB= %{ﬂ 2
A 4 ot HaEo] 913 (Nissen et al., 2020).
E%, starterol] w& Z}ol= YA starterE AFE3 =E 2E GB7F CONeol| Hs|
ot Gars BAS JERNQS. WE GBe TPC =3 CON (91.30 mg GAE/@)R
D} starterE AF8-3 &E GBolA © =32 (329.40 ~ 409.00 mg GAE/g). 2]
ST s 249 tEAQ AFE ATSE dHA AN, B AT AF o
2w TPC o] 71& = [PGB|A d4k3 FAo] 717 o248 AL oL,
Mattia et al. (2019 2-&ZFo A8t st 4o HA=sdE, 714 3
Elo]= @ w|zo] EA o B3tS. wabA, starters AFRE 2
Bol ditsl &2 H& TPC #rt ofyel, 7|54 A4 Hetol= 9 m &
Aol 7%t a g &FE R
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H 43. Antioxidant activity and TPC of fermented GB

DPPH radical
scavenging SOD-like activity =~ Reducing power TPCY
activity (ICsomg/mL) (ECsomg/mL) (mg GAE/Q)

(ECsomg/mL)
CON 19.60 + 3.94%? 67.34 + 8.22° 2.06 + 0.30° 91.30 + 24.18°
SKGB 8.21 + 0.24° 4979 + 6.85%® 0.29 + 0.02°¢ 367.50 + 3.13%
SEGB 8.88 + 1.80° 46.41 + 2.64 0.88 + 0.03° 393.21 + 30.81°
HAGB 17.05 + 1.10%® 22.37 + 0.54¢ 0.69 + 0.04° 32940 + 7.64°
LPGB 12.71 + 0.82 30.51 + 3.06“ 0.94 + 0.00° 409.00 + 16.00°

Y TPC, Total polyphenol contents; GAE, Garlic acid equivalent.

2)

Means with different superscripts in a column (a-d) are significantly different by Fisher's least
significant difference test (p<0.05).

- In vitro digestion H, ¥9] ¥4kst &2 F 440 YERHAS. SKGBeF HAGBE]

TPC= in vifro digestion 3 7w} o] & A 3] —7}?‘?} HlE, CON& ¢k7t 2718ty
1, SEGB, LPGBE 7+43t9-S. in vitro digestion & Q¥ AHe] =2 pHoll oA
32 e IFES 43 & AT S 9}8 (Chiang et al, 2013; Pavan et al.,

2014). o]& #AolA, SKGB % HAGBE= =& pHoll oA phenohcs &3}
TPC7} F713 Ao 2 o =%, T3 in vitro digestion & SKGB= -3+ 3<E



(86.06%)% YEFA AL, HAGBE 714 & SOD FAF &4 (21.18%)& el o] &
FS

210 YeEbd bt 43 LT A UERA A=

H# 44. Antioxidant activity and TPC before and after in vitro digestion of fermented GB

DPPH radical

; - SOD-like activity Reducing power TPC
Sca"eng'Qg activity (%) (% ascorbic acid) (mg GAE/mL)
Before After Before After Before After Before After

CON 2888 +473%" 1358 + 353 961 + 1.94° 1384 + 240 3915 +278%° 6033 + 071 913 + 242° 1054 + 08

SKGB 2855 +420® 1777 £ 033% 1713 + 334 1534 + 140" 4647 + 068® 8606 + 091® 128 + 003% 1248 + 000

SEGB 192 + 087 3049 + 1.15® 975 +363® 700+ 1799 3771 + 007 3736 + 004 551 + 024° 238 + 027%

HAGB 1242 + 132° 562 + 139 960 + 215 2118 + 247 2928 + 008% 4308 + 019 064 + 002* 79 + 079

LPGB 236 + 176 1597 + 078® 1070 + 211%® 1911 + 050 2365 + 056 2473 + 017° 473 + 004° 1.10 + 007~

Ascorbic
add 9741 + 1.94 7215 + 498 100 N.D.
(Img/ml)

Y Means with different superscripts in a low (A-B) and a column (a-c) are significantly differ
Fisher's least significant difference test (p<0.05).
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a8 39. YRE (@ X WEHSFA0IZF HIHE W0 ERE (b)2l pH HL

|
BRC: ®0| &t& & CiET, BRL: Lb. rhamnosus GGE 2Z st $40| ME, BRS: Leu. mesenteroides MKSRE
et 0| ME, BRH: Lb. plantarum MKHATE Y5t o0 ME, BR): B amyloliquefaciens MKSK J1
oz U A0l ¥ME GBC: WHISEt0| MUt ¥0| E2F XD, GBL Lb rhamnosus GGE ‘Yot
W Eeto] ot H0| ME, GBS: Leu. mesenteroides MKSRE ‘Zzst WHAFat0l ®IL si0| ME,
GBH: Lb. plantarum MKHAT1ZE 22t WHISFEt0| FI7t ¥0| ¥E, GB): B amyloliquefaciens MKSK J1
oz gaot WHEIFE0| It A0l WE.

©

@ 7% 40 TEZ F4% W TEe, RE AZ0 70 h BE F ENE
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Total titartable acidity
Total titartable acidity

T T T T
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Fermentation time (h) Fermentation time (h)

(@) (b)
a3 40. 90| ERE (@) R EEHFA07L HIHE 0| ERE (b2 itz Hel

BRC: ¢10| Y&+ HET, BRL: Lb. rhamnosus GGE 2SSt o0 ME, BRS: Leu. mesenteroides MKSRE
Zast o0 ¥E, BRH: Lb. p/am‘arum MKHATMEZ 225t od0| ME, BRI B amyloliquefaciens MKSK J1
o=z HHth 30| ME, GBC: A SFeto] HIt o4':'| e =2, GBL: Lb. rhamnosus GGE Lz sh
M skl M7 $i0] ME, GBS: Leu. mesenteroides MKSRZ &t MEHIFEat0] M7t oo ME,
GBH: Lb. plantarum MKHAT12 Y23t A Fet0] M7t d0| ¥E, GB): B amyloliquefaciens MKSK J1
Oz Wnoh WEHFEI0| "ot o0 ME.
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@b Zl‘“J 41 8o el s et gz g, v g A FgeE AU
A zto] F7tge met TR =Tt FolF o2 FUlsk on,
70 hell 7V =ke. && 48 h Zo| B amyloligufaciens MKSK J1& o] &3le] dtg
gt AAE T AEATHNE ZUEe AEAA TteEEVE €538 EU%e. oldd
A= B amyloliquefacines MKSK J1o] T4 ©hil A714=83] 842l neutraseE I
2 AAstE EA- 7%k 2E 70 h &, AEAFHE H7
du] AMERG JheEs ot oF 2v) O =3k ol AEAT =
ald FheFs dhstal 7] W&o, vAEY heEs a4 whgo] o @ds] o
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BRC: 20| &= CHET. BRL: Lb. rhamnosus GGE Exa%t A0 ME, BRS: Leu. mesenteroides MKSRE
ME, BRH: Lb. plantarum MKHATZ 2=t $0| ME, BRI B amyloliquefaciens MKSK J1
10| ME, GBC: WA SFat0| Mot 30| Yaa XD, GBL Lb. rhamnosus GGE H&E3H
Y Sato] Fot 64':'| ME GBS: Leu. mesenteroides M gtgysh MEERt0| A7p Sio| ME
GBH: Lb. plantarum MKHAT12 Z=ot W FE0| B2t H0| ME, GBJ: B amyloliquefaciens MKSK J1
oz wooh WEAFE0l FIF H0| ME

@ S 9 FAA I dwd sy
eh HEES ol g FAA FFS K 450 Ut S HE A o] awd 9 F
A FFe zol7E §lis. I8 425 EB =9 SDS-PAGEE o] &3 ©owd g
o2 ¥Hu HFEES A IE A= 48 ~ 63, 20 ~ 25 kDaollA 58 band”}
Uelgoy &g & o] 719 bande A9 AEMHS. =S, 2HE F 75 ~ 100
kDaoll M|2-& band’} YElsts. BRL3} BRHE= 35 ~ 48 kDaoll AHE—‘% <% band7}
Uebe. ARATRE A2k @l 4B B35, BE Aol: dvl AEW FF
2o 2 48 ~ 63 kDaolAl band’} UEeESte™, F71= 17, 35, 48 ~ 63, 63 ~ 75
kDaoll Al % band7} HAHG oY @& Fo A9 Atghxlg. BRL3} BRHE 35 ~
48 kDa Afole]l M =22 F¥ band7} WUEbRtS. TS 17 kDa ©]3t9] band7} A< A}
SAe. webd, BMA R FAL FEe BE AT Folsh glou AsEdEs}
b8 2 AT & AU

olo o

H 45 ¢0| 25 3 WEASE0|7F HotE ©0| oS0 THE U HHL T
Samples” Protein (%) Total nitrogen (%)
BRC 7.84 + 0.00 1.25 + 0.00°
BRL 6.81 + 0.00° 1.09 + 0.00°
BRS 7.13 + 0.55° 1.14 + 0.09°
BRH 6.76 + 0.50° 1.08 + 0.08°
BRJ 7.84 + 0.15° 1.25 + 0.02°
GBC 22.38 + 0.54° 3.58 + 0.09°
GBL 23.03 + 043° 3.69 + 0.07°
GBS 2435 + 0.89° 390 + 0.14°
GBH 2348 + 0.26° 3.76 + 0.04°
GBJ 24.38 + 0.33° 3.90 + 0.05°

Y BRC: O] E& T HEF. BRL: Lb. rhamnosus GGE H*""C".} s10| ME, BRS: Leu. mesenteroides MKSR
2 dtgst so| ME BRH: Lb. plantarum MKHAT1Z 2=t 0| ME, BR): B amyloliquefaciens MKSK

o (=) O] ME, GBC: A 5etnl ®ot 20| HE = OiZEZ, GBL: Lb. rhamnosus GGE & ot
M eatol MIF §i0| ME, GBS: Leu. mesenteroides MKSRZ Zrast WSROl M7} SH0| ME,
GBH: Lb. plantarum MKHA112 2=t A Fet0] "7t ¥0| ¥E, GB): B amyloliquefaciens MKSK J1
o=z St WP SFEt0] 7t Ho| ME
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H 46 ®0| oS U WHASFLO|E Hote ®o| 22| E of0|it ZEE (mg/kg)
Samples” Lysine Leucine Valine Isoleucine  Methionine  Tryptophan ~ Prenyidanine Histidine ~ Threonine ~ TBCAA? TEAAY

BRC 818 + 056 619+016 819010 310 +043 211 +010° 0 514 £051° 800 043 748 £ 036 1747 + O11° 4847 + 084
BRL %93 + 11017 14295 + 105 8362 + 002 4493 + 009 2554 + 037 0 8643 + 1660 2896 + 111 3713 + 106 27149 + 069 54548 + 1145°
BRS 6416 + 7000 8585 + 220P 3848 + 052 1212 + 044 1797 + 047 0 6735 + 13F 2320 + 019° 3429 + 008 13645 + 223° 34341 + 863°
BRH MUT76 + 754 13832 + 631 7796 + 369° 3811 £1668° 2608 + 1.13° 0 8307 + 444 3095 + 233 2072 + 062° 25439 + 824" 5099 + 1960°
BRJ 5262 + 36460 1841 + 12145 3591 + 2527 532 +311% 1194 + 824® 0 1675 + 1474 2501 + 1243° 1439 + 408 5964 + 2865 18035 + 8235%
GBC 32106 + 1245 15221 £ 13 21453 178 826+ 140 3532+138° 843:22° 74R 211" 1522 £ 23 8640+ 625 4200 :06° 203 *
GBL 5376 + 4547 22215 + TAP 21497 £ 538 7990 £ 14P 4163+ 175 9066 + 1084 7025+ 297 19591 + 1175 6237 + 250 51702 + 1000 o8
GBS 45276 + 461° 8973 + 101° 18829 + 345" 2028 + 069 3735 + 104 9845 + 469 3937 + 103" 18315 + 540° 7707 + 076* 30731 + 364° 1,19545 + 692°
GBH 44510 + 538 16946 + 177° 16421 + 409" 4855 + 033 3222 + 071° 7265 + 216° 4968 + 002° 17428 + 167/ 4520 + 040° 38222 + 437° 120136 + 137°
GBJ 93896 + 4924 Q0777 + P72 6472 + 5524 3315 + 4511 18491 + 1145 20663 + 95T 39759 + 4374 24463 + 000 16267 + 2114 LB A0TOA

Values represent mean + standard deviations.

" BRC: $O| WE T CHEF, BRL: Lb. rhamnosus GGE 2&st 30|, BRS: Leu. mesenteroides MKSRZE &3t $0|, BRH: Lb. plantarum MKHAT12 2=t 30|, BR): B

amyloliquefaciens MKSK J122 Hast 30|, GBC: AP SFet0] 7t 0| UWEF EF, GBL Lb. rhamnosus GGE Uzt MWHISFZIO| M7} 30|, GBS: Lew.

mesenteroides MKSRZ 2@ ot WHISEED| M7} $10|, GBH: Lb. plantarum MKHAT1Z Zxst W EEt0| M7t $0|, GBJ: B amyloliquefaciens MKSK J122 2&sh 4
S Fetn] ®oF s,

2 Total branched-chain amino acid.

3)
4)

Total essential amino acid.
Different letters in a same column (a-d) differ statistically significantly (p<0.05).



B 47. 90| 22 E S WEASE0|E Hote ®0| EoE H[E ofo|kedt Z2EH (mg/kg)

Samples” Asparagine Glutamine Aspartic acid Glutamic acid Serine Glycine Arginine Alanine
BRC 101.65 + 544% 1246 + 0.86° 3077 + 1.09° 4653 + 261° 1683 + 078 1524 + 1.22° 3180 + 141° 7516 + 2.96°
BRL 112.75 + 5507 17.83 + 043® 5310 + 3.61° 19693 + 1089 3420 + 161° 7293 + 479° 18583 + 3.21° 69.60 + 1.71°
BRS 2682 + 1.01° 2482 + 098 110.84 + 4507 14956 + 6.84° 3861 + 0.61° 37.65 + 0.85° 174.07 + 6.63* 6477 + 152°
BRH 7601 + 3.34° 1002 + 057° 8197 + 3.04° 14533 + 6.03* 2951 + 0.67° 67.12 + 3.65° 190.23 + 897° 93.02 + 4.38°
BRJ 964 + 405°  11.83 + 429° 2406 + 9.04° 4247 + 2739° 1837 + 0.03¢ 2739 + 892> 80.04 + 39.67° 10532 + 29.73°
GBC 120.02 + 081 17481 + 1.17° 11684 + 1.07° 567.10 + 6.45° 13476 + 138" 506.17 + 554° 1,12485 + 17.85° 390.64 + 2.54°
GBL 9474 + 438 3182 + 323 13835 + 11.81° 83436 + 3362° 2125 + 1.02¢ 51435 + 3359° 1,611.88 + 47.37% 361.76 + 21.16°
GBS 1174 + 045% 1814 + 2.07° 28468 + 1597° 659.09 + 7.35% 157.15 + 272® 53960 + 7.20° 153558 + 079 391.01 + 4.65°
GBH 5416 + 1.67° 19.09 + 037° 4527 + 191° 54106 + 2.82° 18.09 + 0.30° 46145 + 0.14% 149423 + 1513 270.25 + 2.35°
GBJ 69.54 + 20.05"° 8148 + 4850° 104.50 + 9.54° 667.11 + 10475® 41.24 + 3.03° 35584 + 5264° 130.12 + 8.01¢ 1,02752 + 142597

Values represent mean + standard deviations.

" BRC: $O| WE T CHEF, BRL: Lb. rhamnosus GGE 2&st 30|, BRS: Leu. mesenteroides MKSRZE &3t $0|, BRH: Lb. plantarum MKHAT12 2=t 30|, BR): B
amyloliquefaciens MKSK J122 Hast 30|, GBC: AP SFet0] 7t 0| UWEF EF, GBL Lb. rhamnosus GGE Uzt MWHISFZIO| M7} 30|, GBS: Lew.
mesenteroides MKSRZ 2@ ot WHISEED| M7} $10|, GBH: Lb. plantarum MKHAT1Z Zxst W EEt0| M7t $0|, GBJ: B amyloliquefaciens MKSK J122 2&sh 4
520 "ot 20|

% Different letters in a same column (a-d) differ statistically significantly (0<0.05).



E 48 ¥0| Zn=E 53 WEFFE0E Hote 0| 20| H|THY oo it Z2H (mg/kg)

Sarr;ple Citrulline Ornithine Taurine y—AmiE:\Cci)gutyric TNPAA"
BRC 0 0 219 + 0.29° 61.65 + 2.87° 63.85 + 1.83°
BRL 0 0 1.56 + 0.57° 17948 + 6.36° 181.03 + 4.10°
BRS 0 0 1.17 + 0.33° 88.60 + 1.66° 89.77 + 141°
BRH 0 0 1.23 + 0.03° 119.94 + 7.34® 12117 + 521
BRJ 13.08 + 3.89 13.03 + 1.59 230 + 0.62° 9848 + 4021° 12690 + 32.75%®

+
+

GBC 37.74 + 253 2367 + 1.86° 1081.05 + 10.66° 64.04 + 0.82° 1,206.51 + 8.59¢

-+
+
+

GBL 5248 + 2.56° 39.77 + 422° 119521 + 60417 17629 + 536° 1,463.76 + 51.30°

GBS 4875 + 1.81° 30.83

+
+

1.25° 115570 + 22.91* 9275 + 1.85°  1,328.03 + 15.34"

+

GBH 4460 + 1.10° 3444 + 219° 113497 + 13.04° 17191 + 1.74 1,385.93 + 8.12°

GBJ 32953 + 4207 654.69 £ 20.94° 1089.60 + 1.82° 95.28 + 3.93° 2,169.09 + 16.28°

Values represent mean + standard deviations.
) Total non-essential amino acid.
% Different letters in a same column (a-c) differ statistically significantly (p<0.05).

H 49, HO0| $EE Y WHASANE WIHH N0 ¥BE| oM T2 EU B
Sample TAAY TEAA/TAA TNEAA/TA TNPAA/TAA TBCAA/TAA
s (mg/kg) (%) (%) (%) (%)
BRC 464.98 + 13.55¢ 10.42 75.84 13.73 3.76
BRL 1,591.28 + 25.06° 34.28 54.34 11.38 17.06
BRS 1,176.25 + 28.87% 29.20 63.17 7.63 11.60
BRH 1,454.02 + 48.82° 35.07 56.59 8.33 17.50
BRJ 710.18 + 246.95 23.39 56.74 17.87 8.40
GBC 6,480.84 + 65.83° 18.68 62.70 18.62 6.97
GBL 7,327.28 + 50.54° 20.68 59.34 19.98 7.06
GBS 6,973.35 + 27.12° 17.14 63.81 19.04 4.41
GBH 6,298.19 + 60.59° 19.07 58.92 22.01 6.07
GBJ 10,047.15 + 596.26° 39.98 3843 21.59 18.72

Values represent mean + standard deviations.

" Total amino acid (TAA), total essential amino acid (TEAA), total non-essential amino acid (TNEAA),
total non-protein amino acid (TNPAA), total branched-chain amino acid (TBCAA), essential amino acid
index (EAAI).

2 Different letters in a same column (a-c) differ statistically significantly (0<0.05).



© FNE BY L F FlE G
O wEFO T4 B4 9 F TdE FRL E 500 o} e ABATY
A0S g 3 s}9e. 53, @

# 50. ®0| ZuE 3 WEFASFLUNE Hoe ©0| 22 Eo| dugt Y A F EdHs 2

Antioxidant activities (%)

2)
Samples — ABTS SOD-like Reducing TECAE/(g;g
activity power
BRC 16.38 + 034 655 + 0.18° 306 + 0.83° 1497 + 0.32° 200 + 0.07°
BRL 1590 + 0339 668 + 0.24° 739 + 096° 17.33 + 0.01° 223 + 0.14®
BRS 2354 + 040° 584 + 021° 657 + 068 1492 + 0.31¢ 227 + 0.07%®

+

BRH 13.59 + 0.19¢ 534 + 0.21° 6.52 + 031 16.61 + 0.04°> 228 + 0.00®
BRJ 1924 + 127° 934 + 058 488 + 0.04®® 1838 + 0.05% 242 + 0.05

+
+

I+
I+

GBC 9537 + 0.34* 8090 + 044%® 423 + 128 9253 + 864 6.95 + 0.04°
GBL 9596 + 0.04* 7177 + 1.15° 1274 + 065> 89.68 + 2.58 696 + 0.08°
GBS 88.80 + 0.00° 7594 + 326° 13.10 + 1.23° 89.08 + 2.92° 542 + 0.44°

GBH 936 2 + 2.04° 6937 £ 0.28° 1276 + 097° 96.56

+

230° 713 £ 0.39°
5.14° 677 + 0.03°

I+
+

+
+

GBJ 88.01 + 0.98° 90.84 + 1.91° 20.10 + 1.57° 87.33

I+

Asacggbic 96.07 + 000 99.89 + 0.04 7629 + 0.15 100 + 0.00 -

Values represent mean + standard deviations.

U BRC: ®0| &7 CHET, BRL: Lb. rhamnosus GGZ Lzt 30| ME, BRS: Leu. mesenteroides MKSR

2 dtgst s0| ME BRH: Lb. plantarum MKHAT1Z 2=t 0| ME, BR): B amyloliquefaciens MKSK
I.

NoE Yadt $0| ME, GBC: ¥HF et HIt #0| Y& HED, GBL: Lb rhamnosus GGE LE ot
s EERID| MIF $i0| MZ GBS: Leu mesenteroides MKSRE ghgsst MWH ROl HIF 30 ME,
ol A

GBH: Lb. plantarum MKHATE Y=ot HEFFE0| H7t 0| WME, GBJ: B amyloliquefaciens MKSK J1
oz dwanoh W S0l ®ot w0 ME

) TPC: Total polyphenol content.
% Different letters in a same column (a-d) differ statistically significantly (p<0.05).
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2 51. 90| Z=s 3 WEFFLU0E Hote 0| E2=9| =3 8§44

Viscosity (cP)

Samples Peak time (min) Pasting temp. (°C)
Peak viscosity Trough viscosity Breakdown Final viscosity Setback
BRC 603.00 + 1227  586.00 + 13.54° 17.00 + 3.92¢  1,378.25 + 30.25° 79225 + 26.53° 6.62 + 0.31° 93.88 + 047°
BRL 95933 + 7.72° 71333 + 1634° 24600 + 19.30® 1,250.00 + 8.04°  536.67 + 8.96" 6.22 + 0.11° 94.17 + 0.40°
BRS 880.25 + 17.23° 70675 + 36.23® 17350 + 20.89° 122300 + 51625 + 12.76° 617 + 0.11° 9421 + 0.72°
BRH 917.75 + 2047°®®  660.25 + 1477° 25750 + 11.96* 1,161.75 + 12.58° 50150 + 14.91° 6.17 + 0.09° 9345 + 0.84°
BRJ 773.00 + 66.67° 57375 + 29.67° 19925 + 3860 108159, * 507.75 + 1595° 597 + 0.06° 86.15 + 15.52°
GBC 121.00 + 4.24° 103.25 + 2.87° 17.75 + 2.06° 235.00 + 8.98° 131.75 + 6.99° 6.80 + 0.16° 95.05 + 0.00°
GBL 23875 + 16.32° 21425 + 14.24° 2450 + 2.08° 42300 + 16.51° 20875 + 550° 584 + 0.33° 94.38 + 0.64°
GBS 22125 + 21.58°  206.50 + 20.12° 12.50 + 4.79° 40350 + 1821°  197.00 + 3.86° 6.00 + 0.51% 9440 + 9.41°
GBH 24475 + 16.50° 22025 + 15.46%® 2450 + 3.11° 41450 + 1893 19425 + 6.08° 6.29 + 0.58% 94.04 + 1.07°
GBJ 324.75 + 13.60° 246.00 + 8.83° 78.75 + 6.65° 567.25 + 26.87°  321.25 + 30.07° 563 + 0.09° 93.86 + 0.44°

Values represent mean + standard deviations.

" BRC: ¥O| &&F CHZEF. BRL: Lb. rhamnosus GGE2 Z&st #10| ME, BRS: Leu. mesenteroides MKSRZ 2 &t 30| ME, BRH: Lb. plantarum MKHAT1Z Z&st 30|
ME, BRIl B amyloliquefaciens MKSK J122 U2t 340] ME GBC: WHEHSFEIO| F7F 0| YB2T WRT, GBL: Lb. rhamnosus GGE Lxrot W Fetol HIt 0l M
E, GBS: Leu. mesenteroides MKSRZ 2t& ot WHIEEEIO| M7t 0| ME, GBH: Lb. plantarum MKHAT1E2 2tgst W Eat0| Mo} si0| ME, GBJ: 8. amyloliquefaciens
MKSK J12= oot A7 5Fatol Fot o0 M2,
2)

Different letters in a same column (a-d) differ statistically significantly (p<0.05).



© 75 54
) HEES 7|5 EALS £ 520 Yo A FE FF AF (WADSF 3348 (SP)=
An] AZo] AojFoez Egpor, £ &3 A (WSDe AEASFE FH7FsH
An] AZoA HAAHOZ E4S. o= dv] AEZY AFHOZE ¢ 2 HE
Sy AT E HUMgE A A AoideE ¥ =& f8 ofvx4t
Foll 71dg gy I Aol ALY fFelFeolx] &y wiEel, dvle] HEAS
nE H7bste AL AF Aol JoA {85 & 7T ASE d4H.
H 52 90| 4o 5 U WHYSe0|E Hotet 0| 25 E9| 7|5 §4d
Samples” WAI? (g gel/g) WSI (%) SP (g water/g)
BRC 2.65 + 0.05® 17.21 + 0.03¢ 3.20 + 0.06®
BRL 249 + 0.01° 18.46 + (.38 3.06 + 0.00%°
BRS 247 + 0.04° 17.35 + 0.23%¢ 299 + 0.04%c
BRH 2.66 + 0.05° 19.03 + 0.28%¢ 3.29 + 0.05°
BRJ 2.50 + 0.04° 18.52 + 0.71%F¢ 3.07 + 0.07%c
GBC 2.30 + 0.00° 19.70 + 0.65° 3.02 + 0.23%c¢
GBL 2.28 + 0.00° 19.45 + 0.02° 2.83 + 0.00°
GBS 2.39 + 0.05° 17.38 + 0.03%¢ 290 + 0.06"
GBH 2.32 + 0.03° 19.16 + 0.66%° 2.87 + 0.02°
GBJ 2.25 + 0.05¢ 19.48 + 0.85° 2.80 + 0.03°

Values represent mean + standard deviations.

= CH=F. BRL: Lb. rhamnosus GGE H2ot H0| ME, BRS: Leu. mesenteroides MKSR
M E, BRH: Lb. plantarum MKHAT1E Y=ot 0| ME, BR): B amyloliquefaciens MKSK

o2 wash s0| ME, GBC: WY SFet0l M7t w0| 2ad XD, GBL: Lb. rhamnosus GGE Z & st

e Epinl M7F s0| ME GBS: Leu. mesenteroides MKSRZ & st M ROl MIL 0| ME

GBH: Lb. plantarum MKHATE Y=ot WEAEEt0| H7t 20| WE, GBJ: B amyloliquefaciens MKSK J1

oz waoh WEAFE0l FIF A0| ME

2 WAI: Water absorption index, WSI: Water solubility index, SP: Swelling power.

3 Different letters in a same column (a-c) differ statistically significantly (p<0.05).
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% heterocyclic and aromatic compoundsE 7Fg o] sf3tn o, o= g
AEE vlE] FFo=E s 7 24 2ol st e Ae 9vsh UGB
of ®ol = Jde= F8 FAA FELS toluen, ethenylbenzene, ethylbenzene,
phytane, benzaldehyde$l<. Toluene2 <#t3l, €4, ©E o7 HEg 23|
monoterpenes E+= sesquiterpenes®] =7] 4t=2HE AR AAdE F S (Korkmaz
et al, 2017). Benzaldehydei= ethenylbenzene®] 4 o]FZA3e] At ZHE F 5
o, bitter amond, woody, burned, metallic odorE 7} ttx &4 UL (Tao et al,
2014; Zhao et al., 2015). AGBe] F& 3TA 3}3ELS toluene, ethenylbenzene,
1,1-dichloro-fluoroethane, phytane, 2,8-dimethylundecaneo]%ls. UGBS} BlnglS wj,
toluene} ethenylbenzeneo| z+z} w2k 16, 142 48l S. FGBe F2 3itA] 3}
3= hexanal, benzeneethanol, toluene, ethenylbenzene, methylthiomethaneo] %l
UGBe} vl glS u, toluenes} ethenylbenzeneo] Z+z; theF 44, 19912 AT S
FGB: 314 33E9 o] 71 ZHAAW hexanal, 2-heptanal, 1-octen-3-ol,
2-pentyl fran &3 -2 fishy, earthy &S zt= 3IgEQ] o] JUdo= Wik
(Mounchili et al.,, 2005; Tao et al., 2014; Yu et al., 2016). SGBe] F4 34 33+E&E
2 pB-phellandrene, camphene, g-myrcene, « -pinene, ethylbenzeneo]3ls. UGB}
Hl w312 u, toluened} ethenylbenzeneo] Z+zt ti2f 43, 11812 4319 <. DFGBO]
F2 3A FES hexane, ethenylbenzene, p-xylene, S -terpinene, methyl
sulfone°] $1<. DFGB9] 79, hexaned] d&o] th& AZFHT vl$ Eos. ol €4
Ao A &= AHEH hexaned FEQ Zo=E FFHH. GC-0 4 ZAH, F 20
He] HA &4 Edo] AEHIoH, o] F FAFTr|et dHE HA AHES e F
&2 methoxy-phenyl-oxime,  butyrolactone,  methyl sulfone, p-cymene,
3-octen-2-one, diisodecyl ether, n-octyl ether, Benzeneethanol, Oxalic acid, isobutyl
nonyl ester, 2-hexyldecanol, 2-octyldecan-1-ol, cyclododecane, acetic acid (phenethyl
esteNE XSt F WM. 1 T, HA ARV 3FHoeE UM EUd
cyclododecane® musty, unpleasant odorE 7Fttxn d#d dom (GPS Safety
Summary; Martin Adlem., 2018), UGBIA T AZEHA1 AA T Fol= HEHA Fsk
= AAE AEY AFgr #E HA AEE 47 A4S w, AGBeF SGB7F 7H S
2 7 =k3 O 9o 2 UGBZF 64, FGB7F 53 ole, DFGB7} 4.2 7%
Sos. AAE, 24 AFgrE HUM AlEY vt AFer] AAE 22 AEd
HETh A6z 7| EE7F EoktE AT 23Ut S Ribeiro et al., 2019). webAd g
AE B3 AAE 7 EAFHR Y o|HE TAAT|= Hel ERFHo|gte As &
o

PN
T 3



# 53. MAZ| YHo oE ¥R FASEtne Y steE 24 2t

Compounds ] ) 1g/100 g) 2]
Heterocyclic or aromatic compounds (16) N 2 9 ¥ 8
(min) ueah AGB FGB SGB DFGB
Benzene 5 <800 1.2411.76 ND ND ND 3.09+0.34 MS
Aldehydes (11) 4 3 7 5 4
2-Methylpiperazine 5.62 <800 ND ND 006004 ND ND Ms
Butanal 3.96 <800 o2 ND 0.46£0.65 ND MSIRI
Toluene 743 <800 324774422 17 20.12+7 67 744044 7.5940.03 1.2540.07 MS/RI
3-Methylbutanal 48 <B00 ND ND 0.00+0.01 ND ND MS/RI
5-Methyl-2-phenylindole 8.9 839 ND ND ND ND 0.4240.59 Ms
2-Methyl butanal 49 <800 ND ND ND 0.01£0.02 ND MS
Ethylbenzene 103 881 97 554134 67 3.3040 98 23040 62 11.8043.55 2134003 Ms
Pentanal 4.9 <800 ND ND ND 0.0240.03 ND MS/RI
p-Xylene 106 888 5854679 2844175 173:0.15 0410 57 9.6641.44 Ms
Hexanal 8.31 820 ND 5.1544.25 14.4844 15 ND 1.3120.04 MS
m-Xylol 10.6 889 0.5540.78 1.13+1.60 0.66+0.31 32244 55 ND Ms
2-Heptenal 135 974 ND ND 016023 ND ND Ms
Ethenylbenzene 114 909 117.762151.04 8.4843.71 6.3122.52 10.48£3.46 11.85£0.70 MS
Benzaldehyde 136 978 43.05460 89 0.8240 69 0.04+0.06 ND 0.8140.07 MS/RI
1.3-Dimethylbezene 13.8 983 ND ND 0.14£0.20 ND MS
Nonanal 181 1118 11.27415.94 ND 0.22:0.11 0.63:0.10 1.33£0.02 MSIRI
Phenol 143 996 12.81+18.11 ND ND ND ND Ms
Ethyl-benzaldehyde 203 1183 2.03+2.87 ND ND ND ND MS
Benzenol 143 997 0.08+0.12 ND ND ND ND Ms
1.2, 3-Trimethylbenzene 153 1029 1154162 ND ND ND ND Ms
Decanal 21 1218 0.31£0.16 0.43:0.61 0.03+0.05 0.31£0.16 0.3640.04 Ms
Naphthalene 205 1198 11.96+16.79 ND ND ND 0.3640.04 Ms
2-Butyloct-2-enal 255 1386 ND ND 009013 ND ND Ms
7-Butyldocosane 221 1258 ND ND ND 0.07+0.01 ND MS
Total content 56.66 64 15.02 143 3s1
Alcohols (9) 3 6 3 3 3
o-Methylbiphenyl-diphenylmethane 262 1415 9.51413.44 ND ND ND ND Mms
1-Octen-3-ol 14.2 993 ND ND 1.25¢0.72 ND ND MSRI
Butylated Hydroxytoluene 28.9 1527 ND ND ND ND 0.0310.05 MS
2-Butyloctanal 155 1035 ND ND ND 0.08+0.11 ND Ms
Total content 583.23 35.87 18.5 33.64 28.79
3,5-Octadien-2-ol 16.3 1060 0.0920.12 0.60:0.85 0.13:0.18 ND ND MS
Furans (1) 0 0 ;! 0 0
2-Pentyl furan 146 1005 ND ND 1.35¢0.79 ND ND MS
Benzeneethanol 18.4 1129 8.26+11.67 081115 13864772 5.95+0.76 0.5740.47 Ms
Total content 0 0 135 g 0
2-Hexyldecanol 18.7 1141 ND 1.36+1.05 ND 0.3310.02 0.2740.01 Ms
Pyrazines (3) 0 1 (] 3 0
2-Octyldecan-1-ol 19.8 1178 ND 0.0620.07 ND ND 0.2540.03 Ms
2 5-Dimethyl pyrazine 12 930 ND ND ND 1.12+0.33 ND Ms
2-Ethyl-1-hexanol 257 1243 ND 02240 31 ND ND ND Ms
2-Ethyl-3,6-dimethylpyrazine 17.3 1093 ND MD ND 0.8820.12 ND MS
2-Isopropyl-5-methyl-1-hexanol 237 1318 ND 0.19+0.27 ND ND ND MS
Tetramethylpyrazine 176 1098 ND 1.242176 ND 1.0720.09 ND Ms
Levomenthol 201 1188 6.4219.07 ND ND ND ND Ms
Total content 0 1.24 0 3.07 0
Sulfur contaning compounds (4) 1 1 2 0 1
Total content uIr 323 14.93 6.36 1.09
Ketones (8) 3 2 4 3 2
Methylthiomethane 321 <800 ND ND 3.905.52 ND ND MS
2,3-Octanedione 14 4 998 ND ND 0.46+0.18 0.5940 83 ND Ms
Dimethyl sulfide 333 <800 ND ND 2.30:0.18 ND ND Ms
3.8-Dimethyl-4-octanone 14.4 988 ND ND 0050 07 0.3740 53 ND Ms
Methyl sulfone 124 a1 ND 0432027 ND ND 6194873 MS/RI
6-Methyl-5-hepten-2-one 145 1001 1.91:2.70 ND ND ND ND Ms
1-Octadecanesulphonyl chioride 25 1467 48946 91 ND ND ND ND Ms
1-Fluora-2-indanone 14.9 1017 ND ND ND ND 0.2940.07 Ms
Total content 489 043 62 0 619
3-Octen-2-one 151 1023 ND ND 0.13+0.19 ND ND Ms
Lactones (1) 1 0 0 0 0
Butyrolactone 123 940 7.67+10.84 HD ND ND ND MS
3-Qcten-2-one 161 1055 ND 2.93+1.88 ND 223013 1.61£0.38 Ms
Total content 787 0 0 g 0
Acetophenone 17 1082 6.6749.02 1.39+1.97 009013 ND ND Ms
Ethers (2) 0 0 1] 2 0
2-Undecanaone 234 1304 0.0940.12 ND ND ND ND MS
Diisodecyl ether 166 1067 ND ND ND 0.18+0.07 ND Ms
Total content 8.67 4.32 0.73 319 18
n-Octyl ether 16.5 1069 ND ND ND 0.07+0.10 ND Ms
Terpenes and terpenoids (19) 12 5 3 13 7
Total content 0 0 0 0.26 0
a-Pinene 127 952 4.8146.81 0.1840.26 ND 12.38+1.18 0.0940.13 MS/RI
Etc. (7) 3 1 2 0 2
Camphene 132 966 ND 0304043 ND 21.50£2.70 0.1540.21 MS/RI
1,1-Dichloro-1-fluoroethane 3.19 <G00 ND 7.86:11.11 ND ND ND MS
Sabinene 14 989 ND ND ND 0.59:0.83 ND MS/RI
1,1-Difluoradecane 8.29 820 0.0140.01 ND ND ND ND Ms
Tetrachloroethylene 8.84 837 1.2641.79 ND ND ND ND MS
2-g-Pinene 14 989 ND MD ND 2264205 ND MS
Pentalin 141 Lyl 8.49+12.01 ND 1264072 ND ND Ms
p-Myrcene 14.6 1005 0.30+0.43 ND ND 13.91£1.13 ND Ms
1-Bromopentadecane 18.2 121 ND ND 011015 ND ND Ms
a-Thujene 15 1020 0124017 ND ND 6.44+0.91 0.7240.06 Ms
3-Heptafluorobutyroxytridecane 232 1299 ND ND ND ND 0.03+0.01 Ms
y-Terpinens 151 1023 ND ND ND 0.87+0.11 ND MS/RI
1,22-Dibromodocosane 253 1380 ND ND ND ND 0.05+0.01 Ms
3-Carene 152 1027 ND ND ND 0.48+0 68 ND MS/RI
Total content 376 7.86 136 0 0.08
a-Terpinene 15.4 1033 ND ND ND 0.99£0.27 ND MS/RI
B-Terpinene 15.6 1039 14342 02 3.3444 67 ND 1244011 6.8040.21 Ms
p-Cymene 15.7 1042 ND MD ND 1.48:0.30 ND MS/RI
p-Phellandrene 15.8 1046 0.76+1.08 1.80£2.55 2031042 79.0425.13 ND MSIRI
Phytana 159 1051 76.16+110.40 77948 40 0.10+0.15 ND 2.9640.71 Ms
Squalane 16.8 1078 4.1245.83 ND 0.12:0.11 ND 0.54+0.01 MS
a-Terpinolene 176 1102 0.1420.20 ND ND 1.73:0.11 1.43£0.02 MS
a-Cubebene 257 1393 10.33+14 62 ND ND ND ND Ms
Caryophyllene 26.8 1440 4.9947.05 MD ND ND ND MS
p-copaens 27 1448 2714384 ND ND ND ND Ms
a-Calacorens 237 1560 6724951 ND ND ND ND Ms
Total content 114 53 1341 225 142.91 12,69
Hydracarbon (43) 22 13 12 g 20
Hexane 35 <800 ND 0.16£0.23 0.32:0.46 ND 450.844139.35 MSRI
2 4-Hexadiyne 516 <800 0.4240 60 ND ND ND ND mMs
Heptane 559 <800 ND ND 0.06+0.0% ND ND MS/RI
Octane 8.32 821 1.1641.64 ND ND ND ND MS
Nonane 116 916 ND ND ND 0.27+0.39 ND Ms
1.3.6.7-Cyclooctatetraene 11.6 918 0.72+1.02 ND ND ND ND MS

" RT: retention time.
2 RI: retention index.
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¥ |.D.: identification.
) UGB: un-treated GB, AGB: air-dried GB, FGB: freeze-dried GB, SGB: steam-heated GB, DFGB: defatted GB.

) ND: not detected.

E 54 A2 Yo mME ¥E H5etne Fe #A 24 =2 U HM 29

RT1) 8 :
- - Contents;_!.tgl 1009) Odor mtens@ Odor
ajor compounds . descripti L.D.
(min) UGB AGB FGB SGB dFGB UGB AGB FGB SGB dFGB description
Toluene 743 <800 32477442217 20124767 7441044  759:003  125:007 1 ND ND ND  ND  Roasty, Aromatic  MS/RI
Hexanal 831 820 ND 515+¢425 1448415 ND 131:0.04 ND ND 1 ND ND grass MS/RI
Pentanoic acid 9.84 867 ND 0.15:0.21 ND ND ND ND 3 ND ND ND Salt smell MS/RI
Methoxy-phenyl-oxime 11.74 921 0.40+0.56 112+159 0342019 0571080 ND ND 2 2 1 ND Cricket Ms
2,5-Dimethyl pyrazine 11.98 930 ND ND ND 1.12:0.33 ND ND ND ND 1 ND Roasty MS/RI
Butyrolactone 1233 940 7.67:1084 ND ND ND ND 1 ND ND ND ND Cricket MS
Hot dried cricket,
Methyl sulfone 12.36 941 ND 043+027 ND ND 6194873 ND 1 ND ND 1 De-fatted cricket, MS
Roasty
a-Pinene 1272 952 4.8146.81 0.18£0.26 ND 12384118 0.09+0.13 ND ND ND 1 ND Grass MS/RI
1-Octen-3-ol 1419 993 ND ND 1.25:0.72 ND ND ND ND 1 ND ND Bitter smell MS
p-Cymene 15.67 1042 ND ND ND 148030 ND ND ND  ND 1 ND Cricket MS/RI
3-Octen-2-one 16.07 1055 ND 293+188 ND 2231013 1.61:0.38 ND ND ND 1 ND Cricket M5
Diisodecyl ether 1646 1067 ND ND ND 0.19:0.07 ND ND ND ND 1 ND Cricket MsS
Autoclaved
n-Octyl ether 16.53 1069 ND ND ND 0.0710.10 ND ND ND  ND 2 ND cricket, roasty MS
Tetramethylpyrazine 17.56 1098 ND 1.24+1.76 ND 1.07+0.09 ND ND 1 ND 1 ND Roasty, Barley Ms
Benzeneethanol 1838 1129 8.26:1167 0814115 13554772 5954076  057:047 2 2 2 1 1 Cricket MS
Dmicacid, 1853 134 ND 0964136 ND ND ND ND 2 ND ND D Cricket M5
isobutyl nenyl ester - ot flckes
2-Hexyldecanol 1872 114 ND 1364105 ND 033:002 027:001 ND ND ND ND 1 De"aff;':t;”‘k“' Ms
2-Octyldecan-1-ol 1984 1178 ND 0.05:0.07 ND ND 025:003 ND ND ND ND 1 Cricket MS
Cyclododecane 2058 1202 6.15+8.69 ND ND ND ND 3 ND ND ND ND Cricket M5
Acetic acid, Freeze dried
phenethyl ester 2244 1271 ND ND 0061009 ND ND ND ND 1 ND ND Skt MS

) RT: retention time.
) RI: retention index.
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J& 44. SDS-PAGE of GB hydrolysates by Neutrase.

U[C30, Hydrolysis 30 min and no enzyme; C60, Hydrolysis 60 min and no enzyme; Hydrolysis 90 min
and no enzyme; 1, Hydrolysis 15 min and neutrase 5.3 U; 2, Hydrolysis 30 min and neutrase 5.3 U; 3,
Hydrolysis 30 min and neutrase 0.53 U; 4, Hydrolysis 30 min and neutrase 0.053 U; 5, Hydrolysis 60
min and neutrase 5.3 U; 6, Hydrolysis 60 min and neutrase 0.53 U; 7, Hydrolysis 60 min and neutrase
0.053 U; 8, Hydrolysis 90 min and neutrase 53 U; 9, Hydrolysis 90 min and neutrase 0.53 U; 10,
Hydrolysis 90 min and neutrase 0.053 U]

@ FEIF F& 4 FIFE TF

h @A JlERS) G490 neutrase T L AlZtol] wE AEAFEiY] VR E9
TR 7€ 2 FPE FFE A9 (& 5H).

@ FEIFE T4 neutrase 0.53 U 72 7FEE3] Aol e zol=
o™ neutrase 5.3 U 0.053 U F7taollA 7h5Ee) Azto] AF4E R3]
Z0]EA 2. Neutrase s%o WE FESFFS BE 7R AldolA BlELT 0
7 o a4 HU7E2 0.053 0, 053U, 5.3 U o2 wHoks.

@ HEATY JHgEE Azt ME F& Aole flden HAHOZ I ve &
$S BYS. &4 H/MES BT 30 min RS ET 90 min JhEE] e o

§ =%°m™ neutrase 5.3 U7} 0.53 U, 0.053 URT} 80| =42
@ FIFE FFe &3 go] wEAsTo 7P FFo] won Fh HIEL 90
60, 30 min <22 &3 53 U, 053 U, 0.063 U <22 =32

Ak 5 BLFE SRS Aol 254 $RFF Hon WiE $43



H 55. Yield and Brix°

of GB (Gryllus bimaculatus) hydrolysates

Neutrase (U)V

Hydrolysis time (min)

15 30 60 90
Yield (%)
0 - 18.82+0.10"%? 17.10+1.73% 18.91+0.02*¢
0.053 - 23.28+0.12¢ 24.48+0.015¢ 25.03+0.024°
0.53 - 28.57+0.21<° 30.48+0.148° 31.41+0.13%
5.3 35.25+0.13P 36.02+0.00% 38.17+0.16° 38.94+0.05"
Brix® (%)
0 - 2.00+0.00%° 2.00+0.00" 2.00+0.00"
0.053 - 2.43+0.05% 2.70+0.08* 2.80+0.00*
0.53 - 3.20+0.00° 3.40+0.0085° 3.60+0.00"
5.3 4.00+0.00¢ 4.23+0.055 4.50+0.08" 4.60+0.00"

Y One unit (U) = Amount of enzyme that releases 1 pg of tyrosine per 1 mL of the reaction mixture
in 1 minute.

Values with different capital letters among the hydrolysates in difference hydrolysis time indicate
significant difference by Tukey's test (P<0.05). Values with different lower cases among the difference
enzyme concentration indicate significant differences by Tukey's test (p<0.05).

2)

@ NsEa=

b @ JleRs] &49 neutrased] % B bS] Agte] mE teEs AEE
o] 938 7HRAEE SIS (B 56). MEATS JFERs] Azte] S
A= Ao 7MY Ee VMR EE BEYS B4 AU EE B4 FE
oA 30 min Bt} 60 mino] IR =7 =g 60 mine 90 mine x}ol7k A
S FEA EEE ZNEFE JMFRHEE 27180 neutrase 5.3 UZF 71 =2

R EE Ve g,

# 56. DH (degree of hydrolysis) of Gryllus bimaculatus hydrolysates by protease
concentration and hydrolysis time

Hydrolysis time (min)

Neutrase (%)"

15 30 60 90
0 - 49.2+3.23Ac? 48.4+0.34Ad 49.3+1.15Ad
0.053 - 52.9+0.44Bc 58.6+0.72Ac 58.3+1.27Ac
0.53 - 58.7+0.04Bb 62.5+1.89Ab 63.5+0.48Ab
5.3 68.0+2.49B 71.3+1.45ABa 74.6+0.02Aa 75.4+2.40Aa
Y One unit (U) = Amount of enzyme that releases 1 ug of tyrosine per 1 mL of the reaction mixture
in 1 minute.

2 Values with different capital letters among the hydrolysates in difference hydrolysis time indicate

significant difference by Tukey's test (P<0.05). Values with different lower cases among the difference
enzyme concentration indicate significant differences by Tukey's test (£<0.05).

@

oot

Fiksl 3

i)

3



HlEATHY 84 Hubro] £doem a4 A e
2 %%+ Reducing power= HlEATH §4 H7b Abol

neurtase &% 2 7R3 Al mE FE ATV Jh
DPPH 2tz 24 AL vaEAFd &4 AVME 25 7155Es] A7ho)
A7bEolA 53 U, 053 U, 0.053 U £ 2 e (&

@ FRAP2 7Zhis] AlZtol @& zlole filem vlaadig 84 HrkxolA ¢

=S S EAw

@ Reducing powerE A|<]s+ DPPH &tt)Z &A &4, SOD A4 2 FRAPOIA H]
BATHY G4 HUMTY ksl &4 o] %o neutrase 57 =57 E =%

o

™o .

H# 57. Antioxidant capacity (DPPH, SOD, Reducing power, FRAP) of Gryllus bimaculatus

hydrolysates

Hydrolysis time (min)

Neutrase (%)"

15 30 60 90
DPPH radical scavenging (%)
0 - 84.9£0.25Ac? 84.5£0.27Ab 85.0+0.60Ac
0.053 88.7£0.33A 88.3+0.53Aa 88.4+0.47Aa 89.4+0.51Aa
0.53 - 86.7+0.48Ab 87.4+0.64Aa 87.1£1.13Ab
5.3 - 84.8+0.38Ac 85.6+0.41Ab 85.2+0.35Ac
SOD like activity (%)
0 - 33.4+1.01Ac 25.4+1.30Bc 330+1.18Ac
0.053 - 38.2+1.22Bb 48.6+3.66Aab 41.1+0.05Bb
0.53 - 44.6+1.21Aa 40.4+2.72Bb 47.4+1.76Aa
5.3 41.8+4.79B 449+1.02Aa 54.7+8.17Aa 43.0+2.37ABb
Reducing power (Abs)
Ascorbic acid 3.29
0 - 3.20+0.11Aa 3.24+0.02Aa 3.25+0.04Aa
0.053 - 3.11+0.01Aa 3.17+£0.04Aa 3.11+£0.08Aa
0.53 - 3.09+0.04Aa 3.20+0.08Aa 3.11+£0.06Aa
53 3.15+£0.07A 3.28+0.00Aa 3.19+£0.01Aa 3.15+£0.06Aa
FRAP activity (mM FeSO4)
0 - 23.2+0.30Ab 22.0+£0.21Ac 21.0+£1.74Ac
0.053 - 21.9+0.36Aa 23.5+£0.19Aab 22.1+£0.22Ab
0.53 - 22.1+£0.20Aa 22.6+£0.46Ab 23.7+£0.20Ab
53 21.9+0.67A 20.9+0.60Aa 21.5£0.21Aa 21.8+0.20Aa

Y One unit (U) = Amount of enzyme that releases 1 ug of tyrosine per 1 mL of the reaction mixture

in 1 minute.
2)

Values with different capital letters among the hydrolysates in difference hydrolysis time indicate

significant difference by Tukey's test (P<0.05). Values with different lower cases among the difference
enzyme concentration indicate significant differences by Tukey's test (£<0.05).
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1. Material & Method

[1] Materials

¥

Solvent DW, ACM{BED)

Reagent

Formic acid{Aldrch)

[2] Instrument Condition
T LC Method

1

(]

%]

&

Chromatography Mexara X2

Mass spectrometry

LCMS-BO50 (Shimadzu)

Colummn ACQUITY BEH CL1&, 1 7um, 100*2 1mm
Solvent A DW(0.1% Formic acid)
B -ACMI0.1% Formic acid)

Elution condition Time A B
00 95 5
20 95 5
100 0 100
120 0 100
121 a5 5
150 a5 5

Flow rate 0.3 ml/min

Injection Vol Ll

3 M5 Method

16229 #H7|&

1 Detection on mode Positive(([M+H]"), Negative({[M-H]']
2 Interface Voltage 40k
3 Interface Temp. 300 C
4 DL Temp. 25072
5: Software LabSalution
Helz 2710
| HE

Rl A

b

- 2nE 147 Tel. 031-888-6970 Fax. 031-888-6938
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3} MEMMS
Precusor Product
Standards RT (min)
Mass Mass
177.1[M+H]*
Cureumin 10.216 369.1[M+H]" 145.0[M+H]"

285.1[M+H]*

[3] EEEY FH]
ITES 50% ACN B080) =0 lmg/ml H#THWE o)

2 &

O|E CpA] & M510 BTEEHO

TN
[

[4] 2EE 24 9 ¥4 &4
Blol 3¥H8 N2E B2

50 WYUHE LWAAC. BE HEENS 3N 3

[5

4 24
AR E 0% ACN B0 =0 05 mog/ml RFEEBE PEED 0.2 pm syringe filter® He|F

& SEE EMEMOD Sasiy NS ZHEor)

[

-

[6] == A4t
T M5 chromatogram 2] peak area § 084 O)2] HM®
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X
o
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2. Results_ BMPPA
[1] MS Spectrum
< Curcumin >

-MS5 (%]|_positive mode, O}2f_negative mode)

e
et
al 3 cr—
o
o
| 1 1
£ = - + s ) ™ = wa - = ™= = E=) [T
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[5] Sample analysis
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