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7V Lactobacillus plantarum EM(Z|E-7)
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3) &Fe| 7|s4 ‘_‘47|-
7h) &EeAHE
M BSH(Bile Salt Hydrolase) &HA
© BSH screening mediumdi| spottingsto] HiF = 2™ HE

@ Cholesterol assimilation

: RudelZt Morris &8, 550nmollAM SHE
L} Ornithine MM &
o EM=A Uk AIZH 25, pH & I

=
=

©) M x

@ ZEH™eH: TLC(Thin Layer Chromatography),

HPLC(High Performance Liquid Chromatography)

Ct) &itsts

@ DPPH: DPPHet A|[2E BFSA|7{ Spectrophotometer2 £&=(517nm) &%
LY ST DPPHRt sample =8 — A2 X - FHE(517nm) &3

@ SOD: SOD assay kit(Dojindo)& O|&3l0{ ELISAZ E&=(450nm) &%
sample, WST working solution, Enzyme(Xanthine Oxidase) working

solution g — 37CoM LS — FHE(450nm) &
4) el et M "It (in vitro)
7h) 884 (hemolysis)
@ SYYH: € MufX[(horse blood agar)oll &M T 245101 hemolysis A/ EHY
Lt) S LA
» EHH 7= European food safety authority (EFSA, 2012 7|& M &)
@ &M AH: 9& (ampicillin, vancomycin, chloramphenicol, kanamycin, clindamycin,
tetracycline, streptomycin, gentamicin, erythromycin)
@ ES™UEH: =4 Mall s (minimum inhibitory concentration)
(EFSA, 2012 7|& X g)
H SEA /
A A= i) i Weissella
Ampicillin 4 2
Vancomycin n.r.” 2
Gentamicin 16 4
Kanamycin 64 16
Streptomycin 64 8
Erythromycin 1 0.5
Clindamycin 1 0.25
Tetracycline 8 2
Chloramphenicol 4 2
" n.r.: not required
Ct) Biogenic amine dA S
O SHYUH(HPLCE ol &t HE)
. ornithine, lysineg® &7t8t broth - #F 3 — i —» fFMEZ] —
HY 2FALZIOH — piogenic amine2 F£& 2 FEZA 3 — HPLC 24

2}) filas EM5(Zym kit, BioMérieux)
O S™YHH: cupuledd] #F 8 F — HIF — ZYM A/ZYM B A|2F loading — Z1} &=



- M 1gs(Zsanstm)
1) W. koreensis, L. plantarum EM 7| sl =
7}) DNA £&
® o3 dfk
@ KitE 0|235l0{ genomic DNA F£&
L}) Whole genome sequencing
@ Library M=F 2 M
@ Whole genome sequencing

2) RMAN =8 ¥ FMX} Fo Xz
7h) RUA =E
(M Reference sequence CHR2ZE (W. koreensis, L. plantarum)

(@ Reference based assembly

Lh #&A F=A AME
@ RAST annotation
Sequencing Assembly Annotation
A B (30°C, 48 h)
Reference sequence
l download
DNA extraction l

‘ Reference based assembly Assembly result
(HGAP program) (fasta format)

myRAST annotation

T

Library prep. (20 kb)
A by

Whole genome sequencing
(PacBio RS II platform)

Figure 1. 1&t

2) Scale-up H¥&a3d HE
7h) B4tE wa Tt 7SS scale-up YA HE
e Jtstt Al 2AEN
e HE 3 8IS ZE
3) ¢s F Ji33d M
b wa F 183 o4t
e X, BYU Jts Al 2l2AEY
e Jt33™ H|E ¥ 3 S8k S 4E
— 5 —
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(L. plantarum EM, W. koreensis DB1)

FEFY

Areim
7bey

L)

|
o

®

-,
100
—_—

m -

@)
O

pH 2.0~pH 7.0

e« pH H2I:

o AlZF 24 or 48 A|Z}

w.o
__o___._._
rk
700
<k
el

e

AA

o
700
%0
KIr

)

O

—_

~

<+
i
<+

—_

~

e NaCl s&: 0~15%(w/v)
o AlZF 24 or 48 A2t

wo
__c___._._
rH
700
<F
el

o

IA

o
700
0
K|

wor

T

Kd
Rl
"

o

1ol

- K

7H e HiX|)
Eh(glucose, sucrose, lactose), & E

<
__O_”_

<

i

A Z 8 xI(

O otdHA|:

Z(skim milk, corn steep liquor),

#

7|EHtween 80, glycerol, O|{|Z 5)

Ki-

O 7|2k
@

hvE
o

1(plate count)

@ pH (54X02630, Fisher Science Education)

@ AFE (AOAC H)



@ Zx (ES-421, ATAGO)
® 9= (Pal-a, ATAGO)
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1~20%

® ol HMItE:
@ 7t&8 ™Ml

121C, 15&

@ =22 (Lab scale):

* small scale: 100 ml/250 ml flask
* big scale: 800 ml/1,000 ml flask

Tters

e pH (54X02630, Fisher Science Education)

(AOAC )

LH
<l

F
F

(ES-421, ATAGO)

H
0o

(LVDV-II+PRO, BROOKFIELD)

HE

=
10

1o

Ko

78 4% W. koreensis DB1 (1

: PSM(Phytase specific media) plate

SAM
= o

e Phytase
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SExEA
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T O
N fol 0
on QU

z
ool 1N o

=

>
HE

=0
ME: Ao ClO|{EXNE
ME: Ornithine(Z & MAHEF

f

®POZTeo
e 2o

A

km foi 0

40,000" mg/kg)

:'_:H"H 7|2'|_S 7|§ EHHI Oﬁh 13HH o o
2h) o|d w5 Mz J|lsd 2% H

™ Ornithine MAd2f
25EH 2MF: S8 Ad
® Z|Et 0|z 7|sMd =& 1

0
Ly
2

- H 2MF (=Ml &)
1) W. koreensis DB1 o3, o|Zt & o|ZUSHES| X|WME 23] o[x|= HE
30| ohE A e B3 gl

Proliferation Confluency
(pre-confluent)

Differentiation
(post-confluent)

3l
> €

R

! Treated | Treated !
INS, | INS

| Dex,

" IBMX,

| | | | | | | | | |
| \ | | \ | | \ | |
day-6 day-5 day-4 day-2 Day 0 Day 2 Day 4 Day 6 Day 8
| T Ty T B
I I

Cell

. 1. Treated 1. Treated 1. Oil Red O staining
seeding - Control (DMSO) _ Control (DMSO) 2. Triglyceride content
_Samples _ Samples 3. Free cholesterol content
2. MTT (cytotoxicity) 4. Adipogenic transcript factor
Figure 2. 3T3-L1 M =E2| A|=ultn}t E3ln}d

7h Az ' A2 EH|
® AlZ:

i) @F(W. koreensis DB1)

i) ol&

i) W. koreensis DB1Z & st o|ZeUEHE
@ A =ZH]

i) @3 W. koreensis T3 cell I8t HES HAXT = BASFETE 3|4

sonicationgt CtS |AME2Z[5H0{ suspensions 20 A|REZ ALE

_8_



i) 0|2 2 o|ZdUSHE: ofElE2 FE5I0{ ARZ2 ALS
Lt) 3T3-L1 M =Zuftu 23
CH #Fel s=oll uE X|UMFAM =0 cfst SH%EIt
(M Cell viability assay: MTT assay
2h) o374 3T3-L1 M=Ze| Estof o|x[= H&HE It
® Oil-Red O &4
@ =X e
® XMz 5
® ZZHAHE &2H
ob) #3o ofet 3T3-L1 XM= FE3} M En 5
@® RNA extractionZ} RT-PCR
@ Western blot analysis
e SREBP-1c(Sterol regulatory element-binding protein—-1c), PPAR-y (Peroxisome
proliferator—activated receptor-gamma), FAS(Fatty acid synthase), ACC
(Acetyl CoA carboxylase), aP2(Adipocyte protein 2 or Fatty acid binding

protein 4), B—actin mRNA level

bl

2) 32 A8 S¢t #F, 0|z ¥ n|ZdwUeHEe| Ze|AHE XM5tEn}t H 42 53 Hot
70 A=
i) o3 (W. koreensis DB1)
i) o|&
i) W. koreensis DB12 2t& st o|HeUSHE
L) e ot AEAl|
® AT
i) H&AlolF
i) OX|&-10Zef| AH S0
i) DX|g-0Fe| A EAO +3F EFFT
iv) DX|g-nFe| A E4/0| +0]Z 5% HIt
v) IX|g-nZeAH EAO| +LF0[LHE 5% HIt
@ AEAo|
i) AIN-93 Alo| Big5t0o] X =
i) #F= AT 50{(1x10° CFU W. koreensis)st1l, o|zt & o|ZUEx =L
AtZoll 5% HItstod 204
ChH AEddss 2 ATzt
® AYsE
o =71 C57BL/6N O, ZH & 100124 & 5002
@ Ag7(zt
o 8FZF AlA

o« ZMEtW AHSEMENAM SE AYS(RB)S B2 F AILAIY AlA|
of) g2 AEE ¥ gH|PtE s HS biomarker 24
® ME S7H, MlojdFg & Alolgg
@ 2 A meld (RnaXw, FZURY, SAW P ATFY Ay, &
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transferase (AST), alkaline phosphatase(ALP) % lactate dehydrogenase(LDH)
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= o -1 o

« @8 T XE dih 3dX|ZE, 28 AHE, LDL-2AHE, HOL-SAHE
shat

® Zt=Z|o| TASIX|A & BN
@ ZEIAH ECHAE 2 K|S AL 2 2420 FEXEE
o UxZA = Z2|AHSCHAI BEH mRBNA e HMG-CoA reductase, LDL-

receptor % cholesterol 7a—-hydroxylase(CYP7A1) mRNA &H&f
o k=& F X|WHAL 24 mRNA 248 acetyl CoA carboxylase(ACC), fatty acid
synthetase(FAS) 2! glucose—6—phosphate dehydrogenase(G6PDH) mRNA &k
o F3k X|2tx=ZA|: |ipoprotein lipase(LPL) 2 hormone-sensitive lipase(HSL)
mRNA &t
b =2 o] We|xAet AAL
e Oil-Red O &AM 2 ZI X|&HHZ H|E (hepatic steatosis ratio)
@ XYMzl 37|
e Hematoxylin & eosin & 44
2 F XL M BN
o ZX|E, SAXY 2 FFefAHE B

M SA X

Image analyzerZ X|8M|ZZ 37| &3

o

- M 1&=(d3|cfstm)

1) 24 Zdxle HEXE &4
7} M EXI= sequencing
@ Z=Xl2| total DNA
@ 16S rRNA && &
® Sequencing
L) 78 24

@™ Qiime softwareZ alpha, beta diversity 2A4& &3l Zx| MZ 2t o|M= Z& Xto| =l

==
T =
=
=

2) M24d Hdx sitdn 2F 0|4 = F7IMLE s, =8 Y FHxz2
7FH Whole genome sequencing

® M24d x| 7ot DNA =&

@ Library M=t

® Whole genome sequencing

L) A =8 2 FAHE

@ Reference based assembly

@ RAST annotation
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A= Sl D5t BT, 2RAx 9 sHx wHoz RE of
@ 2Lz 24, U S
L) XELd 2 2 L 24
@ ofal=ah, 77|44, HIEID, OjH 2 § &4
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CH g5 ol HEZ2 EM 24
e W. koreensis DB1: 22U El MMAF(2XIAL)
e L. plantarum EM: Z2|AHE MHS(BAIEE)
® M&7|ZH 0~1271
@ ME2E: 4T, M2
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2-2. Aot At

7V) Lactobacillus plantarum EM(Z|E2-3)
. Ux2EE 22
2| AHE &AM

(Ref: Cholesterol-lowering effects of a putative probiotic strain Lactobacillus
plantarum EM isolated from kimchi(2015) LWT-Food Sci & Tech, 62,
210-217)
. StREM: M| T/ SHRIT SN
¢ 2I=22!: 3-hydroxy-5-dodecenoic acid
(Ref. Purification and characterization of an antimicrobial compound produced
by Lactobacillus plantarum EM showing both antifungal and antibacterial

activities(2019) LWT-Food Sci & Tech, 114, 108403)

Ll) Weissella koreensis(Z| 2 5)

« 2% 22|, 2L2UE MMsol 7|olst st | I%é M

« M2-47|, Z¥, %’S dh s 57 X[HZAHOA X Al =&, & 36712
UX25E 4052 Weissella koreensis T'__E-l
i) Z 7EI°:';1401|/\‘| 2ZM — = 10Z X MY

ii) 16S rRNA sequence
. Table 12} Zo| 1082 Ee2ld3F: =25 W. koreensis S—-5623'2f 7% =&
dsdg LEtH, B2l F 1037Hel AsM2 HIE Helstiles 100%=2
LtEHE.

Table 1. 22| 3#32| 16S rRNA sequence =X

Isolates b.p BLASTn result(ident.)
H65 1,442 W. koreensis S—5623'(98.89%)
GH 1,504 W. koreensis S—5623'(99.06%)
GL 1,345 W. koreensis S—5623'(99.13%)
DB1 1,460 W. koreensis S—56237(99.86%)
YA 1,369 W. koreensis S—56237(99.92%)
CM 1,519 W. koreensis S—5623'(99.13%)
IS 1,515 W. koreensis S—5623'(99.13%)
NS 1,512 W. koreensis S—56237(99.13%)
CGM1 1,453 W. koreensis S—5623'(99.11%)
HJ 1,517 W. koreensis S—56237(98.80%)

i) RAPD-PCR

D X 2B M4 X} MAEE 1052 RAPD-PCR &4 Z3t, Zt 2ZolM X|dH

oFzke] M=ol Xto|E LIEMH W. koreensis GL, DB1, CM, GH, I1S7, CGM1,
HJE MA & (Figure 1).

— 16S rRNA A €o| =dstA LiEEO| w2 RAPD-PCRES &350 MZ CIE
o3 &5 78 o2& MY
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30°C 35°C = 40°C

HES GH GL DB1 YA CM IS NS CGM1 HJ H65 GH GL DBI YA CM IS NS CGM1 HJ HES GH GL DBI YA CM IS NS CGMI HJ

Ll Ll L T Ll L U 1l
45°C = 50°C 55°C

- . —
—
e e e s G s o+

- —
PRI T TR e L T e

H65 GH GL DBl YA CM IS NS GGM1 HJ H5 GH GL DBI YA CM IS NS CGMI HJ HE65 GH GL DB1 YA CM IS NS CGMI HJ

Figure 1. W. koreensis 1052 RAPD-PCR

iv) 224E MM S(TLC, HPLC)
D 2R MAPE 782 2EUE MMEE MM dEFNMoz 2AMSH0] JHE 224 E
MM s0| =8t 282 AFE 2T MY e (data: AL sHUHE T #F2
7lsd "oh
— QEUE dM50| JIE FHOL #F & 28 23 ME (EXM page 9 & =X)
(W. koreensis DB1, W. koreensis HJ)
ChH M2M M5 Zx| 22 S (Leuconostoc %)
. 30C O|stollMTt M5
. 7:'7| At S 370 X[HHOM R Az £, & 14712 AXZEE 215

i) 2t XM 285 ~384 - & 7
ii) 16S rBRNA sequence

: Table 22} &0| PG7, HT1, JW1E AN 2st 45

gasicomitatuml 2 sH=AY20{ 0|5 Z2te| A=

Of

14} 41

2 B5 [leu. gelidum ssp.
Mo| =LstA LIEHH.

Table 2. 22|#32| 16S rRNA sequence =3

Isolates b.p BLASTn result (ident.)

CH3 1,509 Leu. gelidum ssp. gasicomitatum TB 1-10" (100%)
GH3 1,506 Leu. gelidum ssp. gasicomitatum TB 1-10" (100%)
PG7 1,501 Leu. inhae IHO03" (99.66%)

HTA 1,507 Leu. carnosum NRIC 17227 (99.86%)

SG4 1,492 Leu. gelidum ssp. gasicomitatum TB 1-10" (100%)
JWH 1,506 Leu. gelidum ssp. aenigmaticum POUF4d™ (100%)
JwW2 1,514 Leu. gelidum ssp. gasicomitatum TB 1-10" (100%)

ii) RAPD-PCR

: 16S rRNA MEo| sL5tA LEHS 45 (CH3, GH3, JW2, SG4)2| RAPD-PCR
Z3} CH3el &< 30T, 35T, 40T, 45T, 50C, 55CAHA 3F(GH3, JW2,
SG4)ot= ct2 mEHZ LER (Figure 2).

— 0|0l Leuw. inhae PG7, Leu. carnosum HT1, Leu. gelidum ssp. aenigmaticum
JW1, Leu. gelidum ssp. gasicomitatum CH3Z & 4 =& MFH
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Figure 2. XN2Md Mg ZX 72412 RAPD-PCR

2) RL2UEl MM W. koreensiset XN2M MK FAAL

7) i 2=of mE 4=

-1, 5C, 10T, 15T, 25C, 30C MS=H

% oo EHIN Mg 2%

O LEYE MM W. koreensis
- W. koreensis DB1

- =1TC: 4%, =0 9.194+0.34 log CFU/mL

- 5C: 11OEI, ES ] Agoo 1.787£0.012
- 10C: 4, = Agoo 2.535+0.021
- 15C: 42, = Agopo 2.955+0.133

- 25TC: 20A|7._|', e Asoo 3.162£0.157
- 307C: 16A12F, Z|TH Agyo 3.035+0.174 «

- W. koreensis HJ

- =1C: 4%, z0f 8.95+0.02 log CFU/mL

- 5C: 10, = Ao 1.850+0.028
- 10°C: 4OEI, =|C Agoo 2.490+£0.057
- 15°C: 4OEI, =|CH Agoo 2.783+0.095

- 25°C: 24A|2F, =[CH Asoo 3.08810.168
- 30C: 20A1ZF, =|TH Agoo 3.125£0.021 «

@ XM2d d5 dx R4

- Leu. aenigmaticum JW1

- =1TC: 45, =|tf 8.754+0.129 log CFU/mL

- 5C: 1OOEI, ES ] Agoo 1.030+£0.014
- 10°C: 3.30E|, =|CH Agoo 1.910+0.014
- 15C: 3.3Y, Z|O Agp 2.045+0.092

- 25C: 20A|ZF, =[CH Agoo 1.90710.045 <«
- 307C: 20A|?_|', e Agoo 1.220£0.014

- Leu. gasicomitatum CH3

- =1C: 43, #|0f 8.366+0.092 log CFU/mL

- 5C: goEI, =|CH Asoo 1.110£0.042
- 10°C: 3.60E|, =|CH Agoo 1.935+0.021
- 15C: 3OEI, =|CH Agoo 1.980+0.028

- 25C: 20A1ZF, =T Aggo 2.028£0.105 «
- 30C: 20AI1ZF, =T Aggo 1.600+0.071
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- Leu. carnosum HT1
—17TC: 4?, z|f 8.153+0.032 log CFU/mL
5C: 112, Z=|H Agpo 0.8951+0.064
10C: 42, Z|H Agpo 2.250£0.014
15C: 3.3, =[] Asoo 2.555+0.106
25°C: 20A|2F, =[O Ageo 3.015+0.103 <«
-30C: 16AZF, Z|TH Agoo 2.207+0.051

- Leu. inhae PG7
—17TC: 43, =[f 8.263%£0.057 log CFU/mL
5C: 108, Z|tH Agpo 1.505%+0.064
10C: 3.3Y, =[O Agpo 2.370£0.014
15C: 3.3¥, =} Agyp 2.5731£0.088
25C: 20A| 24, =[] Aggo 2.422+0.033 «
-:30C: 24A| 24, =[] Aggo 0.199£0.016

Lh) B2 Z7| pHoll e MS
L HIX| Z7| pH 4, 5, 6, 7, 8 MSSH (4T

® 2LEUE MM W. koreensis
- W. koreensis DB1: pH 6, 7, 8 Z|Cf M=
(e 8.32~8.84 log CFU/mL)
- W. koreensis HJ: pH 6, 7, 8 2|t M5
(2F 8.81~8.86 log CFU/mL)
@ MM Mg AR Fitd

Leu. aenigmaticum JW1: pH 6, 7, 8 =L M&

(2F 9.25~9.40 log CFU/mL)
Leu. gasicomitatum CH3: pH 6, 7, 8 =t MS

(2f 9.25~9.40 log CFU/mL)
- Leu. carnosum HT1: pH 6, 7, 8 Z[Cf MS

(2F 9.35~9.49 log CFU/mL)
Leu. inhae PG7: pH 8 Z|tf M=
(2F 9.11 log CFU/mL)

M

ch) Mslsty M
: APl 50 CHL kit(BioMerieux)& 0| &%t HHAls =A}
« 22| it 632 EiAls £ Z3, Table 32F &0| LIEHH.

|.SI-7C

}OI'

L
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Table 3. 22ldF2 E@HALs

Sugar DB1 | HJ | JW1 | PG7 | HT1 | CH3 Sugar DB1 | HJ |JW1 |PG7 | HT1 | CH3
Glycerol -l -l -1 -1-1~" Salicine S e N e
Erythritol i e I Mt I s Cellobiose - -+« +1+
D-Arabinose i i Mt Mt I s Maltose - -+ ]+ ]+ ]+
L-Arabinose + + + + - + Lactose - - - - _ _
Ribose + + + + + + Melibiose - - T _ _ n
D-Xylose S i N O I Sucrose -+ ]+
L—Xylose - | -] - - - - Trehalose e = T T
Adonitol - - - - - - Inuline - - _ _ _ _
Methyl-BD .
—xylopyrgnosicle - - - - - - Melezitose - - - - - -
D—Galactose - - - - - - Raffinose - - + - - +
D-Glucose + + + + + + Starch - - - - _ _
D-Fructose + - + + + + Glycogen - - - _ _ _
D-Mannose + + + + + + Xylitol - - _ - Z _
L-Sorbose - -1 - - - - B-Gentiobiose e = O e
Rhamnose -l -l -l =-1=-1-* D-Turanose - -+ + ]+
Dulcitol - - - - - - D-Lyxose - - _ - _ _
Inositol - - - - - - D-Tagatose - - - - - —
Mannitol - - - | A - - D-Fucose - - - - - _
Sorbitol - = - - - - | —-Fucose - — — - — —
a—Methyl-D _
-m annogide - - - - - - D-Arabitol - - - - - -
?;Mgiﬁ;? R L—-Arabitol S I
glulic_)':grer;[iﬂe A e e N A Gluconate Al A+ |+ |+ -
Amygdaline - | - | - | - | - | - | 2Ketogluconate| - | - | + | + | - | -
Arbutin - - - - - — | 5Keto—gluconate| - - + + - -
Esculine - - + + + +

- AMEDF NLFF 7

. L. plantarum EM, DB1: W. koreensis DB1, HJ: W. koreensis HJ,
JW1: Leu. aenigmaticum JW1, CH3: Leu. gasicomitatum CHS,
HT1: Leu. carnosum HT1, PG7: Leu. inhae PG7

7h) SEEAHE
® BSH(Bile Salt Hydrolase) &4
- BSH screening mediumoll 7| sM F&7 &£ 752 spottingsto] b ket = &AM
HdE & ¢
- L. plantarum EME H2st Cl2 632 R#AAAHM= BSH 40| LIELX]
2= (Figure 3).

Figure 3. —E—EI-E—’F—SI BSH &4 screening
— 24 —




@ Cholesterol assimilation

- BSH. &M= LIeMH L. plantarum EM2| &

AtEfl (resting cell) =2 Al (dead cell)
Hol(Table 4).

A (growing cell) 2t of{2} FA7|

MEfIME =2 =

o
<
2 EE'"ﬁE'” = ':-”;-IOE

Table 4. L. plantarum EM2| Z8IAHE AAHSs

Unit: %
. Medial 5% Oxgall 0.5% TDCA
Growing cell 88.12+2.80 47.66+0.00
Resting cell 60.59+0.83 38.20%+0.00
Dead cell 39.02+0.00 33.33+0.00
L}) Ornithine MM &
@ Ornithine &8s 4 &35 M3
i) TLC &4
: 1% arginineO| H7tEl MRS HiX|ol|A 48A1ZF B = 22U El MM S5Z TLCE
o|-gstof =l st = (Figure 4).

1 Z L. plantarum EMZF M2M M
HT1)2 22U E MMHs50] He §
_(‘D_EL|E| MM

g d&A ok 43(UW1, CH3, PG7,
OS2 LIEtE. W. koreensis 7532 25

MMsS 7Kl I Xo|7F TLC &ezs= F&35H7] ofz{F. oo
HPLCE Sl & &4

o sH = o
=== Xn_l?sl'lol'(ﬂE

2 8 B
SRR

* . - - . ' ' ' '
»

- s 5 S

1% 0.7% EM JW1 CH3 PG7 HT1 H65 GH GL DB1 YA cM  Is7
Arginine Omithi

NS1 CGM1 HJ

Figure 4. 22| @39 2LELE MM =(TLC)

i) HPLC &4

HPLC &4 &1} W. koreensis DB1(8,373.59 mg/L)t W. koreensis HJ
(7,602.42 mg/L)7F 7I& =2 22

S =2 LB 44858 LIEH.
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Table 5. W. koreensis 752 22U E MMs &9l (HPLC)
Unit: mg/L
No. | Amino acid CM IS7 CGM1 HJ v GH GL DB1 v
1 Aspartic acid 411.84 353.26 340.69 389.53 375.65 413.54 348.42
2 | Glutamic acid 739.43 734.33 697.14 753.66 739.34 754 .81 713.83
3 Asparagine 11.05 71.44 62.33 33.03 38.75 7.43 40.46
4 Serine 274.87 284 .05 270.57 277.26 270.67 277.34 264.19
5 Glutamine 28.69 29.80 26.84 N.D 29.13 32.36 N.D
6 Histidine 106.19 86.07 78.84 65.53 111.70 104.37 73.72
7 Glycine 151.77 154 .41 118.81 140.02 140.78 138.64 134.05
8 Threonine 306.79 303.84 254.59 294 .48 302.98 280.58 289.69
9 Arginine 230.50 89.08 97.92 68.26 267.46 90.08 65.54
10 Alanine 942.31| 1068.04 99.67| 1,046.76 912.87| 1,077.51| 1,024.63
11 Taurine 13.46 12.36 12.29 13.50 12.97 12.45 13.51
12 GABA 26.06 2517 25.99 31.20 26.31 28.16 30.15
13 Tyrosine 194.50 214.71 210.03 194.98 198.34 191.81 191.22
14 Valine 402.31 410.92 400.80 411.66 398.09 410.90 404 .32
15 Methionine 69.70 58.16 54.45 64.54 65.57 60.13 57.86
16 | Tryptophane 147 .11 150.99 141.93 149.78 138.94 148.51 145.87
17 Penylalanine 209.67 210.23 206.76 194 .44 228.34 185.69 176.75
18 |soleucine 306.79 328.81 321.19 325.73 307.11 315.18 319.43
19 Ornithine 6,293.43| 6,520.55| 5,928.54| 7,602.42| 5,059.53| 6,335.13| 8,373.59
20 Leucine 369.52 376.17 363.47 372.39 408.88 347.89 349.44
21 Lysine 27117 307.58 265.94 303.87 254.03 260.74 289.15
22 Proline 106.81 95.50 152.95 98.83 93.56 151.96 121.00
Total 11,613.97(11,885.46(11,027.74|12,831.85/|10,380.99(11,626.2313,426.81
@ Ornithine M4 =™ =A
- Hi 2T
- W. koreensis DB1
1% arginine0| H7I=l MRSOIAM 24A|ZF vfFSE Z1p 25T2F 30°7TOilAf
i 2SR S M ornithine H4&S50| 718 =28 A2z =eld.
- W. koreensis HJ
: 1% arginine0| H7F=l MRSOIIA 24A|ZF i ks Z 1} 30°COllA| B 5t S
ornithine 4450| 71 =2 A2z =eld.
— DBl 4 [— H —
. ’
’ 20" 9
Arg. Orn. 15°C 25°C 30°C 15°C 25°C 30°C
Figure 5. W. koreensis @5 2&2| Hjg2co| WE 2=LEl MM5 &9l (TLC)
- ekl Arginine(Ornithine X 7A)
. _koreensis DB1
Arginine0| SEEE HIbE MRSOIAM 24A1ZF s FsE 2ot 1% HItTe
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2o, 1% HEIt+9

W. koreensis DB1

ornithine M &s0| 7I& =2 A2z =olF.
W. koreensis HJ
Arginine0| =TEH=Z HIIEl MRSOIA 24A|ZF HY 2FSH
ornithine MM &s0| 7I& =2 H2=2 =olE
rStandard—| — Control ] DB1 H)
2 _a20b) ’ 0 ‘X
$ "N
Arg. Orn 05% 1% 2% 3% 0% 05% 1% 2% 3% 0% 05% 1% 2% 3%
Arginine in MRS Arginine in MRS Arginine in MRS
Figure 6. W. koreensis @3 259 d¢d sTo| g 22U E MME5 &2l (TLC)
— pH
i) TLC &4
W. koreensis DB1
1% arginine &7} H7F =X = MRSOIAl 24A|ZF bfekstod TLC EA . pH
8o mE 2EUE YMs Xto|E =elst| o=,
W. koreensis HJ
1% arginine &7} pH7}F =X = MRSO|Al 24A[2F i Fsto TLC &4 . pH
dof g 2EYHE dds Xo[E =elsty| ofHF.
I DB1 HJ 1
&
3 BARAR
N EEEEN ELE R
Arg. Orn. pH pH pH pH Control pH pH pH pH Control
50 60 65 70 50 60 65 70
Figure 7. W. koreensis #3F 2&2| =7| pHol| 2 =24 E MMH5 &2(TLC)
i) 45z 53
1% arginineO| &7FEl MRSOIAM 24A|ZF dfj kst Z3b pH 5.000A =0 M5
k5t 23} pH 6.0~7.00l A =|CH

LtEHH (Ao 5.081+0.11)
1% arginine0| H7I=l MRSOIM 24A[ZF dfiQ

W. koreensis HJ
LIEFE (Agoo 3.3510.07~3.45+0.05)

TR
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pHA40  pHS5.0

pH40 pHS0 pHEO pHBES pH7.0 Control

* Control: pH not adjusted

Figure 8. W. koreensis @3 2&<2

— Hf A ZH
i) TLC &4
- W. koreensis DB1

D &) MES LIERH pH 5.02 =X = 1% arginine

pH 6.0

* Centrol: pH not adjusted

ZJ| pHol| w2 MET

pH 65

30COIN 24AI12F 48AIZF BjSIOY TLC 241,

MMds xO|E =elst?| o3 3.
- W. koreensis HJ

c o MES LIERHA pH 6.52 =X E 1% arginine

30°COHA‘| 24A|2k, 48A|ZF HH%3P01 TLC &4,

>
Ir
Ral
o
mjn
Jor
ro -
ol
N
2
A
o

Arg. Orn 24h 48h 24h 48h

Figure 9. W. koreensis &3 2&2| HIF AlZbo| ME 2

i) HPLC &4
- W. koreensis DB1

pH7.0 Control”

D = M52 LERH pH 5.02 =X = 1% arginine &7} MRSl
30COlIA 24A|2F, 48A1ZF 2510 HPLC 241

LIEFEH(11,270.73 mg/L) — =H ML
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Table 6. W. koreensis DB12| Hj2kA|Zto|| }E Q=L|El MME5 &9l (HPLC)

Unit: mg/L

No. Amino acid 24h 48h
1 Aspartic acid 336.75 341.82
2 Glutamic acid 698.68 708.53
3 Asparagine 62.21 61.72
4 Serine 287.27 288.73
5 Glutamine N.D* N.D
6 Histidine 86.65 88.49
7 Glycine 167.00 171.82
8 Threonine 311.71 309.38
9 Arginine 18.52 15.52
10 Alanine 1,245.06 1,325.62
11 Taurine 11.34 11.87
12 GABA 18.50 20.26
13 Tyrosine 209.01 199.45
14 Valine 407.57 403.79
15 Methionine 94.55 87.20
16 Tryptophane 198.03 201.25
17 Penylalanine 226.83 199.88
18 Isoleucine 318.93 316.36
19 Ornithine 11,066.14 11,270.73
20 Leucine 426.99 379.17
21 Lysine 443.90 458.04
22 Proline 160.86 155.04
Total 16,796.48 17,014.67

“ N.D: Not detected

- W. koreensis HJ
czZtf 43S LIERA pH 6.52 =™ E 1% arginine M7 MRSO| #F&€ 3
30COIIAM 24A|ZF, 48A1ZF v 2FSH0{ HPLC 241, 48A|ZH0IM JHE =2 &
LHEFH (11,144.55 mg/L) — && 44t

mo ok

Table 7. W. koreensis HJ2| Hf2%A[ZIo| wE Q2|8 MAMS 5ol (HPLC)

Unit: mg/L

No. Amino acid 24h 48h
1 Aspartic acid 392.41 407.93
2 Glutamic acid 753.95 764.06
3 Asparagine 40.40 39.38
4 Serine 293.40 298.57
5 Glutamine N.D* N.D
6 Histidine 93.79 99.29
7 Glycine 187.70 190.38
8 Threonine 298.99 307.40
9 Arginine 17.61 18.88
10 Alanine 1,095.24 1,184.32
11 Taurine 12.81 13.32
12 GABA 19.95 19.12
13 Tyrosine 210.36 208.71
14 Valine 413.61 424.71
15 Methionine 108.35 102.39
16 Tryptophane 206.70 217.51
17 Penylalanine 217.91 195.48
18 Isoleucine 326.55 332.31
19 Ornithine 11,046.74 11,144 .55
20 Leucine 401.90 370.40
21 Lysine 484 .69 464.25
22 Proline 139.20 163.03
Total 16,762.27 16,965.99

“ N.D: Not detected
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CH) sitsts
™ DPPH radical 2715 (Hi FAFZIOH)
« F{ 7529 DPPH radical &2HsS =29 2F 10% M8 X|H.

Table 8. =2l@ 2| DPPH &itats

Sample Inhibition (%)

Ascorbic acid 93.07 £ 0.21

(nggtgm) BHT 92.64 + 0.29
BHA 92.37 + 0.33

EM 9.25 + 0.51

DB1 8.26 + 0.22

Sl HJ 8.34 + 0.26
supernatant JW1 8.74 £ 0.40
(100 ul) CH3 8.20 + 0.36
HTA 821 + 0.67

PG7 792 + 0.88

@ SOD assay(MZWHF&=E)
« SOD &M=
D EM > HJ, HT1, JW1, DB1, CH3 > PG7Z Vit C2| 1~100 ppme| &Ao =&t

Table 9. 22| #F2| SOD &itsts

Sample Inhibition (%)

Ascorbic acid 100 ppm 27.53 = 0.58

Control Ascorbic acid 10 ppm 6.83 £ 0.70
Ascorbic acid 1 ppm 0.44 + 0.31
EM(7.30x10" CFU) 22.10 + 1.89
DB1(1.79%10" CFU) 6.25 = 0.73

Intracellular HJ(1.83%x10" CFU) 10.24 + 0.96
cell-free JW1(4.26x10" CFU) 6.68 + 0.33
extract CH3(4.54x10" CFU) 411 + 0.59
HT1(4.34x107 CFU) 8.29 £ 1.69

PG7(1.81x10" CFU) 0.90 + 0.65

4) @F2e| et M "It (in vitro)
- AT LR F 7E
EM: L. plantarum EM, DB1: W. koreensis DB1, HJ: W. koreensis HJ,
JW1: Leu. aenigmaticum JW1, CH3: Leu. gasicomitatum CHS,
HT1: Leu. carnosum HT1, PG7: Leu. inhae PG7

7hH &€

>

4 (hemolysis)
Hi X| (horse blood agar)oll &M E=25t0d o or B—hemolysis =4 /A

& A

fjo

=2
o=
_u.|~7é

L

I
o 0z |

e L. plantarum EM 2| 682 &t 25 o, pe SBEHS LIEHNX] &S (Figure 10).
o 2EM(q ) : SAM TN

oo




Positive control

-.

a-hemolysis B-hemolysis y-hemolysis

EM 0B1 HJ Jm PG7 HT1 CH3

Figure 10. =232 SEM ZAAl

L) A LA
» L. plantarum EMZ} M 248 wotd 452 9, EFSA(2012)2| breakpoint ECt
AL S2UsE =T o| A ZeME LIERY .
« W. koreensis2| B, EFSA breakpointZt 87| mf 2o Ef 475 Zt15t0{ H| Wt
gt Bt AFolM 22| SHE W. koreensis Ert 22 A Y
LIELEH (Table 10).
P LA oFM TN

— L L

Table 10. 7|sMd ®&7 FH 759 4 Z+H
Unit: MIC (ug/mL)

Strains Ailafeiies Amp | Van Gen | Kana | Strep | Ery | Tetra | Chlo
B.P for L. plantarum’™ 2 n.r 16 64 n.r 1 32 8
L. plantarum EM 2 >512 0.5 16 4 0.125 16 4
Ref. for Weissella spp.”™ >10 | 1024 32 512 128 >15 1 >30
W. koreensis DB1 0.5 512 2 8 8 0.06 0.5 4
W. koreensis HJ 1 512 4 8 4 0.25 0.5 4
B.P for Leuconostoc spp.”” 2 n.r 16 16 64 1 8 4
Leu. aenigmaticum JW1 1 512 0.06 1 2 0.06 1 4
Leu. gasicomitatum CH3 1 512 | 0.125 2 2 0.03 1 4
Leu. carmosum HT1 2 256 | 0.06 1 1 0.25 4 4
1 2 0.06 2 2

Leu. inhae PG7 1 512 | 0.06

Amp: Ampicillin, Van: Vancomycin, Gen: Gentamycin, Kana: kanamycin, Strep: Streptomycin, Ery:
Erythromycin, Tetra: Tetracycline, Chlo: Chloramphenicol
B.P: Break point were according to the guidelines of EFSA(2012)

“* Ref: Determining the probiotic potential of cholesterol-reducing Lactobacillus and Weissella strains
isolated from gherkins (fermented cucumber) and south Indian fermented koozh(2015) Res Microbiol,
166, 428-439. Antagonistic activities and probiotic potential of lactic acid bacteria derived from
plant-based fermented food(2018) Front Microbiol, 9, 1-12.

C} Biogenic amine MM &
@ Decarboxylase plate method
- Bover-Cid(1999) method
- Enterococcus faecalis ATCC 29212 : HIZ[M (LM =)
- 22| gt 75 0 M (Figure 11)

Figure 11.




@ HPLC &4t
- HPLC M S Eall HHX O Z biogenic amine MM S &olst 21} D& |FMAF
7Z0{|l M biogenic amineO|l MAM = X| k22 stelsHFigure 12).
= BA MMs: SMH TH
BA standard EM| CH3 HJ
| T T Y - O e D
Jwi1 CH3 HT1 PG7
:,,JL_M,. e e N A$_/1/J . U PO R
Figure 12. HPLC & &%t biogenic amine &d&
2l) Fallas M s(Zym kit, BioMérieux)
« APl zym kit(BioMerietux Co., France)& &5t0{ &t 732 24 M8 EHE
— EM: Leucine arylamidase, Valine arylamidase, pB—Galactosidase,
B—Glucosidase 4
- DB1: B—Galactosidase
- H 2% 34
- JW1: B—Galactosidase 24
— CH3: Acid phosphatase 2
— HT1: B—Galactosidase A
- PG7: 2F 34
= Follga =Y eSS
¥ 22 3F 75 2F SEY, YA H4Y, biogenic amine MM, Rl EA &Y 2M AT
OlXM3St Z{io g mCie

Ol & =
259 FAtAS 7IsM n|MER zE MA

O sZAHESs, gds(SMF/exld) URISAD: L plantarum EM

@ H|IsS(LEUHEYEME S 1) ZXIF&F: W. koreensis DB

— 0| 259 RAtAS 22t n|dego|| SHSZE ME5i0] o|ZdeaHE /e 5 &F Al
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5) o|ZollA |FAMR W. koreensis DB12| &&

¥ N pEel ojZws =7 SEUQAHAT ATAY 2E 3 24 U 28
njZolMe] fAE SAGAHAE ATHY 28 5 24 £ 28
x7| 43 #% SEO| Wal 2-3KUE U M SHMEE 7|54 0l8E 25

2
513 24 %¥)

(HPLC |85t A& T 24)
welofo| =& 8EF (mg/L)
9 2}
No Peak name 20% o|Z+ 20% o|Z +2(1)‘{2, I:IAlrg** + 1% Xrgs+ DB1
(control) ?43% + DB1 (48 h)

(48 h) |3t A [ FNst &
1 Aspartic acid 206.79 209.32 204.36 348.42 341.82
2 Glutamic acid 274.04 219.64 445 .54 713.83 708.53
3 Asparagine 142.36 146.38 128.08 40.46 61.72
4 Serine 44 .72 49 .51 44 .40 264.19 288.73
5 Histidine 2717 28.58 25.48 73.72 88.49
6 Glycine 25.98 37.65 44.35 134.05 171.82
7 Threonine 22.24 24 .51 20.53 289.69 309.38
8 Arginine 102.10 76.22 8,181.14 65.54 15.52
9 Alanine 77.16 80.41 105.35| 1,024.63| 1,325.62
10 GABA 165.62 255.82 107.79 30.15 20.26
11 Tyrosine 15.70 17.36 14.36 191.22 199.45
12 Valine 20.49 22.66 17.41 404 .32 403.79
13 Methionine 5.95 6.11 2.09 57.86 87.20
14 Tryptophan 19.78 23.36 116.44 145.87 201.25
15 | Phenylalanine 8.82 8.46 4.79 176.75 199.88
16 Isoleucine 8.53 9.25 6.18 319.43 316.36
17 Ornithine = 32.59 2,307.07| 8,373.59| 11,270.73
18 Leucine 13.84 13.05 6.71 349.44 379.17
19 Lysine 24.80 28.24 21.56 289.15 458.04
20 Proline 38.64 46.01 48.96 121.00 155.04
Total 1,037.95 1,335.06 11,852.56| 13,413.33| 17,014.67

* DB1: W. koreensis DB1, ™ Arg: Arginine

- 7|&9 EIolMel omithine A&t

A Z2RH FelE LEUE MM AR Weissella 2| MRS+1% arginine
HiX[ol Al 2L El MMU2 27~31 mg/L/h (48A]ZF B 2F).
2 AF2o| AZHE ornithine M A=

i) 20% O|Z: ornithine 0 mg/L/h

ii) 20% 0|Z + 1% DB1: ornithine 0.68 mg/L/h

iii) 20% O|lZ + 1% arginine + 1% DB1
. ornithine 48 mg/L/h

iv) MRS + 1% arginine + 1% DB1
- =|™st M : ornithine 174 mg/L/h
- Z|HMst & : ornithine 235 mg/L/h

— 2 AF9 ornithine & FF2| W&t =322 LT =4 (MRS + 1%
arginine)ollAl 7| & E1Q} H|WsI¥ S W =Xt M2 5.6~6.44, =& ==
ok 7.6~8.7H =2 F=x|¢l.
(7] 21 Ref. ZXZHE 22UEl MMH5E 2= Weissella & dF2 22l
= 2 £4(2009) st=o|M=st3| x|




e
O
]
B

=
e

- s HUt

- do|z: AlzZo] HED B M FRAA =2 = Ue S/l XFEP| &2
Stop gko| . 2ol WS o etof| To{=0| ROl H3.

- ojZdeds SZAXE: AAO| 0|RVIF E2 Z7IFL Z0] FEET gl etol[A
== S8 =2, ot To{Ee Hel els. MAESH Aokt A4S 5|
oA,

- ojZddts EAZE: SZAXREC=E & O HE =242z Hs|= Bl /s
FE-T MAESH S Iask BHo| =AHE

QO A 1s(Zatisfu)
1) W. koreensis, L. plantarum EM €7|IM¥ =
® L. plantarum EM @7|M& si=
» Sequencing Z 2} total reads F= 3,189,332, low—quality reads &= 112

filtered reads == 3,189,3212 =A{&F.

@ W. koreensis HJ 7MY &=

+ Total reads = 3,577,172, low—quality reads= 11& filtered reads=
3,577,1612 EAME.

® W. koreensis DB1 @7|M¥ sll=

e Total reads= 3,512,760, low—quality reads= 12Z filtered reads= 3,512,748&

B ME
= 1 09a-
2) #8A =7 { A F4 X

« Assembly Z2} & 50702| contigZt Ltt20d contigel @ Z0[l= 69,055 bp=E
7H&F 21 contige 372,573 bp, 7H&F B2 contige 6,361 bpZE S E.
« Annotation® myRAST program= O[|&3sI 1, annotation Zz #Fel Zol=
3,452,787 bpZ GC content= 44.2%, 7™ A= 347471, protein® 340372 24 & .
@ W. koreensis HJ " AL =8 & FAMXZ A1}
« Assembly 21} & 15702| contigZt LIt20{ contige| @ Z0[= 95,171 bpZE
=N
« Annotation Z2} #F2| Zol&= 1,427,517 bpE GC contente 35.5%, FMA=
14537l , proteine 140072 2AM =,
® W. koreensis DB1 F8 At =& ¥ FAMxe| Z1f
« Assembly Z2} & 14712| contigZ7} L2t20{ contige| - Z0|= 103,280 bp=E

=X &
—oT.
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« Annotation Z2} ZO|= 1,445,923 bpE GC content= 35.4%, SH™XA= 14047H,
proteine 1404712 &A= .

3) L. plantarum EM EZHAHE XX &4
® L. plantarum EM 52| SE|AHE 2101 AL AL
« @ Z|AHIEE N5t Al7|=0 2045k bile salt hydrolase (bsh) XX =X| PCRE

Soff el

« PCR2 &all bsh REAZF JU=A| =elstr| sl NCBIo| S5 =01 U= L. plantarum whole
genome sequences ZEF YL, ZH Aol SUE L. plantarum bsh gene= FEE!.
FZ & psh gene alignment St Z1} FH| 471X| grouplLZ LiFl= HE &elst (T8 1).

« Grouping Z1= EOI2 bsh FHAF primers 44 ClXIRl SI9i0 (a8 2), CIXIRlsH
primerE O|&310{ L. plantarum EM T2 bsh gene 27 FFE &RIgH Z1} 47H2] bsh

gene 25 H{stn = HE Eele (ad 3).
NCBIol| SE&

s L. plantarum EM T32| bsh gene MEE genome sequencedlAf A1
CH2 L. plantarum®} sequences H|wsl & &3} L. plantarumell BlsH B % 9| bile salt

hydrolase RXAZ} EZMet2 & 5= JUAS (O 4).

=
=

s
i
s

a8 1. L. plantarum2| bsh 58X} alignment

8 3. L. plantarum EM 52| bsh 78X PCR 22}
Lane M: 100 bp DNA ladder, lane 1: bsh1 gene, lane 2: bsh2 gene, lane 3: bsh3 gene, lane 4: bsh4 gene
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O3 4. L. plantarum®| bsh 85X M v 1L

4) X244 dxle| HERHA =4
O HEMREAM &4

« Q2UEl MM S20| U= W koreensisS 22|et sHEZIX|o| HIEFFAA M S alish O
A0} sHMZIX|o| REZES  Weissella (82.4%)2 &l =AT. Weissella SNMEZ W,
I

9|
kandleri group (7 71 B2 H|8S8 AHK|sk= A

9.5%)0
« M2M Ms FARQl Leuconostoc speciesE =2|et Tradt Z I'|9—| HEl M M2

—= _I_
M=o

PSS Lactobacillus (78.9%) 2 &kl =10 [ euconostocs
SF

r
ol
mlo
for
o
Qi

et O Znt LR

1.1%2 EMstke AS &l

Specs level Garean brssl

bruconostor |L %)

D bmhanciy |70 9%

o LR
H e, H e

= e ksl (B2 43

-
Wi bandes e
e
=

O H 3=(CJHM LA )
- 0|z
— CJAA U5 dAr BA2 HESI0 o|d 25
- = #aﬂ CIM LMo =& Al 2zl E 4= 3l 47
T 1

— g2k 2017E 1€ ~12€ 7|1&F 471 3,497E (

1. CIHLME® 20174 7|& AZt o[ 2hdl g

M
o
rim

-l
A
i
N
-
w
-
~
Lo
(€)]
M

68 | 78 | 88 | 9F |10 |[11& 128 '—71|
309 | 320 | 326 | 351 | 250 | 284 | 310 | 3,497

m]
o
N
(0]
N
N
~
w
)]
(@]
N
N
(0]
w
)]
()]
\,
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¥ 2 00 By T2MA

=l 7l H| T
=o sio|7t Blo| 2 Wio 2 ¢lusH #HolS §o| ME
e Bz =95ty s HE
M HIZ0olo|AM B EE Z&Dl Z2kg 0| 250
= HIZ ol olsf WL IS o 2R e MY
= A X 7|0 o|UEC R
&7 MuolA sl ozt MAlste] sl4Et S e T
o
sOjo] EME A3 R 3|MUAlOR Zio} Wo|2
=5 oz
o
- = ZRT|AM o|UdES R
eSF SHIoIA wME ojZe DAste slpE | O 'D'IJLHH';:E
(=} =
X & st 0|Ze A

2) Scale-up ZHE3aH HE
« 2ME 2HI} 7SS scale-up

A (FE 3
- OO : HOPE &g g2 & X1|ﬁ

- 40000 : dZ7|sd =X & GMP, HACCP 215 A
- SOO0O000 : H&7|=s4 “E*&iIH MELA, GMP 215 A
- KOOOO : Ad&7|sd X €A™, GMP 215 A
E 3. BalE wEIt 7HSSt scale-up A HERH ZAEY
A F2 MAME 2R K| H 2
) I = Cd U2 AHZEE
= HhegA 22 gl Iz A7 = _ _
2 HAOOOO AL7|1s4 X &5 GMP, HACCP
o C 0|8 E2FHA ALY C
3 TOOOO 7|_-|?:>|'7|6<A:->| jk—IH 7HHEI- 7:ljl—ll:— 7;[,0:|7|%|, B_GMP
4 | SCOO0 | sizpioy waany Ay | 2 GMP
o0
_ B} ) _ . st ol M3 AL (KGC)
ol A le=0f gl MHod&E2 == == -
5 KOOOO S S5 o= TE > X|>§|A|-, GMP, HACCP
3) ¢& % JI33H My
« AxX
- SZUE, ERUE, 4EUx S
. B4, 2
- Batzo| pNslE I3t B4 2 21 BY S UE




< 2RPHAE >
Q M 1M (=Mci&tm)

- 1AtHE AFAD MAEE= 2F: L. plantarum EM, W. koreensis DB1

L) M A 7o
@ W& (pH oFYA)
- AlET pH 2.0~10.0
- =7 FX2[7H(2F pH 6.510.2)
- 7|74 DB1(= 8.8 log CFU/mL), EM(= 9.0 log CFU/mL)
* W. koreensis DB1
D 72A2E 7| pH 10.001M 7HE =2 MTE(6.1 log CFU/mL)E 7XI511 20 pH 6.0 pH
6.5(control)ollA 2F 4.0~5.0 log CFU/mL O|Ar M= §X[eh pH 2.00AM= X2| &%
25 AEske WS =elghFig. 1-A).
» L. plantarum EM
. 72A12F 71F pH 4.0, pH 6.02F pH 6.5(control)olAM 2F 7.8~8.0 log CFU/mMLZ 7 F&
=2 M-S 7Kg ESHpH 8.0 pH 10.00lM= 2F 7.2~7.3 log CFU/mLE #XI&
pH 2.00M= 24A|2F 2hol| 25 AJESHFig. 1-B).

—&—pH2 —e—pH4 pH6 CON(pH 6.5) =¢=pH8 -——pH 10
(A) W. koreensis DB1 (B) Lb. plantarum EM
100 100 —
9.0 9.0
- 80 | _ 80 |
E 70 | E 70 |
Z 60 I 2 60
2 so | ¥ 50 |
TE’ 40 ‘E’ 40 |
2 30 | 2 30
= 20 | = 20 |
e 10 | @ 10
8 oo m - - & o0 =
> >

Oh 24h 48 h 72h Oh 24h 48h 72h
Incubation time Incubation time

Figure 1. MRSH| X|of|A &t 252 pH oHY M

@ UWEM(2T oFHA)
- Xa| =#A:
i) —2°C, 0C, 4C, 30°C, 50°C, 70°C/24, 48, 72 A|Zt
i) 100°C/30, 60&
i) 121°C/15, 30&
* W. koreensis DB1
D T2ANZE I|FE 2~4 T TR =2 MHF4(2F 9.0 log CFU/mL O|&)E 7RIt ok
30CTZI0IME 24A12F O|F F&} ZEAs10{ 72A1ZM0l= 4.3 log CFU/mLe| M7AF%Tt
FXIE(Fig. 2-A). 50C 0|Afe| 2ZoA= 2442 Blof| 25 AlESH
» L. plantarum EM
L T2A|ZE 7|FE —2~30CTZIA THE =2 dd5(2F 8.7 log CFU/mL O|&HE =Xt
(Fig. 2-B). 50C~121 CTZIolIM= 24A[2F Thof| 25 AfHEH

—
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Viable cell count (log CFU/mL)

Viable cell count (log CFU/mL)

= _2°C —*—0°C 4°C TP 30°C 50°C FOC ST 100G T 12159C

(A) W. koreensis DB1 (B) Lb. plantarum EM

11

O W N WAV O N

11

._.
°
K
L
1

P
x*

J__

Viable cell count (log CFU/mL)

O R N WAV N ®

Oh 24h 48 h 72h
Incubation time Incubation time

Figure 2. MRSHI X|ol| A A

AT 1~15%(w/v) NaCl E7
=7 F&7H

* W. koreensis DB1

o 72M|2F 71F NaCl 5%2F 7% TZH2F 6.2~6.3 log CFU/mL)oIIA 71&F =2
LIEMH. HHH NaClg &7FsHK| &2 ti=7(1.9 log CFU/ML)MIM 71 2
LIERH, 1 2| NaCl 1%, 3%, 9%, 12%, 15% T2l = 2F 4.5 log CFU/mL
MA+E FXIeHFig. 3-A).

0= 0;_
SHM

10

mn mu

A
T
A
T
Al

o

o]

» [. plantarum EM

 72A12} 7%= F72F (NaCl 0~12%)0llA1 2F 7.3~8.4 log CFU/mLe| A @4+2 §xIE. of

% NaCl 9%2} 12%7ZMolM <2F 8.2~8.4 log CFU/mMLE 7 =2 MAsol
x|S0 NaCl 3%TZlolM 7.3 log CFU/MLE 7K %2 Ma4ut SxI=(Fig.
3-B).

—8—CON —e—1% 3% 5% —W—7% —<—9% —4&—12% ——15%

(A) W. koreensis DB1 (B) Lb. plantarum EM

10.0
9.0

8.0 |
70
6.0 |
50

4.0

30
20
1.0

0.0

10.0

Viable cell count (log CFU/mL)

Oh

Ch <

o

24h 48h 72h Oh 24h 48 h 72h
Incubation time Incubation time

Figure 3. MRSHX[o||A FAkd 252 & obHM

7 SR 9fst okyst &M = &
oFYH &7/ MRS(AAlE bifX|), AlZH|FFHHX|(CBY), 20% 0|43 3=, 20% O0[ZH+1%

—_

arginine 2k=, skim milk, glycerol, glucose, lactose, tween80 2t 2.5%, 5%
CHz=+ 2X{2l(none), 3X SF=(3DDW)
Ha 2% 4T, B 7|12k 45

 W. koreensis DB1

D 43 7= 20% 0| S8lEn} 20% 012+1% arginine SSk20lAM 718 =2 M= (2F 8.1
log CFU/mL O|Ah7} K=oy ack2e 2= MRS(7.5 log CFU/mL), Al FZ x|
(2.8 log CFU/mML)7} =2 Ma+E LIEM(Fig. 4-A). 11 2| glycerolE E&HSH oA 45
op =Tl FHME|FR}f 3Rt SFFTOM = 1~2F 0|F 2F AMHE[US
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» L. plantarum EM
D43 T|E BAElTet 3kt SRTE Melet thEEel eFdH|oA 2F 9 log CFU/mL OfAte]
MATE FX|Eh 0] & 20% 0|2 Sst=2 20% 0|2Z+1% arginine 23k= oM 7 =
2 MTA(2F 9.2 log CFU/mL O|A)E LIER(Fig. 4-B).

®WGLU(2.5) mGLU(5) mSUC(2.5) mSUC(5) ®LAC(2.5) mLAC(S)  CSL(2.5) = CSL(5) mSK(2.5) mSK(5) mT80(2.5)

mT80(5) MGLY(2.5) mGLY(S) MRS cBJ RB ®RBA  WRBAA 3DDW [ NONE
(A) W. koreensis DB1 (B) Lb. plantarum EM
10.00 12.00
9.00
8.00 h_ 14 11 It 1000 |

Viable cell count (log CFU/mL)

7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

®
8

6.00

] I

Viable cell count (log CFU/mL)

1 2 3 4
Storage (weeks)

Figure 4. 28X &R0l & #/id 259 d7ad+ 7K &<l

2) njZe| &4 =4

7h olsistd EM(pH, T, g5, ©E)
- A& oz
.o 33Xt ZF50 20%(w/y) SE2

i ru|o
>-||

® pH,
- o|Ze| pHE 6.374£0.20, AFE=E 0.38+0.052 LIERL.
@ 9z, gz

- ojZe| HE+= 0.78+0.02, HE= 9.68+0.172 LIEH.

== -
- A= ol
s D2 012 7k Ale) O YUNE M2 T

©)
4>
AL
0>-
it
d
e
N
B
3

- o|de| =2 A2 2 10%= HEHH(Table 1).

Joit

noox
H0 A

e (micro—Kjeldahl®)

ether &4

©@® e
I-H}-H Ri B
Y
ﬂJ

0T k=

Ral

- 0|Ze| =38 2 o 8%, AT 2 2F 12%, =T SHER2 oF 14%, =X|4t
st ok D0% 2 LIEF=HTable 1).

Table 1. o[Ze] bt FE FA

unit: %6(w/v)
Moisture Crude ash Crude fiber
10.84%0.04 8.9610.09 12.3410.62
Crude protein Crude fat
14.06+0.09 20.28+0.40
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L = 1 P4

o
i MXE Mol J1F AE a2

- 249 HPLC

Al

—

o2
oot

H d
AU

jo

— Column: Sugar—pak (300x6.5 mm, Waters, USA)

- 21k & 1138(glucose 2| 108)2|

HE=EE ARSI REIE HE o{FE Eelet 21t

0|20l A= sucrose(99,216 mg/kg) 152+ HAEE!(Table 2).

Table 2. O[Ze| RE|T &

Content mg/kg
Sucrose 99,216.13+£3,153.12
Glucose n.d
Fructose n.d
Mannitol n.d
Sorbitol n.d

Total 99,216.13+3,153.12

n.d: not detected

@ 77|k
- X2 =30 F&

- 248 HPLC

— Column: Aminex 87H (300x10 mm, Agilent, USA)

X222 ARRSI0] R7|AFZHE ofHE stolst AT},

- A1k & 635 (lactic acid 2| 55)2| Ex=2S

o|ZolM= ofirfet F7E HEE X

L UZ(Table 3).

Table 3. o[Ze| ®7[AF &HF

Content mg/kg
Lactic acid n.d
Acetic acid n.d
Citric acid n.d
Fumaric acid n.d

Phenyllactic acid n.d
Total n.d

n.d: not detected

ORNI Ay

- MA2l: Garcés & Mancha®d

- =& HPLC

— Column: DB-23 (60 mmX0.25 mmx0.25 um, Agilent, USA)

- Aok & 365(myristic acid 2| 35&)2| EFE2S AL 510 X|gtAl

EE23S dHAl 24 O{RE Eolgh

SO |

A1t o|ZoM= oleic acid(69.898 mg/g)2t linoleic acid(66.493 mg/g) &
7 =AH LIEFKTable 4).
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Table 4. o[Ze| X|gFAF SHF

Content mg/g
Myrisitic acid 0.54+0.02
Palmitic acid 29.92+£3.32
Stearic acid 2.8310.24

Oleic acid 69.90+0.66
Linoleic acid 66.49+4 .47
a—Linolenic acid 2.42+0.36
Arachidic acid 1.07%£0.02
Eicosenoic acid 1.04+0.01
Behenic acid 0.91£0.06
Lignoceric acid 1.86+0.08
Total 176.9818.42

@ wElofa| =t

- MAMel: =24 F& T OPA-FMOC A=t

- 24 HPLC

— Column: Inno C18 (4.6 mmXx150 mmX5 um, Youngjin, Korea)

- &1k & 25%F(aspartic acid 2| 168)2| EF =2 S AREslo] RElolo| it HE IR E
sfolet A1t o|dol|M= 22&2| welotn|tto] ZHE=. 0| & glutamic acid(1,629
ma/kg)Ol 7FaH = LIEKGS 1 CkE aspartic acid(864 mg/kg)7t =4 HAEE
(Table 5).

Table 5. o|Ze| Feloto| it BHEF

Content mg/kg
Aspartic acid 864.51+80.44
Glutamic acid 1,629.00+£251.05

Asparagine 551.39+73.18
Serine 150.70£32.43
Glutamine 57.87+19.70
Histidine 93.03%+44.67
Glycine 80.80+18.99
Threonine 75.541£25.04

Citrulline 17.01£19.90

Arginine 257.46x71.27

Alanine 325.02+38.13

GABA 190.32+£120.92

Tyrosine 59.39+£20.93

Valine 66.51+£25.96
Methionine 15.86+11.48
Tryptophane 95.45+12.80
Phenylalanine 21.83+24.16
Isoleucine 29.98+14.28
Ornithine 7.19+5.40
Leucine 36.26+£27.25
Lysine 69.29+22.01
Proline 304.27+109.79
Total 4,981.67+755.28
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St 58l —

— 5, 10, 15, 20, 25, 30% (w/v)
olate o solM=H

stz| (Fxia)
R4

Viscosimeter(LVDV-II+PRO, Brookfield, USA), spindle no. 4, 20 rpm

HES =4
=7
St= M= o|Zk+ 3Kk}
Autoclave
sl=9| A= Fig. 52 2. 25%(w/v)

3) oj&el ¢
7h) Mx2]
- o|4ds
@ E i -I. . [ 3
?DI- 7|E.I:o.|| |:|:|.E X-IIZ
7_|I-
=xo| 2718t 5, 10% 0lZE5l22] ZHP 100~200 cpS LIERY 0 15%2| ZH<
2,200~2,800 cpE 20%2| &< 15,000~16,000 cp= LIEIH.

£ ojzte| sstae
= 34

g

. =
|
=Fof o= o|ds

— Autoclave —

e «
L Beh
Figure 5. o|Z &&ol & of
@ M FY: 0|+ 3XF SFF — 5, 10, 15, 20, 25, 30%(w/v) &
715N RAkF 25(DB1, EM) Bk > Ma S5
° [:I|7|- I—Ijl.El:o.” [[I.E AH—H—_'_
— W. koreensis DB1: 24A12t 71& 2E F2M0lAM 2F 7.0 log CFU/mMLE| dHATE LIEKH.
— L. plantarum EM: 24A12F 7|1& 2& FZI0j|A 2F 8.0 log CFU/MLEZ LIER-|F 7L X7} @1
= AlFo| 20|M 52 12510 0| S& 20%(w/v)E MESIH F& Al TIsst
® 71& &2l
i) ST 20%(w/v) 0|2
i) Algt 10, 20, 30, 40&/100C 7HA
iii) CH=~ Autoclave (1217, 152)
- 8% &3 Viscosimeter(LVDV-II+PRO, Brookfield, USA), spindle no. 4, 20 rpm
o 712 Xalof w2 M
- Azt M2 floll cfket 71 2| =740l e n|dszlE S4E A M 55
Ant =72l autoclave2 E=2K15,000~16,000 cp) 302, 408 7Idst M=
(13,000~13,800 cp)7t FAHA LIEFA
« 712 HMelof| wE M
— W. koreensis DB1: 24A12 7|& & F2M0llAM 2F 7.0 log CFU/mMLE| S LIER.
— L. plantarum EM: 24A|12F 7|1&2 2= 770 2F 8.0 log CFU/mLe| MAE LIEFY.
= ASAl QI autoclavet 718 30~408 &35} =0| o|dEstE A|=z=of &gt
fo| | Sst=0M 2F 7.0 log CFU/mLE]

OF=1=;
i) SE: 20%(w/v) o1&
i) €2k 30, 100, 800 mL
- S| e e
— W. koreensis DB1: 24A2t 7|1&
MAT+E LIERA
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— L. plantarum EM: 24A|12t 7|1& 2E& 2| 0|2 Ssk=0lM 2k 8.0 log CFU/mLE|

MP4E ek
= ol W YT X018 LIEHR oS,

4) 2a3IH2| -"EP“iH I IA'I Fikt S4)

o7 LIS B YRS oxKATO| P4 4ol

oo

— Phytase &M (phytase specific media)
- ARSAT L. acidophilus KFRI 150, Leu. mesenteroides KCTC 1628, L. plantarum KFRI 236,

L. aebruekii KFRI 347, L. plantarum KFRI 464

o O W koreensis DB1, Lb plantarum EM
* L. plantarum EM(18.14 mm)O| 7 F&F 2t phytase M S LIEMY. T k22 2= Lactobacilus
Sh= KFRI 464(14.44 mm)2t KFRI 347(11.54 mm)0| =< phytase A LIELH. 1/

sp.oll &
koreensis DB1 (9.01 mm)2 25IXK|2F phytase 2442 LIEK. (Fig. 6).

L) wesdol £Msl Mg 45
(BAMT 0|2 &g =H z[Hst T 7iekE 7|5 75 130l tisl 4 Al)
- MY 7F gH|gls 7[sd fid
(L2YEl MHEFFOl W koreensis DB1) — 1AMAE od7Znt MHE 7|s5d o0|d=E

glucose, sucrose, maltose, fructose

1, 2, 3%(w/v)
— = 20%(w/v) OlZ + 1% arginine + B2 45 ZHA1, 2, 3%(w/v)
— 4ok 24A|Z2H 2E T|F glucose 1% &7t 7Z2101M 8.1 log CFU/MLE 71 =2 MA35TE
LIERNRI2n o= H7FMECE 2F 1.0 log CFU/mL &7kt 22K (Fig. 7).

w Z[& BRIl Glucose 1% MA
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-

H24h " 48 h

e o <]
T T T

Viable cell count (log CFU/mL)
N

glu glu glu suc suc suc mal mal mal fruc fruc fruc
1% 2% 3% 1% 2% 3% 1% 2% 3% 1% 2% 3%

Figure 7. EtL2l X0 WE W. koreensis DB12| M

S soytone, beef extract, yeast extract, peptone
£ 1, 2, 3%(wN)
- &= 20%(w/v) O1ZH + 1% arginine + 1% glucose + &A% 4& 2H1, 2, 3%(w/V)

— Ak 24A|1ZF e T|FE AR 45 25 2F8.0 log CFU/mL MAE HER(Fig. 8). ol=
Mool F7h Moh &b £l 474 ol Folxel XIS L] plonz
AU HIbSHK| V|2 ot

10
39 W24 h "48h
£
5 8
i
o 7}
o
£of
Est
£l
8 3
22
©
5 1r
0
soy soy soy beef beef beef yeast yeast yeast pep pep pep
1% 2% 3% 1% 2% 3% 1% 2% 3% 1% 2% 3%
Figure 8. 4@ SXZoll wE W. koreensis DB12| M5
® 7|Et d&
1) B%: 4180l Jksst 27|R 2 vlEll 1052 B =2 B8] &}
% J|aMRiEle] HE 23S 91501 AMEH 2713 U BlERl BF 2 ST 6|2

- a F7[2® 0.02~0.05%, b: F7|&® 0.02~0.05%, c: F7|Z&© 0.02~0.05%, d:
FI18@ 0.5~2%, e: F7|&@ 0.5~2%, f: F7|&® 0.005~0.2%, g: F7|&@©
0.1~0.5%, h: £7|&® 0.1~0.5%, i: HIE2I® 0.1~0.2%, j: HIE}2ID 0.2~0.3%, k:
HIEFZI® 0.1~0.2%, I: HIEFZID 0.2~0.3%, A: F7|& atc, B: 7|Z& at+d, C: F7|& o+

- = 20%(w/v) O|Z + 1% arginine + 1% glucose + £7|2 2! H|END| 2k 75 CtE =

222 (5™ 0.005~2%)

— 21k 24A 2 2Ee T7|F B mixture A7} Al 8.8~9.0 log CFU/mLE LIEF(Fig. 9). Ol=

okt Mg AEAE HiX[el MRS2E S S =x[2l.

= XA 27|23l H[E}2: B mixture
¥ =3 AXAT 84T YMME =0[7] flof ASME/IUM

— AMEME A 3% + glucose 2%Z =T EHHE.
2 Ac 7|8Mdsl HE HSE 25l HIBIHED
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W24h m48h

Viable cell count (log CFU/mL)
o =N w b v a N 0 O

a b c d e f g h i j k | A B C

Figure 9. H|EIRI 2 RI|&of| W& W. koreensis DB12| M &

= (pH4.0~7.0)

— 24A|2H S J1F pH 6.0} pH 6.50AM Z7FE =2 474 (9.0 log CFU/mL)E LHEF (Fig.
10).
> %[ d§ 7| pH: pH 6.0~6.5 &A™

9-24hl48h

=

Esf

2

S 7r

g6

=

§5

S 4}

g 5|

2

g2

>1

0 L L L L

4 5 5.5 6 6.5 7

pH

Figure 10. o|Zel X=7| pHol & W. koreensis DB12| M5

of) gs 22| M5}
1 25T, 307C, 37C
S
— Z=Z24: 20%(w/v) O|Z + 1% arginine + 1% glucose + £7|2! 4! HIEIRI B mixture/pH
6.0~6.5 — & 25£(25C, 30T, 37C)
- 24A12t kg J|E e RE 25~30ColAM =[O M (9.0 log CFU/mML)E LERI 204
37CollM= 2k 1.0 log CFU/mL %2 MH#4(8.2 log CFU/mL)E HEK (Fig. 11).
= E& 4 2T 25~30T AMA
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o

Viable cell count (log CFU/mL)

O = N W A~ U1 O N 0 O

25 30 37
Temperature (°C)

Figure 11. & 2ol w2 W. koreensis DB12| 4 &

5 =M wg I =ZoAM o|Z 2E(DB1 w=0(Z)
74 =™z =A

. O &7tk 20%(w/v)
« ©5} =7 Autoclave(121C, 158)
o Pkl =71 1% Glucose + 1% Arginine + £7|& 2 H[EIZI B mixture
« S BB W. koreensis DB1 1%(w/v)
o g AIZE 48A[ZH
- HBig 2F: 25~30T
o Bt FJ| pH: pH 6.0~6.5

EEN=0ZRES EERUE O ZEESIDE

L) o2 &= NE-@ (2(2ts DBl waold)
« e MF: AlL0] TIO|OE HMF

— HE W2 flolfl YR0|Ze| dxxig HEsP(z 2.

= o - 2o
- olZd 2R ME LS 2ot E8Ux = HsyIE A
R A,

(AlZF =™e 27 |2 FHE 7|Fez2 8 2 105+5%22 5101 AEXE E=F)
- = Yozl §A
pH: 2E 0|4 ZAx=E2| pH &3 Z1} 2F 7.394+0.242 LIENICH A2 ZF 2 0|7} §lS.
A 0| AXEL| WA 5 23l ZE ARAM oY wE FARFRl W koreensis
DB12 =&t n|ME0| HE=X| 25,
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t
@ do|z: AlZio] AHE. =8 ™ 3F Sw/el XF2P| €2 S go| H Ml =
Tto{=0| ol 3.
@ LE0|Z: AlZo| o|ItR 52 SI7tFet 2ol FEB|E. MAESH Aokt 1145t Bto
of2{X|of Tto{=0| HA| 23,
w HE X T 55T, 12~14A12F MA
X|3E ME: omnithine, citrulline 5 7IX| &5g X3 MEO=Z MYs|0{ n|Z Y Mz &

= o =
=MZ AAEH

Ch) 0|2 gs M=% 7[sd =2 vl

« AR HIZEE

- Wag™ o|d Ax=E
1 20% O|Z + 1% arginine + 1% glucose + £7[& 2! H|ENEI B mixture — =7| pH
6.0~6.5 =& — Autoclave (121°C, 1582) — HEAHZ(55T, 12A1ZhH — 244
- des old A==

1 20% 0|4 + 1% arginine + 1% glucose + 7|2 % HIE}2I B mixture — =7| pH
6.0~6.5 =& — Autoclave (121°C, 1582) — W. koreensis DB1 1% &S — 307,
ABAIZF HiQF — HEHZ (55T, 12A|12H — 24

- 24 &=

@ LE2(FE, 22, =7, =T, =X|gh
i) T2 AATIEATH
- WE e 0|d AXEe| & 2 &F 7%=2 LIEHHTable 6).
i) =32 2y
- Ug% old AXEQ| 32 &H2 2 9% =2 LIEHH(Table 6).
iv) Z=EHH ZEH (micro-Kjeldahl®)
- 23S 0|Y AxEo| =kl S22 oF 22%2 LIEI=HTable 6).
v) =X|gk ether F&H
- e S o|d AxSo| =X|gt e 2k 18% =2 LIEIHTable 6)

Table 6. DB1 &&0o|ze| UM E F4

unit: %(w/v)
Moisture Crude ash Crude fiber
7.06£0.02 9.91£0.02 14.37+£0.39
Crude protein Crude fat
22.73x£0.11 18.73+0.14

(o=t

@ UYL Z(RelD, 7714 X[
i) 72
- MM2 =51 F&
A8 HPLC
— Column: Sugar—pak(300x6.5 mm, Waters, USA)
- &1k & 1038(glucose 2| 108)2| 72l S0l tiet &A1 Z1, sucrose 15(2f
97,082mg/kg)0| AZEE (Table 7). Ol= Ikl =M3E Soll M7Ket glucoseZt

— o O AL (=]
BE AEQYSE L = US.

on

~
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Table 7. DB1 &&o(Ze| wald &

Content mg/kg
Sucrose 97,082.31%£3,004.57
Glucose n.d
Fructose n.d
Mannitol n.d
Sorbitol n.d

Total 97,082.31+3,004.57

n.d: not detected

i) T4

- Mxel: =50 F&

- M8 HPLC

— Column: Aminex 87H(300%X10 mm, Agilent, USA)

- A1 & 63 (lactic acid 2 5&)2 77|14t 7/ gt &AM 2o, Y=
0| ZZAX= ol M= lactic acid(2F 22,918 mg/kg)2} acetic acid(2F 25,773
mg/kg)ol AZEE (Table 8). o|Z &5 FFQ W. koreensis DB12
o|atetE (heterofermentative type) RAHHLZ Jt 2 XMSIE Sl
MIlst glucoseZt CHALE|O] lactic acid®t acetic acid2 MAtE S & £
AS.
Table 8. DB1 gr&o|Ze|l F7|4F &
Content mg/kg
Lactic acid 22,918.65+1,054.67
Acetic acid 25,773.54+929.88
Total 48,692.19+1,976.36
RN

- MA2l: Garcés & Mancha'

- =A% HPLC

— Column: DB-23 (60 mmXx0.25 mmx0.25 um, Agilent, USA)

- A1k & 365 (myristic acid 2| 353) X2 ZFol Chet 24 Zn} was
ojZdAZEoME 2 S 1052 K20 A& o] = & Ho| A&
K92 oleic acid(2F 65.92 mg/g)2t linoleic acid(2F 63.21 mg/g) 22
LiElGtend o|= o|Zdxt d|et 2Rl (Table 9).

Table 9. DB1 &&0o|Zte| X|2hat &2

Content mg/g
Myrisitic acid 0.51+0.03
Palmitic acid 29.431+0.43
Stearic acid 2.75+£0.07

Oleic acid 65.92+1.02
Linoleic acid 63.21+1.60
o—Linolenic acid 2.40%+0.11
Arachidic acid 1.02+£0.02
Eicosenoic acid 1.01£0.083
Behenic acid 0.87%+0.05
Lignoceric acid 1.75£0.08
Total 168.87+2.77
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iv) FEloto| =gt

- MAe|:
_ _|$'_A'|I:H:

Z2ut & ¥ OPA-FMOC
HPLC

T =t

— Column: Inno C18(4.6 mmx150 mmx5 um, Youngjin, Korea)

- ZHk

& 25%(aspartic acid 2| 163) FeElolo| it &
HAEEol|l= A7Fst arginine(2F 39,394 mg/kg)2l &Zk0|
gte < 0|4 HAZEE0IM= ornithine(2F 40,433 mg/kg)2l &2k B

LIER#20 0|= ornithine2| MT&2l arginine0| 0|Z &5
DB1of| 2lal]l CHAI=|O] ornithine2 2 %
CHALE| 22| SZH|Q! citrulline(2F 4,646.47 mg/kg) = 2™ ECt 2F 26H|
S7FeHTable 10).

That 1

ol

a0 —
32l

St S S LIEk.

U181} 2EE e 2RP A A7t 2 E
: X|FEMEQ! omnithine A&F S3EX| 40,000 mg/kg O4 =R
Table 10. DB1 2&o|Zte| fe|oto| =it &HEF
unit: mg/kg

Con Before fermentation of Rice—bran After fermentation of rice—bran
Asp 780.11+485.02 1,343.17+£125.36
Glu 1,919.15+ 369.60 1,669.96+116.55
Apn 792.74+3.21 214.35+28.67
Ser 471.52+11.95 357.61+43.24
His 316.41+£32.15 254.92+34.79
Gly 267.99+ 33.96 285.90+34.78
Thr 366.02+28.25 256.69+35.48
Cit 177.04+56.73 4,646.47+1,234.85
Arg 39,394.44+1,296.04 196.00+72.88
Ala 1,154.87+43.63 2,300.67+444.64
GABA 540.37+139.36 529.71+80.34
Tyr 404.99+8.59 205.07+£51.52
Val 523.68+5.61 418.07+44 11
Met 169.01+4.20 20.06+9.96

Try 259.84+38.8 195.49+58.76
Phe 389.17+0.25 43.67+18.75

lle 384.64+120.44 192.14+£28.90
Orn 1,923.81+£948.30 40,433.61+4,453.76
Leu 713.01+392.93 49.40+8.49

Lys 347.17+55.94 215.30+51.52
Pro 817.88+456.05 772.16+179.09
Total 52,113.85+2,949.35 54,600.41+ 3,542.88

¥ W. koreensis &

SADES

arginine®ll M citrulline2 2 &3l == arginine
deiminase®t citrullinedl Al ornithine 22 X &t=|= ornithine carbamoyl

—transferaseZl =2 &s M EMS Sdl A#H= HE /UAS.

% Ornithine2

Mxz== 2

=X|

=L

gt ZFede TJlssS

Foll et 24 Zuf, UaM ojd
| LHERE.

P 7 3A

2l W. koreensis
EESE arginine®} ornithine

(Morphological changes in adult males from resistance exercise and amino
acid supplementation(1988) J Sports Med Phys Fit, 28(1), 35-39; Arginine and
ornithine supplementation increases growth hormone and insulin—like growth
factor-1 serum levels after heavy-resistance exercise in strength-trained
athletes(2010) J Strength Cond Res, 24(4), 1082-1090), ZH|s 7HM
(Long—term effectiveness of high—dosed ornithine—aspartate on urea synthesis
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rate and portal hypertension in human liver cirrhosis(1992) Amino acids, 3(2),
147-153), B o|&(Effect of supplemental ornithine on wound healing(2002) J
Surg Res, 106(2), 299-302)0fl =& F= A2z LA

¥ Citrulline2 &H|ZH Evaluation of the effects and mechanism of citrulline on
anti-obesity by appetite suppression in obese/diabetic kk—ay mice and
high—fat diet fed sd rats(2017) Biol Pharm Bull, 40(4), 524-530), &5&4d
(Citrulline  modulates muscle protein metabolism in old malnourished
rats(2006) Am J Physiol - Endocrinol Metab, 291(3), 582-586),
ol =&r& (Distribution of Free Sugars in the Various Portions of Watermelon
(Citrullus wvulgaris L.) and Muskmelon (Cucumis melo var . reticulatus
Naud.)(1996) Agric Chem Biol Technol, 39(3), 200-205), &da 7§ (Oral
supplementation with a combination of L-citrulline and L-arginine rapidly
increases  plasma L-arginine  concentration  and enhances NO

bioavailability(2014) Biochem Biophys Res Commun, 454(1), 53-57) &2l
Me|lgtd g JHE.

-
—

— 0|0l ornithine2} citrullineg =Zgetst &ao|Zde2 o|del cke HIJF of
A 4oz 4 I Z
o] k2= =
[

252

0
B

3t 5 Al Z1 ornithineZ} citrulline©
E0|L} oz} glo] e&&E MA

—

A A
rr ok folr
M
N
B o

o
)
Rl
o0 >
QE

(0]
4 0=

® Phytic acid(Z|ElAD
¥ 1R E HoollM AARRI2I2] commentoll 2} phytic acid &2 242 AlEt
- AlZ: §) o|ZH{FA2)
i) DB1 &=o|Zt
- 0|Ze| mEIAF 2 2F 8 500 mg/100 g2 2 LIEL gtend DB1 ghao|ZoM= 2F 5,000
mg/100 g2 2 2k 41% L2eHFig. 12). Ol= Y& T W, koreensis DB12| phytase 2+
(210M page 29% =) 3 R7|CHALE ofMEAN) MMof e Zitz2 AlZE.

9 |

w 8T I

8 7 ¢

i

W o

© 5 F oL

g .1

2

g3t

-

o 2t
bt 8.5 5.0
0

Raw DB1
sample

Figure 12. 0|Z+ 2 DB1 &&0|Z2| phytic acid E&F

— n|EA2 AlEe| SA HE Sofl Brelo] s RYIMELE 2=t eitst 28t ekt
A2 S 7sM A2 E 23 R/S(Phytate in foods and significance for humans: Food
sources, intake, processing, bioavailability, protective role and analysis(2009) Mol Nutr
Food Res, 53, S330-S375). Aol 27| &5 2listo OfZlo|L} =2kt 20| Z&

T71 St AP|oll it dF7F MU F27|1A ol 8ol g2 olE & Ucks BTt
ME(Phytlc acid content in milled cereal products and breads(1999) Food Res Int, 32,
217-221).

- I|EIAe| st MFZF 7|F2 100~400 mg(QIHl F5H), 1,000~2,000 mg(H k4 ZE D}
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Fahoz 22N RJAS(Phytate in foods and significance for humans: Food sources,
intake, processing, bioavailability, protective role and analysis(2009) Mol Nutr Food Res,

53, S330-S375; A review phytic acid: As antinutrient or nutraceutical(2017) J
Pharmacogn Phytochem, 6(6), 1554-1560). &, & 50|22 SHE0ll 1~10 g MF[A| oF
T|EIA 5~50 mg BEE MF Sk 2oz 2o Falst £xele o £ 2.

% &b
- of2Ee| mEIAF 2E 1.200~1,400 mg/100 g
- SIEAD MEA MF|SHA == T(EIAF &R 300~350 mg/25 g(AlEH SHEE ARt S2F7|F)
Q M 2M B (=McHstm)
Z+ 2 o|duUsHE XU Z E3lof o[xle HE &

1) W. koreensis DB1 &3, O

] |C> =<
Jof whE REAL WE HeE &el

7hH A2 2 XNHe

® A1
- AN Z: Weissella koreensis DB1

ddl=2

- MM FEH 258 MSES.

- W. koreensis DB1 cytoplasmic fractions
W. koreensis TF cell F2I2t sZAA=ZS = H4 IS/FFE 3AM5H04
AEZ ALS

sonicationgt Cls &AM &F2|5t01 suspensions Zof

- DMSOZ 3|4{5t04 x2].
@ ¥ 2

-Al=: 0|Z¥=E &

- AMFEH 25 E M3 S,

- 0|z 2 DB1 Zao|ZdHE
ojz 3 DB1 Z=o|Zx|
NEZ ALE.

- DMSOZ 3|4{5t04 x2].

L) 3T3-L1 M=zt BEslgE
— MZ: mouse fibroblast 3T3-L1 cell

o MZHiQF 2 X|UAME BESRE
— in vitro ATE sl olfA 3T3-L1 MZFE Fig. 12t 22 A" AHZ0 ukzt
3T3-L1 preadipocytes MlZ i1} 25t RE3I%S
— i — ——y ————*
D I Day b [ By d tard Day®
F 3 F F 3 F 3

O M=EZMEE FH MTT assay

O -



@ Mez|Znt XMz Azt

- M X 2| AlZE 24A12F B2 48A|2¢

- AE 1 XME2l2
i) = S
i) Al22: #3(0, 0.25, 0.75, 1.0 pyg/mL)

- AlE 20 X2lZ
i) = I
i) Al22: 0|Zd =2 DBl #@&o|Zr &=(0, 50, 100, 500, 1000, 2000

ug/mL)

« A 1 #F cytoplasmic fractions SMZEI7H(Fig. 2)

— ™3 cytoplasmic fractions2 24A|ZF =2 48A1Z2F 0-1.0 yg/mL SE=2 MM R|5IH =
A 0.75 pyg/mL SE7HK|= 90% 0|4 MxZ MEZ0| 2l RYA2nd 1.0 yg/mL
SToMeE olMel2n Feld U= R0|E Eof ME FMo| LEH

(A)idh ILIEL]Y

1

Cogirel 3f 03 A7F i4
ol RITarEES | jig i

128 —
1"“
Im
E

=
=
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I

L]

Ll

- 4

Comtredl ik 0 7R 10
S anrraiealien (g ul |

Figure 2. Cytotoxic effects of W. koreensis DB1 cytoplasmic fraction on 3T3-L1 cells.

E oo vibinty % of contred)

—

- A9 20 ojZot DB1 EE0lY FE=2 S4EIHFig. 3)

- X2z

- D¢zt DB1 Eo|d FE=
HMxst¥e W 2,000 pg/mL sEAM= olX2(Zat
Mz =4do| LtEtH.

oot

-2,000 yg/mL &
|4 U= AHo[E 2o

40 o
\o

(A1 Idh

I s | el

Comerad - s sl
Tamremasimm inpml|

e e s -
p—

[ T e

Figure 3. Cytotoxic effects of rice bran and fermented rice bran on 3T3-L1 cells.

0|z % DB1 Z&0[d FE=2 S40| LEHR]

w o3 cytoplasmic fractions 22 ol 2 = )
g2 sZolAM =5 XYM E 235 A XHFHS.
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Fap = A
o = T

0=
ok

- SYX|

« A% 1. &3 cytoplasmic fractions(Fig. 4)
- Oil-Red O E4Hof 2o|st X|gt7t &M
: SYO| LELR| g2 s& (0-075 ug/mL) |l Oil-Red O 2iAlol| o3t B
cytoplasmic fractions MZELf X7 MMES ST o/=EXo=z He
OOFEE S’.|-0|o|-
- M= of S8R

cdFe XMA= 2ot SHA Y HEE sk AEH2=E AaEUS.

|,

Comtral 0.1s
Coneemirations (pygml)
&
EE I or
- L]
k|
2 &
= 60
; 4
iw Il:l
- L]
Contral .23 0%

Emﬂhlm {mg'ml} ® A\ control

Figure 4. Inhibitory effects of W. koreensis DB1 cytoplasmic fraction
on lipid accumulation in 3T3-L1 cells.

« A 2! o|Zz DB1 Y&0|E F&=(Fig. 5)

— Oil-Red O ¥44oll ot x|+t A
0|z =2 DB1 Y&0|d F&E= Z5F S40| LIEILEX] &2 s=(100 2 200
ug/mL) HelolM Oil-Red O FAloll |3t X[+ Mol 5= oEHe=Z
H#aste A2 stz 24elsi¥len, DB1 YRo|d F&=0| 0[d F&=0
HI5H o BH2 428 2.

- Mz W SYXY =
0|z & DB1 Z50|Z FE=2 SYXY ol 25 o[H2[Zoll 8|5t 5=
S|EXMOZ LUAsIU2H, 200 ug/m STolM= DB1 Z&0|d F£=0| o|&
FE20l vlsto] FolstH SHXY st Mot AZ
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Figure 5. Inhibitory effects of rice bran and fermented rice bran
on lipid accumulation in 3T3-L1 cells.

w 3 cytoplasmic fractions &< ol 2
o
=

AT dgn SHXY S 25 MStAE

= DB1 Y50|d FE=2 0|4 FE200 H|St X=X AME2It o 25H
LHEFE

op) XY=k 2H FTX L

@ Total RNA =&

@ RT-PCR

® Adipogenic transcription factors
— C/EBPy2} SREBP-1c #™ A} &
@ Lipogenic gene
- FAS2} ACC mUAL s
« M 1: &F cytoplasmic fractions(Fig. 6-7)
- XMz ZE3tof 2tEE MARRIX| o|X|= HEK(Fig. 6)
. C/EBPy2} SREBP-1c2} &2 adipogenic transcription factor & X el
&3 cytoplasmic fractionsg2 M2 S Mf A= XK= dES 220,

S5l AskE2 X5 E 29 7ol d2siE.

—

B-actin

e
i

C i i gl

-

]

1, i
%Eu %E

-
-

Casrsd _ALEE L1 L]

Cowrsl L35 D2 T2
£ opr it fnpl|

TemeRTIEES |aFEl)

Figure 6. Effects of W. koreensis DB1 cytoplasmic fraction on mRNA expression of
adipogenic transcrition factors in 3T3-L1 cells.
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- XM 235} Al lipogenic genel| 2d HiSH(Fig. 7)
D XA L XjghgtMd o £ =EE A9 FAS2H ACC SAAF el AF
|

— =
cytoplasmic fractions& Al =0 1|5t Fe|stA 225U S.

BooT
O
Fn
_l-llJ_l

FA8
ACC
f-actm

Comtrsl [¥1] [ (5]

L5 - I [ L -
g5 [ i
Eia FRET
: B 1
i.:-:-.s :;n
24 - i
=E ;E

B
-

Comirsl B33 0% LTS Coama 35 A5 A7

Comcomiranomn (pgmli )

Figure 7. Effects of W. koreensis DB1 cytoplasmic fraction on mRBNA expression of
lipogenic enzymes in 3T3-L1 cells.

N,

0o

2: 0|zt DB1 a0l

- XMz Z3tof zHAE ©A S

: C/EBPy2t SREBP-1c 7™ AL weio| o|Zt ¥ DB1 &ao|d FE= MAZ2 EF

MstEien, DB1 ¢anld FEE2 sk EH2=E ANst=en, ojZd
=]

FE=0 vlsto] FHEA e AME DI A LIEHH.

CENFO

SREBP-12

P-actn

] 2 [
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1.5 il 1 b

SN leweds

UIEHPa s N lavals
ircluires suprespsng
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—_—
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Figure 8. Effects of ice bran and fermented rice bran on mRNA expression of adipogenic
transcription factors in 3T3—-L1 cells.

- XMz 235} A] lipogenic genell 23 Hisk(Fig. 9)
FAS2F ACC mRNA e&io| o|zr 3 DB1 5ol F
x5tE|l2nd, FAS mRNA %2 DB1 Z&olzdt X352
H|5t0] D TolA FelstHl ANsHE.
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L)

ND: Normal diet

HFCD: High-fat and high-cholesterol diet(Z%4 CHED)

HFCD-A: HFCD +
HFCD-B: HFCD +
HFCD-C: HFCD +
HFCD-D: HFCD +

HFCD-E: HFCD +

Experimental diet

W. Koreensis DB1
5% 0|1Z

3% W. Koreensis DB1
5% . Koreensis DB1
5% chitosan(24 =)

=0
ZEOZ

Experimental design: /n vivo study

HFCD
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Figure 10. Experimental design.
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Table 1. Composition of the experimental diets.
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- &3& insulin, leptin 2 adiponectin &&k:
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- 2bxEFo| 27E DA YD B AE 401 F(HFCD)0l HAHA0lZ(ND)O Hstod
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oto| Fol5HA| X SthE.
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Figure 12. Relative liver(A) and white fat pads(B—F) weights of mice.
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- 5% 0|& I+ (HFCD-D)=t 5% 7| E4F EIt (HFCD-E

Alo|Z(HFCD)oll B|3tod €& & ALT, ALP & LDH 42 Rolst Xst= A 3.

- AI2E Zoist ZE ZE2 & T ALT, AST, ALP ¥ LDH &4 X 2F
HM HRZ A|RE ZO0{2 2lst ZF 2o 40| LMK pheny, nx|gt
I3 1I%&l0|§ SItEA gao Mg ZAAZASEN 7 =AZ
Hosts Aoz Ho{d.

Table 2. Activities of ALT, AST, ALP and LDH in serum of mice.

Groups ALT AST ALP LDH

ND 156.13+8.40° 25.31+£2.36° 426.89+25.36° 50.13+2.88°
HFCD 230.13+13.22° 59.36+3.78° 741.36+30.26° 119.63+10.37°
HFCD-A 193.10+10.21% 50.36+3.19° 628.36+49.63% 88.23+10.22%°
HFCD-B 164.23+13.89° 47.97+5.12° 550.23+50.13° 85.64+6.98°
HFCD-C 180.12+15.11% 48.22+4.292 599.69+44.23° 83.63+9.36"
HFCD-D 162.70+10.36° 45.13+4.11° 570.36+25.04° 72.69+6.39°
HFCD-E 155.20+12.88° 48.26+2.90° 569.33+40.22° 69.33+6.78°
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Figure 13. Serum lipid profiles, Al and CRF of mice.
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Figure 15. Feces lipid profiles.
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Figure 16. Hepatic lipid profiles.
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Figure 17. Hepatic representative anatomical views and histopathological analysis.
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Figure 18. mRBNA expression of adipogenic transcription factors in mice.
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— ACC gene expression
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Figure 19. mRNA expression of lipogenic enzymes in mice.
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Figure 20. Adipose tissue lipid profiles.
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Figure 21. Representative findings and fat cell size of apididymal adipose tissue.
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Figure 22. Apparent digestibility of crude protein, crude fat, crude fiber, organic matter and
inorganic matter in mice.
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- 2 04-_rL0ﬂ At2El 332 W. koreensis DB1 cytoplasmic fractions= X|2HAM| EZ Q]

..
=2 D|ZdFE=0| H|5to] 3T3-L1 M=ol X7 dHMs
AM St Xgtetd ot FUA UHS XSt H[ZE Mo Z[ofE AHe=

@ in vivo A+
e in vivo 47

ot
- DB1 gaold %2 XD AHEAOZE F& Hgh 2E DpeAe
HES daAZ|n, 2t & WM xXo| FAHE ALAZH2ZA H[ZEX| =0
sdMel deks 0l dez 2o
- DB1 50|22 o|Zol| H|5td €H & =5 SRS

= =
EXAA X ZHAL JHME30F s AL {7
- DB1 &50|d2 & Z insulin, ZTEEF 2! |eptin &&2 XN 3A|F| diponecti
S SIAA H|2EE 0L U A2 LIEHH
- DB1 Yeojd2 ZF =& XEFEME AdHstn X[Hetd e FHA LS
AMAlZ|0, XM EZL| FT|E XNSIAFZF.

e[ ok5 1}

1) 5% DB1 w&n|2 MII2T} 5% 7| EA HIFR0| JhE 4ot G1IF LIE
i) 1% DB w&olzt 712, olzt H712 o 23 H7l2E 230} S
i) 5% DB1 2&0|ZF H7120| 1% DB1 L&0|2 Mobaol blsto] ata|atE ni}
S A S
T T =-
iv) DB1 &&0|Z EMIt+o| 0|z HMItFtol H[Stof SHd|2t St7} 24517 LtEHH.
- &3 ETE

: DB1 g0 FIbxo| oz MItdof B35t FLdE2 aetErE0 52
Ao2 LIELE

0

i
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O M 1¥=(d&nistn)
1) M24 ZHxe HEXs 24
7}) M EX|= sequencing
® dx MEZ
- =23 &A% 17T 5 SoF East AX|
- 2 A F 25ToA 5 Zof 2atst 2K
@ MEHX|s 24
- =4 X[™9: 16S rRNA V3~V4
- 2A ZH|: |lluminaAtel MiSeq ZH|
- & 24 ChunLab pipeline2] PKSSU4.0 DB
« & & 78 dlw Z3t
- 271e] A|=RO|A ZF [actobacillus 0| Z+2Zt —1COlM 74.83%, 25TOA]
71.58% 2 712 =2 H|88 XIXISI¥ L, I Ct22 Weissella, LeuconostocOl
=2 HE2 EMs5IR L o] 37HX] £0| MA 91% o|aks RX| &
J8 1. & 889 &£ & =8 Hlu Z3
« & & 78 dluw Z1t

- 271e| Al2olM 25 Lactobacillus sakei groupO| —1TCOIAM 74.64%, 25TOIA]
57.53%=2 7I& =2 H|82 RHX|st¥ L, Weissella confusa groupe Z+Zt
10.82%, 8.4%E AtX|gt. 25T A|RoM= —1C AlZ2Rl Ct2H L. plantarum
group, L. brevis groupOl ZtZt 7.4%, 6.0%22 = LiEtL.

- NM2M Xl §&Fe Leuconostoc gelidum groupll A -1C ZXME=

0.31%, 25C XM= 0.009% =2 LIEFL.
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2) MM dxl fitdnt 2F 0|82 FIIME sil=, =3 2 FAHXZ
71 24 uhH
@ Genome sequencing
X

- 24 ZH|: PacbioRS I
[=}

- Assembly % annotation: HGAP, prokka
- Annotation ¥ CGView= 0[|&35t0{ circular map &4

M

ol =
= 1

L) Leuconostoc inhae PG7, Leu. gelidum CH32|l genome sequencing 2

» Leuconostoc inhae PG72| genome sequencing Z 2}

- Leu. inhae PG7 genome sequencing2 Pacbio RSII &H|2 =& & Sequencing
Z2 1} filtering ¥ total reads== 103,2127H2 =old.

— Assembly, annotation Z1} & 4702| contigZt LH2t3D 1702| chromosomex}
37H2| plasmid DNAZ} &t2l= . Chromosome?| size= 1,965,201 bp, plasmid2l
size= 37,916 bp, 23,621 bp, 22,490 bpZ Z+tZt &QIZ[ 11, chromosomell
coding—gene =+ 1,9337, plasmid= 467, 2770, 28702 2z} &tel=l

% 3. Leu. inhae PG72 genome map
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« Leu. gelidum CH32| genome sequencing Zx}

- Leu. gelidum CH2| genome sequencing Pacbio RSIlI &H|E 0|&35t01 $¢
&k, Sequencing Z I} total reads$ (filtering &)= 174,9917H2 &tol=l

— Assembly 2 annotation Z2 & 37H2| contigZ7F LH2t, 1702 chromosomeX}
2702| plasmid DNAZ} 2@l & . Chromosome?| size= 1,798,911 bp, plasmide]
size= 35,056 bp, 29,973 bp=E Zt =l= A1, chromosome?| coding—gene
= 1,74270, plasmide= 4374, 37702 z+ &QlE

02

pLH3_1

e 22 WL
A e N %
f’;:'"} - “\: = \\'3‘:__ B/
\ i S
A\ 7, P
N 7
[

W

k.
L
i
| pCHI_2 |
| L

\

a8 4. Leu. gelidum CH32| genome map

3) COG Zte|nzlof w2l M =7
7h) A8
® COG &4
- Annotation & Leu. inhae PG7, Leu. gelidum CH32| protein fasta fileZ2 0| &3l
THUXE 7|SHE &2F
@ RAST subsystem =44
— RAST annotation ¥ subsystemoi| 2} FMA 27/

LhH M2M AR 473 78A COG i zlo w2l &7

s Leu. inhae PG7, Leu. gelidum CH32l #X COG ZiE|2z[d| w2 EF 22

— General function prediction onlyoll £3l= SXX} °H|E0| 7%
amino acid transport and metabolism & |F™XIF 74HE

s Leu. inhae PG7, Leu. gelidum CH32| RAST subsystemo| rct

— Leu. inhae PG72| &< amino acids and derivativesol| 2215t
712 =410, Ch22 protein metabolism XX H|80| =AU,

- Leu. gelidum CH32|l A< protein metabolismol| &&= ™AL H|
=1, £hZ carbohydrate?t amino acids and derivativesol| 2tz s}
Hl%ol Lol

iz AA3.

i_

IT
=
—
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Llew. inhae PG Leu. gasicomitatum CH3

& Colamor, vinsming, prosthetic groups, pigerenis 8 Cellwall and capsule

WVirulenae, disease and defense W Fgrassium st bobsm
W Prososynithess M laneous
o Pagrs, frophages, transpos able limans & Membrane tranaport
WO Ui e matabofim mENA metabolism
W el eanides and nucleaticde = Froaiin ma La o ksm
Cell diwinian and celleycle = Mctility and cBmmalasi
Fregulatcn and el wignaling Wierundary mwlabulam
DA metabolkm m Fatvy acids, lipich, s Boprenods
B Kitrogen metabolism m Dy s sporeulation
Repiration W Siress response
m Metabobsm of womatic compounds W Amire dcids and darheaties
sulfur satabolsm ® Phosphons metabolsm

Larbohydrates

13 5. RAST subsystemof w2 FMA 2% Zot

r>|

4) g2 AHESO 2SI FHAYE SSE(FIE

7V L. plantarum EM2| &= A Eil% Z+od

@ bile salt hydrolase &7 XA}

- ot2 L. plantarum®} bsh %

- L. plantarum EM2| bsh Trx.jﬂ el

« L. plantarum EM2| &EEAHE &0 A 2A 24}

- L. plantarum EMS] genome“oﬂ bsh XX} 57471 E=Xjst= A S =
=3 X=2E S5l ol& bsh st3e| AL S50l 2o st

- L. plantarum=2| bsh &

EMst= AS =telgh §5| bsh
C

o
_'>|_
=
El

He ol

ol

ol
oo

J

O8 6. L. plantarum EM2| EEAHE 2H KX EM A1)

SFHE X7}
AHE 2AMsH 23 3A 471K "EefQ| bsh ™ XI}
FHMRe| A< L. plantarum EM2|

- 270 =Ze 2 EX5ts bsh 28 FEALE &olst 23 EM #F2| bsh 2 FHAL
Atolol| stop codonO| ZEAf3I0] 271 =Zto 2 LifF = HE &elah

- EM #Fof KIHOP" Mg dHigo =z A Ato|=E o 58 Z1 10~36 kDa
©=2 oMU, o|F &elst7| el 2 #&A HE cloning Tl st CHEHAE S
g9aist O Z3 1, 3, 4H FHX= o|AstE 37[Q1 36 kDaolAl e 20|
St AE =elstl, 2 FAMAel A LT FMAIE 20 kDaollM
wE= de Eelgh
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— L. plantarum EM2| genomeatol| =X|st= EPS &AM H=Z 2ol
BON y @ 5 ® 3§ ® 8 ® 3 BOs) y @ g @ B
w| — = maE e =
w_-:i-- =8 8= =l — S —
_— _— : — 17 | e —
—_— = :.g: 1 . .
: : —_— ! _ = . = = 1 |- - bz |
-__-L—..:.._..._.-..i L Y Y
Bahd Bahd b3 bl bah2-1  bah2-F
a8 7. SEAHE 2H MR} 2e Ao
» L. plantarum EM2| exopolysaccharide F& A} &2l
- AloflA] Ze|AHE ANills2 HEH = EME #FJF EPS MM S=0|
WAooz o&Fstn EPS MM ot FMALE Eelgt
- 1 Z3} EMe| genomedoll= EPSE MMst= A=Z27F EXstes AS =@l
. b -
Pl Framome i P T-'" - ||q.|-|:-;wnu
I : D - "
[ ——— dTIN -k ﬂ\llrlllf I'!lr' gl
e :: lII:lFJ-ulu#lln;;:llpllr?\-r .
I S N B R
8 8. L. plantarum EMoll =X st= EPS MM &
Q H 3% S (CJHLH )
1) o|&e /g AF
. |:||7|'
- ¥k ME 3 /ol AAHBFE 2 sHoIsL) A4S
« 7|&(Arginine) : CJHMYLMYEE, O, 0l]OOO000, LHIOOO
2) 4E=3-2| Scale-up &t
« Scale—up M4t HIAE
® ot27|HYE ZEZ EM | (F 1)
- ot27|HY wg & Xo|7F /US.
- 2e £5: WOSCIMHLHMEE>00O0000>LHO00O
- OIZ7|H(LHIOO0O ML) = =3 olf s
— g5 ZHE s "I I, =5 0olf & 12{stod A



1. ot27|dE E& 54 Hln
20 000000 [ CHHAMER [ OO0
(%) 99.36 99.13 99.26 99.36
pH 10.72 10.83 10.64 10.65
S o b - 214 2re sy o b et 214 2re sy
2 &4 e 53 ol Z LAl o} 0| 3
7HA (& /ka) 40,000 16,000 15,500 23,000
2=4El(g/L) 2.48 11.50 12.40 15.57
(%‘E%EIZE%) 7.01 7.03 6.42 <6.0
QUESE A O O ©
B5YI}
(At Mz E) © © © -

@ 2EAIZF 21, 25, 30 hr (£ 2)

- CJMLHMEE ot27|d HE3t0d 25A12F &g 7|F,

E 2. YgAZto] uE DBl 2Eo|He ME &

EHel: g/L
=4 &= oz 21 hr 25 hr 30 hr
Arginine 0.69 7.77 5.36 n.d
Ornithine n.d 14.99 17.08 19.67
Citric acid 2.29 - - -
Malic acid 0.04 0.20 0.14 0.10

Succinic acid 0.18 1.01 1.48 1.61
Lactic acid 0.41 11.69 25.90 23.81
Formic acid 1.55 0.35 0.09 0.22
Acetic acid 0.39 4.88 7.33 5.27

Total 4.86 18.12 34.93 31.01

® 7t : 50%, 60%, 65%, 70%, 80% (& 3)

- Y HEA|, witrE2=zelsl Fu|7t Fot

— 7 60%(w/w) O|AaF HIIA|, ELE

R0 HAZh

¥ 3. 7t==Tol uE DB1 YHo|Ze ot27|H & 224 E &
chel g/l
sx g Ak
50% 60% 65% 70% 80%
Arginine 15.74 4.90 - - -
Ornithine 3.10 14.70 19.50 20.18 20.99
3) Pilot & A MAF AAHR RH
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< 3XHAE >
Q H 1M & (=Mchstm)
- e SEe =X sHo|Zo
1) #F
- N J|sd AR FAF L plantarum EM(ZIAHIE XM5tS)

x
40
&
N
0
>

_ﬁ_

£ 1-5%

4 20%(w/v) O] + Al

7leddele| ME HSE

ADE 24A1Z7F M4 £ A ME A 3% B2 J1E =2 MA4(2F9.7 log
CFU/mI)E LIEK. 48A|17F Ma4 55 21 ASME A 2%t 3% &7 H210l|A
TR =2 MAa(2F 9.5 log CFU/mI)E LIEMH(Fig. 1). olmlf SMlF &AM 200
AU/mIZ 4 E%% tIH7<I°l MRSet sot M3 LIEKH . srlH 42 100AU/mIZ
MRS(800) CHH| 2 2MS LIER,

= ZA AZME: AlE C#A 3% MH

:

> & A
o ox

N

0
0

S (21, 2,3, 4, 5%)
20y 6|3

o
:

—_

0z 0

mA24h DA48h mB24h CB48h

1000 F ‘

800 F

€00 f

Cell number (log CFU/mL)

400

200

2% 3% 4% 5%

0.00

Concentration

Figure 1. A18ME S0l wWe L. plantarum EMQ| M5

@ Etadl
- &% glucose, maltose, sucrose, fructose
- S5 1-5%
- = 20%(w/v) Ol + ASME A 3% + ERR 45 (21, 3, 5%)
- A1k 24A12F MEs 2 23 glucose 1%E H7I8H F2iollM T1E =2 4Ha(2F 9.8

log CFU/mI)E LIEFH(Fig. 2). oluf SMIF &M 200 AU/mMIE LIERHA 20
SRl e MIIMELCE 28 =2 200 AU/mIE LIER.
= E|& B2 Glucose 1% MA
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M24h m48h

1000 |

Cell number (log CFU/mL)

glu glu glu suc suc suc mal mal mal frue frue  fruc
1% 3% 5% 1% 3% 5% 1% 3% 5% 1% 3% 5%

0.00

Concentration

Figure 2. EtR0ll U2 L. plantarum EM2| M&

S
&+ soytone, yeast extract, beef extract, tryptone, peptone
-5 1~3%
T 20%(w/v) 012 + AlME A 3% + Glucose 1% + 242l 55 2H1, 2, 3%
- A1k 24AM2F A 5 Ao 24 585 25 2F9.3-9.6 log CFU/mIE LIERH(Fig. 3).
% A

_I_I_o|7t-l oz 7(|-O| L-|-E|-LHX| OI-OI:I

ol

—

HAUE MUK §V|2 o SMdet el gd 55 At HUF et JItH =0l
olst &

m24h m48h

10.00

8.00

6.00

Cell number (log CFU/mL)

soy soy soy yea yea yea bee bee bee tryp tryp tryp pep pep pep
1% 2% 3% 1% 2% 3% 1% 2% 3% 1% 2% 3% 1% 2% 3%

Concentration

Figure 3. &AAflol| WE [. plantarum EM2| MF

- 57/ AZ 7=t —'?—7|"' EL HIEP”| 128 ot =2 =8 &7}
- a MF @ 0.02~0.05%, MED® 0.02~0.05%, c: M&© 0.02~0.05%, d:AH&@d
0.5~2%, e: M&@® 0.5~2%, f: M= ath, g M= atc, h: A& atd, it ME ate, | M2

btc, ki A& b+d, I: A& bte, m: M2 c+d, n: & cte, or M2 d+e
- =74 20%(w/v) 012 + AlEME A 3% + Glucose 1% + 7|EF M=
¥ Z|atidste| MY HSE 26l MEY HI3N
- B3k 24A|ZF M Y Zn P 7= 2 HIER] ZH "I 25 2F9.2-9.6 log CFU/m
2 M7t M3 2o M7 goll= Xtol7t eiS(Fig. 4). M7 24 3 aRld 2y

PNV HA'ES
£d &1k h 724 ollA MRSBF Set el =|CiEHd(200 AU/mI) 2t el
Z[CHEAI(800 AU/mMI)S LHERA.

m rlr m>'
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m24h m48h

1000

800 |

600 |

Cell number (log CFU/mL)

0.00

Figure 4. 7|EMS &0l W& [. plantarum EM2| M
3) 2E x7| pHel =3}t
- =4 20%(w/v) 0l + ABMHE A 3% + Glucose 1% — pH =H(pH 4.0-7.0)

— A1k 24A12F gbg J|&E E7| pH 6.0, 6.5, 7.0 TI0IA TFEF =2 MA(2F 9.8 log
CFU/mI) € LERHRAS0] 48A|ZI0A] THE =2 MF4= (2F 9.5-9.6 log CFU/mI)E
FXeHFig. 5).

w Z[& dtg =J| pH: pH 6.0-7.0 41&

m24h m48h

o | B

800

600

400

Cell number (log CFU/mL)

200

4 5 55 6 65 7 8 9 10
Initial pH

Figure 5. o|zte| &t X7| pHoll w2 L. plantarum EM2| M

B4& A 3% + Glucose 1% — pH 6.0-7.0 — 25C, 30C, 37C

— A1} 24A|2F BE5 T7|F 30°COlIA] 9.7 log CFU/MIZ 71 =2 Md+E LIEF(Fig. 6).
- X
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m24h m48h

v

10.00

8.00

Cell number (log CFU/mL)

200

25°C 30°C 37°C

Temperature

Figure 6. 0|z && 20 W= /. plantarum EMS| M=

2) &3} =Zol|M o|d gy

Z AR 20%(w/v)

s} =71: Autoclave(121°C, 15&)

= AEMEA 3% + Glucose 1%
&2k L. plantarum EM 1%(w/v)
7| pH: pH 6.0-7.0
28! 25 48A12F 30T

3) &g o|Zt HEQ EM Y
- &7k 0-127012
- MZR2E: 47T, 20C
— |:||7I- tll-_g_%
i) W koreensis DB1(2Z2L{El MAMAF)

ii) L. plantarum EM(ZIAHE X5ts)

— IZH-_E_ E.E'C_
. W, koreensis DB1 0|2+ &t& &2 AR, M= AH(UE H=X &Z) W, koreensis DB10|
HAEE[X| 2Zron] MEH 7|2F Sl AEEX| &5, L. plantarum EM o] &g =2

4%, M= 2=ol= 2F 100 CFU/gel L. plantarum EMO| AZEE|USL} O|F HEA|ZR
oAM= AE=X A3,
_ o5 AF o oAbk AR
. W. koreensis DB1 BIZE =21} L. plantarum EM D|1ZLEE 25 Tl
LM (FEOl, &2 EE*)OI HE=X| 2k3(Fig. 7).

ST MEE 7IE A Aol w2t VB StV ISER 7IE2 oot £5.

Bl
ol
o

4

O
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16-7. 7|6t SIS EF 4
(1) A&k xMgtstofof st
Ol&: Hglstofo} st
4.00|5HZEPHE, CHE=ol| skeich)

5.00|5H-7& %ﬂa&}%oﬂ i)

IRElETE 600|SHRE FAEIAIZE| SFeto)

Et2Mi4 AE=0{M= opECh

At n=5, c=1, m=0, M=10 (&0 Zoi sFetc))

T n=5, c=0, m=0(Z =~ Zoi ststcl)

&R n=5, c=1, m=0, M=10(t|A2 Tkl 7Ia=2}
o oA 7k8, JIE=elE S| 2n a2
MF|oh= v|AR HZol skt

(9) & olZa2l54l(ug/kg): 15.00[SHEEESS% 7F5 2ol

L))

DB1:4°C 12 month DB1,20°C 12 month

EM 4°C 6 month EM 20°C 6 month

DB1.4°C 12 month DB1.20°C 12 month

EM 4°C 6 month EM 20°C 6 month

Figure 7. W. koreensis DB1 DO|ZY& = (DB1)J—P L. p/anlarum EM o|Z&EE(EM)2| tHER(A),

@ hl ofF
o MEZ|ZH0]| w2 Al o{F
- ISR TL
. W. koreensis DB1 D|ZeE=2| A, M= &= 2F 2.0 meg/kgl2 LIEME XE
12708 &2+ 4 CHM= 2k 2.4-3.3 meg/kgE 7X| si¥ L 20ColAl= 2F 2.9-5.7
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mea/kgS FAIE L. plantarum EM o|Zg2taEe] A< M= 2% 2F 2. 1meg/kg22
LIEFE, XMZ 670 S2F 4 CAHIM= 2F 2.0-2.7 meg/kg BEE FAISIFL 20 CollA|=
ok 3.1-4.5 mea/kgs FAIEHFig. 8). He(2020)of| =04 Mojzte| nfMstETH= Z7|
1.72 meq/kgO|o{ A&+ 8F 2ol 4COlM= 19.06 mea/kg2Z 37 CollAM= 58.19
meq/kg2 =2 S7teHRef. 1). St Mujahid(2005) E100AE dojze| =7|

IR SEET = 2k 2.3 mea/kgO|o] AM20llA] X 3452l0]l= 2F 32.8 meg/kglLZE
S7FeHRef. 2). olof| H[3H 2 oiFolMe| o|ZLUEE(DB1, EM)2 XZE = 1RIEHE
E7t X5 G LIEtEE & 7 U=,

(Ref. 1. Storage characteristics of infrared radiation stabilized rice bran and its
shelf-life evaluation by prediction modeling(2020) J Sci Food Agric, 100:2638-2647;
Ref. 2. Effect of various processing techniques and different levels of antioxidant on
stability of rice bran during storage(2005) J Sci Food Agric, 85: 847-852)

DB1 =4 W 20°C EM =4 m20C

Peroxide value (meqg/kg)
Peroxide value (meq/kg)

0 1 3 6 9 12 0 1 3 6

Storage period (month) Storage period (month)

Figure 8. X&7|zlol| w2 o[ZdigEe| 2MSIET|

- Lt

. W. koreensis DB1 B|ZUEE2| A, M= AT A|Z= 2f 2.82 LIEH 4CollAM
12708 ME7|ZE St 2k 2.9-3.6 W& H|xet &2 XAl 207C, 12708 MEV |2+
Soboll= 2F 3.4-4.4 ME2 AZ BIV8E L. plantarum EM o|dgtga 29| A%, M=
A2 ANZEs 2 312 LEN. 4ColAM 6703 K&V |Z2 S 2k 3.2-3.6 W&
T8I 20 CoHAM= 2F 3.3-3.9 W= E FXI2HFig. 9). Yan(2004)ol| t2H &Ho|E
A|-20.|| x-|x|-/\| _|_7| A|.7|_ ol:1 o3e =z I__I.EI.L—I-OD:| A|-2 x-|7t|-(1OOOEI)7|7 % |-_7_<_||;|.|
2.9877HX| E7FIct &% ZEABHRef. 3).
(Ref. 3. Development of an automatic packer using vacuum packaging and its
effects on the rice quality(2004) J Bio Eng, 29(20): 131-140)

10 10

DB1 W4°C W20°C EM M4eC ®20°C
8 8

6

Acid value
Acid value

0 1 3 6 9 12 0 1 3 6
Storage period (month) Storage period (month)

Figure 9. A&7 |2l w2 o|Zte=o| A}

e oldgaEe| idslEv) MUF 25 4T M 12707 RS RAIE.
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OSSR
KEZ|ZH| 2 7|
- W. koreensis DB1

4ot 25°COllA| MEEHAlZ0| 22UEl Bleke TIC A2 S8l el Zul(Fig. 10), 2
2% 9 77k AlRe| 22UE BES 1274 Sot RAlEE %S Hela

4°C 25°C

Arg  Om

12 3E 6E 9E 12

1 =
i F
ur?

Arg Om HE 12 32 62 92 128
=

Figure 10. X&7|2lof w2 224El TL.C Zx}

- L. plantarum EM

« M 0.5% oxgall AE Zxl EM MAu EM o|Zes S| Z2|AHE XNotks2 22
82.9%, 81.1%= TAFSH LIENE BHH o|Zde| A 1.2%2 ZH2 A HE
XstsS LIEHH. 0.5% TDCA A8 Z1T oz IX|2 EM MA 20 EM o[dede =
M= =2 ZaAHE Mstss LEM(Fig. 11).

* Al 0.5% oxgall & Z1f EM A2 32.6%2| Z2l|AEHE XotsS LIERRI 20
EM D|Zde e =2 67.1%2] Z2|AHE XNots2 LIEHHQEA 2F 218 O =2
20 LE-(Fig. 12).

« (YI)n|ZeUE = MYV|1ZE & Eel|AHE Motss AHE Z1, Figure 132F 20|
670 MZE AZOME KM= A2 o| ARt SUSH ZEAHIE XMotsS XIHS =elet
100
m0.5%Oxgall ®0.5%TDCA

—~ 9% |
9

~ 80 F
c

.9.. 70 F
[}

TE 60 |
E 50 F
(]

_2 40 F
£ 30
Q

©° 20 f
oo

9 10 }

0
Figure 11. ’é”-& ZHo|A 2| Eel[AHIE X5ts
Values with different superscripts within columns are significantly different by Duncan's multiple range test at p<0.05
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0
EM Abat gs0ig M ES0|ZdEEE

Figure 12. Al =ZdollMe| 22| AHIE XNsts
Values with different superscripts within columns are significantly different by Duncan's multiple range test at p<0.05

100

W0.5%Oxgall ®0.5%TDCA

a
a
I‘ I[
3 6
Times (months)

Figure 13. XMZ7|Ziol| w2 EM o[ZUSE(HEHT)e| ZaAHE Xsts
Values with different superscripts within rows are significantly different by Duncan's multiple range test at p<0.05

%0 |
80 |
70
60 |
s0 |
a0 }
30 |
20 t

Cholesterol assimilation (%)

10

« MET|2h mE 2sd =Y
— W. koreensis DB1
D MIZERE, 4C ME e7HE, 1270 ARl ZHsAAL A1l MET(ZHl wE So[Lt gl
o= el ZHEE|X| ften{, ClEt Mol Zo{ElS =2teleTable 1).

1 —na

Table 1. XZ7|Zl0l| =2 W, koreensis DB12| D|ZUEE Z=SHAL

HMz=xZ | AT 670 |[MZE 1271 €
AIBE 3.0£0.0 | 3.0£0.0* | 3.0£0.02
8¢ 1.740.5% | 1.7£0.5% | 1.7+£0.5°
®EE 2.240.4% | 2.240.4% | 2.240.42
IA5HE | 45+40.5% | 4.5+0.5% | 4.5+0.5°
= e 1.3+0.5% | 1.3£0.5% | 1.3+0.5%
=Rzt 3.8+0.4% | 3.8+0.4% | 3.8+0.42
Aol F 5.0+£0.0° | 5.04£0.0° | 5.0£0.0°
7| 3.3+0.5% | 2.7+£0.8%° | 1.8+1.0°
JEE 4.5+0.5° | 4.54+0.5% | 4.5+0.5°

Values with different superscripts within columns are significantly different by Duncan's multiple range test at p<0.05
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1) H“‘X'IIE —’I‘—%%OI XMz 23tol| o|X|= Y& Y ol wE FHEA} L HE gl
70 A= SE!
@ %‘.3:.4 1
- AR L. plantarum EM
- H1MEIN 2R MISES
- L. plantarum EM cytoplasmic fractions
L. plantarum EM2| cell £2I2t &2 HA=st = @7 SHFTE 34A5H0]
sonicationgt Ctg |4 22|50 suspensiong 2ot A|ZZ ALE
- AR sE%¥ DMSOZ 3|4 s5t0] AlE
@ &g 2
- AR o|d¥E 2 L. plantarum EM2Z2 255 Wao| X =
- H1MEIN 282 HMSES
- 0|z & U4E0|dHE FES
ol 3 &ao|lZd ME2 OlELE F£5101 & XS 222 TS0 AlEE
ALE
- A2 552 DMSOZ 3[Ms5t0{ AL
L}) 3T3-L1 MEZF2o| M=Zujtr 237
® M=
— mouse fibroblast 3T3-L1 cells
@ M=
@ X|gMxz F3rT
o« Mzt
- invitro ATE sl oA 3T3-L1 MEZEFE Fig. 121 &2 A" A7 =0 w2t
3T3-L1 preadipocytes Ml=Zulj L} 2351 FEE =250l AEHS AlA
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«— N
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—
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- 3.RT-PCR
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Figure 1.
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o
rlo

2gold F£=(0,-2000 yg/mL)

=
« AS 1: L. plantarum EM T3 cytoplasmic fractions =4 HIHFig. 2)
- ™ cytoplamic fractions& 24A|Z2F &2 48A|2F 0-80 pg/mL sE2 MXX[SIH
2 8 40 yg/mL SEVX| = 98% O|& MEZ MES0| 2l=A20{, 80 ug/mL
ST ME 24A|2F 2 48A1Z2F 25 o|X 2| 2ol H|5t0] FolM UN M=E M=g
o] X3t=l0 M= Z0| LIEHH

(A)24h (B) 48 h

}

2
e ®
RS

N &
S

0

°

Control 10 20 40 80
Concentrations (ug/mL)

Control 10 20 40 80
Concentrations (ug/mL)

IS
8

g

g Cellviability (% of control)

Figure 2. Cytotoxic effects of L. plantarum EM cytoplasmic fraction on 3T3-L1 cells.

 AE 2 0|YT wEO|Y FEBC SHEIHF. 3)
- 0lYu YEO|Y £S2S 24AZH £2 48A12F 0-2,000 pg/mL ST M Y

SZolME 24A2ZF 52 48A12F 25 O[X{ 2|20l B[St 72
O XM5t=[of Mz =4o| LiEte

(A)24h B)48h

2

2
2
2

s

=
5
Cell viability (% of control) _

Cell viability (% of control) _

=
2
~

O Control 50 100 500 1000 2000 Control _ 50 100 500 1000 2000

Concentrations (ug/mL) Concent trations (pg/mL)
@ rice bran @ fermented rice bran @ rice bran @ fermented rice bran
* vs control

Figure 3. Cytotoxic effects of rice bran and fermented rice bran on 3T3-L1 cells.

w £33 [, plantarum EM T3 cytoplasmic fractions &2 o|l& 2 L. plantarum EM
FEE2 SH0| LIEILIX] 22 sZoM X[EAMZ 25

52 gas va o
SEEREETE

2h) Xegsxz £
™ Oil-Red O &44
=

@ SdAE S =4

« M8l 1: L. plantarum EM @3 cytoplasmic fractions2| X|&=X 2k (Fig. 4)

— Oil-Red O gAof| o|st X|gtt &M EM #F cytoplasmic fractionsg sAM0| L}
EtLIX] &2 s5(0, 10, 20, 40 pg/mL)AIM MX XSt &, Oil-Red O G = Al
Alstod AHE Z I #F cytoplasmic fractionsO| M ZLf X|gt2 MMES T 9

EMO=R UMAT|E WS S0z Holw

- ME W SMRY e EM BT MAXE 250 SHRY BT ST o EX
P
x

OS2 #x =HA2H, 20 yg/mL s olHAME 72
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TG contents (%o of control)

Figure 4. Inhibitory effects
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100 |
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10 20 40

Concentrations (ug/mL) *,vs control

of L. plantarum EM cytoplasmic fraction on lipid accumulation

in 3T3-L1 cells.

- A 20 ojZa gRold FE=2 XNLYFHE(Fig. 5)

- Oil-Red O F4oll 2|5t X|eb7 M 0| 52 &gE 0|&d F&E= ZF FHo| Lt
EfX] 222 5Z(100 =2 200 ug/mL) HelollA Mx{ X2t = Oil-Red O FAiofl
olgt X YdS AH= 2o, sk EHSRE Haste AE Setez &el
stien, ggold F&= o o|dF&=0 v|sto] X[g7 dHo| AH =HUAS

- M= uf SdAE e o & 2aold FE=2 SYX Y SFo| 25 o|XE
ol H|5l SE oEH2=z A5, 50 52 100 yg/mL s 2F0IAM
Zold FE=0| 0|d FE=0l B[5t0] 7ol LAY s MotEHUS

Cell viability (% of eontrol)

Figure 5. Inhibitory effects
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60

. rice bran

‘ fermented rice bran

40

20

50

Control

100

Concentrations (pg/mL)

of rice bran and fermented rice bran on lipid accumulation in

3T3-L1 cells.

@& [ plantarum EM T3 cytoplasmic fractions 22 0| g g50|d FEE2 2F
=M0| LIEILIX] 22 sEolM M X|5IH S 4 XM Ze| Xt M3 M
A etxs 25 XNsiAlA

= ol FES2 0|Z FE20| H|5t0] XWUE™ AMF oIt 55 LiEHE

o}) X|gtEst oted RAXF 2

™ Total RNA F=&

@ RT-PCR

® Adipogenic transcription factors
— C/EBPy gene expression
— SREBP-1c gene expression
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« M 1: L. plantarum EM 3 cytoplasmic fractions(Fig. 6-7)
- XMz Z3tol| 2HAE MAPRIXLO| o|x|= HEHFig. 6)
: C/EBPy2} SREBP-1c2} &2 adipogenic transcription factor & XF &34
= cytoplasmic fractions& 10, 20, 40 yg/mL s£2 MAHX|SIFS I s 29
=rMog LA st= A2 20 C/EBPy mRNA= 20 yg/mL sE2 X2l 5%
S A5 E FeotA &4 sIend, SREBP-1c mRNAE 40 ug/mL sEdM
2F FolstAl Mot A

OII

]]IO D\I 0

l;\

- =
o
H
*
:| :| |
u
SREBP-1¢ mRNAlevels
(relative expression)
-

(relative expression)
e
n

C/EBPa mRNAlevels

4
=3

0.0
Control _10 20 40 Control 10 20 40

Concentrations (pg/mL) Concentrations (ug/mL)

Figure 6. Effects of L. plantarum EM cytoplasmic fraction on mRNA expression of
adipogenic transcrition factors in 3T3-L1 cells.

- XM 235} Al lipogenic genel| &d HiSH(Fig. 7)
DR EA U Xjgkgtd et = A §402 FASRE ACC RHAL
plantarum EM T3 cytoplasmic fractions£ 20 yg/mL SEZ X2
FEE 7ot ZASHAS

o
—

o 1l
3R et

Uo k1

0 ™~

—

1o

FAS mRNA levels
(relative expression)

(relative expression)

ACC mRNAlevels

0.0 .
Control _10 20 40 Control _10 20 40

Concentrations (ug/mL) Concentrations (jg/mL)

Figure 7. Effects of L. plantarum EM cytoplasmic fraction on mRNA expression of lipogenic
enzymes in 3T3-L1 cells.

. Ay 2 o|ZD wEolYd =E2(Fig. 8-9)

- XMz Z3tof ghAE MARRIXtO o|xl= Qe (Fig. 8)
0 =13

: C/EBPy2} SREBP-1c #%IA} &dio| o|& A &ao|ld FE= MAZE 2F &
olzxoz XatElon], Yanld FE20| 0| FE20| ulsto] FHA L

AN EZo7b I e

Control 50 100 5
Concentrations (ug/mL) Concentrations (ug/mL)

@ rice bran @ fermented rice bran

Figure 8. Effects of ice bran and fermented rice bran on mMRNA expression of adipogenic
transcrition factors in 3T3-L1 cells.
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3t (Fig. 9)
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Experimental diet

ND: Normal diet

HFCD: High-fat and high-cholesterol diet

HFCD-A: HFCD + 5% LB planetariuvm EM

HFCD-B: HFCD + 5% 0|

HFCD-C: HFCD + 5% Lb. planetariurm EM 2202
HFCD-D: HFCD + 5% Koreensis DB1 €=0|Z

HFCD-E: HFCD + 2.5% EM 2E0|Z + 2.5% DB1 =01

-

Experimental design: /n vivo study

ol
Lt ST e
"5” i & wocks alkdl w=1)

Adapiaiam far | wock

' Y N 24 A" N N oo )

HF{CI-A
5 bl

Figure 10. Experimental design

H4A0[Z(ND): 12
Z2| AH E(HFCD)2: 63

HFCD + EM o3 #7I)
HFCD + 5% o|Z &7})

HFCD-AT(
(
(HFCD + 5% EM & o|Z A7}
(
(

T
HFCD-B
HFCD-C#
HFCD-D&
HFCD-ET

Il

HFCD + 5% DB1 &5 o|Zd&7})
HFCD + 5% 25 o|d =228 7t 2.5% EM 2= o[Zd + 2.5% DB1
45 0|2

M

o

of =M&E HYSI| pellet AR =H|

>
Z
w
1z

4

>

Ol(Table 1)

o2} X[ ZE A SAl0| 22 AIN-93 Alo| =M 2 ¥18i5l0{ M =51 209,
ol #2 ¥2HH| 10 kcal% XlE2 23 FnZeAHEA0|=
CiH| 35 kcal% X2zt 1.25% 2AHES 20ig

A2 £ pellet HEHZ XM =304 204

. plantarum EM #3F = MY s RiH 201 Al Sd[atg o} At L E

=2l 1x 10%day 2 AlZof| Ao| =H|

rn ol o> 0%
Jg JZ

™ 1R o

- 0|Z, EM &5 0|, DB1 Y& o|d2 212 AtZ W 5% &E7IsIRien, g ol
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N
o
N
N

e&t=22 L. plantarum EM &2 0|22l W. koreensis DB1 &g ol

S|_>_ = i B |
2.5%=2 gk MM M =5t S
Table 1. Composition of the eperimental diets
Ingredients (g) ‘ ND | HFCD | HFCD-A ‘ HFCD-B ‘ HFCD-C | HFCD-D | HFCD-E
Casein 200 200 200 193 197.7 188.6 193
Cystine ] a 3 3 3 3 3
Corn starch 397.486 284.966 284.966 234.966 234.966 234.966 234.966
Maltodextrin 132 132 132 132 132 132 132
Sucrose 100 100 100 100 100 100 100
Cellulose 50 =0 50 50.0 50.0 50.0 50.0
Lard 1) 100 100 100 100 100 100
Soybean oil 70 70 70 70 70 70 70
Cholesterol ] 125 12.5 12.5 125 12.5 12.5
Mineral mix as as as as 3s as as
Vitamin mix 10 10 10 10 10 10 10
Choline bitartate 25 25 25 25 25 2.5 2.5
t-Butylhydrogquinone 0.014 0.034 0.034 0.034 0.034 0.034 0.034

L. Plantarum EM 1X10°

Rice bran 50

EM Fermented ricebran 50 - 25

DB Fermented rice bran

® S= 3|, SN 3 I F
- 1257t AISSH ASEEE2 20t F10 12412 HAl £ ether 0FE|S10ll cardiac
puncturedl| 2|5l EHS A F st = A Ee2lsto] EHS Ee2lsto] Et
— Ztnp wHANX|gkxAol Raast Z7ieF 5 3 AME FH WA X|gbs X E5H0d
FAHE 59 T X AN BME 26 22
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o 28 A F
- A" 113Xt des=2 AE5E 54 = o X[ F 72U AEHES=E2 AR
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- @3 & ALT, AST, ALP & LDH &4 =3
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s
- &3 insulin, leptin 2 adiponectin &t
) insulin radioimmunoaasay kit — Microplate readerZ 44
ii) leptin mouse/rat enzyme immuno assay kit — Microplate readerZ =44
) adiponectin rat EIAZ 0|-&35}0{ sandwich type enzyme linked immunosorbent
assay — Microplate reader2 &4
« Z2H XEg=xZ 3 28 5 XA do4 24
A& FZ: Folch B (1957)22 &4
- SMXY &3 Biggs 5(1975)e dHoz #
zcig_ =]

S| AE|Z 3 Zlatkis®t Zak(1969)2] gt
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. ZbEE 0| WamRBHA ZAl

- Oil-Red O €M = |ight microscopedl A =&l AMEl & = Image Analyzer K| &
.I
= [
- 2t =7 total RNA £Z35l1 RT-PCRS 0|235t0d X|gttjAl 2 Z2|AHE CHAL
q

Table 2. RT-PCR primer sequence(5’ to 3’)

Transcript Forward Reverse
Acc CAACGCCTTCACACCACCTT AGCCCATTACTTCATCAAAGATCCT
Fas GGAACTGAACGGCATTACTCG CATGCCGTTATCAACTTGTCC
Gopdh GTTTGGCAGCGGCAACTAA GGCATCACCCTGGTACAACTC
CypTal GCCGTCCAAGAAATCAAGCAGT TGTGGGCAGCGAGAACAAAGT
Hmgcer GTGATTACCCTGAGCTTAGC TGGGATGTGCTTAGCATTGA
Ldir ATTTTGGAGGATGAGAAGCAG CAGGGCGGGGAGGTGTGAGAA
B-actin GTGGGGCGCCCCAGGCACCAGGGC  CTCCTTAATGTCACGCACGATTTC

@ SHHAE]
s SAXE: Eos WA EEAIR EAISIG LD, ZF AE 2o HluWl= one—-way
ANOVAE o|&3t0d M & Duncan’s multiple range testoll 2|5 Xz2|7Zt2]

o4 AB

2h) 2AZ 1
O ®MES St 2 Alo|MdF &

i) LEFSA G AIUE

o AHbS A 3 AIUE

- AE M 7|7t S ZE METOAM HAISH S22 BEEX ggon, AHEEZ

|l M5tz QY == ofst QatSAr mhEtEX| b3

o IX|SIEAHEAOZ Qe | ¥ IXE RE

- 12F ot A E ¥ DXESS RToH| fIstod XY Ee|AHSA0lE
Z0ist T SMSt AESES MF UM, 2 E XLxE 2o 27 2 EH,
Zb & XjgkzxZAo| X|Z Mato| DX|gDE|AHE4A0lo 2o&f MB T X =3
BAZF B7tE[en, DXEE0| fE =07 HS Feolg

i) MBSt (g/day): 3 s A2 &Y

« A= 3HFig. 11)

- DX gD Zel| AH EA0|Z(HFCD)o| H|stod DX Ze|AHSA40(0 EM & F,
gt ojzZ ¥ ¢y oy EEEg kst #(HFCD-A, HFCD-C, HFC,
D-D,HFCD-E)o| #Zo| 4Alo|Z20i & 7F:5E HM3I=7| AlZ5¥S. §351 EM
a3FE Z20st Z(HFCD-A) 2 ASo| 7tz Bo| XstEien], Hatalo|Z
(ND)Z} FAISH &S B S. 0| HIte &S BHstol| eSS o|xX| $gS. F
gte o|Z ZHll = RO|7} LIERX] S
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Figure 11. Body weights changes in mice

@ 2t =% 3 YMX| xRl FH(MF 100 goll et dof Sz AL
i) 2t =%
« 2 =% 27 #3HTable 3)

- A=xHe| file LX|YDEAHEA0IZ(HFCD)Ol FaAolZ(ND)oIl H|5tkod
FolstAl  BIlsiien],  IX|YnZAHESA0l0  EM 2FE ®Ibe
HFCD-AZ2to| XY Z 2| AHE A0l (HFCD)oll HIS0] 7o SHA| A 5= A S

i) sHAl X|E=E | 2

- REkx| wx|

- Zteix| g Ea

- S ALz

- AEFH xYx

- & WAX|YxE

« 2 =% 27 #3HTable 3)

- =xHe| Rile LXYDEZAHEA0IZ(HFCD)Ol FaAolZ(ND)oIl H|5tkod
Fol5A BIIsIA 20, DxWDZ A SAolo EM FFE HIbeF HFCD-A
Toto| DAY Z AR E Alo|Z(HFCD)Oll HIsto] FolshAl X steUS

- XYz Zt 2ol 27 U 5 MM x|LxF o] 2H|(Table 3)

- RE xY=xze Rt & WAl XxAo| R DX|LDZAHSAOZ
(HFCD)ol HatalolZ(ND)oIl Blstol FolstH S7t5tR S

- e Xg=xz g & wM X|gxzel RAs XYnIHAEH EAOIZ
(HFCD)oll Hlsto EM o F & 7t=(HFCD-A)2t EM & 0|z #7t2 (HFCD-C)
ato| FolstH X shE

- Zao0lg Zole XYz fAo J&S nIRX| LAS

Table 3. Relative liver(A) and white fat pads(B-F) weights of mice

Liver wt. Epididymal AT MesentericAT  Reproperitionel AT Perirenal AT Total White fat pad
ND 3.47=0.15b 2.81=0.82b 1.03=0.33b 0.87=0.29b 0.28+0.10a 4.99=1.45b
HFCD 4.81=0.51a 4.11=1.20ab 1.47=0.35ab 1.14=0.21ab 0.30=0.11a 7.03=1.76ab
HFCD-A 3.52+0.22b 1.32+0.35¢ 0.57=0.09¢ 0.27=0.11c 0.09=0.05b 2.25+0.57¢
HFCD-B 5.16=1.00a 4.42+1.76ab 1.60=0.52a 1.13=0.43ab 0.39+0.21a 7.54£2.82ab
HFCD-C 4.90=0.58a 3.53=1.33ab 1.35=0.42ab 1.05=0.37ab 0.33%0.13a 6.272.13ab
HFCD-D 5.15=0.98a 4.36=1.61ab 1.50=0.48ab 1.18+0.39ab 0.38+0.19a 7.42£2.53ab
HFCD-E 5.34=0.54a 4.88=1.08a 1.67=0.38a 1.33=0.19a 0.43=0.08a 8.30=1.58
HE = |_'— A A | I AN SkA]
@ = oS ?_l' 7 S T o ANE 22 = o
- ALT &AM
= o
— AST &M
= O

_94_



- 28 3 U Vs &4XE 84 g4 (Fig. 12 A-D)
- 28 S U Vs &dXlE 2o dds 5t 21, € F ALT, AST, ALP &
LDH gde x| gz A EA0|Z(HFCD)Ol FaAo[(ND) of H[5to]

R SIS,
AT B (Fig. 120 TANUDBAXEE AoIZ(HECOIN It EM 2E
HMI7t# (HFCD-A) tho| ALT=MO| RolstAl A&t =A20d, & aHA0[F(ND)2t

8t %2 LIERY

>

a]

~ AST 24 (Fig. 12-B): DX YD Z2| AE|E /0| Z(HFCD)ol t|3t0f EM Z5, EM
2e olg ¥ ¢e o|d 2= It (HFCD-A, HFCD-C, HFCD-E)2+o| AST
g2 Ro s Aaste Hus =Y

~ ALP &4 (Fig. 12-C): 0|2t HIIZ(HFCD-B) 2 M elstm EM 25, @& 0|28
d7tet & (HFCD-A, FCD-C, HFCD-E)&<4 ALP &Mo| Xx|ZeAHE

Aol (HFCD)oll HI5tod FolstHl M5t A =.

- LDH #4d(Fig. 12-D): XY= AHE A0|2(HFCD)l HISI{ AlZ
HMo7tet =& + (HFCD-A, HFCD-B, HFCD-C, HFCD-E)S2l LDH &A0|
7olstAl ANst=E A=

- 0|ZEcts &5 ojdo] €8 & 2t 7ls &4XE 24 842 O Bol dH S

HNez LEGen, &g o 4, A Al
- =9 = ALT, AST, ALP 2 |LDH &M Xl 25
b =2 40| 2SR eftoen{, X[
Eao M2 L2AYoERM 2 =S
(B) AST activity
B 1
(4) ALP activity (4) LDH activity
Figure 12. Activities of ALT, AST, ALP and LDH in serum of mice
@ €3 XEM&M BN
- S4X|g ot
- & EHAHE &F
- HDL-SHAH E e
- Non HDL-Z22|lAH E &2
— SO HsEx| 5((Al)
- AlE 2 " X|5=(CRF)
- €3 & XZEYMA(Fig. 13-A-D)
- gy & SMX|EH & 2 AHE 2 Non HDL-ZEAHE =2 DX Ee||AHE
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Al0|#(HFCD)o| d&tAlo[A(ND)oll H|Sto FelstH &7t 2Lt HDL-22| AH E
2 Foloil ANSte/US
-3 T XY, & EdAHE 3 Non HDL-2|AH E &2fe DX[Wn S AHE
AlO|Z(HFCD)oll  H|sto{ IX[gtinZef|AHSA0| of A|RE HItst{ Zoish
T (HFCD-A, HFCD-B, HFCD-C, HFCD-D, HFCD-E)=0| ®2|stH Z&ast= d&s
2l
- §3%| EM #F HI7IZ(HFCD-A)2 CIE Alm ®Itst ol dHsto{ & X[ZCHA}
WM E2IF 7HE ?58 A2 2 LEHE
- &3 & HDL-S2AHE 22 AR 87t &+ 5 o|d H7I2(HFCD-B)E2 Ml 2
stil= Z& HIM2(HFCD-C, HFCD-D, HFCD-E)O| X[ Ze|AH SA0[Z
(HFCD)ol| H|5Fo] Fe|stAHl S7t=[0{ &
(4) TG levels (B) T-CHO levels
A T B
bl e :
O FDL ool (on HbL kol
Figure 13. Serum lipid profiles
s SUHSX|F 3 AE AKX 5=(Fig. 14 A-B)
- SUHSX| 2t M HAX = DX LD EAHE 40| (HFCD)O| HAHA 0|
(ND)ol| H|35to{ 72| st &7tsti S
- SHHSX|Fof MEUAX|S ZF X2 DEHAHE 2Alolo A|IRE ®Itst
+ (HFCD-A, HFCD-B, HFCD-C, HFCD-D, HFCD-E)o| ZX|gnZeAHE
Al0|(HFCD) H|35t0{ ®2|StAHl X StE
Figure 14. Al and CRF of mice.
® @& = d|2HEE biomarker &4
— insulin &2
- EEE o
- leptin &2
— adiponectin &tZF
« & & insulin & ZEE 2K (Fig. 15 A-B)
- €3 Finsulintt ZEE 2 IX|HDIAHE Ao|F(HFCD)O| HAtAlO|Z
(ND)oll H|sto] welstAl &7tsti=
- linsulin &2 OX|g&tZeAHE4/0[FZ(HFCD) off H|st0d EM 72 EM &&



)

Hr

old 72 (HFCD-A, HFCD-C)2to| ®elstil AMst=en, == &2
DX I ZAH EA 0|0 ARE EUIEF 2& #(HFCD-A, HFCD-B, HFCD-C,
HFCD-D, HFCD-E)&0| F2I5tAl XNst=AZ

(A) Insulin levels (B) Glucose levels

Figure 15. Serum insulin and levels.

2

H
=

% leptin ¥ adiponectin &2 (Fig. 16 A-B)

S leptin &2 IX|HT | AEEA0|Z (HFCD)O| XA 0| F(ND)o|
of Fol5HA B7I6t¥ 2Lt @3 & adiponectin &2 ®o|5HAH 245
F0 22| AH SA0|Z(HFCD)Oll H|sto] o|Zs HIISH HE H<elst
X7tstod 2048t #(HFCD-A, HFCD-B, HFCD-C, HFCD-D,
JE2| X F leptin HFHO| 2F ZLASI¥S

adiponectin &&2 EM #4FPHE HIIg Z(HFCD-A)ZHo| T X|gt
H &40l (HFCD)ol H|5t0{ FolstH S7t=A s
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> ob o
T
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(A) Leptin levels (B) Adiponectin levels
1 35000

Leptin (ng/mi)
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Figure 16. Serum leptin and adiponectin levels.

M XE 4

-3 XNE =

~ =Mt B2t

- & SH2HE &F

=% X|& Md4(Fig. 17 A-C)

- =% & 3 XNE, X A & SHAHE 22 LEAH EA 0 (HFCD,
HFCD-A, HFCD-B, HFCD-C, HFCD-D, HFCD-E)&0| ZXatAlo|Z(ND)o
H|5to{ Fol5tA SItet

-2 T & A2 SR gF2 2XY D2 AH S40/Z(HFCD, HFCD-A,
HFCD-B, HFCD-C, HFCD-D, HFCD-E)& ztoll= =%fo[7} giRdeLt, 2H &
SZAHE HE2 XY DB AEHEA0l EM #F, EM E& 0|, o/
2 EetE 202 FolstH St

(A) Fecal Lipid (B) Fecal TG (C) Fecal Cholesterol

o o

Figure 17. Feces lipid profiles.
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Figure 18. Hepatic lipid profiles.
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BFCD-B HECDC HECDD

=2 F XY M 3 ZBelAHE A 2E A 2HE
i ) transcription factors

- C/EBPa gene expression

— SREBP-1c gene expression

« ZF x=&o| X|ubstM 2 transcription factors & AF &ad (Fig. 20-22)

Figure 19. Hepatic representative anatomical views and histopathological analysis.

- XlgretM 23 transcription factors®! C/EBPoazt SREBP-1c XA &2
IXYUDEHAHE Ao[FZ(HFCD)o| HAAHAO[Z(ND)ol  H[stod  Fe|stA
S7t5t¥F oo, uXjgtnZe|AHEA0l of EM #3, DB1 =& ol 3 g5
ojlgd =g S Al=o| FHIIEH #(HFCD-A,HFCD-D, HFCD-E)&2 1X|dt
DEAHEAOF (HFCD)ol dH|stod HXMst=Es. S5 EM #F HIME
(HFCD-A)2 X AtAlo| Z(ND)2} Bl =8t %] S LIEHH

(B) Hepatic SREBP-1C mRNA
Figure 20. mRNA expression of adipogenic transcription factors in mice.

i) X|ghaberMd oted ™AL
— FAS gene expression
— ACC gene expression

- 7t ==o XgtgtMd i F=E 5492 FASE ACC SHX dwe2

kSl

DI AHEAOTE (HFCD)ol datAlolz (ND)oll  HIstod  Fo|sh|
S715I9E. FAS ®OAL 22 AXLUEHAHE Aolo ARE HIIZ
Mote[iert EM #F Ikt (HFCD-A)gHo| X2 FeiAH S40|F
(HFCD)oll  B|5td  RolstHl  AM3t=EA=Z. ACC FOUA a2 AXg
nEe|AHEAO EM 43, DB & o|Z 2 wE o|d =E2 A=
HItet #(HFCD-A,HFCD-D, HFCD-E)&2 X% Z AH E4/0|Z(HFCD)|

|50 Fol5HAl XSt U=,
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(A) Hepatic Fas mRNA (B) Hepatic Acc mRNA

Relative Fas mRNA

ND  HFCD HFCD-A HFCDB HFCD-C HECDD HFCDE ND HFCD HFCD-A HFCDE HFCD-C HFCD-D HFCD-E

Figure 21. mRNA expression of lipogenic enzymes in mice.

@ SAHE AL 2 XL
- HMGCR gene expression
— LDLR gene expression
— CYP7al gene expression

« Zh=E o Y AH SHHAF 2E FEAL L (Fig. 21)

- =2 T SHAHE 24, HAH & 2t 2Ho{5t= 52421 HMGCR, LDLR &
CyP7alel ®TA a2 4@H= A HMGCR #®IUA 22
DXL DB AHEAO|Z(HFCD)O| HatAo|Z(ND)oll HI5tod F2fskAl FIt

0

)0
Stl2Lt, LDLRE} CYP7al FOAL &2 7olsHH SIS
HMGCR ®Z&At &ai2 DXL nZeAHE Aol EM 73 2 EM E& o|&d2
HMItgt #(HFCD-A, HFCD-C)o| X[t ZAHE 40| (HFCD)ol H|5H0d
TS Ha=AS

LDLR & CYP7al FTAL &2 o|dE &7t e #(HFCD-B) Melstis 2Z&

A2 #JlE (HFCD-A, HFCD-C, HFCD-D, HFCD-E)2 DX|@WnZz|AHE
Aol (HFCD)oll H|stod 7o|5HA E7t=AS

(A) Hepatic Hmgcr mRNA (B) Hepatic Ldlr mRNA (C) Hepatic Cyp7al mRNA
12 12

Relative LdlrmRNA
Relative Cyp7al mRNA

ND HFCD HFCD A HFCDB HFCD CHFCDD HECDE

o X|xAo| ZMX|E &E(Fig. 23 A-B)

- B0s 52 7 X|gkxAo] SMX|Y &FF 2 IX|gnEe A H E4]0|(HFCD)O|
Hak Alo|Z(ND)oll H|5to{ welstH &7t S

- FogX|gkxA] 3 7k X|ghxA] n & AKX 2 2 (Fig. 22 A)2 0|42 #7tet
T(HFCD-B)2 H2lstle X[ ZAHE Alolo EM o4F, 2so(Z,
gteo|d =2 FI7Kst #(HFCD-A, HFCD-C, HFCD-D, HFCD-E)& 2%
DXL S| AHEA0|FE (HFCD)Oll H|St 25 72X XNot=Us

- o|Zof| d|sto wEo|Zd F LEold ==Eo HIISIHE EdF X LH=xZ o
SMX| e &2 XNstenrl 2 Aoz LIEGen], EM #FE HIIsIHE E%
S0t JtE 2SS
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[0:N] Epldldx mal AT TG levels (B) Mesenteric AT TG levels

s00 s00

Fpididymal TG (mg/g)
&
H
Mesenterie TG (mg/gi

ND  HFCD HFCD-A HFCDB HFCD-C HFCD-D HFCD-E ND  HFCD HFCD-A HFCDB HFCD-C HFCD-D HFCD-E

Figure 23. Adipose tissue TG levels.

i) XMz 37|
- B35 X|eEM|
— Hematoxylin & Eosin &AH

I
kl
o
>|

|2tMZ 2| F7|(Fig. 24)

- oA X|HA|Ze| FT|E FYsHY| #5101 sojdo=2 HESE Zotet ool X|
=M7I2 FH™er Z3n, XY EeAH EA0|F(HFCD)o| HakAlo|Z(ND)O
H|St0] FIOEX|EMIE o hypertrophyZt 2HEEASD], XMzl FI|E
7olstH EIteld =

- DXL EHAHE

Aloloff Al2E HIIEH & (HFCD-A, HFCD-B, HFCD-C,
HFCD-D, HFCD-E)&2 2ZA|guIZAHEA0Z (HFCD)ol  H|5H0d
XMz el 3774 M5

ND HFCD HFCD-A HFCD-B HFCD-C HFCD-D HFCD-E
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Figure 24. Representative findings and fat cell size of apididymal adipose tissue.
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A S FTAA XEUAF ZHM 2340t s Aoz 2o
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d.
HE2 SAHEA:
- CHHEF EAEA (Multivariate statistical analysis)
— PCA (Principal Component Analysis)
— PLS-DA (Partial Least Squares—Discriminant Analysis)

L) LC/MS &4
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|
WJ‘J ,JL,JN ' A A
Fig. 1. Typical LC chromatogram of fermented rice bran.
(A) positve mode, (B) negative mode.

- 5347 tHAEEREE 25370 ®eld xto| Hel 2170 22 SHE: LPC(14:.0),
LPC(18:2), LPC(16:0), LPC(18:1), LPE(20:2), LPE(18:0), LPE(20:1), palmitamide,
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oleamide, cis—11-eicosenamide, docosenamide, 9,10-dihydroxyoctadecadienoic
acid (DiIHODE), 9,10-dihydroxyoctadecenoic acid (DiIHOME), 9,10—dihydroxystearic
acid (DHSA), 13-hydroxyoctadecadienoic acid (HODE), diacetylobscuraminal,
phenylalanine, stachyose hydrate, fructose—phenylalanine, 6—O—feruloylsucrose,
phytosphingosine.
- =M= & EZZE9 variable importance in projection (VIP, AF2= PLS-DA
2o ALEE HaE 5 FUESSES &Y floiAM ALEE0 28 T 40] 1.0
0 moheh) 2ol 1.0 O|M2 =2 e ZolM SHE ZE
=720| PLS-DA score plot atollAl A|Z2EZFe| Xfolof| Zo{st= A= =elH.

Ch) GC/MS =4

Fig. 2. Typical GC chromatogram of fermented rice bran.

- 3270 7oA xto| 2& =hel, 2870 &d: lactic acid, phosphoric acid, malic
acid, palmitic acid, stearic acid, oleic acid, linoleic acid, alanine, valine,
isoleucine, serine, threonine, aspartic acid, proline, oxoproline, glutamic acid,
asparagine, ornithine, 4—-aminobutanoic acid (GABA), sucrose, glucose,
fructose, erythritol, gluconicacid, sorbitol, glucitol, myo—inositol, glycerol.

- VIP>1.02! lactic acid, ornithine, gluconic acid, glucitol, oleic acid, sucroseZ}
GC/MS 7|2+ PLS-DA score plot &tollA A|ZS7F2| Xto|of Bto{st= H2Z
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Fig. 3. PLS—-DA score plots and quality parameters for LC/MS (A) and GC/MS (B) results for
fermented rice bran.
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Fig. 4. Heat map of LC/MS (left) and GC/MS (right) analyzed metabolites.
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Fig. 9. Typical LC chromatogram of fermented rice bran from CJ.
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Fig. 11. PLS-DA score plots and quality parameters for LC/MS (A) and GC/MS results for
fermented rice bran from CJ.
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Fig. 12. Heat map of metabolites by LC/MS (left) and GC/MS (right).
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L) 4= =Ho| w2 MA3 S (plate count)

« W. koreensis DB1: C’Ed%?_-l_’E Zlz 0|4 =0l 74’<5|7(| 2de. sZ2d=x A% 2k 100

« L. plantarum EM: QEZH = ’5.—?— ok 100 CFU/g°| EMO| AEEAon SHAX
= 21 CFU/g olstel EMo| AEE.

2) 7|sd n|Z2LEMES E4 =A
71 olatatd EA

-1 1o

* W. koreensis DB1
- pH: 2& HMof= 2 pH 6.02+0.072 LIEIG20{, WE Fofl= 2 pH 5.70+
0.082 LIEM.

- A U E Moll= 2F 0.231+0.05% 2 LEtR 2N, &E o= 2 0.29+£0.05% =
=
- YE &S Mol= 2F 16.40+0.47 brix2 HEHGRN | &g o= 2F 15.841£0.34

brixE LHEHHA.

* L. plantarum EM

- pH: && Moll= 2F pH 5.96+0.182 LIEIG2Dn], &S Fo|= 2f pH 3.78+%
0.212 L}EtL,

- MED e Mojl= 28 0.76£0.11% 2 LIEHGR2D | 2E Fol= 2f 2.62+£0.35% =
LtEFE.

— Ct

S 2y Moll= 13.96+0.39 brix2 LIEHG 2N, &g Fof|= 2f 12.45+0.32
brix2 LHEHE.

L) ojd=std EM
« W. koreensis DB1: &5 F 24A|Zto]| =[Cf A E—roﬂ ':EéFoil ok 8.41+0.32 log
CFU/g= LIEIH 201 o] 48A|Ztof|l= 2 7.214+0.30 log
CFU/gE2 Z&agt.
o L. plantarum EM: &g T 24A|Zt0| z|Cf MIAFol £Est0 2F 9.70+0.15 log
CFU/ge LIEtH 20 48A|1ZI7tX| SFX|E.
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* W. koreensis DB1

— ASte| 42, MolZol M= &S| M5 AKX pEden YHE = o|ZofAM
oFzkol AlStol IAE.

— £0ko| A2 do|ZoM SRel £50| Eof Hyen Ys M o|ZdolM= #®Itet
ot=27|ol| 2fslf 2kztel £25t0| LIAZ. wWE = n|Zol|AM= &8t0| M5 ZIAXIX| 2.

- 24E ¥ o|ZolM FEZELD 045k BHo| A5 ZIAX|= ghH Mo|Zofl M=
X Fetr|et 22 et Axl =2 Zol ZHE.

- &g M o|ZEct 25 F o|ZoAM F=EZHR =X oLt nask Bto| E7tsHod
1557 =4 LEY. O 5 SZAx w€E T 0| JE =2 7SR E
LHEF

= M0|Z(1.08]) o] 245 & BIHEX4.08), SZHAX(.08)7IH =2 7|STE LIEH].

Table 1. W. koreensis DB12| o|ZUEE 2 SZAHAL
g M s ¥
gne o= =2 gz £2
AIBE 1.1+0.4° 2.9+0.6° 2.8+0.72 3.0+0.8°7 3.0£0.87
8¢ 4.8+0.5° 2.5+0.9° 2.4+0.9° 1.940.6° 1.940.6°
HEE 2.1+0.8° 2.8+0.5° 2.8+0.5° 2.8+0.5° 2.8+0.5°
ASE OF 1.3+0.5° 2.640.5° 2.6%0.5° 4.440.52 4.4+0.52
=H AY 4.84+0.52 2.440.7° 2.440.7° 1.5+£0.5° 1.5+0.5°
==z 2.4+1.6° 2.540.9° 4.9+0.43 2.5+0.9° 4.940.4°
Aol F| 4.4+0.72 4.4+0.72 4.4+0.72 4.4+0.72 4.44+0.72
2471 4.9+0.42 2.6+0.7¢ 3.940.4° 2.4+0.7° 3.940.4°
5% 1.0+0.0¢ 2.940.6° 3.0£0.8° 4.0+0.0° 5.0+0.02
* Values in same column with different letters indicate significant difference (p<0.05)
* [. plantarum EM
- At A gtg = o|ZolM ZTh ABEo| =4R 0l= homod el HA&HQ! L.
plantarum EM2| & MM S| 2|st Ao 2 AlRE.
- 28 =T oo =AZ0o| FEH X0 X|F27|F &2 2 FIF =IHXIX]
ot e{Lt st AMloto =z sl 7| 7F YA HotEld w2t AlZ&IIE Q]
AEH[OFE A (0.1%) H7Ist0] EsS AA[E AHH|otE HIlst 2 F=
o|ZolAM AlBlo| E20{&10 <kZte| cittnt 84 A S BHo| AN 7|5 E7t
Solete A8 =ole = US.
= Mo[Z(1.08) tjd| Y& T HSHX(4.08), sZAE(G.0H)7IH =2 7[SEE LIEH
£35], AHH|o} AI} & 2k 1.2~2.4 =2 7| EE LIEH,
Table 2. L. plantarum EMS| D|ZuEsE 2sHAL
o)z _ dtg M _ Hg § HEFE_i + AH|d|o}
= =2 HE o | = =Z
AlCH 1.1+0.49 | 1.94£0.4° | 1.9+£0.4° | 5.0£0.0° | 5.0+0.0° | 4.1+0.4° | 4.1+0.4°
£20t 4.84+0.5% | 1.5+0.5° | 1.5£0.5° | 1.5£0.5° | 1.5+0.5° - -
ok 2.3+0.7% | 2.6+£0.5° | 2.6+0.5% | 2.6+0.5% | 2.6+0.5% - -
A8 | 1.14£0.4° | 2.1+£0.4% | 2.14£0.4% | 2.140.4% | 2.1+0.4° - -
=HAY 4.8+0.5% | 1.4£0.5° | 1.4+0.5° | 1.1£0.4°> | 1.1+0.4° - -
==zt 2.3+1.5° | 4.0+0.0° | 5.0+£0.0% | 4.0+0.0° | 5.0+0.02 - -
Abaj F| 4.440.7% | 4.4+0.7% | 4.4+0.7% | 4.4£0.7% | 4.4+0.72 - -
27| 4.940.4% | 2.5+0.5° | 3.6+£0.5° | 1.9+£0.8¢ | 3.64+0.5° - -
I E 1.0£0.0% | 3.04£0.0° | 3.0+0.0° | 1.94£0.4° | 1.940.4° | 3.1+£0.6° | 4.3+£0.42

= Values in same column with different letters indicate significant difference (p<0.05)
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2h) 7lsd "ot
@ I AHES
* W. koreensis DB1
1 DB19| &<, wa M/ ojdel ZAHE MAHS AHO|E LIERHX] 243,
1AHAE A7 ZIfo|ME LEECE Hi2F ZHo| DB12 Z2AHE MASE 7HX 2
UX| A4S, ol SE/EBHUEE HZ wa /= old 25 2F 9~10%2]
ZAHE HAHSS LIEHE.

Table 3. W. koreensis DB12| n|ZutgE Zg|AHE MHS

Unit @ %
0.5% Oxgall 0.5% TDCA

teg M 9= 9.9+0.4 10.2+£0.0

e = 9= 9.8+0.4 10.0£0.3

He M =4 9.8x0.2 10.2+£0.3

g = &4 10.3+0.2 9.7+0.6

* L. plantarum EM

D EMe| Z2, 2E M o|Ze| ZAHE MAHSO0| 2F 9%el ttHo| e =
Ze2|AHE MHS2 oxgall 7|FE 2 60~69%, TDCA 7|&F 2 23~30% =
ZIIgt Ae 2 = US. Ol= L. plantarum EM At#2 ZE|AHE S&s
MAHE= A2 =2 AR E (Ref: Cholesterol-lowering effects of a putative probiotic

strain Lactobacillus plantarum EM isolated from kimchi(2015) LWT-Food Sci &
Tech, 62, 210-217).

Table 4. L. plantarum EMe| D|ZeSE Z|AHE MAHS

Unit @ %
0.5% Oxgall 0.5% TDCA
gt M s 9.7£1 1 9.3+3.1
e T AE 69.4%+0.3 30.0x4.5
e o =& 9.5+1.2 8.4+0.8
gte = 24 60.5+2.5 23.8+3.8
@ =L El ot
« W. koreensis DB1: DB12| A%, &g T HdEZAHXE1 SZBHETE Z5F0A
QELEICZ 2MMs5| MatE|= AW 2ele = JUS
« L. plantarum EM: EM2| A, otZ27|H0A LELEICZ MR X 2AZF

DB1 EM

>
=
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=
=
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nE
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]

Figure 3. W. koreensis DB12} L. plantarum EM D|Zdeg &2 QZL{El TLC Z1}
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L Mojgel BIIME 2N ZI} & 53
b oo Z
—

H

o MEo| A

o D%El.

0| & acetic
5-hydroxymethyl
6), 2—furanmethanol

(Ref: Analysis of the

M
n
>o 0

acid(22.14%)7t 7}&F e & A A0 O Cclgee=z2s
furfural (16.35%), fufural(15.59%), benzaldehyde(6.16%
(3.24%) s0| ZE=A20q o2 o|ZoM HAEEH JUS
key aroma volatile compounds in rice bran during storage and processing via
HS-SPME GC/MS(2021) J Cereal Sci, 99, 103178). EESF green, hay2t 20|
X Z27| 2 YME Y= MESZ heptanal, octanal, 2-nonenal, 2—-decenal,
nerol oxide= do|ZoMet AE= Q{20 O 2 2-octenal, 2-methyl propanal

% 1439 green, hay, fresh 52 2™ SEM42 U= HE0| AE =AU Z(Ref:
Determlnatlon of flavor components of rice bran by GC-MS and
chemometrics(2012) Analytical Methods, 4, 539).

= MolZd T2 g7|ME2 heptanal, octanal, 2-nonenal, 2-decenal, nerol

oxide, 2-octenal, 2-methyl propanal S green, hay, fresh$t 25 EMZ
78l ME2o| ctE HEE.

HI

Table 5. Aoj&e| &7|M
Unit : Relative peak area (%)

No. Compounds No|Z
1 Acetone 1.75
2 n,n—Dimethyl methylamine 0.16
3 Formic acid 0.96
4 2—Methyl propanal 0.43
5 Acetic acid 2214
6 2-Methyl butanal 0.43
7 1-Hydroxy—2-propanone 0.16
8 Propanoic acid 0.42
9 Pentanal 0.97
10 Pyrrole 0.12
11 1-Pentanol 0.40
12 Furan, 2,3—-dihydro—4—-methyl 0.23
13 Hexanal 1.67
14 3(2H)-Furanone, dihydro—2-methyl 0.17
15 Methyl pyrazine 0.14
16 Furfural 15.59
17 2-Furanmethanol 3.24
18 Acetoxyacetone 0.31
19 4—Cyclopentene—1,3—dione 1.45
20 Heptanal 0.27
21 2(5H)—Furanone 1.01
22 Butyrolactone 0.17
23 2,5—Furandione, 3—methyl 0.13
24 2-Heptenal, (E) 0.41
25 5-Methyl, 2—furancarboxaldehyde 2.63
26 Bezaldehyde 6.16
27 2,4-Dihydroxy—2,5—-dimethyl-3(2H)-furan—3-one 0.34
28 2-Pentyl furan 1.35
29 Octanal 0.40
30 1H-Pyrrole—2—carboxaldehyde 0.76
31 3(2H)—-Furanone, 4-hydroxy-5—methyl 0.18
32 Pantolactone 0.87
33 2-0Octenal 0.15
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34 2,5—-Furandicarboxyaldehyde 0.88
35 3-Pyridinol or 4-Pyridinone 1.66
36 Nonanal 1.57
37 3—-Methyl pentanal 0.52
38 4H-Pyran—-4-one, 2,3-dihydro—3,5-dihydroxy—-6—methyl 2.01
39 2-Nonenal, (E) 0.33
40 Decane 0.20
41 2,3-Dihydro benzofuran 0.43
42 5—-Hydroxymethyl furfural 16.35
43 4-0Oxononanal 0.11
44 2-Decenal, (E) 0.31
45 5-Acetoxymethyl-2—furaldehyde 0.81
46 2—-Methoxy—4-vinylphenol 1.07
47 2,4-Decadienal, (E,E) 0.56
48 Nerol oxide 0.15
49 Vanillin 0.72
50 n—Hexadecanoic acid 2.93
51 9,12-Octadecadienoic acid 0.51
52 Oleic acid 3.01
53 Stearic acid 0.30

SUM 100.00

- W. /(Of@@/?S/S DB1

A o|zto 7:‘0’ AZ SHA=E

=13
=9
SEY
S

0| 2|

EOlM 2z 515, 4482
|8 80| EMEon O & acetic acid(28.63~35.09 %)2| &zo| 7}&

=7 LIElE. aclg e 2= 4H-pyran—4-one, 2,3—-dihydro—3,5 —dihydroxy—
6—methyl(4.59~11.54%), 3—methyl butanal(4.52~10.17%), fufural (3.76~
7.78%) S0| =7 A&=. wa M o|ZoM+= green, hay § £ HME LIER =

|

2—-methyl propanal, 1-hydroxy—2—-propanone 2} nutty, malty & Zd2}F2|
D45 &8 W= 2-methyl butanal, fufural,
AZE=AS(Ref: A comprehensive analysis of aroma compounds and

microstructure changes in brown rice during roasting process(2018) LWT

Food Sci & Tech, 98, 613-621).
£ ojze| Fe, FEUXA

12 o juz

N oA o ru\' fol

=

ME = sweetdt &2 U=

a—hydroxyisocaproic acid?} 7{Im| sk,

ol

\J

0

=3
17X M= 73 E I B2 Fo
SZ A=Al acetic acid(14.24~15.15%),
ool A&=U2end O 2 oleic acid(3.89~11.22%) S0l A&EE. H&=
Hoz

LIEHH= HWe=z 22X hexanoic acid,

dlI-Mevalonic acid lactone, tryptophol,
4tE ¥ ojZollAMt AEE. S8 DA I} £

SZAZO|M= 2-vinyl furan, 3—-methyl

acetate, 2-furoic acid, benzoic
1—furfuryl pyrrole0| FsHH A&E=0q &

2—acetyl pyrrole S0| SA|of

& 63719 gU|dEol HAEEHIU20
v|dEo] HE=AMS. g5 = old

lactic acid(16.64~ 29.16%)=

224X propylene, glycerin,

Ctax=Z3olLt efelnt 22 UaFHE

pyrazine, 2-ethyl-3,5—dimethyl,

_— o

hexadecanoic acid, ethyl ester &

oo| EEo1al ApO = =
7ol &Xet &= WHE L2 F

butanoic acid, 2-hexanol, phenaol,
trimethyl pyrazine, 1H-pyrrole—2—carboxaldehyde—1-methyl, 2-butoxyethyl

acid,

oz ZHWez Al=zE(Ref: Comparison
compounds in rice fermented by different lactic acid bacteria(2019)

Molecules, 24, 1183).

w W. koreensis DB12| D|ZUE =2 T ME2

1-(2-furanylmethyl)-1H-pyrrole,
B—-rlgl' J—|'0|°|: 9|_0|OI:J_|_ I:II-AI_DI oI: |:o|

of volatile and nonvolatile

—

propylene, glycerin & sweetst



]

2 L= ME21} hexanoic acid, pyrazine, 2—ethyl-3,5—dimethyl, dl-Mevalonic
acid lactone, tryptophol, hexadecanoica cid, ethyl ester S A8t & FH il &k,
eiols claxgalsg = MAE0| HEE. S|, 48§ F sZAEZSo|Agt

S,

0

HEE MEES 2-vinyl furan, 3—-methyl butanoic acid, 2—-hexanol, trimethyl

F

toxyethyl acetate, 1—-(2—furanylmethyl)-1H-pyrrole S22

pyrazine, 2-bu
128t wakle e ME.

nEay anl

00|| [\)

oa'-

APSE

o T

Table 6. W. koreensis DB1 D|ZWUEE
Unit : Relative peak area (%)

9E N 90E =
No. Compounds o= = o= T%’é
1 Ethanol - - - 6.31
2 Acetone 0.89 1.76 0.55 -
3 n,n—Dimethyl methylamine 0.23 - - 2.01
4 Formic acid - - 0.12 0.36
5 2-Methyl propanal 4.39 2.34 1.61 1.76
6 Acetic acid 28.63 35.09 15.16 14.24
7 Imidazole - - 4.34 -
8 3-Methyl butanal 10.17 4.52 1.04 1.35
9 2—-Methyl butanal 4.20 414 1.39 1.47
10 1-Hydroxy—2-propanone 2.29 - - -
11 Propanoic acid 0.66 0.70 - 0.47
12 Pentanal - 0.50 - 0.84
13 2-Vinyl furan - - - 0.26
14 2—Heptanol or 2—-Butanol, 3—methyl 0.26 - - -
15 Isopropyl alcohol 0.12 - 0.23 0.79
16 Propylene glycol - - 0.39 0.53
17 Pyrrole 0.26 0.38 0.27 0.83
18 Acetamide - - - 2.1
19 2,3—Butanediol 0.13 - 0.23 0.19
20 Hexanal 0.30 0.78 0.31 0.86
21 3(2H)-Furanone, dihydro—2—-methyl 0.10 0.23 1.45 0.42
22 Methyl pyrazine 0.47 0.30 0.35 0.61
23 Furfural 3.76 7.78 0.95 3.69
24 1H-Pyrrole, 2—-methyl 0.17 - 0.15 0.15
25 3—-Methyl butanoic acid - - - 0.15
26 2—-Furanmethanol 1.57 2.41 0.15 0.51
27 Acetoxyacetone - 0.16 - -
28 Lactic acid - - 29.16 16.64
29 4—Cyclopentene—1,3—dione 1.01 1.93 - 2.75
30 2—Hexanol - - - 4.76
31 2(5H)-Furanone 1.09 1.22 - 0.41
32 Butyrolactone - 0.94 - 0.61
33 2,5-Dimethyl pyrazine 1.15 - - 0.91
34 3-Ethyl-1-methyl-1,2, 4-triazole - - 0.21 -
35 5-Methyl, 2—furanmethanol 0.60 0.46 0.25 -
36 2-Heptenal, (E) - 0.22 - 0.24
37 5-Methyl, 2—furancarboxaldehyde 1.58 3.15 0.41 1.63
38 Benzaldehyde 0.23 0.49 0.15 0.51
39 Phenol - - - 0.27
40 Hexanoic acid - - 0.14 0.36
41 2,4-Dihydroxy—3,5—-dimethyl-3(2H)-furan—3-one 0.91 0.72 0.12 -
42 2—-Pentyl furan - 0.67 0.19 1.04
43 Glycerin - - 0.91 0.24
44 2—-Ethyl-6—methyl pyrazine 0.27 - 0.16 0.38
45 Propanamide, 2-hydroxy - - 0.66 -
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46 Trimethyl pyrazine - - - 0.75
47 1H-Pyrrole—2—carboxaldehyde—1-methyl - - - 0.29
48 1,2-Cyclopentanedione, 3—methyl 0.23 - - -
49 1H-Pyrrole—2—carboxaldehyde 0.26 0.66 1.97 6.26
50 3(2H)-Furanone, 4-hydroxy-5—-methyl 0.29 - - -
51 1-(2-Pyridinyl) ethanone - - - 0.16
52 Pantolactone 0.65 0.50 0.46 0.73
53 Benzeneacetaldehyde 0.91 0.60 0.18 0.18
54 Furaneol 1.15 0.25 0.53 -
55 2-Butoxyethyl acetate - - - 0.48
56 2-Octenal - - - 0.47
57 2-Acetyl pyrrole 1.89 1.22 0.34 0.23
58 2—Furoic acid - - - 1.85
59 Pyrazine, 2—ethyl-3,5—dimethyl - - 1.62 0.54
60 2,5—-Furandicaroxyaldehyde - 0.31 - -
61 2(3H)-Furanone, 5-butyldihydro—4—methyl, cis 0.22 - 0.30 0.73
62 3—Pyridinol or 4—Pyridinone - 0.93 - 1.99
63 Nonanal 0.25 0.72 0.18 -
64 2(1H)—-Pyridinone, 3—-methyl or Phenol, 4-amino 0.35 - - -
65 Maltol 0.71 0.53 0.27 0.63
66 a—Hydroxyisocaproic acid - - 2.08 0.51
67 1-(6-Methyl-2—-pyrazinyl)—1-ethanone - - 0.15 0.16
68 3—-Methyl pentanal - 0.45 - -
69 Succinimide - - 0.98 0.50
70 4H-Pyran-4-one, 2,3-dihydro—3,5-dihydroxy-6—-methyl 11.54 4.59 2.72 0.32
71 2(3H)-Furanone, dihydro—4—hydroxy 0.10 - 0.53 -
72 Benzoic acid - - - 0.15
73 Dehydromevalonic acid - - 0.26 0.48
74 1-(2-Furanlymethyl)—1H-pyrrole - - - 0.23
75 4H-Pyran—4-one, 3,5—dihydroxy—2—-methyl 0.50 0.42 0.54 -
76 2(3H)—-Furanone, 5-butyldihydro 0.35 0.57 3.47 0.57
77 2-Butyl pyridine - - 0.23 0.47
78 1H-Indole, 2,3—dihydro—1-methyl - - 0.22 -
79 2,3-Dihydro benzofuran 0.74 0.47 0.66 0.45
80 5-Hydroxymethy! furfural 1.76 5.92 - -
81 dl-Mevalonic acid lactone - - 0.25 0.41
82 5-Thiazoleethanol, 4—methyl 0.21 - 0.08 0.21
83 2—-Methoxy—4-vinylphenol 0.94 0.83 0.74 1.10
84 2,4-Decadienal, (E,E) - - - 0.18
85 Tryptophol - - 0.24 0.30
86 1,5-Naphthalenediol - - 0.18 0.40
87 Pyrrole, 1-methyl-2—(2—pyrrolidinyl) - - 0.05 -
88 Vanillin 0.23 0.35 - 0.15
89 1-Furfuryl pyrrole - - - 0.28
90 Benzaldehyde, 4—ethoxy - - 0.03 -
91 Phenol, 4-ethenyl—-2,5—dimethoxy - - 0.05 -
92 1H-Indole—5—carboxaldehyde, 2,3-dihydro—1-methyl - - 0.05 -
93 Tetradecanoic acid - - 0.1 -
94 p—Formophenetidide 0.13 - - -
95 n—Hexadecanoic acid 2.79 2.33 4.46 1.94
96 Hexadecanoic acid, ethyl ester - - 0.07 0.09
97 9,12-0Octadecadienoic acid 1.20 0.10 3.45 0.70
98 Oleic acid 5.91 6.18 11.22 3.89
99 Stearic acid 1.25 1.18 0.28 0.56
SUM 100.00 | 100.00 | 100.00 | 100.00
e [. plantarum EM
g M o|de A2, oleic acid(10.72~22.32%)0| 7}&F B2 & A& Qo0
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1 S22 4H-pyran—4-one, 2,3—-dihyro—3,5—dihydroxy—6—methyl (6.99~
19.19%), 9,12—octadecanoic acid(2.13~12.20%) 50| AZ=!. green, hay2}
Z2 £ HME U= 2-methyl propanal(2.56~1.65%)2 5-hydroxymethyl
furfuralol A Z&E (Ref: A comprehensive analysis of aroma compounds and
microstructure changes in brown rice during roasting process(2018) LWT
Food Sci & Tech, 98, 613-621).

gg = o0|de A2, lactic acid &&0| 2F 33.95~49.01% =2 7}& =4

A& o] 2ol = acetic acid(4.47~4.79%), n—hexadecanoic acid(7.58~
15.98%), 9,12—-octadecanoic acid(4.84~7.16%), oleic acid(13.09~14.98%)

S sour, fatty, vinegar-like &2 W= 20| ClzF AE=. 1 2| sweetst sk}

nelsks Y 7de =2 2Rl 2-putanone, 2-butoxyethyl acetate, benzeneacetic
acid, hexadecanoic acid, ethyl ester S0 ZZ&=[0f & &} ghi sF2st
HSFE W= W22 LIEIE(Ref: Volatile compounds produced by Lactobacillus
paracasel during oat fermentation(2016) J Food Sci, 81(12), C2915-C2922).

e

@ [. plantarum EM O|ZESES F MER2 |actic acidZ2 #sZEoZ Aoty
—

Alsko| HHE flel EAlZ AR K0 11 2| acetic acie, n—hexadecanoic acid 2

sour, fatty, vinegar-likeéfe2 W= =& 50| i HEE.

Table 7. L. plantarum EM D|Z&a &2 SI|ME
Unit : Relative peak area (%)

N ugE N us

0. Compounds F = FS =
1 Acetone 0.37 0.74 0.31 0.44
2 Formic acid 0.15 - - -
3 2-Methy! propanal 1.65 2.55 0.81 0.89
4 Acetic acid 5.79 14.63 4.47 4.80
5 3-Methyl butanal 4.02 512 1.54 1.42
6 2-Methyl butanal 1.85 3.55 0.65 0.75
7 Propanoic acid - - - 0.13
8 2—-Butanone - - 0.03 -
9 3—Hexanone 0.12 - 0.11 0.14
10 Propylene glycol - - 0.13 0.13
11 Dimethyl disulfide 0.06 - - -
12 Pyrrole - - 0.03 0.04
13 1-Pentanol - - 0.04 0.03
14 2,3-Butanediol - - - 0.10
15 Hexanal 0.17 0.45 0.12 0.17
16 Cyclotrisoloxane, hexamethyl - - 0.04 -
17 3(2H)-Furanone, dihydro—2—-methyl - - - 0.06
18 Methyl pyrazine - - 0.05 -
19 Furfural 2.42 5.22 1.20 1.95
20 2—-Furanmethanol 0.56 1.41 0.15 0.30
21 Lactic acid 1.41 3.14 33.95 49.01
22 4-Cyclopentene—1,3-dione 1.26 1.66 - -
23 2(5H)—-Furanone 0.45 0.84 - -
24 Butyrolactone 0.18 0.68 - -
25 2,5—-Furandione, 3—methyl 0.07 - - 0.14
26 5-Methyl, 2—furanmethanol 0.19 0.53 - -
o7 2-Heptenal, (E) - - - 0.03
28 5-Methyl, 2—furancarboxaldehyde 0.86 1.26 0.62 0.93
29 Benzaldehyde 0.11 0.23 0.13 0.10
30 Dimethyl trisulfide - - 0.04 -
31 Cyclotetrasiloxane, octamethyl - - 0.06 -
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32 2,4-Dihydroxy—3,5—-dimethyl-3(2H)—-furan—3-one 0.60 1.27 0.15 0.37
33 Boronic acid, ethyl diethyl ester - - 0.06 -
34 2-Pentyl furan - 0.54 0.06 -
35 2H-Pyran-2,6(3H)—dione - - 0.05 -
36 Glycerin 6.75 1.71 6.97 2.67
37 1H-Pyrrole—2—carboxaldehyde - - - 0.31
38 Pantolactone 0.28 0.52 - 0.39
39 Benzeneacetaldehyde 0.53 0.84 0.21 -
40 Furaneol 0.22 0.47 - 0.18
41 2-Butoxyethyl acetate - - 0.13 0.21
42 2-Acetyl pyrrole 0.21 0.45 0.14 0.16
43 Pyrazine, 2—ethyl-3,5—dimethyl 0.08 - 0.20 0.26
44 2,5—-Furandicaroxyaldehyde 0.10 - 0.07 0.09
45 1,2,3-Propanetriol, 1-acetate 0.18 - 0.29 0.07
46 3—Pyridinol or 4—Pyridinone 0.16 - - 0.11
47 Nonanal 0.17 0.31 0.15 0.15
48 Maltol 0.43 0.85 0.21 0.36
49 3—Methyl pentanal 0.21 0.82 1.02 1.60
50 Succinimide 0.23 - 0.28 -
51 4H-Pyran—4-one, 2,3-dihydro—3,5-dihydroxy-6—methyl 6.99 19.19 1.25 2.44
52 2(3H)-Furanone, dihydro—4—hydroxy 0.14 0.68 - -
53 Benzoic acid - - 0.25 0.32
54 Phenol, 4-ethyl - - 0.14 0.23
55 1-(2-Furanlymethyl)—1H-pyrrole - - 0.11 -
56 4H-Pyran—4-one, 3,5—dihydroxy—2—-methyl 0.67 1.10 0.39 0.47
57 2(3H)-Furanone, 5-butyldihydro 0.17 0.49 0.12 0.14
58 2,3—-Dihydro benzofuran 0.34 0.86 0.20 0.16
59 5—-Hydroxymethyl furfural 2.75 10.12 0.09 0.35
60 Benzeneacetic acid - - 0.03 0.02
61 5-Thiazoleethanol, 4—methyl - - 0.03 0.04
62 Salicylic acid - - 0.04 -
63 2—-Methoxy—4-vinylphenol 0.34 0.52 0.30 0.29
64 Tryptophol - - - 0.05
65 Vanillin 0.11 - 0.05 0.06
66 1-Furfuryl pyrrole - - 0.02 -
67 Phenol, 4-ethenyl—-2,5—-dimethoxy - - 0.01 0.03
68 Carbamic acid, methylphenyl, ethyl ester 0.15 0.25 - -
69 Tetradecanoic acid 0.09 - 0.12 0.09
70 Palmitoleic acid - - 0.03 -
71 n—Hexadecanoic acid 18.17 415 15.98 7.58
72 Hexadecanoic acid, ethyl ester - - 0.39 -
73 9,12-0Octadecadienoic acid 12.20 2.13 7.16 4.84
74 Oleic acid 22.32 10.72 14.98 13.09
75 Stearic acid 3.72 - 3.84 1.31
SUM 100.00 | 100.00 | 100.00 | 100.00
= S7|ME 24 A3} EMe| Z2 52~-577He| BY|HEo| ZES21T, DB1S| AP
= -

63~7370=2 &M Clfst e\ 20| AEE. 53], 2-vinyl furan, 3—methyl
butanoic acid, 2—hexanol, trimethyl pyrazine, 1H-pyrrole—2—carboxaldehyde—1—-methyl,
1-(6—methyl—2—pyrazinyl)-1—ethanone, 1H-indole—2,3—dihydro—1—-methyl, dl-mevalonic
acid Iactone benzaldehyde—4—ethoxy S HEZo| A5t sknf ofolo| dhg F |
S5 Ao StEot Melss W= MAES0| DB10IA CHEF HAEE.
AP Z1el Ax|5l= ZIZ W.koreensis DB12| n|dea s
I 20 ISt o=z =2 J|STE LIEH.

7|%: DB1(5.08) > EM(1.98/AH|H|ot &It F 4.3%)

rfo




3) 7| n|UdUSHES ME 24
7} Yt
* W. koreensis DB1
T2 SRS UF1~5%2 LIEtGon] =328 2 8~9%, =X|U2 2k 15~18% =
LIEML. AEHxEo| =&0| &&0| 2k 3.99~5.41%=2 SZUXE (1.41~
1.87%)2Ct =57 =2 T& TS LIEHY.
Table 8. W. koreensis DB12| D|ZUSHE LRMEE 24
Unit © %(w/v)
Content Moisture Crude ash Crude fat
o ZAx t'a‘ifi 7&* 5.41+£0.54 8.30+0.18 15.89+0.46
e 5 3.9910.43 8.72x0.12 16.48+1.21
= 247 a3 A 1.87+1.06 8.57+0.08 17.82+0.86
°== gHe 5 1.41+0.80 9.22+0.56 18.38+0.67
e L. plantarum EM
DR e A 1~4%=2 LIEERCn =322 of 9%, =XU2 o 16~18% =
LIEHE. DB1Z} OFRIX| 2 B EH T S(4.86~4.94%)0| SZHZ=(1.86~2.01%)
Hoh g2 $2 S LEGon| ols AXgAle| e Ao|2 ALRE.

Table 9. L. plantarum EM2| D|ZYUSHE LBME B4
Unit :© %(w/v)
Content Moisture Crude ash Crude fat
of 7 > gt M 4.86+0.93 9.13+0.24 16.84+0.23
=51 = P
EL = 4.94+0.76 9.67+0.30 16.82+0.54
=47z =il 7‘._1 2.01+1.18 9.61+0.91 17.88+1.50
g = 1.86%£0.58 9.74+0.74 18.25%£1.43

L g ME
. walg

- W. koreensis DB1

e ™ o|dol|AM = sucrose(61,269~75,557 mg/kg)2t glucose (56,605~
sucrose= A Zof &rE =o|od

80,531 mg/kg) &0l 7+ =4 LiEHH.

XA E Mojze| gelg 24 Z1l) glucoses
T g

it 2E = AHEE

?ls
HMolst Rel=ed. we = o|ldollM= W. koreensis DB12| ZTHAlsol 2|5
glucose®t fructoseZt 25F 2ZEHE =ele = US(IAE L tiAts 2o
Table 10. W. koreensis DB12| o|dets & oY &2
Unit : mg/kg
Content Hg ™ g
Sucrose 75,557+£28,323 62,224+1,141
Glucose 56,605+8,703 -
e Fructose 3,067+210 -
Mannitol 7,587+1,084 14,296+3,337
Sorbitol 2,817+3,630 5,348+163
Total 145,632+50,949°2 81,869+4,6422
Sucrose 61,269+355 62,362+£778
Glucose 80,531+696 -
=AM E Fructose 4.270x+41 -
Mannitol 8,773+140 14,642+3,731
Sorbitol 2,658+119 5,473+415
Total 158,201+1,3512 82,477+14,9262

* Values in same column with different letters indicate significant difference (p<0.05)
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- L.

plantarum EM

s gtg ™ o|ZdolM sucrose(56,266~60,073 mg/kg)2t glucose(48,569~59,150

mg/kg) 20| J7I& =7 LIEIG2n] o= DBl SYst O| 72 AlRE. &5
= o|Zdol M= L. plantarum EM2| YL Alsoll 2|3 glucose2t fructoseﬂ 25
2XES =elg = AS(Ref: HZIE A EQ AFSF MO E st o|M=E 7l
MASHAH 7HeH(2016) DEIIZIR|A ZET7|S7H ALY, %%éﬂﬁ%f)
Table 11. L. plantarum EMS| D|ZdegE || &2t
Unit : mg/kg
Content Hs N g &
Sucrose 56,266+9,557 ,998+9,616
Glucose 48,569+11,346 -
AZAx Fructose 8,112+2,468 -
Mannitol 8,306+405 6,608+3,703
Sorbitol 4,648+153 3,449+1,750
Total 125,903+23,6252 53,056+6,6142
Sucrose 60,073%£11,419 47,954+6,960
Glucose 59,150+4,318 -
EAME Fructose 12,322+4,699 -
Mannitol 5,983+4,329 6,555+3,056
Sorbitol 3,225+2,637 2,900+616
Total 140,754+14,6532 57,410x7,1442

* Values in same

=%

column with different letters indicate significant difference (0p<0.05)

|-k

- W. koreensis DB1

o

te ™ o|ZdolME= lactic acidZt 2F 17,980~17,986 mg/kg2 =2 7% =7

Eldeni o|= ol &4 HIIE corn steep liquor W &R |7|AMAS
S5t Z(data not shown). & ¥ o|Zo|M= lactic acid(55,663~56,845
o/kg)2t acetic acid (2,265~2,591 mg/kg)el 7|4 &2fo| IA S7}
e W. koreensis DB1 &t&ol 2|st

Characterization of high—ornithine—produing Weissella koreensis

N
o M

F

3 g

ol

0{ O|= hetero—fermentative type<|

4 21 (Ref:
DB1 isolated from kimchi and its application in rice bran fermentation as a
starter culture(2020) Foods, 9, 1545).

W
O?

Table 12. W. koreensis DB12| n|deaE R7|AF &2F
Unit : mg/kg
Content oy ™ ug§ £
Citric acid 4.167.72x276.04 4.677.25+463.12
Fumaric acid 149.08+0.85 161.28+£0.23
HEAH=E Lactic acid 17,980.78+127.40 56,845.35+566.35
Acetic acid 888.56+89.45 2,591.87+£322.71
Total 23,1861+493.742 64,275.75+1,352.412
Citric acid 4.112.31+£268.17 5,036.64+884.29
Fumaric acid 165.50+3.57 150.27£1.35
SZH= Lactic acid 17,986.51+405.21 55,663.99+1,585.98
Acetic acid 905.20%41.85 2,265.39+840.68
Total 23,169.52+718.80% 63,116.29+3,312.30°

* Values in same

column with different letters indicate significant difference (p<0.05)
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- L. plantarum EM
. DB1Z} opEIX|2 g5 M o|do M= lactic acid(17,199~17,745 mg/kg)
ol JtE = LEte, d o|ZollAM lactic acid(91,979~ 93,918
mg/kg) 2ol ol IAH S5k AS & = AUS. 0|= homofermentative
type®!l L. plantarum EM 250l 2|8t 22 ALZE (Ref: Rice bran
fermentation using Lactiplantibacillus plantarum EM as a starter and the
potential of fermented rice bran as a functional food(2021) Foods, 10, 978).

Table 13. L. plantarum EM2| D|ZdeaE R7|4A &
Unit : mg/kg
Content g M Hs &
Citric acid 1,332+2,119 -
Fumaric acid 41+67 35+57
EENZT Lactic acid 17,199+1,044 91,944+3,065
Acetic acid n.d n.d
Total 18,573+2,3252 91,979+3,008°
Citric acid 1,470%+2,369 1,284+1,119
Fumaric acid 43+71 57195
SZEH= Lactic acid 17,745+2,136 93,918+8,015
Acetic acid n.d n.d
Total 19,258+3,793?2 95,259+9,028°

* Values in same column with different letters indicate significant difference (p<0.05)

PR
- W. koreensis DB1
cubg M oo|Zdz we = o|ZolAM myristic acid, palmitic acid, palmitoleic acid,
stearic acid & & 1132| X|ghdto| HAEH. AEE XA F oleic acid(52~54
mg/g), linoleic acid(45~47 mg/g)7t 7}& =7 ZAE=Yen I 2 2=
palmitic acid(23~24 mg/g)7t =7 HEE. wa M/Fet AZUH(EZ/S5Z)
of w2 XIo|™E LtEILIX| 25

LS = -

Table 14. W. koreensis DB12| o|Zits & X|EHAL &HEF

Unit : mg/g
Content g M is 5
Myristic acid 0.43%+0.01 0.73%£0.05
Palmitic acid 23.46%0.70 24.74+0.58
Palmitoleic acid 0.224+0.01 0.231£0.01
Stearic acid 1.93+0.19 2.04%£0.09
Oleic acid 52.46+4.94 54 .58+2.51
Linoleic acid 45.85+3.88 47.74+2 .45
Alpha-linolenic acid 1.64£0.09 1.72+£0.07
Arachidic acid 0.691+0.11 0.72+0.04
Eicosenoic acid 0.69+0.10 0.71+0.04
Behenic acid 0.53£0.07 0.61£0.10
Lignoceric acid 1.24+0.18 1.30+0.09
Total 129.18+10.282 135.18+6.03°2
Myristic acid 0.42%£0.02 0.78+0.05
Palmitic acid 24.18+1.65 24.69+1.31
Palmitoleic acid 0.22+0.02 0.23%+0.00
Stearic acid 1.96+0.21 2.03%+0.15
Oleic acid 53.44+£5.28 54.39+4.54
Linoleic acid 46.94+4 .81 47.64+4.18
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Alpha-linolenic acid 1.69+0.15 1.72+£0.13
Arachidic acid 0.69+0.08 0.71+0.07
Eicosenoic acid 0.69£0.08 0.71£0.07

Behenic acid 0.594+0.11 0.61+0.13
Lignoceric acid 1.24+0.16 1.29+0.15
Total 132.11+12.572 134.85+10.782

* Values in same column with different letters indicate significant difference (p<0.05)

- L. plantarum EM
. DB12}t OpEIIX| 2 & 1132 X[2ato] AZE =20 0] & oleic acid(60~63
mga/g)2t linoleic acid(50~54 mg/g)7t 7t& =7 LIEML. &g M1p &,
AxgH(EE/SZ)ol o2 Xto|HE 2 LIEX] 45

[Eg =

Table 15. L. plantarum EM2| o|Zets & X|dhA &2k

Unit : mg/g
Content g M s 5
Myristic acid 0.44+0.02 0.46+0.03
Palmitic acid 26.93+1.88 26.20%1.44
Palmitoleic acid 0.25+0.01 0.24+0.01
Stearic acid 2.25+0.24 2.27%+0.24
Oleic acid 60.91£6.37 60.41£6.72
- Linoleic acid 53.53+5.72 50.96+5.39
= Alpha-linolenic acid 1.92+0.18 1.81+£0.14
Arachidic acid 0.81+0.11 0.85+0.15
Eicosenoic acid 0.80£0.10 0.84%+0.14
Behenic acid 0.66+0.07 0.66+0.09
Lignoceric acid 1.49+0.20 1.50£0.23
Total 149.97+14.862 146.20+13.752
Myristic acid 0.48+0.05 0.55+0.18
Palmitic acid 26.58+1.50 26.56+2.05
Palmitoleic acid 0.26%+0.01 0.25+0.02
Stearic acid 2.34+0.19 2.30£0.33
Oleic acid 63.431£4.93 61.70£8.18
Linoleic acid 54.69+£3.55 51.82+5.37
Alpha-linolenic acid 1.90+0.11 1.81+£0.12
Arachidic acid 0.89+0.15 0.87+0.19
Eicosenoic acid 0.87x0.11 0.86+0.17
Behenic acid 0.67%+0.08 0.69%£0.11
Lignoceric acid 1.54£0.19 1.57+£0.29
Total 153.65+8.982 148.98+16.19°2

* Values in same column with different letters indicate significant difference (p<0.05)

o 22|ota| At
- W. koreensis DB1

D etg M we = ojZoMe & 2159 wElolo|tto] HEE. ol F
argl
=

ornithine MM S 2|t 75t a n|ne9| 42 &a HMol|l= 2F 23,000~35,000
mg/kgl 2 LIEIGon] g o= 167~413 mg/kgl 2 ZAZE S selsigin
gtHO| ornithine2| 4 g Mol= AEEHX FU2L 2E Fofl= <F
19,000~22,000 mg/kgZ7tX| S7tE S &elstUS. ol= W. koreensis DB12]
ofo| &t CHALE S8l arginineO| ornithine2Z MEEHASS L = AUS(Ref:
Rice bran fermentation using Lactiplantibacillus plantarum EM as a starter
and the potential of fermented rice bran as a functional food(2021) Foods,
10, 978).
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Table 16. W. koreensis DB12| O|ZYUEE

waloto| =4k o

Unit : mg/kg
Content g N Hg 3
Aspartic acid 929.76+19.82 1,407.62+£86.06
Glutamic acid 1,543.38+700.40 1,498.291+449.35
Asparagine 1,423.421£639.41 1,344.631£459.22
Serine 679.12+102.04 917.13+122.66
Glutamine - -
Histidine 253.16+50.91 353.88+66.36
Glycine 501.11+271.07 647.90+£316.83
Threonine 519.84%+16.20 562.90+42.87
Citrulline 117.40£10.71 7,955.491+645.38
Arginine 33,409.77£502.30 413.47+£29.97
Alanine 1,922.461307.24 4,487.18+£647.49
FEAE GABA 579.35+46.67 1,036.69+121.91
Tyrosine 656.81+28.36 745.54+27.18
Valine 865.79+409.81 1,458.30+660.30
Methionine 304.26+142.86 257.36+108.80
Tryptophane 235.59+115.76 1,716.43£1,060.59
Phenylalanine 660.61+91.53 615.42+468.62
Isoleucine 477.47%+217.83 731.99+£338.27
Ornithine = 19,911.77£242.35
Leucine 1,434.69+67.83 651.03+80.99
Lysine 570.08%+349.16 849.97+374.47
Proline 1,570.06+714.95 1,964.02+£689.60
Total 48,654.13+4,804.86° 49,527.01£7,039.27°2
Aspartic acid 1,079.93+£32.54 1,488.06+£25.18
Glutamic acid 1,941.98+693.51 1,604.87+£463.55
Asparagine 1,958.14+713.87 1,302.43+542.63
Serine 898.31+75.30 929.87+123.51
Glutamine - 56.61+£4.37
Histidine 420.94+15.24 383.52+43.97
Glycine 587.62+247.35 672.36+342.44
Threonine 634.44+18.98 614.09+14.00
Citrulline 115.71£1.01 7,090.05+617.06
Arginine 35,170.40£59.04 167.37£92.72
Alanine 2,294.93+£232.18 4,573.38+£543.14
SAU= GABA 977.98+14.66 1,008.09+103.03
Tyrosine 878.75+17.02 762.63£14.92
Valine 1,385.84+573.28 1,503.97+679.35
Methionine 612.86+267.17 315.12+162.91
Tryptophane 253.28+155.54 1,729.41£995.85
Phenylalanine 771.94+£372.51 318.18%+53.41
Isoleucine 772.86+329.64 755.75+354.41
Ornithine = 22,309.02+298.16
Leucine 2,215.14+£34 .15 578.88+44.67
Lysine 1,018.86+475.47 888.62+440.87
Proline 1,482.98+416.66 2,160.33+£88.99
Total 55,472.89+4,745.12° 51,212.61+6,049.14°

* Values in same column with different letters indicate significant difference (p<0.05)

- L. p/am‘arum EM
5 Mo} gbs

H(2E/

CI3

[ m'I
FH t0|

olZoIME & 215
Z2)ol|

Frelofof =4t

- 133 -

tol=tho] A&, La Mt =

o #2lo
22| Xto|H 2 LIEHR] EUAS.



Table 17. L. plantarum EMS| D|Zdd s = {foloto| A &haf

Unit
Content g ™ ug =
Aspartic acid 952+52 893+119
Glutamic acid 1,080+64 788+246
Asparagine 1,335%170 1,235+105
Serine 760x£150 41+8
Glutamine 1017 10118
Histidine 279168 359+73
Glycine 373%69 577+£103
Threonine 616145 501+£116
Citrulline 33+29 34+30
Arginine 146129 1,584+106
Alanine 2,241+691 2,250+£807
FEHAE GABA 779%£210 1,089+£192
Tyrosine 656£53 475+87
Valine 795+143 1,105x170
Methionine 267+41 313+£36
Tryptophane 231£172 169+£160
Phenylalanine 719157 584190
Isoleucine 444481 538+105
Ornithine 185+186 96+£106
Leucine 1,741x£214 1,955+151
Lysine 542+194 603+237
Proline 1,828+135 1,934+190
Total 16,951+2,8422 17,143x2,1422
Aspartic acid 1,158+40 1,137+317
Glutamic acid 1,019+372 8621241
Asparagine 1,640x74 1,201x257
Serine 952+135 328+488
Glutamine 11£19 24+41
Histidine 424+57 419%+17
Glycine 470%£69 616111
Threonine 723£110 585+101
Citrulline 38+33 38+33
Arginine 1,722+29 1,648+92
Alanine 2,586+£590 2,082+1,031
SZH= GABA 1,315+£363 1,237156
Tyrosine 855166 591+185
Valine 1,142+£122 1,196+146
Methionine 504+46 304+£87
Tryptophane 259+157 129+50
Phenylalanine 999+77 509+235
Isoleucine 624+£92 61177
Ornithine 83+84 94+106
Leucine 2,393+102 1,642+£967
Lysine 8481274 680+229
Proline 1,975+169 2,057£148
Total 21,751+1,3392 18,000+2,202°

* Values in same column with different letters indicate significant difference (p<0.05)
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¥ 4z g4of| mE o]
O et 7 BEHZ(2 3~5 %) T= 0| SEU=( 1%) 20t =4 HEH.
ol 2 =3F1t =Xl oM = 7elH X0|E HEIHX| 3.
@ ®ElE: 3= & REF 0| SEU=EECH A HENRSL 7o/H
Aol fs.
® 77t dFAUxe SZEUZO| WE F 77k o= A0lE HEX &S
@ Xt dFAxe SZEAZO| WE F Xk stEoll= Aol E HEX] §S.
® weElofo|eth AFHxet SZEA=XO wWE F FElolo| it SHEol= A0|E
LIEFLHX] Bb=
¥ ool wmeE Xtol

M DB12| glucose &2 (2F 56,000~81,000 mg/kg)0l EM(f
48,000~59,000 mg/kg)2 2 ciax =7 LIEHE. ol= DB1el ws =[AMsSIE
3 &A7FSt glucose EHE0| 2% 2 EM(1%)2Ct =7| 222 AtzE . E3H
2 ¥ DB12| mannitol &(2F 14,000 mg/kg)ol EM(2F 6,000 mg/kg)ECl
LiEt Ol w2t & RelS &tZFol DB10| oMoz =H LiEHH.
[AF 2t = EMO| & R7[4F & &2 2F 92,000~95,000 mg/kg2 2 DB12|
w74 2+2H(63,000~64,000 mg/kg) 2t =7 LtEFE. Ol= DB12| &<,
heterofermantative® F4t#0|12 EM2| &%, homofermentative® F&HF2E
Yo 2 8E S hALSHE XPO|2 04 A4 A
@ X|gHE JFol w2 F X|ghak gtEfoll= kol E LIEHH K] 2iE.
® weElofo| ik 2t M DB12 shzko| 2
EM(2F 100~1,000 mg/kg)£Ct
(=13

—
27|dg FItei7| llEe. 45 = DB19 A|EEE 1t 2LELE 0| =2
=

L 43} xal, AWl BYS RS LEHIX| 2
k=2

40 Hir nz 4o
N

N

OB

— — == IrT —
OlRE of27|HE tiAlsl AlESRIT 22U ES MMk DBIC J|SH
sS4 ney

e Yetd 2 BA Zilo|l= X0|E LIERX] &S,

M 25 &8 = glucoseZt 25 CHALE[O] &ZFIE S =elgth

42, heterofermentative® ZHAHF 22 lactic acid2b &7 acetic
acid 20| 75t 1 EM2| A<, hemofermentatived HAIAS =
lactic acid &0l A &7tet.

o X|EHE 2hE MIP 2of mE X[Eal EA ZTto= Xjo|E HEHK X

« F2loto| Ak DB12| A<, arginineg ornithine2 2 FMatsto] ghs

P 5o

ornithine

) 7| o|ZdUEHES| XA obHM HI}
78 ™MEZ|Z2E 0~1271 €
L) MZARE: 4T, A2
Ch) M= plate count
 W. koreensis DB1

D HzE A dEAXOME o[l S0 AEEA] RU2H SZEZZE0A 2F 100 CFU/g
olste| DB10| AE=[ULLt ol= MZE 170E o|lF 25 AlH=0] HEHAX| &3

B =
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» L. plantarum EM
M= AT dEAxet sZEAXMAM 22 100 CFU/g, 1,000 CFU/g O|st=Z
LiEtG oLt MZH 1718 ol 2ol 25 AMEE O A=A &2, M 1270 7K
4C2t a2 ME 2F UM, &7 S0l HEEA 23,

2h) 714

Cholesterol assimilation (%)

Cholesterol assimilation (%)

® Z2A2HE MAHS
» L. plantarum EM
COF 13} Zo| FEAES} SHUZX AR BF GTEII 422 12| L7A
=2 22 2HE HAHSES LiEH (oxgall 7[& 2F 60.0~67.1%, TDCA 7|& <f
obY N HIlolAl MT$ SMAl HE HF 100~1,000
7

22.8~32.6%). X™Z S A
CFU/gel EMO| AE=AX|TE ojuf XMZE 1ol 25 AtHsl= AE =helst bt
Us. DT =27t =2 S AHE XNotsE HEN = Ol 7= At &Elof
ME 2 AHE & = U= L. plantarum EMR] §4¢2l Ao =2 Atz E (Ref:
Cholesterol-lowering effects of a putative probiotic strain Lactobacillus
plantarum EM isolated from kimchi(2015) LWT-Food Sci & Tech, 62,

210-217).
<HEAZ-YHLY 0|BLES> <HEAZ-N2EW OYLEES>
W 0.5% Oxgall WO0.5%TDCA m0.5%0Oxgall mw0.5%TDCA
100.0 1000
90.0 900

3
B

&
o

Cholesterol assimilation (%)
& &
a a

5]
5

Times (months)

<SZAZT-YHE N o|HeEE> <SZ?
m0.5% Oxgall m0.5% TDCA m0.5% Oxgall = 05%TDCA
100.0 100.0
90.0 %00

300 25 5.1 %6 'L 236

wn
8
o

Cholesterol assimilation (%)

Times (months) Times (months)

Figure 4. n|Zde&a=2| XE7|zto| E FHAHE XNdls

@ 22U E ot
 W. koreensis DB1
PEAES} SZEUZXT AR 25 HEH AL ARRE A 1270 &K omithine &

ol= HalIt Sle A2 LERH.

- 136 -



’ .
Arg Om 0 3 6 9 6 9

Figure 5. n|Zd&a =2 MEF2T I ME7|zho E 2E24E TLC &t

0

- W. koreensis DB1
e M PEF/SZH=°| DPPH &itslse 2F 88.97~89.72%, &&
o L|

- L. plantarum EM
oAz

o
-

e
folr ol

LIEIL}X| &=, o= ascorbic acid, BHAZ|

Table 18. o[ZY&E&E2| DPPH &ttats

Sample inhibition(%)

Control Ascorbic acid 95.62%+0.54
(1.000 ) BHT 89.77+0.68
’ ppm BHA 93.64+0.52
Mol 70.93+0.75

us A AZ 89.72+1.08

DB = =4 88.97+0.76
be = HZ 90.42+0.59

=0T = 90.23+1.10

ag A =k 93.58+0.45

EM - =4 92.13+0.85
e = AZ 93.84+0.39

== T =4 93.77+0.35
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« SOD assay
- W. koreensis DB1
c2e M EE/sZ2A X2 SOD Z1oh= 2 93.36~97.79% 2 LiEtGen] 2E =
LBE/SZHUAZE 96.90~99.09% =2 LIEE. Ol= &Atets 2 L2{ &l ascorbic
acid 100 ppmECt =2 X2 Mol XA 2| etz o] et AR ALRE.
- L. plantarum EM

ge M AE/sZHxT2 SOD Z3= 2F 95.68~98.03% 2 LIEIHon] &g =
WBE/sZHHAZTZE= 101.74~106.65% 2 L|E}=.
Table 19. o|dg&& =2 SOD assay
Sample inhibition(%)
Control . .
(100 ppm) Ascorbic acid 28.37
Mozt 93.25+2.49
urs A A= 97.79+1.65
DB1 = =& 93.36+1.04
- = A= 99.09%1.61
Z¢e =
=z 96.90%+3.80
as A4 95.68+0.74
EM - =4 98.03+3.30
ws = e 101.74£10.54
=7 T =2 106.65%9.21
® e
- W. koreensis DB1

MolZdu gy M IdE/SZEAX, Wy T EE/SLEAT 25 M4
staEo| &M S LIEHHX] 23S,

Unit :© AU/mL
LT — E%*g HE@ _ :E*R %Eg MRS
=k = =k = (1X)
Aspergillus fumigatus ATCC 96918 0 0 0 0 0 0
Aspergillus flavus ATCC 22546 0 0 0 0 0 0
Bacillus cereus ATCC 14579 0 0 0 0 0 0
E. coli 0157:H7 ATCC 43895 0 0 0 0 0 0

- L. plantarum EM
; Ao|Zto)p b

7 8 dE/SZ4x ool Mg gEEo| g4
LIEI X 22 2t Eg & HdE/sZH = olZolMd= YoM 200~400
&ol

FEFH 201 200 AU/mLe| EAlld &M S LIEH.
o &

ot
0z
o
‘_

AMEZ HiX[)t FAFSE 232 L. plantarum EME
MM 9—|3 HAo =z 0o{AZ(Ref: Purification and characterization of an
antimicrobial compound produced by Lactobacillus plantarum EM showing
both antifungal and antibacterial activities (2019) LWT-Food Sci & Tech,
114, 108403).
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Table 21. L. plantarum EM D|Zd g & 52| &M
Unit © AU/mL
Mo|2 _“EFE S| _HEFE z MRS
= =z = = (1X)
Aspergillus fumigatus ATCC 96918 0 0 0 400 400 600
Aspergillus falvus ATCC 22546 0 0 0 200 200 200
Bacillus cereus ATCC 14579 0 0 0 200 200 300
E. coli 0157:H7 ATCC 43895 0 0 0 200 200 200
oh) s §4
® W. koreensis DB1
« [ME2E 4T]
DA E o Al AIBH £20F WCE D Ast BF HA(X|FE2P] S 23;F), =AH,
7)ol 2 Yo giert dEHx AlRel A, of 6/MHEFE <f7to
M F T ML SZEAX AlRe dR0le= ME 1270E K] AtmfF Tt
“IAX|X| &S
Table 22. 4°Coll X Ztst n|ZLE =2 XME7|Zof| w2 BsHA
071 & 370 671 & 971 & 1271 €
A18F 2.1+0.7° 2.3+0.82 2.3+0.8°2 2.3+0.82 2.3+0.82
£0f 2.6+1.12 2.7+1.32 2.941.22 3.0+£1.32 3.0+1.32
HoE 2.1+0.72 2.14+0.72 2.1+0.72 2.1£0.72 2.1+£0.72
of = nEat=l S 4.0+1.0°8 4.0+1.0°8 4.0+1.02 4.0+1.0°8 4.0+1.0°8
;; HAY 1.6%+0.8° 1.6%+0.8% 1.6+0.8° 1.6%+0.8° 1.6+0.8°2
= =R Z 3.4+0.5°2 3.4+0.5° 3.4+0.5% 3.4+0.5°2 3.4+0.5°
Aol F| 3.940.9° 3.7+1.0° 3.0+0.6%° 2.7+0.8° 2.740.8°
2471 2.7+£0.5° 2.74+0.52 2.7+0.52 2.7+0.52 2.7+0.52
JlsE 3.6+0.8°2 3.6+0.8°2 3.0+0.67 2.7+0.8°2 2.7+0.82
AlBE 1.9£0.4° 1.9£0.4° 1.9£0.4¢ 1.9£0.4° 1.9+£0.4°
5t 1.7+0.5°% 1.7+0.5° 1.7+£0.5° 1.7+£0.5¢ 2.0+0.8°2
NS\ 1.94+0.4° 1.94+0.42 1.94+0.4% 1.94+0.4° 1.940.4°
= o Aok 4.3+0.8°% 4.3+0.8° 4.3+0.82 4.3+0.8° 4.3+0.8°2
;-IE.EE =H AR 1.6+£0.8% 1.6+£0.82 1.6+0.8°2 1.6+£0.8% 1.61£0.82
= =&zt 4.1+0.9? 4.1+0.9° 4.14+0.92 4.1£0.92 4.1+0.92
Aol F| 4.3+0.5° 4.3+0.5° 4.3+0.52 4.3+£0.5° 4.1+0.78
2471 3.3+0.52 3.3+0.5° 3.3+0.52 3.3+0.52 3.3+0.5%
5 E 4.4+0.52 4.4+0.52 4.440.5° 4.440.52 4.0%1.2%

* Values

in same row with different letters indicate significant difference (p<0.05)

- [(MERE d2]
DR A AISE 5, JSE DA =
gZ7lol= 2 HaEpb gLt dFUx A9
MR I SN Z|2EI Hotden =&

1270 E7EX] Lhaf #| 7t = X[X] 242
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Table 23. 220l X&s n[ZdeUE =2l XNE7|Zto wWE HSHA

0744 3744 671 & 971 & 12701 &
WNES 2.3+1.0° 2.3+1.0° 2.6+1.2° 2.4+1.0° 2.4%+1.0%
= 2.0£0.8° 2.0£0.8° 2.0£0.8? 2.4%+1.0° 2.6%+1.1°
oy 2.1+0.78 2.1+£0.7°2 2.1£0.7°2 2.1£0.7°2 2.1+0.7¢
of = nEnt-ib\ 4.0+1.0° 4.0+1.2¢% 3.7+1.32 3.6+1 .48 3.6%1.4°
i; =HAY 1.6+£0.8° 1.6+£0.8° 1.6+£0.8° 1.6+0.8° 1.6+£0.8°
- =&z 3.3+0.8° 3.3+0.8° 3.3+0.8° 3.3+0.8° 3.3+0.8°
Aol F 4.3+0.5° 4.3+0.5° 3.7£0.8° 2.5+0.8° 2.6+0.8°
71 2.7£0.5° 2.7+0.5° 2.7£0.5% 2.7£0.5° 2.7+0.5°
IS 3.6+0.8° 3.6+0.8° 3.0+0.8° 2.4+0.8° 2.3+1.0°
A15¢ 1.7+0.5°% 1.7+0.5°% 2.0£1.02 1.9+0.7° 1.9£0.7¢
20 1.6+0.5° 1.6+0.5° 1.9+£1.1° 1.7+£0.8° 1.7+0.8%
ok 1.9+0.7¢8 1.9+0.7¢8 2.0+1.0° 1.94+0.78 1.94+0.7¢8
= NEAISY 4.440.5% 4.440.5°% 3.7%£1.32 3.7+1.3° 3.7+1.3°
A= | e 1.4+0.8 1.4%0.8° 1.7+1.3° 1.7+1.3° 1.741.3°
- =3 4.4+0.8° 4.440.8° 4.4+0.8° 4.4+0.8? 4.4+0.8°
Aol F 4.4%+0.5° 4.440.5°% 3.4+1.32 3.6+1.1° 3.6+1.1°
71 3.1£0.4° 3.1£0.4° 3.14+0.4° 3.1£0.4° 3.1+0.4°
7S 4.4+0.5° 4.4+40.5° 3.4+1.5° 3.6+1.4° 3.6+1.4°
* Values in same row with different letters indicate significant difference (p<0.05)
@ L. plantarum EM
- [HE2E 4TC]
DR AL AISEH 8 WEE nask BF HAM((XIFEY|] § =;F), =2,
g70ol= 2 Het UL EM HE HF/sdHxE AR Z9, 4T AlSo
ofaff 2352 MuiF T ME 1270 K| MY AKX 232
Table 24. 4Coll M&&t n|degE9o XMEV|Zio| wE BHSHAL
! 371 & 671 & 971 & 1270 &
AI5E 5.0%£0.0° 5.0£0.0° 5.0£0.0° 5.0£0.0° 5.0£0.0°
250 1.2£0.42 1.2£0.4° 1.2£0.4° 1.2£0.4° 1.2+£0.42
S\ 2.2+0.42 2.2+0.42 2.2+0.42 2.2+0.4° 2.2+0.4°
o = nEALIS 2.2+0.4° 2.2+0.4° 2.210.4% 2.2+0.48 2.2+0.4°
iz =3 F 1.0+0.0° 1.0+0.0° 1.0+£0.0° 1.0+0.0° 1.0+0.0°
= =&z 4.2+0.42 4.440.5°% 4.44+0.5° 4.4+0.5° 4.4+0.5°
Ahaf F| 4.610.5° 4.61+0.5° 4.6+0.5° 4.2+0.42 4.0%0.7°8
47| 2.0+0.7¢2 2.2+0.8° 2.2+0.82 2.2+0.8° 2.2%+0.8°
e 3.0+1.0° 3.0£0.7° 3.0£0.7° 3.0£0.7° 3.0+0.72
A5 5.0+0.0°% 5.0+0.0°% 5.0+0.0° 5.0+0.0°% 5.0+0.0°
o 1.2+£0.42 1.2£0.42 1.2£0.42 1.2+£0.42 1.2+£0.42
ok 2.2+0.4° 2.2+0.4° 2.2+0.4% 2.2+0.48 2.2+0.4°
= nEALISN 2.2+0.42 2.2+0.4° 2.2%0.42 2.2+0.4° 2.2%0.4%
;;_ =3 F 1.0£0.0° 1.0£0.0° 1.0£0.0°% 1.0£0.0° 1.0£0.0°
- =&z 4.6+0.5° 4.6+0.5° 4.6%+0.5% 4.6%+0.5° 4.6+0.5°
Al F 4.6+0.5° 4.6+0.5° 4.440.5° 4.2+0.42 4.2+0.4°
87| 3.6+0.5° 3.4%+0.9° 3.4£0.92 3.4£0.9° 3.4+0.9°
5 3.44+0.9° 3.4+0.9° 3.4+0.9° 3.4+0.9° 3.2+0.8°
* Values in same row with different letters indicate significant difference (p<0.05)
C [RNE2E A2
DA E RN AL AISE £25F WSH A%E SH HM(XFEP] & 23:F), =L,
f00= 2 WEUL e EM YHE EE/SAAX AR E, AISHo|
Zstod M 1270 7K S F| 7F IR XX .



Table 25. 420 ME3t ojZwa sl XE7|2ol me WSHA
071 & 3704 670 & 971 & 1271 &
WNES 5.0+0.0° 5.0£0.0° 5.0+0.0° 5.0+0.0° 5.0+0.0°
$£5F 1.2+0.4° 1.2+0.4° 1.2+0.4° 1.2+0.4% 1.2+0.4°
oy 2.2+0.4° 2.2+0.42 2.2+0.42 2.2+0.4° 2.2+0.4°
of = Askor 2.2%0.42 2.2+0.48 2.2+0.42 2.2+0.48 2.2+0.42
;E_li =3 F 1.0+0.0°% 1.0+0.0° 1.0£0.0% 1.0+0.0°% 1.0+0.0%
= =Rz 4.2+0.4° 4.2+0.4° 4.2+0.42 4.2+0.4° 4.2+0.4°
Aol F| 4.6+0.5% 4.6+0.5% 4.4+0.5° 4.0£0.7°2 3.8+0.8°
22| 2.2+0.8° 2.2+0.8° 2.0£1.02 2.2+0.8° 2.2+0.8°
5k 3.0+1.0° 3.0+1.0° 3.0+1.0° 3.0+1.0° 3.0+1.08
A15¢ 5.0+0.0° 5.0+0.0° 5.0+0.0° 5.0+0.0° 5.0+0.0°
$£5F 1.24+0.4° 1.2+0.4° 1.2+0.4° 1.2+0.4% 1.2+0.4°
NS\ 2.2+0.4° 2.2+0.4°8 2.2+0.4% 2.2+0.4° 2.2+0.4°
= RIS 2.2+0.42 2.2+0.48 2.2+0.42 2.2+0.42 2.2+0.4°
;,EC =3 F 1.0+£0.0° 1.0+£0.0° 1.0£0.0° 1.0+0.0° 1.0+0.0°
= =Rz 4.2+0.42 4.2+0.4° 4.2+0.4% 4.21+0.4% 4.21+0.4°
Aol F| 4.6+0.5°% 4.2+0.8° 4.2+0.82 3.8+0.8° 3.6+0.5°
27| 3.4+0.9° 3.44+0.9° 3.44+0.92 3.4+0.9° 3.4+0.9°
5k 3.4+0.9°2 3.4+0.9°2 3.4+0.9°2 3.4+0.9°2 3.4+0.9°2
* Values in same row with different letters indicate significant difference (0<0.05)
= MAHAN ISk
« W. koreensis DB1: YEZHZ=(H 3.008) < sZUZ= (Y 3.958)
s L. plantarum EM: SEZH X2 (HH 3.008) < sZHA==(" 3.38H
> & OF B JEAXEECHE SFAZSOAM Ta® 8, Rl =N
o= Qs 52 7|EEE LiEHY
o KA mE Atm
« W. koreensis DB1: ¥ZHZx =2 Z2F, &2 2N 67iEFH HE(4TC) Z2A
I FE At F I ZIH A
SEUZX=2 ZF, &2 or GE(4T) 22 1270 K|
MO F TF ZIAXIX] EE.
s L. plantarum EM: @3HZ23 SZUAZE 2F M2 or YZ(4T) 2
1270 & 7EX| S F IF ZIH XX @4

— W. koreensis DB12| &<,

O H 1¥=(Zachstu)

6~970 & FEl MuflF T} AN

L. plantarum EMS| Z<, 2 1270 &7 X Lol F 7t ZHXIX] $F.

1) &H[gt 3ol 205t FERTA LU=
7hH F8A Hlw 24
- |3t ST} 2RIl W, koreensis HIS| MEFHA 5=
- sd|ot s3I} EelEl W, koreensis HIS| MERHNA 52 saE
- W. koreensis HI= 15742 contig2 FA =0 U200, A& ALO|=&= 1,427,157

bp, GC content= 35.6%, protein == 140072 =Hol=

o SH|OF ST} ERl=El W, koreensis DB12| MEREA =

- std|ot 5174 2ol DB12 1702l chromosomeZt 1702| plasmidZ T4 E[0f
o, Az AMOI=E 1,502,799 bp, GC contente= 35.6%, protein =&

141

~

Wz ol
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E 1. W. koreensis HJ & DB12| A& &AM
W. koreensis HJ W. koreensis DB1

Size(bp) 1,427,571 1,502,799
GC content 35.5 35.6

Contigs 16 2

Coding sequences 1418 1417
RNAs 55 72
W. koreensis HJ W. koreensis DB

m Cofactors, Vitamins, Prosthetic Groups, Pigments
m Potassium metabolism
 Phages, Prophages, Transposable elements, Plasmids
m RNA Metabolism
Cell Division and CellCycle
m Secondary Metabolism
= Nitrogen Metabolism
m Stress Response

‘ / Sulfur Metabolism
~N
m Cell Wall and Capsule Virulence, Disease and Defense
N
4 ‘

.

m Photosynthesis | Miscellaneous

o
y m Membrane Transport Iron acquisition and metabolism
m Nucleosides and Nucleotides = Protein Metabolism
m Motility and Chemotaxis Regulation and Cell signaling
m ONA Metabolism m Fatty Acids, Lipids, and Isoprenoids
m Dormancy and Sporulation Respiration

m Metabolism of Aromatic Compounds m Amino Acids and Derivatives
Phosphorus Metabolism Carbohydrates

L) sl B R8REA LR
. Bt B RERNA B HE

5|
= Soff gu|ah 2H R HEE 2HE T Arginine deiminase pathway
o5t ARl ornithine transcarboxylase FMAIE |R2FTXHSZ

M
HaO  MHg
ARGININE g, ARGININE,, L—A GITRULLINE
\\ _/ ADI
AO AP orc
ulh P

ORNITHINE 5 4 ORNITHINE,, ARBAMYL PHOSPHATE

ADP
GK
ATP
CO, NHgy

18 2. Arginine deiminase pathway

« W. koreensis DB1 % HJ #F2| HIURMAH A

- 0= IEMESISYEHEN SSEE CHE W. koreensist 7 HluwFHA|
2M A1} 1556 pangenome, 1146 core—genome, 246 accessory—genome, 164
unique—genomeO| =HQIZ|AHS

- W. koreensis DB12| unique gene= 870, W. koreensis HJ2l unique genes
9372 =lE. o|l& R®™X= NAD(P)H-binding protein, low temperature
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Fig. 1. Schematic representation of the major metabolic pathways of rice bran fermented
with W. koreensis DB1.
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Fig 2. Typical LC chromatogram of fermented rice bran fermented with L. p/antatum EM.
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Fig. 3. PLS-DA score plots and quality parameters for LC/MS results for fermented rice bran
with L. plantarum EM.
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Fig. 4. Typical GC chromatogram of fermented rice bran with L. plantatum EM.
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Metabolites different among rice bran samples based on PLS-DA score plot from LC/MS.
Exact mass
No. RT (min) Compound MS Fragments VIP p-value
(M+H)

1 5.60  phytosphingosine 318.2991 270, 282, 300 0.94 0.299
2 6.24  LPC(14:0) 468.3053 104, 184, 450 1.02 1.42E-03
3 6.27  semiplenamide A 366.3364 109, 95, 81 1.40 3.82E-04
4 6.57/6.71 LPC(18:2) 520.3387 184, 104 0.98 2.94E-06
5 6.59  oleoyl-L valinolamide 368.3515 95,309 1.39 9.10E-04
6 6.71  LPC(18:2) 2M 1039.6697 520, 184, 104 0.93 1.48E-03
7 6.84  linolenic acid 279.2311 95 0.88 0.074
8 7.07  LPC(16:0) 496.3408 184, 104 1.35 0.094
9 7.08  LPC(18:3) 518.3208 184, 104 1.51 2.36E-05
10 7.08  LPC(16:0) 2M 991.6680 496, 184, 104 0.97 1.05E-03
11 7.25  LPC(18:1) 522.3563 184, 104 1.24 4.00E-06
12 7.86  diacetylobscuraminol 340.2835 95, 280, 298 1.10 2.06E-05
13 8.17  glycidyl linoleate 337.2734 67, 95,263 0.24 0.898
14 9.47  cholesterol acetate 429.3727 165, 205 0.90 0.108
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Table 2. Metabolites different among rice bran samples based on PLS-DA score plot from GC/MS.

No. RT (min) Compound RI® vIP p-value
1 6.42 lactic acid 1052 1.02 4.37E-09
2 7.15 alanine 1096 0.95 0.011
3 9.00 valine 1209 0.72 0.176
4 9.84 phosphoric acid 1264 0.69 0.973
5 9.88 glycerol 1266 127 0.149
6 10.20 isoleucine 1287 1.04 0.364
7 10.29 proline 1293 1.18 0.122
g 11.53 threonine 1375 0.95 0.007
9 12.94 malic acid 1478 0.93 0.011
10 13.39 aspartic acid 1512 0.79 0.283
1 13.43 oxoproline 1516 0.78 0.934
12 13.55 4-aminobutanoic acid 1525 0.96 0.338
13 14.66 ghitamic acid 1612 0.96 1.97E-04
14 16.99 citric acid 1808 1.09 5.24E-09
15 17.56/17.66 fructose 1859 1.00 4.32E-09
16  17.84/18.06 glucose 1884 0.99 6.79E-09
17 18.27 sorbitol 1925 124 1.13E-05
18 18.34 tyrosine 1932 0.94 0.003
19 18.94 ghiconic acid 1989 1.01 4.78E-08
20 19.48 palmitic acid 2042 0.61 0.832
21 19.88 myo-mnositol 2082 0.65 0.491
22 21.10 linoleic acid 2209 122 0.122
23 2115 oleic acid 2214 121 0.160
24 2138 stearic acid 2240 0.58 0.800
25 2465 sucrose 2622 1.19 3.07E-05
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Fig. 6. Heat map of LC/MS(A) and GC/MS(B) analyzed metabolites.
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Fig. 11. Metabolic pathways constructed from metabolite analyses
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Fig. 12. Typical GC chromatogram of fermented rice bran with L. curvatus K285.
- Ro|XMoz Xo|Lt= 147 2% SA: lactic acid, asparagine, acetic acid,

y—aminobutanoic acid, proline, glutamic acid, glucose, galactose, palmitic acid,
mannitol, oleic acid, stearic acid, sucrose, maltose.
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Fig. 13. Typical LC chromatogram of fermented rice bran with L. curvatus K285.
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Fig. 14. PLS—-DA score plots and quality parameters for GC/MS and LC/MS results for
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