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ABSTRACT

Optimal conditions and characteristics analysis of fermented

rice bran using lactic acid bacteria derived from Kimchi

Yu Jeong Mun
Advisor : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

Rice bran contains a variety of physiologically active substances, but most
rice bran are used as animal feed and compost, and it is difficult to effectively
utilize it. In this study, rice bran was fermented using L. plantarum EM and W.
koreensis DB1, which are functional lactic acid bacteria separated from kimchi,
and its characteristics were investigated. After preparing fermented rice bran
according to the optimal fermentation conditions for each strain set in the
previous study, the optimal drying conditions were set to 12 to 16 hours at 55°C
during hot air drying and 3 to 4 days at -70°C during freeze drying. The
number of viable cell of the rice bran fermentation product prepared under the
optimization condition was detected to be about 10° CFU/g or less. As for the
sensual characteristics, the preference of rice bran after fermentation was higher
than before fermentation, and the freeze—dried product showed higher preference
than hot-air drying. As a result of the functional evaluation, arginine was
completely converted to ornithine in rice bran fermented with W. koreensis DBI,
high cholesterol removal ability was confirmed in rice bran fermented with L.
plantarum EM, and antibacterial activity of about 200 to 400 AU/mL was
shown. In addition, both rice bran fermented with L. plantarum EM and W.
koreensis DB1 exhibited high antioxidant activity. In the free sugar analysis,

glucose and fructose were detected before fermentation, but after fermentation,
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both were exhausted by sugar metabolism, and in the organic acid analysis, the
content of lactic acid increased after fermentation. A total of 11 components of
fatty acids were detected, and in the results of free amino acid, arginine was
high before fermentation in rice bran fermented with W. koreensis DBI1, but the
contents of ornithine and citrulline increased after fermentation. The
characteristics of the fermented rice bran prepared under optimal conditions
according to the storage period at 4°C and room temperature were investigated.
As a result, all viable cell were dead after 1 month of storage, no other bacteria
were detected, and ornithine content and cholesterol removal ability were
maintained high. In addition, in the sensory evaluation, rancid flavour was felt
from 6 months in the hot air-dried sample of the rice bran fermented with W.
koreensis DBI1, but rancid flavour was not felt in the rest of the samples. It
was confirmed that the fermented rice bran developed from the experiment has

excellent functionality and preservation, and it is a promising functional food.

_XI_
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phosphateo. & W 3F¥ t}H[34].

Ao HAAoR =3 A% Y = SR, oA FEo] FQd vhokst o

o H

Eo] uwZolvH17]. w7 A 12-16%, AW 16-22% 2
Ho] Qo 71 vl % vitamin A, vitamin B, Bs, Z&, ¢l

2 ohobg JPasol Fauol ATHISL Buk ojuel vmA AR, Sericols

Collection @ chosun



y—oryzanol, tocophenol, tocotrienol, ferulic acid, phytic acid, gamma-aminobutyric
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AFE3LA T A Lo W3 A& 2 mLe sulfuric acid (95%)& A3 H7}sla
5~20% 9o vortexslo] Ao 10E7F Wx3k & 1 mLe AZE Y-celld
=Tt Assooll A
chalfont, England) &

2o ZY~HE A
&

o] standard curveZE M4

0_L4 |

i)

N

o

1_.
ot

ot

s

oj\
LU e
™

&35 (Ultrospec 2100 pro, Amersham biosciences, Little

Bsrarh
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o i3t

1) DPPH free radical &A%

o

ety A
ARG 3
hydroxytoluene) 1000 ppm, Ascorbic acid 1000 ppm< w7 = H] AT
ol #hgk w7 Algel 100% EtOHS AMg3ste] Alzg 02 mM DPPH AloFg 1 : 9

H & (vvE &33 3 vortex 3fe] HS& 2¢kd 37C water batho] 30% <t

v 7} AZE 9 22-diphenyl-B-picrylhydrazyl(DPPH) free radical A~2A% =&
A AP AqTHAT. E xzE 95t 7]Ed EtsAR ol
BHA (Butylated hydroxyanisole) 1000 ppm, BHT (Butylated

jati
ol Gt

-

A28k 3L, spectrophotometer (Ultrospec 2100 pro, England)E& o] &3}o] 517
nmol A FFE=E SAHSAUT. DPPHE 0|83 &atsl 4o 749k dxz+9

W& (%) 2 FEA 8T

DPPH free radical scavenging activity(%) = 1-(A/B) x 100

AT AAT FRE B O2T FRE

_’IO_
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2) SOD(Superoxide dismutase) activity

AR zEe disleS A 95ty AdS A SOD (Superoxide
dismutase) &4& SOD assay kit (Dojindo Molecular Technologies, Rockville,
USA)E A}£3}¢] manufacturer’s instructiond] 7]&% W] walr] £33+
u 7k AlZ+= 045 uym membrane filter (Rephile)®Z o] 73+ o]} NS A3} L,
232 BHT (Butylated hydroxytoluene) 100 ppm< FH|sFHth 23 A
WST solution®} buffer solutiong Zgtste] 2do] He3sk WST working
solutiong A %33, Enzyme solution tubeo] 09+
centrifuge® = g s+ 3, pipettingsle] 418 t}& Dilution bufferd] 3] 24]s}o]
Enzyme working solution& A|Z3FAtl. SOD &4 2 3doA sampley} blank
20+ sample solution 20 pL=, blank 13} blank 3o+ W4 20 uLgs dol&+ 3
7} WST working solution 200 uyLE Y1 33t th blank 29} blank 3¢ &=

ir £9

tio

SE{y

dilution buffer 20 pL& % 7}38FaL, sample®} blank 1]+ Enzyme working solution
20 L& H7bste] F83] &g ¥, 37T incubatoro] A 204 &< A& sttt 1
% spectrophotometer (Ultrospec 2100 pro, England)& o]&3Fe] 450 nmeol 4]

FYEE S433, obgle] 4& o435 SOD FHS WEE()E EAEH

SOD A (A& %)=[(blank ;-blank 3)-(sample-blank »)]/(blank 1-blank 3)x100

sample: sample solution 20 pL+WST working solution 200 pL+Enzyme working
solution 20 pL

blank : distilled water 20 pL+WST working solution 200 pL+Enzyme working
solution 20 pL

blank »: sample solution 20 pL+WST working solution 200 pL+dilution buffer 20 pL

blank 3. distilled water 20 uL+WST working solution 200 pL+dilution buffer 20 pL

_’I‘I_
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2} dEEA

i B4

1% NaCl) <A

(1% Dbacto-tryptone, 0.5% yeast extract,
HFsto] 37Tol A wlgFd % Hlj %] o]

LA

J =42 spot on the lawn test W[48]& A}&3F4th
AA] O 2 Bacillus cereus ATCC 14579¢} E. coli O157:H7&
gy e] Al FFol= Aspergillus fumigatus ATCC 969183}
Aspergillus flavus ATCC 22546& A3t A AT oz ALLs Adse
aj < o]
1.0x10° CFU/mL7} A =%a}o]

LB
1%(v/vE

THIStF o, A FHolg ALE3 FHo]E5S& MEA (malt extract agar, Difco

Laboratories, U.S.A.) 8% 20 mLZ

Azste] A3

FFol ¥AE 50x10°

CFU/mL=Z #H7Fsled petri dishe] #2& F womd Ago] A& 144
dF7F =EE oA A el gt wAAEE 74 10 ulA  spotting s}
Az2AZ 5, g &4 wiAe A o7 HAHL&=Q 37T A wi s,
R 4 A= 30TolA  wjFste]  wiA BEHE AFAAES
ZARSISE ke @1 BAS sAH o 26 A ete] As) d& FAsE

Ay s gL

AU/mL=E e S

_12_
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Al 34 dav e JEE4

n d
I‘T'___/‘q

[
o
—
=5
-‘-l
o,

7h) Ao AA e

gAY 1 3 Adolx AEdHS (0.2 um regenerated cellulose membrane filter
(Sartorius, Germany)® o] 3}3fo] A o) AFESFATHB4] A Ak B9 HAA =
Al Z o] methanol : benzene : 2,2-dimethoxypropane : HxSO, = 39 : 20 : 5 @ 29
H & (/MR ZAE €9 340 pL¢} heptane 200 pLE H7bste] £33 & 80T of A
27t E FEFAL. 1 F ALA WAAAN T, FEAE FEGe] BA

A3 9 tH A9,

b frelg 24

BeEol AA" AAE Ase FEde & dF ARvtEIdy (HPLC
High Perfermence Liquid Chromatography)® 413}%ith. #417]7]% Dionex
ultimate 3000 (Thermo Dionex, USA)S A}F-83}% 3L, columne Sugar-pak column
(300x6.5 mm, Waters, Milford, MA, USA)& A}E3%9 2™, Oven tomperature:
0C= fFASALt. &% &uls= dF 33 FFFE AL&ste] 05 ml/ming

8207 &P L, detector= Shodex RI-101 (Shodex, Japan)S AF&3}$tHE0].

_13_
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F712ke 719 22-& Dionex ultimate 3000 (Thermo Dionex, USA)S A}-§-3}o]
A3, columne Aminex &7H column (300x10 mm, Bio-Rad, USA)&

2392, oven temperaturer= 40CE FA 39 €% &9= 001 N
HoSO4E  AFE3Fe] 05 mL/mine H%oz AsIH i, detectors Z4E
AZ7)(ERC, Refracto MAX520, Japan)& A}-&3}5itH51].

) frelobul st B4

A ® Alme] frefobr| Ak 7]k 22 Dionex ultimate 3000 (Thermo
Dionex, USA)& A}&35lo] X359 A2 columne Inno C18 column (4.6x150
nm, 5um, Youngjin Biochrom, Korea)®]|™, oven temperatureyx 40C = 3} t} .
£+ 40 mM sodium phosphate(pH 7.0) 8NN3} b 3z =F < © acetonitrile :
methanol = 10 : 45 : 45 H]&(v/vE &£3%FH LH9S A8L3o] 1.5 mlL/ming
FEos BAS AU el 22 A WA 97 F oA {98
0~24%-ol = 95 : Bof| A 24~25F-0] 45 : 55=, 23~34.5%9] 20 : 808 =, 3455 % H
ThAl 95 ¢ 5E AAste] Akt detector A4 AEFV| FF HEY
(Agilent 1260 infinity FL detector, Agilent)& A}-&3}1t}H511.

oh) QA 24

—

iy

>& e

Skl

]_

BAo Agilent 7890A (Agilent, Santa Clara, CA, USA)E x}&35}]
o} AFE columng DB-23 (60 mmx0.25 mmx0.25 pm, Agilent)&
8321, oven temperature:= 50TCoA 187+ §A43 & 15 C/min &%
30C7H#], 8 C/min ==& 1707}#] £d %, 2C/min =2 215CT7H#] &9
0%-7+ FA38tAdtt. Carrier gas® HeZE 4 mL/mino & Z&FA2H, detector:=

rol -3l A=7] (280C, Ho 35 mL/min, Air 350 mL/min, He 35 mL/min)Z&

S} A HHA491.

> HE
oo X X
ol

[U-IE =
Mz
ol

0¥0 i

A
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W. koreensis DB1o. =2
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A 54d B AsHE 4
1. SAAF

A A8+ IBM SPSS statistics program 26 version(Chicago, IL, USA)& A&
ato] AAuf X EAHEA (one-way ANOVA)S. 2 RBA1S AAggon A3 HAo
2 Duncan®] tsH 97 AW (Duncan’s multiple range test)S £3] S9A4S HAA

SFaAtHp < 0.05).

_’Ié_
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A} (Figure 1).

9

0

A

°k 10° CFU/g ©]

W. koreensis DB1& u¥lgslo] A =3h

Act. 1 A3 L. plantarum EM

bel o] W&

S

1
T

Al &0l A

s

A=z

pul

°F 10° CFU/g ©]
- ’I7 -

T

T
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55°C Ol 12~16A1ZH Z=

Figure 1. Hot air drying conditions of fermented rice bran

SEU=H M= SEUE SEAZ O4eas

EEEEEDR
-70°C 0| M 3~4% A=

Figure 2. Freeze drying conditions of fermented rice bran

_18_
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A 24 dEv e 54 B
1. 0|58t 54

HA s o E Azxd vAzsEY wE A, ¥ pHe A=E FSASAH
(Table 1). L. plantarum EMS ®33 n|733&Eo|e] g d pHE o pH
596£0.18, W& Fol= oF pH 3780212 W& Fo] pHsl o delzl AL
= owE A ok 076:011%, WE F oF 262:035%=2 WE Fol

) Y
ol AL QAT W, koreensis DB1S wast n7A3slEe Aiw

2
plantarum EM9] ¥g A 9 <
=4% %A, W. koreensis DB19] #8 A Y= ¢ 1640 brix®, #8 & Y=t

ok 15.84 brix°2 =4 ¥ A}
2. Hl AR B

At zPow A% Pz Ee] BE T YFFE FAsAH(Table 1). L.

HEg vFEEELS 2443 whe] 970 log CFU/gez AU

Aol EEElom, 8AA At A EAY. W, koreensis DB1o.2

W g et nAEEEe Ak 841 log CFU/go® Hu Ao =2a9,
431 7rell = 7.21 log CFU/go. &2 A7 s

8,
y
5
S
&3]
=
lo
il

_19_
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Table 1. Chemical and microbiological properties of the fermented rice bran products

L. plantarum EM

W. koreensis DB1

Non-fermented Fermented Non-fermented Fermented
rice bran rice-bran rice bran rice-bran
pH 596 £ 0.18 378 + 0.21 6.02 £ 0.07 570 £ 0.08
Acidity (%) 0.76 + 0.11 262 + 0.35 0.23 + 0.05 0.29 + 0.05
Sugar content
. 13.96 £ 0.39 12.45 + 0.32 16.40 + 0.47 15.84 + 0.34
(brix®)
LAB counts 5
n.d 9.70 £ 0.15 n.d 841 = 0.32
(log CFU/g)
Y n.d: not detected
- 20 -
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7Vste]
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2 7(0.1%)

7FE] At (Table 3).

]

o
3

o

Al

=

s A

7+ 44

LS

_2‘|_

ZYE Aoy, L. plantarum EM

[}

=

A

AR}l
5 5AAREINA 7

-

H)-

=

|

°©

7H=

=
=

&t tH(Table 2).
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Table 2. Sensory evaluation of fermented rice bran with L. plantarum EM

Ttems RRBY HNRB?  FNRB® HFRBY  FFRB® HFRB-S” FFRB-S”
Sourness 1.1+0.49  1.9+0.4°  1.9+0.4° 5.0+0.0* 5.0+0.0* 4.1+04>  4.1+0.4"
Bitterness 4.8+0.5°  1.5+0.5° 1.5+0.5” 1.5+05° 1.5+0.5° - -
Saltiness 2.3+0.7*  26+05* 26+05* 2605 2.6+05° - -

Savory flavor 1.1+0.4>  2.1+04*  2.1+0.47 2.1+£0.4% 2.1+£0.4% - -
Hay smell 4.8+0.5*  1.4+0.5°  1.4+05" 1.1+04"> 1.1+0.4° - -
Mouthfeel texture 2.3£1.5°  4.0£0.0° 5.0£0.0®  4.0x0.0°  5.0%£0.0° - -
Rancid flavour 4.4+0.7% 4.4+0.7% 4.4+0.7% 4.4+0.7% 4.4+0.7% - -
Brightness 4.9+0.4*  25+05° 3.6+05° 1.9+0.8¢  3.6+0.5" - -
Overall acceptability ~ 1.0£0.09  3.0£0.0°  3.0£0.0°>  1.9+0.4° 1.9+0.4° 3.1+0.6°  4.3+0.4°

U RRB: raw rice bran, 2 HNRB: hot air-dried non-fermented rice bran, 9 FNRB: freeze-dried non—fermented rice bran

Y HFRB: hot air-dried fermented rice bran, ® FFRB: freeze-dried fermented rice bran

® HFRB-S: hot air-dried fermented rice bran + 0.1% stevia

” FFRB-S: freeze—dried fermented rice bran + 0.1% stevia

Different letters for sensory items indicate significant differences (p < 0.05).

Collection @ chosun
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Table 3. Sensory evaluation of fermented rice bran with W. koreensis DB1

Items RRBY HNRB? FNRB® HFRB* FFRB®
Sourness 1.1+0.4° 2.9+0.6 2.8+0.7° 3.0+0.8° 3.0+0.8°
Bitterness 4.8+0.5" 2.5+0.9" 2.4+0.9" 1.9+0.6" 1.9+0.6"
Saltiness 2.1+0.8° 2.8+0.5% 2.8+0.5% 2.8+0.5% 2.8+0.5%

Savory flavor 1.3+0.5° 2.6+0.5" 2.6+0.5" 4.4+0.5° 4.4+0.5°
Hay smell 4.8+0.5° 2.4+0.7° 2.4+0.7° 1.5+0.5¢ 1.5+0.5°
Mouthfeel texture 2.4+1.6" 2.5+0.9" 4.9+0.4° 2.5+0.9° 4.9+0.4°
Rancid flavour 4.4£0.7% 4.4£0.7% 4.4£0.7° 4.4+0.7° 4.4+0.7%
Brightness 4.9+0.4% 2.6+0.7° 3.9+0.4" 2.4+0.7° 3.9+0.4"
Overall acceptability 1.0%0.0¢ 2.9+0.6° 3.0+0.8° 4.0+0.0° 5.0+0.0%

U RRB: raw rice bran, ¥ HNRB: hot air-dried non-fermented rice bran, ® FNRB: freeze-dried non-fermented rice bran

4 HFRB: hot air-dried fermented rice bran, ® FFRB: freeze-dried fermented rice bran

Different letters for sensory items indicate significant differences (p < 0.05).
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7 e=4d AAE

Fx 2FZow WEI WAAZRE omithine WSS sy 9dd 1%
arginine©] H7bd n7 X & wjgste] AES WA (Figure 3).

L. plantarum EMe] 7% w3 A & A8 X% arginine standard spot® 7Z+&
Y He AAE ] Ve, o)l L. plantarum EMeo] ornithine A%< 7}A 3
AA o} arginined A3EA] F3 Aow FAEJT W, koreensis DB19] 7 -

o

s
EFAZEY SZAAXELS arginine standard spoty e 93
1

By A4
ANE o vy & g3xy T4 H1ZXES ornithine standard spotd} 728 ¢ X9
AME Qo o= W. koreensis DB19] ornithineg A3t ZHoz <l )

= ?ﬂ?oﬂfﬂt T 2508 Had nAdxz=e FdU2HE Astse S35+
7154 ARs Festdrt. 05% oxgall(w/ v 05% TDCA(wWE 7+ z+ 73k
0.1 g/L water-soluble cholesterol®} MRS ZAIEo| W AZXES 2447+ =9
s $ o-phthalaldehyde WHo® Z2dHE Astss A8t da A
mAAZES 05% oxgalldt 05% TDCA #j#A] RFo|A oF 9% Zy~eH=
Astss Yetldow, L. plantarum EMo.Z wrgsh w AL 05%
oxgall ®jA]e|A °F 65%¢] ZHlxHE Adtss HEWHAL, 05% TDCA
izl A= oF 27%¢ FulzHE Astses YW (Table 4). 18y W
koreensis DB1o.2 W&3dl n7}t7AZE2 05% Xgallil} 05% TDCA wjA]o A=
Hg Ay & RF oF 10%9 FdzHE Astee WERA LM (Table 5), o]
ATZAHRE FToto] AnAe] ZH2HE A skl oﬁh 8% A& Uetl=
ottt o2 T8 Aw Az W, koreensis DB19] wg A, & n| 7 AxE9]
S Folsda, nAe Z#AEHE Astso| L. plantarum EME]
g 9oste] AASA FAHASES S ow, o= L. plantarum EMe]

A3 Ze2HE 35S 5 FUzH B0 AAHE Ao AtmErH14. 33

rol

o
A
ST N
i
lo,

olf
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EM DB1

Patnn Y00y

Arg"  Orn™ HNRB" FNRB2 HFRB?® FFRB¥ Arg"  Orn™ HNRB" FNRB2 HFRB? FFRB%

Figure 3. Ornithine production of fermented rice bran with L. plantarum
EM, W. koreensis DB1

Arg": spot of standard arginine, Orn™: spot of standard ornithine
D HNRB: hot air-dried non-fermented rice bran, ¥ FNRB: freeze-dried non-fermented rice bran

9 HFRB: hot air-dried fermented rice bran, ¥ FFRB: freeze-dried fermented rice bran
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Table 4. Cholesterol removal by the fermented rice bran with L.

plantarum EM

Cholesterol Removal (%)

Sample

0.5% Oxgall 0.5% TDCA
HNRBY 9.7+1.1 9.3+3.1
HFRB? 69.4+0.3 30.0+4.5
FNRB? 9.5+1.2 8.4+0.8
FFRB? 60.5+2.5 23.8+3.8

U HNRB: hot air-dried non-fermented rice bran, 2 HFRB: hot air-dried fermented rice bran
9 FNRB: freeze-dried non-fermented rice bran, ¥ FFRB: freeze-dried fermented rice bran

Each value is presented as mean+SD of 3 times.

Table 5. Cholesterol removal by the fermented rice bran with
koreensis DB1

Cholesterol Removal (%)

Sample

0.5% Oxgall 0.5% TDCA
HNRBYV 9.9+0.4 10.2+0.0
HFRB? 9.8+0.4 10.0+£0.3
FNRB® 9.8+0.2 10.2+0.3
FFRB? 10.3+0.2 9.7+0.6

D HNRB: hot air-dried non-fermented rice bran, ¥ HFRB: hot air-dried fermented rice bran
9 FNRB: freeze—dried non—fermented rice bran, ¥ FFRB: freeze-dried fermented rice bran

Each value is presented as meanzSD of 3 times.
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o) s

1) DPPH free radical &A%

EE% _/l: = o - ‘%“ %‘onﬂ
ol g¥ i A9l ot W mlaste] AojHow wEA it &9&

HA Azz7AoT AZ3 nZAZES DPPH radical 2A% =# APRES
Table 6] YeIWAS. L. plantarum EM$¢ g #H dEZAxELS 9358%,

TANZXES 9213%E JEHUWAL, 2g & dFUxES 9384%, AAERES

ol olgk ztolo} g fFHo &gk Apo]rp px

T 25 AR dE A, $o wAHEEe AvART o Ee A4S

YEelW R o L. plantarum EMe &Ao]l W. koreensis DB1¢] @A wmt} okt

=7 YehhsE AL FRASA Y. =8 akslA| el Ascorbic acid, BHT (Butylated

hydroxytoluene), BHA (Butylated hydroxyanisole)2] DPPH radical AH %<& z}z}+

95.62%, 89.77%, 93.64%= UEtWH=H, o= F T nAzzEo]l dikslA e}
Abgt E48 velyS gdeiith mebA, ojg st mgHzEe] AR gRT Yy

!

o
o
L asles AT orng A AANERAMY G847
&
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Table 6. DPPH free radical scavenging activities of fermented rice bran

Sample inhibition (%)
Ascorbic acid 95.62+0.54
Control BHT 89.77+0.68
(1,000 ppm)
BHA 93.64+0.52
RRB" 70.93+0.75
HNRB? 89.72+1.08
FNRB? 88.97+0.76
EM
HFRBY 90.42+0.59
FFRB” 90.23+1.10
HNRB 89.72+1.08
FNRB 88.97+0.76
DB1
HFRB 90.42+0.59
FFRB 90.23+1.10

U RRB: raw rice bran, ? HNRB: hot air-dried non-fermented rice bran
9 FNRB: freeze-dried non-fermented rice bran, ¥ HFRB: hot air-dried fermented rice bran
® FFRB: freeze-dried fermented rice bran

Each value is presented as mean*SD of 3 times.
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2) SOD(Superoxide dismutase) activity

SOD(Superoxide dismutase)= 843t @424 A Eo]| F33F oxygen radicalS
kst 2 AEAI7]AL, TRA] catalasedl] oldte] E|d B OEAR AFAEAR
AFANA S22 HE AAE BI3E 7oz d8A

= Al eE HH A1 w2 Axd A= SOD assay 54 2345
Table 7o YWENNRAT. L. plantarum EM9 ¥rg A IFEAZELS 95.68%,
TAAZELS 9803%E UEHHAL, wg T dFTAX
106.65%2 YENATE. W, koreensis DBle] wd A IdEAREL 97.79%,
TAANZELS 9336%E HEHUHAL, wE & 430z

(o]

96.90%5 UWERHA o™, Awde 9325%E UERRS

HA Azxz7oz Az nAAzEe] AT 2L FHd A4S A5
9135ke] spot on the lawng o] &3le] A& A &A4& XAbstAtH(Table 8, 9).
Au|Z 3y Lb. plantarum EM®] I3 A wAdxzEAAN= AT 3ol
48 YA fod, BE & nAdazEdAE daEgS YERHAT A A
Zolol  Asp. fumigatus ATCC 969180 wjst A A=

YEW AL, Asp. flavus ATCC 225462 200 AU/mLE UYEFH oW Al #<
Bacillus cereus ATCC 14579, E. coli 0157:H7 ATCC 43895+ 200 AU/mL¢]
AT SA4S YUERATE o] = MRS wj Ny {Ae A3z L. plantarum EME]
it G AIA 93 Ao Alw YW, Asp. fumigatus, B. cereuso] th3dk MRS

erele] @FF@gol MPARERT Gk S olfiE MRS wiAe] EA|sh:
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Table 7. SOD(Superoxide dismutase) activity of fermented rice bran

Sample inhibition (%)
Control . _
(100 ppm) Ascorbic acid 28.37
RRB" 93.25+2.49
HNRB? 95.68+0.74
FNRB? 98.03+3.30
EM
HFRB?Y 101.74+10.54
FFRB? 106.65+9.21
HNRB 97.79+1.65
FNRB 93.36+1.04
DB1
HFRB 99.09+1.61
FFRB 96.90+3.80

U RRB: raw rice bran, ? HNRB: hot air-dried non-fermented rice bran
9 FNRB: freeze-dried non-fermented rice bran, ¥ HFRB: hot air-dried fermented rice bran
® FFRB: freeze-dried fermented rice bran

Each value is presented as mean=SD of 3 times.
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Table 8. Antimicrobial activity of the fermented rice bran with L. plantarum EM

Antimicrobial Activity (AU/mL)

Indicator Strains b 2 2 o 5, MRS Culture
RRB’ HNRB® FNRB®” HFRB” FFRB

Filtrate®
Aspergillus fimigatus ATCC 96918 0 0 0 400 400 600
Molds
Aspergillus flavus ATCC 22546 0 0 0 200 200 200
Bacillus cereus ATCC 14579 0 0 0 200 200 300
Bacteria
E. coli 0157:H7 ATCC 43395 0 0 0 200 200 200

D RRB: raw rice bran, ¥ HNRB: hot air-dried non-fermented rice bran, ¥ FNRB: freeze-dried non-fermented rice bran
Y HFRB: hot air-dried fermented rice bran, ® FFRB: freeze-dried fermented rice bran

“ To prepare MRS culture filtrate, L. plantarum EM was cultivated in MRS broth at 30°C for 48 h, centrifuged, and filtered.
The antifungal activity and antibacterial activity were measured by spot-on-the-lawn test.
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Table 9. Antimicrobial activity of the fermented rice bran with W. koreensis DBI1

Antimicrobial Activity (AU/mL)

Indicator Strains R ” N A 5 MRS Culture
RRB HNRB FNRB HFRB FFRB

Filtrate®
Aspergillus fimigatus ATCC 96918 0 0 0 0 0 0
Molds
Aspergillus flavus ATCC 22546 0 0 0 0 0 0
Bacillus cereus ATCC 14579 0 0 0 0 0 0
Bacteria
E. coli 0157:H7 ATCC 43895 0 0 0 0 0 0

U RRB: raw rice bran, ? HNRB: hot air-dried non—fermented rice bran, ¥ FNRB: freeze-dried non-fermented rice bran
Y HFRB: hot air-dried fermented rice bran, ® FFRB: freeze-dried fermented rice bran

* To prepare MRS culture filtrate, W. koreensis DB1 was cultivated in MRS broth at 30°C for 48 h, centrifuged, and filtered.
The antifungal activity and antibacterial activity were measured by spot-on-the-lawn test.
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Table 10. Approximate composition of fermented rice bran with L.

plantarum EM
unit: %

Content HNRB" HFRB? FNRB?® FFRB?

Moisture 4.86+0.93 4.94£0.76 2.01£1.18 1.86+0.58
Crude ash 9.13+£0.24 9.61£0.91 9.67+0.30 9.74%0.74

Crude fat 16.84+0.23 16.82+0.54 17.88+£1.50 18.25+1.43

* p = NS (NS=Not Significant).
D HNRB: hot air-dried non-fermented rice bran, 2 HFRB: hot air-dried fermented rice bran

3 FNRB: freeze-dried non-fermented rice bran, ¥ FFRB: freeze-dried fermented rice bran

Each value is presented as mean+SD of 3 times.

Table 11. Approximate composition of fermented rice bran with

koreensis DB1
unit: %

Content HNRBY HFRB? FNRB? FFRB?

Moisture 5.41+0.54*  3.99+0.43° 1.87+1.06 1.41+0.80
Crude ash 8.30+0.18> 8.72+0.12* 8.57+£0.08 9.22+0.56

Crude fat 15.89+0.46 16.48+1.21 17.82+0.86 18.38+0.67

“ p = NS (NS=Not Significant).
D HNRB: hot air-dried non-fermented rice bran, ? HFRB: hot air-dried fermented rice bran

3 FNRB: freeze-dried non-fermented rice bran, ¥ FFRB: freeze-dried fermented rice bran

Each value is presented as mean*SD of 3 times.
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¥ F3F 5% (sucrose, glucose, fructose, mannitol, sorbitol)®] §2]3& AF-&3}o]
RAE A3, L. plantarum EMe] 2& A n 774 28| A sucrose (56,266-60,073

mg/kg) 9}t glucose(48,569-59,150 mg/kg)e] ko] 7}4 =A YUESI, WE &
n 7 AZE A sucroser= LE A AJB e H]=E ko] HEFHUOSM, glucoses}
fructoser= HA&H A EUtH(Table 12, 13). W, koreensis DBl1¢ =& A
n A AZEAE  sucrose(61,269-75,557 mg/kg)¢} glucose(56,605-80,531 mg/kg)
o] 7Fg =A uEwa, w8 o= glucose?t fructose’t HEEH A
tHTable 14, 15). ©o]¢] sucroser= 98¢l w7 3h&w ol w3y FF7}
sucrose® AFSHA FE e & o ]
9ste] mAguA] Az Al H7bek Zelw, L

koreensis DB19] W& A ABoA ¢ =& e YEIYR =4
Az Al H7Hs glucose FFF Apo] WLl

}

GjjAb 5ol 93 glucose$} fructose”

O.

o o
o

-

HA Hdzze Yo Az wAAxRES fUbe BAe Ay L
plantarum EM9] @& A w7 ZE| = lactic acid7} ok 17472 mg/kg= 7}
=A A=A, acetic acide= AEH A FUTh HF F v FARENAE lactic
acid 8t#Fo] ¢F 92931 mg/kgl & WE HRTF AA 7 tH(Table 16, 17). W.
koreensis DB19] ¥wrg A w|ZAAZEAHE lactic acid’} ¢F 17,983 mg/kg®= 7}%
=7 AEENL, L. plantarum EMe] 2gE A A85¢E =274 acetic acid®
AEHRoH, g T nBFAFxEA lactic acide} acetic acid7} ¢k 56,254
mg/kg, 2428 mg/kgZ F7]4F ko]l A A F7FsFA Y (Table 18, 19). o] homo
type?l L. plantarum EM3} hetero type¢l W. koreensis DBlo] g & %3t
A oste] wE Foll Fr|4 el ¥ =4 yEueE A= A}

i
)
o
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Table 12. Free sugar contents of hot air-dried fermented rice bran with
L. plantarum EM

unit: mg/kg
Content Non.— fermented F.ermented
rice bran rice-bran

Sucrose 56,266+9,557 42,998+9,616
Glucose 48,569+11,346" n.d"’
Fructose 8,112+2,468" n.d”
Mannitol 8,306+405 6,608+3,703
Sorbitol 4,648+153 3,449+1,750

Total 125,903+23,625 53,056+6,614

“ p = NS (NS=Not Significant).

U n.d: not detected

Table 13. Free sugar contents of freeze-dried fermented rice bran with L.
plantarum EM

unit: mg/kg
Content Non-—fermented F-ermented
rice bran rice-bran

Sucrose 60,073+11,419 47,954+6,960
Glucose 59,150+4,318% n.d"’
Fructose 12,322+4,699° n.d"
Mannitol 5,983+4,329 6,555+3,056
Sorbitol 3,225+2,637 2,900+616

Total 140,754+14,653 57,410+7,144

“ p = NS (NS=Not Significant).

Y n.d: not detected
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Table 14. Free sugar contents of hot air-dried fermented rice bran with
W. koreensis DB1

unit: mg/kg
Content Non.—fermented F.ermented
rice bran rice-bran

Sucrose 75,557+£28,323 62,224+1,141
Glucose 56,605+8,703" n.d"’
Fructose 3,067+210" n.d”
Mannitol 7,587+1,084° 14,296+3,337%
Sorbitol 2,817+3,630 5,348+163

Total 145,632+50,949% 81,869+4,6422

“ p = NS (NS=Not Significant).

U n.d: not detected

Table 15. Free sugar contents of freeze-dried fermented rice bran with W.
koreensis DB1

unit: mg/kg

Content Non.—fermented F.ermented

rice bran rice-bran
Sucrose 61,269+£355 62,362+778
Glucose 80,531+696° n.d"’
Fructose 4,270+412 n.d®
Mannitol 8,773+140 14,642+3,731
Sorbitol 2,658+119 5,473+415

Total 158,201+1,351*% 82,477+4,926%

* p = NS (NS=Not Significant).
Y n.d: not detected
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Table 16. Free organic acid contents
with L. plantarum EM

of hot air-dried fermented rice bran

unit: mg/kg
Content Non.—fermented F.ermented
rice bran rice-bran
Citric acid 1,332+2,119° n.d"”
Fumaric acid 41+67 35+57
Lactic acid 17,199+1,044" 91,944+3,065%
Acetic acid n.d n.d
Total 18,573+£2,325% 91,979+3,008?

* p = NS (NS=Not Significant).

D n.d: not detected

Table 17. Free organic acid contents of freeze—-dried fermented rice bran

with L. plantarum EM

unit: mg/kg
Content Non.—fermented F.ermented
rice bran rice-bran
Citric acid 1,470+2,369 1,284+1,119
Fumaric acid 43+71 57+95
Lactic acid 17,745+2,136° 93,918+8,015*
Acetic acid n.dV n.d
Total 19,258+3,793% 95,259+9,028?

* p = NS (NS=Not Significant).

D n.d: not detected
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Table 18. Free organic acid contents of hot air-dried fermented rice bran
with W. koreensis DB1

unit: mg/kg
Content Non.—fermented F.ermented
rice bran rice-bran
Citric acid 4,167.72+276.04 4677.25+463.12
Fumaric acid 149.08+0.85 161.28+0.23
Lactic acid 17,980.78+127.40" 56,845.35+£566.35%
Acetic acid 888.56+89.45" 2,091.87+£322.71%
Total 23,186+493.74% 64,275.75+1,352.41%

* p = NS (NS=Not Significant).

Table 19. Free organic acid contents of freeze—dried fermented rice bran
with W. koreensis DBI1

unit: mg/kg
Content Non.—fermented F.ermented
rice bran rice-bran
Citric acid 4,112.31+£268.17 5,036.64+884.29
Fumaric acid 165.50+£3.57 150.27+1.35
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°

“ p = NS (NS=Not Significant).
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S BA3% A, L. plantarum EMe] W& jJJr 3 9
nZAzEAAE F 2159 fEotuqte] HEHAM, g ofFu, Ay
W& sheko] zpol:= vl A Skt (Table 20, 21). 18]y W. koreensis DBI19]
Ly = arginine?] gt#EFo] 34290 mg/kg® ornithine A4 <
sl H7bste] = FFS UERWRAIL, ornithined HEFHA Fkoy, 2§
S o= arginine®] o] 290 mg/kg® AR, ornithine &gFo] 21,110
mg/kg@ Z719 S YEH It Table 22, 23). o= W. koreensis DB12] o}n] -2}
JALS &3] @& A H7}9 arginine©] ornithined} citrulline®. 2 A3 E QS-S o

£|: )\/\}\}\q—
%) At 24

A dzxAdd stao] Az vddzse] A2
Ay 5 wZdA F 11F] Aike] AEEH%AaL, o]
linoleic acid7} 54mg/ge® 7} ¥ FHe AASHATHTable 24, 25). W.
koreensis DB19] n|Z7AZELE & 11F9 AWato] A=HA oM, oleic acid7} 53
mg/g, linoleic acid’} 46 mg/g o 2 L. plantarum EM2] v Z}A 59 FAFSE e
UEFAtH(Table 26, 27). 3, F 5 EF 9g ARy Azl nE g
zhol= YERA] FUTH o] g ok x =

& UM

. plantarum EM¢] ¥g&
oleic acid”’} 62 mg/g,
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Table 20. Free amino acid contents of hot air-dried fermented rice bran

with L. plantarum EM

unit: mg/kg
Content Non-—fermented F.ermented
rice bran rice-bran
Aspartic acid 952+522 893+119°
Glutamic acid 1,080+64 7881246
Asparagine 1,335+170 1,235+105
Serine 760+150 41+8
Glutamine 10+£17 10+£18
Histidine 279+68 359+73
Glycine 373+69" 577+103°
"Threonine 616+145 501+116
Citrulline 33+29 34+30
Arginine 1,436+129 1,584+106
Alanine 2,241+691 2,250+807
GABA 7791210 1,089+192
Tyrosine 656+53 47587
Valine 7951143 1,105+170
Methionine 267+41 313+36
Tryptophane 231172 169+160
Phenylalanine 719+£57 584+90
Isoleucine 444+81 538+105
Ornithine 185+186 96106
Leucine 1,741+214 1,955+151
Lysine 542+194 603+237
Proline 1,828+135 1,934+£190
Total 16,951+2,842% 17,143+2,1422

“ p = NS (NS=Not Significant).
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Table 21. Free amino acid contents of freeze-dried fermented rice bran
with L. plantarum EM

unit: mg/kg
Content Non-—fermented F.ermented
rice bran rice-bran
Aspartic acid 1,158+40 1,137+£317
Glutamic acid 1,019+372 862+241
Asparagine 1,640+742 1,201+257P
Serine 952+135 328+488
Glutamine 11+£19 24+41
Histidine 42457 419+17
Glycine 470+69 616+111
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
GABA 1,315+ 363 1,237+56
Tyrosine 855+66 591+185
Valine 1,142+122 1,196+146
Methionine 504+46° 304+87"
Tryptophane 259+157 129+50
Phenylalanine 999+77¢ 509+235P
Isoleucine 624+92 61177
Ornithine 83+34 94+106
Leucine 2,393+102 1,642+967
Lysine 848+274 680+229
Proline 1,975+169 2,057+148
Total 21,751+1,339° 18,000+2,2022

“ p = NS (NS=Not Significant).
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Table 22. Free amino acid contents of hot air-dried fermented rice bran

with W. koreensis DB1

unit: mg/kg
Non-fermented Fermented
Content . .
rice bran rice-bran
Aspartic acid 929.76+19.82P 1,407.62+86.06%

Glutamic acid

1,543.38+700.40

1,498.29+449.35
1,344.63+459.22

Asparagine 1,423.42+639.41
Serine 679.12+102.04 917.13+122.66
Glutamine n.d" n.d
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" 7,955.49+645.38°
Arginine 33,409.77+502.30? 413.47+29.97°
Alanine 1,922.46+307.24" 4,487.18+647.49°
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 A77.47+217.83 731.99+338.27
Ornithine n.d® 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°

* p = NS (NS=Not Significant).

Y n.d: not detected
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Table 23. Free amino acid contents of freeze-dried fermented rice bran

with W. koreensis DB1

unit: mg/kg
Content Non-—fermented Ffermented
rice bran rice-bran
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 n.d"’ 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+£59.042 167.37+92.72°
Alanine 2,294.93+232.18 4,573.38+543.14
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 n.d® 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+6,049.142

* p = NS (NS=Not Significant).

Y n.d: not detected
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Table 24. Fatty acid contents of hot air—-dried fermented rice bran with L.

plantarum EM

unit: mg/g
Content Non.—fermented Ffermented
rice bran rice-bran
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 2.27x0.24
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+14.86*

146.20+13.75%

* p = NS (NS=Not Significant).
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Table 25. Fatty acid contents of freeze—dried fermented rice bran with L.

plantarum EM

unit: mg/g
Content Non.—fermented F.ermented
rice bran rice-bran
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 acidf 63.43+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? 0.87+0.11 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+8.98%

148.98+16.192

* p = NS (NS=Not Significant).
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Table 26. Fatty acid contents of hot air-dried fermented rice bran with

W. koreensis DB1

unit: mg/g

Content Non.—fermented F-ermented
rice bran rice-bran

Myristic acid 0.43+0.01" 0.73£0.05%

Palmitic acid 23.46+0.70" 24.74+0.58%
Palmitoleic acid 0.22+0.01 0.23+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-Tinolenic acid 1.64+0.09 1.72+0.07
Arachidic acid 0.69+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+10.28% 135.18+6.032

* p = NS (NS=Not Significant).
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Table 27. Fatty acid contents of freeze-dried fermented rice bran with W.

koreensis DB1

unit: mg/g
Content Non.—fermented F-ermented
rice bran rice-bran
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 acidt 53.44+5.28 54.39+4.54
Linoleic acid 46.94+4 .81 47.64+4.18
Alpha-linolenic acid 1.69+£0.15 1.72+0.13
Arachidic acid 0.69£0.08 0.71+0.07
Ficosenoic acidt 0.69+0.08 0.71+0.07
Behenic acid 0.59+0.11 0.61+0.13
Lignoceric acid 1.24+0.16 1.29+0.15

Total

132.11+£12.572

134.85+10.78%

* p = NS (NS=Not Significant).
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4°C HFRB" 4°C FFRB?

.‘06006 Riddd.

Arg" O™ Arg® Orn™ 0 3 6 9

Figure 4. Ornithine production of fermented rice bran with W. koreensis
DB1 stored at 4°C according to storage period

Arg": spot of standard arginine, Orn™: spot of standard ornithine

U HFRB: hot air-dried fermented rice bran, 2 FFRB: freeze-dried fermented rice bran

RT HFRB" RT FFRB?

IS
RAAAA ’00000

Figure 5. Ornithine production of fermented rice bran with W. koreensis

DB1 stored at room temperature according to storage period

Arg": spot of standard arginine, Orn™": spot of standard ornithine

U HFRB: hot air-dried fermented rice bran, ? FFRB: freeze-dried fermented rice bran
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A7 AGewe] Wl wE ngazEe] FesHE Astess g
9lete]  AAskAT. 7] AIAlE O-phthalaldehyde W& o]&3te] AdS
om ZxHE AdtsS 7MA = w59 L plantarum EMOZ A 23

sy ddsitt A9 A ¥ F 4T, 2ol A Almeh w41x
4°C

[-‘O
ol
-
N

o)
A5 FHzEE Ay FARE o] YERY A& s, @E
uegt ZFd2dHE AATe] AHolrt vy AL stk (Table 28, 29). g
719 A7 AL wE fakd F SA A F
AbEEHE e Fstde, agdE ZFH2EHE Asteol YEeEldiE olfiE L
plantarum EMo] Al AHlolAE FHAHEZE 33 + Jd= EHS AU

Ao Atm "4, 331
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Table 28. Cholesterol removal ability of fermented rice bran with L. p/antarum EM stored at 4°C according to

the storage period

0 months 3 months 6 months 9 months 12 months
0.5% oxgall 67.1£3.9 67.2+5.6 63.6%5.0 62.4+1.4 63.4+2.5
HFRBY
0.5% TDCA 30.2+5.0 32.6£1.6 32.8+4.8 30.2£59 30.3£1.1
0.5% oxgall 60.5+7.4 60.3+7.9 60.7+1.1 60.0+4.8 60.5+0.9
FFRB?
0.5% TDCA 24.6+2.1 25.1+0.4 24.6+2.0 251+1.3 23.6+3.3

U HFRB: hot air-dried fermented rice bran, ? FFRB: freeze-dried fermented rice bran
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Table 29. Cholesterol removal ability of fermented rice bran with L. plantarum EM stored at room

temperature according to the storage period

0 months 3 months 6 months 9 months 12 months

N 0.5% oxgall 67.1£3.9 64.4+3.9 61.6+1.9 61.6+0.8 60.0+0.8
HERD 0.5% TDCA 30.2£5.0 30.2+1.4 28.9%0.8 31.2+5.5 30.5+1.4
— 0.5% oxgall 64.2+5.2 62.2+4.2 60.9+0.6 60.9£3.9 60.9£0.8

! 0.5% TDCA 23.6+2.4 23.5%2.1 23.1£2.8 23.6+11.9 22.8+5.0

D HFRB: hot air-dried fermented rice bran, ? FFRB: freeze-dried fermented rice bran
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Table 30. Sensory evaluation of hot air-dried fermented rice bran with L. plantarum EM stored at 4T
according to storage period

Items 0 months 3 months 6 months 9 months 12 months
Sourness 5.0+0.0 5.0+0.0 5.0+£0.0 5.0+0.0 5.0+0.0
Bitterness 1.2+04 1.2+04 1.2+04 1.2+04 1.2+04
Saltiness 2.2+0.4 2.2+0.4 2.2x0.4 2.2+0.4 2.2+0.4

Savory flavor 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4
Hay smell 1.0£0.0 1.0£0.0 1.0£0.0 1.0+0.0 1.0£0.0
Mouthfeel texture 4.2+0.4 4.4+0.5 4.4+0.5 4.4+0.5 4.4+0.5
Rancid flavour 4.6+0.5 4.6+0.5 4.6+0.5 4.2+0.4 4.0+0.7
Brightness 2.0+0.7 2.2+0.8 2.2+0.8 2.2+0.8 2.2+0.8
Overall acceptability 3.0£1.0 3.0£0.7 3.0£0.7 3.0£0.7 3.0£0.7

* p = NS (NS=Not Significant).
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Table 31. Sensory evaluation of freeze-dried fermented rice bran with L. plantarum EM stored at 4T
according to storage period

Items 0 months 3 months 6 months 9 months 12 months
Sourness 5.0£0.0 5.0+0.0 5.0+£0.0 5.0+0.0 5.0+0.0
Bitterness 1.2+04 1.2+04 1.2+04 1.2+04 1.2+04
Saltiness 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4

Savory flavor 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4
Hay smell 1.0£0.0 1.0£0.0 1.0£0.0 1.0+0.0 1.0£0.0
Mouthfeel texture 4.6+0.5 4.6+0.5 4.6+0.5 4.6+0.5 4.6+0.5
Rancid flavour 4.6+0.5 4.6+0.5 4.4+0.5 4.2+0.4 4.2+0.4
Brightness 3.6+0.5 3.4+0.9 3.4+0.9 3.4+0.9 3.4+0.9
Overall acceptability 3.4+0.9 3.4+0.9 3.4+0.9 3.4+0.9 3.2+0.8

* p = NS (NS=Not Significant).

_56_

Collection @ chosun



Table 32. Sensory evaluation of hot air-dried fermented rice bran with L. plantarum EM stored at room

temperature according to storage period

Items 0 months 3 months 6 months 9 months 12 months
Sourness 5.0£0.0 5.0+0.0 5.0+£0.0 5.0+0.0 5.0+0.0
Bitterness 1.2+04 1.2+04 1.2+04 1.2+04 1.2+04
Saltiness 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4

Savory flavor 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4
Hay smell 1.0£0.0 1.0£0.0 1.0£0.0 1.0+0.0 1.0£0.0
Mouthfeel texture 4.2+0.4 4.2+0.4 4.2+0.4 4.2+0.4 4.2+0.4
Rancid flavour 4.6+0.5 4.6+0.5 4.4+0.5 4.0+0.7 3.8+0.8
Brightness 2.2+0.8 2.2+0.8 2.0+1.0 2.2+0.8 2.2+0.8
Overall acceptability 3.0+1.0 3.0+1.0 3.0+£1.0 3.0+1.0 3.0+1.0

* p = NS (NS=Not Significant).
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Table 33. Sensory evaluation of freeze-dried fermented rice bran with L. plantarum EM stored at room

temperature according to storage period

Items 0 months 3 months 6 months 9 months 12 months
Sourness 5.0£0.0 5.0+0.0 5.0+£0.0 5.0+0.0 5.0+0.0
Bitterness 1.2+04 1.2+04 1.2+04 1.2+04 1.2+04
Saltiness 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4

Savory flavor 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4 2.2+0.4
Hay smell 1.0£0.0 1.0£0.0 1.0£0.0 1.0+0.0 1.0£0.0
Mouthfeel texture 4.2+0.4 4.2+0.4 4.2+0.4 4.2+0.4 4.2+0.4
Rancid flavour 4.6+0.5 4.2+0.8 4.2+0.8 3.8£0.8 3.6£0.5
Brightness 3.4+0.9 3.4+0.9 3.4+0.9 3.4+0.9 3.4+0.9
Overall acceptability 3.4+0.9 3.4+0.9 3.4+0.9 3.4+0.9 3.4+0.9

* p = NS (NS=Not Significant).
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Table 34. Sensory evaluation of hot air-dried fermented rice bran with W. koreensis DB1 stored at

according to storage period

Items 0 months 3 months 6 months 9 months 12 months
Sourness 2.1+0.7% 2.3+0.8% 2.3+0.8% 2.3+0.8% 2.3+0.8%
Bitterness 2.6+1.1°% 2.7€1.3% 2.9+1.2°% 3.0£1.3% 3.0£1.3%
Saltiness 2.1+£0.7% 2.1+£0.7% 2.1+£0.7% 2.1+£0.7% 2.1+0.7%

Savory flavor 4.0+1.0° 4.0+1.0° 4.0+1.0° 4.0+1.0¢ 4.0+1.0°
Hay smell 1.6+0.8% 1.6+0.8% 1.6+0.8% 1.6+0.8% 1.6+0.8%
Mouthfeel texture 3.4+0.5% 3.4+0.5% 3.4+0.5% 3.4+0.5% 3.4+0.5%
Rancid flavour 3.9+0.9° 3.7+1.0° 3.0+0.6% 2.7+0.8" 2.7+0.8"
Brightness 2.7+0.5% 2.7£0.5% 2.7£0.5% 2.7+0.5% 2.7+0.5%
Overall acceptability 3.6+0.8% 3.6+£0.8% 3.0£0.6% 2.7+0.8% 2.7+0.8%

Different letters for sensory items indicate significant differences (p < 0.05).
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Table 35. Sensory evaluation of freeze-dried fermented rice bran with W. koreensis DB1 stored at 4TC

according to storage period

Items 0 months 3 months 6 months 9 months 12 months
Sourness 1.9+04 1.9+04 1.9+04 1.9+04 1.9+04
Bitterness 1.7+£0.5 1.7+£0.5 1.7+£0.5 1.7+£0.5 2.0£0.8
Saltiness 1.9+0.4 1.9+0.4 1.9+0.4 1.9+0.4 1.9+0.4

Savory flavor 4.3+0.8 4.3+0.8 4.3+0.8 4.3+0.8 4.3+0.8
Hay smell 1.6+£0.8 1.6+£0.8 1.6+£0.8 1.6+£0.8 1.6+£0.8
Mouthfeel texture 4.1+0.9 4.1+0.9 4.1+0.9 4.1+0.9 4.1+0.9
Rancid flavour 4.3£0.5 4.3+0.5 4.3+0.5 4.3+0.5 4.1+0.7
Brightness 3.3£0.5 3.3£0.5 3.3£0.5 3.3£0.5 3.3+0.5
Overall acceptability 4.4+0.5 4.4+0.5 4.4+0.5 4.4+0.5 40+1.2

* p = NS (NS=Not Significant).
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Table 36. Sensory evaluation of hot air-dried fermented rice bran with W. koreensis DB1 stored at room

temperature according to storage period

Items 0 months 3 months 6 months 9 months 12 months
Sourness 2.3+1.0% 2.3+1.0% 2.6+1.2% 2.4%1.0% 2.4%1.0%
Bitterness 2.0£0.8% 2.0£0.8% 2.0£0.8% 2.4+1.0% 2.6*1.1%
Saltiness 2.1+£0.7% 2.1+£0.7% 2.1+£0.7% 2.1+£0.7% 2.1+0.7%

Savory flavor 4.0+1.0° 4.0+1.2° 3.7+1.3% 3.6+1.4% 3.6+1.4°
Hay smell 1.6+0.8% 1.6+0.8% 1.6+0.8% 1.6+0.8% 1.6+0.8%
Mouthfeel texture 3.3+0.8% 3.3+0.8% 3.3+0.8% 3.3£0.8% 3.3+£0.8%
Rancid flavour 4.3+0.5% 4.3+0.5% 3.7+0.8? 2.5+0.8" 2.6+0.8"
Brightness 2.7+0.5% 2.7£0.5% 2.7£0.5% 2.7+0.5% 2.7+0.5%
Overall acceptability 3.6+0.8% 3.6+0.8% 3.0+0.8% 2.4+0.8P 2.3+1.0P

Different letters for sensory items indicate significant differences (p < 0.05).
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Table 37. Sensory evaluation of freeze-dried fermented rice bran with W. koreensis DB1 stored at room

temperature according to storage period

Items 0 months 3 months 6 months 9 months 12 months
Sourness 1.7£0.5 1.7£0.5 2.0+1.0 1.9+£0.7 1.9+0.7
Bitterness 1.6+£0.5 1.6£0.5 1.9+1.1 1.7£0.8 1.7£0.8
Saltiness 1.9+0.7 1.9+£0.7 2.0+1.0 1.9+£0.7 1.9+0.7

Savory flavor 4.4+0.5 4.4+0.5 3.7+1.3 3.7+1.3 3.7+1.3
Hay smell 1.4+£0.8 1.4+0.8 1.7+1.3 1.7+1.3 1.7+1.3
Mouthfeel texture 4.4+0.8 4.4+0.8 4.4+0.8 4.4+0.8 4.4+0.8
Rancid flavour 4.4+£0.5 4.4+0.5 3.4+1.3 3.6+1.1 3.6+1.1
Brightness 3.1+0.4 3.1+0.4 3.1+0.4 3.1+0.4 3.1+0.4
Overall acceptability 4.4+0.5 4.4+0.5 34+1.5 36+t14 36+t14

* p = NS (NS=Not Significant).
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