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Abstract This paper aimed to increase the functionality and competitiveness of rice bran, which is
used as an alternative food and cosmetic raw material, through fermentation. As a result of
comparing the enzyme activity of e-amylase, CMCase, f-glucosidase, protease, etc. of fermented
rice bran using standard strains with 6 strains with excellent enzyme activity among 50 strains of
Saccharomycopsis fibuligera isolated from 5 types of Nuruk, A8 strain showed excellent enzyme
activity of 13.7%, 21.1%, 50.3%, and 10.0% compared to the KCTC 7806 strain. As a result of the
ABTS and DPPH tests as a result of fermentation, it was confirmed that rice bran fermented with
A8 had 1.12 times and 1.28 times more antioxidant activity than rice bran fermented with KCTC
7806 strain. In this paper, it was possible to confirm the S fibuligera A8 strain superior to the
standard S. fibuligera strain KCTC 7806.
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Tae uAES o8t ¥ A=Y cellulose,
starch, maltose, lactose® 72 disaccharide@:
polysaccharide, protein, peptide®} Z-2 amino
acid polymer, T3St BEHEEY glycoside &
IEAS} H E4E Eofcks o, RS B9
FERY TFEZ =9 & JS B9 ope AF
B3 alcohol/J4tol 83 Ak Sh1]. YRAES
ndEY F4S 24sto] AEHES BAFEOR
Agtsto] Baket AE 9S85 DopH[2], A AlA A
ATHOE AxEEs FHAEL olggt HFE B9
AsH] AEE 4%} 71set FHIE EAY TR
S5 FA717] s AR EAHBI

drg 7gol A AAE= organic acid, alcohol&
Bl AEY HEYZ S7H717] A RS A
g1 1% BorAlor AolMs FAF yeast,
fungi, SANES E3ole] FEM)S ARsto] &2
Heth 2 B o] +50 290 U= yeast®
fungi, fAhto] &9 HES Eafote] ethanolS 34
St Hgolm[4], o] THoflA Aoy FAjzo] E3HE
of U= AE BHYEH9 F33 G0l FTRIH= A
o] ¥ Aol o3 dHATH5].

TR AE] A7 o193t o7 A7l gt T4
72 473 Aol fedt 23E Uehfs 2 7HA
7140l Sledl, fAFT 22 AAA QA probiotic
BEE SRetL 2], EEE Qg A 22
HARRES A8 WY 9 oAl B A7 oldE
9 o lone], £ tEs e &4 diAt
AEE AT 4 LS Bt o2} 540} 3 GYAE
HaAg 5 UT7I

FEof|A BE$t Saccharomycopsis fibuligera=

_l
3:0

a-amylase 99l glucoamylase, protease, B
-glucosidase, ethanols JAlel= FE2 LA QITHS).
&3, S fibuligera 7t AJAFsk= trehalose, amylases,
acid protease, f-glucosidasex &g 9 Ak A
oA B2 3§ Fofo AREHETHIL

YA 0 & wpge]ofli= eQlofu} mzo] Hisf 50~200HH
W2 EFEA farnesol 5O 95t Yazt IS
2, AR W2 EEHo] 9lon, T4 op] Akl
phenylalanine, leucine, threonine 53} &7 A4S}

E£49| glutathione2 -85k QItH10].

FAkst  Zhgolt FAAtAF(reactive  oxygen
species, ROS)o|U EAAAZ(reactive nitrogen
species, RNS)?} 22 free radical& 473k &
ot B}t 49 free radicalo] SHAS}, Xt A4
GEA Aofl, st LS WA= Ho] Hie A,
FAEEde] 83 9 850 FEZ T QIHH11L

F2 AolA == B8 AT Nre w2
thARHY Soll =AY Cytokine 283} 22 A=
O = Qlste] WAL gt} o|2 QIsto] Aol A=
A5t AE AT} TASEEA w3t BTk AR 22
AE9] delo] o} TEE SYALE AASH=
A= QA9 AR o, w3t W] 5o Tt
7150 ek FEA ACH17L

AL W32 BAA FpAstel H] 54F ISR
Urojith a4 BN Fa5HA AREE=
kel E29l glutathione2 cysteine, glutamic
acid, glycine & Al 7}A]9] ofu|iil FIAAZ A,
4HE AHoME & 24 JeH= EA5hH GSH=
713} Ak Ao = B4 glutathione©l
A% = EA6kH, GSSGet #7139t GSHEet
glutathione peroxidase< free radical®} 8H-g-5}c]
ARBE 0 24 free radicald AAsHs 9T gt [111.
H] §44 FRAS]of| A= ascorbic acid®} tocopherol©]
s it 4ol

2 AoMe FRoA &8, 4T 7HA
Saccharomycopsis fibuligera 7% 3St=A4g535}
A1Yel FEAYAE(KCTC, Korean Collection
for Type Cultures)ollA] ¥ EEAFKCTC 7806)2F
protease, @-amylase, f-glucosidase, CMCase &4~
24 53 ABTS assay, DPPH assay?] @42
F3olal H|w EAslo] FRFFEY 435 S
Zt= #9 45 gelstaist gk

Saccharomycopsis fibuligera A8w59 @&
n7ds o-&et A ApAolA FASY 9 F=H=
grlstoiom, L3t ah FAI T 21=
AU FoY] EAsket FASE BRARA AFISH
7AE BEastaA}; gt

il

2. M3 wy

21 4

oo

H ZH|



SE0|M 228t Saccharomycopsis fibuligera DIZAWEE0| SA8Y U &tsis0| et o7 405

211 2% 22

S. fibuligera 319 ¥|nE 3] F=3gZst
AU MEAYAES BEAFFA S fibuligera
KCTC 78062 2ot AR&3Itt ot At o529
AEE Aol FAAMTS, AEARERS, SeA
55, AFIAE, skARM3REolA S fibuligeras
Holoinh #ed 4= ARES VIeCE 5 E
91070 5 st FAMEFE(AL-AL0),
AEZPAAFE(B1-B10), $FIFAFF(C1-CL10), A
FAAFF(D1-D10), SFFAMMIFEEL-10)E AA
S ¥=0)A S fibuligeraS EE5H= o=

YM agar (malt extract 3 g/L, yeast extract 3 g/L,

A

dextrose 10 g/L, agar 15 g/L, peptone 5 g/L,
distilled water 1 L)& o]-&3s}itt.

2.1.2 ME &

Ot FEolA B9 S fibuligerag® AW
Boll S FH 600 nm FFEE o]8st] FF=
0.7 712 1% =% YM broth (malt extract 3 g/L,
distilled water 1 L, yeast extract 3 g/L, dextrose
10 g/L, peptone 5 g/L)°ll FF3tArt. 1 & A
Aot AL A S Hol #5 A8, A9,
C6, C7, C9, D105 AFl A5ttt

2.1.3 XgAoH

Aol ARGE P72 AlIFAI9] Am|aoflA 20199
100l AFE vdE AREstSinh v Had +FE
2257] Hof uAE 714E St= solid state
fermentations AAJoFATh 7|2 ARSH w2
o4 AA ¥ #H3E ¥l 600 ym mesh °]&
5to} meshE BSHoHA] Xet v|7E o]&sto] Hjek
SFTh B2 1:2(wiv)E distilled water®] 235},
30g S A7 15 cm petri dishol @17 autoclave 3}
o= AFEAIAT I % 600 nmolX9] 4%t 2.00]
HeE S Y-S 10 mL go] FESTh 1 &
H|g71E o]&sto] 25T ZHoflA 5Uzt sttt

Hjko] B w2 5g2 F4oto] 110(wiv)E
distilled watero] 2713t ¥ mixing& 53 &%29
BAE ottt A0 o]F RRAHOE ARES

At

22 24 M

2.2.1 a—amylase

S. fibuligera KCTC 78063 F2ojA Eald §.
fibuligera %7} AAet= a-amylase®] 4 &%
2 Y34 0.50% starch solution (w/v) 1 mLel| &
9] A5H 1 mLE 9ol T3t ¥ 20T 3 £7F Hiek
stch #ieF & ZF F AAo DNS reagent 1 mlg
91 FAS 91 = B9 15 £ £ Fof AL20)4
YZst DWE 9 mlA Hrista &gt 9
540nmollA EAstA . &3 Al sample blank® &
gsto] Z+ A1) ODgrollAl w1 3|AujeE HASH
T 49E A=

2.2.2 CMCase

S. fibuligera KCTC 78063 F2ojA Eald §.
fibuligera 257} AJ/d5k= CMCase activityd] 4
dotE ottt Adof AREH carboxymethyl cellulose
sodium salt (CMC) solution2 sodium acetate
buffer (50 mM, pH 5.0) 100 mLe] CMC 1g& ¥
90 TE 2417t B¢ 7hgste] Fsid w74 =t
CMCase £4& 8l 1% CMC solution 1 mLet
284N 1 mLE T3 F 65 TollA 3087t 9HSA1A
CMC7} 2= =5 st3itk. CMC &3 =5 S4517]
95l EafjARE0] glucose BEE 27331 th Glucose
L 240 e-amylase®] &4 =33 U5
DNSE ARt

g #FE Bl ABAE glucosex standard
curves ZHdsto] ghalstyct. ojnf CMCase &4 1
unit2 glucose 1 M BHAEZ WHIA7]7] 3l
a3t g4Foz st

2.2.3 B-glucosidase

S fibuligera KCTC 7806 S0k Ead S
fibuligera A%} AAok= cellulase & SRR B
-glucosidase®] 4 YolHEYrt 5 mM p-nitrophenyl-
B-D-glucopyranoside (PNPG}&9 450 pLof FaAH
50 uLE 71810 50TOlA 3081 HRGAIZE ¥k &1 M
NaCOs-8H 1 mL 7o) §kE-Z AN 5 Al
(4,000g, 5min, 4C)slo] B84 8 AAsINE 1+
ASHE 35519 400 nm TFFOAY] OD valueE 74
SSich



S A7 =,

ul} e FEES slAsto] ARESIITE ABTS solution
0=t Hks-
o=

l=2X| R122 115
20 mlo] 225 02 mLE 7Rt 3 3
734nmelA OD valueS Z4slo] eftizk 4758 Axt

406 3=88ste=
g P B9 AAE  p-nitrophenol
Adste] ghitslgich. o B
-nitrophenol 1
S0k

standard curve® &4
-glucosidase &4 1 unitE £ p
ZQost g4Fgo=
2.3.2 DPPH assay
70% ethanolol 1,1-diphenyl-2-picrylhydrazyl
(DPPH)E 70 M7} H=E &3A1X1 F, 517nmo]lAl

OD value® &435t OD value’t 0.8°] HEE
70% ethanol X DPPHE F7lstal EAs}o]
DPPH solution AZs3th. v ¥8 252 52

AZ2E 59l &9E AASHACH, 0.5 mg/mLY] T=E
AR

MO YABE A7) )
Holsiet.

2.2.4 Protease
S. fibuligera KCTC 78061} 204 2= S
fibuligera 27} A/J5k= proteased 4 Lo}
uF g FEEZ 4ot AREstlth. DPPH
#5202 mlE 718 ¥ 3087

Ho¥th Casein solution2 sodium phosphate
solution 2.0 mLo]
HREAIZ1 H, 517nmollA] OD valueE 795t gz

buffer (50 mM, pH 7.0) 100 mLO] casein 1g2 3

7kt casein©] =& w7A] wHk & 5 pH 7= Z3et
A7¥ske] 100 mLE Witk a4

}

5 R
1 mL%} casein solution 9 mLE 233t F 27Co)A
30 £7F incubation AAISHI ). Incubation & 1
M Trichloroacetic acid 1 mL 93t proteases A2ASE AASIAL
denaturation Al7]= SAl°] EoEA] -2 caseine
SAAF S casein 2000 rpmlA 2 min 3. & Z1
20 A4 E2sto] AASH. oldf A5As 3]4st o
Gt 548 43 000 uLSk Folin Al 100 2 o B HY FY 2
Y ERe 3 ¥ 5 2 5 U whge WAz 3.1.1 a-amylase
b wk8o] TUH 760 nm IO 2] OD valueE A2 AlE9] FHd 2H8o]| ofsl A= A=
243519} TIHEE amylased] 23 EoiEo] 5= ovA|¥d
g B4e E3) A tyrosine L tryptophan o2 AEHL g-amylase (B.C.3.2.1.1)E 374 o4
7H 2T SEA(SE, oMdEA, ofd=EdH™, 29
FA, 9AEM9] ¢-1,4 glycosidic bondE Eafl5H]
7t Eofioto] 25, Wopd, 9 dAE-S AR
AES 0|83t g-amylase activitys H|w g A=
i
=2 «

tyrosine®] Tt standard curveE ZHAlslo] &HAls)
Fig. 13+ Zth. G4 E4o] w2 +02
&o07

9]

Act. ol protease €4 1 unit tyrosine 1 M9

BRAEE HEHA7]7] Yol BR3 ahgo = Holst

et
2.3 Sls A8)C7)D10yA9>KCTCHYCO>C6

231 ABTS assay -amylase activity7} 22 UEG o™, KCTC 7806

0.01 M PBS (phosphate buffer solution, pH 7.4) 50

mLol 7 mM 2-2'-azino-bis(3-ethylbenzothiazoline
-6-sulfonoic acid) diammonium salt (ABTS)Z 7 mM

St HEE &A1 F, 140 mM KoS$:0s 0.88 mLE
ZIck. 715 27, 9 AR

458 71502 Z H#9 g-amylase activityS H]w5H
13.7>10.3)5.004.9>00-3.5)-7.6%2] @-amylase activity
oI5 HGtE BE FFolA FAXCE Fofulet &

ol= UefA| &5t ot A8Y B¢ 7Kg w2 AolE

ekt

3.1.2 CMCase
Cellulose= Atz APEEI] = 4RO0=  endoglucanasesth

7¥sto] ARBIRESE Qo

o)A 16ARE B3t A slo] A vkE-S XIg¥stict. o]

Z139=] ABTS solution 734 nmelA OD valueg &%
cellulase (Endo-B-1,4-glucanase, EC 3.2.1.4) 2J3f £-3f

o] cellobiose®t &2 &g oz Agdr}. 1

5lod 0.01 M PBSE 342 B3f OD valueE 0.82 EH
5lo] ABTS solution A|Zsi3th 7t ¥ FE252

3l SUHE AR, 0.5 mg/mLe] se=

A=

O 5
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=92 cellobiose= B &2 cellobiose® £3j
HAY B-glucosidased] 8 F 7He] Ex Ex2
7t Bt [12]. CMC(carboxymethyl cellulose)
£ Ao ARREE cellulosed] 507 AREEH,
ol§ Edfiol= &S 71l AAE CMCasedt FEH,
cellulose?] E3f 49 7|Eo2 AREHT
CMCZE 0|83t CMCase activityS H| 23t A7H=
Fig. 23 2t} S48o] 2 o0& A9 4
A8D10)C7>A9C6)CHKCTCT806 o2 w2
CMCase activityZ} 2+ Uestom™, KCTC 7806
FE 7|1F02 7} #9] CMCase activitys H|5IH
21.1)20.0019.6)12.3)11.1)5.2)0%2] CMCase activity
AolE Hck
= #FoA BAFCE FYu)gt Alol= UERfA|
EotG oy A8 A 7MY w2 AolE UEU I

-
N

|_4
I_.

|_.
|_.

|_,

a-amylase activity (uM/hour/mL)

o N B O @

7806 A8 A9 C6 C7 C9 D10

!
@
—

. a—amylase activity of fermented rice bran

10

CMCase activity (WM/hour/mL)

7806 A8 A9 C6 C7 C9 D10
Fig. 2. CMCase activity of fermented rice bran

3.1.3 B-glucosidase

B-Glucosidase (8-d-glucoside glucohydrolase,
EC 3.2.1.21)= cellobioseZH-E glucoseS AAd5h=

42 cellobiosed] Y3t B AAE dfast= Al
w9 A EXg [13].

PNPGE ©]&3t f-Glucosidase activityS H] gt
A= Fig. 339 2ot 84 E40] 52 £0F Ao}
AE 1 A8)C9)»A9)C6)D10)C7YKCTCT806 <02
%2 p-Glucosidase activity?} Z}2 UEhgon,
KCTC 7806 455 71222 7} #9] 8-Glucosidase
activity® HASHH 50.3)23.7)16.6)9.05.6)3.8)0%
9] B-Glucosidase activity Al°]E& Bt

A8Y] A% p<0.01, C99] B¢ p0.05% BAHCE
FoulRt 2ol & YERf Lo FAlo] B FHof Hs|

o

T2 84 243 UElth

N
o

w
o
*

-
o

B-glucosidase activity (uM/hour/mL)
[N)
o

o

7806 A8 A9 C6 C7 C9 D10

Fig. 3. B—Glucosidase activity of fermented rice bran
(* p¢0.05, ** p(0.01)

3.1.4 Protease

Protease= YHPEH NIHPEHE Hio]g A0
O|27|7HA] e R7IAoIA Aol B4R B4 AF

= AIgk glo] @ dE Eofolo] AS HEE E=
ofu|Ato & Eofgitt. o] B g2 AE Bt
EZE g2 BETE 7159 G4t Holdith

CaseinZ ©]83} protease activityS ¥ w3t A=
Fig. 43 Zth 84 &40 w2 0 & AEsS o
A8)C9>D10>A9C6)CTYKCTCT806 £o= w2
protease activity”} 2+ YebgtoH, KCTC 7806
TFE 7|&0F 7} #9] protease activityS ¥ w5}
10.009.5>7.004.0>1.551.3)0%2] protease activity
Zpolg Hith

ekl
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300 -
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Protease activity (uM/hour/mL)

o

7806 A8 A9 C6 C7 C9 D10
Fig. 4. Protease activity of fermented rice bran

(* p(0.05)

32 ets £ 2

3.2.1 ABTS =8 &t

e A9 7%, AR 9 AZ] Al D45 I
¥ S A SfstolA] Akt AEH A T Ao
At 9 A&, Fakst A7 ARG v 0 E 5] =9
=4, ABTS Aleko 2= A4 2 I3 2843
T 24 7k R E ikt 4 AdldA ol
A &ol= AARTH ol

ABTSE ©o]-83t H4tst A9 ik Table 13 2t
A8)COHKCTCYADDI0YC7)C6 «L2F FAIsHs0]
UeRgom, KCTC 7806 w50l H|5to] A82 4.12%
=2 s Eoith

ol& Hlg o Z A8y KCTC 78062.% ¥ay w7
2283 ascorbic acid?] ICseS AASIYEE KCTC
780622 WA 4F 0.3513 mg/mLE UEFFL
A82 At A9 0.3137 mg/mlL, ascorbic acid
0.0136 mg/mL& UEsIT}. o] o] &df SHilet A%
KCTC9] 79 38.71 ascorbic acid mg / g& SHAHEH
A8L 43.35 ascorbic acid mg / g2 AL} o]=
KCTC7806°1 Bl 1.124] & FAtst +AE et
W,

£ 54l KCTC 780601 5} BAHo= &

omgt Apol= UEA] F5hglou A8Sl A% 7HY
£ AolE YEhfielth

o 1o

Table 1. ABTS scavenging activity of fermented
rice bran extract
ABTS scavenging activity (%)

Control 42.49+2.54
KCTC 7806 68.88+2.63
A8 73.00£2.63

A9 64.88+3.00

Cé 54.75+3.88

c7 58.25+4.75

Cc9 70.38+2.63
D10 59.50£3.25

w

2.2 DPPH =% Zut

12 A9 712, Y 9 A)F9] FAikel 43t 9
AL A FotofA] AlEt AEFA B A9

| A5, ASE Jut g H g g 3

. DPPH AlFo 2= {714 £32 &4 7hsd

T A &4 AFolA ol F&sk= HA

Holot [14].

DPPHE ©|-&%t 4t A9 Zxk= Table 29 Atk
A8YA9C6)CHKCTC 7806)C7)D10 =02 AISHs0]
UERTE KCTC 7806 =0l Hlsto] A8 14.22%
=2 ks HY ol& HEo® A81 KCTC
780622 W& H |7} FEE37 ascorbic acid?] 1IC
502 At vk ¥ 4 Z3= Fig. 3-29] W
ERfQitt. KCTC 780622 dragt 723% 0.5283
mg/mLE YEhgon ASE #gst AL 04127
mg/mL, ascorbic acid 0.0147 mg/mLZE YEFHTh
o ol&d] T A KCTCY H¥ 2782
ascorbic acid mg / g2 ZMIEH A2 3561
ascorbic acid mg / g& I} o= KCTC78060
H|g] 1284 w2 3iE} £2E Ui

)

[¢)

L g

wg e rlo

o

> oQ

]
g

)
22 [

ol
|o

H

o5
T

EUAHE FEE0 dad EUAHE &2
st B52 vud =2olA SHAUE FEEH
HaE EAARE 58 BF sk A2 At
I yeigon, dad SYAdES] Flshsol
S7ISHAT [15]. 2t Tt BA/4&2 g it

p

T A3 =2 BHaIYolA glucosidase, esterase
o] m|AEo] AJARE BA4E A|lEHY 223 S| A
o] T 8o|5}A o]Fo] A 4 =T L9, vigA|

A2 A% FEE9 €4& =95

she 5 384 a9E doTAY, 2289 €4

2 Eoste BAlol ndEe] BEd tiAEE]

N, g w ol
Ho e i

filo

=

of

™M

ol

)

g

)

oX,
M
[o
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oJsf B Akl s FAtslsol Aashe
Fhotal Hskg [16].

KCTC 7806 && w3t Bl w3 wf A8z} A9S] H-5-
p0.058 EAHCE Fofuet AolE HUehfile
ZAo] KCTC 7806 & o] Hlaf =& A3t S
LrEr 1.

Table 2. DPPH scavenging activity of fermented
rice bran extract

DPPH scavenging activity (%)

Control 21.40£2.93
KCTC 7806 45.14+2.14
A8 59.36+4.00"
A9 56.29+3.43"
C6 46.29+4.14
Cc7 44.71+4.00
Cc9 45.86+2.57
D10 24.86+6.86
(* p¢0.05)
4 z=
WA H712oId vdE 22 ‘%“Ji‘r ‘34 SN
+8 B 502 oA 4

ofg] YHOR 7|5/l U5 01
et [18]. olof| w73e] 71577} e= "ﬂﬂl VA3
Z7A717) 98) S fibuligera EZS 0|25kt 1|
Fao| At #FE Z@s] Al amylase,
glucosidase, CMCase, protease?] &L £33
ow, &80 A3 A ;24 DPPHOF ABTSS 22 &
AeE S5
e-amylase activity2 H|w3t ZIE G4 FAo
=2 02 ané}oﬂg‘ W A8)C7)D10yA9)KCTC)
COC6 £2F &L g-amylase activity”7} YEFFOH,
KCTC 7806 thH] 13.7%°1A -7.6%2] &/ Zol&
Bt CMCase activitys H|w 3t 235 G4 40|
=2 £07 AHHSIEES ] AS)DI0)C7)A9C6)CO
YKCTC7806 22 &2 CMCase activity”} 22t Y
Yo KCTC 7806 tH] CMCase activityS H]al
SFH 21.1-5.2%2] CMCase activity X}o]& EAth.
B-Glucosidase activityS 8|23t 2IE G4 o]
2 ¢£08 YGRS 1 A8YC9I»A9C6)D10)C7
YKCTC7806 £°2& &2 f-Glucosidase activityZ}
Z¥zy YyeRgon, KCTC 7806 thH] g-Glucosidase
activity® B|W3PH 50.3-3.8%2] AB-Glucosidase

activity Al0]& EHtt. Protease activitys H]uSt
ANE Hh Y0 B2 $£oE AHENZ 4
A8)C9> D10YA9>C6)C7YKCTC7806 +L22 =2
protease activity”} 2} YeFgEoH, KCTC 7806
tfd] 10.0-1.3%2] protease activity A}0]l& E It
AFH o KCTC 7806 tiy] &2 EAo] 7|d=l=
#FE ARt on o5 o835 dRES A
5= SAoksith

ABTSE o83 itst  AF  ZAIoA
A8)C9YKCTC7806)A9)D10)C7)C6 w02 3HAts}
50| YEth. DPPHE o] &3t 34te} A7 Aol A
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