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Abstract

The purpose of this study was to investigate nutritional and functional ingredients and antioxidant activity after fermenting
rice bran using Lactobacillus brevis for 24, 36, and 48 hours. The results of the analysis of the nutritional ingredients revealed
that there was no significant difference in the carbohydrate, crude protein, crude fat and ash content regardless of the
fermentation process and fermentation time. The amount of dietary fiber was significantly different between the
unfermented and fermented rice bran and was observed to be the highest after a 48-hour fermentation. The y-oryzanol,
gamma-aminobutyric acid (GABA) and total phenolic contents were significantly higher in the fermented rice bran
compared to the unfermented rice bran (p<0.05) and the GABA and total phenolic contents increased significantly as the
fermentation time increased (p<0.05). The 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid (ABTS), superoxide and hydroxyl radical scavenging activities used to measure antioxidant effects significantly
increased as the fermentation time increased (p<0.05). From these results, it was confirmed that the antioxidant effect and
functional components, namely y-oryzanol, GABA, and the total phenolic content of rice bran improved with fermentation.
Based on these results, fermented rice bran could be presented as a functional material for use in high value-added

industries.
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21F 7 Al E AE ol9dll FEe] A E =T
o] TS Aokl s, O]‘“ & A, 22, A
Al ZFsEAY, WY 5 o EV] Fohal W=
7t Bt SRRt o] & ZE A —r7}7}x]7} o =2 v}
omjz Ao R F83 G drwjiEel] A1 A
F ol AAIAR] S & 7HEAAE S FAA S 2
Fkdel PR FEke]l SHAY ¢ Avke FolA FEu
3 thMinAlexander et al. 2023). IAEZ 5 0|73 st
=R1o] wdellA w4 gle 2 =4 A dAse ks
2, 3 AAHF 6-8%el slFH Tt AR A7 |7 Bt
n7t Weol| At glotoA| o] g0 2 Akj7t Uofit 2

O o o

d

FUEEN AREsh=t] Aloko] glom, o= Qlsl| ALE, H]
5, FALE, v AF FghEo] AREEA JTHKim &
Son 2012). EAFAHEo] A vH *él"f_r_o_ii 4004 29| WA
A4, veR] B, WIERL E, 24, 9, vk, A3 22
ujd|&, ksl E2 91 y-oryzanol, GABA, tocotrienol 5]
= M‘ﬂ A WollA o] 7HA] Aede-5 sk ZleRE
A Ao (Park et al. 2021a; Talib et al. 2022), ©]7+

o $Hre e 9% FUZHES WAL A vy

295 S7A AW Al 43S fAlske 715l Aok
(Jolfaie et al. 2016; Shibayama et al. 2019). ©]7te] o3t
T AT AA FE2EQ] Hol9d JA a3K(Saez-Lara
& Gomez-Lorent 2015; Talib et al. 2022), 7+ A5 2
g7 7t M EFol gt A 24 (Nemoto et al. 2022;
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Talib et al. 2022), @ F¥=HE A5t Eo(Jolfaie et al.
2016), ¢t 45 Al &3 (Suwannapan et al. 2019) 2
9% Wkg A #A(Saez-Lara & Gomez-Lorent 2015) 5
ot AElE 71Ee] gk A7t Barse] $hth(Muniroh
et al. 2019). P17 FEE= FEAL 22}, eRbE 7
< s FEEoR o] fie] s sietEe] ¥
Stelo] = Ao= U#HA AUTh(Nisa et al. 2020; Nisa et
al. 2021). o]21g+ A2)&d gjol tigt Q12]o] oo u}
2} m7te] H7He THAE, AEEAF Tl AlFel e
oJX] 7] 3} 2. (Wanyo et al. 2016), 2288 £0]7] §
3l HAE o]§ wA EEAEel B3 A= 1 E 3
TH(Yao et al. 2022). 3FA|%F o}t T/ FAS &3
waol ik A= wig- wHsict

HeE 7P o8 JAE 7R AETe] TeR, 53] 4
F Woks FAOZE AR Aol Azl 7|slEe] dAjol=
o] Fo XL THLi et al. 2023). JoREe] 7¢- HFE o] &
Al mAEo] AAtehs ok FER] ARl AFTA, 1A
2, A T B3| 5o ndE e Aol okee] A
B34 F2 PIA7IT, YAk TaE U et
A S v B3 EAck(Park 2012). EHol] Holste
T vAEEE AR, A2, S99 5ol o (Park
2012), ol& Folle ZEAP]EYA Jes Ad A= 3
of AL, IADF, A5 F He, s dEd v
gt AWE dwtsled AMEE FE ATH(Saez-Lara &
Gomez-Lorent 2015; Kwon et al. 2023). ZZun}o] Q ElX
=T 7FF x4 rAlEREe Ao E BrslEs UE
AlA Bike Adske 4FE Lo, olE2 fAIE, A%
g 2E 5ol thFsiAl SA|¢TH(Yoon & Shin 2017). fit
ol o wEe AFol vhdet nta 2AZS Folsta,
e 9 B S, FEYaHE, WS 123
FEWS 43} 5o 7IeHoR AEF THAE STAIE
olyzh(Ko et al. 2013; Kim et al. 2016), 34 =7
Aoz A e PFAIZITHKim & Hong 2023).
n7bE o] &3 IE AFE Soto] xF, T, ¥El B
2 I oju]iAt, HlE4E, HE4Y, vPdA, y-oryzanol, I8
2HFEAL, phytic acid) 2 oAl B 22 AETHoE &
skl tiARHEo] A4 (Jung et al. 2017)= Zo] #53
ok A7 S318 S8 AA 248 fosA WA= 2
7] 54E ol AFE Il At e w3l HAE
AREEH IR wel A A E =, 58] gEnpd e 7
A2 (Lactobacillus rhamnosus)2t A7EZvro] A2 Al H]
A (Saccharomyces cerevisiaeyg E&31] v73-& WEA7IH
AE FE20] BI6FI SAFe] debd S Alst=
AoZ HIEYOM(Kim et al. 2007; Shibayama et al
2019), BlEAY 22 FES A= dese daE el At
3l %52 /NAE S Ak s tH(Jung et al. 2017). &
4L AHTPIR] AF AYatel] dutH o s AMSET 2)E,

iy

ojgel 7lsd g2 « et &

P— SEHAA BHHIAS 018 — 457

=

47 2 sPE ARl A89 4 kil BoJXITh(Pérez-
Rivero & Loépez-Gomez 2023).

mEhA] 2 Ao e 2 = FLHER] nite] AAige
thefslel sl AFe] 715 SRS Y AR v
AasiAls 7 =8 AHoz s AL S7HKim et
al. 2019 Z o2 oSEo] Ag4] S8SHS AFry] 9
af a7kl W sksdt HEd, 71 e ¥
st5 Blaste] AEFLARE 7S AAEkaLA} gt

Lt Wg 9 3y

1. 0122 Ys

ATE Y3l w72 Akl RIS skl
2HE ikl sl AM-Ew7A] A7 AR
oA xSt HpsPAA AMESIGITE WE o] 8%
&2 gEnlE# 2 V¥ 2 (Lactobacillus brevis)=., W 1
78S Tt 22 i o' k) BI7) 30 g2 Erlenmeyer
Zglaze] 284 250 mLE FEA] )AL 121°CoA] 158-7F
W73kt T s ALoA WZHAIZ] & Nisa et al.
(2021)9] ATE Harsl 10%2] FbtS Hrkeianor, i
FAITHS 24747F, 36AI7E, 48A17FO. R 35°Cof|A] Tt
(Nisa et al. 2021). 3} 415 918+ A S+ Yuhasliza et
al. (2015)3 Kim & Son (2012)%] 972 EUYE w7t &
AN 8ol 80% ethanolS 4h 5 HA| 3 AedS AHF,
A3} & 40°ColM FFAIA I5S v7F FEES ARSI
T} Ao o]gal7] A 100 mLe] AHtESetide)] FEE |
7 40mLe] &S HUbste] wdsAl &aARl &
membrane filterS ARE-Sle] o3} & A A|52 0|83

H(Kim & Son 2012).

2 OJoFAME HIA
PO OO - 1
G

3k £41L8 Association of Official Analytical
o) Fato] AATEHITHMinAlexander
et al. 2023). FEL ARI7IEAZHOZ 105°Co] 2A4)7F o]
A AZSIA L, ZHWA-LS micro-kjeldahH S S8l E45}
3L, ZAM Soxhlet FEH, PHAIHOR X3E2 3|3PHo
2 X3t MinAlexander et al. 2023). BHr3lES zhzf
o] AlE¥ 100 goll thste] &, ehild, 22, 237
S-S A|9)E Fho 2 A THKIm & Son 2012).
% o] f(Total dietary fiber: TDF)$H 52 &A% HH
(enzymatic-bravimetric method)?] AOAC (1984)Ho 2 &
A5t th(Park et al. 2021b; MinAlexander et al. 2023).
5 A& termamyl (heat stable a-amylase)Z SIAIZ] T,
protease®} amyloglucosidaseE X S 2 HHEA|A Tz
I AES 7EEsletaL & T2l 7RA AoldfE ole

T,
b3
Y,
flo

I

A
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2 A FATH(MinAlexander et al. 2023). ©] €S 1]
}ekS ol ES crucibleE E8te] 7 st WH-

N} oPHESE M, AZRAZ] & A% KL F

o Mg M o
ftlo oot

Ay 3o S AL Ax A, Fo FA AR
Z 2ol ol &S FeFTH(MinAlexander et al. 2023).

3. y-Oryzanol &

AlE9] y-oryzanol &3S Lilitchan et al. (2008)°l we}k
Aottt A8 1 g AFste] At 4 mLe 8 mLE 7+
2L T vortexingdl] 1057F Yalig]sle] Asde &
3F3th(Lilitchan et al. 2008; Kim et al. 2021). 45 2]
FE 7S 44 (Thermo Scientific Ltd., Lafayette,
CO., USAYZ ©|-&3to] 314 nmollA =339 tHKim et al.
2021). =2 2= Wako Pure Chemical Industries®] y-
oryzanol2 ARESIR oM, #F HIHE 3-30 ug/mL Ale]<]
S ARS8t (Lilitchan et al. 2008; Kim et al. 2021).

ooy T N

4. y-Aminobutyric Acid (GABA) £44

N &9 GABA &S Zhang & Bown (1997)¢] %<
A5 A5t At AR 0.1 goll WERS: 400 uLs
Y 2 4L 5 water bathollA] oF 1A]7F B2t AZAIAAL
(Kim et al. 2021). ¢37]°] 70 mM lanthanum chloride 1
mLE 7tate] E§3t & Y42l s th(Zhang & Bown
1997; Kim et al. 2021). YAE2$ 45 700 uLE 3}
o 1M KOH 160 uLE H7ks+ & 4lielste] GABA &
Ao o]&3ATtHKim et al. 2021). GABA % =H &
GABAseE ©|-&3 54 37 WP R sl As
£ NADPH®| %2 ELISA reader”](Thermo Scientific Ltd.,
Lafayette, CO, USA)E ©]-&3lo 340 nmol|A] S48t Th
(Zhang & Bown 1997; Kim et al. 2021).
5.5 Wz gt

= Zg9E S H718l7] $18 Folin-CiocalteudS ©]
-3} tH(Florence et al. 1992). A& 0.5mL, 575 7.5
mL, Folin-Ciocalteu A|2F 0.5 mLS &&3sle] §&7F B st
T 20% Na,CO; €94 1.5mLES o] 2A17F F<9F w5k
o}, 44 5=A(UV-1800 Shimadzu, Japan)= ©]-8-3}>] 765
nmoX SA3ATE F Hlm T2 gallic acidg ©]-8-3}¢]
¥F APAS Al AF g G gallic acid mgE Al4ks}
Atk Gallic acid®] F=E 10-500 mg/mL7} == 3o
QeF 22 WHO R 765 nmollA FEEE Hrtete] AHdst
STHKim et al. 2015).

6. DPPH %! ABTS radical 271
DPPH(2,2-diphenyl-1-picrylhydrazyl) ]z A2AF

Blois (1958)°] ®& o]gsle] Al A&3atq A5 F=

& 25uLol DPPH €9 500 uLE #7138+ 5 3087 o4

N rlo

o WF-S-A]A ELISA reader’]Z 520 nmollA] =2 3l3icth
(Kim et al. 2021).

ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) 12 27%S Re et al. (1999)¢] HPES 13t
=439tk 74mM ABTS €993 2.6mM potassium
persulfateS & F- 3-29] GollM 12471 o] W] st
ABTS 228 344121 5 735 nmellA] S8 %ol 1.0
HA FRTE A ste] AHE-SFATHKIm et al. 2021). 25
ple] A8 FEE0) 349 ABTS €945 500 uL H7Fskar
oF 30 &7t ohAollA WASIATE 2 T 96-wellol] 200 pL
A &7]3L ELISA reader’| S ©]&3t 735 nmollA 3=
£ Z43I¥ o (MinAlexander et al. 2023). ABTS %
DPPH &}tz 2759 BEFEER gallic acids ARE3IHRS
™, mg gallic acid equivalent (GAE)/g residue® Y}ERJ A
THLi et al. 2023).

7. Superoxide Radical A=

2" 7-Dichlorodihydrofluorescein diacetate (DCFDA) 1 mM
50 uLo} esterase (600 unit/mL) 50 pLE &3 5 37°Ce
21 20min7t  WESA]A  2',7-Dichlorodihydro-fluorescein
(DCFH) solutions YFE & DCF S2dHS AR8-3loiA] 7}
1% tHJoseph et al. 2016). 96-well plated] F=E Z} A&
10 uLE 23 50 mM ZEA4HEEE 130 uls 22
20 mM menadion 10 uLe} ZE4tetEsgd oz 1008] &
23$ DCFH solution 50 uLE Y3 5 min7t 43015 tH(Son
& Ha 2013). Synergy HT=Z 485/530 nmol| 4] fluorescence
£ 5min ZF42.2 30 min?t Z735FA

8. Hydroxyl Radical A=

DCFDA (1 mM) 50 uL®} esterase (600 unit/mL) 50 uL
£ 3 F 37°ColA 20 mintt ¥H-A17 DCFH solution
< "HS°] DCF 34 o83t AAIsith(Son & Ha
2013). 96-well plated] F=9 7z} A]& 10uLE ¥ 10
mM FeSO, 540 uL¢} 1.35mM H,0, 20mLE %S &%
AL 190 LB @olFTHSon & Ha 2013). 1008) 3]4 3
DCFH solution 50 pLE ¥ 5SminZ+ 4]t} Synergy
HTZ 485/530 nmel|A4] fluorescenceE 10 min 7HE S & 40
min?t Z74 3 TH(Chae et al. 2011).

9. EAIEM

Ao A 3 33] vhEsto] AAIG Aol it
HEFARRE FAIBIATHKIm et al. 2021). A7+ Az 57
Aol Fo4 75L& Statistics Package for the Social
Science (SPSS, ver. 22.0 for window, SPSS Inc., Chicago,
IL, USA) Z2#8 o]&3te] HASAL, Duncan’s
multiple range testE® E3 p<0.05 F=FoA HZF3A
(MinAlexander et al. 2023).



m Az g nx E 4E, 5949 /1Y Y, B 98 So) 352 A
O AREAFOR AUE S 9on], SATA, A,

1. LY Hw

u7del 24, 36, 4847k R AZF Afolell mE IR
Aoldfaw B4 AE <Table 153 2t) @rslast =
wha, A SRR R AR Apole]l wEk A= fo] A<l
Apl7E ERA] eokTt. Z8)5e] e 48A17F | Al 7h
AL FE HERLLH (p<0.05), Aolidfrae] g 48A]

£
&
o2t
i}
ol
2

9 | = o] ThsshH, ASXIEA, ol ETA
YRR SA 2 ARS-ETH(Massarolo et al. 2017). 53 ®173gh
75 7H ofdolE 913 fokg YA, sFs A
ol &8 9 ARgo] 7hssitt.

MinAlexander et al. (2023)2] Aol ¢Jshd o} 2R}k
= (y-Oryzanol) sterylZ} ferulic acid®] triterpenyl ester 3}

2 UE A B B BTk AoliRat 24,36, R 2 PSHICl, Ash 2L 3 H3Y
48 A A7) Aol el Aot glglom, W A ASHE Folt v Eodol siglow, Wt oz of

FoR] e m7IRs 5929l Zo| 7t UERITHp<0.05). = €% FeEEd AN S AaATAL 29
ZHEO A A4S Bl 59 Aseg diee sle
2. y-Oryzanol &2k H|11 2% 4HA dtk(Massarolo et al. 2017).

2 Ao Bg g m7te] vt EjAls o] wast
A e m7te] 7hnt @ EjAs $HEK(32.3 mg/100 g)ETh 10
vl A=A UERE O (p<0.05), 24, 36, 48A17F] G
AIZF Zpololl e Zhrt @2jAks Sl f-o]H 1 xpol 7t vret
WA e tH(p<0.05). Jung et al. (2017)3} Massarilo et al.
(2017)8] A= v7kS HEA] TEEA 2 w7l
At S AERTE 7Rl BT

Zrt Q2 2ks (y-oryzanoly& 7oyt w7} 71502 N H
o2 = A WEo]th(MinAlexander et al. 2023). ©]= A
Wakelu e el thek kgl grste] ksl A1 9

3. GABA &zt |1

gk n)7ke] GABA 3 578 A¥= <Table 2>9F 2+
t}. gk 0] 73oll= 820.2 mg/100 g, 24A]17F Wram
ZFell= 1,548.7mg/100 g, 36217+ & 77} 1,588.9mg/100 g,
4877 g m7ke 1,8642mg/100 g2 Z71Eth
(p<0.05).

Zrujolu] =2k (y-aminobutyric acid, GABA)E H]TH A|
T/ ofn=ko 2 Mol A4 2173 E-E 2 (inhibitory
neurotransmitter)® U A lom b A7 vl B S

oro
e

RS AN AFTH Z]Ad gt gHto|y A5 xRl o & ko] )3 H(MinAlexander et al. 2023). GABA
F37F ¢ EZolthXu et al. 2001). 3 A5 = 85 FUZHE, ST SHeA, 89 4 oA,
F7HA715L dSt At A7 5848 A 1 7l SRk 2h8-, dEAER 28, T H O ERE sl sl4,
SHARE, W9 WA 2R, AUA AL 3128 Fo] HAaly] 5 T A 2, AdsEE B 1 59 839

37 ATH(Soi-Ampornkul et al. 2012; Jung et al. 2017). &

Ao 2 d#x ArKChoe et al. 2019; Ahn et al.

7F A=

3] PEES eSS 2SS ISRAZTE sk AY 2021). GABAT® 34173719 A73dg=4d=A He| 7
g 350 = 7], FE S| AAEE v adtel =shiA| £ s St At TS ST7KA HAES] tiAp]
B2HE A =2 9lem Hxsta FEX1 9ol H TS TR st debdsier gEE tiAkE XA
ZRo g FFslEF 7150 Al 7F= AuAle] & Z1th(Lee et al. 2018; Kwon et al. 2022).

£ Fol BE 4§, 53 9FE 75 FohLi et al
2023). 22 Biol] obEvY IR, 201 AdSolE 2 1
HE BHFT dti(Saez-Lara & Gomez-Lorent 2015). 7+

ol QE)Alse welse] Aujdte 18 AFAE, tholo]

TS ¥ GABA 9] S7hs vpdet widEel <3 <
oubt, GABARTFS o)) flsl HH9] g wE =15
HERE S o F, Ba2h, BE 208 WA AR
A2 8 F aE AF oA 2 ke ik se]

<Table 1> General Nutritional composition and Dietary Fiber content (%) according to rice bran fermentation time

Composition Control” 24 h 36 h 48 h

Carbohydrate" 249745319 49.1£9.76 49.7+5.19 49.5+2.17

Crude protein 13.3+3.06™ 13.4£1.77 13.3£2.99 13.5+2.51
Crude Fat 20.8+5.12 19.9+0.61 20.2+43.12 20.0+0.09
Crude Ash 7.9+1.49%) 9.7+0.38° 7.9+1.49° 6.6+0.09°
Total Fiber 21.0+4.52° 29.9+4.32° 29.8+4.02° 32.5+0.07

YCarbohydrate=100—(moisture+crude protein+crude fat+crude ash)
IMean+SD; Values with different superscripts within the row are significantly different at a=0.05 by Duncan’s multiple range test; “ns:not
significant (p<0.05); ¥Control: not fermented rice bran
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<Table 2> y-Oryzanol, GABA and Total phenolic contents according to rice bran fermentation time

Fermented time (hour) v-Oryzanol (mg/100 g)

GABA (mg/100 g) Total phenolic contents (mg GAE/g dw)

control D32.3+9.61°
24 309.5+12.61%
36 310.1+£36.30%
48 309.3+£10.62%

820.2+92.01¢? 4534587
1548.7+119.02° 51.943.14°
1588.9+268.07° 56.4+2.56°
1864.2+100.01° 61.2+1.64*

YMean+SD; ?Values with different superscripts within the column are significantly different at a=0.05 by Duncan’s multiple range test; ¥n.s:not

significant (p<0.05); YGAE: Gallic acid equivalent

4877, a2 36°COlA GABAS FE= AL
Th= Kwon et al. (2022) Har9l 2 23] 484710l A
GABAFHF] 7P &7 et 23} AR 733 vEeR)
of, ol= ikt el ojsf Ta v7te] GABA Il T
71k 2o ® AlREH

S <Table 2> YER| ST,

453 mg GAE/g dws 23}l 9l
o, 24, 36, 4817} %‘Alfﬂ ne 247 519, 56.4,
61.2mg GAE/g dwo = &g ¥ F & gFo] 718k
TH(p<0.05).

&4 =42 phenolics hydroxyl 2 0.2 Wiz =
24, 78 AvleAlss ddete A4, st o7t =
Zrol23te] Agtel= AdZo] th(Nisa et al. 2020). =43
49| il Aotshe 4EE nAE Al 2Rg-ated]
BAANE Ao BN PR E GHE BT It
s} 2goll o3t AaATE ARKE AL 1™ Pb, Cdat 2
fréll FEE5S AAANII= 35 71 & Atk Acosta-
Estrada et al. 2014). 2 2Jolx= ojW =4 E2& E43)
2R3 BAEAY] A6 dofste & ot dela
71 AAE L ATHCocme et al. 2020). Nisa et al
2020y AAAAM = L. lactic?} L. plantarum= ©]-8-31
= T]l-—ﬁl—ak—o_ :rL§H‘:_q] u]ﬂgq g /\] 7ko] 57}-6]—0]] Lq.a].
H= o] o =4 UERTE 53] 24, 36, 484179 R
Al 48717 FRF HEEIS W F sl el 7P =AW
ERdtt. o]2lgt o] fi= WEsks Bt vAEe| o|2HE A
Ag 3ol AgEo] e dHEiks wEske 248
A] o].cq A er;a _j .?%4 o ]:’6]—;(4 7};<]E sk)\}}\]y] .[OT
g #Hzrte] o R BESHE TS S7AIE I
o2}l 3} tH Acosta-Estrada et al. 2014). 2]&olA] =
T §e] /S dnkd oz e a4 I pEFE
Aldlo]2, aopdao]X 9 Feo]=e}l -2 wAE] o]
e mae] 283 Hdo] 2l

2 AR A3, w7 F +
a7, ol HE B T AL EuikEe o8 F e o
ol F7laste] ksl Ao FES Wzl Ao = A

A He wE T 27

5. DPPH 2! ABTS radical 2=

<Table 3> g A|7tol] w2 hrksl A2 v s
Flolt}. DPPHE] 7-¢- WE&HA] oo 7o aaksl 4o
82.2%, 24, 36, 48~ 7F & 170—8— 923, 94.8, 96.6%%

7Ll en, a5 kst 2o 17% o1 %7}0} Ak
AR ol A ’\Eiﬂj\Oﬂ 93l free radical AL A=t
TR B3 AR A4, o] & R ?f} IZits)

Ao Tt oy 23S EPA i elE e
=24 Wﬂﬂ—”—iﬂ X%SM iﬁ}* HI ek ¢ & 7hE EHEA
A2E9] HRlo] He dHA Aok AFEE v RS
AES /&ﬁ} Hﬂ?M%—% } 132 3l AkshA] &go =k
H 2225 HEE F 3oy ehdskA] Xste] aitksiA| e
HZo] FFA o), ikt GA ﬂ*é&i«l T 2RH X
225 BHEsp] 9g kel viAUSS 7RAL glem, o]
E A1 in vivo @ in vitro 348 §3ﬂroﬂ sl B
71 A1 2HEFAEH(Cho et al. 2013). Joo et al. (2006)> 4
=5 %*Pﬁ‘r g ANFA, BE FE2E A9 ARy
o5 wokon) BE ggoﬂ kS #7kste] A9
7&?%011*1—5— =2 AT sS YelUths B Ak
73S Bk IR re EM%P& 2AANTE & A
7IAY A7 T80l FTiel] =2 il g4 2 &
4 AMAE BRSO gz o3 =35 JAlst=
A& o] 23 (Andriani et al. 2022), T3+ Lgo] |5
AAEZolete HoA 71574 AFo=ZA 9] /id 77t =
T}l At DPPHE B2 A4S YeRli 2 A7t
Aa S0 gz EA vwA K g s 7= 4
olm FArSHA|, e ofFlRF Tl oJs) o] o] &
A= o] A& Z]HW S AT E HER ARSE
3 A W ot QIAUeA &4 gz ofgt w3}
AA 28-S HE=Z o] &HHI JTHKim & Son 2012;
Muniroh et al. 2019). DPPHE= 517 nme]| #}go|A 3=
£ UehlH AsAAIE Hrkeha S o= e 57
E7F 7HeFHKim & Son 2012). W& A7ko] Azt w
2} DPPH radical 22752 S718I3THp<0.05). A27HA] &
A7 kA 7} oFst Ed3 HA0 = Q1ste] Aol A
AS Yaxsta J o (Halliwell & Gutteridge 2015), ¢
g} :zl}do] 9= _[T/\]_ﬂ_e o] 7}4 ;qL/H/\}/\ zx4 o] -.—]qu
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<Table 3> Effects of DPPH radical scavenging activity, ABTS radical scavenging activity and total polyphenol contents of Samples

Fermented time DPPH radical ABTS radical Superoxide Radical Hydroxyl Radical scavenging
(hour) scavenging activity (%) scavenging activity (%) scavenging activity (%) activity (%)
control®) 1g2.2+10.12° 38.2+5.87% 24.3+0.94Y 13.3£0.87
24 92.3+10.31% 69.8+3.14% 29.3+2.06° 42.3+0.66°
36 94.8+9.01° 72.3+2.56° 40.3+0.92° 43.5£1.56°
48 96.6+3.89* 79.848.64* 40.8+1.27° 46.1+0.64*
Vitamin C*) 94.6+8.43° 51.542.38° 59.343.38° 35.941.09°

YMean£SD; ?Values with different superscripts within the column are significantly different at a=0.05 by Duncan’s multiple range test ;

3Control: not fermented rice bran ; ¥Vitamin C : 50 uM

B BEe & F U8 A0R oAAXW 3 21E g ook
F EoFlA AP A o] &o] fEatrta AL ¥tk ABTS
radical 227 /& ABTSS} potassium persulfates $F4xe]]
A WHgaH ABTS Fol2-S A8, anlst AlEet J5
shH HEAo] F3Al Mg (MinAlexander et al. 2023).
ABTSE= R84, 7874 kst &4 E4S EF AR 7t
S kst 54 o r 4 4eA UTh(Halliwell &
Gutteridge 2015). g 3}A] ¢&-2 v|7ke] ABTS &752
38.2%= UEREO™, 24, 36, 48417 &3 w|7te] ABTS
2AFE 27}, 69.8, 723, 79.8%Z 718 THp<0.05). &
= "7Ae] 739 ABTS 2750l EFEHE AR-E HEW!
C (51.5%)Ect thi w2 S Blom, ol ikt &
a5 B9 radical 2AEAY E4o] O TREY IS &
T om, o] st EAS Ad AFS AW o B
3, A9y A3}, wslelA| 5o 4l S k=
A AFELE Z8E F e AoE dHA U
(MinAlexander et al. 2023). W&br] o] 3 2T Zte=
g w7 o8t 715 AEe] &8o
e

N
Jr
ik
N
Q
<)

6. Superoxide Radical A=

Superoxide radical 227 A% A= <Table 3>3} 2t}
g SHA] ¢k n7k2 24.3%2] superoxide radical &~ &
g5 B wRek n7te] A9 wEehA] o2 mlrdel B
A =2 4 S HolAl AUTk(p<0.05). FAA A= A
I @it thRRe] AR A9 S B A= e
oA A=, YA o]X] oot 7t BAdE AL YUtk
(Jun et al. 2014). BX2khE B} o3} th2A 17 o]
Aol & gle AAE zhe seEdEA oY 7] =2
AFE G9lshedl o &R 2k, AsEHA Rbg Fo =
0,, ‘0,7, OH", hydrogen peroxide 5 free radical®] A§4t
o] HY=H Aol thatd A4S UEhfe] o 71A] 2
ko] A7 A ol Fodst}al dhch(Halliwell & Gutteridge
2015). & - A3 HE AZke] MRS w2 &7es
RO (p<0.05), ©]= Hyon et al. (2009)°] H 13+ utg
o ¢J3}] superoxide radical 47 EAo] Fr8itE A+4

sk fAFRAT.

7. Hydroxyl Radical 2=

Hydroxyl radical> €4k 2]zt Fol|A] sy o= 7}
Aol M A AFskE JRAISEAL DNA 7445 71
U EAWolE fdshe EEE gEA AL, AL At
A olA AT AF] HirshEold Bitslrart Fet
g w0l &) EA) sl AAHE A1 S4o) 4w
free radical®] Ch(Halliwell & Gutteridge 2015). Hydroxyl
radical 227 2¥ AZ= <Table 3>3 7t} @gA|7lo] &
7F&<45- Hydroxyl radical &75°] $7Fl6oH, 5832
Vitamin Col| H|3}o] =2 3ks) 58 BTt 53] 48X7F
o 2EE 73 2aEvAe 49 ZF=2 Vitamin C9
35.9%2] &A%l HlsA 46.1%2] 74e hydroxyl radical
27 335 HHH(Chae et al. 2011).

V. 8oF 9l A&

B Axes Aol =ARARER] n7kS 24, 36, 48A|7F ©E
IR, i, 71 Aol disiA AR

ko3

z
PP AT A3t WsHE 2, 24, 23R
e WAL FUGlO] A F1H9 Aol LehtA o
AT, Aol el e WA B w} wEs vz

of|A o241 Alo|7t whom 48417 wE & 2ol &
o] 71 =A et y-Oryzanol, GABA, & ¥H& ¢
& RS 2 mdol] BlsiA] R w|Hdo] HE] =
A UER O, GABA, ¥ Hls e 24, 36, 48417 7
of Fo]Hl Zpol7h pEbtom, 4841740 Wy & 7P =
A et dtst 245 915 DPPH #oZ &7,
ABTS ZZ &A%, Superoxide Radical 42715, Hydroxyl
Radical 2275 WE A7bo] S715tel| wet F7kebalom,
£3] 829l vHelY CHul ABTS 42753} Hydroxyl
Radical 2758 O =7 UettaS & & AUt oS
AIEHE HE nAE 715 HFE SAEA sk
7IZARE 28T T S o= A7HE

=

-—
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