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Abstract This paper aims to increase functionality and competitiveness through fermentation of
rice bran, which is used as a raw material for alternative foods and cosmetics. Cytotoxicity and
anti-inflammatory effects were confirmed using rice bran extract fermented with Saccharomycopsis
fibuligera A8 isolated from Nuruk. In the case of cytotoxicity, cytotoxicity was shown at 100 pg/mL
for rice bran extracts, but cytotoxicity was not shown for fermented rice bran extracts. Meanwhile,
as a result of confirming anti-inflammatory effects through inflammatory indicators such as nitric
oxide, TNF-e, IL-18, and IL-6, rice bran extracts showed anti-inflammatory effects at
concentrations of 100 gg/mL or higher only nitric oxide and TNF-e. And fermented rice bran
extracts exhibited anti-inflammatory effects at concentrations of 25 pg/mL, 25 pg/mlL, 50 pg/mlL,
and 50 pg/ml, respectively, exhibiting anti-inflammatory effects in lower concentration.
Meanwhile, as a result of testing the cytotoxicity and anti-inflammatory effects of heat-killed S.
fibuligera, it was found that the heat-killed S fibuligera showed anti-inflammatory effect in
fermented products.
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313 k. olEet WAL F7 L3S WAFAY A
A £ Sl 7154 B4 tigt TAE Stk 9
ot QA Sk AER 2903 A A4, 4]
SR IAHZA5Y oot 89lo gk ey 2|4
Aoz w2 13519 7|HE0] A= gL Qlct.
13 7P %ol At A2 E4944 9 A4 2y
o 95t wstet o) THH AHEY 7|HoltH1

ditae FHSARIE Zol, HARBleA, §lo]
t24 gz 9 singlet oxygens< W5, A4
o] £8 Fadolr, Af Ad2 vF§ &4
A= o2 243 vhgobr] 4921, AE W Akt 3t
ol ol gt Al WOl A g F2 EA4 4
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< ot 3]. olHFt At AdH R
ok ofyzt HIZgAAQl B FHIRICHA]
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t}. o|et Zo] A% L2 vPY AlE, T 5
22 v ELIL 9hgsto] o]&% AASEY|
ARSEL g B PAA Y WSS Sk g 2E giAM
Agt F%, k3 5ol U5l olet ¥ A 2
tZo] DNA, T, A|lzet 5 A4 AE 454
3} ghgote] dojdtt. o]t B FAAQl -2 A5
git)Zo] oAt sl SXIHETHE).

A g, 1 FolAE E/d4tAY] TehEARS Al
Sgof ook RAAF o], B4 AA T
FAA o), =gt HY whS Foll sl BAdH
SHRSolR E2A &olu Ao QIgh e
AA|=Z 9] fafol thet =44 ol SHkEo =R
Az HYat AAg HES Fste] F359
A5 AAst= THgoltH4).
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olE i dskr| Aol & A= Saccharomycopsis
fibuligeras A&ttt S fibuligera= 3714 §%9]
AFOZ amylase, glucosidase, protease, cellulase
T OSS 2AE EHloh, W2 H9 RS
A= A37go] 7hssitt & AfoA= et AHS A
& solid state fermentations &85}, S, fibuligera
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71& 3ot Hlwsty] ffsf =g ATAY
ABERYAEY BEASFYU S fibuligera KCTC
78065 ARESIR oM FEOA EeH #4F 5 w2
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distilled watero] 2¢8}1, 30 ¢ & 37 15 cm
petri dishol Y3 autoclavedto] ZBastAth S
fibuligera & S48 WFHS 42600 nm A
FFE7t 2.00] HEE 245K 10 mLE GBS 1
730l ol HEdtet 11 F w7l E ol&ste] 25T &
oA 597t st

Higo] &4 Zzt9] dani 5 gZ 345t
1:10w:v)Z distilled wateroll 7}t ¥ vortexing
< B TR g &AL Axs9t. AxE TR
7} FEH2 QAEE 6 v 2 B84 AES
AL, F5HE 52 Ax Asigitt. 52 1xd
IR o FEE7 A= WS 98 DMSO
o A&3f A7 H 0.2 pm syringe filterS 0] &3} o
A 9 ELS 2245 AAH.

2.1.3 AdA| M=

S. fibuligera @419 AZE/3E E1st7] Yol A8
9] AHAIE °ol83 FEAZAFES AFPs3Tt ol
AEE AFAlE theat 2ol A REITH

YM broth (dextrose 10 g/L, malt extract 3
g/L, peptone 5 g/L, yeast extract 3 g/L, distilled
water 1 L)Z ARl 100 mL AgE EAI0
10 mLE FYst H 52E& 9 S fibuligera & 3
T & A7 HF71E ol&ste] 30 rpm, 25T 2704
A7t vt Wi vhd = w2 AAHEE
o HAY HFSHeR Eesieiom g A
S AAT 5 59 FBSE FY35}o] vortexing
AR 5H= O Z 33] washing IS Ay

SH #AEs 2855 FYT FH autoclave

Ard o sttt o 892 FAAx
off Eatsto] ARE-SHeIth

e E H7t Y-S DMEMES 892 shof ujef
o wigh & 2% 527t 0-1000 pg/ml FEE AX
StiTh ARFA 7F B HE DMEMZ §i& stod
HjQFl it & XF 57 0-10 mg/mL 5= A
£33
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221 NE =4 AF

ME =4 Ao AFE3t cell line & RAW 264.7
@FrA 232, =) ARSIt Al Bl A

45 YN penicillin-streptomycin  solution
(Sigma, USA), fetal bovine serum(FBS, Sigma,
USA), Dulbecco's Modified Eagle Medium (DMEM,
GE healthcare, USA)S ARE5FSIC

penicillin-streptomycin solution 5 mlL, fetal
bovine serum 50 mL, Dulbecco's Modified Eagle
Medium 445 mL & &3ot0] HjFH-E A=t Al
REEXO] 2HL MTT assays A& shyich 1 74
o2X 96 Well plateo] 7z well & 3.0x 10%cell&
seedingdlo] 1¥7F 5% CO,, 37CERACE A ZE Hf
Fotact. viY = 4SAS AASL DMEM HiA
180 pLot HaE 7 vigd 20 pLE FUsto] 2%
&7t 0-100 pg/mL7b HEE 3t 5 ohA] 297 Hj
Fotact g & LEE 7 wigAS AAT H
MTT solution 100pL2 5510 447 B9t 24
Shetct. 243} v & MTT solutione A|A 5L,
DMSO 100 pLE #53to] 245k MTTS &3fA]
#, 560nm SFEE S5t 243 MTTY F=
eI & Aok MTTY 24 A4/42 NADHS| &3 H]
Flotar, B2 A= o] Bl g

AA] B9 AS FYt e R HF 5%t
0-1000 pg/mL7} H=% A2|sto] AgsHith

2.2.2 Nitric oxide M4 X5

Nitric oxide /3 A5 Aol AL&E A|lZ= RAW
264.7= AHEstlth A2 HigFRAolE penicillin-
streptomycin solution, FBS, DMEM& ARS8} 0,
FEHRS AEHE F=517] ¥8f lipopolysaccharide
(Sigma, USA)E AF&319th Nitric oxide 4 A

A=ye)

o2 griess reagent® ©|8ot] ATt griess

reagent= 5% phosphoric acid (Junsei, Japan)°l
1% sulfanilamide(TCI, Japan)& &3st Zlo 0.1%
naphthyl ethylenediamine dihydrochloride(TCI,
Japan) #&H& 11 1 HEE 4of AHESIth FBS
50 mL, DMEM 445 ml, antibiotics 5 mLE &3}
o] HjFAS A 25k AE HiFE 5% COz 37CE
o)A HieFstltt. HaE H7t wgH> DMEM &
HE o]gsto] 1000 pg/mL =& A X5
96Well plate®] 7} well & 5.0x 10%cell- seeding
ato] 197 5% CO,, 37CRACE ARE wigstsl
o}, HjF & AFHES AASE H lipopolysaccharide



242 SHE=2X| H11#E H11E

1pg/mL7F 3-3+9 DMEM 14| 180pL9t HEE A7}
B FHE 20115 FU5te] T 5E7F 0-100 pg/mL
7F HEE 3§ oAl 2970 siForl) i & EE
& 7} o] A9 100 puL& AAT FH griess
reagent2 100pL¥ EFst0] 15 B7F HoF HR3A|A
o 71 F 540nmolA FFEE S350t 540nmell
A 49 F8=E= AAE NOY 3t gtk
AA] 49 A9 g R HF st
0-1000 pg/mL7} =% Azjste] Astoich

2.2.3 EZM cytokine MA AXls

A54 cytokine A/ JA|IT Ao AMEH A2
RAW 264.72 ATt Al Bigol= penicillin-
streptomycin solution, FBS, DMEM& A}&-3}%0
o, GEUR-S FEd17] Y3t lipopolysaccharide
(Sigma, USAYE ARE3F3AL}. Inflammatory cytokine
A A2 TNF-e, IL-14, IL-6 ELISA kit(alupdt
oledl F=)E AHEst Aotk FBS 50 ml,
DMEM 445 ml, antibiotics 5 mLE &3t} vk
HBS Az AE vk 5% CO;,. 37CTERZNA
vigstoict. HasE 7t wigdS DMEM &9 o]
£3t0] 1000 pg/mlL FEZ A9,

96Well plateo] ZF well & 5.0x 10%cell2 seeding
sto] 197 5% CO,, 37CRANA AZE viFsto
ot HiF & ASHE AAS H lipopolysaccharide
1 pg/mL7} T2 DMEM HiA] 180 pLet HEE 3
7F MY 20 pLE FUst] HF =7t 0-100 ¢
g/mL7} H=g 3F | thA] 297t vttt vl &
I8 E A7t gAY 4Sd 100 pLE 343t H
ELISA kit AZAPIAN AT EZARGHO] G50
100 pLA E=sto] S4 515l

AA B9 AS FYt e R AF 5%t
0-1000 pg/mL7} H=% AZsto] Ast3ith
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Table 13 2t}

100pg/mL S|4 vE P32 74.48+2.35%
2 Yefigleon KCTC 7806 ¥a )7 #£2EL

94.55£0.97%, A8 WL 1|7} FEEE 9530£2.07%
< UYEY.  Ewygoz  AEEH= IS0
10993-5:2009014 N Z=49] 7|1€C& AREE
80%E 7|F02 sto] N25AE westds o, njd
a8 o 2EE9 A% 100 pg/mL =4 =A4o]
Ueht=d v]8), KCTC 7806 #a n|7} 2&E37} A8
IR o7 FE559 48 Ao ARSE 2E FEA
=/do] UehuA] ghsith. o 23t AxkE Hig o= n|7t
Tage 9l ndY SAEES AaAzle Aol
Fsottte A< € 5 Ut

0732 AujE e E 24T o] dojA= FAEER
O] FLE 95%= 7HAAL UTH12) RS FEY &
WA Ao df 9 ZgH|eH, nld|E2 okl QL
o, phytic acid, y-oryzanol, e-tocopherol, @
-tocotrienold®} Z-Z FASEH 5 tFe AL
E4EZ 7L T3] 8y 4R AFolE =
4L Vel [14], @nrjofl Z3F Eoj= lectinolH
phytic acid 7} AlZ2o] 54 doFltt= F40] o]
oA 3L ItH15]. o A|AsH=s W oA Ha7}t of
FZo[tH15].

2 AFNAE R Y] A8 5445 Usde
o B, YangS 542 UEWA 243 S.
fibuligera®l &4 A4 t/dol 3t Aoz Helrt
S. fibuligeraz 534 yeast?t mold2] F7H4
A& B 9lo, o= Qlsh TRt R4S AT
[16]. o]&|3t &Aa % glycosidase:= lectin®] Z-_¥
AT|go] wom, o9 Eojox HoFTH F S
fibuligera® &8 % 53) lectin®] AAE AXZ =
4L W& A0E HQIM

3
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Table 1. Survival rate of Raw 264.7 with fermented
rice bran extract

Concentration(ug/mL)

Survival rate(%)

Cont. KCTC 7806 A8
0 100.00£2.79 - -

12,56 99.64+0.517  101.39+1.48 101.57+1.15
25 96.29+1.32  101.33£1.43 102.61+1.34
50 86.48+2.21 98.03+0.97  98.38£1.42
100 74.48+2.35  94.55+0.97  95.30£2.07

StH S fibuligera AREAO)] gt AEEA AEZE
1= Table 29} 2t} S fibuligera AHA19] A0
Aol AMBE HE oA =/go] YERA] gttt
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S. fibuligera= 57 AZ0) AHEE HFEA, T
oAM= HeHoE e 59 FRIAA AMEE
= 759 EAste #FeltH17]. o3 olf=E S
fibuligera®s H|5%F %& a2 = GRAS (Generally
Recognized As Safe)24 A&7 Jch18]. o]t
5408 an #Ale IUA, E 95 52E A+
|HI glom, AlE A4S SXA7]E Al B

S 191

Table 2. Survival rate of Raw 264.7 with S.

fibuligera A8
Concentration (ug/mL) Survival rate (%)
0 100.00£1.69
125 103.38+1.83
250 106.15£1.53
500 103.54£1.91
1000 99.91+1.35

g UE v 2259 A8 BE oA /9
ulgt nitric oxide <YAlsol UERFA] o
KCTC 7806 ¥& "t #5859 4% 50 pg/mlL,
100 pg/mL SEo)A] nitric oxide 2A150] Yelch
(p€0.05, p€0.01). A8 & U]} FEE9] F¢ 25 4
g/mL, 50 pg/mlL, 100 pg/mL &EA nitric oxide
A0l UERHTHp<0.05, p<0.01, p<0.01). °|E 4
&2 H6l9S o 100 pg/mL sEolA] uEE
7 FEELS 94.16+3.17%5 YEYen KCTC
7806 g 1|7} FEEL 78.88+2.53%, A8 HH U]
7 #2582 71.06+2.07%S UYetdct. ol=st A3t
£ vigto g ul} daatAS 59) nitric oxide JA

52 /M7 Aol 7hssitte A2 € & A

Table 3. NO production rate of Raw 264.7 with
fermented rice bran extract
NO production rate (%)

Concentration

ug/mL Cont. KCTC 7806 A8

0 100.00+1.23 - -
12.5 101.99+2.16 9925173  98.26%1.68
25 98.88+2.24 97524183  93.91%1.90'
50 99.38+1.78 89.4443.74"  86.34%2.03"
100 94.16£3.17 78.88t2.63"  71.06+2.07"

S UE%eH 1mg/ml BEE AHESAL o
30.51£0.56%9] nitric oxide IAISS YEWTH

Table 4. NO production rate of Raw 264.7 with S.

fibuligera A8
Concentration (ug/mL) Survival rate (%)
0 100.00£0.95
125 87.33+0.31**
250 79.562+0.68***
500 56.28+1.80***
1000 30.510.56***

e FAs2 HAo] ZFH  triterpene
alcohol® sterol ferulates 7} ¥FsS HERNH
nitric oxide JA5= HQActy B THI) 2 <
TFolld= IREE o BHE cellulase 2o 2%t
Az Astakga Bas Eof B4E alcohold] 9
ok 32280 99 ST AR F50] S7HE AlE
AZyElct, 3HH 3T3-L1 adipocyte®] G&H-3ol tisf
A3t =80 W2 heat-killed yeast®] B-glucan

¢

o] FAAE& Uehdttal HAsttH20]. £ A+l
FEs SVl v & w3 A0 2

S fibuligera®) F7V L 71AE AL

o
oz %
J\lé
=
o

3.3 9= cytokine MM RS

o7} RS0l tigt TNF-¢ oA A% 23}, TNF-
@9 5%+ Fig. 19 7]5ket BA4E-2 Table 59 T,

kg m)74e] A9 100 pg/mlL sEollA folH|st
TNF-¢ AAl5o] deht=tl B|si(p<0.05), KCTC
7806 LEAFY] - 25 pg/mlL, 50 pg/mlL, 100 g
g/mL SZoA TNF-¢ 9A5°] YeRETHp(0.05,
p<0.01, p<0.01). A8 T&UZ9] A% 25 pg/ml, 50
pg/mL, 100 pg/mL 5XoA TNF-a dAl5°] U
WoH(p<0.05, p{0.01, p<0.01). o]E WEE=Z Jhils}
e W 100 pg/mlEEolAd wiEE oS
95.61+0.87%% UYERH LW KCTC 7806 Har|Z
2 87.31+0.99%, AS TAN] 7} 82.80+0.24%S
EFYiQict. o] AgATTHAIQ] ABTS, DPPH 59 &
AbSE AolA S fibuligera A8 457} KCTC 7806



244 SHE=2X| H11#E H11E

F2o Hla] 1,120, 1.28% =2 45} 442 e}
W 27| grFo s wHh o, SYAAE AA
s PABAL G5 AR B ATET

SRI= AT

&3t S fibuligera AHEAIQ] TNF-a B4 IAIs
A% A7= Table 63 2t} S fibu]igera At A=
AHE ZE WA TNF-¢ dAISS YERRS
o 1 mg/mL T2 Aot o 78.74+£0.85%
9] TNF-¢ JA52

2500

2000

1500

1000

TNF-a (pg/mL)

o
o
=]

Cont. KCTC 7806 A8

B 0 pg/mL
W 12.5 pg/mL
. 25 pg/mL
I 50 pg/mL
[ 100 pg/mL

Fig. 1. TNF-@ production of Raw 264.7 with

fermented rice bran extract

Table 5. TNF-@ production rate of Raw 264.7 with
fermented rice bran extract
TNF-a production rate (%)

Concentration

ug/mL Cont. KCTC 7806 A8
0 100.000.75 - -

125 100.43+0.79 99.660.57 98.33£0.56
25 98.57£1.00 97.10£0.48" 95.88+0.66
50 97.85:0.95 93.77:0.82" 91.46£1.36"
100 95.61+0.87" 87.31:0.99"  82.80+0.24"

Table 6. TNF-@ production rate of Raw 264.7 with
S. fibuligera A8

Concentration (ug/mL)

TNF-a production rate (%)

0 100.00+£0.95
125 93.26+0.64**
250 88.64+0.62***
500 83.86+0.90%**
1000 78.74+0.85%**

-15 9A AgZ2d 1L-189)
o 7]4tst BAHEL Table 79 Zth
kg w)73o] AL 100 pg/mL LA T §-ojn|

gk IL-18 Aol UEhHA ggtom, KCTC 7806
2Hau)3o AL 100 pg/mL H=oA 1L-18 A%
o] UeFth(p<0.05). A8 &M 4% 50 pg/mL,
100 pg/mL BZolA IL-18 <Al%so] yehgth
(p€0.05, p<0.01). °]5 WMELE TABIPS W 100
pg/mlsEoA o E v 98.35+2.90%F UE}

PO KCTC 7806 HHUZF2 89.42+1.73%, A8
2auge 7630+2.15%S UYERfQITh HE S
fibuligera ARtA19] 1L-18 A4 Al AdZ27E=
Table 83 Zt}. S fibuligera ARtAl= AMEE RE
SEEANA -1 IASS  YERYCeH 1
mg/mL =2 AF5IS 1 63.85+1.21%2] IL-1
B AA5E e

80

IL-1B (pg/mL)
8 3

n
(=]

Cont. KCTC 7806 A8

. 0 pg/mL
. 12.5 pg/mL
= 25 pg/mL
== 50 pg/mL
=3 100 pg/mL

IL-18 production of Raw 264.7 with
fermented rice bran extract

Fig. 2.

Table 7. IL-18 production rate of Raw 264.7 with
fermented rice bran extract

Concentration IL-18 production rate (%)

ug/mL Cont. KCTC 7806 A8
0 100.00£3.39 - -

12.5 100.47£2.46 100.47£1.70 97.37x1.49
25 99.29+1.15 97.37£1.49 95.67+1.09
50 100.66+1.34 94.73+1.31 87.92+3.25*
100 98.35+2.90 89.42+1.73* 76.30£2.15**

Table 8. IL-18 production rate of Raw 264.7 with
S. fibuligera A8

Concentration (ug/mL)

IL-18 production rate (%)

0 100.00£1.25
125 92.74+1 .41%*
250 82.46+0.88***
500 68.41+1.20%**
1000 63.85+1.21%**
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o7} SaEo] gigh IL-6 oA A2, 1L-69 &
T= Fig. 39 7I6kst AJ44E-2 Table 99 2t

kg v 73] A9 folnst 1L-6 A5l YEt
2] gkow KCTC 7806 EamZe AL 50 u
g/mlL, 100 pg/mL wZolA IL-6 AA50] UErdtt
(p<0.01, p<0.001). A8 LAY AL 50 ug/mlL,
100 pg/mL ®%olA IL-6 <Also] uUEhgth
(p€0.01, p<0.001). o1& HEEZR THAoIGS uf 100
pg/mlsEoA] uE v 98.89+1.07%% UEL

o KCTC 7806 TauZ-2 77.07+1.07%, A8
A u| g 7437+1.37%S YERRQIC ol gt At
E o R v dagE o vde A 5
77l Aol 7hsoitteE A & 4 At ¢ S
fibuligera ARtA19] 1L-6 A4 Al A2
Table 107} Zt}. S fibuligera AFAl = ARSH RE
FEHA IL-6 AA5ES YA 2™ 1 mg/mL
BEZ A5 1 50.27+1.56%] 1L-6 A5
urEtRich

Inflammatory cytokine® & &3S E3|

0

¢

fibuligera A8S o|-&35t ¥g u|7} &5 )
gholst &= QIQIL}. S. fibuligera= ThYst 445 A
3h[16), ol et a4k Tas avs F7ME B
FAANZ 4= St 1 A= S fibuligera

[ 19
_?E
o
Ir

it

Aol 54< 4
I ERAYNE 2252 UA Ao Hle] AlExE/go]
HAE FAO A8t FES A SAEHASH21]
o|e} Zo] IRE B3t B A S fibuligera’t A
42 & d5e B
10000
8000
)
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Fig. 3. IL-6 production of Raw 264.7 with

fermented rice bran extract

Table 9. IL-6 production rate of Raw 264.7 with
fermented rice bran extract
IL-6 production rate (%)

Concentration

ug/mL Cont. KCTC 7806 A8
0 100.00+0.61 - -

12.5 100.10+0.80 99.13+0.55 98.99+1.29
25 100.30+1.47 98.60+1.64 97.40+1.49
50 99.563+1.40 91.05£1.21**  89.45+1.62**
100 98.89+1.07 77.07£1.07***  74.37£1.37***

Table 10. IL-6 production rate of Raw 264.7 with
S. fibuligera A8

Concentration (ug/mL)

IL-6 production rate (%)

0 100.00+1.36

125 91.33+1.31

250 75.2741.46"

500 §6.42+2.00**

1000 50.27+1.56"**

4. 42

2 A AE, SFgE 98 5 oy gHeg s
gol dF =] AR ARRET Y= v 7154
I dE diH 7HEAREE ST s S
fibuligera YRE o|-&stoth. AYPATE Bl 0%

o Aet 5 Eosiglon, olg B9 vE
IE FEE AE 54 2 FEERE Ittt
E o5 AAY A 54 2 FAFIE Fstoirt

Az 549 3¢ 100 pg/mL & odolA Al
RYEE0] 80% olotz HolA 4 Hl vF F&5E
e g a8 g FEE2 59 5&0lA KCTC
7806, A8 5 Z¥7Z} 94.55+0.97%, 95.30+2.07%2]
Al FE2&S 2o 540] gles ZRIsk3

NO 44 JA52] 4% 100 pg/mL FEoA B4
Ao ||t AAE Ho|A| X3t n| FE2ET=
g g3 o 2252 59 5XoA KCTC 7806,
A8 % 77} 78.88+2.53%, 71.06+2.07%2] NO A
&S 2o FATol IS Felstirh

TNF-¢9] 4% v 252 100 pg/mlolA &
AROE Fou|gt A oW A vd F2E
2 F 45 25 25 pg/mLolA BARCE {ou)gt

L-189) A% W) 282 RE w04 A4
O §ould FAT Mol RHou}, ¥A v 3
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