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Antioxidant and Anti-inflammatory Effects of Fermented Blackcurant Fruit Extracts

with Saccharomycopsis fibuligera

Jun-Hwan Jang, Hyung-Kyu Lee*, Jun-Tae Bae*, Jae-Seob Lee*, and Bang-Yeon Hwang**

"R&D Center, J2KBIO, 50-3, Dureungyuri-ro, Ochang-eup, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do 28103, Korea

“College of Pharmacy and Medical Research Center, Chungbuk National University
(Received October 5, 2020; Revised November 12, 2020; Accepted November 17, 2020)

2 o {83 nAYES gAY 5, ATz A ad oA SELYR E-go| 753t Saccharomycopsis
fibuligeras E2|8lth 2 A A= dEA O vigA & Hol &3 EHAHHEFEE (blackcurrant

fruit extract, BE)Z S fibuligera® TAANFT, EHAUEFEZEBE)Y LaE EHAHESTEE
(fermented blackcurrant fruit extract, FBE)Q] A& EAS 3] HPLCEAS AAsgc. 1 A3},
delphinidin®} cyanidin®] JEHAE-S &E 5= Ut EWAAESFSEBE) L ¢

(FBE)S] &4Y8t 3-8 1Z317] §15) DPPH % ABTS ehe] 24 A S
7

3Fol3l7] 9]3ll LPS (lipopolysaccharide) 2 €342 ST A]7]1 RAW A] Nitric Oxide
(NOVUA A& western blot#4& S Q272 Tl INOSS COX-22] Wd A& sk}
I A, Had SYAUEFEE(FBE)S kst 9 F95 A0S 7ML Qo] sPES S aE

ARE AL 5T AOoE ARE

Abstract: While searching for useful microorganisms, Saccharomycopsis fibuligera which can be used as cosmetic materials
were divided from Jeju island’s traditional fermented foods. In this study, blackcurrant extract which contains a large
amount of anthocyanin glycosides was fermented with S. fibuligera. HPLC analysis was performed to analyze the
components of blackcurrant extract (BE) and fermented blackcurrant fruit extract (FBE). As a result, bio-conversion
of delphinidin and cyanidin were able to be identified. In order to verify the anti-oxidant effect of BE and FBE, we
investigated radical scavenging ability with DPPH and ABTS. In addition, to confirm anti-inflammatory effect, we
investigated inhibition effect of nitric oxide (NO) production on lipopolysaccharide (LPS) - stimulated RAW264.7
macrophages, and inhibition effect of the expression of inflammatory-related proteins (iNOS, COX-2) by western blot
analysis. As a result, as FBE has anti-oxidant and anti-inflammatory effects, we suggest that it might be used as an

active ingredient for cosmetics.
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ZE QRbA et mES ol8sto] 71eA TaE
S AR SRS A ASHARI ofu|AE Uil
A ek i Z12]al vl o|27 7] 11 Fe
&f71aL Qlck amstolet QlAlofl felgt ugEo] ofe
BEES AA EAAA AWl g7t AE =S 51
U A2 28s TEod felRt 7les W= &
= A 1] olof] & I A= AEdallE
oM 22, Fgsto] S5 © ol FolA SHgEA
2 ggo] 7538t Saccharomycopsis fibuligera (S. fibuligera)

ol QlSo] A8 olRm Slth 6] SAkgeR 3
A7 Bk Lactobacillus) 710l == viEA| FEf=
Ak EAES WadolA Jol gle v
22 HpolQ A 4= 3ol dEA QUrk BuigA|
T20 FAES ity o R S B4 5ol uidA +
Zof| Hjgte] & Ao= dEA QUri24].

S. fibuligerai= “AZolA EEs] EERAE SA5k=
Ao Y on, EYERA A didtis 44
A7p EAEo] 1 ddo] EAetERITE o] Ak TS
A Aol AR o R S8 o e v obdet
A, AF Z2EoA] 9 g - SFIAHOHIE EH[Sk= A
o2 W]

SUALE(Ribes nigrum L= 20 719-9] of2] A 9o]|
A dRbA o g Al ook Bto] 2 Tlofl= H]
BT CoF /ARl 714w, msk 9 ohsF Jodas, o
AlE e dn} 2 718k 7ol frofet &4l FHs8iH6).
EYAUE ol Ml et FHleles Y st
EAol Sl Eejulls Edo] 2FEo] Q7). QFEAJo}
U Ao Fa3t ofg] Fo] HdE xglslo] oz
Algol| TR, Hapd = ZIgh Wb o] MR E Hojst
= 600 7W7F i AHA WY SebieolE SIRRE0] teF
g g0tk FEAlOPE 771 ZAo|E, ARSlEay, Slo]
24 9 Hed g 9 aplsleeaet - WA Ak
~(reactive oxygen species, ROS) 2! ZlAx(reactive nitrogen
species, RNS) %2] AAAISl 22 7Jeiat Ak} BHS
7405 Seks)

SHH, HERkeE oF =94 - 3k A5 At 5

¢

o) &3} g-3E 53] %), A46d Al 4 Z, 2020

O] el chet A 2212 HAAA vES-E] shito]H,
&g 2Ae FESAY AskE = 71-elu9]. AlA|
W dhiAA|z= oRekst saakgell dofste] Y R4
of ook Zem dEA glom, HFHES A=
inducible nitric oxide synthase (iNOS)o]| 2JajiA] TSR =
nitric oxide (NO)2} cyclooxygenase-2 (COX-2)o]| s =}t
2F UFS0] 2] prostaglandin E2 (PGE2) 53} 22 9% =
7 QIS AY/dRItH10].  Lipopolysaccharide (LPS)= ~L
Hdete] AEHE FMdshe AweR diAEo
toll-like receptor (TLR)o|| Asle] H5 wi7ikss HE
Sh= FEf Ak defA glom tefRt o5 dtl 2
531 QJi11-15].

webs] & Aol S fibuligeras 285101 £
EFEE AEAR HigAIE vHiEAl = e
ke 348 ek, et 4 S 8 %
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2. 7= L A

21 M= H 717

2 Aol AR S E(blackeurrant, Poland)= &
21z SIEl 2 FEdste] ARESIIck 1, 1-diphenyl-2-
picryl hydrazyl, 2, 2’-azinobis (3-ethylbenzothiazoline-6-sulfonic
acid), delphinidin chloride, cyanidin chloride, DMEM powder,
glucose, NaHCO;, MIT (Thiazolyl Blue Tetrazolium Bromide),
DMSO, lipopolysacchride (LPS)-2 Sigma (USA)oj|A 45}
o] ARESHSITE Antibiotics= Gibeo (USA) Al&-& ARSI
t}l. FBS+= Cellgro (USA) AlZS ARESHALE B -Actin®
Santa Cruz (USA) A= ARESIGEE ECL  (enhanced
chemiluminescence) 8942 Amersham (USA)S ARE-519IT]
71 9jo] XoFe B W AFAIRS FYUsle] ARgasic
High-performance liquid chromatography (HPLC)= Alliance
Waters 2695 (Waters, USA) A|=2 AM8-351%t). Microplate
reader+= spectramax abs plus (Molecular Devices, USA) A=,
Chemi-Doc-2 Universal Hood 1T (Bio-rad, USA) A& AR
aaick

22, #9| 22| H 4

Al AFLAAEHETHY, AlFARIAE T4 Korea)
& Hat SRl dEsio] 347 £, YPD agardliAlef =
Wl 30 C incubatorofl 4] 24 h HljRFse] AITSIATE
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A = 4 3] Al iRt & 4% 9 colony =
o= 22819l em, DNA $=E310] DNA £417]3%1 &Rt
2o o]Fsle] 16S rRNA H4& AlX]3kal BLAST
programZ ARESIO] 0] AFEAde BARE A, AlS
AeURAZNA 2elgt F=57F S fibuligera®l 9% o)
O] e A IS ERIsISIH: E dE T

HFEATLY ABEALAAIE ] 7]Eksle] KCTC 14223BP2

e

a7l SH7RE Ai(100 & FE80 T, 4 h)s}
Ak rrER A2 SHHEFEEBES 7IKR 5t

o] Angt S fibuligera 55 7353101 30 T, 150 rpmo]
48 h vfelst & kg s BelAH ESZ 5 fermented blackcurrant
fruit extract, FBE)S 31Tk

2.4, B —Glucosidase &M =X

EHAHEZ=ZE(blackcurrant  fiuit extract, BE)OJlA] S
Sibuligera®] 8 -Glucosidase@d 5742 Peralta 5-0] RS
AMgBTo] 2231 16]. S 50 C F2=p=ollA] 5 min
7+ ZAISIAZT)E 5 mM p -nitrophenyl-3 -D-glucopyranoside
(Sigma Chemical Co., USA)E 3FR3t 50 mM Q145898
(PH 6.0) 0.5 mLo|| &2 02 mLZ 7}8}o] 50 CollA 10
min 7F ¥F&A17] & 1 mL2] sodium tetraborate saturated
solution® = WF3-& FA|AA F8|%+= o -nitrophenol &] %
= 405 nmojlA FF=E SISk aaEd 1 Tee
HESAI7E Bt AA =)= o -nitrophenol 1 pmoleg AYATSH=
0] gpo i Holshgick
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2.5. HPLC £Ad

ENAUESZEBE) Y Had EAUEFZSE(FBE)
9] QIEAJoPd AJEAjelE BRIsl] 98l HPLC 41
AAE1T). AELS Capeell PAK CI8 column (250 x 4.6
mm LD, OSAKA SODA Co., Japan)& ARE3121, 1.0
ml/min®] §502 520 nmojlA] HESIITE A=
30 TR AR E3F ol 52 S A (MeOH)et &
] B (5% Formic acid in D.W)9] gradient =742 A3}
th 0~30 min 59 AS 5~45% 7FA] Z3PsHar 30~35
min 52U AE 45~95%= HYPE|QrE BE FEEL 045
pm BEIE F3f oafsial HPLC == |3ich BEds &
A A HE] delphinidin chloride (A)¥} cyanidin chloride (B)
FAE At 4% F wghso] mo] FFge=w
ZA K (Figure 1).

2.6. st 20t =3
2.6.1. DPPHE 0|88t XIRaiC|zt A7 &4

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical 2~ €4 A1
A2 Blois MSe] HIHS WHFsto] AJPsITH17]. A&
0.5 mLof| 60 zM DPPH (in EtOH) 3 mLS &35}o] oAl
oA} 15 min 7F §RERF ohe FFYEAE AREST] 517
nmeflA] SAIGAE AAlgole-S QA Wellx] 23 2
Zof| o3t Sdaka 280] AR AMGE= AFeRE 4
AsS WEEE gHiste] duks YeERASIcE

Al &

A& (%) =1 5 x 100

EN |t
M| H1

ofd| o,

fok| o

T
T

OH

HO o)
cl
OH
OH

Figure 1. Chemical structure of standard ((A): delphinidin chloride, (B): cyanidin chloride).
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2.6.2. ABTS =4

ABTS(2, 2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid))
radical 275 Nicoletta[18]2] HHH-& whe} 24319} 7
mM ABTS 5 mL¢} 140 mM K:S;0x 88 ulLE 4o ¢4l
14 ~ 16 h ¥ A|Fth o] absolute ethanol¥} 1 : 88 HJ
&2 Ao} 734 mmoj|A TH= Zho] 0.7 £ 0.0027) =
ZZA35H ABTS solutionS ARESIITE AJE-89% 150 ulo}
ABTS solution 3 mLE &85} 30 sec 7F vortex 5 2
~ 3 min 7+ Ao WREA7]AL 734 nmol| A =S

=gsteic

Al &

A& (%) = 175 x 100

EN |t
M| H1

ofd| o,

fok| o

T
T

27 M= =4 Hot

HEo Bl =4S 2151 $4510] MIT assey 21
Y5t HA 96 well plateof+= 5 x 10 cell/well ===
15 5 24 h ol 2} 0] WES DMSOo] 259) sample
= 71813 24 h Fof| viX|E AAZE & MIT A|2F (in
PBS 2.5 mg/mL) wello]] 40 ;L% 7}5}EL incubatoro] 4 h 4k
S & T A4S A7k DVMSOS 100 ) 255
o] 25| =1Ick FFEEAE o835t T35 540 nm
ol g5k

2.8, NO &t =8

Nitric oxide (NO)ZA-E cell®] supematanto]] 412 NO2]
Ok nitrite?} nitrate 24 Z=A3FTE Nitriteo]] T3} nitrate
2 el 59 PRt FeQl griess reagentS ARESIGC.
), 96 well plate (5 x 10" cells/well)o] RAW 264.74]322]
confluence”} 80%Y o), PBSE 2 ¥ washingdt 3o &
7 HiRIE AREST] 18 h o4 HiGRAIX] Fofl AlRE
HE2 Alste] 1 h F<F viekgh 5 lipopolysacchride (LPS)
1 pg/ml Z{2J8}aL 24 h -5k viFstoict vl o] Af5-H
2 Z|5}o] griess A|F} HWES-A]Z] $ microplate reader®
540 nmojlA] SFEE S4ste] NO e WEgs &

At

2.9. Western Blot &4

RAW 264. 741325 10% FBSE 32315 DMEMO]| &EFA|
71 & 6 well plateo] 2 x 10° cellswelle] HEZ7} Ee=
3 mL A BE351e] 37 °C, 5% CO, vlj%F7]ol|4] 24 h ujjoF

RIS

-~

3L A, A46W A 4 5, 2020

39t A2 DMEM HiA| 2 w3 2 h 9k A=A
¢l LPSE APsto] vl & 555 w=dR Ao
Aejsto] wiesloiTk 24 h T Il MRS 24517 9]
o] wiRE AASIL A2 phosphate buffered saline
(PBS)Z A 23t 3 cell lysates= RIPA buffero]| Protease &
Phosphatase Single-Use inhibitor Cocktail 100XE %715}
e $E5190h SS9 (BCA protein kit
o], 10% SDS-PAGES] #7|9%8l 3 membranc O
transferdFo] 5% skim milk(5% skim milk in TBST)o]| 2 h %
ol blockingatelch 1 2} FAZ 314(3% skim milk in
TBST)3}o] 4 CollA] over nightdt Th, TBSTZ 3 3] A
SIQIck 2 2 FAl= A2ollA] 2 h 52t vieksieich iNOS
2 COX-22] vzl H-S enhanced chemiluminescence
(ECL) -&4= o]-8stof 215k Internal control 24 1 :
100022 3|43t B -acting AMESFFITE

ot &
\=g¥e)

2.10. SAXE2
AR 3 W] =]l dee Sk Wa %

A= ve it dizta A3 Alele] FAeH

2 AL tukey testS AFESFHA] ANOVAAAS 285]

o, p <005 2ol ol AAHE AA

ok

32

£
0

371 $J3ll HPLC H4& AXgE Azl QrEAJopde]
delphinidin (RT, 18.5 min)¥} cyanidin (RT, 20.6 min)o] 234
= 2 2RI 4= %Ak Figure 2004 Upehd e} 2+
0] delphinidin®} cyanidin®] I]3= 48 h Wask= 59 &
oA F7Fstoct Eet FEAloPd HigAH|R A==
= 7)9] I ART, 142 min} 15.7 min)= Wa 5 Aghe
OF 50% o]}l AS RIS el el A4
= delphinidin®] k2 0.136%, cyanidin®] RS- 0.078%
Ak

3.2. B —Glucosidase & =7

9 A WE S fibuligera®] B -glucosidase M-S 3}
QIEF7| 13l p-glucosidase T =75 g A} 36 ~ 48 h
oA 7F} =2 S BYo AlRto] BaREAS
= S 1ok Uay EYAUESZES] f-glucosidase
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Figure 2. Chromatograms of HPLC Analysis of BE and FBE ((A): Changes in peaks during fermentation, (B):
Delphinidin chloride and Cyanidin chloride, (C): FBE).
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S8 48 hollA] 30 mUMLE 7P 52 A0 8elE|g)
ChFigure 3).

33. gitst st 5
3.3.1, DPPH Radical A7Ms &8

DPPH radical- > 23Hle ujl= v|mz] obgal alojztz
A gPASE B2} kS5 proton-radical scavengerol] 2J5}
o] dlo 7 EAiEl= EXJo| Q) om[19] AH3le| o5k
B3 0] 2jo|= 517 nm H2ojA 7} k. wlwA 7h

et Wie ARSI bt e SAgshketl Bol

-olAA - S

olgE1 qlrt EMAMESEEBEY WaH SUAY
EREEEBY Yo T S SRt ow
DPPH radical 227152 Z4319.20 Figure 40 e}
t} EdAHEREZEy gy BaAHESRSE nt =
wolERol A mRt Uehde) 5, 10, 25, 50, 100,
500, 1,000 ug/ml FwolA Way SWAHESSEO] &
I} Bz ZZ‘:'EE} o =7 yebdth 53] 1,000
ug/mL iEoﬂAi‘— tjZ&21 L-ascorbic acid?} B35}
o, o =& gis Eoc] [l AN} 7 A7EER
24 71548 Belsigict

30

B-glucosidase(mU/mL)

10 -

24 36 48 72

Fermentation(h)

Figure 3. Changes in f-glucosidase activity during fermentation.
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Figure 4. The DPPH radical scavenging activity of BE and FBE. Each value presents the mean = SD
of triplicate determinations. ‘» < 0.05 indicate a significant difference from sample not treated control.
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3.3.2. ABTS Radical &7{s &3

ABTS cation radical-2- -2 %E&% o= e 3
A5 247} RS o) meh s A0 SR 54
o] gt} Hydrogen-donating antioxidant®}  chainbreaking
antioxidant WEE 2T 5 Qe WHOR WA 9o
Bi[19], DPPH A5} nhr a2 u]ms &40 At
WO Qls) AibHoR Wol AMSkRL Qe IS
274 Wl % Soltk BuARERE g das L

BUAAEFERe e 2 B

ol\

o 409

AUNEZEE B Suolzael FAst At ekt
(Figure 5). 10, 25, 50, 100, 500, 1,000 pg/mL s=oflA] 1t
a3y EHARESERY it EYARESEERT
©f 3o LSk 55 0 100 . 5 o
L-ascorbic acid®} B]usl3S ], o =& ay5 Ho &
B P} ) AFRARA RS Selsi

120.00

100.00 |

80.00 -

ABTS scavenging activity (%)

L3
Hy

M L-ascorbic acid BE FBE

*

E
60.00 -
*

40.00 - I
20.00 -

L
0.00 LN . i .

10 25

*
* * * . : E T
I
*
I
. I
I
*
I
1 1 | 1
50 100 500 1,000

Concentration (ug/mL)

Figure S. The ABTS scavenging activity of BE and FBE. Each value presents the mean + SD of
triplicate determinations. *p < 0.05 indicate a significant difference from sample not treated control.

120

BE FBE
# * *
*
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I I 1 *
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— . L
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=
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>
@ a0
[&]
20 -
0
Control 5 10 50 100 500 1000
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Figure 6. Cell viability of RAW264.7 macrophage cell on each concentration of BE and FBE.
Each value presents the mean = SD of triplicate determinations. "p < 0.05 indicate a significant

difference from sample not treated control.
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3.4, HEEY UAUEZE 20| A AELETE H 7 eRdth 100

HIAIES] RAW 26475 9l Shdel] Slsf Tkt % g ofele] ol 9% ool AlZ AERS et
Furgl Tolshe] 9% uhg Al NO%H 954 oytokineo]  HOR], 500 pgimLel Al 90%2] AEAERS Lrehic,
A B BRI GEuRSe] Holshs At Amelh  wehA 100 ugmLEEE ol WeE B A AF
BE ARS] AE AEES sk S5 MIT asayS A 5= Aaslgick

AestlrkFigwe 6). BUAREFEEY Uay S

HEFEES S, 10, 50, 100, 500, 1,000 pg/ml FE=2 A 3.5. NO ezt =4
o5t Auh waE BeAREFEEe) AE AER0l B @Euse] BEAel Al NO2 S olAlshA
A
120
*
— N I
?-{‘ 100 a5 ; _? « X
E . I
t 80 |
=
o
e
o 60
@
2
s
o 40
£
=
20 | .
0
- + 5 10 50 100
LPS (1pg/mL)
Concentration (ug/mL)
(B)
120
*
;?: 100 .
c
] -
T 8o
3
o *
e
o 60 r
@
iy
3
o 40
=
=
20
- + 5 10 50 100

LPS (1pg/mL)
Concentration (pg/mL)

Figure 7. Nitric oxide production of LPS-stimulated RAW264.7 macrophage cell on each
concentration of extracts ((A): BE (B): FBE). Each value presents the mean + SD of triplicate
determinations. “p < 0.05 indicate a significant difference from sample not treated control.

o) &3} g-3E 53] %), A46d Al 4 Z, 2020



Saccharomycopsis fibuligeraZ. ¥ & ¥
2oI517] Q5 RAW 264.74)|3E9] lipopolysaccharide (LPS)
228e 7 srus Aesdn
(Figure 7). 71 7éi’1L, ‘QEL =A™ —T—%%C’ A2zt -
ZiollA] 5 LPSo| ola] 271at NOS| APHerS swolE
How (Al ACw UsktoL) HepiRIETEE
o gdaon d AR 100 sl = A2 7
ZolAle] NO e WaE Beplelessne At
(eF 65%)7F SUANETEZE(SF %)Lt B WA et

A

INOS | “— — |

factin (e G a— G -
120

Relative protein levels (%)
3

20

0 L L .
LPS (1pg/ml) - + 5 10 50 100
Concentration (pgiml)

()

COX-2 [ -——_—___l
factn (e G b g S -

120

Relative protein levels (%)

20

]
LPS (lpg/ml) - + 5 10 50 100
Concentration (pgimL)

{14

AdEFEEel Fust 9

&

a5 527 411

vt} ey EWAHESREZES [PSE A=A7] RAW
264720 ASEZ NOCO| AdS el Al AsliA|
q_L. 7_]o il-olo]— q_

a0

Relative protein levels (%)

20

o .
LPS (1pg/mlL) - + 5 10 50 100
Concentration (ug/mL)

(o)

COX-2 |___ N — I

factin | S ——— — —

120

100

80

60

40

Relative protein levels (%)

20

LPS (1pgfmL) - + 5 10 50 100
Concentration (ug/mL)

Figure 8. Relative protein levels of iNOS, COX-2 protein in LPS-stimulated RAW264.7 cells on each concentration of
extracts ((A): iNOS of BE, (B):iINOS of FBE, (C): COX-2 of BE, (D): COX-2 of FBE). Each value presents the mean
£ SD of triplicate determinations. ‘» < 0.05 indicate a significant difference from sample not treated control.
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EHAYEZZEL 5 10, 50 100 ugmLol|A] H= =7
©S= iNOSeF COX-2 T o] IES ol Al A
Zths 2k SRIskgin) ole} e Ane FAHT A=
A9 71548 3o1Ek 22 919)

o= T uvea

4. 1 H

2 Aol AlFes] ASHaAHFTEAA &
2|3t S fibuligeras: B850 EHAHUE FE=2] AEA|
ohd HiFAIE wHEAl= sk st

L
ek, P} L JAF G B 24E A7
I

11
Aol F7IKe A Helskch Pt g o

]
PR de] AREAL Q= Leascorbic acidel H]
Hors wf Was EIA-ESREZES Gkl st
7168 27 BARAY 7FsA3S ERIT 4= U w3
MIT assayoll A= Wi ESAUESZEO] MZ Y28
o] EHAUESZES] A2 AEgRT) o =4 et
A& Bl gt Mgl AL RIS S avt
5 Yol7] 93l LPSE A3H-e-S FEAIX] RAW 264.7
|4 NOAY/d A2l western blot £41-& F37t A5
2] INOSeF COX-29] Wl AsiE RISt A7), wa
H SIAYUESZZEL NOE 53 45 wiviE4 iNOS
o} COX-29] Wae AdsH| JAA7I= BaE 3ot
et webs iy EUAHEREEL IS
a2l S8R} s ek RS BRIk
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