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Neuroprotective Effect of Heat-Teated Fermented Black
Beans Using Lactiplantibacillus plantarum

Min—-kyeong Lee, Ga-young Lee, Ji-woo Choi, Hye-Jin Youn,
Hyun-hee Cho and Hoon Park’

'Department of Food Science, Sun Moon University, Asan 31460, Republic of Korea

Abstract

The purpose of this study was to demonstrate the neuroprotective effect of
heat-treated fermented black beans. The production of fermented black beans was
optimized using Lactiplantibacillus plantarum SMF470 and . plantarum SMF796
strains isolated from kimchi as starters. Compared to heat-treated black bean extract,
heat-treated fermented black beans showed significantly higher DPPH and ABTS
radical scavenging activities, as well as higher total polyphenol content (p<0.05). The
neuroprotective effect through the gut-brain axis was evaluated using conditioned
medium (CM) obtained by culturing heat-treated fermented black beans in intestinal
cells (HT-29). The CMs of heat-treated fermented black beans from SMF470 and
SMF796 showed a high protective effect on SH-SY5Y human neuroblastoma cells
induced by oxidative stress from H;0,. Additionally, the CMs of heat-treated
fermented black beans were found to protect SH-SY5Y cells from toxicity induced by
MPP*. SMF470-CM and SMF796-CM significantly increased the expression of
brain-derived neurotrophic factor (BDNF) in SH-SY5Y cells treated with MPP*, while
lowering the expression of inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) (p<0.05). Furthermore, SMF470-CM and SMF796-CM
lowered the apoptosis-related Bax/Bcl-2 ratio. The results of this study suggest that
heat-treated fermented black beans can be utilized as potential health functional
materials for the prevention and improvement of degenerative brain diseases.
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SEAIRE, YA iAol ThestAl S4E E/gAkart DNA &
/g, S Abel, AdaAte) 71 AHIE AN 5 et

GHATHO er al, 2016; Reddy er al, 2009). SAI7IA]
ARl B HES A5Al= gle A= o 9 7jHS BX
02 AT A, AEAPE A, AATE P B0l =2 7164
=4 24 9 A A At Ede] APE
Eupo] @ A(probiotics)= &5+9] 7730l %t FFS F=
Aol nBER, Y S 4 24, ot udEe] Y
32 oA, | Bk 24, Adlls 7, ofEs] AjA, AH A
A, IATE P T TR HIAYSE B9l e s
WISk KIsolauri et al, 2004, Williams et al, 2010). 44
Lactobacillus?}  Bifidobacterium % w57} A-%<(gut-
brain axis)oll Y& F+= AFHLEZR GABAS} serotoning:
HH[sto] x| A7 Q1A 7150 Foldt JFE F= AR H
HIcKDinan er al, 2013; Roshchina, 2010). GABAE 5341
ZAA0NA Tt A7 SE-2 2Alste] o]ehs FXIskal AEHA
Haet Ao AS ot E's FH, serotonin 71E,
A8 i 52 XFoto] AEH A} EQERE Adks 9 3
T{Nam er al, 2009; Park, 2024). lactobacillus plantarum
MTCC1325%} Lactobacillus pentosus var. plantarum C29 @5
9] 3Pt st fi FEAACA 7] HofE A 7= A
07 RBAEATHNimgampalle and Kuna, 2017; Woo er al,
2014). Folle BAE fANE AREAE ARE 2B A7 FHEE A
TN AEAPES: Aokl R4 FFUIAHBDNE Y &
< XA YSFTHCheon er al, 2021). o2t A+ S
IEHO|QEIA At ARHA|, AKEE & PIBE &4 ERL ¢
25, H4 HAS 5 A8 dee] o, A 2 AEE 9
o A& &8 7hsA= AAskL ok

T2 A AARCE Fa3 A A 5 oshuE, T, A A
4, HE B, uvlE 5 Y AdEo] F5-otH(Ferreira et
al, 2018), isoflavone, anthocyanin, saponin 5 A& &
ZZ hRolar qlo] Akl 34, % 43S Uehdthar A
t{Cho et al, 2007). E3|, A2EL anthocyanind} iso-
flavone©] F5-ot0] A5t AEHA A E/go] =l AFANE
B35 g3} ookl BUEtIm er al, 2006). ALg Aol
EAk= ¥ anthocyanin®] F 70%E AHA|Sk= cyanidin-
3-glucoside “gEo0] AS} AEHATF F2H PC12 AFAZS]
AlZApde] tigh B35 a3tE Ut o™ (Kwak er al, 2013), H
9] isoflavone®] amyloid 8 peptide(Ag)°l 23l F=H k&
I} 7|9 golE ST B = e Devi er al, 2017). SHA]
T A7 AT ANRE E8oto] A4l A7l Tol B

=
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7154 A A9 s et A= ALY HERE Aol

Z| mEHPo | QEA AIF Alo] H2A| st YA, Bt
AFE Qg gElE7], HAL 7kA WY, B, £ Y FEE
AEI7F S7Feka glom dR HA A SRoAN HEFH 42
0| BalEl= 5 AR P A AZIEAL ik ol 4
FojlA Foll= TRHO|QEA 9] ARtAet HaEo| 4t
3k g4, HY 24, XY FY 5 AT AR 783 8t
E Yeidthy 18R bdAo]l &2 diAAR SR gt
(Nataraj et al, 2020; Siciliano er al, 2021). A7IA] FHY
AA] A QAR FANE ARFAIE o83t 4520 Aol
HElom, ARAE S HaEl Ahe A9 o]FoiR]A|
Aottt ARHA T AT UEES BY 925, E9A HEgt
S A Ago] AAE st A7H4E AR E€8E & Qe
A 7L 9lo] ol ot AT} HFHQ1 A7t Zasict.
2 IS A AtolA AXERE ZRHo|QEA E/o]
Q=%t 229 AL, plantarum SMF470, L. plantarum
SMF796)E Adstiom, o529 A2 AdtAlZE 4tet 9 &
& &l stk A EolstAtHLee et al, 2022: You et
al, 2022). B AFIME L. plantarum SMF470% L.
plantarum SMF796 55 ABEE o|&sto] ARFAIE hiRt
AT F2F HEEZ AXSHL, H0.00 23t ARk AEHA
S} MPPof| oJa] R AIFAIE £4dof| tist B &8 S4T
O 2 AHA BHf HEES 283 HYA A /iA Al
7124 RS gHEstaAt st

Mz 2 UH

>

o ok

JIHE

3y ATE Sl HAZHE mEHPO|QEA o] 243t 2F
o QANIE(L. plantarum SMF470, L. plantarum SMF796)5
Holglon, 2 oA H2F WRE 3t AEEHE ARSI
th AHE Z2HO|QEAQl acticaseibacillus rhamnosus
GG(Korean Collection for Type Cultures, KCTC 5033) #5+
+ HEALAIE (Daejeon, Korea)ollAl EFLSIT. a0 AME:
ot AeF B2 73 %(Jangheung-gun, Korea)olAl s}
Ak Q7+ A ff HT-29 AZ(KCLB30038)2t QI7H A3 mA|
T SH-SYSY AIE(KCLB22266)= A EF-23)(Seoul,
Korea)ollA] 2ot

> 1o o
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Lactiplantibacillus plantarum 0|25t GxE| Z42E 2829 Mg B g1t

A422 4 ¥ g YUsE HX
H2Z B 5%(w/v)yE S5l A7kstal 121TCo4 158 59t
Y= 32319 0.45 pm syringe filter(Whatman, England)Z
ot & H2F FE=Z Aot AT FEE0 48
protease$! Alcalase 2.4L(Novozyme, Bagsvaerd, Denmark)
9} Flavourzyme 1000L(Novozyme, Bagsvaerd, Denmark)}&
1%(w/v) &= H7kskal 50CollA 241kt 59t §EAIZ T 10
0ColAM 582 7HEAEjote] EAE E2ATI e
FEES TAAXsI BERE § -20~-30C ] Eysio] Ad
o AkgslT SR H2T FEE 292 B TR
A

o5 Aoz

.
fll
i
E
0
i‘é

= fE 1O
5%w/v) 713t A FANE YREES AR ARt A3 HiAl
2 AME3I9T) Lactobacilli MRS broth(BD Difco™, USA)el
37C, overnight BjRt RANE WiFN(L. rhamnosus GG, L.
plantarum SMF470, L. plantarum SMF796)S H-2F vjA|o
9k 2x107 CFU/mL 40| HT=2 2%(w/v) &3t 3 37CoA
24A17E I EE et 3legh HAaES 121C004 1587
et A2ote] AAIE et BA Y UaE AR ARSI

A2 da 717 B9t ERERHO] BH(CFU/mL2 ODsoonm,
pH HgFE S7go1oitt. a9 A= 100 ploll Bt BelA+E
H71sto] 1082 Sl45kal, MRS agarol] =T33 37COA
48AIZF Bt HiRFela E2Y 5 Al Bu<CFU/mL)yE
Esiolon, d#AFS ERlsh] st 600 nmold FF%
(Biochrom Libra S22 UV/Vis Spectrophotometer, USAYS
245199tk pHE pH meter(Seven Compact™ pH/Ion $220,
Meltter-Toledo, Switzerland)E o]-&3dlo] &435}3ich.

Fxe| 423 Yas9| st 2
DPPH 2iC|Z A5 &4

DPPH(1,1-diphenyl 1-2-picrylhydrazyl) 4 4245
Wang 5{(2016)2] ¥ -3-8sto] Z3s3ict. 0.4 mM DPPH
|4 1 mLeHEE AR 1 mLE E3tote] oA 3087E Bt
SAIZ T PAIRE(13,000xg, 4C, 10 min, CT15RE, Hitachi
Chemical Co., Ltd., Japan)ste] A5 345194} AA5HS
9% 517 nmolA 573 F o] AliHAle] wi=t DPPH 2t
Z AASWE ARG tiR2FE2 Phosphate buffered
saline(PBS, Welgene, Korea) £9-& AR&3al9ich.

5/%
)
“&gﬂ

¥ £s)
KoLage”

DPPH radical scavenging activity(%)
:{1 - (ODsample/ODcontml)} x 100

ABTS 2iC|d AHs 54

ABTS(2,2 -azino-bis 3-ethylbenzothiazoline-6-sulphonic acid)
gz 2752 Ji 5(2015)9] WS 583t skt 0.2
M sodium phosphate buffer(pH 7.4)° 7 mM ABTS®} 5 mM
potassium persulfates Z3stal HAoA 16AI17E o)t 983t
AR 3 734 nmelA FEE 0.72 273510] ABTS Aok A%
SHATE ABTS AJ9F 1.35 mLot Ha= A= 150 plg Skl
37CoIA 1087 HARD & A4E2](13,000xg, 4T, 10
min)oto] F5HES S5ttt A5He FEEE 734 nmolA
=751l ofef| AlArAof wet ABTS 22 A7 5(%)S AL
ot ti27& PBS &2 ARESISIT

ABTS radical scavenging activity(%)
={1 — (ODsample/ ODcontrol)t X 100

Total polyphenol gl
Z ZdulE T2 Ahn 5(2012)9] WS -3-85to] Sttt
a8 A% 0.5 mLE 1 N Folin & Ciocalteu's phenol
reagent(St. Louis, MO, USA) 0.3 mL, 2% NaCOs 3 mL.2} =3t
Slof A2olA 3081t BEAIZ] & 720 nmollM F8EE S735t
Act. EEEEE gallic acidE AMESH] HEAAE A &
gallic acid equivalent(mg GAE/g)Z 3HIslo] A|m9] & 2
s TR Ak

X
o

ool
i

MIZ Y

HT-29 AlZ& Roswell Park Memorial Institue 1640(RPMI,
Welgene, Korea)WlAE AMgSIon, SH-SYSY AZEE=
Dulbecco’'s modified Eagle's medium(DMEM, Welgene,
Gyeongsan, Korea)& ARESIRIT:. 2+ HiX]o] 10% Fetal
Bovine Serum(FBS, GW Vitek, Seoul, Korea)® 1% peni-
cillin-streptomycin solution(Cytiva, Marlborough, USAX&
A7t & 37C, 5% CO, incubator(Thermo Fisher, Massa-
chusetts, USA)OIA A|EE 8loFs}%ich

X2 Hd22 Ue=o ME=sY 54
MTT(methylthizol-2-yl-2,5-diphenyl tetrazoliumbromide)
vhof whak HT-29 A|lZo] ot ¥t aE Al=(undiluted solution,
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1/2 38AR, 1/5 &AIR, 1/10 SJEAR)Q] MEEES Bk}
AcKChuah er al, 2019). 96-well plateo] HT-29 A|ZE
1x10° cell/well $202 HFT F 37C, 5% COMA 24412
HiFstaitt. vl A o 2 RE 5WS AATH tha RPMI 180 pL
ot IaE 20 pLE H7ole] 24417t Bt & wellol] "okl
WaES PBS G0 F ¥ AlFsigIt o]$ RPMI 180 #Lo}
MTT A12KH5 mg/ml) 20 pLE H7Fsto] 4417 &<t &5tk
HkS- & AAE formazan HAES] dimethyl sulfoxide(DMSO,
Daejung, Siheung, Korea) 100 uLE H7Ist £8jA171 &
SPECTROstar Nano microplate reader(BMG labtech,
Germany)Z 570 nmox S35 S7gol9irt. AE&(%) ofh
Aptalol| wet Alksigom, R PBS §HS ARSI

Survival rate(%) = (ODsample/ ODcontrol) X 100

HT-29 A&} Higfolo] A2 25 |4 27¥A|(heat-
treated black bean extracts-conditioned medium, BE-CM)
9} dAe] HaE 3 2AMA](heat-treated fermented black
beans-conditioned medium, HFB-CM)E A|Z3IHHLim et
al,, 2020). HT-29 A|ZE 6-well plateo] 1x10° cell/well &
=2 Fto] 48417 St Wit &, RPMI 1.8 mLet FAE]
FEE U8E 200 £LE F7H6IeH, 2 A s=E 1/10
] A s E Asto] 24417 B2t Hidsit). o] % e
= 25ote] 102 59 HiEE](13,000x g, 40)3F F 0.45 pm
syringe filter2 ojF}olo] ZAMRE A X1t AR Al
£ —80TOlA Hasin] ARgsict

Fx2| 222 Yss Rl XX ME=SYE 54

MTT "ol w} QIZF A HA 2 SH-SY5Y AlEo] theh =4
HiZ] 9] AEZEAS H7ISIHYCHLIm er al, 2020). 96-well plate
of] SH-SY5Y HIZE 1x10° cell/well $F°0& HE3It - 244]
7+ B3F vttt A AAGE T DMEM 180 pLet Z71H)
A 20 pLE A7Iseion, 2% A9 sF 1/108 34E 5%
= AJ2sto] 2447 59t vigRt o2 PBS §H O F H AlHst
%tk o]% DMEM 180 #L&F MTT A19K5 mg/mL) 20 xL5 3
7¥oto] 4A7E St BEESIIY. ¥ & ABdE formazan HAE

ol DMSO 100 pLE %7Fsto] 838A1Z] & microplate readers

30 | https://doi.org/10.35732/ctlabp.2024.10.1.27
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o}83to] 570 nmelH FYEE 2Holsirk BhETE PBS 8
S Aeslo] FSHHOM, AELONS off AL] et At
stk

Survival rate(%) = (ODsample/ODcontrol) x 100
X2 22 LSS [l TUK|2| LSt AEYA HS
k=]

27 219] Akt AEG A0 gt AFAE BS 83 Hrk=
Park §(2017)9) WS -3-85t0] Adstrt. 96-well plateo]
SH-SY5Y AJZZ 1x10° cell/well 202 ¥ZE3+ T 37T, 5%
CO0lA 24A17E B<E HigsISit ol A5dS AAsK
DMEM 100 gL} ZZ4HA] 80 pLE A7Islo] 4417 viofst &
20 pL9 HO0,E 2041ZF A5yt PBSE A|lZE 29 A&
% DMEM 180 pL9} 5 mg/mL %59 MTT |94 20 pLS 37}
Sto]  4AZE B9t HESSIYITE AEdE AAsky AdH
formazan FHEE DMSO 100 pLZ £38|A17] & microplate
readerE °oJ-€319] 570 nmolA SYEE S0 7=
PBS &= A2sto] Aoyl on, BEE(%) of Akt
w2t Akt

Survival rate(%) = (ODsample/ ODcontrol) x 100

BDNF, COX-2, iNOS, BAX, BCL-2 RMXI &si =3

Quantitative transcription-polymerase  chain
reaction(qRT-PCR)Z ©]-83}o BDNF, COX-2, iNOS, BAX,
BCL-2 4749 mRNA T&dZ 74l Cheon er al,
2020). SH-SY5Y AZE 1x10° cell/well =& 6-well plate
off HEskL 37C, 5% COPIA 24417 viFstGict. vioko=
HE| AF5AL A3l DMEM 1 mLe} 27187 800 p1& &7}
ato] 4A1ZF Aesict. o]F 1 mM MPP*7h 371e DMEM B
200 pLE F71skal 20417 W3S9l Hkg- S & PBS §HC
2 5 9 AFstal AZE 3laote] PCR &40 ARESIIT
Total RNAE RNeasy mini kit(Qiagen, Hilden, Germany)&
olgsto] F&3}1., NanoDrop(biochrom, Cambridge,
USAYE ol8sta] &5 AFsiglth Pt RNAE <DNA
synthesis kit(TAKARA, Shigaken, Japan)S o|-&3to] $H4ls19
on StepOnePlus™ Real-time PCR  System(Thermo
Fisher, Massachusetts, USA)S o]-&3to] A4} &S 45}
94t} Primer(Cosmogenetech, Seoul, Korea) 2 xL, cDNA 2

reverse



Lactjplantibacillus plantaruma 0188t EX2| H2T YS=C| ME HS St /ﬂ = %
\\ KSLABP/
uL, SYBR green(Cosmogenetech, Seoul, Korea) 10 L, & o p<0.05 &2 J94S TSIt
S 6 plE 23I010] PCRE 851t House keeping gene
o= GAPDHE AMSSICh  PCR2 95CoM 152 Zq} @l J1xb
(denaturation), 60COIA 60&(annealing/extension) ¥+&-9.
2 403] yHEsto] 2getl o, delta-delta C(4 4CHEHE ©l H23 WS
Boto] AnE BA4sIlth. PCR primere FARZE(Seoul, AN BRE R 32T S22 WiRE Adslsl] o] A
Korea)olA st} AR&5HITHTable 1). T 5%, G5 5 259 AL protease A 271& AESIY
ot H2E B 5%w/v)E 121TCoA 1587 G4 &35 3 A
EHEA A8 proteaseQl Alcalase®} Flavourzymel & #2jslo] g
DE Ao 33 "iEow sgr9jon EAAE prism & st S-S 245t AT, Flavourzymel & A3t ©HaE
9.3(Graphpad software, San Diego, USA)S AR&3lo] £4I5}) oA At S T gPAES} E/do] 9<4=3F Zo] &RIE|0|(Fig.
Aot A 942 one-way ANOVAZ $=35}0] HEDIH 0 D, & EaE Rt AT FEE ¥iK 2He=
Table 1. Primer sequences used for quantitative reverse transcription PCR
Primers” Sequences References
F:5-“CAAACATCCGAGGACAAGGTGG-3
BDNF Cheon et al, 2020
R:5-CTCATGGACATGTTTGCAGCATCT-3
BAX F:5-GTGGTTGCCCTCTTCTACTTTGC-3’
R:5'-GCGGACTCCAGCCACAAAGATG-3
Cheon et al., 2020
BCL.2 F:5'-CGGCTGAAGTCTCCATTAGC-3
R:5-CCAGGGAAGTTCTGGTGTGT-3
) F:5-CCTCGCTCTGGAAAGACCAG-3 )
iNOS Cui et al., 2019
R:5-CATGGGTTTTCCAGGCCTCT-3’
F:5“AGCATCTACGGTTTGCTGTG-3
COX-2 Ma et al., 2019
R:5-CCTGTTTAAGCACATCGCAT-3
F:5“GAGTCAACGGATTTGGTCGT-3
GAPDH Cheon et al., 2020

R:5'-GACAAGCTTCCCGTTCTCAG-3

1) BDNF, brain-derived neurotrophic factor; BAX, Bcl-2 associated X protein; BCL-2,

B-cell lymphoma 2; iNOS, inducible nitric oxide synthase;

COX-2, cyclooxygenase-2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

S
S 100+
£ g c @ b a b @ Hl Alcalase
e — r

; 80 — =3 Flavourzyme
c
=)
S _ 60

o
g
2 404
o
8
T 204
[
2
% 0- T T T T

BE LGG-F SMF470-F SMF796-F

(A)

Total polyphencl content

150
a mm Alcalase
a
b = = = Flavourzyme

. c =] d d
3 100 ¢ e
|
<
U]
o
E 50+

0- T T T -

BE LGG-F SMF470-F SMF796-F

(B)

Fig. 1. Antioxidant properties of fermented black beans by enzyme treatment conditions. DPPH radical scavenging activity (A), Total
polyphenol content (B). Data are presented as mean * standard deviation (n=3).
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S

Flavourzyme& AEoh= A2 AXet & A XYt
A A4S B HAZEE ZEHlo|QEIA ZAJo] 9451 2
29| AL, plantarum SMF470, L. plantarum SMF796)
AEsiolom, ol 59 FAE] ARFAI AR 2 3 450l
Lotk 2ol ERIFtHLee er al, 2022; You et al,
2022). & AFolMe kA gl 22 42T dass Ax

'G0ug ¥’

o it o

01212 - 071y - HKIQ - B3 - K8 - 2

517] el AT FEE iAol AEE fAkt ARRlE TEnlo]
QEIAQ] /. rhamnosus GG(LGG)E 212} 2%(v/v) 4Z3}al 48
At &< BiFolAA fANES] BSE/GS EASIITHFig. 2).
LGG, SMF470, SMF796 w591 Axt(CFU/mL)= 20417 &
B Fof ZH Hd 9.28, 9.40, 9.76 Log CFU/mL7HA] 37kt
O}, 24A17k o] ¥ RE = A50] AsfEo] 4847 o= BTt

11 2.5- -6
£ _ 104 2.0+
32 g s
s E E 5
o s 3
©0 94 2 I
29 o 1.04
) s o L4
> = 0.5+
7 1 | L Ll L 1 1 1 | | 1 1 L 0'0 ] I L] L LI L 1 I ] 1 1 1 1 3
S @a&\\é\@‘\mﬁ\@vé‘ysﬁﬁvuﬁ\#@ Oh 4h 8h 12h 16h 20h 24h 28h 32h 36h 40h 44h 48h
Time(h)
Time(h)
(AD) (A2)
114 2.5- -6
= 2.0
° £ £ 15
] E b= k-]
a6 91 3 I
2o 0O 1.0+
L s %
= 7 0.5+
7 ] ] ] L] 1 L] L] L) L] ] L) L) L) 0'0 ] I L) 1 ) L] 1 L) 1 ] 1 ] I 3
S ﬁ\\,ﬂ(\\é\&(\m‘p@-{\éy 6"\&%‘\5&‘\@‘0 Oh 4h B8h 12h 16h 20h 24h 28h 32h 36h 40h 44h 48h
Time(h)
Time(h)
(B1) (B2)
11+ 2.5= -6
£ ~ 104 207
3 = = =5
c £ E 15m
3 g E:
o0 9 2 I
2o 0 1.0-
§ 3 . o - 4
> 7 0.5+
7 1 1 1 ] I 1 1 ] L] 1 ] | 1 00 L) 1 ] I 1 I | L | ) | Ll | 3
S 5 68,05, 8 00 5 8 0 Oh 4h 8h 12h 16h 20h 24h 28h 32h 36h 40h 44h 48h
Time(h)
Time(h)
(C1) (C2)

Fig. 2. Growth profile of (A) L. rhamnosus GG, (B) L. plantarum SMF470, (C) L. plantarum SMF796. A; Colony forming unit(CFU)/mL,
@®; ODgyonm, M; pH. Data are presented as mean + standard deviation (n=3).

32 | https://doi.org/10.35732/ctlabp.2024.10.1.27



Lactiplantibacillus plantarum 0|25t GxE| Z42E 2829 Mg B g1t

Aok A% HESIH ol A A% $71 W pH, ¢
Hd BE 5Y olf& fAt] o] A=W

AtmEtHwang et al, 2022). ODgoonmits 24A17F Ha & 7t
7k 2t 2.08, 2.06, 2.0871A] S7Fsl3loH, 48A1771A] Yot
A FAE A, BE aEe] pHE 2447 28 ¥ 3.83-3.847F
A Zaolon, o]F 48AIXHA] AHSHAl FAEUH. whehA
ANt ARFALE SRR HREE AlEol] floto] 24A 7] W

ast Aoy dasd Agsky IAE 34S APk

21T(A58)0lA FAste] fakt ARHAE o
9t A 42T YaEE Axska DPPH =2 &A%,
ABTS 27 &A%, & EdvE kg 5793 Ad= Table

2t LGG YAE(LGG-F), SMF470 ¥af&E
(SMF470-F), SMF796 ®a-E(SMF796-F)2] DPPH &z 47
o2 22t 63.44%, 62.02%, 63.29%2, 2 FAE H2F
ZZE(black bean extract, BE)¥ 55.57%Ect ojdog =2
Al EAE YERHATHp0.05). ABTS iz A7 50A%
LGG-F, SMF470-F, SMF796-F= ZZt 81.25%, 81.73%,
81.37%2] £7%5-& UERol, BE(75.77%%} Blasto] 920
B =2 P @S HAHpK0.09). H8E9] & Edus &
2 155.98-156.09 GAE mg/gC= BE(118.74 GAE mg/g)X.
o FolFo s w2 FFE UEMUTHp0.05). AR AT
UREA A} o] F7tEE AL AN ARHA 8] &
S FAktol s 239 AR 8 isoflavonedt
anthocyanino] WM HREIRY] WEe) Ao AR
ARtAQ] ARIEA HEOZE exopolysaccharide, peptido-
glycan, lipoprotein, teichoic acid, cell wall protein 50| &
BHOoH(Akter et al, 2020), Kang $(2011)& Akt AlA|

Table 2. Antioxidant properties of heat-treated fermented black beans

cra,

.
\ 4

=

%
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9,
\%u

KSLABP

71l 9J3) Wa-3-9] DPPHE}F ABTS 2z 47%50] Hk o
Ao F7HEITI B 1skYlth. Hwang 5(2018)2 24 57
9] fAkt o] oJ&l] DPPHE}F ABTS ettjzdt £750] 57159
own ol HuFA isoflavone?! daidzein} genistein $E2)
371l 71Q1ekthar H st

o

assayg °l-8sto] A|EEAS 7ot MTT assay+ Aok)
£ A2t vEZEeor DA g Aol oJsf 30| MTT tetra-
zoliume TUAA A5 formazan 242 FA5H= Aol
A0, 4449 formazan 2 &alloto] =5 SA ok
Ao BEES AFH o= 13t 4= QltiCarmichael er al,
1987). HT-29 Ao 942 A3 TaES s8(undiluted
solution, 1/2 38AIg, 1/5 FAHAIR, 1/104) SHAR)Z A
oto] AlZ=A3E &% Aat, 1/599F 1/108 S)4st 283
HaE A0 tfsted 100% o] BE&S Uet Itk Fig. 3).
1/59) sj4gt 283} HaEoA AlE F/go] YehA] o= A
o] RIxlo], HT-29 Alxof| Azjsto] ZAWAE A=51Tt.
SH-SYSY Alzo] 323 #5534 daEs AXY 20uE
Ageto] NEEGS SH3 23, 5 100% o] &S 1
ol= Ao ERI=|UTHFig. 4). wetA] & AtollA ARESE A
e Eo] AR SH-SY5Y AlZ] EA4S YER|A] got Al
A1 Aol ARgslr] Hefeittal Tt

TR 2T WSS Q3 FHIKIQ| MBI AEHA 5 Fa}
YRS Tre] FEESAOR s glon, o

Antioxidant properties

Samples DPPH radical scavenging activity ABTS radical scavenging activity Total polyphenol content
(%) (%) (GAE mglg)
BE 55.57+3.36" 75.770.37° 118.74+1.00°
LGG-F 63.44+1.17° 81.25+0.31° 155.98+1.90°
SMF470-F 62.02+0.93 81.73+0.37° 155.29+1.44°
SMF796-F 63.29+0.51° 81.37+0.57° 156.09+0.53

Data are presented as mean # standard deviation (n=3). **Values with different superscript letters in the same column are significantly
different(p<0.05). BE (control); heat-treated black bean extract, LGG-F, SMF470-F, and SMF796-F; heat-treated fermented black bean products
by LGG, SMF470, and SMF796, respectively. LGG; L. rhamnosus GG, SMF470; L. plantarum SMF470, SMF796; L. plantarum SMF796.
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Fig. 3. Cytotoxicity of heat-treated fermented black bean products
(HFB) on the viability of HT-29 cells. Control; PBS, BE;
heat-treated black bean extract, LGG-F, SMF470-F, and SMF796-F;
heat-treated fermented black bean products by LGG, SMF470, and
SMF796, respectively. LGG; L. rhamnosus GG, SMF470; L.
plantarum SMF470, SMF796; L. plantarum SMF796. Data are

presented as mean + standard deviation (n=3).
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Fig. 4. Cytotoxicity of HFB-conditioned medium (CM) on the
viability of SH-SY5Y cells. CM was obtained by incubating
heat-treated fermented black bean products in intestinal cells
(HT-29). Control; PBS, BE-CM; CM of heat-treated black bean
extract, LGG-CM, SMF470-CM, and SMF796-CM; CM of
heat-treated fermented black bean products. Data are presented
as mean + standard deviation (n=3).

Z2o] H]g] AbA AW Eo] =2 by J
Qo] Alsla] AEFAZ It A0 2HE] okt Omodeo-Sale
et al, 1997). A8 AEHAE DNA &4, chilE Aksl 2 dabit
SIE IS Bolo] AVINIRE &4 E A APES FHtolE = Bl
A5le] 29 Yolo HE|Y QItKLee er al, 2018). HO:
oJgf| Aksla AEFH AV} -SE SH-SYSY Ao 55 G2 24
HiZ(BE-CM)2 HEE 8 2AMA(HFB-CM)E A&]stal Al
RAEES 24 A= Fig. 59 2tk H0; HIAH(-)olA
SH-SY5Y MEE 100%2] &8-S Bl ¥hd, 250 pMO] H,0,
Ao olsf 50%°l| 717k AlE AEE-S Uehfio], Alskd AE

W2 ek AlREE AL
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Fig. 6. Effect of HFB-CM on gene expression of BDNF in
MPP*-stressed SH-SY5Y cells. +; MPP* (1 mM), -; without
MPP*, BE-CM; CM of heat-treated black bean extract, LGG-CM,
SMF470-CM, and SMF796-CM; CM of heat-treated fermented
black bean products. Data are presented as mean * standard
deviation (n=3).

g4 B7kE 99t H0, A =2 A4t HFB-CM
(SMF470-CM, SMF796-CM, LGG-CM) A 2|Zol|A] Al P28
o] 94.83-96.40%= YERU o, H,0, B=A2HHY 55.99%
H|5] OF 38-40% AJ=-&0] w2 A& I 4= Ak BE-CM
AELE 83.79%2] =2 AIE EE-E Ko, HFB-CM A&
TER= ABE80] foFo= w2 71 0= YERITHp(0.05). &
ATAY} A H2F F&E = IAY AT YHaES

da a a
100 a e
b 1
— o 80
=3
(4]
2> 60+ c
—
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Fig. 5. Neuroprotective effect of HFB-CM on H,O,-induced
toxicity in SH-SY5Y cells. +; HyO, (250 M), -; without H,0,,
BE-CM; CM of heat-treated black bean extract, LGG-CM,
SMF470-CM, and SMF796-CM; CM of heat-treated fermented
black bean products. Data are presented as mean * standard
deviation (n=3).
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000 9fef 4tekd] AE AV REH AFHEE Hosk= 8}
£ UeiliE A8 & 5 9loH, Akt wEo] oef BS a3}
Z7Ee Ao SoIEth Lee $(2021)2 Z2Hlo]QE] 9
E2E9| 27HIX|(PY-CM) Aol 25 H,000 osff 42k AE
#HA7F fes SH-SYSY Al29] Aol 115% S7H=cta &
Jsto], AlshA AEH A tigh PY-CMO] AFAIE S avks
453t = Qi

ZloloflA] AlSd AEH AR} A AMEE FH6h= A58 A9
o= &Y fAF FFEE Aok AoE dHA 9
(Eberhardt and Schulz, 2003; Przedborski and Jackson-
Lewis, 1998). & Q+LollAl= MPPol| SJaf 2 A7F=/d] o
o GAY AT dasE f9 AR Y A ES 3aE Bkt
7] 9Jsh, MPP'E A=gt SH-SY5Y AlZo| CMES 7kt &
gRT-PCRE o]-&3s}o] BDNF, COX-2, iNOS, BAX, BCL-2 -4
Ake] W WS Sl

BDNF+= 4174|132 9] F-412} o] L]l JTS ke B
AFQYRIANE FFA8A 9 D2RABA o EARI
BDNF= A73A129] S41F AE 9 AEA0] Jat Eojol 58
ot S FEoh, AFAIEE Haska QIR 58S A=
4 =2 Zt EFHHColucci-D'Amato, 2020; Murray
et al, 1994). MPP*E A2|gt SH-SY5Y AlXo &5 4 &
ZAHA(BE-CM)S}F HaE R RAMAHFB-CME 7ok
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% (COX-2/GAPDH)

/Agmaﬁa

o

D
%’ﬂm

BDNF gHd#g =23319itk(Fig. 6). MPP* A&)(+)of 2Jsf A=
EAo] =5 SH-SY5Y AlEof|A4] BDNF 2Hao] dA5] 4]
& ERIg 4= S11om, HFB-CM A 2o <Js] MPP o]l <Js)
7l BDNF &do] 1.72-1.928] |8 0g F7is= 202
SHIE| QK p(0.05). 3HH, BE-CME HFB-CMi} H| w5t 89
207 Lo BDNF 3 432 HAHp(0.05). Lee ${(2018)&
Lactobacillus plantarum C29% ol&sto] ¥ast g4 &5
FolA A+ FofotdS o, A 715 Asks ASHAI7]12L BDNF
9] IS J7MIA E=ololH 4L HAAE 4= dotal B st
ek

MPP*& inducible nitric oxide synthase(iNOS)2} cyclooxy-
genase-2(COX-2)% 22 A5/ iZiAES] T=dt e &
Zlste] ASS Ak FBHHCui et al, 2019; Wang
et al., 2005). MPP™o|| 2Jsf A173%5/d0] F=5 SH-SY5Y Al2Ze]|
BE-CMa} HFB-CM& A2k iNOSeF COX-29] W&S H7}
SFItHFig. 7). MPP" @A 2jak(+)2 Hlasto], SMF470-CM,
SMF796-CM, LGG-CM AgZollAl COX-29] wdo] Z+zt
57.37%, 57.13%, 52.78% A= oH, iINOSQ| WL 217t
51.74%, 51.73%, 51.36% A=A} NO= 2 INOSY| &4
21-go]| oJgf| /=, FAIFARIA FHesHA AJgH NO= &
3, XA &4, A $45E fidole] BRI, dEstoluel 22
EA HAse] who] #ofgttiSaha and Pahan, 2000).
INOSS} Bl &o] AZHEgl F83t IS sh= H4%1 COX-2&=
EZ3} e §H5K= prostaglandin F29] $4S G55,
15 FERHA HeskA AHEHKWang et al, 2005).
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Fig. 7. Effect of HFB-CM on gene expression of iINOS (A), COX-2 (B) in MPP*-stressed SH-SY5Y cells. +; MPP* (1 mM), -; without
MPP*, BE-CM; CM of heat-treated black bean extract, LGG-CM, SMF470-CM, and SMF796-CM; CM of heat-treated fermented black bean
products. Data are presented as mean %+ standard deviation (n=3).
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Lee 5(2023)2 ¥ax7} MPTP(1-Methyl-4-phenyl-1,2,3,6-
tetrahydropyridine)oll 9ol T1&H FAF AFANE &4do] &
e AFolA INOSeE COX-29] ¥ 32 dA5] A =
ol AAIR &3S JARI . Barsiyich

Bax®} Bcl-2& u|EZCdoloA] M|EZAE(apoptosis) ZH|
F8% A ol AR, AZAMES REohs Baxet AlZA
g AAlok= Bel-29] Id Hl&2 AlZAPEO] thet A EE HE
ok gAY HJ2F dasE f 20uA9 A3AME B 83
£ B7kel7] 918l MPPE At SH—SYSY Aol 2AuAIE
7ol Bax/Bcl-2 ¥d H[&-E =751 tHFig. 8). MPP" A7
T +)Z B - )2} Bl wslo] Bax/Bel-29] A HIE&o] 1.77
v S7Fsk=s A 0= YR, MPP" Azjof| oJsf] AlZAREe] E315
+ 20 Yepglth MPP" @A 2l Hlwsto] HFB-CM A2

ollA Bax/Bcl-2 Hl&°| R2l5HA z_}/\a}b Aoz et
(0.05), A AT Hago| ABHE AFES AAot=r] &

ARl Aoz SRIFU. Baxe VEZEE|0} 9ol #8234
34 cytochrome CO] W&S &5}l caspase-39] S5
Fresto] AEAFES f5=5hs B, Bol-2% o2’ 282 W]
ofo] AEAPES AR FEFtHRosse et al, 1998).
Cheon 5(020/2 MPP'Z H2gt SH-SYSY AlmolA
Lactobacillus buchneri *HA| 52 CM 2ol 2Jsf Bax/Bcl-2
o] I vlgo] FoF o= HAEIHAL Hajh vp glt.

2 A7 Ay, SAY AT HEEe AN AEFHARRE
SH-SY5Y AlEe| AEE2 #olil, MPP'=RE f=d A5

3
o=
= 0
e 2] a
2 "g' ab
o S .o bo
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2324 o
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Fig. 8. Effect of HFB-CM on Bax/Bcl-2 ratio related to apoptosis
in MPP*-stressed SH-SY5Y cells. +; MPP* (1 mM), -; without
MPP*, BE-CM; CM of heat-treated black bean extract, LGG-CM,
SMF470-CM, and SMF796-CM; CM of heat-treated fermented
black bean products. Data are presented as mean * standard
deviation (n=3).
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