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Characteristics and Antioxidant Activity of
Lactiplantibacillus plantarum Fermented and
Heat-treated Black Bean
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Soo-Yeon Park, and Hoon Park’

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

Abstract

This study aimed to optimize the fermentation condition of black bean using
probiotic lactic acid bacteria (LAB) and to evaluate characteristics and antioxidant
activity of LAB fermented and heat-treated black bean. Two LAB strains were
selected by analysis of acid resistance, bile resistance, antimicrobial activity, and
antioxidant activity, and identified as Zactriplantibacillus plantarum CH9 and
Lactiplantibacillus plantarum SU18 by 16S rRNA sequencing. Both strains showed
similar or higher acid resistance, bile resistance and antimicrobial activity, compared
to Lacticaseibacillus rhamnosus GG, a commercial probiotic strain. The heat-killed
cells of CH9 and SU18 strains showed significantly (p<0.05) higher DPPH and ABTS
radical scavenging activities than live cells. Fermentation of black bean (30%) treated
with Alcalase using the two selected strains was found to be optimal condition,
increasing viable cell count of LAB up to 10.8 Log CFU/g. During the fermentation,
the titratable acidity of Alcalase-treated black bean was notably increased with
concomitant decrease in the pH. LAB fermentation significantly (p<0.05) increased
antioxidant activity based on DPPH and ABTS radical scavenging activities as well
as total phenol content. In addition, total phenol content and antioxidant activity
were significantly (p<0.05) enhanced by heat processing (121C, 15 min) of the
fermented products. These findings are expected to be useful for the development
of various LAB-fermented foods containing heat-killed probiotics.
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S A, AL, IER, AR, RAAA] 5
qIzo] FHI9I6HA ol-&E]o] $7] wiZol Uutkd
ol iS5k oFAISH n]RYE(GRAS, generally recognized
as safe)2 7HFE|IL Qth. fANES TREIA A FAakal v
Al 5 =AY} Tt RS st AEe] A4
At Fn) 7RA 7]ofsi, R AlFA EEE TRt RN
o] LgHpo] QE|A(probiotics) B/de VFERATFLL dEHTH Lee,
2021: Seo et al, 2020). EZHjo]QEAL ‘Heteke AZ5tg]
< o &529] A7) Felgt 28-S ok Aolole MR R IR
HIO| QEIA S-S Zhe RS AU R EFF ofia, HH]
WA, ofEx] A, EAEE A5}, FHR TS, FALEE F
o, "Axd T ot AYE 7S Yl AR geA|
QltiLee er al, 2019; Miyazawa et al, 2015; Ohashi and
Ushida, 2009).

S Glycine max (L.) Merrilll & FE9] A4 Taidat Pa=of
HieAbE L Q= AE YRR YT, 32T 55 9T,
LT T TR FF01 FUlolA A= It Kang er al,
2011). -2 gubd oz oF 40% H=o] Tyt 18% Hw=9] A
W SRt Qlo] Tyl Aol YT FUCE Fa% A
< okl Qith 53] HA2Fole T, Ao, HEHl B &
JoFdHo] BH5IAL isoflavone, saponin, lecithin § 7164
/3ol TREl] Qlof HAksl, 9t EelAHIE Ao FHT, B2
M & TRt YA vehdtk . B Qe Choi er al,
2017; Hwang et al, 2020; Shin et al, 2020). 22 A7 s
ZgA1E Higt RS TAlo] Eobxlol mt AR AlEAA
g-g-510] 7|5/g0] Aot aAIES 7idsks FAIelARE 7]
J AN deido] FHRt 32 THRR EBARE o] wet
7= vlER Aol

A QAR R m2ufo] Qg APgo] FAA 6L §lont, At
ARgol Higt @-go g FAR A7t S7kskaL qlof, Aol H]
o QbAsiha UK ARFA AE7h =EEL ik s EH]o]
Q= X(paraprobioticsh= BELES HA| G ARt AJHS] 1]
HER, Aol vlote] v Qbdsie] ZEHlo] QA Aol o]y
& 1Y AL} 19 FALA HAARE A 4= glom,
AR, QFg/do] =2 o] Qlth(Nataraj er al, 2020). &
ZHP|QE A IAP| AtAl= ST AAT, HIRES:
A g3t AU +F 1A, FDS, SEAEE A5t T TRt 4B
&AL Yeritt B st Akter er a/, 2020; Kim er al,
2018; Nataraj et al, 2020). At AREA|Q] A2 AJEo
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2= lipoteichoic acid, peptidoglycan, exopolysaccharide,
cell wall protein §°] €A JthAkter er al, 2020; Shin
et al., 2015). @A R ARtA| At =gl vl 1| ggt A
o8 LU QEA F5 o|85to] 40 A EYE|QL
on, fANE ARFAE Tst HaE] tigt AT A9 ARt
7otk

2 dolMe AAERE E2gt fAE 5 ZEH[O|QEIA S0
043} 220] 452 AR R AAsle] AT st protease
Ao W AT R A 2AS Sshy, daEd 94
2 HaES] $4 41 ARt @S S0 RN 7|54 A
o ARV o R E A 7| RARE SH6taA} sl

=20

B Ao ARgE AAE FHE, A7k, A= X199 7H37
oA $3T - 25 B &Ad5t0] ARESHITh RS AL
Lacticaseibacillus rhamnosus GG(KCTC 5033)2} YA A
Aat3Q1  Escherichia coli KCTC 1039, Listeria mono-
cytogenes KCTC 40307, Salmonella Typhimurium KCTC
2515, Staphylococcus aureus KCCM 11335, Bacillus
cereus KCTC 1094+ FEALAIE oA £F who} AR&s}o]Tt.
Ugo] AHgE AT 292 @FAI(Cheon-an, Korea)ollA]
Fig. 19] ¥o] olsf MA2)d YRS FYsto] AR5}, 34t
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Fig. 1. Schematic diagram of black bean pre-treatment.
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3} B0 o]2H Folin & Ciocalteu's phenol, Na,COs, gallic

USA)IA, ’?l"ﬂ% protease®l Alcalase 2.4L, Protamex, Fla-
vourzyme 1000L< Novozyme(Bagsvaerd, Denmark)ollA]
Yt

|z 22 ¥ 39

AR Aol A= 10819] Het 2494 A718kaL Stomacher
(BagMixer 400W, Interscience, Saint Nom, France)& °©]&
5lo] GE =9t FAgsIaT #AskE |8 AzHo 7 5]Xs)
o] MRS agar(BD Difco™, USA)oll T=ds}lal, 37ColA 24417k
BT MRS agarolA E2]€H 2= ‘4*‘3 BCP agar°ll H%s}
of Bt & L7t S BASke HFE HANFOE ek
Adkslct. 9AREY] protease %’\ég Z74517] A3l skim milk
£ 1.0%(w/v) 7kt MRS agaro]l ©4 F2YE HZolo 37C,
24A17F 8ist & A halo zoned A71E 27313 dn
Z(AE31 Trinocular, Microscope World, Carlsbad, USA}&
ojgsto] MHE fAto FEieHy EAZ BEsIeloH,
Gram G447} catalase B4 15kt 16S rRNA 44
F7IME 240 ol AEE FANFTE ST A 5=
2 universal rRNA gene primer(27F and 1492R)E AR5t
om, 16S rRNA F71AY BA4L B4 AU ABIOFACT, Daejeon,
Korea)oll 2J=lsto] Z¥a}3ict. £4% 16S rRNA E714¢E o]
E|l= National Center for Biotechnology Institute(NCBI)2]
BLAST online programe 2-85t% Genbank database®} H]
wsto] S5

SAEZO| LA 2l k=M =X
BANE] AT YA B7k= Son 5(2017)9) HPHS 49X
S7g3e] A MRS brothol A HIRK37C, overnight)
O Ak kOl AT YEhEA] Alslo) ARSIt WAL
0.3%(w/v) pepsin(Sigma-Aldrich, MO, Wyoming, USA)°]
7Fl MRS broth(pH 2.5)0 4k#S oF 1x107 CFU/mL 5]
HEE 1%(v/v) FZ51a 37 ¥EAJZ] TR MRS agarol] =%
sto] Hjokst T AALS 2A45t0] 2o MRS Folsigrh U
Y9542 0.3% oxgallDifco™, MD, Kansas, USA)o] 334
MRS brotho] §4RFS 9F 1x107 CFU/mL 0] H:&=2
1% /v) HZ30] 24417 ¥FSAIZ] TS MRS agarol Eo5}a
Hioksh & oh29] ARl et BArE Soto] 79 BEEE
oI5kt
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Survival rate (%) = ( ) x 100

Lo A &4

M) IS Kim 5(1999)9] HHHE 5 HEsto]
5FtE. MRS brothollA] 37C, overnight ¥ist -S-AkF vl
1.5 mLE %ﬁ—‘%“ﬂ(lz 000xg, 4T, 5 min)3t & #AE APAskL,
0.45 pm syrmge filterE o]85}0] sk AFSHE ARSI
AN FFZE Tryptic soy broth(BD Difco™, Franklin Lake,
USA)oll Z¥z+ AZs}al, 37C, overnight HjQFSE & <F 1x10°
CFU/mL &9 9%t sz 343t o2 Tryptic soy
agar(BD Difco™, Franklin Lake, USA)°| HZ3}la Bt H
o8 =I5tk AAGFF7E =UE BEEiA] 9ol paper
disc(8 mm)E =1 SANE AN 100 pl A dL5lA 2
Foto] FAIRL F 37CoA 24417 BIFBIAL, paper disc
o A" AT T7|12 =Asl0] JFIHS HrlelYct
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APl ZYM kitE 0|85t it S48 =4

ANEY] AAEAL APl ZYM kit(BioMerieux Co., Marcy
|'Btoile, France)& ARE3I 4513t S4ES MRS broth
oA 37C, overnight B9t & Y4E(12,000xg, 4C, 10
min)otal PBSEHOZ &= ¥ AXgH —"? T_E“’“& Azstoict. @
gl AP ZYM kit2] cupleol] 65 pL & B3}l 37°Cof|A

4A7F vioFSE 3 ZYM A9+ ZYM B lﬁ% 7t gt i 7teto]
AR0fA 58 5t §EFAIFTE o] 7t cuplediAl9] A wstE
Wt 714 mho] ot 84 oRE WSSl

a23 48

AoF Bk A& 20%, 30% E= 40%(w/v)ell FH5E F7lsia

121ColA 158 59t Eoeh & oA w W] B3t A 12T
§% HiR 2 ARESIYC) ProteaseS A3t BiAl= Ha AT
2% 8iR|o] A& proteaseS! Alcalase 2.4 L, Protamex,
Flavourzyme 1000 LE 77 A% —"ﬂl"?‘—J 1%(w/v) 2=
A7Fskal 50ColA 6AI7E B9 HESAIZ1 & 100T oA 1087 7F
Aol aAE B2 Q’ﬁi A& AHESEITE. MRS brothoflA]
37C, overnight B3t AN BiFAS 25 viRIQ}F G244
3t AL2F vl oF 1x 10" CFU/mL $%0] X2 1%(w/v) &
T2 T 37ColA 7241 B8t HEE Pt o] F 24, 48,
T2AZ1] B4t HRES FEEs10 ]fr'-i ARESISIT. ARF
A Tf GAE HaES] A ﬂ SRS 121CoA 1587

roil mlI.
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g 3 9 mLo B8EX AT E z47}°}°q ”7‘1@5 «Vq
3b- MRS agar©]l =g5t0] 37CofA 48AIZE vt & F=2Y &

£ Atslo] 245199t pH 24E pH meter(Seven Compact™
pH / Ton S220, Meltter-Toledo, Switzerland)E ©]-&3}%ct.
FAEE 1% phenolphthalein €947 0.1 N NaOH §90&
FHA7golo] FAME AL oA S AISE 0.00991 24t 7]
2 Hgkoto] At K% 2R eIt

=
AR S-S Hoto] fA H2F EaEY AXYE 2
Bt A== MRS brothol|A ¥i9¥$H37T, overnight)
]ﬂ‘g %’Q—Eﬂ(u 000xg, 4C, 10 min)3t & AFSAHS A7
T+ W AHeE & 32t FAIE AR ARES
MRS brothol|4] BiFH37T, overnight) -Cr’.—ﬂ*&
= 121°C°ﬂ A 158 5%t @A sto] Alxsilon, B9 SRR
5 AR & gt ‘Trl'x]e ARG,
x5 AlEoA 78 7Y FE2 2
3 Seon 5{(2021)2] HH@:% Fstod ”‘”Oﬂ ARSI 527
A& 2 gofl B ZH/5E 18 mL F7KE 3 A7 |(BF-150
SIR-2R, Biofree, Korea)°l4 150 rpm, 24*]2} B9 =351
S5=roll 100H] 3lAste] Alg= ARSI

l‘N :L

o Z

DPPH ZiC|E AHs &4

DPPH(1,1-diphenyl 1-2-picrylhydrazyl) 22 2762 Wang
5(2016)9] WS 47 FA5to] Yol ODswaniW 5
15 1.22 243 & 0.4 mM DPPH €9 1 mLo} AlE 1 mLE
toto] AR the HAloA 308 &<t vhget & SgtlS
14182](12,000% g, 4C, 10min)sto] A5 3l5at9ict. 54
2t 45N FFEE ODsimmOlA S7851L, thad Ak
w2t DPPH 2tz A7A6(%)E Aot tix= PBS
< AMgsklth

fo rfof
-l>‘: 1rj>~ E}gll

DPPH radical scavenging activity (%)

_ sample

= (1— oD )XIOO

control

ABTS 2iC|Z AHs &4
ABTS(Z,Z'-azino—bis 3-ethylbenzothiazoline-6-sulphonic
acid) 22 2752 Ji 5(2015)9] WS 45 7sto] 1Y

_|. iﬂl’ b < %
®
b

KSLAB®

sHch EdH 0.2 M sodium phosphate buffer(pH 7.4)°f 7
mM ABTS®} 5 mM potassium persulfate— Sgloto] A5kt
ohS ROl A 16A]7E o)At HYSIAIZ & SRS 0.72 RF

SF3it. ABTS Al9F 1.35 mLE A= 150 Lol 37K & SU=
T 37CoIA 1087E §ESRE - Y4lE](12,000% g, 4€C, 10min)
sto] F5HS olgitt. 3l AJTAY] SB=E OD734um®l
A E7gotal oo AkbAlel wt ABTS 2ol AAs(%) Akt
stoich tix7= PBS 84S A8t

ABTS radical scavenging activity (%)

_ sample

1= Gt <o

& EE|111|h= o =%

% Edjuls 3 Ahn 5(2012)9] S Y5 W@ sto] st

At AR 0.5 mLE F5t9] 1 N Folin & Ciocalteu's phenol

reagent(Sigma-Aldrich) 0.3 mLe} 3151 E} O]& 2% Na,CO;

3 mLE 7I5to] A=2ol4] 3087t ‘?l'?’\] % 720 nmoA &
= S45I50t Gallic acidg B4R ARESo] dojdl 72

FA 02 HE gallic acid equlvalent(mg GAE/g= 2HAlsto] &

Eddls FFE ALkl

SAHXz]

e AW 3Eo R SEgly, AY A RO A
3] Prism 9.3(Graphpad software, USA) 4] Z& 184S AL
519 Tow-way ANOVAZ E4519t}. 23} B ot ),
p<0.01 E&= p<0.05 #2202 Fo82 wdsigith

(e}

:lE

I
Z @ 23

fikzo 22| 2 9

HAAEZF BCP agaro] HEsto] iRt & 24t o= <lst
of Legbdl k2 FAstal, A9 2717t AL E & 10052
EF2YE Ao R 7polal 12} AEsiGir). 1A} et 4
= ggos ML Uk, YEEA, FEEA. protease B,
DPPH 2HZ ~A5= 3 Ssto] &40 7MY 4%t 2359+
(CHY, SU18)E & AlEstoirt. Add 2% w52] Fefshy ¢
eletd EAE 9—4‘?_‘?_ A}, Gram YA 7HFOE catalase
S 98-S YERH oM, Skim milk agarol|4 ®33t halo zone
< 234519 protease A4S HoAFt}t. CHOY SUIS
9] 16S rRNA F474 97148 7|82 NCBI nucleotide

Curr. Top. Lact. Acid Bact. Probiotics 2022;8(1):48-57 | 51



Gy
% %
‘ 3 %\
\1,% éé’/

)

BLAST searchE 435}91°™, Genbank databaseo|A] &
a5 vt As8S AERY A, lactiplantibacillus
plantarum CH9®}; Lactiplantibacillus plantarum SU18ZE T
FEIAT, 77 99.12%2F 99.75%2] w2 A4S Holv 54
=ik

Littd R LESY

;4N

—_

FANFE A3 § ZaHo]| e AR AEd 7|5S TIsh] 9
it b}t gsgo] EAok= oA AET 4= Qlojof gtk
(Seo and Lee, 2007). YAkl st Witg A& A3t pH 2.59]
A L. plantarum CHO®} I. plantarum SU18 w&e= 242t
89.92%2} 88.32%2] w2 A& UERSITHTable 1). Oxgall
°] 0.3% e iAo WSS B7IRE A3, L. plantarum
CH9®} L. plantarum SU189] BEE&2 27} 95.01%, 92.84%
2 AR ZaHo]QElA #5901 L rhamnosus GG(92.21%)2F
AR 2SS VERRICE Lim 542019y ZAXof|A] £elgt L.
paracasei KF26 @57} pH 3.09] AH 504 92.3%2] A&
E2 UERLL, 0.3% B50lA 91.2%9] &5 UERIH
T Basielch ik 2 WSS fARFe] SRl et 11 4
A7F hEA Ve, 22 $9 Aol Zpo|7t ltkal g A
QItHTulumoglu et al, 2013).

[T et
WA AR E coli, S aureus, L. monocytogenes, S.
Typhimurium, B. cereus Wt L. plantarum CH9%}: L.
plantarum SU18 #59] &S S Zik= Table 29+
k. CHO%t SUI8 #5& 5% HE YA Aol disto]
13 mm o139 &2 Aok Uetio] 2 8 2=
1=}, E3] CHY #52] 3% S Typhimuriume] Hstod
Fdf 23 mm7HA| AsighE Uefiglon, e ol diste] L
rhamnosus GG Rt} &2 gt S YIS L. plantarum

me

¢
E

ul
Mol

Table 2. Antimicrobial activity of LAB strains

Inhibitory zone (mm)

Indicator strains

L. plantarum L. plantarum L. rhamnosus

CH9 Su18 GG
E. coli 17.3310.06° 15.67£0.06°  14.000.01°
S. aureus 18.67+0.12° 17.00+0.10° 14.33£0.15°
L. monocytogenes ~ 18.330.06° 17.33£0.12*  17.33+0.12°
S. Typhimurium 23.33+0.06° 19.67£0.25°  22.33+0.21°
B. cereus 13.33+0.06"  14.33£0.12°  12.67+0.06°

Data are meantstandard deviation of three replicate determination.
*¢ Values with different superscript letters in the same row are
significantly different (p<0.05).

SU18 w5= [. rhamnosus GG} B|Wst £ coli, S aureus,
B. cereus®l "t @t B4Jo] =2 A o= YElTh fANFS A
Ak OPMIEAL HyO, HHHE QAT E AR AHAF 59| =2
AYiteto] e Alte] e AL AW #5-2 7IAske
7} QloH, ABEE o8 A9 Ua Al FujAlde] eAS
AR d#A QItkKim er al, 1999).

19 ol o

APl ZYM kitE 0|2t MEE RAHo| S48

APl ZYM kitE o831 L. plantarum CHO®} L. plantarum
SU18 #59] ZATYS 5743t Zik= Table 33 Zt} 239
FANF B protease ABOl &5h= leucine arylamidase,
valine arylamidase, cystine arylamidase €434 AU U=
Ao BRIE o, CHI ¥5+= a-chymotrypsin, SU18 o=
= trypsin A4S YERNQITE ESE lactoseE  glucose?t
galactose® Hofol=t] Holok= f-galactosidase T4 Tt
S YERfo] FEEUHSY A4 =& & ¢ U2 AoR
Y7 §9], F 75 B oA =3t et AEde

Table 1. Acid and bile salt tolerance of lactic acid bacteria(LAB) strains

Artificial acid tolerance

Bile salt tolerance

Strains

Intial (Log CFU/mL) 3 h (Log CFU/mL) Survival rate (%)

Intial (Log CFU/mL) 24 h (Log CFU/mL) Survival rate (%)

L. plantarum CH9 8.10+0.17 7.2840.07
L. plantarum SU18 8.20+0.17 7.24+0.09
L. rhamnosus GG 8.20+0.17 7.20£0.03

89.92+1.41™
88.32+1.81™
87.87+1.92"

8.10£0.17 7.69+0.09 95.01+3.02"
8.20£0.17 7.62+0.28 92.84+1.62"
8.20£0.17 7.56+0.07 92.21+1.09"

Data are meanzstandard deviation of three replicate determination.
NS, not significant (p>0.05).
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Table 3. Enzyme activities of LAB strains measured with API
ZYM kit

L. plantarum L. plantarum

Enzyme CH9 su18
1 Control - -
2 Alkaline phosphatase ++ +
3 Esterase (C 4) + +
4  Esterase lipase (C 8) + +
5 Lipase (C 14) - -
6 Leucine arylamidase + +
7 Valine arylamidase + +
8 Cystine arylamidase ++ ++
9 Trypsin - +
10  @-Chymotrypsin + -
11 Acid phosphatase ++ +
12 Naphthol-AS-phosphohydrolase ++ ++
13 a-Galactosidase + +
14 p-Galactosidase ++ ++
15  B-Glucuronidase - -
16 a-Glucosidase - +
17 B-Glucosidase ++ +
18  N-Acetyl-3-glucosaminidase ++ +
19 @-Mannosidase - -
20 a-Fucosidase + -

-, non; +, weak; ++, nomal; +++, strong.

Ao HAEAZ AHZA7|= B-glucuronidase EA)(Lee et
al, 2014)°] gl= ZA0& gRl=|o] H2F WREF| A x| AR
7kt QFAgt SvHo R WE

S AR Sttt 2

At A2 AFAlS] DPPH 2tz A753 ABTS 2oz &
AsS 24 A= Fig. 29 2. L. plantarum CHOS} L.
plantarum SU18 ¢+5-9] ¥iYHZ 121TCoA 158 5<% B4
25t & BgSRsE T A AlAske] Aol (107 cells/mL)
< AR AEE ARSI o, R (W) 2 FERAA
oA 2oHA] 2 dEAE ARSIt CHO ARFAIRF SU18 A

100.00
90.00
80.00
70.00
60.00
50.00

activity (%)

40.00
30.00
20.00

DPPH radical scavenging

10.00

0.00

L. rhamnosus GG L. plantarum CH9 L. plantarum SU18

HLive cell M Heat-killed cell
(A)

100.00 ~
90.00 +
80.00 +
70.00
60.00 A
50.00 1
40.00 +

activity (%)

30.00 A
20.00 o

ABTS radical scavenging

10.00 o
0.00 o

L. plantarum SU18

L. rhamnosus GG

L. plantarum CH9

Blive cell @ Heat-killed cell
(B)

Fig. 2. DPPH radical scavenging activity (A) and ABTS radical
scavenging activity (B) of live and heat-killed cells of LAB. Data
are meantstandard deviation of three replicate determination.
Different letters indicate significant difference (p<0.05).

dAE 242 61.78%%} 56.20%2] DPPH 2 &4 58 YR
o], CHO AJ7(34.89%) SU18 A37H32.21%)7} H]w3to] -0
07 =2 PARIEAE UERHUTHp<0.05). ABTS 2z 47
59] B9o= CH9 AEAIF SU1S AtAl= At} vl wslo] &
OFo= &2 FASIAYS YERHITH<0.05). Liu 5(2011)
2 GAE ol 8% At ARHAISHE Al EHO EAok=
exopolysaccharide®} W29 FASIEA0] 858 FkotH, F
7o} ofu| At kgl ofsl] FASFsS et Maillard BHSE
o] AB/d=rta Barstedrt.

ol

RS 0|2 H2E UE 4

=
ALF Hato] 20%, 30% E= 40%(w/v) T vixIell L. plan-
tarum CH9 = L. plantarum SU18 452 2 1%(v/v) &
Skal 72417 B9t BiFelaAl fAREe] BSEASE EASHITH
(Table 4). A2F°] 20%2+ 30% TR vixlo|A 24A17H HE
¥ CH9%} SU18 9] A== 9.25-9.50 Log CFU/g7HA] =
got9om, & FF BT 48417 HE Fok 9.45 Log CFU/g
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Table 4. Viable cell count” of LAB in fermented black bean at
different total soluble solid contents

Table 5. Viable cell count” of LAB in 30% black bean treated
with protease during fermentation

Solid Fermentation time
Strains  content?
(%) oh 24h 48h 72h
L 20% 9.32+0.02® 9.56+0.05" 8.24:0.36™
plantarum  30%  7.26+0.08% 9.25+0.24® 9.56+0.02% 8.42+0.39"
CHO 40% 8.7820.26™ 9.14+0.09" 9.09+0.16"™
, 20% 9.38+0.21%* 9.45+0.09% 8.74+0.05™
plantarum  30%  7.27+0.02** 9.50£0.10% 9.54+0.11% 8.46+0.15"
SUB 4ou 8.7420.23" 9.31+0.23 9.112£0.20%

" Viable cell count, Log CFUI/g.

2 Solid content, content of black bean powder.

Data are meantstandard deviation of three replicate determination.
Values in the same row with different superscript(*) and in the same
column with different superscript(*) are significantly different
(p<0.05).

o] =& BatE FASIITE SHAINE R 72417 Fofl= A
o] AA|=lo] 8.24-8.74 Log CFU/gW}Z] xg%¢ } 7haskict.
vl 25 40% HiA|olA 24417 HaRt 3¢ CH9%F SU18
459 A<= 8.74-8.78 Log CFU/go| &3l oY, H2F
20%2} 30% iAo Hef Gol3} A W AHE L}E}Lﬂﬁi‘:}
(p<0.05). & Solie AT FANA o] =2 HasE
< Alxsk7] fisted, 30%2] A>T 2ol M7k BHZ]TE: 75t
O];'c—_)'__cq /\1010 Z] oﬂo]- q-
AR S-S HdE F7HA1717] Yot AT v EE
30%)S AFA-E protease(Alcalase, Protamex, Flavourzyme)=
A2t & CHY Ei= SU18 w8 Aokl YaA] w2 F4t
9] AASE S0t tHTable 5). AY F &9 4 BF
Alcalase2 A ZJqt HijA|of|A 48A17F Ha & 7H =2 AdrE
UERHo], CH9+= 10.87 Log CFU/g, SU182 10.89 Log CFU/g
7HA] 2215194t} HHHol Protamex = Flavourzyme 2.2 A2
3t iRl E 48417 % 9.98-10.50 Log CFU/g HI9] A<
£ UeRS ‘:} Eqﬁw A2Z HIA19] Alcalase A7t fANE 5
Alof] 71} 98t G52 YEdith=s Zo] gRl= it
4877 Ea T Alcalase Agt ALF 87 ¥aE9 pH=
3.97-3.98, A== 3.35-3.71% HAE YERHOl(Fig. 3), FANF
o] A&gdo] =& Alcalase A2 BR[04 4H3/350] B 57}
St pH7F A4E TS Ueich oebA 2 A A3t 30%
H2F F4E a3t viRIE AlcalaseZ A3t & AEE ANE

T o vaa ull v
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Fermentation time

. Protease
Strains
treatment  opy 24h 48h 72h
None 9.3240.28% 9.59+0.13% 8.52+0.58"
L Alcalase 10.23+0.25%® 10.87+0.06™ 9.28+0.06%
plantarum

Cho  Protamex 7172014 95440039 10.4120,08% 9.7620.14°°

Flavour- 9.56:£0.12° 9.08:+0.49c’® 10,040,04
zyme
None 9.4620.15% 9.40+0.08"* 8.64+0.06™
L Alcalase 10.49+0.09% 10.89+0.09° 9.48+0.06%
plantarum

Su1s  Protamex 7-17£0.14% g 5040 15% 10504011 9.9340,04*

Flavour-
zyme

9.53+0.06°* 10.28+0.11% 10.1620.17°°

Y Viable cell count, Log CFU/g.

Data are meantstandard deviation of three replicate determination.
Values in the same row with different superscript(*®) and in the same
column with different superscript(*®) are significantly different (p<0.01).

time (h) time (h)

A (B)

Fig. 3. The pH (A) and acidity (B) in non-protease and
protease-treated black bean broth fermented with CH9 or SU18
strains. Data are meantstandard deviation of three replicate
determination. (@), CH9 (non-protease); (M), CH9 (Alcalase);
(A), CH9 (Protamex); (@), CH9 (Flavourzyme); (O), SU18 (non-
protease); (), SU18 (Alcalase); (A), SU18 (Protamex); (<),
SU18 (Flavourzyme).

=& 48A|7F EOF WHE sl o] ALE WEE Az IA 27
AL ZRISHIE Kim 5(2011) 2Xu]atolA] Alcalase Ao
93| peptide ZFHA7} opr|wAto & Bafglo] 4284 ThlA o]
ol §718 08 F7HE= A E)Istyl e, Shin 5(2021)2
Alcalase #{2jol| oJsf| A|xH S} HiR|oA] FAkA] HIE A
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Fig. 4. DPPH radical scavenging activity (A), ABTS radical
scavenging activity (B), and total polyphenol content (C) of
fermented and heat-treated black bean products. C (Control),
30% black bean broth treated with Alcalase; C-H, heat-treated
Control; CH9-F and SU18-F, fermented products in 30% black
bean broth treated with Alcalase; CH9-FH and SU18-FH, heat-
treated products of CH9-F and SU18-F. Data are meanzstandard
deviation of three replicate determination. Different letters indicate
significant difference (p<0.01).
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2}, dasky] g2 AL uiXE wes] GAES AlR(C-H=
AT HiA(C)2} Hlwste] §oJAQ1 AfolE Ho|A] gttt CHY
el E(CH9-F)J—]' SU18 ¥&E(SU18-F2] DPPH iz &A%
Y2F 49.52%%F 56.88%=, HET21 A2 wiA|(24.55%)2}
Hlukﬂ Z¥zy 28), 2.38 S71E A= Yehdtt Ei2=(121T,
SE)A Q] FAE] 3L AaEe] RIS S ST A
o2 IQIEt. CH9 EAE] HHEE(CHI-FH)T SU18 EA ]
B E(SU18-FH)S 72} 67.46%2} 70.16%S] DPPH iz A&
5 UEhfol, HaEC] FAo] s AAsol St A S
7F=]AH(p<0.05). ABTSEHNZ £A%59] 4%, ti:7H73.08%)2
HW5lo] CHY HasEL 83.85%, SUIS asEL 85.83%% 29
ZF QA B7FEA 2 (p<0.05), EAE] TEEL 90% oMFo=
B2 AAsE eI
CH9 ¥a=3} SUI8 ¥aEY & Edus - 247 30.83
GAE mg/g, 30.92 GAE mg/gC&, th%&7410.75 GAE mg/g)%}
HWalo] 2,84 Z7leton, waie] dxgd osf & 1
& o] F7Hog ke Aol ERIE £ AT k=
Sukg, oy, EAndl 5 A8 YR fA HEoA F &
vl et OWQ}RJM vEgitts 7|29 d-+Auet Yot
om, o= fAKE Bhgof ofgt ARA} Zejuls SRIEC] S0l
7191El= Ao & HQItKChae er al, 2011; Kim et al, 2011;
Park et al, 2018). & AFoA AL2F LaE9] Ao 9
ol Alst E4do] S7HEIGkE], ol GAERE gt fAkES] ARF
Ase} g BH9] &2 7IQlsks A& AfRH. Kang
52020y a9l Enterococcus faecalis NtAE A715HA
< o a9 DPPHE} ABTS 2tz A7%50] AktAl9] = 9
JLE 71|tk Barsiolt. & At dat, 1239 Alcalase
A} fANE HEEY] FAE ol8ste] skl H2F
Il QE JANF ARFAIZE HE 7158 EEAIRY AxTt
7Fsa Aog mekEh

r{o

2o
HAZEE 22E f4t SolA WA, WeEsA, AR,
o(}:,-(-sa]-/ﬂ = __EH]—O]_Q_FJ/\ 9.]—*‘]0] O/\’c‘i_]_- 2E ﬂ =2 E]—E-]
2 AAste] ALFol 2 Wa AL gy, ALF UgE9)
e EXT JASIBAS BV Lactiplantibacillus plan-
tarum CHO®} Lactiplantibacillus plantarum SU18 = Q1
SN} FEH et =2 AYE 2L len, AYE Z=
Hlo]| QEIA #5=91 Lacticaseibacillus rhamnosus GG} H] 15}
of $53t PFFS HERSITE. 121 Tl 158 B2t EAf2]st
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0F &2 FRIBIRMIS YERITHp<0.05). AlcalaseZ A2t 4
23 viA(ZFE 30%)°ll CHO E= SUI8 I8 H53lal 48A417F
9rgst & A7} 10.8 Log CFU/g7HA| ER519.0H, Alcalase
A2 #j Aol A 4350l Bi& STkt pH7L HAE Z o= 1
EfTh oA 30% A5 i8S TRt HiAIE Alcalase® A
23t & AEE fANFERE 48417 59t Washs o] A3
B Aol 24 24U RISt hRHELA ] wiR])H
H|wslo], §AkF W] oJsl DPPH 2ttjZ &7%, ABTS el
275, & EuE Tl fA Al F7FeEl e (p<0.05),
GA2E(121T, 1589149 @4 3782 F7Ho2 UaES]
AR S #=ol= bl 7ok 222 gRIEHh & A=
I2HPo| Q] ARHA| hf WEAIES A&t A4 ARt 7= &
52 289 Z08 7€t

ALl 2

B QI 2019WE ARe ek okl AU ot 43
Hglom, olo] A=t
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