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ABSTRACT - The purpose of this study was to optimize the fermentation condition of black bean by lactic acid
bacteria (LAB) and to evaluate the quality characteristics of fermented black bean. Lactobacillus plantarum SU22 iso-
lated from kimchi was selected as a starter for the fermentation of black bean because the strain exhibited strong anti-
microbial activity against pathogenic bacteria and did not produce biogenic amines or a carcinogenic enzyme, [3-
glucuronidase. Fermentation was performed with broth containing puffed black bean (PBB) inoculated with 1% (v/v)
of L. plantarum SU22 at 37°C for 48h. The viable cell count of LAB was over 9 Log CFU/mL in PBB (20%) broth
fermented with L. plantarum SU22. Fermentation of alcalase-treated PBB (20%) broth with L. plantarum SU22 was
found to be the optimal condition, increasing viable cell count of LAB up to 10.30 Log CFU/mL. Under the optimal
condition, the total polyphenol content (94.02 mg GAE/g) and DPPH radical scavenging activity (92.50%) were sig-
nificantly increased, compared to non-fermented control (87.74 mg GAE/g, 83.14%).
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Materials and Methods

HE Q=

Ay AEZ AHEE B3t H2FH ) EHZ%OE
ARGE dRb AT (EE)S 2020 9ol AR HEx
FH(Geumsan, Korea)>ZH-E FY3slo] AL } Itk g

= Zob A9 THgolAM F wiFAAESTEH st
Fom, ¥l fFAtaoZ2E Y8 A Lactobacillus
rhamnosus GG (KCTC 5033)5 A EALAIE oA & &
of ARESHATE Fy-8 wd FaEie Alcalase 2.4L
(Novozymes, Bagsvaerd, Denmark)$} Flavourzyme 1000L
(Daejong, Seoul, Korea)S U3ttt dHitsl 240 o]
€% Folin & Ciocalteu's phenol, Na,CO,, Gallic acid,
DPPH, ethanol, rutins-> Sigma-Aldrich Co. (St. Louis, MO,
USA)ol A 43ttt vle]l Ay ofrl A e o] &H

Typtamine, Putrescine, Cadaverine, Histamine, Tyramine,
Spermidine, Spermine-2 Sigma-Aldrich Co. (St. Louis, MO,

USA)PIAM F-dsto] AHE-skAH

Lrrmo] B2 9l Protease AAF @& MH

AR AR 25 g0l 225 mLe] E A ATE Hrs
< Stomacher (BagMixer® 400W, Interscience, Saint
Nom, France)Z ©]-&3}o] 38 F<t vpfjslict. vlje &
HE AxIgel o3 343k 5, 3|44 DeMan Rogosa
Sharpe LA WA (MRS, Difco, Detroit, MI, USA)o| =2
ko] 37°Coll A 2441 7F viFSE . MRS LA v A] (Difco,
Detroit, MI, USA)llA #2ld @Y S2Y F 429 =
717F & A& BCP A8 A (Eiken chemical Co., Ltd.,
Tokyo, Japan)ol|] =23l wjefst & Ak Aoz w2
Mg Hols FRUE fAHLE dAdsta skt
28 F2HES MRS ZAEIA] ) skim milk7t HFE &
T 1%WVNE HEE H7bete] Az wjA o] Estar
37°CollA 24A7F BikSle] clear-zoneg FASl= 4FE
protease &43°] = FAATFLRE ATt AdE
< MRS o A vl 2] (Difco, Detroit, MI, USA)oll %3}
Hj St & 25%(v/v) glycerol stockSZ -70°Col|A] X3}
o] A3k

|

QAIZe] B2 U 5%

& v] 7d (Microscope World, AE31 Trinocular, Carlsbad,
CA USA)S o83l AEE fatde] ey 54

< AFsIR O, Gram B4 H catalase B3-S 15HA
1jr. AHE fAFTO] 58S 913t 16S rRNA gene
sequencingS TSI §-AA SZ-2 universal rRNA
gene primer (27F and 1492R)E AME-3191S2 ™ PCR 4H&E
2 A7 FoR FHARE A 7 AL
BIOFACTAKDagjeon, Korea)s &3l 3t} 4
H 16S tRNA sequencing Z 3= National Center for

biotechnology  Institute ~ (NCBI)©] BLAST  online
program'®-&- ©]-8-3}e] Genbank database®} H]wdle] 5A
A1k,

sArzel YT 2%

bl 8242 Paper disc diffusion assay ®H'9S
o] &35t A 3IAUTY. Escherichia coli KCTC 1039, Listeria
monocytogenes KCTC 40307, Salmonella Typhimurium

KCTC 2515, Staphylococcus aureus KCCM 113355 <
g AAFTFE ARESFATE MRS AAEiA] oA wl % (37°C,
overnight)3F -2k vl (1.5 mL)S Y4 E2](12,000xg,
4°C, 5 min, CT15RE, Hitachi Chemical Co., Ltd., Tokyo,
Japan)3t & 0.45 um syringe filterS AFE-3td F4AE A
Aste] FsANHE FHITH AAHEFE tryptic soy broth
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(BD™ Difco, Franklin Lake, NJ, USA)l Z+zt HEslaL
Wl F(37°C, 244178t Lofzl vl S FA3 FEE
8] ¢ & tryptic soy agar WO HEL Htst HE o

2 =@t AAlFFr =2E HauA] 9ol paper

100 pL¥ LA EFstdvh. 479 FtE4
ANA 24x7F Bl FSE T paper disc FHAA P4
o] 715 AU
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APl ZYMZ O] 3¢t gAke] B T

FAbge] A4S APl ZYM kit (BioMerieux Co.,
Marcy DPEtoile, France)E AHg-3te] 574313ith. MRS
A Aol A 37°C, 24X 7F &2t M FE fakts dAlEe
(12,000xg, 4°C, 10 min, CT15RE, Hitachi Chemical Co.,
Ltd., Tokyo, Japan)dte] PBSE&Ho 2 F W A3l o
WS 3]skt 343 #AE APL KIT FEl 65
plA 53l 37°COllA] 4A17F vt - ZYM At ZYM
°oFS 7F 3 W Frtete] 5E7F A2 WESAIZATH
7k FEolA A WstE dEste] 71d a4l gk
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=

o, ot
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2}@x o] Hlo| 2 X ofgl X7
2ht o] wlo] QA ofvl A oAHE EQlS 93]
Yang 570 WS 4F WSt WA MRS A
iAo Z} BFFE HES F 37°C shaking incubator
(BF-150SIR-2R, Biofree, Seoul, Korea)| 4l 150 rpm, 24
AlZE 3 A m S AASEATE A vie 1 mL vl
AS  tryptophan, orthine, lysine, histidine, tyrosine,
arginine (Sigma-Aldrich Co., St. Louis, MO, USA)% H}°]
QA opgle] A 7L 0.1% EFE 9 mL MRS HAH)
o] HF8kaL 37°CE X% shaking incubatorol| 4] 150
pml = FASSHH 2447 FF 2wkt 2 vl
A& 13,000 pmollA] 3087 LalEEste] #AE Al A
3 S-S vlo] oA oyl B8 9%k A5 AE-S)
Atk vlo] oAY o}Wl 7% ¥ F3F(Typtamine, Putrescine,
Cadaverine, Histamine, Tyramine, Spermidine, Spermine,
Sigma-Aldrich)= 0.1 N HCIell 1,000 mg/L TE& Fo] 3%
TE&ANOE ARSI

Aot RFEENE 727 1 mL H$ & 03 mL 23}
NaHCO, &9 (Sigma-aldrich), 0.2 mL 2 M NaOH, 2 mL
1% dansyl chloride solution (Sigma-aldrich)g Z}&€|& &
st = HAE0°C)ll A 453 B Fr=ASE ST Fr e
A7F &5 AlF 0.1 mLe] 25% Ammonium Hydroxide
(Fluka, Maston ford road, USA)E 713l ¥+8S HE &
acetonitrileZ % FI& 5 mLE A-83k3L 0.2 pm syringe
filter (Sartorius, Gottingen, Germany)Z ¢4 3}3}of H}o] @
A ol A|PgHor ARSI

S Hr

tjo

Hlo] @AY o}we HPLC 1260 (Agilent, Santa Clara,
CA, USA) A28 3} Symmetry® C18% & (4.6x250 mm,
5 um, Waters™, Milford, MA, USA)S AF&-3}4] 254 nm
oA 35EZF A AT A6 o] &H o] F S A
FE FHTEe], 0.1M ammonium acetate (A)<}t
acetonitrile (B)S =71 2o 2 FA319 ) 0-5%(B
35%), 5.1-10%-(B 45%), 10.1-175:(B 80%), 17.1-26.25-(B
90%), 26.3-355-(B 35%).

W} 4P HE
Ak AEPExdel 7 23S € Wt
71(GAS45AA, Xingtai Tianruo Machinery Co. Ltd.,
Hebei, China)oll 23 Fig. 13} 722 Ao = Aqsts 7l
FopArk. st s 4E, 25, At wE gEA e
2 oujdEde A F 4 Sketlem?, 150°C, 102 &<
Bt o AFENS AYRGOH, FUY =
s
e

o7 A5 ALeFE AP ol&siirh
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Hes un
AeF B3l HeF B AR 10-30%wh)E Ed5
Frol A7beted 100°CelA 102 &t Ex23 5 da
HiA 2 ARESEATE Eax e wiAe= Eio] ¥ AT
iAo Al 2 F8 §4 Alcalase 2.4 L (Novozyme,
Bagsvaerd, Denmark) ¢} Flavourzyme 1000 L (Daejong,
Seoul, Korea)s HA2F ZFE9] 1%(whN) T2 7t
& 60°C Shaking incubatorllA] 160 rpm, 6A17F &<+ Wb
< 3 B EolA 1027 @AEEt] 248 EE94
g AL HE wAE ARSI

G2 protease B0l =& TFF 235 (L. plantarum
SU22, L. plantarum SU64)S EHO 2 A3t ALF
BRE APt MRS AR A 37°C, 1647 &
Qb mFst fAkt wl A (0D, =2, 10° CFU/mL)S &
& WA 100 mLoll 1%(vA) HES T 37°C, 160 rpmoll A
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Fig. 1. Puffing process of black beans.



Manufacturing and Quality Characteristics of Puffed Black Bean Fermentation 621

481 7F & mfFatinh. Wi wiAle] 7] pHE 7.08%

XS]

52
*

ol
10AI 2 8]A 5t &, 8|45 MRS A iAo =a}ed]
37°CellA] 48A17F v gt & Yl F2Y & AlLlele]
=438} t}. pH meter (pH / lon $220, Mettler-Toledo AG
8603, Ohio, USA)E AM&-3t pHE 433, T4 &
Ho AR 5g2 100 mLE mess updt AEel==9)
25 mLE &% T 1% phenolphthalein 8945 192 ¥
37, 0.1 N NaOH -§9le g F3} 23t A7} 0.009
ol ZAF g% o= YERATH

% Za|H= BM
o = =2 ="
Z Zelslis oS Ahn S2MPES A% WSS Folin

& Ciocalteu’s phenol reagent (Sigma-aldrich)”} A|52] &
oA sIgE o8l =, S8 YMoz vt
A= A dEE S48t A>T YRS brix7t
1%7} F =% 80% methanolZ 43t & AAET]7](Jeio
Tech Co., Itd, Daejeon, Korea)Z 10,000 rpmollA 30%&7F
44 e & F59S F3te] 0.2 um membrane filter
(Whatman Co., Maidstone, England)® o33+ ZS& A&
fAo 2 Tt AFEEN 0.5 mLE F3l 2% Na,CO, &
WS 3mL H7Fe ¥ 1 N Folin & Ciocalteu’s phenol
reagent (Sigma-aldrich)& 0.3 mL 7}l 30% &<9F A
oA RESAIA 720 nmollX §B=E S48t 5 =
HE Fe gallic acidE EFEEE ARSI gallic acid
equivalent (mg GAE/g)Z $Hbste] Uepfglth. ZE A
& 33 ke S

DPPH 2j0jZ 2915 5%

DPPH (2,2-diphenyl1-1-picryl hydrazyl) 2}c]|Zd &5
Wang 52¢] WS Ay wgste] 233tk 0.1 mM
DPPH §99] EFXZ 0.97-0.992 @& T A7]oA A
zH" ANE 979 2 mLE 04 mM DPPH o&hg &
2mLe} TSI A2oA 308 Bk 44 v E & &
oS A4 E2](12,000xg, 4°C, 10 min, CT15RE, Hitachi
Chemical Co., Ltd., Tokyo, Japan)dle] AJ-5H TS 3|43}

Table 1. Antimicrobial activity of Lactobacillus strains

Atk S48 5L 517 ol N FHEE 2HGL
So] ARG o] §5] DPPH 2HTIZ 275 (%) A%
itk daETE FREE AT RE 432 33
R L

0 :( _M)
DPPH radcal 4275 (%) = | blank o) 100 (1)

TARN

A AT o)A HES SPSS program (IBM, 2019,
New York, USA)S ©]&3le] AAlsdnt. 2k A2 fe
2 Duncan’s multiple range test® 753IH 3L 2T
MBS T, P<0.05 o FelHoleky ek

Results and Discussion

ARl B2 U 5

AANEES BCP agarl FE3te] Wl A 52 4
o werd #2 FAsn 2/t JriHeR 2 v
F2UE W Y 0] 958 FAFOE BRI F
180 F AR RS A¥E @5 F WAk,

E
ot

WEsA B dadgo] g3 45 2755 22k A
o] 1%(w/v) skim milk7} 3712 MRS agarol| A A S-A]
% colony ol 313 clear-zoned FAse 4FE
proteaseZ/J o] Y= FAHFO R 7Heta, Edo] 7 =
2 29| dF=(Lactoabacillus plantarum SU22, Lactoabacillus
plantarum SU64)E HE B8t HE AEE 259
T+FE Ao RE A, dea SAS g1 A%
catalase =4, Gram YT E HAHHIT A FAS
SHA] a1 &EAo] fle Uao= ERIFAT. A
FAbEF2] 16S RNA gene sequenceE NCBI] BLAST
online program= ©]-8-3}] Genbank database?ll X “d5d-&
HAESE A3} Lactoabacillus plantarum SU229}Y Lactoabacillus
plantarum SU64Z. 717} 99.10% ©]/4e] =& F54dS =
ojm T =AU

¢

= do
M

NECRETTE:
HE At 84S paper disctHS ©]835k]
E. coli, S. aureus, L. monocytogenes, S. Typhimurium &
450 #Fol skl SH S A= Table 159 3t} L

I

Tl

E. coli S. aureus S. Typhimurium L. monocytogenes
L. plantarum SU22 +++3 +++ +++ -+
L. plantarum SU64 +++ +++ +++ +++
L. rhamnosus GG ++2 4+ ++ e

D+, 5-7 mm; ¥ ++, 8-10 mm; ¥ +++, >11 mm.
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plantarum SU22%} L. plantarum SU64TT5 452 WY
4 mAE thate] 11 mm ©]439] A3 UEhfo] &
g o] vl g Aom Rl 53] ZEufo]
28 AAdF2l L rhamnosus GG (LGG)$} B3] E.
coli, S. aureus, L. monocytogenes a5l tjs &+ &
7t & AR Uesth ole fakto] ZAk 24h
B &3t {74k F4ksb4As diacetyl, bacteriocin 5=
dote] WA Al Fof mAEY AS5S AT
71E BA9et X sk Aol

-

ox Mo &

API ZYMZ O}83t QAR 2| B2 Y

APl ZYM kit |83t F 1989 Fie] et L
plantarum SU22$} L. plantarum SU64 452 G484 S
543 A= Table 291 A AHHE 2% #5552

o et =2 A4S AV Jom, F Faaidl o
glucosidasedl] tig k3t ST Yel= Aoz E9ly
3}

Aot F-FES| G492l B-galactosidased] TheE =2 EAdS
el o] lactosed] et FrEWS Astdl 595 &
AS FoZ 7igE) b SHoA ZEulo] o g XA
2 o]l8HE FARES benzopyrene T2t 7S ol A
TFEHo] hlA F53} Ho] Fo RS of dEd

Table 2. Enzyme activity of Lactobacillus strains

2 A H3A7]E B-glucuronidase EAE XA A ol
OB, B Aol A AWHE 2% 9] F5(SU22, SU46)=
ol g 491 B-glucuronidasedl] Tt EAo] gle Zlog 3
Ao HEE Ax AT F de I FHo=

Qg }.

O

rr

Ba@ZEe]| Ho| QA Of!

Hpo] @AY ofRl 7 thek HPLC &Al&4 23t
Fig. 2] SZrkE1glel] Uehd Zlg o] S5t 9]
& Yepiglon, Agdel 444 Ea 0999 o4
(Table 3) SF5HOEE nlol @AY obul A o] &
ol FuHYct. ol eAY obNe F= wua T4
o] F& AFAA wAE et Bkg 58 oln| w7
gase] o ofn|iey] Holgkgol 3] A= AT
A f71d 4 Aditeltt A% Foll $HrEle] A= tryptophan,
orthine, lysine, histidine, tyrosine, arginine 52| ©}7|x4t
o] Z}z} kg oA mAEol 2J3] typtamine, putrescine,
cadaverine, histamine, tyramine, spermidine, spermine 2]
Hlo] oAl ofRlo R HolxH, AuoA APEH o2 Al
AAE EEA ZEstAY AdaAldE TS A
"o gtk vpo]l oAl opvls AF st EtE oY
745 AdelA 542 AP S AR S4EH0] s

x

Enzyme L. plantarum SU22 L. plantarum SU64 L. rhamnosus GG

1 Control 0" 0 0
2 Akaline phosphatase 0 0 1
3 Esterase (C4) 1? 1 39
4 Esterase lipase (C18) 1 1 1
5 Lipase (C14) 0 0 2
6 Leucine arylamidase 59 5 5
7 Valine arylamidase 4% 4 4
8 Cystine arylamidase 0 0
9 Trypsin 0 0
10 a-chymotrypsin 0 0 1
11 Acid phosphatase 27 2 2
12 Naphthol-AS-phosphohydrolase 1 1 1
13 a-galactosidase 0 0 0
14 B-galactosidase 5 5 4
15 B-glucuronidase 0 0 0
16 a-glucosidase 2 2 1
17 B-glucosidase 5 5 4
18 N-acetyl-B-glucosaminidase 4 4 0
19 a-mannosidase 0 0 0
20 a-frucosidase 0 0 2

0to 5; V0, none; ? 1-2, weak; * 3-4, normal; ¥ 5, strong.
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A) Standards of biogenic amine

500 [
n -

1 DAD1 A, Sig=254.4 Ref=280,100 (BIO AMINE WATERS SAMPLE_20112!

5 2020-11-25 18-47-28\STD MIX 1002.D)

Tryptamine
_Eadayerine
Histamine
Tyramine
Spermidine

Putrescin

o -
=]

w4 = Spermine

miiry

(B) L. plantarum SU22

1 DAD1 A, Sig=254.4 Ref=260,100 (BIO AMINE WATERS SAMPLE_201125 2020-11-25 18-47-28\5U22_1.0)

o -
=1

miry

(C) L. plantarum SU64

1 DAD1 A, Sig=254.4 Ref=380,100 (BIO AMINE WATERS SAMPLE_201125 2020-11-25 18-47-28\5U64_1.D)

* Putrescine

T
5 10

miry

Fig. 2. Chromatogram of biogenic amine standards (A), Lactobacillus plantarum SU22 (B) and Lactobacillus plantarum SU64 (C)

obtained from HPLC analysis.

Ql—‘: Z\OE oLE:pq OIOL]. Jq.ak_q a].o]oxﬂu o]-u] @
F me ol oAy ol A} AN BAZF 2l
7% QA Az felHe E F Advhe Zlo] nas
T,

Hlo] QA ofle] Aol dEsl= tryptophan, orthine,
lysine, histidine, tyrosine, arginine®] &% MRS =]l

A 74 252 HE 2 wYd $ histamine 5 759

vhol @AY olRlg $AE AT Table 45t 2k L
plantarum SU22 #5141+ histamine®} tyramine 7-2 Tj
A0l vlo] 9 AY olHINE H|E 3 79| Hlo|9AY o}
Hlo] B PR olstel RO L} AT o
2 ZRJAHJAAT, L. plantarum SU64 9 745
putrescine, cadaverine, histamine, spermidine®] 0.2-45.6
mg/Le] MZ A& Lim $792 AFoZEEH &
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Table 3. Calibration curve of biogenic amines standard solution

Standard Structure Standard curve Llr(lle{%;lty
NH,
Tryptamine @\/\§\/ y=58.679x - 17.155 1.0000
N
H
Putrescine o~ NH2 y = 13.424x - 10.835 0.9999
HoN
Cadaverine HZN/\/\/\ NH, y =100.92x-21.949 1.0000
/N NH-
Histamine ( / y =69.398x - 20.905 1.0000
N
H
NH.,
Tyramine /©/\/ y =86.303x - 20.482 1.0000
HO
Spermidine HoN H =64.005x - 15.834 1.0000
NN I NH » y ) ) :
H
Spermine HZN/\/\N/\/\/N\/\/NHz y =35.321x +2.3296 0.9999

H

Table 4. Results of biogenic amines in Lactobacillus strains

L. plantarum SU22 L. plantarum SU64

Standard (mg/ke) (me/ke)
Tryptamine N.D" N.D
Putrescine <LOQ? 45.6
Cadaverine <LOQ 0.7
Histamine N.D 0.2
Tyramine N.D <LOQ
Spermidine <LOQ 0.2

Spermine <LOQ <LOQ

DN.D, indicates not detected.
?L0Q, indicates limit of quantification.

¥ Bacillus subtilis MJ2263} Enterococcus faecalis D08
a7F 242 628.7 mg/Le}F 1,045.8 mg/Le] histamineS A
2d3IaL, Enterococcus faecium D129} Enterococcus faecalis
D08 =7} 7+ 661.4 mg/LQ]r 237.9 mg/L9] tyramine<
AP wastglon, fakte] ool melk st
© WeloAY olsl el Aot 9eln AHTE
o]ttt RIS T Cho 5°92 ® A olA] histamine
tyramine®] Z}Z} 952 mg/kg@t 1,430.7 mg/kg HEFIS

™, Seo )& AlFoA KL e A= 3770 o
3k ZALA] tyramine®] H 113.7 mgkg AEFATIE

BT AUk 02 histamine} tyramine®] ©F 100 mg/
L o]} SAlehs AEFS AdAslF 5 45 dod
UTFAE HIEP? B AoA HAAZ Y g L
plantarum SU229} L. plantarum SU64 TFollA A==
histamine®} tyramine2("g ZgkA|©|3}-0.2 mg/L) 3§+ <
ol obds Ikt

_1

T T ohel MelEe ’\1E]a e fof
FOoR Fyo QtEAoldo] FHEHA FHrE o
Mt a7 Erha dEA Ao, sk A g
A2FH APt R A>T o] shrd wixol L.
plantarum SU22%} L. plantarum SU64 T55 2+t 1%(v/
v) FESHAL v FetHA] fakte] ASEAAS B skt
(Table 5). A3} HEsA Ze HeFol 10%9 20% &
T8 ulX]od|A 24X 7F HE & L. plantarum SU22%} L.
plantarum SU64 2] Ao % .09-9.15 Log CFU/mL
M F7betR ot 48417 HE Fofl= AlSo] A= o
8.19-8.95 Log CFU/mL7HA] a7} Hadte AdS U
ERf ek W3t Aet d2Fol 10%9F 20% FHE wi



Manufacturing and Quality Characteristics of Puffed Black Bean Fermentation 625

Table 5. Viable cell count of lactic acid bacteria in non-puffed and puffed black bean broth after 24-h and 48-h fermentation

Viable cell count (Log CFU/mL)

Strains Initial” B? o
10% 20% 30%
24 h 9.15+0.06 9.13+0.15 9.47+0.04
NP?
48 h 8.80+0.02 8.32+0.20 8.92+0.35
L. plantarum SU22 7.28+0.14
P9 24 h 9.34+0.02 9.30+0.01 9.30+0.21
48 h 9.16+0.06 9.35+0.09 9.05+0.06
NP 24 h 9.10+0.04 9.09+0.04 9.34+0.02
48 h 8.19+0.02 8.95+0.14 8.96+0.35
L. plantarum SU64 7.32+0.15
P 24 h 9.27+0.01 9.41+0.06 9.27+0.06
48 h 9.10+0.11 9.12+0.02 9.28+0.07
Dnitial, Initial cell count.
2B, Black bean broth.
9F, Fermention time.
NP, non-puffed black bean broth.
P, puffed black bean broth.
Table 6. The pH and acidity in non-puffed and puffed black bean broth after 24-h and 48-h fermentation
H Acidity(%
Strains BY F? P Yo%)
10% 20% 30% 10% 20% 30%
0h 6.96+0.00 6.86+0.00 6.81+0.00 0.18+0.00 0.24+0.00 0.36+0.00
NP? 24 h 4.55+0.02 4.72+0.01 4.83+0.02 0.71+0.01 1.02+0.03 1.44+0.03
48 h 4.47+0.01 4.54+0.03 4.69£0.01 0.84+0.02 1.26+0.01 1.62+0.02
L. plantarum SU22
Oh 6.90+0.00 6.860.00 6.75+0.00 0.10+0.00 0.12+0.00 0.31+0.00
pY 24 h 4.74+0.02 4.80+0.01 4.96+0.01 0.41+0.01 0.81+£0.01 1.15+0.02
48 h 4.93+0.01 4.87+0.02 4.86+0.02 0.53+0.01 0.96+0.02 1.29+0.01
0h 6.96+0.00 6.86+0.00 6.81%0.00 0.18+0.00 0.24+0.00 0.36+0.00
NP 24 h 4.65+0.01 4.87+0.02 4.94+0.02 0.72+0.01 0.96+0.01 1.20+0.01
48 h 4.58+0.02 4.65+0.01 4.71+0.02 0.78+0.01 1.32+0.06 1.56+0.10
L. plantarum SU64
Oh 6.90+0.00 6.860.00 6.75+0.00 0.10+0.00 0.12+0.00 0.31+0.00
P 24 h 4.75+0.02 4.74+0.01 4.98+0.03 0.41+0.02 0.79+0.02 1.17+0.02
48 h 4.95+0.01 4.91+0.02 4.86+0.02 0.52+0.01 0.86+0.02 1.23+0.01
DB, Black bean broth.
2F, Fermention time.
9'NP, non-puffed black bean broth.
“P, puffed black bean broth.
R A 2477y ¥rE 3 [ plantarum SU229} L. plantarum of "adl R o Za wEel Ao FAHFTH

SU64 2] Aad+E 9.27-9.41 Log CFUMLZ7IA 7}
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23] 10-30% 2 Al FolA

plantarum SU64 &7} 4
HjFE o Aol F

7hgholl we} pH7F Yol s th(Table 6). 48A17F HE =S H]
wal & w Y3} A2|shA|

471, AeE
o] pHE 4.86-4.95

oro Aoz

Wk AgstA e AT

0.78-1.62%°] AL, 23} A2
0.52-1.29% <

H= AL o 2= 9qr)

3ol AsE FYe 2

[e) o 5
B2 AT

AP =

, =

SEERRE

W, Wah Aelsh e

KR
—

F A 9] pHE 4.47-
3 AeF ujx]

= ehiol

Aro] G



626 Un-Sik Hwang et al.

Table 7. Viable cell count, pH and acidity in 20% puffed black bean broth treated with alcalase or flavourzyme during fermentation

. Enzyme Fermented time
Strain
Treatment 0h 12h 24h 36 h 48 h

Non" 9.05+0.08 9.19+0.22 8.92+0.08 9.17+0.05

L. plantarum SU22 A? 7.13+0.21 9.42+0.05 10.30+0.25 9.25+0.05 9.21+0.11
P Viable cell 9.82+0.04 9.79+0.09 8.68+0.25 9.110.07

Non count” 9.08+0.53 9.12+0.21 8.70+0.17 9.04+0.07

L. plantarum SU64 A 7.28+0.26 9.45+0.07 9.48+0.06 9.34+0.15 9.11+0.03
F 9.69+0.05 9.68+0.06 9.33+0.04 8.99:£0.19

Non 6.96+0.01 5.51+0.01 5.000.01 4.82+0.01 4.74%0.01

L. plantarum SU22 A 7.00+0.01 5.19+0.01 4.98+0.02 4.97+0.01 4.97+0.02
F 7.01£0.01 4.76+0.01 4.75+0.01 4.72+0.01 4.77+0.01

Non pH 6.96+0.01 5.52+0.01 5.00+0.01 4.81+0.01 4.97+0.01

L. plantarum SU64 A 7.00£0.01 5.19+0.01 4.95+0.01 4.98+0.01 4.95+0.01
F 7.01+0.01 4.79+0.01 4.72+0.01 4.7240.01 4.70+0.01

Non 0.36+0.10 0.65+0.10 1.22+0.10 1.44+0.10 1.80+0.10

L. plantarum SU22 A 0.72+0.01 1.800.10 2.09+0.10 2.16+0.10 2.38+0.10
F Total 0.72+0.01 2.08+0.10 2.52+0.10 2.58+0.01 2.52+0.10

Non ac(f,il)ty 0.36+0.10 0.65+0.10 1.2240.10 1.440.10 1.6620.10

L. plantarum SU64 A 0.72+0.01 1.65£0.10 2.23+0.10 2.16+0.01 2.3840.10
F 0.72+0.01 2.09+0.10 2.52+0.10 2.58+0.01 2.66+0.10

YNon, Non-treated.
P A, Alcalase (20% puffed black bean broth treated with 1%(w/w)).

»F, Flavourzyme (20% puffed black bean broth treated with 1%(w/w)).

Y Viable cell count, Log CFU/mL.
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Table 8. Total polyphenol content and DPPH radical scavenging activity of 20% puffed black bean broth treated with alcalase or flavour-

zyme during fermentation

Total polyphenol content (mg GAE"/g) DPPH (%)
Sample .
Non? AY F? Non A F
Control? 41.16+0.31® 87.74+0.62°° 78.48+1.11° 85.80+0.97°8 83.14+0.22" 85.80+0.22°°
24h 43.58+0.46** 94.02+0.44% 88.58+2.18% 85.94+0.22% 92.50+0.33**  92.26+0.30**
L. plantarum SU22
48 h 43.2240.28 97.814+2.71* 88.35+0.39" 82.76+1.23 92.64+0.51* 91.22+0.22*®
24h 43.58+0.16** 91.97+0.44% 90.04+1.36" 88.65+0.82%* 92.45+0.49** 89.70+0.22°¢
L. plantarum SU64
48 h 44.45+1.33 95.92+2.13"8 87.30+0.55" 82.48+0.99"C 90.74+0.65®  92.07+0.83**

Data are the means+=SD.

Values in the same row with different superscripts (a-c) and in the same column with different superscripts (A-D) are significantly differ-

ent at P<0.05.

D GAE, Gallic acid equivalents.

? Control, 20% puffed black bean broth.

9 Non, Non-treated.

9 Alcalase, 20% puffed black bean broth treated with Alcalase.

% Flavourzyme, 20% puffed black bean broth treated with Flavourzyme.

o+ 08 AFY Az ol Thed ¢ THLE B
GEATE TS FIHH S 2 Alcalase Aol 23l 24417+
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