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Biological Activities and Physiochemical Properties of Glycine max
Fermented by Bacillus velezensis 12 with Different Inoculum Level

Jin-Sol Kim', Eun Ju Yangz, Hyun-Hwa Lee!
"Department of Biology, Chosun University
’Food Research Center, Jeonnam Bioindustry Foundation

2 % E dyoAes AR 7e8S MMAANR EREYFE AFE LS A HFE 0, 0.5 1, 2 %(v/w)sEY B
velezensis L272 JF0to] YAAZ] & Ua 59 o3y E443 Ao def RAH T TadFY &
ST pHE HE § 37109 Atee HE & A4S obvie] Ah T2 2 % FF5olA(178.7 mg%h) =2
ot e FA o] ERIE T LR E I T+ = FYHe= l"—ﬂ]@ 38-9.46 Log CFU/g) ‘%E}”":}
0.5 % FZ79 protease TAL 2,655 unit/gl & 7}%} o %_]'/\éfg’ Hooh datT 2259 At G4 E‘:
0.5 % BEwolA 53t DPPH 9 ABTS &§tjd &ASS(ZZ 70, 69.5 %) At daFe] Judd 42
100 pg/mL =9 0.5 % FFToNA 64.2 %2 =2 ACE As&Ao] yebgtt dats: 559 daidzeind
genistein®] 2 FEFol| w2 I5F WSS Ho|X| YA L-arginine TF2 0.5 % FF5woNA 2,350 pg/go 2
7Y T2 gFo] ERIE UL viRg o g WA FO 0|3t B4} G AtolY A £4 A gadF
9] protease@Ad2 FETF, oA =Y, A4, ACEANEA, arginine T 9802 w2 49
ATBA(r = 0.662 ~ 0.968, p € 0.05)7F ERIHAT}. & AF Ato] wat 0.5 %2] B velezensis L2 & ©]-&5t9
Az dafFs 53 proteaseﬂl'*é FAE 24 9 FUEL B8 UEHL olgE A= EE YRy 52
T Ed AAE Ao 72AERE 8 7he AoE wEh

Abstract In order to develop fermented G. max resource with improved quality and functionality, this
study investigated the physicochemical properties of Glycin max fermented with varying concentrations
of Bacillus velezensis L2 (0, 0.5, 1, and 2% v/w). Moisture content and pH of the fermented G. max were
observed to increase after fermentation, resulting in decreasing acidity with increasing concentrations of
B. velezensis 1L2. Compared to other groups, the content of amino-type nitrogen was highest in the 2%
group (178.7 mg%), whereas the highest protease activity was obtained in the 0.5% group (2,655 units/g).
The 0.5% group also had the highest antioxidant activities (70% DPPH and 69.5% ABTS radical
scavenging) and ACE inhibitory activity (64.2%). The contents of daidzein and genistein showed no
significant difference by concentration, and the 0.5% group had the highest L-arginine content (2,350
ng/g). Furthermore, the protease activity of fermented G. max was determined to be positively correlated
with the antioxidant activities, ACE inhibitory activity, and the moisture, amino-type nitrogen, and
L-arginine contents. These results show that G. max fermented with 0.5% B. velezensis L2 showed
excellent protease, antioxidant activities, and ACE inhibitory activity, indicating the potential to be used
as material for food development and in other new applications.
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Hol A AR - (Glycine max)=
AApE] AL

o AE

S g Hof
A QIolA 20214 109 A FE=Fol
A sl ARGSHITL HaE WBES (A)ddHe|L
AARTH AFAAATLAE N B{FQ Bacillus
velezensis L2(KCCM1 2498P) #-& Alz5ol Ago]
ARSI Aol ARESE HE AR sigma ARRA]
Totaon o9 B0 Hx #7]5H3tt. | AEI
TF F ARGE BA0 ARES EEF histamine,
genistein, daidzein, L-arginine(Sigma, St. Louis,
USA)Z =% 97 % old9] 248 Aok FYstaled
EHguj2 ARE3SE acetonitrile?} methanolZ E3H5}
o] X% HPCLE&S ARSI

2 A
ol

= 1
L

Zo] Azsrt. = A2k
Rt sk 100 TAlA 1417 &< SARE
Hoto] Ado|| ARESIHTt. Bacillus velezensis 1.2
trytic Soy Broth(TSB) HAul=]o] &sto] 30 T4
20A17F BT Bt & 3,000 rpmoE 208 59t ¢4
253t o] & #iFAS AASL ODeoo?lA 0.47F

HES WR5E olgste] 5j4js) ol WO A
St BANE 12 kel W s £ B

(0] J0)} KR

velezensis L2 fl¥AS SAHF FA 0, 0.5, 1, 2
%(v/w)E S0t 30 CTollA 48417t Bt HEAIH T
He dFAlEE $232(PVTED 10R, IShin Lab
Co., Ltd., Dongducheon, Korea) & E&3}A|A -70
Col BystaA] dands Y5l oL daiFo

=4 vaEAsHT A8t
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ok A& 5 g& A FAo| Hell HH +ETEF &7
7I(MX-50, AND, Tokyo, Japan)g °]&d}o] 105 +
1 T 27407 glgo] & wj7lx] AXste] SBSEgFo g
27skrt. HEHol O T 4wt pHEA
< 229 dadiF A& 5 g o $F5l 500 mL< 7t
sfo 38kl 3,000 rpmoE 20+ &%t YA 25}
THE AR ARESIYHE 4= Al 10
mLO 30 ul9 1 % phenolphthalein €1 0.1 N
NaOHE 3718l #18-4(pH 8.3)9] A&7t € wi7kx] &
Aol AHlE NaOH #HE Soto] ZAERH%, w/w)
o2 YL pHE ARZAZ pH meter(Mettler
Toledo GmbH, Greifensee, Switzerland)E &3 =

3t

2.4 4giFo| OO cEfEA SHEY

L AR ofn|ice A T B2 AE3H
9] SAH[22] WFsto SAs1qlt. dardE JE
Bl E]r% ZZko] HEUF AR 5 g& AZEetATd
Y1 FHFE 250 ml7HA] 718k & o 50 mLE F9|
o] 30 uLe 1 % phenolphthalein AA|2FS H7}etxr

0.1 N NaOHZ o]8sf HadF A&zt =M (pH
8.3)0] & wi7kA] Zhoiet. HEQ] H|A| 30 mLY
formalin® 30 pLe] 1 % phenolphthalein XAk
21 0.1 N NaOHZ 0]-&3f u]ZMo] = wj7}x] A3k

F o& v|BAY] HatF A=t £9sta T 0.1 N

NaOHE 0|83 &3tA &7} u]ZA(pH 8.3)0] € w7t
A 7}5kdty. olu] AR&3t 0.1 N NaOH mL %< o}l
L AA RF S ARSSEYlom ALRAL oK)

2.

N x 00014 x 100 x 1000 x D
S

Amino nitrogen(mg%) =

0.0014: 0.1IN NaOH 1.0 mLe] sfgsh= %
N: 0.1 N NaOH #H7FKmL)

D: 3]4ufa=

S: A% (ml)

A4 (g)

25 WSSO E7 4 £X
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BEE FEs5to] YaA ]7] A5 #4452 10
v s]4ste] &H[st & LB broth(BD, NJ, USA) 1A
HjRlo] =EetTt. Bl E 30 TollA] 24A17F wigst &

Z¥2+e] A=) B. velezensis 12 ¥ JHSE(CFU:
colony forming units) A4kt Log CFU/gZ YERY

ATk,

A

(protease) &4 &X
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H 2
o= Eﬁ\_%’\é 7o) A
2313t Casem/] %71 0.5 %(w/v)7F H== 100
mM, pH 7.0 sodium phosphate bufferol &3sto]
o]& 7|1d& ARESIFTE 150 ul9] 0.5 % casein reagent
o Z¥Zte] AT FEF 50 pul& EFsto] 30 T
A 1AIZE BESAIZ]AL 400 ule] 10 % trichloroacetic
acidg& 7Pt ¥4 12,000 rpm, 102 <t
QAR & AN 500 uLE okl 700 ulel 525
mM NaOHE 7Isto] &%t tha 1 mLe| &4
432 nmolA FF=E S5k oldf a4y 1
unitZ 30 TOJlA] 1A% B9t B4EES0] 9fste] {25
+ azo7]° 23l 432 nmolAl9] FFEE 0.01 T7H
7l FoE Uitk
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ba mEe] HER] O E8 dFY s|AEw
o A2 AETAEY WR221E HPste] 75t
giu} A& 5 go 20 mLY] 0.1 N HCIZ 7F3lo] 3087k
220} FE319 3 12,000 rpmOlA 108 B9 94 &
ﬂ"]’“‘ AeHS dom olF 23] yHEsI A2 HF
5 qE 50 mLE &5t Histamine®t &a v]4Y
& A3 OE 249 dadgE 255 AR 1 mlel
1,7-diaminoheptane 100 xLE 719t of2 Esjebiht
EESY 0.5 mLe} 1 % dansyl chloride oAl =8
0.8 mLZ 7}5te] Edlatal 45 Tl 1A% B¢ f&
AsHE AR F2ASE A7 A=) 10 % proline &
4 500 uLe} ethyl ether 5 mL& 7Fsto] 1082 &< A
2511, AFSH 4 mlS #5ke] 60 C heat blockollA]
3A|7} Zo} ln—..;o}oﬂl:} 5% A& acetonitrile 1
mLZ 715 835t & 0.45 um syringe filter2 o33}k
of o]5 HPLC 240l A=ttt 2F AlE+= HPLC &
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Table 1. Condition of HPLC for histamine content

analysis
Item Condition
Detector UV DAD detector(254 nm)
Column Atlantis dC18 5 pm(4.6 mm x 250 mm)
Column temperature 40 T
Injection volume 20 uL
1.0 mL/min
Flow rate A 1 0.1 % acetic acid in water
B : 0.1 % acetic acid in acetonitrile
min A%) B(%)
0 45 55
Mobile phase 10 45 >
15 35 65
25 20 80
40 10 90

2.8 LRIHFO Stst 2y £
2E oj8E BEE dadive] Fiks B4S ot
7] 9io) WA Z424] MRTNE AR 4 gol 1091)
7S YA 2R B 287 5 APt &
57 7Azslo] REYE 258 Rug 99
Aksl 24(DPPH 2 ABTS 22 274%)
& H(ACE AHA) 23] ARgslgih.
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2.8.1 DPPH 2| ANs &3

DPPH(1,1-diphenyl-2-picrylhydrazyl) 2tz 4
AsS ARt &45 7IX= &Fol DPPH #d
radicaloll HAE Fos|EoZ2H ] radicale] &7
e HEE o83t AR s BE FHoke
woloH24]. ZHZte] adE & BINEE SRS
£ 0]835t] 8 mg/mLe] HEE FH[5F 8 mg/mLo]
FagFE A= 100 pM DPPH(Wako Pure Chemical
Industries, Inc, Osaka, Japan)&<] 320 pL& &35t
o 25 ColA 1A1ZE §EAIRL # 517 nmolA] S8
£ &7g5i3ich & IatF A|&<] DPPH #d &4
< (2 Zo] Aklste] WiEgR Yehfich
. A-B

A

DPPH izt 27%(%) x 100 (2)

A gRF 4=
B AEH7 $BE
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2.8.2 ABTS 2iC|Zt A5 =4

ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) radical £7%52 ABTS ¥o|20] Al&
29 A}t 4o 9o AAE= S o]85t] Al
9] bt 24E S7ske WoltH25]. WA, 100
mM, pH 7.4 potassium phosphate &0 7 mM
ABTS(Wako Pure Chemical Industries, Inc, Osaka,
Japan)?} 2.45 mM potassium persulfate?] -S4
Z3koto] QtAollAl 16A17E ¥HGAIA ABTS Fol2Z
Aot ofgith. ZHZo] HadF 28D A8e
F4E ol8st 100 pg/mLe F== FHT ¥
mg/mLe] HAEHF A= 80 uLol ABTS 89 320 uL
E 238t o 25 CollA 1087F §ESA1712L 734 nm
oA FE=E S3otatt. 4 LRAYF A= ABTS
g AASE thadt Zo] A4lste] HEgR e
Atk

olN ofl

A -
A

ABTS 22 27%(%) B

x 100 (3)

A 92T F3=
B ARH7M F8E

2.8.3 ACEXqslf &M

S FanPE J57ol U2 dar)Fo ACEAS
g4 AL ACE kit(angiotensin I converting
enzyme)(Dojindo Molecular Technologies, Inc,
MD, USAYE Ar&sto] SA5i9ith sl UatF 5
Z& 20 plol substrate buffer 20 uL?} enzyme
working solution 20 nL& g1 &3t th 37 CO
A 1AIZE B BEAIHE. ¥ & indicator working
solution 200 pLE g1l 25 CoJA 10& 59 HRSA]7]

A 450 nmollA FFEE S5 4 FSFE 2

hal o2 =2

o= 2280 ACE AHGAL ool 4 Za) ALt
it
ACE Asjerdey — =—2 < B 10 @

A gRF F3=

B: A&7 S =
2.9 WELHFY NELES B 2

SaugE HEY e wagre] AEAY g B
4e Q5] WY WraThE BUAR 100 gof] 28RS
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400 mLZ ¥ 55 TollA] 24417F 53 F=51%ith. F
£E2 Whatman no. 2 9IA|E o]&3d] o3t of
B4 7Axsto] Bkl -70 Coll Bakoby AREsHT
davdsE 45F °E dad

T ==3

T F&E9] daidzein,

genistein, L-arginine &S HAFEASH] o
LC-MS/MS AZHEA7|(AB SCIEX 4000 Q-Trap,

Shimadzu LC 20A System)E ©]-&3l3 Y &4 gz
acetonitrile®} methanol& A&t TanAPE H
3 dadis 258 AR 20mg2 244 1 mlY &
o] 391 & AFES 50 % methanolZ 404] 3435}
o 10 #LE Gemini C18 ZAH(5 i, 50 m * 2.0 m)°]
Fsto] B4 & Fabeleh. 7 AlE= LC-MS/MS &
FEA7|E o]&ste] 33 WHESto] EAISH

2.10 BAIXz
2 A9 BE AL 33 ¥ At Wi o
28 S yeilel BAASEE IBM SPSS

Statistics(SPSS Inc, Chicago, USA, version 27) <
olgsto] A5G ZF AR fo4d EA42 ANOVA
A8E AFstlen p < 0.05 A Duncan’s
multiple test2 HASI. YA s JSTE T
A9 ol3fetd 41} ke, FrdAEA
AHEZGE F HolgE ©]8ste] MetaboAnalyst

5.0(http://www.metaboanalyst.ca)& Sl F4E &

24|
=

A(PCA: principal components analysis)¥] biplot,

ol

variable importance in projection(VIP) score ¥
correlation analysis§ £45t91L oJH W7} W]
BE A dadFY ol3ehy B4} Ak,
FUIAE 4 AHAZE T ABTAT =A &

43}9iet.

e 2

1 A7, SR o] 7l
of 93t ofm|iit A3/ ol F9FZ A7 izl
daE] SRS = A2 F8351tH206]. £ A
oA Bacillus velezensis 12 &3] W& dradis
9] olgishy EARISIE ATHEY] Yoto] TE 48417t
T 2RSS 24351907 11 AIM= Table 19 UERY

ot FadR] RS Ha vE Al o

g
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2} 59.7-60.7 %2 HASE ATt B velezensis L2 &
ol ot dadiRe] fESHS FUHE 1 % B
velezensis 125 59192 W 60.7 %2 7V 2 &
o] SAEAoY 2 % BE FEIEO] EolEe
Boh Lee 512719 = W Al FRY £
ZARE Aol B2 52.55-70.40 %] &
dFE Helom 2 A4 TatiFe fARE &
F HAE Bt ESH Jeong 5(28]9] ATollA F
okl wet U SRS 22 olg

BOLT WL APo] nel SEto] Fashs Ao
2 masert olgh A E AN A

velezensis L2+ JZ%0] w2 Yo Fo] i3S
YA ztolg KA ol= /AL, ARESE HE 1]
BE 59 240 JFE W= A0E HRIrh

al
=

9| A
=3 Yol A4
I} A 29]. GRE
g f714ko] Aggo] o
gt A%rt 37kt pHE aHA
5o S%=¥ Bacillus velezensis 122 %3l0] 48
Az ujFet & YRFO 4t pHE S5 1
27 483 vAE FEH] gE dadR Azs
0.2-1.6 %°] M2 Uehti(Table 1). ¥& & tiF9]
A7t ZAsR o 1 % 0.5 % 5529 B velezensis
25 5 IaRRFNA 0.2 %] A=E Bl T2 &
Tof wlsf 7P B 4wt ERlE ok BaHF] pH
= Bacillus velezensis 12 A& wt 6.3-7.79
pHE E3°H 0.5 % F& TavFolA 7.72 7
=2 pH7t SREHJL vAE HEFo] S71Eol o=t
BraiFo] pHe A4Sk

Jeong S[3119] AHolA FEHE B subtilis
SRCM10075& &% 3549 pHe & F5T =
2 foJAQl Ao|E HolR]| QIgtar aA|tol ot pH
7F Z7Folal o] S 2= §9HQl AolF HolA] Yyrin
BHusioith. ojet th2 A 2 AFoxMe Ua & + HE
ol w&} pH7F 715t 0.5 % ASZollA T2 ol
vls] G902 w2 pHE HAX 01T 1, 2 % S
olA= pH7} AASHE o]AY R AMSE s
I FY EFE, HEARE § dExAe dE T Ass
pH ¥l FF& HA= A= ZAESITH

qn

=
o
L
R
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3.3 Za0ld= E5TE LU+ Ok Ea
A

ofg] Ais Wao HEE Y ABE 4
A olor 7ol ghe AHshe 8 89 F shtelt
otrlief Ha FF2 Fo o] protease] 2|3
opriAto 2 Fafs= Ak éxéﬁi 0= ofv| g
A Pl w25 g Woka A o
(32].

2 AgoA HaugE JEFS DEiste] Al
o] ofnlice] A TS B35 AIH= Table 200
UER Gl Ha A tiF] ofrjice] Ai TR 66.4
mg%= WEPH I Ua Fofli= 171.7-178.7 mg%= of
uig] AAglo] fojdoz ZUlsin B Ayt
FAFHA Cho 511819] AFollA = o Ao §F
F2 HgARe] wet F7RRt BuEgieh 5 T
BT opv|ief A4 FHF2 vYE S50l ot
FolFoR VAL 1 5 2 % AEw9] opicef &
24 SFFS 178.7 mg%E thE FEo vls) 7 &
ofu| e A4 S Erh Shin F3219] AlA
2 ot 3 IEE9 opvkd] Abgle
401.1-524.5 mg%2 U} 2 A3 ZAie} g &2
F9] opv|ief AAgFo] SHEAT. Lee 513319
Aol w2 F Hadyg 5 AR 8719 4o ot
2} 3719] &=3to] GEpAHA] o e AATFolE G
FE vHTa Bistoictk 2 AgoAE YRR
ofn|ief AATHFS T FE, LA E T U8
A HE2E 5o Tazxdd] wEt Aolg Hole A
oF yepdrt.

Ol

AT F4 5= 9.4-.9.5 Log CFU/g WY& e
STHFig. 1). &a 48A17F & WratfFo] S+ = F
ZA7HE o] S7elAIRE S HETl ‘IJr— dad
T 9 f2FRl Aol HolR] 9kt Oh 534
9] AFolA HFE EEAA T H=Y T80l £
= TEATIe] AaRte] wet S5 F7elal WA
T 48- GOAIZIONA ThA] FHassls S B Shin
13512 HE2%0 wet Ft 4= Hj| 2olg Btk
3 BIst 2 AfdAe HE R HEF
2 I+ F TFHY Ik TS B 11 Aol
7b velstgal IE § AJZto] At wet F+t49
HILE Holoua UanE HETF Byt ofvzt da
AR a2 2% AEslel 4 ¢ BSE &
FoliE et Ql& Zog wddrh
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Inoculum level (%)

1. Change in variable cell count in Glycine max
fermented with Bacillus velezensis L2 on the

Fig.

different inoculum levels. All values are
represented as the mean + SD(n = 3). Lower
cases mean significantly different by

Duncan's multiple range test(p < 0.05).

Table 2. Change in moisture, acidity, pH and aminotype nitrogen contents of Glycine max fermented with
Bacillus velezensis L2 on the different inoculum levels

Fermentation time(hr) Inoculation level(%) Moisture(%) Acidity(%) pH AN(mg%)
0 0 50.7+0.6° 1.640.2° 6.340.2° 66.4+0.9°

0 60.2+£0.1° 1.540.3" 6.3+0.2¢ 65.5+1.0°

i 0.5 6046i0.0f" O.2i040: 7.7i0.2: 171.7i1.4;

1 60.7+0.3" 0.8+0.0 7.1+0.2 1743+1.4

2 60.240.1° 0.840.0° 7.140.2° 178.741.2°

All values are represented as the mean + SD(n = 3). Lower cases mean significantly different in the same column by Duncan’s multiple

range test(p < 0.05).
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3.5 UEOME HE2k WHIHEO protease 24

a2 o] Tl uEe] proteased]
ofs] getol=, ofnjiAtoz Thegd] Hu TEATO]
kol whet 71 o] F7kElo] AR ERe] Fg ot
T} Zsto] yehdtia AR ATH36].

E oA IR UYL B velezensis 129 F=F
Zol| 2 TAEHFO] protease AL A HFig.
2).

=2

4,000
()
—=-48h
i
2 3,000 G
2
2
Z 2,000 F
3
2
8
S 1,000 |
Ay
0 b hd hd d
0 0.5 1 2%

Inoculum level (%)

Fig. 2. Change in protease activity in Glycine max
fermented th Bacillus velezensis 12 on the
different inoculum levels. All values are
represented as the mean = SD(n = 3).

1E 48ARE £ HE vE FEolAe 1,650-2,655
unit/g®] M9 protease /o] YEIFOH 1 F
0.5 % HEoIA 2,655 unit/g2 1, 2 % FELN(Z
2} 1,930, 1650 unit/g) B3l 74 =& protease 24
< B Jeong 53712 H2 HE(Q, 3, 5%l
Bacillus subtilis KCCM 11965P 3% (v/v)& 353
A}, 1%9F 3% 2 T 9 FVtole 2angE
9] protease /o] U A Qa1 5% H & A7
o Aat waAlzto] wet protease E410](1.29-2.69
unit/mL) YePEE Basith o]49d & AE9 0.5%
HELNA 7 =2 protease B HQA & 1, 2%
BEoIA EAdo] A AL HaYES] JYE
Hsf| Aot HEr|BES St 79 F4lo] =olA|
WA proteaseZAE 74 Ao=Z HQIt} Protease
2 FF oA wAEo] Yol A== of|kE
A4 T AFEo] Ql=T38] & AdoAe A
A8E 0.5 % AELY op|icE] AagFE 1717
mg%= 1, 2 % HEl Hlsh BAN HR nAE

0.5 % HE39] protease AL 1, 2 % FZol vl
A UERATE Seon (3912 B4 ¥E #F2 ARESH
B. subtilis TSDS] 5413} protease E/3d0] At
AES HUokal Bastlar ojet fALSHA &2 AdoA
a8 & 52 FH,E EOd 0.5 % FEolA
protease ¥4°] 7Y w2 ATE Erh wEhA £
A A3, protease 40| T FZwol HISH =4
TEEJE T FA 98] 0.5 % B. velezensis 12 3t
FE ARESINE o ARY FE THANE 5 A A
o7 ZAESI
3.6 YSO|YWE HEYEH YUSHTO| S|AEDI oiFH
Biogenic amines 41%9 & T= A% 7|7t &
QF H)gEo] ohv|ieARS: YIIEEAISE AlA THEoIA=
fofgt SREEA SIAE, Egel ol SUTH40l.
Biogenic amineZ I+F AHolZ A waAE, T
E 34 53 22 A5E SA7F vEhg 5= 9lem A
T S Aol ol 4= Utk LA ArH41]. THEbA

9 4]E9] biogenic amine THFS A= Z2 QF
A% FHoA Fas5H & AolAe YRAEo| v
O =& hfolar Yokl A Uel42] s|AEN] FFE
ZAFsEATH

2 AY 23 ¥E v|E FE5H) O EEdFR
S| A RS Table 30 YeF oM HE 48417 &
HEHEUBE HETolA s|AEIo] HEEA] sk

o}, ol&et A= 0.5-2 %9 Bacillus velezensis 1.2
2 FEAZ T QA Fofgt 2oy s|AEI
0]9]19] tFZ biogenic amine?] 3 RAPF QS A
oz ot

Table 3. Change in histamine content in Glycine
max fermented with Bacillus velezensis 12
on the different inoculum levels

Inoculum level(%) Histamine content(ppm)

0 ND
0.5 ND
1 ND
2 ND

ND: not detected. All values are represented as the mean +

SD(n = 3).
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Fig. 3. Changes in DPPH and ABTS radical scavenging activities(%) in extracts of Glycine max fermented with
Bacillus velezensis L2 at different inoculum levels. All values are represented as the mean + SD(n = 3).
Lowercases mean significantly different by Duncan's multiple range test(p < 0.05).

S Yoty 9J5) TAFO DPPH, ABTS &tz & 3.8 WROME ME2FHE WHINFO| ACE AahE
A's& 57l -1 23}, DPPH, ABTS =t & g 24 7|2 F 542l renin-angiotensinAll Al
A FarE HITOIM A7 62.3-70.0 % angiotensin I converting enzyme(ACE)= @42 %
65.9-69.5 %°] &4 WS HAoH EF FAM g5 =gs) gae deid 9i4s). ACES angiotensin
W Tl HIs UE ABARE F PAS BN ST 1 pgiotensin 12 ABAFT oA Az
st A golgk 4 %%E}(Fig. 3). &3 0.5 %9 ¥a angiotensin [1= 7¥5F A3 2ZEH0] angiostensin
P82 Aol DPPHSE ABTS 2t e 271501 o) ojsp wero] A4t} wetd ACES] B4o] A3l
717t 70.0, 69.5 %= T2 HELl M FAHCE  gm oiorensin 112 Hsto] 7] Loju} dto] AF
=2 4o uYyepdo Gil Sl4319]  AFlA 29 uke 2 ot}

protease® H7I5t B9 <=3 DPPH =& &A

52 proteased] 93 F2| whHo] RajEo] ofu]i 10 25 wgimL
A9 5718 B9 Aoz wusiec B Ade 4 o | "S0usml
& o P - < 80 - m100 pg/mL

% 0.5 % ¥a vz FSEoNA 53 protease & z

- _ >
“go] yepgom olo] we} ofu]iAt Fhgo] Frtsto] 5 60
05 % 9 vYE YEToIH & DPPHTZ 44 &
=9 Hol Ao & wotEth ¥3t Hwang S[4412 & ﬁ 40
& Fol 271 uuRA olaZehio) o) auE S .

_ @)
5] DPPH, ABTS 2tz 4753} FRAPE/] @ <
IS vA 45t FASEAYE Bty BskT) 0
oo} we] £ AF A warfEe] YA ol xZet 0 05 ! 2%
H daidzein} genistein TFS TE 48A17F T {9 Inoculum level (%)
o] WslE Ho|x] oty ¥rg u|E FEggo u= Fig. 4. Changes in ACE inhibitory activity(%) in extracts
- = = (25, 50, 100 pg/mL) of Glycine max fermented
o}o oF Ayl =13 ) s
Aol e mﬁkq—’ ol d3h= 0.5 % LE ] with Bacillus velezensis L2 at different
AE HAEw9 9% DPPH & &AL vuid inoculum levels. All values are represented as
oqQm the mean + SD(n = 3). Lowercase letters

A o]AZ2HL daidzein, genistein ol & §8E
indicate significant differences within the

Aof| ot Zlow g same concentration of extracts by Duncan’s
multiple range test(p < 0.05).
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E AN Bacillus velezensis 12 &%) u}
2 B8 A7l g% 559 ACE AEHS &35t 2
T}, BE ARA B 9EH 0" ACE AsiE4o] &

7¥etgor s HangES AUl HagE AR
oA FH7F A|Ro| B8] FYHOR &2 Eo] Fel
= AcKFig. 4). 25, 50 pg/mL =2 HRVBE 7t
+2 47 23.1-26.8, 48.5-51.9 %] ACE As&/d&
HOT Hav|YE Y7} AR H|F] R w2
2do] &=tk 100 pg/mL 5% 0.5 % Earg
E AZFA 64.2 %2 ACE Asj@Ado] Yeht o=
oE uPE FEol viE] 7P 2 840l FRIE
t}. ACE AE4HE 2= B4 F2 Helo|=olH
protease®} 22 AU YFIA o5 FFHTL
AelA QUrH46]. o]9t Zo] WHYE FH7F A=
H5) Wrag T FEE0]A &2 ACE AEAdo] yeht
A 1% 0.5 % UE vAE FEolA =2 ACE Ak
FAS H AL 0.5 % &E vgE HEZY 953
protease &0 Q3] TEido| JRRajx]o] AJgH
835 EAEC| st &4 & ofEt ACE AsiEA
o= S HH FAoE Helrk

S|
A1

=1

e 2alFe XEd=E

3.0 Za0|d=E B3 = 2

Daidzein®} genistein F°] TF5kL k= isoflavone
HlEgAols Uukd o2 wigA o)A HlujgA £ ¥t}
= 8202 I8 5 YRAAE 9o A== aiol
95l 7 Ago] #olA vHEHFA isoflavone@gol 7t
Stk AHA QtH47]. %9 isoflavoneS! daidzeinh
genisteinx U, WAE &HE AY Sglow
R G ofu| At 2 Fo|gho] =

L-arginine< 27§ I

== 70 2% Mane Adua d2A QIeH48-50].
2 AdoAe Ta ne dEPel oE dadT

daidzein, genistein®} L-arginine2] &g B4l
I 71 AIE Table 49 YeHigich a5 F&&
9] daidzein®} genistein® =S Z}ZF 117-124
81-86 pg/g9] WHZ el Ta vdE A5l

w2} §-92Ql F=F Afoli= HolX] Yttt L-arginine
AFE QEFEE00A 1,930-2,350 pg/gY TFZ E
A3 FEYF FEENA 2,065-2,350 pg/gl] S
Uech R & 79 L-arginine®@o] S715HS
o I8 nE HETol wet L-arginine®®ol 71
SHA] Ak 1 F 0.5 % LREUAFE FELolA 2,350
ng/gg2 7Ht =2 o] SR wEkA 2 AY
A3} 0.5 % Bacillus velezensis L2 &4 435t
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Table 4. Changes of Daidzein, genistein and L-arginine
contents of Glycine max fermented with
Bacillus velezensis L2 at different inoculum

levels
Inoculum Content(zg/g)
level(%) Daidzein Genistein L-arginine
0 1226 85+4 1930+82
0.5 124+17 8148 23504247
1 11746 83+1 2290+181
2 12148 86+ 10 2065+130

All values are represented as the mean * SD(n = 3).

daidzein, genistein, L-arginine@go] &I}

Shahzad S5119 <QAFold  HaEFBE B
amyloliquetaciens RWL-19] HZ3FQ2, 3, 5 %ol ot
£ daidzein® genistein¥F2 FEF| w=t 7207
o7 ZA%he Btk Ali 515219 0-7 %9 Bacillus
subtilis %o WE arginine$ s &4 A3 1 %
FolA 7.82 mg/gR 7HY B2 TS BN HEE
T71 =obof| et arginine@ 2 A= A B
At E3h 2 opm|iAt AES 7 % HIwolA T

we ghero] 24o] 1, 3 % AEwol /4 & ofn)
WAt PRre Boirky Busch olNY wavgE

T ==3

HEFol W AT FEEY daidzein, genistein,
L-arginine ¥d2 tF &5, TAIAE S/ 22
Al 22 da3ol F3= ot k9] Zport v
Bt 7o = moEm ofd A4 ACE AsiE/dolA
S8 SES BAY 0.5 % YEPE FFLolA &
ol & PNA &I} Q= L-arginined] T
Al =4 Uehd 4= Hot 2 %9 sk UE uPE
THT 0.5 % IH vE FFol Tl ARHoR FuF
o 9 Ffolgt 22 FPMA Bt 5% AoE

FEEX(PCA; principal component analysis)

SRS LR E L ERE SR

A=
=

arginine) g Ao WEE 245t g 7o)
St FAE B4 A AlFAARPCHI AlFdw
= 27 98.9 %, 1.1 %2 MEFS Ut e Al154
ol wet FauyE 0.5, 1, 2 % JAFHS vHSETG
=9 W& HAHKFig. 5a). AR A<} FAEA
o] 2 9JA|, &2 ol TAY 1 FFol =2 A

T
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Fig. 5. Score plot(a) and biplot(b) of PCA analysis of Glycine max fermented with Bacillus velezensis L2 on

the different inoculum levels.
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o] B2 AL uishy IAUPE 0.5 % FFTE2
OE JEo] vlg] protease B/JF} arginine $EF0]

2%k Aoz waEtHFig. 5b). thHFEACA VIP
score(variable importance in the projection) ko]
18t & A%, 152 2eoted 938 & 848 9
n)gH54]. HEvAYE el »E dadFel 54
EX} Rl 18] ARAE(daidzein, genistein,
arginine)$ H|oJE|9] VIP scoreE EA5H A}
protease /37 arginine T4 ZHzF VIP = 3.19,
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Fig. 6. VIP scores of PLS-DA analysis(a) and correlation matrix(b) between anitoxidant activity and quality
characteristics of Glycine max fermented with Bacillus velezensis L2 on the different inoculum levels.
The intensity of red and blue colors represents positive and negative correlations. The correlation
coefficient represented AN, amino type nitrogen; ACE, ACE inhibitory activity; Cell, variable cell count.

227



p=4

3|:=82] #2438 A9%, 2023

L L

ol

9 arginine$Hego]

FEse b 2

gQl=]o] protease 4
FAEH o2 dagsE
Tt th(Fig. 6a).
£ Ao 55 YR =H AESE B velezensis
L2492 protease &4go] 9<oittal YA 21em[20]
davdE J5Fe OE dadFY A5 4t
Sl& 183 A ®AFE(daidzein, genistein, arginine)
ohg Atol] ARABAE £ 23}, proteaseBdS
TR, oA g, AR, ACEASIZ
4, arginine = Alojo]] F-o]H0 =2 &2 o] At
Al = 0.662 ~ o 968, p < 0.05)7F ZRAI= UK Fig.
6b). °]¢t Z2 A= 3t protease L EHOl
0.5 % ‘inm_u]*g“ HEo] 258 ohu| e AA 3
ZF ARSI, ACEASIEA, arginine 3 9A] &
2 21 BRI A} X5IGich weEbA 2 Agdn
adF= FanPEY Y3l ot protease B4,
arginine ¥=rS ZITL 0|3}k £ 9 AR
2o]7t Q= AL I 4= AAUCH B velezensis L2
& ARESto] o YaAAE B F4 £ 3

=
Fe " FaUAE weE

fol

=
=

o i

)
o

4. ZE

ﬂ?— protease &/Jo] 93t B. velezensis L2
sto] o AEFe wet FE a7 E
ﬂxl_,/} J\Hﬂg]%é.g. H] &]o]—gi]q- Eal =] o]—%

8 3o FTkt oy o HEFol vlHEstky 7t

SHA= it AN ABE HEF et A= 37

Sl pHe #4adshks AT Bom dixol Hls|

0.5 % HEw-2 ATt Wl pHE EA UeRT o

L] Aas 4E vdE FSFol ot ST 2 %

HAEZANA 178.7 mghO 2 hET ohu] 2.78 =& 3

T2 Btk 2 vdE HE F S+ = xRl

H|s Z7Fetl o HanE JSHol e I+ o=

-9 ugt X}o]E HolZ| LT} Protease TP iR

Tof Hlsf dEm & %7]'5}95@— 1% 0.5 % HEZNA

|oFog 71 B protease@I2(2,655 unit/g)

YRl oict. EH—J—T}E z3ote] YFgol w2 YA+

AlE B5 S|AE] defo] HEEA ot I8 & o

T 3259 DPPH, ABTS &ttjz &4 %0°] 940

rT‘rh::

olg
fﬂErQl

10 fol

1__

=iy 111 I% 0.5 % A& dagFoA 22 70,
69.5 %9] 9-<=51 DPPH, ABTS =)z AAS5-S UeRY

228

9lth. E3F 100 pg/mL %2 0.5 % JEA 64.2

%] =2 ACE Aggd4do] Yeptal nE 228 550
A =2 ACE AfdAdS Bt upxeto 2 daidzein
slere. WMENAE HE| TAQlo] AZE9oH

genistein¥F 2 tid] Tq RA RN 2=
FFE Hol7l gorom Iau|PE FF5ol wt g=F
o] 3751tk A & L-arginine TS R tiH]
A 57]' stem 0.5 % FEwolA 2,350 pg/gl =
7V =2 L-arginine &% YERICE £ A3 A3}
o W&t 0.5 %] B. velezensis L2 w-& ol-&sto] A=
St IR FE £4% protease@A], FASH B4 ¢ g

TEAEYE UGl on o= HE iR £4 Y
I AAE ] 712AER E8o] 7T AoE
o

References

[11 K. I. Chen, M. H. Erh, N. W. Su, W. H. Liu, C. C.
Chou, et al., “Soyfoods and soybean products: from
traditional use to modern applications”, Applied
Microbiology and Biotechnology, Vol.96, pp.9-22,
Aug. 2012.

DOL: https://doi.org/10.1007/s00253-012-4330-7

B. Xu, S. K. Chang, Z. Liu, S. Yuan, Y. Zou, et al,,
“Comparative studies on the chemical and cell-based
antioxidant activities and antitumor cell proliferation
properties of soy milk manufactured by conventional
and commercial UHT methods”, Journal of
Agricultural and Food Chemistry, Vol.58, No.6,
pp-3558-3566, Feb. 2010.

DOI: https://doi.org/10.1021/if903796¢

S. Shukla, J. Park, D. H. Kim, S. Y. Hong, J. S. Lee, et
al., “Total phenolic content, antioxidant, tyrosinase
and e-glucosidase inhibitory activities of water
soluble extracts of noble starter culture Doenjang, a
Korean fermented soybean sauce variety’, Food
Control, Vol.59, pp.854-861, Jul. 2016.

DOI: https://doi.org/10.1016/j.foodcont.2015.07.003

M. K. Sundaram, M. Z. Ansari, A. Al Mutery, M.
Ashraf, R. Nasab, et al., “Genistein induces alterations
of epigenetic modulatory signatures in human cervical
cancer cells”, Anti-Cancer Agents in Medicinal
Chemistry, Vol.18, No.3, pp.412-421, Mar. 2018.

DOI: https://doi.org/10.2174/1871520617666170918142114

V. S Vallabha, P. K. Tiku, “Antihypertensive peptides
derived from soy protein by fermentation”,
International Journal of Peptide Research and
Therapeutics, Vol.20, pp.161-168, Nov. 2014.

DOI: https://doi.org/10.1007/s10989-013-9377-5

H. M. Yusof, N. M. Ali, S. K. Yeap, W. Y. Ho, B. K.

o]



Bacillus velezensis 12 &30 o2 43 59 54 &4 4 H=&4 £4

(71

8]

[9]

(10]

(11]

(12]

(13]

[14]

(15]

[16]

Beh, et al., “Anti-inflammatory, analgesic and acute
toxicity effects of fermented soybean”, BMC
Complementary and Alternative Medicine, Vol.19,
pp.1-7, Dec. 2019.

DOI: https://doi.org/10.1186/s12906-019-2791-2

J. H. Mah, “Fermented soybean foods: significance of
biogenic amines”, Austin Journal of Inutrition and
Food Sciences, Vol.3, No.1, pp.1-3, Mar. 2015.

U. Shin, Y. Choi, J. Kim, J. Lee, “Current Status and
Future of Jang Industry”, Food Industry and Nutrition,
Vol.24, No.1, pp.15-19, Jun. 2019.

Ministry of Food and Drug Safety(MFDS), Production
performance of food etc, in 2021, Ministry of Food
and Drug Safety, Korea, pp.113.

S. Sanjukta, A. K. Rai, “Production of bioactive
peptides during soybean fermentation and their
potential health benefits”, 7rends in Food Science &
Technology, Vol.50, pp.1-10, Jan. 2016.

DOI: https://doi.org/10.1016/j.tifs.2016.01.010

W. He, H. Y. Chung, “Exploring core functional
microbiota related with flavor compounds involved in
the fermentation of a natural fermented plain sufu
(Chinese  fermented  soybean curd)’,  Food
Microbiology, Vol.90, pp.103408, Dec. 2020.

DOI: https://doi.org/10.1016/j.fm.2019.103408

J. Lee, S. Heo, J. Choi, E. Pyo, M. Lee, et al,
“Application of Zactococcus lactis HY7803 into
Soybean Fermentation for Production of Glutamic
Acid’, Microbiology —and Biotechnology Letters,
Vol.51, No.1, pp.53-59, Feb. 2023.

DOI: https://doi.org/10.48022/mbl.2301.01006

S. Kwun, J. Yoon, E. Park, M. Kim, ‘Improving the
aglycon isoflavone content in soybean leaf extracts by
lactic acid fermentation”, Journal of Agricultural, Life
and  Environmental — Sciences, Vol.31, No.3,
pp.160-170, Dec. 2019.

DOLI: https://doi.org/10.22698/jales.20190019

H. Song, M. J. seo, H. S. Kim, H. S. Choi, J. Park, et
al.,, “Physico-Chemical Properties of Korean Soybean
(Glycine max L.) and Tempeh by Rhizopus sp. from
Soybean Cultivars”, Journal of the East Asian Society
of Dietary Life, Vol.31, No.5, pp.281-290, Oct. 2021.
DOL: http://dx.doi.org/10.17495/easdl.2021.10.31.5.281

M. Granito, A. Torres, J. Frias, M. Guerra, C.
Vidal-Valverde, ‘Influence of fermentation on the
nutritional value of two varieties of Vigna sinensis,
European Food Research and Technology, Vol.220,
pp.176-181, Sep. 2005.

DOI: https://doi.org/10.1007/s00217-004-1011-5

S. Sanjukta, A. K. Rai, A. Muhammed, K. Jeyaram, N.
C. Talukdar, “Enhancement of antioxidant properties
of two soybean varieties of Sikkim Himalayan region
by proteolytic Bacillus subtilis fermentation”, Journal
of Functional Foods, Vol.14, pp.650-658, Feb. 2015.
DOI: https://doi.org/10.1016/j.iff.2015.02.033

229

(171

[18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

J. Shin, N. Joo, “Component changes in antioxidant
activity and isoflavones (8-glucoside & aglycone) contents
of small black bean according to different cooking
methods”, Korean Journal of Food and Cookery
Science, Vol.32, No.2, pp.197-203, Mar. 2016.

DOL: http://dx.doi.org/10.9724/kfcs.2016.32.2.197

E. Cho, Y. H. Yoon, “Quality characteristics of
Cheongkookjang made with lentils according to
fermentation time”, Culinary Science & Hospitality
Research, Vol.26, No.6, pp.203-213, Jun. 2020.

DOI: https://doi.org/10.20878/cshr.2020.26.6.019

H. Y. Kim, B. S. Kim, H. S. Ko, S. Y. Kim, G. J. Ha,
“Quality characteristics and comparison of microbial
community in traditional Doenjang by aging period in
Gyeongnam province”, The Korean Journal of Food
And Nutrition, Vol.34, No.1, pp.58-68, Jan. 2021.
DOI: https://doi.org/10.9799/ksfan.2021.34.1.058

J. S. Park, H. W. Lee, Y. S. Seo, E. J. Yang, “Quality
characteristics of anchovy-Meju fermented with
Bacillus velezensis 12", Journal of the Korean Society
of Food Science and Nutrition, Vol.49, No.9,
pp.1000-1008, Sep. 2020.

DOL: https://doi.org/10.3746/ikfn.2020.49.9.1000

D. S. Shin, I. D. Choi, S. K. Lee, J. Y. Park, N. G. Kim,
K. H. Jeong, C. H. Park, H. S. Choi, “Quality change
of fermented soybean products by Aspergillus spp.
from soybean cultivar’, Food Engineering Progress,
Vol.23, No.4, pp.258-264, Oct. 2019.

DOI: https://doi.org/10.13050/foodengprog.2019.23.4.258

Ministry of Food and Drug Safety(MFDS), Standards
and specifications for food, Food General test
method, Ministry of Food and Drug Safety, Korea,
pp.22-23.

H. J. Kim, J. J. Lee, M. J. Cheigh, S. Y. Choi, “Amylase,
pretease, peroxidase and ascorbic acid oxidase
activity of Kimchi ingredients', Korean Journal of
Food Science and Technology, Vol.30, No.6,
pp.1333-1338, Dec. 1998.

M. S. Blois, “Antioxidant determinations by the use of

a stable free radical’, Nature, Vol.181, No.4617,
pp.1199-1200, 1958.
A. L Dawidowicz, M. Olszowy, “Antioxidant

properties of BHT estimated by ABTS assay in systems
differing in pH or metal ion or water concentration”,
European Food Research and Technology, Vol.232,
pp.837-842, 2011.

DOI: https://doi.org/10.1007/s00217-011-1451-7

M. Y. Kim, M. Kim, J. H. Hwang, S. Kim, Y. J. Jeong,
“Comparison of quality characteristics of Doenjang
reduced of sodium content”, Korean Journal of Food
Preservation, Vol.24, No.6, pp.771-777, Oct. 2017.
DOI: https://doi.org/10.11002/kifp.2017.24.6.771

S. Y. Lee, S. H. Baik, Y. J. Ahn, J. Song, J. H. Kim, et
al., “Quality characteristics of commercial Korean
types of fermented soybean sauces in China”, Korean
Journal of Food Science and Technology, Vol.45,




ks e

S]=8A] A24d A9Z, 2023

(28]

[29]

(30]

(311

(32]

(33]

(34]

(35]

(36]

No.6, pp.796-800, Oct. 2013.
DOI: http://dx.doi.org/10.9721/KJFST.2013.45.6.796

E. J. Jeong, H. S. Yoon, L. J. Kim, S. T. Hong, S. Y.
Kim, et al., “Quality characteristics of whole soybean
meju doenjang prepared with addition times and

starter contents’, Journal of the Korean Society of

Food Science and Nutrition, Vol.47, No.11,
pp.1159-1168, Nov. 2018.

DOI: https://doi.org/10.3746/ikfn.2018.47.11.1159

D. S. Shin, I. D. Choi, S. K. Lee, J. Y. Park, N. G. Kim,
et al., “Physicochemical characteristics of fermented
soybean products with Aspergillus Strain”, The
Korean Journal of Food And Nutrition, Vol.33, No.3,
pp.279-286, May. 2020.

DOLI: https://doi.org/10.9799/ksfan.2020.

S. K. Lee, J. G. Lim, Y. S. Lee, S. H. Ji, P. H. Kim, et
al., “Comparison of the quality characteristics and
microbial community of traditional doenjang across
fermentation places”, Korean Journal of Food
Preservation, Vol.29, No.7, pp.1059-1078, Oct. 2022.
DOI: https://doi.org/10.11002/kifp.2022.29.7.1059

M. H. Jeong, S. O. Bang, K. S. Kim, “Quality
characteristics and vitamin K 2 (MK-7) productivity of
Cheonggukjang fermented by Bacillus subtilis SRCM100757
with  different inoculum concentrations and
fermentation time”, Journal of the Fast Asian Society
of Dietary Life, Vol.27, No.3, pp.341-347, Jun. 2017.
DOI: http://dx.doi.org/10.17495/easdl.2017.6.27.3.341

D. S. Shin, C. H. Park, I. D. Choi, S. K. Lee, J. Y. Park,
et al, “Quality properties of soy-paste soybean
cultivar for fermented soybean products”, 7he Korean
Journal of Food And Nutrition, Vol32, No.2,
pp.114-121, Mar. 2019.

DOI: https://doi.org/10.9799/ksfan.2019.32.2.114

S. Y. Lee, J. H. Lee, G. H. Hong, Y. L. Lim, J. H. Kim,
et al., ‘Increased qualities and health functional
effects of ganjang fermented in onggi’, Korean
Journal of Food Preservation, Vol.29, No.3,
pp.407-417, Jun. 2022.

DOI: https://doi.org/10.11002/kifp.2022.29.3.407

H. I. Oh, S. M. Eom, ‘Changes in microflora and
enzyme activities of cheonggukjang prepared with
germinated soybeans during fermentation”, Korean
Journal of Food Science and Technology, Vol.40,
No.1, pp.56-62, Nov. 2008.

D. S. Shin, H. Y. Park, J. Y. Park, E. y. Sim, H. S. Kim,
et al., “Change of quality characteristics of Meju
during fermentation with multiple starters”, 7he
Korean Journal of Food And Nutrition, Vol.33, No.5,
pp.524-531, Oct. 2020.

DOI: https://doi.org/10.9799/ksfan.2020.33.5.524

C. E. Hwang, K. M. Cho, O. S. Joo, ‘Diversity of
Bacillus groups isolated from fermented soybean
foods (‘Doenjang’and ‘Kanjang’) and their fermentation
characteristics of ‘Cheonggukiang”, Korean Journal
of Food Preservation, Vol.27, No.7, pp.946-958, Oct.

230

1371

(38

391

[40]

[41]

[42]

[43]

[44]

[45]

[46]

2020.
DOL: https://doi.org/10.11002/kifp.2020.27.7.946

K. O. Jeong, K. S. Oh, K. H. Moon, D. G. Kim, S. Y.
Im, E. J. Lee, N. R. Kim, W. Kim, H. J. Kim, J. H. Lee,
“Antioxidant activity and physicochemical composition
of fermented Vigna angularis using Bacillus subtilis
KCCM 11965P", Korean Journal of Food Preservation,
Vol.24, No.7, pp.975-982, Nov. 2017.

DOI: https://doi.org/10.11002/kifp.2017.24.7.975

K. H. Lee, E. J. Kim, H. S. Choi, S. Y. Park, J. H. Kim,
et al, “Quality characteristics of popped
Doenjang prepared with Bacillus subtilis strains”,
Korean Journal of Food Preservation, Vol.22, No.4,
pp.545-552, Aug. 2015.

DOI: http://dx.doi.org/10.11002/kifp.2015.22.4.545

Y. K. Seon, J. S. Park, E. J. Yang, ‘Isolation of
microorganism with high protease activity from
Doenjang and production of Doenjang with isolated
strain”, Journal of the Korean Society of Food Science
and Nutrition, Vol.50, No.1, pp.79-87, Dec. 2021.
DOL: https://doi.org/10.3746/ikfn.2021.50.1.79

rice

J. H. Mah, Y. K. Park, Y. H. Jin, J. H. Lee, H. J.
Hwang, “Bacterial production and control of biogenic
amines in Asian fermented soybean foods”, Foods,
Vol.8, No.2, pp.85, Feb. 2019.

DOI: https://doi.org/10.3390/foods8020085

H. Joosten, M. Nunez, “Prevention of histamine
formation in cheese by bacteriocin-producing lactic
acid  bacteria’,  Applied and  Environmental
Microbiology, Vol.62, No.4, pp.1178-1181, Apr. 1996.
DOL: https://doi.org/10.1128/aem.62.4.1178-1181.1996

I. S. Um, K. S. Park, “Biogenic amine contents of
commercial salted and fermented sand lance
Ammodytes personatus sauces’, Korean Journal of
Fisheries and Aquatic Sciences, Vol.48, No.6,
pp.883-887, Dec. 2015.

DOI: http://dx.doi.org/10.5657/KFAS.2015.0883

N. Y. Gil, B. Y. Choi, S. Y. Park, Y. S. Cho, S.nY. Kim,
“Physicochemical properties of Doenjang using grain
type Meju fermented by Aspergillus oryzae and
protease™, Korean Journal of Food Preservation,
Vol.24, No.5, pp.697-706, Aug. 2017.

DOI: https://doi.org/10.11002/kifp.2017.24.5.697

C. E. Hwang, K. M. Cho, S. C. Kim, O. S. Joo, “Change
physicochemical  properties,  phytoestrogen
content, and antioxidant activity during lactic acid
fermentation of soy powder milk obtained from
colored small soybean”, Korean Journal of Food
Preservation, Vol.25, No.6, pp.696-705, Aug. 2018.
DOI: https://doi.org/10.11002/kifp.2018.25.6.696

in

S. Taddei, L. Bortolotto, “Unraveling the pivotal role
of bradykinin in ACE inhibitor activity’, American
Journal of Cardiovascular Drugs, Vol.16, No.,
pp.309-321, Jun. 2016.

DOL: https://doi.org/10.1007/s40256-016-0173-4

H. Wang, S. Zhang, Y. Sun, Y. Dai, “ACE-inhibitory



Bacillus velezensis 12 &30 o2 43 59 54 &4 4 H=&4 £4

[47]

(48]

[49]

(50]

(511

(52]

(53]

[54]

peptide isolated from fermented soybean meal as
functional food”, International Journal of Food
Engineering, Vol.9, No.1, pp.1-8, Jun. 2013.
DOI: https://doi.org/10.1515/iife-2012-0207

Y. Hu, C. Ge, W. Yuan, R. Zhu, W. Zhang, et al.,
“Characterization of fermented black soybean natto
inoculated with Baci/lus natto during fermentation”,
Journal of the Science of Food and Agriculture,
Vol.90, No.7, pp.1194-1202, Mar. 2010.

DOI: https://doi.org/10.1002/isfa.3947

S. Incir, I. M. Bolayirli, O. Inan, M. S. Aydin, 1. A.
Bilgin, et al., “The effects of genistein supplementation on
fructose induced insulin resistance, oxidative stress
and inflammation”, Life sciences, Vol.158, pp.57-62,
Jun. 2016.

DOI: https://doi.org/10.1016/.1fs.2016.06.014

S. M. Nachvak, S. Moradi, J. Anjom-Shoae, J. Rahmani,
M. Nasiri, et al., “Soy, soy isoflavones, and protein
intake in relation to mortality from all causes, cancers,
and cardiovascular diseases: a systematic review and
dose-response meta-analysis of prospective cohort
studies”, Journal of the Academy of Nutrition and
Dietetics, Vol.119, No.9, pp.1483-1500. Jul. 2019.
DOI: https://doi.org/10.1016/j.jand.2019.04.011

G. Siasos, D. Tousoulis, C. Vlachopoulos, C. Antoniades, E.
Stefanadi, et al, “Short-term treatment with
L-arginine prevents the smoking-induced impairment
of endothelial function and vascular elastic properties
in young individuals’, /International Journal of
Cardiology, Vol.126, No.3, pp.394-399, Jun. 2008.
DOI: https://doi.org/10.1016/j.ijcard.2007.04.057

R. Shahzad, A. Shehzad, S. Bilal, 1J. Lee, “Bacillus
amyloliquefaciens RWL-1 as a new potential strain for
augmenting biochemical and nutritional composition
of fermented soybean”, Molecules, Vol.25, No.10,
pp.2346, May. 2020.

DOL: https://doi.org/10.3390/molecules25102346

M. W. Ali, R. Shahzad, S. Bilal, B. Adhikari, I. D. Kim,
et al, “Comparison of antioxidants potential,
metabolites, and nutritional profiles of Korean
fermented soybean (Cheonggukjang) with Bacillus
subtilis KCTC 13241”, Journal of Food Science and
Technology, Vol.55, No.8, pp.2871-2880, Jun. 2018.

DOI: https://doi.org/10.1007/s13197-018-3202-2

H. Jeon, S. Lee, S. Kim, Y. Kim, “Quality characteristics of
modified doenjang and traditional doenjang”, Journal
of the Korean Society of Food Science and Nutrition,
Vol.45, No.7, pp.1001-1009, May. 2016.

DOLI: http://dx.doi.org/10.3746/ikfn.2016.45.7.1001

G. Zengin, K. 1. Sinan, M. F. Mahomoodally, S. Angeloni,
A. M. Mustafa, et al, “Chemical composition,
antioxidant and enzyme inhibitory properties of
different extracts obtained from spent coffee ground
and coffee silverskin”, Foods, Vol.9, No.6, pp.713,
2020.

DOI: https://doi.org/10.3390/foods9060713

231

71 x|
O

2(Jin-Sol Kim) [=slg]
+ 20179 29 A AP
sk} (o]5hAD

20199 29 : 2Adsta gy
s skt (o]sHA A
20199 4¥€ ~ &4 : 2Adgw
AAztsesl Fyatstat A7

TAEoR

Nege, BANE

& 2 F(Eun Ju Yang)

[Hall]
+ 20084 29 RAYE AEY
sttt (o]shakah

20109 99 ~ 20124 1¥ :
sty AEEE g AT
20129 29 ~ @A : (A)AGut

EY|

0| QAAAEY AEAIATAIE
A7NEEE

QLN

NEF, N59NE

0| 3 3KHyun-Hwa Lee) [H3]2]

19984 24 : 2Aistk

[se]
o
o
[38]
[
[¢]
e
BN
2
5
_E‘)_t‘
El
1o
iz
u)

20069 3¢¥ ~
Ay atsty was

FAER

qee, EAYE



