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Production of Bioactive Components and Anti-Oxidative Activity of Soybean
Grit Fermented with Bacillus subtilis HA according to Fermentation Time

Ji-Eun Kim and Sam-Pin Lee*

Department of Food Science and Technology, Keimyung University

Abstract Soybean grits, fortified with various bioactive components, were produced by solid-state fermentation using Bacillus
subtilis HA. o~Amylase activity gradually increased during fermentation over 5 days. Fibrinolytic and protease activities were
highest in the soybean grits fermented for 7 days. The grits fermented for 5 days also showed the highest tyrosine content,
indicating a higher peptide content. Peptides of low molecular weight (below 3,000 daltons) and browning pigments increased
with increasing fermentation time. The fermented soybean grits showed higher contents of total phenolic compounds, to
approximately 18 mg/g. DPPH free radical scavenging effects were higher in the soybean grits fermented for 3 days. Also,
ABTS radical scavenging effects were greater in the fermented grits compared to the unfermented grits. Overall, the soybean
grits fermented by solid-state fermentation for 5days showed enhanced production of bioactive compounds and greater

antioxidant properties.
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w3lolA) So B A77E Bol RusTho). A2 el
Wt eSS S FUSEL B AALA) BF 9
T W7l iR BAle] EHT ATk AAE T JUY B

2= L-ascorbic acid, a-tocopherol, carotenoids, flavonoids, maillard
HES-E, opu|it o] =, Tl A 3} phospholipids 5¢] &4
AUTH10).

SPAksl A EAA ) Aol tiE A APt SUVEIHA F
g 2E0] FAkstadel gt B2 A7t A= gl F
I F g AE EAlShs U] kst S 2= chlorogenic
acid, isochlorogenic acid, caffeic acid, isoflavone, Z|E}o]=9} o}
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o]lol] F HIAE o] &gt My WHE(13), T WA AEe W
Holl o3t FAE A4 E 5 Bet zpo](14) H soybean grit
& o] &3 W7t el ot uA HaAZl daE 544
#3 A77F FAHJATHIS). A Fqol o3 F g ES 3
B717%l whel FuAA, st 9 opekst Alegd S4o A
Al Wizt g o= AlEE

gho] o R FOoIRE ZuAELe A7t 7hsshH, o]
BT 5 o IR 98 28HA

CESE T I ERQ] soybean grites Y] EE YRS &
staz glom, JAp=71 7 Al weba FR Aol FhEM,
BAl E5E5/30] mig- FEate] 7Rl P FaAleltt

wetA FRT 7 FAdo] Hold soybean grits ©]-8-3sle] I
Zatel] og A HEE AV FAToEN BAEE okt
AYLHEA S Wrishe AL 71574 HEEC] 4sld T 2=
5 Aa7] 93 712 AFE AFR " Soybean grite]
717kl WE SR EZHE peptide] A AL, AL EA
TEFRs g B AT O 7 A soybean grite] g )7k
=4 A4 HA 3 9 sl e waEe 3
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YHE soybean grits= FU213F(Gimcheon, Gyeongbuk, Korea)2
2RE FYste] AR @ Lsls S0 AHSE fibrin,
fibrinogen, thrombin< Sigma Co.(St. Louis, Mo, USA)] #|&&
T3] AFEER L™, tyrosine T =4 olE  folin-phenol
reagent(Junsei Chemical Co., Tokyo, Japan)E AM8-3}%1t}. Peptide
E¥T ZAA standardZ AFE-3F neurotensinGEAFH: 1,672 dalton;
Glu-Leu-Tyr-Glu-Asn-Lys-Pro-Arg-Pro-Tyr-Ile-Leu-OH),
angiotensin(G- A& 1031.17 dalton; Asn-Arg-Val-Tyr-Val-His-Pro-Phe),
paba(EA}: 137.14 dalton; 4-aminobenzoic acidy= Sigma Co<2] A
=S FYsk] AFEEIITE HPLCE 53 peptide #2490 ARg-H
&= HPLCE S53AoFS ARS-3HiTt.

=T % AEHE H{YY FH=

A2 A5l FEst & S=uAEEEAE 78R B,
subtilis HA(KCCM 10775P) @55 AF&-31th. 2Bl w2
ERFET 5% S (wh)yE FAEE T 1210 1587
43 AA| wjx] 50 mLol MRS agar plateoll A 42°CollA 244 7F
B g A5 18] HES F Y71 (SI900R, Jeio Tech.
Co., Dagjeon, Korea)ollA] 42°CollA 19 &<t vlH(180 rppm)ste] 2~
ElE 2 ARS-31S

Soybean grite| TX| &§

Soybean grit 25 g& 250 mL Hlo]A] ¥ F A8 FA9 F
22 1.5 ddEE FRTE HUB] 572171 F autoclave
(MLS-3020, Sanyo Electric Co., Osaka, Japan)Z ©]&-3}o] 121°C

o

3
subtilis HA WS 1% FFo2 HF3 & 2F 9t
42°CoA A7 a2 F3EIiYh vk g WEE =o}
BATIEA 19 HHez BaES FHsle] sAAxS & B
skste] ARSI

WRES) i FFS AW SR G
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Electric Co., Tokyo, Japan)g ©]8-3te SA3on, &9
e s 4 A% FEE 1o /T 19mLe HUiste] 4
204 308-7F WHFSEAL 15,000 rpmell A 109 59 94 gt
T 4S5 NS spectrophotometer(Uvikon, Kontron Co., Milano, Italy)
2 350 nmel A =33k

Tyrosine & &3

g9 F peptide BFHEE =431 A8k folin phenol
Alekg ol g3t WEE9 & FEFIU Fof| EAISE tyrosine T
FS ST 7 AEE FRTE M FAsie] FES AR
ol 0.7mLe 044 M TCA(trichloroacetic acid) 0.7 mLS 37}l
37°CelA 3087+ WHEAIZD T, 15,000 pmell A 104 59t 4]
st AHES AASIAT 35E e ImLel 055M
Na,CO; 2.5mL%} phenol reagent 0.5mLE XElZ Wi &3sh
T 37°C F2FoA 307 RESAITE Ad2ollA W7l 9
HEgdlo] FFEE 660 nmollM S5k

ol

HPLCE S8t peptide XAt 2=

Soybean grit YEEEHE Hoj3l TAHAAZR £Z 2g2 FF/FT
2 104 347 F 15,000 pmell A 2027 AAEE T § A=
< AT 3l5E s v F3lof] #jFst= isopropanol
& A7kt AAEe e JAES A 5 sE A
AL 3t FH]
Centricon YM-3(Millipore Co., Billerica, MA, USA)
A% 3,000 dalton ©]3Fe] peptide EEES U ¥ HPLC
(Knauer Co., Berlin, Germany)E ©|-83}¢] & peptide2] A4 2
B Bye2 #lsith Columne biobasic SEC-120(Thermo
Co., Waltham, MA, USAYS AR&-31%10m, &ull= 0.1 M KH,PO,
PH 7)& AHE3l 9 1.0mLY S350 AIEE 20 uly
F9Jste] UV 254 nmollA] 2743191

JiEsles 84 &3

Soybean grit ©& & 5go| 0.02M phosphate buffer(pH 7.0)
95 mLE H7Ist H A2ox e & 4E2](15,000 rpm, 15 min)
st} FoAOZRE FAhNE A oy 2484S A3
Atk a-Amylased] 71EZ2= 1% 7H8-/3%8(0.02M phosphate
buffer, pH 7.0) 1 mLE AMS-3I3ATE vlg] A T4HES 1 mL
A7rsked 37°Coll A 3087 WESAIZl & 1M acetic acid 10 mLZ
18-S GAA712L 22 =8) 4-94(0.005% 1,+0.05% KI) 2mLS
H B E 660 mollA FFE=E S743te] blank O.D.%E
o] 10% ZaANAE AL 1unit2 3lo] AR 1go2 kA7)
BN g2l FAIES v AxRg §49S 100°C
oA 3087 #oJx EZAEAT AYS ARESIAT. Protease?]
== Ansond] WH(16)S W3t S4s14th 71E= 0.6%
9] casein £ 035mL3} &4 035mLE test-tubeol] WL &
Sz W (37°C, 10 min)AlZ] TS 044 M TCA €9
0.7 mLg Fo] ¥F&S AAAZ F 37°ColA 3087 ARIAIF T
o] WkgHS QAR (15000 rpm, 15min)g+ & oJd 1mLoll 0.55M
Na,CO, 2.5mL# 38 324 Folin reagent 0.5mLE ¥ 37°C
oA 3087F BFEAIZ) T 660 nmollA] FFEE Attt o]
WS-z Soll A 187k tyrosine 1pgS FEAI1E E4HS
1 unit= SFATH

o
HAgs) g A= fibrin plate= 0.5% fibrinogens 0.067



Bacillus subtilis HAZ &

M sodium phosphate buffer(pH 7.4)° £3|AAA F 10mLE
A48 5 A7 9eml petri dishol] 718} A= E}Oiu} Thrombin
(100 uniymL) 0.1 mLE 7Fs}al Al&sHAl s & A-200A] 30
= HAE fibind 2 YA AT BBl S e
BE 1g9 01M phosphate buffer(pH 7.5) 9mL’é‘ =oet &
15,000 rpmell A 154 St 94 Elste] 42 FedS o] 83
Si= Flbrm plate]] /})%—1—% 20 Ly A3 0}04 37°Col A 2417
HHSAIZL & fibrindle] 83l WXz g4 E4E& Faldith

rlr
T
z

ARE B 200 B3 60% FHE 44 200mL
3 BHY7IE o] &3t 25°ColA 120 pme] SEE

12A17H 33] FE3Th FEES A (Advantec 5A)E o]g

o &aksl =4S 9

AOACH| ¢J3te] FA3IATH17). =3
8 = Foted 2%(w/
v) Na,CO, €9 1mLE 7}5h] 3%@ Wx|gk F 50% Folin-
Ciocalteu /‘\]" 02mLE 7}t RESGAIA 750 nmollA] S84 =8
A3t 2L S/HTE gallic acid 0.1%(wiv)E A =gH
F 2B} 0, 20, 40, 60, 80, 100 pg/mL Lo] HEZ 27
0}57— ol dAH FHalo 9o 22 WHOE 750 nmollA &4
TE S4ste] ALt
DPPH(1,1-diphenyl-2-picrylhydrazyl) 2tz that 27842
Blois®] ®Holl wet S438I3ATH(18). AEE Zzke] &ulfol] o
SEEE SAE M 0.8 mL olekgol] =<1 0.15mM DPPH
L4 02mLE 7Iste] A-2oA] 308 WX T 517 nmellA &
F=E =3I Th ABTS Radical-Scavenging 84 =42 ABTS
+cation decolorization assay®Holl <Jste] dhitsl=AS &Fth
(19). 7mM ABTS(2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid))?} 2.45 mM potassium persulfates FFFE=Z E3slo] A
2Q1 raA 24A7F FF WA sl ABTS™S I &
732mmol A FF = Fhel 0.700.02)¢] = Al phosphate buffer
saline(PBS, pH 7.4)E 3|A43}51r}. 3|4 % -89 990 pLell sample
10 ulLE 7hste] AEs] 1 st X3 & FH=E g3

Rt

Soybean grit &S 7[ZH0 2|5t tyrosine &2 X peptide &AL

g 2

Soybean grit®] FEFFHFE 9.92%, YAA7]= 8514 mmo|H
bulk density= 0.65 g/em’Z F 9B t=2A A IAHES A
2Fe = glo] AAT FHo] 7HHstE o] IAEE (solid-state
fermentation)s 53 7154 UEE At A3k AAlolth(15).

Soybean grite] A ?;_'— 53 g Eo] FEeee dg |7k
ol Hshk= 79 glolem™ 60% Y== Jebsth TaES
Tjrah’l @é_‘%& Eigt o}UW WE7|7ke] bl wet waEe] 72+
A7 A&H o7 Holxle AEdS UERNItHTable 1). 204 &
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RRceld 57}@3}1 6}04 lfx} £22<1 melanoidin 2147} 3
ATH36). =3 TE 7|7k

HEE 57 519 %‘:“Hﬂ Z7¥he Aoz Jeith
utg 7|7kl wel Ao soybean grit R ES o] &3 & F
ZE9] tyrosine o] Wal= Fig 13 2t} @d 7|7kl w2
& FEE9 tyrosine e g 7|7k 3U7A F45HA 7
anom %E 597 2868 mg? oi Ao FFL Hel T IF

O

74l zF Fade Ay Aot HEEQ tyrosined ol
g A9l soybean grit? Th IOHH oA T ZHS HolWHA, X%

ol ot s oybean grit®] LEE= F VR s A4S

ZH 3k, S L& 7|7be] FrkeA wild TkiE Eol
7tk Zi*.g: & AR HE 7] AT HHEA HEE
9] tyrosine$t o] FAdHE ©] Ol:— g Bof| EAISl= tyrosineS
3 ofn| it FElo| =) S]] ot nlasLF] st g
5o 71908 AR AR HEa4aF Zwst] o AdE
2 BAE 24 Axe st gkt @48 JEpe o
girslE o] ortocopherol 2 the kot A7 FgAdo] kL

B 734TH20).

wEhA] F el o] TP ES YEWE tyrosinedEo]
LEAIZE 5o Ao e el AS 23T o TEA
7kl w2 soybean grit WEES] XA A7t AUS FRIT
T AN

Soybean grit WEES] AA} Jetol=r) v eSS
THE Aoz ARFHo FelojiE Fell 3,000 Da olske] A
A eI fractionS A o™, o]E9] HElo|= BAE X
£ HPLCE ol&3te] E4138I5th Ha 7|7ke] F7istel| wat &
whl o] sl o sk AEA Hefo|=9] FHapo] Frhgk A
o2 YelthFig 2). HEfel= TFEHE AE-S neurotensin
(MW 1.67kDa), angiotensin®MW 1.03 kDa), paba®MW 0.13 kDa) <]
retention timeS 717} 9.6%, 1135, 139892 UERIT) Soybean grit

E

3500
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1500
1000
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oL ‘ . .
0 1 3 5 7

Fermentation time (days)

Tyrosine content (mg%)

Fig. 1. Changes in tyrosine content of the soybean grit fermented
by B.subtilis HA according to the fermentation time.

Table 1. Total polyphenol content and browning pigment of the soybean grit fermented by B. subtilis HA according to fermentation time

Fermentation time (days)

0 1 3 5 7
EtOH extract 5.91+0.23 16.11+0.41 18.10+0.51 17.28+0.28 17.09+0.64
Water extract 5.71+0.19 14.98+0.63 14.28+0.46 14.87+0.22 14.61+0.11
0.D.(350 nm) 0.18 0.85 1.32 1.54 1.75
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g2

— O0day — 1day 3day — S5day — 7day

— Oday T 1day ~ 3day ~  S5day

Fig. 2. HPLC chromatography patterns of low molecular weight peptides prepared from fermented soybean grits.

HgEe Fd Heols Y2 oHen £F e =9
retention time Afe]oA] Hojzl EEL FIH O, o] FollA retention
timeo] 11.8%¢1 sg2 ¥E &L &g 7]7ko] Loy ulg} =
7t F7Fhs AES et BB o] gdle] FAS 3
AJBIA AL ofu YA} W] 7k y=-33743x +486.01(R*=0.9991)
2 Uehgdor oo giu]gl sg2 #EE BRI 87843 Da
2 UEITE sg2 W E tid opr=A AE B T F

7} A3e] Fasteet AlgET)

o S Hs)
7 g3 aae B P Wlets FA(fibrin) &
2 el s H%:% ZH= GAEH HHho] 2R Ho] wAE= 1

Qe HEF, 943, AT 5
37t Yo ¢ Eﬂﬂ gaoltk2l). 84 &3] T4 serine
protease® E-FE M, ol UIF TR EQ] wgr|7to] F7t=HA
AR g it Skl DS Aol vk ALERETH22).
Soybean grit ©ra &2 wg 7|7tel] wWE PA L giho A
< IE 77| FUhslEA, HEIALE Th Ao FUtshe
ZoZ veisth wa 27l &4 E40] gy ' 19
A 19.87 unit/ge] AL HJom whg 5AX 30 unitlg ©]/d<)]

4L Bglon o]% k] Frlsle AdS U AtHFig.
3. T HEEe Fd &3 Shv dNHoR x| FF

5!
o st Aol wmolw), 3 duel Yl we oroe) Hol2

&30 el ool

£ 4 It} Soybean grits ©|-8-8F] LZH Bacillus firmus NA-
1__% SRR BEEe] & FEu0] AF 294 &8 vt 4
A7 7R FhsierE & 717ke] F7tEHA L“]'Ol'ﬂ] ast
© AFE EAv RSk rh23). A=A wElE o
Bacillus sp& ©]-8% JZxd TEA dojxl F AFEZHE
Aozl AL EhE Aol 9/\‘21‘:]'(13) ol tiFe A
& A AMgsle o] TR wEbA FdEs] i A

Fibrinolytic activity (Unit/g)
s a 8 &% 8 &

(3]
T

o

1 3 5 7

Fermentation time (days)

Fig. 3. Changes in fibrinolytic activity of the soybean grit
fermented by B. subtilis HA according to the fermentation time.

2k gl Atel7k ke ARdES Bol F4 9tk weEbA soybean
grits o] &3l yZHF ul_g_oﬂ/q g 7]z7io] dxLalaie] 4
of &2 PAH, LR7IZo] 5Y AEeM =2 Fdgefan
$4e Zhe WEES AL 5 0T AR

JlrEollgAgts Hst

Soybean grit?] 717Hd gl w2 iR Ak B4 Wl
N ! @E}l‘— Fig. 49} 7't}. Protease &4 EAJe] 7% &
B el 24 o] UEhA oy 2w 7zke] 37
FE 2k %“301 F7tete AE BATh o= In 5(24)°]
Bacillus sp. b01 45 ©]-83 =gl A <] protease T4 4
< T 9Y7HA] ewkst 07]"—‘ HAthe B8}, Choi 5(25)°1
Bacillus subtilis 455 ©]&38t F=74 w5 A= A] protease &
2gdo] Wy 7U7HA uﬁfsl F7H HQl ¥ 149 F7Y &
3] Aegitta Bk A vnd o) fARE 495 Vel



Bacillus subtilis HAZ &

600 1 16

== Protease
500 - —@=o-amylase

400
300
200

bl

100
0 1 3 5 7

Proteolytic activity (Unit/g)
a-amylase activity (Unit/g)

Fermentation time (days)

Fig. 4. Changes in proteolytic activity and a-amylase activity of
the soybean grit fermented by B. subtilis HA according to the
fermentation time.

a-Amylase &4 B4 JA] dtg 7]7 bl whe} g3} a4 o)
S7kete] g s FHule] S48 BAeH 1 o]F ZAEIA
t}. Bacillus 9-F5 o83 F=7 Whg "] oramylase®] o] dt

ZHAsitie By 4y leH,

B Y7 S7HE Helth 2 o] %
& FE2E5S AU H=dolA] aramylase 24 E4do] W 7
7] S7Fe Beltit A gtk Bt ISITh2s). ©]
soybean grit®] & WE Aol WE 7|71e] AojH4E g-amylase
A BAo] Yol AE dAshs dIAE B
E]—E]-H soybean grits ©o|-&3dlo] TR HEES AT w
]7% 59 A= FYske Zlo] diF Helol= I, A &
‘H 2, protease B4 &4 B gramylase B4 G40l Hoist
e ngi AR E T 28y soybean grit HEES] A2 Al

fr e

g 7)7ko] 39 ol AEe g AdEE I SR
aFS HlgLA Zwste] o7 o7& AL IR EY] FE&
AsAI7I= adle] = gt
& EoH=gE &3

AEA AF Fol FHrEl e B2 Al =E F ds
siRHES 7P Bol $HrEe] e, wgh JT—% sl S48
7= AeZ g#A Ut} Soybean grit dEESY F Fe|Hs
Staro.

SHFS- Table 19 YERSITH

Soybean grit W& =S 74 FEEC| & FEEET TE

B Fgol Mo R A Yelhth B FEECAME TE =
] ]

SR 57}5 1498 mg/gE L}E}kﬂp—“ﬂ -rxé FE2EE U3 2]
591 mg/gellA Wa7]zbe] 19 ZAF3HA 16.11 mg/go & ZF7hs)
Row B 394 18.10mgglE 7P 58 FFS /X E A
o7 Yehytt ol ZejulE dstEo] 98 dxE] ¥ wgo
o8t ¥ %37 W3l 59| o]fE gAl FEE o] o] Fopxl
Zolgt AlRHM, ol o BgA ZeluE dgtEe] uEA

slotE e e f7 Zods EE EAEHUS 2
o2 ALFETH26).

WE 717 797 & EElE g9 S slel A o
A3 3hE UERSH soybean grite] & F= 7Fed AdlY] &
ZvE F§92 45mgeeld 4 FE2 18.10mg/eelgt
EbTh Lee 5(1)S 3 &S 25 747}f‘a A= Az Al &
HE o] 671.65 mg% st Jrial Hasion was)
S ksl &Aoo =2 #2] phenolic acid $HEe] 7183
3 RIS

O

gk soybean grit®] ALALE 7]kl mhE e = AL B kst A 183

100 -
O EtOH extract

mwater extract

60

40

20 -

DPPH radical scavenging effect (%)

0 1 3 5 7
Fermentation time (days)

Fig. 5. DPPH radical scavenging effects of the soybean grit

fermented by B.subtilis HA according to fermentation time.
Sample concentration is 100 mg/mL.

100

O EtOH extract

mwater extract
80

60 -

40

20

ABTS radical scavenging effect (%)

0 1 3 5 7

Fermentation time (days)

Fig. 6. ABTS radical scavenging effects of the soybean grit
fermented by B.subtilis HA according to fermentation time.
Sample concentration is 10 mg/mL.

=g YIS sht o)
3t e FFE(ringyet WE 71 H]%*é %ﬁ} 2 A TE
o & HISA71E 7L e Aotk AFel FHrE e
Z | olo} 2 22} 724 54& SYske tix
Al st =dolrh. 74 Folss FAske thaEA<l ‘ﬂo“?é?l
DPPH+= free radicalollA] 5-f-¢ A8 JeRATH

2ol 2Jal) Zdz7E Aol Ho Wzt Zo] =d ETr° Ao /‘}E]r

o] Re1E olgBle] FATAL ke BAY| 4 T
H,

AA A

& AR FAsE FHs PSS SA sk W olth2Y).
DPPH 2ttt &AGHE ©]&3 AR iistds A4

A3E Fig. 50 L}E}LH‘R* AR 2AZELE AE 100 mg/mL

o] Lo F4 FEEo l E FEERTD 22 24 848 7t
1” AoR L‘rE} on ole

]
azﬂ 90%7} He %“é% Holir o]
FEEE %ﬁ A 7ro] Aeae
A 60%7t | E*é% ioll °l
1:11—_*9: EH‘: /\1%‘4



184 =2
oA BAH(50.54%) > MIF(18.61%) > F=+(17.08%) O = 2A
So] YeRstial ®asisi

g 7|7k St W dbslee] S a3 S
A= E ARIEE 9s Fgolgte BivE JoH(29),
isoflavones®] thAHEZ 2 peptide?} 8] olr]iitse] 3ES
o] &= AlRETh

ABTS ZiC|E a7 s

ABTS®} potassium persulfateS Aol W-X|3le] ABTS©] Aj
A= A5 kst ]3] ABTS'| ’\ﬂﬂoi radical S
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