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Abstract

Health of human intestine has deteriorated due to excessive stress and westem diet. In this study, Vigna angularis
was fermented by Bacillus subtilis KCCM11965P in order to develop prebiotic resource for improving bowel movement.
The contents of ash and crude protein were 3.35+0.04% and 21.1+0.19% respectively. Vigna angularis extract
(1, 3, 5%) were incubated with 3% (v/v) Bacillus subtilis KCCM 11965P for 0, 24, 48, and 72 h. Total bacterial
numbers showed that the combination of 3% powdered seeds and 72 h incubation time was optimum condition
for this experiment. Total polyphenol content increased from 0.18+0.010 mg/mL in pre-incubation to 0.23+0.007
mg/mL in post-incubation with the condition mentioned above. DPPH radical scavenging activity also increased
from 36.1+6.0% to 63.6+5.2%. Analysis of protease activity showed 2.69+0.003 unit/mL in combination of 5%
powdered seeds and 72 h incubation time. Amylase activity increased from 1.0+0.1 unit/mL in pre-incubation to
26.0+0.2 unit/mL in post-incubation. The analysis of free amino acids after incubation with Bacillus subtilis KCCM
11965P showed that leucine increased from 5.22 mg/L to 67.59 mg/L and tyrosine, one of non-essential amino
acid also increased 10.08 mg/L to 259.35 mg/L by incubation with 5% powdered seeds. Most of organic acid
were reduced by incubation for 72 h. These results suggest that Vigna angularis could be utilized most as a prebiotic

resources.
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acidophilus, Saccharomyces cerevisiae 5°| )TH12-14).
Bacillus 42 15 a-amylase, protease S FH| 3} 22 ©]
T 8429 A o] &5V = Bl o] & o] &3l WEAIZ]
213E0] grtsted sol S7etk(12).

F2B (A5, Vigna angularis)S 7|5 F3he] gha) Ak
o] A&, gk, T, i 5] FHOPolA T2 )
HH, gUlollA] T/ & F vl 58U B2 AEEH
o= BlER, Z

GFHOZ W) FEH(1S,16). FE
7 2%, 9, Boldl 52 Fhsta 9ol 2719 2 9123
2ol 97 glom, obliito] FRate] Bl YA
E9hFR UokE oAt 24 S §9F 715S 252
glol JYRFE A FAZ Bol o] § 3 Arh16-17).
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o]z g el E3P7L Qe Alom delA itk FHegol

e I A3 sl e AgaA) slo]
2 2780 4& 24 AT,

2 dAFoAM s AFE dFd o%
subtilis KCCM 11965PE ©]-g-3}o]
angularis)ye RS F LFA| bl w}
24, protease T4~ 4], a-amylase &

)
=

A= Bacillus
22 (AT, Vigna
TR}, gatst
4, Frefobr =
A 714t T BAste] & Al felgt Zrutol e
2~ (probiotics) & EAAA F U= ZHlo|eE
(prebiotics) 221 S 7HTek7] 917k 712AF= HAA6HA
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iy, 2o d e A e AT HFIXE o] 43 Kjeldahl,
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Bacillus subtilis KCCM 11965P & U 74

Lo AR e AR LR EGR
NN Bacillus subtilis KCCM 11965PS H-oFitol L
broth(Difco Co., New Jersey, MD, USA)E Hl|X] 2 A}-8-3}<]
30°C 9] R ok7] oA 200 rpm, 18417t 2 Bbu] ok &
Ao ALgEth Hoge] dEgE 5B 95 1%, 3%,
5%5 247t Az F olGE Bacillus subtilis KCCM
11965P 3% (viv)oll A&tk &as 397H307T, 200
pm) PP o 0, 24, 48, 72A|7teitt A B E A H 5t
At & FrE 74 AR 1 mLol Bt AN deE
o] &3to] 107 AW o R 109AZ 3 A3 & 3| NS
LB plate count agar= HJ%H30C, 12A17hH3 & AlG-stAth
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5 kS Folin-Ciocalteu W (19)< ©]-&-3}o]
Aok FH2E LEY 100 pLol 95% gk 100 L,
500 pL.¢} 50% Folin-Ciocalteu phenolic reagent 50
L& 93, A 53 Bt A7 F 5% Na,CO;s
100 1ILE H7FeF tha WS AP e = 2ol 4] 14131
HE-S-A171 & microplate reader system(Infinite M200pro,
Tecan Co., ZH, Austria)& AF8-3l] 725 nmollq §3F =5
=339t 2542 gallic acid(Sigma Chemical Co.,
St. Louis, MO, USA)E ©]&3fo] EF341(y=0.0024x
+0.0323, R?>=0.9981)°. 2 2 E] 3Fekg Falaich

DPPH 2fCig &7 &4
2,2-diphenyl-1-picryl-hydrazyl(DPPH) 2}t]Zt A7 &4
< Blois(20)2] & Wyt SA8IATh EE Y 100
pLell 0.4 mM DPPH €< 100 uLE 713t v WS 2jctet
AEE A-2-00| 4 30483t WX T microplate reader system-2
AHESH] 525 nmell A S EE Stk Ad ey iz
7o FHEE ot ofef o} o] WMEE(%)ZE EAISIS

o
. Ao THL
DPPH 24012 27 ()=(1- oy e )¥100

Protease &2 #4 &3

Protease 44272 Kim(21)9] Wi S Hdslo] =
a3t} 1.25 mLe] 0.65% (w/v) casein buffer(casein 6.5
g/mL, 50 mM potassium phosphate buffer, pH 7.5)& 37Cell
A5 23 AR g 05 mLE A7kske] 37°Cel|A
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108-2F ¥H-3-A1Z T} 110 mM9] trichloroacetic acid 2.5 mL

7¥ste] HEe-S AR F, 37Tl 308 Tk WX
HHAE-E 045 um syringe filter2 o 2}5}$3 T} o] 9} 2
Hoz 713 2 TCAE A ¥ A& 0.5 mLe H7et
A& blank = AHE-SFSATE o] 2kl 2 mLell 500 mM sodium
carbonate solution 5 mL ¢} 0.5 M Folin & Ciocalteu’s phenol
reagent 1 mLE 33 & 37T 4] 3023t §EEAIZ &
UV-spectrophotometer(Specord 200 Plus, Analytikjena Co.,
Konrad, Germany)E ©]-8-st>] §3%3% 660 nmol|A] 57 5}
At EFEA L Ltyrosines TAIA 2 3|X5le] 5Y
o R B & Jde FFEFME o] 838k em, 1 unit

12 E2t tyrosine 1 pgs FejA7]E &S 3Hateld]
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a-Amylase 2 4 &3

a-Amylase®] &84 Z% S Bernfeld(22)2] WHS W
sl =433t} 250 w9 1.0% (w/v) Soluble starch
solution(20 mM sodium phosphate buffer®ll 6.7 mM sodium
chloride, pH 6.9, 37°C)ell =& 9 500 uLE 3 7}ske] 37°Ce]
A} 30%-7F WES-A]1Z1 % 96 mM dinitrosalicylic acid(DNS)
solution 0.5 UL-E F7ksko] 100TCll A 58 <t Bhe-A]A
4°CoA A 387k WFX] 3+ F UV-spectrophotometer 2 53 =
540 nmol| A S35t o] 9k 22 W o= 7|4 3 DNS
£ A § 2EH 500 L& H7Het 2 blank = AH8-81S1
o} FFEFAL 02% (wiv) maltoseS ©]-83 2 ek o,
8484 T (unit definition)= $19] 27 (37TC, pH 6.9)°1| A4
starchZFF & S AAAEE 1.0 pgel maltose 2
1 unit % <]3}3d
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Fg]oln| Ak Ohara 5(23)2] Wl whe} E43519)
o} 60 mesh@ wlaf 3t A]& 5 g5 50 mL 383k 30C
water bathol|A] 303-7F &g 3 800 xgoll A 3047t YAl
2]t o 735 10 mLol| sulfosallicylic acid 25 mgS 7}
Stod 4°CellA 4x]3E 1t A G F 20,400 xgoll A 308&3E
AR 81 th ASAE 022 im membrane filter2 o] 2}
gk ool frEjopn| eAkg A ST 412 amino acid
analyzer(Sykam 433, Sykam Co., Eresing, GB, Germany)%=
4319 2™, columne Cation Separation Colomn
(LCAK60/Na 4.6x150 mm), buffer solution<> pH 3.3, pH
4.2, pH 5.3, pH 10.1 sodium citrate, reagent flow rate 0.25
mL/min, buffer flow rate 0.45 mL/min, column temperature
50-80°C, injection volume 100 (LZ fr&]o}n|=AkS- E-25}
of 9 FFHORE ALbsisith

ks
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7 A2 Palmer 5(24)°] el w2l FA skl

kg oS- 0.45 pm membrane filter2 o 23 o4& HPLC
£ o]&-3le] B43}%1t). HPLC(Nanospace SI-2, Shiseido
Co., Tokyo, Japan), detector(340C ELSD, Thermo Fisher
Scientific Co., California, SU, USA), Rspak KC-811 column
(300 mm Lx8 mm, Showa Denko Co., Tokyo, Japan)E A}-&
stgomn, B ZAL column temperature 40°C, mobile
phase 70% acetonitrile isocartic, flow rate 1.0 mL/min,
detection wavelength 220 nm, pressure 40 psi, injection
volume 20 LE EA13}3t)

212 SPSS E7| 2 Z13Y(Statistical Package for
Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)=
|83t 7t Ao e EFHARE AAEsta M@
2}o] 5= one-way ANOVA (analysis of variation) =
233} T Duncan’s multiple range testE ©]-83}%] p<0.05
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= I3 =352 B g A <8t
=], 2% A3= Table 13 2tk
4.4+0.14% % Ao, &2 335:0.04%,
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Atk Kim 5(25)2] ATolA  SElF(Hukiae)
T 11.5%2 EAERN e, 3F 536%, =W
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Table 1. Proximate composition of Vigna angularis
(%)

Proximate composition Content
Moisture 14.420.14"

Ash 3.35+0.04

Crude protein 21.1+0.19
Crude lipid 0.35+0.02

DAIl values are expressed as meantSD of triplicate determinations.
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KCCM 11965P 3% (v/v)oll HE3ko] 24, 48, 7247t vl 3k

S =F5E 107 S o2 A58 tHTable 2). B2
HE 3% A7V 3 2477F w3 ol A= 0.04+1.1x10
CFUmLC. 2 ZA = o, 48A12F widst oAM=
7.0+1.0x10" CFU/mL, 72A17F vl F3E Foll & 12.7+1.6
x10” CFU/mL S & 24A| 7t vl oktol] vlal 3108 523131
o} Ho2 95 5% A7Fet & 24A17F v okt o=
0.04+1.1x10" CFU/mLC. & =3 =]¢] 0w, 4847t wlj kst
TolA 1.1£0.7x107 CFU/mL, 72A13F vjekel Fola&=
11.6£0.2x10" CFU/mLC.Z 24A|7F vjj k<ol H]8)] 2904]
Z25t) HeE A= 3% A7V A Bacillus subtilis
KCCM 11965PZ2]0] 7F4 $Fslgion, HoE A& 5%
| 7}7‘01]/\14_ Bacillus subtilis KCCM 11965P7} 2135}
Ou F&2 dE 3% AU EY S o] WA UERT
Hog 95 1% HA7VEOAM % Bacillus subtilis KCCM
11965P7}F 5218t o, 3%, 5% H7HrEt= S2lo] 4
AsHA Gl 22 A5 1% Hrlste TR A 3skA|
%e Zoz At H22 &S 3% HUleke Aol
Bacillus subtilis KCCM 11965P2] 2] 713 Agksl 55

2 Addn Lee 5(26)2] AolA EFul|g]e] whg o
w2 Ak A5l tigh slgA P s S35 A7)
I FAIZE 12X 2771A] fraktol S 8F3 oL 96A] 1 o] F4-
He S240] gttty B usts] om, Park 5(27)9 Hi
e} frahdE el Aelgd/d H7F AtellA HA e ARk
72A17to] wlEA sttt Hoaste] B AL A 39} fALe
738 JEMA. &2 9ES Bacillus subtilis KCCM
11965PE o] -&-3te] &3l we} d57} S7ishe 2=
Hoga A A el Fog ndES 2438t
A F e ZEhle] e H AR o] &E F 9lg FoR
gete

e

Table 2. Proliferation of Vigna angularis following Bacillus
subtilis KCCM 11965P fermentation

(CFU/mL)
Extract (%) Fermentation period (h)
24 48 7
1 0.910.4x10™ 1.120.1x107 1.240.4x10"
3 0.04£1.1x107 7.0£1.0x10° 12.7£1.6x10"
5 0.040.1x107 1.120.7x107 11.6£0.2x10"

YAIl values are expressed as meantSD of triplicate determinations.

e 7=/ 8452 phenolic hydroxyl”] &
2k5 Qlo] w5 A EAE A Aot @atsl
o, BT, FLu RV T TS A2 el

At} BB AE 1%, 3%, 5% Bacillus
subtilis KCCM 11965P 3% (vjv)oll HZ38to] 0, 24, 48, 724

ket = F EeuE dEE S5k en, 25EA
< gallic acid& AH8-35to] TEFH o2 &S 13}
(Table 3). 2% 9E&E 3% H7MToA 0/\]{ u
(0.18+0.010 mg/mL)E.t} 24A| 7 v F3F ol M= &
#H = 32Fo] 0.19£0.015 mg/mLO = Z7}, 4847t HH
T 0.20£0.019 mg/mL, 72A| 3t v eFet 7+ 0.23+0.007 mg/mL
o= ZF7kelATh 5% H7F oAl 0AIZE Ml oF(0.18+
0.010 mg/mL)¥} H]w gk A2} vl A 7F 24417H0.19+0.015
mg/mL), 484]171(0.19+0.012 mg/mL)°l& ¥ ]9 ghaF
o] Z7}alA] kot 72417 vl 3 Tl A & 0.24+0.009
mg/mLL. 2 =7Vt Bacillus subtilis KCCM 11965P<

0|83t F2ge| YE = v Tto] STl wet F £
¥ T 7RI ST 1% H7F wleket TollA =
BRI = F Feuls Tigol T7FHA] &8kout 724]
ZH kel e <F 22% 5 7H0.11£0.008 mg/mL)3}FS] T
ol T oste] nAYEo| 24} gAY & Bl A=
Jejo] Bd 2 ASE Aoz dAdEn) 7]Ee] AFoA
= A= % s e Fie] Skt
5(12)] AFHuAME HFE
Bacillus subtilis37C, 24 h= L EaH Zg)us geko]
oF 52% S7ste AF+A el AR5k A 7o) 9
BRE o] &3t LRt FetE o= §]r5L o] A gty]
o] gtstegdo] Stk AT ARdE dA5kth
(29). Bacillus subtilis KCCM 11965PZ ©| &3} Hoz utg
B F oo s S7RI7IRRE A YellA] dilst
DS 2t AFRAE NS S Aoz dddnt
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Table 3. Total polyphenol contents of Bacillus subtilis KCCM
11965P fermentation of Vigna angularis

(mg/mL)
Exirat (%) Fermentation period (h)
0 24 48 )
1 0.09+0005™  0.09£0.003*  0.10£0.006°  0.11£0.008"
3 0.18:0010"  0.19:0015°  020:0019"  0.230.007°
5 01930005  0.19:0015"  0.19:0012°  0.2420.009°

DAIl values are expressed as meantSD of triplicate determinations.
The means followed by same letter in the same column are not significantly different
according to ANOVA and Tukey’s multiple comparison tests (p<0.05).

DPPH =jc{zt
1,1-Diphenyl-2-picrylhydrazyl(DPPH) #t]Z-2 3}3}24
o2 iy e oA R vk A A dAE F
o 310] o] glojx] S3lo] IHAstHAM = AlE)4]
o] =& P& 7L glo] & %«] 7]l“"“ 37} T vhdet
okl A o] &HI Uk HweF 9' 1%, 3%, 5%
Bacillus subtilis KCCM 11965P 3% (viv)oll d&3}e] 0, 24,
48, 2A|3t v &Fet $ DPPH 2ttt A S S48t
(Table 4). #H->22 L& | wet DPPH |2 2424

A gy
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T 718 e 98 3% HUEe § 72417 wj okt
ol A 0A]7F Bl FH(36.146.0%) BT 63.6+52% 2 )8}
Ao, 48A17F HlSF 60.5+4.9% =7}, 24x17F W
543+1.8% =7}stAth 1% H7}F OA1ZF vl &F2(41.7+5.0%)
BT} 72417 vl ek ol A 70.7+34% % SV}, 4847 vl ok
68.7+1.6% <7}, 24417t vl 65.843.4% S7Fote] WEA
Zro] Z7}stel whel DPPH o]z 2AGA = Skt
SRR 5% A7l = wha st wlel DPPH o)z 47
A= 7R o A7 244] 7 o] 3ol A= DPPH
Pz 2AGA o] FHaskE Ao 2 Uelutth Racillus
subtilis KCCM 11965P= #-22-< Wg sl 433t #5
2 dddn. 7|E AFAZoA FHAE Bacillus
subtiliss ©]-838te] AFARN o E LEAIA S u HE
713t F71ell wel DPPH 2]z &A% & FAkst E4do]
Z7FetaL(30), TS Hasha FAaksl SR F
Zu| = Fitst ddo] St AFA et 4
S TtH12). Bacillus subtilis KCCM 11965P ©] 83+ &%
UEES DPPH Sz &7 245 S7MI71ER QA2
kst S-S SV 7 e ZEute] 28 2~ A
e 4 & Aem dAdHnh

4 o,
fu 1o @ o

[

Table 4. DPPH radical scavenging activity of Vigna angularis
fermented by Bacillus subtilis KCCM 11965P

(%)

Fermentation period (h)

Extract (%)
0 2% 48 n
1 417450"9  65.8+34° 68.7+1.6° 70.7+3.4°
3 36.146.0° 543+1.8° 60.5+4.9° 63.6+5.2°
5 24443 8° 484+2.0° 40,1457 36.0+4.0°

DAIl values are expressed as mean+SD of triplicate determinations.
The means followed by same letter in the same column are not significantly different
according to ANOVA and Tukey’s multiple comparison tests (p<0.05).

Protease &4

Protease= T} & 350 3} protease &/ ©]
A A= 2E, Al Soll thdsiA o851 Uk H
2 AE 1%, 3%, 5%} Bacillus subtilis KCCM 11965P 3%
el AE3k 0, 24, 48, 7241 7F W FeE T protease TS
=43t tH(Table 5). 22 Y& 5% M1 3 2447
Hj okl ol A} 1.29+0.002 unit/mL O 2 =7 ¥ 9] 01, 484
Zb v ekto| A 2.34+0.004 unitfmL o2 Z7}Fal a1, 72417k
Hj ok ol A 2.69+0.003 unit/mL o2 7}t o] &
Bacillus subtilis KCCM 11965P & ol 2]3}o] protease”}
<71t Aoz Akt AT 522 9E 1%, 3% H7t
ol A = protease”} F = A 2SkTE Mann 5(31)] A+
Kol o6l Bacillus subtilis?- & 31 protease 24 ©]
A 713HEtol = E/do] STttt 64 o] & mAE 9

7o) HashiA AR FHAadtta Hasigitt Ik
© 2 protease’} E/d3slEW A=Y Tl H3)
Tre gt AR S frelsta frefo et 3
B 9% T aRlo2A A5 A4S Yehlle
& AE7F Ao HaEAT32). ol9} %
protease s S A JU FE&MAE S =9

=
e AN F e AFAANE LT F s AL

Table 5. Protease activity of Vigna angularis fermented by Bacillus
subtilis KCCM 11965P

(unitfmL)
Samples (%) Fermentation period (h)
0 2% 48 )
1 NDY ND ND ND
3 ND ND ND ND
5 ND 1.29:0.0022%  2.3410.004°  2.69£0.003°
UND, not detected.

DAIl values are expressed as meantSD of triplicate determinations.
IThe means followed by same letter in the same column are not significantly different
according to ANOVA and Tukey’s multiple comparison tests (p<0.05).

a-Amylase 2 4

522 95 1%, 3%, 5%} Bacillus subtilis KCCM
11965P 3% (vjv)oll HE3}o] 0, 24, 48, 7241 7F vl okt =
a-amylase /32 =7 311 TH(Table 6). &2>2-S Bacillus
subtilis KCCM 11965P% & sl W g Al 7to] 7}t
w2} g-amylase E40] SV, #22 UE HUHEE
S7Veol| wet a-amylase %= S718F9 T a-Amylase
o] 7V =A S7F AT FH28 9E 5% AUt
% 7243 wj ekl ol A 0AIZE wl F(1.0+0.1 unit/mL)
HT} 26,0402 uniymLZ 271810, 48417k H o
25.740.3 unit/mL, 24A] 3t ¥l Y 15.041.6 uniymL= 57}
St 3% H7F 72417 vl ke ol A= 0AI7E Bl
(1.3£0.2 unitymL) 2T} 26.7+2.0 unitymLE =7}, 48A] 71 Hl}
Tt 25.340.6 unit/mL, 24A]7F ¥l LTt 15.340.6 unit/mL 2
71T 1% A 7F 7213 skt ol A 0417 vl
(6.0£1.3 unitymL) 2.t} 10.7£0.3 unit/mL =7}, 48A] 7t vl %
T 10.0+0.3 unit/mL, 24417+ ¥l %¥ 110.0+0.3 unit/mL O &
o2 AR T aamylase E4d0] 71 A S718FI T
olelgt A= Bacillus subtilis KCCM 11965P7}F Z2] o)
w2} amylase &40 716l Aoz AdEtt Mann &
(312 AFlX Bacillus subtilis CBD2 ©]-&-3+ =7 kg o]
A Aol F71Eell Wt amylase S % S7FeH=
ATA e} DXt} Racillus subtilis KCCM 11965P &
H a9k HoB-E qamylase 443} A]A Q1A WollA] B
kg A3lE ol FA st A 1ol Fd HELAR
Me 4= Q& Aoz ddtdc)
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Table 6. Amylase activity of Vigna angularis fermented by
Bacillus subtilis KCCM 11965P

(unit/mL)
Extract (%) Fermentation period (h)
0 % 48 7
1 6.0£13% 100:03°  100£03°  10.7:03°
3 13:02° 15306° 25306 267:2.0°
5 1.0£0.1* 1504160 257403 260402

DAIl values are expressed as meantSD of triplicate determinations.
The means followed by same letter in the same column are not significantly different
according to ANOVA and Tukey’s multiple comparison tests (p<0.05).
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Table 7. Content of free amino acid by Bacillus subtilis KCCM
11965P fermentation of Vigna angularis

(mg/L)
o 1% 3% 5%
Free amino acid "
FBE' FAFP FBE FAF FBE FAF
Valine ND? 135 ND 277 ND 329
Leucine 033 32 26 1097 52 6159

Methionine 710 1294 2029 2965 2913 4428
Phenylalanine 421 0.00 2.34 837 1095 2357

Alanine 1.07 ND 431 1077 6.08 2.84
Tyrosine 2.00 4.19 400 5767 1008 25935
Arginine 1460  ND 2006 ND 3934 242
Cysteine 6.77 2347 611 15284 836 40378

FBE, fermentation before.
JFAF, fermentation after.
IND, not detected.
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003 mg/LE ZHAE L, 3% H7ktol A 0AZF vkt 1.48
mg/Lol A 026 mg/LE 74, 5% H7kEol A 0A17F vl
2.50 mg/Lol| A 0.17 mg/LZ A% At} Malic acidS 1%
7kl A 0AIZE vl 0.62 mg/Lol A 0.12 mglLE A
H93L, 3% H7Hroll A 1.48 mg/Loll A 043 mg/l, 5% 37}
o4 327 mg/LelA 1.10 mg/L=E HAH AT} Bacillus
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subtilis KCCM 11965PE o] -§-5to] 72A|7F Ha sl o f-&
o] f71ARe faste Aoz YETh o= Bacillus
subtilis KCCM 11965P2] o) o|alo] f7]4F A o] W
3lEE= Aoz wukEch

Table 8. Content of organic acid by Bacillus subtilis KCCM
11965P fermentation of Vigna angularis

(mg/mL)
o 1% 3% 5%

Organic acid ) 2

FBE' FAF FBE FAF FBE FAF

Oxalic acid 002 004 003 010 005 005

Citric acid 379 003 148 026 250 017

Malic acid 062 012 148 043 327 110

Succinic acid NDY 019 002 001 001 073

Lactic acid ND 03 ND 036 008 043

Formic acid 028 007 076 052 112 ND

Acetic acid 009 016 007 107 ND 112

FBE, fermentation before.
FAF, fermentation after.
IND, Not detected.
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