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Abstract

Health of human intestine has deteriorated due to excessive stress and western 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
26.00.2 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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(3,10,11). A& Wgo| o|&EHE TFE Aspergillus
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OFH
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acidophilus Saccharomyces cerevisiae 5-°] ) TH12-14).
Bacillus -2 55 a-amylase, proteaseZ F-H| S} L2 O]
& 849 At o] &7 = shH, o] & o] &l WEAZ
2z o] ksl So] Z71slth(12).

E2B(A 5, Vigna angularis)> 305 Z3}o] a3 4t
o] AER, g, T, U 5 FEoMAotA] T2 A
Ho, TN T/ F T R T B AEEN
F A o2 v S3lTh(15,16). FBoll= HE, 2
' 2, ¢, geldl 52 ek slol 271 g 9l w3
o 347} om, ofn|zito] FREto] Thal Ak
Eobal geshE tial £31 5ol §9e 7lee 2
9lo] Yo Eg AT iR Bo| o] &5 1 9TH16-17).
SN = FE&E8S Aot AAL old, #F, HIR,
AV, A7, 3 Foll &0l doH, H&8 4 22

ol % o] I} Q= FoR Ol?}]zi ATk Fgo
e AMEUS A2 3 v 48EHA sked v
= F1l8to 2 A d9a).

B AT e AF LR ol 8H 1 e Bacillus
subtilis KCCM 11965PE ©]-&3led H2Z(AF, Vigna
angularis)< D& 3 F YFAZL| WE T tﬂﬁ‘r gpiks}

1

24, protease T4 T4, a-amylase E4 T, FElolv] =
2k 714 T 4 0}04 7 A% Fref e *EH}O] A
Z~(probiotics) S 2T Z F Sle ZElHlo]| LE X~

(prebiotics) &A1 5 7NE35H7] g 7| 2A TR AASIS T

o h=R

J =) 1 7%
of W, Wk B 9N FehE Helsigon], BANLIE
o1 83tel xG T Eapsel P ALk

At} FES 105C FA7HEd 2, 382 550C 233
shl, A2 A FA LT HAAXE o] &3 Kjeldahl ™,
ZA L AEAWFEHR S 0] 83 Soxhlet FEHOZ
A8tk

Bacillus subtilis KCCM 11965bP & U w=
L gof AFES T ATEQ SR EAGR
oM Bacillus subtilis KCCM 11965P% H-4f1to}l L
broth(Difco Co., New Jersey, MD, USA)S W A| 2 /\}%3}04
30°C9] R k7)ol A 200 rpm, 18417 ekl ok & &
Ao ALttt Hego wae Hoed 952 1%, 3%,
5%% 247h Azt T wlFE Bacillus subtilis KCCM
11965P 3% (vjv)oll AZsteth wEE 327H30C, 200
pm) PO 0, 24, 48, 27| {tui} A 55 A H 0}04

213 o}oﬂq. o 71 AlZ 1 mLol B xga/ﬂoﬂ
o] &3ale] 107 AP R 10HA R A g & 5|4l °" =
LB plate count agar= HJ%H30C, 12A17hH3 & Al4=3} ,\;J:]-.
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22 Folin-Ciocalteu ®'H(19)S ©] &3]
S8kl —‘%%Jé 2FE 9 100 pLell 95% of ¥-& 100 L,
S5 500 pL2} 50% Folin-Ciocalteu phenolic reagent 50
LS 9L, A2olA 5% 5 wAIZ] F 5% NaCO;s
100 LE 7‘47]'51} The WS At e = 2ol 4] 1A13T
HE8-A171 & microplate reader system(Infinite M200pro,
Tecan Co., ZH, Austria)S AF&-3le] 725 nmol| A &3 =S
Sttt BT EZE gallic acid(Sigma Chemical Co.,

St. Louis, MO, USA)Z o] &alo] 3234 (y=0.0024x
+0.0323, R°=0.998 ). 2 HE &S 73l

DPPH 2iClZ 4&H &4
2,2-diphenyl-1-picryl-hydrazyl(DPPH) 2}t]Z 47 &4
< Blois20)9] WS WEste] Skt WA 100
pLell 0.4 mM DPPH &9 100 iLE 713} U3 W& Ajctet
e = A 2ol A 3027t W] ¥ microplate reader system=-
AHE3Ee] 525 nmell Al FEEE Stk Adv dx
T FFEE Tl ofefjel ol MEE(%)E FAISIA

.
i AT TRE
DPPH 24012 27 S()=(1- - oy e e )¥100

Protease =& &4 &3

Protease 42424 S Kim(21)2] HPHS W slo] =
A3t} 1.25 mL2] 0.65% (w/v) casein buffer(casein 6.5
g/mL, 50 mM potassium phosphate buffer, pH 7.5)% 37Tl
A5 B HeAIZ] 3 ukg ol 05 mLE 3 71ske] 37CelA
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07 WES-A]Z T} 110 mM9] trichloroacetic acid 2.5 mL
7Vate] W& HAAZ F, 37TCollA] 302 Bt WA
=S 045 ym syringe filter2 ] 7st3iet. o] of 22
oz 71d B TCAS A2 F A& 0.5 mLe 3718
< blank® AF&-5FIT o149 2 mLell 500 mM sodium
carbonate solution 5 mL. 2} 0.5 M Folin & Ciocalteu’s phenol
reagent 1 mLE 3 $ 37TCellA 3083t RESAIZ] $
UV-spectrophotometer(Specord 200 Plus, Analytikjena Co.,
Konrad, Germany)E ©]-8-3l] &%= 660 nmol| A 373}
Aot ZFEE L Ltyrosine S TAIA 02 g M8t 5
g o R B4 $ AL FFEFAE o839 om, 1 unit

B 2o} tyrosine 1 ngs FelA71E kS BHakslo]

-

W o oy it

a-Amylase 22 4 53

a-Amylase®] &4 S 2 Bemnfeld(22)9] WS W
gsto] =% skA T} 250 L 1.0% (w/v) Soluble starch
solution(20 mM sodium phosphate bufferel] 6.7 mM sodium
chloride, pH 6.9, 37C)ell ¥r&9 500 uLE 3 7}sked 377
A 3087 RESAIZI ¥ 96 mM dinitrosalicylic acid(DNS)
solutionS 0.5 LS Z718ke] 100TollA 5% FF w41 A
4Tl A 387 ¥ 3+ & UV-spectrophotometer 2 4=
540 nmell A k) ol9F 2 oz 714 9 DNS
£ A2l $ FEY 500 Ls H7HeE A S blank® ARSI
o} FEFAE 02% (w)v) maltoseS ©] &8l 24 ekl om,
§ 2% X (unit definition)= 92] 2 37T, pH 6.9)° 4
starchZ2F-F 1% o] A== 1.0 pgel maltose 2
1 unit % &J 5T

wElofo[ =4t £4

F2lo}n| 14k Ohara 5(23)2] Wl whet B89
t}. 60 meshZ w3t AR 5 g2 50 mL 83l 30C
water bathol| 4] 3027t 1&g 3 800 xgollA] 307t YAl
213t 2 45 10 mLel| sulfosallicylic acid 25 mg= %7}
Stod 4°Cell A 4X)3E F1t WA G T 20,400 xgoll A 308&3E
A EZ3IG T A5 S 022 um membrane filter = o] 2}
gk oA o] frejopn| ks EA ST #2412 amino acid
analyzer(Sykam 433, Sykam Co., Eresing, GB, Germany)=
2431992™, 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 JLE -2 o}m] :eik-S B4 &}
of 9|7 FFHoz Axletdh

7oIM =4
F712 £ Palmer 504)2) el mre} B4

W g A 0.45 pm membrane filter® o 7}3F o H-& HPLC
£ o] g3le] E293}9 ). 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&
stlon, #2712 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 HA3}t}

EAHEN

EA RS SPSS B = 2 712 (Statistical Package for
the Social Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)S-
o|-gsto] 7t Swre] Hud EFAARE AbEsta A2k
9] #}o] f-HF-E one-way ANOVA(analysis of variation) =
#2443} & Duncan’s multiple range testE ©]-8-3}o] p<0.05
FrAdA Fods A8tk
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22016 A& ATl A Al
TAFAEA RGN A 8k
B8 A3 Table 13 2Tk
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< 21.140.19%, A2 0.35+0.02% 2 A
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Bacillus subtilis KCCM 11965P d&ol| Mg I

st

g o Ahge e AdEc] dan|PEdHEY
oA A Bacillus subtilis KCCM 11965P% H-oFutol 213 o

ALgslith o2 A5 1%, 3%, 5%} Bacillus subtilis

Table 1. Proximate composition of Vigna angularis

(%)

Proximate composition Content
Moisture 144+0.14"

Ash 3.35£0.04

Crude protein 21.1+0.19
Crude lipid 0.350.02

DAIl values are expressed as meanSD of triplicate determinations.
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KCCM 11965P 3% (v/v)°ll AZ38}to] 24, 48, 72417F v o3k
T Z295E 107 Ao R ASEth(Table 2). B2
AE 3% H7Fer T 24417 v ek ol A E 0.04+1.1%107
CFUmLCe.Z S = or, 48A1ZF wjekst TolA &=
7.0+1.0x10" CFU/mL, 7247t v]¥at ol & 12.7£1.6
x10" CFU/MLC. & 24| 7t vl &kol] Blaf 3100 F4]5+%

w2 UE 5% HUES $ 24413F w kgt Tl A=
0.04+1.1x10" CFU/mLS.2 2% =9 o n, 48A| 7+ uljokal
oA 1.120.7x10° CFU/mL, 72A17F vjksl ol A=
11.6+0.2x10" CFU/mLS.Z 24A| 7t vl kol B3 290H)
2215kt He2 98 3% A7Fol Al Bacillus subtilis
KCCM 11965P52 0] 71 ¢F3tslom, 528 9% 5%
A7V AN = Bacillus subtilis KCCM 11965P7} 5213}
oy e 9E 3% HArkERY F4o] BA YEhdTh
Fog 98 1% HA7FEAAE Bacillus subtilis KCCM
11965P7} 218k o, 3%, 5% H7FrtHthe $2]o] &
A Gro} HeE A& 1% Hlste 2o AgtelA
g Aow gudn Hoeg AES 3% HsteE Ao
Bacillus subtilis KCCM 11965P2] Z2]o| 7} A gtel v
2 AdEY Lee 5(26)2] ATolA EFu|]] HEof
w2 fAHE Al tigh slgAE AdrE S A
| FAIZE 2N Z7EA] frikto] 28k A 96AIF o] -5
B $2o] Z4gtta Haslgl on, Park 5(27)8] B&
2ol AP e Aeey ot AgollA A w ek AR
727 Zko] vlEA st Hasle] B ApAIe} FALE
73S JeRITE. 522 YE-S Bacillus subtilis KCCM
11965PE o]-&-ato] L& el whe} w7} F7lshe A=
Hoge AFSH A el feld e 243
A F e Zoulo] 9El AR o] g" £ S AHoR

sk,

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

(CFUJmL)
Exirat (%) Fermentation period (h)
% 48 7
1 09:0.4x10" 1.1:0.1x10' 12:04x10'
3 0.041.1x10’ 7.0£1.0x107 12.7£1.6x107
5 0.0420.1x10’ 1.1£0.7x10' 11.602x107

DAll values are expressed as meantSD of triplicate determinations.

#Hi54 34328 phenolic hydroxyl”] &
cH o BAE 94 Adste] kel

Cr 7] & vt g S Uehl=
Aoz dHA Utk HF 9E 1%, 3%, 5%} Bacillus

[ N

32 A244d ATE (2017)

ekt & F ZEuE s Ssien, £
< gallic acidE AHg-ote] FFEFA R S
(Table 3). &% Y& 3% H7lrolA 0AIZE
(0.18+0.010 mg/mL)}E.T} 24A] 7t vl F3F ol A& &= 2
#%& 3EFo] 0.19+0.015 mg/mL o2 F7}, 48417t uj 3l
T 0.20+0.019 mg/mL, 72A| 7t ¥l ¥t 7+ 0.23+0.007 mg/mL
o2 ZUIATE 5% H7F oA 0A|ZE vl (0.18+
0.010 mg/mL)Z} Bl gt Az} vl FA|ZE 244 7H0.19+0.015
mg/mL), 48A]17+0.19+0.012 mg/mL)ol & & Z2]|9 3k
o] F7FekA] eFgkont 72417t vk ol A& 0.24+0.009
mg/mL2 2 Z7}Va+S1T}. Bacillus subtilis KCCM 11965P<
o] &3t F2go] waE vldAIZe] S/l Mt F EE
W s SV SN 1% A7 vl ket el A=
RBAIMA = F Feldls gafol S7FHA] Fskou 724
b kel A= oF 22% S7H0.1140.008 mg/mL)SH3I T
ol &g 9f3te] nlAYEC] 23} gAY & Bl =&
e AR Ay Ao w wHT)h 7]E0 ATo)A
T AAES B F e sRE ke S7RRib L
Hugom28). Jung 5(12)¢] ATH e HFS
Bacillus subtilis(37C, 24 = L &shH Zg]us ko]
°F 2% Stk AA el dAstth Bk Ho] ot
BERE o] &t LFsH FefH ot ggHEo] 73]
o] gitslEAdo] Frlsitte A Aelx A3t
(29). Bacillus subtilis KCCM 11965PE o] &3} B vt g
5 F FeulEs e STRIZIER QA Yol aikst
S 2 AFAAZ RS IS Aoz AdHnh

Table 3. Total polyphenol contents of Bacillus subtilis KCCM
11965P fermentation of Vigna angularis

(mg/mL)
Exiract (%) Fermentation period (h)
X{racl
’ 0 2% 8 n
1 0.090.005™  0.09+0.003"  0.10+0.006°  0.11+0.008"
3 0.180.010"  0.190.015  020:0.019"  0.23+0.007°
5 0.190.005  0.19+0.015°  0.19+0.012°  0.24+0.009°

DAl values are expressed as meanSD of triplicate determinations.
PThe 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 2iE|Zt &7 &AM
1,1-Diphenyl-2-picrylhydrazyl(DPPH) #t]Z-2 3}3}H4]
o= FEEHE YT AR drgA A HAAE T
o 31-9] 2] glojz] S3lo] JHHsHA R 4lF]14d
o] & WS 7KL o] 23Ee] 7154 Ut T it
Fofol| A o] &x 1 Utk BH2F dE 1%, 3%, 5%
Bacillus subtilis KCCM 11965P 3% (vjv)oll B ZE3to] 0, 24,
48, 2A| 3t v &Fet ¥ DPPH 2tz A& S48ttt
(Table 4). F&2S g3t wiel DPPH 2oz &7 84
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T ZUteIth B A8 3% H13 T 7247 v okt
ol A 0A1 7 B L (36.16.0%) Ht} 63.6£52% = F715}
Aqom, 48717 wlSk 60.5t4.9% =7}, 24A17F Hi%k
54.3+1.8% Z7V8tth 1% d 7} 0A1ZF vl Sk (41.7+5.0%)
B} A7 vkl ol 707134% % ST, 48417 vl ok
68.7£1.6% %7}, 2413t vl 65.8+3.4% S 7}sko] WAl
Zro] F7}stel| whel DPPH itz AAZHE S716kith
SIATF 5% el A= g el we} DPPH 2]z 47
D= F7tstd ot LEAIZE 244]3F o] Fl| 4= DPPH
gtz 2A DA o] Paste Aoz JElT: Bacillus
subtilis KCCM 11965 #2238 whashet 483 o5
2 dddn 71Ee AFAT A iﬂ]%l?e— Bacillus
subtilisE: ©]-83to] AFAQ WHo g WgAZS w WHE
713t 7%l w2t DPPH F/M% 2% T kst Aol
=718k 3L(30), 55 HE P gitsl A E<l
Za 9 =3} 33} Ajo] Zrlslitte A A ke I

ATH12). Bacillus subtilis KCCM 11965P ©| &3 &%
g 52 DPPH 2|z &7 84S F7MA7| B8 QA9
st e TV F e ZEjhbe| e g s AR
NEe = JS 2oz dAddr

3 9L ol

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

(%)

Fermentation period (h)

Extract (%)

% 48 )

1 41755070 65.8434° 68.7+1.6° 70.7+3.4°
3 36.146.0" 543+18 60.5+4.9° 63.6+52°
5 24443 8" 484+20° 40.145.7" 36.0+4.0°

VAll values are expressed as meantSD of triplicate determinations.
PThe 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= Tl F-3)50] 4319 protease 4 ©]
Ae oAl 2F, Al ol vt o] &= itk F&
Z AE 1%, 3%, 5%} Bacillus subtilis KCCM 11965P 3%
(vv)oll &3t 0, 24, 48, 72417 vl & protease%*ég
=745l tH(Table 5). <2 9E 5% HA7I3F & 2447
wj kgl ol 4] 1.29+0.002 uniymL o2 S E] Q] 0w, 484]
7k vl oo A 2.34+0.004 uniymL o2 Z7}8l a1, 72417k
Hj kgl oA 2.69+0.003 unit/mL O & F7}et ) o]+
Bacillus subtilis KCCM 11965P %ol 2|3} protease”}
713t Ao = FtE AR F28 9= 1%, 3% H7t
o A= protease”} 578 H A &34Th Mann “5(31)] A
K a0l ©JeMA Bacillus subtilisZ. & 31 protease 20|
A 71Etdl = &0 STksltirl 6 o] F mAE9]

Aol 7hastdaA B e A

© 2 protease’} A 3EH A= dhald )
—_rL-r—s]— ok AR _,/]_ ojore 5 :o‘]-:ﬂ_ L‘

“j&
El
e
_(‘)L
R
£
°
19
)

protcase® AT ) FE0AE AFE w5t 3
(]

o] 3T o) [e]
AdE S T e AFaAE e = 3de A

2 Fdd)

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

(unit/mL)
Samples (%) Fermentation period (h)
0 % 48 )
1 ND” ND ND ND
3 ND ND ND ND
5 ND 129400027 2.34+0004°  2.69£0.003
ND not detected.

PAll values are expressed as meantSD of triplicate determinations.
he 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 A #A

52 95 1%, 3%, 5% Bacillus subtilis KCCM
11965P 3% (vjv)oll HZ38ke] 0, 24, 48, 7247t ¥t =
a-amylase &S =% 519 th(Table 6). >8-S Baczllus
subtilis KCCM 11965P= &} ¥Hg A 7ko] 713 o
w2} g-amylase 0] S718FSl A, w28 9E M7t
=7Vl wet a-amylase 845 5716k a-Amylase
o] 7 A S7HE AETe 522 98 5% HUIst
S 2713t ek el A 0AZE vl F(1.040.1 unit/mL)
Bt} 26002 unitymLE F7}8F51 0™, 48A17F v L
25.7+0.3 unit/mL, 24417t Wi 15.0£1.6 unitymL 2 7}
sttt 3% H7F 72417 vl eFg el A= 0AIRE vl
(1.3+0.2 unit/mL) 2T} 26.7+2.0 unitymLE 57}, 48A] 7 ul)
ok 25.3+0.6 unit/mL, 2447t vl 9k 15.3+0.6 unit/mLE
S7FFAE 1% H7F 72413 vl gt ol A 0AIZE vl gt
(6.0£1.3 unit/mL) 2.t} 10.7+0.3 unit/mL 27}, 48A13F vl o
T 10.0£0.3 unit/mL, 24A] 7t ¥i<F 110.0+0.3 unit/mL 2%
thE H7HEY a-amylase 240] 713 BA SR
ol# 8t A3} Bacillus subtilis KCCM 11965P7} 2] ho||
w2} amylase 20| 716k 222 AdE T Mann 5
312 AF-lA Bacillus subtilis CBD2 ©]-8-3F =57 g
Al HjFA]Zro] F7FEkl| whel amylase 24 % F7bethE
AA el A=) A T} Bacillus subtilis KCCM 11965P =
83 H2E-L gamylase A3} A7 Q1A YoM g4
shE &8s ol FAl she A WAl fd AFAANE
M 4+ S Aoz dAdHTh
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Table 6. Amylase activity of Vigna angularis fermented by
Bacillus subtilis KCCM 11965P

(unit/mL)
Extrat (%) Fermentation period (h)
0 % 48 )
1 601372 100:03* 10003  107+03°
3 13+02" 1535060 25306  267+2.0°
5 1.0£0.1° 150£168° 257103  260+02°

VAll values are expressed as meantSD of triplicate determinations.
PThe 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).

wElofo[ =4t £4

D oAk Q1A WollA dEA] Fer® AFo
2 WheA] AFs)o} ska, B E S on| ke Q1] UjolA]
Aol 7Fagh ol Ake 2 QIA o ThilE S flsiA
© I opn| A4k} B o] ieit A g gt} o] 9
upe} FeF LB 1%, 3%, 5% Bacillus subtilis KCCM
11965P 3% (vv)E FF3te] 72417 w3t 5 frelofu]
AhE EA8H3 th(Table 7). 5ol 124t 5= leucine 1%
A7kl A 0217 B 0.33 mg/Loll Al 326 mgLE 7}
311, 3% 7ol A 0AIZE vl 2.62 mg/LellA] 10.97
mg/LE 37} 5% A7kl A 0A17F vl 9k 5.22 mg/Lell A
67.59 mg/LE frejofr|ite]l 7HE ol F7bE Atk
Methionine< 1% 3 7Frol A1 0A1ZE vl < 7.10 mg/Lell A
12.94 mg/LZ Z7}ek 1, 3% A7kl A 0A17F v ok
2029 mg/Lol| A 29.65 mg/LE Z7}8t3l oM, 5% 7ol
] 0A1ZF vl 29.13 mg/Loll A 44.28 mg/L2 S718FAth
Phenylalanine2 1% 7}l 4] 0A17F vl < 4.21 mg/Lo-

TAE o 2417 B el A= A EA] ke,
3% 7ol A 0A1ZF vl 2.34 mg/Lell A 8.37 mg/LE
S7betd e, 5% 7kl A 041 vl 10.95 mg/Lel
A 2357 mgLO = F7FISITh Valine S #22 9E BE
7k A OAIZE vl Ftoll = AR eFghom, 72417t
Hjokel FollA HeE 95 1% koA 1.35 mgl, 3%
A7t 2.77 mglL, 5% B7HE 329 mg/Le.2 A E T,
v Groln| =4t 5 cysteine 1% H 7ol A 0AZF vl &F
T 6.77 mg/Lo A 2347 mg/LE F7V8t1 1L, 3% 7kl
A1 OAIZE Bl 6.11 mg/LollA] 152.84 mg/LZ S7Faks] 2
), 5% bl A 0AIZE vl 8.36 mg/LollA] 403.78
mg/LO. 2 Z718I Tt Tyrosine> 1% 7ol 047t
9k 2,00 mg/Lol A 4.19 mgLE Z71811 1, 3% H7kE
ol A 0A1ZF vl T 4.00 mg/Lol A 57.67 mg/LE F7}3+S]
o, 5% 7kl A 0A1ZF vt 10.08 mg/Loll A 259.35
mg/Lo 2 Z718I%I T Alanine 3% 71l A 0A1%F )
U 431 mg/LolA 1077 mgLE Z718ldu 5% Z 7kl
ME BE o] T 7H4sth Arginine 1% 373 3%

32 A244d ATE (2017)

A7kl A B o] Folls BAE A ¥gkom, 5% 7t
MM T WE o] o iUt o gk A EF

Ao A5 ZAHH HBR opn|ike] ke

frelgt AF Aol & & e, F 4

W opn| il 247 ghefo] ol Yt om £ 2Fo|
& = Ak33). B2 Bacillus subtilis KCCM 11965P
o2 Igsh opnlizito] Frlste] JFEtH oz 7|7}
=5 o2 A7 Wy gl QA & 9 AZIgAL
71 59 T2 AW opu|iite] Fke AA WS
- o] A F Ao R Az, FEEE TRl QF
25 G F e ZEulo| e TS Zte A
2 HoEch

.

o

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 5 ;
FBE" FAF FBE FAF FBE  FAF
Valine ND' 135 ND 277 ND 329
Leucine 033 326 262 1097 52 6759

Methionine 710 1294 2029 2965 2913 4428
Phenylalanine 421 0.00 234 837 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 677 2347 611 15284 836 40378

”FBE, fermentation before.
2)FAF, fermentation after.
3)ND, not detected.

A
2= ool mgol Snl, izt gole] ulg 23
Hue] 239 F4E FE A710S 2AsE:

3% (vv)yE AEst 122 ke $ frlake A
TH(Table 8). Oxalic acide 1% 7}tollA 0A17F v &
0.02 mg/Loll A 0.04 mgLE Z7}8F9 21, 3% 7ol A
0A17F vl 0.03 mg/Loll A 0.10 mglLE F7}, 5% H7b
o A+ 0.05 mg/LZ oxalic acid®] &S W slE]#] it}
Citric acid 1% 7kl 0417t vl ¥ 3.79 mg/Loll A
003 mg/LZ A% L, 3% H7ktolA oA vt 148
mg/Lol A 026 mg/LE 74, 5% H7kol A 0A17F v ok
2.50 mg/Loll A 0.17 mg/LZ 7HAE Atk Malic acid2 1%
A7kl 0417 vl 0.62 mg/Lell A 0.12 mg/LE 74
HaL, 3% M7kl 1.48 mg/Loll A 043 mg/L, 5% 7}
ol A 327 mg/Lell A 1.10 mg/LE 7HAE A ek Bacillus
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subtilis KCCM 11965PZ o] &-38to] 72417k w& b o3
o] 714k Hasts Ao 2 YEyY o= Baczllus
subtilis KCCM 11965P2] & o] olalo] f7]4t A o] W
3= Aow HdEh

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

(mg/mL)

Organic acid % 3% %
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 0286 007 076 05 LI2 ND
Acetic acid 009 016 007 107 ND LI2

l)FBE, fermentation before.
2)FAF, fermentation after.
3)ND, Not detected.

o] 8% = Bacillus subtilis KCCM 11965
I Ze ARE Ao FH&EY %L*—‘ﬂr il
3 35+0.04%, zv&ﬂﬂé 21.140.19%, =A% 0.35+0.02% 3

TR F2F ¥UE 1%, 3%, 5%} Bacillus subtilis
KCCM 11965P 3% VV)E HE3H] 0, 24, 48, 72413 v
st v o] FarE S 29 H22 dES 3%
A7Ver & 72A17F v kol A Bacillus subtilis KCCM
11965P 'L E7}F 713 Agetsict. & ARt S713tel
upet % Zejss k2 DPPH 2ttt /\7433“40] 7e
St} Protease B2 H2F 9= 5% FUIgE & 7247
H] k3t 7£(2.69+0.003 unitymL)Sl A E4do] 718 =gttt
gAY} Hoeg dE HU v=r kel wel o
-amylase A= S76IR oM, 528 A& 5% AUk &
T2A17E v F3t ol A 0AIZE Wl (1,001 unit/mL) .o}
26.0+0.2 unitmL= Z7}8}3 T} Bacillus subtilis KCCM
11965P= 72417k vl & feloln| w=ibs 43k A3}
leucineS &2 9E 5% 718 0A1ZF vl 5.22 mg/L
A 67.59 mgLE F7tstlow, HFoln| ikl
tyrosine-= 5% 37} OAIZF v ¥ 10.08 mg/Loll 4] 259.35
mg/LZ Z7V8I T ol 9F 2ol Bacillus subtilis KCCM
11965PZ 22+ T astH gitslt &4, protease T4

24, 2 camylase &4 E/d0] SR8l o, fElon] e
b 74kl STkl A H22-S WE = Bacillus
subtilis KCCM 11965P7} A&t Aoz Aoiyn] Fog
o ﬁgu}o] QEl ~2 SAFIAA A ALS %—3_] Al 4

= ZEulo] QH A A2 S 4 s 7S AL

0]’/\/\‘:]'.
ZAre 2
o] =2 20179 % FHE(FHr|EH HEAlF) A4

2 A LA G- A 3G TA FAG o AL (@A
2016M3C1B5907203)2 Wo} =3id Axdyrc}

for o
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