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The object of this study was to improve the quality of Cheonggukjang with new starter, Bacillus subtilis BC-P1.
Twenty strains were isolated from the commercial cheonggukjang and 1 Bacillus strain (BC-P1) with protease
activity was selected. The 16S rRNA gene sequence revealed that the BC-P1 was closely related to B. subtilis with
99% homology. The quality characteristics of chunggukjang fermented with B. subtilis BC-P1, Bacillus nato (PC)
and commercial chunggukjang (NC) were investigated. The characteristics of fermentation were determined by
protease, lipase, xylanase, chitinase, and fibrinolytic activities, reducing sugar, nutrient composition and amino acid
contents of cheonggukjang sample. Cheonggukjang fermented with B. subtilis BC-P1 showed the strongest
fibrinolytic, xylanase, and chitinase activities. Reducung sugar contents of Cheonggukjang samples were 30.16+2.11
mg/g (NC), 28.56+1.52 mg/g (PC), 32.39+1.87 mg/g (BC-P1). And their total amino acid contents were 338.99
mg% (NC), 445.19 mg% (PC), 741.35 mg% (BC-P1). These results suggested that B. subtilis BC-P1 was suitable to
be used as a starter to enhance the quality and effects of cheonggukjang.
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AL 112791 Bacillus subtilisS 42 Zo] AE3)o]
7] 8]

H|gHYl Go] F53eE g AFolck =749 7ls4dS d

AFtEo] H=dl =4 G52 S AHE At 4t
3}, 18 As), B, Y 23 Fo] BarE o] Yltk(Yoo et al,
2004; Kim et al., 2007, 2008; Back et al., 2011; Hwang et al.,
2011). B A Azl ol & vAiEe] FUst
A gpob #AT BAL AL AR k& At B3, 42
W A olgHE #e] R0l uet Bho] Pebx7] o]
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TEA A=A AR HdliAe 175 vAES Adsty
ARgSH= Ao] FRT Fa5itt Aol starter24] 0]-8-F|
= Bacillus & Y& A PP 2 2 Egoltt & FollA &
g gl {18 Edlste E4S 7 1 -84
A do] g A= o] Utk Bacillus < n| A& Thefgt 45}
A2 B YL 7 Weto S8 A 4 9)
=4, gjF 32l 43}8 4 0f+= protease?} xylanase”} ]2,
E}o] E R o]l = bacteriocin®] U} bacteriocin like substances (BLS)
7} JItH(Wu et al., 2005; Zhang et al., 2008; Giri et al., 2011;
Liang et al., 2012; Wise et al., 2012; Irfan et al., 2013). A23}8
22X protease= 71|l Ealls, BH-E3ls, At Eale
E4& AU, 53] @4 &3l Ao fibrino 2 A== A



ol, B g aLE EHlsh= Bacillus <5 )4
A=72 A8 A TS e = = 7154
A1Z0 23 Aglsltial & 4= QJth(Kim et al., 2006). E3} xylanase
= &3 54 5 UEMN o8 5=, o]+ protease, cellulase,
beta-glucosidase 51} 37 Ea=A| g= 415 o W
oko] =4 WAL AR5k 7152 3t (Gollnisch et al., 1999;
Hirsch ez al., 2006). w2hA] ThFst 43 G485 EH[3= tl4)
28 A wao) AT A AR FFEAS ool
4k Fo g Hafste] o] 22 JUdS AT @ £
gsoll o3t PN T AT 7IHE 4= ok

2 dFolAs A3 Agd $31E& Ad Aldske &
Ty A %9 Bacillus & v|AFES EEstom o5 3t
FE At I A ARE RIS, °o] 455 H=%
Az starter 2 AHE- 7Hs & HESH| Slote] A=A da &
gojuhz ZHE B4 W3} 9 o)At RSk Al H=7
3} Bacillus natoS 0]-835te] Y= JZAS RGO 2 3o H)
s

HHdAo| Ha| U CHHESHS A MA FF MH

AT ok 1 g& Bt FF4 10 mlof] A7), 10-10°9
slulj=2 oA 343tgich 54gk A2+ NB (nutrient broth)
Bk v R]of] =@t 37T ol A 24417k B2t v st vk
T Sto 2 o |, A 59| Py EA met =59
Bacillus& A83te 5 wjx]o| 33 HHE =5t 4AIE <
o= B8ttt B9 Bacillus 5 1312 g 23] ZAdo] Ho
b FFE A7) 938 casein 0.5% 71 ZEE NB v %] of] ¥H&
Tete] PN E P48 BacillusE T8 FF2 A8ttt

16S rRNA gene 7MY EM

BC-P1 #3F9] 16S tRNA gene &7|A Q84S 9|5}o] 27F
(forward primer: 5'-AGAGTTTGATCCTGGCTCAG-3")%} 1492R
(reverse primer: 5'-GGTTACCTTGTTACGACTT-3") 2719
primerE ARE5H] £%Ha 4 2 WH-2-(polymerase chain reaction,
PCR)E £33}t 2AE 16S rRNA §-HA= GenBank ©|
o|gjo] A9} v HWBIE 0™ AlF4= /-2 neighbor-joining
(Saitou and Nei, 1987) HI'H-S 0|85} o 0] A3HA = Jukes
9} Cantor (Jukes, 1969)9] 2]& o]-83t5th. Ale49] A==
1,0003] ¥H2-8 &3} bootstrap 4] (Felsenstein, 1985)& AlA|

sfed shelstect.

M= U AR 25

Y7 5= 20129 YARolA YT =4 T2 ARSS)
Qom, A= Az AN F2 AE YR+ Bacillus
natto?} A\ A=A A B2 et #4521 Bacillus subtilis BC-P1
& Ahgsielct

B. subtilis BC-P1 55 o] 83t A=A A= L EA 263

HIAE M=

AEE i 100 g& A 5 20T o & 1 Lojl 24X F A
T FES AASL o]F 121 ToflA 4087 T4 T 50C=2
YZIA A Starter g FE= Wi 2842 oF 10° CFU/mIZ
A S Foll 2% (viw) =E02 JE & 124 &%
3ok 40T, AMHGE 90% 9] ZAA 72417 rEA H ok o
A3 A=FE FAAE T BHste] a3tas G4, ofv|eAt
B4 it Al I MEbd T UFA] GAE AR

oA A4 =S ATt HE AR ARSI

7t A E= 25 mgml] =8 Gyt FR,E dgsto] 94
Esto] 1 FF5AE A8 A EE ARSI A& 0.05 mi&
2% azocasein (0.2 M Tris-HCI, pH 7.5) 0.05 mlx} s &&35t
%] 40°C water batho]|A] 2087t ¥-&-A]7]1 3 7AUo] 10% TCA
(trichloroacetic acid) 0.05 ml¥} &5t 1087} iceo|A] Eo]
FAAFH . 0]F 6,000xgol| A 2087 AAlEE] A & A4S
0.15 mI7kS w2 33}o] 64l 314 A]71 2 N Folin phenol reagent
0.3 ml?} 7.5% Na,CO; 0.45 mlS AH =2 A71sE & 30C
water batho]| & 2X} ¥F-2-A]# 2% sample2 660 nmoj|A] &
FEE 2ol e ToIch Bl 2o % 1 unitd] o)
L glo] A% 2ANA 187F Fd 934 1 pmole tyrosine
MRS 4= Q)= 58 0 2 51 tH(Seong et al., 2004).

& 22352 fibrin plate(Simkhada et al., 2012a)2 2F7F
FAsle] 2435 tE 0.01 M phosphate buffered saline (pH
7.25)0]| fibrinogen=- 0.5% 7} === 231|171 £ 10 ml= petridish
o]| B.33}31 thrombin 10 unitE 7}5}o] F43et F7)9] fibrin clot
= FAA T A 204 1A7 3R]} fibrin plate S A 2351
BA-83) B2 fibrin plateo]] 27 8 mm&] punchE Tk
A|EE 40 ul (40 pug 3F=H) 7Iste] 37°Cofl A 12417k 512t
FEAIZ] 3, A E BEE 299 A& SAsto] WA AL
3lg o, o]uff tjzF+&= plasmin (Sigma, USA)2S 3.75, 7.5,
11.25 U/40 plo] H=2 2A|5}o] A3kt

ot SL o
N

¢

Xylanase £ &H

Xylanase Z4]& beechwood xylang 7| A2 dlo] a4 vk
o) g8 SHAFL 3,5-dinitrosalicylic acid (DNS) HHHo 2
ohak Zo] FFro 24 S35t ZF A8 25 mg/mle)
TR H SRR @9 2 g4 EeEdte 2 ASdE 5L
AN B2 AT 25400 AEr 7] 0.5% (w/v) beechwood
xylan €94 0.1 ml9} &2 8o 0.1 mie} T315te] 60°C oA 10
£ 3¢t BES-AIFTE DNS A|¢F 0.3 mlg H7}ste] ¥h3-& AA|
A713L F= B4 5E &< A5t T AT T 540 nm o A
FHEE ST ERAIRE xyloseE ARG AE
o] Fgwet vwgto 2N fEld YT ¥g gt
B4 BAE L units 919 2434014 12 Bt xylan© 2 B
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1 umol¥] xyloseol] A4-§-ot= S Aot A4 Fo g
) ©]5} tH(Simkhada et al., 2012b).

Chitinase &M =X

A=Y 52 AXES 25 mgmle S8 Ay THRFE @
e 5 2] Balgk Aol 0.1 ml2}k 7] 284 0.1 ml (1% colloidal
chitin)& 50CoflA] 3027t ¥ES-AI T AAREgHe] 0.1 ml DNS
(dinitrosalicylic acid)E 713} 100C oA 1087 A &= A
ARIEAEE 545 nmollA] FUES 2AeIc o A
1 unit= $J2] ZA35}0)A] 308 <t 1 pmol 2] N-acetylglucosamine
& YA G40] oFo 2 A ol tH(Saadoun et al., 2009).

[ =13
o

S92 DNSHo| o3 S4stalch. 354 52 AxEL
25 mgmle] SE2 BT SR A T Y Bt 45
1 mIE- test tube©]] Y3 DNS reagent 1 mlE £33 & 100°C of
A 1027 Attt 7H2 A § A2 =204 3835 3
713t 3 25243 mlE o] 343} Spectrometer (UV-2101PCS,
Shimadzu Corporation, Japan)Z ©]-85}¢%] 546 nmojA 4=
£ &5ttt oln B FH2 glucoseE FEEHR AR5t
A7) WP o.® AR EETA 0 2R ks,

1

|

riok
[0

i

HULEEN
AU B S AOACS+ AlZZH(Korean Food Standards

Codex, 2013)2] W of wpat B43t3ct & 2 AE554
o 7|AE Az, 32 33k, 2giE2 ntoj3 2 A
9, AP oE H2E S8 = o] &5t £33
o, SheS 2 AAo| A 1, 2ehulE, 229, 318, Alo)d 4
RS AT o2 Aldbsto] A5G 40| 4]-F(dietary fiber)
StFS AOACHo|| &3l a4AFFH(enzymatic-gravimetric
method) 2.2 A3}t ARA|ZE 0.5 g& phosphate buffer 50
mlo]| #EAIZ] &, Termamyl (Novozyme Nordisk, Denmark)
solution 0.1 ml& A7}5}e] 95T Q] =8 oA 5E 71Ho=2 &

So] WA 3087 F2& AI5k0] WS AT 0.1 mi protease
(50 mg/ml, Sigma) &HE 715k 60T oA 308&3F RE-A11 &
ThA] WZhsled, amyloglucosidase (Sigma) 0.3 ml2 7}3}3L 60C
oA 3027 ¥hEAIA HE 9 deiA o 4% JeEa| Ty
& 714 7% imistel ooz} ALE BelE ¥, A 58
2=, 95% ethanol L acetone 2.2 A&l A% & gh=kS L
S, 27} 2sla) 2elAe 243 eto] Aol @
S BA] 31 THAOAC, 2013; Korean Food Standards Codex,
2013).

ofo|icit EM

ofuliette] BAIS 52 AXAZ AR 1 g& 25}od, 6 N
HCI& 5 ml 7}3t th2 24 X]gsle] W23 Z 110 dry oven
oM 24417t Fha-Rafet Bl H Slstol, ofaf 5 of)
LA A5 EA7)(Biochrom 30 amino analyzer, UK) 2 2435}
i

HRAR{AC| Ha| B EMEY RSiEA MM PR My

A=Al A =3T NRE Bt TFeo A DA 3§
A& o] &3t # 55 NB HjR|of| =bsto] 37C ol A 48A[7F
sk ujeraioict. wiok  S<ko 2 Yol Pe, 4 So| Fejy
EAo wtek oF 2059] Bacillus 455 AHstATh ¢« &
% Bacillus ¢ F DHE Ealso] <53 5 AUste
BC-Plo|g}x H3stuch aslaas WA= Bacillus & o
FeUE AA, BEG 5 0T 240149 £2]7F Hargo] ¢l
THAunpad and Na-Bangchang, 2007; Zhang et al., 2008;
Benitez et al., 2011; Giri et al., 2011; Guo et al., 2012; Liang et
al., 2012).

16S rRNA gene H7|ME EM
E2 BC-P19] J&3t 53 $151] 16S rRNA gene &

‘ Bacillus amyloliquefaciens subsp. plantarum CAU B946
LBacillus subtilis strain Aj080718IA-25
BC-P1

k Bacillus vallismortis strain DSM11031
Bacillus mojavensis strain IFO15718

Bacillus atrophaeus strain JCM9070

’— ‘ Bacillus sonorensis strain BCRC 17416

:
L

L

Bacillus sporothermodurans strain JR7-1

‘ Bacillus carboniphilus strain JCM9731
Bacillus anthracis str. A0248

Bacillus cereus strain SBD2-1

Bacillus thuringiensis strain SBS-BT4

Bacillus sp. MC-BAC-4

Bacillus indicus strain Sd/3

Bacillus cohnii strain D7048

0.01

Bacillus megaterium strain 1AM 13418

Fig. 1. Phylogenetic tree based on 16S rRNA nucleotide sequences showing the position of strain BC-P1.



Table 1. Enzyme activities of chunggukjang

Enzyme Specific activity (U/mg)
NC 2.65+0.05
Protease PC 4.71+0.04
BC-P1 4.66+0.06
NC 0
Xylanase PC 75.49+£2.12
BC-P1 199.95+1.14
NC 0
Chitinase PC 0
BC-P1 2165+19.68

* Commercial Cheonggukjang
b Cheonggukjang fermented with B. natto
¢ Cheonggukjang fermented with B. subtilis BC-P1

71 B BA% AT} B subrilis}t 9% AE/30] e, Al
F# 02 B subriliset F AV 2 ZHIE QthFig. 1.

S ok ofy e} estert; amide?t AN sH & whet
AoluhgE sHAY B WIS s 5 thFe 3ekS-&
3l= J A o|th(Ferreira et al., 2002; Castillo et al., 2010).
Protease= ZU|& A|Z, 459 A3}, W3, 79| SR,
A2 a4 59 AEFTET 23|, 247FA T AFT Y, 7
G715, ALY 5 o8] Eofoll 24 B sHA o-&= §L
o} v EA FEliEl= protease= T2 FHFol, Al okl Bl
AArE] 1 Qlom At Fo| A= Bacillus sp., Pseudomonas sp.,

Fig. 2. Fibrinolytic activity of chunggukjang sample. 1, buffer; 2,
plasmin 3.75 U; 3, plasmin 7.5 U; 4, plasmin 11.25 U; 5, Commercial
Cheonggukjang 40 pg; 6, Cheonggukjang fermented with B. natto 40
ug; 7, Cheonggukjang fermented with B. subtilis BC-P1 40 pg.

B. subtilis BC-P1 =5 o 83 F=F A= L EA 265

Streptomyces sp. 5-°] 1th(Lindberg et al., 1981; Charles et al.,
2008; Liang et al., 2012; Graminho et al., 2013). F=%9]
Bacillus 4 Aot GA| tHSt protease & 24|51, A28 &
49} G AN AR 2315 BARE 7152 T o
2hA & Ao M= F3 AFSo] ZEH protease S44S &
QIste] Hlmstgch HEY FAAZBY Gy Hojaise
Table 13} 2k AR5 Sud 23] Ga5S 288 23} B
natto2 A 23+ FA=ZFZHPC) Q] WAL 4.71 unit/mg protein®]
e, B. subtilis BC-P12.2 A Z35t AZAL2 4.66 unit/mg
protein 2 B. natto= A| 23+ =27} A| 2o v|8) Z2F Wkth

3T A=Y TEU2E AR EA SollsS T 2
L Fig. 29} Zth A|BE, B. nattoS H71s 3= AR, B.
subtilis BC-P1& 735 A8 2% A E5S 7HX 2 Q19
o, @A 2852 fibrin plateo A 2] @A Hajgke] 2402 H|
o 5te. F e 27 212l plsmin (3.75 U) A 2A] 1
em®] HAS yehfloen F=4 AE 40 pg¥ AA B
nattoS A7Vst =4 A| 2= 1.6 cm, B. subtilis BC-P1E H7}t
e AlFS 2.0 cm o] FYHE YEhfo] & dF-7lo] A3t B.
subtilis BC-P1E& A7}3t A|27} B. nattoS A7}8t =24 A&
o vl @4 Eafso] S Elsth & 455 B
b A ZA| starter 2 SH-FHTHH 92231 231 1 FAH LS
7H AEFLz2 AT o S Aoz AlmE

Xylanase £+ S

Xylanase+ oat spelt, birchwood, beechwood®} H71F 50
ZAsH= thoFst xylans®] B-D-1,4-xylopyranosyl Z2¢-2 £+
Q2 71R s AR A B-xylosidase2} $H7 xylan®] 7}
Eafloll T2 4TS st AR Y FHFA, AlRBE WA,
A2 HA, A, xylo 2| F APAHE o]} vlo] QA
29 F3} Foll Z8EE 4§ mlolck(Engberg et al,
2004; Hirsch et al., 2006; Shrinivas et al., 2010; Irfan et al.,
2013). n]RYE 5 xylanaseo] B¢ ALRH7ME 42 0]80]

g ZE AZFA] hemicellulose 2 213+ 712 A A =&
A A s8] AH-E o4l 752 3tHPolizeli et al., 2005;
Francesch et al., 2012). A7}7|'5A1& 02 A3} aAaAA=
xylanase7} 91911, ©]&= protease, amylase, lipase, cellulase
T A =R G2 A= Yo WY =4 &
AAEk= 7152 St Xylanase= HHA Bl & 5ol A = A A
g, A=A o ZA3}= Bacillus+ protease, p-glucosidase,
xylanase & 451, o] H=dY LELS objiit,
© 2 Jafste] ZHEAS AT £ Aol F=F Al
20 T 231 £49) ZRE Bal7] I3, xylan Baj L
SE ST AR 2R AR 9 xylanase 4 A1 E
A3} Table 13} Zch B. subtilis BC-P1E starter2 =32
A =35t A7 2] H|&Ado] 199.65 unit/mg protein &2 713 =%k
O, B. nattoS A7F3t F=FH A ZE 75.49 unit/mg protein o
2 oF 3u &g o] RSirh




266 Park et al.

Table 2. Reducing sugar contents of Cheongkukjang

Samples Reducing sugar (mg/g)
NC 30.1642.11
PC 28.56+1.52
BC-P1 32.39+1.87

# Commercial Cheonggukjang
b Cheonggukjang fermented with B. natto
¢ Cheonggukjang fermented with B. subtilis BC-P1

Chitinase &4 2

Chitin& A%, Al 59 A7 Adl FEel e B2
B3 =2] E&o|t}. Chiting & oFAE3} 519 chitosan©] Ei=
o], o] B2 g+t, ALRE, FHAHE Ad}, TFIAE
59 a3 7FRth(Nishimura et al., 1984; Zacour ef al., 1992;
Cuero, 1999; Salah et al., 2013). Chitinase:= A}g #af ol g}
TEY 2zl A= EA5LA] %ot chitinase] Fgo] A &
S-S 57) Yt Yo 2 AAE T glom, FihEokoA
= AW 80| A8EZ} chitinase & & Fo5t] 7| EARS]
= o8& FAA PA AT} 235 FE B AIRES
F7HE SAl0l Eole A= Y5 =L }lrtk @AY chitinase
£ A BT R = ARGSEAL YA gt 2 A o)A chitinase
&/d2 chitin agar HjZ|ofA Fgglo] 22 IAHo 2 S-S
SRISHHTHARE vAA)]). EZF H=7d ME9 chitinase B
=45t A3} Table 13} ZFo] Chitinase &2 B. subtilis BC-P1
£ starter2 IR A| 23 A|Zo)|A] 2165 unit/mg proteinZ
chitinase 40| ERIE|) 0 W, B. nattoS A7}8t A=A A&

Table 3. Proximate composition of Cheonggukjang.

Samples Composition (%)
NC* 3.3028+0.4184
Moisture pC’ 3.1739+0.2518
BC-P1° 3.3570+£0.9517
NC 37.1207+0.5974
Crude protein PC 44.4914+0.7071
BC-P1 37.2719+0.6674
NC 16.9844+0.0079
Crude fat PC 19.9801+0.0141
BC-P1 19.4614+0.0241
NC 5.1756+0.1724
Crude ash PC 5.3938+0.2054
BC-P1 5.9902+0.1957
NC 37.4165+0.4197
Carbohydrate PC 26.9608+0.1574
BC-P1 33.9195+0.7418
NC 53.22+0.21
Dietary fiber PC 54.22+0.48
BC-P1 52.32+0.15

* Commercial Cheonggukjang
" Cheonggukjang fermented with B. natto
¢ Cheonggukjang fermented with B. subtilis BC-P1

= 8L BolA] gt Chitinase A6k H=4F F-=f vt
Al A & F3of i3t B QIQich. B. subtilis BC-P1ZS starter
Z A28 HTAS B3] xylanase, chitinase A& 714
Qo] A A3E-E FeT 588 AR AZ4EY, B
subtilis BC-P1 455 &83 715074 3 e AA 2= A
EHAE A e 7 A 02 AyZhET

359 A= AR HT T &4 A= Table 29+ 2
Sttt EFe] ke 32.39 mg/g o2 B. subtilis BC-P1E&
starter2 =4S A 23 A B 7HF B0, B. nattos 3
7¥et A= A RE Al Z=7ge vja] B2 3k 422](28.56
mg/g)S EATh B. subtilis= o Ex= B-amylaseS AJAI5to] A
= 5 55 AES o2 AT A|H, BAAE T2
Ao dute] F83%k AR ZH-g3tH(Ryu, 2002). whEhA
A=A UtE 2 B. subtilis BC-P17} BH|5l= §40] 2l&) 44
H o] g el B2 S 7SS ¢ 5 Uk

£ Ao BE8E F AREY FFdE] digt £4
I 2} AT EAAX AR BF Aol {9
o] 7MY 9k o™ (52.32-54.22%), 2T, B=3HE, &
o8 22 TS Hol= AL E 4 8t 8 T2
3.1739-3.3570% Abo]Q] FEZ Z4T 2}o|E B, Zohy
9] Z2-ol= B. nattos 0|85 =7 2 9] 3lgFo] 44.4914%
2 7MY B2 2o g2 e AL, U A] 2359 H=3
EAAZR AR AL 37.2729-38.7526% Alo]o] RS
ettt 28 215 2 AlE A 520X AR
7} 16.98% 2 3o, B. natto L B. subtilis BC-P1 -3 A=
FAEL FARR 22 RS Bt S8 AFole BE
MEZE0] 5.1759-5.9902% 2 AT FeFatolS Uehy o
AEZFHY HIH A7 E T AXARY B 2 Tl
10.0% ©]3t2 1A= 9)aL, & F=4 ARES BF 137
ol Age A2 Uehyith Lee 5(2007)2 AR =7 2
A& ARt BT A}, 8 T2 6.07-8.54%, 2T
WO 1531-27.07%, ZAHL 20.19-24.75%, 3|EL 3.69-
526% oM, A= 7t Zpol& Hol= A2 F=7F Az A
H 4= FY ZoloflA 711" A o2 st Bl sttt

i)
i-)
r
=
=
¢

(93]

N

ofojedt 2N

A Aol ofu|iAte] thEt YA FHAof gt AFE
2ol ofat, A)E ) ofuliAbe Ghe] 27 Rk ofy e} e
T 9 S gl o) s}, aeja A &4 SOl At
ok B 1= Qith(Kawashima et al., 1979; Borsheim et al.,
2002; Ryu, 2002; Babizhayev, 2010). W} 2 Aol
X273 BAAZEY ofvlAs BAslgln, 1 Az
Table 49} 2Fkn), % 2652 ofu|izAto] Z2HAck. A%
E AZA AME 9| ofu]lAl 2 AL arginine, glutamic acid, y

-amino-n-butyric acid, valine, tryptophan 52| <=0 2 3}&Fo]



Table 4. Amino acid contents of Cheongkookjang. (mg/%, dry basis)

. . Sample

Amino acid " 5 S

NC PC BC-P1
Aspartic acid 10.34 0.00 5.69
Threonine 3.93 348 12.20
Serine 3.47 2.79 11.71
Asparagine 19.91 0.00 7.42
Glutamic acid 34.40 37.42 95.82
a-Amino adipic acid 0.00 6.78 8.74
Glycine 10.57 9.51 16.61
Alanine 20.32 13.29 39.42
Citrulline 0.00 5.56 10.81
a-Amino-n-butyric acid 2.72 0.00 6.24
Valine 28.85 23.57 72.66
Methionine 5.80 13.52 20.62
Isoleucine 7.31 23.72 38.90
Leucine 12.89 41.59 72.44
Tyrosine 14.88 64.43 74.49

Phenylalanine 18.65 83.19 104.60
(3-Alanine 2.68 0.00 0.00
{3-Amino isobutyric acid 0.00 10.49 15.26
Y-Amino-n-butyric acid 28.87 0.75 2.09
Tryptophan 22.00 0.00 0.00
Hydroxylysine 0.00 0.00 4.39
Ornithine 0.00 15.47 18.75
Lysine 11.36 48.36 56.98
Histidine 8.53 26.77 37.30
Arginine 71.52 0.00 8.20
Proline 0.00 14.52 0.00

Total A.A° 338.99 445.19 741.35

* Commercial Cheonggukjang

b Cheonggukjang fermented with B. natto

¢ Cheonggukjang fermented with B. subtilis BC-P1
¢ Amino acid
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