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Abstract

The microorganisms producing high protease activity and acid producing ability were isolated from Chunggukjang and
kimchi, which were identified as Bacillus subtilis and Lactobacillus planetarum by morphological, biochemical and nutrient
requirement. The attempt was made to produce soybean milk yoghurt by using the isolated microorganisms. The mixed
culture of Bacillus subtilis and Lactobacillus plantarum exhibited the lowest pH value of 4.23 and highest titratable acidity
of 0.88% compared to those of single cultures at 37°C for 32 hrs, and their total viable count was 4.09x10° cfu/ml. The
a-amylase activity was the highest in culture of Bacillus subtilis after incubation for 24 hrs, while protease activity was
most produced in mixed culture of Bacillus subtilis and Lactobacillus plantarum. The amounts of reducing sugars were
steadily decreased as soy milk fermentation progressed.
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o] P2 Yg] o] 8xE|o] Yom, ool isoflavone, lecithin,
Aed 33 Z2 Edo] FHsia, A5 gy Ao

T AErEY g E AAE He o] A t3tkel A GoFstA 0 2 o}F L3t aAolth T PR ZA]o]X]
W e Wtz Q) HEdA Ay T2 B o) ok 8579 7}7/}1_ HELS 7R3 97 B WolA] L=

F

ZF7HKim JS 1989)3te] wheh AT}t el ool dhgt
ol 43| F7kskaL e FAloIt ool B2 A71E
A Fo] Mg E o] AlRE L, tEo] AEA {3 Al et
ol SHENeH, SEAE FAE AZSEE HHYol
AE AAES e S2E Adste] AlEsta JItHKim
RU 2010). 200610 ©]= Health Zrx]7} ®o A AA Q1 A74]
ZF 57K 5 37HA7E EEAIFoH, AR AR 22al 87
2ZE7} AAEo] FAHoRE YFAEL A AEow
QA5 9lch(Park KY 2012).

T F%A 2, 2%, 13, A= 59 2R

O

E]— 231 It} Saponin, phytic acid, isoflavones, hema-
s 52 S5 AARHEDE T 2] F2
Z AU A R A= ti7t 7FsAdol BaEa it
(Yoo & Yeo 2008).

RFEEL $48 AARoR WEAA Aujg} g
AN Ao S94H 2o BAFOR §EA Blactate,
peptone, peptide, W|FFEAEE)Y B4, AAikto] THiEof
9lolA st oz $ant 2asithung & Ju 1997)
=8 aP=EY A% 31 GRel §9 40t B A4,
28, kel WH| o] A,
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R AR A% oA 28, BF Fa2ES Aok 28, ®
o F1 %8, B 48 FL e A0 YA A
(Robinson 5 1984; Savaiano 5 1984; So MH 1985; Hood &

Zottola 1988)

lipoxygenase= 7]§’§% io}/\P]J—, QA9 thARSoll ¢t
oA 725 RWASH= flatulence®} trypsin inhibitor, phytic
acid 59| goFAo g 2lo] o(Jung HI 2008), ©]82 st=
ol AlgkS A 7] gzl 7 Y] AR A a3keS
=013, F HIHWS} 7k AP EE S AASH] A% e
dete g drgof T A7 JFPEo] 23 Yrilim 5
1984). F2o)= Tl Lactobacillus\t Bifidobacteria 53} Z+

< ikt AEsH EaE FRE s AET ol R
o] A2 QlthJang & Yoo 1997), 2|} A& G GAF3}
Azgg o8 7 TE I A #ET "ol

meba B oM dFH e SN0 gl T
Ao i FE FURE AT EE 45U L2dI AA
AN et Akt o835t &5 TEE ST dFER

1. 2F 22|

A=olA SiE Eaflso] Yle w2 EEshr] fIsiA Al
= 30 gof] B AP A 4 270 mbE B stomacher bago]]
o} stomacherE ©]8-3}o] 487H260 rpm) #A3}5He] 80T
water batho] 1587FS A3 The 7 A=A 10 °~10 72
2 3X3%t & n|g] FH|3t nutrient agar(skim milk 2%) v} Z] ]|
Eukgt %, §-27] 37N 48K12F eFato] ujRlol Lpepd
colony®] =7]¢} =ef 9 £H2e] 7)o wet w5 12705
nutrient agar ¥ Z]o] streakingdto] &4 EE]3}%th

AX A 4F G o] e 4 EEs] H8liA A= 30
goll B A A A4 270 mbE B-H stomacher bago] Fof
stomacherE ©|-83}o] 457H260 rpm) A 3I5te] 1 A&
<10 *~10 ‘22 343 &, u]g] FH]F 1%w/v) CaCOsS
FH-3H= MRS agar ¥R o] =8t ¥, §27] 37TofA] 484]
7+ wFsto] viA] o] YEhd colonyo] H7]9F =eF W Frg
9] A7)0 wzt &3 157§5 MRS agar A o] streakings}o]
& sk

2. TO| My

HFANN &5 ROt FHEE YMBI-YMB12744 91
3191 © ™, Horikoshi K(1971)9] protease AJAF vl X](glucose 1%,

Holelal - ure14] HEREL DR
peptone 0.5%, yeast extract 0.5%, soybean meal 1%, MgSO; -
TH:0 0.02%)8 AHg-3ko] 37Coll A wjeyatsict, ool g ¢
A1 &2(15,000 rpm, 15 min) & AF5HE 242 319 1%
casein -5 7|4 R 3tof B Sste] @ Esfas
4ol 7P & o2 AR A™I 5= nutrient
broth Hj =] o]l A HjFZE $- 30% glycerol oA —70CoA B
A AHgSHAT

AA A &4 B FFS YML-I~YML-1571%] 3
SRS ™, MRS HA| v =|of] 37°Cof| A 2413t F<t AT ulF
£ 33, Aok AP B 3 T Ak AEe 25
£ MRS broth Hj 2|4 BRE 2 30% glycerol Yol —70TC
NN HstEA ATt

3. 22| 250 58

WX ok BN Helat FF2) FAS Bergey's Manual
of Systematic Bacteriology©oll w2t HEe]F, vjFzd 2 Al
2] & EXNS AP &<Q15} thGerhardt 1981; Harold J
1994).

57 @7TEE =
7 gF7Y Alxe AEE AT 60 g& = 124]
ol JAAR F, E2 AAT 5 T 29 5T H
£ L1022 gt F/2 ARt A2T FHoll 1%(wv)
EE‘%’% H7}ske] 121 Coll A 1587 autoclavedtal YzHs}
o Ago|| AFLSHE T Al AT 12 F-S nutrient broth=
Pﬂg}‘xl 37T A 23] At vigFet RS AEHE 2 ARESHA
ok Al 5AE $AHES MRS broth® AME-she] 123t
Ze oz AAEATE BdE FholA oF 10° cfwml 2
o AEEE iyt A B, TN A
SR Aol AEE D2 GRS 1]
2 Eakste] Ul L 20 wasich

[o

=% QTEE Olsiats 24

1) pH & A

pHE AT 3 mo] B+ 375 27 mE 71t & 2 &
sf5te] pH meter2 St ch TAFRY AHee AR o
Tkl 20 méE 0.1 N NaOHE: 7}31e] 2Z pH7}| 8471 € Wizt
A A4tk Ao ARgE 0.1 N NaOHO| 48] mlE v
o] Aoz Zitow HAbsHGITh

Acidity (%)=

m¢ of 0.1 N NaOH x factor x dilution rate x 0.009
Weight of sample (ml)
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2) & 42+
Tzgt Batee AT LFEE ARE Dol AA
3]43}o] nutrient agaro]] =WE F 37ToA 48 hrs BijFgH
AZSA Akt AETE AT LF2E A
ol AZ1243t] MRS agarof =et - 37T
fget & A5 A5ttt ¢4 30~300717}
Uehtes gae sty A&t

AFAozRY HiAS A thg Bh TS 2%

a-Amylase 84 =74-2 dinitrosalicylic acid(DNS) =
(Noh 5 2008)] webs] AAISHLh 1% 7484 AES
N 0.5 mlof] &Z-894(0.02 M phosphate buffer pH 7.0) 0.2
meS}F 1% NaCl 0.1 ml2 H7}st Qe 7| A2 AF2stg
L, Hbg =4 SEZ AEAN F 2EALH 0.1 me
7¥sto] A|ZRE 60To| A 10&7F vEEAITH I F
M NaOH 0.1 m(Z "Hg FRA]7]1 &l ¢
DNS 9 075 nl9} AGe F Bl 2z S8
5

o5kt

Protease 2] A== Anson? HH(Kim 5 1998)2 W
sl A3 712 Z 1% casein €9 035 mle} &
490 0.35 mE Eppendorf tubeo]] Y31, &25F o)A €&
(37T, 10 min)A| 7] THE 0.44 M TCA €94 0.7 mlS Qo]
TS AAAIZ & 37T A 3087 FAAIF T o] §E
S-S AAEF(15,000 rpm, 15 min)gt & N 0.25 mlof
0.55 M Na,CO; 0.625 m¢2} 3vl] 3]4] % Folin reagent 0.125
mE YL 37T A 3087 ¥HEAIZT F 660 nmof| A S

=5 A3tk o] kx4 sholA 187t tyrosine 1
g YA A4S 1 miteE ST

4) e g2 =5

TEFFE SFEE 108 345t A2 gt &, 1
o]l 0.25 mlo]] DNS A|2QF 0.75 mE 7}6tal, = £ A
5
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6. SHEA

2 A4 ¥ A= SPSS FAZEIHE 0|85t
A2t 2+ 2420 BT} BEUAS 7ok, 18T Y]
TE ¥5}o] one-way analysis of variance(ANOVA)} Duncan's
multiple-range testS AA|SFF oW, EA A Fo)4FL2 p<0.05
= 445tk

20 3 T

1. oFQ| MY

1% CaCOsE 3H-5-3F MRS agar v X|o]] XY 0.1 mE 7}
3k, 37ColA 24417t HjeFatch Mok & Ego] 24
et 75 15535 AdEste] YML-I~YML-152 333t
tolS Beldt 157 FRE O R 27 AW AE =4
= Foto] AF ikl 7 A% # 75 ARSI AF
Ao 2 YML-4S A¥ste] £ Ao AHgsHTh

2% skim milkE %713} nutrient agar B X|o]] A=A} 54 A
2 0.1 nlE 7159] 37CHA 24417 ¥l o] i o =
gto] 7)o whgt 1232 Ba3kal, YMB-1~YMB-127}1] 3
gtk ol BEg 127) #FE e R 231 3 &
& i 5745 Bk protease AitsE ol 7 At
T+FE AAEIALE FEH o2 YMB-128 AEste] B A4
o AH&-3tsiTh

2. 779 3

A FR(YMB-12)9] FHj= 257d°] 3= Gram 4
o] Zhit o2 A WAEAS FASHRIL, catalase B/0] 31O
Bacillus sp.&] Ntz FAEUc 1 9of &43H=9 o]
|1 B3ed A9 Aits Table 13 Zr

B4 © 2 = arabinose, cellobiose, fructose, glucose, maltose,
mannitol, sucroseZ ©]-&3}% A4k, esculin, lactose, melibose,
rhamnose, raffinose, xylosex= ©]-&3}%] £33}, casein,
starch, gelatin 7}5=E3&50] AL, S0C7A] AFSo] o]
20X Qit). ole} e AxZE Hol Bergey’s Manual of
Systematic Bacteriology A}2] Bacillus subtilis®] EA 1} 4
Z =0l B2 H #F(YMB-12)E Bacillus subtilisZ2 A=)
O, Bacillus subtilis YMB-122 W3}t AHE #3F
(YML-4)&= Table 19] Uebd vie} Zro] v 54, Gram
FAe HdoZA EZXE FASIA &, catalase 4,
indoleE 43R Y= 5 HEZQ EAJo] Bergey’s Manual
of Systematic Bacteriology®] £F7|&3 UX %o,
O A= By #+F(YML-4)E Lactobacillus plantarum
S 2 ZABIYE AL, Lactobacillus plantarum YML-42 3§ 3}

At



276

Table 1. Morphological and biochemical characteristics of

the strains, YML-4 and YMB-12

¥ - A -

AR - Aokglal - urel

Characteristics

Strain No.

YML-4

YMB-12

Gram stain
Cell form
Motility
Endospores
Catalase
Citrate-test
Nitrate reduction
VP-test
MR-test
Indole-test
Casein hydrolysis
Starch hydrolysis
Gelatin hydrolysis
NH; from arginine
Dextran formation
Litmus milk test
Acidification
Reduction
Coagulation
Peptonization
Gas from glucose
Acid from
Arabinose
Cellobiose
Esculin
Fructose
Glucose
Lactose
Maltose
Mannitol
Melibose
Rhamnose
Raffinose
Sucrose
Xylose
Growth in 7% NaCl
Growth in 10% NaCl
Growth at 15T
Growth at 25C
Growth at 45C
Growth at 50C

+
Rod

T T e

o+ KK+ o+ + o+

+
Rod

+ o+ o+ o+ o+

+ + +

Symbols : +, positive; -,

negative; +, weak.

T

SERE L R

[ed

3. &% QTEE 0|35y 24
1) £7 RT2EQ| pHet ME, & YRS

I A3 5 vehd pH 9 A== Fig 1, 20 Yehd
Hie} k. tf2FH(NFS)E Al Qle 2 A= 9 pHe TaEAIZE
o] Z715}EA] WA WA TG MR Bacills subils
YMB-12 @5 v 97t o8 Aol nls &t
a2 H3lE YelW 13, Lactobacillus plantarum YML-4E
olg T4 wash B el A7t FAe YaT A
< etk ol Lactobacillus plantarum®] EAAF A
o] MASIEZ Bacillus subtiliso] B3l pH7} ¢ #a] o}
Ae Aoz Ak

wljoF 32A17H) Z+ A2l pHE Lactobacillus plantarum
YML-42] AL 4.28, Bacillus subtilis YMB-122] 7% 598214
wlsl, S5 vlere] F9-k 42302 7F Wskeh. Cho HQOI)
o T3 gkl AT 4nekn wad A3 v

QFEE Az F 7M 583 5h HIk= lactic acid<]
Aoty AF2EE A ARE ThAoF F1|7F FAE
= ez guA o

Fig. 20| 4] B upe} Z+o] Lactobacillus plantarum YML-4
2 08T =g Wnsh E3 Wi B9} hctic acide] A4
© HjOF 8A|7F o] Bo| FAS| ZA8HA. 0, Bacillus subrilis
YMB-12 5 Wlpe] 397} ki) Z7Fe ARE e
itk ol pi EAjol4 iRt 23kt ARSI Cho 5
(2011) 2 Jeong EJ(2010)2 Lactobacillus plantarum} Bacillus
subtliy® 2FEI2 TS 9 B WFs}o] B4 RTEE W
5F 950z wjgelES HEot £ et o A
3, B9 4% Fol SAEHJTL Baste] # Adn
o QxS AL Lersic

ujoF 32X 7HA) ZF 2] AbE= Lactobacillus plantarum
YML-42] AL 0.74%, Bacillus subtilis YMB-122] 7% 0.42%
Q1) s E3 wlake] A9s 088%E 1A Eakth Cho 5
011) &3t e = 0.54%eaL Bt AHth= &
St

Egol a9} we] fo] Bgo] M SAKFol ol &
5171 ol &2 7] Hizel Atert Weten, duky
0% gAROR WEF VERY A AEL 10-11%2
o 7Y F3g FES 7HIvkal B EITk(Shin 5 1983)

18 F 7 2F=2E W F 59 W3} Fig 33 Ak
= Q] 7 24X 7W7VA] Lactobacillus plantarum YML-4
9] AAo| Bacillus subtilis YMB-120] 8|3 @3k o, 24A]7F
0)& Lactobacillus plantarum YML-42] AZFo] H2} 7r438}1
ok 23w B¢ dEuekel Blsl S4 o] o £t

wlj ¥ 2A17HR) ZF A @l & d== Lactobacillus plantarum
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Fig. 1. Change of pH during the fermentation of soybean
milk at 37°C. Symbols: LP, Lactobacillus plantarum fermented
soybean milk; BS, Bacillus subtilis fermented soybean milk;
LPBS, Lactobacillus plantarum and Bacillus subtilis fermented
soybean milk; NFS, Non-fermented soybean milk.
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Fig. 2. Change of titratable acidity during the fermen-
tation of soybean milk at 37°C. Symbols: LP, Lactobacillus
plantarum fermented soybean milk; BS, Bacillus subtilis fermented
soybean milk; LPBS, Lactobacillus plantarum and Bacillus
subtilis fermented soybean milk; NFS, Non-fermented soybean milk.
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Fig. 3. Change of viable cell counts during the fermen-
tation of soybean milk at 37°C. Symbols: LP, Lactobacillus
plantarum fermented soybean milk; BS, Bacillus subtilis fermented
soybean milk; LPBS, Lactobacillus plantarum and Bacillus
subtilis fermented soybean milk.
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YML—49] A< 1.02x10° cfw/ml, Bacillus subtilis YMB-122] 7

© 2.12x10° cfwmlld] B3] &3 wjoke] AL 4.09x10°
cfu/mfdi 7V &9ttt Cho 5(2011)& T8 Lactobacillus
plantarum3} Bacillus subtilis2 HEAIZS W] ¥a 104|710
Z #F5LE 2.86x10° cfuml gt ol= #FF 7] Xpo], a8
Az FA ol digt ztolef 7]¢ldt Aoz AYztgct

QTEEQ JieRiEs ¥

o
[{0

S AFEEY camylse $4E 2R A Fig 42
2t} Lactobacillus plantarum &% ¥ Y 39 @-amylase
gAo| Qle Ao 2 YEelTE Bacillus subtilis YMB-12 &&=
Wegat £ Wy A ST olF a-amylase B40] 5

25 4

E
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2
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Fig. 4. Change of «-amylase activity during the fermentation
of soybean milk at 37°C. These values are means=S.D. of
triplicate determinations. Symbols: LP, Lactobacillus plantarum
fermented soybean milk; BS, Bacillus subtilis fermented soybean
milk; LPBS, Lactobacillus plantarum and Bacillus subtilis
fermented soybean milk.

120 4

Protease activity (unit/ml)
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Fig. 5. Change of protease activity during the fermentation
of soybean milk at 37C. These values are means+S.D. of
triplicate determinations. Symbols: LP, Lactobacillus plantarum
fermented soybean milk; BS, Bacillus subtilis fermented
soybean milk; LPBS, Lactobacillus plantarum and Bacillus
subtilis fermented soybean milk.
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Fig. 6. Change of reducing sugar contents during the fermen-
tation of soybean milk at 37°C. These values are meanstS.D.
of triplicate determinations. Symbols: LP, Lactobacillus plantarum
fermented soybean milk; BS, Bacillus subtilis fermented soybean
milk; LPBS, Lactobacillus plantarum and Bacillus subtilis
fermented soybean milk; NFS, Non-fermented soybean milk.

7}EHA] 24X 7F E9F BFE A] 22.01 unit/mé, 8.13 unit/mlE 7}
% =kth 221 protease®] BAJS ST A= Fig 59
). Lactobacillus plantarum G v 7 9= protease 2]
2ol %l=Hl, ol a-amylase B4 ST A}
ARt Ao 2 el Atk Bacillus subtilis YMB-12 T vfjoFa}
53} ujgFY ALLE 8A7F o] F protease EAJo] Z715H7] Al
Zrste] vba 32A17H4) 103.08 unit/md, 85.84 unit/ml =2 E-A] o]
A Yehton, o] Aak= Oh SM2006)= 1272 o] 83t
A v x| 9] EAA 7heEdl aa BT ST Ao}
AX)3l= B ERTE o= Bacillus subtiliso] 23t F=H-2
WA= a-amylase, protease®] S 2 stH, YaA|gto] F
7¥staA B B0 SUkshe AE & 4 vk T A
Azl whE 2t A= 2HT ke RARRE A3h= Fig 63
Atk 2FNFS)E A9 2 A= 2hel g Tazt
= F7VsHAA AR} oAl A Btk 53] Lactobacillus
plantarum YML-4F ©]-83 T Ha e} &3t sjge) F97t
dhg 27] RS 3,492.86 me%, 3,433.04 mg%o] A=, vra
32A17F Tof|= 1,942.90 mg% H 1,865.40 mg%= ZHZF oF 56%,
54%9] T ol SIIALS & 4 Uk LT 7] 24X17ko]
£ 3% g4 B3RO0, 1 Foji oha guke Ha
& wol T otk BT Aak WE F oA A U §
J1AbaEo] 71915 A2 AZPEIT Kim $(1999)& £33
%2 ol8t thRgel Wil e T Wsll 293 A7e
BFE eI

£ dFolde @ido] FHe A= Foll A=golM £

AR - Aokglal - urel

pEREEDCE R

3t Bacillus subtilis@} AR\ A &3t Lactobacillus plantarum
= o] &3 EFERE Tl diF HE AEFY s 5EE
g Adde o 22 24 255 itk

S5 FF AES 93 ALE TEF Y] A A B
Fol =2 75 AolA Esla, fAREY A A
T Aol =& #dFE AANA EYstih 2 F=7
oA B3t #F= Bacillus subtilis2, XA 2T o5
= Lactobacillus plantarum2.2 FAE U F5 a4
pHE= Lactobacillus plantarums 083t T7 wa ot &3t v
&l A7 A% W2 A¥E WeHW AL, Bacillus subtilis
o= g BT T8 APl vis euket MskE HA
t}. Lactobacillus plantarums 0|83t T WHa el =3 =) 9F
9] L7} lactic acid®] A2 vjoF A7t o]Zof FA3] &
7V8+H o™, Bacillus subtilis &5 B2 797 4siA 3
7Kt %S ekl glon], o]t pH BG4 ekt Zueh
A x|sh

8 a72E A%E 24 Ant B9 v A9 9%
shapol ula) ZA0] B Sstdow, ok AR 24 e
T 2 HF4=X Lactobacillus plantarum®) 739 1.02x10° cfw/
ml, Bacillus subtilis®] 7S 2.12x10° cfw/mlld] v]&) &3t uj
oFo] AL 409x10° cfumlE 7F3 Egtth

@ -Amylase @] &2 Bacillus subtilis &= 8]} £3t )
FY 9= 8AITE o] B B0 FTIEHA 24A17F 5
OF W& A] 22.01 unit/ml, 8.13 unit/mlZ2 7}&F =kt}. Protease
O 79+= Bacillus subtilis &= ¥ £ Mg B9=
8AIZE o] F &Ado] F71st7] AlZste] WA 324]7HA 103.08
unit/ml, 85.84 unitmbZ E-Ado] =A Yeltt), Laciobacillus
plantarum 5 WjFY F9= 7heEdEh EAo] gle A

o= e

(¢}

A =

[e]

.}

e SO W du] Xl oJste] AtE

A

o
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