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Bacillus 4% o83 Avjwta s BuE v} gt B AFdxe
AYE Bacillus®} it o2 HEXZ B OoE AR f
At FFHo 3 AAAE AR ALE3le] 2 AT
23 protease®} amylase?] AL ZANFOEZH fAtwd
Bacillus -5 ©]-&% @ndaAF g 7|ZA8E AT
12} gt AulE v|AE w918 QAR gRET] 98
o 2 3 AT duj(150 S B B9 587 AX% &
&2 MR clean bencholl ] UVE A AEjolA 2477HE9t
AZAN A, 2884 7)(Model 33BL79, Dynamics Co., USAYS
ARgEte] 245 & 1.571¢h 121°CE 2087 BF3tdc) o)
A L dAn|Euy a5 TAT FAR|2.5%, wivys Bl
A (BRPL 8 A)E 3}t BRPLEJA|o| A A5 7} 49
g4< ST 1%y fAS MEtga nAEATAA
Hokito}l AVE8Y] W, Bacillus T F 22 A3 A E83 A
S 2SI th(Table 1). =3 1g& HdE AEF(0.85%
NaClell @82171 &, 100°Col A 15837 SR3MAT o] 3E ¥
T8 Ad542 348 3 LB (Difco, USA) SHulA|o] =ata}
31 30°CollA] 24712 ekt 339 5] FHshH, u
&ste, AElstd EA-2 Bergey's Manual of Systematic
BacteriologyS 3234 Bacillus &l &3l a5 Eos}
[oHQ). 27 oY 7 BT WAEAE dAee oY &
A9l 5714 7HEo)T catalase ¥AgoleH, 2+ BI, B2, B3,
B4, B7, B8, B10, B112 33t}

BRPLE|Z| A ARRTF-9] HAeEe A 93ty
Bacillus dF= LB S R9]], F-AHT-2 MRS (Conda, Spain)
SHAu Rl 22t Aulkste] 10?2 CFU/MmI A=) F52 BRPL
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Table 1. Microorganisms used for screening
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Microorganisms Origin

Microorganisms

Origin

Bacillus sp. Bl

Bacillus sp. B2
Bacillus sp. B3

Leuconostoc mensenteroides
Leuconostoc gelidum
Leuconostoc kimchii
Leuconostoc citreum

Leuconostoc cireum KM20

Bacillus sp. B4 Isolated from

Lactobacillus sakei

Institute of Microbiology, Seoul

Chongkukjan National Universi
Bacillus sp. B7 ghukjang Lactobacillus plantarum K4
Bacillus sp. BS Weissella kimchii CHJI3
Weissella koreansis

Bacillus sp. B10

Bacillus sp. B11

Lactococcus lactis cremoris MG1363
Pediococcus pentosaceus

H) =) (50 moll &S 30°CANA] 250 pm o2 Fekfek sttt
HEAS 61 TAZ 1442030 7HA] B H o2 Fste] A
T2 3% F kuiXol 2z} =EslaL, 30°CelA 24417t
A 48AIZE B B 3 vElhd 224 5 279*5}9}1:]—, A}
49 BE Bacillus W55-& BRPL Ao FHFF F 2443
gkl 107 CFUMmI o) AAsGa, ik FelMde L
gelidum, P pentosaceus T¥o] A 58S RAFUH 1Y 1
AR s8o] "ol 3F9] Bacillus 59} 259 319 A%
TS BRAFED(Fig 1). S22 =717} Bacillusell B8k
36M7F AEZ o9 A, 9671 Fol GR] 71 ol2F . &
o]gt AL SANERTOZ AME-E BRPL Bl A|AE 36417 o]
Foll= 229 Bacillus TF7} Aekr) A2BIYLE ol &u)o
EASH Dol Aol 2% Bacillus®) WHEAE 28] ApEs}
A EF7] fEoE ALRAT) Margosch 52 9ol wE} 1.4
GPa, 120°C2] ZAB}NME Bacillus amyloliquefaciens TMW
24798] WAEA = Aobd=rial B astths). et dnlE
54 nER LEA71Y] HEiME AEsidA 848 dAvls

Cell growth (log CFU/ml)
o

6 2‘0 4‘0 80 80 1(‘)0 1é0 14‘0 160
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Fig. 1. Viable cell count of bacteria cultured in BRPL media at 30°C.
Symbols: @, brown rice-resident bacteria; O, Bacillus sp. B1; ¥, Bacillus
sp. B2; V7, Bacillus sp. B11; W, P. pentosaceus; [, L. gelidium.
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BRPL HjA|o| A #5=0] AA5ES Tt 12 ¥ 259

A3t 889 Bacillus TFE WAL E AE HA8IA (1%

soluble starch, 0.4% yeast extract, 0 1% K,HPO,, 0.15%
MgSO, * TH,0, 1.5% agar)®} skim milk SR (2.5% skim
milk, 0.3% yeast extract, 0.5% peptone, 1.2% agar)*ll*] amylase
9} protease2] S ZARBIGE T TFE9] dUREE o|FA)
2 AHEE I 30°CAl A 4817 Bl &, AR %;‘duﬂ;qh
Lugol's iodine 848 |23} & 2473t R3] FA ==
g3} skim milk AR} G FEE] Z4z)e H]'Z]E
S SEYY AR e S é’%s}ﬁ‘:}. o] Fo] F&
%9] Bacillus sp. B1, Bacillus sp. B2, Bacillus sp. Bi1& H]E
2] amylase$} protease?] EAe] ¥ TFE 23 AAHY
(Table 2). 1X} AEEUD 28] -4kt AHE Bacillusol Hl
gto] W A4S BYou), A AollA amylase9t
protease®] A2 U3 4= JATHFig. 2).

Ay #FE53 BRPL HjA||A AJ7H] 7:‘J"’Jroﬂ wE AEe
aao] S A8 Astd Azke] FE 107 CFU/mMIY
¥ 2 50 mie) BRPL #jAo] HZ&=31c). 30°c0ﬂA1 250 mpmS.
2 wjkslas] ezt rA o wiFA-E 1 miE k] 10,000x
g2 1087 AART F, 45N pore®] #Eo| 045 pme]
AL 2FAZ A28
Protease®] A1 casein® 100 mM Tris-HCI buffer (pH 7.3)°0
1%7} H 22 £33t 7|dgdo g AR, 7| AL 0.5ml
o Z&4 05mlE 7Ft 30°CelA 1A ¥hEAIZ1 & 0.5 ml
2] 40% (w/v) trichloroacetic acid (TCA) -&-<4-2 7|5l ¥Hg-&
AN F A2oA 1587 ST 12,000xg2 158 5
At ANES F ATHL b 7184 peptide WS 280 nm
A FR=E é@s}i’a‘;}. EEFA-E Ltyrosine §4-2 A1-8-3)
dom, 484 W9l 1487 1 ugell S tyrosine S YA
She J49 %2 1 witeE AHASATHI). Amylase 234
S 1% (w/v) soluble starch 0.5 mlell 0.5mle] ZEAE 715}
30°Coll A 1A1ZE B9t HES-AIATE AR IN HCL 1 mlE 718k
o 3-8 AHAAIZ] F 0.1 ml9] Lugol's iodine 848 715}

membrane syringe filter2 A3t
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Table 2. Extracellular amylase and protease activities tested on starch and skim milk agar plates
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Microorganisms Relativc? gmgllase Skim milk Relativg Probtease
Colony size®(mm) Halo size® (mm) activity Colony size” (mm) Halo size®* (mm) activity
Bacillus sp. Bl 5.0 9.0 1.80 5.0 6.5 1.30
Baciflus sp. B2 4.0 7.0 175 7.0 10.0 1.43
Bacillus sp. B11 3.0 7.0 233 25 6.0 2.40
P, pentosaceus 2.0 25 1.25 35 6.0 1.71
L. gelidium 2.0 3.0 1.50 5.0 9.0 1.80
“The sizes are given as radii.
PThe activities are presented as ratio of halo size to colony size.
(A) (A)

Fig. 2. Haloes formed on starch agar plates flooded with Lugol's
iodine (A) and skim milk agar plates (B): a, Bacillus sp. B1; b, Bacillus
sp. B2; ¢, Bacillus sp. B11; d, P. pentosaceus; e, L. gelidium.

LAAAD. FHFE 78l 25 mlZ AEF F, 620 mol A F
F=E ZH3AT RETAL maltose Y-S ALESIFHOH, &
284 d9= 183 0.01%2] soluble starchE o]0 44335}
EE2 %S 1 it Z AFEHck1l).

AEE Bacillus #5-52] amylase®} protease®] AL N E7}
A3l we} o] F718te] ‘amylase®] H AL 17.0 U/ml
AET, protease®] i FAL 22.0 Uml A=A THFig. 13
Fig. 3). L. gelidum®] amylase E4ASAAT A¥o] A=A}
ZF7Fet 17.0 Uml BEHoY, 1o FAd ol2% A7)
80AIZF O] E A E AAEEY viRIAR A1 SHA
Bacillus®l) B13] F WA= =F] 91, proteases®] &AJ0) EolA|
© &% AN Widx =Hct P pentosaceus= L. gelidum™®}
AR A& T o Ao Bt WS BE 144417 71
A] amylase®} protease®| B/Jo] SR T A9 & F7<)
247} 324 Unl9} 3.80 UmlE AEe| 84840) A9 gle A
°2 JepthFig. 19 Fig 3) (FANETZS FaAdejo]ojo}

b WAEAT} oltnz Tagel 930] v+ 948).
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& V] B A, BacillusS} L. gelidum®] TEEL 7 Ad0)
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o] gle A7E AU (A= "AA). ©]& BRPL sjAolA &
A EA8HoE E o amylased] 28 ARe] B3 o=z
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Fig. 3. Comparison of amylase (A) and protease (B) activities
produced by Bacillus sp. B1, Bacillus sp. B2, Bacillus sp. B11, L.
gelidum, P. pentosaceus. Each bacterium was cultivated at 30°C in

BRPL medium. Symbols: @, negative control; O, Bacillus sp.Bl; ¥,
Bacillus sp. B2; \/, Bacillus sp. B11; B, L. gelidium; [, P. pentosaceus.
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ABSTRACT .: Screening for Fermentative Microorganisms that Grow on Brown Rice with High

Amylase and Protease Activities

Ki-Yeon Kim, Hee-Gyu Kim, Byeong-Chul Song, and Chang-Jun Cha* (Department of
Biotechnology, Chung-Ang University, Anseong 456-756, Korea)

Brown rice contains rice bran and germ with higher nutritional value and dietary fiber content compared with
the polished rice. However, brown rice has a limitation of poor digestion. Fermented brown rice could be better
nutritional source and improve digestibility. Therefore, we tried to select good fermentative microorganisms
which have nutritional values with high amylase and protease activities, and probiotic effects. Nineteen micro-
organisms, including eight Bacillus strains isolated from Chongkukjang and 11 lactic acid bacteria, were
screened for the fermentation ability and enzyme production. The liquid broths containing 2.5%(w/v) of raw
brown rice powder as a sole nutritional source were used for culture media. Among the strains tested, all of the
Bacillus strains and two lactic acid bacteria (Leuconostoc gelidum and Pediococcus pentosaceus) showed
increase in cell population and enzyme activities. The viable cell counts of all the Bacillus strains and two lactic
acid bacteria exceeded 10" CFU/mL. The maximal enzyme activities produced by Bacillus sp. B1, Bacillus sp.
B2, Bacillus sp. B11, L. gelidum and P. pentosaceus were 17.85, 17.50, 17.10, 17.10 and 3.24 U/mL for amylase
and 22.48,22.04, 23.76, 12.13, and 3.4 U/mL for protease, respectively. Therefore, the results of this study dem-
onstrated that the above strains could be potential starters for the fermentation of raw brown rice.



