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% 2 Bifidobacterium o83 WUEAES NLE o] el Faf Wwe 53, BHYPAN HAx
DS 33 FHjo] ALGHE oamylasesh glucoamylases] M A7has) FeAIZES ZAsHo] A Fohel W

HA 278 ggstaA ). Ao AM FHeBAM B 34 BYNE AEIIY] 3023t Bg Ao
33t B&o| 7P frstdon], BEEAgo s 53 A dulrhe F 53R Zo) dRr2E A gsks A
Sl v3f Gt § Gt =39 S 408 AYA] Bt P w9k, 38t F ST Es AR A
o-amylase 0.135 unit/g rice powder®} glucoamylase 3.375 unit/g rice powderZ 3 7}ate] 7587 3F3lA] shl 3
2 387 mg/miZ 71 WhE A7kl 2 BAFS 24 ST Bifidobacterium & 0§31 3TCo A 4813t F
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str}” o)2)3t BifidobacteriumS X < %kole} olF
o] A g AFEE Afol9] Fag YRloZ Fof
e Hopol| A Ak TS whol gtom ARl oM
Bifidobacterium®] 773719} &3t QA1 i} HE
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Amylolytic enzymes, o-amylase®} glucoamylase(amylo-
glucosidase)E Sigma Chemical Co.(St. Louis, MO, U.S.A)
oA U3k}, Alpha-amylase(EC 3.2.1.1, Type X-A:
from Aspergillus oryzae)?} glucoamylase(EC 3.2.1.3, from
Rhizopus)2] 42 Z}z} 300 units/mg solid# 22,500 units/
g solid#it}. Alpha-amylase®] 97}= 20°C, pH 6.9, 3&%
ot AE2] maltose 1.0 mgS F2A171™, glucoamylase£]
o7}= 55°C, pH 4.5, 35859 AH2] glucose 1.0 mg2 7}
FEAE A& 1 wnitZ J3Arh. B3 AMEH T4 ¢
< Az3|ALe] AR FO R BT

Al2t % B

Ao A8 Aj2kS Sigma Chemical Co.(St. Louis, Mo,
USA) 314 TUste] Agsigon EREgng, 2
FELIYTY, JLVESI TS FRIPAILERY T
stsiet

Bifidobacteium

B A& A3 Bifidobacterium-& §+¢12] Aol 4]
283t #5¢l Bifidobacterium sp. FBD-270]gjt}. o] #+5F
= SFAFNEATLANA BEFRRO™ Lactobacilli MRS
broth(Difco, Detroit, MI)o|| cysteine-2& 0.05% 7}l Fll
&F3 ATE AL

g 9 SelgEy

23 FEA(N.OW. Tokyo, 0~32%)5 A}&3ld F&
(‘Brix)2 &735}4] 1L, Somogyi-Nelson®7& A28t 314
FE SA3At B TG v o2 MY AEHA
d F(Cu,0)8 2 HSo)3tell A 12 B el 4HH,CPO.-
(M0,,0:).H:013} ¥H-&-A17# 2| B A (F)eg S &
520 nmo X EFEE =48PT EEL A0 Z = glucose
LA G ALElgom B FRHT Alole] HEFAE FA4
st A5 A3 2590

ol 2 Y HHYUE =3

2100 g& Aste] 9B AFEHO R 50 g¥ BT 43]5
wEAoz sfFsle] 200 g& 423 £72 27)(Hanil
FM-600W)& A}-8-5}of 200 g batch=® Z}2z} 30, 60, 90x%5<F
B3, 3k vbzy B4 7](Cyclotec 1093, Tecator,
Sweden)E AFE-3le] 43 5 28 59 Ro-tap(RX-29 W.S.

Tyler, US.A)S Al23}e] sievingd ZA2HE HFYH
(mean particle size, MPSYE 2] (1)7} Zo] Attt
_ Wy Xdj+wy Xdy 4+ Wa X da

B Wy + Wy + e Wy

MPS a

&} 7|14, w,=aperture'd 3|5-A1 59 FH(g)
d,=aperture(ilm)

ke

2N oslE st 24 TH

Y7kA) ehio s B3 248 24zt 1 g¥ 15 ml screw
cap test tubedl|] H3l1L, FFF 6.4 mi¥ H7F T HGHFY
B¢ ol v)g 7198 352 (A7, RI-4000, LGHA}
oA 302%-¢t cookingdlgth. Alpha-amylase 0.135 unit/g
rice powder2} glucoamylase 3.375 unit/g rice powder”} &
EE 01%(wh) EEEN4E A7 T 60CAA 421705]
ajdstHA 24 FEAN.O.W. Tokyo, 0~32%)5 AHE-3|
o 308wttt BE(Brix)E &4 33t

z|HetslE 9/t S5} H ojd|7I2 =A

Bs & 1 g7 FFS 6.4 miE test tubeol] 231, 60°(
oA 1AZHESE 158 HF o8 X Ed F TalRoA
305591 338}35}3, a-amylase 0.135 unit/g rice powder$)]
glucoamylase 3.375 unit/g rice powderE #7113 F 60°Col
A 3AZHEe BEA 7| HA SAZEAE AHESt 3087
o FE(Brix)2 SR

EXY3E figt 23 =

Ao} P} FIdF A F B3Eo|A W0EFL 1
Aoz 333 o, A2 o PR 2L FE
Artetel FARZANA FRATIEA 2HATEAE AR
of 30&vlt}h X (Brix)E SA33ich

L g

ol

4 cisiol M8 2Ist gt A &gl

B3 & 1 g9 ZF5 6.4 mIE test tubeo]] 211, 60°C
Al 7}, 100°ColA &3 &, B4 HAUlssg 2aEld
60°Coll A 2A 759t ¥HEA17|H 1580t} A58 FH3)
EAE EFAF300°C, 158) A7l F J39THE F43}
At !

WEE I3t Y TEoo] HZ

B3 & 1 kgoll /S 64 1& 718 ou7k2A =
3 33A)7)1, 9179 o-~-amylase 135 unit/g rice powder$}
glucoamylase 3.375 unit/g rice powderE H7}sl] 758 F
o e F Ansie] @e AL ABLRA0C
102)3le 37°C2 Y7+ Foll A3

Wetslol Wg

ALgFFEE AwE amylolytic Bifidobacterium sp. FBD-
27 A8+ Lactobacilli MRS broth(Difco, Detroit, MI
o cysteineS 0.05%37}5te] Fnjokst & Adslolo] 2%



N HE3 §F 5 /mine] FANNAE 12
37°Col| A} 12~48A)7F &+ 33t

olstatd &4

pH meter(model 520A, Orion)E Al-&3le] AT 3R]
oHE A8, AM=E ASE 10 ml H3jo} AAjekoz
0.1% 1= Zee2lS ALLste] 0.1 N NaOHo 2 AA3lm
AH]E NaOHeF o 2R ] olele] 4] (2)f <lsho] %Rt

2 =g A
_ NaOHA¥) % X NaOHE 7}
A% (%R 4= A]%%g} 71 % 0.009 )
Bifidobacterium%= &
Press tubeo]] F3llS W3 LFAZ ol AEE HVIA

Lollo] AHH o7 348 & MBS(modified Bifidobacterium
selective medium; trypticase 10 g, protease 5 g, (NH.).SO. 3
g, KH,PO, 2 g, K.HPO, 1 g, L-cysteine 0.5 g, C;H,O,Na 10
g, MgS0, 0.1 g, 819 mixture(SHELH 17, 2SE
£33, o)AYELSYTR) 25 ml, D.W. 1 )] Eosto
anaerobic jar(Difco Co.)e]| Z3}3L anaerobic catalyst9}
gas generating systems< 23 37°Col|A] 3U 7t H7)ukst
colony 2 A48}

Ax%

s

HH2S 5 359 #e3rte ik 35@, %,
FTHA 7155yl disted 94 A es AAST of
o AR7E ofF Foh: 93, REo® Frh TH, FAE
UmA s gty 54, HEog vtk 34, o}F ymirh:
oIt Bazirke & Btte] distd Al | A 105
9] Hdg ez AT

24 1
248t ol Qe Rzl WAYUT £F
AN 4] 2 ob2y 24718 AMgato] EAF 2
o] Y= A3H= Table 13} 2o} vb24] 24715 AR
3 Ao Qv T4 2H7IE AHESte] £ ARG
AL JxE Biow, 44 24718 AR A9 24

Azl wet o) skt
7+ NgHE BXE ZAR A9 Fig 19 2] 234 &

715 ARE3Eed 30, 6027 FAI% AR 425 um(40 mesh)
oA, 9027t Eag A|EX 250 pm(60 mesh)o| A 71 &

Table 1. Means of particle size (MPS) of rice powder after
grinding

Mill types Grinding time (sec) MPS (um)
Impact mill 30 453.4
60 325.9
90 268.8
Abrasive mill N/A 150.2

st A|zgHe| HA5 529
40
L o
o
N
g
30 |- &
Qi
%I
N
) Kl
& f
Dt
5 A
o 20| b
> Dt
o o
5] N
Q N
@ [ d ;
N
Kl ;
A i
10 | W ;
K i g
i H
o 2f:
2 {1 :
ol i
8 o
: 1 4 3 {4
0 | (Kl ' 4 12
38 106 180 250

150
Aperture (um)

Fig. 1. Particle size of ground rice by different milling methods.
[J: Impact mill 30 sec, B; Impact mill 60sec, 2; Impact mill 90sec,
B, Abrasive mill.
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Fig. 2. Changes in soluble solids during saccharification of rice
ground under different conditions. C—{1: Impact mill 30 sec,
A---A: Impact mill 60 sec, O---O: Impact mill 90 sec, *——%:
Abrasive mill. ‘
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B 129Brixg o, Umz| AlgE 12.0°Brixe]| Q). 33}
Azl ME FERSE Fo} 1A13F Foll HF B2} 70%
oMo ke Ao UEhRE 143 o1 F &)
@ @l SEe YA gastdnh webd ouA) &
&2 mes] e HEAE 344 B2 30x 2
Ak Aoz AR,

ofH|7td &3}

AAE E4 2094 B3 ARE A3t 60°Coll A
9] 7}2A27t F3lo) WA= GFE Prletgth. 2aE=
qu7I2d AEE FIZANAN 38en FAE 718k
A7 FRE DEElEA 308t =g 2489 H(Fig.
3). 7} ¥ FEE UlZ2T77} 4.3Brix, 308 o)A Elg Al
H¥E 55~8.0Brix2 Jeh} 5383}7] A u|7tLo] ot
£ HX #EA JPA7)= RAE FA9F 5 YA o)t
SAIZE 458 A e A9 dEEET) A wa T, o)
7FAl MR T 5&H o2 o]8F F Jlomw HF 4
HIZF2AIZHE 45802 AR F7E o83 wFo|
A FRHAE Z2HEE 4L Bol o] glon, o
H7b-g AAE FAH o]l fde WHE & st 58
< B F/HE AMESE T4 23 AR o
2 AlgHrh

S5tz

HHZANN st urked AEE 408 59
102 1402 53 3 Fastar G458 M3l 307
it FEE 343 23 FEE 8~ 11Brix/hA| ghia}
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Fig. 3. Effect of preheating time before gelatinization of rice
on saccharification. Samples were preheated at 60°C for different
time before gelatinization. —: 0 min, A---A: 15 min, OO
30 min, *——+*: 45 min, M---M: 60 min.
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Fig. 4. Effect of gelatinization time on saccharification of rice.

Samples were gelatinized at 100°C for different time. (—{1: 10
min, A---A: 20 min, O+--O: 30 min, *——%: 40 min.

o7 FAHAL wetd A 3z AL wE A7t
8 QL E 2= LT 100°C, T3MAI7F 40802 AA
3t}

g3 =2

B4 & NEE 713, 60°Coll 4] 45871 oflu) 724
2T F 100°CAA 4083t 334173 ELHNFS D
slo] 1527HH o2 100°ColA 15859t 7tdstn B4AE
BN F B FE SYSIT Fig. 59 2o &
3 158 FolE 23~52 mg/mlo] FAFFE HYom 7
3tAIZbe] AojdFE BE ATl dFo] S8
t}. Alpha-amylase 0.135 unit/g rice powder$} glucoamylase
3.375 unit/g rice powder FE0. 2 7 79 758 F3A|
38.7 mgmiZ 7} wE Azl L YIS YU
w2tA o-amylase 0.135 unit/g rice powder®} glucoamylase
3.375 unit/g rice powderE AA §4HA7IFO T ARG O
™ 27 YAz 75RO

Bifidobacteriumy s W2t3lHo| EN

B33 NE Bifidobacterium sp. FBD-27S A}8-3}o] 37°Col|
A] 48X7F BHEA)F|HA] 1287401t} pH, AYE, Bifidobac-
terium5E FSFPTE. 1 A7 pHE 2a A 539904
12AZF Foll= 3.930.2 Yrolzon 1 o] o= ulm| A
Fhaste] 2E 4847k o] Fofli= 3588 YERRQITH A=
27] 0.045% 4 FHAZIo| wkek Z7kske] 48M7F Fofl=
0.153%E R tH(Table 2). Bifidobacterium<Tx %7| 4.8X
10° CFU/mlol| ] && 3627t Foli= 2.2x10° CFU/mIC. 2
Z7}5)t7} 48217k 0= 1.4% 10° CFU/mMIE 7hA5te] 1)
A EL 3647 HAA 7P L2 AeE YE
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Fig. 5. Effect of addition levels of amylase on reducing sugar
production during saccharification of rice. [1—{1: oa-amylase
0.068 unit/g rice powder+glucoamylase 1.188unit/g rice powder,
Or+O: a-amylase 0.135 unit/g rice powder+glucoamylase 3.375
unit/g rice powder, A---A; a-amylase 0.203 unit/g rice powder+
glucoamylase 5.063 unit/g rice powder.

Table 2. Changes in major properties of the saccharified rice
solution during fermentation by Bifidobacterium sp. FBD-27.

. Properties
Fermentation - -
time (hr) oH T.1tr_atable Viable cell
acidity (%) count (CFU/ml)
0 5.39 0.0451 48x%10°
12 3.93 0.1172 1.5x 10
24 3.79 0.1263 1.6x10°
36 3.61 0.1443 22%x10°
48 3.58 0.1533 1.4x 10

oy, AFsNe Bifidobacterium) 7 t}EE Q1A
I #8714 2760 AjGE 1dgle] Bl o J)eA
A FO2A 9 HMErbzAde] wrk SaE S

Bifidobacterium sp. FBD-27-% o]-g-&}o] 2§ 3 ®d3}of
DEES H5HAEAT Fig. 6014 Hi= v} ko] A
Zrol AoASE Uty FHH 7|3w7) Goli ey o
Bifidobacteriumo)| €13 A== ZihgEo] Agto] &
ezl 2tz Qg vh(Table 2). 7= HMAH o2 e
FE B oW 24X2 BEA 7HF A Ve o8 g
Ao Fn R Beto]l QTS AARHE Ao2H 3
T HAAFE o] &7 ] sjxo] o= gdalds) ot
ARt ELEE B OIS 2IAE AT € V)
| = gl e £ A7t adET

Bifidobacterium<=%} 57X 272 F38 w 24A7F
e wusielo) ake) At Asiale] duke] &
| & olF] BN Y50l P S-5Egnt. o149
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Fig. 6. Sensory evaluation of fermented rice with Bifidobacterium.
O: Flavor, &: Taste, @: Overall.
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Optimal Preparation of Saccharified Rice Solution for Bifidobacterium Fermentation

Ju-Yeon Lee, Chulkyoon Mok*, Jong-Hyun Park, Hak-Gil Chang and Dong-Joo Koo'(Department of Food &
Bioengineering, Kyungwon University, San 65, Bokjung-dong Sujung-ku, Sungnam, Kyunggi-do, 461-701, Korea,
"Department of Food Science and Technology, Seoul National University)

Abstract : This study was aimed at the development of the rice product by fermentation of saccharified rice
solution with Bifidobacterium. To optimize the preparation of saccharified rice solution for Bifidobacterium
fermentation, various pretreatment conditions were established. Grinding for 30seconds by an impact mill was
more efficient than any other grinding schemes tested. The preheating before gelatinization showed a positive
effect for efficient saccharification, and its optimal conditions were at 60°C for 45 min. The optimum gelatinization
conditions were at 100°C for 40 min. The optimum levels of enzymes for saccharification of rice were 0.135 unit/g
rice powder for o-amylase and 3.375 unit/g rice powder for glucoamylase, respectively. The physico-chemical
properties of the fermented product by a fastidious Bifidobacterium showed a great potential for a functional rice
product. However, an improvement on its flavor was required, which might be achieved by the addition of various
fruits and vegetables.

Key words : Rice, pretreatment, saccharification, Bifidobacterium fermentation
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