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Abstract

Isomaltooligosaccharides were prepared from puffed rice flour by a One-step processing method under different
conditions, and their physicochemical properties were evaluated. Sample was prepared by allowing puffed rice flour
to pass through a 50 mesh standard sieve and segregated into experimental groups (PR15-60, PR20-60, PR15-65,
and PR20-65) according to the substrate concentrations (15%, 20% w/v) and reaction temperatures (60°C, 657C).
Enzyme reaction of puffed rice flour and water mixture was performed for 0, 1, 6, 24, and 48 h using commercial
enzymes (Maltogenic amylase, Promozyme D2 and Transglucosidase; amount: 0.5% (w/v) to obtain the corresponding
isomaltooligosaccharides. The reducing sugar content, dextrose equivalent, and total soluble solids of the reactants
increased with increasing reaction time. The carbohydrate composition and amount of isomaltooligosaccharides with
degree of polymerization (DP) 2 to DP 7 in the rice flour were examined by HPLC with an evaporative light
scattering detector. Because of the high carbohydrate composition, the PR20-65 group showed the highest
isomaltooligosaccharide content after 6 h of reation (138.47 mg/mL). After 24 h of reaction, the amount of
isomaltooligosaccharides (DP2-DP7) and the isomaltooligosaccharides/total carbohydrate ratio in this group were

135.00 mg/mL and 68.04%, respectively.

Key words : puffed rice, isomaltooligosaccharides, rice flour

MoOE

o] A E &-2] 11 P (isomaltooligosaccharide, IMO)< 3
= A VR ool EA1 A e-Lo)= ©lFe] THE
(DP) 295 Aste B7E FHote Aoz iAo
isomaltose, panose, isomatotriose 522 T/JE o] ¢lom
(12), FQ3), 18@), 28(5) T LEAFN= & EA
she AR BrejRitt ol AMEL g At 7%

*Corresponding author. E-mail : bboram27@korea.kr

Phone : 82-63-238-3642, Fax : 82-63-238-3843

Received 20 December 2017; Revised 3 April 2018; Accepted
11 April 2018.

Copyright (©) The Korean Society of Food Preservation. All
rights reserved.

o g F2 o & A BifidobacteriaS F2A1A A A2He-S
Z218}+= prebiotics 597 FX & oWske Bt g#A
121 (6-8) Bt 2~7tol] ofsf A pH A st=E <1gh -3l
9] B3AA9), ™ Zsk10) A Falz=H = hA
(1) 5 oS 55 A7 Jdso] gt o] AgESE|n
Fol AnEe AE] 12 FFEOR £ dutE 7R,
#Avte E o= ot Fdo] s R A 7t
(), T=F FAF 3t 1,6 222 sl w=shiA] Fapieet
oflgt & /g F Akl tigk PP T AX(12) 2Fl
BB &80l 7hesitt

o]g] gt o] A ESE T AFE Aol e
T, AL B o) A 52 YRR ot dFFY B
gk & §4 A, A3 FAl, vF THS AH AFSt
o] Folx| =t fa Ao A3}, F3), Holmairt

- 229 -


https://crossmark.crossref.org/dialog/?doi=10.11002/kjfp.2018.25.2.229&domain=http://ekosfop.or.kr/&uri_scheme=http:&cm_version=v1.5

230 A FAGT 52 A A58 A2E (2018)

AT Ax= 3 HA DA FYshe dgt Ea
2 A7t 23 Gol o3l T8ty 3 opE R 9 29
o] wAslE o] Yehe 1HE JHE 9AE
W E Faot] HAEE 2F7] st FYste Aol
AN E S BA Fe 128 A3z
£ ARESHA =M, o= Q3] Mo o-14
Az TR Jhealete] dexuindt 24 SRS
AABHA BTh(13). B3l A e opdRdHEl o] A A3 (a
1,602 Al SAE F2 i vgy ddo 2 BE
a-1,4 W FAS Fallske o] g4 Fgo =z Qg g
EY telo] HMEo] ¢ Ze w2 A A 2L
DE(dextrose equivalent)agto] &7} a1 o] Hkg-o] &
HYE 60T FZolth(4). iAo R Holgihe
Asperguillus niger 22| TransGlucosidase(TG)E F<1, &
3N (FE E X, maltose, maltotriose)S 7] A 2 71553
ste] a-1,6 2o] AT = Ho)F S 53 isomaltose,
isomaltotriose 5 T T E 3t o] ALELE LTS
AsHA Htk(1,15). &8]1F2 o] 9 o] B dAE
A7 WHEoj A& Bl AgtEgar b WA I3} vk
Zrj) o 2H o|aUESE| T Aite] A7 E ouR|E
#Arg & Ydun #Ead gels IS A

o
o,
iz}
ol
)
R

£
ox,
i
Jo
= K

3 Aok

Sh, U] A v R A Eo] wiskel e St
o2 Qlaf | sk FAlolH16) FEviel A Alx
o} 37 WTO T3 ol whet 20043 -8 o] 74 ¢l 2
TULR17) Aol 5538 S7H=A 7 Hated w
2 HeH)E T 2 54 AsHEA(18) T A o8t
AF 2AE AFE S5 4B Fxlo] Bagh Aotk

Yaju|= AxE AS g Y
G FEE THEolT H, S0 R Adstem kst &
ollA sk o] Fuj7} gsta v F27} Ho
A Fast 7hssith o] AR & &
o] ofalo] TP F8lEAd ] Ato|7t Al Rk ol 2}
Fazbgo] ol gt Hlgte] TP 12 A<l A
ol glo] WAL opdZ oA opdmARIS] Fxo] &
2o] 2Zgo] H9m "3t & Ho] AR oz = A4,
A Az el gl AR 3th(18,19).

waba, Ao P S YRR Sto] o)A
EZYad Az A Sskdelrt B esin &4 2Hgol
ksl Flof] Atste] A5 E3tste] 13] AEvte s
A 27} 713 One-step &4 HH3-& 53 o] AUESE| 1
TS AzetAa, ol 71d EFEY TE, e H
AlZE T Agzde gelste Azl oadESYn
Fo] oty FHEAS Flsdon, dwbygo
Two-step((== Three-step) &2 A| Z2F = A|H o] AUE
e AT BAS B3l Aol stk

-

¢

to frt

ERTE

Ay M=

H Ad ol AR )= A oA Aufet AER
FEOR A Z3 FHAIES o8t o, ol 7P &
3 71(HR2095, PHILIPS, Amsterdam, Netherlands) & 23
3}e] 50 mesh Ao n2A W Th F81E 3Y3in
A& PE H[EWo| ®E3dto] WEi(WSM-1242RF,
Woosung INC, Namyangju, Korea)ol] H.3}H o] AU ES
2o Azl A5

L

o|ALEZE|E M=

HEHR| -2 o] §8 o] A= L DY A|ze] B
AR AL OH, We Fushs Tk AF
w3l A8 §4291 maltogenase L(Novozyme, Copenhagen,
Deanmark), Promozyme D2(Novozyme), Transglucosidase(L
Amano, Kanagawa, Japan)E 712} 712 9] 0.5%(viw) AH8-3
ATk oluf, AlxZAE B E] 2ol & &Rlsr] fl5te
N7 & 3 (slury)e] SouE FEHA5%<F 20%,
wiv)ZF EAankg] 83 22607, 65C) 21 2+t
gelste] 4742 Ad e A% 5+ THPR15-60, PR20-60,
PR15-65, PR20-65). ©] %, A|IZFHZ o| AT ESZ 11T A
A Bes gelaty] 9ot AR 225 FAIAATH
0, 6, 24, 4847t5<t REGAIA AFH 3 AR5 Fof )3}t

A

3T [e] =]
4 FASHL BASGT,

3l

e

2

2 DNS M@2De® SHsIsith 5, A&
= 5008 3]AJ3te] 0.5 mL & ¥, DNS A%< 0.5

A7Vsle] degzoll 15831 o] HEAI & E5E
1087 34 WAsth vhgo] ¢ Alse §3EE
MicroPlate reader(Tecan, Infinite M200, Mannedorf,
Switzerland)E ©]-83}o] 550 nmol|A] =3 sIF o, BF
AR ARE X=ge] AFFAE A5l Hal 05,
025, 0.125 mg/mLE 3]Aato] S| A& T3k 5 #h<=
A%t DEEZET 3% 542 2524 A2 26)
o w o)l ARELY Y AFHNS 105T ovendl &

o] 2 wi7px] Ax2AIZ § nFE S ote] ofef

o] A& Fof et AT

&

reducing sugar content(%)

DE(%)= solid content(%)

%100

heM ngEe

Y3} S o] galo] A Z23 o| AUEZ TGN ] I8
AR R e vk A zhE Alg s A Ha Fle
S

=4 Y= (Hand refractometer, PAL-1, Atago, Minato-ku,



Preparation of isomaltooligosaccharides using puffed rice flour and evaluation of physicochemical properties 231

Japan)Z ©|8-3to] °Brix® EAISIY 1, BRE AL 33
WEoR ZH FAE FEghow ek

TLC

Alzbol] w2 Al -g-Hel HMtE gQlstr] $ldl] Thin
Layer Chromatography(TLC)¥--S A8 s}5ith Alz2x7
W g4x2] 985S 0.2 um syringe filter(PVDF Filter,
Wahtman, Buckinghamshire, England)E- ©]-8-3lo] 32}4]71
% TLC Plate(HPTLC silica gel 60 F254)°l] &3l 718
| (Nitromethane: 1-prophanol:H,0=2:5:1.5)7} &3 TLC
Chamber(125x145 mm)ol| A 22} A7l8kch Eal A eko 2
= 10% sulfuric acid £ 22 ¥H-3-A|7 105C ovenol| 20%
71l Azetglen, Agd AHE RE Al Sigma-
Aldrich A}St. Louis, MO, USA)9] #| &S o] &35t th

HPLC-ELSDE o|8¢ 72 HaE4

e A0 AMEE 18F9 ETEZ F fructose,
glucose, sucrose, nigerose, maltose, kojibiose, isomaltose,
maltotriose, panose, isomaltotriose, maltoheptaose+= Sigma-
Aldrich(St. Louis, Mo, USA), maltotetraose, isomaltotetraose,
maltopentaose, isomaltopentaose, maltohexaoset= TRCA}
(Toronto, Canada)©l| 4] isomaltohexaose, isomaltoheptaose =
OmicronAHAmherst, USA)ol| 4] 48l AFg-319ith =&
HTEAR AFEE A 4L S0l de AMESI S
™, Z}7e] 18% HFEA 20 mgS ulo] Lol HU3| Fo}
1 mLe] S/l &3A]1A stock standard solution®] 20,000
ugmL7} = A siith 82 AR FEE 1
stod 500, 1,000, 2,000 pg/mL7} ¥ =5 3|4 ste] Al
et T i BT o] ARESE T T H|
A5 8l 272 AREZ Al el
Aol A Fedeoll A Al El AFS FAsk AR
ol AAle Fem oz A 2e o] aUEST nTdS
FZ 2ol 94 %2 7|(Himac CR21GII, Hitachi, Tokyo,
Japan) S o] -85t U4lE2](11,180 xg 20%) & , FE
= Fotod oAz}, BA T A AT FAl 2
o] -2 8+X] (Amberlite IR-120, Amberlite IRA-67, Sigma
Aldrich)E el Zdol] 23 F F3ste] vk-gHe] 7]
=% (Almemo 2890-9, Ahlborn, Holzkirchen, Germany) 3k
o] AAE B3l MHELY AAE Rl om, FAz
AS AA 02 um syringe filter(PVDF Filter, Wahtman,
Buckinghamshire, England) 2 WH5- o3} & | mL¥ 23]
Fste] AlE-8A S A SHA T

A 215 A 5E7] f15ke] HPLC system(Agilent
Technologies 1260 infinity, Palo Alto, CA, USA)3}
ELSD(Palo Alto, CA, USA)E Al8-3F 72492715 Table 19
JehR.

off

ol
-

OEERE?..FJFU

(]

Table 1. HPLC-ELSD analysis conditions of isomaltooligosaccharides
manufactured by one-step method with puffed rice flour

Instrument Agilent Technologies 1260 infinity
Column shodex HILICpak VN-50 4D

Gradient conditon

Time table (min) Acetonitrile (%)

0 89
25 89
Mobile phase ¥ ol
40 80
75 75
80 73
80.1 89
85 89
Flow rate 1.0 mL/min
Temperature 65T
Injection volume 10 uL
ELSD
Detector Temperature 90T
Gain 10
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Fig. 1. Reducing sugar of isomaltooligosaccharides manufactured
by One-step method with puffed rice flour.

AD. 2jifferent letters within the same bar are significantly different from each other
(A-D, between experimental group; a-e, between different reaction time) by Duncan’s
multiple range test (p<0.05).
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Fig. 2. Dextrose equivalent (DE) of isomaltooligosaccharides
manufactured by One-step method with puffed rice flour.
AD: a4Dyifferent letters within the same bar are significantly different from each other

(A-D, between experimental group; a-e, between different reaction time) by Duncan’s
multiple range test (p<0.05).
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Fig. 3. Total soluble solids of isomaltooligosaccharides

manufactured by One-step method with puffed rice flour.

AD. *iyjiferent letters within the same bar are significantly different from each other
(A-D, between experimental group; a-e, between different reaction time) by Duncan’s
multiple range test (p<0.05).
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Fig. 4. TLC analysis in experiment groups of enzyme-substrates
reaction product.
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Table 2. Sugar compositions and contents of isomaltooligosaccharides manufactured by one-step method with puffed rice flour

Reaction time (h)

Standard
0 1 6 24 48
Fructose - - - - -
Pr Glucose 23.83:0.67" 24.36%0.19 26.94+0.21 29.92+0.99 27.1240.30
Sucrose 4.450.11 - - - -
Nigerose - - 6.590.01 8.490.90 6.74%0.15
DP2 Maltose 118.99£1.48 101.07+0.66 29.74+0.17 6.37+0.95 -
Kojibiose - - - 8.1443.06 6.1140.07
Isomaltose 4.8240.28 18.29+0.61 66.4016.29 57674337 39.7340.18
Maltotriose 15.76+0.01 2.6410.05 8.5740.04 5.82+10.30 2.9740.04
DP3 Panose 17.14£1.63 30.00+1.35 21.10£0.22 9.00£0.78 3.541043
Isomaltotriose 2.5840.02 7.4340.04 23.15%0.30 20.730.52 13.2610.59
P4 Maltotetraose 8.95+0.61 13.76%0.06 9.7940.11 4.01£1.01 3.3240.00
Isomaltotetraose - 1.270.03 11.4520.25 5.71£0.90 3.3740.01
DPS Maltopentaose 6.10£0.27 9.0640.10 4.800.28 3.8010.53 4.62+0.09
Isomaltopentaose - - 3241056 2.92£1.70 2.98+0.37
Maltohexaose - - 4.5410.01 4.9610.67 4.7610.68
DS Isomaltohexaose - - 2.800.19 3.69+0.87 2.29+0.01
o7 Maltoheptaose - - - - -
Isomaltoheptaose - - 3.7540.14 4.20£0.06 4.97+0.36
Isomalto-oligosaccharides 24.54+393 56.40£1.16 138.47£7.06 118.92+1.54 76.8810.38
Total sugar 202.63+5.30 207.87£1.51 222.8516.92 175.43+20.64 125.78+1.48

"Mean value of array+SD.

Table 3. Sugar compositions of isomaltooligosaccharides manufactured by one-step and two-step method

Production method

Composition sugar (%)

Malto-oligo saccharides  Isomalto-oligo saccharides

Glucose Sucrose Maltose (OP3) (IMO, Branched DP2-)
One-step IMO" 19.6 - 05 53 750
Two-step IMO” 263 - 87 138 510
UExperimental isomaltooligosaccharides.
Commercial isomaltooligosaccharides.
o o] B3 WhgAIZto] Bl wlet Pgol A%H o
2 Z7skE ey a8y vhee ot & 60T 65T 42t
B 7 o] ATELST 1Y A% a3l o3} o] A@TellA ol AfolE UEllth DEE 2E A3
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