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ABSTRACT - This study investigated the optimal conditions of enzymatic reaction for production of isomaltool-
igosaccharides (IMO) using rice flour. To manufacture IMO, commercial enzymes (Termamyl 2X, Maltogenase L,
Promozyme D2, Fungamyl 800L and Transglucosidase L) were used. The sugar composition and amount of IMO
were examined by HPLC with charged aerosol detector (HPLC-CAD) in each manufacturing process. Liquefaction
reaction was performed according to different Termamyl 2X concentrations (0.025%, 0.05%, 0.075%, 0.1%) and reac-
tion times (1 h, 2 h). As a result, the reducing sugar content was the highest at 138.26 g/L. when 0.075% Termamyl 2X
was added for 2 hours. In order to optimize simultaneous saccharification and transglucosylation, experiments on
enzyme selection, enzyme concentration and enzyme reaction time were conducted. Reaction with 0.0015% Maltoge-
nase L, 0.05-0.1% Promozyme D2 and 0.1% Tansglucosidase L was effective in decreasing glucose content and increas-
ing content of IMO with a high degree of polymerization. A change in sugar content was observed every 6 hours to
determine the optimal reaction time, and the highest IMO was produced after 36 hours of reaction (75.36 g/L). The IMO
prepared under optimal conditions showed isomaltose, 35.11 g/L; panose, 11.97 g/L; isomaltotriose, 19.95 g/L; isomalto-
tetraose, 7.46 g/L; isomaltopentaose, 1.05 g/L at 18 brix and the ratio of IMO in the total sugar was 56.37%.

Key words : Isomaltooligosaccharides, Rice flour, Enzymatic reaction, HPLC
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Materials and Methods

=

Foll AHEE A7FRE Al A=A e 2 o
S 100%4 =4t A7REE AR SIATE 27RO A =
71 180-250 umo| ATt A s}o] AME-E G4 o-amylase
¢l Termamyl 2X (Novozymes, Copenhagen, Denmark)S
ARSI Fslell AREE 4= B-amylasel! Maltogenase
L (Novozymes)¢} a-1,6 FFIAI=EZATS 7HrEs)sle
pullulanase?] Promozyme D2 (Novozymes), a-amylase!
Fungamyl 800L (Novozymes)S ARS8}t 3 Holo A}
4% §4+= Transglucosidase L (Amano, Nagoya, Japan)
2 gt Gat A% 714 gEFewmeR A7H
Zglom, 46l AH8E %18 Aol HH ¥4 =4

2 G#= Table 13 7gith

WIIF o] oH3t ¥k

A7V SRTE 1Y 49 HEE E9ete] #arR1
5, Zg ol2°] 70 ppme] HES CaCO, 5 H7}slaL, |
N HCIZ AM&3le] pH 6.0-6.4 & 233U 271+ &
HE7F F AEHS F2Fo] ¥ 1"strt 60°C
7} EH Termamyl 2XE F71ste] F43 3315 WAs)
At Termamyl 2X< 714 4] 0.025%, 0.05%, 0.075%,
0.1%% F=EE H7Iea 95°C7F He £7HEE 1A]7E
vlth At S AFH S, -80°ColA WERF dto] o]
o gk S8l AE-EFAT

O|AYUE 23| IF(IMO)2] M%E

IMOS] AxE Pr]o}oq g3l 2 Ho|gih
sttt st 28 55CTE YAzl
dolaae] FExde pHsa} LEE 283}

Age 24 A As) Pan SO YL
alo], th29] 371 AL AAsAT A HA 2
2 A3l AZe F Transglucosidase LS 0.1%(v/w)
A7FeE ZOIA(THTG), 7 WA e At & A=
= Maltogenase L, Promozyme D2, Transglucosidase L&
ZH2E 0.1%(viw) 7k Z1O13L(MP+TG), Al WA A3

Table 1. Optimal condition of each enzyme for liquefaction, saccharification and transglucosylation reaction

Optimal conditions

Enzyme Temp. (C) o Company Manufacture Origin
Termamyl 2X 90-100 6.0-6.4 Novozymes Bacillus licheniformis
Maltogenase L 55-65 4.5-5.5 Novozymes Bacillus subtilisamyloliquefaciens
Promozyme D2 55-60 4.2-54 Novozymes Bacillus acidopullulyticus
Fungamyl 800 L 53-58 5.0-6.0 Novozymes Aspergillus niger
Transglucosidase L 55-60 5.0-5.5 Amano Aspergillus niger
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Table 2. Condition of enzyme concentration added to liquefying

Table 3. The operating conditions of HPLC for analysis of oligo-

slurry saccharides
Sampl Enzyme concentration (%) Flow 0.7 mL/min
ample
P Maltogenase L Promozyme D2 Transglucosidase L Column HILICpak VG-50 4E 250 mm x 4.6 mm, 5°C
M 0.0015 0.0015 0.15 0.1 Column oven 40°C
M 0.015 0.015 0.15 0.1 temperature
P 0.0015 0.15 0.0015 0.1 Injection volume > HL
P0.015 015 0015 01 Sampler temperature 10°C
TG 0.01 0.15 0.15 0.001 Multi gradient
TG 0.1 0.15 0.15 0.01 min Water Acetonitrile
MAX 0.15 0.15 0.1 0.00 20 80
Mobile Phase 50.00 34 66
60.00 40 60
& gl S AZ3 F Fungamyl S00L, Transglucosidase 60.10 20 80
L= 212k 0.1%(v/w) % 7k ZLOIEHF+TG). 24t A2 52 65.00 20 80
24717 HEEAIA A E IMOS] e ARSI Charged Aerosol Detector
HA sAFEE g A3sl7] 918l Maltogenase L, Detector Evaporator temperature : 40°C

Promozyme D2, Transglucosidase L2 F%& U274 3}
7] ddwE AAslen, 2 272 Table 29F 2%k
th Zb g0 98-S dotrr] 9t 3 F He] &
A dd S AT, UeA st ot 4
ZFel 100 2 100042 FA ko] Frbsidh =gk 37HA]
B4 BF GRS AU AEFMAX)S ol HlaE
A ST ol5& 60°CAIA 1, 45,9, 18 B 36A%t &
ek WHEAIZS, IMO g #4383

A7 Gaig A70g AR e719le) Astele) 0.0015%
Maltogenase L, 0.075%  Promozyme D2, 0.1%
Transglucosidase LS #7}ate] 60°CollA 72417 &<t §E
SAIHRLH, 6A1Zbrteh Fatel S A Fste] IMO 2
sttt

e

O

Ay

AT EF
3k DNS (3,5-dinitrosalicylic acid) W Poz2 =
Zéé‘}i’iﬂ} Al #o] Azt | mLet DNSASF 3 mLE ¥

95°Coll A 5%7F Whe A7l & =HSES Hrlste] Wzt
/‘]Zjﬂ:]—. 3493k A|ZE microplate reader (Epoch2, Biotek,
Winooski, VT, USA)E ©]&-3}o] 540 nmol|l4] S3 =8 =
pad

sy, BEERAL A3 S8 Aol e EFEA
= 3] AAPHAL TR, ol olgs] Aze] B
AY FAL AN,

HPLC-CADZ o] &3t —%E] o 2N

AFEN AMEEHE X %7&] % glucose, maltose,
isomaltose, panose, isomaltotriose== Sigma (Saint Louis,
MO, USA)OIA 4 3F1 2™, maltotriose, maltotetraose,
maltopentaose, maltohexaose, maltoheptaose, maltooctaose,

maltononaose= Elicityl Oligotech (Crolles, France)ollA]

Data collection rate : 5 Hz

Retention time 65 minutes

A3t 2™, isomaltotetraose, isomaltopentaose= Toronto
Research Chemicals (North York, Cananda)ollA] %35
© 1, isomaltohexaose= Carbosynth (Berkshire, UK)l| ]
FAsATE AFA AL Y3 TE=LAN ZAS 95
7t 2FEH S 10,000 mg/L £Ao0Z 21]4_0},\,‘_1“ olES
Fgom EF % sMske] Agalich. Brse 2 8

F8}tN2 0.45 um syringe filter (Advantec, Toyo, Japan)S

olgate] o F AFARZ ATt BELYD
Yo} olawELYTFe FFEAL 918 717]E HPLC

(UltiMate 3000, Thermo Fisher Scientific Inc., Waltham,

MA., USA)7} AH&E193L, HE7]E+ Charged Aerosol

Detector (Corona Veo RS, Thermo Fisher Scientific Inc.,

Waltham. MA, USA)7} AR&-EI20t}. AH-2 HILICpak VG-

50 4E (Shodex, Tokyo, Japan)= AMS-ow, 4 =7
2 Table 33 2Stth.

SAXA

FAA8l:= Minitab (R17, University Park, PA, USA) X
RIS o]83FA 3L, one way ANOVA H4S 3l 95%
N TN el Hel oS selskaln.

Results and Discussion
MR oES- XX XA

SAFeo] FFE Termamyl 2X°| F=7}F Fold 45
7Fete A BAAL, A7 A5dE "y 247
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Fig. 1. Changes of reducing sugar contents in the liquefying
slurry.

HPLC-CADE 0|83t Tt g 2|1y
o] SAIEN

CADe 'IAcko] 1A 29
S AET F W] "H&
oy o] sl =LAl o]EsHA
10u0)2k A& o] oL 7]

| vk BarE g,

&3 IMOS Az Aol E=
st "k webd 2EEEIT
a7t 9low, CAD HE7|E ©]
A = FA T

13  glucose, maltose, maltotriose, maltotetraose,
maltopentaose, maltohexaose, isomaltose, panose, isomaltotriose,

A

1l

H

Ko
=

[l ]
&

3, &

O

=718

1o o ol
o= =
3

e

=

isomaltotetraose, isomaltopentaose, isomaltohexaose & 12%-2]
EFEA2 ASSAL, 4 B4 Bl a8H0E o
Fold # Y=g BAXAL AR FARAG 7
Fol a2 YeEe A= EIAS Fig 2¢] JERIA
T} HPLCOIA] isocratic AL 2 B4 A HESIHIY
52 TR IMOS] 27t &olskA] ot A &gk IMO9]
TFE Atels Aol ofEleol vk 2HAM olF S
gradient =02 F¥{Fo] ¥A9| FEsE ¥ 240
a&70)A stk HPLC-ELSDE o] &3l @wEZE|
3 IMOE AT AREIHE AUsS o
FRel 4E A7 B A8l datsh dA AT,

>

ehaAo] M
MO Az 918 HA PJeErs AP I8
of M B YohRAE Mgl Fahlolge 1Y

2 & &

& & £
o c'g' &£
& & s@ d;a
} Fa- T &

F & 2
\ < & | &
| < | &
1 | &

@
£, aIcf"
+F  F 3
F& 8
&£ ;
g’k iQQ &£ w?‘?
& & & ol o‘P
A | | @¢ +F
l & &
‘ . 5
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Table 4. Contents of oligosaccharides in liquefied slurry adding
0.1% Transglucosidase L for the processs of transglucosylation

Table 6. Contents of oligosaccharides in the processs for simulta-
neous saccharification and transglucosylation using 0.1% Fun-
gamyl 800L and 0.1% Transglucosidase L(F+TQG)

without saccharification(T+TG)

Sugar contents

Reaction time (hour)

Sugar contents

Reaction time (hour)

(g'L) 0 12 24 (L) 0 12 24
Glucose 13.55+0.99* 31.01£0.53° 38.89+0.91°¢ Glucose 14.09+£0.56* 38.06+2.35° 43.59+1.57°
Maltose 29.80+0.52° 13.58+1.22° 9.47+1.73¢ Maltose 33.68+0.60" 18.39+0.38" 8.71+3.66"

Maltotriose 28.10+0.52* 7.27+0.10° 5.06+1.80° Maltotriose 34.39+0.237 5.06+0.55° 3.57+1.79°
Maltotetraose ~ 15.90+0.55° 2.85+0.25° 1.10+0.60° Maltotetraose ~ 20.40+0.05 0.00" 0.00°
Maltopentaose  27.96+0.02° 4.96+0.32" 5.77+0.07¢ Maltopentaose  15.59+0.63° 6.95+0.56° 5.18+0.87¢
Maltohexaose ~ 19.87+0.93" 3.234+2.00° 0.93+0.93° Maltohexaose  14.19+0.02° 0.02+0.02° 0.00"

Isomaltose 0.41+£0.10* 23.10+0.74° 28.89+0.66° Isomaltose 0.31+0.05% 25.29+0.99° 29.92+0.67°

Panose 1.81+0.04° 21.02+2.04° 10.17+1.14¢ Panose 1.64+0.02* 30.04+3.33" 12.81£1.37¢
Isomaltotriose 0.00" 11.08+0.06" 15.61+£0.53¢ Isomaltotriose 0.00¢ 9.85+0.61° 15.12+0.14¢
Isomaltotetraose 0.00* 1.92+0.14° 4.94+0.53° Isomaltotetraose 0.00" 1.04+0.21° 3.30+0.36°
Isoamaltope- 0.00° 0.00° 0.120.03° Isoamaltope- 0.00° 0.00° 0.0540.01°
ntaose ntaose
Total IMO"  2.22+0.14°  57.11£1.37°  59.731.76° Total IMO"  1.95:0.08°  66.23+5.14°  61.19+1.54°

Total sugar

137.42+3.65°

120.00+1.79°

120.95+7.80°

Total sugar

134.28+1.52°

134.71£7.91*

122.2444 55"

YIMO: Isomaltooligosaccharides.

Table 5. Contents of oligosaccharides in the processs for simulta-
neous saccharification and transglucosylation using 0.1% Malto-
genase L, 0.1% Promozyme D2 and 0.1% Transglucosidase

L(MP+TG)
Sugar contents Reaction time (hour)

(g 0 12 24
Glucose 13.11£0.11*  39.88+0.21°  47.01£0.12°
Maltose 30.95+0.22° 22.84+0.61° 15.26+0.98°

Maltotriose ~ 27.72+0.60° 5.88+0.28° 3.89+2.11°
Maltotetraose ~ 17.51+0.94* 0.15+0.15" 0.45+0.40°
Maltopentaose ~ 20.18+0.51° 5.08+0.21° 1.09+0.11¢
Maltohexaose ~ 17.04+1.07° 0.00" 0.00"

Isomaltose 0.30+0.07° 27.24£021°  34.70+0.15°

Panose 1.74+0.14* 35.47+2.11° 18.97+0.84¢
Isomaltotriose 0.00? 10.40+0.07° 17.23+0.12°¢
Isomaltotetraose 0.00" 1.14+0.12° 4.03+0.64°
150?1‘::;1;2"‘3' 0.00° 0.00° 0.10£0.03"

Total IMO"  2.04+0.07°  74.25+1.96"  75.02+0.44°

Total sugar 128.55+3.16"  148.08+1.22"  142.73£4.15°

YIMO: Isomaltooligosaccharides.

SFATHT+TG, MP+TG, F+TG). &4 H7F 5 0, 12 € 24
AlZbel Fslle AFH 5t HEZHIT 2 IMOY
S BA519tH(Table 4, Table 5, Table 6). 23 Z o] 1}

YIMO: Isomaltooligosaccharides.

B & T

. s . —
nigerose, kojibiose, isopanose—
T A LA A=

A7 F

i

%(a_lﬁ 292 a-1,4 Aol A=

2357

23t

dFolle T do] Whgor A= T At
=g Aol
7] 2ol

T+TG WES-2] Aol A, Transglucosidase Le] 28l 2]
3l glucose”} THF AJAFE|o] 2441 7ke] 38.89 g/L7HA] &
7}8kA 3L, maltotriose, maltotetraose, maltopentaoses. -3
%]o] Transglucosidase Lo] TESZIGE 7|F 2 o]&g
T dve As #d

24717F B Fskde] v A
IMO®] o] 75.02 g/LZ 71

010-11:].15).

IR AN

=03,

o} MP+TGOA &
£3] isomaltose

= 24X+ o) 3470 g/Lo]AL, panose= 12A]7+Y uj

3547 g/LE 7%
Promozyme D2+

%ol

kR

maltose =

ol

Tl Maltogenase L=}
A Abat=H,

ol of

isomaltose®} panose’= o] AAF=E| AT} Transglucosidase

L—/] _E_/\—L__
o] maltosed

ENL

AT A Transglucosedase L&
o F2 AAEZ A panose,

714

glucose,

isomaltoseS A3t Hused B Aol Axbel
A3 Aoz FAIHHYTH,
F+TGol| A= isomaltose®} panose2] /‘g J&4 =71 MP+TG

2o} =8 oz Ho|w, 1247k &
=9k}, 24X 7k =
stdrh. mebA IMO S 913 H4 &

2 M

61.19 g/ILE 7H2

panose®] a4

IMO7} 66.23 g/L

S} 7]1]

2= Maltogenase L, Promozyme D2, Transglucosidase L
o] 2oz HAAHUL
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S A0 Mo 40| FEO WE IMO2L] A§it

IMO AZE 913 27 a4LFes 457 g8 771
Aol AHTE 1, 45,09, 18 H 36A7F B vkeA A T
SFeFS EA S TH(Table 7, Table 8, Table 9, Table 10,
Table 11).

isomaltotriose — isomaltotetraose — isomaltopentaose®] <=
o AAEE AL HAT £ AUk e
Transglucosidase L2 #8072 7}1=E3]H glucosyl 7] 7}
g Exbe] N3 el o-1,6 AFCE HolHre o

TR} YA AT, wep Alzol de AN £

IMO2] FAS A7+ 3859 ujg} ¥ isomaltose —

Moz Yyu7] o o-l6 AT ol Tl 11 At

Table 7. Contents of oligosaccharides in the processs for simultaneous saccharification and transglucosylation at different enzyme con-

centration for 1 h

Sugar contents 1h
(g/L) M0.0015" M 0.015 P 0.0015 P 0.015 TG 0.001 TG 0.01 MAX
Glucose 17.80+0.04*  17.93+£0.01°  20.22+0.04%  19.50+0.09°  17.52+0.07"  18.02+0.07°  20.36+0.10°
Maltose 25.38+0.35*  28.67+0.15°  42.15+0.06° 41.60+0.28°  44.74+0.01° 45.17+0.48°  41.68+0.02°
Maltotriose 21.19+£0.01*  23.88+0.09° 26.28+0.01° 26.28+0.21°  33.34+0.03¢ 31.84+0.71°  26.73+0.65°
Maltotetraose 15.30£0.44™  14.95£0.75™  11.59+0.01°  12.15+0.03% 15.83+0.07*°  14.55+0.17° 12.37+0.34¢
Maltopentaose 26.92+0.11*  21.22+0.10°  10.47+0.04*  10.99+0.65° 13.61£0.50°  13.01+0.21°  11.72+0.54°
Maltohexaose 16.87£0.32*  14.73+0.41° 7.68+0.54" 9.84+0.40° 9.97+0.36° 9.22+0.76° 9.38+1.22°
Maltoheptaose 6.06£0.06* 5.91+0.02° 4.35+0.06¢ 4.58+0.04° 5.48+0.06 4.31+0.04¢ 5.17£0.07°
Maltooctaose 4.06£0.06* 5.08+0.05° 2.80+0.02° 3.30+0.04¢ 1.68+0.03¢ 2.80+0.02° 2.85+0.01°
Maltononaose 8.05£0.03*  7.70£0.11°  2.74+0.06° 1.55£0.01°  2.76£0.05*  2.32+0.02"  3.57+0.02°
Isomaltose 4.54+0.41* 4.02+0.09" 3.48+0.04° 3.67+0.04¢ 0.00? 0.56+0.02¢ 4.15+0.06
Panose 12.05£0.19*  12.37+0.28"  13.22+0.10  12.83+0.03° 0.37+0.01° 2.33+0.10¢ 14.19+0.01°¢
Isomaltotriose 0.22+0.01* 0.12+0.02° 0.00¢ 0.05+0.04° 0.00° 0.00° 0.06+0.01°
Isomaltotetraose 0.00" 0.00* 0.00* 0.00" 0.00* 0.00* 0.00*
Isomaltopentaose 0.00° 0.00? 0.00? 0.00¢ 0.00? 0.00? 0.00?
Total IMO 16.81£0.61*°  16.51£0.39*  16.70£0.06*  16.55+0.12*  0.37+0.01°¢ 2.89+0.08¢ 18.40+0.08°
Total sugar 158.44+1.94" 156.58+0.16" 144.98+0.66% 146.35£0.96% 145.31+0.76% 144.12+0.67° 152.23+0.82°
YRefer to Table 2.

Table 8. Contents of oligosaccharides in

centration for 4.5 h

the processs for simultaneous saccharification

and transglucosylation at different enzyme con-

Sugar contents 45h
(g/L) M0.0015" M 0.015 P 0.0015 P 0.015 TG 0.001 TG 0.01 MAX
Glucose 23.01+£0.20*°  24.33+0.36° 28.92+0.14% 29.15+0.26%  22.30+0.04° 23.43+0.02"  30.19+0.01°
Maltose 21.30+0.04*  26.58+0.06° 34.33£0.20° 36.34+0.02°  58.22+0.71"  56.68+0.49%  37.21+0.68°
Maltotriose 12.93+0.10*  15.03+0.09" 8.43+0.10¢ 9.54+0.30¢ 29.60+0.13"  27.15+0.40¢  12.11+0.20°
Maltotetraose 12.33+0.41*  9.50£0.15°  2.27+0.08°  2.68+0.02¢  10.96+0.44°  10.36+£0.12"  2.91+0.34
Maltopentaose 16.46+£0.87*  12.78+0.81° 7.11£0.59¢ 7.75£0.69%  12.09+£0.24*  11.06+0.53° 8.44+1.00°
Maltohexaose 8.62+0.13®  7.72+0.66"™ 7.15+0.31¢ 7.81£0.50% 8.79+0.53* 8.10+0.49%® 5.16+0.83¢
Maltoheptaose 7.02+0.07* 5.17+0.04° 1.53+0.04¢ 2.48+0.01° 3.75+0.01" 3.43+0.04¢ 0.92+0.03°
Maltooctaose 4.14+0.23* 3.46+0.18° 0.04+0.01°¢ 0.27+0.03¢ 1.41£0.07¢ 1.58+0.07¢ 0.21£0.01¢
Maltononaose 2.93+0.06* 2.05+0.01° 0.21+0.02¢ 0.00¢ 0.93+0.05¢ 0.84+0.08" 0.25+0.01°
Isomaltose 13.17+0.08*®  12.91+0.10"  13.43+0.02*  13.46£0.04*  0.44+0.05 2.10+0.09°¢ 13.9840.44¢
Panose 23.45£020°  25.54+0.72°  30.74+0.45°  31.67+0.04° 1.41+0.05" 8.04+£0.29%  33.46+0.25°
Isomaltotriose 2.45+0.01° 2.42+0.08* 2.06+0.14° 2.17+0.09% 0.00¢ 0.00¢ 2.22+0.01°
Isomaltotetraose 0.04£0.00* 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°
Isomaltopentaose 0.00? 0.00? 0.00¢ 0.00? 0.00? 0.00?" 0.00?
Total IMO 39.11£0.29°  40.86+£0.90"  46.22+0.57°  47.29+0.10 1.85+0.10° 10.14+0.38%  49.66+0.71°¢
Total sugar 147.87+0.01* 147.50£1.70" 136.31£0.90° 143.31+0.69¢ 149.89+2.07*¢ 152.77+2.23¢ 147.00+3.31°

DRefer to Table 2.
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Table 9. Contents of oligosaccharides in the processs for simultaneous saccharification and transglucosylation at different enzyme con-
centration for 9 h

Sugar contents 9h
(g/L) M0.0015" M 0.015 P 0.0015 P 0.015 TG 0.001 TG 0.01 MAX
Glucose 30.1940.76*  31.87+0.95°  37.17+0.26° 37.47+0.62% 27.01£0.29¢  28.43+0.407  39.144+0.27°
Maltose 22.04£0.11°  26.65£0.10"  26.63+0.26"  28.78+0.22°  68.07+0.94'  62.37+0.17"  31.7240.09°
Maltotriose 10.25+0.19"°  10.20+0.28"  1.9440.10°  2.44+0.19°  25.35+0.05" 21.38+0.08"  3.97+0.04°
Maltotetraose 8.30+£0.36  5.30£0.55°  0.79+0.50°  0.88+0.58°  9.54+0.22°  7.48+0.12° 1.07£0.51¢
Maltopentaose 11.06:0.08"  8.5240.72™  7.54+0.35%  7.79+0.61%  10.97+1.47° 10.02+1.50®  6.49+0.60°
Maltohexaose 520+1.50°  4.48+1.19°  2.77+£0.22°  2.63£0.54°  4.67+0.79°  427+1.17°  0.60+0.47"
Maltoheptaose 6.25£0.02°  2.38+0.02°  0.54+0.03¢  0.16£0.02¢  0.73£0.02"  0.32+0.04¢ 0.00°
Maltooctaose 2.63£0.05°  0.66+0.02° 0.00° 0.00° 0.33£0.02¢  0.23+0.01° 0.00°
Maltononaose 1.27£0.03*  0.44%0.01° 0.00° 0.00° 0.00° 0.00° 0.00°
Isomaltose 22.80+0.10°  21.78+0.16"  24.10+0.03¢ 24.37+0.33%  0.64+0.01°  3.48+0.05"  25.06+0.16°
Panose 28.04+1.01*°  31.98+0.03° 35.25+0.57° 35.80+£0.65¢  2.65+0.13°  13.84+0.317  40.77+0.20°
Isomaltotriose 8.63+£0.19*  7.55+0.19®  7.18+0.09°  7.17+0.14° 0.00¢ 0.00¢ 7.3240.18%
Isomaltotetraose 1.12£0.02°  0.68+£0.02°  0.51£0.02°  0.52+0.03 0.00° 0.00¢ 0.51:£0.03¢
Isomaltopentaose 0.00* 0.00* 0.00* 0.00* 0.00* 0.00" 0.00"
Total IMO 60.60£0.94*  62.00£0.30"  67.04+0.61¢  67.86+0.43°  329+0.14°  17.3240.36'  73.66£0.22°
Total sugar 157.88+0.39* 152.50+0.89" 144.41+1.54° 148.01+1.49° 149.95+3.35™ 151.83+£2.70° 156.65+1.13"
DRefer to Table 2.

Table 10. Contents of oligosaccharides in the processs for simultaneous saccharification and transglucosylation at different enzyme con-
centration for 18 h

Sugar contents 18h
(€40 M0.0015" M 0.015 P 0.0015 P 0.015 TG 0.001 TG 0.01 MAX
Glucose 33.98+1.03°  36.00+0.88°  39.91+0.84Y  41.09+0.57°¢ 28.63+£0.24°  31.94+0.65"°  41.85+0.60°
Maltose 15.94+2.10"  17.4842.28"  14.38+1.37° 16.44+1.13" 67.81£1.13°  60.64+0.34*  17.14+1.55°
Maltotriose 3.72+0.412 2.954+0.26° 0.46+0.03¢ 0.68+0.04° 13.65+0.63¢  10.10+0.24° 0.80+0.03¢
Maltotetraose 3.95+0.06° 2.16+0.03° 0.10+£0.10°¢ 0.10£0.10¢ 5.05+0.05¢ 3.16+0.06° 0.24+0.24°¢
Maltopentaose 4.63:026°  2.71x0.02°  5.40+£0.10°  5.67x0.49%  6.42+£0.04°  6.30+0.08° 1.37+0.06°
Maltohexaose 0.50+0.03* 0.42+0.07* 0.32+0.05® 0.29+0.04 0.26+0.26° 0.23+0.23% 0.00°
Maltoheptaose 0.62+0.04* 0.00° 0.00° 0.00° 0.00° 0.00" 0.00°
Maltooctaose 0.00* 0.00? 0.00¢ 0.00¢ 0.00¢ 0.00¢ 0.00¢
Maltononaose 0.00* 0.00? 0.00* 0.00* 0.00? 0.00* 0.00*
Isomaltose 29.70+0.65*  30.41+0.49*  30.05£0.19°  31.04+0.29° 0.59+0.17¢ 6.25+0.05" 32.50+0.36¢
Panose 20.54+1.36*  23.53+0.61°  19.00+0.16¢ 21.10+0.34° 4.06+0.30° 20.97+£0.05*  24.62+0.02¢
Isomaltotriose 15.53£0.39*  14.56+0.04°  12.76+0.06*  13.38+0.20° 0.00" 0.11£0.01f 13.93+0.08°
Isomaltotetraose 3.88+0.32* 3.28+0.10° 2.25+0.15°¢ 2.30£0.18¢ 0.00¢ 0.00¢ 2.53+£0.14¢
Isomaltopentaose 0.00¢ 0.00¢ 0.00¢ 0.00* 0.00? 0.00¢ 0.00*
Total IMO 69.65+2.72%®  71.68+1.23*  64.07+0.06°  67.82+0.62° 4.65+0.47¢ 27.33+0.10°  73.58+0.29°
Total sugar 132.9946.66® 133.38+4.78* 124.65+2.54¢ 132.09+2.98° 126.50+2.64° 139.69+1.42° 134.92+2.19*
DRefer to Table 2.
£9] IMOS A3t ™ HHg Al7be] Aojof & AHo= Transglucosidase L2 A|7F o|&E4d ¥ut oz} 5%
AtEE ) 9, Plongbunjong 592 & A& &&2]d o-  JEH0|AT} Transglucosidase Lo F=7F =&4= 1t
amylase(Amano, Japan)2} Transglucosidase LE FA]o & & E57F WA HA 22 AIZF St X ¥ B
7Fsted 60°CollA 6A17F B3 B853S W isomaltohexaose IMO7} A4t=] e, st A7te2 Fsl-do|ukeg FA
o] Hl&o] 26.7%= 7P ERTIAL HIsiion, o= & of Xeste] o] ALELITS AxT AFodA=
AFA et Adoldt A34E vET Tranglucosidase Lg 2 A72] 5911 0.5%5 FH7tsted 1
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Table 11. Contents of oligosaccharides in the processs for simultaneous saccharification and transglucosylation at different enzyme con-

centration for 36 h

Sugar contents 36h
(g/L) M0.0015" M 0.015 P 0.0015 P 0.015 TG 0.001 TG 0.01 MAX
Glucose 44.4740.05*  45.73+020° 47.42+0.47%  47.5440.23% 33.32+0.98°  38.98+0.93"  49.54+0.52°
Maltose 11.20£0.27°  11.49+£0.04*  9.90£0.16°  10.89+0.05*  75.56£3.19"  56.38+2.65°  10.98+0.47°
Maltotriose 1.05£0.04°  0.62+0.14°  0.07£0.09°  0.20+0.10°  4.59+£0.20°  2.51%0.39°  0.09+0.10°
Maltotetraose 0.00° 0.00? 0.00? 0.00? 1.87+0.14>  0.53+0.23° 0.00°
Maltopentaose 0.66+0.28"  0.36+0.18®°  4.25+£0.27°  2.99+0.38%  3.39+0.22¢  2.69+0.04°  0.20+0.10
Maltohexaose 0.00° 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°
Maltoheptaose 0.00* 0.00* 0.00¢ 0.00* 0.00¢ 0.00¢ 0.00*
Maltooctaose 0.00* 0.00* 0.00¢ 0.00* 0.00¢ 0.00¢ 0.00*
Maltononaose 0.00* 0.00? 0.00? 0.00? 0.00? 0.00? 0.00°
Isomaltose 35.30+0.95®  36.72+1.04®  34.25+£0.87° 35.35£0.85®  1.57+0.10°  11.95+0.66°  37.39+1.38°
Panose 11.2240.23*  11.78+0.34°  8.71+0.20°  10.60+0.32¢  7.06£0.35¢  32.26+0.05"  11.09+0.17°
Isomaltotriose 20.6240.51*  19.95+0.43°  16.34+0.12¢  17.55+0.50° 0.00' 0.79+0.06°  18.60+0.54°
Isomaltotetraose 8.25+0.53"  7.48+0.57°  4.82+0.26°  5.13+0.18 0.00¢ 0.00¢ 5.76+0.37¢
Isomaltopentaose 1.28+0.13*  0.88+0.05"  0.27+0.06°  0.25+0.07 0.00¢ 0.00° 0.40£0.02¢
Total IMO 76.67+1.77*  76.81£1.64°  64.39+0.89°  68.88+1.709  8.63£0.32°  44.99+0.59"  73.23+£2.07°
Total sugar 134.05+1.78*  135.00£1.79° 126.03+1.29° 130.50+1.99® 127.36+4.21" 146.06+£3.70° 133.9842.98°
DRefer to Table 2.
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Fig. 3. Changes in isomaltooligosaccharides contents by enzyme
reaction time.
(0.0015% Maltogenase L, 0.075% Promozyme D2 and 0.1%
Transglucosidase L. were added for production of isomaltooligo-
saccharides.)
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Fig. 4. Sugar contents and composition of isomaltooligosaccha-
rides manufactured by enzyme reaction with 0.0015% Maltoge-
nase L, 0.075% Promozyme D2 and 0.1% Transglucosidase L for
36 h.
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