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Production and Prebiotic Activity of Maltooligosaccharides

and Isomaltooligosaccharides from Rice Flour

Ji-In Park

Department of Food Science & Technology, Pukyoung National University,
Busan 48513, Korea

Abstract

This study was aimed to manufacture maltooligosaccharides(MO) and
isomaltooligosaccharides(IMO) using rice flour. To determine the optimal condition
of enzyme reaction(liquefaction, saccharification and transglucosylation), Termamyl
2X, Maltogenase L, Promozyme D2, Fungamyl 800L and Transglucosidase L were
used. The contents of MO and IMO were examined by HPLC with charged
aerosol detector(HPLC-CAD) in each manufacturing process. Liquefaction reaction
of rice flour was performed according to different Termamyl 2X
concentration(0.025%, 0.05%, 0.075%, 0.1%) and reaction time(lh, 2hs). As a
result, reaction with 0.075% of Termamyl 2X during 2hrs was the optimal
condition. For the preparation of maltooligosaccharides, different saccharification
enzymes were added and total maltooligosaccharide contents were compared. As
a result, the highest total maltooligosaccharide content was 108.31 g/L when
saccharification enzyme was not added. Therefore, it was concluded that the
maltooligosaccharide preparation was possible only by the liquefaction reaction. In
order to optimize the production of isomaltooligosaccharides, the selection of
enzyme, optimal enzyme concentration, and optimal enzyme reaction time were

investigated. As a result of the enzyme selection experiment, Maltogenase L,



Promozyme D2, and Transglucosidase L, which produced the most total
isomaltooligosaccharide at the same time, were selected as the optimum enzyme
combination. Optimal enzyme concentration was 0.0015% Maltogenase L,
0.05-0.1% Promozyme D2 and 0.1% Tansglucosidase L. This condition decreased
glucose contents and increased the content of isomaltooligosaccharide with high
degree of polymerization. Change of sugar contents was observed every 6 hours
to determine optimal enzyme reaction time. As a result, reaction for 36 hrs was
determined as optimal conditions. The isomaltooligosaccharides prepared under
optimal conditions showed isomaltose, 35.11 g/L; panose, 11.97 g/L; isomaltotriose,
19.95 g/L; isomaltotetraose, 7.46 g/L; isomaltopentaose, 1.05 g/L at 18 brix and
the ratio of isomaltooligosaccharide in the total sugar was 56.37%. To confirm
prebiotc effect on isomalto— oligosaccharides, growth of intestinal microflora
(Lactobacillus acidophilus KCTC 3140, Lactobacillus delbrueckii subsp. lactis
KCTC 3636, Lactobacillus delbrueckii subsp. bulgaricus KCTC 3635, Lactobacillus
reuteri KCTC 3594, Lactobacillus gasseri KCTC 3181, Lactobacillus rhamnosus
KCTC 5033, Escherichia coli KCTC 1682 and Salmonella spp.) was evaluated.
The growth of Lactobacilli was enhanced, but the growth of Escherichia coli and

Salmonella spp. was inhibited.
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1. 48 A%

Aol g AATE AFNA BuiEI Qe A Y 100%8] F
WATE AHgSAT 7T 94 F7)E 180~250 pmol ek, skl A}
€Y &4+ a-amylase?d] Termamyl 2X(Novozymes, Copenhagen,
Denmark)E AM&35lth 93le] AlE® &4+ B-amylase?l Maltogenase
L(Novozymes)®} a-16 ZSFIA=AETS 7F4E3s = pullulanase?!
Promozyme D2(Novozymes), a-amylase®]l Fungamyl S800L(Novozymes)<
Abg3E T & dolo] AR ¥l A Y Transglucosidase L(Amano, Nagoya,
Az 71 giEEFHv/w) o2 "Ik FE o,

rr

Japan)& AF&SIITH 24
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Table 1. Optimal

saccharification and transglucosylation reaction

condition of each enzyme for liquefaction,

Optimal conditions

Enzyme Company Manufacture Origin
Temp. (°C) pH
Termamyl 2X 90-100 6.0-6.4  Novozymes  Bacillus licheniformis
Bacillus
Maltogenase L 55-65 45-55 Novozymes
subtilisamyloliquefaciens
Promozyme D2 55-60 42-54  Novozymes  Bacillus acidopullulyticus
Fungamyl 800 L 53-58 50-6.0 Novozymes - Aspergillus niger
Transglucosidase L ~ 55-60 50-55 Amano Aspergillus niger




A WERT sl olFol BUF ZHol ALgegrt,
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52 v sl gaas H4 27

2 930an, pHE &4 HA 2HoR 957] 98] 1 N HCl = 1 N

2 gt37] Sl &= 55°C

NaOH=Z ZA %At} Z3= 913 Maltogenase L, Promozyme D2, Fungamyl
800Lo] AF-&% A, AFEH G4 FTFol wel 3714 APas AAEA A

WA 4ETe Ao AR F RS LE 55CE HEE Ro]n(T)
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Ha Agate Astel S |23 & Maltogenase LZ} Promozyme D2E 7
7149 01%(v/w)E H7bsto] wEAIZl AOlL(MP), Al HAl A A3

S A x3 F Fungamyl 800LS 7129 0.1%(v/w)Z H7Fsle] Hb-g3A1z1 A
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o A WA HeFe A5lelS A %3 F Transglucosidase LS 0.1%(v/w)
HA7EsE Ao a(T+TG), T+ HA A+ A3tdS A %3 T Maltogenase
L, Promozyme D2, Transglucosidase L& Z+Zt 0.1%(v/w) #7}sk Holx
(MP+TG), Al ®A A+ HFHS Az = Fungamyl 800L,
Transglucosidase LS 717} 0.1%(v/w) 713k Ao HF+TG). 4 A&

& 247 WMeAA ARE oladEgenge] Fue 2A AU

]

>.\I

ol ATEESH LGS Axsr] At HH BhEEE AHAAstr] 9
Maltogenase L, Promozyme D2, Transglucosidase L8] &=5 T2 A 3}o]
BESAIFH o™ o 212 Table 29 &gkt 2F 549 J&3 dofr 7] 9
sto] 371 & 2709 Ehe A AEs Hrbela, UM A stue 24
o g kel 109 2 1009 B A ske] H7bsEith HESE 37HA B4 BT A

< HA7M AdLMAX)S Fol Hlad 5 A skt Z1eal 60°

Cell A
B4NkE 1, 45,9, 18 R 36A Y FEtl s AFHste] olATESY LT

HA BAaWg Ak AAS7IHE st 0.0015% Maltogenase L,
0.075% Promozyme D2, 0.1% Transglucosidase L= #7}3lo] 60°Coll A 72

AZE Eb wbg Az o, A1ty JEel S AjFste] olaAMEST AT



Table 2. Condition of enzyme concentration added to liquefying

slurry
Enzyme concentration (%)
Sample
Maltogenase L Promozyme D2 Transglucosidase L

M 0.0015 0.0015 0o 0.1
M 0.015 0.015 0.15 0.1
P 0.0015 0.15 0.0015 0.1
P 0.015 0.15 0.015 0.1
TG 0.01 0.15 0.15 0.001
TG 0.1 0.15 0.15 0.01

MAX 0.15 0.15 0.1
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g2 DNS WH (Miller, 1959) 0.2 A 3Ath. Alg o] dstel 1 mL

St DNSA% 3 mLE 93 95CA 587 0g A7 F FHFE H7hetol
3

EFRAR oho] AAPRAL Fehgom, o olgs Ane HAY I

6. HPLC-CADE o] &% g2a9 &4

AgE Ao ALEEE FFE2 5 glucose, maltose, isomaltose, panose,
isomaltotriose= SigmarHUSA)l A FY483 2™, maltotriose, malto-
tetraose, maltopentaose, maltohexaose, maltoheptaose, maltooctaose,
maltononaose= Elicityl Oligotech(France)oll A 43R 2™, isomalto-
tetraose, isomaltopentaosei= Toronto Research Chemicals (Cananda)oll 4]
T4t 2™, isomaltohexaoser= CarbosynthAHUK)ON A 43t A
A ARE g ZEE&AY 2AE s 4 EFEE S 10,000 ppm &R
2 AxsAaL, olEs sHoE T E A5t A& 278
A Fslel e (045 pm syringe filter(Advantec, Japan)E ©]-&3te] o 7}3F
HFTANREE ARSI Y. RESY 1T o|ATES LTS

3l 7]7]+= HPLC(Thermo scientific, UltiMate 3000)7} AF-&% a1, & 7]
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= Charged Aerosol Detector(Corona Veo RS, Thermo scientific)7} A& 5



th. A9 S HILICpak VG-50 4E(Shodex, Japan)S Ag&3lom, B4 %A
< Table 37} Z3ttt.

7. TEL 13 % olATELFH 1YY o]3F

o

=
2 EA4

fol
B
r]I.
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)
i
=
oft
12
flo

90°Cell A 523t 7Hdste] B&dst At 1
3 pH 24& 9ld 28389 d 1 N HCIS F3tst7] ¢18 1 N NaOHE 2
& ko g H7lsjFEA ). Filter paper(Advantec, No.2)E F3] A HuS A
skl Ay FElE Al xSk
2S5 35}l refractometer(PAL-2, Atago, Tokyo,
Japan)E Ab&sto]l SAAT pH 542 AlH& Sl 108 34 k]
743 3 3 pH meter(ORION 3 STAR, Theromo Fisher Scientific,
Waltham, USA)E =43ttt A% =AS A7 (Serie sp60, Lovibond,
Amesbury, UK)E A}&3}e] L(ightness), a(redness), b(yellowness)#ko &2
L ER AT

Axd olaTEEg e Zejute]leY R3S dotr 7] s Ful
St tH(Table 4). A&l AFg3t7] el 241t Al

Az 3 ke F3 %7 660 nmel A 0.30] H=E 3|4

ol
-/
>0

nAgE] eSS 93 gAY o FE glucosedt A X3 o]
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Table 3. The operating conditions of HPLC for analysis of

oligosaccharides
Flow 0.7 mL/min
Column HILICpak VG-50 4E 250 mm x 4.6 mm, 5 um
Oven temperature 40°C
Injection volume 5 ul
Sampler temperature 10°C
Multi gradient
min Water ACN
0.00 20 80
Mobile Phase 50.00 34 66
60.00 40 60
60.10 20 80
65.00 20 30
Charged aerosol detector
Detector Evaporator temperature : 40°C

Data collection rate : 5 Hz

Retention time 65 minutes
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Table 4. Microorganisms and subculture medium used for prebiotic

effect of isomaltooligosaccharides

Strain Medium

Lactobacillus acidophilus KCTC 3140 MRS broth

Lactobacillus delbrueckii subsp. lactis KCTC 3636 MRS broth

Lactobacillus delbrueckii subsp. bulgaricus KCTC 3635 MRS broth

Lactobacillus reuteri KCTC 3594 MRS broth

Lactobacillus gasseri KCTC 3181 MRS broth

Lactobacillus rhamnosus KCTC 5033 MRS broth
Escherichia coli KCTC 1682 Tryptic soy broth

Salmonella spp. RCM broth

_‘]2_
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1. 271F9 JYgutSo] v X &= Termamyl 2X 54 T

=
H2 Frbstar A7 R 247 Fe ASAIZ ¥ A 5E AFH sk AT
&

FFS FASAH(Table 5, Fig. 1). #4739 &2 &7t 2oldss 5
Zbete BEFS B, 1AL A5 RS Wu 2413 48 Be u dATF
el t =t 540 ¥EE EolE ART AS AR H Z2A ste

Aol a&Aolgta ATdHAT. 7MY =L AT FEFS UHEHlE 1S
Termamyl 2XE 7] A 8] 0.075%(v/w) H7}ste] 2A]7F &oF WkS-3 ujjo]
™, 13826 g/Le &&= vetdde. a2 2413 wERle W 249
=7F 0075% o el A= oAl ztolE HolA FskH e ATAE o
HAE2] dextrose equivalent(DE)7} o ®, HojukgoA AT =

h=

o

B

DESZ T F&o] Tttt B s o (Niu et al, 2017).
o] Aol 7k 7t Bol ol Folxuar #dade
22 Termamyl 2XZ 7] A thH] 0.075% H7}ste] 2A17F F<F ¥k3-3l= A

& ose) A4 zhow HYseh
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s
J
o}

O =
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Table 5. Changes of reducing sugar contents in the liquefying

slurry

Contents of Termamyl 2X concentration (%)

reducing sugar

(g/L) 0.025 0.05 0.075 0.1
1hr 61.34+0.88" 83.84+10.80* 98.34+2.38" 106.43+3.28°
zhr 109.59+1.84* 129.26+5.76" 138.26£2.79° 137.5149.12"
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e A wet 25T 2A7F 371 o] AZA ¥ maltotrioseFH FAk
At} 24 A3b= Table 6, Table 7 2 Table 83 #Ztt}. A3td S &
SHA @Fshek BA9(T), the 24 Gt Hla] Aoz FIETh
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Hir

T TESYITY TS OAY o 10831 g/LE 7HE A UER
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Maltogenase L9 <3O =2 maltosed] 3BFeFo] 7138 =9dtl. 244 7o
maltose”} 73.80 g/L7FA] AAEHHEA o & AFH(T, ) Hluste 7+
=9kt 28 71 AJS BoAFHEA ®ESElT] Wi, T BESHILT
o] ggF AFte] A EFFE HAFA Y. Fungamyl 800LZE wWHS-A]Z H
(F)%= MP¢} v]$=3 A 43S w1ttt Fungamyl S800L-2 maltoseE T2
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d] o] Promozyme D27} a-16 ZA3S #1579 maltoseE A = 3l
Wol A&7 wFolgt A= H A (Gaouar et al, 1998).
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Table 6. Contents of maltooligosaccharides of liquefying slurry

without saccharification enzyme

Sugar contents

Reaction time (hr)

(g/L) 0 12 24
Glucose 10.79+0.45 12.72+0.48" 13.38+0.54"
Maltose 28.71+1.51° 28.39+1.37° 28.61+1.92°

Maltotriose 28.07+0.72° 27.79+0.86° 28.32+0.98°
Maltotetraose 17.54+0.26° 16.800.44% 16.66£0.52°
Maltopentaose 25.79+0.88% 30.10+0.74" 32.19£1.10°
Maltohexaose 17.68+0.67* 5.97+0.30 3.40+0.40°
Maltoheptaose 5.49+0.46° 5.27+0.46° 4.84+0.31%
Maltooctaose 6.61+0.71° 6.08+0.37° 6.32+0.65
Maltononaose 7.12+0.35° 7.21£047° 6.71£0.23°

Total 108.31+0.89" 99.22+1.05" 98.45+0.85"

maltooligosaccharides

_2‘]_



Table 7. Contents of maltooligosaccharides in saccharifying slurry

using 0.1% Maltogenase L and 0.1% Promozyme D2

Reaction time (hr)

Sugar contents

(g/L) 0 12 24
Glucose 12.38+1.14° 22.55+0.96 2559+1.25
Maltose 34.64+0.61° 66.29+1.04° 73.80+1.08°

Maltotriose 30.24+0.52° 22.17+0.57° 13.93+0.24°
Maltotetraose 19.35+0.16% 9.29+1.24° 4.14+1.58°
Maltopentaose 18.03+0.65 9.03+0.58" 7.97+0.69
Maltohexaose 14.59+0.54° 1.99+1.02° 0.00°
Maltoheptaose 6.40+0.69° 1.26+0.51° 0.00°¢
Maltooctaose 5.94+0.60° 0.46+0.60" 0.11+0.10
Maltononaose 6.75+0.81% 1.14+0.38" 0.39+0.08"
Total 101.31+2.93° 45.36+2.64" 96.53+2.58°

maltooligosaccharides
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Table 8. Contents of maltooligosaccharides in saccharifying slurry

using 0.1% Fungamyl 800L

Sugar contents Reaction time (hr)

(g/L) 0 12 24
Glucose 12.88+2.22° 19.33£0.07" 21.74+1.03"
Maltose 34.17£1.128 65.60+1.79" 67.72+1.73"

Maltotriose 36.95+1.09° 22.03+0.78" 16.02+0.52°
Maltotetraose 21.64+1.53% 0.29+0.22° 0.00"
Maltopentaose 16.38+1.08" 8.54+0.93" 7.56+0.44"
Maltohexaose 12.69+0.90° 1.54+0.59" 0.66+0.28"
Maltoheptaose 5.41+0.41° 0.47+0.28° 0.09+0.10°
Maltooctaose 4.98+0.09° 0.06+0.06" 0.06+0.06"
Maltononaose 5.53£0.19° 0.27+0.13" 0.34+0.0°6

Total 103.58+4.91° 32.54+2.16" 9392+1.16°

maltooligosaccharides
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Table 9. Contents of oligosaccharides in liquefied slurry adding
0.1% Transglucosidase L for the processs of transglucosylation

without saccharification(T+TG)

Reaction time (hr)

Sugar contents

(g/L)

0 12 24
Glucose 13.55+0.99° 31.01+0.53" 38.89+0.91°
Maltose 29.80+0.52% 13.58+1.22° 9.47+1.73°
Maltotriose 28.10+0.52% 7.27+0.10° 5.06+1.80°
Maltotetraose 15.90+0.55° 2.85+0.25" 1.10+0.60¢
Maltopentaose 27.96+0.02% 4.96+0.32" 5.77+0.07°
Maltohexaose 19.87+0.93% 3.23+2.00° 0.93+0.93°
Isomaltose 0.41+0.10% 23.10+0.74 28.89+0.66"
Panose 1.81+0.04" 21.02+2.04" 10.17+1.14°
Isomaltotriose 0.00 11.08+0.06" 15.61+0.53¢
Isomaltotetraose 0.00? 1.92+0.14° 4.94+0.53°
Isoamaltopentaose 0.00% 0.00? 0.12+0.03"
Total IMOY 2.22+0.14% 57.11+1.37° 59.73+1.76°
Total sugar 137.42+3.65" 120.00+1.79" 120.95+7.80

Y IMO, isomaltooligosaccharides
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Table 10. Contents of oligosaccharides
simultaneous saccharification and transglucosylation using 0.1%

Maltogenase L, 0.1% Promozyme D2 and 0.1% Transglucosidase

L(MP+TQ)

in

Processs

Sugar contents

(g/L)

Reaction time (hr)

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% 5.0840.21° 1.09+0.11°¢
Maltohexaose 17.04+1.07° 0.00" 0.00°

Isomaltose 0.30+0.07° 27.2410.21° 34.70+0.15°

Panose 1.7420.14° 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°
Isoamaltopentaose 0.00* 0.00* 0.10+0.03"
Total IMOY 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

Y IMO, isomaltooligosaccharides



Table 11. Contents of oligosaccharides in the processs for
simultaneous saccharification and transglucosylation using 0.1%

Fungamyl 800L and 0.1% Transglucosidase L(F+TG)

Reaction time (hr)

Sugar contents

(g/L) 0 12 24
Glucose 14.09+0.56* 38.06+2.35" 43.59+1.57°
Maltose 33.68+0.60% 18.39+0.38" 8.71+3.66"

Maltotriose 34.39+0.23% 5.06+0.55" 3.57+1.79"
Maltotetraose 20.40+0.05" 0.00” 0.00”
Maltopentaose 15.59+0.63? 6.95+0.56" 5.18+0.87¢
Maltohexaose 14.19+0.02% 0.02+0.02" 0.00°

Isomaltose 0.31+0.05" 25.29+0.99 29.92+0.67°

Panose 1.64+0.02° 30.04+3.33" 12.81+1.37¢
Isomaltotriose 0.00* 9.85+0.61" 15.12+0.14°
Isomaltotetraose 0.00? 1.04+0.21° 3.30+0.36°
Isoamaltopentaose 0.00% 0.00? 0.05+0.01"
Total IMOY 1.95+0.08" 66.23+5.14" 61.19+1.54"
Total sugar 134.28+1.52° 134.71£7.91° 122.24+4.55

Y IMO, isomaltooligosaccharides
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Table 12. Contents of oligosaccharides in the processs for simultaneous
saccharification and transglucosylation at different enzyme concentration for 1hr

Sugar lhr

contents 9
(g/L) M 0.0015 M 0015 P 00015 P 0015 TG 0.001 TG 001 MAX

lucose 1780 17.93 20.22 19.50 1752 18.02 20.36
& +0.04" +0.01° +0.04¢ +0.09° +0.07" +0.07° +0.10°

25.38 28.67 42.15 41.60 4474 45.17 41.68

m2" a b d c c
+0.35% +0.15 +0.06 +(.28° +0.01° +().48° +0.02°
m3 21.19 23.88 26.28 26.28 33.34 31.84 2673
+0.01% +0.09" +0.01° +0.21° +0.03¢ +0.71¢ +0.65°

md 15.30 14.95 1159 12.15 15.83 1455 12.37
+0.44%  +0.75" +0.01° +(.03% +0.07° +0.17° +().34¢

5 26.92 21.22 10.47 10.99 13.61 13.01 11.72
m +0.112 +0.10P +(.049 +0.65¢ +0.50° +0.21° +(.54°
6 16.87 14.73 7.68 9.84 9.97 9.22 9.38
+(.328 %0 41" +(.54¢ +0.40° +().36° +().76° +1.22°
7 6.06 5.91 435 458 5.48 431 517
+0.06% +0.02" +0.06¢ +0.04¢ +0.06' +().04¢ +0.07°
8 4.06 5.08 2.80 3.30 1.68 2.80 2.85
+0.06 +0.05° +0.02° +0.04¢ +0.03° +(.02° +0.01°
o 8.05 7.70 2.74 1.55 276 2.32 357
+0.03? +0.11° +0.06¢ +0.01¢ +0.05¢ +(.02! +0.02°

. 454 4.02 3.48 3.67 d 0.56 415
imo2 0410 +009° =004 004 000 £0.020  +0.06"
" 12.05 12.37 13.22 12.83 0.37 2.33 14.19
banose +0.19° +(.28" +0.10¢ +0.03° +0.01° +0.10¢ +0.01¢
. 0.22 0.12 d 0.05 d d 0.06
lm03 i0.0la i0.0Zb OOO iO.O4C OOO OOO i0.0lc

imo4 0.00* 0.00* 0.00* 0.00* 0.00* 0.00* 0.00*

Imob5 0.00* 0.00" 0.00* 0.00* 0.00* 0.00* 0.00*

Total 1681 1651 16.70 1655 0.37 2.89 18.40
IMO +0.61% +0.39°  +0.06% +0.12% +0.01¢ +().08¢ +(.08"

Total 158.44 156.58 144.98 146.35 145.31 144.12 152.23
sugar +1.94% +0.16"  +0.66% +(.96¢ +().76% +0.67¢ +(.82°

Y m# maltooligosaccharide, degree of polymerization ; imo# isomaltooligosaccharide

degree of polymerization
? Refer to Table 2.
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Table 13. Contents of oligosaccharides

in the processs for simultaneous
saccharification and transglucosylation at different enzyme concentration for 4.5hrs

Sugar 4.5hrs
tent ,
C(zn /eLn) UM MO05 P05 PO00IS TGO TG00 MAX
g
| 23.01 24.33 28.92 29.15 22.30 23.43 30.19
glucose +0.20° +0.36" +0.14¢ +0.26% +0.04° +0.02! +0.01°
ol 21.30 26.58 34.33 36.34 58.22 56.68 3721
+(.04? +0.06" +0.20¢ +0.02° +0.71" +().49° +().68°
m3 12.93 15.03 8.43 9.54 29.60 27.15 1211
+0.10° +0.09" +0.10¢ +0.30° +0.13" +0.40° +0.20°
i 12.33 9.50 2.27 2.68 10.96 10.36 291
+0.41% +0.15° +().08¢ +(),02¢ +().44° +(.12! +().34¢
. 16.46 12.78 7.11 775 12.09 11.06 844
+(.87° +0.81" +0.59¢ +0.69°9  +0.24" +0.53° +1.00°
6 8.62 7% 715 7.81 879 8.10 5.16
m +0.13°  +0.66™ +0.31¢ +().50" +0.53° +(.49° +(.83¢
7 7.02 5.17 1.53 2.48 375 3.43 092
+0.07° +0.04° +().04¢ +0.01° +0.01" +().04¢ +0.03¢
8 414 3.46 0.04 0.27 1.41 1.58 021
+(.23? +0.18" +0.01° +0.03¢ +0.07° +0.07° +(.01¢
2.93 2.05 0.21 d 0.93 0.84 0.25
md £006° 001" 0020 000 £0.05°  +008 0,01
mo? 13.17 12.91 13.43 13.46 0.44 2.10 1398
0 +().08" +0.10° +0.02% +(.04? +0.05¢ +0.09° +().44°
Anose 23.45 25.54 30.74 31.67 141 8.04 33.46
b +().20° +0.72° +0.457 +0.04° +0.05 +(.292 +().25°
. 2.45 2.42 2.06 217 2.22
imo3 0010 4008 s014  +goge 0007 0.00" +0.01°
imod 905 000" 000° 000" 000" 000" 000"
imo5 0.00 0.00 0.00 0.00° 0.00 0.00% 0.00
Total 39.11 40.86 46.22 47.29 1.85 10.14 49.66
IMO +().29° +0.90" +(.57° +0.10¢ +0.10° +().38¢ +0.71¢
Total 147.87 147.50 136.31 143.31 149.89 152.77 147.00
sugar +0.01% +1.70 +0.90° +0.69 207" +2.23¢ +3.31

1)

degree of polymerization
? Refer to Table 2.
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Table 14. Contents of oligosaccharides in the processs for simultaneous
saccharification and transglucosylation at different enzyme concentration for 9hrs

Sugar 9hrs

contents

(/L) MOO00I5” M 0015 P 0.0015 P 0015 TG 0001 TG 001 MAX
g

licose 30.19 31.87 37.17 37.47 27.01 28.43 39.14
g +(.76° +(.95" +().26¢ +0.624 +(.29° +0.40" +0.27¢

22.04 26.65 26.63 28.78 63.07 62.37 31.72

m2V a b b d f .
+0.11° +0.10 +0.26 +(.22° +(.94 +0.17 +0.09°
m3 1025 10.20 1.94 2.44 25.35 21.38 397
+(.19° +(.28" +0.10¢ +0.19° +0.05 +().08? +(.04¢
i 8.30 5.30 0.79 0.88 9.54 7.48 107
+(.36 +0.55° +0.50° +().58° +().224 +0.12° +0.51¢

. 11.06 852 754 7.79 10.97 10.02 6.49
+0.08" (). 0% +(),35% § W Saia0d +1.47° +1.50% +0.607

6 5.29 448 277 2.63 467 4.27 0.60
+1.50° +1.19° +().22¢ +(.54° +0.79° +1.17%¢ +0.47°

6.25 2.38 0.54 0.16 0.73 0.32 .

m7 £0.02¢ 0020 003" 002 0028 = =004 000

2.63 0.66 c c 0.33 0.23 c

1. 2% 0.44 ) . . c c

m9 £0.03° £0.01° 0.00 0.00 0.00 0.00 0.00
imo? 22.80 21.78 24.10 24.37 0.64 3.48 25.06
+0.10? +0.16" +(),03¢ +0.33¢ +0.01° +0.05' +0.16°

Anose 28.04 31.98 35.25 35.80 265 13.84 40.77
b +1.012 +0.03" +0.57° +0.65¢  VERY +0.31f +0.20°

. 8.63 755 7.18 717 d d 7.32
imo3 019 =019 =009  +014c 000 0.00 0,18

. 1.12 0.68 0.51 0.52 d d 0.51
imo4 £0.020  £002°  +0.02¢ <003 000 0.00 +0.03°

imo5 0.00 0.00 0.00 0.00° 0.00 0.00° 0.00
Total 60.60 62.00 67.04 67.86 3.29 17.32 73.66
IMO +().94° +0.30" +0.61¢ +0.43¢ +().14° +(.36 +().22¢

Total 15788 15250 14441 14801 14995 15183 15665
sugar +0.39°  +0.89" +1.54¢ +1.49° 335" 270 +1.13°

Y m# maltooligosaccharide, degree of polymerization ; imo# isomaltooligosaccharide

degree of polymerization
? Refer to Table 2.
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Table 15. Contents of oligosaccharides in the processs for simultaneous
saccharification and transglucosylation at different enzyme concentration for 18hrs

Sugar 18hrs

contents
(g/L)

MOO00I5” M 0015 P 0.0015 P 0015 TG 0001 TG 001 MAX

cose 3398 3600 39.91 4109 2863 31.94 4185
& £103"  +088° 0847 #057  +024°  +065  +0.60°

15.94 17.48 14.38 16.44 67.81 60.64 17.14

m21) ab a b ab c d a
+2.10 +2.928 +1.37 +1.13 +1.13 +(.34 +1.55

m3 3.72 295 0.46 0.68 13.65 10.10 0.80
+0.41% +0.26" +0.03° +(.04¢ +0.63¢ +(.24° +0.03¢
i 3.95 2.16 0.10 0.10 5.05 3.16 024
+0.06° +0.03" +0.10° +0.10° +0.05¢ +0.06° +().24¢

. 4.63 271 5.40 567 6.42 6.30 1.37
+().26 +0.02" +0.10¢ +(.49¢ +(),04° +0.08° +0.06°

0.50 0.42 0.32 0.29 0.26 0.23 c

m6 £003" 007 005  +0.04® 026>  +023< 000
0.62 b b b b b b

m7 £0.04° 0.00 0.00 0.00 0.00 0.00 0.00
m8 0.00 0.00 0.00 0.00° 0.00 0.00° 0.00
m9 0.00° 0.00 0.00° 0.00° 0.00? 0.00° 0.00
imo? 29.70 30.41 30.05 31.04 0.59 6.25 32.50
+0.65° +().49> +().19% +0.29" +0.17° +0.05' +().36¢

Anose 20.54 23.53 19.00 21.10 4.06 20.97 24.62
b +1.36 +0.61° +0.167 +0.342 +0.30° +0.05 +(.02°
. 1553 14.56 12.76 13.38 ¢ 0.11 13.93
imo3 1039 004> 006"  =020° 000 0011 +0.08°
. 3.88 3.28 2.25 2.30 d d 253
imo4 £032¢  +010°  +015° =018 000 0.00 £0.14¢
imo5 0.00 0.00 0.00 0.00° 0.00 0.00° 0.00
Total 69.65 71.68 64.07 67.82 465 27.33 73.58

IMO +2 728 +1.23% +0.06¢ +().62° +0.47° +0.10! +().29°

Total 13299 13338 12465 13209 12650 13969 13492
sugar 666" +478° #2540 298" 2647 £142°  2.19%

Y m# maltooligosaccharide, degree of polymerization ; imo# isomaltooligosaccharide

degree of polymerization
? Refer to Table 2.

_32_



Table 16. Contents of oligosaccharides

in the processs for simultaneous

saccharification and transglucosylation at different enzyme concentration for 36hrs

Sugar 36hrs
contents 9
(/L) M 0.0015 MO0I5 P 0005 PO0OI5  TGOOL TG 001 MAX
g
I 44.47 45.73 47.42 4754 33.32 38.98 4954
glucose +0.05° +0.20" +0.47° +0.234 +0.98° +0.93" +0.52¢
oV 11.20 11.49 9.90 10.89 75.56 56.38 10.98
+0.27° +0.04° +0.16° +0.05° +3.19° +2.65° +0.47°
m3 1.05 0.62 0.07 0.20 459 2.51 0.09
+().04? +0.14° +(.09° +0.10° +0.20¢ +0.39° +0.10°
md000' 000t o000t oot L8, 0S80 o000
. 0.66 0.36 495 2.99 3.39 2.69 0.20
+(.28° +(.18® +0.27¢ +().38% +(,224 +0.04° +0.10P
m6 0.00° 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°
m7 0.00 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°
m8 0.00 0.00° 0.00° 0.00? 0.00° 0.00° 0.00°
m9 0.00° 0.00 0.00° 0.00? 0.00° 0.00° 0.00°
o2 35.30 36.72 34.25 35.35 1.57 11.95 37.39
0 +().95% +1.04% +(.87° +0.85% +0.10¢ +0.66° +1.38°
Anose 11.22 11.78 871 10.60 7.06 32.26 11.09
b +(.23° +0.34° +0.20¢ +0,324 +0.35° +0.05' +0.17°
. 20.62 19.95 16.34 1755 ¢ 0.79 18.60
imo3 £051* 043> 0120 =050° 000 £0.06°  +0.54°
. 8.25 7.48 4.82 5.13 o o 5.76
imo4 053 057" 0260  +018 000 0.00 £0.37°
. 1.28 0.88 0.27 0.25 o o 0.40
mod yg13 x005° 006" +007¢ 00 0.00 +0,02°
Total 76.67 76.81 64.39 68.88 8.63 44.99 73.23
IMO +1.77° +1.64° +().89° +1.70¢ +().32° +(0.59! +2.07°
Total 134.05 135.00 126.03 130.50 127.36 146.06 133.98
sugar +1.78 +1.79° +1.29° #1199  +4.21° +3.70° +2.98°

degree of polymerization
? Refer to Table 2.
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o] F=7F S5 F panosed| FEE EokAE AS FAT F A 17
1} Maltogenase L9 &%=7F o™ maltoses] A4to] ZFol&7] w&of
panose?] A4Fe ZFo]EXA| W Transglucosidase L©] isomaltoseE acceptor®
o] &3] isomaltotriose=¢] Aol =H F Qe Ao Il A77] w&
o =7 £& IMOY ¥4 B e o|FolX = Aow FHHIUH. =,
Maltogenase L3 Transglucosidase Lo] & Aol 2t&3}7] wlit-o] Maltogen—
ase L9 ¥ TEE UIFE panose AAoZ olojx, 23]y Ab&o] I
IMO A4kl W&l 7F @okar stk Table 12 ~ Table 16914 & 5 9l
o] isomaltotriose, isomaltotetraose, isomaltopentaosei= Maltogenase L]
SE7F Edd AP M O0.001504 o wEA AAE AT Ahn et
al.(1996) Transglucosidase L2 7] & o] TBE & 1T 7 -$-E maltose”t
71do1S weole EE] panoseE AXA A &% isomaltosel} isomalto-
triose’t A 2 F Ao Histdon, o= 2 A9 A% W& FA

At wWEbA panoseE FL AYAER FHA WFEAI7FS #A Faxlsld

(]

Maltogenase L =& =A = Aol Fi, vhEAHE 2A st T%
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=7F =2 IMOE AatstaAbsld Maltogenase LY wE+ Sole ®ulx
AR E AT 22 Maltogenase L& oFe] AF&3lA] 29W isomaltose®t
panose?] AA %7} =¥ A 7] wiFof(Table 9, Table 10) Maltogenase L
o] T+ 0.0015% = A3l Maltogenase L] %55 TAAFOZAH,

glucose?] d#HFS & ¥ olygl a4 vExE AAZ 4 AATH

6. FlATESHILT AZXE AT BFaL9d HAolELY
SATS Al WS AIZE W E 24 A

o olzlale] (0.0015% Maltogenase L, 0.075% Promozyme D2, 0.1%
Transglucosidase L& #7bste] 7241359 RESAIA 31, 6A] ket 3l &
AH st IMOQ g3 B8 A= Table 172 #Zkt). Isomaltose 48
A ZE7bA 35,63 g/LE S7Fetth7E A AF ZFAsolth 1e]al panosess 64]%%
of 2795 g/l 7}A Z7}gltirh o] F® AlEsA At Isomaltotriose,

—_—

isomaltotetraose, isomaltopentaose= 21z} # i 1995 g/L, 850 g/L, 1.64

g/L 7}A AAEE 3L isomaltohexaose™= T2A17Fl 2 HEH A &dth. F
IMO sFFe 3647k 7536 g/L7F a1 1 o] 2= Fo%<d o7t 1A

0

u, sk AEE YERY] Wil HA manke 208 36AteR A
Atk 36417 B whed Fejo] AT B RS Table 189 Zokth
T3 T IMO9 Ml&2 oF 56.37% 3. HE d7AES dolutsoR e
A= ARE F RE 9 BAVE a-16 Aol ofdrgte sty o] a

25 BDP3(branched degree

flo

iR
ko))
i)
s
o
N
N
X
=l
%9,
o
=}
ofy
ol

Pest g

of polymerization), BDP4, BDP5 522 3 3&lo] & IMO &3l Z3hAZ
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Table 17. Changes in isomaltooligosaccharides contents by enzyme

reaction time?

Reaction Sugar contents (g/L)
time Isomaltotr Isomaltote Isomaltop Total
(hr) Isomaltose Panose .

r 10se traose entaose IMO

0.06 1.22 a N a 1.28

6 16.52 27.95 438 0.16 0.00° 49.00
+(.36" +0.07" +0.01° +().022 : +0.47°

19 24.90 26.34 10.68 1.74 0.00" 63.66
+(.54° +1.17° +0.18° +0.09" : +1.97°

18 29.26 21.28 15.07 3% 0.00° 69.33
+0.67¢ +(.72¢ +0.40¢ +().35° : +2.149

o4 32.21 17.11 17.63 5.51 0.57 73.02
+(.18° +0.16° +0.24° +0.15¢ +0.01° +().73°e

20 33.01 1355 18.70 6.41 0.80 72.47
+0.10" £0n 7 +(.21' +0.07° +0.02° +().39"@

a6 35.11 11.79 19.95 7.46 1.05 75.36
+(,05" +0.10° +0.07" +0.04 +().03¢ +0.13"

42 35.46 10.05 19.88 816 1.18 74.75
+().094" +(.18" +0.14" +0.11¢ +0.02° +0.10

I 35.63 899 19.76 8.44 1.28 74.10
+(.048 +0.08! +0.20" +().04" +0.02f +0.18°"™

54 35.28 810 19.04 8.37 1.38 72.18
+().442 +0.04’ +0.35 +(),08¢" +().02¢ +(.92¢

60 34.93 7.20 1833 831 1.49 70.25
+().83¢" +0.16% +0.50% +0.11% +0.06" +1.65¢

66 34.85 6.51 1822, 8.50 1.64 69.72
+0.64" +0.40"! +(.271 +(.23" +(.031 +1.58¢

7 34.89 6.42 17.79 8.49 157 69.16
+0.17" +0.21! +().43° +(.24" +0.03 +1.06%

Y 0.0015% Maltogenase L, 0.075% Promozyme D2 and 0.1% Transglucosidase

L were added for production of isomaltooligosaccharides.
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Table 18. Sugar contents and composition of isomaltooligosaccharides
manufactured by enzyme reaction with 0.0015% Maltogenase L, 0.075%

Promozyme D2 and 0.1% Transglucosidase L for 36 hours

Sugar contents (g/L.)  Sugar composition (%)

Glucose 43.56+0.25 32.58
Maltose 11.26+0.21 8.42
Maltotriose 0.82+0.02 0.61
Maltotetraose 1.70+0.11 1.27
Maltopentaose 0.99+0.03 0.74
Maltohexaose 0.00 0.00
Isomaltose 35.11£0.05 26.26
Panose 11.79+0.10 8.82
Isomaltotriose 19.95+0.07 14.92
Isomaltotetraose 7.46+0.04 5.58
Isomaltopentaose 1.05+0.03 0.79
Total IMO" 75.36+0.13 56.37
Total sugar 133.69+0.44 100.00

Y IMO, isomaltooligosaccharides
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Table 19. Brix, pH and color value of syrup

“Brix pH Color value
L : 52.93+0.24*
MOV syrup 72.45+0.05% 6.81£.0.03" a - —0.29+0.007

b : +10.82+0.09"

L : 57.08+0.04"
: =1.75+0.00°
b : +8.89+0.00"

IMO" syrup 75.00+0.20 6.74£0.04"

joS)

' MO, maltooligosaccharides; IMO, isomaltooligosaccharides
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8. Alzd olaTESH LT FW mAEL A5 7

ol AT E S 1FIMO)o] HW <l Lactobacillus acidophilus KCTC
3140, Lactobacillus delbrueckii subsp. lactis KCTC 3636, Lactobacillus
delbrueckii subsp. bulgaricus KCTC 3635, Lactobacillus reuteri KCTC
3594, Lactobacillus gasseri KCTC 3181, Lactobacillus rhamnosus KCTC
50332 W&l Escherichia coli KCTC 16829 g f3llit <l Salmonella
spp.8] Ao WA= E3E dolr 7] ] glucosed A -$-9F vlwsle] %
Absla et FAMFSS Lactobacillus delbrueckii subsp. lactisE A9 dti=

TFEE AA

AR7152E FANA Z2Zulo] El~(AAY AZ)E A == N7

ro

3t} Lactobacillus acidophilus KCTC 31402 749~ glucose= A2 o] &
kA @i IMOE ©4adoe® Agdto] S st= As #&dd = Ay
(Fig. 4). Lactobacillus delbrueckii subsp. lactis KCTC 36369 7%+
glucoseE ©ol§3to] T4 4 JA T IMO7E &Y o FA o f FXy
= AL #gFad = JAN(Fig. 4). Lactobacillus delbrueckii  subsp.
bulgaricus KCTC 3635% glucoseE WA &H|Sl= AoZ Holn F2]0]
=g A dojut 1241258 wA4sHA ST sk g glucose o€ E Wb
F IMOLE a9 oz o]&dd & S GlstAth(Fig. 5). Lactobacillus
delbrueckii subsp. bulgaricus KCTC 3635% glucose-6-phosphate”’} A Al &
=% 3= maltose phosphorylase®} B-phosphoglucomutase”} $loiA
ATPE WA Ausjofatr] wfitel UAA o2 fFestA] Fof e dFF1H
o F2Aeo] =gA dold AR ASEHUATHGEnzle et al, 2012).

Lactobacillus reuteri KCTC 3594% IMOE WA o]&3te AL s <+
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Fig. 4. Growth curves of Lactobacillus acidophilus KCTC 3140 (A) and
Lactobacillus delbrueckii subsp. lactis KCTC 3636 (B) in medium
containing isomaltooligosaccharides or glucose as a carbon source.

—¥—, isomaltooligo- saccharides; —=—, glucose; —%*—, none.
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Fig. 5. Growth curves of Lactobacillus delbrueckii subsp. bulgaricus KCTC
3635 (A) and Lactobacillus reuteri KCTC 3594 (B) in medium
containing isomaltooligosaccharides or glucose as a carbon source.

—¥—, isomaltooligo- saccharides; —=—, glucose; —%*—, none.
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KCTC 3594+ IMOE ©A49¥do= ¢ d3sste Aoz AsHJdtH(Fig. 5).
Lactobacillus gasseri KCTC 3181 ©A2Uo = glucoseE °]&31# ¢l
IMO&  ol&3te] TAs= Ae 2 7 ANk (Fig. 6). 1Y
Lactobacillus  rhamnosus ~ KCTC  5033:=  Lactobacillus  delbrueckii
subsp. bulgaricus KCTC 36359} +AFskAl glucoseet IMOZF Aol L3 A
F¢4e Uedo] IMOE ©adomA 43S BAFAHFig. 6). wt
Al 6o BE AU FYiro]l IMOS & o]&dt= ez Holw IMOJ

o3t 24 g7t 4% Aoz e Gianzle et al.(2012)= AL &

o] &+

=2

Ao

Lactobacilli= a-1,6 glucosidic linkageE 7l 4 Qo #5771 714
A Qe B wet A FRE vdEval Busidth maA dF9 T
of wz IMO® ol&EZ Eod F Ut #AdEEHJow, 53
Lactobacillus acidophilus KCTC 3140, Lactobacillus reuteri KCTC 35947}
glucosett x4 Blaste] IMOE © % o] &ste= Zo=® AR Hlh
IMO+= €3 Aol 73t (Kim et al., 1995) 48l g Aol s % Fafl =] &
A WA med JheAde] E=%kth. Saminathan et al.(2011)2 10714

7o &8 ugdFE AFE3] Lactobacillus #FE2 44y AZES A}
23 IMO7F EE #FoA FF & o] &HUT L BHusr. AHAH o
IMOS Zaulele g2z 71554 &3/t e Aoz Bgm, 99

al
o5 @A Awtelegs AFoz AW syl Aty B

B
o
Uk ol

ON

i)
32

o
=

31 Escherichia coli KCTC 168229} Salmonella spp.2] 74 % (Fig. 7), &4t
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AFHEE o3e] ETAA FHol 6 W Yoy, MO AL

X
-3
>,
rlr
olN
1>
o,
Anj
o,
o
e
2
T
X

IO

2
%)
=
v
il
re
-
b
rlr
o,
e
i
o
i)
N
X
ot

- 44 -



05

04 -
E
c 03
[=]
[{=]
ow
-
1]
a o2 -
o
014
"ﬁ
3
U.U T T T T T T T T
0 2 4 8 12 16 20 24 28
Time (hour)
(A)
05

0.D. at 660nm

00 T T T T T T

12 16 20

Time (hour)

(B)

Fig. 6. Growth curves of Lactobacillus gasseri

Lactobacillus rhamnosus KCTC 5033 (B)

isomaltooligosaccharides or glucose as

—¥—, isomaltooligosaccharides; —&—, glucose;
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KCTC 3181 (A) and
in medium containing
a carbon source.

—4%— none.
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Fig. 7. Growth curves of Escherichia coli KCTC 1682 and Salmonella spp.
in medium containing isomaltooligosaccharides or glucose as a carbon

source. —¥—, isomalto- oligosaccharides; —<—, glucose, —%—, none.
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(Park, 2008). Escherichia coli KCTC 1682%} Salmonella spp.<
oJekel o 2 A IMOE o] &34 &3 1, IMO7}F

< dAsE Tt e e fas g

= AS=E Ho
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s ggety] fEA 524w AYE @49 Termamyl  2X,
Maltogenase L, Promozyme D2, Fungamyl 800L, Trnasglucosidase L= A}
€393, T+ HPLC-CADE ©] &3t 2EZgady ojavESead
& FAENEA, Al 20l Fo 4 B SES S

Hshkg-of HAHs xS A fal &aie §%=(0.025%, 0.05%,

, 0.1%)9} AIZH1 hr, 2 hrs)oll WstE Fof REEA|FH oW, 71473
AES syl el dspee] sddg FFS FASAUG. 2
Termamyl 2XZ 7] ZthH] 0.075% Z7Fste] 2417 5ot vHS3AS v &Y

F ol 13826 g/L2 7bd Egonz o8 Jdshutsel HHzdow A

19 AxE A8 AE & FarE HUtste Az F F
g 3rEEs "askle 1 A IEEaE 0E FUbekA Eoke
W HEZYIY o] 10831 g/LE 7 =gt webA oAsiukgt
o7 wELHIY AX7 7tssttta Skl

olATES LY Ax HAsIE il BAHAA, HH TawE, HA &
g Age dgstdnh. a4 AF Ay, 22 AkEt
gude 7b4 ®o] A4 Maltogenase L, Promozyme D2
Transglucosidase Lo] &HZA T4 z2go=z AAIFJL. FHF srses,
Maltogenase 0.0015%, Promozyme 0.05~0.1%, Transglucosidase 0.1%E #
7Vt S W, glucosed] FHS AT FIFET} 2L ol ATELT G

e Frhse i AATh AH D2MLAE ARS8 64
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AREe] Wsts #Esido. 1 Ad, 36t T olATES Tl

Hir

7536 g/LZ 7 =gtk HEA 2 os Axd oARES1d-e 18 brix
%31 3l, isomaltose 35.11 g/L, panose 11.97 g/L, isomaltotriose 19.95 g/L,
isomaltotetraose 7.46 g/L, isomaltopentaose 1.05 g/ o] A HJow FIF
< olATESYIF HE2 56.37%A T

Az oiadEZT NG Zyulole’ s Rlsty] 98
mueller-hinton broth ®|#]ol] o]ATE LT ugS Hrlste] W Fo9l
Lactobacillus acidophilus KCTC 3140, Lactobacillus delbrueckii subsp.
lactis KCTC 3636, Lactobacillus delbrueckii subsp. bulgaricus KCTC 3635,
Lactobacillus reuteri KCTC 3594, Lactobacillus gasseri KCTC 3181,
Lactobacillus rhamnosus KCTC 50337 W73t 1 Escherichia coli KCTC
16829} AU fr3lrd Salmonella spp.o] A5 A4S 4o TS
e dxEd 2 Ao JEUA o sBELANTE o] gotd 43

Ag Fdslont. Gl FallwtS Aol A= A

ol

s
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