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SUMMARY

I. Title

Process Development of New Functional Ingredient, Isomalt

[I. Objectives and Needs of the Research

In recent vears, market of oligosccharides has been steady state or slightly
decreased whereas that of sugar alcohols has continuously increased, especially
the use of isomalt has increased over !5 percent. The only monopolized
company of isomalt production and sales is Sudzucker GmbH in German. As the
application of 1somalt magnified in drink, confectionary, and baked product, the
market size of isomalt in Korea increased about 1,000 ton per year. Acquiring
the production technology of isomalt can make it possibie to substitute import of

1somalt.

. Contents and Scope of the Research

To produce isomait, two steps are required as following. First step is a
conversion of sucrose to isomaltulose, and second step is a hydrogenation of
1somaltulose to 1somalt. To improve conversion yield of isomaltulose, mutagenic
methods, optimization of bio-reactor process, development of two step conversion
process and improvement of purification process were studied. To improve
conversion yield of isomalt, optimization of hydrogenation process and
development of crystallization process were studied. And physical characteristics

and applications of isomaltulose and isomalt were also studied.



IV. Results of the Research

The conversion yield of 1somaltulose using FErwinia rhapontici mutant
increased 85% to 909 and other by-products such as fructose, glucose and
trehalulose were decreased. Converston yield of 1somaltulose was increased 91%
by studying nucleotide sequence of a —glucosyltransferase and gene cloning.
Productivity of i1somailtulose increased to 124~148 g/L/h by optimization of
bio-reactor process. The yield of isomaltulose purification was 85% and 95% by
cooling crystallization and chromatography, respectively. |

The hydrogenation process of isomaltulose to isomalt was optimized. Solid
content of isomaltulose solution was 40%. Temperature, pressure, pH and
reaction time were 120T, 50 kg/em®, 65~7.0 and 2 hours, respectively.
Ruthenium was used as a catalyst. Then, the hydrogenation yield of isomalt
was over 98% and ratio of GPM to GPS was almost 1 : 1. The yield of
isomalt  purification was over 98% by melt crystallization and the ratio of GPM
to GPS was 1 : I, too.

Applications of isomaltulose to yogurt and isomalt to hard candy contributed

to extend shelf-life of product.

V. Suggestions

The main target of isomalt research is a commercial production and sales.
Therefore, we plan to substitute sucrose for cheaper materials in isomaltulose
production. To increase conversion yield of isomaltulose over 90 percent, further
study will be carried out. Also another use of mother liquor in purification
process of tsomaltulose will be investigated. Purification technology of
1somaltulose and hydrogenation process of isomalt in this study can compete
with those of world major companies. And application study -must be

continuously carried out in future.



Recently, sales price of isomalt in world market is $ 25~3.0/kg and
manufacturing cost is presumed about $ 1.5/kg. Therefore, it will be targeted to
produce isomalt of which manufacturing cost is under $ 1.0/kg on the basis of

this research.
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Figure 1.1 Production of isomaltulosc by enzymatic transglucosidation.
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Figurc1 .2 Production of isomalt by hydrogenation.
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1. Holx gl o Hr}3F7}

¥ AT A e Erwinia rhapontici ATCC292838 ol &8la] Wi & AMAH 4
-glucosyltransferaseE A 1A 38t Hge 7|2E olALREZAZ AFJA =
A& FYAL
@ —glucosyltransferase® AU &4 2 HAg $£8A FA 75~85%2) A&t
OlaYERAT Ho|AF|H Uvz] 15~25%F E# &2 A (trehalulose) 2 mj
T X=3, Ao HoAsle EA4o) Jdh12). 2y olg e oy FF9
dF 7B & Fo AAugol oz wol & Ayl ojye Wy ofy
g olAUEREL FEFLIANE FA Qo] AFL AU/ EolXA Hum 7
BeEo] Dol A Hr}

2] A e, nitrosoguanidine(NTG)2 Wo| A& ste] 1,000971¢] colonyE A

tjo

H3til HPLCZ AR A3lo] ojlaTEZ A HB5Eo| H1 7]d Aulso &
T3 4708 WolFE AP} 4719 Wo)F F oo H|F HE o]ATE
22 Aol oF Llvl kR WolF P2210L olAwER A A WolFE Mus)

A HTable 1).
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Table 1. Comparison of Erwinia rhapontici ATCC29283 wild to mutants in

yield of isomaltulose and residual sucrose concentration

Yield of isomaltulose Residual sucrose
Strain
(%) concentration(g/L)
Wild 85.0 -
P710 87.4 -
P1178 83.2 -
P2210 90.0 -
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2. Gene cloning

olawERE HAFEE FAAINI AT E g wyor sFd A
a—glucosyltransferase 1.3 kbel fFda AVIMGE ngez ax9 daAdx
AA A7IMEE #H3} & PCRE o -glucosyltransferase S 4 A& dlgko @ ol 51
vectorg o-§3A AFFol {FAHAE Al S AEsATHFg. 2). <A
3 kb®} sequence ol Aw F9r} EAsA @ AF &4 BamHl, EcoRl,
Hindlll, Sall, XbalE o]&3to] &3] ddsidct. 44 9L PCR A#HE radio
labeled probe®2 W& o] & o] &3l southern hydridization®. 2 23z} =

genee screeningdtAch. 2 9& genomic DNA ZZ+E& pUCI9] ligationA 7] i
(pUC-pale]2}31 ) colony hydridization®.2 <18}¥ ). BamHl, HindIll, Xbal
o] A%l oIl southern blot] A3 YElY signal®] =77} F 20~23 kb A
E Hol UF 2 AAZ o83 EHd:, 25 kb FEY EcoRIez Fa zzts}
° 55 kb AE9 Saloz AU 27 o]&3tdth. o 1,5007M9) colony ol A
colony hybridization® 2 16719 colonyg® 9dArt. 283 <8R 1.3 kb =279
sequence W& primerg ©]&38 PCREZ #2138l EcoRIC.E A& Z7}o] insertion
€ plasmidE A4 colony 3}9} Salle 2 28 Z7}o] insertiond plasmidE A
colony 270 € =3ttt 2 A7} A8Fgo] 91%2 ZF71st oy WS Al7ho] 74

oz WolF P2210x.th 3417 = WS &= 2 JEMATHTable 2).
O|ATERL HEFEE 743 cloningd FFE ALLEoF & Aot 1%
F& zZolol o a4 g Aapoe 3A WAL ddo] 9% anst 2
Ll

o]F P2210€ £ AtolA 2123ttt
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~2.6ko
(~5.5kb)

pUC-pdl

EcoR1
(Satl)

Fig. 2. Fine Restriction Map of the 1.3 kb insert DNA(pUC-pal)
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Table 2. Comparison of Erwinia rhapontici ATCC29283 wild to mutants and

cloning in reaction time and yield of isomaltulose

Strain Reaction time(hours) Yield of isomaltulose(96)
Wwild 10 85

P2210 4 90
Cloning 7 91
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Fig. 3. Effect of temperature and pH on the yield of isomatulose
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Table 3. Effect of pH and temperature on yield of isomaltulose and half-life

of immobilized cell in PBR

30C 33T
Temp.
H Yield of Half-life Yield of Half-life
P
isomaltulose(%) (days) isomaltulose(94) (days)
55 90 30 90 30
6.0 90 41 90 33
6.5 90 52 0 40
7.0 90 60 90 45
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Fig. 4. Effect of flow rate on the yield and productivity
of isomaltulose in PBR.
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t}. Bio-reactor®] L/D &

PBR W2lol|lA]l feed distribution A#&S #HA3=. TR K200,
bio-reactor?] L/D W] &l ulg}l distribution ¥/del detd 4 donmiz dAd gl
ol Fo & 7] &ojof ) 55%(w/v) A8 pH 70, 30T, 7% 0.25 ecv/hell
A L/D 92 olAYERA WL vAE FFE XASA] Table 49 HERARA
t}h o7lolA Bw L/D 4 : 19 vl &oA 9% dgo] HI W% olAREZ AV}
Aol Aoz el bio-reactor Al Al 288t}

2}. Scale-up A4k

Holl A HaPg HAH3 1 & WP o= scale-up S AEdAEH A
28 xdk 30Y7HAE 03 ecv/hZE, 2 ¥ 6047HA = 0.25 ecv/hE ZXAslo] A
AL 2, 55%(w/v) Ag49, pH 7.0, 30CAA W&kl 1 A& Table 591
BRI 50 L 7F2 9 PBR WA7HA] 89~930% ©olAZTERZA HMEFES VEHAN
31 55~6097bA Ea@Adol FAE AT ML S HAFAY

do

O AUEZA WL AL olAYEZA 9 9~11% AXY EYIUEEL ¥2 Y
g, bR G G A9 THY GHE EASER Yzhde 9%k 14 A
2l8t7|7F ojgloh. aetA] 1z HAAA 92~96%

CEO o]ATERAZ Aa o]F dA] §3, ¥&, 23 AAT Y &F claBER

o

28 A+ FAHEL 93U 98 (35 brix) g 60T, Aol A 70 brix2 & %3t
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Table 4. Effect of L/D of bio-reactor on sucrose conversion and yield of

isomaltulose
L/D Sucrose conversion(%) Yield of isomaltulose(%6)
3:1 99 89
4:1 0
5:1 85
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Table 5. Scale-up results of PBR for continuous production of isomaltulose

Reactor volume(L) Yield of isomaltulose(%) Half-life(days)
05 90 60
50 89~90 55~60
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Fig. 6. Production Process of isomalt by hydrogenation of isomaltulose
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Table 6. Changes of pH and total sugar in yogurt on storage days

pH Total sugar(%)
Sugar sources
Initial Final Initial Final
Isomaltulose 4.80 4.68 170 149
Fructose : glucose =1 : 1 4.33 4.06 17.0 103
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