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Development of a Mixed-culture Fermentation Process and Characterization for New Oligosaccharides
and Dextran Using Lipomyces starkeyi and Leuconostoc mesenteroides. Heo, Soo-Jin®, Doman Kim!4*,
In-Su Lee*?, and Pahn-Shick Chang®. Department of Chemical Engineering, "Department of Biochemical
Engineering, “Department of Chemical Technology, The Research Institute for Catalysis, Chonnam National
University, Kwang-Ju 500-757, *Research Center for New Bio-Materials in Agriculture, Seoul National University;
Suwon 441-744, *Department of Food Science and Technology, Seoul National University of Technology, Seoul
139-743, Korea—We have developed a new process for the production of new structure oligosaccharides using the
mixed-culture fermentation of Lipomyces starkeyi KSM 22 and Leuconostoc mesenteroides B- 512FMCM. L. star-
keyi KSM 22 produces a novel DXAMase(an enzyme containing both dextranase and amylase activities). It hydro-
lyzes the soluble starch and dextran. The hydrolyzates were used as acceptors for dextransucrase of L.
mesenteroides 10 synthesize the new oligosaccharides(NOS). In fermentation, as the concentration of sucrose was
increased from 9%(w/v) to 15%(w/v), the yields of dextran(sum of dextran I, MW=66 kD, and dextran II,
MW=21 kD) was increased from 12.7% to 42.5%, and NOS was increased from 3.9% to 5.2% of the theoretical,
respectively. The NOS of dp(degree of polymerization) 5 and over was increased from 33.1% to 58.3% of the total
NOS. The NOS showed heat resistant up to 120 °C and was stable at pHs ranged from 2 to 6. The NOS decreased
the pH changes in the culture of S. rutans, and also showed inhibitory effects on the growth of S. aureus or S. typh-
IFiUm.

Keywords : mixed-culture fermentation, new oligosaccharides, Lipomyces starkeyi, Leuconostoc mesenter-
oides, acceptor.
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oA A" L starkeyi KSM 22% L. starkeyi
ATCC 74054Z EMS(ethyl methane sulfonate) =]
< constitutive dextranase2f amylase HAI-S& FAJo] zh=
DXAMase=s AR ol o™ (3], L. mesenteroides
B-512FMCM=- L. mesenteroides B-512FMCZ E3HFA}
FA71E7] A2 2EAk9)A (VUV, Vacuum UVYS AR5}
o] & constitutive dextransucrases FAMSe SH o)t
olca) 2elmgsl Aeihd SHL elshr] A
Salmonella  typhimurium  ATCC 14028, Staphylococcus
aureus ATCC 14776 12|3L Sirepiococcus mutans 6715

& ARSI, Z7ke] AAIAE Table 1o WERASIE-

ST HiQF

W A2 (BL-5L, Bok Sung Engineering Co., Seoul):
HFHI7L 4vF HES FuEleh HAH yeast extract
5g/12F peptone 5gfl, KHPO, 5g/l, mineral solution
10ml/l 2B 5%(wi)e] A8-E & F7} 310} 5§52
FRete] 2k 121°Cel M 2087 BB, L starkeyi
KSM 22% 5%(viv) AE3IEch. A2 P4 zo] ulel
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AEIAL, 41 71Ee2 AA FF2 9%(WN), 12%(wiv) =
B 15%((wiv) FXo) dEshe ks 700 ml 1|8k 4
A k2 AR AFHILMP-3, EYELAYS ]85}

Table 1. The composition of media

Components Concentration (g/])
1 Mineral MgS80, - 7TH,O 20
solution(MS) NaCl 1
FeS0, - 7TH,0 1
MnSO, - H,O 1
CaCl; - 2H,0 1.3
2 YS Yeast extract 5
(pH 5.5, 28°C) KH,;PO,4 5
Soluble starch 10
3 Lw Yeast extract
(pH 5.5, 28°C) Peptone 5
K;HPO, 20
4 Nutrient broth Beef extract 3
(pH 7.0, 37°C) Peptone 5
5 BH1 Brain heart infusion 37

(pH 7.0, 37°C)

Components were dissolved to the deionized water.
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Table 2. The percentage of the theoretical yicld of dextrans pro-
duced by the mixed culture fermentation

Fermentation condition Dextran(%)
Starch cone (%) Sucrose conc.(%) Dextran I Dextran II
9 6.5 6.2
5 12 11.2 15.7
15 134 29.1

Dextran I and dextran II are dextrans prepared from 43%(v/v) and
55%(v/v) ethanol precipitation, respectively. Dextran 1 and dextran
II have average molecular weighttMW) of 66kD and 21 kD,
respectively. The theoretical yield of dextran is 0.48 kg dextran/kg
Sucrose.
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Table 3. The percentage of the theoretical yield of oligosaccha-
rides produced by the mixed culture fermentation

Fermentation condition

Oligosaccharides(%)
Starch conc.(%) Sucrose conc.(%)

9 39
5 12 4.9
15 5.2
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Table 4. The composition of oligosaccharides produced by the
mixed culture fermentation

Concentration(%)
Composition MOS  FOS
5%-9%* 5%-12%* 5%-15%*
Gl1+F1 3.6 0.6 1.6 317 31.5
Sucrose 7.3 20.6
M2 1.7 4.0 11.6
Leucrose 35 9.1 12.5
M3 1.6 8.3 1.0
GF2 31.7 31.0
IM2+1P3 26.2 1.5
M4 0.5 8.9 2.5
GF3 14.5
P3 2.5 4.1 2.4
G4 2.9 1.2 1.8
GF4 1.2 1.1
M5 1.0 3.7 8.1
M3 17.3 1.9 3.0 1.6
G4"+G7+P4 8.7 58 3.2
M4 6.3 49 7.9
P35 1.2 2.3 2.6
»>G7 229 43.6 444 5.5 1.3

G1; glucose, F1; fructose, M2; maltose, M3; maltotdose, GF2; kes-
tose(1F -B-D-fructofuranosy! sucrose), IM2; isomaltose, IP3; isopa-
nose, M4; maltotetraose, GF3; nystose(1"-B-D-(fructofuranosyl);

sucrose), P3; panose, G4 63-glucopyranosyl maltotriose, GF4;
fructofuranosyl nystose, M5; maltopentaose IM3; isomaltotriose,
G4"; 6'-di-glucopyranosylmaltose, G7; maltoheptaose, P4; 6*-iso-
maltosylmaltose, IM4; isomaliotetraose, P5; 6*-isomaltotriosylmal-
tose, MOS; commercial mixed oligosaccharides, FOS; commercial
fructooligosaccharides.

*gtarch concentration(%)-sucrose concentration(%) in fermenter
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Fig. 1. The viscosity of oligosaccharides at different tempera-
tures(°C).
-@- ; Sucrose, -l ; NOS, -A- ; FOS, -¥- ; MOS
NOS; new oligosaccharides, FOS; commercial fructooligosaccha-
rides, MOS; commercial mixed oligosaccharides
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Fig, 2. The pH stability of oligosaccharides at different temper-

atures(°C).
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Fig. 4. The pH changes in the cultures of Streptococcus mutans
with various sugars.
-@- : Control, -M- ; Glucose, -A- ; Sucrose, - ¥- ; FOS, -4-
NOS, Control; no sugar, FOS; commercial fructooligosaccharides,
NOS; new oligosaccharides
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Fig. 5. The growth of Steptococcus mutans on glucose and new
oligosaccharides.
Control; no sugar, NOS; new oligosaccharides.
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Fig. 6. The growth of Staphylococcus aureus on various carbon
sources.

FOS; commercial fructooligosaccharides, NOS; new oligosaccha-
rides.
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Fig. 7. The growih of Salmonella typhimurium on various car-
bon sources.

FOS; commercial fructooligosaccharides, NOS; new oligosaccha-
rides.
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