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Continuous L-Sorbose Production in Immobilized Cell Reactors. Hye-Won Shin, Bong-Soo Shin
and Chul Seo Shin*. Department of Food and Biotechnology, College of Engineering, and
Bioproducts Research Center, Yonsei University, Seoul, 120-749, Korea - The conversion of D-sor-
bitol to L-sorbose by Gluconobater suboxydans was analyzed, and continuous production of L-sorbose
was carried out in immobilized cell reactors. L-Sorbose production by high densities of resting cells
was more effective than by conventional batch fermentations. Sorbitol dehydrogenase, an enzyme con-
verting D-sorbitol to L-sorbose, did not suffer from substrate inhibition, but from product inhibition.
When L-sorbose production was carried out with Ca-alginate-immobilized cells, about 60 g/f of L-sor-
bose was obtained. On the other hand, when the corn steep liquor (CSL) concentration of medium
was reduced to 0.08%, 80 g/l of L-sorbose was obtained. Outgrowth inside the immobilized carriers
was thought to block the pores of the carriers so that substrate could not easily diffuse through the
carriers. Continuous production of L-sorbose was well accomplished in a bubble column reactor, and 6.
5 g/lh of productivity and 81.2% of yield were obtained at a substrate feeding rate of 0.08 h' under
the optimum conditions with carrier volume of 55% and aeration rate of 3 vvm.
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Table 1. The composition of reaction media

Medium Component Content
Sorbitol 10% (w/v)
Growth medium Comn steep liquor 0.8% (w/v)
Distilled water 50 m/
Non- Potassium phosphate buffer (0.02M) 50 m!/
growth  N-0° (or 0.002M Na-acetate buffer, pH 6)
medium Sorbitol 10% (wiv)
CﬁCla 1 mM
N-0.08" p-aminobenzoic acid 0.5 mM
Corn steep liquor 1% (wiv)
a: ¥=0, b ¥=0.08
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Fig. 1. A schematic diagram of bubble column reactor.
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Fig. 2. A schematic diagram of airlift reactor.
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Fig. 3. Effect of sorbitol concentration on cell growth.
Initial sorbitol conc.: @, 5%; A, 10%; &, 15%; M, 20%.
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Fig. 4. L-Sorbose production by growing cells and resting
cells

mg Cells l resting cells Reacimns by grnwmg cells mdlcatf:
the usual fermentation, whereas those by resting cells were per-
formed at a high level of initial cell concentration, 4 g/l.
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Fig. 5. Inmitial production rate of L-sorbose depending on
varying substrate concentrations.

o] Al iz A2 Az} wEbA, FAIE
SN}l &8 3:},_5 L-sorbose Z&HiE-g-o] ol &=
2 ol 7S &gelsial e, oleid A= A o
A 7} ;g_-@—zl_j L-sorbose A &tel] o]-88 5 gl 7le
A8 HolFl= Ao}, xo} vH22)& FAITAEF ol &
&}od L~sorbose ARG Alxdke] 27| sorbitol %7}
5, 105% Qe z+7} 60, 40%2] L-sorbose -85 it
o] Eo] Axle} vjwPu] B o Folla] o] Foz] Hgak-3-
o] t]-2- &aF}xole} & gl

D-Sorbitol=2%E] L-sorbose A3&tel] dtoddl= B4
sorhitol dehydrogenaseell @& 714 = AAdEdd2]g
ZAxres BAsgch sl #3719 TAE son-
icationell &J& I F 1 o4} F sorbitol dehy-
drogenase & AN o2 o]-83}ed D-sorbitol=5-¥ L-
sorbose 2] A&re-& =38}t Fig, 5oll4] ¥ vt
el7re] ulb27)Alal sorbitol 271557V S7Hgtel ulet
L-sorbose®] Z7| MA&xrt Frlste] HEHA Mi-
chaelis-Menten3d kinetics= E"*’ﬂ 712 o] A AHEg-o
g Al gv Ao Jepdrl. D-Sorbitol2 F-E
L-sorhose=2] A &ulk-g-of] Hit AJA-E<4l L-sorbose
A& g2 BAstedn). 7124l sorbitol FEE 10%=
A8 WA E<] sorboses 7] E-4ell 0, 10, 15, 20,
25%7}F E|A) H7PREE A4S 21835t Fig. 69l
A R ulebzro] 7]AlR-oMef| sorbose’t 15% oI HE &
A & w) ukSo] g L-sorbosed] A&l &Ale] Al3}A]
ororent, 20% o) of AalEAte] Asted sorbose?|
2714 S Gglit) 10A1774] 9 7 Ad#S
T Z v w3} sorbitole] AErld &) w2}

A7} Al




72  Al§|l 5

&

N

Initial production rate (g/I h)

O | 1 | L
0 20 100 120 200 20

Initial product concentration (g/!)

Fig. 6. Inhibitory effect of L-sorbose on the intial production
rate of L-sorbose.
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Fig. 7. L-Sorbose production by immobilized cells depending
on different CSL concentrations.

®, growth medium; A, non-growth medium(N-0); 4, non
growth medium (N-0.08). Densities of immobilized cells in reac-
tors were about 21.6 g/l.
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Table 2. Effect of beads volume on productivity in bubble
column reactor and airlift reactor

Beads  Dilution Conversion Product

Reactor : Productivity
T volume In rate rate of conc. (@l - h)

YP€  reactor (%) (h') substrate (%) {(g/D g
Bubble 52 0.08 77.7 76.2 6.1
column 55 0.08 82.9 81.2 6.5
reactor 60 (.08 29.6 30.0 2.4

- 16 0.015 30 .4 89.6 1.3
r‘:;';’fr 40 0.08 49 .4 48.7 39

52 0.08 32.0 31.5 2.5

Table 3. Effect of aeration rate on productivity in bubble
column reactor

Aeration rate Conversion rate

Product conc. Productivity

{vvm) of substrate (%) (g/D (g/l - h)
1 24.9 24.1 1.9
2 37.4 37.1 3.0
3 82.2 81.5 6.5

*Dilution rate = 0.08 k', beads volume = 55%
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