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The aerobic bacterium Xanthomonas campestris was cultivated continuously in a three-phase fluidized bed bioreactor to
produce extracellular polysaccharide xanthan. Fluidized particles of 8.0 mm glass beads were used for disintegrating
the large air bubbles even at high viscosities to improve the gas-liquid oxygen transfer rate. Xanthan productivity [kg
xanthanfkg cell dry mass - h] and molecular weight increased, with dilution rate in the continuous xanthan fermen-
tations. The specific xanthan productivities were not limited by the oxygen transfer rate and were much higher in the
continuous cultivations than those predicted by the results of the batch xanthan fermentations.
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Figure 1. Three-phase fluidized bed bioreactor used for the
continuous xanthan fermentation; (1) three-phase fluidized bed reactor,
(2) circulation peristaltic pump, (3) substrate feed tank, (4) effluent
storage tank, (5) thermostat, (6) NaOH solution bottle, (7) peristaltic
pump, (8) water pump, (9) rotameter, (10) air filter.
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Figure 2. Time-courses of continuous xanthan fermentations in a
three-phase  fluidized bed bioreactor at the influent NH4Cl
concentration of 2.0 kg/m3 and the gas velocity of 0.05 m/s.
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Table 1. Summary of the continuous xanthan fermentations in a TPFB bioreactor with glass beads of 8 mm diameter at the air velocity of 0.05 mys.

Fermentation CXF1 CXF2 CXF41 CXF31 CXF42 CXF32
Flow rate {L/d] 3.07 577 1.81 4.66 6.24 8.96
Cell [kg/m3] 4.01 3.87 2.39 2.08 2.01 1.86
Substrate [kg/m3] 7.20 122 8.96 13.9 16.6 20.3
Xanthan [kg/m’ 119 7.34 16.8 12.6 10.7 7.36
g/m’]
Productivity (kg xam_han/m3 - hj 0.275 0.319 0277 0.444 0.503 0.498
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Figure 3. Time-courses of continuous xanthan fermentations in a
three-phase fluidized bed bioreactor at the influent NH.Cl concen-
tration of 1.0 kg/m3 and the gas velocity of 0.05 m/s.
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Table 2. Average molecular weights of xanthan, produced in the
continuous fermentations in Figure 3, calculated by equations (6) and (7).

Fermentation Dilution rate {1/h] My - 10° [g/mol]
CXF41 0.0136 7.62
CXF31 0.0351 8.60
CXF42 0.0470 8.12
CXF32 0.0675 9.12
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Figure 5. Xanthan productivity as a function of dilution rate in the
continuous fermentations in a TPFB bioreactor at the air velocity of
0.05 m/s: (@), without the oxygen transfer limitation at the influent
NH4Cl concentration of 1 kg/mJ; (), under the oxygen transfer
limitation at the influent NH4Cl concentration of 2 kg/mB; (@, from
the batch fermentation without the oxygen transfer limitation (Suh et
al,, 1992); (—), predicted by equation (12); (---), calculated by

equation (1).
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k fluid consistency factor [Pa - s"]

kia” volumetric gas-liquid mass transfer coefficient referred
to liquid volume [1/s]

kia  volumetric gas-liquid mass transfer coefficient referred
to reactor volume [1/s]

Mw  weight average molecular weight of xanthan [kg/kmol]

My  Mw of instantaneously produced xanthan [kg/kmol]

n flow behavior index [-]

OTR gas-liquid oxygen transfer rate [kg/m3 - h]

P xanthan concentration [kg/m3]

Qo, oxygen demand rate [kg Oym’ - h]

Qp, specific oxygen demand rate [kg Os/kg CDM - hj

ap specific xanthan production rate [kg xanthan/kg CD
M - h]

u superficial velocity [m/s]

ur terminal velocity of a single particle [m/s]

X cell concentration [kg/m3]
Jzjo|A 2A}
y shear rate [1/s]

5 phase holdup [-]
U specific growth rate [1/h]
e effective viscosity [Pa - s}

T shear stress [Pa]
EER
G gas
L liquid
S solid
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