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Effects of Glucose and Ammonium Concentrations in Continuous
Culture for Poly-B-hydroxybutyrate Production
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Abstract — Effects of dilution rate, inlet glucose and ammonium chloride concentrations on the
performance of continuous culture of Alcaligenes eutrophus for poly-B-hydroxybutyrate (PHB) pro-
duction were investigated. When inlet substrate concentrations were maintained constant (inlet
glucose concentration=20 g//, inlet ammonium chloride concentration=2 g/), growth rate of resi-

dual biomass and PHB production rate showed its maximum at 0.1 h~

Uand 006 h™!, respectively,

and washout at 0.13h™!. PHB content decreased from 50% to 25% by increasing dilution rate,
while specific PHB production rate increased continuously. Cell mass and PHB concentration gave
its maximum values at inlet ammonium chloride concentration of 2 g/l and thereafter decreased,
which showed the existence of substrate inhibition by ammonium. When inlet glucose concentration
was 30 g/l, cell mass reached its maximum value, while PHB concentration increased continuously.
The parameters of kinetic model were evaluated by the graphical and parameter estimation me-
thods. The computer simulation results for the effects of dilution rate, inlet glucose and ammonium
chloride concentrations fitted the experimental data very well.
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Fig. 1. Effects of dilution rate (a) on concentration of cell mass (W), PHB (@), glucose ((11), and NH,CI (),
(b) on growth rate of residual biomass (@) and PHB production rate (@), (¢) on PHB content (©) and specific
PHB production rate (('1) in continuous culture of A. eutrophus.
Inlet glucose and ammonium chloride concentrations were 20 g/l and 2 g/l, respectively.
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Fig. 2. Effects of dilution rate on concentrations of
cell mass (M), PHB (@), glucose (), and ammonium
chloride (C) in continuous culture of 4. eutrophus.
Inlet glucose and ammonium chloride concentrations
were 20 g/l and 1 g/l, respectively.
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Fig. 3. Effects of inlet ammonium chloride concentra-
tion in continuous culture of A. eutrophus.

Table 1. Effects of inlet ammonium chloride concentra-
tion with dilution rate of 0.1 h~' and inlet glucose con-
centration of 20 g/l
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Fig. 4. Effects of inlet glucose concentration in conti-
nuous culture of A. eutrophus.

Table 2. Effects of inlet glucose concentration with di-
lution rate of 0.1 h~' and inlet ammonium chloride con-
centration of 2 g/!
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@l | (%) (g/1-h) (g/l-h) (h™)

20 | 240 0.152 0.048 0.0316

30 | 2165 0257 0.071 0.0276

40 | 2840  0.237 0.094 0.0397

60 | 3695 0215 0.126 0.0586
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Table 3. Fvaluated parameters for the proposed mo-
del

Parameter Value Dimension Remarks

- 0.84 (h™ 1 estimated

Vi 0.085 (h™ 1) estimated

K¢ 78.09 (g/D estimated

Ke 42.53 (g/D estimated

Ky 0.07 (g/f) estimated

Ku; 11.91 (g/D) estimated

Kep 8.045 (g/1) estimated
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AFEZ|Z
G . glucose concentration (g/[)
Gr . inlet glucose concentration (g/l)
Ke . saturation constant of glucose for the grow-

th rate of residual biomass (g/i)
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Ker - inhibition constant of glucose for the grow-
th rate of residual biomass (g/I}

Kir . saturation constant of glucose for the PHB
production rate (g/l)

K; . inhibition constant of ammonium chloride
for the PHB production rate {(g/l)

Ky . saturation constant of ammonium chloride
for the growth rate of residual biomass
(/1)

Ky - inhibition constant of ammonium chloride

for the growth rate of residual biomass

(g/)

m . maintenance energy (h™ %)

N . ammonium chloride concentration (g/f)

Ny . Inlet ammonium chloride concentration
(g/])

n . exponent 1n specific PHB production
rate

P . PHB concentration (g/l)

(P/X),, : maximum PHB content (g PHB/g cell)

R . residual biomass concentration (g/l)

t . culture time (h)

X . cell mass concentration (g/l)

Yric © vield of PHB based on glucose (g/g)
Yrie . vield of residual biomass based on glucose

(g/8)

Y - yield of residual biomass based on ammo-
nium chloride (g/g)

Greek letters

L . specific growth rate of residual biomass
(h™)

T . proportional coefficient of specific growth
rate of residual biomass (h™7)

v . specific PHB production rate (h )

Vi » maximum specific PHB production rate
(h Y
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