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Abstract — It is very important to have a good kinetic model which considers the effects of
both ammonium and glucose for the control and optimization of the poly-8-hydroxybutyrate
(PHB) fermentation. A kinetic model for the growth of Alcaligenes eutrophus and the biosynthe-
sis of PHB under both ammonium and glucose limitation was proposed. Growth rate of residual
biomass was expressed as a function of concentrations of residual biomass, glucose and ammo-
nium having glucose inhibition. PHB production rate was expressed as a function of concentra-
tions of residual biomass, glucose, ammonium and PHB content having ammonium and product
inhibitions. Novel approaches were made to estimate the parameters in the model equations
which considered two limiting substrates. Model parameters were evaluated by graphical and
simplex methods. The proposed kinetic model fitted the data very well.
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Fig. 1. (a) Specific growth rate of residual biomass as
a function of NH,CI concentration for various glucose
concentrations. Glucose concentration: 10(a), 15(m), 18

(@) g/l

{b) Specific growth rate of residual biomass as a func-
tion of glucose concentration for various NH,CI conce-
ntrations. NH,Cl concentration: 0.5(a), 1.0(m), 1.5(@)

g/l
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Fig. 2. (a) Specific PHB production rate as a function
of glucose comcentration for varions PHB contents
when NH,C] was completely consumed. PHB content:
60(®@), 65(m), 70(a), 75(¥)% of dry cell weight.

(b) Specific PHB production rate devided by product
inhibition term as a function of NH4Cl concentration
for various glucose concentrations. Glucose concentra-
tion: 10(a), 15(m), 18(@) g/!
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Fig. 3. Evaluation of kinetic parameters in the proposed model.
(a) Evaluation of K»(PHB content: 0.6(¥), 0.65(a), 0.7(m), 0.75(®). (b) Evaluation of n and v,, (c) Evaluation
of K; (glucose concentration: 10(@), 15(m), 18(a) g/l), (d) Evaluation of Ypc and m.
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Table 1. Estimated parameter values used for the pro-
posed kinetics

Parameter Value Remarks
T, 056 (h™h) Estimated
Vi 0.70 (h™Y) Graphical
K¢ 1445 (g/) Estimated
Kot 19.15 (g/D Estimated
Ky 0.06 (g/) Estimated
Ker 8.05 (g/l) Graphical
K; 1.04 (g/D Graphical
P/X)n 0.85 (&/g) Assumed
n 0.89 Graphical
Yei 045 (g/g) Graphical
Yre 047 (g/® Graphical
Yen 211 (g/9) Graphical
m 0.01 (h™Y Graphical
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Fig. 4. Comparison of the experimental data with si-
mulation results (cellmass(m), residual biomass(a),
PHB(®), glucose(C)), NH,CI(O)).
(a) Initial glucose concentration=20 g/l, initial NH,Cl
concentration=2 g/l (b) Initial glucose concentration=
60 g/l, initial NH,Cl concentration=2 g/l

sl A2 PHBEE 4L A4 7ldxde A
gdlolel Bt cha WA, AA7| e Addlote}
B} tha A 2AER AT E A4S R
o} otny BF AgAzel & At Fig. 4
(b)ye 271 TEFFES} 60g/leln 27) AL
FEE7 2109 A AAFsE FALS APAH
Hoh A AA)e] E@sigdxut AL A
AEre YAt PHBSE F42 A¥4% 2o
o7t A RAME QT Lo wet A2 Es AgAH
B2 A AU ZERFEE dgRlde
AAR vk o FA BAFEARE wof F4)
dE WA mAEch ERFEEE AdAst 3
dxsteich. AA AR B o BAATE AgAFel
BrAo g xol gIAut APAve}l A YA
Hl5g AgE etk

AorEl mddxie PHBE AAst7) 9% #7t

Wop 2 P 2kt Aoy AL 7 DAleA

)



MNE7 &
A : Constant defined in eq. (10)
G . Glucose concentration (g/l)
K  : Saturation constant for glucose in residual bio-
mass growth rate (g/l)
Ke : Inhibition constant for glucose in residual bio-

mass growth rate (g/l)

Ker  : Saturation constant for glucose in PHB produ-
ction rate (g/l)

K, : Inhibition constant for NH,Cl in PHB produc-
tion rate (g/l)

Ky Saturation constant for NH,Cl in residual bio-
mass growth rate (g/l)

m . Maintenance energy (h™)

N . NH,Cl concentration (g/D)

n . Exponent in eq. (3)

P : PHB concentration (g/l)

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

R : Residual biomass concentration (g/l)
X . Cell mass concentration (g/l)
t . Time (h)

Yrc : PHB yield based on glucose (g/g)
Yri  © Residual biomass yield based on glucose (g/g)
Yr~ . Residual biomass yield based on NH,Cl (g/g)

u . Specific growth rate of residual biomass (h™%)
M . Maximum specific growth rate of residual bio-
mass (h™Y)
v . Specific PHB production rate (h™!)
Ve . constant defined in eq. (11)
Vi : Maximum specific PHB production rate (h™")
vp . constant defined in eq. (7)
C Q of
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