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Characteristics and simulation of citric acid production from starch by Aspergillus niger in sur-
face culture. —Note— AKIHIKO Sakural and Hirosui IMar® (Department of Chemical
Process Engineering, Faculty of Engineering, Hokkaido University, Sapporo 060) Hakkokogaku
69: 471-475, 1991,

The effect of the initial starch concentration on citric acid production by Aspergillus niger
was examined in batch surface culture. From the experimental results, the kinetics of citric
acid production was examined by simulation. The yield of citric acid increased with in-
crease of the initial starch concentration (S,) and showed a constant value, ca. 0.46 in the
range of Sq=180-220 g/l. The cell yield decreased with increase of Sy and showed a con-
stant value, ca. 0.14 when S;=100 g//. The citric acid production from soluble starch by A.
niger Yang No. 2 was simulated well with the Luedeking-Piret type rate equation by taking
the residual starch concentration into consideration in the period of the vigorous production

of citric acid.
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Fig. 1. Typical time course of citric acid production by
A. niger Yang No. 2 in surface culture. Initial starch
concentration was 200g/l. Solid lines are the
simulation results using Egs. (1)~(4); and the
parameters are shown in Table 1. Symbols: O,
citric acid; O, starch; 4, glucose; <, cells
(calculated values); @, cells (measured values).
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Fig. 2. Relationship between the consumed nitrogen

and the cell concentration.
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Fig. 3. Yield of the citric acid based on consumed
starch (glucose equivalent) against initial starch con-
centration Sg[g/{], at the time (t,[d]), at which
point the citric acid concentration was maximum.
(Ses tm): (20, 8), (40, 8), (60, 15), (80, 15), (100, 16),
(120, 16), (140, 21), (160, 21), (180, 18), (200, 21),
(220, 21), (240, 21).
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Fig. 4. Cell yield based on consumed starch (glucose
equivalent) at the end of the cultivation (t. [d]).
(Ses te): (20, 22), (40, 22), (60, 22), (80, 22), (100,
26), (120, 26), (140, 26), (160, 26), (180, 27), (200,
27), (220, 27), (240, 27). :
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Fig. 5. Relationship between the initial starch concen-
tration and residual starch concentration at the end
of the cultivation (t.). Y=0.129xXX
The values of t, are shown in the caption to Fig. 4.
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Table 1. Summary of kinetic parameters, initial
conditions and yield coeflicients used for simula-
tion.

Initial starch concentration (g//)

Unit
180 200 220
Kinetic parameters
k,; X 10 1.70 1.05 1.15 d-!
k, 2.40 5.70 3.90 -
ks X 10* 20.0 8.00 10.0 d-!
ks X 10 8.00 10.0 8.00 d-!
K¢ 18.0 16.0 14.0 g/l
Ky 33.0 47.0 49.0 g/l
Ks 23.0 51.0 37.0 g/l
Yield coefficients and initial conditions
Yox 4.62 9.13 5.81 —
ax10 3.69 4.17 4.33 —
B x10? 14.2 6.67 10.2 —_
G; 63.1 58.7 63.9 g/l
X 11.7 15.7 12.7 g/l
S 83.0 80.0 95.9 g/l
G 25.8 28.6 24.1 g/l

G;, X, S;, and C; are initial conditions for simulation.
Ysx was obtained from Eq. 5 by use of yield coefficients
and B. The seven kinetic parameters were determined
by a simple trial and error method, solving the differen-
tial equations by the Runge-Kutta-Gill method for the
period from 9 d to the time (t;), at which point the citric
acid concentration was maximum (See also caption to
Fig. 3 for t,,). The simulation results for 200 g// of initial
starch concentration are shown in Fig. 1 as solid lines.
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