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ABSTRACT

The optimal glucose concentration for the high-density culture of recombinant yeasts was
obtained using dynamic simulation, An adaptive and predictive algorithm complimented by the
rule base was proposed for the control of the fed-batch fermentation process. The measurement
of process variables has relatively long sampling period and relatively long time delay charac-
teristics. As one of the solution on these problems, prediction techniques and rule bases were
added to a classical recursive identification and control algorithm. Rule bases were used in the
determination of control input considering the difference between the predicted value and the
measured value.

A mathematical model was used in the estimation and interpretation of the changes of state
variables and parameters. Better performances were obtained by employing the control algorithm
proposed in the present study compared to the conventional adaptive control method.
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Fig. 1. The schematic diagrams representing sampling, prediction, estimation, and control in
each time interval during the fed-batch fermentation.

: sampling point at time (J—2);
! time delay to measure {J—2)th data;

. parameters are assumed to be constant during the period (j—l)—(]):

1
2
3 : prediction of state variable and parameter estimation at time (]—1) from the data of (J—Z)Z
4
5

. estimation of state variables during the period ()—1)——(]) per aT from the value of observed

variable at time (]—2):

6 : determination of control input from estimated parameter at time (J—Z) and estimated state vari-

ables per aT.
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Fig. 2. Simulations of the batch fermentation.
(a) cell, glucose, ethanol, hEGF concent-
rations vs. time
(b) specific rate profile during the growth
of yeast
SGR: specific growth rate
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NOMENCLATURE

A parameter matrix of state equation

Ax: row vector of matrix A for yeast

Ag: tow vector of matrix A for glucose
Ag: row vector of matrix A for ethanol
E: ethanol concentration [ & /L]

F: feed rate of glucose solution [L / hour)
G glucose concentration (g8 /1]

G”: setpoint of glucose concentration [g/1]
Go: glucose concentration in feed [8 /L]
Pr: hEGF productivity [ 8 / L/ hour]
At: time interval [hour]

V: volume [I.]

X: column vector of state vatiables

X yeast concentration [g8 /1]

Y: observed variable

10
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A: matrix for recursive identification

8 parameter vector for recursive identification

. parameter for recursive identification

. forgetting factor

* specific growth rate of yeast [hour™]

. specific production rate of ethanol [(8/ g gew / hour]
. information matrix for recursive identification

¢ know function vector for recursive identification

. know function for recursive identification

S e B TAR P

: specific consumption rate of glucose (8 / Baew/ hour |
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APPENDIX

oiolel W4 21/

Mass Balance

X o —E -
i X v X (A—=1)
1X
(drR = pXR(1—P) ereeerrersiieniniins (A=2)
X
(ditF = p(XpHXRP) seeveerenereeranianannanenn (A=3)
Sk
A
dG F -
= (Go—G) — (—tg) rerreereeeres (A—4)
off b8
dl F .
= —(—1g) — B e (A=5)
A hEGE
dl -
& T v H . (A—6)
Specific Enzyme Synthesis Rate
2= (fyrgry) / Xeoerromrrmeaeneeeienns (A=T)
ADH—T &5
N — kAlQ;(#+k1M) ........................... (/\—8)
d}‘ll/dt =y — kb — B e (/\Aq)
ADH—1I fax
vy = kAuQu(/h“th) ..................... (A—10)
dHu/dt =y, — kEy — pBpeeeereeieeenees (A—11)
TCA &
vp = kpQp(ptbkyp) ceererreresesneeeaes (A—12)
dbip /dt = vp — kghiy — pHpeeesereesees (A—13)
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Rate Expressions
k,EcHG

L = K, +G N trenneciiiiireiiintiiiainainenn (A—14)
= klielrl o -
= Kababall o -
rs-Ka—I—Hx (A—16)
(—1g) = ayty | agry veeeeeeeersesmsmsesisisninnes (A—17)
(—1g) == aury — dgny rereeeerese e, (A—18)
tp = (kp,X+k1>,,uX)RE/ (ngFEg) woeveeerneees (A—19)
Plasmid Segregation
R = Xg/(Xg + Xp) reeereererrermmmeenene (A—20)
-l 320 -
P = (b e+ (P50 (A-21)
fmm 1 o D seeererenerenrneentn s (A—22)

Induction and Repression Ratios
ADH—T ®awr
— 1 Ekeae™ _
U= T kega™ ke (A=23)
ADH—[ &4t
1 +keuge”
0, = EndG e A—
2“ ].+kEqun(1+kub) (1 24)
TCA §4ast
_ 1+kerqe®
QT — T URRAIILEE LRI I
1+kch (1+KTb)
g6 = (anl’l + asrz)/x ........................



