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Fig. 1. Open source system InNSEMCoBio




Setting up a fermentation process model and metaheuristic
algorithm parameters in INSEMCoBio
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Algorithms for modelling, monitoring and control
prepared for build into the system INSEMCoBio

Model Identification of E. coli MC4110 fed-batch
cultivation for proteins production

- already built-in

Model Identification and Monitoring of E. Coli
strain BL21(DE3)pPhyt109 fed-batch cultivation
for extracellular production of bacterial phytase

Model Identification, Monitoring and Continous
Control of Aspergillus Niger Fermentation for
Gluconic Acid Production



Model Identification and Monitoring of E.
Coli fed-batch cultivation for extracellular
production of bacterial phytase



Oxidative-fermentative growth model on glucose

ul
k S+ kiO->X+kC
— Oxidative growth on glucose

X1 117 X 07 1 0 7 Model
iy _kl S Sin 0 |
:> i Al= 0 ulX —DIA |+ F':LS i) | e 0 q. :qs_.maxS'f(KS +38)
-0 =
ac 0 —ks 0 0 OTR “q /k
/ul_qs 1
C? a kS - —Cr— L0 - L—CTR-
ﬁ pl
Marker k,S+ ksO > X+ kiC
R = dA + F;re,s Yy 12
Rt W krS+ kO — X+ k3C+ koA
Rac > O X =] 1 7 X 0
d S _kl _kz J2i S F; Sm [ 0
y lAl=| 0 & w]x-p|Al+2l 0 [+] o
O |=ks —ke 0 0 OTR
C, | kg kg | C, . 0 —CTR
K.

q 0,max 1,0

/ul B qs:crit /kl 'u?, =(qs -qs_.crit)/kil qs’crit ] k Ki:o + A

0s



Oxidative-fermentative growth model on glucose
and oxidative on acetate
k,S+ k05 X+ 1, C
k>S+ kO £X+ k;C+ koA

/ul u qs,crit /kl
i (7 4 A X 07 1 0
S _kl _kZ < Sin 0 A =(qs _qs,cr"ir)/k2
R >0 I:>iA= 0 ks Ml]X—DA+F‘L’SO 0 .
ac dt #2 w 0,max i,0
O —ks _kﬁ O 0 OTR qs:cr“ 3 k K. +4
ﬁ Gl L kg ko Lz Lol L—CTR- "
Marker
did Ly, kS+kO0S X KC | idati
= +——4 1 sV 8 __ Oxidative growth on glucose
dt W k4A+k7O—3>X+ ki,C _ J and acetate
’
X1 11 1 7 "X 0
S| TR O ul] > | Fins|Sin X Model
‘ —lA4|=] 0 -k X-DlA|+=25 o |+] o ode
< 4
Rqc<0 ol |-ks —k,| 3 ol "ol |orr
_Cr_ L k8 klO _ -Cr_ O _CTR
_ qo:max Ki:O A Kia
H, = qs,crit /kl U3 = (qac / k4 Qeric = k K + A Qac=9ac,max (KA+A) <Ki,A,+A>

0s

1.0



X, Ph [g/1]

Experimental data on biomass and phytase
concentrations
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Experimental data on substrate and acetate
concentrations
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Volume, Feed
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Comparison of the coefficients of the best models
for the three phases

1
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Scheme of the cascade software sensor of
the process kinetics

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
. ]
. .
.
“ "

4 ) B
F S
SS of glucose
ﬁ i : )
consumption ratej ©p
1x
\_ J I 3
SS Ofroi/(\I/?I’?tlve 2 i il
I8 SS of X, i
1d N\ ) wand g, )
i | SS of acetate SS of Rox
production rate [T>| fermentative >
growth R,

- .
......
a, .
-------------------------------------------------------------------------------------------------------------------------------



On-line estimation of acetate production
and consumption rates

Acetate production
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On-line estimation of R,, , R,, R3, and X
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Monitoring results— | phase
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Monitoring results— Il phase
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Model Identification, Monitoring and
Continous Control of Aspergillus Niger
Fermentation for Gluconic Acid Production



Biochemical model and reaction scheme
reduction
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X

S Reducted hiochemical model
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Reducted model simulation
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Adaptive linearizing control design for continuous process

Reaction scheme X =, — DX General model Reaction rates
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Control scheme
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Adaptive linearizing control design for continuous process

Reaction scheme General model Reaction rates
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Control scheme
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Simulation of the control scheme
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Futher research

The module for a model parameter identification of the system InSemCoBio will be
expanded with new hybrid metaheuristic algorithms. The following activities are
planned for the purpose:

v Comparative analysis of the most commonly used metaheuristic algorithms in
case of parameter identification of non-linear cultivation processes models;

v" Selection of the most promising metaheuristic algorithms for hybridization;
Development of new hybrid metaheuristic algorithms;

v" Testing the proposed hybridizations on benchmark functions;
v" Testing the proposed hybridizations on problems in the field of biotechnology;

v' Comparative analysis of the proposed hybrid metaheuristic algorithms with
existing metaheuristics or hybrid metaheuristic.

v" Integrating the newly developed hybrid algorithms into the system.

The work on the system INSEMCoBio will continue further by developing a module
for an adaptive control design
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