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62 IN FER ENTATION PROCE
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~ ion proce : There are two important features that control the mechanism of the fermentation process
3 typlcat‘balch fen_'nantat:'ﬂn el Jejueller nieseniod andincersioog Mo namely time delay and noise. The presence of time delay is a consequence of the fact
stochastic delay differential equations, SDDEs. SDDEs represent a mathematical

f - : : : that initially microbial are in the process of adapting themselves to the new environment,
ormulation of the system that behave in the presence of time delay and noise. In fact, thus no growth occur. The microbe is said to be in a lag phase. At the end of the lag

r

Ll nmpturtant e, cnnlm! R me A= '.:'r KIS ammen = ion phase, the population of microorganisms is well-adjusted to the new environment, cells
iﬁzi r;ﬂafmsgdh:end?]ay?:d e Sﬁt: A :nnl;imgng tsubjezt tf'. lhe:lei‘t[ects dﬂfl 12 ndc-;n_ multiply rapidly and cell mas doubles regularly with time. Hlem_:g, exponential pljase ;ris_e.
random Eﬁ;cts of :ﬂhii?- mi;z?;c Cwas TT; ':: l.E DPr;g;nlzlgtc}; :E'?nei taaf.a” As time evolves, the system is subjected to an intrinsic vgrrab:hty of {h.E cnmgetmg within
process using SDDEs Eu?er method i,:a ' Elli:?niigr:ﬁgtl nume'nr:.ai e tior ot théﬂ” species which is referred as noise. Nutrient level and toxin concentration achieves a value
model. Experi l d f PP . : which unable to sustain the maximum growth rate and lthe microbe Is sau:] to bein
SRR sa s tolececiion eaictifermentaton processiisiusec for stationary phase. By considering the entire processes involves, it is practical to model

maodel verification.

the batch fermentation process via SDDEs.

Organic Acis Methodology

Eﬂrmantatiun .
[JUOCO8S AceticAcd Butyre Aea) — Deterministic Model of Cell Growth MO (Cell concentration 1)
Yore  Maximum cell growth
. () = o | 1= 22 |x(0)dt, 1 €1, T] C (R s
Differentiation 'xm-.; a Dlﬂil&lﬁll coelncient
G!ai:auhm Formation ; Ar)  Wiener process N clature
Srovth _ (Siorage Maeral Stochastic Model of Cell Growth ¢ Time () A oS i
.I( = .,.) r Time delay (h)
dx(t) = M| lo—— x(t)dt+o x(t)dW(t), t €[-r,T] A  Acetone concentration (g/1)
2 B(r)  Butanol concentration (/L)
x(D=D(1). tel-r.t e Growth associated coefficient for
( ) ( )’ [ ? “] acetone concentration (g substrate/ g cell)
Ludeking - Piret Equations b Growth associated coefficient for b

butanol concentration (g substrate/ g cell)

dA(t) = ax(t)dt
dB(t) = bx(t)dt

Figure 1 ; Cell cycle of C. ané!ﬂgalgm e
(source: Schuster et al. 1998) m —_—
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Table 2: RMSE of Stochastic & Deterministic Models for YE1,
Mathematical Model
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Table 1: Parameter Estimation Values VE2 ang e

Kinetic Parameter YE1 |

. = —— T — |

ISR REf‘ETE“CEE EEETTT _‘*—';—-—:-:‘_:'— —

—__ Deterministic Model
Stochastic EOE
S, ; 04848  0.5056  0.6354
Hiogax bR : : Stochastic model with time Cell Growth 0.4356 0 .
5 0.0028  0.0127  0.0052 delay and Luedeking Piret | R ason D-':E . Oasgs
35250 S EfLations 8 Butanol | 02312 0.0447 E‘ Lyen
Deterministic model and Cell Growth -6_54_33_‘ T o —— __.;qudﬂ |
Loedeling P Acetone e g—gg: 0.5420 “
equations | Butanol 34 ! 3.4364
Ll 07 | 2002 9.4259 i
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_I"[‘;L:: aﬁ:ﬂ;ﬁc;isdrﬁricﬂm th: cell growth and solvent production in batch fermentation

cess can be better presented and understood via stochastic delay differential -
pro

equations.

-Th-a numerical solution of st

o T T e et T T g Pt e i F
r'Prl‘l"'lIJI!:!'."JlE: :"!.J!_II'..'::-!: | s |

t : We would like to thank the Ministry

O T — TUimtaddhen :;E_._,;!‘.L?._;.tg HE- Rﬂu1213“3. Bs =

Acknowledgemen





