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ABSTRACT KEYWORDS
Fermentation process of glutamic acid is a very complicated industry Glutamic acid fermentation
process, which needs different environment parametersand has seriously process,
nonlinear and instability. Studying the kinetic model and neural network Hybrid modeling;
model combining hybrid modeling of glutamic acid fermentation process, Kinetic model;

hybrid model consists of two parts, one isthe mechanism model, through Neural network.
reasonable assumptions and limitations, simplifying the kinetics of
biochemical reaction process, it is basis of hybrid model, describes the
basi ¢ characteristics of glutamic acid fermentation process; the other part
is a neural network model, using neural network training function of
knowledge, and establishing glutamic acid fermentation process between
the input and output mapping, this mapping only depends on the actual
production data, and has nothing to do with the actual process, it is a
secondary part of the hybrid model for correctionkinetic model. Through
simulation, respectively, glutamic acid fermentation processkinetic model
and hybrid model to compare the results to prove the value of hybrid
model predictions closer to the system actual output, the model is more

accurate.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

GlutamicAcid istheworld’slargest amino acid
products, Chinaisthelarge producer of glutamic acid
fermentation, but now M SGindustry in Chinahavesome
serious bottleneck problemswhich restrictingindustria
development, thereislack of modern biotechnol ogical
methodstransformthefinestrainsof high-yidding, the
main technicd index infermentation weresi gnificantly
lower thantheleve of advanced manufacturers, utiliza:
tion ratio of materialsand running cost of operating
needed to raise; existing extraction process not suited
to thenature of high glutamic acid fermentation fluid,

causethe phenomenon of increasing output without in-
creasingincome; exigting deaning production ill needed
toimprove, to solvethelow-strength wastewater reuse
Issues, in order to save process water ;lack of online
testing of fermentation processinindustrid-scaleand
systems research of optimization control, etc. Con-
straintsraisethelevel of factorsin additionto theacid
productionrate, conversion rate of sugar acid, glutamic
acid production strength fermentati on technol ogy indi-
catorsaswell asproduction stability, raw materia and
operating costs, and wastewater emissions and envi-
ronmenta pollution problems.

Thefermentation processisatypica intermittence
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industry processin production processwhichisahighly
nonlinear of complex dynamic process. And compared
withthegenera physica and chemical process, thefer-
mentation processhasaunique and very different dy-
namic characteristic, such asdynamic modd ishighly
nonlinear and strong time-varying, themgority of state
variableisdifficult to online measurement, the process
dow responserateisdow, thesignificant timelaginthe
online measurement, etc™. Therefore application of
hybrid knowledge of processdata, processknowledge
and experience build processmodel thisissuited to
fermentation processcharacteristics. It will play acru-
cid roletoimprovetheoverall performanceof thefer-
mentation process, improvetheyield of the product
purpose, yield and conversion of raw materidl.
Currently, therearemany methods of fermentation
processmodeling existing, such asanadyd sand identifi-
cation based on mechanism modeing and neurd net-
work modeling methods, and so on. But for thetwo
models, itisdifficult to overcomethe shortcomings of
their own. Themodeling method of mechanismanaysis
and identification is based on the general reaction
mechanism, and to deduce the dynamic mode of cell,
substance and the product. Dueto the complex mecha:
nism of thefermentation process, and thelarge number
of factorg??, it usually requiresalot of derivation to
simplify the kinetic model, and needsto set somere-
grictions, smultaneoudy it resultsinanarrow scope of
application of the model, and the control accuracy is
not high. Neura network modelingisessentidly taking
aneural network asthe “black box”” model of the ac-
tual object. It usestheinput and output dataof the ob-
ject, obtained in the actua production process, totrain
aneura network. Thismode can not only reflect the
impact of externa disturbance and noiseon the system,
but aso canreflect theimpact of disturbancewithinthe
systemonthe actual system performance. Whilethis
model isbased on the actual measurement data, and
theformatted network model isempirical, and lack of
physicd infrastructure. Thusthe use of extrapolationis
not satisfactory, and thegeneraization ability ispoor.
Then thethought of Hybrid Modeling emerge as
thetimesrequird“. It can be combined withthe mecha-
nismmode of practica reaction and theblack box moddl
of fitted sample data, and the comprehensive advan-
tages of both accurately show object model. There-
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fore, it appeared by al thefavor of scholars. For ex-
ample, hybrid modeing of penicillinfermentation pro-
cess based on chaosand SVM form Wang Xian Fang
1n 2009, hybrid modeling are built with penicillin dy-
namic model and SVM. The Result Show That, the
predictiveeffect of thismodeing method isobvioudy
better than singlemodeling method, so the hybrid mod-
eling method hasacertain application valug®. In hy-
brid modeling of penicillin fermentation process, anew
hybrid modeling method whichisbased on mechanism
model and described the system unknown factors
through the RBF neural network isproposed by Chen
JinDongin 2010. The experimentsresults show that,
for penicillinfermentation process, thismethod achieved
good results and prove the validity of the proposed
method.

For the specific biochemica reactionsof glutamic
acid fermentation process, in order to describethe ac-
tual processmore accurately and toimprove control
accuracy through the accurate modeling of the system,
this paper proposeahybrid model structure, whichis
based on kinetic model and neura network model. The
hybrid model consistsof two parts: kinetic model and
neural network model. Thekinetic model isthe core
whiletheneurd network model isthecomplement. The
output of thekinetic model isfixed withtheneura net-
work modd to makethefind mode output resultscloser
totherea system production data.

GLUTAMICACID
FERMENTATION PROCESS

Processdescription

Glutamic acid fermentation processisbatch Fer-
mentation, and isametabolic processthat mixesnuitri-
ent of carbon source, nitrogen source, phosphorus
source, inorganic saltswith acertain number of bacte-
ria, who can grow and product glutamic acid in asuit-
able conditionsof culture medium, PH, temperature
ventilation and stir in fermentation tank. Specific pro-
cessisasfollows. Glutamic acid culturemedium (Sugar,
etc.), who comefrom sterilizing column, and iscon-
trolled by theflow, isadded to the glutamic acid fer-
mentation cylinder that hasabactericidal finish, andis
cooled to 32 degreeswhen it through the coil heat ex-
changer inthefermentation cylinder, and thenismixed
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with germ and bactericidal air. Until now theglutamic
acidisbegingradudly. Glutamic acid becteria(glutamate
coryneform bacteria) absorb the nutrition of materid,
and through the body of the enzymein complex spe-
cific biochemical reactions. Inthe process, will con-
tinueto produce al sortsof primary metabolites, and
secondary metabolites, and so on, make the product
concentrationincreasing. At thesametime, theinterior
of thematrix will be constantly consumption, to ensure
that al kindsof metabolic product intheform and the
activity of bacteria

Glutamic acid Fermentation processcan bedivided
into four periods which are germ growth, transition
stage, and acid stage, nearly put cans of order. The
essence of the fermentation processisthat the reac-
tantsthrough into the cellsthebody from cell wall and
cell membranein culture, will convert into aproduct.
Thefermentation processisdivided into three periods,
which areadaptive phase (or phase of adjustment, lag
phase), logarithmic growth phase and decline phase.
Therefore, in the fermentation process, respectively
meet the conditionsof thetemperature, PH, ventilation
rate aswell as complemented glucosé”. When acid
yield, residua sugar, bacterialight density OD vaue
index reaches a certain requirement can put pot, fer-
mentation processwill beendinafermentation period
of about 32 hour.

Glutamicacid fermentationisacomplex processof
microbia growth, for the purpose of rapid cdll growth,
norma metabolism, and more products, itisnecessary
to provideagood growing environment. Genera gpesk-
ing, ventilation quantity or dissolved oxygen, PH, fer-
mentation temperature, tank pressure, complemented
materid etc. arethemain control parameters. And the
monitoring of germ concentrationisparticularly signifi-
cant(®d,

Processparameters

In anarrow sense, the state variables of the fer-
mentation process arethose parameters of thereflect
process state and the characteristics. Such ascell con-
centration, substrate concentration, metabolic concen-
tration, dissol ved oxygen concentration (DO), enzyme
activity, cdl proliferationrate, generationrateof CO,,
etc. There’sthisvery tight causal connection between
operation parametersand these. Usually, thisrelation-

ship canbethrough theordinary differential equations
to describeand expression.

Thetypica operationvariablesof fermentation pro-
cessincludetemperature, pressure, pH val ue, matrix
speeding rateof flow, dilution rate, agitation rate, venti-
lation and so on. In thefermentati on processes, typical
directly measured variables have pH value; DO vis-
cosity, nutrient additives, cell concentration, substrate
concentration, metabolite concentration and soon. And
indirect measurement variableshave CO, generated
rate, O, consumed rate, respiratory quotient (RQ), and
bacteriaspecific growth rate, metabolitesthan genera
tionrate, acidyield rate, and transformation rate, which
generdly usedirectly measured variables, the soft mea
surement method cal culated according to acertain for-
mula. Generally measured variablesare used directly
to ca culate according to asoft measurement method.

GLUTAMICACID FERMENTATION
PROCESSHYBRID MODELING

Processkinetic model

1) Stageof germ growth

Empirical modd of the bacterid growthrateof ven-
tilation caused by the evaporation of liquid such as
glutamic acid fermentation processin termsof thefed-
batch fermentation, only without the discharge of other
substances, which can bedrawn fromthesystem, is

PO _woxw @
where X (t) iscdl concentrationing /L, u(t) isthan
generationrateinpt.

In batch fermentation process, call growthisinflu-
ence by cell concentration and bacteriaconcentration
themsd ves, and therel ationship of bacteriagrowth and
the substrate concentration are observed by Contois
equations.

__ MBS
Pk x+s @)

where 4, ismaximumthangenerationrateinp-t, sis
substrate concentrationing/L, K isContoissatura-

tionconstanting/g.Andtherdationship betweencdls
isobserved by Logistic equations.
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p=pn1-5—) ©)

where X, ismaximumecell concentrationing/L .

Taking all thesefactors, theinfluence of cell than gen-
eration rate can get following formula

S X

Koxesx ) )

Meanwhile, theinfluence of cell isshowed by the
change of PH valueand temperatureT.
X(t) = F(PH) ®
X(t)=A(T) (6)
where A(T) > 0and F (PH) <1. Substituting (4), (5), (6)
into equation (1) obtainsthefollowing.
dX(t) s . X

e KSX+S(1 X JF(PH)A(T)X )

Equation (7) is the dynamics model of bacteria
growthto find that bacteriaconcentrationisthefunc-
tion of temperature T and PH value.

2) Stageof nutrient consumption

In thefermentation process of glutamic acid, the
main restrictive matrix is glucose, and consumption

H=R,

model can be expressed as

ds(t) 1 dX 1 dP S

— =M X—————— —+ — (8)
dt Yy o dt Yoo dt  V

where m¢ismaintenancefactorin(g/g)/h,Y, s isgrow
ratecoefficienting/g,Y,,s isProduct yied coefficient
ing/g,p isproduct concentrationing /L, S, issupple-
ment sugar contentin g,v isfermented liquid volume
in|_. Inthewholeprocess of fermentation, thesefer-
mented liquid volumeskeep constant. In equation (8),
thefirst isthe meaning of amatrix maintainsbacteria
growth consumption, the second is bacteriato grow
the consumption of matrix, and thethird isthe product
of the consumption of matrix generated.

3) Stageof product generation

The product model of Glutamic acidfermentedis
showninthefollowing.
dP(t)
Cdt
Where, g isProduct synthesis constant of bacteria

growth associationing /(gh), Kk i1Sdegradation ratecon-
stantsin p-t. And specific growth rate g can beex-

=BX -KP 9)

pressed as

B= S
Ho Kp+S+S°/K,

(10)

where x, ismaximumthan generationrateinp-t, K,
and K, areinhibitioncongtanting/ L . Equation (10) into
equation (9), the product generation modd of glutamic
acid fermentation processis
dP(t) S
dt lJ”KF,+S+82/K,
4) O, content of tail gas
Similarly shows, other companiesa so canbetrans-
formed into thedifference equations.

X-KP (11)

do,(t .
2( )=kLa(DO —02)—(m0+id—x+
Yy, dt
1 dpP
—)X(t
Yoo 200 (12)

wherek, a isavolumetric oxygen transfer coefficient
ing/g,0, isdisolved oxygen concentrationin g /L, m,
Is maintain coefficient of bacteria for oxygen in
(9/9)/h,Y,,, isyield coefficient of bacteriafor oxy-
gening/g,Y,,, isyield coefficient of product for oxy-
genin g/ g,k a isventilaionratefunction, as
9(q)=k, a and g(a)>0. (13)

Insummary, thedynamicmodd of theglutamicacid
fermentation processfor

(dX(t) S X
= 1- F(PH)A(T)X
prranid B8 st+s( Xmax) (PH)A(T)
S
4SO 14X 1 .dP S
| dt Yy dt Yo dt V
dP(t) S
= X -KP
a M Kp+S+S?/K, (14)
7d02(t)=kLa(DO*—OZ)—(m0+ Loax, 1 Py
| dt Yo dt - Yp,o dt

Themechanismmode oftenfirstly needsdiscrimi-
nation. Thedynamic model of the above can betrans-
formed into thefoll owing difference equations.

X[(k +1)T]= X(KT) _ S(KT) "
T T UMK X(KT) + S(KT)
= 2CT)e prya(myxkT) (15)

max

Arranging the above equation and thefollowing
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Hn Tudian Jounual



BTAIJ, 8(4) 2013

Guicheng Wang et al. 533

equation can be obtai ned.

S(kT)

X[(K+D)T]=Tx[u, K X(KT)+SKT) X

_X(KT)

@ JE(PH)A(T)X(KT)]+ X (KT) (16)

Similarly shows, other companiesa so canbetrans-
formedintothedifference equations.

Sk + 1T = Tx[=m X (kT) = - XEADTI=X(KT)

YX/S T
1 Pl(k+1T]-P(KT) S,
Yo = +7]+S(kT) (17)
_ S(kT) _
PUk+ DT =T, K o +S(kT)+S*(KT) /K, X(kT)
KP(KT)]+ P(kT) (18)
O,[(k+1)T]=Tx[k, a(DO" -0,)—(m, +Lx
YX/O
X[(k+DTI-X(KT) 1
T YPIO
Pl + DTI=PKT), 5 T)+ 0, (KT) (19)

T
Par ameter sdetermining

Theabovemode hasacertain number of undeter-
mined parameter including maximum specific growth
rate u,,, Contoissaturated constant K, maximum cell
concentration X, , maintenancefactor mg, grow rate
coefficient v, , ¢, product yield coefficient v, ¢ , maxi-
mum product than producing rate, inhibition constants

K, and K, , degradation rate constants k , volumetric

oxygentransfer coefficients k, a, Theconcentration of
oxygen saturation po* , bacteriaratefor oxygen coef-
ficient m, , bacteriaratefor oxygen coefficient v, ,
product ratefor oxygen coefficient v, , thefollowing
explain someparameters.

1) Celsyield coefficient Y,

Bacteriagrowth relativeto the consumption of ma-
trix yield, expressed as
X=X, _AX

S-S, AS

Yyis =

(20)

where 'y, isgrow ratecoefficientin g/mol org/g,

————, FyurL PAPER

AXx isstemcdl growthing, As ismatrix consumption
iNn mol Org.

2) Product yield coefficient v, ¢

Therelic product relativeto theyield of consump-
tion matrix, expressed as
P-P, AP
S-S, AS

Yps =

(21)

where Y,,s isactual product yieldin g/mol org/g,
AP isproduct cargoesin mol Org.

Similarly shows, formulaof bacteriaratefor oxy-
gencoefficient v, ,, and product ratefor oxygen coef-
fident v, canbegot. Ultimatey determiningthemodd
parametersisshownin TABLE 1.

TABLE 1: Model Parameters

Parameter Value Parameter Value
u,(h™) 012 w,(h™) 1.4
Ks (9/9) 015 Ky (g/g) 0.02
Xma (97L) 1.2 K, (9/9) 0.12
my ((g/g)/h) 0014 K (g/9) 0.04
Yxis (9/9) 038  Yes(9/9) 0.667
m, ((9/9)/h) 0891 V (L) 2*105
Y0 (9/9) 0.0396 Yp0 (9/9)  0.0972
DO" (g/L) 0.171

Secondary variablesdection

In glutamic acid fermentation process, developing
and metabolism of cdll areinfluenced by the change of
parametric variables of thetemperature, PH, ventila-
tion rate aswell as complemented glucose, too big or
toosmdll all will become bacteriagrowth and thelimit-
ing factors of organic synthesis, and finally affects
glutamate production efficiency. So thechoiceof para
metric variablesof thetemperature, PH, ventilationrate
aswell ascomplemented glucose setinstrumentd vari-
ablesof glutamic acid fermentation dynamic modd.

Neur al networ k moddl

Through tothe analysisand study of the glutamic
acid fermentation process, obtain the process data®,
and establish the BP neurad network model of the sys-
tem. Theinput of neural network are selected by para-
metric variablesof thetemperature, PH, ventilationrate
aswell ascomplemented glucose, and bacteriacon-
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centration X, substrate concentration S and product
concentration P asthe output of the network, the num-
ber of hidden nodesidentified as 13, the neural net-
work convergence speed faster than thetraditional BP
agorithm by Levenberg-Marquardt learning algorithm.

HYBRID MODELING

Hybrid modeling methods

Inthe process of glutamic acid fermentation, the
hybrid Model Methods of kinetic model and neural
network model isthat, the mechanism model asthe
foundation of the mixture moddl, with the neural net-
work mode to correction mechanism modd output er-
ror. Inthe hybrid M odeling M ethods, mechanismmoddl
of thefermentation processfrom glutamic acid various
practica mechanism of dynamicsequation change, ob-
tain themathematical modd . And mechanismmodeling
isthe premise of glutamic acid to fully grasp thefer-
mentation process mechanism, and can beexactly to
the mathemati cs description*?,

This mechanism model isthe basisof thewhole
mixture mode, and in mechanism modeling, fermen-
tation process of glutamate brought forward many as-
sumptionsand restrictions, makethe mechanism modd
issimplified, and the assumption and restrictionsa so
to the established model and the practical process of
the mechani sm between certain deviations. In order
to recognizethese deviations, the output of theneura
network model isadded to the output of the mecha-
nism model, makethe output of thehybrid mode more
closetothered output of glutamate fermentation pro-
cess. Mixed model output isby the output of mecha
nism model and output of the neural network model
to formtwo parts.

Hybrid modd structure

The hybrid model of fermentation process of
glutamic acid consistsof two parts; theoneiskinetic
modé, itisakind of smplified equation, through giving
alot of reasonable assumptionsand limitationsto bio-
chemical reaction kinetic equation. It describestheba-
Sccharacterigicsof theglutamic acid fermentation pro-
cessand it isthe basement of the hybrid model. The
other part isthe neural network model, which usesthe
training function of theneura networks, and establishes

Input Data
.

Glutamic acid

Ym U( + ]-) ¥

p| Mechani
Mechanism
model

N :
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the mapping rel ationshi p between input and output of
the glutamic acid fermentation process. Thismapping
dependsonly on the actual production data, anditis
independent of theactual mechanism process. Theneurd

network modd istheauxiliary part of thehybrid modd,
and is used to correct the error resulted by kinetic
model . Hybrid Modd Structureispresentedin Figure 1.
ThesystemerrorinFigurelis

ek+D)=yk+-y, (k+1)-y, (k+1) (22)
wherey(k +1) isthereal output of glutamic acid fer-
mentation process, vy, (k +1) isthemechanism model
output of glutamatefermentation process, and v, (k +1)

istheneura network mode output of glutamic acid fer-
mentation process.

According to the aboveidess, thehybrid modeling
flow chartisshowninFigure2.
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Hybrid mode simulation

To verify the advantages of the proposed method,
methods simulation of mechanism model and hybrid
model arebuilt respectively in fermentati on process.
Field dataare provided from acertain gourmet pow-
der factory, fermentation timeis 32 hours. Every hour
PH vaue, filling sugar content, temperature, ventilation,
process parameters can be got by online measurement.
Sampling value of Bacteriaconcentration, substratecon-
centration and product concentration can not be got

through onlinemeasurement methods artifidd sampling
isneeded on average every hour. 64 sampledataare
selected from alot of sampledata, including 32 groups
used to modé fitting, another 32 group used to model
test. Need to explained, According to the data of the
choice should be moderate, and not the more the bet-
ter. Although more sample datamay make the model
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Figure3: Data samplestrend of processparameters
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moredosetotheactud processof fermentationglutamic
acid, but too much sample datamay al so cause data
redundancy phenomenon, that some of thedatamodel
correction function dowly diminish, almost disappear,
it heslogt itsfixed meaning. Inaddition, excessvesample
datawill no doubt make the simulation experiment
workload increase. PH vaue, filling sugar content, tem-
perature and ventilation, the datasamplestrend of pro-

Glutamic Acid Fermentation Process Simulation
12 T T T T T T

Product concentration(g/)
[y}

0! I‘ﬂ‘% 1 1 1 L 1

0 5 10 15 20 25 30 35
Time(h)

Figure4: Simulation result of product concentrates P by
training samples

and the solid lineindicatesthe output of hybrid model.

CONCLUSION

For the specific biochemical reactionsof glutamic
acid fermentation process, in order to describethe ac-
tual processmore accurately and to improve control
accuracy through the accurate modeling of the system,
the paper proposesahybrid mode structure, whichis
based on kinetic modd and neurd network moddl. The
kineticmodd isthe corewhiletheneurd network model
isthecomplement. Though thesimulation result indi-
cate, the output of the kinetic model isfixed withthe
neural network mode to makethefinal model output
results closer to thereal system production data, the
fitting effect isbetter.
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