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Kinetic models for bioflocculant f¢ rmentation from
Corynebacterium gluta micum
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Abstract: Kinetic models were developed for the batch fermentation of bioflocculant from Corynebacterium
glutamicuml Logistic equation and time&corrected modified Gaden. s growth2associated model were used to
describe the cell growth and the bioflocculant synthesis, respectivelyl Two kinetic models in the format of
non2linear equations were proposed to predict the consumption of glucose and ureal Curve fittings for the
above models by using experimental data were performed with the software Origin 8 0l T he results showed
that the four models proposed in the work could well characterize the batch culture of Cl glutamicum in

bioflocculant production.

Key words: Corynebacterium glutamicum; bioflocculant; batch fermentation; kinetics

[2]
) Shih
t Bacilluslichenif ormis CCRC 12826
2009- 05- 11 , 2009- 09- 08 Rece ived date: 2009- 05- 11.
(1984) ), > Corresponding author: HE Ning, hening@xmul edul cn

Foundation item: supported by the National Natural Science
: (30700020) ; Foundation of China ( 30700020) and the Science and Technology
(3502220093006) Project of Xiamen (3502Z20093006).



# 3072 # 60
: Lu U Enter oba cter s
aerogenes W223 WE21
, ; Fujita
Citrobacter spl TKF04 , s
, (3] el Logistic (e
Luedeking@Piret ,
[1217]
3 ) ) )
[1s)
. (7
. N 1
Logistic Luedeking2P ir et
11
, nmui1 ,
, CCTCC M201005
1nn2 (g#L ")
5, 1, 1, 2, 15,
, , pH 712
Zhang ' (g# L "): 10,
Ors, ors, ot,
; O, 01, 02, pH 80
Khan ( ) (g# L "): 10,
/ , Monod. s 1, 1, 0, o1,
Ort, Ol2, pH 810
. Bona ' Logistic 112
n21 :
; Gayen ' , ( ), 28e¢,
16 h , 4e
; Yang (2 : ,
, (100 ml/250 ml ), 28e, 150 r #
min~ ' 16 h
, , : 16 h 5%
, 2L 3L ,
, Monod Logistic IL#L '"# min ', 100 r# min ',
, Luedeking? 28¢ , pH 810 pH ,
Piret Gaden /
, 122 (dry cell
, , weight, DCW)
1123 DNS e

11214



12 : # 3073 #

(PDAB) e
n2as (2@21] , Cy = Cxoexp(Lnt) (2)
. - S
FIRl (flocculating rate, U# ml ') 1- Cx,mx[l_ exp(Lmt) ]
) Origin
80 , Logistic
A1 © Ln= 01351 h' ', Cxmx= 11027 g# L ',
R’= 01 9698, Cxo
CCT CC M201005 Cxo= 01013 g#L ' Logistic
1 Origin 810
T - 10 | 2
1.2 10-0g 1 {100 ’
l().é‘ﬁ.‘i‘: Aéé‘.ﬂ“‘x ‘xn 1.2} T
\ \ W . } + 1 o *| 1 I [ ]
—~ =08 | 1 A ﬁf"i N le ) | g9 1.0 } §,§¥-,§¢
- PSR Tl F& o ]
23061 \ X FhRsxlIlq] = =g y: B A 1
5 8 \ Y\ ~0-0~0-bla © n- ) /"
5304 \1 CITTY g a0 o 5 06| ]Z “
' i./ i - * a-0-8-8) 2 | 2 04! / = experimental data
0.2 : A\ ol - 120 4% +’ simulation ‘
A& < / \
0 lest’ . ~— . . 0 J0 A ‘
0 10 20 30 40 50 oy ‘
fermentation time/h 0 10 20 30 40 50
1‘crmcnl;llmn time h
1
2 Logistic

Fig 1 Time courses of batch fermentation of ) ) . .
. . Figd 2 Experimental data and simulat ion
bioflocculant by Cl glutamicum
of biomass concentration with Logistic equation
w DCW; u urea; o glucose; m FIR; ))) pO:
in batch culture of A glutamicum

1 5
o 2 )
, 10g#L ",
(
. 213
>45g#L ") .
100 g# L ', ’
[24]
(DCW< 0167 g# : Gaden
L 1) Gaden
212 P = Ypxrx = Yex % (3
Logistic " Gompertz (3) (2)
) Richards (23]
s 3 Cx o Yo xexp( 0 351t)
G = X0 Yp/ XEXP + G (4)
, R? 019698 01 9739 S apasy)
019733 Logistic ,
o Logistic )
(R*= 017815, ), :
12 h )
Logistic ' ’

1
4Gy _ L & ’
o mex[l CJ (1)



# 3074 #

60

ta
dCx

Ip = YP/xm (5)

CXQCXD[Q 351(t— td)]

(5) (2)

Cxoexp(-_01351ty)

G = Yox Cxo
1027
(6) Origin 8 0

, Yeix= 681076 U # g ',

te= 4328 h, R’= 019071 Cxo GCr.o

1-

Cxo=01013 g#L ', Cro= 00767U #ml '

ta Gaden
Origin 81 0 ,
, 3
sl
' ¢ !
«? ' N
= 60 s
= 40 |
=4
e it
| = experimental data
0 ]
s / simulation
0 » * ., i
0 10 20 30 40 50
fermentation time/h
3 Gaden

Fig 3 Experimental data and simulation
of bioflocculant production with modified
Gaden s growth2associated model in

batch culture of Cl glutamicum

3 , td )
Gaden
Luedeking@Piret
«C )

(< 16h) (R*= 01 9326),

Luedeking@Piret ,
Gaden

214

241

{1- exp[ O 351(t- td)]}- 1- &‘0—[1- exp(- O 351ty)]

+ Cro (6)
11027

> 61 B
dCs _ 1 dG, 1 dGC
dt  Yus dt  Yes dt mCx (N
(7) , m=
- 00385 g# g ' # s, ,
(7)
G= oCxt oGt C (8)
Yxs X Yes © 80
(8) ,

Yxs=- 11379 g# g ', Yus=- 171502 U# g ',
R’= 0l 8831 Cso
Cxo=01013 g#L ', Cso= 91246 g#

b

o1 ..
L (8) Origin 810
s 4
10 [ i
§_74\+\ = experimental data
‘ - \;\ simulation
~ 8t 1
3 X
\!
g 6 X \
=2 \ T ‘
) | \\\L ) =
4 ‘L = * i
| i
\ 1
0 10 20 30 40 50
fermentation time/h
4

Fig 4 Experimental data and simulation
of glucose consumption in batch culture

of d glutamicum

28 h >

2142

CCT CC M201005
[14]

B



12

# 3075 #

T Yeo dt )
001 0102
. 0003 0104 0105 0106 0107 0108 0109
Cy= mCX+ Cu.o (10) ()llg#L'l
(10)  Origin 810 :
, Yovu= - 11472 g # :
-1
g ', R*=019670 Cuo 0101~ 01 03 g# L
. -1
Cu.o= 11031 g# L', Cxo= 01013 g# , 0106 g# L
L' (10) ,
5
10| g i ’ ’ ’
i = experimental data [
0.8 \ simulation :
= \ A
« 061 \
80 |
3 | A
5 04| \\'\,‘ )
s R Cr))) , U# ml!
" Cro))) , U# ml!
0L L " " " | R
0 10 20 30 40 50 Cs))) , g#L !
fermentation time/h Cs0))) , gL !
5 Cu))) , gL !
Fig 5 Experimental data and simulation Cuo))) , gL !
of urea consumption in batch culture Cx))) , g#L!
of Cl glutamicum Cxm))) , g# L !
C , gL !
5 ’ (10) x0))) g
m))) , g g l#s!
’ rp))) , g#ml'"#h!
’ rx))) , g#ml'#h!
’ t))) , h
Yers))) , Ut g!
; Yeix))) , Ut g
Yxs))) , ghg!
Origin 81 0 Yxu))) . ghg !
, L)) L
Ln))) , h!
, (Lm, Cxmx, Ywmx, ta, Ywxs, Yerss, References
Yx u) R ,
[1] Salehizadeh ~ H, Shojaosadati S Al E xtracellular
Lo, Cxmec, Yex, ta, Yws, biopolymeric flocculants recent trends and biotechn ol ogical
Yrs, Yxu > LOgISth importancel Biotechnology Advances, 2001, 9: 372385
Gaden [2] ShihIL, Van YT, YehL C, Lin H G, Chang Y NI
, CX,O, CS,O, CU,O, Cr.o Production of a biopolymer flocculant from Bacillus
4 Lichenif ormis and its flocculation propertied Bioresource
> Technology, 2001, 78: 262272
Cl glutamicum [3] LuWY, Zhang T, Zhang DY, Li CH, WenJ P, DuL

X A novel bioflocculant produced by Enter dbacter aerog enes



# 3076 #

60

[4]

(5]

[6]

(71

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

and itsuse in defecating the trona suspensionl Biochemical
Engineering J ournal, 2005, 27: R7

Fujita M, Ike M, Taxhibana S, Kitada G, Kim S Ml
Characterization of a bioflocculant produced by Citrobacter
spl TKF04 from acetic and propionic acidd Journal of
Bioscience and Biocengineering, 2000, 89 (1): 4®46

), Meng Shaokui ( ), Wu

Model of fermentation dynamics based on

Kang Jianxiong (
Lei ( ).
bioflocculant pullulan production by Aureobasidium
pullulansl Journal of H arbin Institute of Technology (

), 2005, 37 (10): 13721372
Cui Yuhai ( ).

Aureobasidium pullulans @58 and its kinetic study [D].

Fermentation conditions of

Wuxi: Jiangnan University, 2008

Liu Zhanying ( ), Zhang Tong ( ), Zhang
Dongyan ( ), Kang Ru ( ), Tian Chun (
), Zhang Jianbin ( ). Kinetic models of

bioflocculant producing strain under batch fermentationl
Journal of Inner Mongolia University of Technology (
), 2007, 26 (2): 92100

Zhang X W, Sun T, Sun ZY, LiuX, Gu D XI Tim&
dependent kinetic models for glutamic acid fermentationl
Enzyme and Microbial 1998, 22 ( 3):
2052209

Khan N S, Mishral M, Singh R P, Prasad Bl Modeling

the growth of Corynebacterium glutamicum under product

Technology,

inhibition in I[2glutamic acid fermentationl Biochemical
Engineering J ournal, 2005, 25: 172178

Bona R, Moser Al Modelling of growth of Cor ynebacterium
glutamicum  under biotin  limitationl
Engineering, 1997, 17: 12R125

Gayen K, Venkatesh K VI A phonomenological model to

Bioprocess

represent the kinetics of growth by Corynebacterium

glutamicum for lysine productionl Journal of Industrial
Microbiology and Biotechnology, 2007, 34: 3632372

Yang C, Hua Q, Shimizu Kl Development of a kinetic
model for

glutamicum and its

R2lysine biosynthesis in Corynebacterium

application to metabolic control
analysisl J ournal of Bioscience and Bioengineering, 1999,

88 (4): 392403

He Ning ( ), Wu Haijun ( ), Deng Xu (
), Lu Yinghua ( ), Sun Daohua ( ), Li
Qingbiao ( ). Mutagenesis and screening for a strain

with high capacity of bioflocculant productionl Industrial
Microbiology ( ), 2004, 34 (3): 211

He N, LiY, Chen J, Lun S YI Identification of a novel
bioflocculant from a

newly isolated Corynebacterium

glutamicuml Biochemical Engineering Journal, 2002,
11: 1372148
He N, Li Y, Chen 1

polygalacturonic acid

Production of a mnovel

bioflocculant REA211 by

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Corynebacterium glutamicuml  Bioresource Technology,
2004, 94: 92105

He Ning ( ), LiYin (
Qingbiao ( ).

in a novel bioflocculant production from Corynebacterium

), Chen Jian ( ), Li
Control module for dissolved oxygen

glutamicuml Acta Scientiae Circumstantiae (
), 2004, 24 (3): 4922497
He Ning ( ), Li Yin ( ), Chen Jian ( ).

Metabolic network modeling and metabolic flux analysis of

production of novel bioflocculant REA2111 Journal of
Chemical Industry and Engineering (Chima) ( ),
2005, 56 (4): 6812688

Miller G LI Use of dinitrosalicylic acid reagent for

determination of reducing sugadl Analytical Chemistry,
1959, 31 (3): 42428

Jiang Mengyang ( ), Bao Miaoqing ( ).
Measuring amount of carbamide with P2aminobenzen@
formaldehyde colorimetryl Zhejiang Chemical Industry
( ), 2005, 36 (3): 36238

He Ning ( ), Li Yin ( ), Chen Jian ( ).
Production and flocculation conditions of a novel
glycopr otein bioflocculantl The Chinese J ournal of P rocess
Engineering ( ), 2002, 2 (1): 6266
Guan Huiqin ( ), He Ning ( ), Du Guocheng
( ), Chen Jian ( ).

novel bioflocculant consisting of galacturonic acid as the

Biosynthetic pathway of a

functional structural unit produced by Corynebacterium

glutamicuml Journal of Wuxi University of Light
Industry ( ), 2003, 22 (4): 213
Wu Qiuli ( ), An Jiayan ( ). Kinetic models

for  exopolysacharides of Morchella esculenta by

fermentationl Acta Scientiarum Naturalium Universitatis

N ankaiensis ( : ), 2005, 38
(1): 4248

Zeng Wenlu ( ), Cai Zhaoling ( ), Ouyang
Fan ( ). Studies on the growth characteristics of

Spirulina cells under batch and continuous conditionsl
Chinese J our nal of Biotechnology ( ), 2001,
17 (4): 4142419

Gaden E L Jd Fermentation process kineticd Journal of
Biochemical and Micraobiological
Engineering, 1959, 1 (4): 4132419
Wang D, Xu Y, HuJ, Zhao Gl Fermentation kinetics of

different

Technology and

sugars by apple wine yeast Saccharomyces
cerevisiael Journal of the Institute of Brewing, 2004,
110 (4): 34®346

Kurance R, Toeda K, Takeda K,

conditions for

Suzuki Tl Culture

production of microbial flocculant by
Rhodococcus  ery thropolisl

Chemistry, 1986, 50: 230922313

Agricultural Biology and



