Akita University

PUCCEULEL TR O RS e e

Bf 3% f X

VECCHEEL RO T S O e

21

BEELMEYDRKVEDICHZRE LI
PVA BIE{LIBARDRASLICEET 5 ERIFR

= R

®* R/ S E

BB OE RR BB

Fundamental Study on Preparation of PVA Carriers for the Application of
Immobilized Microorganism to Waste Water Treatment

Hiroshi Takanasurt, Keiji Katanirat, Yukiyasu Satout and Ken-Ichi Kigkuchrt

Lactobacillus delbrueckii cells were immobilized in polyvinyl alcohol (PVA) gel beads by using

gelling reaction with PVA-boric acid-phosphate.

The physical/chemical and fermentation

stabilities of the immobilized cells were studied for the application of immobilized microorganism

to waste water treatment.

In the experiment of preparation of cell immobilized PVA beads,

spherical and strong gel beads were formed at PVA concentration, 12 wt%, and boric acid concen-
tration, 5wt%. The gel beads had porous structure like spongy pore, and the cells were confirmed

on the surface and the inside of the gel beads.

The operational stability of the immobilized cell

system was repeatedly studied in a batch fermentation. The system successfully operated for the
20 time repeated fermentations, and the gel beads were not damaged during all the runs.
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Table 1 Composition of GYP cultivation medium

Table 2 Kinetic parameters estimated from free-cell batch

fermentation.
component concentration [kg/m3]
Glucose 10 umihrt]  glhrl Yue [ke-dry cells/kg-glul ¥ [kg-lact/kg-glul
Yeast extract 5 0.41 1.7 013 0.73
Polypeptone
MgS0, - TH20 1
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1: fermentor 2: sampling tap 3: thermocouple
4: stirrer 5: pH probe 6: pH controller
7: pump 8: NaOH solution 9: immobilized cells

Figure 1 Schematic diagram of batch fermentation system.
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Figure 2 Time courses of cells concentration, (O), glucose
concentration, (/A\), and lactic acid concentra-
tion, ([J) in the free-cell batch fermentation.
Conditions: Initial glucose concentration, 48 kg/
m?®; temp., 37°C.
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Table 3 Effect of concentrations of PVA and boric acid
solutions on gel formation.

PVA H3BO3 Gel formation
concentration [wt%] concentration [wt%])
5.0 3.0 discoidal
10.0 3.0 discoidal
10.0 4.5 discoidal
10.0 4.8 discoidal
10.0 5.0 discoidal
10.0 5.5 discoidal
12.0 5.0 spherical
15.0 5.0 spherical
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Photo. 1 Photograph of L. delbruekii immobilized PVA gel
beads.
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Table 4 Physical properties of cells immobilized PV A beads

diameter [m] density [kg/m3]  water content [%]
3.5X103 1.018 X103 93.1
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Time courses of cells concentration, glucose con-
centration, and lactic concentration in the free-
cell batch fermentation, a), and immobilized cell
fermentation, b). Keys:O, @ cells concentration;
/N, A glucose concentration; 1, Il lactic acid
concentration.

Figure 3
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Figure 4 Relationship between cell and lactic acid yields,
and batch runs in immobilized cell fermentations.
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Table 5 Mathematical parameters determined by least-
square method

Culture a [kg-lact/kg-glu]l B [kg-lact/(kg-glu hr)] Correlation coefficient

Free cell 8.1 0.31 0.98
Immobilized cell
1st 49 0.32 0.90
2nd 8.3 0.25 0.95
3rd 20.8 0.20 0.94
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Figure 5 Relationship between specific lactic acid produc-
tion rate and specific growth rate in immobilized
cell fermentations. Keys:O free-cell fermenta-
tion; A\ the 1* batch run; [J the second batch
run; < the 3" batch run.
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a) surface of L.delbruekii immobilized gel beads after the 9t batch
fermentation.

b) cross-section of L. delbruekii immobilized gel beads after the 9th batch
fermentation.

¢ cross-section of PVA carrier soaked for 15 hr in 100 mol/m3 NaOH solution
after the 20t batch fermentation

Photo. 2 Scanning electron microscopic photographs of cell immobilized PVA  after the 9" batch fermentation, a), b), and
PVA carrier soaked in alkaline solution after the 20™ batch fermentation, ¢).
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Nomenclature

C,=lactic acid concentration [keg/m®]
C.=glucose concentration [kg/m?]
C.=dry-cell concentration [kg/m’]
g=generation time [hr]

Q,=specific lactic acid production rate
[kg-lact/ (kg-cells hr)]
Y..=cell yield to glucose [ kg-cells/kg-glucose]
[kg-lact/kg-glucose]
[kg-lact/kg-cells]

[kg-lact/ (kg-cells hr)]

Yos=lactic acid yield to glucose
a =constant for Eq.1
S =constant for Eq.1

Un=maximum specific growth rate [hr']
1 =specific growth rate (hr']
<subscripts >

lact =lactic acid

glu=glucose
References

1) G. T. Tellz, N. Nirmalakhandan and J. L. Gardea-
Torresdey: Performance Evaluation of an Activated
Sludge System for Removing Petroleum Hydrocarbons
from Oilfied Produced Water, Adv. in Environ. Res., 6
(2002) 455-470.

2) T.C. Ma, P. L. Chan, H. Lawford, H. Chua, W. H. Lo,
and P. H. Yu: Properties of Polyhydroxyalkanoates
(PHASs) Produced by Bacteria Isolated from Activated
Sludge Obtained from the Municipal Wastewater
Works in Hong Kong, Appl. Biochem. Biotechnol., 122
(2005) 731-740.

3) Neyens, J. Baeyens, B. D. Heyder and M. Weemaes: The
Potential of Advanced Treatment Methods for Sewage
Sludge, Manage. of Environ. Qual., 15 (2004) 9-16.

4) B. N. Jacobsen and E. Arvin: Biodegradation Kinetics
and Fate Modeling of
Bioaugmented Activated Sludge Reactors, Water Res., 30
(1996) 1184-1194.

5) G. W. Chen, I. L. Chang, W. T. Hung and D. J. Lee:
Regimes for Zone Settling of Waste Activated Sludges,
Water Res., 30 (1996) 1844-1850.

6) U. Lechner, R. Baumbach, D. Becker, V. Kitunen, G.
Auling, M. S. Salonen: Degradation of 4-Chloro-2-
Methylphenol by an Activated Sludge Isolate and Its
Taxonomic Description, Biodrgradation, 6 (1995) 83-92.

7) S. Hashimoto, K. Furukawa and H. Hana: Fundamental
Study on Immobilization of Activated Sludge and Its

Pentachlorophenol in

Characterization of Biodegradation, Gesuidokyoukaishi,
23 (1986) 16-22.

8) K. C. Chen and Y. F. Lin: Immobilization of Microor-
ganisms with Phosphorylated Polyvinyl Alcohole
(PVA) gel, Enzyme Microb. Technol., 16 (1994) 75-83.

9) S. Kinoshita, M. Muranaka and H. Okada: Hydrolysis
of &-Aminocaproic Acid Cyclic Dimmer by Cells

8% H)E Q00653 H)



Akita University

EE LM EM O BEAKME~OIGAE % B L 72 PVA BIE/BROHEIC B 2 EHMTIE 27

10)

1D

12)

13)

19

15)

16)

17D

18)

Entrapped in Acrylamide Gel, J Ferment. Technol, 53
(1975) 223-229.

D. Jain and T. Ghose: Cellobiose Hydrolysis using
Pichia Etchellsii Cells Immobilized in Calsium Alginate,
Biotechnol. and Bioeng., 26 (1984) 340-346.

S. Shindo and M. Kamimura: Immobilization of Yeast
with Hollow PVA Gel Beads, J. Ferment. Bioeng., 70
(1990) 232-234.

H. Seki and T. Suzuki: Fundamental Study on The
Recovery of Heavy Metals by Humic Acid-Immobilized
PV A Membrane, Hokudaisuisankahou, 43 (1992) 185-192.
H. Asano, H. Myoga, M. Asano and M. Toyao: Nitrifi-
cation Treatability of Whole Microorganisms Immobi-
lized by The PVA-Freezing Method, Water Sci. Technol.,
26 (1992) 2397-2400.

W. Jianlong, Q. Xiangchun and H. Liping: Microbial
Degradation of Quinoline by Immobilized Cells of
Burkholderia Pickettii, Water Res., 36 (2002) 2288-2296.

L. Doretti, D. Ferrara, P. Gattolin and S. Lora:
Amperometric Biosensor with Physically Immobilized
Glucose Oxidase on a PVA Cryogel Membrane, Talanta,
44 (1997) 859-866.

S. G. Velizarov, E. L. Raihina, A. P. Sinitsyn and S. D.
Varfolomeyev: Production of L-lysine by Free and
PVA-Cryogel Immobilized Corynebacterium Glutamicum
Cells, Biotechnol. Lett., 14 (1992) 291-296.

K. S. Chang, W. L. Hsu, H. Y. Chen, C. K. Chang and
C. Y. Chen: Determination of Glutamate Pyruvate
Transaminase Activity in Clinical Specimens Using a
Biosensor Composed of Immobilized L-Glutamate
Oxidase in a Photo-Crosslinkable Polymer Membrane
on a Palladium-Deposited Screen-Printed Carbon Elec-
trode, Analt. Chim. Acta., 481 (2003) 199-208.

M. S. Antczak, T. Antczak and S. Bielecki: Stability of

EER LR

19

20)

2D

22)

23)

24)

25

26)

Extracellular Proteinase Productivity by Bacillus
Subtilis Cells Immobilized in PVA-Cryogel, Enzyme
Microb. Technol., 24 (2004) 168-176.

S. Guobin, X. Kianmin, G. Chen, L. Huzhou and C.
Jiayong:  Biodesulfurization Using  Pseudomonas
Delafieldii in Magnetic Polyvinyl Alcohol Beads, Ler.
Appl. Microbiol., 40 (2005) 30-36.

K. S. Atia and E. B. Ai: Preparation of Glucose Oxidase
Immobilized in Different Carriers Using Radiation
Polymerization, J. Chem. Technol. Biotechnol., 80 (2005)
805-811.

A. Higuchi, M. Kurihara, K. Kobayashi, S. C. Chong,
T. Akaike and M. Hara: Albumin and Urea Production
by Hepatocytes Cultured on Extracellular Matrix
Proteins-Conjugated Poly (vinyl alcohol) Membrane, J.
Biomater. Sci., Polym. Ed., 16 (2005) 847-860.

S. B. Barker and W. H. Summerson: The Colorimetric
Determination of Lactic Acid in Biological Materials, J.
Biol. Chem., 138 (1941) 535-554.

S. Fukui: "Seibutukagakujikkenhou",
Tokyo Press, (1973) 10-12.

M. Siebold, P. V. Frieling, R. Joppien, D. Rindfleisch,
K. Schuger! and H. Roper: Comparison of the Produc-
tion of Lactic Acid by Three Different Lactobacilli and
Its Recovery by Extraction and Electrodialysis, Process
Biochem., 30 (1995) 81-95.

S. Hashimoto and K. Furukawa: Immobilization of
Activated Sludge by PVA-Boric Acid Method, Biotechnol.
Bioeng., 30 (1987) 52-59.

A. Raucourt, D. Girard, Y. Prigent and P. Boyaval:
Lactose Continuous Fermentation with Cells Recycled
by  Ultrafiltration
Electrodialysis: Model Identification, Appl. Microbiol.
Biotechnol., 30 (1989) 521-527.

University of

and Lactate Separation by

B18%& AT (20064 3 B





