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Introduction

Biomass & Bioenergy

Ethanol

eLess polluting
*Got from renewable source
eEnvironmentally friendly

Germany: wheat

Brazil: cane sugar

ANDRIETTA, S.R.; STECKELBERG, C. & ANDRIETTA, M.G.S., Bioetanol — Brasil, 30 anos na vanguarda. Multiciéncia, Universidade de Campinas, 2006
FURTADO, T.A. & SCANDIFFIO, M.G., Alcool no Brasil — Uma longa histéria. Scientific American Brazil, n. 53, p.66-71, Outubro, 2006



Introduction

K. Wendhausen, A. Fregonesi, P. J. 5. Moran, 1. Joekes, J. A. K. Rodrigues, E. Tonella,
and k. Althoff. Continuous fermantation of sugar cane syrup using immobilized veast

cells. J. of Riose. and Bioeng., 91(1):48-52, 2001.

Theoretical yield based on CO, measured (%)

Glucose (%)

Immobilized cells @ Free cells®
10 87.0 90.0
20 92.0 88.6
30 96.0 77.8
40 72.4 54.6
50 57.8 31.6

2 —0,60 g of yeast in 0,6 g of Chrysotile
b_— 0,60 g of yeast
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A. Imobilizacdo na superficie de um
solido

B. Aprisionamento em matriz
porosa

C. Floculacdo celular ou agregacdo

D. Contencdo mecdnica através de
barreira

FONTE: Figura modificada KOURKOUTAS, Y., et al. Immobilization technologies and support materials suitable in alcohol beverages production: a

review. Food Microbiology. V.21, p.377-397, 2004.



Methods

Sodium alginate
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RODRIGUES, A.P., Preparacdo e caracterizagdo de membranas de quitosana e alginato para aplicagdo na terapia de lesGes. 2008. Tese (Doutorado em Engenharia Quimica) —
Universidade Estadual de Campinas, Campinas, SP.



Methods

Calcium alginate preparation
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COVIZZl, L.G,, et al., Semina: Ciéncias Exatas e Tecnoldgicas, Londrina, v.28, n.2, p.143-160, jul./dez., 2007.

Sodium alginate
and
Saccharomyces
cerevisiae

RODRIGUES, A.P., Preparacdo e caracterizacdo de membranas de quitosana e alginato para aplicagdo na terapia de lesdes. 2008. Tese (Doutorado em Engenharia Quimica) —

Universidade Estadual de Campinas, Campinas, SP.



Methods

Chitosan
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Modificada de DASH, M.; CHIELLINI, F.; OTTENBRITE, R.M.; CHIELLINI, E., Chitosan—A versatile semi-synthetic polymer in biomedical applications, Progress in Polymer Science, v. 36,
p. 981-1014, 2011.



Methods

Calcium alginate and Chitosan interaction

lonic
Chitosan attraction

chain
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Alginate
chain

RODRIGUES, A.P., Preparacdo e caracterizagdo de membranas de quitosana e alginato para aplicagdo na terapia de lesGes. 2008. Tese (Doutorado em Engenharia Quimica) —
Universidade Estadual de Campinas, Campinas, SP.



Experimental

: Alcoholic fermentation using immobilized cells

Calcium alginate beads

water agitation

6 g wet cells 100mL

alginate 3% (100 mL)

Cell + alginate 3%

E CaCl, 2%

1h : Filtering Fermentation
washing




Experimental

: Alcoholic fermentation using immobilized cells

chitosan-covered calcium alginate beads

water agitation

6 g wet cells 100mL

alginate 3% (100 mL)

Cell + alginate 3%

E CaCl, 2%

1h




Experimental

Alcoholic fermentation using immobilized cells

chitosan-covered calcium alginate beads

After 1h in CaCl, solution:

Filtering Chitc.)san.solt:tion 0,2.5% in
washing ” acetic acid 5% (30 min).
Filtering
washing
Vv

Fermentation




Results and discussion

Glucose consumption and ethanol
production

Carbon source:
Glucose

—o—glucose consumption | FiN@l ethanol concentration: 40 g/L
== ethanol production yleld 78%

% Glucose/Ethanol

Time (h)
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Results and discussion

Glucose consumption - immobilized
cells in calcium alginate beads

8 Carbon source
g 6 Glucose
3 == First cycle
O 4
® == Third cycle

2 \§ N\ == Fifth cycle

0 o o o -

0 2 4 6 8 10 12
Time (h)

Final ethanol concentration: 33 g/L

Ethanol production - immobilized yield: 64,6%

cells in calcium alginate beads
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Results and discussion

Glucose consumption - immobilized
cells in chitosan covered calcium
alginate beads

Carbon source

8
2 Glucose
S 6 .
G= A \ \ =&—First cycle
X 5 \ \ == Third cycle

0 \. = \. - - —A—Fifth cycle

0 2 4 6 8 10 12
Time (h)

Final ethanol concentration: 31 g/L

Ethanol production - immobilized yield: 60,7%

cells in chitosan covered calcium
alginate beads

o~
9
]
(@]
—
=
Q
§
Sy
=
)
L
©
Q
N
—
Q
(o)
&
kS

N w
1
4

First cycle

,// / =li—Third cycle

==Fifth cycle

% Ethanol

:

Time (h)



Results and discussion

Sucrose consumption - immobilized

cells in calcium alginate beads Carbon source
12 Sucrose
10
9 8
<
g 6 o—First cycle
;‘: 4 - =@—Third cycle
2 - === Fifth cycle
0 - oy A
0 2 4 6 8 10 12
Time (h)

Final ethanol concentration: 33 g/L

Ethanol production - immobilized yield: 61,3%

cells in calcium alginate beads
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Results and discussion

Sucrose consumption - immobilized
cells in chitosan covered calcium
alginate beads

Carbon source
Sucrose
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Final ethanol concentration: 32 g/L
yield: 59,5%

Ethanol production - immobilized
cells in chitosan covered calcium
alginate beads
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Results and discussion

Immobilized cells Immobilized cells

Free cells CAB CCCAB

glucose sucrose glucose sucrose glucose sucrose

Ethanol
production 40 40 33 33 31 32
(g/L)
Yield (%) 78 74,3 64,6 61,3 60,7 59,5
Legend:

CAB: Calcium alginate beads
CCCAB: Chitosan covered calcium alginate beads



Conclusions

Immobilized cells in calcium alginate and in chitosan-covered calcium alginate
beads:

Substrate consumption and product production were faster after the first cycle: it
suggests adaptation

After free substrate consumption there was ethanol production: it suggests
difusion process

Using glucose as carbon source, maximum ethanol production was reached in 4
and 6 h to CAB and CCCAB, respectively

Using sucrose as carbon source, maximum ethanol production was reached in 2
and 4 h to CAB and CCCAB, respectively

Calcium alginate and chitosan covered calcium alginate beads allowed beads reuse
during 8 cycles of approximately 10 hours of fermentation each



Conclusions

Ethanol production at the end of each cycle were somewhat similar

Chitosan covered calcium alginate beads were less brittle and broke in a smaller
amount than calcium alginate beads

Chitosan exerted a physical barrier, so the consumption of substrate and product
production was slower
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