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ABSTRACT

The use of fossil fuels causes environmental pollution and contributes to the greenhouse effect.
Growing concern regarding the rapid depletion of fossil fuels and global warming has motivated
people to seek alternative energy sources. Algae are suitable materials for bioethanol production in
Taiwan, particularly because Taiwan is surrounded by the ocean and has rich marine resources. This
study was conducted to investigate the fermentation of algae hydrolysate by immobilized yeast for
bioethanol production. The results showed that immobilized Saccharomyces cerevisiae Wu-Y2
displayed excellent performance in the cofermentation of glucose and galactose present in algae
hydrolysate. When the hydrolysate of Gracilaria cliftonii was fermented by immobilized S. cerevisiae
Wu-Y2, a final ethanol concentration of 4.9 g/L (94% conversion efficiency) was achieved. Overall,
0.25 g of ethanol can be produced from 1 g of dry Gracilaria through this method. The growth of S.
cerevisiae Wu-Y2 on the immobilized particles can be observed with a scanning electron microscope.
Repeated batch fermentation revealed that the immobilized cells can be reused over five successive
reaction cycles without any loss of biocatalytic activity. The average ethanol concentration was 5.0
g/L (more than 98% conversion efficiency in every cycle). Fermentation of Gracilaria hydrolysate by
using immobilized S. cerevisiae Wu-Y2 in a bioreactor revealed that suitable conditions for ethanol
production include the addition of 10% immobilized cells, continuous back-feeding, and rest
cultivation (with no aeration). When the fermentation was conducted through continuous feeding of
hydrolysate at 2.3 mL/min for 96 h, an overall 13.2 L of hydrolysate was added, the average ethanol
concentration was 4.1 g/L, and 54.1 g of ethanol was obtained. The findings of this study revealed
that Gracilaria sp. can be a potential feedstock in biorefineries for ethanol production by using
immobilized S. cerevisiae.

Key Words: Bioethanol, immobilized Saccharomyces cerevisiae, batch fermentation, Continuous

feedback fermentation, Gracilaria cliftonii hydrolysate
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ST B BRI E E B S. cerevisiae WU-Y2 BFEKZ
RS AR AR RS < s
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WS EEE S. cerevisiae Wu-Y 2 A R FHEEEK
BT (AR LR ) AT  (ER TR E A
ZEpE TR RS E R R Ry 4.6 /L 149 g/ S A
b7 Ky 88%EL 94% o Fi| I ffeh =\ B+ Bl nI A5y
HIEZ WA S. cerevisiae WU-Y 2 BERAT[E] &  LRERI Y R T
BN EVERIEY o TEHRIL IS E P EE(L S. cerevisiae
Wu-Y 2 B 1] 250 I FH BE S8 S /K MBS & M L 0 )
AR - B HERROIERE - Bk 2 RIS bATR
G o KOBTHEREFR 2 HEFIYEE R 5.0 g/lb - MEHt%
2R A B BT A ER AR (98%) - DUEEAL S.
cerevisiae Wu-Y2 Bjj* S fE RS T AE T RE S S /K I SE 2 B A2
B PRt 553 BERE 10%0 & AU ARk A B a (IR
W SR ) Fo e B AR FE R A - TR SRAE R BT B L 2.3 mL/min
AR 96 ho SRR 13.2 Lo ik AL AR P Ry 4.1 g/l
TR EIAVE G E R 54.1 g - RBEDAEIEL S. cerevisiae
Wu-Y2 B85BSR iR DU SR T AR e R i AL
FHE KBS -

SER
L = (R 101) R A E LB R DTS 2
BZW5T - REREAVEEREIAFEATIE LR L
2. Adams, J. M., J. A. Gallagher and I. S. Donnison (2009)
Fermentation study on Saccharina latissima for bioethanol
production considering variable pre-treatments. Journal of
Applied Phycology, 21(5), 569-574.
3. Balat, M. (2011) Production
lignocellulosic materials via the biochemical pathway: A

of bioethanol from
review. Energy Conversion and Management, 52(2),
858-875.

4. Buck, B. H. and C. M. Buchholz (2004) The offshore-ring:
a new system design for the open ocean aquaculture of
macroalgae. Journal 16(5),

355-368.

5. Luning, K. and S. Pang (2003) Mass cultivation of

of Applied Phycology,

seaweeds: current aspects and approaches. Journal of
Applied Phycology, 15(2), 115-119.

10.

11.

12.

13.

14,

Miller, W. M., C. R. Wilke and H. W. Blanch (1987)
Effects of dissolved oxygen concentration on hybridoma
growth and metabolism in continuous culture. Journal of
Cellular Physiology, 132 (3), 524-530.

Nigam, P. S. and A. Singh (2011) Production of liquid
biofuels from renewable resources. Progress in Energy
and Combustion Science, 37(1), 52-68.

Park, J. H., J. Y. Hong, H. C. Jang, S. G. Oh, S. H. Kim, J.
Y. Yoon and Y.J . Kim (2012) Use of Gelidim amansii as
a promising resource for bioethanol: A practical approach
for continuous dilute-acid hydrolysis and fermentation.
Bioresource Technology, 108, 83-88.

Sanchez, 0. J. and C. A. Cardona (2007) Trends in
biotechnological production of fuel ethanol from different
feedstocks. Bioresource Technology, 99(13), 5270-5295.
Saxena, R. C., D. K. Adhikari and H. B. Goyal (2009)
Biomass-based energy fuel through biochemical routes: a
review. Sustainable Energy Reviews, 13(1), 167-178.

Wi, S. G, H. J. Kim, S. A. Mahadevan, D. J. Yang and H.
J. Bae (2009) The potential value of the seaweed Ceylon
moss (Gelidium amansii) as an alternative bioenergy
resource. Bioresource. Technology, 100(24), 6658-6660.
Wu, F. C., J. Y. Wu, J. Y. Liao, M. Y. Wang and I. L. Shih
(2014) Sequential acid and enzymatic hydrolysis in situ
and Bioethanol production from Gracilaria biomass.
Bioresource Technology, 156, 123-131.

Yoon, J. J., Y. J. Kim, S. H. Kim, H. J. Ryu, J. Y. Choi, G.
S. Kim and M. K. Shin (2010) Production of
polysaccharides and corresponding sugars from red
seaweed. Advanced Materials Research, 93, 463-466.
Yun, E. J., M. H. Shin, J. J. Yoon, Y. J. Kim, I. G. Choi
and K. H. Kim (2011)

from

Production of 3,

6-anhydro-L-galactose agarose by agarolytic
enzymes of Saccharophagus degradans 2-40. Process

Biochemistry, 46(1), 88-93.

W © 104.12.29 {EIE : 105.03.04 $#~%Z : 105.04.22

uli



