PREPARATION AND CHARACTERIZATION OF CELLULOSE
WHISKERS - REINFORCED SILK FIBROIN SPONGE FOR YEAST
IMMOBILIZATION FOR ETHANOL PRODUCTION

Vasithee Punyavardhana

A Thesis Submitted in Partial Fulfilment of the Requirements
for the Degree of Master of Science
The Petroleum and Petrochemical College, Chulalongkom University
in Academic Partnership with
The University of Michigan, The University of Oklahoma,
and Case Western Reserve University
2012



Thesis Title:

By
Program:
Thesis Advisors:

Preparation and Characterization of Cellulose  hiskers-
Reinforced Silk Fibroin Sponge for Yeast Immobilization for
Ethanol Production

Vasithee Punyavardhana

Polymer Science

Assoc. Prof. Ratana Rujiravanit

Asst. Prof. Manit Nithitanakul

Accepted by the Petroleum and Petrochemical College, Chulalongkom
University, in partial fulfilment of the requirements for the Degree of Master of

Science.

Thesis Committee;

College Dean

(ASSL. PIOT. FOmtnong Malakul)

M Akyiccy.!
(Assoc. Prof. Ratana Rujiravanit)

(Asst. / apitNithitanakul)

R g 4

(Prof. Sumaeth Chavadej)

(Dr. Orathai Pornsunthorntawee)



ABSTRACT

5372032063:  Polymer Science Program
Vasithee Punyavardhana: Preparation and Characterization of
Cellulose Whiskers- Reinforced Silk Fibroin Sponge for Yeast
Immobilization for Ethanol Production
Thesis Aavisors: Assoc. Prof. Ratana Rujiravanit and Asst. Prof.
Manit Nithitanakul 131 pp

Keywords:  Silk fibroin/ Cellulose whisker/ Yeast immobilization/ Ethanol

Silk fibroin (SF) is a natural protein produced by the mulberry silkworm
(Bombyx mori). It was chosen as a matrix in bionanocomposite sponges for yeast cell
immobilization. Cellulose whiskers (CLWs), having an aspect ratio of 80, were used
as reinforcements. The bionanocomposite sponges at SF/CLWSs weight ratios of
100/0, 90/10, 80/20, 70/30, 60/40 and 50/50 were fabricated by using a freeze-drying
technique before being treated with an agueous methanol solution. At any studied
SFICLWs weight ratios, Fourier Transform Infrared Spectrophotometer spectra
indicated heta-sheet conformation of SF after the methanol treatment. The presence
of CLWs not only increased the compression modulus but also reduced the shrinkage
of the bionanocomposite sponges as well as enhanced the conformation transition of
SF. The formation of heta-sheet structure of SF significantly increased water stability
of the bionanocomposite sponges. The Field Emission Scanning Electron
micrographs showed that the bionanocomposite sponges exhibited an interconnected
porous structure, providing high surface area for immobilizing Saccharomyces
cerevisiae burgundy KY1 1yeast cells. The sponge with the SF/CLWSs weight ratio of
50/50 showed the highest average number of yeast cell attachment at 31 x 10w
cells/g sponge. The maximun ethanol production of immobilized yeast cell was 65%
higher when compared with free yeast cell fermentation system.
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