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ETHANOL PRODUCTION FROM CASSAVA PULP HYDROLYSATE
USING FERMENTATION BY SACCHAROMYCES CEREVISIAE 5049
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Abstract: The objective of this study was to produce the fermentable sugars from
cassava pulp by emzymatic hydrolysis and use the fermentable sugars as substrates
for fermerntation by Saccharomyces cerevisiae to produce ethanol. The experimental
was performed by enzymatic saccharification of 1.5%w/v cassava pulp by a-amylase
was pH 6.0, 90°C for 2 hours and produced 31.76% yield of reducing sugars. The
reaction mixture was then reacted with amyloglucosidase at pH 4.0, 50°C for 24
hours. The hydrolysate contained reducing sugars of 52.85% yield. For ethanol
production, the process was studied using cassava hydrolysate as carbon source (5.20
g/l reducing sugars) incubated with 5049 in a shaker with 150 rpm at 30 °C. Under
condition study, ethanol was produced with a yield of 2.28 g/l and the substrate
conversion yield was 44.23%.
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Methodology: Dry cassava pulp was collected from the factory of cassava starch
production in Chonburi province, was dried in hot air oven at 55 °C for 24 h and
milled into 63-425 um of particle size. The milled cassava pulp was stored in
desiccator. Two enzyme solutions, a-amylase and amyloglucosidase (Sigma, St.
Louis, MO), were used for the enzymatic hydrolysis. Hydrolysis was performed in 25
ml Erlenmeyer flasks containing a 10 ml mixture of 1.667 U a-amylase in 0.2 M
Citrate-phosphate buffer solution and 1.5 g milled cassava pulp (at pH 6.0). The flasks



were incubated in waterbath at temperature 90 °C for 2 h. The pH of the a-amylase
hydrolysate was adjusted to 4.0. The hydrolysis was continuously performed

by adding 3.333 U amyloglucosidase. The flasks were incubated in waterbath at
temperature 60 °C for 24 h. S. cerevisiae 5049 was obtained from Bangkok MIRCEN.
The E-flasks were incubated in a rotary shaker at 30 °C and 250 rpm for 18 h. After
supplementation, the hydrolysates were adjusted pH to 5.5 and then filtrated through
a membrane (pore size of 0.22) so that they could be used as fermentation media.
The inoculum of 107 cells/ml S. cerevisiae 5049 was grown in the media in
Erlenmeyer flasks at 30°C on a rotary shaker at 150 rpm for 18 h. The cell
concentration was determined from turbidity measured at 660 nm. After
centrifugation of the culture broth at 17,000 xg for 10 min to remove yeast cells, the
supernatant obtained was analyzed for reducing sugars and ethanol. Ethanol
concentration was measured by gas chromatography (GC-12A, Shimadzu) using a
Chromosorb 101 column and a flame ionization detector (1).

Results, Discussion and Conclusion: Figure 1(A, B) shows the optimal condition of
the a-amylase hydrolysis of milled cassava pulp used in this study. The optimal
conditions for saccharification of 1.5%w/v cassava pulp by a-amylase was pH 6.0,
90°C for 2 hours and produced 31.76% yield of reducing sugars. % Yield of reducing
sugars showed different efficiency of the enzyme at different pH and time. Figure 2(A,
B) shows the optimal condition of the amyloglucosidase hydrolysis after o-amylase
treated cassava pulp. The optimal conditions for saccharification was at pH 4.0, 50°C
for 24 hours. The hydrolysate produced 52.85% yield of reducing sugars. % Yield of
reducing sugars showed efficiency of the enzyme at different pH and time.
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Figure 1. Effects of a-amylase on the enzymatic hydrolysis. (A) plot of %
reducing sugars yield (after 2 h of hydrolysis) as a function of pH. (B) Time course
of % reducing sugars yield in hydrolysate
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Figure 2. Effects of amyloglucosidase on the enzymatic hydrolysis. (A) Plot of %
reducing sugars yield (after 24 h of hydrolysis) as a function of pH. (B) Time course
of % reducing sugars yield in hydrolysate

Table 1 Reducing sugars, ethanol yield and productivity achieved under culture
conditions.

Reducing Ethanol Ethanol yield Productivity
Sugars(g/1) Production(g/1) (%) (g/l/h)
5.20 2.28 0.45 0.12
+0.12 +0.37 £ 0.07 +0.021

In Table 2 the ethanol concentrations, ethanol yields, and reducing sugars conversions
obtained after 18 h of fermentation are summarized for the cassava pulp hydrolysate
substrates using by S. cerevisiae to produce ethanol. It can be stated that the generally
used S. cerevisiae for the ethanol fermentation can be applied at 30 °C, pH 5.5 in the
fermentation process. Table 1 which indicates that cassava pulp hydrolysate was
suitable for substrates for ethanol production. The cassava pulp conversions were
considered about 50% of the material was unutilized, so the material possibly be
conversed to more fermentable sugars by using associated with the other hydrolytic
enzymes for higher ethanol production.
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