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Abstract

The decrease in production and the raise in needs have led to the rise in oil prices. This work investigated
the possibility of Iles-iles (Amorphophallus campanulatus) tuber flour, which is rich in carbohydrate con-
tent, as a raw material to produce bioethanol. To obtain the maximum ethanol concentration, several pa-
rameters had been studied, such as: the concentration of a-amylase and f-amylase in liquefaction and sac-
charification processes, respectively, the type of S. cerevisiae enzyme (pure, dry, wet and instant) and weight
of Diammonium phosphate (DAP) as a nutrient for S. cerevisiae in fermentation. The result shows that the
highest reducing sugar content (12.5%) was achieved when 3.2 ml a-amylase/kg flour and 6.4 ml g-
amylase/kg flour were used during liquefaction and saccharification processes. Since the concentration of a-
and S-amylase increased, the reducing sugar obtained also increased. The higher sugar content resulted the
higher the ethanol concentration in the fermentation broth. Furthermore, the highest concentration of etha-
nol (9 %v/v) was obtained at 72 h fermentation using the dry S. cerevisiae, at 3.2 ml and 6.4 ml /kg flour of «
amylase and f-amylase enzymes, respectively. From the study of the effect of S. cerevisiae type, it was
shown that dry S. cereviseae produced the highest ethanol concentration 10.2% (v/v) at 72 h fermentation.
The DAP was used as a nitrogen supply required by S. cerevisiae to growth and as a results can increase the
ethanol concentration. The addition of DAP in the fermentation proved that 8.45% (v/v) of ethanol was ob-
tained. This result shows that the proposed tuber flour has the potential a raw material for bioethanol pro-
duction. © 2014 BCREC UNDIP. All rights reserved
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1. Introduction fuel oil with the environmentally-friendly fuel.
One way to solve this problem is by using alter-
native energy such as bio-fuels. Biofuels must
be technically feasible, economically competi-
tive, environmentally acceptable, and readily
available [2]. One of biofuels is bioethanol or
C2H50H, which is known as a type of bio-fuel

The decrease of oil domestic production
caused the increase on the price of fossil fuels
[1]. These facts catch the interest of many re-
searchers to find the new technology to replace

* Corresponding Author. that has the potential to replace fossil fuel [3].
E-mail: kusmiyati@ums.ac.id (Kusmiyati, K.) Biofuels are made from bio-based materials
through thermo chemical processes. The most
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famous and widely raw materials from agricul-
tural product containing starch that have been
used to produce bioethanol are cassava and
corn, which also known as a main food in sev-
eral countries, including Indonesia. However,
the use of cassava for bioethanol production as
energy source has affected to the availability of
food because in some area, especially in Indone-
sia, cassava was used as the main food, as well
rice [4]. Therefore, another non food raw mate-
rials which locally and abundantly available
were still required to produce bioethanol.

Another sources such as agricultural wastes
including wood, plants, switch grass, and cot-
ton waste, which contain cellulose have been
found as raw materials for bioethanol, in which
the consumption of this waste for energy source
to replace the starch will not interfere the
availability of food [5]. However, Its have been
reported that the technology to convert the ag-
ricultural waste was difficult and it required
high cost process therefore it is still required
more technological improvements, such as
treatment, liquefaction and saccharification by
special enzymes to hydrolyze cellulose into
sugar [6]. Previous study found that wheat
straw could be used as substrate for bioethanol
however the conventional fermentation with
saccharomyces cerevisiae could not ferment
multiple sugar substrates of wheat straw to
ethanol therefore it involved the recombinant
microorganism E. coli [7].

Moreover, organic waste has been found to
be used as raw material for bioethanol however
the production of bioethanol from organic waste
involved the complicated process, such as the
demolition waste, solid liquid separation proc-
ess, continuous fermentation and anaerobic
conditions [8]. Therefore, alternative processes
to gain the maximum conversion with the sim-
ple treatment are still required. One of the ma-
terials which is found abundantly and have
high cellulose content is iles-iles
(Amorphophallus campanulatus) which can be
used as a raw material to produce bioethanol.
Iles-iles contains high of starch (77%), and an-
other components including fiber (8.5%), crude
protein (14%), sugar (3-5%), ash and vitamins
(3.4-5.3%). The iles-iles has been widely
planted as in Central Java and East Java. In
remote area, villagers used the iles-iles tubers
as food source, but now they have switched to
cassava and rice for their primary food. The
calcium oxalate content in the starch can cause
itching, therefore utilization of the iles-iles tu-
ber has been limited. This work investigated
the possibility of the tuber as an alternative

raw material for the production of bioethanol.
To produce ethanol, in the first step, the flour
was hydrolyzed which converted the carbohy-
drate containing in the flour into sugar by a-
amylase and pf-amylase enzymes then the
sugar was subsequently fermented to ethanol
by yeast S. cerevisiae. For that purpose, the
main objectives are to determine the optimum
hydrolysis parameters (a- and - amylase en-
zymes) and fermentation parameters (S. cere-
visiae type and DAP nutrient concentration)
that resulted the highest sugar content as in-
termediate product and ethanol as the main
product.

2. Materials and Methods
2.1. Starch Preparation

Iles-iles  tubers were obtained from
Wonogiri, Central Java, Indonesia. The tubers
were washed with water thoroughly to remove
all dirties particle. The tubers were chopped
and dried (70 °C) until a constant weight and it
was grounded to mesh-size. The iles-iles flour
was prepared by washing the grounded iles-iles
with deionised water which then subsequently
dried (60 °C) until a constant weight. The flour
was then stored at room temperature for fur-
ther usage. The flour was used as substrate to
produce bioethanol.

2.2. Starch Hydrolysis

Enzymatic hydrolysis including liquefaction
by a-amylase and saccharification by S-amylase
of the flour was carried out in a flask equipped
with agitatation. The flour hydrolysis was per-
formed at the flour: water ratio of 1: 4 in the
flask agitated at 200 rpm. The first step, the
flour slurry was added by a-amylase at differ-
ent concentrations (0.8-6.4 ml/kg flour. The
flour slurry was heated at 95-100 °C and pH 6
for 1 h. The second step was sacharification, -
amylase was added to the liquefied slurry and
it was conditioned at pH 5, heated at 60 °C for
4 h. In saccharification process, the concentra-
tion of f-amylase at various concentrations
(0.8, 1.6, 3.2 and 6.4 ml a-amylase/kg flour)
were studied. The saccharified slurry was fer-
mented with S. cerevisiae. The reducing sugar
content of saccharified slurry was analyzed by
spectrophotometry method.

2.3. Ethanol Fermentation

Anaerobic batch fermentations were per-
formed in the flask at 30 °C for 72 h at pH 5.5.
S. cerevisiae was used as fermentation organ-
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ism. Four types of S. cerevisiae were used
which include dry, instant, wet and pure. The
concentration of S. cerevisiae enzyme in fer-
mentation used was 10% (w/v). The samples
during fermentation were withdrawn for 12,
24, 36 and 72 h to determine reducing sugars
and alcohol concentration. To obtain the opti-
mum ethanol yield, the effect of addition DAP
with the range of 1-8 g/l at constant of 2 g/l
urea to sample were studied.

2.4. Sample Analysis

Determination of reducing sugar was per-
formed by the method of spectrophotometry.
Samples as much as 0.01 ml (10 microns) in a
test tube was added with 1000 microns/ml of
glucose reagent, then it was incubated for 10
min in waterbath at temperature 37 °C. The re-
ducing sugar was determined by readings the
photometer (Boehringer 1040) at a wavelength
of 546 nm. The ethanol content which obtained
from the fermentation samples was analyzed
using GC- Hewlett Packard Agilent 6890N
equipped with a flame ionisation detector.

3. Results and Discussion
3.1. Chemical Composition of Iles-iles

The chemical composition of iles-iles tuber
consists of starch, cellulose, hemicelluloses, lig-
nin, ash content, and moisture content. The
percentage of each composition can be seen in
Table 1. As shown in Table 1 that tuber con-
sisted of a high amount of starch. This charac-
teristic is essential to convert raw material to
produce bioethanol. The starch can be hydro-
lyzed into reducing sugar to form glucose
which then the fermentation of glucose into
ethanol.

3.2. The Effect of a-amylase Concentration

Compared to acid hydrolyzed, enzymes hy-
drolyzed use inherent mild reaction conditions
which led to the use of a-amylase enzyme in
the most starches hydrolysis [9]. a-amylase is

Table 1. Dry - iles-iles flour composition

Parameter Composition (%)
Starch 71.25
Hemi-cellulose 3.30
Cellulose 8.54
Water 8.50
Raw fiber 5.85

thermoresistant bacteria which obtained from
Bacillus licheniformis or a strains of FEs-
cherichia coli or Bacillus subtilis. To increase
the rate of hydrolysis by a-amylase enzyme, the
substrate suspensions should be brought to
high temperatures (90-110 °C) for the break-
down of starch kernels [10]. The usage of a-
amylase in hydrolysis of starch is to crack the
a-1,4-glucoside into glucose monomers which is
used for fermentation [11]. Hydrolysis of the
flour was investigated at various concentration
of a-amylase enzyme (0.8, 1.6, 3.2 and 6.4 ml/kg
flour) with the process conditions at 95-100 °C
and pH 6 for 1 h. The liquified flour slurry was
saccharified with 3.2 ml S-amylase/kg flour at
60-65 °C for 4 h at pH 5.

Figure 1 shows the effect of various concen-
tration of a-amylase in liquefaction with a con-
stant of fB-amylase concentration (6.4 ml/kg
flour) of saccharification on reducing sugar
from the flour substrate water ratio of iles-
iles:H20 = 1:4 (w/v). Liquefaction of the flour
was performed with the conditions at concen-
tration of flour substrate of 25% w/v, tempera-
ture of 95-100 °C, time of 1 hour, pH 6, agita-
tion of 200 rpm. Saccharification of liquefied
iles-iles flour was performed at S-amylase con-
centration of 6.4 ml/kg flour, pH 5, 60 °C, 4
hours. As shown in Figure 1, at saccharification
time increased caused the higher the reducing
sugar. The highest reducing sugar concentra-
tion (14 %v/v) was achieved at 3.2 ml a-
amylase/kg flour (%v/w). This result indicates
that an increased in reducing sugar concentra-
tion was influenced by the a-amylase concen-
tration. The higher the a-amylase was added,
caused the increased of glucose which was pro-
duced from the cracking of a-1.4 glucosidal
molecule containing in starch. According to
Whitaker, the addition of enzymes concentra-
tion caused an increase the hydrolysis reaction
[12]. However, when the reaction was reached
an equilibrium, the additional of enzymes was
not effective.

The reducing sugar produced from sacchari-
fied iles-iles starch was fermented using dry S.
cerevisiae at 30 °C and pH 4.5 for 72 h. A 200
mL of the saccarified slurry was added with 0.2
g DAP, 0.4 g urea, and 10% (w/v) of dry S. cere-
visiae. The correlation between the fermenta-
tion time towards ethanol and reducing sugar
for various concentration of a-amylase during
fermentation process can be seen in Figure 2.

With increasing of fermentation time had af-
fected the decrease of reducing sugar. This re-
sult showed that the reducing sugar was used
for ethanol production [13]. During fermenta-
tion, the sugar obtained from the saccharifica-
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Figure 1. The effect of a-amylase concentration
on reducing sugar of saccharified slurry. a-amy-
lase concentration (ml/kg flour):

=08 ™ =16, * =32, * =64

tion was converted to ethanol by S. cerevisiae
therefore the reducing sugar content decreased
with increasing time. The highest ethanol con-
centration (8.1% v/v) was obtained at 3.2 ml a-
amylase/kg flour. This result was similar to
Silverstein et al. which reported that an in-
creasing of a-amylase concentration, the etha-
nol product was increased [14].

3.3. The Effect of f-amylase Concentration

There are two steps of hydrolysis process of
iles-iles flour to be sugar, liquefaction and sac-
charification using a- and S-amylase enzymes,
respectively. According to Balat, in saccharifi-
cation the oligosaccharides which resulted of
liquefaction by a single or mixture enzymes is
hydrolyzed to form reducing sugar [15]. f-
amylase has been found played a significant
role for widely hydrolysis, therefore in this
work, various concentration of S-amylase of 0.8,
1.6, 3.2, 6.4 ml were studied at conditions of 60-
65 °C and pH 5 for 4 hours.

Figure 3 shows the effect of f-amylase en-
zyme concentration on reducing sugar during
saccarification of iles-iles flour. The sacchari-
fied of the liquefied flour slurry was carried out
in iles-iles:H20 ratio of 1:4 (w/v), with condi-
tions of liquefaction was kept constant at 95-
100 °C, time of 1 hour, pH 6, a-amylase concen-
tration of 3.2 ml/kg flour. Saccharification con-
dition was at temperature of 60-65 °C, 4 hour,
pH 5. The results show that the highest of re-
ducing sugar concentration (12.5% v/v) was ob-
tained at 6.4 ml of f-amylase/kg flour. This re-
sult shows that with an increased of f-amylase
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Figure 2. Various effect concentration of a-
amylase on reducing sugar and ethanol con-
centration during fermentation process. a-
amylase concentration (ml/kg flour):

== =0.8; ¥ =1.6; * =3.2; ° =6.4. Etha-
nol concentration (% v/v) at various a-
amylase (ml/kg flour): ~* =0.8; = =1.6;
+ =39 * =64

concentration, the reducing sugar formed was
also increased. This results was due to the fS-
amylase was hydrolyzed the amylase and amy-
lopectin into D-glucose by cracking the a-D-
(1,4), a-D-(1.6) and a-D-(1,3). In addition, re-
ducing sugar content was also influenced by
the time of hydrolysis, where with an increase
of saccharification time the reducing sugar con-
tent also increased. However, if the saccharifi-
cation time was occurred in an excess time, it
would cause the polymerization of reducing
sugar [16].

After the saccharification of iles-iles flour
slurry completed, glucose was converted into
ethanol through microbial fermentation using
dry S. Cerevisiae at 30 °C and pH 4.5 for 72 h.
The highest ethanol concentration of 8.6 % (v/v)
was obtained at f-amylase of 6.4 ml/kg flour.
An increased of reducing sugar resulted in in-
creased of ethanol. Fermentation time also had
affects the concentration of ethanol, with in-
creasing fermentation time, the ethanol was in-
creased and resulted in decreasing on reducing
sugar until it was reached an equilibrium be-
tween substrate and enzyme. This was due to
the S. ceresiviae has reacted to convert the re-
ducing sugar into ethanol as shown in Figure 4.

3.4. The Effect of Different Types of S. Ce-
resiviae

The first step to produce ethanol from
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Figure 3. The effect of S-amylase concentra-
tion on reducing sugar of saccharified slurry.
Reducing sugar at various f-amylase concen-
tration (ml’kg flour): * =08, = = 1.6;
+ =32;" =64
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Figure 5. The effect of different types of S.
cerevisiae (dry, wet, pure, instant) on ethanol
(% v/v) for flour/H20 = 1:4 (w/v).

starch is by hydrolysis of starch into reducing
sugar and followed by fermentation of reducing
sugar using S. Ceresiviae. Hydrolysis is a reac-
tion of starch with water, which is employed to
break down the starch into fermentable sugar.
The supernatant from enzymatic hydrolysis of
starch contains glucose. S. cerevisiae and Zy-
momonas mobilis are microorganism which are
capable to efficiently ferment the glucose into
ethanol, but they are unable to ferment xylose
[17]. S. Ceresiviae has been generally selected
in widely ethanol production due to its potenti-
ality, its tolerant to high ethanol content, its
ability to live at high temperature, its stability
in the fermentation condition at low pH [18].
Figure 5 shows that ethanol concentration
was increased with increasing of fermentation
time for different type of S. cerevisiae (pure,
wet, dry, instant). As the time increased, the
activity of S. cerevisiae was also increased in
producing ethanol. The results of this study
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Figure 4. The effect various concentration of
f—amylase on reducing sugar on reducing
sugar and ethanol concentration in fermenta-
tion process. Reducing sugar at various fS-
amylase (mlkg flour): ~— =0.8; = =1.6;
" =3.2; % =64

Ethanol concentration (% v/v) at various f-
amylase (ml/kg flour): ~* = 0.8; = =1.6;

* =32, * =64
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Figure 6. Effect of various concentration of
DAP on reducing sugar and ethanol (% v/v).
Reducing sugar (%v/v) at various concentra-

tion of DAP (g): ~°" =2; & =1; * =0.5; *
=0.25
Ethanol concentration (%v/v) at various conc

of DAP (g): ~* =2; = =1; * =0.5; * =0.25

shows that the fermentation using dry S. cere-
visiae at 72 h was the highest compared with
pure, wet, and instant yeast. A similar result
was reported for the fermentation using S. cere-
visiae [18].
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3.5. Effect of DAP Concentration

DAP was used as a nutrient to supply nitro-
gen which was required to support S. Cere-
siviae growth and to increase the fermentation
rate which led to increase ethanol yield. Previ-
ous study reported by Bafrncov et al. found that
nitrogen was necessary for the growth and mul-
tiplication of yeasts and it also influenced the
ethanol tolerance of yeasts and ethanol produc-
tivity. However, in excess of DAP could cause
the decreasing of ethanol produced [18].

The effect of DAP concentration was also
studied at 0.25-2 g loaded on fermentation sub-
strate with concentration of iles-iles flour in
slurry of 25% w/v and the use of the dry S. ce-
resiviae. Prior to fermentation, the liquefaction
was carried out using a—amylase at concentra-
tion of 1.6 ml/kg flour at conditions of tempera-
ture at 95-100 °C, for 1 hour, pH 6, 200 rpm,
and pH 6. Meanwhile, saccharification was
carried out using fB-amylase at 3.2 ml/kg flour
at 60 °C, 4 hours, pH 5. Fermentation condition
was at temperature of 30 °C, pH 4.5 and 72
hours. The results show that 2 g DAP loaded
could produce the highest ethanol concentra-
tion (8.4%). The result shows that fermentation
time also affected the ethanol yield as indicated
by an increase in ethanol produced (Figure 6)
when fermentation time increased, and conse-
quently a decreased in reducing sugar.

4. Conclusion

It can be concluded that iles-iles tuber is an
attractive raw material for the production of
bioethanol. The highest concentration of etha-
nol obtained from the tuber flour fermentation
was achieved at 72 hours using the dry S. Cere-
siviae. Prior fermentation, the liquefaction was
obtained at optimum conditions with 3.2 ml a-
amylase/kg flour, 6.4 ml f-amylase/kg flour and
2 g/l of DAP. It can be concluded that iles-iles
tuber flour is proven to be an attractive raw
material for the production of bioethanol. For
industrial application however, an efficient col-
lection of the tubers from the remote area are
required. Further research is still required to
gain the maximum benefit of iles-iles tuber
plant, especially for sustainable energy supply
projects.
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