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Abstract

Bioethanol produced from agricultural sources i® @iternative energy that has been developed tstitutk for
petroleum. However, the use of food sources suatoas and cassava to produce bioethanol still tazstacles that
lead to the scarcity of food and an increase irdfpdces. The aim of this study was to produce thaeol from
sorghum and iles-iles, which are not used by hunaanf®od, especially in Indonesia. For both malerttie variables
studied were saccharification time (4, 8, 24, aBchjtand concentration of CaGldded to the liquefaction slurry (0O,
100, 200, 300, and 400 mg/L). The bioethanol waslpced by enzymatic hydrolysis, which consistsigudfaction
usingr-amylase at 1.6% v/w (t = 1 h; T = 95-100; pH 6) and saccharification of the liquefactidurs by using3-
amylase at 3.2% v/w (t = various; T = 80; pH 5) and fermentation §accharomyces cerevisiae (t = 120 hours; pH
4, 5; yeast 5g). The best conditions were obtafoedorghum at saccharification t = 24 h, whichuied in the highest
ethanol yield, 91.5 g/L, and for iles-iles at t &, which yielded 107.1 g/L. The optimum amoun€afC}, to be added
was 200mg/L, which resulted in the highest ethameltl, 98.5 g/L and 92.4 g/L for sorghum and illEsj respectively.
This results shows that sorghum and iles-iles apenjsing raw materials for the production of biaatbl, since they
produce it in large amounts.

Abstrak

Produksi Bioetanol Berbahan Dasar lles-iles dan PatSorgum (Efek Penambahan CaGl dan Waktu
Sakarifikasi). Bioetanol yang dihasilkan dari sumber pertanian upgkan salah satu energi alternatif yang
dikembangkan untuk menggantikan minyak bumi. Nanpemggunaan bahan makanan seperti jagung dan siggko
untuk memproduksi bioetanol menimbulkan kendaleetkardapat menyebabkan kelangkaan pangan dan kenaika
harga pangan. Tujuan dari penelitian ini adalalukimienghasilkan bioetanol dari sorgum dan iles-i#®ana bahan
ini tidak digunakan oleh manusia sebagai makaremtama di Indonesia. Pada kedua bahan baku, eanang
diteliti adalah waktu sakarifikasi (4, 8, 24, da® jam) dan konsentrasi CgGlang ditambahkan ke dalam larutan
umpan likuifikasi pada berbagai konsentrasi (0,, 20D, 300, dan 400 mg/L). Proses hidrolisis entikrtardiri dari
likuifikasi menggunakami-amilase sebesar 1,6% viw (t = 1 jam; T = 95-100pH 6) dan sakarifikasi hasil likuifikasi
dengan menggunakgiamilase sebesar 3,2% v/w (t = variasi, T =°@) pH 5) dan fermentasi oleBaccharomyces
cerevisiae (t = 120 jam, pH 4, 5, ragi 5g). Kondisi terbaikeroleh untuk sorgum yang di sakarifikasi t = arhj yang
menghasilkan yield etanol tertinggi, 91,5 g/L, damuk iles-iles pada t = 48 jam, yang menghasilk@d,1 g/L.
Kondisi optimum dari CaGlyang n ditambahkan adalah 200mg/L, yang mengddabatasil tertinggi etanol, 98,5 g/L
dan 92,4 g/L untuk masing-masing sorgum dan iles-iHasil ini menunjukkan bahwa sorgum dan iles+iteerupakan
bahan baku yang menjanjikan untuk produksi biodidamena dapat dihasilkan bioethanol kadar tinggi.

Keywords: bioethanol, CaCl,, iles-iles, S. cerevisiae, sorghum

1. Introduction population growth have resulted in a 17-fold inseein
world energy consumption [2]. Approximately 44% of
The shortage of energy and environmental polluion the world’s energy demand is for petroleum, whish i

two important problems for human beings in the tiyen produced from fossils [3], which is used to make
first century [1]. Industrial development and rapid gasoline, diesel, and kerosene [4]. Petroleunlimited
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energy source; therefore, it will be depleted fadtéhe
dependence on oil is high. Moreover, the use ofifos
fuels has a negative impact on the environmentuseca

it can increase greenhouse gas emissions,(@@ air
pollution [4]. Much attention has currently beedsed

on the development of biofuel as a renewable energy
source that can be used as a substitute for petndlg].

Bioethanol is one biofuel that is considered a psarg
renewable energy source due to its potential ferassa
clean fuel for transportation, replacing gasolibg [n
Europe and America, as well as several developing
countries, bioethanol is already used as a fuel [6]
Increased bioethanol production as a renewableggner
source has had a positive impact on the developofent
agricultural products and the reduction of greeisieou
gas emissions by10-20% [7].

Bioethanol is produced from the fermentation ofhsuc
biomass as sugar, carbohydrates, and cellulose [8].
Today, molasses, a byproduct of sugarcane, isahe r
material most used in the bioethanol industry. The
limited availability of molasses has led to the wde
alternative raw materials to substitute for molasse
Corn and cassava have been used as raw matetigls, b
both are staple foods for humans [5,9]. The use of
foodstuffs as raw materials to produce ethanol has
reduced the availability of food, so it is necegstr
search for an alternative [8]. SorghuSorghum bicolor

(L) Moench) is a plant with a high sugar conter@][1
lles-iles @morphophallus campanulatus) is a tuber with

a high carbohydrate content [11]. Neither of thelsats

is used for human food, so they can be used as
alternative materials for the production of ethanol

The aim of this study was to compare the conceatrat
of ethanol produced from sorghum and iles-iles at
various saccharification times and various conegiotns

of added CaGl

2. Methods

Materials preparation. Sorghum grain was obtained
from a traditional market in Solo, Kleco. Sorghunaig

was washed, dried, and ground to flour. Sorghum
contains 70.9% starches and 32.8% crude fiber [12].
lles-iles was obtained from Wonogiri Central, Java,
peeled, and then washed and cut into pieces
approximately 5 x 5 x 0.1 cm. The pieces were sun
dried until the moisture content was less than E0fb
then ground into flour. lles-iles contains 78.7%rsh
and 30.9% crude fiber.

Hydrolysis. The enzymatic hydrolysis process consisted
of two stages: liquefaction using-amylase (Spectra
Genencor, USA) and saccharification usiiigmylase
(Spectra Genencor, USA).

Makara J. Technol.

(d)

Figure 1. (&) Sorghum Plant, (b) Sorghum Grain,
(c) Sorghum Flour, (d) lles-iles Plant, (e) lles-és
Tuber, (f) lles-iles Flour

In the liquefaction process, flour was dissolved in
distilled water to obtain slurry with a flour:wateatio of

1:4 (w/w). The slurry was conditioned to pH 6 ahdrt
a-amylase was added at a concentration of 0.32%. (v/v
CaC}, at concentrations of 0, 100, 200, 300 and 400
mg/L were then added to the flour slurry. The
liquefaction process was done at 95-100 °C using a
water bath in an oven (Memmert UNE 500, [USA]. The
slurry was stirred with a digital stirrer (IKA RWOD,
[USA] at 350 rpm for 1 hr. The resulting liquid was
cooled to 60 °C and conditioned to pH 5. A solutafn
B-amylase 0.64% (v/v) was then added.

The saccharification process was done at 60 °“Qyusin
water bath in an oven (Memmert UNE 500, [USA]).
The slurry was stirred with a digital stirrer (IKRW
20D, [USA] at 350 rpm for times of 4, 8, 24, and8

Preparation of Saccharomyces cerevisiagsaccharo-
myces cerevisiae was obtained from the Chemical
Laboratory UMS in the form of dry yeast (Mauripan,
[Indonesia]. It was cultivated in the starter meolia@.5

g KH,PQ,, 0.5 g yeast extract, 0.5 g peptone water, 0.5
g (NH,),HPQ(DAP), 0.1 g MgSQ@ and 2 g glucose
dissolved in 100 mL aquadest, then incubated for 24
hours at 30 °C.

Fermentation. The result of the hydrolysis was
conditioned to pH 4.5, after which 1 g urea, 0.BAP,
and a solution of 10% (v/v) starter yeast was added
This mixture was then allowed to ferment for 120 hr

Analysis. Measuring the reduction of sugar content was
carried out using a photometer (Boehringer 1040,
[USA]) at a wave length of 546 nm. Of the resu10.

mL (10 pL) was put into reaction tube. A reagent of

April 2014 |Vol. 18| No. 1
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glucose, 1000 pL/mL, was added, and the result was Aggarwal et al. (2001) reported that when sorghuss w

incubated for 10 min in the water bath at 7. The
content of ethanol produced by the fermentation was
determined using a GC (Agilent 6890N) equipped with
an HP-INNOWax column (30 m x 320um x 0.5um) and
an FID detector.

3. Results and Discussion

Effect of CaCl, on reducing sugar content It can be
seen in Figure 2 that the highest reduction of strgan
both sorghum and iles-iles occurred when Gatis
added at a concentration 200 mg/L. This resulted in
sugar concentration of 249.7 g/L for sorghum an8.@4
g/L for iles-iles. Previous studies reported thazyene
activity was affected by some factors, one of whics
metal ions, especially Cg13]. A Cd ion is usually
gained from the molecule Ca£2H,0. The cofactor for
the enzyme, Cagl can reactivate the enzyme [14],
though the addition of too much cofactor would slow
down the work of enzyme, as shown in Figure 2. The
addition of low concentrations of Gal00 mg/L and
200 mg/L, resulted in an increased sugar contentab
higher concentrations of €800 mg/L and 400 mg/L,
the yield of sugar decreased [13]. Shewale et280%)
found that the maximal sugar reduction was obtained
with the addition CaGlconcentration of 200 ppm [15].

The effect of saccharification time on sugar contdn
Figure 3 shows that the highest rate of sugar texhyc
236 g/L, occurred after 48 hours of saccharifiagatia
saccharification time of 48 hours also produced a
reduction of sugar in iles-iles, 254 g/L. The sugar
content of iles-iles was higher than that of sorghu
because the carbohydrate content of iles-iles fisur
higher than that of sorghum. Based on the raw rigdter
analysis, the starch content of iles-iles and somglvas
78.9% and 70.7%, respectively.

300

N sorgum
250 4 Oiles-iles
=
=0
~ 200 -
=
=1
% 150 -
5 100 -
=
]
-
50 A
o - L
0 100 200 300 400

CaCl, concentration (mg/L)

Figure 2. The Reduction of Sugar (g/L) from Additionof
CacCl, (mg/L)
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used as the raw material, the saccharification tiac: a
considerable effect on the sugar content: the kighe
sugar content was obtained after 24 hr of sacatetign,
with about 90% conversion [16].

Influence of CaClL on the content of ethanal The
typical chromatogram of the ethanol concentratith (
v/v) obtained by GC analysis are shown in Figuf@y$
for sorghum and (B) for iles-iles.

Without added CaGl the ethanol concentration
obtained from sorghum and iles-iles were 87.9 gill a
775 g/L, respectively. The maximum ethanol
concentration was reached when the addition of CaCl
was 100 mg/L; this resulted in ethanol concentretio
for sorghum and iles-iles of 99.9 g/L and 95.4 g/L,
respectively. This indicated that adding CaiGtreased
ethanol production by both sorghum and iles-iles.
However, ethanol concentration decreased when the
addition of CaGlincreased from 200 to 400 mg/L.

Figure 5 shows that the lowest ethanol concentratio
was obtained with the addition 400 mg/L of CaGl
which produced ethanol at 78.6 g/L and 71.2 g/L for
sorghum and iles-iles, respectively. The additib2@0D
mg/L of CaC} produced a concentration of ethanol of
98.5 g/L and 92.4 ¢g/L for sorghum and iles-iles,
respectively. These results indicate that ethanol
production was less with the addition of 200 mgfL o
CaCl than it was with an addition of 100 mg/L.
Previous studies reported by Zeng et al. [13] ssigge
that maximum ethanol production was obtained with t
addition of CaG 1.6 mg/L. When more Cagflwas
added, ethanol production decreased.

Figure 5 shows an increase in ethanol concentration
when fermentation time is 120 hr, while the
concentration of sugar decreased. These resultabed

300 -~
M sorgum
. 250 ~ O iles-iles
=
0
— 200
2
w 150 -
= 100 -
=
s
50 +
0 — -
4 8 24 48
Saccharification time(hour)
Figure 3. The Influence of Saccharification Time orSugar

Reduction (g/L)
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Figure 5. The Effect of the Addition of CaC} on Sugar Reduction in the Liquefaction and Ethanol Roduction for [A]
Sorghum and [B] lles-iles as Raw Materials. Fermemttion Took Place with 5 g/L Yeast at 30C. Reducing Sugar at
Various Concentration of CaCl, Addition: [l] 0 mg/L, [A] 100 mg/L, [® ] 200 mdL, [4] 300 mg/L, [*] 400 mg/L.
Ethanol at Various Concentration of CaCh Addition: [(J] 0 mg/L, [/A] 100 mg/L, P ] 200 mdL, [>] 300 mg/L, [+]
400 mg/L
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that the consumption of sugar by yeast correspomds
the conversion of sugar to ethanol [10]. Similssutes
were obtained by Rani et al. (2010) [17], who fotimak

the highest ethanol level corresponded to the lbwes
sugar content in the fermentation.

process, although both substrates resulted in aimil
amounts of sugar reduction in the saccharification
process. This indicates that the effective coneersif
sugar to ethanol was also dependent on the yeast in
fermentation, although CagClhad an effect on the
saccharification step. Based on Figure 7, additiona
CaCl did not increase ethanol production. As can be
seen at 300 and 400 mg/L CaGhe concentrations of
ethanol were similar without additional CaCIThe
ethanol concentrations were 86.7 g/L for sorghumh an
82.2 g/L for iles-iles with the addition of 300 rhg/
CaCl, and 77.4 g/L for sorghum and 73.2 g/L for iles-

The effect of saccharification time on ethanol
content. The effect of various saccharification times (4,
8, 24, and 48 hr) on liquefied flour slurry wastées
under identical fermentation conditions, and theults
are shown in Figure 6. For both iles-iles (Figurs) 6
and sorghum flour (Figure 6B) the optimum time for
fermentation was found to be 120 hr. The optimumeti
for the saccharification of liquefied flour slurnyas
found to be 24 and 48 hr for sorghum and iles-iles,
respectively. For iles-iles flour there was a digant
increase in the ethanol concentration at a sadiiaion
time of 48 hr, while a saccharification time ofdeban
48 hr resulted in a sharp decrease in the ethamaen-
tration. For sorghum flour, there was a sharp desen
the ethanol concentration at 48 hr saccharificatiiorwe,
but little variation of ethanol concentration was
observed at saccharification times of 4, 8, and24A
maximum ethanol concentration of 107.1 g/L was
obtained at a saccharification time of 48 hr after
fermentation time of 120 hr for the iles-iles flour
substrate, while the highest ethanol level for barg 0 & ' ' 0
flour was obtained at 91.5 g/L from a saccharifarat 0 50 100 150
time of 24 hr and a fermentation time of 120 hr. Fermentation time (hour)

A: sorghum
250

100

200 - 80

u
o
|
T

[
o
o
|
T

reducing sugar (g/1)

u
o
|
T

Bl

B: iles-iles

The results indicate that the highest ethanol
concentration (Figure 6) was due to the highest
reduction of sugar concentration in the sacchatifim

of the flour substrate (Figure 3). Increasing the
fermentation time of an enzymatic hydrolysate ekil
iles and sorghum flour from 1 hr to 120 hr resuliec
significant increase in ethanol concentration ugndar

60, then a lag phase until hour 120. Converselgasu
consumption decreased significantly from hour 0 to
hour 60, then decreased slightly from hour 24 urdilr

60. This was due to the sugar in the substrategbein
consumed by the yeast at the beginning of fermentat
until the yeast died due to the high ethanol comagan.
Similar results were reported by Guo et al. [2],owh /
found a significant increase in ethanol producfiimm 0 &
24 to 60 hours fermentation time. 0 50 100

Fermentation time (hour)

300 120

250 - 100

200 - 80
150 - 60

100 - 40

reducing sugar (g/1)

Ethanol(g/1)

50 - 20

0

150

Comparison of ethanol from Sorghum and lles-lles

with different amounts of added CaC}. Figure 7 Figure 6. The Effect of Saccharification Time on Ethanb

shows the effect of the addition of different amisuof
CaCb (0-400 mg/L) in the liquefaction step under
similar conditions of saccharification and fermeiota.
Figure 7 shows that both sorghum and iles-iles peed
the highest ethanol content when 200 mg/L Gagls
added to the liquefaction slurry, which correspotals
ethanol 98.5 g/L and 92.4 g/L for sorghum and iles-
flour, respectively. Sorghum produced a slightlghar
ethanol level than that of iles-iles in the fernadian

Makara J. Technol.

Production from [A] Sorghum: Reducing Sugar

at Various Saccharification Time: [ ]4 h, A ]8
h, [®] 24 h, [¢ ] 48 h. Ethanol at Various
Saccharification Time: [J]4 h, [\ 18 h, p P4

h, [{]148 h and [B] lles-iles: Reducing Sugarta
Various Saccharification Time : [® ] 4 h, [A 18 h,

[m] 24 h, [#] 48 h. Ethanol at Various Sacchari-
fication Time: [ O] 4 h, [A] 8 h, [£ ] 24 h,[{] 48

h. Ifermentation Took Place with 5 g/L Yeast at
30C
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iles with the addition of 400 mg/L CaClWith no
CaCl, addition, the ethanol concentrations were 84.2
g/L and 79.1 g/L for sorghum and iles-iles, respety.

The content of ethanol from sorghum and iles-iles
increased as the amount of Ca@tlded increased from
100 to 200 mg/L. From this we find that the optimum
concentration of Caglfor producing ethanol from
sorghum and iles-iles is 200mg/L.

Effect of saccharification time on ethanol content.
Figure 8 shows that the highest ethanol yield from
sorghum (91.5 g¢g/L) was obtained from fermented
substrate at a saccharification time of 24 hr. This
indicates that the ethanol content of iles-iles Wwiaher
than that of sorghum, which at the saccharificatiore

of 48 hr was measured at 107.1 g/L ethanol.

120
M sorgum
100 O iles-iles
—. 80
2
S 60
1]
=
&
40
20 +
0 T T T T T -
0 100 200 300 400
CaCl, concentration (mg/L)
Figure 7. Effects of CaC} Concentration and Type of

Flour Substrate on Ethanol Production in

Fermentation

120 -
W sorgum Oiles-iles
100 -
= 80 +
Sy,
=
© 60 -
=
m
-=
& 40
20 H
0 . L
4 8 24 48
Saccharification time (hour)
Figure 8. Effect of Saccharification Time on Ethanol

Production
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The ethanol content resulting from fermentationthef
substrate varied for different saccharification @sn
always higher for sorghum than for iles-iles. Aeth
saccharification times of 4, 8, and 24 hr the ethan
content for sorghum was 87.9 g/L, 89.1 g/L, andb91l.
g/L, respectively; for iles-iles it was 77.5 g/L8.8 g/L,
and 80.8 g/L, respectively.

4. Conclusions

It can be concluded that sorghum and iles-iles are
promising raw materials that produce high ethanol
concentrations. The results show that adding €ac€l
200 mg/L is optimum, producing ethanol concentratio

of 98.5 g/L and 92.4 g/L for sorghum and iles-iles,
respectively. The optimum saccharification time for
ethanol production from sorghum (91.5 g/L) is 24 hr
while for iles-iles (107.1 g/L) it is 48 hr.
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