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Abstract

The utilization of rice straw to produce bioenergy such as bioethanol is one of the most strategies for overcoming
fossil fuel crisis. The mixture between the highly purity bioethanol and gasoline (gasohol) leads the increasing of
octan number. Rice straw contains cellulose which is the raw material of the second generation of bioethanol. In
this research, the straw was pretreated with ozonolysis-alkaline pretreatment. The ozonolysis were carried out in
fixed bed reactor after the alkaline pretreatment process. The particle size of biomass on the ozonolysis-alkaline
pretreatment showed the significant effects on the degradation of lignin. Additionally, the ozonolysis-alkaline
pretreatment experiments evidenced a degradation of lignin. The ethanol production from rice straw was
investigated by using the simultaneous saccharification and fermentation (SSF) with cellulase enzyme from the
aspergilus niger and Saccharomyces cerevisiae. The results showed that the highest ethanol concentration is
about 110,97 mg/l which is obtained at the SSF time of 120 hours dan the yeast concentration of 20 mL.
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Introduction

The crisis of petroleum and climate change has caused the interest of renewable energies in
many countries such as Indonesia significantly increases. The conversion of lignocellulosic
biomass to biofuels especially bioethanol as transportation fuels gives the best optional to
decrease the greenhouse emission and supply the energy security. Rice straw is one of the
abundant lignocellulosic waste materials that can be utilized to become renewable energy.
The utilization of rice straw in Indonesia is still limited to the animal food and fertilizer.
Meanwhile, the rice straw has the huge potential to be converted to the second generation of
bioethanol. It has high cellulose and hemicelluloses content that can be readily hydrolysed
into fermentable sugars. The rice straw predominantly contains cellulose (41.06 %),
hemicellulose (13.88 %) and lignin (25.33%) (Chang, Thitikorn-amorn, J., & Ou, 2011).

The production of bioethanol second generation is more difficult compared than the first
generation of bioethanol. The lignin content in lignocellulosic biomass must be removed.
Therefore, a  pretreatment process is very essential in order to remove lignin and
hemicellulose, reduce cellulose crystallinity, and increase the porosity of the materials
(Karimi, Emtiazi, & Taherzadeh, 2006). Pretreatment is required to change the structure of
cellulosic biomass to make cellulose more accessible to the enzymes that convert the
carbohydrate polymers into fermentable sugars (Mosier, et al., 2005). The cellulose and
hemicellulose fractions can be enzymatic hydrolysed to monomeric sugars after a pre-
treatment process. The pretreatment process is highly cost, so the good pretreatment can
decrease the amount of enzyme for enzymatic hydrolysed (Wyman, 2007). Pretreatment
enhanced the yield of glucose. Without pretreatment results less than 20% of glucose,
meanwhile with the pretreatment process produces the yield of glucose is about 90%
(Hamelinck, van Hooijdonk, & Faaij, 2005). Several methods for the pretreatment of
ligncellulosic materials to enhance saccharification have been developed in laboratories by
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using steam explosion and alkaline peroxide (Cara, Ruiz, Ballesteros, Negro, & Castro, 2006),
ozonolysis pretreatment (Garcia-Cubero, Gonzalez-Benito, Indacoechea, Coca, & Silvia,
2009; Lee, Jameel, & Venditti, 2010); alkaline pretreatment (Mcintosh & Vancov, 2010;
Harun, Jason, Cherrington, & Danquah, 2010); and hydrothermal pretreatment (Thomsen,
Thygese, & Thomsen, 2008). These technologies are usually implemented under severe
reaction conditions with a large capital investment, high processing costs and great
investment risks (Li, Kim, Jiang, Kang, & Chang, 2009). Some of these methods produce
strong acidic, toxic residues in the treated lignocellulosic and inhibit compounds for
saccharification and subsequent ethanol fermentation. Moreover, the use of strong acids has
significant environmental risks. Meanwhile, alkaline pretreatment was shown to be more
effective on agricultural residues than on wood materials (Taherzadeh & Karimi, 2008).
Ozonolysis can effectively degrade lignin and part of hemicellulose. The pretreatment is
usually carried out at room temperature, and does not lead to inhibitory compounds
(Taherzadeh & Karimi, 2008). Based on the advantages of alkaline and ozonolysis
pretreatment, this research studied the combination of alkaline-ozonolysis pretreatment to
remove the lignin content in the rice straw. Pretreatment is the most expensive process in
lignocellulosic biomass to be converted to fuels, but it has the huge potential for improving
the efficiency and reducing of the costs through further research and development.

Enzymatic hydrolysis has several advantages (1) reduce the negative impact to environmental
(2) the enzymatic hydrolysis can be performed together with the fermentation, instead of
subsequent to the enzymatic hydrolysis (Olofsson, Bertilsson, & Lidén, 2008). This is called
as Simultaneous Saccharification and Fermentation (SSF). Enzymatic hydrolysis occurs in
two steps which are degradation of cellulose to cellobiose by endo-B-1,4-glukanase and ekso-
B-1,4 glukanase, subsequent by degradation of cellobiose by B-1,4 glukosidase (Martins,
Kolling, Camassola, Dillon, & Ramos, 2008; Ahamed & Vermette, 2008). Aspergillus niger
produce high content of B-glukosidase and low content of endo-p-1,4-glukanase and ekso-f3-
1,4-glukanase. Saccharification is carried out by adding cellulase enzym and B-glukosidase.
The research of bioethanol from lignocellulosic biomass has been studied by several
researchers (Adsul, et al., 2005); (Cara, Ruiz, Ballesteros, Negro, & Castro, 2006); (Cerverd,
Skovgaard, C, Sgrensen, & Jargensen, 2010); (Harun, Jason, Cherrington, & Danquah, 2010);
(Mcintosh & Vancov, 2010); (Garcia-Cubero, Gonzéalez-Benito, Indacoechea, Coca, & Silvia,
2009) (Erdei, Barta, Sipos, Reczey, Galbe, & Zacchi, 2010); (Lee, Jameel, & Venditti, 2010).
This research studied the simultaneous saccharification and fermentation (SSF) of pretreated
rice straw for the production of bioethanol.

Materials and Methods

Raw Material

Rice straw was collected from the location of Musi 2 Bridge (Keramasan) in the city of
Palembang, South Sumatera, Indonesia. The rice straw was then chopped, air-dried and stored
at room temperature. The rice straw were milled and sieved. The fractions were varied
between a 80-mesh screen and a 20-mesh screen and were collected for further use.
Determination of the structural lignin followed standard analytical methods of Kappa
Number.

Lignocellulose Pretreatment

Lignocellulosic materials were pretreated with the following procedures. 50 gram supply of
each dry material was placed in a 500 mL glass beaker and mixed well with 500 ml of NaOH
solution with the concentration of 5%. Ratio rice straw and NaOH solution was (1:10 w/v).
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The slurry was incubated in a rotary air bath at 120 rpm and 85 °C for 1 h. After the reaction,
the slurry was poured into 1.2 L of pre-cold acetone and mixed thoroughly. The mixture was
centrifuged at 8000 rpm for 10 min, and the supernatant was collected. After that, the solid
residue was washed again in 1.2 L of distilled water and centrifuged. The lignin content after
alkaline pretreatment was analysed by standard methods of Kappa Number.

The alkaline pretreated samples were continued by ozonolysis pretreatment to enhance the
removal of lignin content in the rice straw. The ozonolysis pretreatment of rice straw was
performed in a fixed bed reactor under room conditions. At the beginning of each test, the
ground rice straw was hydrated to the required value of 10 % moisture content. The raw
material fed into the reactor until total reaction volume was achieved and then exposed to the
oxygen/ozone gas stream in the fixed bed reactor. The production of ozone from the generator
was controlled by varying either the oxygen flow rate with the fixed electrical power supply.
The concentration of ozone in the gas phase was measured following the iodometric method
(Clesceri, Greenberg, & Eaton, 1999). The outlet gas flow of reactor was passed by a 2% of
KI solution to remove any unreacted ozone from the gas stream. The lignin content after
ozonolysis pretreatment was analysed by standard methods of Kappa Number. The resulting
ozone-treated substrate was dried in an oven at 45 °C, stored in a freezer before be used for
Simultaneous Saccharification and Fermentation (SSF) and for analysis of lignin content.

Simultaneous Saccharification and Fermentation

A 50 grams of rice straw pretreated were put into 1000 ml Erlenmeyer, then it was added the
solution of media (yeast extract of 5 g / L, (NHy) 2SO4 7.5 g / L; K;HPO,4 3, 5 g / L;
MgSO,7H,0 0.75 g / L and CaCl,2H,0 1 g / L) with a ratio of 1: 10 (w / v) and be adjusted
the pH of + 5. Then it was sterilized in the autoclave at 121 ° C for 60 min (Li et al, 2009).
Once in the autoclave, rice straw pulp is allowed to cool and then added with a cellulase
enzyme concentration of 20 ml. The fermentation time was varied between 72 hours to 168
hours, while the treatment of the yeast Saccharomyces cereviseae concentration of 5 ml to 20
ml. Furthermore Erlenmeyer shut with a cork. Then placed on a rotary shaker at 120 rpm for
each fermentation time. Ethanol fermentation Pycnometer method and analysed by
spectrophotometer method.

Results and Discussions

The results showed that the rice straw has the potential to be utilized to sugars especially
glucose and bioethanol. Initial pretreatment of rice straw aims to assist saccharification
process.

Effect of the Particle Size on the Reducing of Lignin Content of the Alkaline-Ozonolysis
Pretreatment

The Pretreatment were conducted by chemical method which is the combination of alkaline-
ozonolysis. Alkaline pretreatment was shown to be more effective on agricultural residues
than on wood materials (Taherzadeh & Karimi, 2008). Ozonolysis can effectively degrade
lignin and part of hemicellulose. The pretreatment is usually carried out at room temperature,
and does not lead to inhibitory compounds (Taherzadeh & Karimi, 2008). Ozone as strong
oxydator degraded the lignin content in the rice straw, so it released the cellulose that can be
hydrolysed to glucose.
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Figure 1. Effect of particle size on the reducing of lignin content of alkaline-ozonolysis
pretreatment

Figure 1 shows that the lignin content was effected by the biomass particle size. The lower
size of particle leads the reducing of lignin content increase significantly. The reducing of
lignin content is caused by the alkaline-ozonolisis pretreatment. The analytical method of
Kappa Number indicated that the reducing of lignin content is about 31,82 % for the size
particle of +0,425-0,850 mm. On the other hand, the size particle of +0,250-0,425 mm
resulted is about 54,17 % of the decreasing of lignin content. The reducing of lignin content
for the size particle of +0,180-0,250 mm is 76,19 %.
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Figure 3. The effect of SSF time on the ethanol concentration for various yeast concentration.
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The parameters used to study the effect of SSF time on the ethanol concentration are the SSF
time (72 hours to 168 hours) and the yeast concentration of 5 ml to 20 ml. The effect of SSF
time on the ethanol concentration for various yeast concentrations can be seen in figure 3. The
highest concentration of ethanol is about 110,97 gr/l which is obtained at the SSF time of 120
hours and the yeast concentration of 20 mL. The figure also showed that the concentration of
ethanol increase with the raising of SSF time. However after 120 hours, the ethanol
concentration decreased. This is because the time of SSF relate to microorganism growth
curve. The microorganism growth consists of six phases which are the adaptation phase,
initiation growth phase, quick growth phase, constant phase (stationer) and the death phases.

Conslusions

It has been made clear that efficient pretreatment of rice straw is possible using combination
of alkaline-ozonolyisis pretreatment. This can be attributed to the fact that the ozonolysis
affects the cellulosic region and the further alkaline solution removes of the re-localized lignin
and hence facilitates the enzyme treatment. The result showed that the lower size of particle
leads the higher reducing of lignin content. The highest lignin content decreasing is about
76,19% for the size of +0,180-0,250 mm. The highest concentration of ethanol is about
110,97 gr/l which is obtained at the SSF time of 120 hours and the yeast concentration of 20
mL.
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