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Abstract. Rice straw is agricultural waste containing high potency to be treated to biogas. However, the
usage of rice straw is still limited due to high lignin content that will cause low biodegradability. The aim
of this research was to study the effect of pretreatment using NaOH and acetic acid to biogas production
from rice straw. NaOH was varied from 2%w, 4%w, and 6%w; and acetic acid was varied from 0,075 M,
0,15 M dan 0,75 M. The rice straw was cut into 1 cm size and submerged for 30 minutes in NaOH and
acetic acid solution. The rice straw then filtered and neutralized before sending to anaerobic digestion
process using rumen fluid bacteria. Biogas produced was measured using water displacement method.
The result showed that the optimum concentration of NaOH solution was 4%w that resulted in biogas
volume of 21,1 ml/gTS. Meanwhile, the optimum concentration of acetic acid pretreatment was 0,075 M
that produced biogas volume of 14,5 ml/gTS. These results suggest that pretreatment using NaOH solution
is more effective for decreasing the lignin content from rice straw.

1. Introduction
Indonesia is an agricultural country with a large
agricultural sector, namely rice. Rice is the staple food
majority of Indonesian people. Results of production are
in the form of rice bran, straw and chaff. The agricultural
waste which is potentially to be developed and
processed into an environmentally friendly alternative
energy is rice straw [19]. In some countries, rice straw
has been converted and processed into other materials or
products such as paper and pulp, organic fertilizers,
mushroom cultivation media, building materials,
handicrafts, animal feed, and in the process of burning
the bricks to reduce energy consumption [22]
The amount of rice straw in Indonesia is very large
because Indonesia is one of the largest rice producer in
the world. Rice production was recorded in 2012
(ASEM) amounted to 69.05 million tons of dry rice husk
(GKG) or an increase of 3.29 million tons (5.00 percent)
compared to 2011. The increase in production occurred
in Java amounted to 2.12 million ton and outside Java at
1.17 million tons. The increase in production occurs due
to increasing harvested area 239.80 thousand hectares
(1.82 percent) and the increase in productivity by 1.56
quintal / hectare (3.13 per cent) (CBS, 2013).
Rice straw is agricultural waste which has high
cellulose content that causes their utilization is not
optimal. According to Stacey (1976), there is a lot of
alternative usage for rice straw i.e. to make biogas via
fermentation process by converting cellulose into
*

glucose which is the most important process in the
fermentation process. Cellulose content in rice straw
amounting to 33.9%, while the hemicellulose by 10.2% 25.6% to lignin content [14].

2. Materials and methods
Biogas production process was using waste rice straw as
raw material obtained from the Village Somomoro,
District Plupuh Sragen. The adjuvant to speed up the
process of decay and fermentation was using Rumen
obtained from slaughterhouses (Slaughterhouse) in
Semarang. Distilled water, NaOH (sodium Hydroxide),
CH3COOH (Acetic Acid) and H2SO4 (sulfuric acid)
were obtained from local chemical store Indrasari in
Semarang. The initial stage of the research was cutting
the hay to a size of 1 cm and then added to a solution of
acetic acid (0,075M, 0,15M and 0,75M) and a solution
of NaOH (2% w, w 4% and 6% w). Soaking was
performed for 30 minutes and then followed by filtering
and washing so that the pH of the straw was neutral
before it entered the next stage.
Research carried out by inserting a rice straw from
initial research results with a ratio of 10 grams (weight)
rumen : water : rice straw that is 2 : 1 : 1 [24]. A series
laboratory test of 400 ml biodigester was operated in
batch system. The main experiment apparatus consists of
biodigester and biogas measurement.
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ml/grTS. Differences in the volume of biogas produced
shows that there is an increasing volume of biogas at
their initial treatment compared with rice straw without
any pretreatment. This is in accordance with the research
conducted by [18] which explained that early treatment
will reduce lignin compounds in lignocellulose structure.
Research conducted by [9] also explained that early
treatment will also separate the main components
namely cellulose as a source of nutrients for the biogas
making bacteria. Lignin compounds would interfere with
biogas forming bacteria, consequently biogas production
results are not optimal. This can be seen in Figure 2 that
shows the pretreatment will increase the production of
biogas compared with without pretreatment.

Fig. 1. Schematic diagram of series laboratory batch
assessment of anaerobic digestion

Biodigester was made from polyethylene bottle
plugged with tightly rubber plug and equipped with
valve for biogas measurement. The temperature of
biodigester was maintained at certain value using
thermostatically controlled electrically heated water bath.
Biogas formed was measured by “liquid displacement
method” as also has been used by researchers before (3,
4-5, 21]The schematic diagram of experimental
laboratory set up as shown in Figure 1.

3.2 Effect of NaOH solution
Production from Rice Straw

on

Biogas

Pretreatment by immersion using an alkaline solution is
one important step in the process of biogas production.
Pretreatment on rice straw biodegradation can accelerate
and raise the volume of biogas production [8]. Their
initial treatment on a substrate to produce biogas is
characterized by decreased levels of lignin in a substrate.
In the study conducted using substrates such as rice
straw pick the cellulose content is quite high at around
31%, while 28% hemicellulose, lignin with 12% in the
control variable. NaOH alkaline solution is selected as
the initial treatment because besides the cheap price is
also effective in reducing the lignin content or degrade
lignin in rice straw. Here's a graph of the results of
studies using NaOH alkaline solution as a medium
pretreated by soaking for 30 minutes before the main
process in the manufacture of biogas.

3. Results and discussion
3.1 Effect of pretreatment on the production of
biogas from straw
Pretreatment is one of the first steps to degrade lignin
compounds that interfere with the process of the
formation of biogas from a biomass, due to the presence
of lignin compounds can inhibit the fermentation process
by microorganisms. Delignification was carried out with
the addition of two different chemical solutions i.e.
using solution of acetic acid (CH3COOH) [25] and using
an alkaline solution (NaOH) [8]. Pretreatment is
expected to degrade lignin content in rice straw and
accelerates the decomposition process of rice straw to
obtain optimal biogas yield [15]. Effect of early
treatment on the production of biogas from rice straw
can be seen in the graph below.
Base treatment,
4 % NaOH

No treatment

No treatment

Time, days

Fig. 3. Effect of Treatment NaOH to the production of biogas

In Figure 3 it can be seen that pretreatment using
NaOH 4% w produced the highest volume of biogas of
21.1 ml/rTS. At NaOH 2% w only about 20.4 ml/grTS
and the NaOH 6% w has 16.6 ml/grTS while biogas
without pretreatment has 17.2 ml/grTS. Their initial
treatment by using NaOH solution causes the volume of
biogas produced is higher than the volume of biogas
without pretreatment. Research conducted by Song et al.
(2013) explained that with early treatment using NaOH

Time, days

Fig. 2. Effect of Pretreatment in biogas production

In the process of biogas production from rice straw,
pretreatment can increase the production of biogas. The
optimum volume resulting from one of the variables
pretreatment with an alkaline solution of 4% w i.e 21.1
ml/grTS whereas without pretreatment only 17.2
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volume is 14.5 ml/grTS at variable 0,075M, 13ml/grTS
at variable 0,15M and 9,1 ml/grTS the variable 0.75 M.
In the study conducted by [16] explains that the lignin
compound will not be degraded in strong acids. Another
study conducted by [25] explains that the treatment
using a weak acid such as acetic acid at low
concentrations can also reduce the lignin content during
the immersion process lasts a weak acid solution.
Decreased levels of lignin in the amount of 7.15% to
16.88% lignin content. During the decreased levels of
lignin, cellulose is separated from the structure of
lignocellulose is converted methane microorganisms that
will ease the process of rice straw decomposition by
microorganisms for the production of biogas (Sari et al.,
2014). This is due to the increase in the rate of
hydrolysis due to greater volumes of hydrogen ions that
will help the process of dissolving hemicellulose and
lignin.
Another study conducted [17] explained that the
process of acid delignification will cause the structure of
lignin and hemicellulose which binds cellulose
condensed and settled so that the cellulose will be free
structure that is separate from the lignin and
hemicellulose then will facilitate the access of enzymes
or microorganisms to transform cellulose to become
monomer - monomer sugars as nutrients for
fermentation biogas. The decline lignin is also
accompanied by a decrease in hemicellulose and
cellulose which is the main nutrient that will use
microorganisms to produce biogas, so the results
obtained will be slightly [25]. Treatment using a weak
acid solution is less effective in degrading lignin but it is
more effective to reduce the levels of hemicellulose [17].
Therefore, research using a weak acid solution such as
acetic acid is less effective that the results obtained
biogas will also decrease because there are some
cellulose is also dissolved at the time of immersion using
a weak acid solution.

alkaline solution will reduce lignin compounds in rice
straw. The high concentrations of NaOH that used, then
increasingly reduced lignin because NaOH will change
microstructure of the cell walls of rice straw to facilitate
microorganisms in fermentation process for production
of biogas.
However, in a study with variable pretreatment 6%
w NaOH showed the opposite result with the biogas
production without pretreatment. The results obtained
fewer in compare without pretreatment. This is because
the addition of NaOH more than 4% w during the
process of pretreatment using NaOH can raise the
concentration of the substrate and dissolving many
carbohydrates (cellulose and hemicellulose) that are not
effective in the process of pretreatment before the
fermentation process [8]. At the time of cooking or
soaking with NaOH causing excessive fiber
(lignocellulose) becomes damaged and destroyed [23].
Therefore, the results obtained biogas is less than the
biogas without pretreatment. [8] explains that
methanogenic bacteria can operate optimally in the
process of anaerobic digestion at 4% w NaOH is added
to the substrate and if the addition of more than 4% w
NaOH then methanogenic bacteria do not effective for
biogas production process.
3.3 Effect of Acetic Acid Solution on Biogas
Production from Rice Straw
The addition of CH3COOH solution consists of three
concentrations are at a concentration of 0.075 M, 0.15 M
and at a concentration of 0.75 M. The difference in
concentration on the addition of CH3COOH solution
aims to determine the optimal conditions in the
delignification using an alkaline solution to produce
biogas. Here is the volume of biogas produced from a
wide variety of variables pretreatment using a solution
of acetic acid.

3.4 Comparison of Treatment Early On Biogas
Production From Rice Straw
In these discussions are expected to compare the
production of biogas between rice straw is given
pretreatment acidified with pretreatment under alkaline
conditions. The addition of acetic acid (CH3COOH)
consists of three concentrations that are at a
concentration of 0.075 M, 0.15 M and at a concentration
of 0.75 M, while at the beginning of treatment using
NaOH alkaline solution consists of three different
variables are variables 2% w, 4% w and 6% w.
Comparison of variables taken the most optimal results
in each pretreatment. At the beginning of treatment in
the form of the addition of acetic acid solution optimal
concentration of 0.075 M, while the initial treatment
using NaOH alkaline solution has a concentration of 4%
optimal variable w. Differences in the two optimal
concentration on each different pretreatment aims to
determine the optimal conditions in the delignification
chemical in producing biogas. Here is a comparison
chart between the initial treatment using a solution of
acetic acid and pretreatment using a solution of NaOH.

No treatment

Time, days

Fig. 4. Effect of early treatment of acetic acid to the production
of biogas

In Figure 4 it can be seen that the volume of biogas
produced in the absence of early treatment is higher
compared to their initial treatment. In the control
variables produce biogas volume was 17.2 ml/grTS
while acetic acid treatment produces biogas lower
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decrease in hemicellulose and cellulose which is the
main nutrient that will use microorganisms to produce
methane biogas so that the results obtained will be
slightly [25].
Using NaOH solution is very effective and efficient
in producing biogas as effective in reducing lignin
compounds that exist in fiber or straw compared with the
use of acetic acid as a solvent so that the cooking
process is chemically good delignification used that
delignification process using NaOH alkaline solution.
Results biogas obtained is also greater than the treatment
using acetic acid solution ie biogas volume of 6.6
ml/grTS more use of early treatment in alkaline
conditions than treatment in an acidic state.

Acid treatment
(acetic acid), 0.075
M

Base treatment
(NaOH), 4%

3.5 Effect of Pretreatment to Lignocellulose
Structure

Time, days

Pretreatment process in lignocellulosic materials needs
to be done to ease the process of hydrolysis, namely to
open up the structure of lignocellulose so that the
cellulose more accessible to enzymes that break down
polymeric polysaccharides into the form of monomers,
so as to reduce the performance of a microorganism in
biogas production and reduce costs during
delignification [7].

Fig. 5. Effect of acid treatment and alkaline treatment on the
production of biogas

In the graph above it can be seen that pretreatment
using NaOH alkaline solution is more effective in
reducing the lignin compounds is compared pretreatment
rice straw using acetic acid solution, so the treatment
using a solution of NaOH produce biogas volume more
than the treatment using acetic acid. Pretreatment with a
solution of NaOH produce biogas volume of 21.1 ml/
grTS on variable 4% w, 20.4 ml/grTS on variable 2% w
and 15.5 ml/grTS at 6% w variable so that at the
beginning of treatment using a base NaOH most
optimum is at 4% w variable with volume biogas
obtained is 21.1 ml/grTS. As for the initial treatment
using a solution of acetic acid to produce biogas volume
of 14.5 ml/grTS at 0.075 variable M, 13 ml/grTS on
variables 0.15 M and 9.1 ml/0.75 M grTS variable so
that the pretreatment conditions the optimum acid is at
0,075M variable with the volume of biogas produced
14.5 ml/grTS. In the study conducted [17] explained that
for decreased levels of lignin will simplify the process of
rice straw decomposition by microorganisms. Cellulose
is separated from the structure of lignocellulose is easier
to convert into biogas microorganisms so that at the
beginning of treatment using a solution of NaOH results
obtained biogas is greater than the control variables or
without pretreatment.
The process that occurs in the presence of the
treatment using NaOH alkaline solution, namely the
ester bond in the LCC (Lignin-carbohydrate complexes)
were destroyed due to the reaction of hydrolysis to
produce more cellulose for biogas production process.
Inter bonding units and functional groups themselves
lignin, cellulose and hemicellulose were also damaged.
Changes in chemical composition and physical
characteristics of rice straw causing it more easily
degraded and increase the production of biogas [11]. At
the beginning of treatment using acetic acid can also
reduce lignin compounds. As the research conducted by
[25] which explains that pretreatment in acidic
conditions can lower the lignin content of 7.15% to
16.88%, so that microorganism easier methane
compounds convert cellulose to produce biogas.
However, a decrease in lignin is also accompanied by a

Fig. 6. Percentage change of lignin, hemicellulose and
cellulose in the presence of pretreatment (acid and base) and
without pretreatment

From the results of the analysis show that there have
been a degradation of lignocellulosic components by six
different variables after the initial treatment. Rice straw
(Oryza sativa L.) were used in this study has a
hemicellulose content of 28%, 31% cellulose content
and lignin content of 12% which is the womb of control
without the administration of pretreatment or
pretreatment using either a solution of acetic acid or an
alkaline solution of NaOH. Lignin in the control variable
is a component that has not experienced a significant
reduction in all treatments. Decrease the highest lignin
component in the treatment of straw with NaOH 4% to
5.2% w lignin levels. Here is a table of analysis results
in decreased levels of lignocellulose rice straw.

4

MATEC Web of Conferences 101, 02011 (2017)

DOI: 10.1051/ matecconf/201710102011

SICEST 2016

Table 1. Lignocellulose content analysis in acid and alkaline
delignification
Lignin
Cellulose
Hemicelluloses
Variable
content
content
content (%)
(%)
(%)
0,075 M
8
39
23
Acid

Base

0,15 M

9

23

0,75 M

8,3

22,7

32

2%w

7

37

34

4%w

5,2

45

35

8

44

26

12

31

28

6%w
Control

difficult to degrade lignin because it has a complex and
heterogeneous structure that strengthens the plant
structure in resisting against microbial attack and
pressure oxidation [12].
Therefore the volume of biogas produced fewer and
smaller than in the presence of delignification or
pretreatment. At the hay with their initial treatment, the
cellulose originally bonded to the structure of
lignocellulose will decompose and despite making it
easier for microorganisms to convert cellulose to
manufacture biogas.

32

4. Conclusions
Pretreatment or delignification can affect the outcome of
biogas obtained because of the presence of the
pretreatment compound is lignin contained in plant
tissues and arranged into lignocellulose will break its
structure and degraded in the presence of NaOH solution
which can reduce the lignin content of 12% (variable
control) to 5.2% on a 4% w variable which is the
optimum variables in the study so that the results
obtained biogas is greater than the biogas on the control
variable. At the beginning of treatment using a solution
of acetic acid can lower the lignin content of 7.15% to
16.88% but reduced levels of lignin is accompanied by
decrease in hemicellulose and cellulose of network
structure in rice straw. Therefore, the treatment using
acid solution is less effective when used for pretreatment
or delignification process.

The table 1 above shows that overall, decreased levels of
lignin in the presence of either treatment using a solution
of acetic acid or an alkaline solution of NaOH. The
cellulose content increased on average above 31% for
the theoretical structure of lignocellulose rupture and
separate cellulose from lignin and hemicellulose
(Erviani et al., 2011). Characteristics of such cellulose
do not dissolve in alkali, soluble in concentrated acid
and insoluble in organic solvents and water (Ramdja et
al., 2010). Therefore, in the variable using a solution of
NaOH produces the most high cellulose content than
using a solution of acetic acid as a solvent for
delignification process. Cellulose is a polysaccharide
component will be used microorganisms methane to be
converted into simpler sugars monomer in the
production of biogas. Cellulose that had high levels of
naturally produced large volumes of biogas than
cellulose with low levels.
In the table above shows also that the hemicellulose
components decreased from 28% for the control variable
to 23% to 26%. Hemicellulose has the characteristics of
soluble alkali (NaOH solution is an alkaline solution)
and soluble in acidic and susceptible to hydrolysis
compared with cellulose [16]. Hence the hemicellulose
content decreased.
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