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Abstract  

 

This study investigates the effects of rice straw pretreatment using sodium hydroxide and the 
addition of molasses as a co-substrate on biogas production through anaerobic fermentation. The 
pretreatment process involved immersing rice straw in sodium hydroxide solutions at three 
different concentrations for twenty-four hours, while molasses was added at varying levels to 
evaluate its effect on the fermentation process. Compositional changes in the lignocellulosic 
biomass were analyzed using the Chesson–Datta method, which revealed significant alterations in 
cellulose, hemicellulose, and lignin contents. The lowest sodium hydroxide concentration produced 
moderate delignification while retaining a relatively high cellulose content, indicating its potential 
as the optimal pretreatment condition. Molasses addition consistently increased biogas production 
as dosage levels rose, with the highest yield observed at the maximum molasses concentration. The 
combined application of the lowest sodium hydroxide concentration and the highest molasses level 
resulted in the maximum biogas yield, demonstrating improved substrate biodegradability and 
fermentation efficiency. These findings highlight the practical potential of integrating NaOH 
pretreatment with molasses co-substrate addition to enhance the conversion efficiency of 
lignocellulosic agricultural waste into renewable energy through anaerobic fermentation. 
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Introduction  

Indonesia has abundant natural 
resources and strong potential for 
developing renewable energy sources, 
especially new and renewable energy 
technologies (Dwivannie, Sasmita, and 
Pratiwi 2020). The increasing population 
has led to greater energy demand and the 
need for new energy solutions, including 
those based on biomass as a renewable 
energy source (Dwivannie et al. 2020). One 
of the most promising biofuels is biogas, a 

renewable energy source produced mainly 
from methane (CH₄, 50–75%), carbon 
dioxide (CO₂, 34–45%), and trace gases 
(Sabeeh et al. 2020) . 

Traditionally, biogas has been 
produced primarily from animal waste, 
particularly cow dung, which has shown 
high biogas potential. For instance, 1 kg of 
cow manure can generate 90–310 liters of 
biogas (Wang et al. 2019). In recent years, 
there has been renewed interest in non-food 
lignocellulosic biomass because it is 
abundant and does not compete with food 
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resources (Sabeeh et al. 2020). Rice straw is 
one such promising lignocellulosic material, 
widely available in Indonesia and 
considered an underutilized agricultural 
residue (Abdel daiem, Hatata, and Said 
2022). Although rice straw has great 
potential, it is still minimally utilized and is 
often left in the field or openly burned after 
harvest.  

Rice straw is a lignocellulosic 
resource with a high carbon-to-nitrogen 
(C/N) ratio, typically 50–70 (Ibrahim 2018), 
whereas the ideal C/N ratio for anaerobic 
digestion is around 20–30 (Deublein and 
Steinhauser 2011). Its complex structure, 
mainly composed of cellulose, 
hemicellulose, and lignin, makes it highly 
resistant to biodegradation (Aghbashlo et al. 
2018). Lignin, a complex aromatic polymer, 
interacts strongly with cellulose and 
hemicellulose, hindering microbial access to 
the fibers and reducing hydrolysis and 
fermentation rates (Du et al. 2019). Its rigid 
structure decreases porosity and restricts 
enzyme action, leading to lower overall 
biogas yield (Du et al. 2019). To overcome 
these constraints, pretreatment is required 
to break down the recalcitrant structure of 
lignocellulosic biomass.  

Pretreatment is essential to 
accelerate the decomposition of lignin-rich 
lignocellulosic materials, which cannot 
readily degrade during hydrolysis 
(Taherzadeh and Karimi 2008). Alkaline 
pretreatment, particularly with Sodium 
hydroxide (NaOH), is known to facilitate 
delignification, increase surface area and 
porosity, and enhance microbial 
accessibility (Sidiras and Koukios 1989; 
Ouahabi, Bensadok, and Ouahabi 2021). 
Through this process, lignin is disrupted 
and cellulose crystallinity is reduced, 
enabling more efficient enzymatic 
hydrolysis (Tan et al. 2021). Although NaOH 
pretreatment significantly improves 
methane production (Mirmohamadsadeghi 
et al. 2021; Peyrelasse et al. 2021), studies 
examining low NaOH concentrations, 
especially the unlocking mechanism of 5 g 
NaOH per gram of rice straw, remain very 
limited. Even moderate NaOH 
concentrations of 0.25 N, 0.5 N, and 0.75 N 

may support partial delignification without 
substantial cellulose loss. However, with 
increased use of alkali pretreatment, 
detailed characterization of post-treatment 
rice straw solids is often overlooked. Such 
analysis is crucial to clarify the behavior of 
lignin, cellulose, and hemicellulose fractions 
and their correlation with biogas 
production. The Chesson–Datta method 
serves as a valuable tool for identifying 
compositional changes and predicting the 
effectiveness of pretreatment strategies 
(Ouahabi et al. 2021). 

An additional option to increase 
biogas production is the application of co-
substrates. Molasses, a byproduct of the 
sugar industry, contains simple sugars such 
as sucrose, glucose, and fructose that 
provide an easily fermentable source for 
microbial metabolism (Kalemba and 
Barbusiński 2017). Molasses has also been 
identified as a good source of essential 
nutrients, including nitrogen, phosphorus, 
and potassium, which stimulate 
methanogenic microbial growth (Wen et al. 
2024). However, its concentration must be 
optimized, as excessive amounts can lead to 
rapid acidification and inhibit methanogens 
due to a sharp decline in pH (Fuess et al. 
2017). 

Although previous studies have 
reported the individual benefits of NaOH 
pretreatment and molasses addition on 
biogas production, comprehensive 
investigations into their combined effects on 
rice straw digestion remain limited. Hence, 
the novelty of the present study lies in the 
systematic evaluation of the synergistic 
interaction between sodium hydroxide 
pretreatment and molasses co-substrate 
addition, an approach that has not 
previously been explored for rice straw 
substrates. Furthermore, this study 
provides a detailed compositional analysis 
using the Chesson–Datta method to link 
variations in lignin, cellulose, and 
hemicellulose with biogas yield. By 
integrating chemical pretreatment with co-
substrate enrichment, this work proposes a 
low-cost and sustainable strategy to 
enhance the biodegradability and biogas 
potential of lignocellulosic agricultural 
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residues, offering scientific and practical 
significance for renewable energy 
applications in developing countries. 

 
Experimental Section 

Materials 
The materials used in this study 

consisted of chemical reagents and 
biological components essential for the 
anaerobic digestion process. Rice straw, 
weighing 18 grams per batch, served as the 
main lignocellulosic substrate. Cow dung 
was used as the inoculum, providing 
naturally occurring anaerobic 
microorganisms. Molasses was added as an 
additional carbon and micronutrient source 
at concentrations of 1%, 2%, and 3% v/v. 
NaOH solutions at concentrations of 0.25 N, 
0.5 N, and 0.75 N were used to pretreat the 
substrate to enhance its biodegradability. 
Urea, at 0.3 grams per batch, was added to 
supply nitrogen. EM-4 (Effective 
Microorganisms-4) served as a microbial 
activator. Hydrochloric acid (HCl) and 
concentrated sulfuric acid (H₂SO₄, 98%) 
were used for pH adjustment and chemical 
analysis. Distilled water (aquadest) was 
used throughout the procedures for dilution 
and rinsing. 

All reagents were of analytical grade, 
and all instruments were properly 
calibrated before use. Reactions involving 
volatile components and temperature-
sensitive steps were conducted under 
controlled laboratory conditions to 
maintain safety and data integrity. 

 
Instruments 

The equipment used in this study 
included an anaerobic batch digester 
(custom-fabricated reactor), a high-speed 
blender for substrate homogenization, and a 
combustible gas detector (CGD02B Mestek) 
for biogas measurement. Additional 
laboratory instruments included a precision 
electronic balance (±0.01 g accuracy), 100 
mL and 250 mL beakers, graduated 
cylinders, glass stirring rods, metal spatulas, 
filter paper, conical flasks, drying ovens 
(60°C and 85°C), watch glasses, glass 
funnels, 100 mL volumetric flasks, dropper 

pipettes, porcelain crucibles, and a muffle 
furnace capable of reaching 550°C. 

This section was adapted from 
Sumardiono et al. (2022), with 
modifications involving the addition of 
molasses as a co-substrate and the use of a 
7% EM-4 concentration. 

 
Procedure 

The investigation was organized into 
three consecutive experimental stages, each 
aimed at enhancing biogas yield from rice 
straw by applying alkaline pretreatment 
and supplementing with molasses as a co-
substrate. Each stage addressed a distinct 
research question and was carried out 
under tightly controlled laboratory 
conditions to ensure repeatability and 
comparability of measurements. After 
determining the optimal NaOH 
concentration for pretreatment, all 
treatments were replicated three times (n = 
3) to allow for appropriate statistical 
evaluation of the generated data. 

 
Alkali Pretreatment of Rice Straw Using 
NaOH (0.25 N, 0.5 N, and 0.75 N) 

In the initial phase of the study, rice 
straw was pretreated with NaOH at 
concentrations of 0.25 N, 0.5 N, and 0.75 N 
to evaluate the effects of varying alkalinity 
on lignocellulosic degradation. Separately 
prepared batches of 18 g of air-dried straw 
were immersed in 200 mL of the 
corresponding solution and allowed to react 
for 24 hours under ambient laboratory 
conditions. This alkaline exposure was 
intended to cleave ester and ether linkages 
within lignin and hemicellulose, thereby 
increasing cellulose accessibility for 
subsequent microbiological assays. 
Following treatment, the residues were 
neutralized by rinsing with distilled water 
until the eluate reached an approximately 
neutral pH, then air-dried under 
atmospheric conditions prior to 
compositional analysis. This controlled 
pretreatment procedure enabled systematic 
examination of the influence of NaOH 
concentration on the chemical structure and 
resulting biodegradability of rice straw. 
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Initial Chemical Characterization of Rice 
Straw  

In the second phase, chemical 
characterization was performed to establish 
the baseline lignocellulosic profile of 
untreated rice straw. Cellulose, 
hemicellulose, and lignin were quantified 
using a modified Chesson–Datta approach. 
Approximately 1 gram of oven-dried straw 
was subjected to analysis. Sequential 
chemical treatments separated each 
structural component according to its 
solubility and reactivity, enabling accurate 
gravimetric measurement of the individual 
fractions. The resulting compositional data 
served as a reference against which the 
alkaline pretreatment introduced in Step I 
could be compared. By examining changes 
in composition before and after sodium 
hydroxide treatment, this phase clarified the 
structural modifications induced by the 
chemical pretreatment. 
 
FTIR Characterization of Untreated and 
Optimally Pretreated Rice Straw 

In the fourth phase, FTIR was 
employed to characterize the molecular 
structure of rice straw before and after 
alkaline treatment. Analysis included 
untreated straw and material exposed to the 
sodium hydroxide concentration identified 
as most effective in Step III. The purpose of 
the FTIR analysis was to identify shifts in 
functional groups and to document 
modifications in the chemical linkages 
associated with cellulose, hemicellulose, and 
lignin. By comparing the spectra of the two 
sample sets, this phase highlighted the 
structural rearrangements induced by alkali 
exposure, thereby supporting the rationale 
for selecting the optimal pretreatment 
regimen. 
 
Effect of Molasses Co-substrate Addition 
on Biogas Yield 

The fifth phase examined the effect 
of molasses addition on biogas production 
from rice straw pretreated with the optimal 
sodium hydroxide concentration 
established in Step III. Four experimental 
groups were prepared for this assessment: 
1) Control: untreated straw with no 

molasses added; 2) Treatment A: alkaline 
pretreatment followed by the addition of 
1% molasses (v/v); 3) Treatment B: alkaline 
pretreatment with 2% molasses (v/v); and 
4) Treatment C: alkaline pretreatment with 
3% molasses (v/v). 
 
Determination of Optimal NaOH and 
Molasses Combination for Biogas 
Production 

Multiple treatments combining 
various NaOH concentrations with different 
levels of molasses were evaluated to 
determine their effect on biogas yield. The 
combination that consistently produced the 
highest and most stable gas output was 
identified as the optimal formulation for 
digesting rice straw. 
Throughout the experiment, researchers 
recorded daily and cumulative biogas 
volumes (g/L), digester pressure (cmH₂O), 
fermentation temperature (°C), and relative 
humidity (%RH). After digestion, the 
residual substrate was analyzed for 
cellulose, hemicellulose, and lignin content 
using the Chesson–Datta procedure. 

Results and Discussion 

The experimental findings indicate 
that pretreating rice straw with NaOH and 
adding small amounts of molasses 
noticeably enhanced its degradation during 
anaerobic digestion. Each result is discussed 
according to its respective test stage, 
covering changes in chemical composition, 
trends in gas production, and structural 
modifications identified through FTIR 
spectroscopy. Statistical analyses were 
conducted to confirm that the observed 
patterns were significant rather than due to 
random variation. 

 
Effect of NaOH Pretreatment on the 
Chemical Composition of Rice Straw 

The results show that the treatment 
of lignocellulosic feedstocks with sodium 
hydroxide significantly improves their 
biodegradability by cleaving ester bonds 
that connect lignin to structural 
carbohydrates, namely cellulose and 
hemicellulose. Bali et al. (2015) reported 
that alkaline pretreatment, particularly with 
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sodium hydroxide, reduces the degree of 
polymerization and makes cellulose 
substantially more accessible. During 
pretreatment, the NaOH solution disrupts 
the lignin network and breaks ester 
linkages, thereby loosening the rigid fibrous 
structure of the material. With the matrix 
opened, cellulose surfaces become more 
exposed and more readily hydrolysed by 

enzymes in subsequent stages of 
bioconversion (Bali et al. 2015). 

The delignification mechanism 
involves hydrolysis and partial oxidation, 
which increase lignin solubility and expose 
fermentable polysaccharides to microbial 
activity during anaerobic digestion. The 
following reaction illustrates this process. 

 
Figure 1. Reaction scheme of complex carbohydrate–lignin with NaOH

This reaction alters the ester 
linkages between lignin and carbohydrates 
(cellulose and hemicellulose), enabling the 
release of these polysaccharides through 
hydrolysis. Lignin, a key component of plant 
cell walls, is strongly bonded to 
carbohydrates via ester linkages, forming a 
recalcitrant matrix that hinders biomass 
utilization for bioenergy applications. When 
NaOH is introduced, it acts as a delignifying 

agent by breaking these linkages, resulting 
in lignin solubilization and increased 
carbohydrate availability for fermentation. 

The analysis of cellulose, 
hemicellulose, and lignin content was 
conducted using the Chesson–Datta method. 
The delignification percentages for each 
treatment are presented in Table 1. 

 
 

 

Table 1. Cellulose, Hemicellulose, and Lignin Content of Rice Straw Before and After Pretreatment 

Treatment Cellulose 
(%) 

Hemicellulose  
(%)  

Lignin  
(%) 

Delignification  
(%) 

Without Pretreatment 32.23 ± 0.002 30.10 ± 0.002 8.70 ± 0.000 - 

NaOH 0,25 N 22.56 ± 0.001  28.90 ± 0.001 7.46 ± 0.001 14.17 ± 0.013 

NaOH 0,5 N 21.86 ± 0.001 28.26 ± 0.001 7.40 ± 0.002 14.94 ± 0.020 

NaOH 0,75 N 16.00 ± 0.001 33.70 ± 0.000 7.03 ± 0.001 19.15 ± 0.013 

 
As shown in Table 1, untreated rice 

straw contained 8.70% lignin, 32.23% 
cellulose, and 30.10% hemicellulose. 
Following NaOH pretreatment, lignin 
content progressively decreased, reaching a 
minimum of 7.03% at 0.75 N NaOH. The 
corresponding delignification efficiencies 
were 14.17% (0.25 N), 14.94% (0.5 N), and 
19.15% (0.75 N). However, the highest  

 
delignification level at 0.75 N was 
accompanied by a significant reduction in 
cellulose (down to 16.00%), suggesting 
possible degradation or loss of fermentable 
components. 

0.25 N NaOH provided a favourable 
balance between lignin removal and 
cellulose retention (22.56%), making it the 
most efficient treatment condition. 
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Hemicellulose levels fluctuated slightly but 
peaked at 33.70% under the 0.75 N 
treatment, indicating partial redistribution 
or solubilization. Statistical analysis using 
the Kruskal–Wallis test confirmed 
significant differences (p < 0.05) in 
cellulose, hemicellulose, and lignin content 
across treatments, validating the chemical 
effects of NaOH pretreatment. 
 
Effect of NaOH Pretreatment on Biogas 
Production 

NaOH pretreatment significantly 
affected the physical and chemical structure 
of rice straw, improving its digestibility. 
Physically, the treated biomass appeared 
softer and more fragmented, indicating the 
breakdown of rigid lignocellulosic matrices. 
The biomass was treated with sodium 
hydroxide to observe the resulting 
structural changes and their effect on biogas 
production efficiency. Alkaline 
pretreatment, particularly using NaOH, one 
of the most commonly applied bases, 
facilitates microbial degradation of 
lignocellulosic biomass by removing lignin 
and hemicellulose components. 
Additionally, this method reduces the 
degree of polymerization and crystallinity 
and disrupts the linkages between lignin 
and other polymers (Mankar et al. 2021). 

Daily and cumulative biogas 
production profiles showed that all 
pretreatment levels enhanced biogas yield 
compared to untreated straw. The 0.25 N 
NaOH treatment resulted in the highest 
cumulative biogas production at 51.61 g/L, 

with peak production occurring on day 14. 
Treatments with 0.5 N and 0.75 N NaOH 
produced 50.48 g/L and 45.92 g/L, 
respectively. Although 0.5 N generated a 
biogas volume similar to 0.25 N, the more 
substantial cellulose loss observed in this 
treatment made 0.25 N the more efficient 
option overall. 

Previous studies have also 
demonstrated that lower NaOH 
concentrations are more effective in 
increasing biogas yield without inhibiting 
fermentative microorganisms. Therefore, 
0.25 N can be considered an optimal 
pretreatment concentration for rice straw, 
providing an appropriate balance between 
lignin degradation and maintaining 
microbial activity for anaerobic 
fermentation (Wang et al. 2019). 

A one-way ANOVA yielded a p-value 
of 0.075, indicating that the differences 
among treatments were not statistically 
significant at the 95 percent confidence 
level. Although the statistical analysis 
suggests that the tested NaOH 
concentrations did not produce significant 
differences in biogas output, the observed 
trends remain consistent with previous 
studies showing that NaOH pretreatment 
can improve feedstock quality and enhance 
biogas production. Further research 
involving different NaOH concentrations, 
extended pretreatment durations, or varied 
operational conditions may provide deeper 
insights into the role of NaOH in optimizing 
biogas production. 

 
Figure 2. Daily Biogas Production Chart
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Figure 3. Cumulative Biogas Production Chart

 

 
Figure 4. Characterization of Rice Straw using FTIR

FTIR Analysis of Structural Modifications 
FTIR spectroscopy was used to 

analyze structural changes in rice straw 
before and after NaOH pretreatment. The 
spectra showed significant changes in 
several functional groups, confirming 
chemical modifications within the 
lignocellulosic components.   

Based on the data presented in 
Table 2, the pretreatment process appeared 
to significantly affect the chemical structure 
of the straw, as indicated by shifts in 
absorption bands and the appearance or 
disappearance of several peaks in the IR 
spectra. The O–H stretching vibration 
corresponding to hydroxyl groups in 
cellulose, lignin, and phenolic compounds 
shifted from 3400.65 cm⁻¹ in untreated 

samples to 3411.26 cm⁻¹ in treated samples. 
This shift indicates the disruption of 
hydrogen bonding, suggesting molecular 
rearrangement due to alkali treatment 
(Tsegaye, Balomajumder, and Roy 2019). 

In the aliphatic region, the double 
peaks observed at 2921.32 cm⁻¹ and 
2858.63 cm⁻¹ in untreated straw, associated 
with C–H stretching of methyl and 
methylene groups in hemicellulose and 
lignin, were reduced to a single peak at 
2919.39 cm⁻¹ after pretreatment (Dumlu et 
al. 2021). This simplification suggests 
partial degradation of hemicellulose and 
lignin structures. Similarly, the C=O 
stretching vibration linked to aromatic 
carbonyl groups, characteristic of lignin, 
shifted from 1639.56 cm⁻¹ to 1635.71 cm⁻¹, 
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indicating a reduction in lignin content 
(Rahnama et al. 2014). 

A new absorption peak appeared at 
1235.46 cm⁻¹ following pretreatment, 
which can be attributed to the C–O 
stretching of acetyl groups in hemicellulose. 
This observation suggests that 
hemicellulosic side chains began to open 
during processing (Rahnama et al. 2014). 
The glycosidic region also showed 
significant spectral shifts: the initial peaks at 
1099.47 cm⁻¹ and 1061.86 cm⁻¹ shifted to 
1162.21 cm⁻¹ and 1057.04 cm⁻¹, 
respectively (Tsegaye et al. 2019). These 
changes reflect modifications in the 
molecular framework of cellulose and 
hemicellulose. 

In summary, the FTIR spectra 
demonstrate that the pretreatment step 
significantly altered the lignocellulosic 
architecture of rice straw by breaking 
hydrogen bonds, reducing hemicellulose 
and lignin content, and exposing additional 
functional groups. Such structural changes 
are crucial for enhancing biomass 
conversion into bioethanol or other 
biochemicals, as a more accessible structure 
accelerates enzymatic hydrolysis. These 
findings are consistent with earlier studies 
emphasizing the role of pretreatment in 
improving overall biomass conversion 
efficiency (Mosier et al. 2005; Sun and 
Cheng 2002). 

 
 

Table 2. Interpretation of IR Spectra on Straw Without Pretreatment and Straw with Pretreatment 

Absorption 
Zone (cm-1) 

Peak (cm-1) Interpretation of Functional Groups 

Straw Without 
Pretreatment 

Straw With 
Pretreatment 

3650-3400 3400,65 3411,26 O-H stretching of hydroxyl groups 
(cellulose, lignin, phenolic compounds) 

3000-2840 2921,32 
2858,63 

2919,39 C-H stretching of CH3/CH2 (hemicellulose, 
lignin) 

1750-1600 1639,56 1635,71 C=O stretching of aromatic carbonyl 
groups (lignin, esters, aldehydes) 

1240–1220 - 1235.46 C–O stretching of acetyl groups in 
hemicellulose 

1200-1050 1099,47 
1061,86 

1162,21 
1057,04 

C-O/C-C glycosidic bonds of cellulose and 
hemicellulose 

 
Effect of Molasses Addition on Biogas 
Production 

This study examines how different 
concentrations of molasses, 1%, 2%, and 
3%, affected the biogas yield from rice straw 
pretreated with 0.25 N NaOH, the 
concentration selected after earlier 
screening. By supplementing the substrate 
with molasses, the experiment aims to 
provide fresh, soluble carbon that 
methanogenic microorganisms can readily 
utilize, thereby promoting higher gas output 
during anaerobic digestion. 

The measurement results showed an 
increasing trend in biogas production with 
higher molasses concentrations, with the 
3% treatment producing the highest biogas 
volume compared to the 1% and 2% 
treatments. The daily biogas production 
curve showed a more significant increase 
under the 3% molasses treatment, 
particularly during the initial days of 
fermentation, indicating more optimal 
methanogenic activity. This can be seen in 
the following figures. 
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Figure 5. Daily Biogas Production on 0.25 N NaOH Pretreatment with Molasses Addition

 
Figure 6. Cumulative Biogas Production on 0.25 N NaOH Pretreatment with Molasses Addition

This phenomenon indicates that 
molasses supplementation enhances the 
biodegradation rate of lignocellulosic waste 
and accelerates the peak of biogas 
production (Andersen, Jensen, and 
Mikkelsen 2015). Lower molasses 
concentrations may not supply enough 
substrate to maximize anaerobic microbial 
activity. An optimal concentration is crucial 
for maintaining fermentation stability; 
insufficient substrate limits microbial 
activity, whereas excessive concentrations 
may lead to osmotic inhibition or a rapid pH 
drop due to the accumulation of organic 
acids (Mischopoulou et al. 2017). 

Molasses addition following 0.25 N 
NaOH pretreatment further increased 
biogas production. The 3% molasses 

treatment produced the highest cumulative 
yield of 106.53 g/L, peaking on day 4. In 
comparison, the 2% and 1% treatments 
produced 82.24 g/L and 80.32 g/L, 
respectively. As a source of readily 
fermentable sugars, molasses likely 
accelerated methanogenic activity during 
the early fermentation phase. However, 
statistical analysis using ANOVA revealed no 
significant differences among molasses 
treatments (p = 0.610), suggesting that 
although the trend is positive, higher 
concentrations or longer fermentation 
durations may be required to achieve 
statistical significance. 

The results of this study indicate 
that although molasses shows potential as a 
co-substrate, its use at concentrations 
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between 1% and 3% does not produce a 
statistically significant effect on biogas 
production. This highlights the importance 
of optimizing the combination of substrate 
composition, molasses concentration, and 
operational parameters in the anaerobic 
fermentation process to achieve improved 
outcomes. Therefore, future studies are 
recommended to test higher molasses 
concentrations, such as 5%, to determine 
whether a significant increase in biogas 
production can be observed. Additionally, 
evaluating a broader concentration range 
(e.g., 1%, 3%, 5%, 7%, and 10%) may offer 
clearer insights into the most effective 
molasses level for enhancing anaerobic 
digestion. Further research should also 
consider variables such as fermentation 
time, pH, temperature, and substrate 
characteristics to optimize the overall 
process. 

Combined Effect of NaOH Pretreatment 
and Molasses Co-substrate Addition 

This study aims to evaluate the 
extent to which the combination of 
pretreatment using a 0.25 N NaOH solution 
and the addition of molasses as a co-
substrate could enhance biogas production 
from rice straw. NaOH pretreatment is 
known to break down the complex 
lignocellulosic structure of rice straw, 
increasing its accessibility for microbial 
degradation during anaerobic fermentation 
(Zhao, Zhang, and Liu 2012 ; Hendriks and 
Zeeman 2009). Meanwhile, molasses, as a 
readily fermentable carbon source, is 
expected to boost the activity of 
methanogenic microorganisms involved in 
biogas production (Avena et al. 2024 ; 
Guang et al. 2017). 
 

 

Table 3. Biogas Production from Rice Straw under Various Combinations of NaOH and Molasses 
Pretreatment 

Treatment Total Biogas (g/L) 

Peak 

Production 

(day) 

Increase Vs. 

Control (%) 

Control (without pretreatment) 16.658  20 - 

NaOH 0,25 N 51.612  14 +209.833 

NaOH 0,5 N 50.479  14 +203.032 

NaOH 0,75 N 45.918  14 +175.651 

NaOH 0,25 N + Molasses 1% 80.316 ± 0.633 1 +382.147 

NaOH 0,25 N + Molasses 2% 82.24 ± 1.193 3 +393.697 

NaOH 0,25 N + Molasses 3% 106.526 ±0.548              4 +539.489 

 
As shown in Table 3, rice straw 

without pretreatment produced only 16.658 
g/L of biogas, with peak production 
occurring on day 20. In contrast, NaOH 
pretreatment alone at concentrations of 
0.25 N, 0.5 N, and 0.75 N significantly 

increased biogas yields to between 45.918 
and 51.612 g/L, while advancing peak 
production to day 14. These results 
represent improvements of 175.65% to 
209.83% relative to the untreated control, 
indicating that alkaline pretreatment 
enhances substrate biodegradability and 
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accelerates microbial activity during 
fermentation. 

Additional improvements were 
observed when molasses was introduced as 
a co-substrate. When combined with 0.25 N 
NaOH pretreatment, molasses at 1%, 2%, 
and 3% (v/v) increased cumulative biogas 
yields to 80.316, 82.240, and 106.526 g/L, 
respectively. These represent relative 
increases of 382.15%, 393.70%, and 
539.49% compared to the control. Molasses 
supplementation also advanced peak 
production to day 1 (1%), day 3 (2%), and 
day 4 (3%), suggesting that molasses not 
only enhances total biogas yield but also 
stimulates early-stage microbial 
metabolism. 

Among all treatments, the 3% 
molasses condition produced the highest 
biogas output, indicating that this 
concentration may provide an optimal 
balance of readily fermentable carbon and 
nutrient availability to support microbial 
growth. Although statistical analysis (p > 
0.05) showed no significant differences 
among molasses concentrations, the 
consistent upward trend in biogas 
production suggests a positive correlation 
between molasses dosage and biogas yield 
(Sun et al. 2016). 

In summary, the combination of 0.25 
N NaOH pretreatment and 3% molasses 
supplementation shows considerable 
promise for enhancing the anaerobic 
digestion of rice straw. Future studies 
should explore a broader range of molasses 
concentrations, extended fermentation 
durations, and untreated co-substrate 
controls to further elucidate the synergistic 
effects between pretreatment strategies and 
nutrient co-feeding. 

Conclusion  

NaOH pretreatment significantly 
modified the chemical structure of rice 
straw, particularly its cellulose, 
hemicellulose, and lignin content, as shown 
through the Chesson–Datta analysis and 
confirmed by the Kruskal–Wallis test (p < 
0.05). Among the concentrations tested, 
0.25 N NaOH provided the most effective 
balance between lignin removal and 

cellulose preservation, yielding the highest 
biogas production (51.612 g/L), although 
the increase was not statistically significant 
(p = 0.075). The addition of 3% molasses 
further improved biogas yield to 106.526 
g/L and advanced the peak production to 
day 4, indicating enhanced microbial 
activity during the early fermentation 
phase. Although statistical analysis (p = 
0.610) showed no significant differences 
among the molasses concentrations, a clear 
upward trend was observed as the 
concentration increased. The combination 
of 0.25 N NaOH and 3% molasses resulted in 
a 539.49% increase over the untreated 
control, demonstrating strong potential for 
enhancing the anaerobic digestion efficiency 
of lignocellulosic biomass. Further studies 
using broader molasses concentration 
ranges and microbial community profiling 
are recommended to optimize this approach 
for large-scale applications. 
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