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ABSTRACT 

The Energy crisis associated with continuous depletion of fossil fuel is one of the prime concerns in the world. 

Henceforth, there is an increasing interest for renewable energy sources such as biofuels, as environmentally 

friendly alternatives for replacing fossil fuel. Among that, bioethanol is one of the most promising alternative 

energy sources for the limited crude oil which can be produced by bioconversion of variety of feedstock. 

Lignocellulosic feedstock such as rice straw is one of the most abundant sources which can be used for the 

production of second-generation biofuel without competes with the production of food crops. However, the 

pretreatment of second-generation biomass is critically important to maintain higher efficient anaerobic 

fermentation, provides higher bioethanol yield, and also to lower the inhibition conditions for fermentation. 

Also, the lignin removal is significantly valuable through biomass pretreatment, to create more accessibility for 

enzymes and microorganisms’ fermentation process. In this study, three different chemical pretreatment 

methods of base treatment, Acid treatment and NH3 Soaking were investigated to identify the optimal technique 

for maximizing bioethanol yield. Analytical techniques such as Fourier-transform infrared spectroscopy (FTIR) 

was employed to characterize the structural changes in the biomass during pretreatment. The analytical 

technique applied to measure the separated lignin weight. The pretreated samples were centrifuged at 500 rpm 

for 5 minutes and collected and separated lignin content weight and measured. Then total twelve reactors were 

designed for the fermentation for all chemical treated samples, by adding 8g of yeast, 125ml of water, and 0.5g 

of urea. The reactors are then sealed well and kept for a five to seven days for fermentation. Finally, a rotary 

evaporator is used to purify the ethanol after the fermentation process. Then, the percentage of ethanol present 

in the purified samples is obtained by the hand-held alcohol meter. The maximum lignin precipitate separation 

was recorded as 12 w/w% from NaOH-treated sample, with 4 g/ml % (w/v) concentration. Furthermore, NaOH- 

treated sample showed the highest peaks for most of the spectrums in the FTIR analysis and showed the highest 

cellulose and hemicellulose content availability for bioethanol production. Such as 2910 to 2930 cm-1 region for 

C-H alkane stretching bonds, the absorption peak at around 1650 shows the C=0 bond related to the 

hemicellulose, and the 1000 to 1100 cm-1spectrum region with the maximum peak reaching around 1035 cm- 
1characterizes the C-O stretching in cellulose and hemicellulose structure. Finally, the comparing the ethanol 

yield of the samples, the highest ethanol yield is found in the NaOH pretreated rice straw sample and its ethanol 

yield is 8.59%(w/w). The ethanol yield of H2SO4 pretreated straw and NH3 pretreated straw was 6.53%(w/w) 

and 7.14%(w/w) respectively. Ultimately, the rice straw provides a great sustainable 2nd generation biomass for 

produce renewable bioethanol to replace the fossil fuel. The NaOH deliver an optimum chemically low 

concentrated pretreatment condition for bioethanol production from rice straw, with better accessibility for 

cellulose and hemicellulose structure with higher bioethanol yield. 

Keywords: Bioethanol, Chemical-Pretreatment, FTIR, Lignocellulose, Rice-straw. 

INTRODUCTION 

Rice straw is one of the most abundant agricultural waste materials available in the world, and it has enormous 

potential to be used as a renewable biomass source for bioenergy generation [1], [2]. Around 800 to 1000 million 

tons of rice straw were produced worldwide in 2023, and more significantly, more than 75% of it was produced 
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in Asia [3]. Based on the 2018 figures, Sri Lanka generates around 800 GT of rice straw [4]. The rice straw is 

the leftover material after the rice harvesting process, and the majority of rice straws were burned in the paddy 

fields, which caused air pollution due to the emission of pollutants to the atmosphere, such as Carbon dioxide, 

and harmful to land and water system [1]. However, the rice straw is an agricultural waste and can be utilized as 

a 2nd generation biomass source for biofuel generation or converted into a fertilizer product or other product. 

Such as for producing bioethanol, biogas, combustible products, bio-char, value added chemicals or other 

biobased product [3], [5], [6]. Therefore, burning rice straw in paddy fields is not just environmental pollution 

but also destroying valuable biomass resources. Moreover, the sustainable production of biofuels or bioenergy 

is critically essential, and the food versus fuel conflict needs to be avoided [7], [8]. The rice straw is a non-edible 

waste material, and producing bioethanol from rice straw provides a sustainable and eco-friendly bioenergy 

solution for the global energy crises. 

Components of biomass include cellulose, hemicellulose, lignin, extractives, lipids, proteins, simple sugars, 

starches, water, hydrocarbon components (HC), ash, and other compounds [5], [7]. The rice straw mainly 

consists of cellulose, hemicellulose, and lignin; the cellulose and hemicellulose fraction are over 60% in rice 

straw biomass [5]. The cellulose provides the fibrous framework for rice straw due to the existence of glucose 

monomers; the hemicellulose is a heterogeneous polysaccharide and accompaniments this fibrous structure by 

filling in the space around the cellulose, and lignin is a complex aromatic structure base component provides the 

rigidity and strength to the plant material [5], [7]. The lignin creates resistance to degradation activity and 

prevents the accessibility of enzymes and microorganisms from reacting with cellulose and hemicellulose. 

Henceforth, the lignin separation before fermentation is critical in bioethanol production from rice straw [7], [8]. 

 

The Pretreatment of rice straw is a vital step in bioethanol production, and the overall process efficiency, 

bioethanol yield, and operation condition directly depend on the pretreated conditions of the rice straw [5], [7], 

[8]. The major purpose of Pretreatment in bioethanol production from rice straw is to make cellulose and 

hemicellulose available for optimum microbial activity in the fermentation process. The reduction of particle 

size and lignin separation are crucial pretreatment steps in 2nd-generation bioethanol production [7], [8]. 

Physical or mechanical pretreatment techniques are mostly applied to rice straw to reduce the particle size in 

bioethanol production [8], [10], such as chipping, grinding, milling, and pyrolysis. In some cases, two or more 

mechanical and physical operations follow to gain optimum particle size [8], [10]. However, this mechanical 

operation is an energy-consuming process; for example, the reduction of wheat straw particle size to 0.8 and 3.2 

mm, 51.6 and 11.4 KWh/ton power consumption, respectively [10]. Although compared with higher dense 

biomass like hardwood, the rice straw consumes lower energy for the mechanical or physical pretreatment 

process [7], [8], [10]. Moreover, other than physical and mechanical reactions, chemical treatments, biological 

treatments, and physio-chemical treatments are applied to lignocellulose biomass, mainly focusing on lignin 

separation and enhancing the enzymatic and fermentation degradation reactions [8]. The Pretreatment is shown 

to modify polysaccharides and lignin content to enhance the accessibility of cellulase enzymes. The chemical 

treatments are used as lignocellulose biomass pretreatment techniques in bioethanol production [1], [8]. Acid 

pretreatment, Alkali pretreatment, Ammonia explosion, Ionic liquid treatment, organic solvent treatment, and 

wet oxidation are commonly used chemical treatment techniques in 2nd generation bioethanol production [6], 

[10]. The chemical treatments deliver great openings to separate the lignin fraction from lignocellulose biomass 

and afford better accessibility to microbial activities and enzymatic hydrolysis for the cellulose hemicellulose 

structure. Also, the separated lignin can be used as a sustainable biomass to produce several products, such as 

fuels, fuel additives, chemicals, and valuable materials [6], [9], [10]. Furthermore, the chemically pretreated 

biomass offers higher efficiency in later processes, provides higher bioethanol yield, lower inhibition conditions 

for fermentation, and requires a low amount of enzyme for the bioethanol production [9], [10]. The biological 

pretreatment technique is another method used for the 2ndgeneration of biomass pretreated in bioethanol 

production, and it is considered the most environmentally friendly and sustainable pretreatment technique [6], 

[10]. Microorganisms, such as rot fungi, perform the pretreatment process. The white rot fungi such as Ceriporia 

lacerate, Phanerochaete chrysoporium, Pycnoporus cinnabarinus, ceriporiopsis subvermispora, Cyathus 

stercoreus, and Pleurotus ostreatus have been successfully used in the pretreatment processes [10]. This 

technique consumes lower energy content, and no chemicals are used. The treatments are performed under mild 

conditions and afford higher lignin separation capability [10], [11]. However, the reaction time is longer than 

most chemical treatment techniques. Hence, this does not extensively apply in industrial and commercial 
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applications [10], [11]. 

Several types of microorganisms with a culture medial can be utilized to generate bioethanol from rice straw 

biomass, Such as Yeast, Bacteria, Fungi, and some specific Algae [12], [13]. Since rice straw is a cellulose and 

hemicellulose-rich lignocellulose biomass, yeast fermentation provides a promising approach for bioethanol 

production [12], [14]. The yeast fermentation process mainly produces bioethanol and water, but more impurities 

and trace amounts of by-products can be generated [15]. Thus, purification is critical in pure or highly 

concentrated bioethanol production. The usability of bioethanol depends on the quality and concentration of the 

final bioethanol mixture. Distillation is the most broadly used method for purification, and molecular sieves and 

membrane separation are some other techniques that can be used to gain a higher-quality bioethanol stream [8], 

[15]. However, the two major components produced in the yeast fermentation process are ethanol and water, and 

it make an azeotropic mixture [15], [16]. Therefore, biorefining ethanol from an azeotropic mixture becomes a 

challenging task for the distillation process, and special operation conditions must be followed [15], [16], [17]. 

The purified bioethanol is more usable for several applications, especially in internal combustion engines. The 

purified, highly concentrated bioethanol can be bled with petrol in several ratios to use as a vehicle fuel [15], 

[18]. Moreover, purified bioethanol can be utilized as a chemical in industries like pharmaceuticals, cosmetics, 

cleaning, and solvent extraction applications [19]. 

 

The bioethanol produced from 2nd generation biomass, like rice straw, shows a significant impact on a 

sustainable future for several reasons such as first, bioethanol is a renewable energy source which can replace 

the liquid fossil fuel consumption and reduce greenhouse gas emissions [19], [20]. Secondly, the utilization of 

2nd generation biomass, like rice straw, provides a solution to produce energy through non-edible material and 

avoid the food versus fuel debate over bioenergy production. At the same time, it provides a sustainable waste 

management approach for the unused rice straw [20]. Thirdly, the utilization of rice straw, especially in rural 

areas, for bioethanol production causes national development and fostering economic growth while reducing 

environmental pollution and carbon footprint. 

 

The major objective of this research study is to identify the optimum low chemical concentrated pretreatment 

conditions for bioethanol production from rice straw. After the rice harvesting, the acid, alkaline, and ammonia 

soaking pretreatment techniques were applied to a rice straw sample collected in Sri Lankan paddy fields. The 

pretreatment condition was analyzed using Fourier transform infrared (FTIR) outcomes and separated lignin 

weights. Then yeast fermentation was performed on pretreated rice straw samples in a lab-scale bioreactor, and 

the ethanol content was compared in three different pretreated rice straw samples. 

 

METHODOLOGY 

Rice Straw Pretreatment 

The rice straw was collected from a paddy field in Sri Lanka, washed, and cleaned to remove the mud and other 

impurities. Then, the washed rice straw was dried to remove moisture by keeping it in an oven until it reached a 

constant weight at 105 °C [21]. The dried rice straw was cut and chopped into particles smaller than 2 mm. We 

used a 2 mm x 2 mm mesh, filtered out the large particles, and prepared 5 g of rice straw bulk samples with 

particle sizes less than 2 mm. Afterward, the three-difference chemical pretreatment of acid, alkaline, and 

ammonia soaking was performed for the rice straw samples at the concentrations mentioned in Table 1. 

Then the samples were centrifuged at 10,000 rpm for 10 minutes to refine and separate the cellulose and 

hemicellulos from the fractured lignin structure using a centrifugal unit (Digicen 22 Universal, CE226 

SN221598/01). The separated lignin fraction was weighted, and the results were analysed. Furthermore, the FTIR 

analysis was performed to analyse the structural variation of rice straw samples before and after chemical 

pretreatment processes. The cellulose, hemicellulose, and especially the lignin structure variations were evaluated 

using FTIR infrared spectra [22], [23]. The FTIR absorption spectrum was measured and recorded in the range 

of 400 to 4000 cm-1. The key observations were based on the functional groups of C-H alkanes, glycosidic bonds, 

O-H alcohols, C=O and C-O-C bonds related to the cellulose and hemicellulose structures, and the C=O and 

aromatic functional groups related to the lignin structure [22], [23], [24]. 
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Bioethanol Production from Pretreated Rice straw 

Twelve reactors were designed to produce bioethanol by the yeast fermentation of pretreated samples as described 

in Table I. 

Table I. Twelve reactor parameters for bioethanol production from pretreated rice straw. 

 

Rice straw samples 

(5g) 

Chemical Treatment Chemical Concentration 

(% w/v, g/100 ml) 

Reaction time (Hours) 

01 H2SO4 acid 1 4 

02 H2SO4 acid 2 4 

03 H2SO4 acid 3 4 

04 H2SO4 acid 4 4 

05 NaOH Base 1 4 

06 NaOH Base 2 4 

07 NaOH Base 3 4 

08 NaOH Base 4 4 

09 NH3 soaking 2 24 

10 NH3 soaking 4 24 

11 NH3 soaking 8 24 

12 NH3 soaking 10 24 

8 g of yeast powder and 0.5 g of urea were mixed with 125 ml of water to make the culture media for each 

reactor unit. The urea is added as the N nutrient source for the anaerobic fermentation [11], [25]. The reactors 

were correctly sealed to create an anaerobic, fermented environment. The produced carbon dioxide is released 

through a tube from the reactor to balance the reactor pressure using a tube that passes through a water medium. 

Moreover, bioethanol and carbon dioxide are the two major products produced in yeast fermentation, and the 

reactor operation conditions were verified and observed through carbon dioxide bubbles flowing through the 

water media. The reactors were kept for five days for the ideal anaerobic fermentation of pretreated rice straw 

[25]. 

Bioethanol purification and analysis 

Rotary evaporation was applied in this study at vacuum conditions to upgrade the ethanol content and separate 

it from other impurities after the bioethanol production process. A rotary evaporator, also known as a rotavapor, 

is a laboratory instrument used for the efficient and gentle removal of solvents from samples by evaporation. 

The hot water bath was used to keep the temperature at 74 °C with the rotary evaporator unit (RotavaporR R- 

100) to perform the separation activity at a constant temperature level. A 0.8-bar vacuum pressure level was set 

to gain higher purification efficiency in the rotary evaporation process. The ethanol concentration of the final 

product was measured using a handheld alcohol meter (SG-Ultra max plus Digital hydrometer 172244 DMA 

35). A handheld alcohol meter, also known as a portable alcohol tester or alcohol refractometer, is a small and 

moveable device used for quick and on-the-spot measurement of alcohol content in a liquid stream. 
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Ultimately all the measurements and recorded date were analysed, and compared the ethanol production capacity 

for three difference chemical pretreatment conditions. 

RESULTS AND DISCUSSION 

After the chemical pretreatment processes, the lignin fraction was separated by centrifugation, as described in 

the Methodology section. Rice straw is a soft-weight plant, and on average, it contains 10 – 20 % lignin from 

the overall weight [5], [25]. The exact lignin content recovered may be slightly low value due to the existence 

of a small amount of silica, and contaminants like nitrogen, potassium and aliphatic organic compounds can exist 

within lignin precipitate [26], [27]. The weighted analysis in this study elaborates that around 2 -12 % precipitate 

with lignin was recovered from the chemical treatment. Based on the results shown in Table 2, NaOH alkaline 

treatment reached the highest precipitate separation with lignin. The maximum precipitate separation was 

recorded as 12 w/w% from NaOH-treated sample number 08, with 4 g/ml % (w/v). Based on the weight fraction 

results, the NaOH alkaline pretreatment on rice straw showed better results at low concentrations and lower 

reaction times. 

Furthermore, the FTIR analysis was performed on rice straw samples before and after the pretreatment process. 

The highest lignin precipitate recovered samples in each chemical treatment method (Sample 03, 08 and 12) 

were taken into FTIR analysis along with raw rice straw samples for the structural variation comparison. The 

rigidity of the lignin base cell wall determines the capability of microbial and enzymatic activity for the anaerobic 

fermentation process [24], [25]. After the pretreatment, a significant portion of lignin is expected to be broken 

down and removed and greater accessibility for cellulose and hemicellulose structure. The FTIR analysis with a 

spectrum range of 4000 to 400 cm-1 elaborate comprehensive analysis with the characteristics of cellulose, 

hemicellulose, and lignin structures. Table 3 illustrates the corresponding wavelength number ranges for the 

functional groups relating to the cellulose, hemicellulose, and lignin structures. The broadband spectrum range 

between 3000 to 3500 cm-1 represents the hydroxyl group (O-H) stretching in the cellulose fraction. Furthermore, 

in a detailed analysis, the highest 

Table II. Cellulose, Hemicellulose, and Lignin FTIR spectrum band [22]. 

 

Major Component Wavenumber – Corresponding peaks (cm-1) Functional Groups 

Cellulose 2910 – 2930 C-H alkanes 

875 – 930 Glyosidic bond 

1075 C-O-C 

3300 - 3500 O-H alcohol 

Hemicellulose 1720 C=O 

2920 C-H alkanes 

875 – 930 Glyosidic bond 

Lignin 1720 C=O 

1650 - 1515 Aromatic 

peak represents at 3341 cm-1 denoted the hydroxyl group vibration of cellulose structure [23], [28]. Based on the 

Figure 2 FTIR spectrum graph, the higher cellulose hydroxyl content was shown in pretreated rice straw samples 

compared to raw rice straws. Moreover, sample number 4, of NaOH alkaline treated with 4g/100 ml, represents 

the highest peak at this spectrum range. The FTIR figure shows a peak in the absorbance band range at 2910 to 
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2930 cm-1, denoting the C-H alkane stretching bonds in Cellulose and Hemicellulose [22], [24]. Compared to 

raw rice straw, a higher peak was visible in pretreated samples, and the highest peak was recorded in alkaline 

and Ammonia-treated samples. The absorption peak at around 1650 shows the C=0 bond related to the 

hemicellulose in the rice straw samples, with the highest peak at alkaline-treated sample number 4. The band at 

875 to 930 cm-1 regions is assigned for the Glycosidic bond linkages of cellulose and hemicellulose [22], [24], 

[28]. Not like other peaks, the Ammonia soaking sample represents a higher peak at this Glycosidic bond region 

compared with acid and alkaline-treated rice straw samples. The 1000 to 1100 cm-1 spectrum region represents 

another cellulose and hemicellulose content in rice 

Figure 1. Separated Lignin fraction weight ratio (% w/w) compared with rice straw sample 

 

 

Figure 2. FTIR analysis for raw rice straw and Pretreated rice straw samples 

straw samples [22], [24], [28]. The maximum peak reaches around 1035 cm-1, characterising the C-O stretching 

in cellulose and hemicellulose structure, and as normal in previous results, the pretreated samples showed a 

higher peak compared to raw rice straw, and the alkaline treated sample number 4 shows the highest peak 

compared with other pretreated samples. Finally, the C=O and O-H bond with cellulose and hemicellulose-rich 

structure is more represented in chemically pretreated samples and more suitable for bioethanol production than 

raw rice straw. Ultimately, from the overall results of precipitate lignin weight and FTIR peak analysis, sample 
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number 4 of NaOH alkaline treated with 4g/100 ml displays the highest lignin precipitation weight and higher 

peak for the cellulose and hemicellulose bonds. 

Therefore, the alkaline treated rice straw sample number 4 shown the best result among these chemical 

pretreatments for bioethanol production and at low chemical concentration pretreatment conditions, the alkaline 

solution provide better results for anaerobic fermentation and bioethanol production. 

The bioethanol was produced at the same reactor condition for all 12 reactors to identify and compare the 
 

Figure 3. Acid pretreated samples Bioethanol Yield w/w % - Bioethanol/Rice Straw 
 

Figure 4. Base pretreated samples Bioethanol Yield w/w % - Bioethanol/Rice Straw 
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Figure 5. Ethanol Yield w/w % - (Produce Ethanol weight / Rice straw Sample weight) 
 

 

 

 

 

 

 

 

     

  

  

  

  

 

 

Figure 6. Ammonia pretreated samples Ethanol Yield w/w % - Bioethanol/Rice Straw 

bioethanol production capacity with different pretreatment techniques. The bioethanol concentration was 

measured using a handheld alcohol meter (SG-Ultra max plus Digital hydrometer 172244 DMA 35) for the 

finally purified bioethanol sample, which was taken from the rotary evaporation (BUCHI RotavaporR R-100) 

process. The bioethanol yield ratio between produced bioethanol weight and rice straw sample weight results are 

shown on the graphs of Figures 3, 4, and 5 for the acid, base, and alkaline pretreated samples, respectively. Based 

on the FTIR and lignin portion separation results, the best acid-pretreated conditions were denoted for sample 3 

with 3g/100 ml acid concentration. According to Figure 3, the highest bioethanol yield from acid-treated samples 

was also recorded for sample number 3 as 6.58 % w/w bioethanol yield. Likewise, from FTIR and lignin 

separation results, the optimum alkaline and ammonia pretreatments for the bioethanol production were recorded 

as sample number 8 and sample number 12, with the 4g/100 ml alkaline concentration and 8g/100 ml ammonia 

concentrations. Similarly, the highest bioethanol yield records at the sample numbers 8 and 12 for the alkaline 

and ammonia-treated samples as 8.59 and 7.14 % w/w bioethanol yield respectively. Considering the overall 

bioethanol production and bioethanol yield results for the 12 reactors shown in Figure 6, sample number 4 of the 

4g/100 ml alkaline treated sample shows the highest value. Like the FTIR and lignin precipitate results, the 

highest bioethanol yield was achieved in the low-concentrated NaOH alkaline treated sample. Based on our 
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findings, the low-concentration chemical treatment can be applied to rice straw to pretreat the rice straw and 

gain higher cellulose and hemicellulose accessibility for the anaerobic fermentation and higher enzymatic 

activity in bioethanol production with low to medium silica and lignin content. 

Eventually, using rice straw as a 2nd generation biomass for the production of bioethanol by applying dilute or 

low-concentrated chemical pretreatment will be an effective and critically important due to the rice straw 

availability as an agricultural waste, the environment benefits, primarily by reducing air pollution, and also to 

achieve the sustainability concerns [4], [29], [30]. Moreover, the environmental impact from chemical 

consumption is low due to dilute concentrations, and bioethanol is a renewable biofuel that assists in reducing 

dependency on fossil fuels. 

CONCLUSION 

The study analyses the bioethanol production capacity for three different low-concentrated chemically pretreated 

rice straw samples. The lignin portion was separated from rice straw by centrifugation, and 2 -12 % precipitate 

with lignin was recovered from the chemical treatment. Based on the results, the maximum lignin precipitate 

separation was recorded as 12 w/w% from NaOH-treated sample number 08, with 4 g/ml % (w/v). The FTIR 

spectrum analysis was performed on the pretreated rice straw samples with a range between 4000 cm-1 to 400 

cm-1 regions. Several peaks were recorded in FTIR analysis related to the cellulose and hemicellulose structure. 

Such as 2910 to 2930 cm-1 denote the C-H alkane stretching bonds, the absorption peak at around 1650 shows 

the C=0 bond related to the hemicellulose, and the 1000 to 1100 cm-1spectrum region with the maximum peak 

reaching around 1035 cm-1 characterizes the C-O stretching in cellulose and hemicellulose structure. NaOH- 

treated sample number 08, with 4 g/ml % (w/v), showed the highest peak for all these spectrums and showed the 

highest cellulose and hemicellulose content for bioethanol production. The band at 875 to 930 cm-1 regions was 

also assigned for the Glycosidic bonds’ linkages of cellulose and hemicellulose, but only this spectrum ammonia- 

treated sample showed the highest peak. From the overall results of precipitate lignin weight and FTIR peak 

analysis, sample number 4 of NaOH alkaline treated with 4g/100 ml displays the highest lignin precipitation 

weight and higher peak for the cellulose and hemicellulose bonds. The bioethanol was produced from each 

pretreated rice straw sample. The highest bioethanol yield per rice straw sampler was recorded for each pretreated 

set as 6.53 % w/w for acid-treated sample 3, 7.14 % w/w for ammonia-treated sample number 12, and the highest 

among all from alkaline pretreated samples as 8.59 % w/w. Ultimately, considering all the results achieved in 

this study, sample number 12, with the 4g/100 ml alkaline concentration, provides the best low-concentrated 

pretreated condition and highest bioethanol yield. 
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