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Current ethanol production technology has a dire need for efficient conversion of
lignocellulosic biomass to fermentable sugars. The conversion requires
pretreatment of the biomass, one of the most expensive steps, and thus it is
quite necessary to identify themost cost-effective and high-efficiency conversion
method. In this study, rice straw (RS) biomass was pretreated using 4%NaOH alkali,
soaked for 4 h, and autoclaved for 30 min. The structural and morphological
changes were examined using Fourier transform infrared spectroscopy (FTIR),
X-ray diffraction (XRD), and scanning electron microscopy (SEM) analysis in both
native and alkali-treated RS. The FTIR analysis revealed that native RS contains a
considerable amount of lignin that was removed after the pretreatment process.
The XRD pattern of the RS revealed an increasing crystallite size of the pretreated
lignocellulosic biomass. The study of SEM clearly showed the distorted structure
and surface porosity after the pretreatment process. Enzymatic hydrolysis
efficiency was checked by comparing the commercial enzymes and microbial
hydrolysis extracted from a fungal isolate. The best-reducing sugar yield obtained
was 0.62 g/L, achieved at optimized conditions from the commercial enzymes.
Fermentation efficiency was checked using the yeast isolate Saccharomyces
cerevisiae in both the native and pretreated substrate, and the highest ethanol
concentration (21.45%) was achieved using 20% w/v biomass loading, enzyme
loading (2:1:1), and fermentation for a week at 30°C and pH 4.5. This concentration
was higher than that of the untreated RS (3.67%). The ethanol thus produced was
further checked for analysis by the 1H and 13C nuclear magnetic resonance (NMR)
methods.
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1 Introduction

The increase in population has led to increased energy consumption, causing a shortage
of fossil fuels, in turn driving a dire need to develop alternative energy sources (Mankar et al.,
2021). Ethanol obtained from renewable resources has been of great interest in the past few
decades (Taghizadeh-Alisaraei et al., 2019). Bioethanol production utilizing biomass
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consisting of cellulosic components is a cleaner and safer choice than
fossil fuels, which are non-renewable energy resources (Sanni et al.,
2022). Currently, bioethanol is most commonly produced using
first-generation conversion technologies that rely on food-based
agricultural crops such as sugars or starch (Melendez et al., 2022). At
present, bioethanol production from lignocellulosic wastes, which
are termed second-generation technologies, has become an
alternative way as these methods do not compete with food crops
or agricultural land, are economical, abundantly available, and have
lower transportation costs (Yadav et al., 2022). Low-cost ethanol can
be produced utilizing lignocellulosic biomass; hence, bioethanol
produced from biomass is considered an attractive, renewable
energy source for fuel transportation (Broda et al., 2022).

Regarding total production, one of the major staple crops
produced globally is rice, mostly grown in Asia and viewed as
the world’s third most important grain crop (Fukagawa Naomi
and Ziska, 2019). Rice crop cultivation is accompanied by the
production of rice straw (RS), an agricultural waste, and the
options for disposal are directly burning it in the fields
(Bhattacharyya et al., 2021). The degradation rate in the soil is
slow and might enhance stem-rot disease in rice. Burning is a major
practice that releases smoke and creates pollution, consequently
affecting the environment and public health. RS is characterized by
having low alkali and high cellulose (Sahoo et al., 2013) and
hemicellulose (Huang et al., 2021; Guleria et al., 2022; Kaur
et al., 2023) content that can convert to fermentable sugars,
which is why it is considered an attractive feedstock for
bioethanol production (Singh et al., 2021). In these waste
products, the lignin acts as a barrier and provides resistance
against enzymatic action, while the cellulose and hemicellulose
are intertwined with each other and packed densely in the cell
wall of the plant (Goodman, 2020; Kumari and Singh, 2022). The
carbohydrates should be made easily accessible for further
hydrolysis processes by disrupting the lignin. Thus, a
pretreatment step is necessary when converting the lignocellulosic
biomass to high-degree fermentable sugars (Laca et al., 2019).
However, the composition of RS varies depending upon several
parameters, such as climatic conditions, type of soil, genetic
variability, and environmental influences (Takano and Hoshino,
2018; Khantibongse and Ratanatamskul, 2023). If efficiently used,
RS can be utilized as a feedstock for the competitive production of
bioethanol, resulting in lessening fossil fuel dependence and further
reducing pollution. An estimated 650–975 million tonnes of RS are
produced annually worldwide (Bhattacharyya et al., 2020; Hassan
et al., 2021). China alone produces 400 million tonnes of straw that
could, in fact, be used as a replacement for 200 million tonnes of coal
(Hassan et al., 2021). A recent study unveiled annual RS production
of 370–520 million tonnes worldwide, 330–470 million tonnes in
Asia, and 100–140 million tonnes in Southeast Asia (Ren et al., 2019;
Van Hung et al., 2020; AboDalam et al., 2022).

The overall conversion of lignocellulosic biomass to bioethanol
consists of three major steps: pretreatment, hydrolysis of enzymes,
and lastly, fermentation. The pretreatment step is the most crucial as
it greatly impacts the overall bioconversion and causes changes in
the microstructure, macrostructure, and chemical composition of
the lignocellulosic biomass. In the case of substrates such as RS,
pretreatment is quite necessary to achieve the best yield of
fermentable sugar (Malik et al., 2022; Deng et al., 2023). The aim

of pretreatment is to disrupt the recalcitrant nature and increase in
surface area of the cellulosic biomass, making cellulose more
accessible to enzymes so that it can easily convert carbohydrates
into fermentable sugars and remove hemicelluloses and lignin.
However, eliminating lignin and hemicellulose depends on the
types of pretreatment techniques, severity, and process conditions
(Zhao et al., 2020).

There are several reported pretreatment methods, viz., the
physical, chemical, physico-chemical, and biological, as well as
their combinations. Chemical pretreatment can easily digest the
enzymatic saccharification process and increase the yield of
fermentable sugars (Sunkar and Bhukya, 2022). However, using
inorganic acids, such as HCl and H2SO4, often leads to severe
corrosion of the equipment and excessive degradation of the
carbohydrates. Therefore, selecting a mild pretreatment method
that is eco-friendly can improve the overall economic
performance of biofuels (Luo et al., 2022; Luo et al., 2023).
Moreover, physicochemical technologies have been extensively
researched to demonstrate their distinct mechanisms of action
for breaking down cell walls. Currently, studies are being made
on converting biomass to fermentable sugars using microorganisms
such as cellulose-degrading fungi, which are found to be
environmentally friendly and less expensive (Tan et al., 2021;
Ningthoujam and Dhingra, 2022). Ningthoujam and Dhingra
(2021) also demonstrated the viability of Trichoderma reesei and
Aspergillus flavus as cellulase producers (Ningthoujam and Dhingra,
2021). A single pretreatment method is considered ineffective;
therefore, efforts are being made to study various combination
methods that can produce higher theoretical yields (Dimos et al.,
2019; Khan et al., 2021). Luo et al. (2022) stated that the addition of
detoxified reagent enhanced the enzymatic hydrolysis of the
pretreated biomass (Luo et al., 2022).

In the present investigation, native RS was selected as a feedstock
for bioethanol production. Changes in functional groups, changes in
crystallite size, and structural changes in RS were studied both in
pretreated RS and after pretreatment. The study was investigated by
using Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD), and scanning electron microscopy (SEM). In
addition, the fermentation efficiency of both the native and
pretreated RS was checked. The ethanol thus obtained was
determined using the 1H and 13C nuclear magnetic resonance
(NMR) spectroscopy techniques.

2 Materials and methods

2.1 Raw materials and chemicals used

The RS was collected from a nearby field in Imphal East District,
Manipur, India. The RS was dried, chipped, and ground to size
particles less than 1 mm. The finely powdered RS was thoroughly
washed with double distilled water (ddw) to eliminate all the soluble
contents present in it. The rinsing with distilled water continued
until the wash water became clear. The commercial cellulase enzyme
(ONOZUKA R-10) and α-amylase (from Malt) were obtained from
HIMEDIA, Mumbai, India; amyloglucosidase obtained from
Aspergillus niger was procured from SIGMA, United States.
Furthermore, the cellulolytic fungus Aspergillus flavus (Accession
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No. OK330386) was isolated from a soil sample to check its cellulase
activity. Saccharomyces cerevisiae (Accession No. OK189580), which
is ethanologenic, was isolated from grapes to check its fermentation
efficiency.

2.2 Lignocellulosic biomass pretreatment

The NaOH pretreatment of RS was performed in a conical flask
loaded with 10% biomass (w/w) with 4% (w/v) NaOH, soaked for
4 h and incubated at room temperature, that is, 27°C, and then
autoclaved at 121°C and 15 lb pressure for 30 min. Highly alkaline
residues (approx. pH 10–12) were washed with distilled water until
they attained pH 7.0, filtered, and dried for 48 h at 65°C. A measure
of 0.96 g of the substrate was reduced after the washing process, and
this pretreated substrate was later used for enzymatic hydrolysis.
Alkaline pretreatment, compared to acidic and hydrothermal
processes, formed fewer inhibitory compounds; thus, no
exogenous reagents were added to remove the inhibitors.

2.3 Compositional analysis of the substrate

For the compositional analysis, cellulose, hemicellulose, and lignin
were analyzed as per Yang et al. (2006). Hemicellulose content was
determined by taking 1 g of RS and treating it with 150 mL of 0.5 M
NaOH aqueous solution, and incubating it at 80°C for 3.5 h. Again, it
was extensively washed to eliminate the presence of Na+ ions,
maintained the pH at 7.0, and dried to a constant weight.
Hemicellulose content was considered the difference in weight
before and after the RS treatment. Lignin content was measured by
taking hemicellulose-free RS (0.5 g) treated with 98% sulfuric acid
(15 mL) and incubated for 2 h at 30°C, then diluted to 4% sulfuric
acid using de-ionized water. It was then autoclaved for 1 h at 121°C.
Titration with 10% BaCl2 was performed to remove the sulfate ions
present in the remaining RS, and the sample was dried in a hot air oven
for 24 h at 65°C. The final weight obtained was estimated as the lignin
content. Finally,Cellulose content � Total content − (Hemicellulose +
Lignin) (Xin and Geng, 2010).

2.4 Hydrolysis of enzymes

In this step, the pretreated substrate underwent enzymatic
saccharification, performed by incubating 10 g of pretreated RS
in 50 mM citrate buffer and maintaining the pH at 4.8. The
enzymatic hydrolysis was carried out using commercial cellulase
enzyme (ONOZUKA R-10), α-amylase fromMalt (HIMEDIA), and
amyloglucosidase solution from Aspergillus niger (Sigma Aldrich).

Enzymatic hydrolysis by the enzymes, as mentioned previously,
was checked in different random combination ratios (0:1:1, 1:0:0, 1:
0:1, 1:1:1, 2:1:1, and 1:2.5:1), and the best combination ratio
producing the maximum reducing sugar was identified. The
microbial enzymatic activity of two microorganisms, the strain
Trichoderma reesei (MTCC 4876), which is one of the most
famous producers of cellulases, and the novel fungal isolate
Aspergillus flavus (Accession No. OK330386), which was isolated
from the soil sample, was compared. Both samples, each containing
one of the two microorganisms, were incubated at 45°C for 96 h at
150 rpm in order to assess their enzymatic hydrolysis activity. The
reduced sugar obtained was quantified using the previously
described method (Dsouza et al., 2012).

2.5 Structural characterization of rice straw

2.5.1 FTIR analysis
FTIR spectra were analyzed to investigate the changes in

functional groups in both the untreated and alkaline-treated
biomass. FTIR analysis was performed using the PerkinElmer
spectrophotometer model RX I (V max in cm−1) using KBr and
was recorded at 400–4,000 cm−1 absorption band mode.

2.5.2 XRD analysis
Untreated and alkaline-treated RS samples were analyzed by

XRD instrument PANalytical X’Pert Pro. The crystallite size
denoted by ‘D’ was calculated using the following equation: D �
K × λ

βCos θ, where D (hkl) = size of the crystallite (nm); k = Scherer
constant; λ = X-ray wavelength; β = full-width at half-maximum of
the reflection hkl measured at 2θ, which is the corresponding Bragg
angle (Sunkar and Bhukya, 2022).

2.5.3 SEM analysis
Changes in the surface morphology of the RS after alkaline

pretreatment were observed by SEM and were compared with the
native biomass. The surface morphology images of both the

TABLE 1 Composition of cellulose, hemicellulose, and lignin content before
and after pretreatment of rice straw biomass.

Rice straw Cellulose (%) Hemicellulose (%) Lignin (%)

Native 29 25 17

Alkaline
pretreated

45 20 4

FIGURE 1
FTIR spectra of untreated and alkali-pretreated rice straw.
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untreated and chemically treated substrate were taken using a
scanning electron microscopy Model JSM 6100 (JEOL) with SEM
Image Analyser software.

2.6 Yeast strain, inoculum preparation, and
fermentation conditions

Fermentation products were checked using a yeast strain isolated
from the skin of grapes and were found to be Saccharomyces cerevisiae
(Accession No. OK189580), which was identified by sequencing its
regions using the primers ITS1 5′TCCGTAGGTGAACCTGCGG 3′
and ITS4 5′TCCTCCGCTTATTGATATGC 3’. It was then submitted
to GenBank as a new yeast strain. The inoculum was prepared by
growing it in YEPDmedia and incubating it at 30°C for 24 h. The isolate
extracted from the sugar-rich habitat was found to be more productive
than the commercial strain.

The hydrolyzed RS suspended in citrate buffer was used as
the fermentation medium throughout the study. Simultaneous
saccharification and fermentation (SSF) were selected for
fermentation along with the ethanologenic yeast isolate. The
medium was inoculated with 1 × 108 cells/mL with a biomass

concentration of 10% (w/w). The fermentation conditions were
a) fermentation time (24, 48, 72, and 96 h), b) pH (4, 4.5, 5, 6,
and 7), c) temperature (25°C, 27°C, 30°C, 35°C, and 40°C), and d)
concentration of inoculum (2.5%, 5%, 7.5%, and 10%). At the
end of each fermentation experiment, the broth was centrifuged
at 6,000 rpm for 10 min, and ethanol concentrations were
estimated by the potassium dichromate method (Generalic,
Eni. 2023).

2.7 Ethanol analysis

The chemical structure of the extracted compounds was
determined by observing the 1H NMR and 13C spectra. The 1H
and 13C NMR spectra were recorded using DMSO solvent at
500 MHz on a Bruker Advance NEO spectrometer. The 1H NMR
(proton nuclear magnetic resonance) technique is one of the
quantitative determination methods for ethanol, and
tetramethylsilane (TMS) is used as a reference. This chemical
shift is represented by ‘δ’ and is considered to be 0.0 ppm. It is
an accurate and rapid method for determining the presence of
ethanol. Furthermore, the use of NMR over GC or HPLC for ethanol
analysis is preferred due to its non-destructive nature and minimum
sample requirement. The simplified proton NMR spectrum of
ethanol enables the hydrogen atoms to be easily identified. 13C or
Carbon-13 nuclear magnetic resonance, or carbon NMR, allows the
identification of carbons present in ethanol.

3 Results and discussion

3.1 Compositional analysis of the rice straw

After pretreatment of the feedstock with alkali, its lignocellulosic
composition was measured. The lignocellulosic contents of the
untreated and treated RS were compared and are shown in
Table 1. The cellulose content after NaOH pretreated RS
increased to 45%. Pretreatment also resulted in increasing the
accessibility to cellulose, and also, during enzymatic hydrolysis, it
yielded maximum fermentable sugar. The hemicellulose content was
found to be reduced to 20% in pretreated biomass, whereas it was

TABLE 2 Major FTIR assignments of untreated and alkali-pretreated rice straw.

Wavenumber (cm−1) Functional group assignment Related biomass component Reference

3,600–3,200 O-H stretching of H bond Cellulose Phitsuwan et al. (2017)

2,972 C-H stretching Cellulose He et al. (2008)

1,643 C=C aromatic skeletal vibrations Lignin He et al. (2008)

1,517 C=C stretching Lignin Louis et al. (2022)

1,423 C-H deformation Cellulose He et al. (2008)

1,120 Si-O-Si Silicates Yadav and Fulekar (2019); Yadav et al. (2023)

1,059 C-O stretching/Si-O-Si Kaur and Kuhad (2019)

1,260 Guaiacyl ring C-O stretching Change in lignin monomer Sonwani et al. (2020)

815 C-H out of plane Cellulose He et al. (2008)

FIGURE 2
XRD spectra of untreated native and alkali-pretreated rice straw.
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25% in native biomass. The reason may be because of its amorphous
structure in nature that easily hydrolyzes during the chemical
treatment. Almost all the lignin content was removed, falling
from 17% in native biomass to 4% in treated biomass. Earlier,
Sindhu et al. (2012) also analyzed the chemical constituents of RS
and reported that cellulose was approximately 34 ± 3.5%,
hemicellulose was approximately 28.45 ± 3.2%, and total lignin
was approximately 18.12 ± 3.02%. There is a slight composition
variation of the RS in our result obtained compared to that obtained
by Sindhu et al. (2012). It may be due to different soil composition/
texture, temperature, humidity, or variety of the rice. However, our
obtained result was in close agreement with Sindhu et al. (2012).

3.2 Enzymatic hydrolysis

Glucose was the standard sugar used for comparison with the
pretreated rice RS hydrolyzate. Production of glucose was only
observed in pretreated biomass. An optimized combination ratio
of 2:1:1 was used for the final enzymatic hydrolysis. The optimum
conditions for enzymatic hydrolysis in our present investigation
were biomass loading (10 g), enzyme loading (2:1:1), and incubation
time of 96 h at 45°C, which releases a maximum reducing sugar of
0.62 g/L. Even after enzymatic hydrolysis, the untreated biomass
produced no reducing sugar, revealing that pretreatment is strictly
required to convert the biomass to sugars (Mankar et al., 2021). Both
commercial enzymes and microorganisms known to produce
cellulolytic enzymes were used in our study to compare their
efficiency. The actions of microbial enzymatic hydrolysis were
checked, and both organisms tested were found to produce
cellulase enzyme; however, this process took relatively longer

than commercial enzymes to convert the biomass to reducing
sugars.

3.3 Surface characterization of the rice straw

3.3.1 FTIR analysis of pretreated and untreated rice
straw for functional group identification

The structural difference in the untreated and alkali-treated RS
was revealed by the FTIR spectra. Figure 1 clearly shows the changes
in the spectra of treated and untreated RS with regard to intensity
and shape. The bands of both samples were compared, and it was
found that some of the band positions were altered, and some bands
were absent in the pretreated RS due to alkali treatment. The broad
band at 3,600–3,200 cm−1 corresponds to the O-H stretching of
hydrogen bonds, and the signal at 2,972.7 cm−1 has been assigned to
the C-H bonds, which are the characteristic features of cellulose
(Bhattacharyya et al., 2020; Mankoo et al., 2023; Yan et al., 2023).
This band was reduced after the NaOH treatment, indicating that
methyl and methylene of cellulose had some rupture. The bands at
1,643.2 and 1,634.7 cm−1 are associated with deformation vibrations
of H-OH in absorbed water. The band near 1,423 cm−1 can represent
C-H bending in cellulose and hemicellulose (Md Salim et al., 2021).
The band at 1,120 cm−1 indicates C-O stretching at C-3, C-O
stretching at C-6, and C-C stretching (Arun et al., 2020). In
addition, the band at 1,517 cm−1 is attributed to the C=C
stretching of the aromatic ring of lignin (Prajapati and Kango,
2023). The band value of lignin ranges from 1,542 to 1,484 cm−1

(Arun et al., 2020; De et al., 2020; Sreejith et al., 2022) and was absent
in the pretreated RS. Sreejith and team also obtained similar results
for the RS in the range of 750–1800 cm−1 (Mankar et al., 2021).

FIGURE 3
SEM micrographs of untreated rice straw (A,B) and alkali-treated rice straw (C,D).
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FIGURE 4
1H NMR spectra of ethanol.

FIGURE 5
13C spectra of ethanol.
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Table 2 shows the major FTIR assignments of the untreated and
treated RS.

3.3.2 XRD analysis for phase identification
Figure 2 exhibits a typical XRD pattern of untreated and treated

RS. The untreated RS shows small-intensity amorphous peaks starting
from 10° to 15° and an intermediate intensity peak from 20° to 25°,
which indicates amorphous carbon-containing compounds like lignin,
hemicellulose, and cellulose. In addition to this, there is a small
intensity peak in the untreated RS at 29.3° due to the quartz silicate
peak, which is commonly present in RS. No other significant peaks
were observed in the untreated RS sample. In the pretreated RS, the
intensity of peaks at 16.7° (101) became more prominent, while
another major peak was observed at 22.7° (002). This particular
peak became more intense after the alkali treatment, which
increased the crystallinity of the sample; that is, it became
crystalline cellulose. In addition, there was a small peak at 29.8° due
to the crystalline quartz/silicate peak. The major observation in both
samples was that in the NaOH-treated RS, the intensity of the weak
peaks significantly increased, resulting in enhanced peak resolution.
The major peak starting from 19° to 25° increased drastically in the
alkali-treated sample, which could be due to the exfoliation of the
previously hidden active sites on the treated RS. From the XRD spectra,
it is evident that the crystallinity changed in the substrate after
pretreatment. One of the most significant factors that affect the
hydrolysis of enzymes in lignocellulosic biomass is the crystallinity
of the RS (AboDalam et al., 2022). After the pretreatment conditions
were applied, the crystallite size increased, that is, it was 3.07 nm,
whereas the crystallite size was only 2.71 nm in the native RS. The
increased crystallite size may be due to the removal of external fibers,
which leads to an increase in surface area, thus making cellulose more
accessible to enzymes. Previously, Phuong et al. observed similar
results for the untreated and NaOH-treated RS. Here the
investigators obtained two peaks, one for amorphous cellulose and
another for crystalline cellulose. In the NaOH-treated RS, degradation
was observed in both the crystalline and amorphous forms of the
cellulose. Furthermore, it was reported that major degradation was
observed in the amorphous forms of cellulose and a small fraction in
the crystalline cellulose. This could be because the crystalline form of
cellulose is inert and harder to degrade or hydrolyze with NaOH than
the amorphous form (Phuong et al., 2017).

3.3.3 Surface morphology analysis by SEM
SEM was employed to investigate the surface morphology of

fibers and the intricate surface structure of solid materials. The
detailed SEM analysis showed the altered morphological
changes in the alkali-treated sample. Figures 3A,B exhibit the
well-organized fibrous structure and the intact surface in the
native plant cell wall, thereby suggesting the presence of lignin
coverage on the fibers. Figures 3C,D depict the significantly
distorted, rough, and disorganized structure of the RS. The
disintegration of the joined fibrous matrix and the formation
of porosity may be due to lignin solubilization. The disruption in
the plant cell wall occurs only after the pretreatment conditions
with an increase in the external surface area, enhancing the
enzymatic hydrolysis. Thus, it has been proved that alkali
reduces the recalcitrant nature of the RS by dissolving the
cellulose fibers, thereby enhancing cellulose accessibility to

enzymes. Previously, Phitsuwan et al. (2017) and Feng et al.
(2023) also obtained similar morphological results for RS.
Phitsuwan treated the RS with an ammonia solution. The
untreated RS shows an intact structure on the surface,
indicating the covering of lignin on the surface. The RS
treated with ammoniacal solution showed a distorted
structure due to the solubilization of lignin from the surface
of the RS.

3.4 SSF process

The ethanol concentration was calculated based on the glucose
yield from RS. The highest ethanol concentration (21.45%) was
obtained when alkali-pretreated rice RS was hydrolyzed with (2:1:1)
enzyme loading, 20% solid loading, and fermentation for 1 week at
30°C and pH 4.5 with the yeast isolate Saccharomyces cerevisiae
through the SSF process. This concentration was very much higher
than that of the untreated biomass (3.67 g/L).

3.5 Ethanol analysis by (nuclear magnetic
resonance spectroscopy)

NMR is a significant method employed in the determination of
the chemical structure of compounds. NMR has been used to
investigate various aspects of bioethanol, like monomer units,
cellular content, conformational analysis, monomer linkage
sequence, co-polymer analysis, and bioethanol metabolic pathway
studies. Determination of ethanol using 1H NMR spectroscopy,
which offers many signals of different molecules in a single
spectrum, continues to be a target in recent studies. The 1H
NMR peaks of ethanol showed intensity ratios of 3:2:1. The
proton nuclear magnetic resonance (1H NMR) spectrum exhibits
a triplet corresponding to three protons at 1.03 ppm, which
represents the terminal methyl proton, a triplet corresponding to
one proton at 2.51 ppm corresponding to the hydroxyl group, and a
quartet at 3.44 ppm due to the methylene protons (Figure 4). In the
C-13 NMR spectrum of ethanol, only two chemical shift lines were
observed, indicating the presence of only two different chemical
environments of carbon atoms. The C-13 NMR spectrum showed
one peak at 18.76 ppm, corresponding to a methyl carbon, and
another at approximately 57.69 ppm, corresponding to a methylene
carbon, (Figure 5). These are the characteristic features of ethanol.

4 Conclusion

The alkali-treated biomass caused a decrease in the cellulose
crystallinity. The FTIR, XRD, and SEM analysis clearly showed
the changes in functional groups, removal of lignin after
applying NaOH treatment, and increase in the surface area,
thereby enhancing the cellulose accessibility to hydrolysis,
increasing the cellulose crystallinity, and distorting the
fibrous structure. A fermentation efficiency of 21.45% ethanol
was attained. These results indicate that alkali treatment using
4% NaOH could be effective for second-generation bioethanol
production. Our investigation concludes that alkali
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pretreatment of RS provides a promising option for increasing
enzymatic hydrolysis efficiency, making RS a suitable feedstock
in bioethanol production. The bioethanol so obtained was eco-
friendly and an alternative energy source.
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