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Abstract  
 

The need to improve bioethanol yield from elephant grass has made the optimization of the pretreatment process inevitable. 

This work studied and determined the optimal alkaline concentration for the pretreatment of elephant grass with sodium 

hydroxide (NaOH) and hot water under the specified conditions. The pretreatment was performed at different 

concentrations of sodium hydroxide for a period of 1:30 hr. at 97.5oC. Scanning Electron Microscope (SEM) and Fourier 

Transform Infrared Spectroscopy (FTIR) were used to determine the effects of the pretreatment on the morphology and 

structure of the elephant grass. The grass hydrolysate was subjected to simultaneous saccharification and fermentation 

using cellulase enzyme and bakers’ yeast. Optimum pretreatment condition was obtained by using 0.25 M NaOH, which 

yielded 6.778g/L reducing sugar. Bioethanol yield was found to be 8.84% of the available sugar. The SEM and FTIR 

analysis showed that NaOH pretreatment under the determined optimum conditions successfully disintegrated the 

recalcitrant structure of elephant grass. Hence, NaOH pretreatment at the concentration of 0.25 M exposed to hot water for 

1:30 hr. at 97.5oC is a promising condition for bioethanol production from elephant grass. 
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1. INTRODUCTION 
One of the ways to mitigate climate change and 

reduce energy dependence on fossil fuel is a shift to 

renewable energy sources (Borisoot et al., 2025; Kamla, 

Sushil, and Karmal 2021; Kenechukwu Theresa Ojiabo, 

Etonyeama, and Onyewudiala 2024; Shangdiar et al., 

2022; da Silva et al., 2025). Lignocellulose biomass (LB) 

has found application in biorefinery for bioethanol, 

biogas and biodiesel production due to its abundance 

from several sources (Blasi et al., 2023; Broda, Yelle, 

and Serwanska 2022; Espinoza Gil et al., 2023). 

However, the consistent search for a biomass with high 

sugar yield and a cost-effective biofuel production 

process has led to several research on bioethanol 

production using different lignocellulose wastes, 

pretreatment, and hydrolysis processes. Elephant grass 

(EG), one of the predominant plants in Nigeria has also 

drawn the attention of researchers as a feedstock in 

biorefinery.  

 

Elephant grass also known as Pennisetum 

purpureum belong to Poaceae family. This plant has 

been used both as a forage grass and as an energy crop 

due to its remarkable growth capabilities and substantial 

biomass yield (Zhang et al., 2020). The grass also find 

application in drilling mud additives (Emenike, Osuji, 

and Onojake 2021), and in synthetic zeolite (Setiadji et 

al., 2019). The plant can grow as tall as 6 m in height, 

has robust leaves ranging from 30–90 cm in length and 

up to 3 cm in width. It can adapt to harsh weather 

conditions such as  intense sunlight, high temperatures, 

limited water and nutrients such as nitrogen, and carbon 

dioxide (J et al., 2023). Its ability to withstand varying 

weather makes it trigger abundantly and available all 

year round (Ismail et al., 2022) without requiring any 

form of care. Hence it is cheap and readily available. 

Similar to other LB, elephant grass also has recalcitrant 

nature making it unease for enzymes to access the 

fermentable sugar present in the structure during 

hydrolysis, hence the need for pretreatment prior to 

saccharification (Zoghlami and Paës 2019). Other 

constituents of a lignocellulose biomass are inorganic 

matter comprising of macronutrients and micronutrients. 

The macronutrients which are needed in large 
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concentration include nitrogen (N), sulfur (S), potassium 

(K) phosphorus (P), magnesium (Mg), and calcium (Ca), 

while micronutrients required in a very low 

concentration include elements such as copper (Cu), 

manganese (Mn), zinc (Zn), iron (Fe), boron (B), 

molybdenum (Mo), and chlorine (Cl). Other minerals 

that may be beneficial to plants, though not essential are 

nickel (Ni), sodium (Na), selenium (Se). vanadium (V), 

cobalt (Co), silicon (Si), and aluminum (Al). The 

elements perform different functions in plants, such as 

photosynthesis reaction, the production of amino acids, 

ATP, protein synthesis, nucleic acids, enzyme activation, 

energy household, and cell wall structure (Awoyale, 

Lokhat, and Okete 2021). 

 

Several pretreatment methods have been used in 

the treatment of lignocellulose biomass. However, 

according to (Ojiabo et al., 2026), a synergistic effect of 

a combinative pretreatment is essential for optimum 

reducing sugar yield. However, the process parameters 

and the choice of which method precedes the other in a 

two-stage process need to be optimized in order to reap 

the benefits from the tandem process. It was also noted 

that sugarcane bagasse has a greater yield when 

pretreated under liquid hot water assisted pretreatment 

method. Pretreatment methods involving hydrothermal 

and alkaline delignification has been reported to produce 

cellulose rich liquid fractions from native grass 

(Kommoji et al., 2021). Hydrothermal pretreatment and 

sulfuric acid combination has been applied by (Ismail et 

al., 2022) to pretreat elephant grass at 3% acid, and 30 

min exposure time of steam explosion at 190 °C. 

 

In this study, different concentration of NaOH 

was used for the pretreatment of elephant grass at a 

specific temperature and time. The aim was to identify 

the optimal concentration of NaOH for fermentable 

sugar yield from elephant grass. The work in each 

pretreatment step involved the use of different 

concentration of NaOH under the same temperature and 

time to determine the best suitable conditions for EG 

pretreatment. Despite various pretreatment methods 

available, the combined chemical and hydrothermal 

pretreatment of mechanically ground elephant grass was 

chosen due to its operational simplicity. NaOH was 

chosen as common chemical, and has also been reported 

by many researchers to be effective in the treatment of 

grass. A suitable hydrolysis condition was determined to 

obtain the pretreatment process that released the highest 

sugar from the grass. Ethanol production was 

investigated through simultaneous saccharification and 

fermentation (SSF) method using a commercial yeast 

and cellulase enzyme. 

 

2.0 MATERIALS AND METHOD 
2.1 Chemical reagents  

Elephant grass was locally sourced, Sodium 

hydroxide (Cas No: 1310-73-2), distilled water, 

commercial yeast (saccharomyces cerevisiae), cellulase 

(Kaypeeyes Biotech PVT Ltd), boiling water bath (HH-

W600, Thermostatic Water Cabinet), 0.5% w/v sodium 

sulfate, 2.0% w/v crystalline phenol, 0.25 mg/mL of 100 

mL standard glucose solution, 1% w/v of 60 ml reducing 

sugar standard saturated in benzoic acid. Sodium 

potassium tartrate solution (prepared by dissolving 300 g 

of salt in 500 mL distilled water) DNS acid solution (10 

g in 200 mL 2 mol/lit sodium hydroxide).  

 

2.2 Sample preparation and composition analysis 

The elephant grass (EG) sample was harvested 

in World Bank Housing Estate, Owerri, Imo State, 

Nigeria. The EG was sliced into smaller parts, weighed 

and dried in an oven at 60oC until a constant weight was 

obtained. The dried EG was cut into small pieces, 

grinded using a high-speed grinder and then sieved to 

obtain a particle size fraction of 2:00 mm and then stored 

in an airtight plastic container to prevent moisture 

absorption prior to analysis. Compositional analysis of 

the biomass prior to the pretreatment was performed 

using gravimetric method as described below. 

 

To remove the hemicellulose content, about 10 

g of biomass was refluxed at 100 ℃ with 500 mL of 0.5 

M NaOH solution for 2 hours. The residue, which is the 

cellulose and lignin content, was filtered and washed 

with a plentiful amount of distilled water until pH 7 was 

obtained and dried in an oven at 60℃ until the sample 

was free of moisture. The lignin content was estimated 

from the dried residue by boiling in 100 mL 0.5 M H2SO4 

for 2 hours and allowed to remain soaked for 24 hours at 

ambient temperature. The undissolved residue was 

washed with a plentiful amount of water several times 

until pH 7 was attained. The residue was dried at 60℃ 

for 4 hours, cooled in a desiccator, and weighed, and the 

cellulose content was calculated from equation (1) 

𝐶𝑚 = 𝐵𝑚 − 𝐻𝑚 − 𝐿𝑚   (1) 

 

The percentage composition was calculated using 

equations (2), (3) and (4) for hemicellulose, cellulose and 

lignin respectively.       

%𝐻𝑚 =
𝐵𝑚−𝑅𝑚

𝐵𝑚
 𝑥 100                          (2) 

 %𝐶𝑚 =  
𝑅𝑚−𝐿𝑚

𝐵𝑚
 𝑥 100                         (3) 

%𝐿𝑚 =
𝐿𝑚

𝐵𝑚
 𝑥 100                                  (4)     

  

Where; 

Cm = mass of cellulose content, Bm = mass of biomass, 

Lm = mass of lignin, Hm = mass of hemicellulose, Rm = 

mass of residue (Cm + Lm) 

 

2.3 Selection of the Optimal Pretreatment 

Conditions 

Different concentrations of NaOH were 

prepared and used for the pretreatment of EG, while time 

and temperature were kept constant. Seven (7) sample 

were pretreated according to the following conditions: 

reaction time of 1:30 hr., temperature of 97◦C and NaOH 

concentration of (0.25, 0.375, 0.5, 0.625. 0.75. 0.875. and 

1.00 M respectively). 30 g of dry elephant grass was 
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weighed into seven different beakers, mixed with a 

specific amount of NaOH, placed in a preheated water 

bath (HH-W600, Thermostatic Water Cabinet) at the 

temperature of 97◦C, and was allowed to heat for 1:30 hr. 

After heating, the samples were removed from the bath 

and allowed 20 mins to cool to 29oC.  The content of the 

reactors was separated into solid and liquid fraction using 

a funnel lined with Whatman filter papers (Whatman 

PLC, Brentford, UK). The obtained prehydrolyzates 

were stored at room temperature for sugar analysis. The 

solids were washed severally with 4 L of water to remove 

the residual NaOH, sugars and inhibitors, dried in an 

oven at 60oC for a period of 24 h and stored in plastic 

bags at room temperature until they are ready to be used. 

The condition with the highest sugar yield was selected 

as the optimum pretreatment parameter. 

 

2.4 Estimation of fermentable sugar  

The method which was previously reported by 

(K. T. Ojiabo et al., 2024)  was used to estimate the 

reducing sugar available in the pretreated EG. An aliquot 

of the hydrolysate of about 3 mL was mixed in a test tube 

with 1 mL of the DNS reagent. A blank solution was 

prepared in a separate tube by adding 1 mL of DNS 

reagent to 3 mL of distilled water. During the tubes 

incubation in a boiling water bath for a period of 5 min, 

a red-brown color was developed. After cooling the 

mixture at room temperature, 1 mL of sodium sulfate 

solution was added to the tube to obtain a stable color. 

The content was analyzed with a UV-visible 

spectrophotometer at an absorbance rate of 540 nm 

against the blank sample. A standard solution was 

prepared and used to determine the concentration of 

reducing sugar. This was achieved by preparing different 

concentrations of sugar and having their absorbance 

determined using a UV-spectrophotometer. After the 

standard process, the absorbance of the fermentable 

sugar determined was substituted into the regression 

equation (equation 5) from the standard graph (Fig. 1).  

𝑦 =  1093.1𝑥 −  144.7                         (5) 

 

 
Figure 1: Absorbance curve for determining the fermentable sugar 

 

2.5 Morphological and Structural analysis of the 

solid samples 

The morphology of both the treated and 

untreated EG was analyzed using scanning electron 

microscopy coupled to energy dispersive X-ray 

spectroscopy (SEM-EDX). SEM/EDX analysis were 

performed on SEM (Thermoscientific Instrument) 

equipped with X-ray microanalyzer (BC43 Benchtop 

Confocal Microscope, Oxford Instrument). The 

analytical conditions were as follow: full back scattered 

electrons detector (BSD), electron beam voltage of 

15kV, work distance of 7.310 to 7.390 mm, pressure of 

60 Pa, and temperature of 20 oC. The FTIR analysis of 

both samples was determined by (Cary 630 

Spectroscopy, Agilent Technologies, Scientific, CA, 

USA).  

 

2.6 Simultaneous Saccharification and fermentation 

The method describe by (Pessani et al., 2011) 

was adapted for SSF process. Prior to SSF of the 

pretreated EG sample, yeast fermentation medium was 

prepared in a 250 ml beaker by adding 5 g of yeast 

extract, 20 g KH2PO4, 10 g of MgSO4.7H2O, 20 g of 

(NH4)2SO4, and 1 g of MnSO4.H2O to 1 L of deionized 

water. SSF with enzyme loading of 0.7 ml/g was 

performed in 250 ml flasks sealed with a rubber stopper 

fitted with a one-way air valve to maintain an anaerobic 

environment. Each fermentation flask contained 10 ml of 

YFM, 5 ml of I M sodium citrate buffer at pH 5.5 and 8 

% pretreated and washed EG (w/w). The total mass in 

each flask was 100 g.  All the flasks were incubated at 

40oC in a water bath for 48 hrs. Samples were taken to 

determine the concentration of ethanol produced using a 

refractometer. 

y = 1093.1x - 144.7
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3.0 RESULTS AND DISCUSSIONS  
3.1 Composition of Elephant Grass 

The compositional analysis result (table 1) 

shows that elephant grass possesses a high cellulose 

content (43.12%), moderate hemicellulose content 

(19.38%), and relatively low lignin content (14.51%). 

The composition is within the range reported by other 

researchers (Dresch et al., 2025; Johannes, Minh, and 

Xuan 2024). However, factors such as the location where 

biomass is produced, conditions during growth, harvest 

time and period, and the characterization methods can 

influence biomass composition (Johannes et al., 2024). 

This composition is characteristic of a promising 

lignocellulosic feedstock for bioenergy and biomaterial 

applications. The high structural carbohydrate fraction 

enhances its potential for fermentable sugar production, 

while the moderate lignin concentration may facilitate 

more efficient pretreatment and conversion processes 

compared with highly lignified biomass sources. 

Table 1: Composition of the Elephant grass 

Property Concentration 

Cellulose (%) 43.12 

Hemicellulose (%) 19.38 

Lignin (%) 14.51 

 

3.2: Sugar and ethanol concentration of the 

pretreated Elephant Grass 

Table 2 shows the sugar and ethanol yield from 

EG pretreated with several concentration of NaOH. It 

was noticed that pretreatment conditions influenced the 

sugar concentration of the substrate. The results indicate 

that the optimum sugar yield was achieved at 0.25 M 

NaOH under the exposure time of 1: 30 hr. and 

temperature of 97oC. Meanwhile, the concentration of 

the fermentable sugar decreased with increase in alkaline 

concentration which is in agreement with (Madyira and 

Olatunji 2025); a higher NaOH concentration with a 

shorter retention time is more suitable for biomass 

pretreatment.  

 

Table 2: Fermentable Sugar and Ethanol yield of the pretreated samples 

Sample ID Sugar Conc. (g/L) Brix x 1.3 (%) Ethanol yield (%) Ethanol yield (g/L) 

A 6.778 6.8 8.84 0.599 

B 2.753 6.1 7.93 0.218 

C 2.657 5.7 7.41 0.151 

D 2.043 5.5 7.15 0.112 

E 1.922 4.2 5.46 0.081 

F 1.357 3.9 5.07 0.053 

G 0.998 3.8 4.94 37.90 

 

 
Figure 2: Sugar and ethanol concentration of the pretreated Elephant Grass 

 

As the concentration of the alkali increases, 

figure 2 shows the decline in sugar concentration among 

the treated elephant grass samples. Sample A exhibited 

the highest sugar concentration (6.778 g/L), indicating 

high sugar accessibility and hydrolysis efficiency 

following the pretreatment. There was a progressive 

decline in sugar concentration from samples B to G, with 

sample G recording the lowest value (0.998 g/L). These 

findings suggest that the pretreatment conditions 

strongly influenced the degree of biomass deconstruction 

and subsequent sugar release. The elevated sugar yield 

obtained in Sample A demonstrates its potential as the 

optimum pretreatment condition for maximizing 

fermentable sugar production and, consequently, 
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bioethanol yield from elephant grass biomass. However, 

the decline in the fermentable sugar yield with increased 

sodium hydroxide concentration can be attributed to 

severity of the pretreatment condition and possible 

formation of inhibitors during the pretreatment exposure, 

validating the need for a mild NaOH concentration for a 

prolonged pretreatment. The SSF converted only 8.8% 

of the available sugar, which is equivalent to ethanol 

yield of 0.599g/L. According to (Menegol et al., 2016)  

ethanol concentration (6.1 g/L) was obtained using 16% 

(w/v) solids. Furthermore, the sugar conversion recorded 

here is low, which could be attributed to several factors 

such as fermentation period, possible counter interaction 

between the yeast and enzymes used for the SSH (Leite, 

Andrietta, and Franco 2026; Tang et al., 2024). 

 

 

 

 

3.3. Microstructural Arrangement of Elephant Grass 

Figures 3 (a, b and c) are the high-resolution 

images of the cellular structure of untreated EG at 500, 

1000 and 2000 magnification levels respectively. The 

morphologies of the sample comprised of heterogenous 

complex surface structure peculiar to a lignocellulose 

biomass. The untreated sample exhibits relatively intact, 

compact, and well-organized fibrous structures. There 

are cylindrical bundles representing plants vascular 

bundles, varying sizes of rough, porous flakes and 

smaller particulate matter, and a non-uniform, porous 

topography. The bundles appear tightly bound together 

with surface deposits and impurities attached to the fiber 

walls. The smooth and continuous appearance suggests 

the presence of natural binders such as lignin, 

hemicellulose, waxes, and other extractives that 

encapsulate the cellulose microfibrils. Such morphology 

is typical of untreated lignocellulosic biomass where 

non-cellulosic components still occupy the fiber surface. 

 

 
Figure 3 a, b, c: SEM images for Untreated EG at 500, 1000 and 2000 magnification levels 

 

 
Figures 4 a, b, c: SEM images for Untreated EG at 500, 1000 and 2000 magnification levels 

 

Only the sample with the optimum pretreatment 

conditions was subjected to SEM analysis. Figs 4 

displayed the physical modification caused by the alkali 

and hot water pretreatment. The treated sample shows a 

much rougher and more fragmented surface, appearing 

disrupted, separated, and partially fibrillated, with 

detached particles visible throughout the structure. This 

roughened morphology indicates that sodium hydroxide 

treatment removed portions of lignin, and hemicellulose, 

exposing more cellulose-rich regions necessary for 

enzymatic hydrolysis. The pretreatment of Arachis 

hypogea shells with NaOH showed similar results 

(Olatunji et al., 2022). The SEM images imply that 

higher exposure time with lower alkali concentrations 
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cause higher lignin and hemicellulose removal thereby 

enhancing cellulose accessibility when digested. This is 

in concord with the result gotten from the pretreatment 

of Xyris capensis with NaOH (Madyira and Olatunji 

2025) and the pretreatment of Napier grass with NaOH 

(Khathapon et al., 2022). 

 

3.4 Elemental Composition of Elephant Grass  

 

 
Figure 5: EDX of the untreated Elephant Grass 

 

 
Figure 6: EDX of the pretreated Elephant Grass 

 

The EDX (figs 5 and 6) determined the 

elemental composition of the untreated and treated 

biomass. Fig 6 shows how effective the pretreatment at 

the optimum conditions is in removing undesired 

elemental components after pretreatment (Emenike et 

al., 2021). The concentrations of the components are 

recorded in table 3. The untreated sample contains 

substantial mineral content, particularly: carbon (C), 

potassium (K), silicon (S)), iron (Fe), chlorine (Cl), 

calcium (Ca), phosphorus (P), and Magnesium. These 

minerals are commonly associated with plant ash, soil 

contamination, and naturally accumulated inorganic 

constituents in grasses.  

According to table 3, carbon represents about 

54.28 wt%, indicating a relatively high concentration of 

organic materials on the fiber surface prior to the 

pretreatment. The carbon content reduced to 24.89% 

after exposure to NaOH pretreatment. The observed 

reduction in carbon is attributed to the removal of lignin, 

partial solubilization of hemicellulose, and thermal 

degradation of carbonaceous compounds. During 

pretreatment, these fractions were dissolved or converted 

into soluble and volatile products, leading to a loss of 

carbon from the solid biomass. This phenomenon is 

consistent with the known effects of alkaline 

pretreatment, which disrupts the lignocellulosic matrix 
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and promotes delignification, thereby altering the 

elemental composition of the biomass (Bioprocess n.d.; 

Madyira and Olatunji 2025; Olabisi et al., 2023). There 

is complete removal of potassium, iron, chlorine and 

phosphorus. The alkaline pretreatment left a residual 

sodium in the  treated sample, which is in concord with 

(Awoyale et al., 2021; Emenike et al., 2021).  

 

Table 3: Elemental Composition of Elephant Grass according to EDX analysis 

Untreated EG Treated EG 

Elemental compositions in % weight 

Elements Atomic conc Weight conc. Atomic conc. Weight conc. 

Carbon 78.84 54.23 46.67 24.89 

Potassium 12.93 28.95 - - 

Silicon 3.40 5.46 19.72 24.59 

Iron 1.42 4.54 - - 

Chlorine 1.25 2.53 - - 

Calcium 0.99 2.27 14.78 26.30 

phosphorus 0.96 1.71 - - 

magnesium 0.22 0.31 6.04 6.52 

Vanadium  - - 2.97 6.71 

Aluminum - - 5.39 6.46 

Sodium   - 4.44 4.53 

 

The pretreatment recorded increase in the 

concentration of Silicon, Calcium, and Magnesium. An 

increase in elemental concentration (wt%) after alkali 

pretreatment is usually caused by relative concentration 

effects on increased analytical surface exposure, rather 

than an actual gain in total elemental mass. The presence 

of Aluminum, and Vanadium may be attributed to 

concentration effect or possible contamination during 

handling. In line with (Kucharska et al., 2018; Xu et al., 

2020), alkaline pretreatment selectively solubilizes and 

extracts large amount of lignin, hemicellulose, 

extractives and organic acids. As the total dry mass of the 

biomass solid residue decreases significantly, non-

soluble or partially retained inorganic elements like Si, 

Ca and Mg account for a large percentage of the 

remaining mass. Moreso, (Madyira and Olatunji 2025) 

reported that untreated biomass has an intact, dense outer 

recalcitrant layer that hides internal minerals, but when 

subjected to alkaline pretreatment, the lignocellulose 

matrix and surface wax are disrupted thereby exposing 

previously buried salts directly to surface 

characterization techniques such as SEM-EDX or XRF.  

 

3.5 Structural Composition of Elephant Grass 

The effect of the pretreatment on Elephant 

Grass for the functional group was examined with FTIR 

spectra. The spectra peak assignment of untreated and 

pretreated EG are shown in figs 7 and 8 respectively. The 

spectrum of raw elephant grass (fig. 7) shows major 

absorption bands at approximately 3438, 1638, 1417, 

1101, and 619 cm⁻¹. The broad and intense O-H band at 

3438 cm-1 indicates the highly hydrophilic nature of 

untreated elephant grass due to the abundance of 

hydroxyl-containing lignocellulosic components 

(cellulose, hemicellulose, lignin, and absorbed 

moisture).  

 

 
Figure 7: FTIR for Untreated Elephant Grass 

 

The at peak 1639 cm-1 band shows the presence 

of bound water and oxygenated groups in lignocellulosic 

materials. The bending at peak 1417 cm-1 shows the 

characteristic cellulose band. The stretching at peak 1101 

cm-1 shows the polysaccharide structure of 

cellulose/hemicellulose. The spectrum confirmed that 
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the sample is a lignocellulose material by showing peaks 

similar to those of a lignocellulose spectrum. 

 
Figure 8: FTIR of the pretreated Elephant Grass 

 

The pretreated sample (fig. 8) exhibits 

prominent bands at approximately 3332, 2915, 1633, 

1424, 1312, and 1029 cm⁻¹. It was observed that the 

peaks were affected by NaOH pretreatment since they 

were either decimated or redistributed due to the 

pretreatment (Madyira and Olatunji 2024). The O-H 

stretching peak shifts from approximately 3438 cm⁻¹ in 

the raw sample (fig. 7) to 3332 cm⁻¹ after pretreatment 

(fig. 8). This shift indicates alteration of the hydrogen-

bonding network within the biomass, suggesting 

structural rearrangement of cellulose during alkaline 

treatment. The pretreated sample (fig. 8) displays a 

clearer band near 2915 cm⁻¹, which is more characteristic 

of cellulose-rich materials. This suggests that the 

pretreatment exposed cellulose by removing surface 

impurities and amorphous constituents. The untreated 

spectrum (fig. 7) contains broader features typical of a 

lignocellulosic matrix, whereas the pretreated spectrum 

(fig. 8) is dominated by cellulose-associated peaks. This 

is consistent with alkaline delignification and partial 

solubilization of hemicellulose, which commonly occur 

during NaOH treatment at elevated temperatures. The 

stronger cellulose-associated bands at 1424 cm⁻¹, 1312 

cm⁻¹, and 1029 cm⁻¹ indicate greater exposure and 

possibly higher relative cellulose content after treatment 

(fig 8). These changes are frequently interpreted as 

evidence of improved cellulose purity and crystallinity. 

It can be deduced that the pretreatment will lead to high 

biofuel yield since the cellulose bond has been broken, 

which increases microbial accessibility (Madyira and 

Olatunji 2025). This agrees with the findings of 

(Awoyale and Lokhat 2021) on the effect of pretreatment 

methods on cellulose O-H bonding. 

 

4.0 CONCLUSION 
This study investigated the effect of NaOH and 

hot water pretreatment on elephant grass for enhanced 

bioethanol production and identified the optimum 

pretreatment condition for fermentable sugar release and 

ethanol generation. 0.25 M NaOH produced the highest 

fermentable sugar concentration of 6.778 g/L and a 

corresponding ethanol yield of 8.84%. SEM and FTIR 

analyses confirmed substantial morphological and 

structural modifications after pretreatment. EDX 

analysis showed considerable changes in the elemental 

composition of the biomass after pretreatment. Overall, 

the combined pretreatment at the stated optimum 

conditions effectively reduced the recalcitrance of 

elephant grass, enhanced cellulose accessibility, and 

improved fermentable sugar production, thereby 

demonstrating the effectiveness of the method in 

releasing fermentable sugar from elephant grass.  

 

RECOMMENDATIONS 
1. Further studies should investigate the combined 

optimization of alkaline concentration, temperature, 

and pretreatment time using statistical experimental 

designs such as Response Surface Methodology 

(RSM) to obtain global optimum conditions and 

understand parameter interactions. 

2. Future work should evaluate enzyme loading, yeast 

strain selection, fermentation duration, and solid 

loading during simultaneous saccharification and 

fermentation to maximize ethanol productivity 

beyond the yield obtained in this study.  

3. Additional characterization techniques such as X-

ray diffraction (XRD) and thermogravimetric 

analysis (TGA) are recommended to further 

evaluate changes in crystallinity and thermal 

stability resulting from pretreatment. 
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