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ABSTRACT 

Lignocellulosic biomass from Gmelina arborea leaves and bark represents a promising non-edible feedstock for 

second-generation bioethanol, addressing food-fuel conflicts and environmental concerns associated with fossil 

fuels. The structural complexity of lignocellulose limits the accessibility of fermentable sugars during hydrolysis. 

Pre-treatment methods such as alkaline treatment are widely employed to disrupt lignin structures and enhance 

cellulose availability. This study investigated the effectiveness of alkaline pre-treatment using sodium hydroxide 

(NaOH) on the leaves and bark of Gmelina arborea for bioethanol production. Biomass samples were treated with 

2.0 M, 2.5 M, and 3.0 M NaOH solutions for 24 hours at room temperature, washed, neutralized to pH 4–6 with 

1 M H₂SO₄, and fermented with Saccharomyces cerevisiae for 5 days under anaerobic conditions. Ethanol was 

recovered by distillation (78 °C) and purified by rotary evaporation. The highest ethanol yield (25 ml) was 

obtained from leaf biomass pre-treated with 2.5 M NaOH, while bark biomass yielded the highest ethanol volume 

(18 ml) at 3.0 M NaOH. Lower concentrations (2.0 M) produced lower yields but higher purity (densities as low 

as 0.724 ± 0.013 g/cm³ for bark). Ethanol density ranged from 0.724 ± 0.013 to 0.952 ± 0.01 g/cm³. Residue 

fermentation yielded no ethanol, confirming the necessity of hydrolysate processing. Alkaline pre-treatment 

improved ethanol recovery from both tissues, with biomass-specific optima (2.5 M for leaves; 3.0 M for bark). 

Gmelina arborea residues therefore warrant further investigation as a second-generation bioethanol feedstock, 

provided yields are confirmed by sugar quantification and mass-balance calculations in future work. 
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1.0 INTRODUCTION 

Globally, the demand for renewable energy sources has 

intensified due to the depletion of fossil fuels and 

increasing environmental concerns (Holechek et al., 

2022). Bioethanol that is derived from lignocellulosic 

biomass has become a promising alternative fuel 

because it is renewable, sustainable, and capable of 

reducing greenhouse gas emissions (Igwebuike et al., 

2024). Primarily, lignocellulosic biomass consists of 

cellulose, hemicellulose, and lignin, which form a 

complex structure that resists enzymatic degradation. 

This structural recalcitrance limits the release of sugars 

that is fermentable and required for ethanol production. 

Consequently, pre-treatment processes are necessary to 

break down lignin structures and increase cellulose 

accessibility (Ale et al., 2026). Gmelina arborea, a 

fast-growing deciduous tree widely planted in Nigeria 

(over 60% of planted forests), sheds leaves during the 

dry season and generates bark waste during harvesting, 

making both parts ideal non-edible feedstocks (Umar 

et al., 2024). Conventional fossil fuels contribute 

significantly to greenhouse gas emissions and energy 

insecurity; bioethanol from lignocellulose can mitigate 

these issues by reducing CO₂ emissions and enhancing 

energy security (El-Araby, 2024). 

 

However, the complex structure of lignocellulose 

comprising cellulose (40–50%), hemicellulose (20–

30%), and lignin (15–25%) requires effective pre-

treatment to disrupt recalcitrant bonds and expose 

cellulose for enzymatic or microbial hydrolysis (Prasad 

et al., 2023). Among the various pre-treatment 

techniques, alkaline pre-treatment has proven effective 

in solubilizing lignin and disrupting lignocellulosic 

matrices. Alkaline agents such as sodium hydroxide 

break ester linkages in lignin and hemicellulose, 

thereby enhancing enzymatic hydrolysis and sugar 

release (Baksi et al., 2023). This study evaluates the 

effectiveness of sodium hydroxide pre-treatment on 

Gmelina arborea leaves and bark for bioethanol 

production, focusing on the influence of NaOH 

concentration on ethanol yield and purity. 

 

2.0 MATERIALS AND METHODS 

2.1 Study Area 

The samples were collected from the Nigerian Defence 

Academy (NDA), Kaduna, Nigeria, located at 

approximately 10.5291°N latitude and 7.4383°E 

longitude. The area lies within the Guinea Savannah 

ecological zone, characterized by moderate 

temperatures and seasonal rainfall (Adeaga et al., 

2022). 

 

2.2 Sample Collection and Proximate Composition 

Mature leaves and bark of Gmelina arborea were 

collected from trees on the Nigerian Defence Academy 

campus, Kaduna. Samples were air-dried for two 

weeks at ambient temperature, ground to a fine particle 
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 size, and stored in sterile containers. Proximate 

analysis was performed according to standard AOAC 

(2007) methods. 

 

2.3 Alkaline Pre-Treatment 

Alkaline pre-treatment was carried out using sodium 

hydroxide (NaOH) solutions at concentrations of 2.0 

M, 2.5 M, and 3.0 M. Ten grams (10g) of dried biomass 

(leaf and bark) were placed in conical flasks containing 

100 ml of NaOH solution. The mixtures were allowed 

to soak for 24 hours at room temperature. After pre-

treatment, the mixture was filtered using muslin cloth, 

and the residues were washed three times with distilled 

water to remove residual chemicals (Ojo & City., 

2023).  

 

2.4 Neutralization 

The hydrolysate was adjusted to pH 4–6 with 1 M 

H₂SO₄, a range suitable for S. cerevisiae (Shirvanyan 

et al., 2025).  

 

2.5 Preparation of Inoculums for Fermentation 

Commercial baker’s yeast (Saccharomyces cerevisiae) 

was activated by suspending 5g of dried yeast in 30 ml 

of sterile distilled water that had been boiled for 20 

minutes and cooled to 45–50°C. The suspension was 

mixed thoroughly and held for 10 minutes. Fresh 

inoculum was prepared immediately for fermentation 

(Fang et al., 2023). 

 

2.6 Hydrolysate Fermentation 

Fermentation was conducted using Saccharomyces 

cerevisiae. The activated baker’s yeast inoculum (10 

mL) was added to 100 mL hydrolysate in anaerobic 

flasks. Fermentation proceeded for 5 days at room 

temperature under anaerobic conditions to facilitate the 

conversion of fermentable sugars into ethanol (Dawson 

& Boopathy, 2007).  

 

 

 

 

2.7 Residue Fermentation  

The pre-treated samples were used in the fermentation 

experiment. Exactly 5g of the pre-treated biomass was 

weighed and added into anaerobic flasks containing 

100mL of distilled water and 10 ml of the inoculum 

(Dawson and Boopathy, 2007). The flasks were shaken 

vigorously and sealed with aluminium foil and 

fermentation was allowed to proceed for 5 days at room 

temperature. 

 

2.8 Ethanol Recovery 

No ethanol was recovered for the residue fermentation. 

For the hydrolysate fermentation, ethanol was 

recovered by distillation at 78 °C and further 

concentrated by rotary evaporation (78 °C, 110 rpm). 

Volume was measured directly. Density was calculated 

as mass/volume (g/cm³). Residue remaining after 

filtration of the pre-treated slurry was also fermented 

under identical conditions as a negative control. The 

volume and density of the produced ethanol were 

measured to evaluate yield and purity (Tenkolu et al., 

2024). 

 

Volume was measured using a measuring cylinder, and 

density calculated as: 

 

Density (g/cm³) = mass (g) / volume (cm³) (Anyahoha, 

2010).  

 

Yield (g/L) was determined by multiplying volume by 

ethanol density (0.789 g/cm³) and expressed per 100 g 

dry substrate (Theodore, 2022). 

 

3.0 RESULTS 

3.1 Proximate Composition 

The proximate composition of Gmelina arborea leaves 

and bark is presented in Table 1. Leaves contained 

higher moisture (6.50%), lipid (3.90%), crude fibre 

(9.10%) and protein (2.40%) than bark. Ash contents 

were similar (7.50% in leaves; 7.0% in bark). Bark had 

a slightly higher carbohydrate content (75.40%) than 

leaves (71.50%). 
 

Table 1: Proximate Composition of Leaf and Bark of Gmelina Arborea 

Parameter (%) Leaf  Bark  

Moisture  6.50 5.30 

Ash content  7.50 7.00 

Lipid  2.90 1.90 

Crude fibre  9.10 8.40 

Protein  2.40 2.00 

Carbohydrate  71.50 75.40 

 

3.2 Ethanol Yield from Alkaline Pre-Treated Hydrolysate 

The ethanol yield obtained from alkaline pre-treatment 

varied depending on NaOH concentration and biomass 

type. The highest ethanol yield (25 ml) was recorded in 

leaf biomass treated with 2.5 M NaOH, while bark 

biomass produced its highest yield (18 ml) at 3.0 M 

NaOH. The density of ethanol ranged from 0.724 ± 

0.013 to 0.952 ± 0.01 g/cm³, suggesting relatively high 

ethanol purity compared with untreated samples.  
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 Table 2:   Volume and Density of Ethanol Produced from Alkaline Pre-Treatment of Leaves and Bark of G. Arborea  

NaOH 

Concentration 
Biomass Ethanol Volume (ml) Density (g/cm³) 

2.0 M Leaf 7.0 0.784 

2.0 M Bark 6.0 0.724 

2.5 M Leaf 25.0 0.952 

2.5 M Bark 8.0 0.920 

3.0 M Leaf 7.0 0.918 

3.0 M Bark 18.0 0.927 

 
4.0 DISCUSSION 

The proximate composition of the leaf and bark of 

Gmelina arborea revealed significant differences and 

similarities in their nutritional content, which can be 

instrumental to various applications in food science, 

pharmacology, and environmental sciences. The 

carbohydrate content of Gmelina arborea bark (75.4%) 

exceeds that of its leaves (71.5%), indicating both parts 

are potent energy sources, particularly valuable in 

regions combating malnutrition with energy-dense 

foods (Muhammad et al., 2025).  

 

The ethanol yield obtained ranged from 6 to 25 ml. The 

results has demonstrated that alkaline pre-treatment 

significantly enhances ethanol production from 

Gmelina arborea biomass. Sodium hydroxide pre-

treatment disrupts structures of lignin and increases 

accessibility to cellulose, allowing more efficient 

hydrolysis and fermentation (Bensah & Mensah, 

2013). The highest yield (25 ml) was obtained from 

leaf biomass pre-treated with 2.5 M NaOH, whereas 

the lowest yield (6 ml) was recorded for bark pre-

treated with 2.0 M NaOH. In general, increasing NaOH 

concentration improved ethanol production up to an 

optimum level, presumably by enhancing the 

availability of fermentable carbohydrates through the 

disruption of lignin-carbohydrate associations. Pendse 

et al. (2023) similarly reported that pre-treatment 

solution concentration significantly influences 

carbohydrate recovery from plant biomass, which 

consequently affects ethanol production. 

 

The response to NaOH concentration differed between 

the two biomass types. For leaf biomass, 2.5 M NaOH 

produced the highest ethanol yield (25 ml), while 

increasing the concentration to 3.0 M did not result in 

further improvement. In contrast, bark biomass 

responded best to 3.0 M NaOH, producing 18 ml of 

ethanol. This differential response indicates that 

optimum alkaline pre-treatment conditions depend on 

the structural characteristics and chemical composition 

of the biomass (Alawad & Ibrahim, 2024). Alkaline 

pre-treatment promotes lignin and hemicellulose 

solubilization and increases cellulose accessibility for 

subsequent hydrolysis and fermentation (Baksi et al., 

2023). Ale et al. (2026) similarly observed that alkaline 

concentration increment can improve cellulose 

accessibility, although excessive treatment may cause 

structural changes that adversely affect subsequent 

fermentation. Thus, the lower yield at higher 

concentration in leaf biomass may indicate that 2.5 M 

NaOH represented a more suitable pre-treatment 

condition for leaf material. 

 

The density of the bioethanol samples ranged from 

0.724 ± 0.013 to 0.952 ± 0.01, while the broader dataset 

was reported to range from 0.724 to 1.068 g/L, with the 

control samples recording the highest densities. The 

lowest density (0.724 ± 0.013) was observed in leaf 

biomass treated with 2.5 M NaOH, corresponding to 

the treatment that also produced the highest ethanol 

volume (25 ml). The reported densities were compared 

with the range of 0.796–0.858 g/L reported by Carreon 

et al. (2023), while Ijagbemi et al. (2025) reported 

densities of 0.843 g/ml and 0.793 g/ml for ethanol 

produced from banana and yam peels, respectively. 

The lower density observed in some treated samples 

may indicate a greater ethanol proportion relative to 

residual non-ethanol components; however, density 

alone should be interpreted cautiously as a measure of 

ethanol purity because other dissolved or volatile 

components can also influence density (Yerizam et al., 

2026). 

 

The results therefore demonstrate that alkaline pre-

treatment effectiveness was dependent on both NaOH 

concentration and biomass type. Leaf biomass 

performed best at 2.5 M NaOH, yielding 25 ml, 

whereas bark required 3.0 M NaOH to achieve its 

highest yield of 18 ml. These findings agree with 

reports that alkaline pre-treatment conditions must be 

optimized according to biomass characteristics, since 

the concentration and duration of treatment influence 

lignin removal, cellulose accessibility and subsequent 

fermentability (Olatunji et al., 2021). Overall, the 

findings suggest that moderate alkaline pre-treatment 

was sufficient for leaf biomass, while bark required a 

higher concentration, highlighting the importance of 

biomass-specific optimization of NaOH pre-treatment 

for efficient bioethanol production. 

 

5.0 CONCLUSION 

This study demonstrated that alkaline pre-treatment 

using sodium hydroxide significantly enhances 
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 bioethanol production from Gmelina arborea leaves 

and bark. The optimal NaOH concentration differed 

between biomass types, with 2.5 M being most 

effective for leaves and 3.0 M for bark. The results 

confirm that alkaline pre-treatment improves 

carbohydrate accessibility and supports efficient 

fermentation by Saccharomyces cerevisiae. Therefore, 

Gmelina arborea biomass represents a promising 

feedstock for second-generation bioethanol 

production. 

 

REFERENCES 

Adeaga, O., Lawal, O., Adedeji, O., & Akinbaloye, O. 

(2022). Assessment of vegetation cover dynamics in 

the agro-ecological Zones of Nigeria. Bulletin of 

Geography. Physical Geography Series(22), 19-32.  

Alawad, I., & Ibrahim, H. (2024). Pre-treatment of 

agricultural lignocellulosic biomass for fermentable 

sugar: opportunities, challenges, and future trends. 

Biomass Conversion and Biorefinery, 14(5), 6155-

6183.  

Ale, S., Dhungana, P., Howieson, J., & Bhattarai, R. R. 

(2026). Effective valorisation of cereal 

lignocellulosic waste: a review of pre-treatment 

techniques to enhance microstructural modification. 

Sustainable Food Technology, 4(1), 241-260.  

Anyahoha M. W. (2010) New School Physics for 

Senior Secondary Schools. AFP African First 

Publishers PLC, 3rd edn, IT Igbani Street, Malam 

Shehu Plaza, Jebi, Enugu, Nigeria, p: 540.  

Association of Official Analytical Chemists (AOAC) 

(2007). Official Methods of Analysis of AOAC 

International, 18th Ed. Methods 925.10, 985.29, 

991.42, 991.43, 993.19, 994.13, 996.01, 2001.03, 

2002.01, 2002.02, 2009.01, and 2011.25. AOAC 

International: Gaithersburg, MD. 

Baksi, S., Saha, D., Saha, S., Sarkar, U., Basu, D., & 

Kuniyal, J. (2023). Pre-treatment of lignocellulosic 

biomass: review of various physico-chemical and 

biological methods influencing the extent of biomass 

depolymerization. International journal of 

environmental science and technology, 20(12), 

13895-13922.  

Bensah, E. C., & Mensah, M. (2013). Chemical pre-

treatment methods for the production of cellulosic 

ethanol: technologies and innovations. International 

Journal of Chemical Engineering, 2013(1), 719607.  

Carreon, L. D., Arazo, A. K. M., Valdon, J. M. A., 

Vieña, J. M. D., Tizo, M. S., Ido, A. L., & Arazo, R. 

O. (2023). Synthesis of Bioethanol from Pineapple 

Fruit Rejects: Prospect for Fuel Blends in Spark-

Ignition Engines. Chemistry Africa, 6(4), 2119-

2127. 

Dawson, L., and Boopathy, R. (2007). Use of post-

harvest sugarcane residue for ethanol production. 

Bioresource Technology, 98(9), 1695–1699. 

https://doi.org/10.1016/j.biortech.2006.07.029 

El-Araby, R. (2024). Biofuel production: exploring 

renewable energy solutions for a greener future. 

Biotechnology for biofuels and bioproducts, 17(1), 

129.  

Fang, L., Wang, W., Dou, Z., Chen, J., Meng, Y., Cai, 

L., & Li, Y. (2023). Effects of mixed fermentation of 

different lactic acid bacteria and yeast on phytic acid 

degradation and flavor compounds in sourdough. 

Lwt, 174, 114438. 

Holechek, J. L., Geli, H. M., Sawalhah, M. N., & 

Valdez, R. (2022). A global assessment: can 

renewable energy replace fossil fuels by 2050? 

Sustainability, 14(8), 4792.  

Igwebuike, C. M., Awad, S., & Andrès, Y. (2024). 

Renewable energy potential: Second-generation 

biomass as feedstock for bioethanol production. 

Molecules, 29(7), 1619.  

Ijagbemi, C. O., Olabanji, O. M., Abdulmumuni, B., 

Ashiru, A. R., & Ijagbemi, F. M. (2025). Production 

Of Ethanol Gel From Cassava And Banana Peels. 

Futa Journal Of Engineering And Engineering 

Technology, 19(1). 

Muhammad, A. S. i., Onyenweaku, E. O., Babagana, 

K., Danjuma, D. S., & Beba, R. N. (2025). 

Combating malnutrition: Nutrient and energy 

composition of locally formulated ready-to-use 

therapeutic foods for children. International journal 

of environmental research and public health, 22(12), 

1845. .  

OJO, M. V., & CITY, B. (2023). Optimization Of 

Thermo-Alkaline Pretreatment Of Cattle Rumen 

Content For Biogas Production Using Sodium 

Hydroxide. 

Olatunji, K. O., Ahmed, N. A., & Ogunkunle, O. 

(2021). Optimization of biogas yield from 

lignocellulosic materials with different pre-treatment 

methods: a review. Biotechnology for biofuels, 

14(1), 159.  

Pendse, D. S., Deshmukh, M., & Pande, A. (2023). 

Different pre-treatments and kinetic models for 

bioethanol production from lignocellulosic biomass: 

A review. Heliyon, 9(6). 

Prasad, B., Padhi, R., & Ghosh, G. (2023). A review on 

key pre-treatment approaches for lignocellulosic 

biomass to produce biofuel and value-added 

products. International journal of environmental 

science and technology, 20(6), 6929-6944.  

Shirvanyan, A., Daniyarova, A., Vassilian, A., 

Poladyan, A., Kumar, G., Orynbekov, D., ... & 

Trchounian, K. (2025). Biomass and bioethanol 

production from pretreated mixed fruit peel 

hydrolysate using Saccharomyces cerevisiae strains 

at different pH and oxygen conditions. BMC 

biotechnology, 25(1), 136. 

Theodore, L. (2022). Pollution prevention. CRC Press 

Tenkolu, G. A., Kuffi, K. D., & Gindaba, G. T. (2024). 

Optimization of fermentation condition in bioethanol 

production from waste potato and product 

characterization. Biomass Conversion and 

Biorefinery, 14(4), 5205-5223. 

https://portal.issn.org/resource/ISSN/3027-1118


 

280 

 

IJSGS FUGUSAU VOL. 12(3                                                                             WEBSITE: https://fugus-ijsgs.com.ng 

DOI: https://doi.org/10.57233/ijsgs.v12i3.1184 

 

 

ISSNp: 2488-9229; ISSNe:  3027-1118 

 

 Umar, M., Nathan, A., & Lawan, Y. (2024). 

Assessment of Growth Performance of Some 

Selected Tree Species and Physicochemical 

Properties of Soil in Modibbo Adama University, 

Yola, Adamawa State, Nigeria. Assessment, 29(2), 

103-115.  

Yerizam, M., Ramayanti, C., Puspa, D., Ekawati, L., 

Meilinda, D., Ariani, F., Depari, C. R., & Jannah, A. 

M. (2026). Bioethanol from coconut water waste: 

yield optimization through fermentation and multi-

stage distillation. Comptes Rendus. Chimie, 29(G1), 

367-379.  

https://portal.issn.org/resource/ISSN/3027-1118

