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Abstract  

     An investigation was conducted to examine the potential for producing 

bioethanol from lettuce leaves waste through fermentation utilizing Saccharomyces 

cerevisiae. In this study three different of pre-treatments methods were applied to 

the raw materials using H2SO4 (2%), HCl (5%) and NaOH (1%), respectively. The 

goal of these pretreatments was to break down the cellulose, hemicellulose as well 

as lignin to a mono-sugar that considered a simpler form which can be consumed 

directly through the fermentation process by S. cerevisiae to produce bioethanol. 

The results indicate that the NaOH pre-treatment yielded the highest sugar content, 

followed by the HCL, H2SO4 pre-treatment, while the untreated samples had the 

lowest sugar content. The concentrations of ethanol were reported every two days 

through the fermentation period by using ethanol sensor and the highest ethanol was 

measured for the samples pre-treated with HCL, followed by samples without pre-

treatment, samples pre-treated with H2SO4, and finally, the NaOH-pre-treated 

samples, which had the lowest ethanol concentration, as measured by an ethanol 

sensor every two days during the fermentation period. The concentrations of ethanol 

were also measured by using the High-Performance Liquid Chromatography 

(HPLC) technique after the first and second distillation, the distillation process was 

carried out in order to enhance the purity of the bioethanol. 

 

Keywords: Renewable energy, bioethanol, fermentation, lettuce, Saccharomyces 

cerevisiae.  
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حطيم مركبات السليلوز والهيميسليلوز واللكنين الى سكريات أحادية  . ان الهدف من هذه المعاملات هو تالتوالي 
وتحويله الى ايثانول حيوي. بينت النتائج ان أفضل    تستطيع الخمائر استهلاكهوالتي تعد الشكل الابسط الذي  

كانت   وبعدها  السكر  من  كمية  اعلى  أعطت  حيث  الصوديوم  هيدروكسيد  استخدام  كانت  للمعاملة  طريقة 
اقل كمية من    عاملة في حين أعطت العينات التي بدون موحامض الكبريتيك    الهيدروكلوريك المعاملة بحامض  

حيث وجد ان اعلى    يثانول ساس الاحباستخدام  كل يومين من التجربة  . تم قياس الايثانول المنتج خلال  السكر
للعينات المعاملة بحامض الكبريتيك والعينات بدون معاملة واقل منها للعينات التي تم معاملتها   قيمة سجلت 

الهيدروك لل  لوريك بحامض  المنتج  عواقلها  الايثانول  قياس  أيضا  وتم  الصوديوم.  بهيدروكسيد  المعاملة  ينات 
كروماتوغرافيا السائل عالية الدقة بعد عملية التقطير الأولى والثانية التي أجريت لزيادة نقاوة  تقنية الباستخدام  

 الايثانول المنتج.  
 

1. Introduction 

     The modern world has an insatiable demand for energy, which has led to a significant 

reliance on fossil fuels to meet this need. However, this has resulted in the release of large 

amounts of greenhouse gases, particularly CO2, which is widely regarded as the primary 

contributor to global warming and climate change [1]. That’s coupled with increasing 

concerns about depleting the fossil fuel sources in the future which motivates the researchers 

toward finding an alternative, renewable, eco-friendly and biobased fuel, that can be used to 

meet the required energy for daily life, industry [2]. One of these promising alternatives is 

bioethanol which can offer a clean and sustainable alternative for the fossil fuel and it can be 

formed by utilized the lignocellulose material through fermentation process [3]. The 

lignocellulose considered a promising feedstock for producing bioethanol, is gaining 

increasing attention from researchers, industry as well as from the energy production sector, 

as producing bioethanol through the fermentation of lignocellulosic materials can minimize 

the dependence on the fossil fuel furthermore minimize the pollution which resulted from 

consuming of traditional fossil fuel [4]. The production of bioethanol from lignocellulose is 

consider as the second generation of bioethanol since it used feed stock, and the importance 

of this method that it does not compete with human importance corps such as sugar can and 

corn which were used in the production of the first generation of bioethanol [5]. 

 

     The production of bioethanol can be carried out by microorganisms through the alcoholic 

fermentation of sugar found in the biomass [6]. S. cerevisiae is considered as the most 

common microorganism used for the production of bioethanol since that it considers as a 

non-pathogenic microorganism, available and has a simple requirement which allow the grow 

the yeast on a simple media [7, 8]. Numerous studies have explored the potential of 

producing bioethanol by using S. cerevisiae from different biomasses such as plant juice, 

sugarcane and plant waste [9-11]. However, these feed stocks are considered as an important 

and costly crop, while the present study use the organic waste as feed stock. 

 

     This study was conducted to investigate the ability of S. cerevisiae to produce bioethanol 

from organic wastes (lettuce leaves) through fermentation process, as well as testing the 

ability of different pre-treatment methods (acidic and alkaline pre-treatment) for enhancing 

the breakdown of cellulose and hemicellulose materials and increase the release of reduce 

sugar that can be used for ethanol production. The importance of this study is that it serves 

two significant purposes which are the removing the organic waste and at the same time use 

theses wastes for the production of bioethanol which is an important chemical that is used 

widely. 
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2.  Materials and Methods 

2.1. Collection and Processing of Samples 

     Lettuce leaves waste was collected from AL-Rasheed grand vegetables market in 

Baghdad/Iraq. The collected samples were rinsed with tap water to remove any impurities, 

and subsequently, its were dried in open air. Following drying, the samples were grinded by 

an electrical mixer (Gosonic, China) to obtain a fine powder. The powder was kept in 

polyethylene bags in the refrigerator (Concord, Lebanon) at 4ºC until it was used [12]. 

 

2.2 Experimental Work 

2.2.1 pre-treatment of the lettuce leaves  

     The study focused on the use of lettuce leaves in two distinct scenarios: with and without 

pre-treatment. The pre-treatment was used to break down the complex cellulosic, 

hemicellulose and lignin compounds to reduce sugar that can be used by S. cerevisiae, acidic 

and alkaline pre-treatment was used and compared with the samples without pre-treatment as 

follow: 

 

2.2.1.1 Without pre-treatment 

     Fifty gram of dried lettuce leaves powder were weighted and then soaked in 1000 ml of 

distilled water in a conical flask, after that it was used directly in the fermentation process 

[11]. 

 

2.2.1.2 The pre-treatment processes 

2.2.1.2.1 Pre-treatment of lettuce leaves by sulfuric acid (H2SO4)  

     Fifty grams of dried lettuce leaves powder was weighted, and then 500 mL of diluted 

sulfuric acid (2%) (J.T. Baker) was added and mixed thoroughly in the flask, after that the 

flask was placed on a hot plate stirrer (Labinco, Netherland) at 130°C with 500 rpm for 60 

minutes [13].  

 

2.2.1.2.2 Pre-treatment of lettuce leaves by hydrochloric acid (HCL)  

     Fifty grams of dried lettuce leaves powder was weighted, and then 500 mL of diluted 

hydrochloric acid (5%) (J.T. Baker) was added and mixed thoroughly in the flask, after that 

the flask was placed on a hot plate stirrer (Labinco, Netherland) at 130°C for 120 minutes and 

500 rpm [14]. 

 

2.2.1.2.3 Pre-treatment of lettuce leaves by sodium hydroxide (NaOH)  

     Fifty grams of dried lettuce leaves powder was weighted, and then 500 mL of diluted 

sodium hydroxide (1%) (SDFCL) in a flask, then it was left at room temperature for 180 

minutes [15]. 

After pre-treatment, the samples were filtered to remove any remaining impurities. The 

volume of each sample was completed to 1000 mL with distilled water. The pH value was set 

at 5, then the four samples (with and without pre-treatment) were ready to undergo the 

fermentation process [16]. 

 

2.2.2 Fermentation Process 

     The samples with pre-treatment and without pre-treatment, were subjected to autoclaving 

(LabTech, Korea). Under sterile conditions, activated S. cerevisiae inoculum was added to 

each sample in sterilized conditions. The pH of prepared substrate fermentation was then 

adjusted to 5 [17]. The fermenters were kept airtight to ensure that the fermentation condition 

was anaerobic, after that, the samples were incubated for seven days. At two-day 

intervals, both sugar content and ethanol concentration were measured every two days. 
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2.2.4 Distillation Process 

     At the end of the fermentation process the samples were distilled to sperate the ethanol 

from the solution by passing the solution through a condenser column depending on the 

variation between water and ethanol boiling point [18]. The fermented solution was then 

heated using a digital heating mantle, causing the ethanol to vaporize, which was 

subsequently condensed and collected. Then, a second distillation was carried out to increase 

ethanol purity. 

 

2.3 Measuring Sugar Content 

     The phenol-sulfuric acid method was used in this study to measure sugar content of each 

sample. At first, 10 mL of each sample was collected and centrifuged (Hettich, Germany). 

Then, 1 mL of phenol reagent (5%) with 5 ml of concentrated H2SO4 was added to 1 mL of 

the supernatant of each sample and mixed well. After that, the mixture was kept in a water 

bath for 30 minutes at 30°C, then sample concentration was measured using a 

spectrophotometer (CARY 100 Conc /Australia) at λmax 490 nm [19]. 

 

2.4 Ethanol Measurement 

     The ethanol concentration of each sample was measured by using two methods, as 

follows: 

1-Daily measuring ethanol vapor using a Lab Quest 3 ethanol sensor (Vernier, Germany) 

[20].  

2-After each distillation process, the concentration ethanol was measured using high  

performance liquid chromatography (HPLC) by direct injection (Sykam, Germany) technique 

[21]. 

3.  Results and Discussion  

The initial step involved measuring the amount of sugar present in the samples, as depicted in 

Table 1. 

 

Table 1: The amount of sugar in each sample through the experiment period 

Days 

Amount of sugar  (mg/ml) 

Without pretreatment 
Pretreatment 

with H2SO4 

Pretreatment 

with HCl 

Pretreatment 

with NaOH 

Day zero 5.085 6.292 7.732 12.795 

Day1 5.205 5.415 4.755 11.535 

Day 3 4.23 4.05 1.965 10.29 

Day 5 3.187 1.897 1.86 9.592 

Day 7 2.7 1.79 1.83 9.097 

 

     As demonstrated in the Table 1, the amount of sugar released from the sample differ 

significantly with change in the pre-treatment, and the lowest was without pre-treatment and 

a little bit higher when treated with H2SO4 followed by the treatment with HCl and much 

higher when treated with NaOH, since that NaOH is the most convenient method for the pre-

treatment through the breakdown of inner bond and the C-C bond which could enhance the 

breakdown of the cellulose and the hemicellulose  and lignin to mono sugar that can be 

consumed by the S. cerevisiae with less inhibitors than other methods [15]. These study’s 

results are similar to the findings of Johannes and Xuan [22], who reported that alkali pre-

treatment (NaOH in specific) was much higher than the results of acidic pre-treatment. 

Additionally, the results of the Wang et al. [23] showed that the pre-treatment with NaOH 

was highly effective in the removal of lignin from both wheat straw and corn straw.  
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Even though that the NaOH pre-treatment give the highest amount of sugar but the consume 

of the sugar was low due to the fact the optimum pH value for the S. cerevisiae is in the 

acidic condition while the NaOH pre-treatment shift the media to the alkaline state which 

slow the growth the of the yeast. The present study results also agree with the findings of 

Wong and Sanggari [24] who reported that the optimum pH value for the S. cerevisiae 

growth was between 4 to 6. 

On the other hand, the ethanol vaper concentration was measured daily by using the ethanol 

sensor as shown in figure 1. It must be explained here that the readings of the ethanol sensor 

are depend on predicting the ethanol value in the vapor above the solution during 

fermentation period, so it’s an estimated value that are used as indicator for the beginning and 

ending of fermentation process, while the exact concentrations of the ethanol were determine 

by using HPLC technique which measure the amount of ethanol that actually exist in the 

solution.  

 

     

Figure 1: The ethanol concentration measured by using the ethanol sensor through the study 

period 

 

     As illustrated in Table 2, the highest ethanol concentration was measured in the samples 

that were pre-treated with HCl at day 5. These study results are in agreement with the results 

of Hidayati [25] who found that the production of bioethanol from breadfruit using S. 

cerevisiae was increase when the cellulosic compounds were pre-treated with HCL. As well 

as, the findings of Hyder and Mahmoode [26] who found that the HCL pre-treatment give a 

higher ethanol production than the pre-treatment with H2SO4, while the results disagree with 

the results of Johannes and Xuan [22] who used both H2SO4 and NaOH for the pre-treatment 

of Perennial grasses for bioethanol production but they found that the bioethanol produced by 

the samples pre-treated with NaOH give a higher ethanol amount than the samples pre-treated 

with H2SO4.  

 

     The ethanol concentrations were also measured in the end of the experiment after the first 

and the second distillation process as shown in table 3. The measurements obtained by the 

HPLC are shown in Figures (2-5) which represent the actual ethanol readings of the samples 

in HPLC.  
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Table 3: The ethanol concentration measured by the HPLC technique after the 1st and 2nd 

distillation processes. 

Distillation process 

Ethanol concentrations (ppm) 

Without 

pre-treatment 

Pre-treatment 

with H2SO4 

Pre-treatment 

with HCl 

Pre-treatment 

with NaOH 

1St distillation 38.85 60.06 51.81 48.95 

2nd distillation 38.29 60.08 54.19 44.30 

 

For the mode of action of both acidic and alkaline pre-treatment, it can be explained by the 

fact that the Acidic pre-treatment acts on degrading the hemicellulose as well as breakdown 

of the cellulose crystallization by affecting the bonds (covalent and hydrogen bonds) and van 

der Waals forces that keep the cellulose, lignin and hemicellulose intact. On the other hand, 

alkaline pre-treatment affects the cell wall integrity through the dissolution of the 

polysaccharides and causes swelling, which subsequently removes the lignin and that leads to 

the increase of both porosity and surface area of the biomass and a decrease the 

polymerization degree [22].  

 

     The process of dehydration was done in order to purify the resulted ethanol and decrease 

the amount of water presented [27] In general the highest concentration of ethanol was 

resulted from the samples pre-treated with H2SO4 followed by HCl and NaOH and the lowest 

was in the samples without pre-treatment. That could be due to the fact pre-treatment allows 

the breakdown of the lignocellulose and cellulosic compounds int sugar monomers that can 

be converted to bioethanol [28]. The results of this study were in agreement with the findings 

of Tulahie et al. [27] who found that when they treated sawdust with H2SO4 and NaOH give 

the highest bioethanol concentration.  And the results of Ochaikul et al. [29] who found that 

the ethanol produce from the water hyacinth after acidic pre-treatment with H2SO4 was 

slightly higher that resulted from pre-treating with NaOH. As well as it agrees with the 

findings of Shukla et al. [30] who found that between the different acidic pre-treatment, the 

use of sulfuric acid was the best acid pre-treatment from both effectiveness and economic 

point of view.  

 

 
Figure 2: The ethanol measured by the HPLC produced by S. cerevisiae from lettuce leaves 

without pre-treatment (A) after 1st distillation (B) after 2nd distillation 

A

  

B 
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Figure 3: The ethanol measured by the HPLC produced by S. cerevisiae from lettuce leaves 

pre-treated with H2SO4 (A) after 1st distillation (B) after 2nd distillation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: The ethanol measured by the HPLC produced by S. cerevisiae from lettuce 

leaves pre-treated with HCL (A) after 1st distillation (B) after 2nd distillation
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Figure 5: The ethanol measured by the HPLC produced by S. cerevisiae from lettuce leaves 

pre-treated with NaOH (A) after 1st distillation (B) after 2nd distillation 

 

Conclusion  

This study shows the ability of the S. cerevisiae for production of bioethanol from the organic 

waste (lettuce leaves), the acidic and alkaline pre-treatment of the raw materials (lettuce 

leaves) was effective in the breakdown of the cellulose, hemicellulose and lignin to mono-

sugars which could be consumed by the S. cerevisiae for the production of bioethanol. The 

application of NaOH pretreatment resulted in the highest yield of reduced sugars, whereas 

acidic pretreatment yielded the highest ethanol production. It also clear that the distillation 

process enhances the resulted bioethanol purity.   

   

5. Acknowledgements 

      My deepest thanks to the University of Baghdad/ College of Science/ Biology 

Department for allowing us to use the ecology laboratory for higher studies for carrying out 

this work. 

6. Statements on compliance with ethical standards and standards of research involving 

animals 

 “This article does not contain any studies involving animals performed by any of the 

authors.” 

7. Disclosure and conflict of interest  

The authors declare that they have no conflicts of interest. 

 
References 

[1] K. Obileke, H. Onyeaka, O. Omoregbe, G. Makaka, N. Nwokolo and P. Mukumba, “Bioenergy 

from bio-waste: a bibliometric analysis of the trend in scientific research from 1998 to 2018,” 

Biomass Convers. Bioref, vol.12, pp. 1077–1092,2020. http://doi.org/10.1007/s13399-020-

00832-9    

http://doi.org/10.1007/s13399-020-00832-9
http://doi.org/10.1007/s13399-020-00832-9


Mustafa and Mohammed                        Iraqi Journal of Science, 2025, Vol. 66, No. 8, pp: 3176- 3185  
 

 

3184 

[2] M. Akın, E. Bartkiene, F. Ozogul, S. P. Eyduran, M. Trif, J. M. Lorenzo and J. M. Rocha, 

“Conversion of organic wastes into biofuel by microorganisms: A bibliometric review,” Cleaner 

and Circular Bioeconomy, vol.6, 100053, 2023. https://doi.org/10.1016/j.clcb.2023.100053  

[3] M. Adsul, S. K. Sandhu, R. R. Singhania, R. Gupta, S. K. Puri, A. Mathur, “Designing a 

cellulolytic enzyme cocktail for the efficient and economical conversion of lignocellulosic 

biomass to biofuels,” Enzyme and Microbial Technology, vol. 133, 109442, 2020.   

https://doi.org/10.1016/j.enzmictec.2019.109442  

[4] J. Rajesh Banu, Preethi, S. Kavitha, V. K. Tyagi, M. Gunasekaran, O. P. Karthikeyan, G. Kumar, 

“Lignocellulosic biomass based biorefinery: A successful platform towards circular 

bioeconomy,” Fuel, vol. 302, 121086,2021. https://doi:10.1016/j.fuel.2021.121086  

[5] M. Yerizam, A. M. Jannah and N. Aprianti, " bioethanol production from Chlorella pyrenoidosa 

by using enzymatic hydrolysis and fermentation method," Journal of Ecological Engineering, 

Vol. 24, no. 1, pp. 34-40, 2023. https://doi.org/10.12911/22998993/156000    

[6] H. Taouda, R. Chabir, L. Aarab, Y. Miyah, F. Errachidi, “Biomass and bio-ethanol production 

from date extract,” Journal of Materials and Environmental Sciences, vol.8, no. 9, pp.3093-3098, 

2017. https://www.jmaterenvironsci.com/Document/vol8/vol8_N9/326-JMES-2481-Taouda.pdf 

[7] M. K. M. Jwad and S. H.J. AI-Haidari, “The Effect of Flocculation on The ethanolic Production 

in Some Various Yeast,” Ibn AL-Haitham Journal For Pure and Applied Sciences, vol.21, no. 4, 

pp. 19-30, 2017. https://jih.uobaghdad.edu.iq/index.php/j/article/view/1424  

[8] N.N. Mahmood, “Effect of Saccharomyces Cerevisiae and Lactobacillus Plantarum in Growth of 

Fusarium sp.,” Ibn AL-Haitham Journal for Pure and Applied Sciences, vol.24, no.3, 2016.  

[9] S. Babu, K. M. Harinikumar, R. K. Singh and A. Pandey, “Optimization of Bioethanol 

Production from fruit wastes using Isolated Microbial Strains,’ International Journal of 

Advanced Biotechnology and Research, vol.15, pp.598-604, 2014. http://www.bipublication.com  

[10] K. Kabir, S. M. Batagarawa, I. Muhammad, A. Nazifi, I. Haruna, H. I. Ahmed, R. Bamanga and 

I. Bugaje, “Bioethanol production from waste cotton lint using Saccharomyces cerevisiae,” 

Journal of Applied Science, vol.20, pp.58-66, 2020. DOI:10.3923/jas.2020.58.66 

[11] Y. M. Y. Al-Ani “Production of bioethanol as alternative fuels from bio renewable resources,” 

MSc. Thesis, Dept. Biology, University of Baghdad, Baghdad, Iraq, 2018. 

[12] A. Sluiter, B. Hames, R. Ruiz, C. Scarlata, J. Sluiter, D. Templeton, D. Crocker, “Determination 

of Structural Carbohydrates and Lignin in Biomass: Laboratory Analytical Procedure (LAP),” 

National Renewable Energy Laboratory, Technical Report, Version 08-03, pp.1-17, 2012, 

http://www.nrel.gov/biomass/analytical_procedures.html 

[13] A. K. Frolkova, and V. M. Raeva, “Bioethanol Dehydration: State of the Art,” Theoretical 

Foundations of Chemical Engineering, vol.44, no.4, pp.545-556, 2010. 

http://DOI:10.1134/S0040579510040342 

[14] J. M. Romero-García, C. Martínez-Patiño, E. Ruiz, I. Romero and E. Castro, “Ethanol production 

from olive stone hydrolysates by xylose fermenting microorganisms,” Bioethanol, vol. 2, no.1, 

pp. 51-65, 2016. https://doi.org/10.1515/bioeth-2016-0002 

[15] P. A. R. Utoro, M. Alwi, J. E. Witoyo, B. D. Argo, R. Yulianingsih, and Muryanto, “Impact of 

NaOH Concentration and Pretreatment Time on the Lignocellulose Composition of Sweet 

Sorghum Bagasse for Second-Generation Bioethanol Production,” Advances in Biological 

Sciences Research, pp. 198–206, 2023, doi: https://doi.org/10.2991/978-94-6463-180-7_22. 

[16] N. H. Hayder and B. Mahmoode, “Biofuel Production from Cellulosic Wastes by Local Isolates 

of Streptomyces sp.,” Iraqi Journal of Science, vol 55, no.4B, pp:1844-1858, 2014. 

https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/11300 

[17] M.E. Ojewumi, J.A. Omoleye and A.A. Ajayi, “The effect of different starter cultures on the 

protein content in fermented African locust bean (Parkia biglobosa) seeds,” International 

Journal of Engineering Research and Technology, vol.5, no.4, pp. 249-254, 2018.  

[18] Y. Liu, Y. Lyu, J. Tian, J. Zhao, N. Ye, Y. Zhang and L. Chen, “Review of waste biorefinery 

development towards a circular economy: From the perspective of a life cycle assessment,” 

Renewable and Sustainable Energy Reviews, vol. 139, 2021. 

https://doi.org/10.1016/j.rser.2021.110716  

https://doi.org/10.1016/j.clcb.2023.100053
https://doi.org/10.1016/j.enzmictec.2019.109442
https://doi:10.1016/j.fuel.2021.121086
https://doi.org/10.12911/22998993/156000
https://www.jmaterenvironsci.com/Document/vol8/vol8_N9/326-JMES-2481-Taouda.pdf
https://jih.uobaghdad.edu.iq/index.php/j/article/view/1424
http://www.bipublication.com/
http://dx.doi.org/10.3923/jas.2020.58.66
http://www.nrel.gov/biomass/analytical_procedures.html
http://DOI:10.1134/S0040579510040342
https://doi.org/10.1515/bioeth-2016-0002
https://doi.org/10.2991/978-94-6463-180-7_22
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/11300
https://doi.org/10.1016/j.rser.2021.110716


Mustafa and Mohammed                        Iraqi Journal of Science, 2025, Vol. 66, No. 8, pp: 3176- 3185  
 

 

3185 

[19] S. K. Al-Rubaie and H. S. Abdulhay, “Bioethanol Production from Olive Solid Residues by 

Using Rhodotorula Minuta,” Iraqi Journal of Science, vol.63, no. 1, pp. 53-61, 2022. 

https://doi.org/10.24996/ijs.2022.63.1.6 

[20] S. Kh. A. Al-Rubaie, “Ethanol Production from Olive Waste as Alternative Biofuel,” M.Sc 

thesis, Biology Depart. , College of Science, University of Baghdad, Baghdad. 2021. 

[21] Y. Feng, X. Tian, Y. Chen, Z. Wang, J. Xia, J. Qian, Y. Zhuang and J. Chu, “Real-time and on-

line monitoring of ethanol fermentation process by viable cell sensor and electronic nose,” 

Bioresour. Bioprocess, vol.8, no.37, pp.1-10, 2021. https://doi.org/10.1186/s40643-021-00391-5  

[22] L.P. Johannes and T.D. Xuan, “Comparative Analysis of Acidic and Alkaline Pretreatment 

Techniques for Bioethanol Production from Perennial Grasses,” Energies, vol. 17, 1048,2024. 

https://doi.org/10.3390/en17051048 

[23] W. Wang, X. Wang, Y. Zhang, Q. Yu, X. Tan, X. Zhuang and Z. Yuan, “Effect of sodium 

hydroxide pretreatment on physicochemical changes and enzymatic hydrolysis of herbaceous and 

woody lignocelluloses,” Industrial Crops and Products, vol.145, 112145, 2020. 

http://doi:10.1016/j.indcrop.2020.112145 

[24] Y. C. Wong and V. Sanggari, “Bioethanol Production from Sugarcane Bagasse using 

Fermentation Process,” Oriental Journal of Chemistry, vol.30, no.2, pp.507-513, 2014. 

http://dx.doi.org/10.13005/ojc/300214 

[25] N. R. Hidayati, "The Effect of Chloride Acid (Hcl) Concentration and Fermentation on 

Bioethanol Levels from Breadfruit (Artocarpus Artilis) Substrate" IOP Conf. Series: Materials 

Science and Engineering 835, 012042. (2020), https://doi.10.1088/1757-899X/835/1/012042     

[26] N. H. Hayder and B. Mahmoode, "Biofuel Production from Cellulosic Wastes by Local Isolates 

of Streptomyces sp.," Iraqi Journal of Science, vol.55, no. 4b, pp.1844-1858.2014. 

https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/11300  

[27] S. K. Tulashie, E. E. A. Akpari, G. Appiah, A. Adongo and E. K. Andoh,” Acid hydrolysis of 

sawdust waste into bioethanol,” Biomass Conversion and Biorefinery, vol.13, 1016,2021. 

http://DOI:10.1007/s13399-021-01725-1 

[28] E. Demiray, S. E. Karatay and G. Dönmez, “Determination of Bioethanol Production from 

Apricot (Prunus armeniaca) Pomace,” Brazilian Archives of Biology and Technology, vol. 64, 

e21200781, pp. 1-10, 2021. https://doi.org/10.1590/1678-4324-2021200781 

[29] D. Ochaikul, A. Jongmeesuk and C. Maneeruttanarungroj, “Bioethanol Fermentation from 

Acid/Base-Treated Water Hyacinth Biomass using Fermentation Yeasts Saccharomyces 

cerevisiae YRK 017 and Candida Shehatae ATCC 22984,” International Journal Of Renewable 

Energy Research, vol. 9, no.3, pp. 1428-1434, 2019. 

https://doi.org/10.20508/ijrer.v9i3.9390.g7724 

[30] A. Shukla, D. Kumar, M. Girdhar, A. Kumar, A. Goyal, T. Malik and A. Mohan, “Strategies of 

pretreatment of feedstocks for optimized bioethanol production: distinct and integrated 

approaches,” Biotechnology for Biofuels and Bioproducts, vol. 16, no. 44, pp. 1-33, 2023. 

https://doi.org/10.1186/s13068-023-02295-2   

 

https://doi.org/10.24996/ijs.2022.63.1.6
https://doi.org/10.1186/s40643-021-00391-5
https://doi.org/10.3390/en17051048
http://doi:10.1016/j.indcrop.2020.112145
http://dx.doi.org/10.13005/ojc/300214
https://doi.10.1088/1757-899X/835/1/012042
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/11300
http://DOI:10.1007/s13399-021-01725-1
https://doi.org/10.1590/1678-4324-2021200781
https://doi.org/10.20508/ijrer.v9i3.9390.g7724
https://doi.org/10.1186/s13068-023-02295-2

