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ABSTRACT 
Demand of fossil fuels is increasing every year as it dominates global utilization of energy and contributes to many 
environmental challenges such as emissions of carbon dioxide, methane, nitrous oxide and global warming. These problems 
associated with conventional fuels can be resolved by replacing them with bioethanol produced by microbial fermentation 
process. A range of plant-based substrates, together with starch, cellulose, hemicellulose, and pectin, can be used to 
produce this unconventional fuel, making it a longstanding and lucrative resolution with little environmental influence. As 
non-food biomass sources are being used for production of second-generation bioethanol, it is considered a sustainable 
energy solution. This approach decreases greenhouse gas productions as well as competition for food production. As algae 
can thrive in a variety of conditions, including wastewater and ocean, without demanding freshwater resources or arable 
land, third-generation bioethanol production by means of algae as has gained popularity and became more ecologically 
favorable and justifiable choice. In inference, bioethanol production by microbial fermentation of carbohydrates is an 
environmentally friendly and practical approach for lowering dependence on fossil fuels while minimalizing their 
environmental consequences. 
Keywords: Bioethanol, Biomass utilization, second generation biofuel, third generation biofuel, environmental 
sustainability, hemicellulose 
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INTRODUCTION 
Fossil fuels are non-renewable energy sources derived from the remnants of ancient creatures and plants 
spanning millions of years. They include: Petroleum (crude oil), Natural Gas, Coal and Tar Sands (Oil Sands). 
These fossil fuels served as the important energy sources that drove industrialization and contemporary 
financial prudence. Fossil fuels provide for around 86% of global primary energy consumption, which is 
increasing progressively [1]. Traditional fuels have many problems such as: Environmental Pollution - The 
utilization of fossil fuels releases greenhouse gases such as carbon dioxide, methane, nitrous oxide, which 
gives rise to greenhouse gas effect as well as global warming. This causes increase in temperatures of 
earth’s surface and environmental deterioration, The depletion of Fossil Fuels - Fossil fuel supplies can take 
thousands of years to recreate if depleted as they are limited and quickly diminishing. This emphasizes the 
importance of sustainable alternatives, Energy Shortages - As global energy consumption is predicted to 
quadruple in the next decades, there is increasing concern about energy shortage [2, 3]. Considering upon 
these issues, a shift toward sustainable and renewable energy sources, such as second-generation biofuels 
is necessary, which use non-food feedstocks or materials from agricultural waste to improve energy 
security, decrease environmental impact and encourage circular economies. Bioethanol is considered as 
one of the utmost possible substitutes for fossil fuels, but its application in reality as a bulk commodity 
depends heavily on the process technology [4]. Microbial fermentation of various sugars results in 
formation of a type of alcohol called as Bioethanol [5]. These microbes can be homofermentative or 
heterofermentative.  Though first-generation bioethanol which is made of substrates from food crops 
which are rich in sugar such as sugarcane, maize, sorghum, sugar beet, oats, barley, rye etc. provides low 
manufacturing costs and well adopted technology, it competes for human food and water supplies [6, 7]. 
The solution for problem associated with first generation ethanol production is second generation ethanol. 
The second-generation bioethanol, which is mentioned to as advanced bioethanol, is made from 
lignocellulosic biomass together with forestry waste, agricultural leftovers and energy crops such as 
switchgrass (Panicum virgatum), miscanthus (Miscanthus giganteus), reed canary grass (Phalaris 
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arundinacea), kenaf (Hibiscus cannabinus), etc. This kind of bioethanol is not at all competing with food 
supply, making it a more sustainable alternative for bioenergy production. Second-generation bioethanol 
every so often needs more complex processing and more capital investments, this increases its production 
expenses than the first-generation bioethanol [6, 8]. Lignocellulosic biomass, such as agricultural leftovers, 
can be used to synthesize second generation ethanol at an economical cost and with high availability.  
Cellulose, hemicellulose, starch, pectin and lignin are the primary elements found in this waste from 
agriculture [9]. Using these waste items for second-generation bioethanol gives various benefits: 
1. Agricultural waste is often accessible at little to no cost which lowers the total expenses of bioethanol 
production [7]. 
2. Substrates for second generation ethanol are numerous, renewable, and do not interfere with the 
cultivation of food [7, 10]. 
3. As several feedstocks are available bioethanol production is flexible [7]. 
4. Emissions of greenhouse gases is reduced as less garbage is delivered to landfills or incinerated [10]. 
Therefore, it is advantageous in terms of sustainability, affordability, environmental effect, and feedstock 
diversity, using plant waste to produce bioethanol. Additional study is required for scalability and economic 
feasibility. 
 
MICROORGANISMS PRODUCING BIOETHANOL 
Bioethanol generation through fermentation involves a variety of microorganisms. Some common 
microorganisms utilized in bioethanol synthesis are: 
Yeast: Recent research on the yeast Saccharomyces cerevisiae for the bioethanol production has primarily 
focused on maximizing the use of various feedstocks and metabolic processes, with the goal of developing 
renewable and affordable alternatives to fossil fuels [11, 12, 13]. Ethanol synthesis from the starch of 
cassava using a very prolific strain of Saccharomyces uvarum has been investigated [14]. Saccharomyces 
carlsbergensis, when combined with other yeasts, produces a higher ethanol yield. It has also been utilized 
as an efficient fermenting organism in the context of mass synthesis of bioethanol from cashew apple juice 
[15, 16]. Studies are looking at Spirogyra peipingensis algae as a source of substrate for generation of 
bioethanol with Pichia kudriavzevii, Saccharomyces cerevisiae and Kluyveromyces thermotolerans. 
Simultaneously cultured Pichia stipitis and Saccharomyces cerevisiae has been demonstrated an increase 
bioethanol production from Prosopis juliflora hydrolysate, showing the effectiveness of these yeast strains 
in bioethanol synthesis. Furthermore, Pichia kudriavzevii has demonstrated greater stress tolerance than 
other yeast strains by producing high gravity bioethanol, [17, 18, 19]. By using non-food substrates, such 
as cassava peel Kluyveromyces marxianus was effectively used for bioethanol synthesis, proving its viability 
for sustainable bioenergy production [20]. Research on bioethanol production utilizing Kluyveromyces 
lactis and Kluyveromyces fragilis involves investigations on increasing ethanol production efficiency 
through genetic engineering and environmental adaptability [21, 22]. Several research have explored 
Candida tropicalis, proved that it has the ability to produce bioethanol. Furthermore, a transcriptional 
profile study of Candida tropicalis revealed gene expression requirements for bioethanol synthesis. 
Although there has been little particular study on Candida brasiliensis and Candida utilis for bioethanol 
production, related research suggests that these species may be promising candidates due to fermentative 
and transcriptional profiles that resemble industrially important yeast strains such as Saccharomyces 
cerevisiae [23, 24]. 
Molds: Aspergillus niger has been genetically transformed using multiple genes to promote ethanol 
synthesis, with the goal of engineering integrated bioprocessing inside the fungus for higher bioethanol 
yields [25]. Research on bioethanol synthesis employing Penicillium species, notably Penicillium 
janthinellum and Penicillium echinulatum, has been widely conducted. These fungi have the capacity to 
produce cellulase and break down lignocellulosic biomass, both of which are required for bioethanol 
synthesis [26, 27]. Several research have looked at the usage of Trichoderma reesei for the production of 
bioethanol. For example, a dual method incorporating the utilization of Trichoderma reesei for the 
conversion of the elephant grass cellulose into fermentable sugars for bioethanol production was proposed 
[28]. One research looked at the utilization of Chaetomium globosum for making bioethanol from Delonix 
regia pods [29]. Lignocellulose in bagasse is made up of cellulose, hemicellulose, and lignin, which is 
converted into bioethanol by crude cellulase enzymes generated by the fungus Phanerochaete 
chysosporium [30]. 
Bacteria: The study Azilah et al. (2017) examines bioethanol synthesis with Zymomonas mobilis in high-
gravity extraction fermentations [31]. Zymomonas mobilis has been identified as a promising microbial 
culture for producing alcohol as well as additional biochemicals using biomass, making it a unique for 
future biorefineries [32]. Each of the three subspecies, Z. mobilis subsp. pomaceae, Z. mobilis subsp. mobilis 
and Z. mobilis subsp. francensis, demonstrated the ability to ferment hexose sugar to ethanol [33]. Soleimani 
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et al. (2017) used paper, corn, corncobs, and pine cones as carbon sources to create bio-alcohol using 
Lactobacillus sakei, Pediococcus acidilactici and Weissella viridescens bacteria [34]. Studies shows that 
Clostridium ljungdahlii and associated bacteria can use CO (carbon monoxide) as a carbon and energy 
source for ethanol synthesis, highlighting the possibility of using it in syngas fermentation for bioethanol 
production [35]. Escherichia coli   has shown the capacity to metabolize pentose sugars often present in 
lignocellulosic hydrolysates, producing biohydrogen and bioethanol [36]. Bioethanol production research 
employing Thermoanaerobacterium thermosaccharolyticum involves efforts to increase ethanol production 
efficiency and to investigate novel ethanol synthesis routes. Researchers have sought to adapt T. 
thermosaccharolyticum to produce more ethanol from seaweed hydrolysis product by eliminating 
competing routes like as lactate and acetate synthesis. In addition, attempts have been made to introduce 
additional ethanol production mechanisms, including the pyruvate decarboxylase pathway, that has 
proven effective in other thermophilic species. Overall, study of T. thermosaccharolyticum for the 
production of bioethanol aims to enhance known routes while also introducing new ones to increase 
overall process efficiency [37, 38, 39]. Bacillus coagulans offers potential for bioethanol production because 
to its thermophilic characteristics, resistance to inhibitors, and capacity to use a variety of carbohydrate 
sources [40]. Studies have investigated ethanol synthesis by Sporomusa ovata, an electrosynthetic 
bacterium, showing its potential in bioethanol production from lignocellulose [41]. Cellulomonas sp. 
obtained from termite gut has the capability of the saccharification process and fermentation for 
agricultural biomass, which aids in bioethanol production [42]. Crude glycerol, an outcome of biodiesel 
manufacturing, might possibly be transformed to valuable commodities like ethanol by Kluyvera 
cryocrescens [43]. 
 
SUBSTRATES FOR BIOETHANOL PRODUCTION 
The primary elements found in plant-based materials are cellulose, hemicellulose, starch and pectin. These 
polysaccharides are converted into simple sugars and the saccharified material is fermented to ethanol. 
Starch: Starch is made up of amylose and amylopectin. Various enzymes are required for the 
transformation of starch to bioethanol. Alpha Amylase: Alpha Amylase is essential for starch hydrolysis; it 
acts on alpha 1-4 linkages and converts starch to shorter oligosaccharides such as maltose and glucose. 
Alpha amylase breaks amylose and amylopectin and convert into glucose syrup. Glucoamylase: 
Glucoamylase acts on short oligosaccharides generated by α-amylase into glucose. This enzyme breaks α-
1,4 and α-1,6 linkages and convert oligosaccharides into fermentable sugars. Zymase: Zymase is an enzyme 
complex found in yeast, namely Saccharomyces cerevisiae, this complex do the conversion of glucose to 
ethanol. This enzyme catalyzes transformation of glucose into ethanol and CO2 during the fermentation 
process [44, 45]. Researchers have investigated starch-based food waste materials focusing on the 
utilization of both fermentation and saccharification processes for synthesis of bioethanol. Different 
technologies have been used, such as microwave radiation and enzyme treatments, to demonstrate the 
potential of food waste for ethanol synthesis from it [46]. Recent developments in bioethanol synthesis 
from renewable raw materials such cassava, avocado waste, etc. emphasizes the necessity of starch 
hydrolysis in ethanol generation. The study stresses the sustainable and economic elements of bioethanol 
synthesis from various feedstocks [44].  A small-scale bioethanol production method using the starch 
recovered from avocado seeds displays good yields as well as efficacy in transforming avocado seed starch 
to ethanol. This indicates the opportunity of using avocado seed in place of a substrate for bioethanol 
production [47]. Sustainability research looks at bioethanol production from tuber starch feedstocks such 
as cassava, maize, sweet potato and sorghum. The study evaluates economic, environmental, and energy 
elements to improve the sustainability of bioethanol manufacturing processes, proposing options for 
enhanced efficiency of energy and environmental performance [48]. Emad et al. (2019) investigated 
bioethanol synthesis from Pseudomonas poae by using castor bean cake as a substrate. This study 
demonstrates the possibility for using agricultural waste for biofuel generation [49]. These studies help to 
further understanding about converting starch into bioethanol by using novel techniques, sustainability 
issues, and new raw materials for effective bioethanol manufacturing procedures. 
Cellulose: Cellulases are the enzymes responsible for breaking cellulose into simple sugars and ultimately 
to bioethanol. Cellulases are a complex set of hydrolytic enzymes that function together to convert. 
Cellulases are of following major groups: Endoglucanases function randomly in the amorphous area of 
cellulose and initiates the hydrolysis process by breaking down cellulose chains. Exoglucanases work on 
both the reducing as well as non-reducing ends of cellulose chains, producing cellobiose and further 
breaking down the chains. β-Glucosidases convert cellobiose to glucose, releasing sugars that can be used 
to produce ethanol. These enzymes work together to degrade the intricate structure of cellulose into 
simpler sugars such as glucose, cellobiose, and cellooligosaccharides, which may subsequently be 
fermented to produce bioethanol [50, 51]. 
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The most recent studies on transforming cellulose to bioethanol works on increasing the efficacy of the 
three processes 1) conversion process using diverse pretreatment processes, 2) hydrolysis and 3) 
fermentation methods. Pretreatment procedures include chemical, physical and biological treatments 
improve biomass accessibility for enzymatic activity. Steam explosion, alkali, acids, and biological 
preparation with microorganisms are among the most promising pretreatment approaches. Cellulolytic 
enzymes hydrolyze cellulose into glucose and oligosaccharides. Fermentation is the conversion of glucose 
to bioethanol utilizing yeast or bacteria. Recent advances in nanotechnology have showed promise in 
boosting bioconversion efficiency by increasing lignocellulosic biomass accessibility to enzymes and 
minimizing inhibitor production. The application of nanoparticles in pretreatment was demonstrated to 
boost [50, 52, 53, 54, 55]. 
Hemicellulose: Hemicellulase plays critical role in the breaking down the biomass from plants and carbon 
transport back into nature. Enzymes such as β-mannanases, xylanases, α-l-arabinofuranosidases, β-
xylosidases,  α-d-glucuronidases and hemicellulolytic esterases break down hemicelluloses, complex 
carbohydrates present in plant cell walls. Hemicellulases are used for conversion of hemicellulose into 
fermentable sugars such as xylose, galactose, mannose and arabinose, which are used to synthesize 
bioethanol from lignocellulosic biomass [56]. Hemicellulase converts hemicellulose into ethanol by 
breaking the links between glucose and polymers found in fibers from plants with water molecules, 
resulting in hemicellulose hydrolysis [57]. Wheat straw as a source of hemicellulose have been mentioned 
in many literatures. Detroy et al. (1982) reported conversion of straw from wheat cellulose/hemicellulose 
into the ethanol by Pachysolen tannophilus and Saccharomyces uvarum, with a yield of 70-82% for cellulosic 
pulp but only 40-60% for ethanol due to treatment-induced inhibition [58]. Nigam (2001) investigated the 
production of bioethanol from acid hydrolyzed hemicellulose of wheat straw utilizing Pichia stipitis strains, 
resulting in increased yields as well as productivity [59]. Koti et al. in 2016, demonstrated increased 
production of bioethanol from wheat straw hemicellulose utilizing mutant Candida shehatae and Pichia 
stipitis strains [60]. Tsegaye et al. (2019, 2020) evaluated several wheat straw pretreatment strategies to 
optimize parameters for ethanol production [61, 62]. Chen et al. (2021) employed sub-critical water 
pretreatment along with high solid hydrolysis to increase ethanol conversion rate from wheat straw [63]. 
Tabañag et al. in 2018 used genetically modified Saccharomyces cerevisiae to produce ethanol using 
hemicellulose. They enhanced hydrolytic activity by showing hemicellulase onto the yeast surface [64]. 
Scordia et al. (2012) used Scheffersomyces stipitis to produce 8.20 g L-1 bioethanol at 6.0 pH, after 48 hours 
of hydrolysis of gigantic reeds [65]. Mihiretu et al. (2017) studied microwave-induced pressured hot water 
conditions in xylan-based biopolymers and ethanol from biomass co-production using aspen wood sawdust 
and sugarcane waste, yielding highest xylan yields of 66% and 50%, correspondingly [66]. Batog et al. 
(2020) studied bioethanol production in several sorghum varieties and recommended Sucrosorgo 506 for 
both main and secondary crop farming [67]. Sharma et al. (2019) used rice straw to generate ethanol with 
yield of 2-4 g L-1 [68]. 
Pectin: Various enzymes are involved in the transformation of pectin to bioethanol, which breaks up pectin 
to fermentable sugars. Polygalacturonase (PG): Polygalacturonases hydrolyze alpha 1,4-glycosidic linkage 
to polygalacturonic acid chains, resulting in units of D-galacturonate. These enzymes are required for the 
breakdown of pectin to simpler sugars used in bioethanol synthesis. Pectin Lyases: Pectin lyases eliminate 
alpha 1,4 glycosidic linkages in polymers of polygalacturonic acid, resulting in unsaturated C-C bonds 
within the cleaved pectin polysaccharide. They help break down pectin to smaller parts for use in 
bioconversion processes. Pectin Esterases (PE): Pectin esterases, also referred to as pectin methylesterases 
(PME), catalyse the de-esterification of methyl ester links in galacturonate units, resulting in pectate and 
methanol. Enzymes like these target methyl ester groups found in galacturonate units, allowing pectin to 
be broken down into fermentable sugars. Protopectinases transform insoluble protopectin to soluble 
pectin, which aids in the early degradation of pectic compounds before additional enzymatic conversion 
activities [69, 70]. Biomass rich in pectin, including sugar beet pulp, citrus waste, and apple pomace, are 
ideal feedstocks for ethanol generation. These commodities, which are frequently regarded as waste 
products within the sugar and juice industries, can be used to supplement ethanol supply through 
leveraging their current feedstock value. According to Zhou, Widmer, and Grohmann (2007), co-products 
from citrus peels like pectin and pectin residues have significant economic value in bioethanol generation. 
A ton peel of orange may yield 44 lb of galacturonic acid through the conversion of peels to bioethanol [71]. 
The industrial fruit processing generates waste rich in pectin, creates a suitable biomass for production of 
ethanol. Firstly, biomass is willingly stacked in fairly large quantities in processing plants, significantly 
lowers the expenses required for gathering and transferring it [72]. Himmel et al. (2007) present a 
sophisticated method for lignocellulosic degradation, including thermochemical pretreatment and 
digestion with the help of enzyme to produce simple sugars for the production of bioethanol [73]. Highly 
resistant biomass, such grasses and forests, requires treatments that involve dilute sulfuric acid or 
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ammonia fiber expansion pretreatment [74] or pretreatment for disturbing the structure of biomass or to 
eliminate chemicals antagonistic to fermentation, such as limonene present in waste derived from citrus 
[75]. 
 
THIRD GENERATION BIOETHANOL 
Third-generation bioethanol is synthesized by using non-food biomass sources like algae, which are 
thought to be more sustainable and ecologically less harmful than first- and second-generation bioethanol 
raw materials like maize and sugarcane [76]. Various algae have been studied for their ability to make 
ethanol such as Spirulina, Chlorella, Chlorococcum sp., Gelidium amansii, Prymnesium parvum, Gracilaria sp., 
Sargassum sp., Laminaria sp. and Spirogyra sp. These algae make ethanol through various processes such 
as anaerobic digestion and fermentation [77]. Lot of research is being going on third generation of 
bioethanol which concludes that algae are regarded as a viable resource for bioethanol production as they 
can create ethanol at two to five times lower rate than that of sugarcane and corn while using less energy 
[78, 79]. Growing, harvesting, drying, oil extraction, and bioethanol fermentation are the steps of current 
algae-based biofuel production methods [79]. The cost, water, CO2, and energy footprints of algal biomass 
derived third-generation biofuels were studied. It depicts that this biofuel derived from algal biomass have 
the potential to significantly increase the global biofuel share, but there are still challenges to 
commercialization to overcome, such as cost, investments, policy and regulations [79]. The problems and 
projections for third-generation ethanol generation have been studied, including enhancing algal 
carbohydrate content, biomass output, and sugar extraction efficiency [80]. 
 
CONCLUSION 
Fossil fuels provide for around 86% of global primary energy consumption, which is increasing 
progressively. These fuels have a huge impact on environment like emission of greenhouse gases and 
change in climate. Bioethanol is a renewable and sustainable option which is synthesized from a different 
substrate, includes non-food biomass sources such as starch, cellulose, hemicellulose, and pectin. Third-
generation bioethanol synthesized using algal biomass is also a lucrative choice as algae can survive in 
variety of conditions together with waste water and sea water without competing for arable land and 
freshwater. Switching over bioethanol is practically workable choice to reduce the dependence on fossil 
fuel. 
 
ACKNOWLEDGMENT 
WE would like to convey our gratitude to, The Principal, Tuljaram Chaturchand College of Arts, Commerce 
and Science, Baramati, Tal.: Baramati, Dist.: Pune-413102, Maharashtra, India for financial assistance. 
 
DECLARTION OF CONFLICT OF INTEREST 
The authors declare that they have no conflict of interest or any affiliation or involvement in any 
organization whether it is academic, commercial, financial, personal and professional relevant to the work 
under consideration to avoid the potential of bias and accept responsibility for what is said in the 
manuscript. 
 
REFERENCES 
1. Abas N., Kalair A., Khan N. (2015). Review of Fossil Fuels and Future Energy Technologies, Futures, 69:31-49. 

10.1016/j.futures.2015.03.003 
2. Ingawale S., Bagi J., Nikam L. (2022). Comparative study of a performance of an internal combustion engine and its 

emission working on conventional fuel (Diesel) and alternative fuel (Bio-CNG), Journal of Mechanical and Energy 
Engineering, 6 (1):67-76. https://doi.org/10.30464/jmee.2022.6.1.67. 

3. Shin H., Trentmann F. (2019). Energy Shortages and the Politics of Time: Resilience, Redistribution and ‘Normality’ 
in Japan and East Germany, 1940s–1970s, In F.A. Jonsson, J. Brewer, N. Fromer & F. Trentmann (Ed.). Scarcity in 
the Modern World: History, Politics, Society and Sustainability, 1800–2075, Bloomsbury Academic, London, 
p.247–266. http://dx.doi.org/10.5040/9781350040946.ch-015 

4. André R.G. da Silva, Carlo E.T. Ortega, Ben-Guang Rong (2016). Effects of Bioethanol Pretreatments on the Broth 
Concentration and its Impacts in the Optimal Design of Product Separation and Purification Processes, Editor(s): 
Zdravko Kravanja, Miloš Bogataj, Computer Aided Chemical Engineering, Elsevier, 38:583-588.  

5. Anyanwu R., Rodriguez C., Durrant A., Ramadan A., Olabi A. (2022). Micro-Macroalgae Properties and Applications, 
Editor(s): Abdul-Ghani Olabi, Encyclopedia of Smart Materials, Elsevier, p.732-758.  

6. Bautista-Herrera A., Ortiz-Arango F., Álvarez-García J. (2021). Profitability Using Second-Generation Bioethanol in 
Gasoline Produced in Mexico. Energies, 14(8):2294. https://doi.org/10.3390/en14082294 

7. Bahry H., Pons A., Abdallah R., Pierre G., Delattre C., Fayad N., Taha S., Vial C. (2017). Valorization of carob waste: 
Definition of a second-generation bioethanol production process, Bioresour Technol, 235:25-34. 10.1016/ 
j.biortech.2017.03.056. 

https://doi.org/10.30464/jmee.2022.6.1.67.
http://dx.doi.org/10.5040/9781350040946.ch-015
https://doi.org/10.3390/en14082294


BEPLS Vol 13 [7] June 2024               24 | P a g e                ©2024 Author 

8. Omotosho O.A., Amori, A. (2018). Effects of Fermentation Duration on Bio-Ethanol Yield from Cell Sap of Selected 
Palm Species in Nigeria. FUOYE Journal of Engineering and Technology, 3(2):17-20. 10.46792/ 
FUOYEJET.V3I2.183 

9. Limayem A., Ricke S. (2012). Lignocellulosic biomass for bioethanol production: Current perspectives, potential 
issues and future prospects, Progress in Energy and Combustion Science, 38(4):449-467. https://doi.org 
/10.1016/ j.pecs.2012.03.002. 

10. Allen, H. (2008), A New Energy Cocktail for a New Age of Mobility, Public transport international, 57(4):20-21. 
11. Hongyang Z., Pengcheng Z., Tao W., Haihua R. (2023). Bioethanol Production Based on Saccharomyces cerevisiae: 

Opportunities and Challenges. Fermentation, 9(8):709. 10.3390/fermentation9080709 
12. Mannan, M., Akhtar, N., Paul, S., Upadhyay, A., Karnwal, A. (2018). Saccharomyces cerevisiae Bio-Ethanol 

Production, A Sustainable Energy Alternative, Asian Journal of Microbiology, Biotechnology and Environmental 
Sciences, 20:S202-S206. 

13. Hossain N., Zaini J., Mahlia T. (2017). A review of bioethanol production from plant-based waste biomass by yeast 
fermentation, International Journal of Technology, 8:5-18. 10.14716/IJTECH.V8I1.3948 

14. McGhee J., Julian G., Detroy R., Bothast, R. (1982). Ethanol production by immobilized Saccharomyces cerevisiae, 
Saccharomyces uvarum, and Zymomonas mobilis. Biotechnol. Bioeng., 24:1155-1163. DOI: 
https://doi.org/10.1002/bit.260240512 

15. Muhammad, M., Maikaje, D., Denwe, S., Abdullahi, A. (2013). Assessing the efficiency of saccharomyces cerevisiae 
and saccharomyces carlsbergensis in the fermentation of aquatic weeds. International Journal of Sustainable 
Energy and Environment, 1(8):176-181. 

16. Gbohaida, V., Mossi, I., Adjou, E., Dossa, C., Wotto, D., Avlessi, F., Sohounhloue, D. (2016). Journal of Applied 
Biosciences, Evaluation of the fermentative potential of Saccharomyces cerevisiae and S. carlsbergensis in the 
production of bioethanol using cashew apple juice, Journal of Applied Biosciences, 101:9643–9652. 

17. Sulfahri, Husain D., Kasbawati, Tassakka A., Nurfadilah, Wulandari D., Taufan W. (2019). Bioethanol production 
from algae Spirogyra peipingensis using Saccharomyces cerevisiae, Pichia kudriavzevii and Kluyveromyces 
thermotolerans, Journal of Physics: Conference Series, 1341(2):022004. DOI: 10.1088/1742-
6596/1341/2/022004 

18. Naseeruddin S., Desai S., Venkateswar Rao L. (2021). Co-culture of Saccharomyces cerevisiae (VS3) and Pichia 
stipitis (NCIM 3498) enhances bioethanol yield from concentrated Prosopis juliflora hydrolysate. 3 Biotech, 
11(1):21. DOI: https://doi.org/10.1007/s13205-020-02595-6 

19. Hoppert L., Kölling R., Einfalt D. (2022). Investigation of stress tolerance of Pichia kudriavzevii for high gravity 
bioethanol production from steam–exploded wheat straw hydrolysate, Bioresource Technology, 364:128079. DOI: 
https://doi.org/10.1016/j.biortech.2022.128079. 

20. Bilal M., Ji L., Xu Y., Xu S., Lin Y., Iqbal H., Cheng H. (2022) Bioprospecting Kluyveromyces marxianus as a Robust 
Host for Industrial Biotechnology, Frontiers in bioengineering and biotechnology, 10:851768. 
https://doi.org/10.3389/fbioe.2022.851768 

21. González-Siso M., Touriño A., Vizoso Á., Pereira-Rodríguez Á., Rodríguez-Belmonte E., Becerra M., Cerdán, M. 
(2015). Improved bioethanol production in an engineered Kluyveromyces lactis strain shifted from respiratory to 
fermentative metabolism by deletion of NDI1, Microbial biotechnology, 8(2):319–330. https://doi.org 
/10.1111/1751-7915.12160 

22. Tesfaw A. (2023). The current trends of bioethanol production from cheese whey using yeasts: biological and 
economical perspectives, Frontiers in Energy Research, 11:1183035. 10.3389/fenrg.2023.1183035     

23. Mahakuntha C., Reungsang A., Nunta R., Leksawasdi N. (2021). Kinetics of Whole Cells and Ethanol Production 
from Candida tropicalis TISTR 5306 Cultivation in Batch and Fed-batch Modes Using Assorted Grade Fresh Longan 
Juice, Anais Da Academia Brasileira De Ciências, 93(3): e20200220. https://doi.org/10.1590/0001-
3765202120200220 

24. Lourencetti N., Wolf I., Lacerda M., Valente G., Zanelli C., Santoni M., Mendes-Giannini, M., Enguita, F., Fusco-
Almeida, A. (2018). Transcriptional profile of a bioethanol production contaminant Candida tropicalis. AMB 
Express, 8(1):166. https://doi.org/10.1186/s13568-018-0693-1 

25. de Los Santos Mondragón A., Barragan B., Sánchez U., Calleja C., Millán-Chiu B., Loske A., Lim, M. (2023). Metabolic 
engineering of Aspergillus niger to enhance production of ethanol, Biotechnology and applied biochemistry, 
70(3):1176–1188. https://doi.org/10.1002/bab.2430 

26. Singhania R., Saini J., Saini R., Adsul M., Mathur A., Gupta R., Tuli D. (2014). Bioethanol production from wheat 
straw via enzymatic route employing Penicillium janthinellum cellulases, Bioresource Technology,169:490-495. 
https://doi.org/10.1016/j.biortech.2014.07.011. 

27. Schneider W., Gonçalves T., Uchima C, Couger M., Prade R., Squina F., Camassola M. (2016). Penicillium echinulatum 
secretome analysis reveals the fungi potential for degradation of lignocellulosic biomass, Biotechnology for 
biofuels, 9(1):1-26. 

28. Iyyappan J., Pravin R., Al-Ghanim K., Govindarajan M., Nicoletti M., Baskar G. (2023). Dual strategy for 
bioconversion of elephant grass biomass into fermentable sugars using Trichoderma reesei towards bioethanol 
production, Bioresource Technology, 374:28804. https://doi.org/10.1016/j.biortech.2023.128804. 

29. Abdel-Azeem A., Sheir, D. (2020). Bioconversion of lignocellulosic residues into single-cell protein (SCP) by 
Chaetomium, Recent Developments on Genus Chaetomium, 343-375. 

https://doi.org
https://doi.org/10.1002/bit.260240512
https://doi.org/10.1007/s13205-020-02595-6
https://doi.org/10.1016/j.biortech.2022.128079.
https://doi.org/10.3389/fbioe.2022.851768
https://doi.org
https://doi.org/10.1590/0001-
https://doi.org/10.1186/s13568-018-0693-1
https://doi.org/10.1002/bab.2430
https://doi.org/10.1016/j.biortech.2014.07.011.
https://doi.org/10.1016/j.biortech.2023.128804.


BEPLS Vol 13 [7] June 2024               25 | P a g e                ©2024 Author 

30. Rulianah S., Gunawan P., Hendrawati N., Khoirun N. (2020). Production of bioethanol from bagasse with a 
simultaneous saccarification and fermentation (SSF) process using crude cellulase from Phanerochaete 
chrysosporium. AIP Conf. Proc., 2197 (1):030007. https://doi.org/10.1063/1.5140899 

31. Azilah A., Ahmad Z., Chisti Y. (2017). Production of bioethanol by Zymomonas mobilis in high-gravity extractive 
fermentations, Food and Bioproducts Processing, 102:123-135. https://doi.org/10.1016/j.fbp.2016.12.006. 

32. He M., Wu B., Qin H., Ruan Z., Tan F., Wang J., Shui Z., Dai L., Zhu Q., Pan K., Tang, X., Wang W., Hu Q. (2014). 
Zymomonas mobilis: a novel platform for future biorefineries, Biotechnology for biofuels, 7(1):1-15. 

33. L.C.A. de Araújo, T. de Cássia Dias Mendes, B.S. dos Santos, V. da Mota Silveira Filho, G.M. de Souza Lima, J.M. de 
Araújo, M.T. dos Santos Correia, M.B.M. de Oliveira, M.A. Morais Júnior, M.V. da Silva (2018). Molecular 
identification and physiological characterization of Zymomonas mobilis strains from fuel‐ethanol production 
plants in north‐east Brazil, Letters in Applied Microbiology, 67(1):54–63. https://doi.org/10.1111/lam.12888 

34. Soleimani S., Adiguzel A., Nadaroglu H. (2017). Production of bioethanol by facultative anaerobic bacteria, J. Inst. 
Brew., 123:402–406. DOI: 10.1002/jib.437. 

35. Liu Z., Jia D., Zhang K., Zhu H., Zhang Q., Jiang W., Gu Y., Li F. (2020). Ethanol Metabolism Dynamics in Clostridium 
ljungdahlii Grown on Carbon Monoxide, Applied and environmental microbiology, 86(14):e00730-20.  

36. Angel M. Lopez-Hidalgo, Arturo Sánchez, Antonio De León-Rodríguez (2017). Simultaneous production of 
bioethanol and biohydrogen by Escherichia coli WDHL using wheat straw hydrolysate as substrate, Fuel, 188:19-
27. https://doi.org/10.1016/j.fuel.2016.10.022. 

37. Currie D., Raman B., Gowen C., Tschaplinski T., Land M., Brown S., Covalla S., Klingeman D., Yang Z., Engle N., 
Johnson C., Rodriguez M., Shaw A., Kenealy W., Lynd L., Fong S., Mielenz J., Davison B., Hogsett D., Herring C. (2015), 
Genome-scale resources for Thermoanaerobacterium saccharolyticum, BMC systems biology, 9:30. 
https://doi.org/10.1186/s12918-015-0159-x 

38. Dai K., Qu C., Feng J., Lan Y., Fu H., Wang J. (2023). Metabolic engineering of Thermoanaerobacterium aotearoense 
strain SCUT27 for biofuels production from sucrose and molasses, Biotechnology for Biofuels and Bioproducts, 
16(1):155. 

39. Moenaert A., Bjornsdottir B., Haraldsson E., Allahgholi L., Zieri A., Zangl I., Sigurðardóttir S., Örlygsson J., Nordberg 
Karlsson E., Friðjónsson Ó., Hreggviðsson G. (2023). Metabolic engineering of Thermoanaerobacterium AK17 for 
increased ethanol production in seaweed hydrolysate, Biotechnology for Biofuels and Bioproducts, 16(1):135. 

40. Aulitto M., Fusco S., Bartolucci S., Franzén C., Contursi P. (2017), Bacillus coagulans MA-13: a promising 
thermophilic and cellulolytic strain for the production of lactic acid from lignocellulosic hydrolysate, 
Biotechnology for biofuels, 10:1-15. 

41. Ammam F., Tremblay P., Lizak D., Zhang T. (2016). Effect of tungstate on acetate and ethanol production by the 
electrosynthetic bacterium Sporomusa ovata, Biotechnology for biofuels, 9:1-10. 

42. Batool I., Gulfraz M., Asad M., Kabir F., Khadam S., Ahmed A., Cellulomonas sp. isolated from termite gut for 
saccharification and fermentation of agricultural biomass, BioRes, 13(1), 2018, 752-763. 

43. Choi W., Hartono M., Chan W., Yeo S. (2011). Ethanol production from biodiesel-derived crude glycerol by newly 
isolated Kluyvera cryocrescens, Applied microbiology and biotechnology, 89:1255-1264. 

44. Bušić A., Marđetko N., Kundas S., Morzak G., Belskaya H., Ivančić Šantek M., Komes D., Novak S., Šantek B. (2018). 
Bioethanol Production from Renewable Raw Materials and Its Separation and Purification: A Review, Food 
technology and biotechnology, 56(3), 289–311. https://doi.org/10.17113/ftb.56.03.18.5546 

45. Saggi S., Dey P. (2016). An overview of simultaneous saccharification and fermentation of starchy and 
lignocellulosic biomass for bio-ethanol production, Biofuels, 10:1-13. 10.1080/17597269.2016.1193837 

46. Onyeaka H., Mansa R., Wong C., Miri T. (2022). Bioconversion of Starch Base Food Waste into Bioethanol, 
Sustainability, 14(18):11401. https://doi.org/10.3390/su141811401 

47. Caballero-Sanchez L., Lázaro-Mixteco P., Vargas-Tah A., Castro-Montoya A. (2023). Pilot-scale bioethanol 
production from the starch of avocado seeds using a combination of dilute acid-based hydrolysis and alcoholic 
fermentation by Saccharomyces cerevisiae, Microbial Cell Factories, 22(1):119. 

48. Sanni A., Olawale A., Sani Y., Kheawhom S. (2022). Sustainability analysis of bioethanol production from grain and 
tuber starchy feedstocks, Scientific Reports, 12(1):20971. 

49. Emad Abada, Zarraq Al-Fifi, Mohamed Osman (2019). Bioethanol production with carboxymethyl cellulase of 
Pseudomonas poae using castor bean (Ricinus communis L.) cake, Saudi Journal of Biological Sciences, 26(4):866-
871. https://doi.org/10.1016/j.sjbs.2018.02.021 

50. Ranganathan S., Mahesh S., Suresh S., Nagarajan A., Sen T., Yennamalli, R. (2022). Experimental and computational 
studies of cellulases as bioethanol enzymes, Bioengineered, 13(5):14028–14046.  

51. Vasić K., Knez Ž., Leitgeb M. (2021). Bioethanol Production by Enzymatic Hydrolysis from Different Lignocellulosic 
Sources, Molecules (Basel, Switzerland), 26(3):753. https://doi.org/10.3390/molecules26030753 

52. Broda M., Yelle D., Serwańska K. (2022). Bioethanol Production from Lignocellulosic Biomass—Challenges and 
Solutions, Molecules, 27(24):8717. https://doi.org/10.3390/molecules27248717 

53. Shukla A., Kumar D., Girdhar M., Kumar A., Goyal A., Malik T., Mohan A., Strategies of pretreatment of feedstocks 
for optimized bioethanol production: distinct and integrated approaches, Biotechnology for Biofuels and 
Bioproducts, 16(1), 2023, 44. 

54. Sankaran R., Markandan K., Khoo K., Cheng C., Veeramuthu A., Deepanraj B., Loke S. (2021). The Expansion of 
Lignocellulose Biomass Conversion into Bioenergy via Nanobiotechnology, Frontiers in Nanotechnology, 3. 
10.3389/fnano.2021.793528 

https://doi.org/10.1063/1.5140899
https://doi.org/10.1016/j.fbp.2016.12.006.
https://doi.org/10.1111/lam.12888
https://doi.org/10.1016/j.fuel.2016.10.022.
https://doi.org/10.1186/s12918-015-0159-x
https://doi.org/10.17113/ftb.56.03.18.5546
https://doi.org/10.3390/su141811401
https://doi.org/10.1016/j.sjbs.2018.02.021
https://doi.org/10.3390/molecules26030753
https://doi.org/10.3390/molecules27248717


BEPLS Vol 13 [7] June 2024               26 | P a g e                ©2024 Author 

55. Shrivastava A., Sharma R. (2023). Conversion of lignocellulosic biomass: Production of bioethanol and 
bioelectricity using wheat straw hydrolysate in electrochemical bioreactor, Heliyon, 9(1):e12951. 
https://doi.org/10.1016/j.heliyon.2023.e12951 

56. Shallom D., Shoham Y. (2003). Microbial hemicellulases, Current Opinion in Microbiology, 6(3):219-228. 
https://doi.org/10.1016/S1369-5274(03)00056-0 

57. Huang L., Ma M., Ji X., Choi S., Si C. (2021). Recent Developments and Applications of Hemicellulose from Wheat 
Straw: A Review, Frontiers in bioengineering and biotechnology, 9:690773. https://doi.org/10.3389/ fbioe. 
2021.690773 

58. Detroy R., Cunningham R., Bothast R., Bagby M., Herman A. (1982). Bioconversion of wheat straw 
cellulose/hemicellulose to ethanol by Saccharomyces uvarum and Pachysolen tannophilus, Biotechnol. Bioeng, 
24:1105–1113. 10.1002/bit.260240507. 

59. Nigam J. (2001). Ethanol production from wheat straw hemicellulose hydrolysate by Pichia stipites, J. Biotechnol, 
87:17–27. 10.1016/S0168-1656(00)00385-0. 

60. Koti S., Govumoni S., Gentela J., Rao L. (2016). Enhanced bioethanol production from wheat straw hemicellulose 
by mutant strains of pentose fermenting organisms Pichia stipitis and Candida shehatae, Springerplus, 5:1545, 
10.1186/s40064-016-3222-1 

61. Tsegaye B., Balomajumder C., Roy P. (2019). Optimization of microwave and NaOH pretreatments of wheat straw 
for enhancing biofuel yield, Energy Convers. Manag, 186:82–92. 10.1016/j.enconman.2019.02.049. 

62. Tsegaye B., Balomajumder C., Roy P. (2020). Organosolv pretreatments of rice straw followed by microbial 
hydrolysis for efficient biofuel production, Renewable Energy, 148:923–934. 10.1016/j.renene.2019.10.176. 

63. Chen J., Wang X., Zhang B., Yang Y., Song Y., Zhang F., et al. (2021). Integrating enzymatic hydrolysis into subcritical 
water pretreatment optimization for bioethanol production from wheat straw, Sci. Total Environ, 770:145321. 

64. Tabañag I., Chu I., Wei Y., Tsai S. (2018). Ethanol production from hemicellulose by a consortium of different 
genetically-modified sacharomyces cerevisiae, J. Taiwan Inst. Chem. Eng, 89:15–25. 10.1016/j.jtice.2018.04.029. 

65. Scordia D., Cosentino S., Lee J., Jeffries T. (2012). Bioconversion of giant reed (Arundo donax L.) hemicellulose 
hydrolysate to ethanol by Scheffersomyces stipitis CBS6054, Biomass Bioenergy, 39:296–305. 

66. Mihiretu G., Brodin M., Chimphango A., Oyaas K., Hoff B., Gorgens J. (2017). Single-step microwave-assisted hot 
water extraction of hemicelluloses from selected lignocellulosic materials - a biorefinery approach, Bioresour. 
Technol., 241:669–680. 10.1016/j.biortech.2017.05.159. 

67. Batog J., Frankowski J., Wawro A., Lacka A. (2020). Bioethanol production from biomass of selected sorghum 
varieties cultivated as main and second crop, Energies, 13:6291. 10.3390/en13236291. 

68. Sharma S., Nandal P., Arora A. (2019), Ethanol production from NaOH pretreated rice straw: a cost-effective option 
to manage rice crop residue, Waste Biomass Valorization, 10:3427–3434. 10.1007/s12649-018-0360-4. 

69. Doan C., Chen C., Nguyen V., Tran T., Nguyen A., Wang S. (2021). Conversion of Pectin-Containing By-Products to 
Pectinases by Bacillus amyloliquefaciens and Its Applications on Hydrolyzing Banana Peels for Prebiotics 
Production, Polymers, 13(9):1483. https://doi.org/10.3390/polym13091483. 

70. Latarullo Mariana B., Tavares Eveline Q., Padilla G., Leite Débora C., Buckeridge Marcos S. (2016). Pectins, 
Endopolygalacturonases, and Bioenergy, Frontiers in Plant Science, 7. 10.3389/fpls.2016.01401 

71. Zhou W., Widmer W., Grohmann K. (2007). Economic analysis of ethanol production from citrus peel waste, In 
Proceedings Florida State Hort Social, 120:310–15. 

72. Doran J., Cripe J., Sutton M., Foster B. (2000). Fermentations of pectinrich biomass with recombinant bacteria to 
produce fuel ethanol, Appl Biochem Biotechnol, 84–86:141–152. 

73. Himmel M., Ding S., Johnson D., Adney W., Nimlos M., Brady J., Foust T. (2007). Biomass recalcitrance: engineering 
plants and enzymes for biofuels production, Science, 315(5813):804–807. 

74. Kumar P., Barrett D., Delwiche M., Stroeve P. (2009). Methods for pretreatment of lignocellulosic biomass for 
efficient hydrolysis and biofuel production, Ind Eng Chem Res, 48:3713–3729. 

75. Wilkins M., Widmer W., Grohmann K. (2007), Simultaneous saccharification and fermentation of citrus peel waste 
by Saccharomyces cerevisiae to produce ethanol, Process Biochem, 42:1614–1619. 

76. Jambo S., Abdulla R., Azhar S., Marbawi H., Gansau J., Ravindra P. (2016). A review on third generation bioethanol 
feedstock, Renewable and sustainable energy reviews, 65:756-769. 

77. Khandelwal A., Chhabra M., Lens P. (2023). Integration of third generation biofuels with bio-electrochemical 
systems: Current status and future perspective, Frontiers in plant science, 14:1081108. https://doi.org/10.3389 
/fpls.2023.1081108 

78. Behera S., Singh R., Arora R., Sharma N., Shukla M., Kumar S. (2015). Scope of algae as third generation biofuels. 
Frontiers in bioengineering and biotechnology, 2: 90. https://doi.org/10.3389/fbioe.2014.00090. 

79. Maliha A., Abu-Hijleh B. (2023). A review on the current status and post-pandemic prospects of third-generation 
biofuels, Energy systems, 14(4):1185-1216. 

80. Müller C., Scapini T., Rempel A., Abaide E., Camargo A., Nazari M., Alves Jr, S. (2023). Challenges and opportunities 
for third-generation ethanol production: A critical review, Engineering Microbiology, 3(1):100056. 

 
 
 
CITATION OF THIS ARTICLE 
Dhawal Doshi and Yogini Mulay. Plant Based Bioethanol Production: A Review. Bull. Env.Pharmacol. Life Sci., Vol 13[7] 
June 2024: 19-26 

https://doi.org/10.1016/j.heliyon.2023.e12951
https://doi.org/10.1016/S1369-5274(03)00056-0
https://doi.org/10.3389/
https://doi.org/10.3390/polym13091483.
https://doi.org/10.3389
https://doi.org/10.3389/fbioe.2014.00090.

