
		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, August 2025; 9(8): 3480 - 3489  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Tropical Journal of Natural Product Research  

					Available online at https://www.tjnpr.org  

					Review Article  

					Bibliometric Analysis of Liquid Biofuel from Phoenix dactylifera (Date Palm) Waste  

					Karim Elouahbi1*, Hamza Taoumi1, Khadija Lahrech2  

					1Sidi Mohamed Ben Abdellah University (USMBA), SATI Laboratory, ENSA, Fez, Morocco  

					2Sidi Mohamed Ben Abdellah University (USMBA), ENSA, Fez, Morocco  

					ABSTRACT  

					ARTICLE INFO  

					Lignocellulosic wastes, and their conversion into value-added products such as bioethanol have  

					been the subject of many research. This study aimed to carry out a bibliometric analysis of the  

					most numerous scientific works on the production of ethanol from date waste. Using the Scopus  

					database, VOSviewer and Citespace visualization software, this study analyzed 317 articles  

					published between 2014 and 2023 on bioethanol production from dates. The results showed that  

					the number of articles published between 2014 and 2023 reflects the growing interest in this  

					field of research. Abasaeed Ahmed Elhag is the most prolific author who has published 8 articles  

					in this field. Biotechnology for Biofuels is the most productive journal, with 16 publications.  

					Renewable and Sustainable Energy Reviews, on the other hand, achieved the highest number of  

					citations (588), underlining its impact and influence in the field of renewable energy research.  

					The results of the study also showed that the United States is the most productive country in this  

					field, with 172 publications reflecting the significant interest in, and investment in, renewable  

					energy research in this country. The main themes and approaches used in the research on  

					bioethanol production from dates are ethanol, fermentation, biomass and Saccharomyces  

					cerevisiae. The analysis showed a positive trend in research in this field. However, there is a  

					need to broaden our knowledge of new technologies for the bioconversion of biomass into  

					energy products, and to integrate new biomasses in order to overcome the obstacles, integrating  

					this field into sustainable development.  
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					Countries, is not prioritized by governments. In addition, the lack of  

					expertise in the bioconversion of waste into biofuels represents a  

					Introduction  

					Biological fermentation of biomass holds great promise as a means of  

					producing various types of biofuels: hydrogen, biomethane,  

					bioethanol, etc.1 There are four types of bioethanol, these include; (i)  

					The first-generation bioethanol, derived from edible biomass,  

					including crops such as corn and sugarcane.2 (ii) The second-  

					generation (advanced biofuels), which use the whole plant and convert  

					the renewable compounds of lignocellulosic biomass into fuel.3  

					Although lignocellulosic biomass is available in large quantities, it has  

					so far not been considered as a source of biofuels, due to the obstacles  

					associated with the various stages of its industrialization.4 (iii) The  

					third-generation biofuels, derived from the biomass of microalgae.5  

					(iv) Genetically modified microorganisms, capable of efficiently  

					capturing CO2, pave the way for the production of the fourth-  

					generation bioethanol.6  

					The proportion of renewables in the global energy mix is constantly  

					changing, with an upward trend in the contribution of renewables.7  

					Lignocellulosic biomass is expected to make up over 70% of the  

					world's renewable energy resources within the next few years.8 Due to  

					a lack of data on local organic waste, and insufficient assessment of its  

					value, the development of renewable energies, especially in certain  

					developing  

					major obstacle to the efficient management of this high-energy  

					organic waste.9 A number of factors are driving the growing demand  

					for biomass energy, including the desire to reduce dependence on  

					imported fossil fuels to boost energy security, and the emergence of  

					new techniques for converting biomass into energy, such as  

					fermentation.10  

					One of the main sources of organic biomass is the date palm, which  

					has a total of over 120 million trees in the Middle East and North  

					Africa (MENA) region.11 Date palm processing activities generate  

					405,000 metric tons per year of reusable by-products; such as leaves  

					(whole leaves, leaflets and spines, midribs and sheath), trunk,  

					reproductive organs (peduncles, spaths, pollen and spikelets), seeds,  

					roots, branches, etc. These wastes, along with biomass losses before  

					and after the harvest, are significant and can be converted into energy  

					products such as bioethanol.12 Bioethanol is a liquid biofuel obtained  

					by fermenting the hydrolysate derived from the pre-treatment of  

					organic biomass.13 The use of bioethanol as an energy source  

					promotes energy diversification and significantly reduces greenhouse  

					gas emissions compared with fossil fuels.5 Consequently, the  

					production of bioethanol from the organic waste of date palms  

					represents a valuable opportunity for the MENA region, while  

					contributing to the achievement of the Sustainable Development  

					Goals.14  
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					Despite the abundance of scientific research on the bioconversion of  

					date palm waste into bioethanol, there are still significant gaps that  

					limit a good understanding of the overall context of the process.  

					Previous work has focused mainly on technical aspects, which has  

					motivated the present research to undertake a statistical analysis of  

					pre-existing studies on the conversion of date palm waste into  

					bioethanol, in order to provide a comprehensive perspective on the  

					importance of this process in the scientific field.  
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					Date by-products, including seeds, date palm leaves, and related  

					residues are the main lignocellulosic waste products of  

					phœniciculture.15 Each year, a date palm tree produces 2.8 kg of  

					fruitless diet,16 and 10 - 30 dry leaves, with each leaf weighing  

					between 2 and 3 kg. As a result, each date palm tree generates  

					considerable quantities of lignocellulosic residues with all the  

					characteristics they present.17 In addition, the size of the date palm  

					produces considerable quantities of biomass. This is not to mention  

					the enormous amount of waste generated by the pruning of date palms  

					along the streets of producing countries. Figure 1 provides an estimate  

					of the annual quantity of biomass generated by each date palm.  

					However, little use is made of these residues, which are either  

					discarded as unusable waste, burnt or used to feed livestock.18 From an  

					environmental and economic point of view, the use of date palm  

					residues as a source of biofuels, in sustainable processes based on  

					modern technologies, using optimal pretreatment followed by efficient  

					biological refining, represents a promising approach.15  

					This research aims to examine the trends and recommendations of  

					published works concerning bioethanol production from date palm  

					residues, using bibliometric analysis as the main method. The novelty  

					of this review is that it focuses exclusively on residues from date  

					palm, a biomass source that is often underrepresented in bioethanol  

					research. This research also offers a graphical representation of current  

					trends in the bioconversion of dates into bioethanol, helping to  

					identify research gaps and future directions. By relying on the Scopus  

					database and employing VOSviewer and Citespace software, this  

					study uses bibliometric analysis to provide quantitative and visual  

					insights, making it a relevant and systematic approach to understand  

					research development in this area. Specifically, this study aims to  

					answer the following scientific questions: Over the past decade, how  

					have publications about dates and ethanol production been  

					disseminated annually? Which authors and books are the most  

					important in the subject of dates and ethanol production? In terms of  

					ethanol production and dates research, which nations are the most  

					productive? In the past decade, what have been the primary areas of  

					study concerning dates and ethanol production?  

					advantages, not least its ability to reduce the use of fossil fuels.9 In  

					addition to the significant contribution of biorefineries to sustainable  

					development, particularly in low-income countries, the current study  

					aim to provide an overview of the debates and prospects concerning  

					the bioconversion of date palm waste into bioethanol. The inclusion  

					and exclusion criteria for data used in the bibliometric analysis are  

					presented in Table 1.  

					Results and Discussion  

					Evolution of publications  

					The research results presented in Figure 3 show that the total number  

					of publications in the field of bioethanol production from dates  

					oscillates between 26 and 44 publications per year. However, in 2023,  

					a significant increase was observed, reaching 44 publications. This  

					reflects the growing interest in this field of research, given the need to  

					replace fossil fuels with bioenergy.25 The gradual increase in the total  

					number of publications since 2014 can be explained in part by  

					geopolitical factors influenced by the repercussions of the 2008 global  

					economic crisis.26  

					Materials and Methods  

					Database  

					The aim of this bibliometric analysis is to identify the most numerous  

					scientific works on the production of ethanol from date waste. On  

					November 21, 2024, this analysis was conducted using the Scopus  

					database. The first study highlighted 665 original articles and reviews  

					concerning the manufacture of ethanol from date palms. Key terms  

					included date, ethanol, and production. This study covered the last 10  

					years, from 2014 to 2023. This study included (SUBJAREA, "ENER")  

					OR (SUBJAREA, "BIOC"), OR (SUBJAREA, "ENVI"), OR  

					(SUBJAREA, "CENG"), OR (SUBJAREA, "AGRI", OR LIMITED-  

					TO (SUBJAREA, "CHEM"), OR LIMITED-TO (SUBJAREA,  

					"ENGI"). Finally, the use of the search language was limited to  

					articles and journals published in English. Following the  

					implementation of the above-mentioned filters, the bibliographic study  

					was limited to 317 articles and reviews concerning date palm and  

					ethanol production (Figure 2).19  

					Figure 1: Estimated proportions of residues generated by date  

					palms 54  

					In this situation, date residues have proved to be a particularly  

					attractive resource for bioethanol production, this can be attributed to  

					their rich concentration in fermentable sugars and their abundance in  

					producing countries. Many recent work attests to this interest: for  

					example, research by Bouallagui (2023) demonstrated that  

					deteriorated dates can be efficiently transformed into bioethanol and  

					bioplastics such as polyhydroxyalkanoates.27 Further studies have  

					highlighted the benefits of exploiting unsaleable fruit for ethanol  

					production, while acknowledging the major logistical and  

					technological challenges involved.28 In addition, research into  

					industrial residues from date palms highlighted the potential for  

					multiple energy recovery (bioethanol and biomethane), emphasizing  

					the importance of integrated recovery strategies.26  

					Over the following decade, this crisis heightened awareness of the  

					risks associated with unstable energy markets, prompting governments  

					in several regions, including North America, South America, the two  

					major Asian powers China and India, as well as Europe, to promote  

					investment in scientific research and commercialization of cellulosic  

					biofuels.29 Figure 4 summarizes the economic and political factors  

					which drive scientific research and the development of various  

					generations of biofuels. The remarkable decrease in research activity  

					in 2022 is attributed to the restriction in scientific activity linked to the  

					limited access to laboratories and libraries during the Covid-19  

					pandemic.30 In the United States, the Renewable Fuel Standard (RFS)  

					mandates the incorporation of a minimum volume of renewable  

					energy sources into transportation fuels in the United States. Since its  

					Map creation  

					In order to develop strategies linked to research, professional, or  

					institutional publication, it becomes essential to structure the data from  

					published documents in detail as the quantity and quality of results in  

					the field of research.20 VOSviewer, a software package widely used  

					for this type of study, was chosen to create a map illustrating the  

					relationships between documents in the research field, opportunities  

					and, major players.21 This network was completed by Citespace  

					software, which enables a more in-depth analysis of keywords,  

					document co-citation, and authors.22 The map thus created makes it  

					possible to predict the evolution of research by chronologically  

					representing research domains and the resulting relationships.23 The  

					present research focuses on a crucial area of interest concerning the  

					evolution of renewable energies, for which the number of articles and  

					journals is constantly increasing.24 Currently, the conversion of  

					residual biomass into bioethanol is a major concern, given its many  
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					launch in 2006, with an initial target of 4 billion gallons, the RFS  

					plans to reach  

					Figure 2: Analytic framework of the study  
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					Figure 3: Number of studies by year  

					Soaring oil prices  

					- Increased dependence on fossil fuels.  

					- Search for energy alternatives.  

					- Policies to support biofuels.  

					Unstable financial markets  

					Awareness of energy risks  

					- Need for economic recovery.  

					- Investment in renewable energies.  

					- Development of biofuels.  

					-Energy security.  

					-Promoting biofuels as a sustainable solution.  

					Impact on agricultural markets  

					- Increased demand for energy crops.  

					- Rising prices for agricultural raw materials.  

					- Competition between food and energy crops.  

					Research into 2nd and 3rd generation biofuels  

					Government policies and regulations  

					South America  

					(development of  

					sugarcane-based  

					biofuels)  

					North America (e.g.  

					Renewable Fuel  

					Standard in the United  

					States  

					Europe (e.g. Renewable  

					Energy Directive)  

					China and India  

					(support for research  

					and production)  

					Figure 4: Biofuels development pathway31,55,56  

					most productive authors in the research concerned field. Analysis of  

					the Scopus database revealed that Abasaeed Ahmed Elhag is the most  

					prolific author in the field of date bioconversion to bioethanol  

					research, with 8 articles published. Abasaeed's most cited article on  

					date bioconversion is with 25 citations.35 However, a study of the  

					database revealed that Rybeck is one of the most prolific authors, with  

					26391 citations for 304 publications, giving him a high impact  

					indicator of 73.36  

					In this work, Abasaeed tried to optimize the conditions for  

					fermentation of sugars from date extracts. In his article,35 the author  

					adjusted the experimental conditions of the culture medium to increase  

					the yield of fermentable sugars and, consequently, the yield of ethanol.  

					His co-author, Meilena Dharma Putra, has added to research on  

					improving biomass bioconversion conditions by studying the effect of  

					pre-treatment types on the quantity of sugars released, as well as the  

					influence of various variables (temperature, pH, inoculum) on ethanol  

					yield.37 Abdeltif Amrane and Hayet Djelal stand out for their work on  

					another key point in the development of the biomass-to-energy  

					process: the search for microorganisms capable of tolerating high  

					ethanol concentrations, resisting osmotic stress, and producing  

					acceptable yields, paving the way for the use of different  

					lignocellulosic biomasses as a source of bioenergy.38  

					Table 1: Inclusion and exclusion criteria for data used in the  

					bibliometric analysis  

					Inclusion  

					criteria  

					Date palm, ethanol production, waste and  

					biorefinery  

					Immunology and microbiology, materials science,  

					medicine, physics and astronomy.  

					Exclusion  

					criteria  

					Book chapters, conference papers and books.  

					36 billion gallons by 2022.31 Brazil is an emblematic example for  

					analyzing the potential, costs and benefits of ethanol as a substitute for  

					oil. With more than three decades of experience in this field, the  

					country is a world pioneer in both the technology and use of ethanol.32  

					Unlike first-generation biofuels, where feedstocks can account for  

					more than two-thirds of total costs, feedstocks account for a smaller  

					proportion (between 30% and 50%) in the case of second-generation  

					biofuels.33  

					Author’s activities  

					The impact index is an essential academic indicator for assessing the  

					quality of scientific research, highlighting productivity and resource  

					gathering.34 Table 2 presents a summary of the scientific data of the 10  

					Top journals  

					Figure 5 shows the characteristics of the top ten research journals on  

					bioethanol production from date. Analysis of the results showed that  
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					the journals specializing in this field of research stand out for their  

					very high total number of publications and citations. Most of these  

					journals such as Renewable and Sustainable Energy Reviews, which  

					has an  

					h

					Figure 5: Top ten journals on bioethanol production from date  

					Figure 6: Top ten countries and organizations  

					impact factor of 31.2, also have a very high citation score. On the  

					journal Renewable and Sustainable Energy Reviews was the most  

					other hand, Biotechnology for Biofuels is the most relevant journal in  

					the research area covered in this paper, with 16 publications.  

					cited, with 588 citations (Table 3).  

					The most productive journal's most referenced paper examined  

					cellulose fermentation using the bacterial strain Clostridium  

					thermocellum. The results of this study showed particularly high  

					ethanol yields, reaching a concentration of 22.4 g/L.39 This significant  

					performance has led to increased interest in this strain, which  

					The most cited article in this journal is with 110 citations.39 Biomass  

					and Bioenergy is the second most important journal with 11  

					publications and 104 citations. The analysis of the Scopus database  

					revealed that the article by Zabed et al. (2017)40 published in the  
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					continues to be widely studied as part of recent research. Indeed, C.  

					thermocellum is considered a promising candidate for the efficient  

					conversion of lignocellulosic biomass into ethanol, a key issue in the  

					development of sustainable biofuels.41 Current work confirms its  

					potential  

					and  

					explores  

					Table 2: Top ten most productive authors  

					Author  

					Activity years  

					TP  

					TC  

					Citation  

					year  

					References  

					35  

					Abasaeed, Ahmed Elhag  

					Gaily, Mohamed Hassan  

					Lynd, Lee Rybeck  

					1995 – 2024  

					2010 – 2018  

					1995 – 2024  

					2011 – 2024  

					1996 – 2024  

					2005 – 2024  

					2014 – 2018  

					2014 – 2018  

					1995 – 2024  

					2017 – 2024  

					199  

					8

					3834  

					139  

					25  

					25  

					1193  

					25  

					24  

					24  

					25  

					25  

					25  

					16  

					2015  

					2015  

					2005  

					2015  

					2019  

					2019  

					2015  

					2015  

					2015  

					2023  

					35  

					36  

					35  

					38  

					38  

					35  

					35  

					35  

					57  

					304  

					62  

					546  

					70  

					6

					26391  

					760  

					Putra, Meilana Dharma  

					Amrane, Abdeltif  

					13252  

					1561  

					66  

					Djelal, Hayet  

					Sulieman, Ashraf Kamal  

					Zeinelabdeen, Mohamed Abdalla  

					Al-Zahrani, Saeed Mohammed  

					Alsaiari, Raiedhah Abdullah  

					6

					66  

					219  

					41  

					4961  

					436  

					TP: Total publications. TC: Total citations.  

					Table 3: Most cited articles in the field of bioethanol production from dates  

					Journal  

					Times cited  

					Publisher  

					References  

					40  

					Renew. Sustain. Energy Rev.  

					Bioresource Technology  

					Applied Microbiology and Biotechnology  

					Biotechnology for Biofuels  

					Biomass and Bioenergy  

					Industrial Crops and Products  

					Fuel  

					588  

					216  

					123  

					110  

					104  

					97  

					Elsevier  

					58  

					59  

					39  

					60  

					61  

					62  

					63  

					Elsevier  

					Springer Nature  

					Springer Nature  

					Elsevier  

					Elsevier  

					96  

					Elsevier  

					Energies  

					91  

					MDPI  

					Table 4: Top ten most used keywords  

					Keywords  

					Occurrences  

					Total link strength  

					1

					Ethanol  

					181  

					103  

					66  

					58  

					55  

					74  

					56  

					57  

					45  

					44  

					1910  

					1168  

					984  

					970  

					821  

					792  

					758  

					731  

					697  

					602  

					2

					Fermentation  

					Alcohol  

					3

					4

					Metabolism  

					Biofuel  

					5

					6

					Bioethanol  

					Yeast  

					7

					8

					Biomass  

					Biofuels  

					9

					10  

					S. cerevisiae  

					ways of optimizing its use to further improve the yields and efficiency  

					of the bioconversion process.42 The most widely cited review article in  

					this field of research stands out for its importance, as it provides an in-  

					depth and detailed analysis of first- and second-generation bioethanol  

					production technologies. It includes a rigorous comparison of the  

					energy potential of different biomass feedstocks, as well as a review of  

					the microorganisms most commonly used in the bioconversion of  

					lignocellulosic biomass into bioethanol. In addition, the article  

					explores in depth the various factors that influence this process, such  

					as fermentation conditions, biomass pre-treatments and enzymatic  

					parameters. This exhaustive summary makes it a major reference for  

					researchers and practitioners in the field, offering a comprehensive  

					and critical view of the advances and challenges associated with  

					sustainable bioethanol production.40  

					Top countries  

					The study also focused on tracking which countries have published the  

					most research in the field of bioethanol production. With reference to  

					the total number of publications and the most important academic  

					organizations, Figure  

					6

					shows the most involved countries in  

					bioethanol production from dates.  

					Research on the production of bioethanol from dates is mainly carried  

					out in the United States, with 172 publications and Dartmouth College  
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					being the most renowned institute in this field. This reflects the  

					significant interest and investment in renewable energy research in  

					this country, making it the world's leading producer of biofuels.43  

					China and  

					Figure 7: Main groups of keywords  

					India are the second and third most involved countries, with a total of  

					80 and 35 publications, respectively. India is also the world's leading  

					producer of bioethanol from sugar feedstocks.22 China, on the other  

					hand, is still a long way from being one of the world's leading  

					producers of this biofuel, accounting for just 3% of global bioethanol  

					production.44 The most important institute in China is Tianjin  

					University Research institute, while Kansas State University is the  

					most dynamic in India.  

					Figure 6 shows the most frequently cited keywords in research on  

					bioethanol production from dates. The size of the nodes corresponds  

					to the number of occurrences of each keyword.22 The chronological  

					evolution of the keywords is visualized by changing the color of the  

					nodes.22 Table 4 shows that ethanol is the most frequently cited  

					keyword, with 181 occurrences and 1910 TLS (total link strength).  

					The importance of this term is reflected in the annual production of  

					130  

					The large number of publications per country in the field of biomass  

					bioconversion is the result of substantial public investment in the  

					development of renewable energies. The United States, for example,  

					has achieved a remarkable level of scientific production in the field of  

					bioenergy, this can be credited to the country’s Department of Energy  

					(DOE) Bioenergy Technologies Office (BETO), which allocates  

					millions of dollars each year to projects targeting the bioconversion of  

					lignocellulosic biomass into bioethanol.45 Similarly, China's  

					investment in the development of industrial processes for biomass  

					valorization, through the National Key Research and Development  

					Program, has made it one of the leading countries in the bioenergy  

					sector.46 In India, the Biotechnology Industry Research Assistance  

					Council (BIRAC) also supports start-ups and collaborative projects,  

					with the aim of developing the renewable energies sector. This support  

					has enabled the country to occupy an advanced position, given the  

					importance attached to this field.47 In addition, some countries with  

					substantial fossil fuel production have adopted economic  

					diversification policies aimed at promoting green energy, such as  

					Saudi Arabia's Vision 2030 and the United Arab Emirates' Centennial  

					Plan.48  

					billion liters from the bioconversion of various organic raw materials.5  

					The second most important search term is fermentation (103  

					occurrences and 1168 TLS). This is the key process step,49 the  

					conditions and yield of which directly reflect the efficiency of  

					cellulosic bioethanol production.50 Among the most frequently cited  

					keywords are yeasts (56 occurrences and 758 TLS) and more  

					specifically S. cerevisiae (44 occurrences and 602 TLS), which is the  

					most commonly used microorganism in hydrolysate fermentation.28  

					Thus, the bioconversion of sugars from pretreatment, saccharification  

					and fermentation into bioethanol is proving to be a very promising  

					technology.51  

					Figure 7 corroborates these results by showing the temporal evolution  

					of the clusters through the changing color of the nodes. The total  

					number of clusters was 35, but an analysis of the map revealed 9  

					major clusters that detailed the entire database and group together all  

					the keywords. However, the clusters that did not appear in the  

					document contained only a few associations between keywords,  

					making their analysis of little relevance. The thickness of the node is  

					proportional to the importance of citations. The first three groups  

					"bioethanol, lignin and S. cerevisiae" started at an early stage and  

					continue to progress over time.52 The term bioethanol constitutes the  

					first cluster, which is characterized by its link with several related  

					Keywords  
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					terms such as "yeast", "fermentation" and "lignin". These links are  

					fourth generation:  

					A

					critical review. Energy Convers  

					related to the fermentation of lignocellulosic biomass into  

					bioethanol.4,53 Activity in the "methane" group was brief and  

					characterized by limited connectivity.  

					The keywords S. cerevisiae, biomass, bioethanol and lignin dominated  

					the research sector, signaling a long-standing interest in traditional  

					methods of bioconversion of lignocellulosic waste into bioethanol  

					based on conventional biochemical and biological processes.  

					However, cluster analysis showed a remarkable trend from 2020  

					onwards, with the appearance of new terms such as “biomass  

					valorization”, “secondary metabolism,” and “electrolytic reduction”,  

					suggesting that new researches are moving towards modern processes  

					enabling the complete valorization of biomass, accompanied by the  

					production of value-added products other than bioethanol. These  

					concepts are closely associated with technological solutions for  

					decarbonization, designed to meet the current challenges of reducing  

					CO2 emissions and the quest for more sustainable energy.  

					Gasification, pyrolysis, fermentation, and electrolysis can transform  

					little-used raw materials into a variety of value-added products, while  

					supporting the principle of the circular economy.  

					Manag. 2024; 321:119037.  
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