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ABSTRACT
[bookmark: biologicalconversionofthesebiomasss]This study focuses on the assessment of the potential of some selected herbaceous weeds in Bayero University Kano, Nigeria, on bioethanol production using Saccharomyces cerevisiae. The study involved the collection, pretreatment, and biological conversion of these biomass samples. The substrates were treated by washing, air-drying, and grinding. S. cerevisiae was subcultured from baker's yeast. The substrates underwent thermal, ultrasonication, and enzymatic hydrolysis to convert lignocellulosic material into fermentable sugars, with the reducing sugar content measured using UV-spectrophotometry. Optimization of fermentation conditions including pH, temperature and time were carried out to determine the optimum yield. The reducing sugar yields after pretreatment were found to be 21.17mg/g, 19.2mg/g, 23.4mg/g and 20.1mg/g for Cynodon dactylon, Panicum virgatum, Cenchrus ciliaris, and Hyperrhenia hirta, respectively, with C. ciliaris having the highest yield. C. dactylon achieved the highest ethanol yield of 6.62% at pH 4.0 and 30°C after 9 days of fermentation, indicating its potential as a primary feedstock. P. virgatum also performed well, yielding 4.07% under the same conditions, suggesting its viability as a complementary resource. In contrast, both C. ciliaris and H. hirta produced lower yields of 3.51% and 3.20%, respectively, but required only 3 days of fermentation. Statistically, there is significant difference (P<0.05) in bioethanol produced between the four substrates. It is concluded that temperature and pH played crucial roles in ethanol yield. At pH 4.0 and 30°C, C. dactylon produced the highest ethanol concentration and fermentation efficiency.  In contrast, higher temperatures and variations in pH levels generally resulted in decreased ethanol production, suggesting that optimal conditions are critical for maximizing yield.
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INTRODUCTION
[bookmark: _GoBack]Abundant and sustainable energy resources could be considered as one of the basic needs of man.  The increasing human population is constantly exerting more pressure on the world’s natural resources, which include natural fossil fuels that  are  non-renewable.  There are concerns regarding the use of fossil fuels due to its  growing scarcity  and  its negative  impact  on our environment (Tope et al., 2023). Achieving the industrial development of any nation is a complex task that requires a huge investment in energy generation from various sources. Energy from fossil fuels has been widely explored, but comes with many environmental and socioeconomic challenges, making it imperative to search for alternative sources that are eco-friendly and cost-effective (Olujobi 2024). Bioethanol is one of the sustainable renewable energy with the potential to serve as transportation fuel with the advantage of improving engine performances, combustion and also reducing exhaust emissions. Continuous biotechnology innovation strongly promotes the upgrading and mass production of biofuels represented by bioethanol. Bio-fermentation based on important model microorganisms is a technology with great development potential beyond all doubt for biofuel production at present and in the future (Zhang et al., 2023). Bioethanol which is one of the liquid biofuels derived from plant biomass is an ethyl alcohol (CH3–CH2–OH or ETOH), commonly produced by fermentation of carbohydrate. Optimization of bioethanol yield from this process relies heavily on selecting the ideal microbial strains, suitable fermentation substrates, and appropriate production technologies (Ali et al., 2014). 
The production of bioethanol from lignocellulose involves the pretreatment of the biomass to make it more susceptible to enzymatic hydrolysis, which breaks down the lignin–hemicelluloses–cellulose complex into monomeric and dimeric sugars (Zhang et al., 2022, Kumar et al., 2021 and Gupta et al., 2022). During the fermentation of these sugars, microorganisms selectively utilize a preferred sugar, usually glucose (Awoyale et al., 2021). In fermentation, the sugar is converted into alcohol (bioethanol) by some selected microorganisms such as Saccharomyces cerevisiae, Bacillus subtilis, Zymomonas mobilis, among others.
Regarding feedstock for bioethanol production,  the use of lignocellulosic biomass is currently under intensive study as an alternative substrate (Jahengeer et al., 2024; Dong et al., 2023). However, the use of herbaceous weeds as a promising feedstock for bioethanol production receives little attention despite their abundance. Herbaceous weeds are non-stem plants considered undesirable in a particular situation; they are mostly in the wrong place, usually found along roadsides and streets, within some government agencies, around industries and residential areas and in educational institutions where they invade the premises, making a lot of inconveniencies. These weeds are typically annual plants, die back to the ground surface at the end of the growing (rainy) season (Gao et al., 2024). 
Being in the savannah region of North-Western Nigeria, Bayero University Kano (BUK) witnesses the luxurious growth of herbaceous weeds during the rainy season that die when the rain stops. Unfortunately, there is no sustainable management approach for these grasses; they are usually burnt. Bush burning is not eco-friendly and is destructive to biodiversity. Apart from the toxic gases, bush burning releases greenhouse gases into the atmosphere, contributing to global warming and climate change. Moreover, thousands of insects are killed in just a single incident of bush burning. In light of this undeniable fact, this study intends to explore the use of herbaceous weeds grown in BUK for the production of bioethanol using S. cerevisiae. This was with a view to providing a sustainable management approach for the abundant grasses while generating a renewable energy source in the university. 

MATERIALS AND METHOD
Samples Collection and Identification
The study area (Bayero University Kano) was surveyed and four most abundant weeds species were selected. The selected weeds were clipped using scissors and placed in labeled paper bags and then transported to the Herbarium of the Department of Plant Biology, where they were identified. 
Mechanical Pretreatment of the Sampled Plant Biomass
The samples were thoroughly washed to remove any contaminants and soil particles and air-dried for 5 days. The drying was done under the shade in a clean, well-ventilated area to prevent mould growth and ensure uniform drying. After drying, grinding was performed using a blender (Preethi Taurus, MGA-217, India) and then sieved using a 2 mm mesh size sieve to achieve a uniform particle size, which is important for consistent and efficient processing in later stages of bioethanol production (Doque et al., 2021).
Subculture of Saccharomyces cerevisiae from Baker's Yeast
Commercial baker's yeast (5g) was suspended in 20ml sterile distilled water to make a suspension. This suspension was then serially diluted to obtain a range of concentrations 10-1 to 10-4. An Aliquot of 0.2 milliliter from the final dilution was spread onto Potato Dextrose Agar (PDA) plates using a sterile spreader to ensure an even distribution of the yeast cells. The PDA plates were then incubated at 30°C for 48 hours. After the incubation, the yeast grown was subcultured on fresh PDA for 48 hours to obtain the pure isolate (Ndudi et al., 2024). This was aseptically inoculated into the sterile malt extract broth using a sterile inoculation loop. The flask was sealed with aluminium foil and incubated at 30°C for 48 hours (Suranska et al., 2012)
Pretreatment of the Substrate
This was carried out according to the method described by Debiagi et al., (2020). Twenty grams (20g) of each powdered sample was suspended in 250 ml of distilled water. The suspensions were subjected to ultrasonic treatment using an ultrasonicator (SW-30H, Switzerland). The sonication process was carried out at a frequency of 20 kHz and power of 200 W for 60 minutes. After ultrasonication, the suspensions were then transferred to an autoclave (STV1, China) and autoclaved at 121oC for 15 minutes for hydrothermal hydrolysis. The autoclaved suspensions were allowed to cool, and then inoculated with pure culture of Aspergillus niger (obtained from the Department of Microbiology, BUK) for enzymatic hydrolysis. These were incubated at 37oC for 5 days with periodic agitation (3 times a day), allowing the fungus to proliferate and produce the necessary hydrolytic enzymes (Ballesteros et al., 2014). After the hydrolysis period, the resulting mixture was filtered using a clean piece of cloth.

Reducing Sugar Concentration of the Hydrolysate
This was carried out using UV-Spectrophotometry as described by Leonald et al., (2020). From a stock solution of 20 mmol/L, standard glucose concentrations of 0, 2.5, 5, 7.5 and 10 mmol/L were prepared and 5ml of each was transferred to a test tube. Then 2 ml of Benedict’s reagent was added to each tube and placed in a boiling water bath for 5 minutes. Absorption in each tube was read with spectrophotometer at 477nm. The readings were used to plot a graph of absorbance against concentrations. The blank (i.e. 20mmol/L), which was 10ml distilled water and 2ml Benedict’s reagent, was used to zero the spectrophotometer (UV670 Germany). In line with this, glucose concentrations in samples were determined by adding 2ml Benedict’s reagent in 5ml of each filtrate, and the mixture was placed in a boiling water bath for 5 minutes. Absorption of a portion of each mixture was then read using spectrophotometer at 477nm, and the glucose concentration was extrapolated from the standard plot. 
Bioethanol Production
The hydrolysed samples were transferred to a 500 ml capacity bottles, covered with cotton wool and aluminium foil, and autoclaved at 121oC for 15 minutes.  After autoclaving, the bottles were cooled to room temperature and 20 ml of the pure culture of Saccharomyces cerevisiae was inoculated into each bottle containing the hydrolysate. The fermentation conditions were varied: temperature (30°C, 35°C, 40°C and 45°C) (Tenkolu et al., 2022); pH (3, 3.5, 4,and 4.5) (Ridwan et al., 2023); and fermentation time (3 days, 6 days, 9 days, and 12 days)  (Kumar et al., 2013); to examine the impact of some growth condition for improved yeast activity and bioethanol yield. 
Determination of Concentration and Estimation of Bioethanol Produced
This was carried out using UV-VIS quantitative analysis of alcohol using dichromate reagent according to the method described by (Sriariyanun et al., 2019). Various concentrations of the standard ethanol (0.2%, 0.4%, 0.6%, 0.8% and 1%) were prepared in test tubes, and 500µl of potassium dichromate (10%) solution was added to each concentration. These were heated at 60oC to ensure the complete oxidation of ethanol to acetic acid and the reduction of dichromate to chromium (III). Sulfuric acid (5M) was then added to each concentration, and their absorbances were measured at 595nm wavelength using a spectrophotometer (UV VIS spectrophotometer - 6705 Germany), which was used to develop a standard curve. The samples were treated in a similar way, and their absorbances were also measured and used to determine the concentration of the bioethanol produced usinf the slope of the standard curve. 

RESULT AND DISCUSSION
This section of the paper presents the results of the experimental work carried out on the production of bioethanol from samples of herbaceous weeds. Figure 1 presents the reduced sugars yield from the plant samplers before and after pretreatment, while Figures 2 to 6 show the effect of temperature, pH and time on bioethanol yield. 

Figure 1: Results of reducing sugars yields from the plant samples before and after pretreatment 



Figure 2:  Effect of Temperature on Percentage (%) Ethanol Produced at pH 3.0 after 6 days fermentation


Figure 3:  Effect of Temperature on Percentage (%) Ethanol Produced at pH 3.5 after 6 days fermentation

Figure 4:  Effect of Temperature on Percentage (%) Ethanol Produced at pH 4.0 after 6 days fermentation


Figure 5:  Effect of Temperature on Percentage (%) Ethanol Produced at pH 4.5 after 6 days fermentation


Figure 6:  Effect of Fermentation Time on Percentage (%) Ethanol Produced at pH 4.0 and Temperature 30oC.


Discussion 
Alcohol, particularly ethanol, is extensively used as an industrial solvent in a wide range of products, including paints, lacquers, dyes, and oils. It is also a key raw material in chemical synthesis and is utilized as fuel. As industries have expanded, the demand for industrial alcohol has correspondingly increased, with ethanol being the predominant one (Naik et al., 2010). Additionally, market analysis reports from research provide a comprehensive overview of the ethanol market in Nigeria, emphasizing its applications not just as a solvent but also as disinfectants (Saleh et al., 2024). 
The results of the reducing sugar concentrations after pretreatment of the substrate highlight the effectiveness of the pretreatment process and their potential as bioethanol feedstocks. The pretreatment significantly increased reducing sugar concentrations in all species, indicating the process's ability to disrupt lignocellulosic structures and release fermentable sugars. For example, C. dactylon increased from 1.2 mg/g to 21.17 mg/g, and P. virgatum from 0.9 mg/g to 19.2 mg/g. This increase is crucial for bioethanol production, as higher sugar concentrations enhance fermentation efficiency. C. ciliaris showed the highest increase, from 1.3 mg/g to 23.4 mg/g, suggesting it may be particularly suitable as a bioethanol feedstock. H. hirta also exhibited a notable increase, from 1.2 mg/g to 20.1 mg/g, further demonstrating the pretreatment's broad effectiveness. This finding was in line with the work of Alhassan (2023) and that of Yahaya et al., (2024) where hydrothermal and ultrasonic pretreatment was found to have a significant effect on reducing sugar yield of lignocellulosic biomass. Behera et al. (2017) in their review on microbial cellulases listed moulds such as Aspergillus, among others, as common sources of microbial cellulose. Moretti et al. (2012) also implicated filamentous fungi to a high abilities rate in the production of lignocellulose degrading enzymes, especially when grown in solid-state culture using lignocellulosic biomass as substrate. This finding was also in line with  the work of Damayanti et al. (2012), they recordeda significant effect on the reducing sugars yield on fruit juice after using hydrothermal pretreatment approach. Zaafouri et al. (2016) also achieved pretreatment using hydrothermal approach at 100oC for 60 minutes, similar to this  study. The use of thermal pretreatment such as autoclaving has been introduced across the globe in the hydrolytic process and bioethanol production (Scherzinger et al., 2020; Debiagi et al., 2020). 
Ethanol production was assessed at various temperatures and pH levels. The optimal temperature was found to be 30°C and yields dropped significantly at higher temperatures, indicating that  30°C is ideal for fermentation. At pH 4.0, C. dactylon achieved the highest ethanol production (6.62%) at 30°C, suggesting that this pH is more favourable for ethanol yield from this substrate.  These results indicate that the optimal pH for ethanol yield from these weeds is between 3.0 and 4.0, as also observed by Muliarta et al. (2023). Temperature and pH affect the growth and activity of organisms in carrying out fermentation so that they have an impact on ethanol production (Ogbonda et al., 2013). The length of fermentation significantly impacted ethanol production. At pH 4.0 and 30°C, ethanol yield peaked around 9 days. C. dactylon's ethanol production rose from 4.77% on day 3 to 6.53% on day 9, after which it declined. This suggests an optimal fermentation period of approximately 9 days, corroborating the findings of Muliarta et al. (2023). The fermentation time has an important role in increasing glucose and bioethanol levels linearly (Arif et al., 2018).
Observations also revealed that the rate of bioethanol production was significantly affected by pH, temperature  and duration of fermentation. Fermentation occurred best at pH 3.5-4.0 while substrates at pH > 4.0 produced little ethanol. This could be due to the fact that at pH > 4.0 the yeasts are less tolerant to the environment and thus less efficient in substrate utilization. It has also been reported that increasing pH value in hydrolysate, reduces alcohol dehydrogenase (enzyme required for the conversion of pyruvic acid to ethanol) activity in S. cerevisiae cell and leads to the formation of acetic acid instead of ethanol in a fermentation process (Mariam et al., 2009).
CONCLUSION
This work showed that C. dactylon, P. virgatum, H. hirta and C. ciliaris can be used to produce bioethanol using S. cerevisiae as the fermenting organism. The results demonstrated significant variability in the production efficiency across different weed species. C. dactylon and P. virgatum exhibited the highest calorific values indicating their potential as substantial bioethanol feedstocks. The reducing sugar concentration in the hydrolysates was significantly higher in pretreated samples compared to untreated ones, with C. ciliaris showing the highest concentration. This underscores the importance of pretreatment in enhancing sugar availability for fermentation. Temperature and pH played crucial roles in ethanol yield. At pH 4.0 and 30°C, C. dactylon produced the highest ethanol concentration and fermentation efficiency.  In contrast, higher temperatures and variations in pH levels generally resulted in decreased ethanol production, suggesting that optimal conditions are critical for maximizing yield.
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Cynodon dactylon	30	35	40	45	6.62	4.96	0.67	0.14000000000000001	Panicum virgatum	30	35	40	45	3.99	3.26	1.6	1.04	Cenchrus ciliaris	30	35	40	45	3.51	1.33	0.12	0.09	Hyperrhenia hirta	30	35	40	45	1.7	1.04	0.59	0.47	Temperature(oC)
Bioethanol Concentration(%)
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