


ASSESSMENT THE POTENTIALS OF THREE MICROALGAL STRAINS FOR THE PRODUCTION OF BIOETHANOL

ABSTRACT
Microalgal biomass has been widely reported as great source of feed, food, biofuels, and pigments. Suitable microalgae species for particular industrial application are selected on the basis of its growth rates, productivity, adaptability to the laboratory conditions, pigments concentrations, and proximate profiles. Understanding the growth pattern of microalgae is crucial because it is the primary step for any kind of operational procedure mostly biomass extractions. Present study focused on four different indigenous microalgae species (Chlorella sp., Chlorella sorokiniana, and Microcystic aeroguinosa sp.). The F2-medium was used for the culture of microalgal strains. Optical densities were measured using UV-spectrophotometer to analyze the growth curve. C.vulgaris showed greater growth curve among the other two strains. Association of Official Analytical Collaboration was adapted to analyze the proximate composition. However, One-way Anova was used to determine the significant difference between and within the proximate parameters of the samples. Ultra Violet-spectrophotometer was used to analyze the starch concentration and reducing sugar concentration respectively. The three strains were observed to be good substrate for the production of bioethanol but C.vulgaris  had  the best biomass for the production of bioethanol having the highest carbohydrate composition of 43.46±0.71%. M.aeroguinosa standout to to be perfect biomass for the production biodiesel having the highest lipid composition of 40.77±0.39%. two-way anova revealed that all the proximate parameters were not significantly  significant showing P-value of less than 0.05 for all the microalgal starins. Having highest reducing sugar concentration of 7.71mg/ml for enzymatic hydrolysis and starch quantity of 251.33mg/g for C.vulgaris, the microalgal biomass showed great potential production of bioethanol.
1.1 Background of the study
In contemporary society, the predominance of fossil-based production is increasingly being supplanted by a more sustainable paradigm predicated on biomass, driven by political considerations, the revitalization of national economies, the generation of employment opportunities, and the imperative of addressing global warming (EU, 2025). Across numerous sectors, industrial materials traditionally derived from fossil resources are being progressively replaced by bio-based alternatives (Renzone et al., 2022). The production volume of bioethanol, a notable bio-based product, reached approximately 16.1 billion gallons in the United States and 7.9 billion gallons in Brazil in the year 2018 (Sydney et al., 2019). Bioethanol constitutes an ecologically sustainable biofuel that exhibits properties analogous to those of gasoline and can be procured from biomass sources characterized by high concentrations of cellulose and starch through a fermentation process (Zabed et al., 2022). Today, bioethanol production is carried out from first-generation raw materials such as wheat, sugar beet, and corn, and second-generation bioethanol raw materials such as lignocellulosic forest residues (Zabed et al., 2022). Although high yields can be obtained from first-generation raw materials, there is a debate because they are also food sources (Koçer et al., 2019). Initially, algae, which represent a third-generation biofuel raw material, were only evaluated for biodiesel production; however, they have recently been used  in the production of bioethanol due to their cellulosic structure (Ozcimen and Inan, 2015). 
Microalgae are prokaryotic (without cell membranes and nucleus, such as blue-green algae) or eukaryotic (with cell membranes and nucleus, such as red-green algae) microorganisms that are able to grow rapidly and survive in harsh conditions because of their single-celled or simple multicellular structure (Khan et al., 2018). Microalgae, which range in size from a few microns to hundreds of microns, may grow in any aqueous environment (Mata et al., 2010). Microalgae have a high lipid and carbohydrate content and can be used as raw materials in industries such as food, cosmetics, pharmaceuticals and biofuels (Chew et al., 2017). Microalgae can be used both for biodiesel and bioethanol production, using a bio-processing approach that has been increasingly used in recent years (Rashid et al., 2019).
Lipids in macroalgae and some selectiive microalgae species are extensively distributed throughout the world (Miller, 1962). In anaerobic digestion (AD), lipids are one of the feedstocks for the production of biogas. Lipids have a higher potential for methane than do carbohydrates and proteins. This is because they have a higher ratio of carbon to oxygen, resulting in a higher proportion of methane in the final biogas. However, the use of lipids rich feedstocks in anti-disease medicine poses a major challenge. For example, inhibition; in AD, lipids are first cleaved into long-chain fatty acids (LCFA). Although LCFA is a source of micro-organisms, its accumulation may be toxic to the microbial community, particularly methanogens. This may lead to process instability, sludge foaming and sludge flotation, which may reduce the production of biogas (Al-Sultani et al., 2022). To mitigate this inhibition, lipids are often co-digested with other feedstocks such as manure and food waste in order to maintain a balanced ratio of carbon to nitrogen and to avoid accumulation of local fatty acids.







2.0 Materials and Methods
2.1 Sample Collection & Preparation
Two different types of microalgae (Chlorella sorokiniana and Microcystis aeroguinosa sp.) were collected from Department of Botany, UMARU MUSA YAR ADUWA UNIVERSITY KATSINA, while Chlorella vulgaris strain was obtained from University of Port Hacourt and were cultured using Guillard’s f/2 nutrient medium in conical flasks (1:10, 10:100, 25:250, 50:500 and 100:1L) and preserved at CARSLAC. The pure samples algal isolates were cultured in F2 medium at room temperature with maintaining average continuous access to light 12 hours-12 hours. However, artificial source of light (fume cupboard) was used when weather was down. After that, the stocks were scaled up and sub-culturing was done for growth curve determination (Gómez-Jiménez et al., 2015).
2.2. Media Preparations
The F2 medium was prepared in 1 liter reagent bottle according to the method reported by (Guillard et al., 1962). The constituent of the medium include NaNO3-0.075, NaH2PO4-0.0057, Na2EDTA-4.16, FeCl2.6H2O-3.15, CuSO4.5H2O-0.01, ZnSO4.7H2O-0.022, CoCl2.6H2O-0.01, MnCl2.4H2O-0.18 and Na2MoO4.2H2O-0.006. The medium was autoclaved at 1210C for 15 minutes for sterilization. The culture were mixed constantly and carefully to ensure the proper mixing of nutrients and maintain the suitable pH among the cells. The agitation was done by shaking conical flasks gently to ensure proper mixing of the strain and avoid suspension of the microalgae. Temperature and pH play crucial roles in the processes occurring in the bioreactor because culture cells work efficiently in certain temperatures and pH. The temperature was maintained at room temperature, and the pH range was set at 7.0. The light intensity in the culture set up was maintained on 12 hours basis, and placed in a place where is there is slight radiation.
2.3. Identification of the Microalgal species
Light microscope at objective lens of 100× oil immersion  was used to authenticate the microalgal species, and was compared with the microalgal identification guide for specie confirmation (Fawley and Fawley, 2020).
2.3.1 Determination of Cell Optical Density
Cell density of the microalgae species was determind using spectrophotometric method at wavelenght of 680 nm. (Pahija and Hui, 2019). The measurement of absorbance was used to evaluate the cell density by using the spectrophotometric method; the optimized and selected wavelength of 680 nm was used to study the increase in the absorbance of the medium.
2.4 Proximate analysis
Proximate analysis of the samples (moisture content, ash content, crude lipid, crude fibre and , crude protein and carbohydrate) was determined according to the standard method as recommended by the Association of Official Analytical Collaboration. (AOAC, 2023).
2.5 Starch Determination
Iodine (0.2g) was dissolved and 2g potassium iodide (KI) in 100 mL distilled water series. Series of known concentrations were prepared from the stock solution (100, 200, 300, 400, 500 mg/ml). a known volume of 5 cm3 of each starch solution sample was pippeted into separate test tubes. Iodine reagent (1 cm3) was added to each test tube and mixed well. Distilled water was added to bring the total volume to a fixed amount (10 cm3). The solution was allowed to cool in incubator to react for 15 minutes at room temperature (away from light). the absorbance was taken at 580 nm using a UV-V spectrophotometer. Calibration curve of absorbance was plotted against the starch concentration using the standards. The curve was used to determine the concentration of starch in unknown samples (Wei et al., 2019).
2.6 Acid Hydrolysis of the Sample
One gram of dry biomass was hydrolyzed using 50 cm3 of sulfuric acid (H2SO4) in various concentrations (1%) then heated at 60 0C for 30 minutes. The hydrolyzed biomass was cooled at room temperature and subsequently adjusted to pH 5 using 50% of NaOH. Hydrolysate was enriched with nutrients consisting of (g/L) NH4SO4 (2.0), KH2PO4 (1.0), ZnSO4 (0.2), MgSO4 (0.2) and yeast extract (2.0) and then was homogenized. The hydrolysate was sterillized at 1210C for15 minutes and subsequently cooled at room temperature. The same procedure was done for HNO3 (Celignis, 2024).
2.7 Enzyme Preparation (alpha amylase)
For alpha amylase, 0.1 M phosphate was prepared using the following procedure: 1.42g of disodium hydrogen phosphate (Na2HPO4) was dissolved in 80 mL distilled water. The pH was adjusted to 7.0 and made up to 100 mL with distilled water.
Amylase was exactly weighed (10g per mL of reaction mixture, based on substrate concentration) and dissolved in a 2 ml of the prepared buffer. The solution was stirred gently to avoid denaturation. The enzyme solution was stored at 40C but was used within a few hours to maintain activity ( Xiao et al., 2006).


2.9 Determination of Reducing Sugar Concentration
Dinitrosalicyclic acid (DNS) reagent was prepared by adding 10g of 3,5-Dinitrosalicylic acid, 2g of phenol, 0.5 of sodium and 10g of sodium hydroxide to 1000 cm3 of distilled water.
In a separate container, 40g of potassium sodium tartarate was dissolved into 100 of cm3 distilled water. The reducing sugar content of the hydrolysates was assayed by adding 3 cm3 of 3,5-DNS reagent to 3 ml of the sampe. The mixture was heated in boiling water for 10 minutes to develop the red-brown color. Then 1 cm3 of 40% potassium sodium tartarate solution was added to stabilize the color and cooled to room temperature under running tap water (Miller, 1959). Concentration of reducing sugar = 
2.6 Statistical Analysis
Two-way Anova was used in the MINITAB in other to determine the significant difference of proximate parameters between and within the samples of microalgal strains.








3.0 Results and Discussion  
3.1 Biomass cultivation
After 4-5 week of  incubation period. C. vulgaris had a mass of 4.5g conical flask; C. sorokiniana had 3.0g and M. aeroguinosa with the least of 1.5g respectively. 
Fig 1: Growth curve of Microalgal species.

Figure 1 shows the growth curve of the harvested microgal strains. Three micro-algae species showed a delayed stage on the first day. This is similar to the Zahidul (2020) finding, which achieved a one-day delay. The log phase in Fig 1 is generally on the second day, which indicates that from Day 12 to Day 13, the exponential phase is reached for both C. vulgaris and C. sorokiniana sp. This result is not consistent with Zahidul (2020), which showed that C. vulgaris and C. sorokiniana had an exponential growth phase from day 13 to day 18. On day 23, C. vulgaris and C. sorokiniana reached a state of death with a drastic decrease in the number of cells. The mortality trend for growth of Microcystis aeroguinosa fluctuates inconsistently, with mortality occurring as early as day 28. This finding is not consistent with the findings of the Zahidul (2020) death phase at day 9. C. vulgaris and C. sorokiniana have a higher culture rate and a more stable growth pattern than Microcystis aeroguinosa. Some of the reasons why C. vulgaris outperforms the other two species may be due to its superior nutrient uptake efficiency, photosynthetic capacity and tolerance to stress, which are the same as those of Microcystis aeroguinosa.
Table 1: Proximate composition of Microalgae
	Proximate Parameters
	C. vulgaris (%)
	C. sorokiniana (%)
	M. aeruginosa
 (%)

	Moisture
	6.74
	4.54
	6.10

	Ash
	6.74
	3.95
	8.48

	Lipid
	1.34
	24.62
	40.77

	Fiber
	0.00
	20.23
	8.44

	Nitrogen
	6.30
	3.47
	6.37

	Crude protein
	34.95
	22.54
	9.34

	Carbohydrate
	43.93
	20.65
	20.50
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Moisture is a critical parameter when using biomass for energy purpose since it has a marked effect on the conversion efficiency and heating value. The low content of moisture could be due to the biomass was oven dried for 60 0C for 6 hrs after the culture. However, low content of the moisture is a good indicator that the biomass could be stored over a long period of time. The detected moisture content for C.vulgaris and M.aeroguinosa were higher than the findings of Luis et al., 2017 (5.88%) but lower than C.sorokiniana (3.95%).
C. sorokiniana had the highest gross fibre content of 20.23±0.44%, while C vulgaris had a low or no parameter content. Raw fibre is an important factor in the production of biofuels as it is a primary component of lignocellulosic biomass, a widely available and non-food raw material. The low  fibre content from the algal strains explains that the raw material is microalgae with low or zero cellulose, hemicellulose or lignin (Kumar et al., 2009). The challenge and role of raw fibre is its complex and rigid structure, which has to be broken down to release fermentable sugars or other compounds for biofuel conversion. The result is higher than detected fibre by Luis et al. 2017 (14.54%) but lower than the findings of Radha (1.41%).
From the results obtained, it was found that M. aeroguineus had the highest lipid content compared to other strains. The high lipid content present in M. aeroguinosa indicates that the strain may be the best feedstock for biodiesel production. Results was higher compared to the findings of Radha (2018) who achieved (1.41%) using Gracilaria salicornia sp but lower than the findings of Evana (2020) who achieved 32.41% using Vulgaris sp.
Microalgae are a unique and promising feedstock because they can be cultivated to produce high levels of lipids, carbohydrates, and proteins. Depending on the strain and cultivation conditions, their protein content can be very high, making them a potential source for both biofuel and high-value products. In a biorefinery context, microalgae proteins can be extracted for use in food or feed, and the remaining biomass can be converted into biofuels, thus maximizing the value of the entire feedstock (Cheng et al., 2008).
The ash content of biomass feedstocks plays a crucial and generally negative role in the production of bioethanol, mainly by inhibiting the conversion of biomass to fermentable sugars. While ash is a major problem in thermal processes such as incineration, its effects in biochemical processes such as fermentation of bioethanol are more subtle but still harmful. The main role of the ash content in the production of bioethanol is its negative influence during the key steps of pre-treatment and enzymatic hydrolysis. These steps are necessary for the complex lignocellulosic structure of biomass to be broken down and simple sugars released for fermentation (Fatriasari et al., 2020). Lower ash content were observed in the current work relative to the values reported by Radha (2018) (19.2%) using Gracilaria salicornia sp.
The proximate composition of microalgal biomass in the study shows that C.vulgaris I surpasses the other two microalgal species with carbohydrate composition of 43.46±0.71%. This could be due to genetic and phylogenetic traits and cellular architecture and biochemistry of C.vulgaris (Hempel et al., 2012). The findings is lower than the findings reported by Radha (76.18), higher than findings achieved by Evana (2020). Presence of carbohydrate from the three microalgal strains serve as vital message that the strains could be a viable feedstock for bioethanol production.  



3.2 Starch concentration
After taking the absorbance of the microalgal strain, the average starch concentration was found to be 251.33 mg/g which is equivalent to 25.33%. The result is not compatible with the findings of Girogia et al. 2021 who reported 44% of starch in Chlorella vulgaris. The result is significantly lower than the findings of Fernandes et al. (2018) who reported 88.31% (v/v) starch in Chlorella vulgaris. The result is also not compatible with the findings of Girogia et al. (2022), reporting 50% of starch in Tetraselmis chui. The differences in cultivation technologies could be due to the shift from photoautotrophic to mixotrophic regimes, directly contribute to variations in starch yield in microalgae by optimizing carbon assimilation pathways; under mixotrophic conditions, the dual utilization of light and exogenous glucose promotes greater biomass and starch productivity, often yielding 2-5 times higher outputs than heterotrophic dark fermentation alone (Hyun et al., 2021)
3.3: Reducing Sugar Concentation of C.vulgaris
After computing the absorbance of three reagents for reducing sugar concentration of C .vulgaris from the equation line, the reducing sugar under the treatment of enzyme stand to the best reagent for reducing sugar concentration analysis with 7.71 mg/ml over nitric and sulfric acid respectively. The detected low yield in nitric and sulfuric acid could be due to acid hydrolysis, by contrast, is non-specific and can degrade sugars or form unwanted by-products like furfural and hydroxymethylfurfural (HMF). Enzymatic hydrolysis operates under moderate temperatures (typically 60–95 0C) and neutral pH, preserving sugar integrity (Antczak et al., 2018).  Enzymatic processes produce fewer fermentation inhibitors, making them more suitable for downstream applications like bioethanol production. Nitric and sulfuric acid hydrolysis often generate toxic compounds that inhibit microbial fermentation (Antczak et al., 2018). The reducing sugar yield recorded here is below the range documented by Patel et al. (2022) (44.2mg/g) using Sulfuric Acid (1–5% H₂SO₄, 121 °C, 60 min). The result is also below the findings of Khavari et al. (2022) (30-40 mg/g).
Conclusion
This study underscores the significant potential of indigenous microalgal species, particularly Chlorella vulgaris and Microcystic aeroguinosa, as potential sustainable and efficient feedstocks for bioethanol and biodiesel production, respectively. The growth pattern analysis demonstrated optimal biomass yield and carbohydrate accumulation in Chlorella vulgaris, highlighting its suitability for bioethanol fermentation processes. Conversely, Microcystic aeroguinosa exhibited a high lipid profile, indicating its viability as a biodiesel feedstock. The proximate composition data, complemented by biochemical assays such as starch and reducing sugar quantification, affirm that these microalgae could serve as viable raw materials within a circular bioeconomy framework. Furthermore, the enzymatic hydrolysis approach proved effective in releasing fermentable sugars with minimal inhibitory by-products, emphasizing its advantage over traditional acid hydrolysis techniques. Overall, the research contributes valuable insights into strain selection and bioprocess optimization for microalgae-based biofuel production, fostering advances toward renewable energy solutions aligned with environmental sustainability goals.
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Fig 2: Calibration Curve of Starch

Fig 3: Reducing sugar concentration of C.vulgris
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