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Abstract

The escalating global energy demand and the negative environmental and socioeconomic impacts of
fossil fuels necessitate sustainable alternative energy sources. This issue is particularly important in
developing nations like Nigeria, where energy access remains limited despite significant oil reserves,
leading to environmental degradation. This study aimed to bio-prospect indigenous algal species around
Bayero University Kano, Nigeria, evaluating their potential for producing biofuel. Samples were
collected from ten locations using purposive and simple random sampling, accounting for seasonal
variations. Microscopic examination identified four distinct algal taxa: Scenedesmus, Diatoms,
Anabaena, and Rhizoclonium. These species were cultivated in conditioned tap water with agricultural
fertilizers and a CO; enrichment system. Biomass was harvested via flocculation-filtration with alum
and shade-dried. Proximate analysis revealed high ash content (42.45-61.34% ) across all species, with
average lipid and carbohydrate contents of 0.68% and 8.26%, respectively. Individually, Scenedesmus
(0.29% lipid, 8.98% carbohydrate), Diatoms (0.40% lipid, 7.05% carbohydrate), Anabaena (0.50%
lipid, 10.27% carbohydrate), and Rhizoclonium (1.54% lipid, 6.74% carbohydrate). These findings
suggest that the identified indigenous microalgae species from this region, under the tested conditions,
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may require significant optimization or genetic modification to become viable feedstocks for competitive
biodiesel and bioethanol production.

Keywords: Biofuel production, Indigenous Algae, Biomass, Bioprospecting, Proximate
Analysis.

INTRODUCTION

Accessible, affordable, and reliable energy forms the bedrock of sustainable economic
advancement, yet developing nations face a continuous conflict between immediate power
demands and a long term ecological stability (Zhang, 2024; Albadrani, 2025). Nigeria, despite
its extensive crude oil reserves, experiences severe domestic energy crises characterized by
frequent grid failures and widespread electricity deficits (Nwozor et al., 2020). This entrenched
reliance on fossil fuel infrastructure exposes the national economic to global market volatility,
exacerbates domestic energy poverty, and drives regional environmental degradation
through greenhouse gas accumulation and industrial pollution.

While alternative liquid biofuel derived from terrestrial plant feedstock have been proposed,
their expansion is fundamentally restricted by food versus fuel competition. Consequently,
microalgae have emerged as an ideal alternative due to their rapid biomass accumulation
rates (Abershi et al., 2024), high photosynthetic efficiency, and capacity to proliferate in non
arable aquatic environments. Despite these theoretical advantages, the bioenergy potential of
indigenous algal resources in sub Saharan ecosystems remain s critically underutilized and
largely unmapped (Singh et al., 2023). While extensive microalgal surveys and biochemical
evaluations have been conducted across Southern and Western Nigeria, there is a stark
scarcity of baseline data for the unique, highly seasonal aquatic microhabitats of the semi-arid
Sudano-Sahelian zone of Northern Nigeria.

To address this gap, this study establishes a systematic baseline characterization of native
algal strains isolated from diverse aquatic microhabitats within the specific microclimatic
zone of Bayero University Kano. Leveraging native biodiversity is important, as locally
adapted wild isolates possess established resilience to regional temperature fluctuations and
ambient nutrient shifts, which may offer distinct baseline productivity advantages over exotic
laboratory strains (Singh et al., 2025; Amouri et al., 2023). By switching to local microalgae,
Nigeria can improve energy security, ecological conservation, and economic resilience,
thereby reducing its heavy reliance on imported energy sources. The primary goal of this
research is to identify local algal species and evaluate their composition for potential biofuel
production. The measurable objectives are to isolate and morphologically identify prominent
indigenous algal taxa from localized stagnant water bodies and drainage channels,
established lowcost cultivation baseline using locally sourced supplements, and to
systematically quantify the baseline proximate composition of the harvested biomass.

MATERIALS AND METHODS

Bayero University Kano is situated along Gwarzo Road in the Ungogo Local Government
Area of Kano State, Nigeria, located between latitudes 11.9615°N and 11.9922°N and
longitudes 8.1273°E and 8.4399°E, at an altitude of 454 meters above sea level. The campus
occupies an area of approximately 15 km?2. The climate of the region is classified as tropical
wet and dry under Koppen's system, characteristic of the West African savannah,
experiencing two distinct seasons influenced by the Inter-Tropical Discontinuity (Hussaini et
al., 2021). The wet season typically extends from May to September, with August often being
the wettest month, receiving an average precipitation that can range significantly, while the
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prolonged dry season spans from October through April (Isah et al., 2021). Mean annual
temperatures in Kano generally range between 26°C and 33.8°C, with cooler periods in the
harmattan season and hotter months from March to May (Mshelia et al., 2023).

The diverse vegetation within and surrounding the BUK New Campus indirectly shapes algal
diversity by contributing organic matter, moderating microclimatic conditions, and forming
various aquatic habitats. Grasses, shrubs, and scattered trees provide detritus that enriches
water bodies with essential nutrients like nitrogen, phosphorus, and carbon, thereby
supporting algal proliferation (Hamard et al., 2021). During the rainy season, ephemeral
habitats are created as drainage channels, depressions, and temporary ponds accumulate
water, fostering the rapid growth of microalgae (Demare et al., 2022). While campus drainage
systems direct runoff into the surrounding River Watari, many depressions within built-up
areas retain stagnant water, which further supports significant algal growth and can
contribute to water pollution.

Soils in the study area are predominantly ferruginous tropical soils, often characterized as
ferric luvisols, with over 80% sand content (Mohammed & Buba, 2020). These soils are
typically sandy to loamy, moderately well-drained, and generally low in organic matter and
nitrogen (Mohammed & Buba, 2020). The temporary pools that form in sandy loam
depressions provide favorable conditions for stress-resistant and fast-growing algal species
that exhibit high biofuel potential (Singh et al., 2023). Cyanobacteria and other soil-associated
algae, which are known to thrive in moist or disturbed environments and often form biofilms,
are promising candidates for biofuel production due to their capacity for lipid-rich biomass
accumulation and their resilience to environmental stressors. These species represent a
valuable indigenous resource for bioprospecting.

Reconnaissance Survey

A preliminary reconnaissance survey was conducted to thoroughly familiarize researchers
with the study area and identify potential sampling sites. This initial assessment led to the
identification of ten distinct locations within and around Bayero University Kano New
Campus, that have a visual sign of the presence of algae, including areas behind the Faculty
of Law, the Centre for Gender Studies, the Built Operate Transfer water station at the staff
quarters, Area C, an area adjacent to the Security Office, the Faculty of Education, Female
Hostel Drainage, ICT Pond, CDA Farm Pond, and Coke Village.

Sampling of Study Locations

The study utilized a combination of purposive and simple random sampling to determine
study sites. The Centre for Dryland Agriculture (CDA) farm was selected purposely due to
the presence of an algal bloom, suggesting active algal growth (Aubry et al., 2024). To add to
the representativeness, four additional sites were randomly selected from a pool of nine
identified locations (Boyd et al., 2023). The final selection included five locations for sample
collection: CDA Farm, Senate Building Drainage, BOT Water Station, an area near the Security
Office, and behind the Faculty of Law. This mixed-methods approach effectively combined a
targeted investigation of areas with random selection to improve the generalizability of the
findings (Boyd et al., 2023).

Sample Collection

Sample collection was conducted during daylight hours using sterile 75cl plastic containers
and a manual scooping method. To concentrate biomass in areas with low algal concentration,
a plankton net was employed (Badr & Fouad, 2023). Key field equipment included gloves,
face masks, a camera for documentation, masking tape and markers for labeling, and a GPS
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device for accurate coordinate recording of each sampling point. The first batch of samples
was collected in May 2025, including four samples from CDA Farm (A-D) based on visual
appearance, alongside additional samples from the BOT water station (E) and the Senate
Building Drainage (F and G). A second batch occurred in August 2025, also at noon,
comprising three samples from CDA Farm, one from the Senate Building Drainage, one from
the Security Office, and one from behind the Faculty of Law, denoted as Samples 1-6. The
staggered collection times were strategically chosen to enhance the diversity of algal species
captured and address seasonal variations in algal populations.

Species Identification

All collected samples were promptly transported to the Biotechnology Laboratory of the
Centre for Dryland Agriculture, Bayero University Kano, for comprehensive species
identification. Microscopic examination was conducted using a light microscope connected to
a computer monitor, with standard laboratory consumables such as slides, cover slips, and
pipettes employed for sample preparation (Fawley & Fawley, 2020). Images and videos
documenting morphological characteristics and flagellar movements were captured to aid in
detailed identification (Ding et al., 2025). To ensure accuracy and reliability, each sample was
examined in triplicate. The captured visual data were then meticulously compared with
established taxonomic guides and modern identification resources, including advanced image
analysis techniques, to ascertain the precise species identity (Dong et al., 2024). Following the
identification process, samples confirmed to belong to the same species were consolidated,
resulting in a total of four distinct algal samples for subsequent experimentation.

Cultivation

The cultivation method employed a rectangular transparent plastic container with a lid. One
side of the container connected to a 2L bottle containing cow dung slurry sealed with a gas
outlet tube for a continuous slow release of CO: from microbial activity, while the other side
was linked to a vinegar-baking soda system (100ml of white vinegar, 5g of sodium
bicarbonate) for an immediate supply of CO: as needed (Ashour et al., 2024). This sealed
design reduced evaporation losses and ensured steady carbon supplementation for algae
growth (Abraham et al., 2023; Ashour et al., 2024). Additionally, the containers were positioned
on the rooftop to maximize light exposure.

Harvesting and Drying

Algal biomass from both cultivation batches was efficiently harvested using a flocculation-
filtration method. Alum (aluminum sulfate) was employed as the flocculant, a widely
recognized and cost-effective agent that induces the aggregation of negatively charged algal
cells into larger flocs or colloids (Putri et al., 2020). These aggregated algal cells were
subsequently separated from the culture medium through filtration to recover the biomass.
Following harvesting, the recovered biomass was shade-dried for a period of 48 hours to
reduce moisture content. The dried biomass was then ground into a fine powder using a
mortar and pestle and total Biomass Content (B.C) was calculated and reported in Table 3.

Proximate Analysis

A comprehensive proximate analysis was conducted at the Food Laboratory of the Centre for
Dryland Agriculture, Bayero University Kano, to thoroughly assess the biochemical
composition of the algal species (Singh et al., 2025). The key parameters evaluated included
moisture, ash, lipid, fiber, protein, and carbohydrate contents. Each parameter was analyzed
five times and a mean *.standard deviation was reported in Figure 1.
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Moisture Content

To determine moisture content, a one-gram sample was accurately weighed into a pre-
weighed crucible. The sample was then subjected to oven-drying at 105 °C until a constant
weight was achieved, reflecting the method commonly used for biomass moisture
determination (Canelli et al., 2020). The percentage moisture content was subsequently

calculated as:
w1-w2

% Moisture content = x100 ... equationl

Ash Content

The ash content, representing the inorganic residue, was determined by incinerating two
grams of the sample in a muffle furnace at 600 °C until complete ashing occurred (Dalkhsuren
et al., 2022). The resulting ash was weighed, and the percentage ash content was calculated as

follows:

W2-wo
% Ash content = WIswo

X100 ..o equation 2

Lipid Content

Crude lipids were extracted from the samples using Soxhlet extraction with n-hexane,
typically maintained at temperatures around 60-70 °C, for a duration of 8 hours (Parida &
Biswal, 2020). Following extraction, the solvent was removed through rotary evaporation, and
the isolated lipid fraction was oven-dried at 90 °C to a constant weight. The crude lipid content
was then calculated using the formula:

0 L W1-W2
% Crude lipid = ——

X100 ..o equation 3

Fibre Content

Fibre content was determined by subjecting a two-gram sample to sequential digestion using
1.25% HoSO4 and 1.25% NaOH (Arguelles, 2022). After digestion, the sample was thoroughly
washed, oven-dried at 100 °C, and then ashed at 600 °C before being reweighed. The
percentage crude fibre was calculated as:

% Crude fibre = X1 %2
wo

x100 .. equation 4

Protein Content

Nitrogen content was quantified using the micro-Kjeldahl method. The estimated nitrogen
content was then converted to protein content using a conversion factor. The calculation is
typically performed as:

. TvxNx0.014xV1 .
%Nitrogen =——————— ... equation 5

GxV20

Carbohydrate Content

Carbohydrate content was determined by difference, calculated by subtracting the sum of the
percentage crude protein, crude lipid, crude fiber, and ash from 100% (Batista et al., 2020). This
method assumes that the remaining biomass after accounting for these components is
primarily carbohydrates.

%CHO =100% - (% crude protein + % crude lipid + % crude fiber + % Ash) ...... equation 6

RESULTS AND DISCUSSION

Identified species

Microscopic examination of the collected water samples revealed the presence of four distinct
algal species. These species were identified based on their physical features during field
sampling and their morphological characteristics under the microscope. The identified taxa
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include Scenedesmus, Diatoms, Anabaena., and Rhizoclonium. Their distinguishing physical and

microscopic features are summarized in Table 1.

TABLE 1. PHYSICAL AND MICROSCOPIC FEATURES OF THE IDENTIFIED ALGAL

SPECIES
Sample Species Physical features Microscopic features
identified
1 Scenedesmus - Green in color - Non-motile
- Found at the bottom of the water body. - Consist of multiple cells
arranged in rows.
- Colonial
- Have spines attached to the
cell walls.
2 Diatoms - Golden brown in color - Unicellular
- Slimy/mucus-like in texture - Elongated Pennales, (bullet-
- Aggregate together and float on the water  like shaped).
body. - Move with a gliding motion.
- Disintegrates when touched - Have pinnate (feather-like)
markings.
3 Anabaena - Blue-green - Filamentous
- Attached to the bottom and form branch- - Appears in long chain like a
like shape that reach the surface of the water. string of beads
- Fishy smell - The beads breaks and form
smaller strings.
4 Rhizoclonium - Deep green - Long unbranched filaments
sp - Hair-like in shape and texture - Non-motile

- Float on water -
- Couple of centimeters long

Deep green cell wall

Sample 1 (Scenedesmus) was sourced from a pond at the CDA farm and stagnant water near
the security office. Microscopic examination revealed its green clumps with less slimy texture
than Samples 2 and 3, and less firmness compared to Sample 4. The genus Scenedesmus was
identified, characterized by non-motility, no flagella, and colonial cell arrangements. Distinct
spines on the cell walls correspond with descriptions by Ishaq et al. (2016) and Msanne et al.
(2020).

Sample 2 (Diatoms) was collected from stagnant water near the Faculty of Law and the CDA
farm pond. Its golden-brown color distinguished it from other species. Floating on the water
surface but disintegrating easily upon contact, this sample was analyzed microscopically
revealing unicellular, bullet-shaped (Pennales) cells with gliding motility and pinnate
markings, aligning with diatom characterizations by He et al. (2020) and Behrenfeld et al.
(2021).

Sample 3 (Anabaena) was isolated solely from the CDA farm pond, exhibiting a slimy texture,
a foul odor, and blue-green coloration. It formed branch-like structures from the pond bottom
to the surface. Identified as Anabaena, a cyanobacteria group, microscopic examination
showed filamentous, colonial chains resembling strings of beads, frequently fragmenting, a
reproductive feature as noted by Patil & Singh (2022) and corroborated by Braun-Howland
and Nierzwicki-Bauer (2018).

Sample 4 (Rhizoclonium) was obtained from the culvert in front of the Senate building, with
a distinct hairy texture and deeper green coloration. It formed dense, blanket-like mats that
required force to separate. The microscopic analysis showed non-motile, long, unbranched
filaments with deep-green cell walls, characteristic of Rhizoclonium as reported by Basu et al.
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(2022). This alga is known for forming blooms in nutrient-rich environments (Khammee et al.,
2021).

In total, four distinct algal taxa were identified across the various sampling sites: Scenedesmus,
Diatoms, Anabaena, and Rhizoclonium. These species displayed diverse morphological and
ecological characteristics, ranging from colonial green algae (Scenedesmus) to cyanobacteria
(Anabaena) and filamentous chlorophytes (Rhizoclonium). The diversity observed reflects the
ecological adaptability of microalgae to different aquatic microhabitats, highlighting their
potential as varied feedstock for biofuel production.

BIOMASS CONTENT OF THE IDENTIFIED SPECIES
Table 2: Density of Dry Biomass Per Liter of Wet Biomass

Species Wet volume Dry weight Density
Scenedesmus 5L 48.88g 9.78g/L
Diatoms 7L 252.71g 36.10g/L
Anabaena 6.5L 296.55g 45.62g/L
Rhizoclonium 4L 64g lo6g/L

From Table 2, it can be seen that anabaena cells are more closely compacted together at the
sampling medium meaning it have the highest growth rate because researches have relate
density of micro species with their reproduction rate (Cointos, 2015). This means that, if these
four species were to be planted at the same time, anabaena would outgrow the other 3 species.
In a 6.5L of wet anabaena culture, 296.55 dry weight of biomass was harvested. Anabaena was
followed in terms of density by diatoms with a density of 36.10g/L in the sampling medium.
Diatoms are known for their high cell density in culturing medium (Marella and Tiwari, 2023).
Next in order of decreasing density is the rhizoclonium, 4L of culture of which gives 64g of dry
algal biomass, which was equivalent to a density of 16g/L. The algal species with the least
density was the scenedesmus, 5L of which gives 48.88g dry weight algal biomass meaning it
had a density of 9.78g/L.

Proximate Composition of the Species
Figure 1 presents the proximate composition of the identified algal species. Across the four

species, ash constituted the largest proportion (42.45-61.34%), while lipid and carbohydrate
contents averaged 0.68% and 8.26%, respectively.

Proximal Composition (%)
Ehizoclonium

Anabaena

| 1
T
Dizors | S
Scenedesrs - | S

0 20 40 60 20 100 120

mmoisture mAsh wFiber mLipid mProtain = Carbohyvdrate

Fig 1. Proximal composition of the identified algal species
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The proximate analysis of different algal species revealed distinct biochemical compositions
impacting their suitability as biofuel feedstock.

Scenedesmus showed 61.34% ash, 14.13% protein, 12.26% fiber, and low moisture (3.00%),
with lipid and carbohydrate levels at 0.29% and 8.98%, respectively. These values suggest
limited potential for biodiesel and bioethanol production, falling below the required
thresholds for effective utilization (Arguelles et al., 2018). The findings differ from optimized
growth results indicating higher yields (El-Chaghaby et al., 2019), suggesting variability due
to environmental conditions and genetic factors.

Diatoms contained 59.39% ash, 17.77% fiber, 11.94% protein, with lipid and carbohydrate
contents of 0.40% and 7.05%. Like Scenedesmus, these levels are inadequate for biodiesel or
bioethanol production and diverge from previous studies showing enhanced lipid yields
under controlled cultures (Di Lena et al., 2020)., but are consistent with results obtained from
diatoms harvested directly from natural environments. The differences highlight the impact
of cultivation methods and genetic engineering on biochemical profiles.

Anabaena's biomass comprised 56.75% ash, 15.83% fiber, and 13.17% protein, with minimal
lipid content (0.50%) making it unsuitable for biodiesel, although its carbohydrate content
(10.27%) offers modest bioethanol potential. Previous investigations have reported variable
results for Anabaena as a biofuel feedstock, influenced by cultivation strategies (Arguelles et
al., 2018; Parashuramulu et al., 2013).

In contrast, Rhizoclonium exhibited a lower ash fraction (42.45%) but higher fiber (21.60%),
protein (23.71%), and lipid (1.54%) levels, although carbohydrate content was low (6.74%).
The species is primarily viewed as more suitable for animal feed due to its nutritional profile,
with the present study contributing essential data on its proximate analysis, indicating limited
biofuel potential without further genetic modification.

In general, the ash content (42.45-61.34%) far exceeds typical values for microalgae (5-20%).
While some ash is expected from biogenic silica in diatoms and mineral uptake, the magnitude
suggests contamination from the alum flocculant used during harvesting. This artifact limits
direct comparison with published proximate data from studies using centrifugation or
filtration without flocculant.

CONCLUSION

This study explores the bioprospective evaluation of indigenous algal species at Bayero
University Kano, Nigeria, for their biofuel production potential. Four algal taxa were
identified: Scenedesmus, Diatoms, Anabaena, and Rhizoclonium. None of the species
achieved lipid (>20%) or carbohydrate (>40%) concentration necessary for economically
viable biodiesel or bioethanol production under tested conditions. The proximate analysis
also showed high ash content (42.45% - 61.34%) across all samples which suggest
contamination from the alum flocculant used during harvesting, indicating flocculant-
filtration method is inappropriate for studies requiring accurate biomass composition data.
The findings suggest that these indigenous microalgae species may not be economically viable
for biofuel feedstocks without significant optimization of cultivation conditions or genetic
modification. Low yields in lipids and carbohydrates necessitate further research into strain
improvement and nutrient manipulation to enhance biomass quality. Future researches
should focus on optimizing growth parameters like nitrogen to increase lipid composition,
and investigating genetic engineering techniques to improve the biochemical components,
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thereby maximizing the sustainable energy potential of these native species, contributing to
Nigeria's energy security and environmental sustainability.
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