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The significance of biotechnology in producing algae's primary and secondary
metabolites is substantial. Pure and single-cell algae cultivation has been
widely carried out in the past years. Although mixed cultures of microalgae
offer advantages over pure cultures, there is still limited information regarding
their performance. This research investigates the various factors influencing
the growth of two types of freshwater microalgae in mixed culture, as well as
their biological effects on growth rate, biomass, and lipid production. The
selected species included Scenedesmus sp. and Desmodesmus armatus
microalgae. After the initial culture and reaching the appropriate
concentration, the sample was transferred to the vertical photobioreactor, and
environmental factors were applied to the microalgae in pure and mixed
cultures. Next, the effects of environmental parameters and cultivation types
on biomass productivity and lipid content were examined. The results showed
that the highest amount of cell density and biomass in the conditions of a
temperature of 25 degrees Celsius, the light intensity of 3000 lux, 16 hours of
exposure, and an acidity of 8 is related to the pure culture of Scenedesmus sp.,
and then the mixed culture of Scenedesmus sp. and D. armatus. The highest
amount of lipid production in constant temperature conditions of 30 °C, 18
hours of exposure, the light intensity of 4000 lux, and acidity of 9 was related
to Scenedesmus sp. and then D. armatus. Regarding the amount of biodiesel
produced, the highest amount was related to Scenedesmus sp. microalgae,
followed by Desmodesmus, under conditions of 16 hours of exposure, 4000
lux radiation, a temperature of 25 degrees Celsius, and a pH of 8. The results
indicated that the mixed microalgae culture, in comparison to the pure culture,
positively influenced the production of biomass and cell density but negatively
impacted the production of secondary metabolites such as lipids. Notably, the
percentage of extracted biodiesel was higher in the mixed culture than in the
pure culture of D. armatus algae.

Introduction: The rapid depletion of fossil fuel reserves and
increasing concerns over environmental sustainability have
intensified the search for renewable and low-emission energy
sources. Biodiesel has emerged as a promising alternative; however,
first- and second-generation feedstocks compete with food
production and are constrained by land use, climate dependency, and
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greenhouse gas emissions. Microalgae, as third-generation biofuel
resources, offer high growth rates, elevated lipid content, efficient
carbon dioxide fixation, and the ability to grow on non-arable land
and wastewater. Among green microalgae, Scenedesmus and
Desmodesmus species exhibit high potential for biomass, lipid, and
biodiesel production. This study aimed to optimize environmental
conditions and cultivation strategies, including monoculture and
mixed culture systems, to enhance primary and secondary metabolite
production in these microalgae.

Materials and Methods: Scenedesmus and Desmodesmus
microalgae were cultivated under controlled laboratory conditions
using BBM medium in a semi-automated vertical photobioreactor.
The effects of temperature, light intensity, photoperiod, pH, carbon
dioxide concentration, and cultivation type (monoculture and mixed
culture) were evaluated over a 15-day growth period. Cell density,
dry biomass, lipid content, and biodiesel yield were measured using
standard analytical techniques. Lipids were extracted by Soxhlet
extraction, and biodiesel was produced via acid-catalyzed
transesterification. Statistical optimization and analysis of variance
were applied to determine significant effects and optimal conditions.
Results and Discussion: Environmental parameters and algal species
significantly influenced cell density, biomass accumulation, lipid
production, and biodiesel yield. Scenedesmus consistently exhibited
higher cell density, biomass, lipid percentage, and biodiesel yield
compared with Desmodesmus. Mixed cultures enhanced biomass
production, particularly for Desmodesmus, likely due to competitive
nutrient uptake, but did not improve lipid accumulation relative to
monocultures. Optimal biomass production occurred at moderate
temperatures and light intensities, whereas lipid and biodiesel
production increased under higher light intensity, extended
photoperiod, and slightly alkaline pH, indicating stress-induced lipid
accumulation. The results demonstrate that optimal conditions for
primary metabolites differ from those for secondary metabolites,
emphasizing the need for targeted optimization depending on
production goals.

Conclusion: Current study confirms that cultivation strategy and
environmental conditions play critical roles in determining biomass,
lipid, and Dbiodiesel production in microalgae. Scenedesmus
monoculture was identified as the most efficient system for lipid and
biodiesel production, while mixed culture improved biomass yield in
the more sensitive Desmodesmus. Overall, optimal conditions were
achieved at moderate temperature, pH 8, a 16-hour photoperiod, and
high light intensity. These findings highlight the potential of
microalgae as sustainable biodiesel feedstocks and provide a basis for
designing efficient cultivation systems that balance productivity,
stability, and energy efficiency.
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