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1. Introduction 
The optimization of growth and added value commodities production by microalgae without substantial loss of 
biomass requires assessing the concentration of nutrients provided, such as carbon, nitrogen (N) and phosphorus 
(P), as a key factor to enhance the synthesis of bioactive compounds by the specific cells. Scenedesmus obliquus 
grown heterotrophically using glucose demonstrated elevated lipid accumulation, while the regulation of nitrogen 
and phosphorus was highly important for the conversion of the carbohydrate into fatty acids (Shen et al. 2020). 
Moreover, the use of different carbon sources could play a vital role on the production of microalgae biomass 
enhancing the manufacture of high-value products (Ma et al. 2021). The salinity level could increase the lipid 
content of the freshwater microalgae Chlorella pyrenoidosa (Yang et al. 2021), constituting salinity as a significant 
factor for enhancement of bioactive compounds synthesis, while the effect of light intensity and pH value on the 
growth and lipid production of S. obliquus hold the capacity to maximize the formation of lipids (Han et al. 2021). 
 The aim of this work is to enhance the cultivation of Isochrysis galbana and S. obliquus by testing different 
N and P concentrations, while evaluating microalgaes’ growth, lipid productivity and organic carbon removal 
during mixotrophic growth. Furthermore, the aforementioned strains are preferred for wastewater treatment due 
to their capacity to perform high nutrients removal, growth rate and lipid productivity which can be used in the 
food and nutraceutical industries. I. galbana is a marine microalgae tolerant to phenolic compounds (Li et al. 2020) 
capable of growing under mixotrophic and heterotrophic conditions, while S. obliquus constitutes a freshwater 
microalgae demonstrating high photosynthetic capacity, fast growth and the ability to remove nutrients from 
wastewater (Song et al. 2021). Thus, a preliminary study will be additionally included assessing the cultivation of 
I. galbana and S. obliquus using as feedstock wastewater emitted from the olive industry. 
 

2. Materials and methods 
2.1. Microorganisms and growth conditions 

 The marine algae I. galbana CCAP927/1 and the freshwater strain S.  obliquus CCAP276/3A were 
cultivated in f/2 and Bolds Bassal medium respectively. Autotrophic growth was performed without addition of 
organic carbon source, whereas mixotrophic cultivation was conducted by supplementing the medium with 1% D-
glucose. Cultures were performed under batch conditions using 1 L glass bottles with 800 mL working volume 
under continuous shaking at 100 rpm and room temperature. Autotrophic and mixotrophic cultures were 
maintained under blue (450 nm), red (650 nm) and white fluorescent light (12 h light followed by 12 h darkness 
cycle) at 100 μmol s-1 m-2 of light intensity. The flasks were aerated using sterile air and 350 mL min-1 flow rate, 
in the presence of CO2 (approximately 5%). All cultures were conducted in duplicate for each strain.  

2.2. Analyses 
 Dry cell weight and ash-free dry weight was determined according to Borowitzka and Moheimani (2013). 
Absorbance was determined using a Jenway 7315 spectrophotometer at 650 nm. The content of reducing sugars 
was obtained employing the 3,5-dinitrosalicilic acid (DNS) assay (Miller 1959), while the extraction of lipids was 
performed via the Folch method (Folch et al. 1957). Lipid transesterification with BF3 and analysis of fatty acid 
composition were performed as described by Araujo et al. (2008).  
  

3. Results and Discussion  
 The enhancement of I. galbana and S. obliquus cultivation was assessed by exploring different 
concentrations of N and P during mixotrophic growth. The results indicate that neither strain could grow under 0 
ppm of N and P (Table 1). Moreover, there was no significant differences on biomass production by I. galbana 
observed between the use of 20, 40 and 80 ppm N and 5, 10 and 15 ppm P (p ≥ 0.05). The aforementioned strain 
consumed the highest content of glucose (reducing the initial 10 g/L supplied by 85%) employing media containing 
40 ppm N, while the different concentrations of P applied resulted in similar glucose consumption (51-67%). The 
highest biomass production by S. obliquus was achieved using 50 and 100 ppm N, where no significant differences 
on biomass formation were observed. As far as the use of different P concentrations is concerned, media employing 
20, 40 and 80 ppm P resulted in the highest biomass content as confirmed by statistical analysis. S. obliquus grown 
under 100 ppm N consumed the whole content of glucose supplemented (100%), while the application of 80 ppm 
P resulted in the highest glucose assimilation (89%) performed by the specific strain. 



 
 

Table 1 Biomass production, lipid productivity and glucose removal performed under different N and P 
concentrations by I. galbana and S. obliquus. 

 N (ppm) Biomass (g/L/d) Lipids (mg/L/d) Glucose removal (%) 

S. obliquus 

0 0 9.5 12.5  
12.5 0.04 23.2 25.3  
25 0.05 19.0 18.1  
50 0.16 22.1 73.9 
100 0.16 34.1 100.0 

I.  galbana 

0 0.02 11.8 36.0  
20 0.14 35.7 62.0  
40 0.20 39.3 84.8  
80 0.18 32.5 76.6  

 P (ppm)    

S. obliquus 

0 0.07 20.3 15.2  
20 0.13 25.7 62.6  
40 0.15 23.8 76.3  
80 0.13 26.9 89.1  

I.  galbana 

0 0.03 13.7 64.2  
5 0.10 22.5 50.9  

10 0.09 20.5 67.1  
15 0.10 21.7 53.5 

 
4. Conclusions 

 The present work demonstrated that different bioprocess parameters are important to enhance the 
production of lipids from I. galbana and S. obliquus during mixotrophic growth. The presentation will include the 
cultivation of the two microorganisms employing wastewater from the olive industry, comparing autotrophic and 
mixotrophic cultivation, which will include complete analysis of the ω-3 fatty acids content of both trophic modes. 
The study provides valuable insight relevant to the use of I. galbana and S. obliquus for the development of 
advanced algal biorefinery approaches. 
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