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ABSTRACT 
 

Microalgae are photosynthetic unicellular microorganisms with high biomass productivity 
and potential for producing value-added compounds such as pigments, proteins, lipids, and 
carbohydrates. Scenedesmus dimorphus has been extensively studied for biodiesel produc-
tion and biotechnological applications; its biochemical composition is influenced by nitrogen 
source and concentration. This study investigates the effects of ammonium and nitrate (1, 
2, 4, 8, 16 mM) on biomass productivity and macromolecule accumulation in S. dimorphus, 
cultivated in 450 mL photobioreactors using modified BG11 medium. Results indicate that 
ammonium had an inhibitory effect on S. dimorphus at all tested concentrations, whereas 
all nitrate concentrations supported growth, with the highest biomass productivity at 4 mM. 
Protein and carbohydrate productivity peaked at 8 mM, while lipid accumulation was highest 
at 1 mM. Additionally, nitrate concentrations between 1 and 4 mM increased polyunsatu-
rated fatty acid content and reduced chain length. Despite these variations, all cultures 
yielded lipids suitable for biodiesel production. Selecting nitrate concentration based on tar-
get products could reduce nitrogen input costs by 55-94%, improving the economic feasibil-
ity of large-scale S. dimorphus cultivation. 
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RESUMEN 
 

Las microalgas son microorganismos fotosintéticos con alta productividad de biomasa y 
capacidad para sintetizar compuestos de valor, como proteínas, lípidos y carbohidratos. 
Scenedesmus dimorphus es estudiada para la producción de biodiésel y aplicaciones bio-
tecnológicas; su composición bioquímica varía según la fuente y concentración de nitró-
geno. Este estudio evaluó el efecto del amonio y el nitrato (1, 2, 4, 8 y 16 mM) en la biomasa 
y acumulación de macromoléculas en S. dimorphus, cultivada en fotobiorreactores de 450 
mL con medio BG11 modificado. Los resultados muestran que el amonio inhibió el creci-
miento en todas las concentraciones, mientras que el nitrato favoreció la producción de 
biomasa, con la mayor productividad a 4 mM. La producción de proteínas y carbohidratos 
fue máxima con 8 mM, mientras que la acumulación de lípidos alcanzó su punto más alto 
con 1 mM. Además, concentraciones de nitrato entre 1 y 4 mM aumentaron el contenido de 
ácidos grasos poliinsaturados y redujeron la longitud de la cadena. A pesar de estas varia-
ciones, todos los cultivos produjeron lípidos adecuados para biodiésel. La selección de la 
concentración de nitrato basada en los productos objetivo podría reducir, entre 55-94%, el 
costo de los insumos nitrogenados, mejorando la viabilidad económica del cultivo de S. 
dimorphus a gran escala. 
 
Palabras clave: biodiésel, microalga, nitrato, Scenedesmus dimorphus. 

 
 
1. Introduction 

 
Microalgae are unicellular, photosynthetic microorganisms that thrive in aquatic 
environments (Thoré et al., 2023). They have garnered global interest due to their 
applications in biopharmaceuticals, food, and renewable energy (Umashree et al., 2023). 
The genus Scenedesmus is extensively studied for biodiesel production (Arumugam et al., 
2013; Mandotra et al., 2016; El-Sheekh et al., 2018), a fuel derived from the 
transesterification of lipids from oleaginous organisms. Biodiesel is biodegradable, non-
toxic, and compatible with direct injection engines (Folayan et al., 2019). Its properties 
depend on fatty acid methyl esters (FAME) composition and must comply with both the 
American Standard for Testing Materials (ASTM) and the European Standard (EN) 
standards. 
 
Despite its potential, the large-scale production of microalgae is still economically 
challenging. Strategies to reduce costs include enhancing biomass productivity, increasing 
target bioproduct yields, and improving downstream processing (Thoré et al., 2023). 
Biomass productivity and composition are influenced by various factors such as 
temperature, pH, light intensity, and nitrogen source and concentration (Ram et al., 2019; 
Santhakumaran et al., 2020). Nitrogen is a critical nutrient for both biomass and lipid 
production in microalgae (Arumugam et al., 2013). While ammonium is rapidly assimilated 
by cells for amino acid synthesis, it can be toxic to plants and photosynthetic microorganisms 
(Collos and Harrison, 2014; Wang et al., 2016). Microalgae exhibit species-specific 
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responses to nitrogen sources. For instance, Chlorella vulgaris grows similarly in ammonium 
sulfate and potassium nitrate media (Tam and Wong, 1996), while Scenedesmus vacuolatus 
exhibits maximum biomass production with nitrate (Gupta et al., 2019). Similarly, 
Scenedesmus bijugatus shows enhanced growth with potassium or sodium nitrate 
compared to other nitrogen sources (Arumugam et al., 2013). Some microalgae like 
Chlorella sp. and Quadrigula sp. can grow in a culture media with a mixture of nitrate (NO3

−), 
nitrite (NO2

−), ammonium (NH4
+) and urea (Velázquez-Sánchez et al., 2023). This study 

evaluates the impact of nitrogen sources and concentrations on the growth and biochemical 
composition of S. dimorphus to optimize its cultivation in BG11 medium under 
photoautotrophic conditions. 
 
 
2. Materials and methods 

 
2.1. Microalgae strain and growth conditions 
 
S. dimorphus strain was obtained from the Continental Algae Laboratory, Universidad 
Nacional Autónoma de Mexico. Cultures were maintained in BG11 medium (Rippka et al., 
1979), in a 1 L photobioreactor (PBR) with a 900 mL working volume and a constant airflow 
rate of 1 vvm. Illumination was provided by white, fluorescent lamps (ECOSMART, 23 W) at 
an intensity of 180 µmol photons/m²s. The photoperiod was 12:12 h, and the temperature 
was controlled at 24 ± 1°C (Ramírez-López et al., 2016). 
 
2.2. Experimental design 
 

The study assessed the effect of nitrogen source on S. dimorphus growth by substituting the 

standard BG11 nitrate (NO3
-) source with either sodium nitrate (NaNO₃) (Meyer, Mexico) or 

ammonium chloride (NH4Cl) (Meyer, México) at concentrations of 1, 2, 4, 8, and 16 mM. All 
experiments were performed in triplicate in 450 mL PBRs containing 300 mL of medium. 
Inocula were prepared from exponentially growing cultures in BG11 medium (1.5 g/L 
NaNO3). The cells were harvested via centrifugation, washed three times with nitrogen-free 
BG11 medium, and resuspended to achieve an optical density (O.D.) of 1.0 at 600 nm. 
Cultures were inoculated at 10% v/v (0.036 g/L) and maintained under the conditions 
described in Section 2.1. Growth was monitored daily via O.D. at 600 nm (HACH DR6000 
UV-VIS). Also, pH was measured (pH Meter, Jenway 3520), ammonium and nitrate 
concentration were also determined as described Ramírez-López et al. (2016). Biomass, 
lipids, carbohydrates, proteins, and pigment productivities were analyzed after 10 days. The 
theoretical biomass (Eze et al., 2018) and specific growth rate (Shanthi et al., 2018) were 
also calculated. 
 
2.3.  Analytical methods 

 
Biomass was quantified gravimetrically using glass microfiber membranes (0.7 µm pore 
size) and a moisture analyzer (AandD Weighing MS-70) (Fernández-Linares et al., 2017).  
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Biomass productivity was calculated according to equation 1 (Costa et al., 2018): 
 

𝑃𝑋 =
 𝑋1− 𝑋0

𝑡1−𝑡0
                                               (Eq. 1) 

 
Where: Px = biomass productivity; X1= the dry biomass (g/L) at time t1 (d), and X0= the initial 
dry biomass (g/L) at initial time t0 (d). 
Total pigments were extracted from the cell pellet of 1.0 mL of culture by adding 1 mL of 
methanol and incubating the mixture at 60°C for 10 min in the dark. The methanolic extract 
was then stored at 4°C for 24 h. Subsequently, the absorbance was measured at 470, 653, 
and 666 nm using a UV-VIS spectrophotometer. The concentrations of chlorophyll a, 
chlorophyll b, carotenoids and total pigments, were estimated using equations 2, 3, 4 and 5 
(Wellburn, 1994), as detailed below: 
 
 

Chlorophyll − a (
µ𝑔

𝑚𝐿
) =   15.65 (ABS666) −  7.34 (ABS653)   (Eq. 2) 

Chlorophyll − b (
µ𝑔

𝑚𝐿
) = 27.05 (ABS653) −  11.21 (ABS666)      (Eq. 3) 

Carotenoids (
µ𝑔

𝑚𝐿
) =   [1000(ABS470) −  2.86 (Chla)  −  129.2(Chlb)] / 221 (Eq. 4) 

Total pigments (
µ𝑔

𝑚𝐿
) = Chlorophyll − a + Chlorophyll − b +  Carotenoids (Eq. 5) 

 
 
Proteins were analyzed using the Lowry method (Jain et al., 2021). The cell pellet from 1.0 
mL of culture was hydrolyzed with 1 mL of 1 N NaOH (Meyer, México) at 90°C for 2 h. Then, 
1 mL of reagent D (a mixture of 2% Na2CO3 (Meyer, México) in 0.1N NaOH, 2% 
CuSO4•5H2O (Meyer, México), and 2% NKC4H4O6 (Meyer, México), in a 100:1:1 ratio) was 
added to 200 μL of the hydrolysate. The mixture was incubated at room temperature for 10 
min. Next, 100 μL of 1N Folin-Ciocalteau (Sigma, EE. UU.) reagent was added, and the 
solution was incubated for an additional 30 min. Absorbance was measured at 750 nm using 
a Hatch DR 6000 spectrophotometer. 
 
Total carbohydrates were determined using the Dubois method. The cell pellet from 1 mL of 
culture was hydrolyzed with 1 mL of 2N HCl (Meyer, México) at 100°C for 2 h. Then, 200 μL 
of the hydrolysate were reacted with 200 μL of 5% (m/v) phenol (Meyer, México) and 1 mL 
of concentrated H2SO4 (Meyer, México). The mixture was incubated at room temperature 
for 10 min, vortexed, and further incubated for 30 min. Absorbance was measured at 490 
nm using a Hatch DR 6000 spectrophotometer (Fernández-Linares et al., 2017).  
 
Lipid determination was performed using a cell pellet obtained from 30 mL of microalgae 
culture. The pellet was hydrolyzed with 5 mL of 0.4 N HCl (Meyer, México) at 90°C for 2 h 
in a thermoblock. Lipids were extracted by adding 10 mL of isopropanol (Meyer, México) 
and stirring the mixture at 250 rpm for 1 h at room temperature. Afterward, 15 mL of hexane 
were added, and the mixture was stirred under the same conditions. Then, 5 mL of distilled 
water were added, and the mixture was transferred to a separatory funnel. The oil phase 
was eluted through a column containing anhydrous sodium sulfate (Meyer, México) and a 
glass microfiber membrane (Ahlstrom, 0.7 µm pore size). The oil was recovered in a vial, 
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and the solvent evaporated at 45°C for 48 h. Total lipids were determined gravimetrically 
(Ramírez-López et al., 2016). 
 
2.4. Fatty acid methyl esters profile determination and biodiesel quality estimations 
 

The lipids extracted from S. dimorphus (Section 2.3) were transesterified with 1 mL of meth-
anolic HCl solution (0.5 N), as described by Ramírez et al. (2016). The FAMEs profile was 
determined by gas chromatography-mass spectrometry (GC-MS) using an Agilent 7890B 
GC System and 5977B MSD, equipped with a flame-ionization detector and an ultra-inert 
column (Agilent JandW HP-5ms, 30 m x 0.25 mm, 0.25 µm). The injector and detector tem-
peratures were maintained at 250°C and 280°C, respectively. The oven temperature was 
initially set to 50°C for 1 min., then increased at a rate of 25°C/min until reaching 200°C. 
Afterward, the temperature increased at a rate of 3°C/min until reaching 230°C, where it was 
held for 8 min. Hydrogen and air were used as carrier gases, with flow rates of 40 and 450 
mL/min, respectively. For each measurement, 1 µL of the sample was injected. Calibration 
curves for each FAME were constructed using the analytical standard Supelco 37 Compo-
nent FAME Mix. 
 
The obtained FAMEs profiles were used to estimate the biodiesel quality using BiodieselAn-
alyzer© software version 2.2(Iran), and the results were compared to biodiesel standards 
recommended by the European Standards (EN14214) and the American Society for Testing 
and Materials (ASTM D6751). 
 
2.5.  Statistical analysis 

 

A one-way analysis of variance (ANOVA) was conducted to assess the differences among 
the treatments using Minitab® software (EE. UU.). Comparisons between means were 
performed using Tukey's test at a 95% confidence level. 
 
 
3. Results 

 
3.1. Effect of nitrogen source and concentration on biomass productivity 

 
S. dimorphus growth was negligible or null when NH4

+ (1 to 16 mM) was supplemented in 
BG11 medium, where the pH dropped from 7 to 4. Conversely, media with NO3

- became 
alkaline (pH 7 to 10), and the specific growth rates were 0.19-0.26/d (Table 1). After 10 days 
of culture, biomass productivity of S. dimorphus increased proportionally with nitrate con-
centration from 1 to 4 mM (R² = 0.9847) and significantly decreased when the concentration 
was doubled (8 mM). Biomass productivities in media with 8 mM (53.6 ± 11.8 mg/Ld) and 
16 mM (63.9 ± 8.9 mg/Ld) were comparable to that obtained in 2 mM (56.2 ± 4.4 mg/Ld). 
Therefore, the highest biomass production was achieved with 4 mM nitrate (83.6 ± 2.9 mg/L), 
whose relationship with theoretical biomass production (887.5 mg/L) was 94.2%. 
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Table 1. Biomass production and specific growth rate of Scenedesmus dimorphus during 

10 days under different nitrate concentrations. 

Supply nitrate 
Assimilated 

nitrate 
Theoretical 

biomass 
Biomass 

productivity 
Specific growth 

rate 

(mM) (mM) (mg/L) (mg/L d) (1/d) 

1 1 221.9 34.4 ± 2.2c 0.19 ± 0c 

2 2 443.8 56.2 ± 4.4b 0.23 ± 0b 

4 4 887.5 83.6 ± 2.9a 0.26 ± 0a 

8 5.8 1288.3 53.6 ± 11.8b 0.23 ± 0b 

16 8.1 1803.6 63.9 ± 8.9b 0.24 ± 0ab 

The different superscript letters indicate a significant difference between nitrate concentration according to 
Tukey’s HSD test (p ≤ 0.05). 

 
 
3.2. Effect of nitrate concentration on bioproducts 
 
Protein productivity appeared to be positively correlated with the initial nitrate concentration, 
ranging from 1 to 4 mM (R² = 0.9812). It showed a four-fold increase when the NO3

- 
concentration was raised from 2 to 4 mM, but when the concentration was doubled from 4 
to 8 mM, the increase was only 21%. Therefore, the highest protein productivity was 
observed in the 8 and 16 mM media (39.94 and 39.99 mg/Ld, respectively), which were 
significantly higher than that obtained in the 4 mM medium (32.9 mg/Ld) (Fig. 1). Similarly, 
total pigment productivity increased significantly with nitrate concentrations of 1, 2, and 4 
mM (R² = 0.9865), reaching 280.2 ± 13.2, 398.4 ± 4.2, and 802.1 ± 0.3 µg/L·d, respectively. 
However, no further significant increase was observed at higher concentrations (8 and 16 
mM), which resulted in 786.1 ± 1.4 and 870 ± 3 µg/L·d, respectively. Just like protein and 
total pigment productivity, carbohydrate productivity in S. dimorphus increased with NO3

- 
concentration (R² = 0.9535) between 1 and 4 mM. At higher nitrate concentrations, no 
significant differences were observed (Fig. 1). On the other hand, the highest lipid 
productivity was obtained in the 1 mM NO3

- culture medium (the lowest nitrate 
concentration), although it was not significantly higher than in other culture media. 
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Fig. 1. Effect of nitrogen concentration (mM) on S. dimorphus productivity. 1NO3

- (black 

bars), 2NO3
- (empty bars), 4NO3

- (gray bars), 8NO3
- (dotted bars), 16 NO3

- (grid bars). The 
different superscript letters indicate a significant difference between nitrate concentration 
according to Tukey’s HSD test (p ≤ 0.05). 
 
 
3.3. Effect of nitrate concentration on fatty acid profile 
 
Nitrate concentration between 1 and 4 mM appeared to influence the fatty acid profile of S. 
dimorphus, specifically the percentage of polyunsaturated fatty acids (R² = 0.9781) and 
chain length (R² = 0.8603). Fatty acid profiles consisted primarily of saturated fatty acids 
(70.3 – 83.3%), with carbon chains ranging from C13:0 to C20:0. These were primarily 
composed of arachidonic acid (C20:0) and palmitic acid (C16:0). Monounsaturated fatty 
acids (10.4 – 24.4%), such as oleic acid (C18:1) and palmitoleic acid (C16:1), were also 
present. Linoleic acid (C18:2), the only polyunsaturated fatty acid, showed an increasing 
concentration with higher nitrate concentrations (Table 2). 
 
3.4. Estimation of biodiesel properties 
 
The potential use of S. dimorphus lipids for biodiesel production was assessed by 
determining biodiesel properties (Table 3) using the Biodiesel Analyzer software. The cetane 
number (CN) is a key property of diesel fuels, indicating the ease of ignition. According to 
ASTM and EN standards, the minimum required CN is 47 and 51, respectively. The CN of 
biodiesel derived from S. dimorphus ranged from 67 to 70.5. Another important property of 
biodiesel is the higher heating value (HHV), which indicates the energy content of the fuel. 
Higher HHV corresponds to lower fuel consumption. The HHVs of biodiesel from S. 
dimorphus ranged from 39.8 to 40.0 MJ/kg. The iodine value (IV) indicates the level of 
unsaturation in oil and suggests the oxidative stability of the fuel. The estimated IV for S. 

dimorphus in all cultures ranged from 17.3 to 30 g I₂/100 g, aligning with international 
standards. Therefore, the oxidation stability of the biodiesel also met the required standards. 

The lipids from S. dimorphus grown in BG11 medium with 1 and 2 mM NO₃⁻ would produce 
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biodiesel with the highest oxidative stability. Kinematic viscosity (kV) and density are key 
properties for biodiesel utilization in engines. Both parameters fell within the required ranges 
specified by EN14214 and ASTM D6751. Similarly, the cloud and pour points, important 
properties for cold weather performance, met the required standards. 
 
 
Table 2. Effect of nitrate concentration on fatty acid profile of S. dimorphus. 

 
FAME 

Supelco 37 
 1mM NO₃⁻ 2mM NO₃⁻ 4mM NO₃⁻ 8mM NO₃⁻ 16mM NO₃⁻ 

Tridecanoic C13:0 0.0 ± 0.0 c 0.0 ± 0.0c 0.5 ±0.03b 0.5 ±0.04b 0.6 ± 0.04a 

Myristic C14:0 0.0 ± 0.0c 0.8 ± 0.08a 0.3 ±0.02b 0.4 ±0.02b 0.7 ±.007a 

Myristoleic C14:1 0.0 ± 0.0c 0.0 ±0.0c 0.5 ±0.02b 0.0 ± 0.0c 1.6 ±0.08a 

Palmitic C16:0 15.3 ±0.9b 20.8 ± 1.5a 17.4 ±1.3ab 15.9 ±1.7b 16.8 ±1.4b 

Palmitoleic C16:1 1.6 ±0.13c 1.4 ±0.15c 2.3 ±0.11b 0.9 ±0.11d 3.0 ±0.08a 

cis-10-
heptadecenoic 

C17:1 0.0±0.0c 0.72 ±0.12b 3.7 ±0.41a 3.9 ±0.05a 3.7 ±0.09a 

Stearic C18:0 4.8 ± 0.8c 9.1 ± 0.7a 4.1 ±0.3c 6.6 ±0.7b 4.4 ±0.4c 

Oleic C18:1 22.8 ±1.2a 13.8 ±0.9b 13.9 ±3.0b 5.6 ±0.4c 12.7 ±0.7b 

Linoleic C18:2 2.7 ± 0.2c 3.9 ±0.2c 9.0 ±0.9a 6.3 ±0.4b 8.7 ±0.9a 

Arachidic C20:0 52.8 ± 4.2 ab 49.6 ± 3.4ab 48.3 ± 3.7ab 59.9 ± 5.5a 47.8 ± 3.8b 

Saturated  72.9 ± 3.0 ab 80.2 ± 1.0 ab 70.5 ± 1.7 b 83.3 ± 7.6 a 70.3 ± 5.3 b 

Monounsaturated  24.4 ± 1.4 a 15.9 ± 0.9 c 20.4 ± 2.5 bc 10.4 ±0.3 d 21.0 ± 0.8 ab 

Polyunsaturated  2.7±0.2 c 3.9 ±0.3 c 9 .0 ±1.0 a 6.3 ±0.4 b 8.7 ±1.0 a 

Data are expressed as mean ± standard deviation. Significant differences were determined by Tukey´s test. 
The different superscript letters indicate a significant difference at p ≤ 0.05. 

 
Table 3. Prediction of the effect of nitrate concentration on the properties of biodiesel 
obtained with lipids from S. dimorphus grown in BG11. 

Biodiesel property 
Nitrate (mM) 

EN 14214 
ASTM 

 D 6751 1 2 4 8 16 

Cetane number 68.3 69.4 67.0 70.5 67.2 >51 >47 

High heating value 39.9 39.9 39.8 40.0 39.8 - - 

Iodine value 

 (g I2/100 g) 
27.0 20.8 31.3 17.3 30.0 ≤120 - 

Oxidation stability (h) 46.3 32.5 15.6 21.4 16.2 3 6 

Density (g/cm3) 0.8 0.8 0.9 0.9 0.9  0.86-0.90 

Kinematic viscosity 
(mm2/s) 

4.9 4.8 4.7 5.0 4.7 3.5-5 1.9-6 

Cloud point (°C) 3.0 5.9 4.1 3.4 3.8 - -3 to 12 

Pour point (°C) -3.6 -0.5 -2.3 -3.2 -2.6 -15 to 6 ≥-10 

        European Standards (EN14214). American Society for Testing and Materials (ASTM D6751). 



Tapia-López et al. / Mexican Journal of Biotechnology 2025, 10(3):48-65 
56 

 

4. Discussion 
 
4.1. Effect of the source and concentration of nitrogen on the biomass productivity 

 

In aquatic ecosystems, nitrogen is mainly present in inorganic forms such as ammonium, 
nitrite, and nitrate. Ammonium is typically consumed first, as its assimilation is easier and 
faster than other nitrogen sources (Hellebust and Ahmad, 1989; Ritchie, 2013; Sanz-Luque 
et al., 2015; Raven and Giordano, 2016). However, in this study, ammonium had an inhibi-
tory effect on the growth of S. dimorphus. Similarly, Ho et al. (2015) reported the lowest 

biomass production of S. obliquus in the presence of NH₄⁺, attributing it to a decrease in pH 
from 7 to 5. During the assimilation of one mole of NH₄⁺ into organic matter, 1.3 H⁺ are 
excreted by the cells (Shahar et al., 2020). If the environment is a closed system with a 
poorly buffered medium, cellular damage may occur due to acidification (Raven and 
Giordano, 2016), as observed in this study. To prevent acidity-related damage to S. di-

morphus during NH₄⁺ metabolism, it is essential to neutralize H⁺ or increase the buffer ca-
pacity of the BG11 medium. It is known that the assimilation of one mole of nitrate generates 
0.7 OH– (Raven and Giordano, 2016), these could neutralize the acidity of the medium. In 
this sense, as complementary evidence, S. dimorphus was grown in two culture media with 

a mixture of NH₄⁺ (1 and 2 mM) with 4 mM NO₃⁻. In both cultures the initial pH was 7.2, after 
three days, it decreased to 4.0. On the fifth day, pH increased to 9, only in the culture with 

1 mM NH₄⁺ and 4 mM NO₃⁻. This mixture successfully prevented acidification damage and 
allowed biomass production (1170 mg/L). 
 
Nitrate was identified as the most suitable nitrogen source for S. dimorphus growth in BG11 

medium. The highest biomass productivity was achieved with 4 mM NO₃⁻, whereas higher 
nitrate concentrations led to a decline in productivity. This trend has also been observed in 
other Scenedesmus species. For instance, S. bijugatus was cultivated in a modified basal 
soil extract medium with nitrate concentrations of 5, 10, 15, and 20 mM. The highest biomass 

productivity (15.5 mg/Ld) was obtained at 5 and 10 mM NO₃⁻, while higher concentrations 
(15 and 20 mM) resulted in decreased productivity (Arumugam et al., 2013). Similarly, Gupta 
et al. (2019) investigated the effect of nitrogen concentration on Scenedesmus vacuolatus 

biomass production in BG11 medium with NO₃⁻ ranging from 0 to 25 mM. The highest bio-
mass yields were recorded at 10 mM (0.47 g/L) and 5 mM (0.40 g/L), whereas lower yields 

were observed at 15, 20, and 25 mM NO₃⁻. In both species, nitrate concentrations above 
15 mM negatively impacted biomass production. However, in S. dimorphus, S. bijugatus, 
and S. vacuolatus, nitrate concentrations of 4–5 mM were optimal for biomass production. 
This could be attributed to the ability of microalgae to uptake and accumulate nitrate from 
the culture medium (Ma et al., 2018). Subsequently, they can utilize the stored nitrate under 

nitrogen starvation conditions, as seen in cultures with 1 and 2 mM NO₃⁻, where biomass 
production exceeded theoretical values by 55% and 27%, respectively (Table 1).  
 

On the other hand, in cultures with 8 and 16 mM NO₃⁻, biomass productivity was lower 
despite the availability of nitrate. Rani and Maróti (2021) reported that nitrate removal effi-
ciency in Chlamydomonas sp. cultures is influenced by light intensity. They cultivated Chla-

mydomonas in TAP medium with 5 and 10 mM NO₃⁻ under different light conditions, includ-
ing white light at three intensities (50, 100, and 250 µmol/m²s). In cultures exposed to 50 



Tapia-López et al. / Mexican Journal of Biotechnology 2025, 10(3):48-65 
57 

 

and 100 µmol/m²s, nitrate removal efficiency decreased by approximately 50% when nitrate 
concentration was doubled from 5 to 10 mM. However, at 250 µmol/m²s, the decrease was 
only 20% (Rani and Maróti, 2023). This effect may be due to self-shading, where microalgae 
absorb available light for biomass production, leading to light attenuation in the inner regions 
of photobioreactors, ultimately limiting growth (Saccardo et al., 2022). 
 
To evaluate light penetration at different phases of S. dimorphus growth, measurements 
were taken in a 20-cm deep open pond. During the first three days, microalgal cells were 
fully exposed to light. However, as biomass concentration increased, light penetration grad-
ually declined, reaching 54% by day 10. These findings highlight the importance of optimiz-
ing nitrate concentration to maximize S. dimorphus biomass production while minimizing 
input costs. Specifically, reducing nitrate concentration in BG11 medium from 17.6 to 4 mM 
could result in an estimated 61.5% reduction in total culture medium costs. 
 
4.2. Effect of nitrogen source and concentration on the value-added products  

 

Nitrogen is essential for the synthesis of proteins, pigments, nucleic acids, and energy mol-
ecules like ATP. In addition, it regulates its own assimilation (Ranadheer et al., 2019). Nitrate 
limitation induces stress in microalgae, leading to slower growth rates and reduced photo-
synthetic capacity due to decreased enzyme activity and amino acid production (Ma et al., 

2018). Conversely, high NO₃⁻ concentrations enhance protein synthesis, with excess nitro-
gen stored as protein reserves. Liang et al. (2023) conducted a proteomic resource alloca-
tion analysis in Graesiella emersonii grown in BG11 medium under nitrate starvation and 
abundance (0.2, 0.7, 1.4, 2.4, 4.7, and 9.4 mM). They demonstrated that excess nitrate was 
stored as proteins to maintain metabolic reserves, as these proteins were involved in amino 
acid metabolism, terpenoid biosynthesis, energy metabolism, and protein translation (Liang 
et al., 2023). This phenomenon may explain why S. dimorphus continued growing for several 

days in BG11 medium even after nitrogen depletion (1, 2, and 4 mM NO₃⁻). Similarly, it could 
account for the higher protein productivity observed in cultures with 8 and 16 mM NO₃⁻, 
despite their lower biomass productivity compared to cultures with 4 mM NO₃⁻. 
 
Microalgal biomass with high protein content has been used as a nutritional supplement in 
aquaculture, enriching feed for fish species such as Nile tilapia (Oreochromis niloticus) (Ab-
del-Tawwab et al., 2022) and rainbow trout (Oncorhynchus mykiss) (Tomás-Almenar et al., 
2018). Additionally, Scenedesmus biomass has been incorporated into bread formulations, 
imparting a green-yellow coloration without significantly affecting texture parameters such 
as hardness, chewiness, and resilience (García-Segovia et al., 2017). Protein concentrates 
derived from microalgae biomass also hold potential applications in beverages, food prod-
ucts, and pharmaceutical formulations (Kumar et al., 2022). However, large-scale produc-
tion of microalgal proteins remains costly. Therefore, optimizing nitrogen source and con-
centration could serve as a cost-effective strategy for enhancing the production of proteins 
and other macromolecules.  
 

The relationship between S. dimorphus total pigment productivity and initial NO₃⁻ concen-
tration is likely due to the nitrogen requirement for chlorophyll synthesis (Ram et al., 2019). 
The chemical structure of chlorophyll consists of four pyrrole rings, each containing four 
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carbon atoms and one nitrogen atom, arranged as a porphyrin macrocycle around a central 
magnesium ion (Scheer, 2004). A similar trend has been observed in Chlorella vulgaris, 

where chlorophyll content increased with nitrate availability. In cultures with 1.12 mM NO₃⁻, 
chlorophyll concentration was 10 mg/g, rising to 35 mg/g at 4.03 mM NO₃⁻ (Cho et al., 2019). 
This effect has been attributed to nitrogen availability, which enhances photosynthetic effi-
ciency through the activation of photosystem II (PSII) (Cho et al., 2019). Ranadheer et al. 
(2019) also demonstrated that increasing nitrate concentration from 2.94 to 8.82 mM en-
hanced PSII efficiency, leading to improved biomass and value-added product yields in 
Scenedesmus sp. 
 
Low nitrogen concentrations shift microalgal metabolism from protein synthesis toward car-
bohydrate and lipid accumulation (de Carvalho et al., 2022). This was evident in S. di-

morphus lipid productivity, with the most significant increase occurring at 1 mM NO₃⁻, alt-
hough it was not significantly higher than in other culture media. Nitrogen starvation can 
enhance lipid and triacylglycerol (TAG) accumulation in microalgal cells by reducing 
thylakoid membrane content and stimulating phospholipid hydrolysis, leading to increased 
intracellular fatty acid acyl-CoA concentrations. Additionally, nitrogen starvation can activate 
diacylglycerol acyltransferase, which converts acyl-CoA into TAG (Xin et al., 2010). From a 
commercial perspective, these TAGs serve as potential feedstock for biodiesel production. 
Conversely, S. dimorphus carbohydrate productivity was closely linked to biomass produc-
tivity, as carbohydrates are structural components of the microalgal cell wall (cellulose, pec-
tin, and sulfated polysaccharides) and function as storage molecules (starch) (González-
Fernández and Ballesteros, 2012; de Farias Silva et al., 2019). Microalgal polysaccharides 
have applications in the food, feed, and nutraceutical industries (Selvaraj et al., 2023). Also, 
it serves as raw materials for biofuel production, including ethanol, butanol, methane, and 
hydrogen. However, the carbohydrate profile of S. dimorphus has not been extensively char-
acterized (de Carvalho et al., 2022) 
 
4.3. Effect of nitrate concentration on the fatty acid profile 
 
The percentage of saturated fatty acids (SFA) in S. dimorphus was 6.5 times higher than in 

Scenedesmus abundans (11.6%), which was grown in Waris-H medium with NaNO₃ 
(González-Garcinuño et al., 2014). Conversely, the percentage of monounsaturated fatty 
acids (MUFA) was four times lower than in S. abundans (86.9%). El-Sheekh et al. (2018) 
reported that the lipid profile of S. obliquus grown in BBM medium contained 37.73% SFA, 
a lower percentage than that obtained in S. dimorphus, while the MUFA content of both 
species was similar. 
 

The highest MUFA concentration in S. dimorphus was observed in cultures with 1 mM NO₃⁻, 
which were subjected to nitrogen limitation for six days. In these conditions, oleic acid 
(C18:1) was the most abundant unsaturated fatty acid, accounting for 23% of the total fatty 
acids. A similar increase in oleic acid content (1–3%) has been reported in Messastrum 
gracile grown in F2 medium under nitrogen restriction compared to cultures without nitrogen 
limitation (Wan Afifudeen et al., 2021). This trend has also been observed in Chlorella, 
Scenedesmus, and Spirulina species (Ramesh Kumar et al., 2019). Microalgal oils with a 
high oleic acid content are highly valued in the food industry due to their potential benefits 
in reducing coronary heart disease, promoting high-density lipoprotein (HDL) levels, and 
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regulating both central and peripheral blood pressure (Kona et al., 2022). In the biodiesel 
industry, unsaturated fatty acids are desirable for improving fuel performance at low 
temperatures. However, increased unsaturation can negatively impact oxidation stability, 
making the biodiesel more prone to degradation over time (Hoekman et al., 2012). 
 
4.4. Estimation of biodiesel properties  
 

Through the transesterification process, triacylglycerols (TAGs) can be converted into fatty 
acid methyl esters (FAMEs), whose composition determines biodiesel quality (Trivedi et al., 
2022). While production and post-production processes also influence biodiesel 
characteristics (Ramos et al., 2009), S. dimorphus grown in all nitrate-containing media 
produced FAMEs suitable for biodiesel that meets the quality standards set by EN 14214 
and ASTM D6751. Notably, the biodiesel derived from S. dimorphus exhibited high oxidative 
stability, a critical property for fuel storage. Oxidative stability determines the resistance of 
biodiesel to degradation over time; unstable fuels can lead to increased viscosity, as well as 
the formation of gums, sediments, and other deposits that may compromise engine 
performance (Hoekman et al., 2012). 
 
 
5. Conclusion 

 

This study demonstrates that optimizing nitrogen concentration in BG11 medium signifi-
cantly enhances S. dimorphus biomass production and the yield of value-added compounds. 

Maximum protein productivity was observed at 8 mM NO₃⁻, whereas peak biomass produc-
tivity occurred at 4 mM NO₃⁻, and the highest lipid productivity was achieved at 1 mM NO₃⁻. 
These concentrations correspond to reductions in nitrogen input of approximately 55%, 
77%, and 94%, respectively. These results underscore the potential for significantly enhanc-
ing the economic viability of large-scale Scenedesmus dimorphus cultivation through opti-
mized nitrogen management. The lipid profile was notably influenced by nitrate concentra-

tion, with 1–4 mM NO₃⁻ promoting polyunsaturated fatty acids (PUFAs) and reducing chain 
length, making lipids produced at 1 mM NO₃⁻ particularly suitable for biodiesel. The biodiesel 
derived from S. dimorphus lipids met international standards (EN 14214 and ASTM D6751), 

exhibiting excellent oxidative stability, especially at 1 and 2 mM NO₃⁻. These results have 
significant implications for the microalgae industry, offering a cost-effective strategy to opti-
mize biomass and bioproduct yields for applications in bioenergy, nutrition, and biotechnol-
ogy. However, this study was conducted under controlled photoautotrophic conditions in 
laboratory-scale photobioreactors, and results may vary in larger-scale systems or under 
different cultivation strategies, such as mixotrophic conditions. Future research should ex-
plore nitrogen optimization in industrial-scale systems, investigate the combined effects of 

nitrogen with other nutrients (e.g., phosphorus) or stress factors (e.g., light intensity, CO₂ 
levels), and evaluate the performance of S. dimorphus lipids in pilot-scale biodiesel produc-
tion trials. By addressing these areas, the findings of this study can pave the way for more 
sustainable and economically viable microalgae-based industries. 
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