
 

 

 

 

 

Egyptian Journal of Aquatic Biology & Fisheries  

Zoology Department, Faculty of Science, 

Ain Shams University, Cairo, Egypt.  

ISSN 1110 – 6131 

Vol. 26(6): 213 – 228 (2022) 

www.ejabf.journals.ekb.eg 
 

Effect of Different Nitrogen Concentrations on Primary and Secondary Metabolites 

of Scenedesmus obliquus (Turpin) Kutzing 

 
Mostafa M. El-Sheekh*, Amira Mohamed, Shimaa El Shafay, Rania El-shenody 

Botany Department, Faculty of Science, Tanta University, Tanta, Egypt 

*Corresponding author: mostafaelsheikh@science.tanta.edu.eg 

_____________________________________________________________________________________ 

INTRODUCTION  

 

Freshwater microalgae are widely distributed in rivers, lakes and polar seas. They 

have a vast variety of cellular, morphological, structural, and biochemical components 

(Chu et al., 2004). Microalgae have the capacity to produce a variety of physiologically 

active compounds. Consequently, researchers consider their rapid biomass development 

and capacity to modify their biochemical composition in response to cultivation 

circumstances as interesting organisms. Microalgae are not only single-celled, they are 

minute in size, having diversity in their morphological structure from the single-celled, 

colony, filaments, etc. These microalgal flora representatives have enormous potential for 

use in many fields of research and technology (Olasehinde et al., 2017). 

Proteins, polysaccharides, lipids, polyunsaturated fatty acids (PUFAs), vitamins, 

pigments, phycobiliproteins, enzymes, and other physiologically active components are 

abundant in microalgae. Antioxidant, antibacterial, antiviral, anticancer, regenerative, 
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The work aimed to enhance growth and biochemical substances in 

Scenedesmus obliquus by creating a growing suitable condition of 

enrichment culture with varied concentrations of KNO3 as a nitrogen source. 

Kuhl medium was used for the cultivation of Scenedesmus obliquus with 

optimized nitrogen source concentration. Growth was determined by optical 

density (1.94 OD680) on the 10
th

 day of the culture; and protein (0.18 mg/ml) 

concentration was assessed with +50% conc. of KNO3. The diminishment of 

KNO3 (-50% conc. of KNO3) showed the highest lipid output (31.08µg/ml) 

and the maximum carbohydrate content (0.2 mg /mL) on day 10 of culture. 

Also, carotenoids increased by 20.51% over control. Total phenolic, 

flavonoid, and ascorbic acid contents were measured, recording 127.53 

±0.79 mg gallic acid equivalents/ g crude extract, 81.59 ±1.05 mg gallic acid 

equivalents/ g crude extract 149.27 ±1.04 mg.g
−1

, respectively. In 

conclusion, this work highlighted those polyunsaturated fatty acids (PUFAs) 

of S. obliquus cultivated at (-50%conc. of KNO3) that increased by 80%, 

compared to the control culture; linolelaidic and α-linolenic acids were the 

main dominant of PUFAs and constituted 17.84 % and 22%, respectively. 
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antihypertensive, neuroprotective, and immune-stimulating properties are described in 

biologically active compounds from microalgae (El-Sheekh et al., 2019; Gürleket et al., 

2019). The active compounds of microalgae are considered valuable auxiliary 

biomolecules for manufacturing feed and functional foods in the fields of pharmacology, 

medicine, cosmetics, the chemical industry, fish farming, energy and agriculture 

(Bhattacharjee, 2021). 

Due to the propensity of microalgae to grow rapidly, their ability to adapt to 

extreme environmental conditions, and their ease of cultivation and handling, numerous 

species of Scenedesmus are used in a variety of applications throughout the world. 

(Lürling, 2003; Pultz & Gross, 2004). The high nutritional content and bioactivities of 

Scenedesmus spp. qualified them to be utilized in numerous biotechnological applications 

(Chacón-Lee & Gonzalez-Marino, 2010; Guedes et al., 2012). Regarding the chemical 

composition of the enrichment medium, nitrogen is a crucial nutrient influencing the 

biomass growth and lipid production of different microalgae (Griffiths & Harrison, 

2009). 

Nitrogen is ranked among the most important nutrients for proliferation since 

nitrogen is a component of peptides, energy transfer molecules, genetic materials, 

chlorophylls, enzymes, and genetic materials in algal cells, as well as structural and functional 

proteins (Cai et al., 2013). The rate of cell development and microalgae's biochemical makeup 

are greatly influenced by the nitrogen concentration in the culture medium (Wang et al., 2013). 

Microalgae can modify lipid metabolism naturally through the stress response resulting from 

nitrogen deprivation. Despite that the lack of nitrogen appears to prevent the cell cycle and the 

creation of almost all cellular components, the rate of lipid synthesis is still higher, causing 

starved cells to accumulate oil (El-Sheekh & Abomohra, 2012). 

         Although constant nitrogen deprivation causes microalgae to have higher lipid and 

carbohydrate contents, it slows down their growth rate, which lowers their overall output (Pancha 

et al., 2014). Numerous studies have shown that nitrogen scarcity increases fat formation and 

decreases biomass productivity (El-Kassas, 2013). Numerous studies have demonstrated that 

nitrogen deficiency alters the biochemical composition of organisms, including the amount of 

protein and carbohydrates, pigments, lipids, and fatty acids, adding to the photosynthetic activity 

of microalgae (Fan et al., 2014). 

        The present work was proposed to examine the use of different concentrations of potassium 

nitrate (KNO3) as a nitrogen source for inducing the biomolecules synthesis from freshwater 

microalga Scenedesmus obliquus through its effects on the level of carbohydrates, lipids, protein, 

and carotene contents of the investigated microalgae. 

MATERIALS AND METHODS  

 

Microalgal strain growth condition  

The green microalga S cenedesmus obliquus was acquired from the Phycology 

Research Unit Culture Collection, Faculty of Science, Tanta University in Egypt. In 1L 

Erlenmeyer flasks stopped with cotton plugs, 700ml of Khul medium (Khul & 

Lorenzen, 1964) was used. The flasks were sterilized in an autoclave for 20 minutes at 
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121ºC and 1.5 atmospheric pressure. After cooling, a specific volume of Scenedesmus 

obliquus pre-cultures was added to the Erlenmeyer flasks. Aeration was sustained 

through silicon tubes, with one end connected to the culture flask and the other to the 

aerator supplied with a bacterial filter. Algal culture flasks were subjected to incubation 

conditions of a temperature of 25 ±2ºC and a continuous fluorescent light at 45 mole 

m
-2

s
-1

. 

 

Table 1. The chemical composition of Kuhl medium (Kuhl & Lorenzen, 1964). 

Stock solution 

Quantities (g/L) 

Nutrients 

 Macronutrient 

101.11 KNO3 

8.9 Na2HPO4.2H2O 

62.12 NaH2PO4.H2O 

24.65 MgSO4.7H2O 

1.47 CaCl2.2H2O 

 Micronutrients 

added to 1000 ml of distilled water 

0.06100 H3Bo3 

0.16900 MnSO4.H2O 

0.28700 ZnSo4.7H2O 

0.00249 CuSO4.5H2O 

0.01235 (NH4)6MO7O24.4H2O 

 

FeSO4.7H2O Fe-EDTA complex 

The Fe-EDTA complex was made by briefly heating 0.69 g of FeSO4.7H2O and 0.93 

disodium salts of ethylene diamine tetra acetic acid (EDTA) in 80ml of deionized 

distilled water. The solution was diluted to a volume of 100ml after reaching room 

temperature. 

 

Optimization of media composition 

     Nitrogen source concentrations 

Potassium nitrate (KNO3) is the source of nitrogen in the Kuhl medium and its 

original concentration in standard Kuhl is 101.11 g.L
-1

, with original nitrate concentration  

in the media containing different nitrate concentrations (-50%, +50%, -100%(zero)). 
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Table 2. Experiment scheme showing Kuhl medium with different nitrogen 

concentrations 

 

 

 

 

 

 

 

 

 

Measurement of cell growth  

    Optical density  

        Growth curves were evaluated by measuring the optical density at 680nm every two 

days using spectrophotometer (SHIMADZU UV- 2401PC, Japan) (El-Sheekh et al., 

2022). 

   Determination of the biochemical constituents in the tested algae 

     To estimate the total soluble protein and carbohydrate, the microalgal cells (3ml of 

culture was centrifuged at 3000rpm for 5min) were extracted with 1 N NaOH in a boiling 

water bath for 2 hours according to Payne and Stewart )1988). The amount of protein 

content was determined following the method of Bradford (1976). While, carbohydrate 

content was calculated following the study of Kochert's (1973). In addition, the Park 

method was modified to directly measure lipid content using the Sulfophosph vanillin 

(SPV) reaction (Jaeyeon Park, 2016).  

 

Secondary metabolite estimation 

   Preparation of algal extract  

      The extraction was performed with methanol solvent by steeping the material in the 

corresponding solvent (0.3g of algae with 30ml of methanol) in a conical flask, which 

was subsequently closed with cotton wool. Next, the samples were retained on a rotatory 

shaker at 120rpm at 20- 300◦C for 2 days. Then, the extract was filtered and ready to use. 

Estimation of phenolic content was done according to Taga et al. (1984), while the 

aluminium chloride colorimetric assay was carried out for flavonoid quantification 

(Chang et al., 2002); the estimation of the ascorbic acid was conducted according to 

Oser (1979). 

 

Extraction of total lipids and analysis of fatty acid 

      The modified Folch technique (Folch et al., 1957) was used to extract the total lipid 

content. Whereas, the modified procedure of Zahran and Tawfeuk (2019) was used to 

estimate the fatty acid profile. 

KNO3concentrations (g L
-1

) 

 

101.11 

 

Control(100%) 

 

50.55 -50% 

151.66 +50% 

0 -100%(zero) 
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Statistical analysis  

      Three replicates' means and standard deviations (SD) were used to express the data. 

Using one-way analysis of variance (ANOVA) and Duncan's multiple range testing for 

data with a significant difference at P< 0.05, the collected data were statistically 

evaluated using the SPSS 23.0 programme. 

 

RESULTS  

 

Growth by optical density 

 Fig. (1) shows the different concentrations of KNO3 (Control, -100% (zero),+50% 

and -50%) using optical density (OD). KNO3 with concentration + 50% showed the 

highest growth (1.94 ±0.01), compared to control culture (1.56 ±0.01) on day 10 of  

cultivation, followed by - 50% conc. with a culture growth rate of 1.46 ±0.01. Culture 

with no nitrogen source recorded the lowest growth of S. obliquus (1.09 ±0.01).  

 

Fig. 1. Effect of different KNO3 concentrations on the growth of Scenedesmus obliquus measured 

as optical density in different incubation periods 

Each column represents the mean value of three replicates; Error bars show the SD for measurements; SD: Standard 

deviation. When employing one-way ANOVA (P< 0.05), different letters represent the statistical comparisons between 

groups. 

Protein content (mg/ml) 

      Table (1) reveals that, the highest protein content (0.18 ±0.01) was observed in S. 

obliquus culture treated with +50%conc. of KNO3, compared to the control culture (0.14 

±0.01) on the 10
th

 day of the growth, while culture treated with both -50 % conc. of 

KNO3 and zero% conc. of KNO3 caused a significant reduction in protein content (0.10 

±0.001, 0.11 ±0.01, respectively). 
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Table 1. Effect of different KNO3 concentrations on protein content(mg/ml) of Scenedesmus obliquus at 

different incubation periods  

Day Control (100% 

KNO3) 

Zero% KNO3 + 50 % KNO3 - 50 % KNO3 F. value 

0 0.01±0.001
a
 0.01±0.001

a
 0.01±0.01

a
 0.01±0.001

a
 0.354 NS 

4 0.03±0.01
b
 0.02±0.001

b
 0.05±0.01

a
 0.02±0.001

b
 36.60* 

7 0.07±0.01
b
 0.06±0.01

c
 0.08±0.01

a
 0.04±0.001

d
 339.70* 

10 0.14±0.01
b
 0.11±0.01

c
 0.18±0.01

a
 0.10±0.001

d
 445.70* 

14 0.09±0.01
b
 0.07±0.01

c
 0.1±0.01

a
 0.05±0.001

d
 336.60* 

17 0.05±0.01
b
 0.04±0.01

c
 0.07±0.01

a
 0.03±0.001

d
 338.60* 

The mean and standard deviation (SD) of three replicates are used to express data. When employing one-way ANOVA 

(P< 0.05), different letters represent the statistical comparisons between groups. 

Carbohydrate content (mg/ ml) 

Data recorded in Table (2) clarify that culture of Scenedesmus obliquus treated with 

-50% conc. of KNO3 and zero% conc. of KNO3 recorded the highest carbohydrate 

content (0.37 ±0.00and 0.29 ±0.00, respectively), compared to the control culture on the 

10
th 

day of the cultivation, while +50% conc. of KNO3 caused a significant reduction in 

carbohydrate content (0.20 ±0.00). 

Table 2. Effect of different KNO3 concentrations on carbohydrate (mg/ ml) content of Scenedesmus obliquus in 

different incubation periods  

Day Control (100% 

KNO3) 

Zero% KNO3 + 50 % KNO3 - 50% KNO3 F. value 

0 0.01±0.00
a
 0.01±0.00

a
 0.01±0.00

a
 0.01±0.00

a
 0.357 NS 

4 0.03±0.00
c
 0.04±0.00

b
 0.02±0.00

d
 0.06±0.00

a
 37.60* 

7 0.07±0.00
c
 0.09±0.00

b
 0.05±0.00

d
 0.11±0.00

a
 339.70* 

10 0.22±0.00
c
 0.29±0.00

b
 0.20±0.00

d
 0.37±0.00

a
 445.71* 

14 0.14±0.00
c
 0.17±0.00

b
 0.11±0.00

d
 0.2±0.00

a
 336.70* 

17 0.05±0.00
c
 0.08±0.00

b
 0.04±0.00

d
 0.09±0.00

a
 335.80* 

The mean and standard deviation (SD) of three replicates are used to express data. When employing one-way ANOVA 

(P< 0.05), different letters represent the statistical comparisons between groups. 

 

 



219       Effect of Different Nitrogen Concentrations on Primary and Secondary Metabolites of Scenedesmus obliquus  
 

 

Lipid content (µg/ ml) 

For the results of carbohydrate content, S. obliquus showed the highest lipid content 

at -50% conc. of KNO3 (31.08 ±0.03) on day 10 of cultivation. Culture with no nitrogen 

source showed the second highest lipid content (27.02 ±0.00) compared to control culture 

(26.44 ±0.00), while, KNO3 (+50% conc.) recorded the lowest lipid content (25.74 

±0.00) on the 10
th

day of cultivation 

Table 3. Effect of different KNO3 concentrations on lipid content (µg/ ml) of Scenedesmus obliquus during 

different incubation periods 

The mean and standard deviation (SD) of three replicates are used to express data. When employing one-way ANOVA 

(P<0.05), different letters represent the statistical comparisons between groups. 

Carotenoids content (µg/ ml) 

       The results illustrated in Table (4) show that the culture of S. obliquus under -50% of 

KNO3 recorded the highest carotenoids content (15.16 ±0.01) after 10 days of growth, 

compared to the control culture (12.58 ±0.45); while, the lowest carotenoids content 

(10.33 ±0.15 and 6.68 ±0.01) was recorded in KNO3 (+50% and zero %, respectively). 

Table 4. Effect of different KNO3 concentrations on carotenoids content of Scenedesmus obliquus during 

different incubation periods 

Day Control (100% 

KNO3) 

Zero% 

KNO3 

+ 50 % KNO3 - 50 % KNO3 F. value 

0 0.23±0.00
a
 0.23±0.00

a
 0.23±0.00

a
 0.23±0.00

a
 0.354 NS 

4 0.57±0.01
d
 1.11±0.01

b
 0.97±0.01

c
 2.84±0.00

a
 37.60* 

7 5.67±0.01
b
 4.01±0.00

c
 4.82±0.01

c
 7.84±0.01

a
 338.70* 

10 12.58±0.45
b
 6.68±0.01

d
 10.33±0.15

c
 15.16±0.01

a
 443.70* 

14 10.48±0.08
b
 5.14±0.02

d
 8.24±0.05

c
 13.47±0.01

a
 336.60* 

17 9.91±0.05
b
 4.80±0.02

d
 6.16±0.01

c
 11.16±0.00

a
 354.60* 

The mean and standard deviation (SD) of three replicates are used to express data. When employing one-way ANOVA 

(P< 0.05), different letters represent the statistical comparisons between groups. 

Day Control 

(100% 

KNO3) 

Zero% KNO3 + 50 % KNO3 - 50 % KNO3 F. value 

0 0.26 ±0.03
a
 0.26±0.03

a
 0.26±0.03

a
 0.26±0.03

a
 0.351 NS 

4 3.44 ±0.01
c
 3.78±0.02

b
 2.88±0.03

d
 3.91±0.00

a
 38.60* 

7 11.34±0.01
c
 12.75±0.00

b
 9.69±0.03

d
 13.61±0.00

a
 339.70* 

10 26.44±0.00
c
 27.02±0.00

b
 25.74±0.00

d
 31.08±0.03

a
 443.70* 

14 16.66±0.00
c
 18.92±0.00

b
 14.29±0.00

d
 22.73±0.00

a
 336.60* 

17 9.65±0.01
c
 10.26±0.00

b
 7.30±0.03

d
 12.65±0.01

a
 338.60* 



El-Sheekh et al., 2022    220 

Estimation of secondary metabolites 

At different concentrations of nitrogen (KNO3) 

Concerning phenolics, the maximum value was recorded for KNO3 (-50% conc.) 

(127.53 ±0.79) mg gallic acid equivalents/ g crude extract), followed by +50%conc. of 

KNO3 (110.81±1.55 mg gallic acid equivalents/ g crude extract), while the minimum 

value was showed with zero % conc. of KNO3 (68.09 ±1.76mg gallic acid equivalents/ g 

crude extract) (Fig. 2).  

Moreover, the total flavonoid content of S. obliquus algal extracts was at its highest at a 

concentration of -50% conc. of KNO3 (81.591.05 mg quercetin equivalents/g crude 

extract), while the lowest value was detected at a concentration of zero% conc. of KNO3 

(67.091.70 mg quercetin equivalents/g crude extract), as shown in (Fig. 2). 

Ascorbic acid content was investigated (Fig. 2);  the -50% conc. of KNO3 recorded the 

highest value (149.27 ±1.40 mg/g). While, the lowest value was detected at the zero % 

conc. of KNO3 (37.69 ±0.87 mg/ g. 

 

Fig. 2. Phenolics, flavonoids, and ascorbic acid at different KNO3 concentrations in Scenedesmus 

obliquus  

Each column represents the mean value of three replicates; Error bars show the SD for measurements; SD: Standard 

Deviation. When employing one-way ANOVA, different letters are used to denote statistical comparisons between 

groups (P<0.05). 

 

Fatty acids content  

The results in Table (5) emphasize that polyunsaturated fatty acids (PUFAs) of S. 

obliquus cultivated at the -50%conc. of KNO3 increased by 80%, compared to the control 

culture, which contained 27.7 % of the total fatty acids; linolelaidic and α-linolenic acids 

were the main dominant of PUFAs, with 17.84 and 22%, respectively, while they 
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represented only 10.82% and 5.57%, respectively, in the control culture. On the contrary, 

saturated fatty acids (SFA) of the control culture (66%) were higher than the culture of 

the -50% conc. of KNO3 (43.14%). Palmitic acid was the main saturated fatty acid in 

both the control and the -50%conc. of KNO3 cultures. A notable reduction of mono-

unsaturated fatty acid content (MUFAs) was recorded in both the control and -50%conc. 

of KNO3 cultures. 

Table 5. Fatty acid profiles of Scenedesmus obliquus grown in control and -50% KNO3 culture 

-50%KNO3 Control C-number Fatty acid 

SFAs 

7..3 7..3 C10:0 Capric acid 

1..2 7.33 C12:0 Tridecylic acid 

..33 .... C14:0 Myristic acid 

13..2 17.3 C16:0 Palmitic acid 

.... 2... C18:0 Stearic acid 

MUSFAs 

3.. ..7 C19:1(ω9) Oleic acid 

PUFAs 

23... 2...1 C18:2(ω6) Linolelaidic acid 

ND ...2 C21:2 22,2.- Eicosadienoic acid 

11..1 3.33 C18:3(ω3) α-Linolenic acid 

2... ..3 C17:2 3,2.- Hexadecadienoic acid 

.7.2. 66.0 Total SFAs 

3.. 6.3 Total MUFAs 

.7... 13.3 Total PUFAs 

(SFA): Saturated fatty acids, PUSFA: Polyunsaturated fatty acid. 

 USFA: Unsaturated fatty acid, MUSFA: Monounsaturated fatty acid. 

 

DISCUSSION 

 
The mixture of macro- and micronutrients in the media and their availability in cultures 

significantly impact the growth of algal cultures and their nutritional structure (Chandra et al., 

2020). Numerous media lack the ideal ratio of macro- and micronutrients. Since algal cells are not 

hazardous to nutrients, including nitrogen, potassium, magnesium, sulphur, and sodium; they can 

be added at large concentrations (Chandra et al., 2020).  

Numerous biomolecules, including proteins, chlorophylls, and nucleic acids, which are crucial for 

maintaining algal development, include a significant amount of nitrogen (Li et al., 2016). 

Increases in lipid and carbohydrate contents frequently occurred as a result of nitrogen restriction 

or famine; however, it was at the expense of biomass production (Sun et al., 2018 ; Chandra et 

al., 2020). Given this data, the most logical place to start to increase the biomass and lipid 

productivity of possible strains of microalgae is by choosing an appropriate growing medium and 

optimizing the nitrogen source (Mutlu et al., 2011; Nath et al., 2012). Additionally, it has been 

noted that nutrition level regulation affects the content and accumulation of lipids (Zhang et al., 

2019). 
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 Obtained results showed that increasing nitrogen of concentration improves the growth of 

S. obliquus measured as optical density, so that the +50% conc. of KNO3 showed a higher optical 

density compared to the control by 26.28%. Similar results were obtained by El-Sayed (2007), 

who concluded that the optimal nitrate concentration for the growth of Chlorella salina was 

attained two times that recorded for the control at 1.5 times the basal medium's concentration. On 

the other hand, Feng et al. (2011) demonstrated that one of the elements encouraging Isochrysis 

zhangjniangensis cell division is the addition of nitrate. 

Since nitrogen is essential for protein synthesis, its deficiency slows development, alters 

metabolic pathways, and, as a last resort, changes the biomass's biochemical makeup. For large-

scale production purposes, it is simpler and less expensive to manipulate nitrogen concentration 

than other parameters (Go et al., 2012). 

Compared to the control, the protein content of S. obliquus is often improved by 28.57% 

when nitrogen levels rise in the medium to +50% conc. of KNO3; these results are in contrast 

with those of El-Sayed (2007) who reported that, the optimization of protein synthesis in 

Nannochloropsis salina took place when nitrogen decreased to 0.5 times that of the basal medium 

and are similar to Vergara and Niell (1993) who found that, total soluble protein increased when 

the algal cells were incubated in nitrogen-sufficient circumstances. On the other hand, a lack of 

nitrogen affects the production of proteins that are necessary for cell division and photosynthesis, 

which slows down the pace of cell growth (Ordög et al., 2012). 

            Concerning the carbohydrate content of S. oblique, results indicated that the decreasing 

level of nitrogen (-50% conc. of KNO3) concentration improved the carbohydrate content by 

68.18% above the control. Our findings agree with those of Jia et al. (2015) who found that, N. 

oceanica's cellular carbohydrate content significantly increased from 5.8 to 17.9% over a 4- day 

nitrogen-starved culture, which disagrees with the finding of Markou et al. (2012) who claimed 

that, raising nitrogen levels in the media used for growing algae enhanced the content of 

carbohydrates in the algae. 

Limiting elements such as N2 is necessary for algae growth and can increase lipid content 

(El-Sheekh et al., 2013). This coincides with our result, regarding the effect of the decreasing 

level of nitrogen (-50% conc. of KNO3) on the increase in the lipid content of S. obliquus after 10 

days of growth, when compared to the control culture. These findings were in contrast with (Li et 

al., 2010), who found that raising the nitrogen content of the media used to cultivate microalgae 

increased the lipid content of the algae. On the other hand (Yeesang and Cheirsilp's, 2011) found 

that algal cells store carbon metabolites as lipids when nitrogen levels are low.The breakdown of 

nitrogenous substances like protein, which may provide the cell with carbon or energy for the 

synthesis of lipids, may be the cause of a trigger in lipid accumulation under nitrogen deprivation. 

(Adams et al.,2013; Fanet al. 2011, Zhu et al. 2014; Huang et al., 2019). 

In microalgae, carotenoids have reportedly been shown to protect against oxidative stress 

(Zhang et al.,2013). The production of free radical species in the cell as a result of nutrient stress 

may modify the antioxidant content of the cell. Nutrient stress is well documented to cause the 

accumulation of carotenoids in various species of microalgae, including Dunaliella (Ben-amotz et 

al.,1983) and this demonstrated our results that carotenoids content of   S. obliquus is increased 

by (17.55%) under (-50% conc. of KNO3) compared to control culture. According to numerous 

reports, the absence or low concentration of specific nutrients, such as nitrogen, functions as a 

metabolic constraint for microalgae to cause an immediate physiological reaction that initiates 
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secondary biosynthetic pathways (Touchette and Burkholder, 2000). Additionally, it has been 

shown that when cultivated in nitrogen-depleting circumstances, Dunaliella sp. and 

Haematococcus pluvialis accumulate significant levels of carotenoids, astaxanthin, and its acyl 

esters (up to 13% w/w) (Harkeret al., 1996). Also, Hejazi et al. (2003) discovered that employing 

a finite amount of nitrogen that is then consumed during growth can result in an increase in 

carotene intracellular accumulation. Carotenoids exhibit extremely high antioxidant qualities 

(Campo et al., 2007; Yuan et al., 2011; Christaki et al., 2013). 

Algal biomass's vitamin content can differ greatly between species. According to 

(Brownand Miller,1992), ascorbic acid (vitamin C) exhibits the highest degree of variability, 

albeit this could be attributed to variations in how algae are prepared, dried, and stored because 

ascorbic acid is extremely heat-sensitive. As shown in (Figure 2), ascorbic acid recorded the 

highest value content in S. obliquus when grown under (-50% conc. of KNO3). These findings 

are consistent with those of (El-Baz et al.,2002), who demonstrated that Dunaliella salina 

accumulated a lot of ascorbic acid when cultivated in conditions with a limiting nitrogen 

concentration. Also, our results concur with those of (Durmaz et al. (2007) and Abd El-baky et 

al., 2004), they cleared that nitrogen stress causes a rise in both alpha-tocopherol and ascorbic 

acid content in Dunaliella salina. Our findings show that the phenolic and flavonoid content of S. 

obliquus increases by 26.81% and 16.13%, respectively, when nitrogen is limited to (-50% conc. 

of KNO3) compared to the control culture. 

Recent investigations have demonstrated that phenolic chemicals have a crucial role in the 

antioxidant activity of microalgae (Goiris et al., 2012). 

By altering peroxidation kinetics and lowering cell membrane fluidity, polyphenols serve as a 

substrate for the hydrogen peroxide-scavenging enzyme peroxidase and prevent the spread of 

ROS (Chokshi et al., 2017). The amount of phenolics often rises in response to nutritional stress 

in microalgae (Arnold et al.,1995). Nitrogen-limiting treatments(Goiris et al., 2015) showed that 

the phenolic content of three microalgal strains, Chlorella, Phaeodactylum, and Tetraselmis, 

decreased.S. quadricauda's phenolic content was shown to remain unchanged after UV exposure 

by (Kovacik et al.,2010) however Chlamydomonas nivalis' phenolic content increased by (Duval 

et al.,1999). 

Nitrogen plays a crucial role in the synthesis of ω3 fatty acids in microalgal species 

(Bapjai et al., 1991; Yongmanitchai and Ward, 1991). Microalgae store PUFAs in their 

mitochondrial membranes to shield their cell membranes from oxidative damage (Matsui et al., 

2022). Results obtained by (Abd El-Baky et al., 2004) showed that Dunaliella salina has a high 

total lipid content that is rich in ω3 polyunsaturated fatty acids and antioxidant chemicals when 

nitrogen is limited, are in accordance with our results where S. obliquus generates significant 

amounts of important long-chain PUFAs, (49.86%) of total FA content compared to control 

culture when nitrogen concentration limited to (-50% conc. of KNO3) in the medium. Also (Ben-

Amotz et al., 1985) illustrated that Botryococcus braunii, Dunaliella bardawili, and Dunaliella 

salina produced more of the fatty acid under low N levels EPA (C20:5), which is a type of 

omega-3 fatty acid. Fatty acids and carotenoids are two examples of non-enzymatic types of 

compounds that can guard the body against oxidative harm (Sies and Stahl,1995). Microalgae 

growth in nitrogen-deficient medium might change their lipid metabolic pathway and accumulate 

mainly triacylglycerides (TAGs), which are stored in the cytoplasm of microalgae as a source of 

carbon and energy (Chu et al., 2013). Nitrogen-limiting conditions can decrease the thylakoid 
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membrane cellular content, activates acyl hydrolase, and stimulates phospholipid hydrolysis, 

resulting in increased intracellular content of fatty acyl-CoA (Chu et al., 2013). 

 

CONCLUSION 

 

Our research concluded that an increase in nitrogen levels (+50% conc. of KNO3) 

promotes an increase in S. obliquus growth and enhances the protein level, while a 

decrease in nitrogen levels (-50% conc. of KNO3) raises lipid levels and polyunsaturated 

fatty acids, carbohydrate levels, and carotenoids content. S. obliquus is employed in 

aquaculture because of an increase in secondary metabolites such as phenolic, flavonoid 

content, and ascorbic acid. On the other hand, the high content of carotenoids and 

polyunsaturated fatty acids, which have antioxidant activity, makes our strain S. obliquus 

promising and applicable microalga in the field of algal biotechnology. 

REFERENCES  

 
Abd El-Baky, H.H.; El- Baz, F.K. and El-Baroty G.S. (2004). Production of lipid rich in 

omega3 fatty acids from the halotolerant algae Dunaliella salina. Biotech., 3(1): 102-108. 

Adams C.; Godfrey V.; Wahlen B.; Seefeldt L. and Bugbee B. (2013). Understanding 

precision nitrogen stress to optimize the growth and lipid content tradeoff in oleaginous 

green microalgae. Bioresour Technol. 131:188–94.     

Arnold, C.E.; Tanner,W.I. and Hatch. (1995). Phenotypic variation in polyphenolic content of 

the tropical brown alga Lobophora variegata as a function of nitrogen availability, Mar. 

Ecol. Prog. Ser. 123: 177–183. 

Bapjai, P.K.; Bajpai, P. and Ward, O.P. (1991). Optimization of production of 

docosahexaenoic acid (DHA) by Thraustochytrium aureum ATCC 34304. J. Am Oil Chem. 

Soc., 68: 509–514. 

     Ben-Amotz, A.; Tornabene, T.G. and Thomas, W.H. (1985). Chemical profile of selected 

species of microalgae with emphasis on lipid. J Phycol., 21:72–81. 

Ben-amotz, M. Avron. (1983). On the factors which determine massive beta-carotene 

accumulation in the halotolerant alga Dunaliella bardawil, Plant Physiol. 72: 593–597 

Bhattacharjya R.; Singh PK.;  Mishra B.; Saxena A. and Tiwari A. (2021). Phycoprospecting 

the nutraceutical potential of Isochrysis sp. as a source of aquafeed and other high-value 

products. Aquac Res 52: 2988–2995.  

Bradford, M.M. (1976). A rapid and sensitive method for quantitation of microgram quantities 

of protein utilization the principle of protein-dye binding. Anal. Biochem., 72: 248-254. 

Brown, M.R. and Jeffrey, S.W. (1992). Biochemical composition of microalgae from the 

classes Chlurophyceae and Prasinphycecie. 1 Amino acid and pigments. J Experim. Mar. 

Biol. Ecol.,161: 91-1l3. 

Cai, T.; Park, S.Y. and Li, Y. (2013). Nutrient recovery from wastewater streams by 

microalgae: status and prospects. Renew. Sustain. Energy Rev. 19:360-369. 

Campo, J.; García-González, M. and Guerrero, M. (2007). Outdoor cultivation of microalgae 

for carotenoid production: current state and perspectives. Appl. Microbiol. Biotechnol., 74: 

1163–1174. 



225       Effect of Different Nitrogen Concentrations on Primary and Secondary Metabolites of Scenedesmus obliquus  
 

 

Chacón-Lee, T.L., and González-Marino, G.E. (2010). Microalgae for healthy foods – 

Possibilities and challenges. Comprehensive reviews in food science and food safety, 9(6): 

655-675. 

Chandra N, Shukla P, and Mallick N. (2020). Role of cultural variables in augmenting 

carbohydrate accumulation in the green microalga Scenedesmus acuminatus for bioethanol 

production. Biocatal Agric Biotechnol 26:101632. 

Chang, C.-C., Yang, M.-H., Wen, H.-M., and Chern, J.-C. (2002). Estimation of total 

flavonoid content in propolis by two complementary colorimetric methods. Journal of Food 

and Drug Analysis 10(3):178-182 

Chokshi K, Pancha I, Ghosh A, and Mishra S. (2017). Nitrogen starvation induced cellular 

crosstalk of ROS-scavenging antioxidants and phytohormone enhanced the biofuel potential 

of green microalga Acutodesmus dimorphus. Biotechnol Biofuels 10:60 

Christaki, E.; Bonos, E.; Giannenas, I. and Florou-Paneri, P. (2013). Functional properties of 

carotenoids originating from algae. J. Sci. Food Agric., 93: 5–11. 

Chu, C. Y., Liao, W. R., Huang, R., and Lin, L. P. (2004). Haemagglutinating and antibiotic 

activities of freshwater microalgae. World Journal of Microbiology & Biotechnology, 20(8), 

817-825. 

Chu, F.F.; Chu, P.N.; Cai, P.J.; Li, W.W.; Lam, P.K.S. and  Zeng, R.J. (2013) Phosphorus 

plays an important role in enhancing biodiesel productivity of Chlorella vulgaris under 

nitrogen deficiency. Bioresour. Technol.134: 341–346. 

Durmaz. (2007). Vitamin E (α-tocopherol) production by the marine microalgae 

Nannochloropsis oculata (Eustigmatophyceae) in nitrogen limitation, Aquaculture 26(27): 

717-722. 

Duval B., Shetty K.T. and Homas W.H. (1999). Phenolic compounds and antioxidant properties 

in the snow alga Chlamydomonas nivalis after exposure to UV light. J Appl Phycol.;11: 

559–566. 

El- Baz, F.K.; Aboul-Enein, M.A.; El-Baroty, G.S.; Youssef, A.M. and Abd El-Baky, H.H. 

(2002). Accumulation of antioxidant vitamins in Dunaliella salina. Online J. Biol. Sci., 2: 

220–223. 

El-Kassas, H.Y. (2013). Growth and fatty acid profile of the marine microalga Picochlorum sp. 

grown under nutrient stress conditions. Egypt. J. Aquat. Res. 39(4): 233–239 

El-Sayed, H.S. (2007). Ecophysiological studies on some algal species used in feeding of newly 

hatched larval of fishes. Ph.D. Thesis, Fac. Sci. Alex. Univ. Egypt, p. 355. 

El-Sheekh, M., Abomohra, A.E.F. and Hanelt, D. (2013) Optimization of biomass and fatty 

acid productivity of Scenedesmus obliquus as a promising microalga for biodiesel 

production. World J Microbiol Biotechnol 29: 915–922. 

El-Sheekh, M.M. and Abomohra, A.E.F. (2012). Optimization of biomass and fatty acid 

productivity of Scenedesmus obliquus as a promising microalga for biodiesel production. 

World J Microbiol Biotechnol. 29: 915–922. 

El-Sheekh MM, Gheda S, El-Sayed AB, Abo Shady A, El-Sheikh M, and Schagerl M. (2019) 

Outdoor cultivation of the green microalga Chlorella vulgaris under culture stress conditions 

as a feedstock for biofuel. Environ. Sci. Pollut.  Res. 26:18520–18532. 

https://www.researchgate.net/journal/Journal-of-Food-and-Drug-Analysis-1021-9498
https://www.researchgate.net/journal/Journal-of-Food-and-Drug-Analysis-1021-9498


El-Sheekh et al., 2022    226 

     El-Sheekh Et Al, M. M. (2022). Influence of salinity and various nitrogen sources on cell growth 

and lipid production of the green microalga Micractinium pusillum Fresen. Egypt J. Aquatic 

Biol.  Fisheries, 26(4): 955-968 

      Fan J, Andre C. and Xu C. (2011). A chloroplast pathway for the de novo biosynthesis of 

triacylglycerol  in Chlamydomonas reinhardtii. FEBS Lett. 585:1985–91. 

     Fan, J., Cui, Y., Wan, M., Wang, W., and Li, Y. (2014). Lipid accumulation and biosynthesis 

genes response of the oleaginous Chlorella pyrenoidosa under three nutritional stressors. 

Biotechnol. Biofuels 7 (1): 17. 

Feng, D.; Chen, Z. and Xue, S. (2011). Increased lipid production of the marine oleaginous 

microalgae Isochrysis zhangjiangensis (Chrysophyta) by nitrogen supplement.Biores. 

Technol., 102(12): 6710-6716. 

Folch, J.; Lees, M. and Stanley, G.H.S. (1957). A simple method for the isolation and 

purification of total lipids from animal tissues. J. Biol. Chem., 226:497-509.  

Go, S.; Lee, S.J.; Jeong, G.T. and Kim, S.K. (2012). Factors affecting the growth and the oil 

accumulation of marine microalgae Tetraselmis suecica. Bioprocess Biosyst. Eng., 35:145–

150. 

Goiris K, Van Colen W, Wilches I, Le  َ n-Tamariz F, De Cooman L, and Muylaert. K. 

(2015). Impact of nutrient stress on antioxidant production in three species of microalgae. 

Algal Res.; 7: 51–57. 

      Goiris, K.Muylaert, I. Fraeye, I. Foubert, J. De Band rabanter, L. (2012). De Cooman, Antioxidant 

potential of microalgae in relation to their phenolic and carotenoid content, J. Appl. Phycol. 24 

1477–1486.. 

Griffiths M.J., and Harrison S.T. (2009). Lipid productivity as a key characteristic for choosing 

algal species for biodiesel production. J Appl Phycol; 21:493-507. 

Guedes, A.C. and Malcata, F.X. (2012). Nutritional Value and Uses of Microalgae in 

Aquaculture. Muchlisin, Z.A. Aquacul., 59–78. 

Gürlek, C.; Yarkent, C.; Köse, A.; Oral, I.; Öncel, S.S.; and Elibol, M. (2019). Evaluation of 

several microalgal extracts as bioactive metabolites as potential pharmaceutical compounds. 

In CMBEBIH; Springer Nature: Cham, Switzerland, pp. 267–272. 

Harker, M.; Tsavalos, A.J. and Young, A.J. (1996). Factors responsible for astaxanthin 

formation in the Chlorophyte Haematococcus pluvialis. Bioresour. Technol., 55: 207–14. 

Hejazi, M.A.; Holwerda, E. and Wijffels, R.H. (2003). Milking microalga Dunaliella salina for 

β-carotene production in two-phase bioreactors, Biotechnol. Bioeng., 85: 475–481. 

Huang B., Marchand J., Thiriet-Rupert S., Carrier G., Saint-Jean B., Lukomska E., 

Moreau B., Morant-Manceau A., Bougaran G., and Mimouni V. (2019). Betaine lipid 

and neutral lipid production under nitrogen or phosphorus limitation in the marine microalga 

Tisochrysis lutea (Haptophyta). Algal Res 40:101506 

Jaeyeon, P.; Hae. J.; Eun, Y. Y. and Seung, J.M. (2016). Easy and rapid quantification of lipid 

contents of marine dinoflagellates using the sulpho-phospho-vanillin method. Algae, 31(4): 

391-340. 

Jia J., Han D., Gerken H.G., Li Y., Sommerfeld M, Hu Q., Han D., and Xu J. (2015). 

Molecular mechanism for photosynthetic carbon partitioning into storage neutral lipids in 

Nannochloropsis oceanica under nitrogen-depletion conditions. Algal Res. 7:66–77. 



227       Effect of Different Nitrogen Concentrations on Primary and Secondary Metabolites of Scenedesmus obliquus  
 

 

Kochert, G. (1973). Carbohydrate determination by the Phenol-Sulphoric acid method. In: 

handbook of phycological and biochemical methods. Cambridge University Press, 

Cambridge. 

Kovacik J, Klejdus B, and Bačkor M. (2010). Physiological responses of Scenedesmus 

quadricauda (Chlorophyceae) to UV-A and UV-C light. Photochem Photobiol ; ...6.21–.  .  

Kuhl, A. and Lorenzen, H. (1964). Handling and culturing of Chlorella. In: Prescott, D.M. (ed.), 

Methods in cell physiology. Acad Press NY and London, 1: 152–187. 

Li, T.; Xu, J.; Gao, B.; Xiang, W.; Li, A.; and Zhang, C. (2016). Morphology, growth, 

biochemical composition and photosynthetic performance of Chlorella vulgaris 

(Trebouxiophyceae) under low and high nitrogen supplies. Algal Res., 16, 481–491. 

Li, X.; Hu, H.Y.; Gan, K. and Sun, Y.X. (2010). Effects of different nitrogen and phosphorus 

concentrations on the growth, nutrient uptake, and lipid accumulation of a freshwater 

microalga Scenedesmus sp. Bioresour. Technol., 101: 5494–5500. 

Lürling, M. (2003). Phenotypic plasticity in the green algae Desmodesmus and Scenedesmus 

with      special reference to the induction of defensive morphology. Annales de Limnologie - 

International Journal of Limnology, 39(2): 85-101. 

Markou, G.; Chatzipavlidis, I. and Georgakakis, D. (2012). Carbohydrates production and 

bio-flocculation characteristics in cultures of Arthrospira (Spirulina) platensis: 

improvements through phosphorus limitation process. Bioenerg. Res., 5: 915–25.  

Matsui, H.; Sasaki, T.; Kobari, T.; Waqalevu, V.; Kikuchi, K.; Ishikawa, M.; and Kotani, T. 

(2012). DHA Accumulation in the Polar Lipids of the Euryhaline Copepod 

Pseudodiaptomus inopinus and Its Transfer to Red Sea Bream Pagrus major Larvae. Front. 

Mar. Sci. 2021, 8: 1–15 

Mutlu, Y.B.; Isık , O.; Uslu , L.;   Koç, K. and   Durmaz, Y. (2011). The effects of nitrogen 

and phosphorus deficiencies and nitrite addition on the lipid content of Chlorella vulgaris 

(Chlorophyceae) Afri. J. Biotech., 10 (3): 453-456. 

Nath, P.R.; Khozin-Goldberg, I. and Cohen, Z. (2012). Dietary Supplementation with the 

Microalgae Parietochloris incisa Increases Survival and Stress Resistance in Guppy 

Poecilia reticulata Fry. Aquacul. Nutr., 2 (18): 167–180. 

Olasehinde, Tosin A., Ademola O. Olaniran, and Anthony I. Okoh. (2017). "Therapeutic 

Potentials of Microalgae in the Treatment of Alzheimer’s Disease" Molecules 22(3): 480. 

Ördög V, Stirk WA, Bálint P, van Staden J, and Lovász C. (2012). Changes in lipid, protein 

and pigment concentrations in nitrogen-stressed Chlorella minutissima cultures. J Appl 

Phycol.; 24: 907–914. 

Oser, B. L. (1979). Haws Physiological chemistry XIV Edn. Tata McGraw-Hill USA.702-705 

Pancha I, Chokshi K, George B, Ghosh T, Paliwal C, Maurya R, and Mishra S ( .1.2. .)

Nitrogen stress triggered biochemical and morphological change in the microalgae 

Scenedesmus sp. CCNM 1077. Bioresour Technol. 156:146–54. 

Payne, J. K. and Stewart, J.R. (1988). The chemical composition of the thallus wall 

Characiosophon rivularis (Characiosiphonaceae Chlorophyta). Phycolog., 27: 43-49. 

Pulz, O. and Gross, W. (2004). Valuable Products from Biotechnology of Microalgae. Appl. 

Microbiol. Biotechnol., 6 (65): 635–648. 



El-Sheekh et al., 2022    228 

Sun, X.M.; Ren, L.J.; Zhao, Q.Y.; Ji, X.J.; and Huang. (2018). H. Microalgae for the 

production of lipid and carotenoids: A review with focus on stress regulation and adaptation. 

Biotechnol. Biofuels, 11,: 1–16.  

Taga, M. S., Miller, E. E., & Pratt, D. E. (1984). Chia seeds as a source of natural lipid 

antioxidants. Journal of the American Oil Chemists’ Society, 61(5), 928–931. 

Touchette, B.W. and Burkholder, J.M. (2000). Review of nitrogen and phosphorus metabolism 

in sea grasses. J. Exp. Mar. Biol. Ecol., 250: 133-167. 

 Vergara, J.J. and Niell, F.X. (1993). Effect of nitrate availability and irradiance on internal 

nitrogen constituents in Corallina elongata (Rhodophyta). J. Phycol., 29:285- 293. 

Wang J., Han D., Sommerfeld M. R., Lu C., and Hu Q. (2013). Effect of initial biomass density on 

growth and astaxanthin production of Haematococcus pluvialis in an outdoor photobioreactor. J. 

Appl Phycol. 25: 253-260 

 Yeesang, C. and Cheirsilp, B. (2011). Effect of nitrogen, salt, and iron content in the growth 

medium and light intensity on lipid production by microalgae isolated from freshwater 

sources in Thailand. Bioresour. Technol., 102: 3034-3040.  

Yongmanitchai, W. and Ward, O.P. (1991). Growth of and omega-3 fatty acid production by 

Phaeodactylum tricornutum under different culture conditions. Appl. Environ. Microb. 57: 

419-425. 

Yuan, J.P., Peng, J.; Yin, K. and Wang, J.H. (2011). Potential health-promoting effects of 

astaxanthin: a high-value carotenoid mostly from microalgae. Mol. Nutr. Food Res., 55: 

150–65.  

Zahran, H.A. and Tawfeuk, H.Z. (2019). Physicochemical properties of new peanut (Arachis 

hypogaea L.) varieties. OCL 26: 19. 

Zhang L, Wang N, Yang M, Ding K, Wang Y-Z, Huo D, and Hou C. (2019). Lipid 

accumulation and biodiesel quality of Chlorella pyrenoidosa under oxidative stress induced 

by nutrient regimes. Renew Energy143:1782–179 

    Zhang Y.M., Chen H, He C.L., Wang Q. (2013). Nitrogen starvation induced oxidative stress in 

an oil-producing green alga Chlorella sorokiniana C3. PLoS ONE. 8:e69225. 

Zhu S., Huang W., Xu J., Wang Z., Xu J., and Yuan Z. (2014). Metabolic changes of starch 

and lipid triggered by nitrogen starvation in the microalga Chlorella zofingiensis. Bioresour 

Technol.; 152: 292–298. 

 


