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Arthrospira platensis is a non toxic edible cyanobacterium which 

contains high amounts of various valuable nutrients such as essential 

amino acids, essential fatty acids and carotenoids. It also contains 

compounds having medicinal effects, such as phycocyanin and 

different polysaccharides. The present study examined the effect of 

nitrogen, phosphorus, sulfur and salinity on biomass, lipid, protein, 

carbohydrate and phycocyanin productivities of Arthrospira platensis. 

Decreasing nitrogen to 50 % than the concentration mentioned in the 

modified Zarrouk medium resulted in a reduction of biomass, lipid, 

protein, carotenoids and phycocyanin productivities by 20, 12, 20, 2 

and 32 %, respectively. While 100 % phosphorus deficiency enhanced 

lipids and carotenoids productivities by 128 % and 64 %, respectively, 

with 25 % reduction in biomass. In addition, sulfur limitation led to 

280 % increase in carbohydrate productivity with insignificant 

changes in biomass productivity. Finally, increasing salinity caused 

significant increase of lipid, carbohydrate and carotenoids 

productivities up to 93, 84 and 64 %, respectively. Whereas, 

increasing salt concentration, increased lipid and carotenoid 

productivities. The present study showed that phosphorus and sulfur 

deficiencies and high salinity increased the productivity of some 

valuable products of Arthrospira platensis. Therefore alteration of 

growth conditions changes its nutritional compounds. This means that 

we could obtain Arthrospira with different nutritional composition by 

altering the composition of cultivation medium. 
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INTRODUCTION 

Arthrospira sp is a filamentous cyanobacterium that has a long history of in being used as food supplement. Arthrospira 

is rich in important nutrients, such as proteins (50-70 %), vitamins, minerals, carbohydrates and essential fatty acids such 

as gamma linolenic acid (Vonshak et al., 1988). It is gaining more and more attention, not only for its nutritional value, 

but also for its pharmaceutical aspects (Quoc and Pascaud, 1996). In addition to its effectiveness in reducing 

hyperlipidemia, diabetes, high blood pressure, it has been proved to have anti-viral and anti-cancer effects. It has also 

been reported to enhance immune functions (Belay, 2002). Arthrospira sp. is being commercially cultivated and sold in 

the market as food supplement due to its medicinal and nutritional importance. Arthrospira sp. are grown in many liquid 

and solid media such as; Bold Basal Medium (Bischoff and Bold, 1963), Zarrouk (Zarrouk, 1966), BG11 (Stanier et 

al., 1971) and modified Zarrouk (Aiba and Ogawa, 1977).  

http://jchemistry.org/
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Arthrospira platensis is influenced by cultivation conditions such as; nitrogen concentration (Vonshak et al., 1982), light 

intensity and the presence of contaminants (Vonshak et al., 1982; Walach et al., 1987), temperature (Vonshak et al., 

1988), presence of bicarbonate ions (Vonshak et al., 1982; Costa et al., 2002), salt stress (Shalaby et al., 2010), 

phosphate concentration (Vonshak, 1997) and initial biomass concentration (Pelizer et al., 2003). So, many trials were 

applied to optimize the growth and production of specific important compounds of Arthrospira. Many of these 

compounds showed effective biological activities, e.g. carotenoids have powerful antioxidant activity (Abd El-Baky et 

al., 2003), phycocyanin was reported to be a free radical scavenger and microsomal lipid inhibitor (Estrada et al., 2001) 

having anticancer, anti-inflammatory and antioxidant activity (Abd El-Baky et al., 2003). Moreover, polysaccharides 

extracted from A. platensis exhibited antiviral activity against both human immunodeficiency virus type 1 (HIV-1), 

herpes simplex virus type 1 (HSV-1) and cytomegalovirus (CMV) (Hayashi et al., 1996; Ayehunie et al., 1998; 

Hernández-Corona et al., .2002; Lee et al., 2004). In addition, many fatty acids extracts from Arthrospira showed 

antibacterial and antifungal activity (Ozdemir et al., 2004; Kumar et al., 2011; Abd El- Baky and El-Barouty, 2012). 

Many studies were established to optimize these important compounds production (Vonshak et al., 1982); however, 

those studies depended on the measurement of “content” of the desired product as mg g-1 of dry weight or as a percent of 

the dry weight. Although, production of certain compounds is stimulated under stresses, the growth usually decreases; 

therefore, the term “content” doesn’t refer to the real production efficiency of a certain compound. The present study 

aimed to enhance the production of these compounds, which were calculated as “productivity” in mg L-1 d-1, by 

modification of media composition. The present study aims to optimize the growth conditions of Arthrospira platensis 

for the highest biomass production and to control the productivity of carotenoids, phycocyanin, lipids, proteins and 

carbohydrates as nutritional valuable compounds. 

MATERIALS AND METHODS 

Cyanobacterium and growth conditions  

Arthrospira platensis was obtained from Phycology Research Lab at Botany Department, Faculty of Science, Tanta 

University. It was cultivated axenically as batch culture using modified Zarrouk medium described by Aiba and Ogawa 

(1977). Cultures were illuminated by tubular fluorescent lamps (PHILIPS Master TL-D 85 W/840). The light intensity at 

the surface of the culturing vessels was 2500 Lux at 31 ± 1 °C. Cultures were shacked once a day to keep them 

homogenous. 

Alteration of medium composition  

The effect of different nutrients namely nitrogen [control (2.5 g L-1), - 50 % , - 100 % and + 100 %], sulfur [control (1g L 
-1) , - 50 % , - 100 % and + 100 %], phosphorus [control (0.5 g L -1) , - 50 % , - 100 % and + 100 %] and sodium chloride 

[control (1 g L-1) , - 50 % , - 100 %, + 100 %, + 200 % and + 300 %] on growth, carotenoids, phycocyanin, lipids, 

proteins and carbohydrates was studied. An equal volume of exponentially growing A. platensis cells, which has been 

precultured in 300 ml modified Zarrouk medium, was used as inoculum in 750 ml of modified Zarrouk medium in 1 L 

Erlenmeyer flasks at an initial OD750 of 0.06.  

Biomass assay 

Cyanobacterial growth was monitored using the optical density of the culture according to Bhattacharya and 

Shivaprakash (2005) at 750 nm (OD750) and by determination of cyanobacterial cellular dry weight (CDW). Biomass 

productivity was calculated according to the modified method of Abomohra et al. (2013). 

Biomass productivity (g CDW L-1 d-1) = (CDWL-CDW0)/t 

 

Where; CDW0 and CDWL represent the CDW (g L-1) at the start of the culture and late exponential phase, respectively 

during time (t).  

Estimation of carotenoids 

Estimation of carotenoids 

A known volume of A. platensis culture was centrifuged at 3000 rpm for 10 min. The supernatant was decanted and an 

equal volume of methanol added to the pellet, then it was incubated in a water bath at 55°C for 15 min. and centrifuged. 

The absorbance of the extract (A) was measured against blank of free methanol at 650, 665 and 452 nm. Carotenoids 

were estimated as mg ml-1 of culture suspension using the following equation MacKinney (1941) 

Carotenoids (mg ml-1) = 4.2 A452- (0.0246 ((10.3 A665-(0.918 A650)) 

Estimation of total soluble proteins 

After carotenoids extraction, residual cells were extracted using 1 N NaOH in a boiling water bath for 2 h as described by 

Payne and Stewart (1988). Protein concentration as mg ml-1 was determined according to Bradford method (Bradford, 

1976) using bovine serum albumin as a standard reference.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Hern%C3%A1ndez-Corona%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12406511
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Estimation of total carbohydrates  

Total carbohydrates were quantitatively determined by the phenol sulphuric acid method described by Kochert (1978) 

using glucose as a standard reference. 

 

 

Estimation of C-phycocyanin 

Phycobiliproteins were determined according to the method described by Bennett and Bogorad (1973). Briefly, 50 ml 

of cyanobacterial suspension were centrifuged at 3000 rpm for 10 min. The obtained cells were resuspended in 20 ml of 

sterile distilled water. The quantitative extraction of phycobiliproteins was achieved by combination of prolonged 

freezing and sonication, followed by centrifugation at 4000 rpm for 20 min. The crude extract was completed to 50 ml 

and the concentration of c-phycocyanin (CPC) was calculated by measuring the absorbance (A) at 615 and 652 nm using 

the following equation: 

CPC (mg ml-1) = (A615 - 0.474 A652)/ 5.34 

Estimation of total lipid 

Extraction of lipids was done using chloroform: methanol (2:1). The lipid extracts were dried under a stream of argon. 

The pre-weighted glass vials containing the lipid extracts were dried at 80 °C for 30 min, cooled in a desiccator and 

weighed (Folch et al., 1957). 

Productivity calculation 

Productivities of different measured parameters (lipids, protein, carbohydrates, c-phycocyanin and carotenoids) were 

calculated according to the modified method of Abomohra et al. (2013) 

Productivity (mg L-1 d-1) = (PL-P0)/t 

 

Where; P0 and PL represent the concentration of the desired product (mg. ml-1) at the start of the culture and at the late 

exponential phase, respectively during time (t).  

Statistical analysis 

Results are presented as mean ± standard deviation (SD) from three replicates. The statistical analyses were carried out 

using SAS (v 6.12, 1997). Data obtained were analyzed statistically to determine the degree of significance using one 

way analysis of variance (ANOVA, p ≤ 0.05).  

RESULTS 

Nitrogen supply is essential for amino acids synthesis and is often added to the culture in the form of nitrate. The effect 

of different nitrogen concentrations (in the form of sodium nitrate) on the growth of A. platensis was recorded as OD750 at 

2 days interval for 20 days of incubation (Figure 1). The obtained results revealed that a decrease in sodium nitrate 

concentration led to growth reduction. The most pronounced inhibition reached a 98 % reduction after 20 days in a 

nitrogen free medium. However, a 100 % increase of nitrogen did not affect the growth pattern of A. platensis. The same 

results were observed in biomass productivity as shown in Table 1. The decrease of nitrogen (by 50 % and 100 %) 

decreased the biomass productivity by 19 % and 52 %, respectively. Cultures containing -50 % and -100 % of nitrogen 

resulted in significant decrease of all measured compounds after 16 days of incubation. A 100 % increase of nitrogen 

significantly increased protein productivity up to 6 % and decreased carotenoid productivity by to 7 %, while it didn't 

cause any significant changes on the productivity of lipids, carbohydrates and c-phycocyanin (Table 1).  
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Figure 1 Effect of different sodium nitrate concentrations on growth of Arthrospira platensis for 20 days of incubation  

 

 

Figure 2 shows the effect of different concentrations of phosphorus (mono-potassium phosphate) on A. platensis growth. 

A 50 % and 100 % decrease in phosphorus concentration caused 39 % and 42 % growth inhibition, respectively, after 20 

days of incubation. Increasing of phosphorus concentration up to 50 % and 100 % didn't show any significant change in 

biomass production. Whereas, 50 % and 100 % decrease in phosphorus concentration caused a 15 % and 24 % reduction 

in biomass productivity (Table 2). However, lipid and carotenoid productivities increased by 128 % and 24 %, 

respectively, in phosphorus free medium; while total protein, carbohydrates and CPC increased significantly by 7 %, 13 

% and 18 %, respectively, by 100 % increase in phosphorus concentration.  

 

 

Figure 2 Effect of different potassium dihydrogen phosphate (monopotassium phosphate) concentrations on growth of 

Arthrospira platensis for 20 days of incubation  
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Table 1 Effect of different nitrogen concentrations on biomass, lipids, proteins, carbohydrates, c-phycocyanin (CPC) and carotenoids productivities of Arthrospira 

platensis after 16 days of incubation 

Sodium nitrate 
Productivities (mg L-1 d-1) 

Biomass Lipids Proteins Carbohydrates CPC Carotenoids 

Control (2.5 g L-1) 136 ± 10 a 7.60 ± 0.29 a 78.34 ± 0.50 a 16.14 ± 0.70 a 2.95 ± 0.28 a 0.38 ± 0.03 a 

-50 % 6 ± 109b 6.67 ± 0.30 b 62.32 ± 0.28 b 11.19 ± 0.50 b 2.02 ± 0.11 b 0.29 ± 0.03 b 

-100 % 6 ± 65c 1.92 ± 0.22 c 21.96 ± 0.11c 2.55 ± 0.30 c 1.05 ± 0.07 c 0.18 ± 0.01 c 

+100 % 138  ±10 a 7.17 ± 0.43ab 86.00 ± 0.07 d 15.35 ± 1.08 a 3.14 ± 0.22 a 0.33 ± 0.01 d 

Each value is the mean of three readings ± standard deviation 

Values in the same column with the same letter are not significant (p ≤ 0.05) 

 

 

Table 2 Effect of different potassium dihydrogen phosphate (monopotassium phosphate) concentrations on biomass, lipids, proteins, carbohydrates, c-phycocyanin (CPC) 

and carotenoids productivities of Arthrospira platensis after 16 days of incubation 

 

Monopotassium 

phosphate 

Productivities (mg L-1 d-1) 

Biomass Lipids Proteins Carbohydrates CPC Carotenoids 

Control (0.5g L-1) 136 ± 10 a 7.60 ± 0.29a 78.34 ± 0.50 a 16.14 ± 0.70 a 2.95 ± 0.28a 0.38 ± 0.03 a 

-50 % 115 ± 6b 7.37 ± 0.42a 33.88 ± 0.75 b 51.67 ± 0.07 b 3.29 ± 0.18ac 0.59 ± 0.02 b 

-100 % 103 ± 6c 17.33 ± 0.49b 28.01 ± 0.43c 12.90 ± 0.06 c 1.72 ± 0.16c 0.47 ± 0.01 c 

+100 % 140 ± 6a 6.35 ± 0.44c 83.78 ± 0.80 d 18.22 ± 0.17 d 3.48 ± 0.14c 0.37 ± 0.01 a 

Each value is the mean of three readings ± standard deviation 

Values in the same column with the same letter are not significant (p ≤ 0.05) 
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Effect of sulfur on growth was studied by changing of potassium sulphate concentration (Figure 3). Decreasing 

and increasing of potassium sulfate showed no significant changes in growth pattern (Figure 3) or biomass 

productivity (Table 3). Decreasing sulfur concentration with -50 % and -100 % resulted in reduction of lipid and 

protein productivities by 40 %, 44 % and 27 %, 41.8 % respectively, but increased the carbohydrate productivity 

by 22.3 % and 279 % respectively. A 100 % increasing of sulfur resulted in 46.7 % reduction of lipid, 20.7 % 

reduction in protein productivities and 10.5 % increase in carotenoid productivity. 

 

 
Figure 3 Effect of different potassium sulfate concentrations on growth of Arthrospira platensis for 20 days of 

incubation  

Data in Figure 4 showed that a 50 % decrease in salt concentration led to a 14 % growth enhancement of A. 

platensis after 20 days of incubation (Figure 4), with significant increase of 8 % in biomass productivity (Table 

4). The 50 % salinity reduction caused an increase in lipid, protein and carbohydrate productivities of 43, 2 and 

68 % respectively.; while, CPC and carotenoid productivities were decreased by 16 and 75 %, respectively. 

Increasing salt concentration (by 200 % and 300 %) increased lipid and carotenoid productivities by 93 %, 25 % 

and 32 %, 37 % respectively.  

 

Figure 4 Effect of different sodium chloride concentrations on growth of Arthrospira platensis for 20 days of 

incubation 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2 4 6 8 10 12 14 16 18 20

G
ro

w
th

 (
O

D
7

5
0)

Incubation time (days)

Control - 50 % - 100 % + 100 %

0

0.2

0.4

0.6

0.8

1

1.2

0 2 4 6 8 10 12 14 16 18 20

G
ro

w
th

 (
O

D
75

0
)

Incubation time (days)

Control - 50 % - 100 %

+ 100 % + 200 % + 300 %



Wagih El-Shouny et al., J. Bas. & Environ. Sci., 2 (2015) 74 – 85 

 

80 

 

 

Table 3 Effect of different potassium sulphate concentrations on biomass, lipids, proteins, carbohydrates, c-phycocyanin (CPC) and carotenoids productivities of Arthrospira 

platensis after 16 days of incubation 

Potassium 

sulphate 

Productivities (mg L-1 d-1) 

Biomass Lipids Proteins Carbohydrates CPC Carotenoids 

Control (1 g L-1) 136 ± 10 a 7.60 ± 0.29a 78.34 ± 0.50 a 16.14 ± 0.70 a 2.95 ± 0.28a 0.38 ± 0.03 a 

- 50 % 136 ± 10a 4.53 ± 0.35b 57.16 ± 0.42 b 20.06 ± 0.08 b 3.04 ± 0.29a 0.31 ± 0.01 b 

- 100 % 134 ± 6a 4.19 ± 0.35bc 45.59 ± 0.50c 61.36 ± 0.14 c 3.50 ± 0.21b 0.29 ± 0.03b c 

+ 100 % 142 ± 10a 4.05 ± 0.36bcd 62.12 ± 0.58 d 16.50 ± 0.08 a 3.09 ± 0.22ab 0.42 ± 0.02 d 

Each value is the mean of three readings ± standard deviation 

Values in the same column with the same letter are not significant (p ≤ 0.05) 

 

Table 4 Effect of different sodium chloride concentrations on biomass, lipids, proteins, carbohydrates, c-phycocyanin (CPC) and carotenoids productivities of Arthrospira 

platensis after 16 days of incubation 

Sodium chloride 
Productivities (mg L-1 d-1) 

Biomass Lipids Proteins Carbohydrates CPC Carotenoids 

Control (1 g L-1) 136 ± 10 a 7.60 ± 0.29a 78.34 ± 0.50 a 16.14 ± 0.70 a 2.95 ± 0.28a 0.38 ± 0.03 a 

-50 % 146 ± 7b 10.84 ± 0.46b 79.71 ± 0.38 b 27.04 ± 0.38 b 2.48 ± 0.23b 0.16 ± 0.03 b 

-100 % 134 ± 6a 5.78 ± 0.06c 40.00 ± 0.29c 17.58 ± 0.20 c 1.35 ± 0.15c 0.09 ± 0.01b c 

+100 % 128 ± 6c 7.26 ± 0.33a 43.27 ± 0.26d 29.71 ± 0.46d 2.73 ± 0.20ab 0.29 ± 0.01d 

+200 % 119 ± 10cd 14.64 ± 0.37d 35.03 ± 0.37e 21.68 ± 0.31e 2.86 ± 0.26a 0.50 ± 0.02ef 

+300 % 113 ± 10d 9.50 ± 0.41e 32.57 ± 0.48f 10.24 ± 0.42f 2.90 ± 0.17a 0.52 ± 0.02f 

Each value is the mean of three readings ± standard deviation 

Values in the same column with the same letter are not significant (p ≤ 0.05) 
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DISCUSSION 

Arthrospira has gained importance as human food and pharmaceutical agent for its high content of protein, 

vitamins, carotenoids and essential fatty acids (Vonshak et al., 1982; Belay, 2002), so many studies were 

established to optimize these important compounds production (Vonshak et al., 1982). The present study aimed 

to enhance the production of these compounds, which were calculated as productivity in mg L-1 d-1, by 

modification of media composition. Different nitrogen (NaNO3), phosphorus (KH2PO4), sulfur (K2SO4) and 

salinity (NaCl) concentrations were selected for this purpose. Sodium nitrate was used as the nitrogen source in 

Arthrospira medium, the decrease of sodium nitrate led to remarkable decrease in the growth, biomass, proteins, 

carbohydrates and phycocyanin productivities. These results were in agreement with finding of Uslu et al. 

(2011) who studied the effects of nitrogen deficiency on protein content of Spirulina cultivated on Zarrouk 

medium and recorded 67, 54, 6 % of cellular dry weight protein for groups of control, 50 % and 100 % deficient 

nitrogen, respectively. Also, Piorreck et al., (1948) reported that total lipids and total protein decreased with 

decreasing nitrogen supply content in Arthrospira culture unlike eukaryotic algae and this was attributed to 

growth inhibition and new lipid synthesis. In contrary, Bhattacharya and Shivaprakash (2005) recorded the 

highest values of biomass, protein and phycocyanin contents in Spirulina species in Zarrouk medium containing 

0.25 % NaNO3 as nitrogen source. In addition, Abd El-Baky et al. (2003) stated that S. platensis and S. maxima 

responded to nitrogen deficiency by accumulation of carbohydrates and carotenoids. This was attributed to the 

fact that these compounds do not require nitrogen for their synthesis. However, the recorded decrease of these 

components productivity under nitrogen deficiency in the present study is attributed to growth inhibition. The 

growth inhibition under nitrogen deficiency may be explained by findings of Peter et al. (2010) who confirmed 

that limitation of nitrogen in the medium altered energy transfer between photosynthetic pigments particularly 

phycobilisomes, and concluded that phycocyanin is the target pigment protein for nitrogen chlorosis in 

Arthrospira platensis.  

Phosphorus is essential macro nutrient for plants and algae as it is required for growth and production of energy 

molecules. Reduction of phosphorus concentration led to reduction of biomass and protein productivities and 

enhancement of lipids, carbohydrates and carotenoids productivities. Leonardos and Lucas (2000) agreed with 

our results as they reported that phosphorus limitation decrease protein content of microalga Chaetoceros 

muelleri, also Kilham et al . (1997) demonstrated that phosphorus starvation reduces protein content in algal 

cells. Kumar et al. (2012) recorded that maximum lipid content of Spirulina was observed at low phosphorus 

concentration. In addition, total lipid content in Scenedesmus sp. was observed to increase from 23 % to 53 % 

with a reduction phosphorus concentration from 2 to 0.1 mg L-1 (Xin et al., 2010). Phadwal and Singh (2003) 

revealed that the increase of β-carotene accumulation in Dunaliella salina was obtained with phosphorus 

starvation. Kilham et al. (1997) demonstrated that phosphorus starvation increased carbohydrate content of 

algal cells. In the present study, the increase of lipids, carbohydrates and carotenoids productivities is attributed 

to accumulation of these compounds under phosphorus deficiency. 

Although, sulfur is an essential element for amino acids and lipids synthesis (Romano et al., 2000), changes of 

its concentration in the cyanobacterial media was not well investigated. The present study showed that reduction 

of sulfur in the growth medium showed insignificant decrease in A. platensis growth and biomass productivity. 

However, lipids and protein productivities were decreased as sulfur concentration decreased; while, sulfur 

deprivation led to increase of carbohydrate productivity. Further studies are required to explain the exact role of 

sulfur on lipid and protein production. 

Spirulina platensis is halophilic organism that was isolated by Vonshak et al. (1982) from hypersaline habitats. 

In our results, decrease of sodium chloride by 50 % below the control showed significant increase of biomass 

productivity. Decrease or increase of salt concentration increased lipid productivity. Also, carotenoids and 

carbohydrates increased with increasing salinity. The increase of lipid, carotenoids and carbohydrates 

productivities resulted from over production of these compounds as no changes were recorded in biomass 

productivity. Shalaby et al. (2010) recorded remarkable alteration of Spirulina platensis metabolism under salt 

stress, as it caused increase in carotenoids production at high salinity concentrations. Vonshak et al. (1988) 

observed an increase in carbohydrate content of Arthrospira under high salinity. Rafiqul et al. (2003) pointed 

out that lipid level of Arthrospira fusiforms cultivated in nutritional medium of different salinity increased with 

increasing salinity. Sujatha and Najarajan (2013) attributed the increase in some metabolites of Arthrospira at 

high saline levels to excessive formation of free radicals which stimulates the production of some metabolites 

such as carotenoids in order to protect cells.  

CONCLUSION 

The present study suggested used a new method for calculation of the valuable compound production of 

Arthrospira platensis depending on “productivity” instead of using the term “content”. Results suggested that 

modification in A. platensis growth medium could be used to enhance the production of the nutritional valuable 

compounds. Reduction of phosphorus by 100 % and increase of salinity by 200 % increased lipid productivity 
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by 128 % and 93 %, respectively. A 100 % increase in nitrogen or phosphorus resulted in 10 % and 7 % 

enhancement of protein productivity, respectively. Elimination of sulfate salt from the medium increased the 

carbohydrate productivity up to 280 %. Phosphate salt elimination and a 300 % increase in salinity resulted in a 

64 % enhancement of carotenoids productivity. Whereas, 100 % increase in phosphate concentration caused 18 

% enhancement of CPC productivity. 
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