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 Spirulina is one of the most extensively used microalgae for animal and human 
nutrition; its main interest is centered in its high protein content, 60–65% on a dry 

weight basis. In the present study, attempts were made to grow Spirulina platensis strain 

at different environment and salt conditions at arid climate. Different growth substrates 
from date palm tree (Phoenix dactylifera L.) were supplied to achieve optimum growth 

with S. platensis strain. Various minerals were used in different combinations and 

concentrations for obtaining maximum bio mass and the results are discussed. 
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INTRODUCTION 
 

 Interest in the production of algal biomass has become intense during the last six decades due to worldwide 

food scarcity. The cyanobacteria and microalgae such as Chlorella, Spirulina and Dunaliella possess a great 

potential not only for the production of traditional food algae, but also for the extraction of valuable chemicals 

such as b-carotene and phycocyanin. Cyanobacteria, especially Spirulina, have been used for human feed in 

countries of Asia and Africa, due to their high protein content [1]. 

 Spirulina is one of the most extensively used microalgae for animal and human nutrition; its main interest is 

centered in its high protein content, 60–65% on a dry weight basis. Spirulina platensis is a marine microalga 

whose cultivation is particularly attractive for several commercial purposes [2]; it can be used either as 

nutritional supplement for humans and animals. Researchers reported various application of Spirulina such as; 

human immune system enhancement [3], reducing blood glucose level [4]. Moreover, this microalga has been 

successfully employing in integrated systems for wastewater recycling [5], Inhibition of HIV-1 replication [6], 

as cheap drug delivery carriers [7,8] preparation of nanofibers [9], etc. 

 The aim of the present investigation was to formulate a medium based on date palm biomass waste, 

commercial grade fertilizers and chemicals for low-cost mass production of Spirulina, which would provide 

better or at par growth rates of Spirulina as compared to other reported media. 

 

MATERIAL AND METHODS 

 
 Site: 

 Alahasa District is in the Eastern Province of the Kingdom of Saudi Arabia which lies 110-150 m above sea 

level and 75 km west of the Arabian Gulf (22° 17' N, 50° 40' S). This region is an oasis with an average 

maximum temperature 35 to 21 °C during winter (October to April). In summer (May to September) maximum 

temperature is reach 50°C in which warmest month (July) is severely hot with a mean temperature of 42°C [21].  

 

Microorganisms and culture conditions: 
 Spirulina pure strain obtained from Faculty of Sciences at Alexandria University, Egypt was used for this 
study. The work involved production of large volumes of the inocula in the laboratory. This required scaling-up 
the volumes from 10 ml to 10 l. The selected growth medium was that prescribed by Zarrouk [10]. The 
experiments were carried out in 1.0 l or 500 ml Erlenmeyer flasks, placed on an orbital shaker (IKA Labs – 
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KS501) at 100 rpm and containing 500 ml or 250 ml of the above culture medium respectively. pH was initially 

adjusted to 9.5 ± 0.2 by means of NaOH 6 M solution. Temperature control was set at 30⁰C, and continuous 
light intensity was regulated at 8000 lux by means of six 40 W-fluorescent lamps with an illuminance meter. 
The culture inoculation, media dispensing and other manipulation were carried out under aseptic conditions in a 
laminar airflow cabinet. Zarrouk media was used as a standard for comparison with other ten media trials. The 
experiments were run in duplicates. The efficiency of the media was assessed on the basis of Spirulina dry 
weight produced. Among the ten media combinations five selected low cost media with promising result were 
used for scale up production in a controlled outdoor condition. This outdoor biomass production was carried out 
in a poly carbonate house in order to prevent dust caused by occasional sand storm in the desert and whenever 

necessary cooling pad and fan system was used to maintain temperature below 35⁰C. Outdoor production of 
Spirulina was done in glass aquarium tank of 200 l capacity in which 100 l culture was maintained with a 
culture depth of 20 cm and agitation was provided using air pump. 
 All the reagents used were of analytical grade, obtained from Sigma-Aldrich, USA. The fertilizers used 
were soluble or crystallized type and some are filtered to remove any unsuitable particles. Leaves and Seeds 
from date palm cultivar Khalas was used to prepare date leaf powder (DLP) and date seed powder (DSP). DLP 
was made from dried date palm leaves ground and sieved to remove fibers, and DSP was made of burned date 
palm seeds ground to fine powder. Different media compositions used in the study are detailed in table 1 and 
table 2. 

 
Harvesting and drying: 
Pure Spirulina was harvested using filtration method simply accomplished by passing the culture through a fine 
mesh of 20 micron, using gravity as the driving force. After twenty five days of culture the Spirulina biomass 
produced in different culture medium was harvested using sieving phytoplankton nets. Outdoor Culture was first 
passed through a sieve (mesh size 150 μ) to remove any foreign matter such as insects, larvae, and lumps of 

polysaccharide or mud. Filtered Spirulina biomass washed with pure water and then air dried at 60 ⁰C for 6-8 h. 
 
Table 1: Composition of different media used to culture Spirulina. 

 Media Cntrl 1 2 3 4 

Sr. No. Ingredients (g/L) Zrk Media1 Media2 Media3 Media4 

1 Sodium bicarbonate 13.50 27.00 4.50 9.00 9.00 

2 Di-potassium hydrogen phosphate 0.50 1.00 -- 0.50 -- 

3 Sodium nitrate 2.50 5.00 -- -- 2.50 

4 Potassium sulphate 1.25 2.00 -- 0.50 -- 

5 Sodium Chloride 2.50 2.00 3.00 5.00 0.50 

6 Magnesium sulphate 0.25 0.40 -- 0.20 0.20 

7 Calcium chloride 0.04 0.02 -- -- 0.04 

8 Iron sulphate 0.01 0.025 -- 0.05 -- 

9 EDTA Na2 0.10 0.15 -- -- -- 

10 A5 Solution 1ml 1ml -- -- -- 

11 Urea -- -- 0.15 0.30 -- 

 
Table 2: Composition of different media used to culture Spirulina. 

 Media 5 6 7 8 9 10 

Sr. No. Ingredients (g/L) Media5 Media6 Media7 Media8 Media9 Media10 

1 Urea 0.075 -- 0.075 -- -- 0.05 

2 Triple Super Phosphate 0.50 -- 0.50 -- 0.2 -- 

3 Soda ash Dense 2.5 5 2.5 2.5 2.5 5 

4 Date Seed Powder 0.20 -- -- 0.05 0.05 -- 

5 Date Leaf Powder 0.20 -- -- 0.05 0.05 -- 

6 Marine Salt 2.00 5 2.5 2.5 2.5 1.5 

7 Muirate of potash 0.25 -- 0.2 -- 0.5 0.5 

8 Organic Manure 0.02 -- -- -- -- -- 

9 NPK Fertilizer 0.20 -- 0.2 -- -- 0.5 

 
Analytical methods: 
 Biomass concentration (g/500ml) was calculated by measuring dry weight. For dry weight measurement 
homogenous suspensions of known quantity of Spirulina sample were filtered through screen-printing paper and 

oven dried at 75⁰C for 4 to 6 hours. The dried filter paper containing Spirulina biomass were cooled and 
weighed. 

 
Light illuminanace:  
 In laboratory and in poly carbonate house is measured by Lux meter. 

 
Chemical composition and nutritional value: 
 The chemical composition and nutritional value analysis of the dried samples of Spirulina (powder) were 
conducted by following AOAC [11] methods in the Saudi Commercial Laboratories, IDAC Quality & safety, 
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that including: proximate analysis, minerals, pigments content, amino acids profile and fatty acids. Lipid 
extraction was carried out according to the method Bligh and Dyer [12]. Fatty acid profiles of fat extracted from 
the Spirulina samples were determined by gas chromatography (GC). Three replicate were performed and the 
results were expressed the mean value ± standard deviation. 
 

Microbiological analysis: 

 The microbiological investigation of Spirulina (powder) was performed in IDAC Quality & safety 

according to Guiraud [13] by measurement Most Probable Numbers (MPN/g) of total coliforms, Escherichia 

coli, Staphylococcus aureus, Salmonella, Streptococcus, Clostridium, yeasts and molds. 

 

Statistical analysis: 

 All data were statistically analyzed by simple linear regression method using the SPSS 16.0 software 

program. 

RESULTS AND DISCUSSION 

 

Culture conditions and biomass production: 

 This work describes the results of a pilot study for commercial production of Spirulina in low cost media 

using the date palm waste biomass and fertilizer grade chemicals in climatic conditions of Eastern Province of 

Saudi Arabia. The in vitro experiment at first phase tested the efficiency of different reduced media and 

successful media are tested in partial outdoor condition. In our attempts to cultivate Spirulina in limited media 

have been found without success for media 2 and below average for media 3 and 10. Promising results were 

observed in media 6 and 9 with 877 mg/ml and 768 mg/ml dry weight of Spirulina biomass respectively. Media 

9 was composed of DSP and DLP and fertilizers while media 6 has only two ingredients that are commercial 

grade soda, ash and marine salt. Media 5, 7 and 8 also showed comparable results to media 1 (commercial 

Spirulina media) and Zarrouk media with a biomass production of 620 mg/ml, 570 mg/ml and 623 mg/ml dry 

weight of Spirulina biomass, respectively. The results obtained were given in Table 3 and Figure 1. 

 
Fig. 1: Correlation between full strength or half strenght media used and spirulina biomass dry weight 

production. 

 

 All the media combinations were also tested in half strength to understand the survival capability of 

Spirulina in such limited nutrient media. The results were in accordance with earlier works that the blue green 

algae can easily adapt and grow in different nutrient media and in different physiochemical parameters. 

 Spirulina Platnesis is a spiral shaped, planktonic blue-green algae that grows in alkaline water. Earlier 

known for its nutritive benefits, a wide array of Spirulina Platnesis benefits in therapeutic field have now earned 

it the title of "Magic Food or superfoood". Spirulina is a thermophilic microorganism with an optimal growth 

temperature of 35– 37⁰C. Outdoors the minimal temperature that permits growth is around 18⁰C and the culture 

deteriorates quickly when maximum daytime temperatures are lower than 12⁰C [14]. These practical 

requirements mean that commercial cultivation is restricted to tropical and subtropical areas around the world. 

 
Table 3: Correlation between media used and Spirulina dry weight (mg/500mL). 

Media Dry weight (mg) Half strength Dry weight 

0 zrk 735.20 0 515 

1 896 1 650 

2 60 2 No growth 

3 420 3 130 

4 620 4 240 

5 620 5 480 

6 877.2 6 398.7 

7 572 7 322 

8 623 8 317 

9 768 9 331 
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10 220 10 136 

Chemical composition and nutritional value: 
 Spirulina platensis is a single natural food source which provides protein, vitamins, minerals and many 
essential micro-nutrients, and is widely used as dietary supplement to provide essential nutrients lacking in 
normal diet. Tables 4-9 show the chemical composition and nutritional value of S. platensis (dried sample), that 
cultured in the Station of training and agricultural research and veterinary, King Faisal University. 
 
Proteins and amino acids: 
 Spirulina platensis has a high protein concentration which constitutes 61% of its dry weight (Table 4). 
Spirulina is useful in human nutrition, due to the high quality and quantity of its protein. The nutritive value of a 
protein is related to the quality of amino acids, digestibility coefficient, as well as by its biological value. 
Spirulina contains essential amino acids (Table 7); the highest values are Leucine (8.66 % of total amino acids), 
Valine (6.05%), and Isoleucine (5.88%), that trend was similar with Cohen, [15]. It is the richest source of 
protein, providing 18 out of the 22 essential amino acids that the humans needs. 

 
Lipids and fatty acids: 
 Table 4 shows Spirulina contains 6% lipids. Moreover, it has essential fatty acids (Table 8): Linoleic acid 
(16.97%) and Gammalinolenic acid (23.75%). The latter is claimed to have medicinal properties and is required 
for arachidonic acid and prostaglandin synthesis. GLA lowers low-density lipoprotein, being 170-fold more 
effective than LA [15]. 

 
Carbohydrates: 
 Spirulina platensis contains 17% carbohydrates (Table 4). Spirulina does not have cellulose in its cell wall, 
a feature that makes it an appropriate and important foodstuff for people with problems of poor intestinal 
absorption, and geriatric patients [16]. A new high molecular weight polysaccharide, with immune stimulatory 
activity has been isolated from Spirulina and is called “Immulina”. This highly water-soluble polysaccharide 
represents between 0.5% and 2.0% (w/w) of the dry microalgae [17]. 

 
Table 4: Chemical composition of Spirulina platensis powder, (g /100g). 

Chemical composition (%) 

Moisture 7 

Protein 61 

Carbohydrates 17 

Fats or Lipids 6 

Ash 9 

Total 100 

 
Table 5: Amino acids composition of Spirulina platensis powder (100mg). 

Amino acids mg/10g Amino acids (%) 

Essential amino acids   

Isoleucine 360 5.88 

Leucine 530 8.66 

Lysine 290 4.74 

Methionine 160 2.61 

Phenylalanine 280 4.58 

Threonine 320 5.23 

Tryptophan 100 1.63 

Valine 370 6.05 

Nonessential amino acids   

Alanine 450 7.35 

Arginine 390 6.37 

Aspartic acid 630 10.29 

Cysteine 60 0.98 

Glutamic acid 890 14.54 

Glycine 300 4.90 

Histidine 110 1.80 

Proline 260 4.25 

Serine 320 5.23 

Tyrosine 300 4.90 

Total Amino Acids 6120 100.0 

 

Minerals: 
 Table. 7 show that Spirulina is rich of many minerals including; potassium, phosphorus, calcium, sodium, 
magnesium, iron, Zinc and etc. Iron in some nutritional complements is not appropriately absorbed. Iron in 
Spirulina is better absorbed than ferrous sulfate and other complements. Consequently, it could represent an 
adequate source of iron in anemic pregnant women as well as promotes hemoglobin production and also 
enhances the body's ability to generate blood cells. 

http://en.wikipedia.org/wiki/Isoleucine
http://en.wikipedia.org/wiki/Leucine
http://en.wikipedia.org/wiki/Lysine
http://en.wikipedia.org/wiki/Methionine
http://en.wikipedia.org/wiki/Phenylalanine
http://en.wikipedia.org/wiki/Threonine
http://en.wikipedia.org/wiki/Tryptophan
http://en.wikipedia.org/wiki/Valine
http://en.wikipedia.org/wiki/Alanine
http://en.wikipedia.org/wiki/Arginine
http://en.wikipedia.org/wiki/Aspartic_acid
http://en.wikipedia.org/wiki/Cysteine
http://en.wikipedia.org/wiki/Glutamic_acid
http://en.wikipedia.org/wiki/Glycine
http://en.wikipedia.org/wiki/Histidine
http://en.wikipedia.org/wiki/Proline
http://en.wikipedia.org/wiki/Serine
http://en.wikipedia.org/wiki/Tyrosine
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Table 6: Fatty acid composition of dried Spirulina platensis cultivated at KFU. 

Type of Fatty acids mg/10g Fatty acids (%) 

C14.0 Myristic 7 1.40 

C16.0 Palmitic 221 44.11 

C16.1 Palmitoleic 33 6.59 

C17.0 Heptadecanoic 2 0.40 

C18.0 Stearic 5 1.00 

C18.1 Oleic 13 2.59 

C18.2 Linoleic 85 16.97 

C18.3 Gammalinolenic 119 23.75 

C others 16 3.19 

Total Fatty Acids 501 100.00 

 
Table 7: Minerals of Spirulina platensis powder (per 10 grams). 

Minerals (mg/10g Spirulina dried) Minerals (%) 

Sodium 62.0 12.43 

Calcium 74.2 14.87 

Phosphorus 115.4 23.14 

Potassium 176.1 35.30 

Magnesium 58.7 11.77 

Iron 11.5 2.31 

Zink 0.9 0.18 

Total 498.8 100.00 

 

Pigments: 

 Some natural pigments are found in Spirulina. Spirulina's dark color comes from a rainbow of natural 

pigments. They harvest sunlight at different wavelengths and protect from too much sun. They are chlorophyll 

(green), carotenoids (yellow and orange) and phycocyanin (blue), the dominant color (Table 8). It has the 

highest concentration of Phycocyanin. These pigments offer unusual health benefits and help synthesize many 

enzymes necessary for regulating body metabolism. Since 1970, Spirulina has been analyzed chemically. It has 

been shown to be an excellent source of proteins, vitamins and minerals [18]. 

 
Table 8: Pigments content of Spirulina platensis powder. 

Pigments analysis mg /10g Pigments (%) 

Betacarotene (Orange) 19.8 1.17 

Carotenoids (Orange) 38.7 2.30 

Phycocyanin (Blue) 1500.0 88.83 

Chlorophyll (Green) 115.9 6.86 

Xanthophyll (Yellow) 14.2 0.84 

Total   (Blue green) 1688.6 100.00 

 

Microbiological investigation: 

 The produced Spirulina powder shows no germ has been detected, virtually free of pathogens or colon 

bacteria contaminants, (Table 9), although it was reported [19] that the risk of microbiological contamination is 

possible in the dried products. This may be due to the use of pure water, chemicals and fertilizers from a reliable 

source with good control conditions (closed algaeculture system) inside the Laboratory (indoor) and outdoor in 

the greenhouse. However, It was found a few number of safe bacteria Clostridium perfringens, yeasts and mold 

(Table 9). This result might be explained by the antibacterial activity of the microalgae as that has been reported 

in the literature [20]. 

 
Table 9: Microbiological analysis of dried Spirulina platensis cultivated at KFU. 

Microbial analysis (Most probable numbers, MPN/g) Dried Spirulina (10g) 

Total coliforms Neg. 

Escherichia coli Neg. 

Staphylococcus aureus Neg. 

Salmonella Neg. 

Streptococcus Neg. 

Clostridium perfringens < 3 

Yeast < 3 

Mold 10 

 

Conclusion: 

 Studies carried out under laboratory conditions have shown that S. platensis can be successfully grown in 

climatic conditions of Saudi Arabia with a partially controlled growth facility. The use of date palm waste 

supplemented fertilizer grade chemicals was promising in the cost reduction of Spirulina culture in commercial 

scale. Of course, confirmation of these results in field tests under complete outdoor culture conditions is needed. 
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 Spirulina should be grown, processed and packaged carefully to provide optimum nutritional value and 

health benefits. Consequently, authors recommend using the closed recycling system, and drying method such 

as: Hot air drying, Freezing drying, Vacuum drying or Spray drying. Also, you can use sun irradiation inside the 

green house. 

 Spirulina has been called a superfood because it contains the most remarkable concentration of nutrients 

known in any food, plant, grain or herb. It's the highest protein food- over 60% all digestible vegetable protein. 

It has the high concentrations of valuable pigments, minerals and the rare essential fatty acid GLA. These make 

Spirulina a great whole food alternative to isolated vitamin and minerals. 
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