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high quantities of ω-6-fatty acids (avg. 24%) except in the 
Spirulina strain from Chad, which had only 10.59%. All the 
Spirulina strains investigated were rich in polyphenols with 
the highest value of 67.52  mg GAE/g in the strains from 
Algeria. The Spirulina from the USA has more potential to 
be used in the nutraceutical and a functional food area since 
it is very rich in bioactive compounds.

Keywords Arthrospira platensis (Spirulina) · 
Biochemical composition · Phytopigments · 
Phycobiliproteins

Introduction

The Arthrospira platensis (commercial name ‘Spirulina’) 
is a phototrophic, filamentous and multicellular blue-green 
microalga which belongs to the Phylum Cyanobacteria. It 
converts sunlight, water and carbon dioxide into algal bio-
mass. It is an important source of nutrients such as pro-
teins, minerals, carbohydrates, and many phytopigments 
that can be used as food supplements. In addition, this 
microalga cells have high digestibility due to the lack of 
cellulose which facilitates their use for human consumption 
[1–3]. The most important species used for consumption 
are Spirulina maxima and Arthrospira platensis (Spirulina) 
[4, 5]. The Spirulina is produced naturally in alkaline water 
of volcanic lakes and warm brackish waters. However, 
this alga could also be grown for higher biomass produc-
tion, under controlled conditions in saline water (>30 g/L) 
at a pH in the range of 8.5–11.0 with high levels of solar 
radiation (2500 Lux) and at temperatures in the range of 
35–39 °C [2, 6, 7]. The current production of Spirulina in 
the world is estimated at 3000 metric tons and more than 
70% of it is marketed for human consumption, mainly as 
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health food [7]. The Spirulina is mostly consumed as tab-
lets, capsules and powder or added into various kinds of 
foods like pasta, cakes and health drinks which are used as 
nutritional supplements or as natural colorants [8].

Spirulina is well known for its high content of proteins 
(60–70%), vitamins such as vitamin  B12 (8 ppm) and pro-
vitamin A (0.2%), minerals such as iron (0.1%), and poly-
unsaturated fatty acids especially the ω-6-fatty acids (up to 
29.4–31.5% of the total fatty acids) [5, 9–11]. In addition to 
its nutrients richness, it is also a source of phytopigments 
like chlorophylls, carotenoids and phycobiliproteins, which 
are the light harvesting pigments in Spirulina. The phyco-
biliproteins that can be obtained from Spirulina are phyco-
erythrin (PE), allophycocyanin (A-PC) and phycocyanin 
(C-PC). However, several studies showed that the C-PC is 
the main phycobiliprotein in this microalga and it contains 
up to 50% of the phycobiliproteins in it [12–14].

The phytopigments play an important role in the pho-
tosynthetic metabolism of Spirulina and have anti-obesity, 
anti- inflammatory, anti-carcinogenic, antioxidant and neu-
roprotective effects on human health [15–17]. These effects 
have been attributed to the presence of components such 
as phycobiliproteins, phenolic compounds, beta-carotene 
and polyunsaturated fatty acid (PUFA) in the Spirulina [7, 
18–20]. Mühling et al. [11] reported the significant differ-
ence in the fatty acid composition especially in the PUFA 
fraction, among the Spirulina strains. This difference in 
fatty acid composition is due to the differences in the grow-
ing conditions that have an influence on the fatty acids 
content of the algal strains [11]. In addition, many authors 
have reported that Spirulina is one of the best whole food 
sources for ω-6-fatty acids [7].

Many strains of Arthrospira have been identified as hav-
ing different shapes: spiral, straight and wavy, under differ-
ent culture conditions [21]. However, only a few of these 
strains are commercially exploitable due to their differ-
ent productivities and qualities. Also, the available data 
on the nutrient composition and bioactive compounds of 
Spirulina are highly varied, and the values are dependent 
on the growing, harvesting and drying conditions of the 
microalgae. Hence, information on the phytochemical and 
biochemical composition of Spirulina is important for their 

use as food supplements. Therefore, this study compared 
and characterized the biochemical compositions of differ-
ent A. platensis strains from Algeria, the USA and Chad.

Materials and methods

Algal strains

Five Spirulina strains were obtained from Algeria, the USA 
and Chad. Three of them were purchased as powder (Spir-
ulina 1–3), whereas, the two other Spirulina strains (Spir-
ulina 4 and 5) were obtained as fresh starter cultures. The 
latter strains were cultivated, harvested and dried to pre-
serve them for further use. Table 1 presents the characteris-
tics of all the Spirulina strains studied.

The morphology of fresh Spirulina (4 and 5) was 
observed with 10 and 40 times magnifications using an 
optical microscope (Optech Linear Biostar B4, München, 
Germany).

Culture conditions

The fresh cells of Spirulina strain samples 4 and 5 were 
separately grown under specific conditions in bath cul-
tures with Zarrouk’s medium [22] (Table 2). The pH of the 
medium was maintained to be in the range of 8.5–10. The 
culture temperature was 30 ± 2.0 °C, exposed under cool-
white fluorescent tubes with 2500 Lux (35 μmol/m 2/s) light 
intensity with light/dark cycles of 12:12. A steady-state 
agitation was applied by bubbling air using an aquarium 
pump to aerate the cells, ensuring even exposure of the 
algae to the light for optimal growth and nutrition. The pH 
was measured using a pH-meter (WTW, 315i /SET, Ger-
many). The culture purity assessment, identification of the 
cells and the calculation of the concentration were car-
ried out using a Nageotte cell under an optical microscope 
(Optech Linear Biostar B4, München, Germany). After 
3 weeks of culturing, the algal cells were harvested by fil-
tration through silkscreen canvas (150–200 mesh), washed 
with distilled water and finally dried for 3 days in shadow 
at ambient temperature (~20 °C). All the chemicals used to 

Table 1  Characteristics of Arthrospira platensis strains

Designation Name Origin Culture medium Shape

Spirulina 1 (dry) Hawaiien Spirulina Pacifica (HSP) Cyanothec Corporation Hawaii, USA Pacific ocean Spiral
Spirulina 2 (dry) Hiri-Tamenrasset (HTAM) Hiri company, (Tamanrasset, South of Algeria) Hiri medium (Table 2) Wavy
Spirulina 3 (dry) Dihé Chad Lack Chad Spiral
Spirulina 4 (fresh) M2 University of Science and Technology (Ouargla, 

Algeria)
Zarrouk medium (Table 2) Straight

Spirulina 5 (fresh) Hiri-Tamenrasset (HTAM) Hiri company (Tamanrasset, South of Algeria) Zarrouk medium Wavy
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prepare the culture medium and for analysis were of ana-
lytical grade obtained from the Biochem Chemopharma 
(France).

The growth rate of Spirulina strains was determined by 
following the dry weight method of Madkour et al. [23]. In 
this method, 10 mL of algal culture samples were filtered 
through dried and pre-weighed Whatman filter membrane 
(Ø 47  mm and nominal pore size 0.45  µm) and washed 
twice with distilled water. The algal cells on the filter mem-
branes were then dried for 4 h at 80 °C and were cooled in 
desiccators before weighing them.

Biochemical analysis

The moisture content was determined by drying 2 g of alga 
sample at 105 °C in a hot air oven until constant weight was 
obtained. The dietary fiber contents were determined by the 
method described by Van Soest (1963) [24]. Total ashes 
were determined by incinerating 5 g sample at 550 °C for 
3 h using an incinerator (Linn Electro Therm, model, Ger-
many). This method consisted of measuring the weight of 
samples before and after the incineration.

The total carbohydrate content was determined accord-
ing to the methodology described by Dubois et  al. [25] 
using glucose as a standard to plot the calibration curve.

The total protein concentration was determined using 
Kjeldahl method [26]. The mineralization and distillation 
of the samples were carried out using an incineration and 
distillation apparatus (Behr Labor-Technik, Behrosog and 
Behr S2, Germany).

The lipid contents were extracted by following a modi-
fied method of Xu et al. [27], using chloroform:methanol 
(2:1, v/v) mixture solvent. After refluxing the sample 
in a Soxhlet apparatus, the solvent was then evaporated 
under pressure by rotary vacuum evaporator (Rotavapor, 
Heidolph G1; Germany) and the residue was dried and 
weighted.

The algae fatty acid profile was determined by using Gas 
Chromatography (GC, Chrompack CP 9002, Netherlands) 
according to the methodology described by Tokusoglu and 
Ünal [28]. The fatty acids from the algae were converted 
to their corresponding fatty acids methyl esters (FAME) by 
methylation through Wolff method [29]. The separation of 
FAME was conducted using a capillary GC-column (DB-
23, 50% Cyanopropyl, 30 m × 0.32 mm ID; film thickness 
0.25  µm). Methyl-esters were injected (Split 1/100 injec-
tor) and detected (FID detector) at a temperature of 250 °C. 
A standard mixture of FAME (purity 99% by GLC, sigma 
Co.) was used for the identification of the major fatty acids 
in the algal strains.

The microalgae total calorific strength was determined 
by multiplying the total lipid, protein and carbohydrate 
content values by 9, 4 and 4  Kcal respectively, and then 
summing the obtained results.

Phytochemical analysis

Determination of Chlorophyll a, b and carotenoids

Chlorophyll a, b and carotenoids were determined accord-
ing to the modified method described by El-Sheekh and 
Fathy [30]. In this method, 1  g of each sample was sus-
pended in 50  mL of acetone and stirred vigorously with 
magnetic stirrer (Stuart stir SB161, UK). The solutions 
were then placed in the dark at 4 °C and centrifuged at 
4000×g for 10 min using centrifuge (Kseroa Monaco, No. 
4222). The obtained supernatants were used to determine 
the concentration of chlorophyll a (Chl a), chlorophyll b 
(Chl b) and total carotenoids (Car). The concentration of 
Chl a, Chl b and Car were determined spectrophotometri-
cally at 645, 662 and 470 nm respectively using a UV/Vis 
spectrophotometer (Jenway Genova plus, Staffrdshire, UK). 
The contents (mg/g) of each pigment were quantified using 
Eqs. (1–3) [31].

where,  A662,  A645 and  A470 are absorbance wavelengths 
at 662, 645 and 470 nm respectively by the sample.

(1)Chl
a
= 13.75 ⋅ A664 − 5.19 ⋅ A649;

(2)Chl
b
= 27.43 ⋅ A649 − 8.12 ⋅ A664;

(3)Car = (1000 ⋅ A470 − 2.13 ⋅ Chl
a
− 97.64 ⋅ Chl

b
∕209

Table 2  Chemical composition of Hiri medium and Zarrouk’s 
medium

a Micronutrient solution:  H3BO3, 2.86;  MnCl2/4H2O, 1.81; 
 ZnSO4/4H2O, 0.222;  Na2MoO4, 0.0177;  CuSO4/5H2O, 0.079 (g/L) 
[23]

Component (g/L) Hiri medium (HM) Zarrouk’s 
medium 
(ZM)

NaHCO3 16.00 16.80
NaCl 1.00 1.00
NH4H2PO4 0.10
NaNO3 2.50
CaCl2/2H2O 0.10 0.02
EDTA 0.08
FeSO4/7H2O 0.01 0.01
MgSO4/7H2O 0.10 0.20
K2SO4 0.50 1.00
K2HPO4 0.50
Urée azotée CO(NH2)2 0.10
Micronutrienta 1 mL
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Determination of water soluble pigments 
(phycobiliproteins)

The extraction and estimation of phycobiliprotein com-
ponents including phycocyanin (C-PC), allophycocyanin 
(APC) and phycoerythrin (PE) were determined by using 
spectrophotometer with wavelengths 620, 652 and 562 nm 
respectively according to the method described by Ana-
mika et  al. [32]. The contents of each component were 
measured using Eqs. (4–6).

where,  A620,  A652 and  A562 are the absorbance of light at 
620, 652 and 562 nm respectively by the sample.

The percentage of crude phycocyanin was estimated by 
using the method described by Jourdan [33] and calculated 
by using Eq. (7). The experiment consists of dissolving 4 g 
of Spirulina into 100 mL distilled water.

where, DIL is the dilution factor and C is the percentage of 
the dry powder.

Determination of total phenols

The dry algal samples were ground to fine powder. A 
known powder amount (0.5 g) was used for the extraction 
of phenols using 10  mL of methanol (80%) at 35 °C for 
24 h according to method described by Cai et al. [34]. The 
methanol samples were then cooled at room temperature 
and centrifuged at 4000×g for 10  min using a centrifuge 
(Kseroa Monaco, No. 4222). The obtained supernatant was 
used for the estimation of total phenolic content.

The total phenolic content present in microalgae was 
determined using Folin-Ciocalteu reagent [35]. The results 

(4)C-PC = [A620 − (0.474 ⋅ A652)]∕5.34

(5)APC = [A652 − (0.208 ⋅ A620)]∕5.09

(6)PE = [A562 − (2.41 ⋅ C-PC) − (0.849 ⋅ APC)]∕9.62

(7)%PC = 1.873 ⋅ [A615 − (0.474 ⋅ A652)] ⋅ DIL∕C

were expressed as gallic acid equivalent (GAE)/g dry 
weight of microalgae.

Statistical analysis

The analyses were conducted in triplicate and the mean val-
ues are presented and expressed as mean value ± standard 
derivation (Mean ± SD). Analysis of variance (ANOVA) 
was performed using the General Linear Models of the 
STATGRAPHICS Centurion XVI.II software (STAT-
POINT Technologies, Inc. http://www.STATGRAPHICS.
com). The multiple comparisons of means of each analy-
sis were determined using the least significant difference 
(LSD) test at the confidence level of 95% and the differ-
ence between mean values greater than the LSD (0.95) was 
determined as significant.

Results and discussion

Strain morphology

The fresh Spirulina strain cells (Fig.  1) were multi-cellu-
lar and filamentous with cylindrical blue-green trichomes, 
forming an open helix which is the characteristic of the 
Arthrospira genus [3]. However, the Spirulina cells had 
different shapes. For example, the Spirulina 4 was straight 
filament, whereas, the Spirulina 5 (B and B′, Fig. 1) had a 
wavy shape. One of the main characteristics of this genus 
is the variable morphology under different environmen-
tal conditions [36]. Also, the degree of spiralisation show 
great variation and the Spirulina cells sometimes appear as 
straight trichomes in the culture [21]. These straight fila-
ments are the Spirulina which need to be harvested [33].

The Spirulina B′ had changed from wavy to straight 
form, which is probably due to the change of the culture 
medium condition (Hiri medium vs Zarrouk medium). The 
physical and chemical conditions of the growing medium 
could alter the filamentous shape of the Spirulina strains 

Fig. 1  Morphological variability of A. platensis. A Straight filament (Spirulina 4); B, B′ Wavy shape (Spirulina 5). Bar represents 500 µm

http://www.STATGRAPHICS.com
http://www.STATGRAPHICS.com
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[6]. According to Dhiab et al. [37], the change in the mor-
phology of Spirulina trichome (from helical to straight 
shape) is due to the change in NaCl concentrations of the 
growing medium.

Biomass productivity

Different authors have reported that, in microalgae cul-
tures, the nutritional condition is the main factor that can 
affect the growth and productivity [3, 6, 22, 23, 33, 38]. 
In this study, the Spirulina was cultivated and grown for 
a period of 23 days. The growth rate is expressed as dry 
weight (g/L) in ZM medium (Fig.  2). For the two fresh 
strains (Spirulina 4 and 5), the maximum biomass concen-
tration and cell density were 0.60 g/L and 2.16 × 107 cell /
mL respectively. These results are in accordance with those 
reported by Kumar et al. [6] and Aouir et al. [39].

The physicochemical composition

Table 3 presents the nutrient profiles and biochemical com-
position of the five Spirulina powders. The moisture con-
tents of the samples were 4.70, 5.17, 8.40, 8.63 and 9.77% 
for Spirulina 1, 2, 3, 4 and 5 respectively. For all Spirulina 
samples, the moisture content was less than 10%, which is 
the recommended condition for long-term storage of Spir-
ulina powders [40].

The total ash contents of the studied Spirulina varied sig-
nificantly (p < 0.05) and were in the range of 8.23–18.11%. 
Except for Spirulina 3, for all strains, the ash contents were 
in the range of 7–10% and similar results were reported by 
Tokusoglu and Ünal [28]. The high ash content in Spirulina 
3 cells can be attributed to the presence of sand and some 
impurities resulting from the traditional harvesting and dry-
ing process of Chad Spirulina which is called “Dihé” [41]. 
Recently, Bensehaila et  al. [42] reported 6.88% of ash in 
A. platensis from Tamenrasset (South of Algeria). In our 
study, for the same strain (Spirulina 2), we found 9.3% of 
ash, which is probably due to the difference in growing 
conditions.

The total carbohydrate content of the Spirulina samples 
was almost the same (avg. 15%) except for Spirulina 3 or 
“Dihé” sample which had lower concentration (3.64%). 
The carbohydrate content of Spirulina 1, 2, 4 and 5 were 
almost the same (15–25%) and similar values were reported 
by Quillet [43].

The protein contents of the Spirulina strains studied 
were varied significantly. The samples had very high pro-
tein concentrations (avg. 60%) except in Spirulina 3, which 
had only 23.78% of protein. This could be attributed to 
the poor nutritive growing media condition (Lake Chad) 
of this species (Spirulina 3); while the other strains were 
grown in monitored conditions (pond cultures). According 
to Sorto and Gonnet [41], the presence of sand (over 30%), 

Fig. 2  Biomass concentra-
tion (g/L) of Spirulina 4 and 5 
grown in Zarrouk medium
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Table 3  The proximate 
composition parameters of 
different Spirulina strains

Means with different superscript across rows are significantly different at p < 0.05

Parameters Spirulina 1 Spirulina 2 Spirulina 3 Spirulina 4 Spirulina 5

Moisture (%) 4.70 ± 0.025a 5.17 ± 0.072b 8.40 ± 0.054c 8.63 ± 0.028d 9.77 ± 0.011e

Total ash (%) 9.20 ± 0.113b 9.30 ± 0.028c 18.11 ± 0.076e 8.23 ± 0.006a 11.10 ± 0.092d

Carbohydrate (%) 15.63 ± 0.024c 15.82 ± 0.087c 3.64 ± 0.052a 13.68 ± 0.091b 15.26 ± 0.056c

Crude protein (%) 62.86 ± 0.009c 59.23 ± 0.103b 23.78 ± 0.027a 59.80 ± 0.037bc 59.35 ± 0.013bc

Crude lipid (%) 8.08 ± 0.056e 2.38 ± 0.027b 1.50 ± 0.34a 2.95 ± 0.064c 4.79 ± 0.075d

Crude fiber (%) 3.05 ± 0.025a 3.58 ± 0.047c 3.54 ± 0.075bc 3.79 ± 0.058d 3.52 ± 0.048b

Energy (kJ) 1602.59 ± 2.25d 1329.93 ± 1.85b 511.80 ± 2.48a 1327.34 ± 3.51b 1413.1 ± 2.35c
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worms, plants debris, animals and insects in Lake Chad 
affect the nutritional and hygienic qualities of the Spirulina 
from there. Bensehaila et al. [42] reported 60.32% proteins 
content, which is higher than the 59.33% observed in our 
study, for the same strain (Spirulina 2). This slight differ-
ence could be due to the difference in analysis conditions. 
Nevertheless, the protein content of the Spirulina strains 
investigated still shows higher value than those of many 
other food protein sources (vegetables: 22%, meat: 25%, 
fish: 20%). A. platensis protein contents have shown very 
high digestibility (75–83%) due to the lack of cellulose cell 
walls in Spirulina. Therefore, it is a preferred source of 
food for major protein intake [10].

The highest total lipid content was observed for Spir-
ulina 1 (8.08%). The concentrations for the other strains 
were 2.38, 1.5, 2.95 and 4.79% for Spirulina 2, 3, 4 and 5 
respectively (Table 3). Bensehaila et al. [42] found 7.28% 
lipid content in Spirulina 2 which is very high compared 
to the result observed in this study for the same Spirulina 
strain (2.38%). This difference is closely related to the dif-
ferences in pH, temperature and lighting in the culture con-
ditions [6]. From the several microalgae species selected 
by Franke et al. [44], the Cyanophytes contained very low 
fat content (4.4–7.4%); which is in accordance with our 
results. According to Tokusoglu and Ünal [28] and Capelli 
and Cysewski [45], the lipid content in Spirulina varies 
between 5 and 8%. Tomabene et  al. [46] found a higher 
content of lipids in S. platensis (16.6% of dry matter). How-
ever, Hudson and Karis [47] reported 11% of lipids in Spir-
ulina maxima. Under different growth conditions, the lipid 
content in Spirulina was significantly different. For exam-
ple, high light intensities and temperature of 38 °C don’t 
affect the fatty acid composition but had a drastic effect on 
the fatty acid content, reducing it by as much as 46% [48]. 
In addition, when there is a nutrient deficiency in term of 
nitrogen and phosphorus, the lipid accumulation in Spir-
ulina was increased [49]. Hence, according to Orcutt and 
Patterson [50], light and pH parameters can also affect the 
lipid metabolism. The total lipid content increased at low 
pH and it decreased at high pH in Chlamydomonas sp [51]. 
However, Richmond [2] reported that microalgae lipid pro-
duction depends on the species and their culture conditions 
such as nutrients, salinity, light intensity, temperature, pH 
and even the association with other microorganisms.

The fiber content in all the Spirulina was about 3%. 
These results are similar with those reported by Koru [9], 
who found 3% fiber content in Spirulina. These results con-
firm that the lower fiber content suggests an easily digest-
ible biomass for human use [2, 10].

Finally, all the strains showed higher values of total 
energy contents in the range of 1327.34–1602.59 kJ, except 
for Spirulina 3, with lower energy (511.80 kJ), which is due 
to its poor carbohydrate, protein and lipid compositions 

(Table 3). This could be explained by the fact that the tra-
ditional “Dihé” production process is not much suitable 
to obtain a high Spirulina nutritional value, because algal 
growing conditions are not enriched and/or controlled. The 
harvesting and drying conditions are done traditionally, 
which could affect the nutrients and microbiological qual-
ity [41].

Fatty acids profile

The values obtained for fatty acids (FA) analyzed were 
expressed in percentages of total fat and are presented in 
Table 4. The major FA compound for all Spirulina strains is 
palmitic acid (16:0) with the mean of 43.60, 46.45, 71.15, 
51.33 and 48.19% for Spirulina 1, 2, 3, 4 and 5 respec-
tively. The highest amount was found for Spirulina 3 which 
is probably due to the lack of phosphorus in the growing 
medium [49]. Experiments carried out by Tokusoglu and 
Ünal [28] and Piorreck et  al. [52] show that the palmitic 
acid (PA) content in Spirulina is between 26 and 39%. Fal-
quet and Hurni [53] also reported a relatively high propor-
tion of PA, in the range of 25–60% which probably reflects 
the variation in fatty acid content among the samples. Sev-
eral other authors have also reported that the predominant 
fatty acid in Spirulina is a palmitic acid and are in the range 
of 35–54.1% [1, 53].

The statistical analysis shows significant differences 
(p < 0.05) in the stearic acid (SA) content of the samples. 
The highest and the lowest values were 3.33 and 0.69% for 
Spirulina 1 and 5, respectively. According to Falquet and 
Hurni [53], the SA content in Spirulina was between 0.5 
and 2%. Oliveira et  al. [54] found that the highest C18:0 
content was 2.76% obtained in Spirulina grown in a 
medium with temperature of 30 °C.

The oleic acid (OA, 18:1n-9) content in our samples was 
in the range of 4.02–5.99% which is almost in the range 
(5–16%) reported by Hudson and Karis [47]. According to 
Habib et al. [1], oleic acid in Spirulina was varied from 1 
to 15.5%.

Essential FAs means that the human body does not syn-
thesize them in enough amounts and thus they need to be 
obtained through diet [55]. Therefore, the estimation of 
these FAs is very important for evaluating the potential of 
microalgae for human health. Linoleic acid (LA, 18:2n-
6) levels of Spirulina were high, with a mean of 19–20% 
except for Spirulina 3 which had only 7.86%. These results 
are in accordance with the 17.6 ± 2.3% value reported by 
Xue et al. [56]. Several authors have reported that the lin-
oleic acid content of Spirulina were in the range of 27% 
[45] to 30.7% [1].

Spirulina samples investigated in this study contained 
high amounts of γ-linolenic acid (GLA, 18:3n-6), with a 
mean concentration of 4.32%, except in Spirulina 3 that has 
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only 2.73%. According to Kent et al. [57], Spirulina contain 
high quantities of γ-linolenic acid (9.42%) than all others 
microalgae strains (Nannochloropsis sp., Scenedesmus sp., 
Chlorella sp. and Dunaliella sp.). Tokusoglu and Ünal [28] 
have compared the GLA content of three kinds of algae 
(Spirulina platensis, Isochrisis galbana and Chlorella vul-
garis) and they reported that Spirulina platensis species has 
a much higher γ–linolenic acid content (3.64–5.52%) com-
pared to Isochrisis galbana (0.54%) and Chlorella vulgaris 
(traces %). In addition, Franke et  al. [44] selected several 
species of microalgae and defined their fatty acid composi-
tion; they found that the GLA in Spirulina was in the range 
of 16–23%. Whereas, Habib et al. [1], reported that GLA in 
Spirulina was in the range of 8–31.7%. Tomaselli et al. [58] 
and Quoc and Dubacq [59] have reported that one of the 
reasons of these variations in FA content could be attrib-
uted to the difference in temperature used for cultivation 
of the Spirulina. Therefore, when the temperature of the 
medium increases, the lipid cells content increases consid-
erably and the FA composition changed towards a higher 
degree of saturation (GLA biosynthesis was progressively 
hampered and LA was accumulated).

According to Mühling et al. [11] there are considerable 
differences in the FA composition, especially in the PUFA 
fraction, among the Spirulina strains. Cohen et  al. [48], 
studied the FA distribution in 19 strains of Spirulina grown 
under various environmental conditions. They found that 
the fatty acid content increased with the cultivation tem-
perature and the amount of PUFA was decreased. Also, the 
highest content of GLA was found in the strains grown at 
30–35 °C.

Regarding the alpha-linolenic acid (ALA, 18:3n-3) or 
(ω-3), it was found that only Spirulina 1 and 5 contain a 
trace amount of it. It is reported in the literature that Spir-
ulina in general do not have ω-3 fatty acids compared to 
other microalgae [57].

The levels of arachidic acid (AA, 20:0) in the strains 
investigated were high and the contents were varying sig-
nificantly (p < 0.05) from 10.24 up to 15.71%. However, 
the Spirulina 3 had a lower nutrient content with 3.75% of 
AA. Nevertheless, this value of AA in Spirulina 3 is of rea-
sonably high quantity, since the Spirulina platensis strains 
studied by Tokusoglu and Ünal [28] contained no amount 
of AA. In addition, the amount of AA of all the Spirulina 
investigated in this study is very higher than those found in 
Chlorella vulgaris and Isochrisis galbana strains (0.19 and 
0.74%, respectively).

Mühling et al. [11] have noticed that the algal growing 
conditions could considerably affect the fatty acids content. 
For example, high light intensity and temperature favor the 
accumulation saturated FA [60, 61]. Meanwhile, low light 
intensities and low temperature promote the synthesis of 
PUFA [62].

Table 5 presents the sum of monounsaturated (MUFA), 
polyunsaturated (PUFA) and saturated (SFA) fatty acids in 
the Spirulina strains investigated. Spirulina algae contain 
greater quantities of ω-6 and traces of ω-3 FA. PUFA in the 
samples investigated were in the range of 23–24.5%, except 
in Spirulina 3 which had only 10.59%. The ω-6 quanti-
ties in Spirulina 1, 2, 4 and 5 were almost the same as that 
reported by Kent et  al. [57] who found 20.04% of ω-6 in 
Spirulina.

Table 4  Fatty acids 
composition of 5 Spirulina 
samples as percent of total lipid

ND not detected
Means with different superscript across rows are significantly different at p < 0.05

Fatty acids Spirulina 1 Spirulina 2 Spirulina 3 Spirulina 4 Spirulina 5

C13:0 ND ND ND ND ND
C14:0 0.42 ± 0.01a 1.46 ± 0.03b 3.25 ± 0.19c 3.26 ± 0.21c 3.65 ± 0.02d

C14:1 0.06 ± 0.00a 0.14 ± 0.01b 0.23 ± 0.02d 0.23 ± 0.01c 0.07 ± 0.01a

C15:0 0.15 ± 0.01b 0.13 ± 0.01b 0.37 ± 0.01c 0.08 ± 0.00a 0.09 ± 0.01a

C16:0 43.60 ± 0.01a 46.45 ± 0.08b 71.15 ± 0.02e 51.33 ± 0.02d 48.19 ± 006c

C16:1 7.60 ± 0.00 d 5.49 ± 0.03c 4.36 ± 0.16 a 4.83 ± 0.07 b 4.75 ± 0.01 b

C17:0 0.32 ± 0.00d 0.24 ± 0.00b 0.37 ± 0.01e 0.16 ± 0.01a 0.27 ± 0.01c

C17:1 0.21 ± 0.01c 0.21 ± 0.01c 0.50 ± 0.02d 0.18 ± 0.00b 0.13 ± 0.01a

C18:0 3.33 ± 0.16e 1.67 ± 0.04d 1.42 ± 0.03c 1.10 ± 0.01b 0.69 ± 0.03a

C18:1n-9 4.71 ± 0.23b 4.73 ± 0.18b 4.02 ± 0.19a 5.23 ± 0.01c 5.99 ± 0.04d

C18:2n-6 20.15 ± 0.00c 19.26 ± 0.02b 7.86 ± 0.22a 18.94 ± 0.22b 19.82 ± 0.07c

C18:3n-6 4.32 ± 0.01b 4.22 ± 0.07b 2.73 ± 0.02a 4.19 ± 0.00b 4.50 ± 0.04c

C18:3n-3 0.01 ± 0.00b NDa NDa NDa 0.02 ± 0.01c

C20:0 15.12 ± 0.03d 15.71 ± 0.16e 3.75 ± 0.11a 10.24 ± 0.14b 11.65 ± 0.01c

C20:3n-6 NDa 0.29 ± 0.00b NDa NDa NDa

C24:1 NDa NDa NDa 0.23 ± 0.02b NDa
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According to the obtained result, the most important 
PUFA in Spirulina samples studied in this present work 
are linoleic acid and Gamma-linolenic acid (ω-6). Simo-
poulos [63] showed that the balance between ω-6 and ω-3 
FA in foods is essential for human health benefits, and high 
ω-6/ω-3 ratios have been implicated in the higher chances 
of cancer, cardiovascular and inflammatory diseases. The 
same author recommended an optimal ratio of ω-6/ω-3 
in the range of 1/1–4/1 as the most beneficial for human 
health, whereas the human diets have a ratio in the range 
of 15/1–16.7/1. However, in our case, we can’t define the 
ω-6/ω-3 ratio, since the ω-3 was almost undetectable in the 
Spirulina strains studied (Table 5). The same observations 
were reported by Kent et al. [57]. However, the deficiency 
of ω-3 in human diets has to be complemented by other 
foods rich with mostly PUFA such as nuts, seeds, and fish. 
Nevertheless, many researchers have reported that Spir-
ulina is one of the best ω-6 whole food sources [7, 45].

Phytopigments composition

Chlorophyll a, b and carotenoids content

The amounts of chlorophylls and carotenoids observed in 
this study are shown in Fig. 3. The content of Chl a in Spir-
ulina strains is significant (p < 0.05) with values of 6.39, 
4.42, 1.79, 6.17 and 3.58 mg/g for Spirulina 1, 2, 3, 4 and 

5, respectively. The Chl a is the major photosynthetic pig-
ments in microalgae compared to Chl b [2].

According to Kumar et al. [6] the temperature condition 
affects the metabolic processes and biochemical composi-
tion of cells, and the optimal growth temperature is usually 
depending on the strain. In their study, the highest value of 
Chl a and carotenoids accumulation observed are 1.54 and 
0.27%, respectively, obtained at a growth temperature of 
35 °C.

El-sheikh and Al-fathy [30] reported that the autotrophic 
and heterotrophic growing conditions may considerably 
affect the phytopigments content. They found that, the Chl 
a in Chlorella vulgaris cells was higher in autotrophic and 
lower in heterotrophic growing conditions; whereas, the 
opposite trend was observed for Chl b.

In this study, the chlorophylls content was measured by 
summing Chl a and Chl b. The Spirulina 1 and 4 contained 
significantly higher mean values (p < 0.05) of chlorophylls 
and were 8.49 and 7.84 mg/g, respectively.

Carotenoids content were higher in Spirulina 5 
(5.50 mg/g) than the other samples. This is in accordance 
with the values reported by M’baye et al. [64] that were in 
the range of 5.43–8.93 mg/g of carotenoids in 51 Maurita-
nian Spirulina samples.

Pierlovisi [65] and Ripley [3] suggested that the aver-
age phytopigments content in Spirulina are 11.5, 6.8 and 
3.3  mg/g for chlorophylls, Chl a and carotenoids, respec-
tively. In addition, Capelli and Cysewski [45] found that 
total chlorophylls and carotenoids in Spirulina are in the 
range of 10–5 mg/g, respectively. However, Kent et al. [57] 
found 12.33 and 1.45 mg/g of chlorophylls and carotenoids, 
respectively, in the same strain. As mentioned above, these 
differences may be due to the Spirulina growing condi-
tions. According to the obtained results, compared to carot-
enoids, chlorophylls are the major pigment in the Spirulina 
microalgae.

Phycobiliprotein content

The amount of water soluble phycobiliprotein in Spir-
ulina strains are shown in Table  6. The phycocyanin is 
the major phycobiliprotein in A. platensis. The phyco-
erythrin (PE) contents were very low in all the Spirulina 

Table 5  SFA, MUFA, PUFA, 
total ω-3, total ω-6 (as percent 
of total lipid)

Results do not include SD

Fatty Acids Spirulina 1 Spirulina 2 Spirulina 3 Spirulina 4 Spirulina 5

∑SFA 62.94 65.66 80.31 66.17 64.54
∑MUFA 12.58 10.57 9.11 10.70 10.94
∑PUFA 24.48 23.77 10.59 23.13 24.52
∑ω-3 0.01 – – – 0.20
∑ω-6 24.48 23.77 10.59 23.13 24.32
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Fig. 3  Content of chlorophyll a, b and carotenoids (mg/g) in different 
Spirulina strains
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strains investigated with a significant difference (p < 0.05) 
in the phycobiliprotein content among all the samples. The 
Spirulina 1 contains the highest C-PC and A-PC amounts 
with an average of 8.7 and 7.2% respectively, followed by 
Spirulina 5 (C-PC: 7.2%, APC: 5.1%), Spirulina 2 (C-PC: 
6.4%, APC: 3.1%) and Spirulina 4 (C-PC: 5.9%, APC: 
1.1%). These results are in accordance with those reported 
by Kumar et al. [6], who studied the effect of different tem-
perature and light intensities on the pigments composition 
of S. platensis. They reported that the highest phycobilipro-
teins content (C-PC: 7.73%, APC: 3.46%, PE: 1.8%) was 
obtained when the Spirulina were grown at 35 °C tempera-
ture and with 2000 Lux light intensity. However, Anamika 
et al. [32] reported higher Spirulina phycobiliprotein con-
tent values (C-PC: 17.5%, APC: 3.8%, PE: 1.2%), confirm-
ing that growth conditions have significant effect on phyto-
pigment content.

The values of crude Spirulina phycocyanin content are 
also shown in Table 6. The highest value was obtained for 
Spirulina 1 (29.03%). Except for Spirulina 3, the phycocya-
nin content values of all the Spirulina samples were more 
than 10% than the values reported by Jourdan [33]. Accord-
ing to Cuellar-Bermudez et al. [15], the phycocyanin is the 
major phycobiliprotein in A. platensis and can constitute up 
to 20% of its dry weight.

In this study, the average purity grade of the Spirulina 
strain, except for Spirulina 3, was more than 0.7 which is 
considered as food grade purity. According to Rito-Pal-
omares [66], a purity grade of 0.7 is considered as food 
grade, 3.9 as reactive grade, and above 4 as analytical 
grade.

Total phenolic content

Figure  4 shows the total phenolic content of Spirulina 
strains expressed as a Gallic Acid Equivalent (GAE). The 
results showed that Spirulina 5 have the highest total phe-
nolic content with 67.52 mg GAE/g of dry weight followed 
by Spirulina 1 (48.93 mg GAE/g), Spirulina 2 (45.22 mg 
GAE/g), Spirulina 3 (19.61  mg GAE/g) and Spirulina 
4 (39.33  mg GAE/g). These results are in accordance 
with those reported by Benahmed et  al. [67] who found 
51.325  mg GAE/g in Spirulina. The work carried out by 

Harwati [68] on microalgae like Chlorococcum sp. and 
Nannochloropsis sp. showed that total phenolic content of 
these species were 2.41 and 2.05  mg GAE/g dry weight 
respectively. Whereas, Li et  al. [69] reported that, Chla-
mydomonas rivialis and Chlorella vulgaris had relatively 
high total phenolic contents (>15 mg GAE/g). According 
to them, the medium composition had a significant influ-
ence on the total phenolic content of microalgae. Accord-
ing to our results Spirulina microalgae contain higher poly-
phenols content compared to other microalgae and fruits 
such as grapes, apples, pears, cherries and berries which 
contain only 2–3 mg/g of polyphenols [70]

Conclusion

This study has characterized different strains of Spirulina 
from Algeria, Chad and the USA towards their use in the 
nutraceutical and functional food area. The nutrient com-
position parameters and antioxidants compounds are more 
important in Spirulina samples 1 and 5 compared to the 
others. The strains growing in different culture media do 
not present the same nutrient composition. Hence, differ-
ent strains with different shapes (straight vs wavy shape) 
cultivated in the same medium present difference in nutri-
ent composition. Culture and nutrient conditions affect the 
cell composition and the biomass productivity. The majori-
ties of Spirulina strains tested show an excellent nutri-
tional profile and are rich in phytonutrients (phycocyanin, 

Table 6  Phycobiliproteins 
(CPC, APC and PE) content 
(%), crude phycocyanin (%) and 
purity

Means with different superscript across rows are significantly different at p < 0.05

Strains C-PC A-PC PE Crude phycocyanin Purity

Spirulina 1 8.70 ± 0.001d 7.20 ± 0.001e 2.80 ± 0.001c 29.03 ± 0.001d 1.80 ± 0.002d

Spirulina 2 6.40 ± 0.001b 3.10 ± 0.000c 2.50 ± 0.000c 21.36 ± 0.001b 1.35 ± 0.001b

Spirulina 3 1.80 ± 0.002a 2.20 ± 0.001a 1.30 ± 0.001a 5.33 ± 0.002a 0.40 ± 0.007a

Spirulina 4 5.90 ± 0.002b 1.10 ± 0.001b 2.00 ± 0.001b 19.86 ± 0.002b 1.30 ± 0.006b

Spirulina 5 7.20 ± 0.001c 5.10 ± 0.000d 3.30 ± 0.001d 24.18 ± 0.001c 1.44 ± 0.005c
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Fig. 4  Polyphenols content of different Spirulina strains
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carotenoids and polyphenols) that have potential health 
benefits. Nevertheless, Spirulina 1 has higher nutritional 
contents, and a great potential for use in human nutrition. 
Spirulina 3 or “Dihé” has a lower nutritional composi-
tion. Therefore, it is highly recommended to use Spirulina 
strains grown under controlled growth conditions for pro-
duction of nutrient and bioactive compounds for nutraceuti-
cal purposes.
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