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Abstract: Blue-green algae (cyanobacteria) form an important component of integrated nutrient
management in agriculture and are exploited in commercial biotechnological ventures. Four algal species
Anabaen sphaerica, Chroococcus turgidus, Oscillatoria limnetica and Spirulina platensis were isolated and
recultivated to evaluate its potential production of primary products. The maximum biomass measured as
chlorophyll a content differed from one algal strain to another. Also, the highest production of carotenoid
and phycocyanin takes place in Spirulina platensis (1.4 and 4.5 mg/ml). On the other hand, Oscillatoria
limnetica produce the lowest carotenoid and phycocyanin content (0.8 and 0.18mg/ml). The candidate algal
species used through the investigation differed markedly in its production in the quantity, quality and type
of bound as well as free amino acids. About 16 amino acids are produced by all candidate species;
however it revealed a pronounced difference in the quantity and quality of each amino acid produced.
Anabaena and Spirulina have the highest concentration and numbers of amino acids in the free form.
Referring to different sugar unit of polysaccharide content results showed that it include sugars such as
glucose, galactose, mannose, fructose, xylose, glacturonic acid, sucrose and fucose. The most dominant
saturated fatty acid extracted from all investigated strains are caprilic, capric, lauric, myristic, palmitic and
margaric. Regarding to the unsaturated fatty acids, results has been shown that all algal species under
investigation are characterized by its production to unsaturated fatty acids especially oleic, linoleic.
Moreover, Anabaena sphaerica was characterized by its production to another type of unsaturated fatty
acid (in addition to the other both types) is the linolenic acid. The most pronounced unsaponifiable matters
produced by the selected algal species are cholesterol, campasterol, stigmasterol and β- sitosterol. The
results shown that cholesterol, campasterol and stigmasterol are produced by all candidate species. While,
β- sitosterol are the only unsaponifiable fatty acid produced by Spirulina and Chroococcus.
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INTRODUCTION

Microalgae are common, normal inhabitants of
surface waters and are beneficial to the health of a
water body. Low concentrations of microalgae represent
primary producers of organic matter which provide
food base for most marine and freshwater food chains
and plays important role in the equilibrium of aquatic
ecosystem[1,2]. Microalgae have many uses, they can
serve as water bioremediation agents[3], as feed for
aquaculture[4], as food for humans and animals[5], in
pigment production[6], in bioremoval of heavy metals[7]

and in agriculture[8].
Microalgae have emerged as important sources of

proteins and value added compounds with
pharmaceutical and nutritional importance. Initially
considered as laboratory curiosities or nuisances agents
in water bodies, but now cyanobacteria or blue green

algae form an important component of integrated
nutrient management in agriculture and are exploited in
commercial biotechnological ventures[9,10] as a source of
pigments, vitamins, phycocolloids, immunodiagnostic
agents and therapeutics and for biofuel production[11,12].
Moreover, microalgae represent very large, untapped
reservoir of novel compounds, many of which are
likely to show biological activity. For example, diatoms
show a wide range of antibacterial and antifungal
activities[13,14], but little work has been done to identify
the active compounds. 

The ability to culture microalgae and their great
biochemical diversity makes them a valuable potential
renewable source of new drugs, growth regulators and
other useful chemicals. Since 1950s there was much
interest in microalgae as single- cell protein source, and
at that time the closed and the open circulation
methods for mass culture of unicellular algae were
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developed[15]. Algae have been harvested by man for
centuries, particularly in Japan and China, where they
form a part of the stable diet[16,17]. 

Also, there has been a recent upsurge in research
and development on the utilization of microalgae as
sources of a wide range of metabolites such as
bioactive compounds, pigments and oils[18,19,20]. In
addition, the nutrient content depends on the location
and environment in which the algae are grown. The
environment includes altitude, temperature and sun
exposure, which can greatly affect the lipid and
pigment content in algae[21]. Researchers have
envisioned the enormous possibilities of algae and
microalgae as potential source of bioactive compounds;
particularly, some microalgae have been studied as a
potential natural source of different functional
compounds[22,23,24] while some microalgae have been
suggested as a new and unlimited source of new
functional food ingredients[25]. Not only the presence of
a particular compound makes these microorganisms
interesting, but also their huge diversity and the
possibility of not only harvesting them but also of
growing them at different conditions, leading to an
enrichment of some bioactive[26]. So, algae are
cultivated to serve many commercial and industrial
uses. 

Therefore, the aim of this study was to evaluate
certain isolated algal species belonging to blue-green
algal group as a potential source of several primary
products.

MATERIALS AND METHODS

Isolation and Purification of Microalgae Species:
Four algal species Anabaena sphaerica, Chroococcus
turgidus, Oscillatoria limnetica and Spirulina platensis
were isolated from phytoplankton over growth in
Ismailia canal and Rositta branch (main branches from
River Nile). Algal identification has been done
according to the keys of identification[27,28,29,30] Plate I. 

Algal isolation and purification took place using
BG11 media[31]. Some modification in nitrate
concentration has been done, where some species
successfully isolated in 100% NaNO3 (1.5g/l), other
species isolated after dilution of nitrate concentration to
1/5 its concentration in the original media. Strains were
isolated by spreading 0.1ml of water samples into Petri
dishes containing BG11 media (with nitrate
modification) plus 1% agar. Single colonies of algae
were then recultivated in BG11 liquid media as
nonaxenic batch cultures (50ml) at 25±2ºC and a
photoperiod 24h with white fluorescent light intensity
.2500Lux. Microalgae were part of an own culture
collection of our lab (Water Pollution Research
Department).

Cultivation of the Isolated Strains: Cultivation was
carried out in sterilized 5 liter conical shoulder flasks
containing 3 liter of the corresponding culture medium
under continuous aeration and continuous illumination.
The cultivation time differed from one strain to another
depending on the optimum growth rate and it always
ranged between 10-15 days.

Chlorophyll a Content: The fresh Sample (25ml) of
each strain was taken every 48 h and filtered through
0.45µm membrane filter and extracted with hot
methanol[32] after the addition of 0.5ml magnesium
carbonate solution (1%) in order to prevent chlorophyll
degradation. The concentration 0f chlorophyll a was
calculated according to the sited equation[33].

Carotenoid Measurement: One ml cell suspension
centrifuged at 1000 rpm for 5 min. the pellets were
dissolved in 3ml (Ethanol: Hexane 2:1) and 2ml dist.
H2O and 4ml Hexane then shaking and centrifugation
at 1000rpm for 5 min. The absorbance of Hexane layer
was read at 450nm[34]. 

Phycocyanin: One gm of dried algal cells mixed with
10 ml dist H2O. Samples were placed at rotary shaker
at 30ºC. Samples were collected at 24, 48, 72 hr. P.C.=
OD 615- 0.474 OD 652/5.34. Where P.C. phycocyanin
content, OD optical densities at 615, 652[35].

Preparation of biomass for Biochemical Assays:
Every selected algal species under investigation was
recultivated to prepare the required biomass. According
to the growth curve of each strain the biomass
collected at maximum growth rate from the culture
media and separated by centrifugation (2000 rpm for
15 min.) dried at 60°C and stored at -20°C until further
studies.   

Total Protein Content: Total protein content was
determined as total nitrogen by Kjildahl method and
then multiplies with a factor 6.25 to give the total
protein content[36]. 

Determination of Amino Acids: By using amino acid
analyzer and acid hydrolysis with hydrochloric acid.

Total Carbohydrate Content: Spectrophotometric
method[37] was used. The absorbance of the yellow-
orange color was read at 480nm.

Extraction of Polysaccharide: Five gram of algal
powder of each species was, separately, mixed with 50
ml distilled water slightly acidified with HCl, stirred 12
hours and leave to stand for another 12 hrs. The
solution was passed through folded muslin. The process 
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was repeated three times. The polysaccharide was
precipitated from the aqueous extract by adding slowly
while stirring 4 volumes ethanol 95% and ethanol-
acetone mixture (1:1). The precipitate obtained by
centrifugation was washed several times with ethanol
till free of chloride ions. The polysaccharide was then
stirred in acetone, filtered and dried in vacuum
dissector.

Test for the Identity of the Isolated Polysaccharide:
Reaction with Potassium Hydroxide: To 5ml of the
1% aqueous solution of each precipitate, 1ml of 2%
aqueous potassium hydroxide was added and the
mixture was allowed to stand at room temperature for
15 min, a gelatinous precipitate appeared, indicating the
pectic nature of the polysaccharide.

Acid Hydrolysis: To 0.1g of the powder of each
polysaccharide for the five species under investigation
was, separately, heated in 2ml 0.5M sulphuric acid in
a sealed tube for 20 hrs on a boiling water bath. At the
end of hydrolysis a flocculent precipitate was noticed.
This was filtered off and the filtrate was freed of SO4

by precipitation with barium carbonate.

Extraction and Determination of Crude Lipids: To
100ml conical flask containing 2.5g of sample, 20ml
methanol (MeOH) and 10 ml chloroform (CHCl3) were
added and the mixture was vortexes for 2 min. ten
milliliters CHCl3 were added a second time and the

mixture was shaken vigorously for 2 min. Eighteen
milliliters of distilled water were added and the mixture
was vortexes again for 2 min. the layers were separated
by centrifugation for 10min at 2000rpm. The lower
layer was transferred to conical flask with a pasture
pipette. A second extraction was done with 20 ml 10%
(v/v) MeOH in CHCl3 by vortexing for 2 min. after
centrifugation, the CHCl3 phase was added to the first
extract. Evaporation was done with rotary evaporator
and the residue was further dried at 104°C for 1h[38].

Separation of Fatty Acids: The lipid samples were
saponified over-night with ethanolic KOH (20%) at
room temperature.  The fatty acids were freed from
their potassium salts by acidification with hydrochloric
acid (5%), followed by extraction with petroleum ether
40-60°C. the ether extract was washed three times with
distilled water then dried over anhydrous sodium
sulfate, and filtered off[39].

Identification and Determination of Fatty Acids by
Gas Liquid Chromatography (GLC): The method
described[40] was applied for determination of fatty
acids by GLC. The methyl esters of fatty acids
obtained from oil of samples and standards materials
were analyzed with a pye unicam coated with 10%
polyethylene glycol adipate (PEGA). The column oven
temperature was programmed at 8°C/min from 70°C to
190°C, then isothermally at 190°C for 25 min with
nitrogen at 30 ml/min.
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Fractionation of Unsaponifiables: The un
saponifiables  matter were also fractionated on a coiled
glass column (2.8m × 4mm) packed with Diatomite
(100-120 mesh) and coated with 3% OV-17. the oven
temperature was programmed at 10°C /min from 70°C,
then isothermally at 270°C for 25 min and nitrogen
flow rate was 30ml/min. Detector, injector temperatures
and hydrogen, air flow rates were generally 300c,
280°C and 33ml, 330ml/min, respectively peak
identification was performed by comparison the
retention time (RT) of each compound with those of
standard materials.

RESULTS AND DISCUSSION

Chlorophyll a content as a major growth indicator
of algae was measured to evaluate the activity and
biomass production of each algal species under the
investigation. In addition the other pigments content
(carotenoids and phycocyanin) were measured. The
maximum standing biomass of Anabaena sphaerica
was attained after 6 days of cultivation (Fig.1a).
Chlorophyll a content at maximum growth phase
amounted to 3162.3µg/l, after that the alga growth rate
start in decline and stationary phase with biomass
content reached 2511.9µg/l. Whereas for the growth of
Chroococcus turgidis continues to grow up to 16th day.
The maximum chlorophyll production reached to
3981.1µg/l although the stationary phase manifested the
same chlorophyll a content (Fig. 1b).

Oscillatoria limnetica growth rate measured as
chlorophyll a content showed maximum value at 6 day
of culture and reached 398µg/l (Fig. 1c). The growth
rate started in stationary phase with no decline phase
up to 10th day. On the other hand, Spirulia platensis
chlorophyll a content attain its maximum value at 8th

day were 2511.9µg/l then, the alga growth rate start in
decline and stationary phase yielding biomass reached
1995.3 µg/l. (Fig. 1d). 

From the above mentioned data it can be
concluded that the maximum biomass measured as
chlorophyll a content differed from one algal strain to
another among the same algal group (Fig. 2).

Determination of carotenoid content emphasizes the
same observation as chlorophyll a content where the
candidate species differed in its carotenoid content in
spite of the algal species. Fig. (3) clarified the
carotenoid content and the most pronounced
phenomenon that the highest production of carotenoid
takes place in Spirulina platensis. Whereas, Oscillatoria
limnetica produce the lowest carotenoid content. The
descending order of carotenoid production of candidate
species are: Spirulina<Chroococcus<Anabaena<
Oscillatoria. (Fig. 3).

The phycocyanin (among the main pigment
accessories in blue-green algae) has been used mainly
as a food pigment; however, small quantities are
included as biochemical tracers in immunoassays due
to their fluorescent properties[41]. Recently, it has been
observed that phycocyanin also has shown anti-
inflammatory and anti-cancer properties[42]. The
measurement of phycocyanin pigment in four blue
green algal strains was explained in Fig. (4). 

The results showed that the highest phycocyanin
content was detected in Spirulina platensis. In addition
the other blue- green algal strains showed no
pronounced differences in its phycocyanin content and
it amounted 0.5, 0.3 and 0.18mg ml-1 for Anabaena,
Chroococcus and Oscillatoria respectively. The
obtained phycocyanin concentrat ion from
Synechococcus sp. was 27µg ml-1[43], while the
extracted C-phycocyanin from fresh biomass of S.
fusiformis was 1.28mg ml-1[44].

The wide variation in protein content of algae
indicates that these differences may be related to the
different sites of collection and the time of algal
growth where the differences are in some cases
reflected to the age of the algae in different samples[45]. 
The results of total protein content registered in Fig.
(5) which explaining that Anbaena sphaerica having
the highest protein content in comparison with other
algal species. Moreover, Oscillatoria limnetica revealed
the lowest protein content. The crude protein of
Chlorella genus represent 55% to available weight[46],
while the presence of 14.66% crude protein of Elodea
olensa algae was established[47].

The amino acids of algae have a wide application
in human and animal feed nutrition industries[48] where
glutamic acid is interesting for human consumption, of
which approximately 300.000 ton per annum are
produced. The same author found that methionine,
lysine, tryptophan, aspartic acid and phenylalanine are
animal food supplements. The amounts of these
components show fluctuations between algae
composition.    

The candidate algal species used through the
investigation differed markedly in its production in the
quantity, quality and type of bound as well as free
amino acids (Table 1). About 16 amino acids are
produced by all candidate species; however it revealed
a pronounced difference in the quantity and quality of
each amino acid produced. Proline is the most bound
amino acid detected in all algal species but with
varying concentrations, Oscillatoria has the highest
concentration of proline (1.5mg/g) followed by 
Anbaena (0.7mg/g). Other bound amino acids detected
are glutamic, leucine alanine, aspartic, glycine, tyrosine,
serine, arginine, phenylalanine, lysine, histidine,
isolucine, valine, therionine and methionine (Table 1).
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Fig. 1: Growth characteristics and chlorophyll a content of candidate algal species. 
(Where A= Anabaena sphaerica; B= Chrococcus turgidus; C= Oscillatoria limntica and D= Spirulina platensis).

Fig. 2: Maximum standing biomass (Chlorophyll a) of candidate algal species.

Fig. 3: Carotenoid content of algal species.
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Fig. 4: Phycocyanin content of the isolated strains.

Fig. 5: Total Protein Content of Candidate Blue-green Species.

Dealing with the free amino acids, Table (1) explains
the type and concentration of free amino acids in
different algal species under investigation. Anabaena
and Spirulina have the highest concentration and
numbers of amino acids in the free form. Types of free
amino acids in all algal species such as: glysine,
valine, leucine, proline, aspartic, isolucine, therionine,
glutamic, phenylalanine, alanine, lysine, arginine,
tyrosine and cystine. In addition, Oscillatoria limnetica
had been shown no free amino acids but all of it was
dissociated to ammonia. 

Total carbohydrate content and different sugars
represent the polysaccharide content were measured to
the investigated algal species. Fig. (6) reveals the
concentration of total carbohydrate content of each
algal strain and it emphasize that Spirulina have the
highest carbohydrate content. In addition, Oscillatoria
limnetica yield the lowest total carbohydrate
concentration.

Referring to different sugar unit of polysaccharide
content (Table 2), results showed that it include sugars
such as glucose, galactose, mannose, fructose, xylose,
glacturonic acid, sucrose and fucose. Furthermore,

glucose sugar is the most polysaccharide unit present
in all algal species and its concentration differed from
one species to another. Chroococcus reached to 45.8
gmL-l glucose concentration. Meanwhile, fructose sugar
was the second type of polysaccharide unit present in
all algal species, but with different varying
concentrations from one species to another.

In general, the polysaccharide units of all algal
strains are glucose and fructose and others with
different concentrations between species where:
Anabaena: glucose, glactose, fructose and sucrose.
Chroococcus: glucose, fructose, xylose, glacturonic acid
and fucose.
Spirulina: glucose, glactose, fructose and fucose.
Oscillatoria: glucose, mannose, fructose, glacturonis
acid and fucose.

Total lipid content of isolated strains is detected in
Fig. (7). Anabaena sphaerica revealed total lipid
content higher than other isolated strains. In addition,
Spirulina and Oscillatoria are approximately equivalent
to each other in its total lipid content, while
Chroococcus showed the lowest total lipid content. 
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Table 1: Bound and free amino acids of isolated algal species as mg/gm.  
Amino Acids Isolates

---------------------------------------------------------------------------------------------------------
A. sphaerica C. turgidis O. limnetica S. platenses

Bound Amino Acids
Alanine 0.16 0.07 0.012 0.073
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aspartic 0.13 0.06 0.03 0.06
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Therionin 0.07 0.03 0.014 0.03
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serine 0.07 0.03 0.015 0.03
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glutamic 0.2 0.09 0.044 0.1
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glysine 0.05 0.02 0.09 0.017
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Valine 0.08 0.033 0.01 0.03
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Methionine 0.03 0.004 - 0.001
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Isolucine 0.07 0.03 0.01 0.024
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Leucine 0.17 0.07 0.03 0.064
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tyrosine 0.07 0.02 0.06 0.022
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phenylalanine 0.09 0.04 0.01 0.035
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Histidine 0.04 0.018 0.01 0.02
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lysine 0.08 0.03 0.012 0.03
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Arginine 0.09 0.02 0.013 0.02
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Proline 0.7 0.43 1.5 0.33
Free Amino Acids
Alanine 0.007 0.005 - 0.02
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aspartic 0.02 - - 0.002
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Therionin 0.017 - - 0.001
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Serine - - - -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glutamic 0.016 0.005 - 0.01
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glysine 0.065 - - -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Valine 0.046 0.01 - 0.008
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Methionine - - - -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Isolucine 0.02 0.003 - 0.006
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Leucine 0.04 0.007 - 0.001
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tyrosine 0.006 - - -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phenylalanine 0.013 - - -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Histidine - - - -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lysine 0.007 - - -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Arginine 0.012 - - 0.005
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Proline - 0.014 - -
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Table 2: Different sugars of isolated algal species as gm/l.
Sugars Isolates

-------------------------------------------------------------------------------------------------------------
A. sphaerica C. turgidis O. limnetica S. platenses

Fructose 1.9 0.9 0.89 14.5
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fucose - 0.3 0.4 0.02
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glactose 2.1 45.8 - 4.1
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glacturonic acid - 10.4 2.66 -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Glucose 23.2 - 1.5 28.26
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mannose - - 0.7 -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Xylose - 1.45 - -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sucrose 18.5 - - -

Fig. 6: Total carbohydrate content of blue-green algal species.

Fig. 7: Total lipid content of candidate algal species.

Total saponifiable fatty acids (saturated and
unsaturated fatty acids) of investigated algal strains are
represented in Table (3). caprilic, capric, lauric,
myristic, palmitic and margaric are the most dominant
saturated fatty acid extracted from all investigated
strains. Although that, the saturated fatty acids stearic,
pentadecyclic are produced by Oscillatoria. Moreover,

Spirulina can produce both pentadecyclic and stearic in
addition to the other mentioned saturated fatty acids
(Table 3).

Regarding to the unsaturated fatty acids, results
(Table 3) has been shown that all algal species under
investigation are characterized by its production to
unsaturated  fatty  acids   especially   oleic,  linoleic. 
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Table 3: Total Saponifiable fatty acids of isolated algal species as relative percentage.
Acid type Common name Isolates

-------------------------------------------------------------------------------------------------------
A. sphaerica C. turgidis O. limnetica S. platenses

Saturated fatty acids
C 8:0 Caprylic 0.1 0.35 0.5 -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C 10:0 Capric 0.46 0.97 0.48 0.5
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C12:0 Lauric 0.07 0.4 1.9 0.69
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C14:0 Myristic 0.84 15 22 15.76
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C 15:0 Pentadecyclic - - - 3.4
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C16:0 Palmitic 34.9 25.2 27.77 21.1
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C 17:0 Margaric 2.3 0.28 - 8.06
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C 18: 0 Stearic - - 4.35 0.5
Unsaturated fatty acids
C14:1 Myristoleic 0.86 14 3.26 9.2
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C16:1 Palmetoleic 7.7 11.7 7.7 31.3
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C18:1 Oleic 18.5 21.2 23.5 11.3
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C 18:2 Linoleic 24.5 1.5 8.7 1.13
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C 18:3 Linolenic 9.6 - - -

Table 4: Unsaponifiabl fatty acids of selected algal species.
Algal Strains Cholesterol Campasterol Stigmasterol Β-Sitosterol
Anabaena sphaerica 33 9.8 57 -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Chroococcus turgidis 32.3 17.2 17.2 33.3
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Oscillatoria limnetica 42.2 17.2 40.6 -
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Spirulina platensis 36.4 8.7 25.4 29.4

Anabaena sphaerica was characterized by its
production to another type of unsaturated fatty acid (in
addition to the other both types) is the linolenic acid.
The results of[49] with some species of Chlorophyta
showed that the methanol extract of Chlorella contraria
revealed the presence of 9 saturated and 7 unsaturated
fatty acid. The authors added that, Nonacosatrieonic
acid (C29:3) was found to be the largest amount
(20.4%) as compared to all other fatty acids.
Unsaturated fatty acids were found to be in slightly
larger quantity (48.43%) than saturated fatty acids
(43.83%), while a proportion of 7.44% remained
unidentified.

Determination of the unsaponofiable matters has
been shown in all selected algal species (Table 4). The
most pronounced unsaponifiable matters produced by
the selected algal species are cholesterol, campasterol,
stigmasterol and β- sitosterol.

The results show that cholesterol, campasterol and
stigmasterol are produced by all candidate species.
While, β- sitosterol are the only unsaponifiable fatty

acid produced by Spirulina and Chroococcus. β
sitosterol was isolated from Chlorella contraria[49]

while in Chlorella wallichii a part from three other
sterols i.e., cholesterol, clerosterol and stigmasterol
which occurred in small quantities[50].
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