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Microalgae are a potential source of biodiesel. Isolates of the present study were
isolated from Wadi-henifa, Rhiyad, Saudi Arabia. The urgent need for an alternative and
sustainable energy has created renewed interest to analyse the microalgae for biodiesel
production. The greatest lipid content reached 20.2, 16.4, 9.7 and 12.3 % under the
optimal conditions of nitrate concentration (0.75 g/l1), temperature (24 and 30 °C), salinity
(0.05 and 0.001 mole/l) and pH (8 with Chlorellavulgarus and 9 with other strains),
Chlorella vulgarusArthrospiraplatensisGomont and Spirulina major, respectively. It
was demonstrated that the obtained model was effective for predicting lipid productivity
of the isolated microalgae. The maximum protein content was at 24°C for Chlorella
vulgarus,ArthrospiraplatensisGomont and Spirulinamajorkiitz, (53, 56.8 and 54 %
respectively), while the maximum protein content ofArthrospira maxima was at 30°C
(56.2 %).The optimum protein content was found at pH9forArthrospiraplatensisGomont
, Spirulina major kiitzandArthrospira maxima(48.47, 55.47 and 63.25 % respectively)
while in case of Chlorella vulgaruswas at pH 8 (51 %).The maximum protein content
was 76.96 % at 0.001 moleNacl/L, 54, 75.38 and 75.09 % at 0.05 mole/L for Chlorella
vulgarus,Spirulina major kiitz, Arthrospira maxima andArthrospiraplatensisGomont
respectively. Results of this study revealed thatthe mention optimization conditions
enhanced protein content of the tested isolates. ArthrospiraplatensisGomont,
SpirulinamajorkiitzandArthrospira maxima are promising organisms with high
nutritional value for animal and human beings.
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Microalgae are used for different
applications, such as biofuel production (Scott ez
al., 2010), extraction of high value food additives
and pharmaceutical products oras food for
aquaculture (Spolaore ef al., 2006). The continued
use of petroleum sourced fuels is now widely
recognized as unsustainable because of the
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depletion supplies and the contribution of these
fuels to the accumulation of carbon dioxide in the
environment leading to increase of global warming.
In the last ten years, many studies have been
conducted on biofuels for substituting fossil fuels
and reduce the greenhouse gas emission
(Bastianoni et al., 2008). Biodiesel from oil crops,
waste cooking oil and animal fat cannot realistically
satisfy even a small fraction of the existing demand
for transport fuels. Recent researches involved not
only the existing renewable sources available from
land plants, but also those coming from aquatic
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systems. Algae (macro and micro) have been taken
in consideration as a residual biomass ready to be
used for energy purposes. Algae, especially
microalgae, were found to be the only source of
renewable biodiesel that is capable of meeting the
global demand for transport fuels (Chisti, 2007 and
2008). The idea of using algae as a source of fuel is
not new (Sawayama et al., 1995), but it is now being
taken seriously because of the increasing price of
petroleum and more significantly, the emerging
concern about global warming that is associated
with burning fossil fuels (Gavrilescu and Chisti,
2005). Microalgae can provide several different
types ofrenewable biofuels which include, methane,
biodiesel (methyl esters) and biohydrogen
(Spolaoreet al., 2006). Oil productivity of many
microalgae greatly exceeds the oil productivity of
the best producing oil crops (Shay, 1993).

Arthrospira (Spirulina) 1is an
economically important filamentous
cyanobacterium. The high content of proteins,
essential amino acids, vitamins, minerals and fatty
acids makes it an ideal healthy (Ciferri O, 1983). It
has been used as a food (Dillon et al., 1995)
because of its quantity of proteins, vitamins,
essential amino acids, minerals and essential fatty
acids (Campanellaet al., 1999; Mendes et al., 2003).

Proteins are the most abundant biological
macromolecules occurring in all cells and parts of
cells, exhibits enormous diversity of biological
function inside an organism and represent great
part of human and animal nutrition. Taking into
consideration another important current issue the
shortage of usable space, obtaining proteins
through the cultivation of microorganisms can be
more advantageous when compared to usual
sources (animal and vegetable proteins). There are
several studies about biomass composition or
specific components of cyanobacteria and
microalgae (Piorreck M. ef al., 1984 &Hongsthong
A. et al.,, 2007). There is previous study showed
that 4. maxima, and specifically its protein extract
could protect against HU-induced teratogenicity
in mouse embryos (Jorge Vazquez-Sanchez, et al.,
2009). Other important components of
cyanobacteria and microalgae biomass are
carbohydrates (De Philippis R and Vincenzini M,
(1998) and lipids (Materassiet al., 1980).

It has been reported in some reviews that
Arthrospira have several pharmacological
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activities (Belay et al., 2002; Khan ef al., 2005), of
which antioxidant effect is one of the most
important. Its antioxidant property is found in the
protein extract, specifically some phycobiliproteins
such as C-phycocyanin (CP) and allophycocyanin
(Wuetal., 2005; Lu et al., 20006).
Arthrospira(Spirulina) maxima and
S.platensis have a long history of use as food for
human. Traditionally, they have been used for food
during the Aztec civilization in mexico and more
recently by natives in the lake chad area
(Ciferri&Tiboni, 1985). Previously study evaluated
the performance of continuous cultivations as well
as to establish relationships between the rate of
nitrogen source supply and protein and lipid
contents in A.platensis (Sassano, C.E.N. ef al.,
2010).The present study aims at evaluate the
chemical composition of 4. maxima such as
proteins and carbohydratesat optimum conditions.

MATERIALAND METHODS

Isolation, Purification, Identification and growth
conditions

Water samples were collected from Wadi-
Hanifa, Addriyah, Rhiyad, Saudi Arabia.100ul of
water sample was transferred to SP medium and
BGI11 containing plates (Schlosser, 1982), at light
intensity 3000 lux. Three plates were prepared for
each sample; the plate’s cultures were incubated
at 24°C £2 for 15 days. Developing cultures were
identified according to Desikachary (1959) and
Bischoff and Bold, 1963.Pure isolates were
maintained on SP medium for further studies.
Thestrainswere also cultivated in SP medium, with
photoperiod of 12 hours light/dark provided by
fluorescent lamps at a light intensity of 3000 luxand
temperature of 27 + 2 °C.
Determination of exponential phase for growth of
target microbial strains

The strains were grown in suitable
medium at 27 £+ 2 °C 8/12 hours light/dark provided
by fluorescent lamps at a light intensity of 3000
lux. Fresh weight was determined by fresh weight
of the strains at different times.
Nile red staining

Isolated pure cultures were further used
for screening their lipid production using nile red
staining method om which 200 pl of algal samples
were added with50 pl of nile red dye (1 mg/ml DMSO
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stock) and incubated for 10 min. at room temperature
followed by washing with double distilled water.
Finally the slides with algal culture were prepared
and observed under fluorescence microscope
(Mabhishi LH et al., 2003) at 465 nm excitation.
Extraction of oil

A known weight of each ground dried
algal species was mixed the extraction solvent
mixture, hexane/ether (1:1 v/v), kept to settle for 24
hrs, followed by filtration according to Hossain
and Salleh(2008).
Biomass preparation

The biomass was harvestedat exponential
phase by centrifugation (2200rpm, 5 min), washed
with a 1% aqueous NaCl solution, centrifuged again
and freeze-dried. The dry biomass was analyzed
immediately or stored at 6 20" C for up to 10-days
prior to analysis (Cynthia, V. G. L.et al., 2010).
Biomass pretreatment

The following pretreatment methods were
tested: milling for 5-min with a pestle and mortar
without grinding elements prior to suspension in
buffer solution (Cynthia, V. G. L. et al., 2010).
Determination of proteins

The protein content of culture filtrate was
determined accordingto Lowery ez al., (1951) using
bovine serum albumin as standard.
Determination of carbohydrates

Carbohydrates were determined following
the phenolsulphuric acid method of Masukoet al.,
(2005) using glucose as standard.
Effect of pH on lipid, protein and carbohydrate
content

The effect of pH on lipid,protein and
carbohydrate content was carried out using
different pH like 8, 9, 10 and 11. The optimization
media with the different pH (8, 9, 10, 11) were
inoculated with the test samples at 24 °C (C.
vulgarus, A. platensisandS. major) while A.
maxima was incubated at 30 °C and the protein
and carbohydrate assay was done for exponential
phase. Using the assay method described in the
earlier section.
Effect of temperature on lipid, protein and
carbohydrate content

The test sampleswerecultivated at
various temperatures like 22°C 24°C 27°C and 30°C
for exponential phase. Lipid, protein and
carbohydrate content wasestimated by using the
assay methods described in the earlier section.
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Effect of salinity on lipid, protein and carbohydrate
content

The test samples were cultivated in SP or
BG medium containing on different salinities at
0.0005, 0.001, 0.05 and 0.1moleNacl/L for
exponential phase. Lipid, protein and carbohydrate
content were estimated by using the assay
methods described in the earlier section.
Effect of different concentration of NaNO, on
lipidcontent

The test samples were cultivated in BG
medium containing on different nitrogen
concentrations at 1.5 g/L, 0.75 g/L and 0.0 g/L of
NaNO, for exponential phase. Lipid, protein and
carbohydrate content were estimated by using the
assay methods described in the earlier section.
Statistical analysis

For statistical analysis, a standard
deviation for each experimental result was
calculated using the Excel Spreadsheets available
in the Microsoft Excel.

RESULTS

C.vulgarus, A. maxima,
A.platensisGomont and S.majorkiitz were isolated
from Wadi-Hanifa, Riyadh, Saudi Arabia. They were
identified by its morphological characteristics. Our
results in figure 1 showed the duration of the
exponential phase for the strains, 4. maxima, A.
platensis and S. major that were cultivated in SP
medium varied between 14 to 18 days depending
on the species. C. vulgarus was cultivated in BG11
medium with the exponential phase was at 6 days.
Biomass productivity at late exponential phase for
the strains, C. vulgarus, A. maxima, A. platensis
and S. major was 3.3, 11.2, 9.4 and14.8 mg/L,
respectively.

In order to select a media that facilities
high biomass productivity of microalgal strains
under photoautitrophic condition, each strain was
cultivated in three media, and the medium in which
the highest biomass was selected for further
studies. Our study showed that highest biomass
for the strains, A. maxima, A. platensis and S. major
was in the SP medium while the highest biomass of
C. vulgarus was in BG11 medium (Table 1).

To select a strains which have ability to
produce lipid, each stain was stained by Nile red
stain, and the target strain was selected for
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Table 1. Growth of C. vulgarus, A. platensis, S. majr
andA. maxima which weregrowingat different media

SHOLKAMY et al.: STUDY OF MICROALGAE IN WATER SYSTEM OF RIYADH

Strainmedium BGl11 Cul0 Spirulina medium
(SP medium)

C. vulgaris +++ ++ +

A. maxima ++ + +++

A. platensis ++ + ++

S. major ++ + +++

Table 2. Lipid content of C. vulgarus, A. platensis, S. majorand
A. maxima which were growing at different temperatures

StrainTm 20 °C 24 °C 27 °C 30 °C

C. vulgaris 5.5+0.9 11.5+0.4 8+1.2 4.2+0.3
A. maxima 4+1.1 5.8+0.7 7.5+0.5 10+0.9
A. platensis 3.5+1.0 5.75+0.2 5+0.4 2.5+0.5
S. major 5.2+0.6 6.8+0.1 3.3+0.3 3.6+0.2

Table 3. Lipid content of C. vulgarus, A. platensis,
S. major and A. maxima which weregrowing at different salinity

Strainsalinity 0.0005 mole/L 0.001 mole/L 0.05 mole/L 0.1 mole/L
C. vulgaris 4.5+0.4 9.5+0.4 6+0.8 3+0.1
A. maxima 3+0.1 4.5+0.6 7.7£0.7 5+0.2
A. platensis 3.3+0.2 5.540.3 5.940.5 2.140.1
S. major 2.9+0.8 7.1+1.2 3.6+0.7 1.840.1
Table 4. Lipid content of C. vulgarus, A. platensis,
S. major and A. maxima which weregrowingat different pH

StrainpH 8 9 10 11

c. vulgaris 10.5+0.4 5.5+€0.7 4.24+0.3 No growth

A. maxima 7.8+£0.6 8.7£2.2 3.5+0.6 1.240.2

A. platensis 3.1£1.1 6.1+1.1 4.3+0.9 1.6+0.4

S. major 3.7£0.9 6.9+0.8 5.9£0.5 No growth

Table 5. Lipid content of C. vulgarus, A. platensis, S. major and
A. maxima which weregrowing at different concentration of NaNO,

Strain NaNo, 1.5 g/L (control) 0.75 g/L 0.0g/L
c. vulgaris 13.75+0.8 20.2+4.5 15+1.7
A. maxima 9.4+0.3 16.4+2.9 10.7+0.7
A. platensis 5.78+0.9 9.7£3.7 7.6£1.3
S. major 7+1.1 12.3£2.7 8.5+0.5
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production of biodiesel. Our study showed four
strains gave positive result for lipid accumulation
through Nile red staining method. Lipid inclusions
were seen as bright orange intracellular granules
shown in the figure 2.

Our results in Table 2 showed maximum
lipid content was 11.5, 5.75 and 6.8 % in case of C.
vulgarus, A. platensisandS. major at 24 °C while
lipid content of A. maxima was 10 % at 30°C.

Effect of salinity on the lipid content of
the strains was studied. We found that maximum
lipid content of C. vulgarus and S. major was 9.5
and 7.1 % at 0.001 mole/L salinity while lipid
content of A. maxima and A. platensis was 7.7 and
5.9 % at 0.05 mole/L salinity, respectively (Table 3).
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In Table 4, results showed optimum pH
for production of lipids from C. vulgarus was 8 at
which lipid content was 10.5 %. In case of 4.
maxima,A. platensisandS. major, optimum pH was
9 and lipid content was 8.7, 6.1 and 6.9 %,
respectively.

Results of lipid content at different
concentration of NaNO,revealed that deficiency
of nitrogen led to increase its. Optimum
concentration of nitrogen for lipid content of C.
vulgarus, A. maxima,A. platensisandS. major was
0.75 g/L compared as the control 1.5 g/L. Lipid
content of C. vulgarus, A. maxima,A.
platensisandS. major was 20.2,16.4,9.7 and 12.3
% at0.75 g/L of NaNO,, while at control (1.5 g/L of

Table 6. Protein and carbohydrate content of C. vulgarus, A. platensis,
S. major and A. maxima which were growing at different temperatures

StrainTm 20 °C 24 °C 27 °C 30 °C
C. p. C. P. C. P. C. P.
content content content content content content content content
C. vulgaris  5.5+1.0 40.5+3.7 6.5+0.9 53+0.9 5.4+0.8 51+2.1 4.2+0.9 35+3.6
A. maxima 0.25+0.02 39.3+2.8  0.39+0.1 43.6£1.7 0.27+0.03 46.8+1.8  0.43+0.1 56.2+1.2
A. platensis 0.19+0.01 41.6+1.9 0.21£0.04 56.8+2.4 0.2240.01 55.1+£2.0  0.49+0.1 41.7+2.7
S. major 0.53+0.1 45.2+2.1 0.11+0.01 54+1.9 0.54+0.1 40.4+0.9  0.54+0.2 35.3%1.5
Table 7. Proteinandcarbohydrate content of C. vulgarus, A. platensis,
S. major and A. maximawhichweregrowingat different pH
Strain 8 9 10
C. p. C. P. C. P. C. P.
pH content content content content content content content content
C. vulgaris 5.7£2.2 51+1.7 3.4+0.8 35+1.7 2.54+0.7 25+1.1 No No
A. maxima 0.63+0.1 48.3£1.2 0.75£0.2 63.3£2.6 0.86+0.2 39+1.3 0.42+0.1 11.7£1.1
A. platensis 0.3+0.1 31.2£1.6  0.75£0.1 48.5£2.4 0.33£0.01 34.4+x1.0 0.15+£0.02 6.8+2.7
S. major 0.52+0.1 19.6+2.3 0.88+0.2 55.5+0.7 1.1£0.3  43.5£2.1 No No
Table 8. Proteinandcarbohydratecontent of C. vulgarus,
A. platensis, S. majorand4. maximawhichweregrowingat different salinity
Strain 0.0005 mole/L 0.001 mole/L 0.05 mole/L 0.1 mole/L
C. p. C. P. C. P. C. P.
salinity content content content content content content content content
c. vulgaris 6.7£1.8 41+1.7 6.2+1.7 49+2.3 6.1+1.1 54+0.7 4.1+0.8 38+3.7
A. maxima 0.81£0.1 52.2+2.4 0.89+0.1 75.4+£89 0.75+0.3 75.4+£2.0 0.76+0.1 73.9£2.7
A. platensis 0.72+0.3  39.3+1.5 0.74+0.1 48+3.7 1.55£0.1  75.1+1.7 0.78+0.1 41.6+1.5
S. major 0.61+0.1 40.5£2.2 1.27+0.3 77£9.7 1.1£0.2  46.8#3.5 0.93£0.2 37.3£2.7
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NaNO,), lipid content was 13.75, 9.4, 5.78 and 7
%,respectively (Table 5).

In the study, different temperatures were
tested for protein and carbohydrate content of A.
platensis, S. major and A. maxima. The maximum
protein content of C.vulgarus, A. platensis, S. major
was53, 56.8 and 54 %, respectively at 24 °C
wherever the optimum temperaturefor4. maxima
was at 30 °C and protein content was 56.2 %
(Table6).Table6also showed that the optimum
temperatureford. platensis, S. major and A.
maxima was at 30 °C, in case of C. vulgarus was at
24°C.

The maximum protein of 4. platensis, S.
major and A. maxima was 63.3,48.6 and 55.5 % at
pH 9 respectively, and in case of C. vulgarus was
51 % at pH 8 (Table 7). There was no growing of S.
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major and C. vulgarus at pH 11. The results in
Table7 alsorevealed that the carbohydrate content
of A. platensis, S. major and A. maxima at pH 9
was more than at pH 8, while carbohydrate
contentofC. vulgarus was the highest at pH 8.

In this study we had tested 4 different
concentrations of sodium chloride on the protein
and carbohydrate content of C. vulgarus, A.
platensis, S. major and A. maxima. In case of S.
major, the maximum protein content was 77 % at
0.001 mole/L while in case of C. vulgarus,A.
platensisand A. maxima was 54,75.1 and 75.4 % at
0.05 mole/L, respectively. The results in Table 8
also showed that the optimum salinity for
carbohydrate content of A. maxima and S. major
was at 0.001 mole/L, while in case of A.
platensiswas at 0.05 mole/L.
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Fig. 1. Growth curve of lipid content of C. vulgarus, A. platensis,
S. major and A. maxima which weregrowing at optimum conditions
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"

Fig. 2. Nile red stained 4. maxima, A. platensis, C. vulgarus and S. majorcontaining lipid inclusions

DISCUSSION

Nile red staining method was used for the
detection of lipids in the isolated microalgae. There
were reports supporting for this the method
(Cooksey et al., 1987; lee et al., 1998 and Elseyet
al., 2007). High lipid content is one main criterion
for the selection of microalgae strains as a
renewable source for the production of biofuel.
Our results in Table 2 showed maximum lipid
content was 11.5, 5.75 and 6.8 % in case of C.
vulgarus, A. platensisandS. major at 24 °C while
lipid content of A. maxima was 10 % at 30°C In
Table 4, results showed optimum pH for production
of lipids from C. vulgarus was 8 at which lipid
content was 10.5 %. In case of 4. maxima,A.
platensisandS. major, optimum pH was 9 and lipid
content was 8.7, 6.1 and 6.9 %, respectively. We
found that maximum lipid content of C. vulgarus
and S. major was 9.5 and 7.1 % at 0.001 mole/L
salinity while lipid content of 4. maxima and A.
platensis was 7.7 and 5.9 % at 0.05 mole/L salinity,
respectively (Table 3). This was due to that

temperature, salinity and pH could guarantee to
enzyme activities, determination of microbial
growth and production process, and under salt
stress conditions the algal metabolism was altered
with over production of carbon skeleton which
were partly directed towards the production of
substances with beneficial role in algal tolerance
or defense mechanism as polyols, carbohydrate,
methylated These results were similar to previous
reports (Jiang and Chen, 2000 and Ruangsomboon,
2012). Maximum lipid contents were recorded in 50
% absence of nitrate (nitrate starvation) from the
nutritive medium (20.2, 16.4, 9.7 and 12.3 %
respectively) as illustrated in Table 5. These results
may be explained by the fact that, under nitrate
starvation, all the carbon structures produced
during metabolic process might be directed towards
lipid production which in turn converted to
biodiesel by transesterification process. While in
presence of nitrogen, most of the carbon structures
were incorporated in nitrogenous compounds as
amino acids, protein, nucleic acids or alkaloids.
The data obtained in this investigation were in

J PURE APPL MICROBIO, 6(4), DECEMBER 2012.
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good agreement with results published by Widjaja
(2009) and Afify et al (2010) who reported that the
green microalga Chlorella vulgaris accumulated
high lipid content when cultivated in nitrogen
depletion condition (0.02 mg/1 nitrate). Our results
also went parallel with those obtained by Lardone?
al., (2009) who found that, the control of nitrogen
stress during the culture and optimization of wet
extraction led to maximum biodiesel production from
the microalgal culture.

SpirulinaandC.vulgarusis the common
name for human and animal food supplements
produced primarily from two species of
cyanobacteria: 4.platensis, and A.maxima. These
and other Arthrospira species were once classified
in the genus Spirulina. There is now agreement
that they are a distinct genus, and that the food
species belong to Arthrospira; nonetheless, the
older term Spirulina remains the popular name.
ArthrospiraandC. vulgarusis cultivated around the
world, and is used as a human dietary supplement
as well as a whole food and is available in tablet,
flake, and powder form. It is also used as a feed
supplement in the aquaculture, aquarium, and
poultry industries (Vonshak, A. 1997).Proteins are
the basis of many animal body structures (e.g.
muscles, skin, and hair). They also form the enzymes
that control chemical reactions throughout the
body. Each molecule is composed of amino acids,
which are characterized by inclusion of nitrogen
and sometimes sulphur(these components are
responsible for the distinctive smell of burning
protein, such as the keratin in hair). Our study
showed that the optimum protein content of C.
vulgarus,A. platensisGomont,S.majorkiitz was 53,
56.8 and 53.95 at 24 °C and A. maxima CCAP 1475/
9 was 56.6% at 30 °C. Similar values for total protein,
ranging from 46% to 50% in dry weight, were
reported by Richmond (1990).There are several
studies about biomass composition or specific
components of cyanobacteria and microalgae
(Piorreck M. et al., 1984 &Hongsthong A. et al.,
2007). There is previous study showed that 4.
maxima, and specifically its protein extract could
protect against HU-induced teratogenicity in
mouse embryos (Jorge Vazquez-Sanchez, et al.,
2009). Other important components of
cyanobacteria and microalgae biomass are
carbohydrates (De Philippis R and Vincenzini M,
(1998) and lipids (Materassief al., 1980). In this
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study, we have tested salinity on protein content
ofA. platensis. The C. vulgarus ,A. platensis and
A. maxima, the optimum values were 0.05mole/L
(54, 75.1 and 75.4) respectively, S. major at
0.001mole/L salinity but the values in desalinator
wastewater were lower than that presented by
Oliveira et al., (1999). Pelizeret al., (2003), studying
different initial inocula, reported 55.0 - 61.0%
protein content. Similar values were found by
Rafiqulet al., (2005), who found 58.6% of total
protein content when using Zarroukmedium.Our
study showed that the maximum protein content
of A. platensis, S. major and A. maxima was at pH
9 but C. vulgarusat pH 8. This results were similar
to previous study was to evaluate the different
media for the growth of S. maxima and temperature
on the protein and chlorophyll a, maximum specific
growth rate and productivity of S. maxima at
different media, The protein content of S. maxima
was 62.0 % on Zarrouk medium, 55.2 %on Rao’s
medium, 61.0 % on CFTRI medium, 58.4 % on
OFERR medium, 40.2 % on Bangladesh medium
no. 3 and 60.4 % on Revised medium 6 (Pandeyi, et
al., 2010).Previous study showed that cultivation
of A. platensis in wastewater medium (protein
content = 48.59 %) and in salinated synthetic
medium (protein content = 56.17 %), evaluating
the amino acid profile and the protein content of
the cells (Harriet, et al., 2008). Previous study
showed that protein content in S. major was 66.72%
(Nagle, et al., (2010); Ogbonda, et al., 2007). Other
studies had also been done by various workers
reported that chlorophyll a content and protein
content of cyanobacteria was also maximum in pH
9 (Carvallo, et al., 2002& Kim, et al., 2007).

ACKNOWLEDGMENTS

I take this opportunity to express my
profound gratitude and deep regards to staff
members of University of King Khalid (Deanship
of scientific research project number 321 in15/10/
1433) for financialsupport, which helped me in
completing this task through various stages.

REFERENCES
L. Afify M.R.A., Shalaby A.E. and

ShanabM.M.S..Emhancement of biodiesel
production from different species of



10.

11.

12.

13.

14.

15.

16.

SHOLKAMY et al.: STUDY OF MICROALGAE IN WATER SYSTEM OF RIYADH 1661

algae.Octubre-Diciembre,2010; 61(4): 416- 422.
Bastianoni S, Coppola F, Tiezzi E, Colacevich
A, Borghini F, Focardi S.. Biofuel potential
production from the Orbetello lagoon macroalgae
a comparison with Sunflower feedstock. Biomass
and Bioenergy,2008; 10: 1-10.

Belay, A., Otta, Y., Miyakawa, K., Shimamatsu,
H.,.The potential application of Spirulina
(Arthrospira) as a nutritional and therapeutic
supplement in health management.J4NA,2002;
5(2):27-48.

Bischoff H.W. and Bold H.C. Phycological
studied. IV. Some algal from enchanted rock and
related algal species. The univ. of texas pub.1963;
6318:95.

Campanella, L., Crescentini, G., Avino, P.,
Chemical composition and nutritional evaluation
of some natural and commercial food products
based on Spirulina. Analysis,1999; 27: 533-540.
Carvallo, J.C.M., Sato, S., Moraes, I. DE O.
and Pelizer, L.H., Spirulinaplatensis growth
estimation by pH determination at different
cultivation conditions.Electronic.Journal of
Biotechnology,2002; 5(3): 251-257.
ChistiY..Biodiesel from microalgae.
Biotechnology. Advances,2007; 25: 294-306.
Chisti Y. Biodiesel from microalgae beats bio-
ethanol. Trends in Biotechn.2008;26: 126-31.
Ciferri, O. and Tiboni, O. The biochemistry and
industrial potential of Spirulina.Annual Review
of Microbiology, 1985; 89: p. 503-526.

Ciferri, O. Spirulina, the edible microorganism.
Microbiological Reviews, 1983; 47(4): 551-578.
Cynthia V.G.L.,Maria del C.C., Francisco GA.,
Cristina S.B., Yusuf, C. and José M.F.S.Protein
measurements of microalgal and cyanobacterial
biomass.Bioresource Technology;2010; 101:
7587-7591.

De Philippis R., Vincenzini M. Exocellular
polysaccharides from cyanobacteria and their
possible applications. FEMS Microbiol Rev,
1998;22:151-175.

Desikachary, T.V. Cyanophyta. I.C.A.R.
Monographs on algae. Indain council of
agriculture research publications. New
Delhi.,1959; 686 pp.

Dillon, J.C., Phuc, A.P., Dubacq, J.P., Nutritional
value of the alga Spirulina. World Rev. Nutr.
Diet.,1995; 77: 32-46.

Gavrilescu, M., Chisti,Y., Biotechnology a
sustainable alternative for chemical industry.
Biotechnol.Adv.,2005;23:471-9.

Harriet, V.,Ulisses, 1., Jorge, L.B.O.,Ernani S.S.
cultivation of arthrospira (spirulina) platensis
in desalinator wastewater and salinated
synthetic medium: protein content and amino-

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

acid profile. Brazilian Journal of Microbiology,
2008;39:98-101.
Hongsthonget,A.,Hongsthong, M.,Sirijuntarut,
P. Prommeenate,, S. Thammathorn, B.,Bunnag,
S.,Cheevadhanarak and M. Tanticharoen,
Revealing differentially expressed proteins in
two morphological forms of Spirulinaplatensis
by proteomic analysis, Mol. Biotechnol.,2007;
(36) 123-130.

Hossain, A.B.M. and Salleh, A. biodiesel fuel
production from algae as renewable energy. Am.
J. Biochem. And Biotechn.,2008; 4,250-254.
Jiang, Y. and Chen, F. Effect of temperature and
temperature shift on docosahexaenoic acid
production by the marine microalgae
crypthecodiniumcohnii. J. of the American oil
chemists,society, 2000; 77 (6): 613- 617.

Jorge Vazquez Sanchez, Eva Ramoén Gallegos,
AngélicaMojica Villegas, Eduardo Madrigal
Bujaidar, Ricardo Pérez PasténBorja, German
Chamorro Cevallos.. Spirulina maxima and its
protein extract Project against
hydroxyureateratogenic insult in mice. Food
Chem. Toxicol.,2009; 47(11): 2785-2789.
Khan, M., Shobha, J.C., Mohan, 1.K., Naidu,
M.U., Sundaram, C., Singh, S., Kuppusamy, P.,
Kutala, B.K.,.Effect of Spirulina against
doxorubicin-reduced cardiotoxicity.Phytother.
Res.,2005; 19(12): 1030-1037.

Kim C.J., Jung, Y.H. and OH, H.M.,.Factors
indicating culture status during cultivation of
Spirulina (Arthospira) platensis. The Journal of
Microbilogy.2007; 45(2): 122-127.

Lardon, L, Helias, AQ, Sialve, B, Steyer, J.P,
Bernard, O. Life-cycle assessement of biodiesel
production from microalgae. Environ. Sci.
Technol.2009; 3: 1-6.

Lowry, O.H., Rosebrough, N.J., Farr, A.L.,
Randall, R.J.,.Protein measurement with the
Folin phenol reagent. J. Biol. Chem., 1951;193:
265-275.

Lu, H.K., Hsieh, C., Hsu, J.J., Yang, Y.K., Chou,
H.N., Preventive effects of Spirulinaplatensis
on skeletal muscle damage under exercise-
induced oxidative stress. Eur. J. Appl.
Physiol.,2006; 98(2): 220-226.

Mahishi L.H., Traipathi G. and Rawal S.K.,
Poly(3-hydroxybutrate) (PHB) synthesis by
recombinant E. coliharbouringStreptomyces
aureofaciens PHB biosynthesis genes: effect of
various carbon and nitrogen sources.
Microbial Res.,2003; 158: 19-27.

Masuko, Minami T.A., Iwasaki N., Majima T.,
Nishimura S. and Lee, Y.C. Carbohydrate
analysis by a phenol-sulfuric acid method in
microplate format.4nalytical Biochemistry,2005;

J PURE APPL MICROBIO, 6(4), DECEMBER 2012.



1662

28.

29.

30.

31.

32.

33.

34.

35.

36.

SHOLKAMY et al.: STUDY OF MICROALGAE IN WATER SYSTEM OF RIYADH

339: pp. 69-72.

Materassi, R, Paoletti, C, Balloni, W.,
Florenzano, G. Some considerations on the
production of lipid substances by microalgae
and cyanobacteria. In: Shelef G, Soeder CJ,
editors. Algae biomass production and use.
Amsterdam: Elsevier North Holland Biomedical
Press, 1980; 619¢26.

Mendes, R.L., Nobre, B.P., Cardoso, M.T.,
Pereira, A., Palavra, A.F., Supercritical carbon
dioxide extraction of compounds with
pharmaceutical importance from microalgae.
Inorg.Chim.Acta,2003; 356: 328-334.

Nagle, V.L.,Mhalsekar, N.M. and Jagtap, T.G.
Isolation, optimization and characterization of
selected cyanophyceanmembers. Indian journal
of marinesciences, 2010; 39(2): 212 —218.
Ogbonda, K.H., Aminigo, R.E. and Abu, G. O.,
Influence of aeration and lighting on biomass
production and protein biosynthesis in a
Spirulina species isolated from an oil-polluted
brackish water marsh in the Niger Delta, Nigeria.
Afi. J. of Biotech.,2007; 6(22): 2596-2600.
Oliveira, M.A.C.L.,Monteiro, M.P.C.,Robbs,
P.G,Leite, S.G.F. Growth and chemical
composition of Spirulina maxima and
Spirulinaplatensis biomass at different
temperatures. Aquac. Int., 1999; 7: 261-275.
Pandeyi, J. P., Amit T. and R. M. M. Evaluation
of Biomass Production of Spirulina maxima on
Different Reported Media. J. Algal Biomass
Utin.,2010; 1(3): 70-81.

Pelizer, L.H.,Danesi, E.D.G.A., Rangel,
C.0.A.,Sassano, C.E.N.,Carvalho, J.C.M., Sato,
S.,Moraes, 1.O. Influence of inoculum age and
concentration in Spirulinaplatensis cultivation..J.
Food Eng.,2003; 56: 371-375.

Piorreck, M.,Baasch, K.H., Pohl, P. Biomass
production, total protein, chlorophylls, lipids
and fatty acids offreshwater green and blue-
green algae under different nitrogen
regimes.Phytochemistry,1984;23: 207-216.
Rafiqul, I.M., Jalal, K.C.A.,Alam, M.Z.
Environmental factors for optimisation of

J PURE APPL MICROBIO, 6(4), DECEMBER 2012.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Spirulina biomass in laboratory culture.
Biotechnology,2005; 4(1): 19-22.

Richmond, A. Handbook of microalgal mass
culture. CRC Press, Boston, 1990; 325-326.
Ruangsomboon, SEffect of light, nutrient,
cultivation time and salinity on lipid
productivity newely isolated strains of green
microalga, Botryococcusbraunii KMITL2.
Bioresource technology,2012;109: 261: 215.
Sassano, C.E.N.,Gioielli, L.A., Ferreira, L.S.,
Rodrigues, M.S., Sato, S.,Converti, A. and
Carvalho, J.C.M. Evaluation of the composition
of continuously-cultivated Arthrospira
(Spirulina) platensis using ammonium chloride
as nitrogen source.Biomass and Bioenergy,2010;
1-7

Sawayama, S, Inoue S, Dote y, yokoyamaSy.
CO2 fixation and oil production through
microalgae.Energy Convers Manag.1995; 36:
729-31.

Schlosser, U.G., Sammling Von Algenkulturen.
Ber.Deutsch Bot. Ges., 1982;95: 181-276.
Scott, S.A., Davey, M.P., Dennis, J.S., Horst,
I., Howe, C.J., Lea-Smith, D.J., Smith, A.G.
Biodiesel from algae: challenges and prospects.
Curr Opin Biotechnol, 2010; 21: 277-286.
Shay, E.G. Diesel fuel from vegetable oils: status
and opportunities. Biomass Bioenergy, 1993; 4:
227-42.

Spolaore, P., Joannis-Cassan C., Duran, E.,
Isambert A Commer- cial applications of
microalgae.J BiosciBioeng, 2006; 101: 87-96
Vonshak, A. (ed.). Spirulinaplatensis
(Arthrospira): Physiology, Cell-biology and
Biotechnology. London: Taylor & Francis, 1997.
Widjaja, A. Lipid production from microalgae
as a promising candidate for biodiesel
production.Makara, Teknologia, 2009; 13: 47-
S1.

Wu, L.C., Ho, J.A., Shich, M.C., Lu, I.W.,
Antioxidant and antiproliferative activities of
Spirulina and Chlorella water extracts. J. Agric.
Food Chem.,2005;53:4207-4212.



