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ABSTRACT

Four algal species named Scenedesmus obliquus (green algae), Oscillatoria agardhii, Oscilatoria
limnetica, and Anabaena sphaerica (blue green algae) were isolated from Ismailia Canal water
(Port Said, Egypt). The fat of the samples was Soxhlet extracted using hexane for 8 h. The
organic fractions were purified using silica columns. Organic compounds such as n-alkanes,
polycyclic aromatic hydrocarbons (PAHs), and other hydrocarbons that can be produced
from these strains were determined, separated, and identified by GC and GC/MS. The iden-
tification and quantification of the aliphatic hydrocarbons as well as PAHs have been car-
ried out using gas chromatography with flame ionization detector. The total hydrocarbon
content was between 11.7 and 30.4 mg/g dry weight, while the concentrations of PAHs and
n-alkanes varied between 145.1-238.7 ng/L and 106.4-120.6 pg/L, respectively. On the other
hand, unknown compounds were verified by Varian 4500 GC/MS.
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1. Introduction

Hydrocarbons produced from biomass resources
or directly from solar energy and carbon dioxide
through photosynthetic biological systems are becom-
ing a significant goal of research and development in
both academia and industry. Cyanobacteria, which are
capable of the photosynthetic production of hydrocar-
bons and exhibit multiple adaptive morphological,
biochemical, and metabolic properties, have garnered
particular attention because of their huge potential for
renewable energies [1-3].

*Corresponding author.

Cyanobacteria are a diverse group of photosyn-
thetic microorganisms that have evolved a remarkable
array of adaptive traits including oxygenic photosyn-
thesis, N, fixation, a wide morphological diversity,
extensive secondary metabolite biosynthetic capacity,
and a range of symbiotic relationships with other
organisms. Cyanobacteria are estimated to contribute
30% of Earth’s annual oxygen production and play a
major role in biogeochemical cycles [4].

Early research in the 1960s showed that hydrocar-
bons could be produced in a variety of cyanobacterial
strains (e.g. Nostoc sp., Anacystis sp., Anacystis nidulans,
Trichodesmium  erythaeum, Microcoleus chthonoplastes,
Plectonema terebrans, Oscillatoria williamsii, and Lyngbya
lagerhaimii). This research also revealed that
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cyanobacteria mainly produced hydrocarbons with
carbon chain lengths varying from C15 to C18 with a
predominance of 1n-C17 compounds [5-7]. Eukaryotic
microalgae are an important resource for biofuel pro-
duction [8-10]. Unlike microalgae, which accumulate
large amounts of triacylglycerols (TAGs) through lipid
metabolism involving several different cellular com-
partments, cyanobacteria contain few or no TAGs.
Fatty acid metabolism in cyanobacteria is associated
with a type II fatty acid synthesis (FASII) and is con-
ducted by a multienzyme system in the cytoplasm.
Fatty acid molecules must be activated to fatty acyl-
thioesters by fatty acyl-CoA synthetase (ACS) or fatty
acyl-ACP synthetase (AAS) before hydrocarbons can
be synthesized. Free fatty acids exist mainly in the
form of C18 with a small amount of C16 in cyanobac-
teria, and thus, the predominant hydrocarbon is C17.
One precursor of hydrocarbon biosynthesis in cyano-
bacteria is thought to be fatty acyl-acyl carrier pro-
teins (ACPs), which are essential metabolites for the
production of lipid-based biofuels [3,11-13].

The unicellular photosynthetic microalga Botryo-
coccus braunii is member of the chlorophyceae (chloro-
phyta). B. braunii is regarded as a potential source of
renewable fuel because of its ability to produce large
amounts of hydrocarbons. Depending on the strain
and growth conditions, up to 75% of algal dry mass
can be hydrocarbons. The chemical nature of hydro-
carbons varies with the producer strain. Three races
of B. braunii have been documented, and these can be
differentiated on the basis of the characteristic hydro-
carbon they produce. The A race produces odd num-
bered C25 to C31, n-alkadienes, and trienes. The B
race produces triterpenoid hydrocarbons known as
botryococcenes (C,Hj,_19, 1 =30-37), apparently of
isoprenoid origin. The L race produces lycopadiene, a
C40 tetraterpene [14,15].

The isolated species of green algae B. braunii, col-
lected from Bear Shola Falls at Kodaikanal, India, were
cultured and examined for its hydrocarbon content by
Dayananda et al. [16]. The type of hydrocarbons pro-
duced by the Kodaikanal isolates was analyzed and
identified as saturated hydrocarbons in the range of
C21-C33 by GC/MS. Tetracosane and octacosane were
found as the major components among the saturated
hydrocarbons. Meanwhile, Audino et al. [17] con-
firmed the presence of a highly aliphatic, non-hydroly-
sable, and insoluble biomacromolecule (algaenan)
found in their outer cell walls.

This study aimed to identify the quantity and com-
position of hydrocarbons, polycyclic aromatic hydro-
carbons (PAHs), and n-alkanes from the four algal
species.

2. Materials and methods

2.1. Isolation, purification, and culture condition of algal
species

Four algal species were isolated from phytoplankton
blooms along the River Nile in Ismailia canal in front of
Port Said water plant intake. The algal species trans-
ferred and recultivated in a fresh algal nutrient medium
BG11 [18]. Three species were from cyanobacterial divi-
sion, which are Oscillatoria agardhii, Oscilatoria limnetica,
Anabaena sphaerica, and one specie from green algae
group (Scenedesmus obliquus). O. agardhii and Scendesmus
obliquus isolated in 100% NaNOj (1.5 g/L). Meanwhile,
Oscillatoria limnetica was isolated by diluting the con-
centration of sodium nitrate (NaNO;) to 1/5th the origi-
nal concentration (0.3 mg/L NaNO;), where A.
sphaerica was isolated after excluding NaNOj concentra-
tion completely [19].

The algal species were in the maximum growth
when introduced to the standard media. The cultures
were incubated at 24 +2 and 30 + 2°C for S. obliquus
and all cyanobacterial strains under continuous white
fluorescent illumination (33.3 E/m?/s). Cultures were
shaken once daily to prevent clumping of algal cells
and adherence to the flasks.

2.2. Preparation of biomass for organic extraction

At optimal growth, the algae were harvested by
centrifugation at 5,000 rpm for 15 min. Then, after
removal of clear liquid, the pellet of algae was washed
several times by distilled water till the effluents
became almost transparent. The washed biomass was
then dried in an oven at 40°C until a constant weight
was reached. The dried biomass was then ground into
fractions.

The extraction of organic metabolites produced by
algae was carried out by packing of 5 g of dried pow-
der algae into extraction thimbles (pre-extracted with
n-hexane), and a layer of anhydrous Na,SO, has been
added over the sample to ensure that the n-hexane
extract remains dry. The sample was then exhaus-
tively extracted with 125 ml of n-hexane in a Soxhelt
apparatus for not less than 8 h, at roughly 20 cycles
per hour. Once cool, the sample extract is quantita-
tively transferred to a 100-ml volumetric flask and the
volume adjusted to exactly 100 ml, then stored in
fridge for further analysis.

2.3. Clean up procedure

The analysis of hydrocarbons by gas chromatogra-
phy requires the removal of polar lipids and other



910 T.S. Jamil et al. | Desalination and Water Treatment 57 (2016) 908-915

co-extracted materials from the n-hexane extract. This
was carried out by column chromatography. The chro-
matography column used has an effective length of
20 cm and 10-mm pore size. The bottom end of the
column was plugged with n-hexane-washed glass
wool or cotton. The column was slurry-packed, and
the slurries of 5% deactivated alumina being prepared
in n-hexane. The packed column has 10 cm of alumina
and 2 cm of anhydrous Na,SO, on the top to ensure
that the extract is completely dry and to maintain the
correct level of deactivation of both absorbents.
The column was then washed with 20 ml n-hexane.
The sample extract was concentrated to about 1-2 ml
using rotary evaporator. The concentrated sample was
quantitatively transferred to the top of the column
using a Pasteur pipette. The collected cleaned extract
was stored in clean glass containers coated with
aluminum foil for further analysis.

2.4. GC-MS analysis

GC-MS analysis of the volatiles was performed on
a Hewlett-Packard gas chromatograph 6890 equipped
with ECD detector. A HP5-MS capillary column was
used (30 m/0.25 mm, 0.25 mm film thickness). The
temperature was programmed from 40 to 280°C at a
rate of 6°C/min. Helium was used as a carrier.

Also, the extracted metabolites were analyzed by
GC/MS, Varian 4000 equipped with MS detector
Varian 4500.

2.5. Identification of compounds

Identification was accomplished using computer
searches on a NIST11 MS data library. In some cases,
when identical spectra have not been found, only the
structural type of the corresponding component was
proposed on the basis of its mass-spectral fragmenta-
tion. If available, reference compounds were
co-chromatographed to confirm GC retention times.

3. Results and discussion

Numerous biogenic compounds from phytoplank-
ton species are well documented. A series of volatile
and non volatile metabolites have been identified by
GC and GC/MS in the extract of green and/or blue
green algae [20].

The composition of the hydrocarbons and volatile
organics is presented in Table 1. More than 31 hydro-
carbons and other organic compounds were identified
from green alga Scenedosmus obliquus including 12
alkanes, 14 PAHs and 5 cyclopentane, cyclohexane and

cyclooctane derivatives, which are considered volatile
compounds. On the other hand, the other three cyano
bacteria (O. agardhii, O. limnetica, and A. sphaerica)
gave 28 hydrocarbons and other metabolites including
12 alkanes, 4 PAHs, and 12 volatile compounds
such as 7 cyclohexane derivatives and 5 other
derivatives.

Separation of compounds isolated from algal spe-
cies was conducted with two coupled columns (30 m).
The first column allows reasonable retention of the
low volatile compounds, but other components are
not separated and pass into the second column while
the volatile compounds are detected [21].

In 60s and 70s of the last century, it was stated that
cyanobacteria contain only three alkanes. The content
of C7-and 8-methyl-C17 is dominating and varies from
60 up to 97% of the total hydrocarbons [21].

From Table 2, we can conclude that, the mycobiont
synthesizes alkane hydrocarbons from C20 up to C30,
with dominating C24 and C30.

Hydrocarbons (alkanes and alkenes) are abun-
dantly present in the volatiles. All hydrocarbons have
formerly been found in the cells of Scenedesmus by
extraction with organic solvents. The proportion of
hydrocarbons found in volatiles and those found in
solvent extracts are rather different. Hydrocarbons
C15, C17, and C27 predominate in lipophilic extracts,
while in volatiles hydrocarbons C11-C32 are evenly
distributed. All membranes contain hydrocarbons as
previously established. Solvent extraction leads to iso-
lation of the total hydrocarbons from all of the mem-
branes together [22]. The observed differences in
hydrocarbon composition might be explained by the
assumption that steam distillation yields substances
from the plasma membrane only but not from the
intracellular membranes. This suggestion could be
supported by the absence of methyl esters of long-
chain fatty acids in the volatiles of the studied algal
species. Probably, they are localized in inner
membranes and do not leave the cell if it is not
disintegrated as reported by Kambourova et al.
[23].

The concentration of PAHs was varied between
green and blue green algal species as shown in Table 3
and has higher concentration than n-alkanes as shown
in Fig. (1). Since, Scenedosmus obliquus (from green
algae) has total PAHs concentration (238.66 pg/g)
much higher than that detected with O. agardhii
(174.28 ug/g), O. limnetica (163.9 pg/g), and A. sphaeri-
ca (14512 ng/g) (blue green algae). The only detected
PAHs with blue green algal species were fluorine, pyr-
ene, benzo (a) anthracene and chryzene. On the other
hand, 14 PAHs were detected with S. obliquus as green
algae.
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Table 2

913

Concentration of n-alkanes from cultivated green and blue green algae (nug/g)

Scenedosmus obliquus
(green algae)

Anabaena sphaerica
(blue green algae)

Oscilatoria limnetica
(blue green algae)

Oscillatoria agardhii
(blue green algae)

C9 0.271 0.307
C12  1.763 1.998
C14 1135 1.285
Cl6é 1.520 1.722
C18 2222 2.517
C20 9.093 10.301
C22 9997 11.326
C24  20.860 23.633
C26  4.327 4.902
C28  6.398 7.248
C30 46.595 52.790
C32 2244 2.542
Total 106.423 120.572

1.040 0.771
3.774 2.784
3.149 2.663
2.774 2224
4.012 3.158
12.441 11.570
14.112 12.957
27.880 25.554
7.099 5.748
10.224 8.841
60.439 54.358
4.135 3.478
150.039 133.335

Table 3

Concentration of PAHs from cultivated green and blue green algae (ug/g)

Scenedosmus obliquus
(green algae)

Anabaena sphaerica
(blue green algae)

Oscilatoria limnetica
(blue green algae)

Oscillatoria agardhii
(blue green algae)

Naphthlaene 5.78 N.D N.D N.D
1-methylnaphthalene 11.57 N.D N.D N.D
2-methylnaphthalene 0.09 N.D N.D N.D
Acenaphthalene 0.80 N.D N.D N.D
Acenaphthylene 3.54 N.D N.D N.D
Fluorene 5.67 131.33 155.65 147.98
Anthracene 49.48 N.D N.D N.D
Phenanthrene N.D N.D N.D N.D
Fluoranthene 11.40 N.D N.D N.D
Pyrene 15.86 4.54 6.74 5.79
Benzo (a) anthracene 27.87 8.97 10.88 9.36
Chyrsene 15.78 0.28 1.01 0.77
Benzo (b) anthracene 13.19 N.D N.D N.D
Benzo (k) fluoranthene 14.72 N.D N.D N.D
Benzo (a) Pyrene 62.91 N.D N.D N.D
Total Hydrocarbons (mg/g) 238.66 145.12 174.28 163.90

Fluorene has the highest concentration (131.33-
155.65 pg/g) among the detected 4 PAHs in blue green
algal species compared with pyrene, benzo(a)anthra-
cene, while chryzene showed the lowest concentration
(0.28-1.01 pg/g). On the other hand, benzo(a)pyrene
had the highest concentration (62.91 ug/g) among
PAHs detected from the metabolites of S. obliquus fol-
lowed by anthracene, while 2-methyl naphthalene
showed the lowest concentration (0.09 pg/g).

These compounds can be a source of biofuel
that can be produced from algae depending on the
technique and the part of the cells used. The lipid
or oily part of the algae biomass can be extracted
and converted into biodiesel or converted in a
refinery into “drop-in” replacements for petroleum-

based fuels. Also, the carbohydrate content of
algae can Dbe fermented into bioethanol or
biobutanol.
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Fig. 1. Comparison of total concentration of PAHs and n-alkanes in the metabolites of the studied algal species.

4. Conclusion

In this study, we described the successful separa-
tion of the hydrocarbons and other organic com-
pounds using GC and GC/Ms.

14 PAHs were identified from the extraction of S. obli-
quus (green algae), which are much more than that iden-
tified by extraction from each of O. agardhii, O. limnetica,
and A. sphaerica (blue green algae) that give only 4 PAHs.
On the other hand, the number of volatile organic
compounds (five compounds) produced by S. obliquus
was much lower than that produced from the extraction
of O. agardhii, O. limnetica, and A. sphaerica (12
compounds). Meanwhile, the number of alkanes was 12
compounds in all extracted algal species.

The studied green algal species gave higher con-
centrations of PAHs compared with any algal species
from the studied blue green algae. On the other hand,
the variation in alkanes concentration was not signifi-
cant. These compounds can be a source of biofuel that
can be produced from algae
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