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KEYWORDS Abstract The energy and the world food crises have ignited interest in algal culture for making
Biodiesel; biodiesel, bioethanol, biobutanol and other biofuels using the land that is not suitable for
Lipid; agriculture. Algal fuel is an alternative to fossil fuel that uses algae as its source of natural deposits.
Microalgae Microalgal lipids are the oils of the future for sustainable biodiesel production. One of the most

important roles in obtaining oil from microalgae is the choice of species. A total of fifteen microal-
gal isolates, obtained from brackish and fresh waters, were assayed at the laboratory for their ability
to high biomass productivity and lipid content. Only three microalgae were selected as the most
potent isolates for biomass and lipid production. They have been identified as Chlorella vulgaris,
Scenedesmus quadri and Trachelomonas oblonga. All of them were cultivated on BG11 media and
harvested by centrifugation. The dry weight of the three isolates was recorded as 1.23, 1.09 and
0.9 g/l while the lipid contents were 37%, 34% and 29%, respectively which can be considered a

promising biomass production and lipid content.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org,
licenses/by-nc-nd/4.0/).

1. Introduction has attracted vast interest from researchers, governments,

and local and international traders [2]. It is nontoxic,
Depletion of world petroleum reserves and the impact of biodegradable and has the potential to replace the conven-
environmental pollution by increasing exhaust emissions have tional diesel fuel. Presently, biodiesel is produced from different
led to the search for suitable alternative fuels for diesel engines crops, such as, soybean, rapeseed, sunflower, palm, coconut,
[1]. Biodiesel is an alternative to diesel fuel, which is produced ~ Jatropha, karanja, used fried oil and animal fats [3]. There will
from oils via transesterification. Currently, it is being recog- be certain limitations in the use of these oils as alternate fuels

nized as a green and alternative renewable diesel fuel that because of its food demand, life span, lower yield, higher land
usage and higher price inter alia [4]. It is necessary to search for
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potential to replace the conventional diesel fuel. Microalgae
have been suggested as a potential feedstock for fuel produc-
tion because of a number of advantages, including higher
photosynthetic efficiency, higher biomass production, and
higher growth rates, as compared to other energy crops [5].
The interest in microalgae for oil production is due to the high
lipid content of many species, and also to the fact that lipid
synthesis, especially of the non-polar triacylglycerols (TAGs),
which are the best substrate to produce biodiesel, can be
modulated by varying growth conditions. Biodiesel production
from microalgal biomass is a sequential process that consists of
the cultivation, harvest, oil extraction, and conversion of
algal lipids into advanced biofuels [4]. A key consideration is
the choice of algal strain. The growth characteristics and
composition of microalgae are known to significantly depend
on the cultivation conditions. There are four major types of
cultivation conditions for microalgae: photoautotrophic,
heterotrophic, mixotrophic and photoheterotrophic cultiva-
tion [6]. Phototrophic cultivation occurs when the microalgae
use light, such as sunlight, as the energy source, and inorganic
carbon (e.g., carbon dioxide) as the carbon source to form
chemical energy through photosynthesis [5]. This is the most
commonly used cultivation condition for microalgae growth
[7,8]. Harvesting of microalgae is seen as one of the major
challenges of using microalgae for the production of biodiesel.
Microalgae that store lipids have low densities and are found
in suspension making separation difficult. Large scale extrac-
tion procedures for microalgal lipids are complex and still in
the developmental stage [9]. Microalgal oil can be extracted
chemically or mechanically, similar to other oleaginous
biomass. Usually physical extraction requires an additional
chemical as a solvent to enhance the extraction process. The
most popular solvents include hexane or chloroform and
alcohol. The combination of polar and non-polar solvents
enhances the extraction of both polar and non-polar lipids.
Crude microalgal oil is especially high in viscosity, thus requir-
ing conversion to lower molecular weight constituents in the
form of fatty acid alkyl esters. Transesterification converts
raw microalgal lipid (triacylglycerols/free fatty acids) into
renewable, non-toxic and biodegradable biodiesel for direct
consumption by unmodified diesel engines [9]. This research
is an attempt to grow and develop different microalgal strains
having promising dry weight and lipid content to produce
valuable biodiesel.

2. Materials and methods

2.1. Samples. Collection and analysis

Water samples used to isolate microalgae were collected asep-
tically from sites that appeared to contain algal bloom. About
eight different water samples were collected from different
locations in Egypt, four of them from Giza Governorate at dif-
ferent sites in Mariotya symbolized as (Pm, Spm, Dpm and
Cm), one from Sharqawia canal in Qaliubia Governorate
(Scq) and one from Canal water in Qaliubia (Ck). Another
sample was collected from Cairo Governorate Kupri El kuba
(Gk) and also one from Ain Elsira (As). Samples were gath-
ered from about a diameter of 10 cm under the water surface
and placed in sterile plastic bags, then transported to the lab-
oratory within 24 h of collection.

2.2. Physical and chemical analyses of water samples

The Physical and chemical properties of the water samples
were determined at Central Lab, Egyptian Petroleum
Research Institute. Anions and cations were determined
according to ASTM D-4327 and 6919, respectively using an
ion chromatography. The instrument used was Dionex IC
model ICS 1100 equipped with high capacity columns (AS9
and CS12) for anions and cations respectively, TDS was deter-
mined according to ASTM D-1888.pH was determined
according to ASTM D-1293 using a digital pH meter model
metler Toledo-Seven Go. Alkaline species (CO3;, OH, HCO5)
were measured according to ASTM D-3875. Calculations were
done using Alkalinity calculator Ver. 2.10 (USGS).

2.3. Isolation, purification and identification of microalgae

Ten ml of water sample was transferred to a 500 ml conical
flask containing 250 ml of sterilized BG 11 medium [10]. The
flasks were incubated on a rotary orbital shaker at 150 rpm
under continuous illumination using white fluorescent light
at intensities of 3000 Lux for three weeks. Every two days,
the flasks were examined for algal growth using an optical
microscope. Subcultures were made by inoculating 50 pl of cul-
ture solution onto Petri plates containing the same isolation
media solidified with 1.5% (w/v) of bacteriological agar. The
purity of the culture was confirmed by repeated plating, also
by repeated observation under a microscope. The obtained iso-
lates were identified microscopically according to Prescott [11].

2.4. Determination of microalgae growth

After the Microalgal cultivation on BG11 medium under the
previous conditions, the microalgae growth was determined
by measuring optical density at a wavelength of 685 nm [12]
(denoted as OD 685) using a spectrophotometer (model jen-
way 6300, Eu). The dry cell weight (DCW) of microalgae bio-
mass was also obtained by filtering 50 ml of aliquots of culture
through a cellulose acetate membrane filter (0.45 pm pore size,
47 mm in diameter). Each loaded filter was dried at 105 °C
until the stability of weight is reached. The dry weight of the
blank filter was subtracted from that of the loaded filter to
obtain the microalgae dry cell weight.

2.5. Lipid extraction and fatty acid analyses

The total lipids were extracted from the fresh microalgal bio-
mass using a slightly modified method of Bligh and Dyer
[13]. In brief, 50 ml of microalgae culture was harvested by
centrifugation at 10,000 rpm for 5 min, re-suspended in 1 ml
of distilled water. After drying the samples using oven, the
samples were extracted using a mixture of chloroform: metha-
nol (1:1. v/v). The mixtures were transferred into a separating
funnel and shaken for 5 min, an additional portion of chloro-
form (the same volume) was added and the extraction mixture
was shaken again for 5 min. To separate the chloroform and
aqueous methanol layers, a same volume of water was added
and then centrifuged at 10,000 rpm for 10 min. The chloro-
form layer was gently removed from the bottom, and a second
extraction was performed. The chloroform portions were
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