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Abstract: An integral lab study of Med-algae project was done on locally isolated algal strain
Nannochloropsis sp. to examine its potential as a feedstock for biodiesel and other bio-products.
Nannochloropsis sp. was isolated and cultivated in 25L Flat Panel Photobioreactor under best
growth promoting conditions of light, 300 pmol m’ gt salinity, 30 g/l; nitrate, 6 mg/l; pH, 9;
and dilution, 10%. The maximum growth data was obtained during autumn, 2014. The results
showed that the maximum dry wt was 3.3 g/L, while the growth rate was 1.5/day. Biochemical
analyses expressed in % of the dry wt were as following: carbohydrate content, 22; Protein content,
32; while lipid content was 40%. The amount of ashes, 1.1 mg/l; chlorophyll a, 0.58 mg/l; while
total carotenoids were 2.56 mg/l. Amino acid analysis indicated the presence of 15 fractions. A
detailed analysis of fatty acid methyl esters comprising biodiesel was present in this study.

*This study has been organized on the basis of a submitted lab scale research component of Med-
algae project.
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Introduction

Rapid growth population and gradual depletion of fossil fuels are forcing governments and researchers
to explore alternative sources of energy. Biomass, in general, is a source of different fuels and can be utilized as
a renewable energy. Biodiesel is a resultant fuel of many different technological applications on biomass
conversion. biomass sourced biodiesel is widely considered to be one of the most sustainable alternatives to
fossil fuels and a viable means for energy security, environmental and economic sustainability ". Biodiesel has
a lot of benefits over the traditional diesel since it is renewable, non-toxic, biodegradable, and environmentally
friendly ”. Chemically, biodiesel is composed of a mixture of methylated, or ethylated fatty esters .

However, utilization of biomass of food crops as a fuel is not good chose on long run strategy,
particularly in developing countries. Microalgae, which embody lots of unparalleled advantages as nonfood
resources, are viewed to be a promising feedstock of the third-generation biodiesel - &@HO-M®)

Microalgae are photosynthetic microbes, either being prokaryotic or eukaryotic organisms, that can
convert solar energy into valuable compounds. Consumption of microalgae as a source of biodiesel has a lot of
benefits over food crops. They are non edible; characterized by having a short life cycle; have high
photosynthetic efficiency compared to the terrestrial plants; potential to produce 10-20 times higher yield of oil
compared to other oleaginous seeds or vegetable oils; can be cultivated in marginal land under harsh conditions;
need a minimal input requirements; as they have the ability to control cell composition without decreasing
productivity @ (- 11~ (12 " Alga] biomass contains 5-57% carbohydrates, 17-71% protein, and 4-40 % lipid "*"
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(4. (19 " A ot of biotechnological applications identified algal biomass refinery for food, feed, fertilization and
energy production. Therefore, from an economic point of view, refinery of algal biomass can contribute for
simultaneous food and energy security *®.

The project "Production of biodiesel from microalgae in selected Mediterranean Countries" Med-algae
project (http://www.med-algae.eu) is a new technology project which can contribute to the goals of the
European Union (EU) strategy on "Climate change and energy. The project funded by the Programme ENPI
European Neighbourhood and Partnership Instrument (ENPI) - Mediterranean Sea Basin Joint Operational
Programme. The consortium is consisted of 12 organisations: research organizations, academic institutions,
energy agencies, private organizations from 6 countries: Cyprus, Greece, Italy, Malta, Lebanon and Egypt, table
1. Alexandria University, represented by the Faculty of Science, is a structural component of this international
Mediterranean project.

As a part of Med-algae project’s work plan; a study was to develop the native microalgae in each
participated country to examine their potential as a source of biodiesel and other by-products. The plan was to
optimize the cultivation conditions of bloom forming microalgae in each country, with its own weather, to
compare the best results as to recognize the best region (s) for these applications as well. At Med-algae lab (a
lab located at the Faculty of Science, Alexandria University, and funded by European Union - ENPI program)
the efforts have been exerted to isolate different algal strains from different localities of the east harbour region,
a rich region with algal strains of Alexandria city. Isolates were optimized under different lab conditions
throughout 2013-2014. The predominant algal strain, Nannochloropsis sp. underwent a lot of biochemical
analyses to address an answer for previous queries.

Table 1: MED-ALGAE Project partners

Institute Country
Agricultural Research Institute (ARI) COORDINATOR Cyprus
Cyprus Energy Agency (CEA) Cyprus
Malta Intelligent Energy Management Agency (MIEMA) Malta
Fondazzjoni Temi Zammit (FTZ) Malta
Studio Sardo (SS) Italy
National & Kapodistrian University of Athens (NKUA) Greece
National Research Centre (NRC) Egypt
The Lebanese Association for Energy Saving & for Environment (ALMEE) Lebanon
Faculty of Science, Alexandria University (ALEX) Egypt
American University of Beirut (AUB) Lebanon
National Technical University Of Athens (NTUA) Greece
Universita’ Mediterranea Di Reggio Calabria (UMRC) Italy

Materials and Methods

Preliminary experiments: Isolates were obtained from natural water sources at the eastern harbor of
Alexandria city, in 2013. Samples were collected and stored in bags along with some seawater. Samples were
brought to the Med-algae lab and grown with Guillard’s f2 medium for blooming. Algal strains were grown
successfully in the laboratory, and the existed strain was identified as Nannochloropsis sp. using both light and
electron microscopy.

Chronically, Nannochloropsis sp. was cultivated batch-wise in one liter conical flasks under the
influence of seasonal variations of 2013-2014. The best growth promoting conditions were examined and
reported as follow: light was 300 umol m > s™', with a photoperiod of 16/8 h light / dark cycles. The salinity
was 30 g/lI; nitrate, 6 mg/l; pH, 9; and dilution, 10%, at autumn 2014,

Growth and maintenance of culture: At the present study, Nannochloropsis sp. was transferred from
one liter conical flask and cultivated in 25L Flat Panel Photobioreactor (FPP) with f2 medium '” under the best
growth promoting conditions mentioned previously, at autumn 2014. The dimensions of FPP are 5 x 50 x 100
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cm, with a glass thickness of 10 mm. The starter algae inoculums were 18x10°. The illumination was on one
side of FPP. The aeration was supplied through the injection of atmospheric air at the bottom of the FPP, with a
temperature of 25+2°C.

Microscopic Examination: a- Light microscopy examination: a 30 microliter culture sample was
provided for light microscopy (Optika, 4083.B5) examination.

b- Transmission Electron Microscopy (TEM): The algal cells were prepared from the centrifuged cultures
according to 'Y, Algal samples were then suspended in pure Spurr’s resin for two days at 4°C in darkness
before embedding in Spurr’s resin '”. The thin sections were stained according to ®”.

Growth measurements and dry weight determination: Cell density was daily counted by
haemocytometer, and the growth rate was calculated. At the maximum growth rate (1.5/day), the cells were
harvested by the centrifuge (Hermle 2300) at 5000rpm for 10 mines, and then washes twice by distilled water.
Cells were dried at 60°C in oven (XMTD-3000) until it reaches a constant weight.

Ash Determination: Ash content of the dry weigh was determined according to the NREL Laboratory
Analytical Procedures *". Algal sample was burned in the muffle (SX3-Ceramic Fiber Muffle Furnace) at 550
°C until a constant weight.

Pigment analysis: 10 ml of algal culture was centrifuged at 5000 rpm for 10 min and the pellet was
treated with 90% acetone ***. The spectral analysis was carried out using the UV-spectrophotometer (UV-
2005 Selecta), at E664, E630, E480 and E750 nm. Both chlorophyll a and carotenoids were calculated
according to the equations below:

Chl a (mg/1) = 11.47 E664- 0.40 E630
Carotenoids (mg/l) = 4- (E 480 - E750)

Estimation of Carbohydrate: Total carbohydrate was determined using the colorimetric method of “*.

The cells were collected by centrifugation at 5,000 rpm for 10 minutes and weighed samples were mixed with 1
mL of 5% aqueous solution of phenol in a test tube. Subsequently, 5 mL of 95% sulfuric acid was added to the
mixture. After allowing the test tubes to stand for 10 min, they are vortexed for few seconds and placed for 20
minutes in a water bath at room temperature for yellow -Orange color development. Light absorption was
measured at 490 nm using the UV-spectrophotometer.

Protein content and amino acid composition: The lyophilized dry weight of the cells was washed with a
phosphate buffered saline solution, and measured using the spectrophotometer at an absorbance of 750 nm **.
The absorbance value was compared to the standard curve based on bovine serum albumin. Amino acids
content was determined by acid hydrolysis method “”, and analyzed by amino acid analyzer (LC 3000,
Hamburg, Germany).

Total crude lipid determination: A mixture of CHCl;: MeOH (2:1, v/v) was added to the algal sample
using the separating funnel. Lipid was estimated using rotary evaporator, and the weight of total lipid was
calculated gravimetrically.

Estimation of algal oil: Algal oil was extracted using soxhlet with n hexane ®®. A sample of the dried
algae was placed in the thimble inside the Soxhlet apparatus at 60 °C, for 8h. The organic solvent was
evaporated by rotary evaporator, and the algal oil was finally collected and weighted.

Analysis of fatty acid methyl esters (FAMEs): Algal oil was esterified *”, and analyzed using GC, 4
cm- Schimadzu equipped with a flame ionization detector. The packing column material was SP-2340. Fatty acid
fractions were identified according to the internal standards.

Results

The dominant strain of the bloom forming microalgae isolated from the east harbour region, Fig 1, was
Nannochloropsis sp. The strain was cultivated in 25L FPP under the best growth promoting conditions, Fig. 2.
Based on the light microscopy examination, Fig. 3, the cell morphology showed that the alga is a unicellular
coccoid form with pico-planktonic algal size, and there is no flagella were observed. Further identification was
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done using TEM (Fig. 4) showed that the strain is characterized by a multilayered cell wall. The cell has a large
anterior nucleus and a single large parietal chloroplast. Fat granules were observed inside the plastid. According
to the above observations we identified the strain as Nannochloropsis sp.

At the age of late exponential growth phase the dry weight of N. sp. was 3.3 g/l, and the growth rate
was 1.5/day. While the biochemical analyses showed that the amounts of carbohydrate, protein, and lipid were
22, 32, and 40% of biomass, respectively. Chlorophyll @ was 0.58 mg/l, carotenoids was 2.3 mg/l, while the
ashes content was 1.1 mg/l, table 2.
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Fig. 1: Samples were collected from different Fig.2: Nannochloropsis sp. cultivated in Flat Panel
localities at east harbor of Alexandria city. Photobioreactor.
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Fig 3: Nannochloropsis sp. under light microscopy: Fig 4: Ultrastructure of Nannochloropsis sp.
LM X40

Table 2: Biomass and bio-analyses of Nannochloropsis sp.

T
DTY Growth | Carbohydrate% | Protein% of Lipid% Chl a | Carotenoid | Ashes

Weight Rate of biomass biomass of (mg/1) (mg/1) (mg/1)
(2] biomass

33 1.5/ day 22 32 40 0.58 23 1.1
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Table 3: Amino acids composition of Nannochloropsis. sp., data expressed as percentage of dry wt.

Amino acids Amount %
Glutamic 1.98
Arginine* 1.48
Proline 3.99
Histidine* 0.75
Aspartic 3.58
Threonine* 1.59
Lysine* 1.14
Isoleucine™ 2.39
Methionine 0.44
Glycine 1.21
Serine 1.22
Cysteine 0.03
Alanine 3.05
Valine* 1.59
Leucine* 2.42

(*) Represents essential amino acids

98

The composition of amino acid (mg/100 g fresh wt.) revealed the presence of fifteen fractions in N. sp.:
glutamine, arginine, proline, histidine, aspartic, threonine, lysine, isoleucine, methionine, glycine, serine,

cysteine, alanine, valine, leucine. The proportion of each amino acid is recorded in table 3.

Analysis of FAMEs (Table 4) using GC showed that Fatty ester chain lengths are ranged from C14 to
C20. The concentration of saturated fractions is less than 20%. The proportion of saturated/unsaturated fractions
is around 0.2. Fatty esters are mostly with long chain unsaturated fractions. C20 acids represent more than 43%.
The results demonstrated the presence of saturated fractions of C16:0 & C18:0 with correspondent
concentrations of 8.2 and 3.3%, respectively. On the other hand, the monosaturated fractions of C16:1, and
C18:1 were also detected with a concentration of 10.33 and 10.17%, respectively. C18:2 was detected in a
concentration less than ten percent.

Table 4: Fatty acids composition of Nannochloropsis sp., data expressed as percent of dry wt.

FAMEs Amount %
C14:0 3.10
Cle:1 10.33
Cle6:0 8.20
Cle6:2 3.50
Cle6:3 3.50
C18:0 3.30
Cl18:1 10.17
Cl18:2 9.25
Cl18:3 5.37
C20:1 941
C20:2 8.68
C20:0 3.20
C20:5 22.00

Discussion

The genus Nannochloropsis (Eustigmatophyceae) is widely distributed in marine habitats, particularly
in waters with high nutrients such as in harbor regions. In this study, N. sp was the dominant alga after

blooming at the lab.
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The study showed a relatively high yield biomass (3.3 g/1), compared to flask cultivated alga (data not shown),
with a growth rate of 1.5/day. ©°.

Nannochloropsis is described as a good source of high valuable compounds by many authors - 23

G469 In addition, Nannochloropsis algae are promising producers of biofuel precursors and nutraceuticals and

are also harvested commercially for aquaculture feed ®. In this connection, the study here showed that the ash

content is 1.1 mg/l, while the carbohydrate content of the alga is about 22% of the dry wt; 0.7 g/l. On the other

hand, the amount of protein is about 32% of the dry wt;1.05 g/l. Both protein and carbohydrate are molecules

that would play an important role in sustainable microalgae-based bioprocesses at large scale ®”. These highly

(\ggl)luable nutritional compounds are serving in human health ©®, animal feeding ©”, and in aquaculture industry
, as well.

Carbohydrate accumulation is inversely proportional to the lipid production , since the lipid precursor
glycerol-3-phosphate is produced by glucose catabolism “". However, microalgal glucose polymers produced
via cellulose/starch are the predominant components in the cell walls. Both starch and most of the cell wall
polysaccharides can be converted into fermentable sugars for subsequent bioethanol production via microbial
fermentation .

According to our results, the proportion of chlorophyll a to carotenoid content is about 25%. Although
this result was found in agreement with previous studies “? “** * commented on the lower amount of chl a
with relatively high carotenoid content that is may be a result of high irradiance received by algal cells in FPP
which lead to increase carotenoids against harmful effect of light acclimation.

Data showed a variety of amino acids produced by N. sp., mostly are essential fractions. Amino acid
cocktails are providing an ample supply of essential amino acids to the human health 9 “?#) pesides their
important utilization in animal feeding and aquaculture industry 7

In the present study, lipid content of N. sp was about 40% of the dry weight; 1.3 g/I. It is well known
that Nannochloropsis algae, in general, are good lipid producers, and therefore, they are commonly used for
feeding as a nutritional source V.

Analysis of FAMEs showed that the chain lengths of fatty esters are ranged from C14 to C20. However,
the ideal length of fatty acid comprising biodiesel is ranged from C10 to C18 “?. The concentration of saturated
fractions is less than 20%, besides the long chain unsaturated fractions of C20 acids are composed of more than
43% of the total pool. Triglycerides with low amount of saturated fatty acids and high long chains PUFAs
concentration could affect negatively biodiesel quality ©*.

However, the presence of both palmitic acid (C16:0) and stearic acid (C18:0), which are known as the
most common fatty acids contained in biodiesel ®*. Both acids give good cetane number and oxidative stability
to biodiesel ©¥. C16:1, C18:1, and C18:2 are also found in appropriate proportions.

Finally, biodiesel production by N. sp. is not practical at the economical level if the alga employed for
just biodiesel production. In order to improve biodiesel fuel quality, the alga must be subjected to genetic
engineering for up-regulation of fatty acid biosynthesis and/or by down-regulation of f-oxidation. However,
supplementation of biodiesel with other short-chain fatty acid esters may be a good choice. Economically, the
algal biomass must be processed for bio-refinery to maximize its utilization for different applications.
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