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ABSTRACT

The aim of the current study is to investigate the production of essential omega fatty acids 3, 6 and 9 from four species of
microalgae which were Chlamydomonas variabills, Chlorella vulgaris, Haematococcus pluvialis and Spirulina platensis. The results
showed that Chlamydomonas variabills has the highest lipid content (21%) with high concentration of omega 6 (29.24%). Chlorella
vulgaris showed 12% total lipid with high concentration of omega3 (21.17%). Spirulina platensis is a highly important cyanobacteria
species, it contains 15.8% lipid with 4.9% omega 3 fatty acid. In addition, omega 9 was detected only in Spirulina platensis with
percentage 3.22%. Although, Haematococcus pluvialis has the lowest total lipid percentage (10%), it revealed a detectable amount
of omega 6 fatty acids (14.83%). The ratio of omega 3 to omega 6 depends on the algal species, in Chlorella vulgaris and
Chlamydomonas variabills, it is in the recommended healthy range. The most common fatty acids methyl ester of the algal species
were also identified.

Keywords: Omega fatty acids, polyunsaturated fatty acids, Chlamydomonas variabills, Chlorella vulgaris, Spirulina platensis,

Haematococcus pluvialis.

INTRODUCTION

atty acids are organic compounds formed by long

chain hydrocarbon and carboxylic group.' Based on

their nature hydrocarbon chain, fatty acids can be
classified into saturated and unsaturated. Omega-3 fatty
acids (PUFA n-3) are unsaturated fatty acids and
contained in food as a-linolenic acid (ALA, C18:3, n-3).%°
ALA is the shortest chain of n-3 and mainly found in
vegetables oil and nuts.>? Eicosapentaenoic acid (EPA,
C20:5, n-3) and docosahexaenoic acid (DHA, C22:6, n-3)
are derivatives product from n-3 found in fish and many
other microorganisms, such as microalgae and
bacteria."** Omega-6 fatty acid (PUFA n-6) are
polyunsaturated fatty acid contained in food as Linoleic
Acid (LA, C18:2, n-6).>* Linoleic acid (LA) is the shortest
chain from n-6 and arachidonic acid (AA, C20:4, n-6) is
one of derivatives product from n-6.°

Furthermore, polyunsaturated fatty acids (PUFA) are
considered as essential fatty acids and it is important to
human health and must be consumed regularly, since
they cannot be synthesized by humans.”™ Since PUFA
(EPA and DHA)are considered essential for early infant
development and important for the prevention of chronic
disease and can markedly reduce the risk of heart
disease.™*

Many national and international health organizations
recommend daily intake for PUFA in parallel with daily
intakes for essential nutrients. The World Health
Organization (WHO) recommends the intake of 2 portions
of oily fish per week in order to obtain sufficient dietary
EPA and DHA (200-500 mg)."® PUFAs can be obtained
from fish or extracted from fish oil and other marine

organisms such as algae. Although, there is a possibility of
accumulated toxin in the PUFAs derived from fish
sources, unpleasant smell, taste and poor oxidative
stability has limits the application of fish oil as food
additive.”"*

Thus there is a need for alternative sources of long chain
PUFA in order to meet commercial demands and health-
related requirements and hence prevent the onset of
chronic disease. Macroalgae, microalgae and microbes
present a spacious and relatively unexploited resource of
fatty acids, thus providing an alternative source to
declining fish stocks and a solution to increasing PUFA
demand.” It is believed that the PUFA yields from
microorganism are in the order microalgae > fungi >
bacteria.'® The average composition of proteins, fats, and
carbohydrates in microalgae are 12-35%; 7,2-23%; 4,6-
23% (%dry weight) respectively.'*®

Different nutrition, environment, and growth phases can
influence the nutritional composition in microalgae,
including fatty acid composition."”*®

Microalgae are widely used to meet food needs and
public’s health. Nutritional supplement products from
microalgae can be found in form of powders, tablets,
capsules, and concentrates. Algal PUFA production is
more economical than biofuel production and hence a
number of large-scale producers are now focusing on
nutritional PUFA production as opposed to biofuels.?>#*

The overall aim of this point of research was to select and
compare algal species containing significant quantities of
PUFAs that might be useful for further commercial
exploitation.
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MATERIALS AND METHODS
The organisms and culture medium

The algae species (isolated from the Egyptian ecosystem)
are Chlamydomonas variabills, Chlorella vulgaris and
Heamtococcus pluvialis which are unicellular green micro
algae belonging to Division Chlorophyta. In addition,
Spirulina platensis a blue green alga belonging to
Cyanophyta (Figure 1) was also used. It was selected due
to its high growth potentially. The algae were grown on
BG11 media in a small open pond with capacity of 25L
(Figure 2). It consists of a mixing chamber 50cm length
and 15cm depth coupled with a sedimentation part 15cm
length and 20cm depth. The system is equipped with
diffusion aeration system which provides the necessary
oxygen and mixing required. The BG11 media content
are: 1.5g/L NaNOgz, 40mg/L K,HPO,, 75mg/L MgS0O,.7H,0,
36mg/L CaCl,.2H,0, 6mg/L Citric acid, 20mg/L Na,COs,
Img/L Na:EDTA, 6mg/L Ferric ammonium citrate,
2.86mg/L H3BOs;, 1.81mg/L MnCl,.4H,0, 0.222mg/L
ZnS0,.7H,0, 0.39mg/L  Na,M00,.2H,0, 0.079mg/L
CuS045H;,0 and 0.0494mg/L Co(NOs),.6H,0.? Algae
were harvested at stationary phase, dried at 40 C° and
subjected to extraction.

Chianmy domonas vaviabilis

Chiorella vulgaris

Sparu lina piatensis

Figure 1: Candidate algal species
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Figure 2: Schematic diagram of the continuous flow tank
(side view)

Algal Biomass Harvesting

A suitable harvesting method was applied according to
the algal species. Filter press operating under pressure
was used with Chlamydomonas variabills and Chlorella
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vulgaris through membrane filter 0.8um. Haematococcus
pluvialis was harvested through settling then
centrifugation. Spirulina platensis was harvested using
simple method using a handmade thieve consists of a
phytoplankton net with a pore size of 30um mesh size.

Lipid Extraction
Hexane-Isopropanol Extraction Method

The method of Bligh and dyer”® was used. The dried
biomass of microalgae was ground into homogenous fine
powder. The dry cells were mixed with hexane-
isopropanol (3:2, v/v) as a co-solvent using homogenizer
for minutes at 800 rpm in a proportion of 1 gm in 75 ml of
solvent mixture. The homogenate mixture was subjected
to a magnetic stirrer at 30°C for 2hr. Cell residue was
removed by filtering. The filtrate was transferred into a
separating funnel and sufficient water was added to
induce biphasic layering. After settling the solvent
mixture was partitioned into two distinct phases, top dark
green hexane layer containing most of the extracted
lipids and bottom light green layer containing most of the
co-extracted non-lipids. The hexane layer was collected in
a pre-weighted flask and evaporated using a rotary
evaporator.

Total lipid content (%) = oil weight/dry cell weightx100
Preparation of fatty acids

The lipid samples were methylated by heating under
reflux using methanolic HCL (5%) at 60 °C. The fatty acids
were extracted 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.

Gas chromatography/mass spectrometry (GC/MS)

The GC/MS analysis was performed using a Thermo
Scientific, Trace GC Ultra/ISQ Single Quadrupole MS, TG-
5MS fused silica capillary column (30m, 0.251mm, 0.1mm
film thickness). For GC/MS detection, an electron
ionization system with ionization energy of 70eV was
used. Helium gas was used as the carrier gas at a constant
flow rate of 1ml/min. The injector and MS transfer line
temperature was set at 280°C. The oven temperature was
programmed at an initial temperature 150°C (hold 4 min)
to 280°C as a final temperature at an increasing rate of
5°C/min (hold 4min). The quantification of all the
identified components was investigated using a percent
relative peak area. A tentative identification of the
compounds was performed based on the comparison of
their relative retention time and mass spectra with those
of the NIST, WILLY library data of the GC/MS system.

RESULTS AND DISCUSSION

Four microalgae species were investigated to study their
lipids and essential omega fatty acids (3, 6 and 9)
production capacity. Figure (1) showed the morphological
characteristics of the selected algal species. Three of
them are belonging to green microalgae (Chlamydomonas
variabills, Chlorella vulgaris and Haematococcus pluvialis)
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and one belongs to blue-green microalga (Spirulina
platensis).

Total lipid content of isolated species

The results in table (1) showed that the total lipid content
of the isolated microalgae species varied from 10-21 %.
Chlamydomonas variabills showed the highest oil content
(21%). These results are similar to those recorded by
Feinberg,24 who found that Chlamydomonas species
demonstrated 23% total lipid content. Blue-green algae
Spirulina platensis contained 15.8 % lipid. These results
were confirmed by Mata®, as they stated that Spirulina
platensis lipid content varied from 4-16.6%. In this
concern Damiani® recorded that the total lipid of
Haematococcus pluvialis grown under nitrogen starvation
conditions was 34.85%, as compared to 15.61%, in the
same strain grown under normal conditions. They also
declared that, the fatty acids profile was similar under all
conditions and plamitic, stearic, oleic and linoleic acids
were the main components. Moreover, Chlorella vulgaris
exhibited12% total lipid content. Gouveia and Oliveira®
reported that Chlorella vulgaris has total lipid content
varied from 14% to 56% depending on nutritional and
growth conditions. Table (1) also showed that the lowest
lipid content in the algal species under investigation was
detected in Haematococcus pluvialis (10%).

Table 1: Total Lipid Percentage of Microalgae Isolates

Algal Species Total lipids (%)
Chlamydomonas variabills 21+0.1
Chlorella vulgaris 12+0.2
Haematococcus pluvialis 1040.3
Spirulina platensis 15.8+0.3

Polyunsatyrated omega fatty acids composition

Polyunsaturated  Fatty  Acids  (PUFAs) include
docosahexaenoic acid (DHA), eicosapentaenoic acid
(EPA), arachidonic acid (AA), y-linolenic acid (GLA), alpha
linolenic acid ( ALA) and have been widely recognized as
beneficial towards human health.”’ The results presented
in Table (2) showed that Chlamydomonas variabills has a
considerable concentration of omega 6-GLA (29.24%) and
omega 3 - EPA (5.84%). In addition, Chlorella vulgaris
demonstrated a low and moderate concentrations of
omega 6 (1.2 and 6.37%, respectively), as well as a high
concentration of omega 3 (21.17%), while omega 9, was
not detected. As for Haematococcus pluvialis it contains a
high concentration of omega 6(14.83%) and a detectable
concentration of (8,11-Eicosadienoic acid) omega 6
(1.54%). On the other hand in Spirulina platensis, omega
3 and omega 9 were detected (4.9% and 3.22%,
respectively), while omega 6 was not existed. Tsurkan®®
found that sum of total PUFAs in green microalgae varied
from 55.9 to 64.5%.

Hence, our results confirmed the production of omega
fatty acids especially omega 3 and 6 from microalgae.
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Taken together, microalgae are considered also the
principal organisms in that they produce a distinct range
of chemical and biological compounds, principally
vitamins, pigments, proteins, minerals, lipids and
polysaccharides. In comparison to other living sources,
algae are very rich in some kinds of fatty acids such as
polyunsaturated fatty acids (PUFA), &-linoleic acid
(GLA).29’30

From the present results it could be concluded that, the
highest percentage of omega 3 was detected in Chlorella
vulgaris (21.17). Chlorella has a fast growth rate and high
PUFA content® and could be another important source of
a PUFA-rich nutraceuticals supplements especially
arachidonic (omega 6) and eicosapentaenoic acids EPA
(omega 3). Omega-3 long chain fatty acids are of
significant commercial interest due its role in preventing
arteriosclerosis and coronary heart disease, beside
alleviating inflammatory conditions such as arthritis.*
Several countries, including the Scandinavian countries
and Canada, have now established daily recommended
dietary intakes values for omega-3 fatty acids.*? The
British Nutrition Foundation Nicol,** has also published
recommendations for dietary intake of these unsaturated
fatty acids. In addition, DHA Docosahexaen acid 22:6 (n-3)
has been recognized recently as an important component
of human breast milk that contributes to normal
development of infant's brains and nervous systems.**

In the present study the highest percentage of omega 6
(29.24%) was found in Chlamydomonas variabills
followed by Haematococcus pluvialis (14.83%). y-Linolenic
acid (GLA), (omega 6) has attracted attention worldwide
because of its medicinal value with regard to cardio-
vascular diseases, hyper-cholesterolaemia, Horrobin
menstrual disorders, skin diseases (atopic eczema) and
other disorders.***

The balance of omega fatty acids is important to consider.
The so-called omega-3:0mega-6 ratio has become a
model for gauging the proper balance of these fats in oils
and the diet.* Diets with greater than a 1:10 ratio of
omega-3 to omega-6 are not recommended, whereas a
1:1 ratio is considered perfect. Very unhealthy ratios of
1:25 and 1:50 are common, especially with regular
consumption of ‘fast-food’, high amounts of fried food,
and low intake of fresh whole foods. Thus, ‘Eating to live
and not living to eat” becomes an important
consideration with increases in modern, convenient, non-
functional food choices. In the present study the ratio of
omega-3 to omega-6 depends on the algal strains. In
Chlamydomonas variabills it showed 1.5, however in
Chlorella vulgaris this ratio is within the recommended
range (1: 0.05).

As indicated in Table (2) omega 9 was only detected in
Spirulina platensis with moderate percentage (3.22%).
Spirulina platensis is a highly important cyanobacteria
species in that it contains high levels of gamma-linoleic
acid (omega 6).40 Therefore, it is widely cultivated to be
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in cosmetics,
41-43

used commonly as a human, and
pharmaceuticals, and other various industrial fields.

Microalgae have multiple potential to produce high-
valued products and there is an urgent need of awareness
makes these biomolecules popular in the world to meet
the increasing demands with respect to population. Most
of these biomolecules are not produced in the
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animal/human body but termed as essential; therefore, it
is highly recommended to make these biomolecules
available for food and feed purposes.™ Table (3) showed
the most common fatty acids methyl ester identified and
detected in the isolated species of algae (Chlamydomonas
variabills, Chlorella vulgaris, Haematococcus pluvialis and
Spirulina platensis).

Table 2: GC/MS chemical profile of alge species omega fatty acids methyl ester

Isolates RT? % area’ Compound name Molecular M.W
formula
Chlamydomonas variabills : 14.99 5.84 5,8,11,14,17-Eicosapentaenoic acid, methyl ester, (EPA) : CyH30, 316
omega 3
19.91 29.24 6,9,12-Octadecatrienoic acid, methyl ester, (GLA) omega 6 C19H3,0, 292
19.58 1.2 6,9,12-Octadecatrienoic acid, methyl ester, (GLA) omega 6 C19H3,0, 292
Chlorella vulgaris 1976 6.37 9.12-Octadecadienoic acid methyl ester, omega 6 C19H320; 292
1991 2117 6,9,12,15-Docosatetraenoic acid omega 3 CaaHas0, 346
13.83 1.54 8,11-Eicosadienoic acid, methyl ester, omega 6 C21H350, 322
Haematococeus pluvials 19.93 14.83 6,9,12-Octadecatrienoic acid, methyl ester, omega 6 C19H320; 292
Spirulina platensis 145 49 9,12,15-Octadecatrienoic acid (ALA) omega 3 Ca8H4004 440
15.46  3.22 9-Octadecenoic acid - Oleic acid omega 9 C34Hs4O2 504

a: Retention time ( as minutes); b: The percentage composition was computed from the GC/MS peak area.

Table 3: The most common fatty acids methyl ester and derivatives extracted from the isolated alge species

Molecular MW

RT? % area’ Compound name

formula
Chlamydomonas variabills
13.59 0.15 n-Butylricinoleate C22H4203 88
15.88 24.84 Pentadecanoic acid - 13 methyl - methyl ester (CAS) C17H340, 270
21.65 2.07 Hexadecanoicacid,2(octadecyloxy) ethylester- palmitic acid derivative CagH7203 552
28.08 1.12 Octadecane, 3ethyl5(2ethylbutyl) CagHsa 366
Chlorella vulgaris
15.87 7.85 Pentadecanoic acid - 14 methyl - methyl ester (CAS) Ci17H340, 270
20.47 1.95 Octadecanoic acid methyl ester (CAS) - stearic acid Octadecanoic derivative C19H350, 298
Haematococcus pluvialis
9.45 1.48 Benzenedodecanoic acid, 3methoxy 2 (methoxy carbonyl), methyl ester (CAS) C22H3405 378
15.90 14.25 Pentadecanoic acid, 14methyl, methyl ester (CAS) Ci17H340, 270
16.46 4.27 Octadecanoic acid, 2hydroxyethylester (CAS) Ca0H1003 328
16.99 3.9 Hexadecanoic acid, 2 (octadecyloxy) ethyl ester (CAS) - palmitic acid derivative CagH7203 552
18.48 7.77 9Hexadecenoic acid, 9octadecenyl ester, (Z,2)(CAS) - palmitoleic acid derivative C34Hs40, 504
19.13 12.84 2H-Pyran, tetrahydro2 (12pentadecynyloxy) CzoH3602 308
19.79 4.4 9,120ctadecadienoic acid (Z,2), 2,3 dihydroxypropylester — linoleic derivative C21H3504 354
19.93 14.83 6,9,120ctadecatrienoic acid, methyl ester (CAS) linolenic acid (GLA) derivative C19H3,0, 292
20.49 3.89 Octadecanoic acid, methyl ester (CAS)- stearic acid derivative C19H350, 298
35.38 0.69 5,6,8,13Tetrahydro2,3,9,10tetramethoxy8oxol3aHdibenzo[a,g]quinolizine13acarboxylic acid Ca2Ha3N7 413
Spirulina platensis
14.86 5.43 9 hexadeceneic acid, 9 octadecenyl ester, palmitoleic acid derivative C34Hs40, 504
15.93 4.45 Octadecanoic acid, 3 hydroxy, 2 tetradecyl methyl ester, stearic acid derivative Ca3HesOs 510
16.47 7.43 Hexadecanoic- palmitic acid derivative CagHs606 584

a: Retention time ( as minutes); b: The percentage composition was computed from the GC/MS peak area
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As shown in table (3) the most common fatty acids and
their derivatives detected in Haematococcus pluvialls
were linolenic acid (14.83) followed by pentadecanoic
acid (14.25%), plamitoleic (7.77%), linoleic acid (4.4%),
stearic acid (3.89%) and plamitic acid (3.90%). These
results are agreed with those obtained by Gacheva.*

However, in Chlamydomonas variabills, pentadecanoic
acid and plamitic acid (hexadecanoic acid) showed the
highest content (24.84 and 2.07%, respectively), In
Chlorella vulgaris two common fatty acids were detected,
the pentadecanoic acid - 14 methyl ester (7.85%) and
octadecanoic acid methyl ester (1.95%).

Three common fatty acids derivatives were identified in
Spirulina platensis as indicated in Table (3), palmitoleic
(5.43%), stearic (4.45%) and plamitic acid (7.43%).

In this concern, Petkov and Garcia® confirmed the
composition of 14:0, 16:0, 16:1, 18:0, 18:1, 18:2, 18:3 for
Chlorella vulgaris, the fatty acid with 20 carbon atoms
and four or five double bonds are considered not
originating from Chlorella and this confirm and agree with
the results of the present study in which two acids with
Ci7 and Cy9 were detected.

CONCLUSION

The use of microalgae for large scale production of
omega-3, 6 and 9 fatty acids and biomolecules has
recently attracted a lot of interest. There is confidence
among companies producing microalgae that the
production of a high value product, such as omega-3 from
microalgae, will further assist in the establishment of the
microalgae industry.
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