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Microalgae were isolated during a screening program from soil samples collected from paddy-fields of
Fars province, south of Iran. The protein content was assayed by the Kochert method. Total genomic
DNA were isolated and used for PCR amplification of the 18S rRNA gene. The sequences were determined
for 12 species of microalgae. Some bioinformatic tools were used for more investigation on these biologic

data. Total lipids from five microalgal species were extracted and used for determination of different
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types of fatty acids by gas chromatography-mass spectrometry method. In our experiments the green
algae yielded a maximum protein of about 42% * 1.64. The DNA sequences were published in the NCBI
under specific accession numbers. The composition of fatty acids was mainly, myristic acid, palmitic acid,
oleic acid, o-linolenic acid, and y-linolenic acid.
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1. Introduction

Algae are important constituents of many ecosystems ranging
from marine and fresh water environments to desert sands and
from hot springs to snow and ice. They account for more than half
of the total primary production at the base of the food chain world-
wide (Guschina & Harwood, 2006). Since the early 1950s intense
efforts have been made to explore new alternate protein sources
as food supplements, primarily in anticipation of a repeatedly pre-
dicted insufficient future protein supply. For these, i.e. yeasts, fun-
gi, bacteria and microalgae, the name single cell protein (SCP) was
coined to describe the protein production from biomass, originat-
ing from different microbial sources (Becker, 2007). The production
of SCP from various microbes, particularly from fungi and bacteria
has received considerable attention, in contrast, only a few studies
have dealt with the feasibility of using SCP from microalgae
(Mahasneh, 1997). Comprehensive analysis and nutritional studies
have demonstrated that these algal proteins are of high quality and
comparable to conventional vegetable proteins. However, due to
high production costs as well as technical difficulties to incorpo-
rate the algal material into palatable food preparations, the propa-
gation of algal proteins is still in its infancy.

Fatty acids are primarily metabolites of acetyl CoA pathway
which is generally determined, evolutionary very old, and there-
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fore conservative (Petkov & Garcia, 2007). Fatty acids are becoming
increasingly important in the pharmaceutical industry and thera-
peutic agent for numerous health disorders such as heart disease,
Parkinson disease, multiple sclerosis, inflammatory disease, pre-
menstrual syndrome, plasma cholesterol level and other disorders
(Vargas et al., 1998). Microalgae may contain significant quantities
of fats and oils (lipids) with compositions similar to those of vege-
table oils. Under certain conditions, microalgae have been reported
to contain up to 85% of the dry weight as lipids (Borowitzka &
Borowitzka, 1998). This exceeds the lipid content of most terres-
trial plants (Borowitzka & Borowitzka, 1998). The major dietary
sources of docosahexaenoic acid (DHA) are oils from marine fish
and microalgae. Fish obtain most of their long-chain ®3-PUFAs
(polyunsaturated fatty acids), by consumption of marine microal-
gae, which are considered to be the primary producers of it (Pere-
ira, Leonard, Huang, Chuang, & Mukerji, 2004). The lipids of
microalgae are generally esters of glycerol and fatty acids with a
chain length of Cy4 to Cy,. They may be either saturated or unsat-
urated (Borowitzka & Borowitzka, 1998). To date, the majority of
microalgal preparations are marketed as health food, as cosmetics
or as animal feed (Becker, 2007). Nutritional supplements pro-
duced from microalgae have been the primary focus of microalgal
biotechnology for many years. Dried biomass or cell extracts pro-
duced from Chlorella, Dunaliella and Spirulina have dominated the
commercial opportunities. These products are directed mainly at
the nutraceutical or health food market and collectively are like
worth many hundred of million dollars (Apt & Behrens, 1999).


mailto:ghasemiy@sums.ac.ir
http://www.sciencedirect.com/science/journal/03088146
http://www.elsevier.com/locate/foodchem

130 S. Rasoul-Amini et al./ Food Chemistry 116 (2009) 129-136

In this study the protein and lipid content of some environmen-
tally isolated microalgae and possibility of large scale cultivation of
them to produce SCP and lipid for human or animal food and feed
was determined. Furthermore, the quality of fatty acids from these
naturally isolated microalgal species were studied. Moreover, the
sequence of encoding ribosomal RNA genes, which their product
are essential in protein synthesis were studied to confirm the iden-
tification of the microalgal species with the other identification
methods.

2. Materials and methods
2.1. Collection, preservation and identification of the microalgae

Microalgae were isolated during a screening program from soil
samples collected from paddy-fields of Fars province, south of Iran
from April to December 2004. Soil samples were prepared from 15
different habitats from surficial or 5 cm of top of soil. Every sample
was specified by a unique code. Soil samples were suspended in
specific volume of distilled water. Surficial part (100 pL) was trans-
ferred to BG-11 solid culture medium and plates were kept in cul-
ture room (Ghasemi et al., 2007). Dunaliella salina was isolated
from water samples collected from Maharlu Salt Lake, 30 km
southeast of Shiraz, Iran. Culturing was done in Johnson medium
(Borowitzka & Borowitzka, 1998). Preserved specimens were pre-
pared and the living specimens were incubated in 50 mL conical
flasks, under unlimited carbon dioxide condition. Constant illumi-
nation was used at 60 uE m~2s~! intensity with white fluorescent
lamps. Temperature was 25+ 2 °C. The identification was done
using bacteriological and botanical approaches (Castenholz,
2001; John, Whitton, & Brook, 2003; Prescott, 1962), and confirmed
using molecular markers. Each strain was deposited in Microalgal
Culture Collection of Shiraz University of Medical Sciences (MCCS)
with a specific code.

2.2. Protein content analysis

The number of cells in normal media was determined by plac-
ing the cells in a 0.1 mm deep counting chamber (Neubauer im-
proved) using a light microscope (magnification x10) in 14 days
(Freshney, 1992). The cells was harvested at stationary growth
phase (2.8-3.0 x 10° cells mL™") by centrifuge and dried to a con-
stant weight by freeze-drier. Total protein of the dried samples was
determined after hydrolysis in 1 M NaOH for 1 h at 100 °C. The pro-
tein content of each sample were assayed with the dye Coomassie
Brilliant Blue G 250 by comparing their absorbances at 595 nm
with a bovine serum-albumin standard curve and calculated as
the percentage of dry weight (Kochert, 1978).

Table 1

2.3. DNA extraction and PCR amplification

An aliquot of cultured cells (1 mL) were harvested in mid to late
exponential phase (10-14 days) by centrifugation (13,000g for
3 min at room temperature)in a sterile 1.5 mL microcentrifuge tube.
Pelleted cells were resuspended in 0.5 mL of TBE buffer. The mixture
was shaken and then the genomic DNA was extracted using the heat
shock method and used for the PCR analysis. DNA samples were
electrophoresed in a 1% (w/v) agarose gel using TBE electrophoresis
buffer containing 1 pig/mL ethidium bromide. The molecular weight
of the PCR amplified product was calculated and confirmed using
Major Sciences gel documentation system. The gel was photo-
graphed under UV light. The two oligonucleotide primers used for
amplification of microalgal 18S rRNA gene were: The universal
eukaryotic primers 5'-GTCAGAGGTGAAATTCTTGGATTTA-3' as for-
ward primer and 5'-AGGGCAGGGACGTAATCAACG-3' as reverse pri-
mer, which amplify a ~700-bp region of the 18S rRNA gene
(prepared by Aran Sanat Yekta, Tehran, Iran). PCR reaction was per-
formed in a total volume of 50 pL containing 10 pL of chromosomal
DNA in TBE buffer pH 8.0 and 2 pL of each primer. The amplification
was performed in a Bioflux thermo-cycler. The amplification condi-
tions were as described before (Ghasemi et al., 2008).

2.4. Extraction of total lipids

Freshly algal pellets (2 g) were boiled in 5 mL of isopropanol for
2 min to inhibit the lipase activity and were then dried under nitro-
gen gas. The dried pellet was homogenised in chloroform-metha-
nol (1:2) in the presence of BHT (Butylated hydroxytoluene)
added as an antioxidant agent. A total of 0.8 mL distilled water
was added to the supernatant of the centrifuged extract, followed
by 5mL of chloroform and 5 mL of 0.88% aqueous solution of
potassium chloride. The mixture was shaken vigorously and the
solvent phase was collected and concentrated under nitrogen
gas. The concentrated extract redissolved in 5 mL of chloroform
was used for qualitative determination of different classes of fatty
acids (Mooney, Nichols, De Salas, & Hallegraeff, 2007).

2.5. Esterification of fatty acids

Extracted crude lipids of microalgae (0.5 g) were dissolved in
3 mL of methanol in the presence of catalytic amount of sulphuric
acid. The mixture was heated to reflux using Dien-Stark apparatus.
After cooling, the reaction mixture was washed twice with 4 mL of
saturated sodium hydrogen carbonate aqueous solution, dried over
anhydrous sodium sulphate and the solvent was removed by distil-
lation under reduced pressure to give an oily substance. Then the
thin-layer chromatography (TLC) was applied to monitor the

Protein percent (Pr% + SD), the accession numbers, the length base pair of DNA published sequences at NCBI and the similarity between amplified sequences and the nearest
recorded sequence in NCBI using BLASTN (http://blast.ncbi.nlm.nih.gov/Blast.cgi), for 11 strains of environmentally isolated microalgae.

Microalga Pr% + SD Accession number Length (base pair) Similarity with the nearest recorded sequence
Chlorella vulgaris MCCS 011 24 +2.48 EU374169 630 100% with Chlorella vulgaris NJ-7

Chlorella vulgaris MCCS 012 32+6.59 EU374170 620 100% with Chlorella vulgaris CCAP 211/82
Chlorella vulgaris MCCS 013 31+2.381 EU374171 617 100% with Chlorella vulgaris CCAP 211/80
Chlorella vulgaris MCCS 014 23+1.84 EU375837 628 100% with Chlorella vulgaris SAG 211-11b
Chlorella vulgaris MCCS 015 36+2.15 EU379938 602 100% with Chlorella vulgaris CCAP 211/81
Dunaliella salina MCCS 001 20£0.92 EF682841 685 100% with Dunaliella salina CCAP 19/30
Dunaliella salina CCAP 19/18 23+1.11 EF682843 415 100% with Dunaliella salina SAG 42.88
Scenedesmus rubescens MCCS 018 26 £ 6.56 EU621364 620 100% with Scenedesmus rubescens CCAP 232/1
Scenedesmus obliquus strain 019 21+1.58 EF564131 578 100% with Scenedesmus obliquus UTEX 1450
Desmodesmus communis MCCS 010 42 +1.64 EF564130 635 99% with Scenedesmus subspicatus UTEX 2532
Chlamydomonas reinhardtii MCCS 002 24 +1.86 EF682842 556 100% with Chlamydomonas reinhardtii CC124
Chlorococcum sp. MCCS009 -4 EU374168 643 99% with Chlorococcum sp. KNU-F-2002-C1

2 Protein percent is not determined.
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progress of methyl esterification on the extracted fatty acids. The
TLC was performed using silica gel 60 F,s4 plates (20 x 20 cm,
250 um layer thickness, Merck, Darmstadt, Germany) and pure
chloroform as solvent system. The obtained oily substance was in-
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jected in GC/MS for analysis.

2.6. GC/MS analysis protocol

The GC/MS analysis was carried out using a Hewlett-Packard
gas chromatograph was equipped with a HP-5M
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capillary column (phenyl methyl siloxan, 25 m x 0.25 mm i.d.,
Hewlett-Packard Part No. 190915.433, Palo Alto, CA, USA). The
oven temperature was programmed from 85°C (5min) to
265 °C at the rate of 7°C /min and finally held at 265 °C for
10 min. The carrier gas was helium with the flow rate of
1.2 mL/min. The mass spectrometer (Hewlett-Packard 5973,
USA) was operated in EI (Electron ionisation) mode at 70 eV.
The interface temperature was 265 °C and the mass range was
15-650 m/z. The identification of fatty acids was performed com-
paring the obtained mass spectra with Wiley (275) libraries
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Fig. 1. The similarity between 18S rRNA gene of Dunaliella salina MCCS 001 with nearest published sequences in the NCBI using GeneDoc, version 2.6.002, a bioinformatic tool
for alignment editing, shading and annotating multiple sequence alignment. Black colour: 100% similarity between sequences, grey colour: 80% similarity between sequences,
and white colour: 60% similarity between sequences. The accession numbers are shown in parenthesis.



132 S. Rasoul-Amini et al./Food Chemistry 116 (2009) 129-136

(Mohagheghzadeh, Faridi, & Ghasemi, 2007; Rodriguez-Garcia &
Guil-Guerrero, 2008).

3. Results and discussion
3.1. Protein content analysis

The SCP amount in 11 studied strains of microalgae is given in
protein percent (%dry weight) in Table 1.

The range of protein count was 20-42% (Table 1), whilst the max-
imum and minimum were found in Desmodesmus communis MCCS
010 and Dunaliella salina MCCS 001 respectively. The mean of SCP
for all strains was 27.45% + 6.93 dry weight after reaching the sta-
tionary phase of growth under controlled conditions. The mean va-
lue and thus the ranges obtained in this investigation on SCP
production were similar to the values reported by other authors,
36-50% dry weight for Sprulina maxima (Oleguin et al., 1994),
30.9% dry weight for Chlorella stigmatophora (Ben-Amotz, Fisher, &
Schneller, 1987), and 31% dry weight for Chlorella spp. (Mahasneh,
1997).

This is the first study on the feasibility of using SCP from the envi-
ronmentally isolated microalgae in Iran. In previous studies, mainly,
Chlorella, Dunaliella, and Spirulina strains were reported as a source
of SCP production, for the first time, in this work, it is shown that Des-
modesmus might be a good candidate to be used as SCP.

3.2. 18S rRNA gene amplification

The PCR amplification of chromosomal DNA of the algae with
forward and reverse primer revealed efficient amplification. A sin-
gle band of amplified DNA product of ~700-bp was recorded. The
DNA sequences were published in the NCBI databases under the
specific accession numbers. The lengths of the 18S rRNA region
of 12 species of microalgae and their specific accession numbers
are shown in Table 1.

Table 2

The result of PCR blasted with other sequenced microalgae in
NCBI showed similarity to the 18S small subunit rRNA of other
microalgae. Edited sequences were used as queries in BLASTN
searches (http://blast.ncbi.nlm.nih.gov/Blast.cgi), to determine
the nearest identifiable match present in the complete GenBank
nucleotide data base (Table 1).

A bioinformatic tool, GeneDoc software, version 2.6.002, was
used for more investigation of these sequences (Fig. 1). A total of
408 of the nucleotides of the partial sequence of D. salina MCCS
001 were 100% similar to the 18S ribosomal RNA genes in eight re-
corded strains of D. salina in database sequences.

The PCR amplification of chromosomal DNA of the algae with
forward and reverse primer revealed efficient amplification. A sin-
gle band of amplified DNA product of ~700-bp was recorded by gel
documentation system. The amplified sequences were cut and sent
for sequencing analysis and then were published in NCBI databases
(Table 1).

In the present study, using the universal primer, 18S rRNA, we
amplified a fragment of the 18S rRNA region from the genomic
DNA of several strains of the environmentally isolated microalgae.
This fragment was between 415 base pairs (in D. salina CCAP 19/
18) to 685 base pairs (in D. salina MCCS 001).

3.3. Fatty acid identification

Fatty acids in the five strains of microalgae (Chlorella vulgaris
MCCS 013, D. salina MCCS 001, D. salina CCAP 19/18, Scenedesmus
obliquus strain 019, Scenedesmus rubescens MCCS 018) were pri-
marily esterified and then identified through GC/MS analysis. The
GC/MS analyses were carried out on the product of esterification
(fatty acids (FAs)/fatty acid methyl esters (FAMEs)) in the above
mentioned microalgae strains. The total fatty acid content of each
strain was about 25% of dry weight of biomass.

The identification of FAs/FAMEs was performed through the
comparison of their mass spectra with those in Wiley libraries.

Chlorella vulgaris MCCS 013 fatty acids (FAs)/fatty acid methyl esters (FAMEs), they are classified on the base of their profiles identified in comparison to the Wiley library

(Rodriguez-Garcia & Guil-Guerrero, 2008).

Systematic name of Common name Chemical No. of carbon No. of double bond(s) Fatty acid content Family

identified FA formula atoms in FA (% total)

2-Methyl-2-propenoic Methacrylic acid C4HgO, 4 1 0.4 Monounsaturated FA
acid

Hexanoic acid Caproic acid CgH1202 6 0 0.6 Saturated FA

Octanoic acid Caprylic acid CgH1602 8 0 0.6 Saturated FA

Undecanoic acid C11H2,0, 11 0 30.5 Saturated FA

Methyl dodecanoate Methyl laurate Cq3H260, 13 0 2.4 Saturated FAME

Pentadecanoic acid Ci5H3002 15 0 43 Saturated FA

Methyl tetradecanoate Cq5H300, 15 0 1.7 Branched saturated

FAME

Methyl 9-Methyl Ci6H3202 16 0 31 Branched saturated
tetradecanoate FAME

7,10,13-Hexadecatrienoic C16H2602 16 3 2.4 Polyunsaturated (»3) FA
acid

Heptadecanoic acid Margarinic acid Cq17H340, 17 0 23 Saturated FA

10-Octadecenoic acid Cq8H340, 18 1 0.6 Monounsaturated FA

16-Octadecanoic acid Cq8H340, 18 1 5.2 Monounsaturated FA

9,11-Octadecadiynoic acid Ci8H3002 18 2 (triple bonds) 3.8 Polyunsaturated

(alkynoic) FA

9,12,15-Octadecatrienoic o-Linolenic acid or C18H300, 18 3 3.6 Polyunsaturated (»3) FA
acid ALA

Eicosanoic acid Arachidic acid Cy0H4002 20 0 28.2 Saturated FA

11,14,17-Eicosatrienoic Eicosatrienoic acid Cy0H340, 20 3 1.2 Polyunsaturated (»3) FA
acid or ETE

Heneicosanoic acid C21H420, 21 0 04 Saturated FA

Docosanoic acid Behenic acid CyoH440, 22 0 0.7 Saturated FA

Tricosanoic acid Ca3H460, 23 0 4.5 Saturated FA

Tetracosanoic acid Lignoceric acid Cy4H450, 24 0 1.9 Saturated FA
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The results are given in the profiles including systematic name,
common name, chemical formula, number (No) of carbon atoms,
number (No) of double bond(s), position of double bond(s) and
fatty acid’s family according to un/saturated) in Tables 2-6 (C. vul-
garis MCCS 013 (Table 2), D. salina MCCS 001 (Table 3), D. salina
CCAP 19/18 (Table 4), S. rubescens MCCS 018 (Table 5) and S. obli-
quus strain 019 (Table 6)).

As shown in these tables (Tables 2-6), different types of fatty
acids are detected in the five sample strains. Esterification of the
studied microalgal fatty acids is the choice to identify those using
GC/MS (Butte, 1983; Miiller, Husamann, & Nalik, 1990). GC/MS
analysis allowed us to discover several types of fatty acids, such
as chained, branched, monounsaturated, polyunsaturated, alkynoic
and dioic fatty acids in some naturally isolated microalgal strains
and showed the presence of at least 50 fatty acids in them.

GC/MS analysis of fatty acids requires the conversion of fatty
acids to fatty acid methyl esters, which is often done by saponifica-
tion and esterification with methanol (Miiller et al., 1990). This
method seems to be the choice for the evaluation of fatty acid pro-

Table 3

files using a one-step transesterification procedure (Butte, 1983). It
is known that specific groups of organisms can be characterised by
particular fatty acids, which can be used as their biological markers
(Rezanka, Dor, Prell, & Dembitsky, 2003).

Considering the importance of presence of polyunsaturated FAs
in microalgae the results of this study approved that our environ-
mentally isolated microalgae have a vast variety of polyunsatu-
rated FAs which warrants a great potential for large scale
production.

The major fatty acids in our five studied strains of microalgae
were shown to be undecanoic acid, myristic acid, palmitic acid,
and eicosanoic acid (Tables 2-6).

The shortest identified fatty acids was propenoic acid with 3 car-
bon atoms in D. salina MCCS 001 and the longest was octatriaconta-
noic acid with 38 carbon atoms in D. salina MCCS 001 (Table 3).
Furthermore D. salina MCCS 001 showed the most diverse strain
in the studied microalgae which had 34 types of fatty acids.
Undecanoic acid was found in all of the studied strains but some
fatty acids were found only in one strain such as 2-propenoic acid

Dunaliella salina MCCS 001 fatty acids (FAs)/fatty acid methyl esters (FAMEs), they are classified on the base of their profiles identified in comparison to the Wiley library

(Rodriguez-Garcia & Guil-Guerrero, 2008).

Systematic name Common name Formula No. of carbon No. of double bond(s) Fatty acid content (% Family
atoms total)
2-Propenoic acid Acrylic acid C3H40, 3 1 0.4 Monounsaturated FA
Butanoic acid Butyric acid C4HgO, 4 0 0.3 Saturated FA
Pentanoic acid Valeric acid CsH00, 5 0 0.4 Saturated FA
2-Pentenoic acid CsHgO, 5 1 0.2 Monounsaturated FA
4-Pentenoic acid CsHgO, 5 1 0.3 Monounsaturated FA
Hexanoic acid Caproic acid CsH120, 6 0 1.6 Saturated FA
3-Hexenoic acid CgH1002 6 1 0.8 Monounsaturated FA
5-Hexenoic acid CgH1002 6 1 0.1 Monounsaturated FA
Heptanedioic acid Pimelic acid C7H1,04 7 0 0.2 Saturated (dioic) FA
2-Heptenoic acid C;H,0, 7 1 0.6 Monounsaturated FA
Octanoic acid Caprylic acid CgH1602 8 0 0.6 Saturated FA
3-Octenoic acid CgH40, 8 1 14 Monounsaturated FA
Decanoic acid Capric acid C10H200> 10 0 1.2 Saturated FA
Undecanoic acid Hendecanoic acid C11H220, 11 0 241 Saturated FA
Methyl decanoate Methyl caprinate C11H»,0, 11 0 0.9 Branched saturated
FAME
Dodecanoic acid Lauric acid C12H240, 12 0 1.7 Saturated FA
Tridecanoic acid C13H2602 13 0 1.1 Saturated FA
Tetradecanoic acid Myristic acid C14H250, 14 0 23.2 Saturated FA
Pentadecanoic acid C15H300, 15 0 0.2 Saturated FA
Methyl tetradecanoate C15H300, 15 0 0.2 Branched saturated
FAME
Hexadecanoic acid Palmitic acid C16H320, 16 0 26.5 Saturated FA
9-Hexadecenoic acid Palmitoleic acid C16H300> 16 1 0.3 Monounsaturated
(@7)FA
Heptadecanoic acid Margarinic acid C17H340, 17 0 0.7 Saturated FA
Methyl hexadecanoate Methyl palmitate C17H340, 17 0 0.1 Branched saturated
FA
Octadecanoic acid Stearic acid C1gH3607 18 0 2.3 Saturated FA
Methyl heptadecanoate C13H360, 18 0 0.5 Branched saturated
FAME
6-Octadecenoic acid Petroselinic acid CqgH340, 18 1 0.2 Monounsaturated FA
15-Octadecenoic acid C18H340, 18 1 0.9 Monounsaturated FA
16-Octadecenoic acid C15H340, 18 1 0.4 Monounsaturated FA
9,12-0ctadecadienoic Linoleic acid CygH3,0, 18 2 23 Polyunsaturated FA
acid
Nonadecanoic acid C19H350, 19 0 1.1 Saturated FA
Heneicosanoic acid Cy1H420, 21 0 0.3 Saturated FA
Tricosanoic acid Cu3H4602 23 0 0.5 Saturated FA
Tetracosanoic acid Lignoceric acid Cy4H450, 24 0 0.2 Saturated FA
15-Tetracosenoic acid Nervonic acid or Cz4H460, 24 1 04 Monounsaturated FA
Selacholeic acid
Heptacosanoic acid Carboceric acid Cy7Hs540, 27 0 0.2 Saturated FA
Triacontanoic acid Mellisic acid C30Hg002 30 0 0.5 Saturated FA
Octatriacontanoic acid C3gH760, 38 0 1.1 Saturated FA
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Dunaliella salina CCAP 19/18 fatty acids (FAs)/fatty acid methyl esters (FAMEs), they are classified on the base of their profiles identified in comparison to the Wiley library
(Rodriguez-Garcia & Guil-Guerrero, 2008).

Systematic name Common name Formula No. of carbon No. of double Fatty acid content Family
atoms bond(s) (% total)
2-Hexenoic acid CsH1002 6 1 0.5 Monounsaturated FA
Decanoic acid Capric acid C10H200, 10 0 0.4 Saturated FA
Undecanoic acid Hendecanoic acid C11H220, 11 0 36.1 Saturated FA
Dodecanoic acid Lauric acid Cq2H240, 12 0 0.3 Saturated FA
Tridecanoic acid Cy3H260; 13 0 0.2 Saturated FA
Tetradecanoic acid Myristic acid C14H250; 14 0 16.1 Saturated FA
Pentadecanoic acid Cy5H3002 15 0 0.3 Saturated FA
Methyl tetradecanoate C15H300; 15 0 0.2 Branched saturated
FAME
Hexadecanoic acid Palmitic acid Cy6H320, 16 0 234 Saturated FA
Octadecanoic acid Stearic acid CygH3602 18 0 1.3 Saturated FA
6,9,12-Octadecatrienoic v-Linolenic acid or Cy18H300; 18 3 1.2 Polyunsaturated (®w6) FA
acid GLA
Nonadecanoic acid Cq9H3502 19 0 3.2 Saturated FA
Eicosanoic acid Arachidic acid C0H4002 20 0 11.1 Saturated FA
Eicosenoic acid Gondoic acid Cy0H350; 20 1 0.3 Monounsaturated (®9)
FA
Heneicosanoic acid Cy1H420; 21 0 1.6 Saturated FA
Heptacosanoic acid Cy7H540; 27 0 0.4 Saturated FA
Triacontanoic acid Mellisic acid C30Hg002 30 0 0.1 Saturated FA

Table 5

Scenedesmus rubescens MCCS 018 fatty acids (FAs)/fatty acid methyl esters (FAMEs), they are classified on the base of their profiles identified in comparison to the Wiley library
(Rodriguez-Garcia & Guil-Guerrero, 2008).

Systematic name Common name Formula No. of carbon No. of double Fatty acid content Family
atoms bond(s) (% total)

Butanoic acid Butyric acid C4Hg0, 4 0 1.1 Saturated FA

Hexanoic acid Caproic acid CsH120, 6 0 0.2 Saturated FA

Octanoic acid Caprylic acid CgH1602 8 0 0.5 Saturated FA

Decanoic acid Capric acid C10H2002 10 0 0.3 Saturated FA

Undecanoic acid C11H220; 11 0 18.1 Saturated FA

Methyl decanoate Methyl caprinate Cy1H2,0, 11 0 1.7 Branched saturated
FAME

Tridecanoic acid Cy3H260; 13 0 1.9 Saturated FA

Tetradecanoic acid Myristic acid Cy4H250, 14 0 423 Saturated FA

Pentadecanoic acid Cy5H3002 15 0 0.8 Saturated FA

Methyl tetradecanoate C15H300; 15 0 0.7 Branched saturated
FAME

Hexadecanoic acid Palmitic acid Cy6H320, 16 0 13.6 Saturated FA

9,12-Hexadecadienoic Cy6H2502 16 2 0.4 Polyunsaturated (®4) FA

acid

Heptadecanoic acid Margarinic acid Cy7H340, 17 0.4 Saturated FA

9-Octadecenoic acid Oleic acid CygH340, 18 1 0.1 Monounsaturated (®9)
FA

6,9,12-Octadecatrienoic v-Linolenic acid or Cy18H300; 18 3 4.1 Polyunsaturated (®6) FA

acid GLA
Eicosanoic acid Arachidic acid C20H4002 20 0 121 Saturated FA

and pentanoic acid, in D. salina MCCS 001 (Table 3), nonanoic acid,
7-hexadecenoic acid, 9,15-octadecadienoic acid, 10,13-octadecadi-
enoic acid and 12,15-octadecadienoic acid in S. obliquus strain 019
(Table 6), 9,12-hexadecadienoic acid and 9-octadecenoic acid in S.
rubescens (Table 5), 7,10,13-hexadecatrienoic acid, 11,14,17-eicos-
atrienoic acid, and 9,12,15-octadecatrienoic acid (a-linolenic acid)
in C. Vulgaris MCCS 013 (Table 2).

Furthermore, important fatty acids like oleic acid, a monounsat-
urated (»9) fatty acid in S. rubescens MCCS 018 (Table 5), 6,9,12-
octadecatrienoic acid (y-linolenic acid), a polyunsaturated (®6)
fatty acid in D. salina CCAP 19/18 (Table 4) and S. rubescens MCCS
018 (Table 5), 7,10,13-hexadecatrienoic acid, a polyunsaturated
(®3) fatty acid in C. vulgaris MCCS 013 (Table 2), 11,14,17-eicos-
atrienoic acid, a polyunsaturated (®3) fatty acid in C. vulgaris MCCS
013 (Table 2) and 9,12,15-octadecatrienoic acid (a-linolenic acid),
a polyunsaturated (®3) fatty acid in C. vulgaris MCCS 013 (Table 2)
were also identified.

This is evident that our analysis method can effectively lead us
to identify various types of fatty acids and fatty acid methyl esters
such as chained, branched, saturated, unsaturated, dioic, alkynoic
acid and polyunsaturated ones.

The data in the above paragraph show that our method to ana-
lyse fatty acids from microalgae is a useful tool for the analysis of
the fatty acids of microalgae. Furthermore the fatty acids of micro-
algae appear to be a rather useful marker contributing to the other
means of microalgal chemotaxonomy.

Further testing will be required to elucidate the present
fatty acids in the other strains of isolated microalgae from dif-
ferent habitats in Iran. It can be said that the obtained profiles
in this study can be a demonstrative profile for fatty acids
from microalgae isolated from the natural habitats in Iran. Also
more studies should be done, qualitatively and quantitatively
on the other strains collected from other habitats in Iran, to
confirm this.
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Scenedesmus obliquus strain 019 fatty acids (FAs)/fatty acid methyl esters (FAMEs), they are classified on the base of their profiles identified in comparison to the Wiley library
(Rodriguez-Garcia & Guil-Guerrero, 2008).

Systematic name Common name Formula No. of carbon No. of double Fatty acid content Family
atoms bond(s) (% total)
Hexanoic acid Caproic acid CgH1202 6 0 0.3 Saturated FA
2-Hexenedioic acid CgHgO4 6 1 14 Monounsaturated FA
2,4-Hexadienedioic acid Muconic acid C6H604 6 2 0.5 Polyunsaturated FA
Nonanoic acid Pelargonic acid CoH150, 9 0 0.7 Saturated FA
Decanoic acid Capric acid C10H200; 10 0 0.4 Saturated FA
Undecanoic acid C11H220; 11 0 27.2 Saturated FA
Dodecanoic acid Lauric acid Cq12H240, 12 0 7.2 Saturated FA
Methyl undecanoate Ci12H240; 12 0 0.9 Branched saturated
FAME
Tridecanoic acid Cy3H2602 13 0 0.8 Saturated FA
Methyl dodecanoate Methyl laurate Cq3H60, 13 0 0.1 Branched saturated
FAME
Tetradecanoic acid Myristic acid C14H250, 14 0 29.8 Saturated FA
7-Hexadecenoic acid C16H3002 16 1 8.6 Monounsaturated FA
Heptadecanoic acid Margarinic acid C17H340; 17 0 0.1 Saturated FA
Methyl hexadecanoate Methyl palmitate C17H340, 17 0 0.2 Branched saturated
FAME
Methyl heptadecanoate C1gH3602 18 0 0.5 Branched saturated
FAME
6-Octadecenoic acid C1gH340; 18 1 0.1 Monounsaturated FA
8-Octadecenoic acid Cy8H340, 18 1 0.6 Monounsaturated FA
9,15-Octadecadienoic acid Mangiferic acid C18H3,0; 18 2 2.3 Polyunsaturated FA
10,13-Octadecadienoic CigH320; 18 2 0.2 Polyunsaturated FA
acid
12,15-Octadecadienoic Cq8H320, 18 2 0.4 Polyunsaturated FA
acid
6,9,12-Octadecatrienoic v-Linolenic acid or Cq8H3002 18 3 5.1 Polyunsaturated (®6)
acid GLA FA
Nonadecanoic acid C19H330; 19 0 0.2 Saturated FA
Heneicosanoic acid C31H420, 21 0 0.1 Saturated FA
Eicosanoic acid Arachidic acid Co0H400; 20 0 6.1 Saturated FA
Tetracosanoic acid Lignoceric acid Co4H430; 24 0 3.2 Saturated FA

4. Conclusions

Briefly, it is suggested that microalgae are a good and unstudied
candidates to be used as SCP as human food or animal feed, be-
cause of their high content of protein, fatty acids. We can easily
cultivate them, their growth rate is high, their productivity is high,
there is no risk for pathogenicity, their culture media is simple and
inexpensive, and finally there are different habitats with different
resources for finding and screening other strains of naturally iso-
lated microalgae for SCP and lipid production. These microalgae
have potential important applications for the pharmaceutical and
food industries.
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